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The existing Cedar Rapids Water Pollution Control Facility (WPCF) went into initial operation in 
1980 (Figure 1). It has and continues to consistently meet National Pollutant Discharge 
Elimination Permit (NPDES) requirements having received six gold and silver compliance 
awards from the National Association of Clean Water Agencies.  

 
  Figure 1 Existing Cedar Rapids WPCF 
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However, as the Cedar Rapids WPCF approaches 40 years in age, it faces several major 
challenges.  

• The age, condition, and remaining useful life of solids processing facilities.  

• More stringent regulatory requirements to remove the nutrients nitrogen and 
phosphorus. 

• The need to incorporate more sustainable, energy efficient technologies. 
This Cedar Rapids WPCF Nutrient Reduction and Solids Facility Plan provides: 

• A plan for the future that addresses all three challenges in the most reliable and cost-
effective manner to retain the City’s competitive advantage and provide capacity for 
growth. 

• An overview of work completed by HDR in collaboration with the City of Cedar Rapids 
Utilities and Water Pollution Control Staff (City staff) over the last 40 months to develop 
that plan. 

A series of Technical Memoranda (TMs) document the work, providing additional detail and 
supporting information. After initial introduction and summary sections, each subsequent section 
of this Executive Summary corresponds to one of those TMs, as follows. 

• Executive Summary 

• TM 1.0 Nutrient Sources 

• TM 2.0 Solids Production 

• TM 3.0 Energy and Sustainability  

• TM 4.0 Existing Facilities and Performance 

• TM 5 0 Nutrient Reduction Strategy 

• TM 6.0 Solids Market and End Use 

• TM 7.0 Technology Identification and Screening 

• TM 8.0 Nutrient and Solids Alternative Evaluation 

• TM 9.0 Nutrient Reduction and Solids Processing Recommendations 

• TM 10.0 Capital Improvements Plan 

• TM 11.0 Dissolved Air Flotation Thickener Assessment 

TM 12.0 DAF and GT Testing • 
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Executive Summary 
This Executive Summary is organized as follows. 

• Project Drivers 

• Project Objective 

• Existing Cedar Rapids WPCF 

• Planning Process 

• Recommended Plan 

• Implementation Plan 

Project Drivers 
The primary driver for the Cedar Rapids WPCF Nutrient Reduction and Solids Facility Plan is 
the age, condition, and remaining useful life of existing solids processing facilities, most notably 
Low Pressure Oxidation (LPO) and Multiple Hearth Incineration (MHI). LPO and MHI are the 
heart of solids processing. Both were state of the art technology in the late 1970s and have 
performed exceedingly well for their original design purpose. LPO and MHI technology has been 
replaced at most plants around the country. 

 
While staff have maximized the performance of both over the years, at nearly 40 years old both 
LPO and MHI technologies are approaching the end of their useful life, have capacity 
limitations, are very energy inefficient by today’s standards, and are now considered obsolete 
technology. Without changes, annual costs will continue to increase and the City’s growth could 
be limited. 

  
Aging Solids Processing Facilities 
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Physical and operational modifications have since been made to meet increasingly stringent 
Maximum Available Control Technology (MACT) air quality standards. Future, more-stringent 
standards are expected to cause still more challenges for MHI technology in general as part of 
the regular MACT standard review process. 
A second driver for the 
Cedar Rapids WPCF 
Nutrient Reduction and 
Solids Facility Plan is the 
Iowa Nutrient Reduction 
Strategy established in 
2013. The strategy targets 
45 percent reductions in 
nitrogen and phosphorus 
leaving Iowa. It is part of a 
broader regional plan to 
address growing water 
quality problems in the 
Gulf of Mexico referred to 
as a hypoxic zone attributed to nutrient discharges from the Mississippi River Basin. The 
Strategy also addresses nutrient related water quality issues in local watersheds. 

The Iowa Nutrient Reduction Strategy targets 16 percent of the 
phosphorus and 4 percent of the nitrogen reductions through 
required implementation of biological nutrient removal (BNR) 
at more than 100 of Iowa’s largest wastewater treatment 
plants. These treatment plants, including Cedar Rapids 
WPCF, are referred to as point source discharges. The 
strategy also targets voluntary reductions from other 
watershed sources referred to as nonpoint sources for the 
remaining 29 percent phosphorus and 41 percent nitrogen 
reductions. 
A third driver for the 
Cedar Rapids 
WPCF Nutrient 
Reduction and 
Solids Facility Plan 

is the industry trend toward a more sustainable 
future that views wastewater as a resource to be 
utilized rather than a pollutant to be controlled. 
Consistent with this vision, the Utility of the Future 
should consider energy efficiency of potential 
technologies, production of biogas as an energy 
source, use of biosolids as a soil amendment, 
recovery of phosphorus as a fertilizer, use of 
available space for solar energy production, other 
sustainable, energy efficient concepts, and 
watershed stewardship. 
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Currently, the Cedar Rapids WPCF is approximately 50 percent of the City’s municipal energy 
consumption. It represents the greatest opportunity to improve the City’s portfolio of renewable 
energy and energy efficiency. 

Project Objective 
Develop a plan for the future at the Cedar Rapids WPCF that: 
 Replaces outdated and inefficient solids handling facilities that are nearing the end of 

their useful life.  
 Establishes an approach and timeline for compliance with the Iowa Nutrient Reduction 

Strategy. 
 Incorporates energy efficiency and resource recovery for long term sustainability. 
 Provides the flexibility to produce the required effluent quality and reliability to dispose of 

the solids produced. 
 Includes the most applicable technologies to minimize costs, retain the City’s competitive 

advantage, and provide capacity for growth. 

 

Existing Cedar Rapids WPCF 
The Cedar Rapids Water Pollution Control Facility (WPCF) was originally constructed and put 
into operation in 1980. Constructed new today, the Cedar Rapids WPCF would cost an 
estimated $1.3 billion. With significant modifications and refurbishments constructed over the 
years, it has and continues to consistently meet National Pollutant Discharge Elimination 
System (NPDES) Permit limits while managing a complex influent waste stream. In the past 10 
years alone, the City has invested approximately $94 million to recover from catastrophic 
flooding in 2008 and to address other age and condition related needs. 
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The Cedar Rapids WPCF treats an 
average of 47.3 million gallons per day 
of wastewater, enough to fill 
approximately 48 Olympic sized 
swimming pools. It serves a metro 
area population of approximately 
183,000. Eight major industries, 
categorized as Group 3 industries by 
City Code, contribute approximately 36 
percent of the influent flow, 
approximately 68 percent 
of the organic loading, and 
40 to 50 percent of the 
nutrient loading on the 
facility. With these 
relatively low-flow, high-
organic loadings the 
WPCF serves a population 
equivalent of 
approximately 1.8 million. 
The significant industrial 
loads make the Cedar 
Rapids WPCF unique and 
make planning for growth 
challenging. 
In treating these 
wastewater flows, the 
Cedar Rapids WPCF 
currently removes an average of 75 tons per day of solids from the wastewater that need to be 
processed and disposed of properly. Of this total, 47 tons per day are primary solids from the 
influent waste stream and 28 tons per day are secondary solids, principally microbes, produced 
in the treatment process to remove dissolved organic compounds in the wastewater. As flows 
and loadings increase with future growth, solids production will increase as well. 

Planning Process 

Cedar Rapids WPCF Influent Waste 
Streams Current Design 
Flow, million gallons per day 47.3 50.8 
Biochemical Oxygen Demand, 
pound per day 

270,700 277,700 

Total Suspended Solids pounds per 
day 

122,200 130,200 

Nitrogen pounds per day 17,570 18,670 
Phosphorus pounds per day 3,690 3,700 
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The process to develop the Cedar Rapids 
WPCF Nutrient Reduction and Solids 
Facility Plan: 

• Built upon prior planning, notably the 
2006 Cedar Rapids Water Pollution 
Control Master Plan and the 2011 
Cedar Rapids Water Pollution 
Control Solids Facility Plan. 

• Began with a baseline created to 
define a) current nutrient sources 
within the watershed, b) current and 
projected future Cedar Rapids 
WPCF solids production, c) current 
energy consumption and 
sustainability, and d) the condition of 
existing Cedar Rapids WPCF 
facilities. 

• Continued with identification of potential nutrient reduction strategies and potential end 
use options for solids. 

• Identified and screened relevant technologies, then developed and evaluated 
alternatives incorporating those technologies. 

• Included site visits to operating facilities and bench and pilot testing to provide insight to 
technologies with the greatest potential. 

• Concluded with final evaluation, selection, and refinement of the recommended plan. 

Recommended Plan 
The recommended plan will accomplish the following. 

• Recover biogas from treatment of waste 
solids and high strength industrial waste 
streams, then clean and inject the 
biogas into MidAmerican Energy 
Company’s pipeline to produce a biogas 
revenue stream estimated in excess of 
$1.5 million per year based solely on gas 
value and in excess of $8 million per 
year including currently available 
renewable energy credits. 

• Remove nutrients from high strength 
solids recycle streams as a cost effective 
first step towards compliance with the 
2013 Iowa Nutrient Reduction Strategy, 
recovering those nutrients as struvite for 
use as a fertilizer or by converting 
nitrogen to nitrogen gas. 
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• Defer additional more costly nutrient reduction required for full compliance with the 2013 
Iowa Nutrient Reduction Strategy in favor of higher, solids processing priorities at the 
Cedar Rapids WPCF as well as other City wide priorities. 

• Produce biologically stabilized biosolids that can be land applied seasonally as a soil 
conditioner and fertilizer on both agricultural land and public property. 

• Provide flexibility to minimize the volume of biosolids to be disposed of through 
incineration and quarry disposal when weather and crop rotations preclude land 
application. 

• Reduce forecast future operations and maintenance costs through increased energy efficiency 
and resource recovery. 

• Reduce the still significant financial impact of the required capital investment through phased 
construction prioritizing solids processing facilities and providing modularity for future growth. 

 
 

 
 
Inflation adjusted recent and forecast future operations and maintenance (O&M) and capital 
costs are shown graphically on the following page. Costs prior to 2030 are primarily related to 
age and condition related replacement of existing solids handling facilities and production and 
recovery of biogas. Costs following 2030 are primarily related to regulatory driven nutrient 
reduction requirements. 
The graphs reference both “status quo” and “recommended plan” scenarios. Status quo 
represents the cost to continue to operate the Cedar Rapids WPCF if no changes were made in 
the treatment process. In reality, maintaining the status quo is not a realistic option and is 
included simply as a baseline comparison to the recommended plan. Status quo assumes a) 
continued investment in existing energy intensive, outdated solids processing equipment that 
has limited capacity, has reached the end of its useful life, and may not meet evolving 
incineration regulatory requirements, and b) no investment to comply with the 2013 Iowa 
Nutrient Reduction Strategy. 
Higher capital investment in the recommended plan achieves lower long term operation and 
maintenance costs relative to the status quo. It also achieves compliance with Iowa Nutrient 
Reduction Strategy requirements with technology that produces and generates revenue from 
biogas, further reducing long term operation and maintenance costs relative to the status quo. 
Phase I of the recommended plan achieves a nearly 40 percent reduction in the current 1.5 
million therms of annual natural gas consumption of and a slight reduction in the current 50 
million kilowatt hours of electrical energy consumption in addition to the aforementioned biogas 
production estimated at 2.7 million therms per year. 
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Key components of the recommended plan at the Cedar Rapids WPCF are shown in the 
accompanying CRWPCF Site Plan. 

• Continuing to use the existing anaerobic pretreatment system to cost effectively treat 
and produce biogas from as much high strength industrial wastewater as can be diverted 
to the facility. 

• Adding thermal hydrolysis and anaerobic digestion facilities to convert from lime 
stabilization to biological stabilization of solids generated to eliminate the need for lime, 
to produce biogas, and to generate biosolids suitable for use as a soil conditioner. 

• Adding facilities to clean, store, and inject biogas from anaerobic treatment and 
anaerobic digestion into MidAmerican Energy’s gas distribution system to generate 
revenue from both the energy value and the associated renewable energy credits 
(RECs). 

• Implementing sidestream treatment facilities to remove the nutrients nitrogen and 
phosphorus from high-strength solids processing recycle streams, potentially recovering 
phosphorus for its fertilizer value, as a cost effective first step toward achieving 
regulatory driven nutrient reduction requirements. 

• Replacing aging, energy intensive LPO and MHI solids processing facilities with a state 
of the art, energy efficient fluidized bed incinerator(s) to provide a reliable means of 
solids disposal and associated flexibility. 

• Continuing to use the existing LPO and MHI through the balance of their useful life to 
maximize prior investment and facilitate the transition first to anaerobic digestion and 
then to thermal hydrolysis (prior to anaerobic digestion) and fluidized bed incineration. 

• Adding granular activated sludge facilities to replace existing high purity oxygen (HPO) 
activated sludge facilities to continue to provide organic treatment, to provide modularity 
for future growth, and to achieve additional nutrient reduction as the second step toward 
achieving regulatory driven nutrient reduction requirements. 

Implementation Plan 
The recommended plan for the Cedar Rapids WPCF is consistent with a broader nutrient 
reduction strategy that continues to pursue offsite watershed nutrient reductions with the intent 
of mitigating the extent to which nutrient reduction needs to be achieved at the Cedar Rapids 
WPCF. The broader strategy includes the following. 

• Continued involvement with the Middle Cedar Partnership to reduce nutrient loadings 
from agricultural sources 

• Continued implementation of urban best management practices (BMPs) into Public 
Works projects, registering and taking credit for the associated nutrient reductions. 

• Working with local industry to target and achieve reductions in nutrient discharges to the 
Cedar Rapids WPCF. 
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The implementation plan also includes the following. 

• Integrated planning to consider and perhaps revise the timeline for nutrient reduction at 
the Cedar Rapids WPCF in the context of affordability given other major capital needs at 
Cedar Rapids WPCF, Citywide for sanitary sewer and stormwater system 
improvements, at Water for treatment and distribution, and along the Cedar River for 
flood protection. 

• A cost of service rate study to review current and specifically define future sewer rates 
and surcharges to achieve forecast revenue needs taking into consideration nutrient 
reduction requirements, potential biogas revenue, and modified treatment processes at 
the Cedar Rapids WPCF. 

 
The required capital cost, in 2018 dollars, is estimated to be as follows: 

 
 
 

Phase 

 
 
 

Years2 

Capital Cost ($ millions)1 
Solids 

Processing 
Replacement 

Nutrient 
Reduction/ 
Recovery 

 
Biogas 

Recovery 

 
Industrial 

Pretreatment 

 
 

Total 

I-A 2021-2025 $87.6 $8.8 $14.13 $0.0 $110.5 

I-B 2024-2028 $141.3 $6.4 $0.0 $12.0 $159.7 

II-IV 2028-2037 $0.0 $157.4 $0.0 $0.0 $157.4 

Total 2021-2037 $228.9 $172.6 $14.13 $12.0 $427.6 
1 Includes construction, contingency, and engineering costs in 2018 dollars. 
2 For planning purposes but subject to subsequent cost of service study, integrated planning, and 
effectiveness of watershed nutrient reductions. 
3 Does not include $350,000 subsequently identified by MidAmerican Energy for conveyance of biogas to 
the identified injection point. 
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Replacement of solids processing facilities, biogas recovery, and industrial pretreatment are 
priorities and the initial focus in Phases I-A and I-B because of age and condition related needs, 
the associated biogas revenue stream, and to maximize treatment of high strength industrial 
waste streams through the anaerobic process to maximize gas production, respectively. Overall, 
they comprise 54 percent, 3 percent, and 3 of the total capital cost. Nutrient recovery is also a 
secondary focus of Phases I-A and I-B but is mostly deferred until Phases II through IV as a 
lower priority and to minimize revenue requirements and associated rate impacts. Overall, 
nutrient reduction and recovery comprises 40 percent of the total capital costs. Facilities are 
sized for growth to forecasted 2037 flows and loads.  

Reflecting the objective to be more energy 
efficient and sustainable, the associated 
operations and maintenance cost impacts, in 
2018 dollars, are estimated to be as shown at 
right. 
The significant reduction in Phase I-A 
operations and maintenance costs is 
attributed to eliminating the high operations and maintenance cost associated with the existing 
LPO and adding the revenue generated from producing, recovering, and injecting biogas. The 
relatively small increases in operations and maintenance costs for remaining phases can be 
attributed to the additional solids processing facilities and disposal reliability, the incorporation of 
nutrient reduction in the recommended plan, and increased flows and loads with growth. 
If all the proposed improvements were to be installed over the next 20 years at inflation-adjusted 
costs to the time of construction, the total required capital investment is just over $700 million 
dollars. With phased implementation, the capital investment need is estimated to range from 
approximately $8 million to $70 million per year. 
The City is prepared to pursue a variety of funding alternatives, including State Revolving Fund 
and Water Infrastructure Finance and Innovation Act, because costs are significant. Depending 
on funding, the Recommended Alternative requires annual revenue increases ranging from 
approximately 4- to 11-percent for 9 to 16 years. 
Even without these improvements, the resulting effects on rates and debt would be significant, 
compliance with the Nutrient Reduction Strategy is mandated by the State of Iowa, and 
continued investment in existing solids processing equipment is not prudent.  That equipment is 
energy intensive, outdated with limited capacity, has reached the end of its useful life, and may 
not meet evolving incineration regulatory requirements. 
 
 

Phase Operations & Maintenance Cost Impact 
I-A $7.9 million net reduction 
I-B $1.4 million net increase 

II-IV $4.0 million net increase 
Total $2.5 million net reduction 
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1.0 Summary of TM 1.0 Nutrient Sources 
The nutrient baseline for the Cedar River watershed provides a basis for considering nutrient 
reduction options to achieve the objectives of the Iowa Nutrient Reduction Strategy. The 
baseline provides the basis for exploring potential opportunities for watershed nutrient 
reductions as offsets against Cedar Rapids WPCF reductions, or as alternatives to supplement 
to Cedar Rapids WPCF Reductions. The baseline includes an evaluation of nonpoint nutrient 
sources, a tabulation of upstream point nutrient sources, and a detailed evaluation and 
breakdown of specific waste streams evaluated at the Cedar Rapids WPCF. 

 Watershed Nutrient Sources 
Table 1 and Table 2 provide estimated total watershed nitrogen and phosphorus loadings for 
the Cedar River Watershed, both upstream and downstream of the Cedar Rapids WPCF. 
Loadings are based on the United States Geological Survey (USGS) SPAtially Referenced 
Regressions On Watershed Attributes (SPARROW) model. Figure 2 and Figure 3 show the 
spatial distribution of the agricultural nutrient yield throughout the watershed in relationship to 
the Cedar Rapids WPCF and the Middle Cedar Partnership Project (MCPP) Area in which the 
City is actively engaged.  
Table 1. Total Nitrogen Nonpoint and Point Loading by Source 

Source 
Catchment 19764 

(Upstream of WPCF) 
Catchment 19762 

(Downstream of WPCF) 

Load (kg/yr) % of Total Load (kg/yr) % of Total 

WWTP1 582,931 1.5 865,580 2.2 

Atmospheric  5,709,889 14.7 5,811,342 14.6 

Manure  5,457,207 14.0 5,488,413 13.8 

Fertilizer (farm) 20,056,530 51.5 20,249,385 51.0 

Legume Crops  5,332,175 13.7 5,392,614 13.6 

Urban Areas  1,802,032 4.6 1,880,216 4.7 

Total 38,940,762 100.0 39,687,549 100.0 
Notes:  
1 All wastewater treatment plants contributing to catchment. 

WPCF = Water Pollution Control Facility; kg/yr = kilograms per year; WWTP = wastewater treatment plant. 

As indicated in Table 1, more than 50 percent of the total nitrogen (TN) is derived from farm 
fertilizer with the next highest contributor of atmospheric nitrogen generating less than 
15 percent of the TN. Adding all farm sources—fertilizer, manure, and legume crops—results in 
nearly 80 percent of the TN load. Wastewater treatment plants (WWTP) and urban areas are 
the source of four to seven percent of the nitrogen load on the river.  
The difference between upstream and downstream urban area loadings shows that Cedar 
Rapids urban runoff contributes a small percentage of the watershed TN load. The increase 
from the upstream to the downstream numbers for WWTPs reflects the contribution of the 
Cedar Rapids WPCF discharge. However, as subsequently described, the magnitude of the 
contribution is not fully captured by the SPARROW model and the Cedar Rapids WPCF more 
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likely represents about 7 percent of the watershed load instead of the roughly 0.7 percent of the 
watershed load identified by the SPARROW model.  
As indicated in Table 2, more than 35 percent of the total phosphorus (TP) is derived from 
fertilizer with the next highest contributor being the manure load, which is roughly 26 percent of 
the TP. Adding both farm sources—fertilizer and manure—results in nearly 60 percent of the TP 
load. WWTP and urban areas are the sources of about 24 percent of the TP load.  
Table 2. Total Phosphorus Nonpoint and Point Loading by Source 

Source 
Catchment 19764 

(Upstream of WPCF) 
Catchment 19762 

(Downstream of WPCF) 

Load (kg/yr) % of Total Load (kg/yr) % of Total 

WWTP1 119,360 9.4 136,130 10.4 

Manure 335,223 26.5 338,774 25.9 

Fertilizer (farm) 466,592 36.8 472,271 36.2 

Forest and Wetland 3,178 0.3 3,328 0.3 

Urban Areas 177,391 14.0 185,606 14.2 

Channel Erosion 165,232 13.0 169,705 13.0 

Total 1,266,976 100.0 1,305,816 100.0% 

Notes:  
1 All wastewater treatment plants contributing to catchment. 

WPCF = Water Pollution Control Facility; kg/yr = kilograms per year; WWTP = Wastewater treatment plant. 

The difference between upstream and downstream urban area loadings shows that Cedar 
Rapids urban runoff contributes a small percentage of the watershed TP load. The increase 
from the upstream to the downstream numbers for WWTP reflects the contribution of the Cedar 
Rapids WPCF discharge. However, as subsequently described and as was the case with TN, 
the magnitude of the TP contribution is not fully captured by the SPARROW model and the 
Cedar Rapids WPCF more likely represents about 45 percent of the watershed load instead of 
the approximately 1 percent of the watershed load identified by the SPARROW model.  
As indicated in Figure 2, high agricultural yield areas for nutrients are identified within areas in 
the northern watershed contributing the most TN per acre and areas in the western part of the 
watershed generating the most TP per acre. In pursuing nonpoint source reduction for TN, the 
watershed upstream of Cedar Falls should be targeted, and in pursuing nonpoint source 
reduction for TP, the western portion of the watershed should be targeted. 
Generally, the use of nonpoint source BMPs to potentially offset or supplement Cedar Rapids 
WPCF reductions are more practical for TN than TP reduction. This is due to the larger acreage 
requirement and higher cost associated with the larger watershed TP contribution from WPCF, 
higher removal goals for TP, and generally lower watershed TP removal efficiency. 
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Figure 3. Total Nitrogen Agricultural Yield in the Cedar River Watershed 

 
Figure 2. Total Phosphorus Agricultural Yield in the Cedar River Watershed 
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 Nutrient Point Sources 
Discharging 47.3 million gallons per day on average, the Cedar Rapids WPCF is the largest of 
more than 50 Iowa and Minnesota WWTPs discharging to the Cedar River. Discharges for the 
other WWTPs range from less than 100,000 gallons per day to just over 18 million gallons per 
day.  
Table 3 and Table 4 show the nutrient loadings on the Cedar Rapids WPCF associated with the 
influent wastewater flow into the facility and the solids recycle flow within the facility. Average 
annual, maximum month, and maximum day loadings are shown. Both tables show the annual 
average loading as a percentage of the SPARROW predicted total watershed loading. The 
solids recycle loading is shown as a percentage of influent loading in the second table. Nitrogen 
data is available as total Kjeldahl nitrogen (TKN) so understates the total nitrogen (TN) loading 
which includes nitrate nitrogen and nitrite nitrogen as well as TKN.  
Table 3. Cedar Rapids WPCF Influent Nutrient Loads (2013-2015) 

Nutrient Type Units Ave Annual Max Month Max. Day % Watershed Load1 

Influent TKN lb-N/day 17,670 22,460 24,680 7 

Influent TP lb-P/day 3,580 4,460 5,250 45 
1 Watershed load based on Sparrow model output adjusted to reflect WPCF data analysis. 

TKN = total Kjeldahl nitrogen; lb-N/day = pounds of nitrogen per day; TP = total phosphorus; lb-P/day = pounds of 
phosphorus per day. 

Table 4. Statistical Analysis of Cedar Rapids WPCF Recycle Nutrient Loads (2013-2015) 

Nutrient Type Units Ave Annual Max 
Month 

Max. Day % Raw % Watershed 
Load1 

Recycle, TKN Load lb-N/day 4,750 9,570 17,220 26 2 

Recycle, TP Load lb-P/day 1,030 2,180 3,740 35 13 
1 Watershed load based on Sparrow model output adjusted to reflect WPCF data analysis. 

TKN = total Kjeldahl nitrogen; lb-N/day = pounds of nitrogen per day; TP = total phosphorus; lb-P/day = pounds of 
phosphorus per day. 

The Iowa Nutrient Reduction Strategy was based on state wide assumptions that 8 percent of 
the total TN contribution and 20 percent of the total TP contribution are from point sources. 
CRWPCF’s TKN contribution of 7 percent of the watershed TN load is slightly less than 
assumed statewide percentage contribution for point sources and CRWPCF’s TP contribution of 
45 percent of the watershed TP load is significantly higher than the assumed statewide 
percentage contribution for point sources. Significant concentrations from Cedar Rapids’ 
industrial sources account for these differences. 
Solids recycle loads are significant at 26 percent and 35 percent of the Cedar Rapids WPCF 
influent TKN and TP loads, respectively, representing an important consideration in nutrient 
reduction facility sizing and significant potential to target reductions in solids recycle loadings. 
Solids recycle loadings at the Cedar Rapids WPCF are high relative to many Iowa WWTPs 
likely due to the abnormally high recycle load generated by the LPO process 
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 Industrial Sources 
Industrial users are 
significant contributors to the 
influent nutrient loadings at 
the Cedar Rapids WPCF. As 
shown in Figure 4 and Figure 
5, nine major industrial users, 
referred to as Group 3 
industries, produce just less 
than 47 percent of the TN 
loading and just over 60 
percent of the TP loading. All 
other residential, commercial, 
and industrial sources, 
referred to as Non-Group 3 
industries contribute just 
under 53 percent of the TN 
loading and just less than 40 
percent of the TP loading on 
the Cedar Rapids WPCF. 
The nutrient loads received 
at the Cedar Rapids WPCF 
are amenable to BNR based 
on the 5-day, carbonaceous 
biochemical oxygen demand 
(cBOD5): TKN and cBOD5:TP 
ratios. Individually, many of 
the industrial waste streams 
have enough cBOD5 to drive 
BNR, and in some cases, the 
industrial waste streams are 
nutrient deficient. However, 
one industry’s waste stream, 
contains an excess of 
nutrients and insufficient 
cBOD5 to support nutrient 
removal without the other 
industrial contributions.  
TN loads discharge by 
industries are composed of 
TKN, nitrate, and nitrite. 
Nitrate and nitrite are generated when industries pretreat their wastewater streams. While TN 
discharged by industry includes oxidized forms of nitrogen (nitrate and nitrite), minimal oxidized 
nitrogen is received at the Cedar Rapids WPCF. The oxidized nitrogen species discharged by 
industry are likely denitrified and removed in the sewer while being conveyed to the Cedar 
Rapids WPCF. While industries discharge up to 48 percent relative to the Cedar Rapids WPCF 
TN load, the industrial TN load actually received at the Cedar Rapids WPCF from Group 3 
industries is 43 percent of the total, which means that 8 to 10 percent or 1,850 pounds of 

 
Figure 4. WPCF Influent Nitrogen Sources 
 

 
Figure 5. WPCF Influent Phosphorus Sources 
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nitrogen per day (lb-N/d) of the industrial TN load is denitrified in the sewer. nitrogen. Minimal 
nitrate based nitrogen is measured in the influent, which is likely due to removal in the 
conveyance system. 

 Drinking Water Source 
Orthophosphorus (ortho-P) is added at the City’s water treatment facilities to create a finished 
water quality that meets human health standards, is aesthetically pleasing, and inhibits 
corrosion within the water distribution system. This is important to prevent lead and copper from 
leaching out of the pipes. The typical target concentration for finished water quality is from 1.0 to 
3.0 mg-P/L, but the target depends on the specific distribution system corrosivity and distribution 
pipe materials and age. Ortho-P is typically fed at 0.5 mg/l at the Cedar Rapids drinking water 
facilities and the addition of ortho-P adds between 2 and 3 percent of the influent TP loading on 
the Cedar Rapids WPCF. 

 Cedar Rapids WPCF Flows and Loadings 
Current Cedar Rapids WPCF flows and 
loadings, based on 2013 through 2015 
data, are summarized in Table 5 and Table 
6. Table 5 identifies flows and loadings to 
the influent main lift station, including both 
raw wastewater and internal recycle from 
solids processing. Table 6 identifies flows 
and loadings to the anaerobic pretreatment 
facility.  
As indicated in Figure 6, major Group 3 
industrial users comprise only about 36 
percent of the existing average annual 
wastewater flow but approximately 
68 percent and 39 percent of the existing 
average annual wastewater cBOD5 and 
TSS loadings on the Cedar Rapids WPCF. 
Several industries individually represent 
one-third to two-thirds of the organic 
loading from the Non-Group 3 (residential, 
commercial, and other industrial) users 
combined. 
Forecast future Cedar Rapids WPCF 
design flows and loads to the Cedar Rapids 
WPCF, as originally presented in TM 1.0 
Nutrient Sources, are summarized in Table 5 and Table 6. Table 5 shows both the forecast 
additional flows and loads to the main lift station from both major Group 3 and Non-Group 3 
users. Table 6 shows the additional flows and loads to the anaerobic pretreatment process, 
which includes an increment to account for additional discharge from industry in the future.  
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Figure 6. Major Group 3 Industrial Flows and 
Loadings 
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The projected Non-Group 3 increase to the main lift station at Cedar Rapids WPCF by 2037 
assumes a 10 percent service population increase from the 2014 census population estimates 
for Cedar Rapids, Hiawatha, Marion, Palo, and Robins. The additional major Group 3 flow and 
loading is extrapolated based on the industrial data from 1996 to 2010 and data from 2013 to 
2015. Composite peaking factors from existing flows and loads, are applied to find future 
maximum month and maximum day flows and loads. 
Table 5. Cedar Rapids WPCF Main Lift Station Flows and Loadings 

Design Evaluation Existing 
Ave. 

Ann.1 

Additional 
Non-

Group 3 

Additional 
Group 3 

Future Design2 

Design Parameter Units Ave. 
Ann. 

Max. 
Month 

Max. 
Day 

Raw Flow MGD 45.8 2.8 5.0 53.5 74.1 148 

Raw cBOD5 Load lb/day 233,000 3,600 59,400 296,000 393,000 499,000 

Raw TSS Load lb/day 118,000 7,760 46,700 172,000 289,000 551,000 

Raw TKN Load3 lb-N/day 17,200 1,050 6,390 24,600 49,000 87,800 

Raw Ammonia Load lb-N/day 3,500 214 1,290 5,000 7,540 11,400 

Raw Total-P Load lb-P/day 3,490 164 522 4,030 5,520 14,100 

Raw Ortho-P Load lb-P/day 1,750 86 116 1,950 3,140 5,070 

Recycle Flow MGD 5.6 0.3  5.9 7.3 7.6 

Recycle cBOD5 Load lb/day 26,300 406  26,700 56,900 154,700 

Recycle TSS Load lb/day 17,800 1,170  19,000 97,300 460,700 

Recycle TKN Load lb-N/day 4,440 269  4,710 9,500 16,760 

Recycle Ammonia 
Load 

lb-N/day 20 1.2  21 40 80 

Recycle Total-P Load lb-P/day 1,250 61.4  1,310 2,930 5,150 

Recycle Ortho-P 
Load 

lb-P/day 1,080 53.1  1,130 2,410 5,160 

1 2013-2015 data 
2 2037 

Ave. Ann. = Average Annual; Max. = Maximum; MGD = million gallons per day; cBOD5 = 5-day, carbonaceous biochemical 
oxygen demand; lb/day = pounds per day; TSS = total suspended solids; TKN = total Kjeldahl nitrogen; lb-N/day = pounds 
of nitrogen per day; lb-P/day = pounds of phosphorus per day. 

3 TN is composed of TKN plus nitrate. Low concentrations of nitrate are measured in the influent, however, contributing less 
than 1 percent to the influent TN load. As a result, TKN is the focus of the influent TN load and design basis. 
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Table 6. Cedar Rapids WPCF Anaerobic Pretreatment Flows and Loadings 

Design Evaluation Existing 
Ave. Ann.1 

Additional Future Design2 

Design Parameter Units Ave. 
Ann. 

Max. 
Month 

Max. 
Day 

Pretreat Flow MGD 1.5 0.74 2.2 3.0 4.3 

Pretreat cBOD5 Load lb/day 40,700 10,500 51,200 71,400 106,000 

Pretreat TSS Load lb/day 4,200 1,080 5,280 11,200 38,100 

Pretreat TKN Load3 lb-N/day 367 95 462 616 1,020 

Pretreat Ammonia Load lb-N/day 220 57 277 370 496 

Pretreat Total-P Load lb-P/day 26 7 33 35 80 

Pretreat Ortho-P Load lb-P/day 13 3 16 17 40 
1 2013-2015 data 
2 2037 

Ave. Ann. = Average Annual; Max. = Maximum; MGD = million gallons per day; cBOD5 = 5-day, carbonaceous biochemical 
oxygen demand; lb/day = pounds per day; TSS = total suspended solids; TKN = total Kjeldahl nitrogen; lb-N/day = pounds 
of nitrogen per day; lb-P/day = pounds of phosphorus per day. 

3 Nitrate loading to Anaerobic Pretreatment is assumed to be a negligible component of TN. Any nitrate that may received is 
removed in the anaerobic pretreatment process prior to biogas production. 

The combined design average annual flow of both the anaerobic pretreatment and main lift 
station is 55.7 million gallons per day (MGD) with a corresponding cBOD5 loading of 
347,000 pounds per day (lb/day). This compares to the previous Cedar Rapids Water Pollution 
Control Facility Solid Facility Plan prepared in 2011, forecast 2030 design flow of 50.4 MGD and 
cBOD5 loading of 333,000 lb/day. 
Future WPCF loadings are difficult to forecast and could be dramatically different from current 
loadings. One or more major Group 3 industrial users could increase or reduce production, 
expand or relocate, incorporate pretreatment, or change their process or product line resulting in 
significant changes to wastewater discharges to the Cedar Rapids WPCF. While the historic 
trend has been an increased number of major Group 3 users and increased loadings from those 
major Group 3 users over time, the opposite could be true in the future and Cedar Rapids 
WPCF could see a reduction in industrial wastewater flows and loadings. 
On the heels of one of the nine major Group 3 users closing their Cedar Rapids operation and 
reflecting uncertainty with respect to future major Group 3 industrial flows and loads, forecast 
future design loads were subsequently revised during alternatives development and evaluation. 
The revised future design flows and loads to the main lift station at the Cedar Rapids WPCF, as 
originally presented in TM 8.0 Nutrient and Solids Alternative Evaluation, are summarized in 
Table 7. The revised design flows and loads do not include a major Group 3 industrial growth 
component. 
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Table 7. Revised Cedar Rapids WPCF Main Lift Station Design Flows and Loads  

Design Evaluation Existing 
(2013-2015) 

Domestic 
Growth 

Design Basis1 

Design Parameter Units Ave. Ann. Ave. 
Ann. 

Max. 
Month 

Peak 2 
Week 

Max. 
Day 

Raw Flow MGD 45.8 2.8 48.6 67.3 83.3 135 

Raw cBOD5 Load lb/day 233,000 3,660 237,000 315,000 347,000 400,000 

Raw TSS Load lb/day 118,000 7,740 126,000 212,000 248,000 404,000 

Raw TKN Load2 lb-N/day 17,200 1,050 18,300 24,500 26,700 65,100 

Raw Ammonia Load lb-N/day 3,500 214 3,710 5,590 5,930 8,450 

Raw Total-P Load lb-P/day 3,340 164 3,500 4,790 5,210 12,200 

Raw Ortho-P Load lb-P/day 1,750 86 1,840 2,960 2,830 4,780 

Pretreat Flow MGD 1.5   2.2 3.0 3.0 4.6 

Pretreat cBOD5 Load lb/day 40,700   40,700 64,800 64,800 104,000 

Pretreat TSS Load lb/day 4,200   4,200 9,100 9,100 19,900 

Pretreat TKN Load lb-N/day 367   367 490 490 655 

Pretreat NH3 Load lb-N/day 220   220 294 294 393 

Pretreat Total-P Load lb-P/day 196   196 545 545 2,400 

Pretreat Ortho-P 
Load 

lb-P/day 125   125 466 466 1,120 

1 Design basis is existing (2013-2015) plus 20-year domestic growth. 
Ave. Ann. = Average Annual; Max. = Maximum; MGD = million gallons per day; cBOD5 = 5-day, carbonaceous biochemical 
oxygen demand; lb/day = pounds per day; TSS = total suspended solids; TKN = total Kjeldahl nitrogen; lb-N/day = pounds 
of nitrogen per day; lb-P/day = pounds of phosphorus per day. 

2 TN is composed of TKN plus nitrate. Low concentrations of nitrate are measured in the influent, however, contributing less 
than 1 percent to the influent TN load. As a result, TKN is the focus of the influent TN load and design basis. 
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2.0 Summary of TM 2.0 Solids Production 
On average, the Cedar Rapids WPCF treats approximately 47 MGD of influent flow and 
approximately 274,000 lb/day of cBOD5 influent loading from a variety of residential, 
commercial, and industrial sources on an average annual basis. In doing so, the WPCF 
generates three groups of solids streams during liquid treatment that require further processing.  

• Granular sludge from the high rate anaerobic process treating part of the industrial waste 
stream.  

• Primary solids from sedimentation in the primary clarifier.  

• Secondary solids from biological treatment in the trickling filters, carbonaceous activated 
sludge (CAS), and nitrogenous activated sludge (NAS) processes. 

The solids yield for the high rate anaerobic treatment process is low, the solids generated have 
a resale value, and typically do not require further processing or disposal. 
Current and historic solids production rates reflect existing treatment processes and vary with 
operational set points for those processes (content and quantity). Future solids production rates 
are difficult to project given potential changes to treatment processes. This is particularly true for 
secondary solids production. 
 

 

 

Figure 7. Cedar Rapids WPCF Solids Production Comparisons 
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Solids production rates were evaluated based on review of then current and forecast quantities 
reported in the previous 2011 Solids Facilities Plan (2011 Plan) prepared by Brown and 
Caldwell, evaluation of the 2013–2015 data, a mass balance calibrated for the existing 
condition, and a mass balance calibrated and setup with projected flows and loads to give a 
design condition. Figure 7 and Table 8 show the resulting comparisons as originally presented 
in TM 2.0 Solids Production allowing for both major Group 3 industrial growth as well as 
Non-Group 3 residential, commercial, and domestic growth. 
Table 8. Cedar Rapids WPCF Solids Production 

Factor 2011 Solids Facilities Plan 2013–2015 
Data 

Existing 
Mass 

Balance 

Design 
Solids 

Production Current (2010–
2011) 

Future 
(2030) 

Primary Solids, lb/day 79,000 86,000 96,000 94,000 137,000 

Primary Solids,  
% of Total Solids 

37 38 74 63 66 

Secondary Solids, 
lb/day 

136,000 138,000 33,000 56,000 72,000 

Secondary Solids,  
% of Total Solids 

63 62 26 37 34 

Total Solids, lb/day 215,000 224,000 129,000 150,000 209,000 

Primary Solids Per 
Capita, lb/(capita∙day) 

0.46 0.39 0.48 0.52 0.63 

Primary Efficiency,  
% Primary Solids 
(w/ Recycle) 

--- --- 67 67 67 

Primary Efficiency,  
% Influent Solids 

71 55 73 79 79 

Secondary Yield,  
lb-TSS/lb-cBOD5  

0.85 0.53 0.34 0.59 0.60 

Design solids production was subsequently refined during alternatives development and 
evaluation to reflect the change in forecast future flows and loadings described in the previous 
section. Table 9 presents the refined design solids production as originally presented in TM 8.0 
Nutrient and Solids Alternative Evaluation in comparison to the original design solids production. 
The revised forecast reflects Non-Group 3 residential, commercial, and domestic growth, but not 
major Group 3 industrial growth.  
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Table 9. Cedar Rapids WPCF Design Solids Production Rates 

Dry 
Solids, 
lb/day 

Existing (2014-2016) Revised Design Basis Original Design Basis 

Pri Sec Total Pri Sec Total Pri Sec Total 

Average 
Annual 96,000 33,100 129,100 97,000 67,000 164,000 137,000 71,500 208,500 

Maximum 
Month 199,000 72,600 271,600 147,000 100,000 247,000 285,200 99,400 384,600 

Peak 2 
Week 236,000 90,400 326,400 187,000 120,000 307,000 363,400 119,450 482,850 

Notes: Pri  = Primary Solids, Sec = Secondary Solids
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3.0 Summary of TM 3.0 Energy & Sustainability 
The Cedar Rapids WPCF consumes electricity, water, natural gas, and diesel fuel while 
concurrently generating biogas. The collective balance of electricity, water, natural gas, and diesel 
fuel consumption against generating biogas provides an overall picture of energy and 
sustainability of the WPCF and serves as a baseline for potential improvement.  
Table 10 is an energy snapshot showing electricity, natural gas, and potable water consumption 
for the Cedar Rapids WPCF. As indicated in Table 10, electricity represents the highest utility 
expenditure at the Cedar Rapids WPCF, followed by natural gas, and then water. Each is 
discussed below. 
Table 10. Cedar Rapids WPCF Energy Snapshot (2013–2015) 
Component Value Units 
WPCF Waste Stream 

    Volume Treated 17,350 MG/yr 

    Average Flow 48.9 MGD 

WPCF Electricity 

    Electrical Energy Usage 47,952,000 kWh/yr 

    Energy Intensity 1 2,820 kWh/MG 

    Energy Intensity 2 514 kWh/1,000 lb-cBOD5  

    Electrical Energy Billings 2,389,000 $/yr 

    Percent Peak Demand 62 % 

    Cost of Electricity 0.0498 $/kWh 

WPCF Natural Gas 

    Natural Gas Usage 1,453,000 therms/yr 

    Natural Gas Billings 949,000 $/yr 

    Cost of Natural Gas 0.67 $/therm 

    Natural Gas Intensity 82.9 therm/MG 

WPCF Fuel 

    Diesel Usage 18,487 gallons/yr 

    Unleaded Gas Usage 9,316 gallons/yr 

    Fuel Intensity 568 gallons/MG 

WPCF Potable Water 

    Potable Water Usage 0.392 MGD 

    Potable Water Usage 143 MG/yr 

    Potable Water Billings 259,000 $/yr 

    Cost of Potable Water 1,810 $/MG 

    Potable Water Intensity 8,240 gallons/MG 

Total utility Cost (Electric, Gas, Water) 3,597,000 $/yr 
Note: Summary table based on average values over data range. 
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 Electricity 
In addition to lighting and atmospheric controls, electricity is used throughout the Cedar Rapids 
WPCF to drive motors for pumping power, blowing air, mixing and aeration, and solids 
processing. Electricity is used to drive the high-purity oxygen generating system. Electrical 
consumption is on the order of 48,000,000 kilowatt hours (kWh) per year at a cost or nearly 
$2.5 million per year. This consumption rate translates to an energy intensity of a little over 
2,800 kWh per million gallons of flow treated or about 500 kWh per 1,000 (lb-cBOD5) treated.  
The highest individual electricity consumers at the Cedar Rapids WPCF are shown in Figure 8. 
 

 
 
 
 
 
 
 
 
 
 
 
The CAS process is by far the largest, representing nearly 40 percent of the total consumption, 
with most of that being for oxygen generation and aeration. The roughing filters (primarily due to 
pumping), the NAS process, and influent pumping are next, each representing between 10 and 
15 percent of the total consumption. All other individual processes individually represent less than 
5 percent of the total consumption with anaerobic pretreatment, incineration, dissolved air flotation 
thickeners, and centrifuges most significant. The greenhouse gas (GHG) equivalent associated 
with electricity consumption at the WPCF exceeds 33,500 tonnes CO2 equivalent/year. 

 
Figure 8. Cedar Rapids WPCF Electrical Consumption by Process 
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 Natural Gas 
Natural gas is used by the Cedar Rapids WPCF in several processes. On average, nearly 
2 million cubic feet of natural gas (1.45 million therms) are used annually at a cost of nearly 
$1 million per year. The associated 
energy intensity is nearly 83 therms 
per million gallons of flow treated. For 
the natural gas consumed at the 
WPCF, more than 7,000 tonnes CO2 
equivalent/year of GHG is generated. 
Figure 9 identifies that the most 
significant consumption is by the 
LPO boilers and solids incinerator, 
representing approximately 51 
percent and 32 percent of the total 
consumption, respectively. All other 
loads, primarily building loads 
comprise the remaining 19 percent of 
the natural gas consumption.  

 Potable Water 
The Cedar Rapids WPCF includes a nonpotable water system that provides plant effluent for a 
number of internal demands that do not require potable water quality, notably the anaerobic 
pretreatment heat exchangers, bioscrubbers, 
solids dewatering, and incinerator scrubber. 
Concurrently, the Cedar Rapids WPCF uses 
potable water to support several processes 
requiring potable water quality. On average, the 
Cedar Rapids WPCF uses a little over 390,000 
gallons of potable water per day representing a 
water usage intensity of about 8,200 gallons per 
million gallons of treated wastewater, translating 
to an annual cost of more than $250,000. While 
there is an electrical demand associated with 
this water usage, it is likely insignificant with 
respect to total Cedar Rapids WPCF electrical 
energy use. 
The most significant consumers of potable water 
are believed to be boiler make-up water, cooling 
system make-up water, and polymer dilution 
water. In the absence of actual meters, 
estimated quantities for each are identified in 
Figure 10. As indicated, there is a significant 
unidentified consumption of potable water at the 
Cedar Rapids WPCF.  

 
Figure 9. Cedar Rapids WPCF Natural Gas Consumption by 
Process 
 

 
Figure 10. Cedar Rapids WPCF 
Potable Water Use 
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 Biogas 
The anaerobic pretreatment system at the Cedar Rapids WPCF converts soluble high strength 
organic loadings to biogas, which is captured and used onsite in lieu of natural gas as 
supplemental fuel for the solids incinerator and sometimes for the LPO boilers. The production of 
biogas varies widely from day to day and it is difficult to match the supply and use of the biogas 
due to meter accuracy. As shown in Figure 11 biogas is produced at a rate of about 300 cfm or 
nearly 432,000 cubic feet per day. At approximately 60 percent methane, the associated heating 
value is approximately 2,800 therms per day.  
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Figure 11. Cedar Rapids WPCF Biogas Generation and Usage 
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The biogas generation rate 
theoretically provides capacity to 
offset between 60 and 70 percent 
of the natural gas demand at the 
Cedar Rapids WPCF. However, 
the biogas generation rate and 
natural gas demand do not align 
adequately to support full biogas 
utilization. Figure 12 shows that 
this results in more than 50 percent 
of the biogas flared or the 
equivalent of an additional 2,500 
tonnes CO2 equivalents./year of 
GHG emissions. 
 

 Vehicle Fuel  
Diesel fuel is used at the Cedar 
Rapids WPCF to deliver chemical 
needed for treatment and cleaning, 
and to haul away the ash and 
biosolids produced for final 
disposal. Diesel fuel and unleaded 
gasoline are used in the stand-by 
generators. Table 11 summarizes 
estimated fuel consumption based 
on assumptions regarding distance 
traveled, number of trips per year, 
and average fuel efficiency.  

Table 11. Cedar Rapids WPCF Annual Fuel Consumption 

 Gallons 

Generator, Diesel 18,487 

Low Pressure Oxidation 3,607 

Belt Filter Press 2,764 

Disinfection 2,734 

Carbonaceous Activated Slugde 2,450 

Anaerobic 2,204 

Incinerator 2,046 

Dissolved Air Flotation Thickener 1,885 

Gravity Belt Thickener 1,633 

Lime Stabilization 1,615 

Centrifuge 1,480 

Total, Diesel 40,905 

Generator, Unleaded 9,316 

Total, Unleaded 9,316 

 
Figure 12. Cedar Rapids WPCF Average Biogas Usage 
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 Energy Benchmarking 
Several methods are available for benchmarking the energy use at wastewater facilities. 
Figure 13 benchmarks Cedar 
Rapids WPCF electrical 
energy usage against HDR 
reference data. The top graph 
in Figure 13 benchmarks on 
the basis of electrical usage 
per million gallons of flow 
treated. The bottom graph in 
Figure 13 benchmarks on the 
basis of energy usage per 
pound of organic loading 
expressed as Biochemical 
Oxygen Demand (BOD).  
As indicated, electrical energy 
used at the Cedar Rapids 
WPCF is on the high end of 
the typical activated sludge 
plant energy usage based on 
gallons treated but on the low 
end of the typical activated 
sludge plant energy usage 
based on organic loading. 
This result is indicative of the 
major Group 3 industries that 
contribute relatively small 
volumes of high organic 
strength wastewater 
Cedar Rapids WPCF electrical 
and natural gas energy use 
was benchmarked to other 
municipal WWTP’s energy 
use with the United States 
Environmental Protection 
Agency (US EPA) Energy Star 
Rating Score.  
This Energy Star Rating tool generates a single score, comparable to the energy performance 
rating for buildings and is available at the Energy Star website (www.energystar.gov). The score 
is based on a statistical model that allows comparison of energy use among a wide range of 
wastewater treatment plants. The model was developed and sponsored by the American Water 
Works Association (AWWA) Research Foundation, the State of California Energy Commission, 
and the New York State Energy Research and Development Authority. It reflects 266 data sets of 

 

 
Figure 13. Cedar Rapids WPCF Energy Benchmarking – HDR 
Reference Data 

http://www.energystar.gov/
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WWTPs located throughout the country with an influent flow in the range of 1.5 to 150 MGD. The 
resulting score takes into consideration the average influent flow, influent BOD5, effluent BOD5, 
the ratio of average influent flow to design influent flow, the use of trickling filters, the presence of 
nutrient removal processes, heating degree days, and cooling degree days.  
 

 
 
 
 
 
 
 
 
 
 
Figure 14 shows Energy Star statistical model results for Cedar Rapids WPCF. The calculated 
energy score of 13.5 thousand British thermal units per gallons per day (kBTU/gpd) plotted on the 
normal distribution of results equates to an Energy Start Rating of 17. In basic terms, this means 
that 83 percent of plants treating similar flows and loads would use less energy than the WPCF. 
This score likely reflects the high energy processes used at the facility, notably the HPO system, 
LPO, incinerator, and dissolved air flotation thickeners, all of which add to the total amount of 
energy used. 

 Improved Energy Management 
Cedar Rapids WPCF energy analysis and benchmarking results indicate that electrical power 
usage is reasonable and likely comparable to a typical trickling filter activated sludge plant when 
wastewater organic strength is taken into consideration. However, when natural gas usage is 
included and compared using the Energy Star rating system benchmarking drops well below 
average.  

 
Figure 14. Cedar Rapids WPCF Energy Star Usage and Score Results 
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Most importantly, this leads to an overall objective in moving forward with longer term nutrient 
reduction and solids facility planning to consider and incorporate technologies that target 
reductions in natural gas usage and better usage of biogas to improve the facilities overall energy 
efficiency. In considering technologies and developing alternatives, the following should be 
considered. 

• Working with industry to identify and divert additional waste streams for treatment and 
production of biogas in the anaerobic pretreatment system. 

• Incorporating more energy efficient alternative technology that could enable 
decommissioning of existing roughing filters and/or consolidation of existing CAS and NAS 
to reduce electrical energy consumption, OR modifications enabling optimization of 
existing CAS and NAS operations and controls to improve energy efficiency. 

• Incorporating more energy efficient technology, OR modifications enabling optimization of 
existing LPO operations and controls to incorporate use of biogas and otherwise reduce 
natural gas consumption. 

• Incorporating alternative more energy efficient technology, OR modifications to existing 
incinerator operation to optimize sludge blend and feed rates and/or recover waste heat to 
reduce natural gas consumption. 

Several other potential shorter term alternatives are identified to improve energy sustainability at 
the Cedar Rapids WPCF. These alternatives should be considered and screened for 
incorporation into the nutrient reduction and solids facility plan, but also for implementation 
independent of the longer term plan.  

• Providing biogas storage and working to match biogas supply and natural gas demand 

• Converting dissolved air flotation thickeners to gravity thickeners to reduce energy 
consumption for primary sludge thickening. 

• Providing facilities to use primary effluent or effluent recycle in lieu of anaerobic 
pretreatment heat exchanger replacement. 

• Bench testing alternative polymers to potentially identify a more effective polymer that 
would reduce dewatering polymer costs. 

• Using both main lift force mains to reduce discharge head and pumping energy costs 
when more than one main lift pump is operating 

• Modifying anaerobic pretreatment feed valve operation to operate each feed valve more 
than 90 seconds to reduce overall energy demand. 

• Repairing or replacing existing LPO recycle stream piping to allow use of LPO decant 
rather than supplement nutrient addition for anaerobic pretreatment. 

• Using in plant electrical metering to increase real-time monitoring and control of energy 
usage. 

Since completion of the original TM 3.0 Energy and Sustainability, Cedar Rapids WPCF staff 
have addressed the last two items above.
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4.0 Summary of TM 4.0 Existing Facilities and 
Performance 

The Cedar Rapids WPCF is approaching 40 years of service. It was originally constructed in the 
late 1970s, at a cost of approximately $80 million, and put into operation in 1980. Significant 
modifications adding additional treatment processes have been added over the years. Over the 
past 10 years alone, the City has invested approximately $94 million to recover from 
catastrophic flooding in 2008 and to address other age and condition related improvements. 
Based on an order of magnitude rule of thumb of $12 per gallon per day of treatment capacity, 
the WPCF would cost approximately $670 million constructed new today.  
The Cedar Rapids WPCF serves a metropolitan area population of approximately 177,000. With 
the relatively low flow but high organic loadings from major Group 3 industrial sources, the 
Cedar Rapids WPCF serves a population equivalent of approximately 1.8 million. 
 

 
 
 
 

 

 Assessments 
 

 
Figure 15. Cedar Rapids WPCF Roughing Filters 

 
Figure 16. Cedar Rapids WPCF Primary Clarifiers and Solids Handling 
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Operational and condition assessments were conducted based on interviews and site visits with 
Cedar Rapids WPCF staff performed in January 2016 and February 2016. The assessments 
provide a baseline for existing facility conditions and performance. The assessments assist in 
considering the remaining useful life of existing facility components in determining the needs 
and timing for repair or replacement of existing facility components and in the development of 
alternatives for future nutrient reduction and solids facility planning. 

The operational assessment, conducted by operations 
specialists, focused on how the existing facility is operated 
and maintained, including items such as current operations 
responsibilities and protocols, operational modes, 
sidestreams, instrumentation, reliability issues, possible 
flexibility improvements, maintenance responsibilities and 
protocols, and maintenance issues.  
The condition assessment, conducted by engineers with 
expertise in process equipment, structural, mechanical, 
electrical, and instrumentation, focused on the physical 
condition of the existing facility as a basis for estimating 
remaining useful life of its components. 
 

 
 
 

 Results 
The overall condition of the Cedar Rapids WPCF reflects the age of the facility, the challenging 
environmental conditions that exist at the facility, and catastrophic flooding experienced in 2008. 
While the facility is nearly 40 years old, regular maintenance, flood recovery efforts, and annual 
capital improvements have maintained the facility’s ability to consistently meet NPDES permit 
and other regulatory requirements. The National Association of Clean Water Agencies 
(NACWA) has recognized the Cedar Rapids WPCF on numerous occasions, including: 

• Gold Award for 100 percent compliance with all effluent permit criteria in 2007, 2011, 
2012, and 2015. 

• Silver Award for no more than five violations for the calendar year in 2006 and 2009. 

 
Figure 18. Solids Processing Overview 

 
Figure 17. LPO Equipment 
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The Cedar Rapids WPCF incorporates technologies selected in the late 1970s during design of 
the facility that were cutting edge technologies for wastewater treatment at the time. Several of 
those technologies are becoming increasingly rare, making them difficult to maintain 
operationally and have been quite energy intensive by today’s standards. This is particularly 
true of both the LPO and MHI; it is also true of CAS with pure oxygen generated through 
cryogenic oxygen generation.  
Local industries provide a tremendous loading on the facility including significant concentrations 
of sulfate that manifest in highly odorous, hazardous, and corrosive conditions at the facility. 
The highly corrosive environment at the Cedar Rapids WPCF amplifies daily wear-and-tear of 
structures, process/mechanical equipment, electrical systems, and process controls. The 
corrosive conditions warrant more costly material selections and reduce the service life of 
concrete, ferrous metal, mechanical equipment, electrical gear, controls, and other components. 
Approximately two-thirds of the Cedar Rapids WPCF was under water during the flood of June 
2008. The entire facility was out of service for approximately 13 weeks. The recovery from this 
catastrophic flooding was something the Cedar Rapids Gazette characterized as “just short of 
heroic” on October 14, 2008. Considerable investments were made to first restore functionality 
and then reliability post flood, but the Cedar Rapids WPCF still has the distinction of having 
been flood damaged.  
From a process standpoint, there are currently no major constraints on the facility’s ability to 
meet the NPDES Permit requirements under normal circumstances. It is noteworthy that this is 
believed to be largely due to the Operations and Maintenance staff’s dedication to on-going 
operation and maintenance of the aging facility.  
The collective efforts of routine maintenance, ongoing capital improvements projects, and flood 
recovery have led to necessary improvements to extend the useful life of the plant and present 
opportunities for future investments to capitalize on recent investments. At the same time, new 
challenges posed by increasingly stringent regulatory requirements and continued industrial 
growth will challenge the facility’s current capabilities. 
Compared to most, the Cedar Rapids WPCF is an extremely complex wastewater treatment 
system posing significant operational and maintenance challenges. There are multiple treatment 
processes (some very complex), a significant variety of equipment manufacturers, major 
processes with aging equipment, limited operational flexibility, and an influent waste stream with 
a large industrial waste component that needs chemical and physical adjustment before some 
wastes can be treated. 
Table 12 and Table 13 provide high level summaries of the operation and condition 
assessments. 
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Table 12. Cedar Rapids WPCF Operations Assessment 

Assessment Findings 

Process • The use of dissolved air flotation for thickening primary sludge is unique to 
the WPCF. Gravity thickening of primary sludge should be investigated. 

• The limited oxygen transfer in the NAS reactors restricts the ability to add 
BOD to the NAS system that is needed to improve NAS sludge settleability. 

• The LPO is a complex process requiring significant levels of equipment, with 
objectionable sidestreams, simply to improve the dewaterability of waste 
activated sludge. Most other facilities that employed this technology in the 
late 1970’s / early 1980’s have since abandoned it. Alternatives to the LPO 
should be investigated. 

• Additional waste streams should be considered for treatment in the 
anaerobic reactors. The current waste stream from Cedar Rapids Paper is 
too hot and requires macro and micro nutrient addition before biological 
treatment. Supplemental waste streams from other industries or in-plant 
dewatering sidestreams could be beneficial in limiting the chemical and 
physical adjustments and associated costs currently necessary. 

• While challenging because of the depth of the influent sewer, an alternative 
influent sample location upstream of the in-plant wastes should be 
investigated to directly measure and thereby eliminate the calculations 
required to establish the influent waste quality. 

• Limited capacities of solids handling equipment requires that wasting of 
sludge from the CAS and NAS system be governed by the operation of solids 
handling equipment rather than CAS and NAS system performance. Sludge 
retention time (SRT) control through wasting of sludge is a fundamental 
process control requirement for both the CAS and NAS systems. However, a 
wide point in the line is needed to allow process control of the activated 
sludge systems to proceed in this manner as required. 

• Analysis of the solids data indicated there were anomalies due to sample 
collection and/or sludge volumes. Sludge sampling locations should be 
reviewed for each sludge sample collected. The sample location should 
provide operation staff with access to collect a representative sample of the 
sludge stream. Sampling procedures should also be reviewed to ensure a 
representative sample is collected. Sample lines should be thoroughly 
flushed before the sample is collected and samples thoroughly mixed before 
removing an aliquot for analysis. 

• Influent flows during wet weather regularly exceed the capacity of the influent 
Parshall flume requiring operations staff to calculate rather than measure 
actual peak flows. Modifications should be made to enable accurate flow 
measurement of all influent flows. 

• Magnetic flow meters should be installed for the CWAS, NWAS, and Primary 
Sludge lines so that sludge volumes can be measured accurately. 
Additionally, weigh belts should be upgraded for the dewatering equipment to 
accurately quantify sludge volumes.  

• Plant staff should review the accuracy and reliability of all flow meters and 
establish a priority list for conversion to magnetic flow meters. 
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Assessment Findings 

• Thickening and dewatering performance should be reviewed more routinely 
to establish polymer dosages and solids capture for each piece of sludge 
handling equipment. The current polymer (C-321) is used for both primary 
sludge in the DAFTs and BFPs and WAS in the GBT. Rarely can the same 
polymer be used for different sludge streams. The polymer appears to be 
working well for the BFPs but not as well in the GBTs for WAS. The polymer 
has a very low activity and the GBTs may benefit from a polymer with a 
higher activity. Routine performance analysis will identify thickening and 
dewatering issues that need to be addressed. 

• Plant personnel closely follow O&M manual/equipment manufacturer’s 
recommendations in the operation of equipment and processes. With the 
variety of equipment/processes at the Cedar Rapids WPCF, this is absolutely 
necessary. Any process experimentation that is necessary to adapt and/or 
optimize to the unique requirements at WPCF should be carefully planned 
and thoroughly documented. 

 
Table 13. Cedar Rapids WPCF Condition Assessment 

Assessment Findings 

Structural  • Overall: Good condition, especially given age; deficiencies primarily minor 
defects requiring normal preventative maintenance or minor corrective 
maintenance 

• Concrete cracking is minor, monitor metals for corrosion (coating condition) 

• Areas of concern: 

o “A” Clarifier Splitter Structure 

o Roughing Filters 

o Sulfide Oxidation Basins 

o Biosolids Storage Pad 

Mechanical • Overall: Fair to good condition; well maintained. 

• Consider equipment monitoring through SCADA, particularly air handling 

• Ongoing improvements for Solids Handling Buildings 

• Consider cost vs. materials – may be more cost effective to install 
“standard” materials & replace regularly, given costs & risks of heresite 
coating. 

• Areas of concern: 

o Intermediate Lift Station 

o Solids Dewatering & Grit Building  

o Lime Slaker Building 
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Assessment Findings 

Electrical • Overall: Good/fair condition. Corrosion is expected given harsh environment 
which affects useful life; more evident on exterior support structures. 

• Egress lighting does not provide sufficient coverage or is non-functional. 

• Broaden Electrical Preventative Maintenance program to include exercising 
equipment. 

• Areas of concern: 

o Heat tracing (all areas) 

o Misc. equipment at Roughing Filters, Bioscrubber, B Clarifier Junction 
Box, Sulfide Oxidation Basins, and NAS 

o Lightning Protection at Roughing Filters and Bioscrubber 

Instrumentation and 
Control 

• Overall: Good to fair condition; systems are showing age but remain 
functional. 

• Obtaining data from historian reported to be cumbersome/time consuming 

• Clamp-on ultrasonic flow meters are unreliable and troublesome. 

• Areas of concern: 

o Prioritize flow meters & transition from ultrasonic to mag meters 

o Control wiring in all areas 

o Control stations at CAS Splitter Box 

o Final Lift PLCs and control panels 

o Conveyor interlocks 
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5.0 Summary of TM 5.0 Nutrient Reduction 
Strategy 

The Iowa Nutrient Reduction Strategy challenges point source dischargers to identify strategies 
for reducing nutrient discharges through implementation of BNR. The Iowa Nutrient Reduction 
Strategy targets reductions to 10 milligrams per liter (mg/l) TN and 1 mg/l TP, or 67 percent TN 
and 75 percent TP reduction for higher strength waste streams with more significant nutrient 
loadings. These requirements reflect the Iowa Nutrient Reduction Strategy approach to 
implementing technology based limits, in this case BNR, rather than potentially more stringent 
water quality based limits as some states have done. Both the concentration and percent 
reduction requirements are an annual average basis.  

 Nutrient Reduction Targets and Strategies 
The Cedar Rapids WPCF treats a high strength waste stream with significant nutrient 
concentrations consistent with the Iowa Nutrient Reduction Strategy targeted 67 percent TN and 
75 percent TP reduction. Table 14 identifies the required reductions for this and two other target 
levels, both more stringent. It identifies the corresponding nutrient mass reductions that would 
be required for existing Cedar Rapids WPCF flows and loads.  
In implementing BNR at the Cedar Rapids WPCF, additional removals beyond the targeted 
percent reductions might be achievable and could be beneficial to offset other watershed 
contributions and future incremental loads on the WPCF. Likewise, a portion or all of the Iowa 
Nutrient Reduction Strategy required reduction could be achieved offsite through reduction of 
nutrients from industrial wastewater sources’ influent to WPCF, or reduction of nutrients from 
nonpoint sources in the watershed. 
The three nutrient reduction levels considered include: 

• Level 1 – Achieve 67 percent TN and 75 percent TP removal, as required by the Iowa 
Nutrient Reduction Strategy (reduction of 11,660 lb-N/day TN and 2,690 lb-P/day TP). 

• Level 2 – Achieve effluent TN of 10 mg-N/L and TP of 1 mg-P/L, typical of BNR 
(additional reduction of 2,450 lb-N/day TN and 526 lb-P/day TP from Level 1). 

• Level 3 – Achieve effluent TN of 3 mg-N/L and TP of 0.3 mg-P/L, typical of enhanced 
nutrient removal (ENR) (additional reduction of 5,000 lb-N/day TN and 770 lb-P/day TP 
from Level 1).  

Table 14. Cedar Rapids WPCF Existing Nutrient Load Removal Targets 

Cedar Rapids WPCF Nutrient Loads Influent, Total Target Nutrient Removals (lb/day)1 

Level 1 Level 2 Level 3 

TN, lb-N/day 17,670 11,6600 14,110 16,660 

TP, lb-P/day 3,580 2,690 3,216 3,460 
1 Average Annual basis  
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Figure 19 and Figure 20 are Sankey diagrams for TN and TP loadings in the Cedar River 
watershed upstream of and including the Cedar Rapids WPCF. As indicated in Figure 19, the 
Cedar Rapids WPCF contributes an estimated 17,670 lb/day of TN, 8,310 lb/day of which are 
from major Group 3 industrial sources, and urban runoff from Cedar Rapids contributes an 
estimated 470 lb/day of the estimated total 255,740 lb/day of TN load.  
The industrial TN load results primarily from TKN discharged by industries. However, a few 
industries have pretreatment processes that nitrify and oxidize the TKN to nitrate. While nitrate 
is present in the direct discharge by a few industries, very little nitrate is measured at the influent 
of the Cedar Rapids WPCF. Therefore, based on the data, industrial TKN that is nitrified and 
oxidized before discharge is denitrified, and effectively removed in the sewer prior to reaching 
the Cedar Rapids WPCF. Therefore, industrial pretreatment with nitrification results in TN 
removal due to the anoxic environment created in the sewers. 
 

 
 
 
 
 
 
 

 
Figure 19. TN Sankey Diagram for Cedar River Watershed 
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Similarly, as indicated in Figure 5-2, the Cedar Rapids WPCF contributes an estimated 3,580 
lb/day of TP, 2,150 lb/day of which are from major Group 3 industrial sources, and urban runoff 
from Cedar Rapids contributes an estimated 50 lb/day of the estimated total 11,400 lb/day of TP 
load.  
 

 
 

 
Figure 20. TP Sankey Diagram for Cedar River Watershed 
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Figure 21 identifies that potential nutrient reduction 
strategy includes one or more of three potential 
options:  

1. Onsite through nutrient reduction at the Cedar 
Rapids WPCF,  

2. Offsite through nutrient reductions in 
wastewater loadings from industrial sources,  

3. Offsite through reduction in nutrients from 
nonpoint sources within the Cedar River 
watershed.  

Either of the first two options (or a combination) are 
currently acceptable for Cedar Rapids WPCF 
compliance with the Iowa Nutrient Reduction Strategy. 
Onsite nutrient reduction could be accomplished at the 
Cedar Rapids WPCF through existing process 
optimization and/or by implementing alternative nutrient reduction technologies. Offsite nutrient 
reduction in wastewater loadings from industrial sources could be accomplished through 
process modifications or pretreatment at industrial sites to reduce influent loadings and 
corresponding effluent discharges from the Cedar Rapids WPCF. 
At present, it is not clear to what extent offsite nutrient reductions through implementation of 
BMPs would currently be acceptable as an alternative for Cedar Rapids WPCF compliance with 
the Iowa Nutrient Reduction Strategy. The original intent was that such reductions could be 
used to offset future, more stringent point source reductions. Toward that end, the Iowa 
Department of Natural Resources (DNR) is in the process of establishing a nutrient reduction 
exchange (NRE) to register and accumulate offsite nutrient reductions for future considerations. 
However, there are ongoing discussions to consider offsite nutrient reductions through 
implementation of BMPs as part of a plan for point source compliance with the Iowa Nutrient 
Reduction Strategy.  

 
Figure 21. Cedar Rapids WPCF Nutrient 
Reduction Strategy  
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Potential onsite Cedar Rapids WPCF nutrient reduction approaches include the following: 

• Process optimization 

• Sidestream treatment 

• Add-on processes 

• Process modifications 

• Innovative process modifications 

• Effluent polishing 
Potential offsite source reduction approaches include the following: 

• Major Group 3 industrial source reduction 

• Offsets for other upstream point sources 
Potential offsite nonpoint source nutrient reduction approaches include the following:  

• Offsets from Cedar Rapids Stormwater BMPs (part of the Municipal Separate Storm 
Sewer System [MS4] permit, but expandable beyond minimum permit requirements) 

• Offsets from BMP implementation in the watershed 
Cedar Rapids is required to incorporate BMPs into the overall stormwater MS4 program. 
Implementation of those BMPs provide some level of nutrient control that could be used to offset 
Cedar Rapids WPCF nutrient reduction requirements. As a placeholder, it is anticipated that a 
10 percent reduction in stormwater (Urban runoff) occurs as part of the existing program for the 
purposes of evaluating nutrient reduction strategies. This should be further reviewed and 
evaluated with credits sought through the NRE for any BMPs implemented since the inception 
of the Iowa Nutrient Reduction Strategy. Likewise, nutrient reductions should be reviewed and 
credits sought through the NRE for any additional stormwater BMPs implemented in the future. 
At a minimum, any such credits could be banked as offsets for future more stringent Cedar 
Rapids WPCF nutrient reduction requirements, and the potential exists that such credits could 
be approved as offsets for Cedar Rapids WPCF compliance with the Iowa Nutrient Reduction 
Strategy. 
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The following five potential strategies for Cedar Rapids WPCF nutrient reduction have been 
developed as potentially realistic combinations of the three general approaches to achieve 
targeted levels 1, 2, and 3 nutrient reduction. 

• Strategy 1: Minimal WPCF – Sidestream Facility (Level 1 Target) 
o WPCF – Install a sidestream treatment system 
o Group 3 Industry Source Reduction – Nutrient Limits/Surcharge 
o Nonpoint Source Reduction (MCPP), BMP nutrient reductions 
o Cedar Rapids stormwater program (existing BMPs) 

• Strategy 2: Moderate WPCF – BNR Facility (Level 2 Target) 
o WPCF – Install a BNR treatment system 
o Group 3 Industry Source Reduction – 10 percent via education/management 
o Nonpoint Source Reduction (MCPP), BMP nutrient reductions 
o Cedar Rapids stormwater program (existing BMPs) 
o Sell or bank offsets from excess treatment to offsite point sources 

• Strategy 3: Moderate WPCF – BNR Facility with Sidestream Treatment (Level 2 Target) 
o WPCF – Install a BNR treatment system 
o WPCF – Install a sidestream treatment system 
o Nonpoint Source Reduction (MCPP), BMP nutrient reductions 
o Cedar Rapids stormwater program (existing BMPs) 
o Exchange offsite based on excess treatment 

• Strategy 4: Maximal WPCF – ENR Facility (Level 3 Target) 
o WPCF – Install a ENR treatment system 
o Nonpoint Source Reduction (MCPP), BMP nutrient reductions 
o Cedar Rapids stormwater program (existing BMPs) 
o Exchange offsite based on excess treatment 

• Strategy 5: Maximal WPCF – Resource Recovery Facility (Level 3 Target) 
o WPCF – Install a ENR treatment system 
o WPCF – Install a sidestream treatment system 
o Nonpoint Source Reduction (MCPP), BMP nutrient reductions 
o Cedar Rapids stormwater program (existing BMPs) 
o Exchange offsite based on excess treatment 
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Table 15 summarizes the estimated nutrients captured for each strategy. Potential offsets reflect 
the difference between the Level 1 nutrient reduction target and the total reduction shown. 
Nutrient load reductions resulting from implementation of one of the strategies are subject to 
further refinement as the strategy or strategies are further developed with specific technologies 
and BMPs. 
Table 15. Summary of Nutrient Reduction Strategies1 

 WPCF 
Treatment 

Offsite 
Total 

Reduction2 
Potential 
Offsets Group 3 

Industry 
MCPP Stormwater 

Strategy 1 – Minimal WPCF level with sidestream focus 

TN Reduction, lb/day 3,440 4,085 4,085 50 11,660 0 

TP Reduction, lb/day 1,020 808 807 5 2,690 0 

Strategy 2 – Moderate WPCF level with BNR 

TN Reduction, lb/day 12,8993 761 400 50 14,110 2,450 

TP Reduction, lb/day 3,0213 186 8 5 3,220 526 

Strategy 3 – Moderate WPCF level with BNR and sidestream 

TN Reduction, lb/day 13,660 0 400 50 14,110 2,450 

TP Reduction, lb/day 3,207 0 8 5 3,220 526 

Strategy 4 – Maximal WPCF level with ENR 

TN Reduction, lb/day 16,210 0 400 50 16,660 5,000 

TP Reduction, lb/day 3,447 0 8 5 3,460 770 

Strategy 5 – Maximal WPCF level with ENR and sidestream 

TN Reduction, lb/day 16,210 0 400 50 16,660 5,000 

TP Reduction, lb/day 3,447 0 8 5 3,460 770 
1 These strategies reflect concept level estimates associated with the four strategies previously described. Nutrient reduction 

estimates will be refined as alternatives are developed. 
2 The required reductions for Level 1 are TN = 11,660 lb-N/day, TP= 2,690 lb-P/day; and Level 2 are TN = 14,110 lb-N/day, 

TP= 3,216 lb-P/day 
3 Less than Level 2 - BNR load reduction, because industry source reduction lessens. 
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 Cedar Rapids WPCF Nutrient Reduction Costs 
The costs for nutrient removal processes vary widely depending on the strategy and the 
technology used. For planning purposes at the time TM 5.0 was prepared Nutrient Reduction 
Strategy was prepared, cost comparisons were developed based on a unit cost, or cost per 
pound of nutrient removed. Several studies provide reference costs, giving a basis for 
comparative analysis. Table 16 identifies the unit costs used herein to develop comparative 
costs for each strategy. No cost is included for industrial source reductions assuming that the 
associated costs will be cost effectively borne by industry. Note, as indicated previously, to 
achieve industrial TN removal, pretreatment industries need only nitrify resulting in discharge of 
nitrates. Nitrates are expected to be denitrified with concurrent TN removal in the sewer. 
Table 16. Unit Costs for Nutrient Reduction used in Comparative Cost Analysis 

Nutrient Reduction Target Area Unit Costs 

TN $/lb TP $/lb 

Watershed1 $3.23 $32.66 

Stormwater2 $67 $982 

WPCF   

   BNR3 $1.57 $11.80 

   ENR3  $15.80 $95.00 

   Sidestream4 $1.10 $ 8.20 

Industrial Group 3 Reductions5 $01 $01 

Annual Offsets6 -$10.00 -$ 20.00 
1 Average of cost range from Iowa Nutrient Reduction Strategy. 
2 Low Cost from Chesapeake Bay: An Economic Study, Chesapeake Bay Commission, May 2012. 
3 Chesapeake Bay: An Economic Study, Chesapeake Bay Commission, May 2012. 
4 Group 3 Reduction costs are born by industry to avoid TN and TP surcharges that would be added. As a result, no costs to 

Cedar Rapids are shown in this analysis. 
5 Cost derived from recent HDR project data. 
6 Best engineering judgment. 

Table 17 identifies the comparative costs for each of the five potential strategies accounting for 
watershed, stormwater, and WPCF nutrient removal costs and providing a credit for offsets 
available to be sold upstream. The table shows costs normalized to the baseline strategy, which 
is assumed to be strategy 3 because that represents the assumed approach by the 2013 Iowa 
Nutrient Reduction Strategy. Therefore, each cost presented is relative to the baseline. For 
example, the total Strategy 1 normalized cost is 1.70 meaning it is 70 percent more expensive 
than the Strategy 3 approach. 
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Table 17. Nutrient Reduction Strategy Comparative Costs 

Nutrient 
Reduction 
Target Area 

Strategy 

Strategy 1: 
Sidestream1 

Strategy 2: 
BNR 

Strategy 3: BNR 
+ Sidestream 

Strategy 4: 
ENR 

Strategy 5: ENR 
+ Sidestream 

Watershed 1.12 0.04 0.04 0.04 0.04 

Stormwater 0.23 0.23 0.23 0.23 0.23 

Industrial       

WPCF --- --- --- --- --- 

BNR --- 1.55 1.15 1.64 1.25 

ENR  --- --- --- 1.99 1.13 

Sidestream 0.34 --- 0.34 --- 0.34 

Annual 
Cost 

1.70 1.82 1.77 3.90 3.00 

Annual 
Cost Rank 

1 3 2 5 4 

Annual 
Offsets2 

--- 0.77 0.77 1.56 1.56 

Total 
Annual 
Cost with 
Offset 

1.70 1.05 1.00 2.35 1.45 

Total 
Annual 
Cost with 
Offset Rank 

4 2 1 5 3 

1 Group 3 Reduction costs are born by industry to avoid TN and TP surcharges that would be added. As a result, not costs to 
Cedar Rapids are shown in this analysis. 

2 Assumes 50% excess offsets are sold. 
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The comparative total annual 
cost increases from lowest to 
highest as follows. 

1. Strategy 3: BNR + 
Sidestream  

2. Strategy 2: BNR  
3. Strategy 5: 

ENR+Sidestream  
4. Strategy 1: Sidestream 
5. Strategy 4: ENR 

Conversely, excluding the 
offset credit, the annual cost 
increases from lowest to 
highest as follows. 

1. Strategy 1: Sidestream 
2. Strategy 3: BNR + 

Sidestream 
3. Strategy 2: BNR 
4. Strategy 5: 

ENR+Sidestream 
5. Strategy 4: ENR 

Strategy 3: BNR + Sidestream 
has the lowest total annual 
cost. It implements mainstream 
nutrient removal at the Cedar 
Rapids WPCF balanced 
against nutrient reduction at 
the MCPP, a small source 
reduction goal from industries, and implementation of the current stormwater program. With the 
offsite reductions, it includes a small offset credit achieved through the potential value of nutrient 
offsets to upstream point sources. Such value is subject to future evolution of the Iowa Nutrient 
Reduction Strategy and NRE. Even without the offset credit, implementation of Strategy 3: BNR 
+ Sidestream is the second lowest annual cost. 
Strategy 1: Sidestream is the lowest annual cost option without the potential offset credit. 
However, limiting Cedar Rapids WPCF nutrient reductions to sidestream treatment only requires 
considerable investment in watershed improvements to achieve nonpoint source reduction. This 
approach is not assured to be acceptable at present under the Iowa Nutrient Reduction 
Strategy. Strategy 1: Sidestream imposes a larger burden on industries to reduce nutrients at 
the source.  
The five strategies represent a range of comprehensive alternatives for meeting nutrient 
reduction requirements. The costs presented in Table 17 are general without consideration of 
site specific variables and are intended for comparative purposes of alternative strategies only. 
The results do provide general insight into the potential combinations of onsite and offsite 

 
 

 
Figure 22. Nutrient Reduction Strategies 
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nutrient reduction and the appropriate level of nutrient reduction provided at the Cedar Rapids 
WPCF.  

• Implementation of sidestream treatment at the Cedar Rapids WPCF provides a cost 
efficient first step and provides the opportunity to subsequently incorporate BNR 
depending on need as determined by the effectiveness of offsite nutrient reduction.  

• Implementation of BNR is nearly as cost effective when coupled with the potential value 
of the associated offsets associated with greater than the Iowa Nutrient Reduction 
Strategy targeted percent 67 percent TN and 75 percent TP removals. 

• Targeting a more stringent nutrient goal by implementing ENR at the Cedar Rapids 
WPCF increases the cost dramatically even considering the potential value of the 
associated offsets.  

• A more cost-effective strategy than ENR relies on watershed reductions or including the 
more economical sidestream treatment to reduce the cost of mainstream ENR.  

The preferred strategy moving forward is a revised Strategy: 3 BNR + Sidestream with a slightly 
stronger emphasis on watershed reductions initially followed by phased implementation of BNR 
and sidestream at WPCF. This preferred strategy entails the following.  

• Non-point source nutrient reductions are anticipated between 10 and 20% for TN (1,200 
to 2,400 lb-N/d or about 440,000 to 880,000 lb-N per year) and between 5 and 10% for 
TP (270 to 540 lb-P/d or about 100,000 to 200,000 lb-P per year) initially. 

• Continued efforts through the MCPP to achieve offsite watershed nutrient reductions 
through implementation of BMPs for agricultural nonpoint sources. 

• Continued efforts through Cedar Rapids stormwater program to achieve offsite 
watershed nutrient reductions through implementation of BMPs for nonpoint urban 
sources. 

• Continued efforts to work with Major Group 3 Industries to achieve offsite industrial 
source nutrient reductions. 

• Implementation of sidestream nutrient reduction at the Cedar Rapids WPCF. 

• Subsequent implementation of mainstream biological nutrient reduction at the Cedar 
Rapids WPCF to the extent that sufficient offsite nutrient reductions cannot be achieved 
to offset the requirement for additional nutrient reduction at the Cedar Rapids WPCF 
while considering and addressing infrastructure age and condition, capacity needs, and 
wet weather or peak flow processing. 

• Sell offsets from any excess nutrient reductions to other point sources or bank them for 
future use. 
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6.0 Summary of TM 6.0 Solids Market and 
End Use 

Biosolids produced at the Cedar Rapids WPCF are incinerated with the resulting ash stored 
onsite for disposal in a private rock quarry. When the existing MHI is out of service, biosolids are 
lime stabilized and then land applied by an outside contractor.  
Biosolids have several qualities of value to potential end users, which include the following. 

• Fertilizer: Biosolids contain nitrogen, phosphorus, and other nutrients in significant 
levels. 

• Organics: The organic composition of biosolids is helpful in improving the usability of 
many types of soils. 

• Fuel value: Because of the relatively high organic content, the biosolids have calorific 
value. If dewatered to 30 to 35 percent solids, biosolids can be used as an autogenous 
fuel. 

Toward that end, there are many potential end uses of biosolids available, each with their own 
challenges, benefits, regulations, and risks. Figure 23 shows the mix of end uses identified in 
the publication Biosolids Management Options, Opportunities, and Challenges published by the 
NACWA in 2006. At the time of publication, an estimated 17 percent of wastewater treatment 
facilities incinerated biosolids for disposal, same as the Cedar Rapids WPCF. Land application 
was the most common disposal practice at 45 percent followed by landfill disposal at 
28 percent.  

 

 
Figure 23. Biosolids End Use Options 
Source: Biosolids Management Options, Opportunities, and Challenges, NACWA 2006 
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Incineration capitalizes on the energy value of biosolids. Land application capitalizes on the 
fertilizer and organics value, as does distribution and marketing. To the extent that biosolids are 
used for final cover, landfilling also capitalizes on the fertilizer and organics value to some 
degree.  
Figure 24 shows how end use defines the required biosolids characteristics, which drives the 
solids treatment processes to produce those characteristics. For land application, the solids 
should be stabilized, but retain organic and nutrient (at least nitrogen) content for agricultural 
benefit. For incineration, the nutrient content is not important, but organic content and fuel value 
are important. For both, drier solids and volume reduction are beneficial, but the added value 
may not outweigh the cost of additional drying. For landfilling, volume reduction is key but 
nutrient value, organic content, and fuel value are of limited importance except when biosolids 
are used for final cover. 
 

 
 
 
 
Additional value can be achieved through solids processing. Biological stabilization through 
anaerobic digestion converts a portion of the fuel value to biogas, which has an energy value 
that is approximately 60 percent of the energy value of natural gas. Biogas retains the nutrient 
value and through volatile solids destruction, reduces the mass of solids to be disposed of, but 
with some loss of residual fuel value. The current Cedar Rapids WPCF practice of chemical 
stabilization with lime retains the nutrient and organic value but does not capture the energy 
value of biosolids. It increases the mass of solids to be disposed of by the amount of lime 
added.  
The nature of the land application site(s) further defines solids processing requirements. 
Application to agricultural land requires processing to produce Class B biosolids, as defined by 
US EPA. Class B biosolids are stabilized but still contain detectible levels of pathogens and 
associated buffer requirements, public access, and crop harvesting restrictions at the 
application site. While land application of Class B biosolids is limited to agricultural uses, a 
substantial market exists in the region for land applying Class B solids. 

 
Figure 24. Cedar Rapids WPCF Biosolids End Use Driven Solids Processing Requirements 
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Further processing produces Class A biosolids, which contain no detectible levels of pathogens, 
meet strict vector attraction reduction requirements, and have low levels metals contents. 
Class A biosolids are not limited to agricultural sites and can be used as fertilizer on parks, 
vegetable gardens, and can be sold to home gardeners as compost or fertilizer.  
Solids processing can significantly affect the marketability of biosolids. The current lime 
stabilization processing produces a larger volume of Class B product with significantly higher 
odor potential. The strong ammonia odor has led to complaints in the past that require 
application sites further out (30 to 35 miles) and away from potential odor receptors. Biological 
stabilization produces a smaller volume of less odorous Class A or B product that can be 
applied without as much, if any, concern for proximity to potential odor receptors. Biologically 
stabilized Class A product can be applied in an urban setting.  
Current and design future biosolids quantities are presented in Table 18 which also 
demonstrates the effect that solids processing can have on land application quantities; most 
notably the difference between lime stabilized and biologically stabilized sludge quantities for 
land application. As indicated, lime stabilization would produce 13 to 15 or 16 to 18 trucks per 
day on average at current quantities with and without LPO, respectively. This would increase to 
18 to 20 or 23 to 25 trucks per day on average at design future conditions. Conversely, 
biological stabilization would produce 9 trucks per day on average at current conditions 
increasing to 12 to 13 trucks per day on average at design future conditions. 
Table 18. Cedar Rapids WPCF Biosolids Quantities 

 Primary, 
lb/day 

Secondary, 
lb/day 

Total, 
lb/day 

Total, 
tons/yr 

Average 
Number of 
Trucks/day 

Current      

As Produced  94,000 56,000 150,000 27,375  

To Incineration 94,000 28,000 122,000 22,265  

Lime Stabilized (w/ LPO) 105,280 36,400 141,680 25,857 13-15 

Lime Stabilized (w/out LPO) 105,280 72,800 178,080 32,500 16-18 

Biologically Stabilized 56,400 33,600 90,000 16,425 9 

Design      

As Produced  137,000 72,000 209,000 38,143  

To Incineration 137,000 36,000 173,000 31,573  

Lime Stabilized (with LPO) 153,440 46,800 200,240 36,544 18-20 

Lime Stabilized (without LPO) 153,440 93,600 247,040 45,085 23-25 

Biologically Stabilized 83,200 43,200 125,400 22,866 12-13 
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The most viable end use options for the Cedar Rapids WPCF include the following. 

• Continued incineration of biosolids with lagoon storage of ash for intermittent quarry 
disposal. Land application of lime stabilized biosolids would continue during incinerator 
down times. The existing MHI is approaching the end of its useful life and will need to be 
replaced to continue incineration of biosolids.  

• Conversion to biological stabilization of biosolids with land application of stabilized 
biosolids. The existing MHI would need to remain in service until a land application 
program could be established. 

The nonmonetary criteria in Table 19 were used by HDR and City staff to evaluate end use 
options. 
Table 19. Nonmonetary Evaluation Criteria 

Criterion Points 

Criterion 1: Consistency with Cedar Rapids Vision, Statement and Values 28 

Criterion 1A: Supports continued growth and development; allows the City to 
remain “Open for Business” 

14 

Criterion 1B: Keeps rates low and/or lowers operating expenses 14 

Criterion 2: Sustainability  31 

Criterion 2A: Reduce utility demands (electricity, natural gas, water, etc.) 7 

Criterion 2B: Resource Recovery (carbon and nutrients 7 

Criterion 2C: Reduce volume of sludge hauled off site 7 

Criterion 2D: Odor and air emissions 5 

Criterion 2E: Commitment to watershed 5 

Criterion 3: Consistency with Process Objectives  33 

Criterion 3A: Implementability, operability, maintainability, risk, reliability, 
redundancy, flexibility 

10 

Criterion 3B: Operator safety  10 

Criterion 3C: Economical to build and operate  7 

Criterion 3D: Protected from floods 6 

Criterion 4 : Reuse existing useful infrastructure  8 

Criterion 4: Reuse existing useful infrastructure  8 
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Tables 20 and 21 identify the pros and cons of continued incineration with quarry disposal of 
ash, and conversion to biological stabilization with land application of biosolids, respectively. 
Table 20. Cedar Rapids WPCF Continued Incineration with Quarry Disposal of Ash 

Pros Cons 

Over 35 years of good experience with incineration Not as consistent with Industry Wide Plant of the 
Future / Wastewater as a resource trends 

No program development/ implementation lag Not as consistent with City Green Initiatives and 
Sustainability Vision 

Independent of outside influences – weather, 
crops, farmers 

Relatively lower value of steam/electricity and 
onsite use limitation 

Limited offsite risk – relatively small quantity of ash Significant added cost for redundancy 

Can be equipped with onsite steam/electrical 
energy recovery 

More stringent MACT standards could make 
technology obsolete 

Smaller footprint retains space within flood 
protection for future facilities 

 

Table 21. Cedar Rapids WPCF Conversion to Biological Stabilization with Land Application of Biosolids 

Pros Cons 

Consistent with Industry Wide Plant of the Future / 
Wastewater as a Resource Trends 

City has limited experience with land application at 
the scale required 

Consistent with City’s Green Initiatives and 
Sustainability Vision 

Significant Program development/ implementation 
lag 

Recovers energy through biogas used onsite or 
transported offsite and eligible for renewable 
energy credits (RECs) 

Dependent on multiple outside influences – 
weather, crops, farmers 

Beneficial use of biosolids organic material, 
nutrients, and moisture  

Considerable risks associated with offsite transport 
/ land application – accidents, spills, odors, 
aesthetics 

Reduced greenhouse gas emissions More stringent phosphorus, or other, standards 
could significantly increase operating costs 

Some reduction in watershed fertilizer (nutrient) 
application 

Consistent program management required 

Potential revenue production through co-digestion 
of other high strength wastes 

Potential public biosolids phobia 
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Moving forward, it was decided that two of the three comprehensive liquid and solids 
alternatives will be developed to incorporate biological stabilization with land application of 
biosolids. One of the three will incorporate continued incineration with quarry disposal of ash. 
However, it was noted that an integrated alternative including both biological stabilization and 
incineration would provide added flexibility and potentially achieve the best of both end use 
options. 
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7.0 Summary of TM 7.0 Technology 
Identification and Screening 

New processes and technologies will need to be incorporated into the Cedar Rapids WPCF to 
support the goals of the nutrient reduction strategy and future solids handling. A comprehensive 
list of nutrient reduction, solids processing, and energy recovery technologies was developed, 
screened, and evaluated to identify technologies to carry forward into full alternative 
development. A number of technologies were identified and tabulated, including technologies 
found in previous planning. This list of technologies included established, innovative, and 
embryonic technologies. 
Initial screening eliminated a number of technologies, primarily because they are still in an 
embryonic state of development for the potential application at the Cedar Rapids WPCF.  
Remaining technologies were categorized according to function and development status, and 
then were screened using the criteria and point system developed by City staff and shown 
previously in Table 19. 
Table 22 identifies nutrient removal technologies including both biological and chemical nutrient 
removal. Technologies are grouped as mainstream processes, supplemental or add-on 
processes, and sidestream processes. Mainstream processes entail potential conversion of the 
existing CAS and NAS processes or installation of new or replacement processes. 
Supplemental processes could be used in conjunction with mainstream processes. Sidestream 
processes treat recycle streams from solids processing facilities.  
Table 22 identifies the technology, nutrient target, level of development, and a score (0 to 100) 
for all technologies evaluated as part of the screening. A higher score (closer to 100) represents 
the more favorable technology or process. A description of each technology and detailed 
scoring is presented in TM 7.0 Technology Identification and Screening.  
Table 23 identifies solids-processing technologies, including replacement options for the 
existing MHI and the existing LPO processes. It shows the end use or uses supported, the 
development level, and the score given. As with Table 22, a higher score (100) represents more 
favorable technologies or processes. A description of each and detailed scoring is presented in 
TM 7.0 Technology Identification and Screening. 

Table 24 identifies the development levels and scores for technologies that support energy 
recovery and efficiency with the goal of recovering energy and optimizing the overall energy 
footprint of the Cedar Rapids WPCF. 
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Table 22. Summary of Nutrient Technologies 

Technology Nutrient Removal Development  Score 

Mainstream Processes 

BNR – Anoxic/Oxic (A/O) Biological TP, No TN Removal Established 71 

BNR - A2O (Anaerobic, Anoxic, Oxic) Biological TP, TN Removal Established 82 

BNR - 3-Stage Process Biological TP, TN Removal Established 77 

BNR - 4-Stage Process Biological TP, TN Removal Established 65 

BNR - 5-Stage Process Biological TP, TN Removal Established 66 

BNR - Open-Tank High Purity Oxygen Biological TP, TN Removal Innovative 85 

BNR – Granular Activated Sludge Biological TP, TN Removal Innovative 65 

High-Rate Activated Sludge TN/TP via synthesis Established 69 

Supplemental/Add-on Processes 

Autotrophic Denitrification Biological TP, TN Removal Innovative 78 

Membrane Aerated Bioreactor Biological TP, TN Removal Innovative 85 

Chemical Phosphorus Removal Chemical P Established 55 

Enhanced Primary Treatment Supports BNR Established 77 

Biologically Active Filter No Biological TP, TN Removal Established 53 

Salsnes Filter (Industrial Pretreatment) Supports BNR Established 89 

High-rate anaerobic treatment 

(Industrial Pretreatment) 

Energy Recovery Established 85 

Sidestream Treatment Processes 

Sidestream Phosphorus Release and 
Recovery 

Supports BNR Innovative 77 

Anammox Supports BNR Innovative 84 

Quickwash Phosphorus Recovery Supports BNR Innovative 57 

Phosphorus Adsorption/Filtration Supports BNR Innovative 49 
Abbreviations: 
      BNR – Biological Nutrient Removal, TP – Total Phosphorus, TN – Total Nitrogen 
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Table 23. Summary of Solids Processing Technologies 

Technology End Use Supported Development Level Score 
Incineration 

Fluid Bed Incinerator Landfill Established 66 
Multiple Hearth Incinerator Landfill Established  78 

Digestion 
Anaerobic Digestion Land Application Established 76 
Phased Digestion Land Application Innovative 64 
Aerobic Digestion Land Application Established 44 

Sludge Pre-Treatment 
Thermal Hydrolysis Land Application Innovative 79 
Ultrasonic (Cavitation) Land Application Innovative 65 
Hydrothermal Liquefaction Fuel Embryonic 59 

Biosolids Drying 
Air Land Application/Fuel Established 62 
Indirect/Direct Land Application/Fuel Established 75 

Other Processes 
Alkaline Lime Treatment Land Application Established 65 
Composting Land Application Established 65 

Solids Pretreatment 
Screening Land Application Established 80 

Thickening 
Rotary Drum  Supports All End Uses Established 82 
Gravity  Supports All End Uses Established 80 
Gravity Belt Supports All End Uses Established 77 
Centrifugal Supports All End Uses Established 72 
Dissolved Air Flotation Supports All End Uses Established 63 
Disc Thickening Supports All End Uses Innovative 71 

Dewatering 
Belt Filter Press Supports All End Uses Established 80 
Rotary Fan Press Supports All End Uses Established 70 
Screw Press Supports All End Uses Established 83 
Centrifugal Supports All End Uses Established 55 
Plate and Frame Press Supports All End Uses Established 80 
Bucher Hydraulic Press Supports All End Uses  Innovative 81 
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Table 24. Summary of Energy Recovery Technologies 

Technology Development Level Score 

Biogas Storage 

Membrane Cover Established 83 

Gas Holder Cover Established 83 

High Pressure Sphere Established 68 

Biogas Energy Recovery (Onsite) 

Dual Fuel Burners Established 79 

Cogeneration Established 78 

Microturbine Established 72 

Fuel Cells Established 75 

BioCNG Fuel Station Established 78 

Compressed Natural Gas (CNG) Pipeline Injection Established 77 

Biogas Treatment 

Iron Sponge Established 67 

Activated Carbon Established 73 

Water Scrubber Established 79 

Pressure Swing Absorption Established 78 

Membrane Innovative 82 

Biological Filters Established 80 

 
Evaluation results and collaboration with City staff identified the following for further 
consideration during alternative development. 

• For nutrient removal, recommended technologies include: 
o BNR – Anaerobic, Anoxic, Oxic (A2O), Standard Aeration, Single Sludge 

Process 
o BNR – 3-Stage (University of Cape Town [UCT], Virginia Initiative Project [VIP]) 
o BNR – Open Tank High Purity Oxygen (HPO), Integrated with BNR 
o Autotrophic Denitrification, Integrated with BNR 
o Membrane Aerated Bioreactor (MABR), High-Purity Oxygen 
o Enhanced Primary Treatment 

• For industrial pretreatment, recommended technologies include: 
o High-rate anaerobic (including Anaerobic Membrane Bioreactor [AMBR]) 
o Filtration (Salsnes Filter). 
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• For sidestream process, recommended technologies include: 
o Phosphorus Recovery 
o Anammox 

• For solids processing, recommended technologies include: 
o Multiple Hearth Incineration (MHI); continued use of existing 
o Thermal hydrolysis processes 
o Anaerobic digestion (primary solids or blended solids) 
o Temperature phased anaerobic digestion 
o Biosolids drying (waste activated sludge [WAS] or blended solids). 

• Supplemental solids handling technologies recommended for incorporation as 
appropriate include: 

o Rotary drum thickening 
o Gravity thickening 
o Rotary drum thickening 
o Gravity belt thickening  
o Belt filter press 
o Screw press  
o Centrifuge dewatering 
o Bucher press. 

• For energy recovery, recommended technologies include: 
o Membrane covers 
o Dual fuel burners 
o Cogeneration 
o Fuel cell 
o Pipeline injection 
o Water scrubber  
o Pressure swing absorption 
o Membranes 
o Biological filters 

• For continued research and development, including possible pilot testing: 
o Anaerobic membrane bioreactor (An-MBR) (mainstream treatment) 
o Granular Activated Sludge. 
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8.0 Summary of TM 8.0 Nutrient and Solids 
Alternative Screening 

Nutrient and solids alternatives were identified, screened, and evaluated in a two-step process.  
1. Potentially applicable technologies were incorporated into alternatives and screened to 

identify three alternatives for pilot and bench testing and site visits to further familiarize 
Cedar Rapids WPCF staff with newer technologies, to verify technology performance, to 
provide hands on experience with newer technologies, and to provide insight into 
technology operation and maintenance requirements.  

2. Pilot and bench testing and site visits were conducted and incorporated to validate and 
inform further refinement, development, and evaluation of the alternatives to provide the 
basis for selection of a recommended alternative.  

Both steps of the screening process are discussed in the following sections.  

 Alternatives Identification and Screening 
Through collaboration with the City, potentially applicable technologies were incorporated into 
five alternatives based primarily on modifications to existing facilities at the Cedar Rapids WPCF 
and a second set of four alternatives formulated without the constraints of existing facilities at 
the Cedar Rapids WPCF. Both sets of alternatives include a set of three BNR sub-alternatives 
common to a number of the overall alternatives. Table 25 lists the sets of alternatives identified 
through the process. Each alternative and sub-alternative is described with a process schematic 
and advantages and disadvantages in TM 8.0 Nutrient and Solids Alternative Evaluation. 
Table 25. Cedar Rapids WPCF Nutrient and Solids Alternatives 

Existing Facility Modifications 
Based Alternatives 

New Treatment Facility Based 
Alternatives 

Biological Nutrient Removal 
Sub-Alternatives 

Alternative 01 (BNR, THP-AD, 
High Rate Anaerobic) 

Alternative 11 ABAC/AVN, THP-
AD, High Rate Anaerobic 

Alternative A A2O 

Alternative 02 (BNR, THP-Dryer, 
High Rate Anaerobic) 

Alternative 12 GrAS, THP-AD, 
High Rate Anaerobic 

Alternative B MABR) 

Alternative 03 (BNR, Dryer, High 
Rate Anaerobic) 

Alternative 13 AMBR, THP-AD Alternative C (Autotrophic 
Denitrification) 

Alternative 04 (BNR, THP-AD & 
Drying, High Rate Anaerobic) 

Alternative 14 Autotrophic 
Denitrification, THP-AD, High 

  

 

Alternative 05 (BNR, FBI, High 
Rate Anaerobic) 

  

Abbreviations:  
A2O – Anaerobic, Anoxic, Oxic; ABAC/AVN – Ammonia Based Aeration Control or Ammonia vs Nitrite; AD – Anaerobic 
Digestion; AMBR – Anaerobic Membrane Bioreactor; BNR – Biological Nutrient Removal; FBI – Fluidized Bed Incineration; 
GrAS – Granular Activated Sludge; MABR – Membrane Aerated Bioreactor; THP – Thermal Hydrolysis Process 
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In each alternative, mainstream treatment for nutrient removal is based on meeting average 
annual loading targets. The mainstream process must continue to support BOD5, TSS, and 
ammonia treatment targets based on maximum month and maximum day targets considering 
intermittent wet weather flows.  
The same qualitative criteria previously presented in Table 19 were used to qualitatively 
evaluate and score the alternatives. 
The scoring followed discussion and feedback from utilities staff through workshops and 
correspondence, and HDR application of the criteria and feedback in the pre-screening process. 
Table 26 presents the results of that process. The full screening and evaluation is presented in 
TM 8.0 Alternatives Identification and Screening. 
The previous Cedar Rapids Water Pollution Control Facility Master Plan prepared in 2006 
recommended implementation of Sub-Alternative A (A2O) for nutrient reduction through 
conversion of CAS and NAS into a single process and replacement of the existing MHI with a 
new Fluidized Bed Incinerator (FBI) for solids processing. This previous recommendation is 
comparable to Alternative 05. 
Solids end use considerations described in the previous Solids End Use section indicated that 
two of the three comprehensive liquid and solids alternatives should be developed to 
incorporate biological stabilization with land application of biosolids and one alternative should 
be developed to incorporate continued incineration with quarry disposal of ash.  
Initial scoring results support a BNR based Sub-Alternative B (MABR) retrofitted into existing 
CAS and NAS facilities. Coupled with the initial screening results in Table 25, the following 
alternatives most complementary of Cedar Rapids’ priorities are recommended for detailed 
analysis and evaluation included as the following:  
Existing facility modifications based alternatives. 

• Alternative 01-B – BNR (MABR), Thermal Hydrolysis Process-Anaerobic Digestion 
(THP-AD), Anaerobic Pretreatment. This alternative maintains and maximizes the use of 
the existing Anaerobic Pretreatment system for high strength industrial waste and makes 
use of the existing CAS and NAS basins and HPO systems to provide secondary 
treatment with BNR, but represents a shift in solids management from incineration and 
quarry ash disposal to anaerobic digestion and biosolids land application. The existing 
incinerator would be retained for the balance of its useful life to facilitate such a 
transition. This alternative may be phased, and in the event land application is found to 
be impractical, a downsized FBI may be installed when the MHI is retired. 

• Alternative 05-B – BNR (MABR), FBI, Anaerobic Pretreatment. This alternative 
represents the most continuity with current operations. It maintains and maximizes use 
of the existing Anaerobic Pretreatment system for high strength industrial waste, makes 
use of the existing CAS and NAS basins and HPO systems to provide secondary 
treatment with BNR, and continues with incineration and quarry ash disposal for solids 
management. The existing incinerator would be retained for the balance of its useful life 
and then replaced with a new FBI system.  
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Table 26. Cedar Rapids WPCF Nutrient and Solids Alternatives Initial Screening Results 

Alternative Score Criteria 

 Weighted Raw 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 

Existing Facility Modifications Based Alternatives 

Alternative 01 (BNR, THP-AD, High Rate 
Anaerobic) 

80 46.5 4.5 5.0 4.5 4.5 2.5 4.0 4.0 3.5 4.0 4.0 3.5 2.5 

Alternative 02 (BNR, THP-Dryer, High Rate 
Anaerobic) 

76 45.0 4.5 4.0 4.0 4.0 4.5 3.0 4.0 4.0 3.5 2.5 4.5 2.5 

Alternative 03 (BNR, Dryer, High Rate 
Anaerobic) 

72 41.5 5.0 4.0 1.5 4.0 4.5 2.0 4.0 3.5 3.0 2.5 5.0 2.5 

Alternative 04 (BNR, THP-AD & Drying, High 
Rate Anaerobic) 

77 45.0 5.0 3.5 4.0 5.0 4.0 3.0 5.0 5.0 3.5 1.5 3.5 2.0 

Alternative 05 (BNR, FBI, High Rate 
Anaerobic) 

79 45.5 5.0 4.5 3.0 3.0 5.0 1.0 4.0 3.5 3.0 4.0 5.0 4.5 

New Treatment Facility Based Alternatives 

Alternative 11 (ABAC/AVN, THP-AD, High 
Rate Anaerobic) 

77 45.0 4.5 4.5 4.5 4.5 2.5 3.0 4.0 4.0 4.5 4.5 3.5 1.0 

Alternative 12 (GrAS, THP-AD, High Rate 
Anaerobic) 

83 48.5 5.0 4.5 4.5 4.5 2.5 4.0 5.0 5.0 4.5 4.5 3.5 1.0 

Alternative 13 (AMBR, THP-AD) 77 48.5 4.5 4.0 5.0 4.0 4.0 4.0 4.0 3.0 4.0 5.0 3.5 1.0 

Alternative 14 (Autotrophic Denitrification, THP-
AD, High Rate Anaerobic) 

75 45.0 4.0 4.0 4.5 4.5 2.5 5.0 4.0 3.0 4.5 4.5 3.5 1.0 
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Alternative Score Criteria 

 Weighted Raw 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 

Biological Nutrient Removal Sub-Alternatives 

Alternative A (A2O) 90 53.5 4.5 5.0 4.5 5.0 4.5 3.0 5.0 4.5 4.0 4.5 5.0 4.0 

Alternative B (MABR) 92 55.5 5.0 4.5 4.0 5.0 4.5 5.0 5.0 4.0 4.5 4.0 5.0 5.0 

Alternative C (Autotrophic Denitrification) 89 54.5 4.0 5.0 5.0 4.5 4.5 5.0 5.0 3.0 4.5 5.0 5.0 4.0 

Abbreviations: 
A2O – Anaerobic, Anoxic, Oxic; ABAC/AVN – Ammonia Based Aeration Control or Ammonia vs Nitrite; AD – Anaerobic Digestion; AMBR – Anaerobic Membrane Bioreactor; 
BNR – Biological Nutrient Removal; FBI – Fluidized Bed Incineration; GrAS – Granular Activated Sludge; MABR – Membrane Aerated Bioreactor; THP – Thermal Hydrolysis 
Process 



HDR Engineering, Inc. 
TM Executive Summary - FINAL  

5815 Council Street, Suite B 
Cedar Rapids, IA  52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 66 of 90 
 

 

 

New treatment facility based alternative. 

• Alternative 12 – Granular Activated Sludge (GrAS), THP-AD, Anaerobic Pretreatment. 
This alternative represents the most significant departure from current operations. While 
it maintains and maximizes use of the existing Anaerobic Pretreatment system for high 
strength industrial waste, it replaces the existing CAS and NAS systems, including the C 
and D clarifiers, with GrAS to provide secondary treatment with BNR, and shifts solids 
management from incineration and quarry ash disposal to anaerobic digestion and 
biosolids land application. The tradeoff for the more significant departure from current 
operations is that the footprint for GrAS is smaller, allowing the Cedar Rapids WPCF to 
potentially recapture some of the site for future processes. The existing incinerator would 
be retained for the balance of its useful life to facilitate such a transition. As with the 
Alternative 01-B, this alternative may be phased, and in the event land application is 
found to be impractical, a downsized FBI may be installed when the MHI is retired. 

Pilot testing was subsequently performed to better understand key performance metrics with 
Cedar Rapids unique waste stream and solids compositions for technology comprising the 
recommended alternative. More particularly, testing was performed as follows: 

• MABR (Pilot) 

• GrAS (Pilot) 

• THP (Bench) 

• AD (Bench) 
Likewise, site visits were subsequently made to identify technology configurations, processes, 
and operational approaches that have been implemented successfully. The visits offered 
drawbacks to avoid and recommendations for improvements to processes. More particularly, 
site visits were made to observe the following: 

• Biosolids land application programs 

• MABR installation 

• GrAS 

• Sidestream treatment processes 

• THP-AD biosolids processing 

• FBI 

 Alternatives Development and Evaluation 
Separate Testing and Site Visit TMs document the results from testing and site visits. The basic 
findings from bench and pilot testing include the following: 

• MABRs were unable to support the proposed application. 

• GrAS performed well, and design criteria for GrAS were adjusted slightly to be more 
conservative as a result of the pilot findings. 

• THP performed as expected. 

• AD was confirmed to work, but additional research is needed to support a rational design 
basis. 
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The basic findings from site visits include the following: 

• Biosolids land application requires administrative effort but is generally achievable and 
well accepted. Third party land application providers may be used, but most facilities 
maintain the ability to land apply using their own equipment and staff. 

• The GrAS demonstration facility in Rockford, Illinois, is operational, growing granular 
biomass, and generally achieves good effluent quality. 

• THP-AD biosolids processing performs well, achieving high solids reduction, high biogas 
production rates, and a stable product. 

• FBI provides reliable and efficient solids destruction at many facilities with different 
brands of incinerators using well developed emissions control systems, and a number of 
recommendations were provided by staff 

After performing pilot and bench scale testing, conducting site visits, and arranging additional 
discussion and feedback from City staff through workshops and correspondence, the 
alternatives recommended for detailed analysis and evaluation were refined. A2O replace 
MABR for BNR in the two existing facility based modification alternatives and a fourth hybrid 
alternative incorporating both land application and incineration capability was added. More 
specifically, the four alternatives for more detailed development and evaluation are as follows. 

• Alternative 01-A – BNR-A2O, THP-AD, Anaerobic Pretreatment. This alternative 
maintains and maximizes the use of the existing high-rate anaerobic system for high 
strength industrial waste and makes use of the existing CAS and NAS basins and HPO 
systems to provide secondary treatment with BNR with A2O, but represents a shift in 
solids management from incineration and quarry ash disposal to anaerobic digestion and 
biosolids land application. The existing incinerator would be retained for the balance of 
its useful life to facilitate such a transition.  

• Alternative 05-A – BNR-A2O, FBI, Anaerobic Pretreatment. This alternative represents a 
similar approach to current operations. It maintains and maximizes the use of the 
existing Anaerobic Pretreatment system for high strength industrial waste, makes use of 
the existing CAS and NAS basins and HPO systems to provide secondary treatment 
with BNR with A2O, and continues with incineration and quarry ash disposal for solids 
management. The existing incinerator would be retained for the balance of its useful life 
and then replaced with a new FBI. 

• Alternative 12 – GrAS, THP-AD, Anaerobic Pretreatment. This alternative represents the 
most significant departure from current operations, but requires a much smaller footprint 
for GrAS. While it maintains and maximizes the use of the existing Anaerobic 
Pretreatment system for high strength industrial waste, it replaces the existing CAS and 
NAS systems, including the C and D clarifiers, with GrAS to provide secondary treatment 
with BNR, and shifts solids management from incineration and quarry ash disposal to 
anaerobic digestion and biosolids land application. The existing incinerator would be 
retained for the balance of its useful life to facilitate such a transition. 

• Alternative 21 – GrAS, THP-AD, Anaerobic Pretreatment, FBI. This alternative is an 
extension of Alternative 12 with all the same components of Alternative 12 but with the 
addition of an FBI system. As a result, THP-AD sizing is reduced and an FBI is 
introduced. The THP-AD and the FBI processes are each sized to accommodate roughly 
60 percent of the maximum month solids production loads. 
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Comments from City staff have been incorporated into each of the alternatives. All four present 
a strong approach to the future path for the Cedar Rapids WPCF. 
TM 8.0 Nutrient and Solids Alternative Evaluation provides configuration, process flow 
diagrams, preliminary sizing, site layouts, cost estimates, and nonmonetary benefits for each of 
the alternatives. TM 8.0 Nutrient and Solids Alternative Evaluation also includes process flow 
diagrams that show existing and proposed processes, and site layouts that highlight 
rehabilitated infrastructure and proposed conversions and new processes. Alternatives 01-A 
and 21 are also presented with wet weather configurations.  
Table 27 identifies the estimated comparative costs in 2018 dollars for each of the four 
alternatives; they do not include other capital needs at the Cedar Rapids WPCF that are 
common to all four alternatives. Capital costs (construction and engineering), operations and 
maintenance costs, and overall life cycle costs are included. Construction cost comprises the 
sum of installed unit process costs plus site costs (5 percent mobilization, 10 percent site work, 
10 percent yard piping, 2 percent electrical, 2 percent instrumentation and controls, 10 percent 
overhead, and 25 percent contingency for undeveloped details). Project costs include 
construction costs plus 20 percent engineering and administration.  
Cost estimates show a range of project capital costs between $380 million and $425 million, 
with Alternative 12 offering the lowest project cost. When evaluating life cycle costs, the 
estimates are presented with and without RECs. When including the credits, the life cycle cost 
range is between $466 million and $505 million, with Alternatives 5 and 12 projected to have the 
lowest life cycle cost.  
Alternatives 12 and 21 construct new GrAS for nutrient reduction. In doing so, they free up the 
existing CAS train (CAS basins and C Clarifiers) for potential future conversion to wet weather 
treatment facilities. Alternatives 01-A and 05-A reconfigure CAS and NAS for nutrient reduction. 
In doing so, they require construction of new wet weather treatment facilities. However, the 
costs for future wet weather treatment facilities are not included in the costs presented in 
Table 27. 
Table 28 presents the results of a qualitative (nonmonetary) evaluation of each of the four 
alternatives. The qualitative scores show all alternatives are competitive, with Alternative 21 
receiving the highest score and Alternative 12 a relatively close second highest. 
Alternatives 01-A and 05-A have comparable, relatively lower scores. 
 



HDR Engineering, Inc. 
TM Executive Summary - FINAL  

5815 Council Street, Suite B 
Cedar Rapids, IA  52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 69 of 90 
 

 

 

Table 27. Cedar Rapids Nutrient and Solids Alternatives Comparative Costs 

Alternative Alt. 01-A Alt. 05-A Alt. 12 Alt. 21 

Alternative Elements A2O, THP-AD A2O, FBI GrAS, THP-AD GrAS, THP-AD, 
FBI 

Construction Cost $357,500,000  $346,900,000  $332,000,000  $370,400,000  

Project (Capital) Cost $410,500,000  $398,300,000  $381,200,000  $425,200,000  

O&M Cost (with RINS) ($2,269,000) $4,800,000  ($2,271,000) ($1,370,000) 

O&M Cost (No RINS) $6,361,000  $4,800,000  $6,359,000  $5,600,000  

Life Cycle Present Worth (with 
RINS) 

$378,300,000  $466,500,000  $348,900,000  $405,700,000  

% Low Cost 108% 134% 100% 116% 

Cost Rank 2 4 1 3 

Life Cycle Present Worth (No RINS) $500,900,000  $466,500,000  $471,600,000  $504,800,000  

% Low Cost (No RINS) 107% 100% 101% 108% 

Cost Rank (No RINS) 3 1 2 4 

Ancillary Wet Weather Treatment  ++   ++   +   +  
All costs in $2018 
Rate of Return = 3.50% 
Construction cost = installed unit process costs plus site costs (5% mobilization, 10% site work, 10% yard piping, 2% electrical, 

and 2% instrumentation and controls, 10% overhead, and 25% contingency for undeveloped details).  
Project (Capital) costs = construction costs plus 20% engineering and administration.  
A2O = Anaerobic, Anoxic, Oxic Biological Nutrient Removal 
FBI = Fluidized Bed Incineration of Solids 
GrAS = Granular Activated Sludge Biological Nutrient Removal  
THP-AD = Thermal Hydrolysis Process – Anaerobic Digestion Sludge Processing Alternatives without FBI assume Land 

Application of Biosolids  
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Table 28. Cedar Rapids Nutrient and Solids Qualitative (Nonmonetary) Evaluation 

Criteria 

Total Points 

  
01-A 05-A 12 21 

A2O, 
THP-AD 

A2O, FBI GrAS, 
THP-AD 

GrAS, 
THP-AD, 

FBI 

A2O, 
THP-AD 

1 Consistency with Cedar Rapids Vision, Mission Statement and Values 

1A Supports continued growth and development; 
allows City to remain "Open for Business” 

14 12 12 13 14 

1B Keeps rates low and/or lowers operating 
expenses 

14 12 10 14 11 

2 Sustainability 

2A Reduce utility demands (electricity, natural 
gas, water, etc.) 

7 6 5 6 7 

2B Resource recovery (carbon and nutrients) 7 7 2 7 6 

2C Reduce volume of sludge hauled offsite 7 2 7 2 6 

2D Odor and air emissions 5 4 3 4 5 

2E Commitment to watershed 5 4 4 5 5 

3 Consistency with process objectives 

3A Implementability, operability, maintainability, 
risk, reliability, redundancy, flexibility 

10 6 8 9 9 

3B Operator safety 10 8 8 9 8 

3C Economical to build and operate 7 6 6 6 6 

3D Protected from floods 6 6 7 6 6 

4 Reuse existing infrastructure 8 7 8 6 7 

Total 80 80 87 90 
A2O = Anaerobic, Anoxic, Oxic Biological Nutrient Removal 
FBI = Fluidized Bed Incineration of Solids 
GrAS = Granular Activated Sludge Biological Nutrient Removal  
THP-AD = Thermal Hydrolysis Process – Anaerobic Digestion Sludge Processing 
Alternatives without FBI assume Land Application of Biosolids  
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The case for and against each alternative is as follows. 

• Alternative 01-A – A2O achieves Iowa Nutrient Reduction Strategy goals, but requires 
extensive changes to process and is more complex to phase into service than other 
alternatives. THP-AD generates Class A biosolids and biogas, but requires 
establishment of land application program to dispose biosolids. 

• Alternative 05-A – A2O achieves Iowa Nutrient Reduction Strategy goals, but requires 
extensive changes to process and is more complex to phase into service than other 
alternatives. FBI provides most substantial reduction in biosolids volume, but air 
permitting limits are most stringent. 

• Alternative 12 – GrAS achieves Iowa Nutrient Reduction Strategy goals, is modular and 
expandable, and opens up the existing footprint for future uses. THP-AD generates 
Class A biosolids and biogas, but requires establishment of land application program. 

• Alternative 21 – GrAS achieves Iowa Nutrient Reduction Strategy goals, is modular and 
expandable, and opens up the existing footprint for future uses. The combination of 
THP-AD and FBI provide a balance between resource recovery and solids volume 
minimization. Dual solids processing results in highest administrative and operations 
requirements, but provides added reliability. 

Based on comparative cost estimates, qualitative evaluations, and extensive discussions with 
City staff, Alternative 21 is recommended for further refinement and implementation. 
Alternative 21 offsets higher costs with significantly added reliability in providing the flexibility for 
either land application or incineration of solids. Alternative 21 facilitates recovery of both biogas 
and phosphorus to align with Cedar Rapids sustainability goals. 
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9.0 Summary of TM 9.0 Nutrient Reduction 
and Solids Processing Recommendations 

Recommended Alternative 21 GrAS, THP-AD, FBI includes the following major components to 
incorporate regulatory driven nutrient reduction; to address age, condition, and capacity related 
solids handling needs; and to improve the overall energy efficiency and sustainability at Cedar 
Rapids WPCF. The major components of Alternative 21 include: 

• Continued use of the existing Anaerobic Pretreatment system for high strength industrial 
waste 

• The addition of THP and AD to biologically stabilize and produce biosolids suitable for 
Class A land application 

• The addition of facilities to clean, store, and inject biogas from anaerobic pretreatment 
and AD to capitalize on its fuel value and RECs  

• Use of sidestream treatment for nutrient reduction and phosphorus recovery from high 
strength solids recycle streams 

• Replacement of the existing MHI with an FBI to provide a reliable means of solids 
disposal and associated flexibility 

• Continued use of the existing incinerator through the balance of its useful life to facilitate 
a transition to THP and AD, and then to FBI 

 Compatibility with Overall Nutrient Reduction Strategy 
Section 5 recommends an overall nutrient reduction strategy that includes continued efforts to 
achieve offsite nutrient reductions—both agricultural and urban watershed reductions and 
industrial source reductions—in parallel with phased implementation of sidestream and then 
mainstream biological nutrient reduction at Cedar Rapids WPCF.  
This strategy reflects overall watershed nutrient loadings shown previously in the Sankey 
diagrams presented in Figure 15 and Figure 16. 

• Nearly 92 percent of the watershed nitrogen loading and approximately 62 percent of the 
watershed phosphorus loading are from agricultural sources; farm fertilizer and manure 
runoff alone are approximately 61 percent of the watershed nitrogen loading and 
approximately 43 percent of the watershed phosphorus loading  

• An estimated 6 to 8 percent of the watershed nitrogen loading and an estimated 
30 percent of the watershed phosphorus loading are from the Cedar Rapids WPCF  

• Approximately 40 to 50 percent of the Cedar Rapids WPCF nitrogen loading and 
approximately 50 to 60 percent of the Cedar Rapids phosphorus loading from major 
Group 3 industrial loadings 
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Recommended Alternative 21 GrAS, THP-AD, and FBI initially targets highly concentrated 
nutrient sidestreams in conjunction with solids handling improvements. Implementation of the 
proposed solids handling improvements, notably THP-AD, produces centrate and filtrate 
streams that present ideal targets for sidestream treatment processes. Sidestream treatment 
applied to recycle streams generated by solids processing also provides operational stability for 
the mainstream liquid processes. 
Both sidestream and mainstream biological nutrient reduction are included in the recommended 
Alternative for the Cedar Rapids WPCF, but the latter will be implemented in the future only to 
the extent that sidestream treatment in combination with offsite reductions cannot offset the 
onsite reductions required to achieve compliance with the Iowa Nutrient Reduction Strategy 
targeted 67 percent TN and 75 percent TP reductions.  
The Cedar Rapids WPCF currently achieves 35 percent TN and 30 percent TP reduction. 
Sidestream treatment is expected to result in an additional nutrient reduction of 10 to 20 percent 
of the Cedar Rapids WPCF TN load, and an additional reduction of at least 10 percent of the 
Cedar Rapids WPCF TP load. These reductions result from LPO elimination and the addition of 
sidestream treatment.  Following Phase I, the Cedar Rapids WPCF should be achieving 40 to 
45 percent TN and 40 to 50 percent TP reduction. 
Offsite nutrient reductions are an important mechanism for Cedar Rapids WPCF to provide a 
bridge from the current WPCF to proposed Alternative 21 improvements. Offsite nonpoint 
source control is anticipated to achieve nutrient reductions that equate to between 10 and 
20 percent of the required nitrogen reduction and between 5 and 10 percent of the required 
phosphorus reduction. Likewise, offsite industrial source reductions are targeted to achieve 
nitrogen and phosphorus reductions that equate to 10 percent and 5 percent of the required 
reductions, respectively.  

 Recommended Alternative 
The recommended alternative for nutrient reduction and solids processing is further developed 
and presented with refinements including information from updated equipment proposals, a 
refined site layout, a summary of overall electrical loads, and a refined cost estimate. As shown 
in Figure 25 through Figure 27, Alternative 21 is based on mainstream treatment using GrAS1 
with the Nereda process and solids processing with THP-AD and FBI. Process sizing is refined 
in Table 29 and Table 30 with 18.5 million gallons of new GrAS process tanks and 2.8 million 
gallons of new anaerobic digestion tanks. Solids processing is maintained within the same basic 
location at the west side of the site, but liquid treatment shifts to the east side of the site. The 
central part of the site becomes available for future wet weather processing. 

                                                
1  Also referred to as aerobic granular sludge (AGS) process. 
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Figure 25. Cedar Rapids WPCF Recommended Alternative 21 Process Flow Schematic 
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Figure 26. Cedar Rapids WPCF Recommended Alternative 21 Focus Flow Diagram of the Solids Processing System 
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Figure 27. Cedar Rapid WPCF Recommended Alternative 21 – Refined Site Layout 
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Table 29. Summary of Process Sizing 

Process Loading Condition Model/Actual Value Standard Value Considerations 

Solids Separation; 
(Industrial) 

MM Hydraulic =  3 MGD 1.8 MGD (firm) 

3.6 MGD (total) 

Based on Salsnes SF4000  

Capacity of 1.8 MGD, two units 

GrAS – Tanks  AA HRT = 

MM HRT =  

7.7 hour 

5.6 hour 

--- 18.5 MG Total1 

GrAS – Aeration  Aeration =  28,300 scfm/tank1 ---  Blower Capacity = 6,400 HP (16-400 
HP Aerzen Turbo Blowers Quoted)1 

Average Demand = 2,700 HP1 

GrAS - Pumping Influent Pumping = 

Solids Pumping =  

35,000 gpm (250 HP)1 

650 gpm (25 HP)1 

--- 

--- 

Influent Pump Capacity = 46,700 gpm 
(4-100 HP)1 

THP Solids 
Prescreen 

AA Size =  

MM Size =  

940 gpm 

1,400 gpm 

2 screens 

3 screens 

Based on Huber Strainpress 430  

Screen throughput = 660 gpm 

THP  AA Solids Load = 

MM Solids Load =  

82 DTPD 

124 DTPD 

--- 

--- 

Cambi: Two B6-4 units (184 DTPD 
Capacity)1 

THP Boiler1,2 Average1 = 

Peak1 = 

6,100 lb-steam/hour1 

8,360 lb-steam/hour1 

--- 

--- 

Based on 0.95 Tons-Steam/DT-Solids1  

Boiler capacity = 8.50 MMBTU/hour1 

Anaerobic 
Digestion 

MM HRT3 =  

MM VS Load =  

15 days @ 9-10% TS 

250-300 lb-VS/(1,000-
ft3∙day) 

15 days @ 9-10% TS 

300 lb-VS/(1,000 ft3∙day) 

Volume = 2.8 MG (two 1.4 MG tanks) 

Sidestream 
(Phosphorus) 

TP Load = 1,000-1,200 lb-P/day --- Ostara: One Pearl 10K 

Alternate-Two Pearl 2K reactors1 

Sidestream 
(De-ammonification) 

TKN Load =  3,400-3,500 lb-N/day Load = 0.5-1.0 kg-N/m3∙d)1 Anammox: 0.4-0.8 MG1  

100-150 HP Blower1 

Biogas Cleaning Biogas Production =  800-900 scfm (65% 
Methane) 

--- PSA: two 500 MMBTU skids 
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Process Loading Condition Model/Actual Value Standard Value Considerations 

Biogas Injection1 Power Demand1 =  250-300 HP1 --- Based on 600 psig injection pressure1 

FBI AA =  

MM =  

38 DTPD 

80-95 DTPD 

 See additional details in Table 51 

Air Pollution 
Control 

Included with Fluidized Bed Incinerator (FBI) --- Scrubbers, Wet Electrostatic 
Precipitator, Granular Activated 
Carbon4 

1 Updated from TM 8 Nutrient and Solids Alternative Evaluation. 
2 A new boiler system is assumed as part of the project due to age and condition of the LPO boilers. 
3 See additional detail on solids design criteria and mass balances in Table 5 and Table 6. 
4 Venturi Scrubber, Impingement Tray Scrubber, Wet Electrostatic Precipitator, Granular Activated Carbon 
Abbreviations: 
 AA – Average Annual, DTPD – Dry Tons per Day, ft3 – cubic feet, gpm – gallons per minute, HP – Horsepower, HRT – Hydraulic Retention Time, lb – pounds, MGD – Million 

Gallons per Day, MG – Million Gallons, MM – Maximum Month, MMBTU – Million British Thermal Units, N- Nitrogen, P – Phosphorus, psig – pounds per square inch gauge, 
scfm – standard cubic feet per minute 
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Table 30. Summary Capacity Evaluation of Existing Supporting Processes 

Process Loading Condition Design Value Standard/Equip.2 Value Expansion Considerations 

A Clarifier MM Surface Overflow Rate = 

Peak Surface Overflow Rate = 

1,025 gpd/ft2 

1,790 gpd/ft2 

1,000 gpd/ft2 

1,500-2,000 gpd/ft2 

Marginal, consider additional clarifier 
if Main Lift capacity expanded  

Roughing Filter MM Hydraulic Loading = 

MM Organic Loading = 

 1,000-5,000 gal/(ft2∙day) 

300-400 lb/(1,000ft3∙day) 

Removed from process after GrAS 
fully online1 

DAF or  
Gravity Thickener 

MM Surface Overflow Rate =  

MM Surface Loading Rate = 

302 gpd/ft2 

16 lb/(day•ft2) 

400 gpd/ft2 (firm) 

20-30 lb/(day•ft2) (firm) 

No expansion needed 

 

Gravity Belt Thickener MM Solids Loading = 4,100 lb/hour 7,200 lb/hour (firm) 

10,800 lb/hour (total) 

No expansion needed 

Belt Filter Press  
(Final Dewatering) 

MM Solids Loading Rate = 

 

MM Hydraulic Capacity =  

5,800 lb/hour 

 

120 gpm 

2,400 lb/hour (firm) 

4,800 lb/hour (total) 

96 gpm (firm) 

192 gpm (total) 

Additional BFP needed (based on 
mass load and firm hydraulic 
capacity) 

Centrifuge  
(Pre-dewatering) 

MM Solids Loading Rate =  

MM Hydraulic Capacity = 

8,200 lb/day 

 

400 gpm 

1,900 lb/hour (firm) 

3,800 lb/hour (total) 

200 gpm (firm) 

400 gpm (total) 

Additional centrifuges needed (based 
on mass load and firm hydraulic 
capacity). Rehabilitate and expand 
centrifuge dewatering. 

Sludge Degritter  MM Hydraulic Capacity =  970 gpm 1,275 gpm (firm) 

1,700 gpm (total) 

No expansion needed 

Sludge Step Screen MM Hydraulic Capacity =  1.4 MGD 3.6 MGD No expansion needed 
1 Updated from TM 8 Nutrient and Solids Alternative Evaluation. 
2 Based on engineering standard or rated capacity of equipment 
Abbreviations: 
 AA – Average Annual, ft2 – square foot, ft3 – cubic feet, gpd– gallons per day, gpm – gallons per minute, lb – pounds, MM – Maximum Month 
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Table 31 summarizes the overall nutrient reduction target ranges anticipated as well as the 
associated timeline. An initial reduction in the watershed and with industrial sources is targeted 
within the 2020–2025 time frame; though additional watershed reduction in the future may be 
planned in lieu of tighter limits at the Cedar Rapids WPCF. Several phases of work at the Cedar 
Rapids WPCF are planned. In Phase I, sidestream nutrient removal would be coupled with the 
baseline removal to provide the first increment for TN and TP removal in the 2020–2024 time 
frame. Then, Phase II, Phase III, and Phase IV at the Cedar Rapids WPCF are planned to shift 
to a new mainstream process capable of giving long-term, reliable nutrient removal supporting 
the additional nutrient removal goals in the 2028–2036 time frame. Note, while each Phase 
provides diminishing returns and benefits for nutrient reduction, replacement of the existing 
mainstream treatment process is not complete until the conclusion of Phase IV. 
Table 31. Overall Nutrient Reduction Targets 

Nutrient Source 
TN 

Reduction 
Target, % 

TP 
Reduction 
Target, % 

Timeline 

Watershed Sources 10-20 5-10 Ongoing 

Industry Source Reduction 0-10 0-5 2019-2021 

WPCF Phase I Sidestream (includes baseline) 40-45 40-50 2021-2028 

    Subtotal Watershed, Industry, WPCF Phase I 50-75 45-65 2019-2028 

WPCF Phase II Mainstream – GrAS 10-15 15-20 
2028-2037 
(Subject to 

future 
review) 

WPCF Phase III Mainstream – GrAS 8-12 8-12 

WPCF Phase IV Mainstream – GrAS 3-6 5-10 

    Subtotal WPCF Phases II-IV 21-33 28-42 

Total WPCF Phases I - IV 61-78 68-92 2019-2037 

Total Potential Nutrient Reduction Relative to 
WPCF Influent Loads 

71-108 73-107 2019-2037 

Table 32 shows the estimated cost to remove nutrients normalized to nutrient removal; dollars 
per pound. The costs shown represent the cumulative annualized life cycle cost (capital and 
operations and maintenance) for each phase normalized to the annual nutrient removal at the 
Cedar Rapids WPCF for each corresponding phase. The Phase I cost, including the baseline 
nutrient removal, is the most cost-effective of all the phases. Implementation of the new 
treatment process, supportive of BNR, shows an escalating cost for further nutrient removal with 
each phase; however, the costs remain reasonable relative to the estimated cost presented by 
Iowa DNR. Cost estimates Iowa DNR included with the Iowa Nutrient Reduction Strategy were 
$2.36 per pound TN or $15.74 per pound TP for the conversion of existing activated sludge 
treatment plants to BNR plants. 
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Table 32. Cedar Rapids WPCF Recommended Alternative Nutrient Removal Costs (capital plus O&M cost per 
lb) 

Nutrient Source TN Cost, $/lb-N TP Cost, $/lb-P 

 Phase I Sidestream (includes baseline) 0.23 0.99 

 Phase II Mainstream – GrAS 0.79 2.27 

 Phase III Mainstream – GrAS 1.31 3.28 

 Phase IV Mainstream – GrAS 2.33 5.61 

Overall Normalized Cost 2.33 5.61 

With the recommended Alternative 21, solids mass balances show the operational flexibility with 
the recommended process as presented in Table 33 and Table 34. The THP-AD process size is 
sufficient enough to handle the design maximum month solids production based on a 
short-term, high processing rate with average annual solids production operating at more typical 
treatment rates. Undigested solids and THP-AD residuals are incinerated in the FBI, which has 
capacity to take full maximum month solids as a short-term processing step. 
Table 33. Cedar Rapids WPCF Recommended Alternative Nominal FBI and THP-AD Capacity 

FBI Capacity1 THP-AD Capacity2 

Total = 252,000 lb/day HRT = 15 Days (140,000 lb/day) 

75% = 189,000 lb/day HRT = 10 Days (190,000-235,000 lb/day3 
1 Single FBI sized for maximum month digested solids at approximately 75% capacity. 
2 AD is limiting factor for THP-AD process (THP sized for 280,000 lb/day; based on 2xB6-3 Cambi). 
3 VS loading control in some scenarios reduces capacity to 190,000 lb/day. 

Table 34. Cedar Rapids WPCF Recommended Alternative Solids Loading to THP-AD & FBI when not land 
applying 

Condition Raw Solids THP – AD IN (HRT) FBI Feed (%Cap.) NG (lb/h) 

Average Annual 164,000 lb/day 156,000 lb/day (18 days) 91,000 lb/day (36%) 90 

Maximum Month 247,000 lb/day 0 lb/day (∞) 235,000 lb/day (93%) 240 

113,000 lb/day (21 days) 189,000 lb/day1 (75%) 220 

157,000 lb/day (15 days) 171,000 lb/day2 (68%) 200 

192,000 lb/day (12 days) 157,000 lb/day3 (62%) 190 

247,000 lb/day (10 days) 139,000 lb/day (55%) 180 
1 68,000 lb/day digested solids + 121,000 lb/day pre-dewatered solids (undigested) 
2 83,000 lb/day digested solids + 96,000 lb/day pre-dewatered solids (undigested) 
3 112,000 lb/day digested solids + 45,000 lb/day pre-dewatered solids (undigested) 
Note:  

Not all raw solids captured during thickening and dewatering. NG estimates based on lab dewaterability and BTU content. 
Hankin indicates dewater biosolids to 25-30% in order to achieve autogenous combustion. Full-scale THP typically dewaters 
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to 30% or higher. Lab HHVs: Digested solids = 6,500 BTU/lb, Primary Solids = 7,900 BTU/lb, Secondary Solids = 8,900 
BTU/lb. 

The refined cost estimate in Table 35, shows the capital costs and operations and maintenance 
costs by treatment area. As with the comparative costs presented in prior sections, the 
estimated cost is for recommended alternative nutrient reduction and solids processing facilities 
only. It does not include other Cedar Rapids WPCF capital needs for rehabilitation, headworks 
expansion, a fourth primary clarifier, or wet weather treatment; nor does it include other ongoing 
operations and maintenance cost at the Cedar Rapids WPCF.  
As indicated in Table 35, the overall estimated cost is approximately $430 million with a nearly 
$170 million nutrient removal cost and nearly $230 million for replacement of the solids 
processing system. The incremental cost of operation and maintenance is expected to go down 
by more than $2 million as a result of revenue from generating renewable energy. 
Table 35. Cedar Rapids WPCF Recommended Alternative Refined Cost Estimate 

Treatment Area Equipment 
Cost 

Construction 
Cost 

Capital Cost 
(Construction + 

Engineering/ 
Administration)1 

O&M Cost 

Industrial Pretreatment $4,780,000 $10,475,000 $12,028,000 $103,200 

Nutrients $68,590,000 $150,319,000 $172,595,000 $4,009,000 

 Granular Activated Sludge $62,540,000 $137,060,000 $157,371,000 $3,742,000 

 Sidestream Treatment $6,050,000 $13,259,000 $15,224,000 $267,000 

Solids $91,000,000 $199,433,000 $228,986,000 $1,473090 

 THP - Anaerobic Digestion $60,600,000 $132,809,000 $152,489,000 $892,840 

 FBI $30,400,000 $66,624,000 $76,497,000 $580,250 

Gas Treatment & Storage $5,600,000 $12,272,0002 $14,090,0002 ($8,068,000) 

Total $170,000,000 $372,500,000 $427,700,000 ($2,483,000) 
1 Equipment costs are included in the construction cost. Capital cost includes the equipment cost, Construction cost, and 

engineering and administration costs. 
2 Does not include $350,000 subsequently identified by MidAmerican for conveyance of biogas to the identified injection 

point. 

Figure 28 presents the proposed implementation plan, split into four phases. It reflects the 
critical need for replacing solids processing as a high priority based on the limited remaining 
useful life of the existing LPO and MHI. Phase I includes installation of THP-AD, FBI, and 
sidestream treatment is split into Phase I-A, planned to begin as soon as 2021, and Phase I-B, 
planned to begin as soon as 2024. Phase II through Phase IV involve the phased installation of 
GrAS for mainstream nutrient reduction, planned to begin as soon as 2028, contingent upon the 
results of several parallel activities also shown in Figure 28.  
Parallel activities include ongoing, offsite nutrient reductions in the watershed reductions and at 
major industrial sources as well as integrated planning and a cost of service rate study 
anticipated in calendar years 2019 and 2020.  
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Figure 28. Implementation Plan  
 
Integrated planning could alter this proposed schedule.  It will consider Cedar Rapids WPCF 
nutrient reduction needs in the context of other major capital needs at Cedar Rapids WPCF to 
accommodate wet weather flows and citywide for sanitary sewer and stormwater system 
improvements, water treatment and distribution, and Cedar River flood protection. The intent will 
be to prioritize major capital needs and to develop a timeline for implementation that maintains 
affordability for the City’s rate payers.  
The cost of service rate study could alter the proposed schedule.  It will need to allocate Cedar 
Rapids WPCF facilities costs to function (flow, BOD, TSS, TN, and TP) and customer class 
(residential/commercial, industrial, Group 3 industrial) taking into consideration nutrient 
reduction requirements, potential biogas revenue, and modified treatment processes. The cost 
of service rate study will also need to review current and refine future rates and surcharges 
consistent with forecast revenue needs and consider affordability of the implementation plan as 
currently envisioned.. 
Overall costs previously presented in Table 35 are reorganized by implementation phase in 
Table 36. Phases I-A and I-B cost approximately $260 million to replace aging solids handling 
facilities, but results in a significant reduction in natural gas consumption and a slight reduction 
in electrical energy consumption as well as generating revenue from biogas production. 
On completion of Phase I, annual natural gas consumption is estimated to be reduced by 
approximately 600,000 therms (from about 1,600,000 to about 1,000,000 therms annually).  
Electricity usage is estimated to be reduced by about one percent from the current annual 
consumption of about 50 million kilowatt hours per year (kWh/yr).   
For comparative purposes, City facilities, including Cedar Rapids WPCF and the airport, 
currently consume on the order of 2,100,000 therms of natural gas and 115 million kWh/yr of 
electricity each year. 
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Phase I replacement of existing solids processing facilities will also produce an estimated 
2,700,000 therms of biogas annually.  The recommended plan includes cleaning and injecting 
this biogas into the gas utility’s distribution system to realize the associated energy and 
renewable energy credit values potentially in excess of $8 million per year.  While Phase I does 
not include the necessary equipment to utilize biogas to generate electricity, the total generation 
potential of the biogas produced at the WPC is approximately 32 million kWh/yr. 
Phase II through Phase IV cost approximately $160 million and replaces mainstream treatment 
infrastructure with more efficient processes capable of nutrient reduction moving forward (see 
Figure 28). 
Table 36. Cedar Rapids Implementation Plan Costs ($2018) 

Phase  Equipment 
Cost 

Construction 
Cost 

Capital Cost 
(Construction + 

Engineering/ 
Administration) 

O&M Cost 

IA (AD, Gas, N Sidestream) $43,930,000 $96,274,0001 $110,540,0001 ($7,906,000) 

IB (THP, FBI, Ind. Pretreatment,  

 P. Sidestream) 

$60,950,000 $133,576,000 $153,371,000 $1,449,000 

II - IV (GrAS in 3 Phases) $65,090,000 $142,649,000 $163,788,000 $3,974,000 

Total $170,000,000 $372,500,000 $427,700,000 ($2,483,000) 
1 Does not include $350,000 subsequently identified by MidAmerican for conveyance of biogas to the identified injection point. 
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10.0 Summary of TM 10.0 Capital 
Improvements Plan 

Table 37 presents a proposed capital improvements plan for the preferred nutrient reduction 
and solids processing facilities at Cedar Rapids WPCF that are driven by Iowa Nutrient 
Reduction Strategy regulatory requirements and the age and condition of existing facilities along 
with potential air quality driven regulatory needs. The timeline reflected in the capital 
improvements plan is consistent with what is previously shown in Figure 28. Costs have been 
inflated from those shown previously as 2018 dollars in Table 35 and Table 36 to reflect 
anticipated costs at the time of implementation.  
Table 37 includes a line item for other ongoing capital replacement needs at the 40-year-old 
Cedar Rapids WPCF. Table 37 does not include $350,000 subsequently identified by 
MidAmerican for conveyance of biogas to the identified injection point, nor does it include 
potential wet weather related capital facilities needs that are in the process of being defined. In 
total, the required capital investment is estimated at just over $700 million dollars over the next 
20 years. With phased implementation, the capital investment need is estimated to range from 
approximately $8 million to $70 million per year.  
Regardless of the mix of revenue and debt financing, the impact on rates and debt will be 
significant. Simplified analysis indicates that the Recommended Alternative will require annual 
revenue increases, exclusive of forecast growth, ranging from as little as two to as much as ten 
percent over the next ten years in conjunction with annual debt issuance of as little as $4 million 
to as much as $60 million.   
Even with an ill-advised status quo strategy of continuing to repair and replace existing solids 
handling facilities and totally ignoring regulatory requirements, the impacts on rates and debt 
would be significant.  The status quo repair and replace existing solids handling facilities and 
ignore regulatory requirements on top of other ongoing capital replacement needs at the 40 year 
old facility would require a total inflation adjusted capital investment estimated at $185 million 
dollars over the next 10 years.   Simplified analysis indicates that maintaining the Status Quo 
will require annual revenue increases, exclusive of forecast growth, ranging from as little as two 
to as much as eight percent over the next ten years in conjunction with annual debt issuance of 
as little as $4 million to as much as $44 million. 
Based on more refined analysis of various combinations of revenue bond, State Revolving Fund 
(SRF), and Water Infrastructure Finance and Innovation Act (WIFIA) funding, the 
Recommended Alternative requires annual revenue increases ranging from approximately 4- to 
11-percent for 9 to 16 years.  Funding scenarios combining 20 year SRF/WIFIA financing for all 
phases and/or combining 30 year SRF/WIFIA for Phase 1a and 30 year SRF for subsequent 
phases resulted in the most favorable requirements at the low end of the revenue increase and 
duration ranges.  Revenue. 
The capital improvements plan and approximate revenue and debt implications presented 
herein should provide the starting point for a cost of service rate study. Such a rate study should 
further consider and refine the broad assumptions made herein to propose a specific financing 
plan and rate structure.  
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Furthermore, the capital improvements plan should be modified to reflect the results or 
integrated planning.  Integrated planning will consider and establish priorities for nutrient 
reduction at Cedar Rapids WPCF along with other Cedar Rapids WPCF including headworks 
expansion, a fourth primary clarifier, and wet weather treatment; sanitary sewer system; 
stormwater system; water supply and treatment including possible nitrate removal; water 
distribution; and flood protection system capital needs.
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Table 37. Cedar Rapids WPCF Recommended Alternative Capital Improvements Plana by Fiscal Year 
Capital Expenditure 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Historic Non Flood Trend $10,600,000 $8,300,000 $8,500,000 $8,600,000 $8,800,000 $9,000,000 $9,200,000 $9,300,000 $9,500,000 $9,700,000
Phase 1a Anaerobic Digestion $0 $0 $6,200,000 $15,800,000 $30,700,000 $30,700,000 $13,300,000 $0 $0 $0
Phase 1a Gas $0 $0 $1,000,000 $2,500,000 $4,900,000 $4,900,000 $2,100,000 $0 $0 $0
Phase 1a N Sidestream $0 $0 $600,000 $1,600,000 $3,100,000 $3,100,000 $1,300,000 $0 $0 $0
Phase 1b THP $0 $0 $0 $0 $0 $4,900,000 $12,400,000 $24,100,000 $24,100,000 $10,400,000
Phase 1b FBI $0 $0 $0 $0 $0 $5,800,000 $14,600,000 $28,500,000 $28,500,000 $12,300,000
Phase 1b Industrial Pretreatment $0 $0 $0 $0 $0 $900,000 $2,300,000 $4,500,000 $4,500,000 $1,900,000
Phase 1b P Sidestream $0 $0 $0 $0 $0 $500,000 $1,200,000 $2,400,000 $2,400,000 $1,000,000
Phase 2 GrAS first phase $0 $0 $0 $0 $0 $0 $0 $0 $0 $6,200,000
Phase 3 GrAS second phase $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Phase 4 GrAS third phase $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Total Capital Expenditures $10,600,000 $8,300,000 $16,300,000 $28,500,000 $47,500,000 $59,800,000 $56,400,000 $68,800,000 $69,000,000 $41,500,000  
 

Capital Expenditure 2029 2030 2031 2032 2033 2034 2035 2036 2037 Total
Historic Non Flood Trend $9,900,000 $10,100,000 $10,300,000 $10,500,000 $10,700,000 $10,900,000 $11,200,000 $11,400,000 $11,600,000 $188,100,000
Phase 1a Anaerobic Digestion $0 $0 $0 $0 $0 $0 $0 $0 $0 $96,700,000
Phase 1a Gas $0 $0 $0 $0 $0 $0 $0 $0 $0 $15,400,000
Phase 1a N Sidestream $0 $0 $0 $0 $0 $0 $0 $0 $0 $9,700,000
Phase 1b THP $0 $0 $0 $0 $0 $0 $0 $0 $0 $75,900,000
Phase 1b FBI $0 $0 $0 $0 $0 $0 $0 $0 $0 $89,700,000
Phase 1b Industrial Pretreatment $0 $0 $0 $0 $0 $0 $0 $0 $0 $14,100,000
Phase 1b P Sidestream $0 $0 $0 $0 $0 $0 $0 $0 $0 $7,500,000
Phase 2 GrAS first phase $18,800,000 $24,700,000 $18,800,000 $0 $0 $0 $0 $0 $0 $68,500,000
Phase 3 GrAS second phase $0 $0 $2,800,000 $14,200,000 $14,200,000 $0 $0 $0 $0 $31,200,000
Phase 4 GrAS third phase $0 $0 $0 $0 $7,100,000 $17,900,000 $35,000,000 $35,000,000 $15,100,000 $110,100,000
Total Capital Expenditures $28,700,000 $34,800,000 $31,900,000 $24,700,000 $32,000,000 $28,800,000 $46,200,000 $46,400,000 $26,700,000 $706,900,000  
a Timeline reflected in the capital improvements plan is consistent with what is previously shown in Figure 28. Costs include construction, contingency, 
engineering, and administrative components and have been inflated from those shown previously as 2018 dollars in Table 35 and Table 36 to reflect anticipated 
costs at the time of implementation.  Phase 1a Gas cost does not include $350,000 subsequently identified by MidAmerican for conveyance of biogas to the 
identified injection point. Likewise, costs are not included for headworks expansion, a fourth primary clarifier, and wet weather treatment.  Schedule for Phases II 
through IV could potentially be delayed or extended upon completion of integrated planning negotiations with the Iowa Department of Natural Resources.  
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11.0 Summary of TM 11.0 Dissolved Air 
Flotation Thickener Assessment 

Dissolved Air Flotation Thickeners (DAFTs) A, B, and C were originally designed and put into 
operation in the late 1970’s to provide dissolved air flotation thickening of solids removed from 
the Primary (A) Clarifiers, Intermediate (B) Clarifiers, and Final (C and D) Clarifiers, respectively. 
The B Clarifiers have since been taken out of service and separate gravity belt thickeners have 
been installed to thicken solids removed from the C and D Clarifiers. All three DAFTs have since 
been converted to provide dissolved air flotation thickening of solids removed from the A 
clarifiers only. 
DAFT A and DAFT B were refurbished 
in 2013, but are in need of additional 
repairs. DAFT C is currently out of 
service, and in need of extensive 
mechanical repairs. As currently 
operated, the DAFTs represent 
between 3 and 5 percent of plant wide 
energy consumption, approximately 30 
percent of plant polymer, and 
approximately 4 percent of plant wide 
greenhouse gas production. In addition, 
the DAFTs are significant contributors 
to odorous gas production and 
associated safety concerns and 
corrosion damage at the WPCF. 
In the DAFTs, polymer is added, air is 
injected, float solids are skimmed off 
the top, and remaining heavy solids are 
raked off the bottom. Other technologies, notably gravity thickeners, have more conventionally 
been used elsewhere for thickening of primary sludge.  Before investing in additional DAFT 
repairs, an evaluation was conducted comparing refurbishment and continued operation as 
DAFTs to conversion and operation as gravity thickeners.  The assessment included the 
following. 

• Process, structural, mechanical, electrical, and instrumentation condition assessments of 
existing DAFTs to identify rehabilitation needs. 

• Review of historical DAFT performance and design criteria at projected loadings. 
Evaluation of gravity thickening as a potential alternative.  

• Development and evaluation of capital, operation and maintenance, and life cycle costs 
for both DAFT and gravity thickening options. 

• Pilot testing to compare dissolved air flotation and gravity thickening performance. 

• Refinement of capital, operation and maintenance, and life cycle costs for both DAFT 
and gravity thickening options 

 
Figure 29. DAFT Interior during Assessment 
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Conversion to gravity thickening would potentially eliminate the need for polymer feed, 
recirculation pumping, and compressed air feed.  On the other hand, conversion to gravity 
thickening potentially results in a lower thickened sludge concentration, additional sludge 
pumping, and extended belt filter press operation.  It is arguable whether replacement of the 
compressed air feed associated with DAFT with a dilution water flow for gravity thickening will 
increase or decrease odor emissions.  Concern has also been expressed whether or not the 
solids contributions from major Group 3 industries are more suitable to DAFT or gravity 
thickening. 
Pilot testing supported continued 
investigation of gravity thickening 
as a viable option for Cedar 
Rapids WPCF. The testing 
showed that a reasonable 
thickened solids concentration, 
between 3 and 4 percent, could 
be achieved with gravity 
thickening.  These pilot testing 
results correlate well with full 
scale results using data from time 
periods when the DAFTs were 
operated in “Gravity Thickener 
Mode.” The 3 to 4 percent solids 
pilot testing results are slightly 
higher than the thickened solids 
concentration from DAFT pilot 
testing, but less than full-scale 
DAFT thickened solids concentrations which typically range from 4 to 6 percent.  
Pilot testing did not show an appreciable benefit to polymer addition for gravity thickening. Pilot 
testing showed that dilution water negatively impacted the thickened solids concentration.  
However, polymer feed and dilution water would normally be made available to and adjusted as 
needed by operations to attain the best thickened solids content and maintain and adequate DO 
concentration. 
Table 38 presents the refined cost comparison for both options.  As indicated, conversion to 
gravity thickeners results in lower estimated capital, operations and maintenance, and life cycle 
costs than refurbishment and continued operation as DAFTs.   
It would be prudent to run the existing DAFTs in “Gravity Thickener Mode” for an extended 
period so that operations personnel are able to recognize any positive or adverse impacts to 
dewatering process performance. However, it should be noted that the resulting performance 
will likely be less than could be expected with conversation to gravity thickeners because the 
deeper perimeter baffles in the existing DAFTs are not designed for operating in a gravity mode. 
Subject to full scale validation that the DAFTS in “Gravity Thickener Mode” meet thickening 
performance goals, gravity thickening is recommended as the preferred alternative moving 
forward.  It will save the Cedar Rapids WPCF an equivalent annual cost of $200,000 and a 20-
year life cycle savings of $2.96 million.   
 

  
Figure 30. DAFT vs Gravity Thickening Testing Results 
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Table 10.  Life Cycle Analyses -DAFT versus Gravity Thickener 

  Alt 1: Refurbish DAFTs Alt 2: Convert to Gravity Thickeners 

Number of Units Three Units (A, B and C) Three Units (A, B and C) 

Capital Costs Construction $3,490,000 Construction $2,830,000 

Engineering, Admin, Legal, 
Permitting (24%) 

$200,000 Engineering, Admin, Legal, 
Permitting (24%) 

$190,000 

Total Project $3,690,000 Total Project $3,020,000 

2025 O&M Costs Recirculation Pumping Cost $40,000  Recirculation Pumping Cost $0  

Compressor Cost $82,000  Compressor Cost $0  

Thickened Sludge Pumping Cost $6,000  Thickened Sludge Pumping 
Cost 

$11,000  

Polymer $125,000  Polymer $62,500  

Belt Press Pumping Cost @ 4.5% $3,000  Belt Press Pumping Cost @ 3% $5,000  

  Baseline Additional Belt Press Operations 
Cost @ 3% 

$41,600  

Equipment Replacement & 
Maintenance 

$42,000  Equipment Replacement & 
Maintenance 

$24,000  

Total Annual O&M $298,000  Total Annual O&M $144,100  

Interest Rate 3%  3%  

Years for Life Cycle 20  20  

Life Cycle Costs Life Cycle (PV) $8,120,000  Life Cycle (PV) $5,160,000  

Equivalent Annual (EAC) $546,000  Equivalent Annual $347,000  
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1 Introduction  
The existing Cedar Rapids (City) Water Pollution Control Facility (WPCF) went into operation in 

1980. As the Cedar Rapids WPCF approaches 40 years in age, it faces several major 

challenges. Those challenges include the following: 

 The age, condition, and remaining useful life of solids processing facilities. 

 More stringent regulatory requirements to remove the nutrients nitrogen and phosphorus 
as outlined in the 2013 Iowa Nutrient Reduction Strategy. 

 The need to incorporate more sustainable, energy efficient technologies. 

Figure 1-1. Aerial Photograph of Cedar Rapids WPCF 

 

A separate document, the Cedar Rapids WPCF Nutrient Reduction and Solids Facility Plan 
provides: 

 A plan for the future that addresses all three challenges in the most reliable and 
cost-effective manner to retain the City’s competitive advantage and provide capacity for 
growth. 

 An overview of work completed by HDR in collaboration with the City of Cedar Rapids 
Utilities and Water Pollution Control staff (City staff) over the last 40 months, developing 
the facility plan. 

The process to develop the Cedar Rapids WPCF Nutrient Reduction and Solids Facility Plan: 

 Built on prior planning, notably the 2006 Cedar Rapids Water Pollution Control Master 
Plan and the 2011 Cedar Rapids Water Pollution Control Solids Facility Plan 

 Began with a baseline created to define 1) current nutrient sources within the watershed, 
2) current and projected future Cedar Rapids WPCF solids production, 3) current energy 
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consumption and sustainability, and 4) the condition of the existing Cedar Rapids 
WPCF. 

 Continued with identification of potential nutrient reduction strategies and potential end 
use options for solids. 

 Identified and screened relevant technologies, then developed and evaluated 
alternatives incorporating those technologies 

 Included site visits to operating facilities and bench testing and pilot testing to provide 
insight to technologies with the greatest potential  

 Concluded with final evaluation, selection, and refinement of the recommended plan. 

Figure 1-2. Nutrient Reduction and Solids Facility Plan Delivery Process 

 

This Nutrient Reduction Feasibility Study provides a summary of the resulting Cedar Rapids 
WPCF Nutrient Reduction and Solids Facility Plan, focused primarily on meeting the more 
stringent nutrient reduction requirements of the 2013 Iowa Nutrient Reduction Strategy.  It is 
prepared for submittal to the Iowa Department of Natural Resources (Iowa DNR) in compliance 
with requirements in the City’s most recent National Pollution Discharge Elimination System 
(NPDES) permit. This document is outlined as follows. 

 Summary 

 Existing Treatment Facility 

 Nutrient Baseline 

 Nutrient Reduction Strategy 

 Cedar Rapids WPCF Nutrient Reduction 

 Watershed Nutrient Reductions 

 Integrated Strategy and Implementation
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2 Summary 
The Cedar Rapids WPCF Nutrient Reduction Feasibility Study recommends an integrated 
nutrient reduction strategy (Figure 2-1) that includes the following: 

 Phased implementation of onsite Cedar Rapids WPCF nutrient reductions. 

 Continued implementation of offsite watershed nutrient reductions and potential offsite 
industrial source reductions. 

 A cost of service rate study to verify affordability and an integrated planning effort to 
assess the relative priority of Cedar Rapids WPCF nutrient reduction with other city-wide 
needs. 

The integrated strategy balances the cost and timing of onsite Cedar Rapids WPCF nutrient 
reduction with significant age- and condition-related solids processing needs, including a desire 
to create a more energy efficient and sustainable facility.  

The integrated strategy reflects current circumstances and is anticipated to evolve to reflect the 
results of ongoing efforts to achieve watershed and industrial source reductions as well as the 
findings from integrated planning and a cost of service rate study to be completed over the next 
few years.  It may also evolve with changes in City Council, the magnitude and nature of waste 
streams from major industrial users, advances in treatment technology, changes in regulatory 
requirements, and any number of other such factors largely beyond the City’s control. 

Figure 2-1. Phased Integrated Strategy 

 

Current and forecast future nutrient reductions are tabulated in Table 2-1.  Offsite total nitrogen 
(TN) reductions are targeted at 10 to 20 percent from watershed sources and up to 10 percent 
from industrial sources.  Offsite total phosphorus (TP) reductions are targeted at 5 to 10 percent 
from watershed sources and up to 5 percent from industrial sources.    
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Table 2-1. Current and Forecast Future Nutrient Reductions 

Nutrient Source TN Reduction Target, % TP Reduction Target, % Timeline 

Watershed Sources 10-20 5-10 Ongoing 

Industry Source Reduction 0-10 0-5 2019-2021 

WPCF Treatment Results    

Baseline 28 32 Current 

Phase I Sidestream 12-17 8-18 2021-2028 

Phase II Mainstream – GrAS 10-15 15-20 2028-2037 

Phase III Mainstream – GrAS 8-12 8-12 

Phase IV Mainstream – GrAS 3-6 5-10 

WPCF Total 61-78 68-92 2019-2037 

TN = total nitrogen; TP = total phosphorus; WPCF = Water Pollution Control Facility; GrAS = Granular Activated Sludge 

Onsite, the Cedar Rapids WPCF is currently achieving an estimated annual average TN 
reduction of just over 28 percent and an estimated average annual TP reduction of just under 
32 percent.  Phase I of the integrated strategy is anticipated to achieve an additional 12 to 
17 percent TN reduction and an additional 8 to 18 percent TP reduction through concentrated 
solids sidestream treatment.  Phases II through IV of the integrated strategy are anticipated to 
progressively achieve additional reductions of 21 to 33 percent TN and 28 to 42 percent TP.   

Over time, the offsite and onsite nutrient reductions will achieve the 2013 Iowa Nutrient 
Reduction Strategy targeted reductions of 66 percent for TN and 75 percent for TP.  Benefits of 
documented upstream investments have significant multi-faceted value for the City of Cedar 
Rapids and effectiveness of watershed reductions will ultimately drive the appropriate mix 
between offsite and onsite nutrient reductions. 

The recommended plan at the Cedar Rapids WPCF will accomplish the following: 

 Remove nutrients from high-strength solids recycle streams as a cost-effective first step 
toward compliance with the 2013 Iowa Nutrient Reduction Strategy, recovering those 
nutrients as struvite for use as a fertilizer or by converting soluble nitrogen to nitrogen 
gas.  

 Defer additional, more-costly mainstream nutrient reduction required for full compliance 
with the 2013 Iowa Nutrient Reduction Strategy in favor of higher, solids processing 
priorities at the Cedar Rapids WPCF and other city-wide priorities.  

 Recover biogas from treatment of waste solids and high-strength industrial waste 
streams, then clean and inject the biogas into MidAmerican Energy’s pipeline to produce 
a revenue stream estimated in excess of $1.5 million based solely on gas value and in 
excess of $8 million per year based on currently available renewable energy credits.   

 Produce biologically stabilized biosolids that can be land applied seasonally as a soil 
conditioner and fertilizer on both agricultural land and public property.  

 Provide flexibility to minimize the volume of biosolids to be disposed of through 
incineration and quarry disposal when weather and crop rotations preclude land 
application.  

 Offset forecast future operations and maintenance costs through increased energy 
efficiency and resource recovery. 

 Reduce the still significant financial impact of the required capital investment through 
phased construction prioritizing solids processing facilities, first by implementing nutrient 
reduction in high-strength solids sidestreams and then evaluating best alternatives for 
the main liquid stream, and providing modularity for future growth. 

Key components and proposed phasing of the recommended plan at the Cedar Rapids WPCF 
are shown in the accompanying Figure 2-2.   
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Figure 2-2. Key Components and Proposed Phasing of the Recommended Plan 

 

 

Key components of the recommended plan include the following. 

 Continuing to use the existing anaerobic pretreatment system to cost-effectively treat 
and produce biogas from as much high-strength industrial wastewater as can be 
diverted to the facility. 

 Adding thermal hydrolysis and anaerobic digestion facilities to convert from lime 
stabilization to biological stabilization of solids generated to eliminate the need for lime, 
to produce biogas, and to generate biosolids suitable for use as a soil conditioner.  

 Adding facilities to clean, store, and inject biogas from anaerobic treatment and 
anaerobic digestion into MidAmerican Energy’s gas distribution system to generate 
revenue from the energy value and from the associated renewable energy credits 
(RECs). 

 Implementing sidestream treatment facilities to remove nitrogen and phosphorus from 
high-strength solids processing recycle streams, potentially recovering phosphorus for 
its fertilizer value, as a cost-effective first step toward achieving regulatory driven nutrient 
reduction requirements. 

 Replacing aging, energy intensive Low Pressure Oxidation (LPO) and Multiple Hearth 
Incinerator (MHI) solids processing facilities with state of the art, energy efficient 
fluidized bed incinerator (FBI) to provide a reliable means of solids disposal and 
associated flexibility. 
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 Continuing to use the existing LPO and MHI solids processing facilities through the 
balance of their useful life to maximize prior investment and facilitate the transition first to 
anaerobic digestion and then to thermal hydrolysis pretreatment (prior to anaerobic 
digestion) and fluidized bed incineration. 

 Adding granular activated sludge (GrAS) facilities to replace existing high-purity oxygen 
(HPO) activated sludge facilities to continue to provide organic treatment, to provide 
modularity for future growth, and to achieve additional nutrient reduction as the second 
step toward achieving regulatory driven nutrient reduction requirements 

Table 2-2 shows the estimated required capital investment in 2018 dollars, separated by 
objective.   

Table 2-2. Estimated Required Capital Investment 

Phase Years2 Capital Cost ($ millions)1 
Solids Processing 
Replacement 

Nutrient Reduction/ 
Recovery 

Biogas 
Recovery 

Industrial 
Pretreatment 

Total 

I-A 2021-2025 $87.6 $8.8 $14.1 $0.0 $110.5 

I-B 2024-2028 $141.3 $6.4 $0.0 $12.0 $159.7 

II-IV 2028-2037 $0.0 $157.4 $0.0 $0.0 $157.4 

Total 2021-2037 $228.9 $172.6 $14.1 $12.0 $427.6 

1 Includes construction, contingency, and engineering costs in 2018 dollars. 
2 For planning purposes but subject to subsequent cost of service study, integrated planning, and effectiveness of watershed 
nutrient reductions 

Primary focus of Phases I-A and I-B priorities are: 1) replacement of solids processing facilities, 
2) biogas recovery, and 3) industrial pretreatment because of age- and condition-related needs, 
the associated biogas revenue stream, and the need to maximize treatment of high-strength 
industrial waste streams through the anaerobic process to maximize gas production, 
respectively. Maximizing treatment through the anaerobic process requires both rehabilitation of 
existing facilities and solids separation facilities to enable diversion of additional industrial flow 
to the anaerobic process.   

Overall, these three components of Phase I-A and Phase I-B comprise 54 percent, 3 percent, 
and 3 percent of the total capital cost, respectively. Sidestream nutrient recovery is also 
included with Phases I-A and I-B, but mainstream nutrient reduction is deferred until Phases II 
through IV to minimize revenue requirements and associated rate impacts. Overall, nutrient 
reduction and recovery comprises 40 percent of the total capital costs. Facilities are sized for 
growth to forecasted 2037 flows and loads.  

Table 2-3 shows the estimated associated operations and maintenance cost impacts in 2018 
dollars, which reflect the goal of creating a more energy efficient and sustainable facility.   

Table 2-3. Estimated Associated Operations and Maintenance Costs by Phase 

Phase Operations & Maintenance Cost Impact 

I-A $7.9 million net reduction 

I-B $1.4 million net increase 

II-IV $4.0 million net increase 

Total $2.5 million net reduction 

The significant reduction in Phase I-A operations and maintenance cost is attributed to 
eliminating the high operations and maintenance cost associated with the existing LPO solids 
processing facility and adding the revenue generated from producing, recovering, and injecting 
biogas. The relatively small increases in operations and maintenance cost for remaining phases 
of the integrated strategy can be attributed to the additional solids processing and disposal 
reliability, the incorporation of nutrient reduction in the recommended plan, and increased flows 
and loads with growth. 
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Regardless of the mix of revenue and debt financing, the effect on rates and debt will be 
significant. Annual revenue increases, exclusive of forecast growth, ranging from as little as 
2 percent to as much as 10 percent will be required over the next 10 years in conjunction with 
annual debt issuance of as little as $4 million to as much as $60 million.  

The capital improvements plan and approximate revenue and debt implications presented 
herein provide the starting point for a cost of service rate study. Such a rate study will further 
consider and refine the broad assumptions made herein to propose a specific financing plan 
and rate structure.  

Furthermore, the capital improvements phasing plan should be modified to reflect the results of 
integrated planning.  Integrated planning will consider and establish priorities for nutrient 
reduction at Cedar Rapids WPCF in comparison to other needs, notably the following. 

 Other project needs at the Cedar Rapids WPCF including headworks expansion, a 
fourth primary clarifier, and wet weather treatment 

 Other City project needs in the sanitary and stormwater systems; for drinking water 
supply, treatment including possible nitrate removal, and distribution; and for the flood 
protection system. 
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3 Existing Treatment Facility 
The Cedar Rapids WPCF is approaching 40 years of service. It was originally constructed in the 
late 1970s, at a cost of approximately $80 million, and then put into operation in 1980. 
Significant modifications to the facility have been made over the years to add treatment 
processes.  

Over the past 10 years, approximately $94 million has been invested to recover from 
catastrophic flooding in 2008 and to address other age- and condition-related improvements. 
Based on an order of magnitude general practice, the Cedar Rapids WPCF would cost 
approximately $1.3 billion constructed as a new facility today.  

The Cedar Rapids WPCF treats an annual average of 47.3 million gallons per day (MGD) of 
wastewater with 45.8 MGD flowing through the Main Lift station and 1.5 MGD flowing through 
the Indian Creek lift station to Anaerobic Pretreatment based on 2013 through 2015 as shown in 
Table 3-1.  Data from the 2016 through 2018 time period shows the same average annual flow 
of 47.3 MGD, but with 46.0 MGD through the Main Lift Station and 1.3 MGD through the Indian 
Creek lift station. This flow, for example, is enough to fill approximately 48 Olympic-sized 
swimming pools daily. 

Table 3-1. Cedar Rapids WPCF Influent Waste Streams 

The facility serves a metropolitan area population of approximately 183,000. Eight major 
industries, categorized as Group 3 industries by City Code, contribute approximately 36 percent 
of the influent flow, approximately 68 percent of the organic loading, and 40 to 50 percent of the 
nutrient loading on the facility (Figure 3-1). With these relatively low flow, high organic loadings, 
the facility serves a population equivalent of approximately 1.8 million.  The significant industrial 
loads make the Cedar Rapids WPCF unique and make planning for growth challenging. 

Figure 3-1. 

 

Parameter Current 
(Average Annual) 

Design 
(Average Annual) 

Flow, million gallons per day 47.3 50.8 

Biochemical Oxygen Demand, pounds per day 270,700 277,700 

Total Suspended Solids, pounds per day 122,200 130,200 

Nitrogen, pounds per day 17,570 18,670 

Phosphorus, pounds per day 3,690 3,708 
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In treating these wastewater flows, the Cedar Rapids WPCF currently produces an annual 
average of 75 tons per day of solids that need to be processed and properly disposed of. Of this 
total, 47 tons per day are primary solids in the influent waste stream and 28 tons per day are 
secondary solids produced in the treatment process.  

Figure 3-1. Solids Production at the Cedar Rapids WPCF 

 

Figure 3-3 is an aerial photograph and Figure 3-4 is a simplified process flow schematic for the 
Cedar Rapids WPCF.  The main liquid treatment process includes influent pumping, primary 
clarifiers, roughing filters, carbonaceous activated sludge (pure oxygen aeration basins and 
clarifiers), nitrification activated sludge (air aeration basins and clarifiers), and seasonal chlorine 
disinfection. Effluent is discharged to the Cedar River by gravity through an effluent diffuser at 
normal river elevations and through effluent pumping when the Cedar River is at flood stage.   

Figure 3-2. Existing Cedar Rapids WPCF Aerial Photograph 
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A portion of the industrial wastewater is conveyed and treated separately with a high rate 
anaerobic treatment system.  Effluent from the high rate anaerobic system is discharged 
through sulfide oxidation basins to the carbonaceous activated sludge system.  A portion of the 
biogas is used as fuel for the MHI solids processing facility or associated boilers. The balance is 
flared.   

Primary solids are processed through screens, grit removal, dissolved air flotation thickeners, 
and belt filter presses.  Secondary solids are processed through gravity belt thickeners, LPO, 
decant tanks, and centrifuges.  Multiple tanks provide solids storage and blending. Dewatered 
primary and secondary solids are blended and incinerated.  Incinerator ash is stored in ash 
lagoons and intermittently disposed of offsite in a private quarry.  Blended primary and 
secondary solids can be lime stabilized, stored, and intermittently land applied offsite.   

The age, condition, and remaining useful life of existing solids processing facilities, most notably 
LPO and MHI, are significant concerns.  LPO and MHI solids processing facilities are the core of 
solids processing. Both LPO and MHI were state of the art technologies in the late 1970s and 
have performed exceedingly well for their original design purpose. LPO and MHI technologies 
have been replaced with other technologies at most wastewater treatment plants around the 
country. 

While City staff has maximized performance of both LPO and MHI solids processing facilities, 
both are approaching the end of their useful life, have capacity limitations, are very energy 
inefficient by today’s standards, and are now considered obsolete technologies.  Without 
changes, annual costs will continue to escalate and the City’s growth could be limited. 

Figure 3-4. Aging Solids Processing Facilities 

 

The LPO solids processing facility is designed to operate at high temperatures and high 
pressures to reduce solids content prior to feeding solids to the MHI solids processing facility. 
When operating the LPO, a high-strength decant stream is generated. The decant stream is 
high in organics and contains a strong nutrient load. The recycle stream is partly refractory (or 
resists treatment) in nature as well as resulting in increased nutrient discharge. 

The MHI solids processing facility was refurbished following significant flood damage in 2008.  
Physical and operational modifications have since been made to meet increasingly stringent 
Maximum Available Control Technology (MACT) air quality standards. Future, more-stringent 
standards from the regular MACT standard review process are expected to cause more 
challenges for MHI technology.  

Currently, the Cedar Rapids WPCF consumes significant quantities of electricity, natural gas, 
and potable water as shown in Table 3-2.  It represents approximately 50 percent of the City’s 
municipal energy consumption. It represents the greatest opportunity to improve the City’s 
portfolio of renewable energy and energy efficiency consistent with the industry trend toward a 
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more sustainable future. That more sustainable future views wastewater as a natural resource 
to be used rather than a pollutant to be controlled.  

Table 3-2. Cedar Rapids WPCF Energy and Water Use 

Component Annual Usage Annual Cost 

Electrical Energy 47,952,000 kWH $2.4 million 

Natural Gas 1,453,000 therms $0.9 million 

Potable Water 143 million gallons $0.3 million 

Total Utility 
 

$3.6 million 

Reflecting this sustainable vision, the Cedar Rapids WPCF, as a Utility of the Future 
(Figure 3-6), needs to consider energy efficiency of potential technologies; production of biogas 
as an energy source; use of biosolids as a soil amendment; recovery of phosphorus as a 
fertilizer; use of available space for solar energy production; other sustainable, energy efficient 
concepts; and watershed stewardship.  

Figure 3-5. Wastewater as a Resource 

 

3.1 Raw and Effluent Data 

Current Cedar Rapids WPCF flows and loadings, based on data from 2013 through 2015, are 
summarized in Table 3-3 and Table 3-4. Table 3-3 identifies flows and loadings to the influent 
main lift station, including both raw wastewater and internal recycle from solids processing. 
Table 3-4 identifies flows and loadings to the anaerobic pretreatment facility.  

The projected Non-Group 3 increase to the main lift station at Cedar Rapids WPCF by 2037 
assumes a 10 percent service population increase from the 2014 census population estimates 
for Cedar Rapids, Hiawatha, Marion, Palo, and Robins, Iowa. The additional major Group 3 flow 
and loading was originally extrapolated based on historical data from 1996 to 2010 and data 
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from 2013 to 2015. However, on the heels of one of the major Group 3 users closing their Cedar 
Rapids operation, and reflecting uncertainty with respect to future major Group 3 industrial flows 
and loads, forecast future design loads were subsequently revised to the numbers reflected in 
Table 3-3 during alternatives development and evaluation. The revised design flows and loads 
do not include a major Group 3 industrial growth component. Composite peaking factors from 
existing flows and loads, are applied to find future maximum month and maximum day flows and 
loads. 

The combined design average annual flow of both the anaerobic pretreatment and main lift 
station (ignoring recycle) is 50.8 MGD with a corresponding 5-day, carbonaceous biochemical 
oxygen demand (cBOD5) loading of 366,000 pounds per day (lb/day). This compares to the 
previous Cedar Rapids Water Pollution Control Facility Solids Facility Plan prepared in 2011, 
which forecast a 2030 design flow of 50.4 MGD and a cBOD5 loading of 333,000 lb/day.  

Given the significant contributions of a few major Group 3 industries, future Cedar Rapids 
WPCF loadings are difficult to forecast and could be dramatically different from current loadings 
and future forecasts. One or more major Group 3 industrial users could increase or reduce 
production, expand or relocate, incorporate pretreatment, or change their process or product 
line resulting in significant changes to wastewater discharges to the Cedar Rapids WPCF. While 
the historical trend has been an increased number of major Group 3 users and increased 
loadings from those major Group 3 users over time, the opposite could be true in the future and 
Cedar Rapids WPCF could see a reduction in industrial wastewater flows and loadings. As a 
result, right-sizing the system and processes requires consideration of expandability and 
modularity. 

Table 3-3. Cedar Rapids WPCF Main Lift Station Design Flows and Loads 

Design Evaluation Existing 
(2013-2015) 

Domestic 
Growth 

Design Basis1 

Design Parameter Units Ave. Ann. Ave. Ann. Max. Month Peak 2 
Week 

Max. 
Day 

Raw Flow MGD 45.8 2.8 48.6 67.3 83.3 135 

Raw cBOD5 Load lb/day 233,000 3,660 237,000 315,000 347,000 400,000 

Raw TSS Load lb/day 118,000 7,740 126,000 212,000 248,000 404,000 

Raw TKN Load2 lb-N/day 17,200 1,050 18,300 24,500 26,700 65,100 

Raw Ammonia Load lb-N/day 3,500 214 3,710 5,590 5,930 8,450 

Raw Total-P Load lb-P/day 3,340 164 3,500 4,790 5,210 12,200 

Raw Ortho-P Load lb-P/day 1,750 86 1,840 2,960 2,830 4,780 

Recycle Flow MGD 5.6 --- 0.8-1.2 1.0-1.5 --- --- 

Recycle cBOD5 Load3 lb/day 26,300 --- 1,000-1,500 1,300-1,800 --- --- 

Recycle TSS Load lb/day 17,800 --- 1,000-1,500 1,500-2,000 --- --- 

Recycle TKN Load lb-N/day 4,410 --- 1,000-1,500 1,300-1,800 --- --- 

Recycle NH3 Load lb-N/day 20 --- 750-1,000 1,000-1,500 --- --- 

Recycle Total-P Load lb-P/day 1,250 --- 250-500 500-1,000 --- --- 

Recycle Ortho-P 
Load 

lb-P/day 1,080 --- 200-400 400-800 --- --- 

Ave. Ann. = Average Annual; Max. = Maximum; MGD = million gallons per day; cBOD5 = 5-day, carbonaceous biochemical oxygen 
demand; lb/day = pounds per day; TSS = total suspended solids; TKN = total Kjeldahl nitrogen; lb-N/day = pounds of nitrogen per 
day; lb-P/day = pounds of phosphorus per day. 
1 Design basis is existing (2013-2015) plus 20-year domestic growth. 
2 TN is composed of TKN plus nitrate. Low concentrations of nitrate are measured in the influent, however, contributing less than 1 
percent to the influent TN load. As a result, TKN is the focus of the influent TN load and design basis. 
3.Design recycle loading ranges estimated based on model with treated sidestreams. 
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Table 3-4. Cedar Rapids WPCF Anaerobic Pretreatment Flows and Loadings 

Design Evaluation 
Existing 

Ave. Ann.1 Additional 

Future Design2 

Design Parameter Units 
Ave. 
Ann. 

Max. 
Month Max. Day 

Pretreat Flow MGD 1.5 0.74 2.2 3.0 4.3 

Pretreat cBOD5 Load lb/day 40,700 10,500 51,200 71,400 106,000 

Pretreat TSS Load lb/day 4,200 1,080 5,280 11,200 38,100 

Pretreat TKN Load3 lb-N/day 367 95 462 616 1,020 

Pretreat Ammonia Load lb-N/day 220 57 277 370 496 

Pretreat Total-P Load lb-P/day 26 7 33 35 80 

Pretreat Ortho-P Load lb-P/day 13 3 16 17 40 

Ave. Ann. = Average Annual; Max. = Maximum; MGD = million gallons per day; cBOD5 = 5-day, carbonaceous biochemical oxygen 
demand; lb/day = pounds per day; TSS = total suspended solids; TKN = total Kjeldahl nitrogen; lb-N/day = pounds of nitrogen per 
day; lb-P/day = pounds of phosphorus per day. 
1 2013-2015 data 
2 2037 
3 Nitrate loading to Anaerobic Pretreatment is assumed to be a negligible component of TN. Any nitrate that may be received is 
removed in the anaerobic pretreatment process prior to biogas production. 

3.2 Nutrient Reduction Capability 

Determining current nutrient reductions at the existing Cedar Rapids WPCF is challenging.  As 
noted previously, there are two separate influent flows, one from the Main Interceptor serving 
most of Cedar Rapids to the Main Lift Station, and a second from the Anaerobic Conveyance 
sewer serving a couple of the major Group 3 industries to Anaerobic Pretreatment.  Both flow 
streams are combined within the Cedar Rapids WPCF in secondary treatment, and the Cedar 
Rapids WPCF effluent includes both. 

On the influent side, the sample location for the Main Interceptor flow stream includes most of 
the solids processing recycle streams, which need to be subtracted to determine actual Cedar 
Rapids WPCF influent flows and loadings.  On the other hand, the sampling point for the 
Anaerobic Pretreatment flow stream is upstream of the solids processing recycle stream from 
the Decant Tank. The recycle stream routing and common measurement with influent streams 
further complicates determination of nutrient loadings and removals. Recycle loading has been 
subtracted from total main lift influent to provide a basis for design. This may result in slightly 
underestimating main lift influent nutrient loading and a slight overestimation of anaerobic 
pretreatment influent nutrient loading but is expected to give the best estimate for the total 
influent loading; that is, the sum of main lift and anaerobic pretreatment influent less recycle. 

Table 3-5 presents the nutrient influent and effluent loadings and percent removals for the 
existing Cedar Rapids WPCF.  The numbers are calculated best estimates using available data 
for the 2016 through 2018 time period.  This is more recent and contains a larger nutrient data 
set than the data from the 2013 through 2015 time period reflected in the separate Cedar 
Rapids WPCF Nutrient Reduction and Solids Facility Plan.     

Table 3-5: WPCF Nutrient Reduction (January 1, 2016 – December 31, 2018) 

*Loading based on average annual flow of 47.3 MGD, 46.0 MGD Main Influent + 1.3 MGD Anaerobic Pretreatment 

Parameter Total Nitrogen Total Phosphorus 

Average Influent Load* 20,866 lb-N/day 3,862 lb-P/day 

Average Effluent Load* 14,950 lb-N/day 2,632 lb-P/day 

Average Influent Concentration, Main Influent 46.6 mg-N/L 9.4 mg-P/L 

Average Effluent Concentration, Main Influent 20.6 mg-N/L 6.3 mg-P/L 

Current Nutrient Removal (based on mass reduction) 28.4 % 31.8 % 

IA Nutrient Reduction Strategy Target Reduction 66 % 75 % 

Average Effluent Concentration Target 16.8 mg-N/L 2.3 mg-P/L 

Average Effluent Load Target 7,094 lb-N/day 966 lb-P/day 
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As indicated in Table 3-5, the Cedar Rapids WPCF is achieving an estimated annual average 

TN reduction of 28.4 percent relative to the 2013 Iowa Nutrient Reduction strategy target of 

66 percent and an estimated average annual TP reduction of 31.8 percent relative to the 

strategy target of 75 percent. While the previous estimates identify nutrient reductions across 

the treatment facility, additional TN reduction occurs in the conveyance system based on data 

collected at industries. Some industries pretreat and oxidize ammonia via nitrification. The 

oxidized nitrate is denitrified in sewer environments favorable for denitrification. As a result, it is 

estimated that an additional 8.1 percent TN reduction occurs in conveyance. The total existing 

TN reduction for Cedar Rapids is therefore 36.5 percent or more than half of the total goal of 66 

percent. 
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4 Nutrient Baseline 
The nutrient baseline for the Cedar River watershed provides a basis for considering nutrient 
reduction options to achieve the objectives of the 2013 Iowa Nutrient Reduction Strategy. The 
baseline provides the basis for exploring potential opportunities for watershed nutrient 
reductions as offsets against Cedar Rapids WPCF reductions, or as alternatives to supplement 
the Cedar Rapids WPCF reductions. 

4.1 Watershed Nutrient Sources 

The Cedar River watershed includes approximately 5 million acres, roughly 4.4 million acres 
above and 0.6 million acres below the City of Cedar Rapids.  Table 4-1 and Table 4-2 provide 
estimated total watershed nitrogen and phosphorus loadings for the Cedar River watershed, 
both upstream and downstream of the Cedar Rapids WPCF. Loadings are based on the United 
States Geological Survey (USGS) SPAtially Referenced Regressions On Watershed Attributes 
(SPARROW) model. Figure 4-1 and Figure 4-2 show the spatial distribution of the agricultural 
nutrient yield throughout the watershed in relationship to the Cedar Rapids WPCF and the 
Middle Cedar Partnership Project (MCPP) Area in which the City is actively engaged.  

Table 4-1. Total Nitrogen Nonpoint and Point Loading by Source1 

Source Catchment 19764 (Upstream of WPCF) Catchment 19762 (Downstream of WPCF) 
Load (kg/yr) % of Total Load (kg/yr) % of Total 

WWTP2 582,931 1.5 865,580 2.2 

Atmospheric  5,709,889 14.7 5,811,342 14.6 

Manure  5,457,207 14.0 5,488,413 13.8 

Fertilizer (farm) 20,056,530 51.5 20,249,385 51.0 

Legume Crops  5,332,175 13.7 5,392,614 13.6 

Urban Areas  1,802,032 4.6 1,880,216 4.7 

Total 38,940,762 100.0 39,687,549 100.0 

Notes: WPCF = Water Pollution Control Facility; kg/yr = kilograms per year; WWTP = wastewater treatment plant. 
1 United States Geological Survey (USGS) SPAtially Referenced Regressions On Watershed Attributes (SPARROW) model data 
2 All wastewater treatment plants contributing to catchment. 

Table 4-2. Total Phosphorus Nonpoint and Point Loading by Source1 

Source Catchment 19764 (Upstream of WPCF) Catchment 19762 (Downstream of WPCF) 

Load (kg/yr) % of Total Load (kg/yr) % of Total 

WWTP2 119,360 9.4 136,130 10.4 

Manure 335,223 26.5 338,774 25.9 

Fertilizer (farm) 466,592 36.8 472,271 36.2 

Forest and Wetland 3,178 0.3 3,328 0.3 

Urban Areas 177,391 14.0 185,606 14.2 

Channel Erosion 165,232 13.0 169,705 13.0 

Total 1,266,976 100.0 1,305,816 100.0% 

Notes: WPCF = Water Pollution Control Facility; kg/yr = kilograms per year; WWTP = Wastewater treatment plant. 
1 United States Geological Survey (USGS) SPAtially Referenced Regressions On Watershed Attributes (SPARROW) model data 
2 All wastewater treatment plants contributing to catchment. 

As indicated in Table 4-1, the SPARROW Model indicates that more than 50 percent of the TN 
is derived from farm fertilizer with each of the next highest contributors of atmospheric nitrogen 
generating less than 15 percent of the TN. Adding all farm sources—fertilizer, manure, and 
legume crops—results in nearly 80 percent of the TN load. Wastewater treatment plants 
(WWTP) and urban areas are the source of 6 to 7 percent of the nitrogen load on the river in the 
SPARROW model.  
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The difference between upstream and downstream urban area loadings shows that Cedar 
Rapids urban runoff contributes a small percentage of the modeled watershed TN load. The 
increase from the upstream to the downstream numbers for WWTPs reflects the modeled 
contribution of the Cedar Rapids WPCF discharge. As subsequently described, the magnitude 
of point source contributions is not fully captured by the SPARROW model and the influent load 
to the Cedar Rapids WPCF more likely represents about 7 percent of the watershed load 
instead of the roughly 1.5 to 2 percent of the watershed load identified by the SPARROW 
model.  

As indicated in Table 4-2, the SPARROW Model indicates that more than 35 percent of the TP 
is derived from fertilizer with the next highest contributor being the manure load, which is 
roughly 26 percent of the TP. Adding both farm sources—fertilizer and manure—results in just 
over 60 percent of the TP load. WWTPs and urban areas are the sources of about 24 percent of 
the TP load in the SPARROW model.  

The difference between upstream and downstream urban area loadings in the SPARROW 
model indicates that Cedar Rapids urban runoff contributes a small percentage of the modeled 
watershed TP load. The increase from the upstream to the downstream WWTP loadings 
indicates the contribution of the Cedar Rapids WPCF discharge reflected in the SPARROW 
model. As subsequently described and as was the case with TN, the magnitude of the TP 
contribution is not fully captured by the SPARROW model and the influent load to the Cedar 
Rapids WPCF more likely represents about 45 percent of the watershed load instead of the 
approximately 1 percent of the watershed load identified by the SPARROW model.  

As indicated in Figure 4-1, high agricultural yield areas for nutrients are identified within areas in 
the northern watershed contributing the most TN per acre and areas in the western part of the 
watershed generating the most TP per acre. In pursuing nonpoint source reduction for TN, the 
watershed upstream of Cedar Falls should be targeted, and in pursuing nonpoint source 
reduction for TP, the western portion of the watershed should be targeted. 

Generally, the use of nonpoint source best management practices (BMPs) to potentially offset 
or supplement Cedar Rapids WPCF reductions are more practical for TN reduction than TP 
reduction. This is due to the larger acreage requirement and higher cost associated with the 
larger watershed TP contribution from the Cedar Rapids WPCF, higher removal goals for TP, 
and generally lower watershed TP removal efficiency. 
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Figure 4-1. Total Phosphorus Agricultural Yield in the Cedar River Watershed Figure 4-2. Total Nitrogen Agricultural Yield in the Cedar River Watershed 
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4.2 Watershed Nutrient Point Sources 

Discharging 47.3 MGD on average, the Cedar Rapids WPCF is the largest of more than 50 
Iowa and Minnesota WWTPs discharging to the Cedar River shown in Figure 4-3.  Point source 
facilities in Iowa are identified by orange circles with larger circles representing larger facilities 
as shown in the legend. Minnesota dischargers are represented by purple circles.  

Figure 4-3. NPDES Facilities (Note: Facility size is not adjusted for Minnesota WWTPs) 

 

Several large dischargers are depicted upstream of Cedar Rapids WPCF including Waterloo, 
Cedar Falls, and Mason City, Iowa. The largest dischargers in Minnesota are Albert Lea and 
Austin. Table 4-3 lists the Iowa WWTPs contributing to the watershed as identified by the Iowa 
DNR database. Table 4-4 lists the Minnesota WWTPs contributing to the watershed as 
identified by the Minnesota Pollution Control Agency’s (MPCA’s) database.  Discharges for the 
other WWTPs range from less than 100,000 gallons per day to just over 18 million gallons per 
day. 
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Table 4-3. Top 25 Iowa WWTPs Discharging to the Cedar River Watershed 

Facility Name Permit Type Population Equivalent Average Design Flow 

Cedar Rapids WPCF Municipal 2,431,137 43.8 

Waterloo City of Stp1 Municipal 526,946 18.0 

Cedar Falls City of Stp Municipal 45,928 7.68 

Mason City Water Reclamation Facility Municipal 127,617 6.00 

Clear Lake Sanitary District Municipal 31,838 2.40 

Charles City Water Pollution Control Plant Municipal 25,749 1.96 

Vinton City of Stp Municipal 12,982 1.48 

Cedar Falls Municipal Electric Utility Industrial 0 1.44 

West Liberty City of Stp Municipal 24,108 1.38 

Waverly City of Stp Municipal 16,120 0.97 

Mount Vernon City of Stp Municipal 10,299 0.66 

Evansdale City of Stp Municipal 6,641 0.64 

Forest City of Stp Municipal 8,982 0.53 

Osage City of Stp Municipal 13,174 0.52 

Lake Mills City of Stp Municipal 17,964 0.50 

Grundy Center City of Stp Municipal 7,784 0.40 

Hampton City of Stp Municipal 5,802 0.36 

Wilton City of Stp Municipal 3,341 0.35 

Tipton City of Stp (west) Municipal 2,754 0.34 

Northwood City of Stp Municipal 2,994 0.34 

Shellsburg City of Stp Municipal 3,479 0.32 

Reinbeck, City of Stp Municipal 2,778 0.31 

Walcott City of Stp (north) Municipal 3,521 0.29 

Walcott City of Stp (north) Municipal 3,521 0.29 

Elk Run Heights City of Stp Municipal 4,042 0.28 
Source: Based on Information from Iowa DNR databases 
1Stp = sewage treatment plant 

Table 4-4. List of Minnesota NPDES Facilities Discharging to Cedar River Watershed 

Facility Design Flow, MGD NPDES Permit # Population 

Adams WWTP1 0.278 MN0021261 789 

Agra Resources LLC 0.22 MN0065692  

Albert Lea WWTF* 18.38 MN0041092 17,871 

Albert Lea WTP    

Arkema Inc    

Austin Utilities – Downtown Plant    

Austin Utilities Northeast Power     

Austin WWTF 8.47 MN0022683 25,460 

Blooming Prairie WWTP 0.89 MN0021822 1,138 

Brownsdale WWTP 0.18 MN002934 1,078 

Cargill Meat Solutions Corp  MNG255077  

David Spinler Construction Inc    

Elkton WWTP 0.017 MNG580013 356 

Geneva 0.069 MN0021008 905 

Glenville WWTP 0.13 MN0021245 1,060 

Hayfield WWTP 0.41 MN0023612 1,696 

Hayward WWTP 0.0045 MN0041122 546 

Hollandale WWTP 0.041 MN0048992 751 

Hormel Foods Corp – Austin Plant 0.4 MN0050911  

Lansing Township 0.026 MN0063461 910 

Lou-Rich Inc    

Lyle WWTP 0.17 MN0022101 852 

MDNR2 Myre Big Island State Park    

Oakland Sanitary District WWTP 0.012 MN0040631 652 

Osmundson Bros Inc (Sand & Gravel) - - - 

Sargeant WWTP 0.0106 MN0021601 243 

Scott Thompson Farm  MN0070351  

Twin Lakes WWTP 0.03 MNG580042 460 

Waltham WWTP 0.027 MN0025186 394 
Source: EPA EnviroMapper 
1WWTP = wastewater treatment plant 
2Minnesota Department of Natural Resources 
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Table 4-5 and Table 4-6 show the approximate nutrient loadings on the Cedar Rapids WPCF 
associated with the influent wastewater flow into the facility and the solids recycle flow within the 
facility. Estimated average annual, maximum month, and maximum day influent loadings are 
shown. Both tables show the annual average loading as a percentage of the SPARROW 
predicted total watershed loading. The solids recycle loading is shown as a percentage of 
influent loading in the second table. Nitrogen data is available as total Kjeldahl nitrogen (TKN), 
which slightly understates the TN loading and includes nitrate nitrogen and nitrite nitrogen as 
well as TKN.  

Table 4-5. Cedar Rapids WPCF Influent Nutrient Loads (2013-2015) 

Nutrient Type Units Ave Annual Max Month Max. Day % Watershed Load1 

Influent TKN Load lb-N/day 17,670 22,460 24,680 7.4 

Influent TP Load lb-P/day 3,580 44,60 5,250 45 

TKN = total Kjeldahl nitrogen; lb-N/day = pounds of nitrogen per day; TP = total phosphorus; lb-P/day = pounds of phosphorus per 
day. 
1 Watershed load based on Sparrow model output adjusted to reflect WPCF data analysis. 

Table 4-6. Statistical Analysis of Cedar Rapids WPCF Recycle Nutrient Loads (2013-2015) 

Nutrient Type Units Ave Annual Max Month Max. Day % Raw % Watershed Load1 

Recycle, TKN Load lb-N/day 4,750 9,570 17,220 26 2.0 

Recycle, TP Load lb-P/day 1,030 2,180 3,740 35 13 

TKN = total Kjeldahl nitrogen; lb-N/day = pounds of nitrogen per day; TP = total phosphorus; lb-P/day = pounds of phosphorus per 
day. 
1 Watershed load based on Sparrow model output adjusted to reflect WPCF data analysis. 

The 2013 Iowa Nutrient Reduction Strategy was based on statewide assumptions that 8 percent 
of the TN contribution and 20 percent of the TP contribution are from point sources.  These 
percentages are based on the assumption of a 30 mg/l average influent TN loading and a 4 mg/l 
average influent TN loading to the wastewater treatment plants.  

Cedar Rapids WPCF’s estimated TKN contribution of 7.4 percent of the watershed TN load is 
slightly less than assumed statewide percentage contribution for point sources and Cedar 
Rapids WPCF’s estimated TP contribution of 45 percent of the watershed TP load is 
significantly higher than the assumed statewide percentage contribution for point sources.  
Significant contributions from Cedar Rapids’ industrial sources account for these differences.  

Solids recycle loads are significant at 26 percent and 35 percent of the Cedar Rapids WPCF 
influent TKN and TP loads, respectively, representing an important consideration in nutrient 
reduction facility sizing and significant potential to target reductions in solids recycle loadings. 
Solids recycle loadings at the Cedar Rapids WPCF are high relative to many Iowa WWTPs 
likely due to the abnormally high recycle load generated by the LPO process. 

4.3 Industrial Sources 

Industrial users are significant contributors to the influent nutrient loadings at the Cedar Rapids 
WPCF. As shown in Figure 4-4 and Figure 4-5, eight major industrial users, referred to as 
Group 3 industries, produce about 47 percent of the TN loading1 and just over 60 percent of the 
TP loading. All other residential, commercial, and industrial sources, referred to as Non-Group 3 
influent, contribute just over 52 percent of the TN loading and just less than 40 percent of the TP 
loading on the Cedar Rapids WPCF. 

                                                

1 TN discharge by industries includes ammonia based nitrogen, organic nitrogen, and nitrate based 
nitrogen. Minimal nitrate based nitrogen is measured in the influent, which is attributed to removal in the 
conveyance system. 
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Figure 4-4. Cedar Rapids WPCF Influent Nitrogen Sources 

 

Figure 4-5. Cedar Rapids WPCF Influent Phosphorus Sources 

 

TN loads discharged by industry are composed of TKN, nitrate, and nitrite. Nitrate and nitrite are 
generated when industries pretreat their wastewater streams. While TN discharged by industry 
includes oxidized forms of nitrogen (nitrate and nitrite), minimal oxidized nitrogen is received at 
the Cedar Rapids WPCF. The oxidized nitrogen species discharged by industry are likely 
denitrified and removed in the sewer while being conveyed to the Cedar Rapids WPCF. While 
industries discharge up to 48 percent relative to the Cedar Rapids WPCF TN load, the industrial 
TN load actually received at the Cedar Rapids WPCF from Group 3 industries is 43 percent of 
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the total, which means that 8 to 10 percent or 1,850 pounds of nitrogen per day (lb-N/d) of the 
industrial TN load is denitrified in the sewer.  

The nutrient loads received at the Cedar Rapids WPCF are amenable to Biological Nutrient 
Removal (BNR) based on the cBOD5 to TKN and cBOD5 to TP ratios. Individually, many of the 
industrial waste streams have enough cBOD5 to drive BNR, and in some cases, the industrial 
waste streams are nutrient deficient. However, one major industry’s waste stream, with onsite 
treatment, contains an excess of nutrients and insufficient cBOD5 to support nutrient removal 
without the other industrial contributions. 

4.4 Drinking Water Source 

Orthophosphate (ortho-P) is added at the City’s two drinking water treatment facilities to create 
a finished water quality that meets human health standards, is aesthetically pleasing, and 
inhibits corrosion within the water distribution system. This is important to prevent lead and 
copper from leaching out of the pipes. The typical target concentration for finished water quality 
is from 1.0 to 3.0 mg-P/L, but the target depends on the specific distribution system corrosivity 
and distribution pipe materials and age. Orthophosphate is typically fed at 0.5 mg/l at the Cedar 
Rapids drinking water facilities 

Table 4-7 shows the measured finished water quality ortho-P concentrations at both the 
Northwest and J Avenue Drinking Water Treatment Plants in Cedar Rapids. The average 
annual (50th percentile) concentration for both facilities is 0.21 mg-P/L with standard deviations 
less than 0.1 mg-P/L, indicating tight quality control. Based on the average annual value for 
drinking water ortho-P, between 2 and 3 percent of the TP loading to the Cedar Rapids WPCF 
is derived from the drinking water. 

Table 4-7. Statistical Analysis of Ortho-P Concentrations Finished Drinking Water  
NW Avenue 

Ortho-P, mg-P/L 
J Avenue 

Ortho-P, mg-P/L 

Average 0.21 0.21 

Standard Deviation 0.03 0.01 

Average Annual 50.0 Percentile 0.21 0.21 

Maximum Day 99.7 Percentile 0.38 0.27 

The established target concentration has been established to give safe drinking water quality in 
Cedar Rapids. Based on prior correspondence between Iowa DNR and Environmental 
Protection Agency (EPA), changes to the ortho-P dosing scheme should only be made after in-
depth studies are conducted with a pipe-rig test to prevent deterioration of drinking water quality 
and to avoid potential human health consequences. 



Cedar Rapids Nutrient Reduction Feasibility Study 25 

5 Nutrient Reduction Strategy 
The 2013 Iowa Nutrient Reduction Strategy challenges point source dischargers to identify 
strategies for reducing nutrient discharges through implementation of BNR. The 2013 Iowa 
Nutrient Reduction Strategy targets reductions to 10 milligrams per liter (mg/l) TN and 1 mg/l 
TP, or 67 percent TN and 75 percent TP reduction for higher strength waste streams with more 
significant nutrient loadings. These requirements reflect the 2013 Iowa Nutrient Reduction 
Strategy approach to implementing technology based limits, in this case BNR, rather than 
potentially more stringent water quality based limits as some states have done. Both the 
concentration and percent reduction requirements are an annual average basis.  

5.1 Nutrient Reduction Targets and Strategies 

The Cedar Rapids WPCF treats a higher strength waste stream with significant nutrient 
concentrations. Table 5-1 identifies the required reductions for the 2013 Iowa Nutrient 
Reduction Strategy targeted 66 percent TN and 75 percent TP reductions, and two other more 
stringent levels; one based on BNR limits (effluent TN concentration of 10 mg-N/L and TP 
concentration of 1 mg-P/L) and one based on technology limits (effluent TN concentration of 
3 mg-N/L and TP concentration of 0.3 mg-P/L). It identifies the corresponding nutrient mass 
reductions that would be required for existing Cedar Rapids WPCF flows and loads.  

In implementing BNR at the Cedar Rapids WPCF, additional nutrient removals beyond the 
targeted percent reductions may be achievable and could be beneficial to offset other 
watershed contributions and future incremental loads on the Cedar Rapids WPCF. However, it 
is not possible to achieve all Cedar Rapids WPCF reduction goals in the watershed due to the 
large land area needed. Likewise, a portion of the 2013 Iowa Nutrient Reduction Strategy 
required reductions could be achieved offsite through reduction of nutrients from industrial 
wastewater sources’ influent to the Cedar Rapids WPCF, or reduction of nutrients from nonpoint 
sources in the watershed. 

The three nutrient reduction levels considered include: 

 Level 1 – Achieve 67 percent TN and 75 percent TP removal, as required by the 2013 
Iowa Nutrient Reduction Strategy (reduction of 11,660 lb-N/day TN and 2,690 lb-P/day 
TP). 

 Level 2 – Achieve effluent TN of 10 mg-N/L and TP of 1 mg-P/L, typical of BNR 
(additional reduction of 2,450 lb-N/day TN and 526 lb-P/day TP from Level 1). 

 Level 3 – Achieve effluent TN of 3 mg-N/L and TP of 0.3 mg-P/L, typical of enhanced 
nutrient removal (ENR) (additional reduction of 5,000 lb-N/day TN and 770 lb-P/day TP 
from Level 1).  

Table 5-1. Cedar Rapids WPCF Existing Nutrient Load Removal Targets (Based on 2013-2015 Data Analysis) 

Cedar Rapids WPCF Nutrient Loads Influent, Total Target Nutrient Removals (lb/day)1 
Level 12 Level 2 Level 3 

TN, lb-N/day 17,670 11,660 14,110 16,660 

TP, lb-P/day 3,580 2,690 3,216 3,460 

1 Average Annual basis  
2 2013 Iowa Nutrient Reduction Strategy targeted 66 percent TN and 75 percent TP reductions  
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Figure 5-1 and Figure 5-2 are Sankey diagrams for TN and TP loadings in the Cedar River 
watershed upstream of and including the Cedar Rapids WPCF. As indicated in Figure 5-1, the 
Cedar Rapids WPCF contributes an estimated 17,670 lb/day of TN, 8,310 lb/day of which are 
from major Group 3 industrial sources, and urban runoff from Cedar Rapids contributes an 
estimated 470 lb/day of the estimated total 255,740 lb/day of TN load.  

The industrial TN load results primarily from TKN discharged by industries. However, a few 
industries have pretreatment processes that nitrify and oxidize the TKN to nitrate. While nitrate 
is present in the direct discharge by a few industries, very little nitrate is measured at the influent 
of the Cedar Rapids WPCF. Therefore, based on the data, industrial TKN that is nitrified and 
oxidized before discharge is denitrified, and effectively removed in the sewer prior to reaching 
the Cedar Rapids WPCF. Therefore, industrial pretreatment with nitrification results in TN 
removal due to the anoxic environment created in the sewers. 

Figure 5-1. TN Sankey Diagram for Cedar River Watershed 

 



Cedar Rapids Nutrient Reduction Feasibility Study 27 

Similarly, as indicated in Figure 5-2, the Cedar Rapids WPCF contributes an estimated 
3,580 lb/day of TP, 2,150 lb/day of which are from major Group 3 industrial sources, and urban 
runoff from Cedar Rapids contributes an estimated 50 lb/day of the estimated total 
11,400 lb/day of TP load.  

Figure 5-2. TP Sankey Diagram for Cedar River Watershed 

 

Figure 5-3 identifies that the potential nutrient reduction strategy includes one or more of three 
potential options, including:  

1. Onsite through nutrient reduction at the Cedar Rapids WPCF  
2. Offsite through nutrient reductions in wastewater loadings from industrial sources  
3. Offsite through reduction in nutrients from nonpoint sources within the Cedar River 

watershed.  
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Figure 5-3. Cedar Rapids WPCF Nutrient Reduction Strategy 

 

Either of the first two options (or a combination) are potentially acceptable for Cedar Rapids 
WPCF compliance with the 2013 Iowa Nutrient Reduction Strategy. Onsite nutrient reduction 
could be accomplished at the Cedar Rapids WPCF through existing process optimization and/or 
by implementing alternative nutrient reduction technologies. Offsite nutrient reduction in 
wastewater loadings from industrial sources could be accomplished through process 
modifications or pretreatment at industrial sites to reduce influent loadings and corresponding 
effluent discharges from the Cedar Rapids WPCF. 

At present, it is not clear to what extent offsite nutrient reductions through implementation of 
BMPs would be acceptable as an alternative for compliance with the 2013 Iowa Nutrient 
Reduction Strategy. The original intent was that such reductions could be used to offset future, 
more stringent point source reductions. Toward that end, Iowa DNR is in the process of 
establishing a nutrient reduction exchange (NRE) to register and accumulate offsite nutrient 
reductions for future considerations. However, there are ongoing discussions to consider offsite 
nutrient reductions through implementation of BMPs as part of a plan for point source 
compliance with the 2013 Iowa Nutrient Reduction Strategy.  

Potential onsite Cedar Rapids WPCF nutrient reduction approaches include the following: 

 Process optimization 

 Sidestream treatment 

 Add-on processes 

 Process modifications 

 Innovative process modifications 

 Effluent polishing 

Potential offsite source reduction approaches include the following: 

 Major Group 3 industrial source reduction 

 Offsets for other upstream point sources 

Potential offsite nonpoint source nutrient reduction approaches include the following:  

 Offsets from Cedar Rapids Stormwater BMPs (part of the Municipal Separate Storm 
Sewer System [MS4] permit, but expandable beyond minimum permit requirements) 

 Offsets from BMP implementation in the watershed 
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The City is required to incorporate BMPs into the overall stormwater MS4 program. 
Implementation of those BMPs provide some level of nutrient control that could be used to offset 
Cedar Rapids WPCF nutrient reduction requirements. As a placeholder, it is anticipated that a 
10 percent reduction in stormwater (Urban runoff) could occur as part of the existing program for 
the purposes of evaluating nutrient reduction strategies. This should be further reviewed and 
evaluated with credits sought through the NRE for any BMPs implemented since the inception 
of the 2013 Iowa Nutrient Reduction Strategy. Likewise, nutrient reductions should be reviewed 
and credits sought through the NRE for any additional stormwater BMPs implemented in the 
future. At a minimum, any such credits could be banked as offsets for future, more stringent 
Cedar Rapids WPCF nutrient reduction requirements. The potential exists that such credits 
could be approved as offsets for Cedar Rapids WPCF compliance with the 2013 Iowa Nutrient 
Reduction Strategy. 

The following five potential strategies for Cedar Rapids WPCF nutrient reduction have been 
developed as realistic combinations of the three general approaches to achieve targeted levels 
1, 2, and 3 nutrient reduction. 

1. Strategy 1: Minimal WPCF – Sidestream Facility (Level 1 Target) 
a. WPCF – Install a sidestream treatment system 
b. Group 3 Industry Source Reduction – Nutrient Limits/Surcharge 
c. Nonpoint Source Reduction (MCPP), BMP nutrient reductions 
d. Cedar Rapids stormwater program (existing BMPs) 

2. Strategy 2: Moderate WPCF 1 – BNR Facility (Level 2 Target) 
a. WPCF – Install a BNR treatment system 
b. Group 3 Industry Source Reduction – 10 percent via education/management 
c. Nonpoint Source Reduction (MCPP), BMP nutrient reductions 
d. Cedar Rapids stormwater program (existing BMPs) 
e. Sell or bank offsets from excess treatment to offsite point sources 

3. Strategy 3: Moderate WPCF 2 – BNR Facility with Sidestream Treatment (Level 2 
Target) 

a. WPCF – Install a BNR treatment system 
b. WPCF – Install a sidestream treatment system 
c. Nonpoint Source Reduction (MCPP), BMP nutrient reductions 
d. Cedar Rapids stormwater program (existing BMPs) 
e. Exchange offsite based on excess treatment 

4. Strategy 4: Maximal WPCF 1 – ENR Facility (Level 3 Target) 
a. WPCF – Install a ENR treatment system 
b. Nonpoint Source Reduction (MCPP), BMP nutrient reductions 
c. Cedar Rapids stormwater program (existing BMPs) 
d. Exchange offsite based on excess treatment 

5. Strategy 5: Maximal WPCF 2 – Resource Recovery Facility (Level 3 Target) 
a. WPCF – Install a ENR treatment system 
b. WPCF – Install a sidestream treatment system 
c. Nonpoint Source Reduction (MCPP), BMP nutrient reductions 
d. Cedar Rapids stormwater program (existing BMPs) 
e. Exchange offsite based on excess treatment 
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Table 5-2 and Figure 5-4 summarize the estimated nutrients captured for each strategy. 
Potential offsets reflect the difference between the Level 1 nutrient reduction target and the total 
reduction shown. Nutrient load reductions resulting from implementation of one of the strategies 
are subject to further refinement as the strategy or strategies are further implemented with 
specific technologies and BMPs.  

Table 5-2. Summary of Nutrient Reduction Strategies1 

 WPCF 
Treatment 

Offsite Total 
Reduction2 

Potential 
Offsets Group 3 

Industry 
MCPP Stormwater 

Strategy 1 – Minimal WPCF level with sidestream focus 

TN Reduction, lb/day 3,440 4,085 4,085 50 11,660 0 

TP Reduction, lb/day 1,020 808 807 5 2,690 0 

Strategy 2 – Moderate WPCF level with BNR 

TN Reduction, lb/day 12,8993 761 400 50 14,110 2,450 

TP Reduction, lb/day 3,0213 186 8 5 3,220 526 

Strategy 3 – Moderate WPCF level with BNR and sidestream 

TN Reduction, lb/day 13,660 0 400 50 14,110 2,450 

TP Reduction, lb/day 3,207 0 8 5 3,220 526 

Strategy 4 – Maximal WPCF level with ENR 

TN Reduction, lb/day 16,210 0 400 50 16,660 5,000 

TP Reduction, lb/day 3,447 0 8 5 3,460 770 

Strategy 5 – Maximal WPCF level with ENR and sidestream 

TN Reduction, lb/day 16,210 0 400 50 16,660 5,000 

TP Reduction, lb/day 3,447 0 8 5 3,460 770 

1 These strategies reflect concept level estimates associated with the four strategies previously described. Nutrient reduction 
estimates will be refined as alternatives are developed. 
2 The required reductions for Level 1 are TN = 11,660 lb-N/day, TP= 2,690 lb-P/day; and Level 2 are TN = 14,110 lb-N/day, TP= 
3,216 lb-P/day 
3 Less than Level 2 - BNR load reduction, because industry source reduction lessens. 

Figure 5-4. Nutrient Reduction Strategies 

  
 

5.2 Cedar Rapids WPCF Nutrient Reduction Costs 

The costs for nutrient removal processes vary widely depending on the strategy and the 
technology used. For planning purposes at the time the initial nutrient reduction strategy was 
prepared, cost comparisons were developed based on a unit cost, or cost per pound of nutrient 
removed. Several studies provide reference costs, giving a basis for comparative analysis. 
Table 5-3 identifies the unit costs used herein to develop comparative costs for each strategy. 
No cost is included for industrial source reductions assuming that the associated costs will be 
cost effectively borne by industry. Note, as indicated previously, to achieve industrial TN 
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removal, pretreatment industries need only nitrify resulting in discharge of nitrates. Nitrates are 
expected to be denitrified with concurrent TN removal in the sewer. 

Table 5-3. Unit Costs for Nutrient Reduction used in Comparative Cost Analysis 

Nutrient Reduction Target Area Unit Costs 
TN $/lb TP $/lb 

Watershed1 $3.23 $32.66 

Stormwater2 $67 $982 

WPCF 
  

 BNR3 $1.57 $11.80 

 ENR3  $15.80 $95.00 

 Sidestream4 $1.10 $ 8.20 

Industrial Group 3 Reductions5 $-- $-- 

Annual Offsets6 -$10.00 -$ 20.00 

1 Average of cost range from Iowa Nutrient Reduction Strategy. 
2 Low Cost from Chesapeake Bay: An Economic Study, Chesapeake Bay Commission, May 2012. 
3 Chesapeake Bay: An Economic Study, Chesapeake Bay Commission, May 2012. 
4 Group 3 Reduction costs are born by industry to avoid TN and TP surcharges that would be added. As a result, no costs to Cedar 

Rapids are shown in this analysis. 
5 Cost derived from recent HDR project data. 
6 Best engineering judgment. 

Table 5-4 identifies the comparative costs for each of the five potential strategies accounting for 
watershed, stormwater, and Cedar Rapids WPCF nutrient removal costs and providing a credit 
for offsets available to be sold upstream. The table shows costs normalized to the baseline 
strategy, which is assumed to be strategy 3 because that represents the assumed approach by 
the 2013 Iowa Nutrient Reduction Strategy. Therefore, each cost presented is relative to the 
baseline. For example, the total Strategy 1 normalized cost is 1.70 meaning it is 70 percent 
more expensive than the Strategy 3 approach. 

Table 5-4. Nutrient Reduction Strategy Normalized Costs 

Nutrient Reduction Target 
Area 

Strategy 1: 
Sidestream1 

Strategy 2: 
BNR 

Strategy 3: 
BNR + 
Sidestream 

Strategy 4: 
ENR 

Strategy 5: 
ENR + 
Sidestream 

Watershed 1.12 0.04 0.04 0.04 0.04 

Stormwater 0.23 0.23 0.23 0.23 0.23 

Industrial       

WPCF --- --- --- --- --- 

BNR --- 1.55 1.15 1.64 1.25 

ENR  --- --- --- 1.99 1.13 

Sidestream 0.34 --- 0.34 --- 0.34 

Annual Cost 1.70 1.82 1.77 3.90 3.00 

Annual Cost Rank 1 3 2 5 4 

Annual Offsets2 --- 0.77 0.77 1.56 1.56 

Total Annual Cost with Offset 1.70 1.05 1.00 2.35 1.45 

Total Annual Cost with Offset 
Rank 

4 2 1 5 3 

1 Group 3 Reduction costs are born by industry to avoid TN and TP surcharges that would be added. As a result, not costs to Cedar 
Rapids are shown in this analysis. 
2 Assumes 50 percent excess offsets are sold. 
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The comparative total annual cost increases from lowest to highest as follows. 

1. Strategy 3: BNR + Sidestream  
2. Strategy 2: BNR  
3. Strategy 5: ENR+Sidestream  
4. Strategy 1: Sidestream 
5. Strategy 4: ENR 

Conversely, excluding the offset credit, the annual cost increases from lowest to highest as 
follows. 

1. Strategy 1: Sidestream 
2. Strategy 3: BNR + Sidestream 
3. Strategy 2: BNR 
4. Strategy 5: ENR+Sidestream 
5. Strategy 4: ENR 

Strategy 3: BNR + Sidestream has the lowest total annual cost. It implements mainstream 
nutrient removal at the Cedar Rapids WPCF balanced against nutrient reduction at the MCPP, a 
small source reduction goal from industries, and credit for continued implementation of the 
current stormwater program. With the offsite reductions, it includes a small offset credit 
achieved through the potential value of nutrient offsets to upstream point sources. Such value is 
subject to future evolution of the 2013 Iowa Nutrient Reduction Strategy and the exchange. 
Even without the offset credit, implementation of Strategy 3: BNR + Sidestream is the second 
lowest annual cost. 

Strategy 1: Sidestream is the lowest annual cost option without the potential offset credit. 
However, limiting Cedar Rapids WPCF nutrient reductions to sidestream treatment requires 
considerable investment in watershed improvements to achieve nonpoint source reduction. This 
approach is not assured to be acceptable at present under the 2013 Iowa Nutrient Reduction 
Strategy. Strategy 1: Sidestream imposes a larger burden on industries to reduce nutrients at 
the source.  

The five strategies represent a range of comprehensive alternatives for meeting nutrient 
reduction requirements. The costs presented in Table 5-4 are general without consideration of 
site specific variables and are intended for comparative purposes of alternative strategies only. 
The results do provide general insight as follows into the potential combinations of onsite and 
offsite nutrient reduction and the appropriate level of nutrient reduction provided at the Cedar 
Rapids WPCF.  

 Implementation of sidestream treatment at the Cedar Rapids WPCF provides a cost 
efficient first step and provides the opportunity to subsequently incorporate BNR 
depending on need as determined by the effectiveness of offsite nutrient reduction.  

 Implementation of BNR is nearly as cost effective when coupled with the potential value 
of the associated offsets associated with greater than the 2013 Iowa Nutrient Reduction 
Strategy targeted percent 67 percent TN and 75 percent TP removals. 

 Targeting a more stringent nutrient goal by implementing ENR at the Cedar Rapids 
WPCF increases the cost dramatically even considering the potential value of the 
associated offsets.  

 A more cost-effective strategy than ENR relies on watershed reductions or including the 
more economical sidestream treatment to reduce the cost of mainstream ENR.  
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The preferred strategy moving forward is a revised Strategy: 3 BNR + Sidestream with a slightly 
stronger emphasis on watershed reductions initially followed by phased implementation of BNR 
and sidestream at WPCF. This preferred strategy entails the following.  

 Non-point source nutrient reductions are anticipated between 10 and 20% for TN (1,200 
to 2,400 lb-N/d or about 440,000 to 880,000 lb-N per year) and between 5 and 10% for 
TP (270 to 540 lb-P/d or about 100,000 to 200,000 lb-P per year) initially. 

 Continued efforts through the MCPP to achieve offsite watershed nutrient reductions 
through implementation of BMPs for agricultural nonpoint sources. 

 Continued efforts through Cedar Rapids stormwater program to achieve offsite 
watershed nutrient reductions through implementation of BMPs for nonpoint urban 
sources. 

 Continued efforts to work with Major Group 3 Industries to achieve offsite industrial 
source nutrient reductions. 

 Implementation of sidestream nutrient reduction at the Cedar Rapids WPCF. 

 Subsequent implementation of mainstream biological nutrient reduction at the Cedar 
Rapids WPCF to the extent that sufficient offsite nutrient reductions cannot be achieved 
to offset the requirement for additional nutrient reduction at the Cedar Rapids WPCF 
while considering and addressing infrastructure age and condition, capacity needs, and 
wet weather or peak flow processing. 

 Sell offsets from any excess nutrient reductions to other point sources or bank them for 
future us. 
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6 Cedar Rapids WPCF Nutrient Reduction 
Several approaches have been considered for Cedar Rapids WPCF nutrient reduction, 
including source reduction, solids recycle stream management (including treatment), operational 
changes to achieve nutrient removal through optimization, and alternative technology 
implementation. Each approach is discussed in the following. 

6.1 Cedar Rapids WPCF Source Reduction 

As previously noted in Section 4, the eight major industrial sources discharge more than 
50 percent of the TN and TP loadings on the Cedar Rapids WPCF.  Offsite reductions in the 
nitrogen and phosphorus discharges from those industrial sources would achieve the same 
result as onsite nutrient reductions at the Cedar Rapids WPCF.   

Reductions in industrial nutrient discharges could be accomplished through process 
modifications or pretreatment at industrial sites to reduce influent loadings and corresponding 
effluent discharges from the Cedar Rapids WPCF.  Initial discussions with the major nitrogen 
and phosphorus industrial sources have not identified significant opportunities for such 
reductions.  However, the potential for reductions is significant and continued discussions with 
those major industrial sources is recommended.  

Some industrial nitrogen loading is already undergoing reduction through pretreatment 
nitrification and subsequent denitrification in conveyance as described in Section 5. It is 
estimated that between 1,500 and 2,000 lb-N/day are nitrified by industry and subsequently 
removed in the sewers currently. This is between 8 and 10 percent of the recorded TN load 
when measuring Cedar Rapids WPCF load and adding nitrate load at industrial sources. This 
removal contributes to the current 36.5 percent TN reduction, which suggests Cedar Rapids is 
over half way to the goal of 66 percent reduction.  

Additional incremental increase to industrial source reduction may be achieved by working with 
pretreatment industries to enhance nitrification only because nitrates are subsequently 
denitrified in the sewer. These industries may achieve increased levels of nitrification with their 
existing systems through in-house optimizations such as increased aeration or possible flow 
blending to reduce loading on their aeration systems. 

6.2 Solids Recycle Management 

As previously noted in Section 4, a significant portion of the TN and TP removed from the liquid 
treatment process is concentrated and returned to the plant influent with solids processing 
recycle flows that represent only about 5 to 10 percent of the plant influent flow.  The TN and TP 
loadings from solids recycle flows are estimated to be from 20 to 40 percent and from 30 to 
50 percent of the plant influent TN and TP loadings.  

While not sufficient to achieve the 2013 Iowa Nutrient Reduction Strategy targeted reductions, 
significant reductions can be achieved through removal of nitrogen and phosphorus from the 
solids recycle flow.  As evaluated in Section 5, sidestream treatment represents a cost-effective 
first step toward ultimately achieving the targeted reductions. 
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6.3 Cedar Rapids WPCF Operational Changes 

As previously noted in Section 3, the existing Cedar Rapids WPCF is achieving an estimated 
annual average TN reduction of 28.4 percent and an estimated average annual TP reduction of 
36.5 percent. With sidestream treatment to manage solids recycle nutrient loadings, further 
reductions could be achieved to an estimated 5 to 15 percent for both TN and TP. To get to the 
targeted 66 percent TN and 75 percent TP reductions at the Cedar Rapids WPCF, mainstream 
treatment would be required.  As subsequently discussed, either sidestream or mainstream 
treatment requires a significant capital investment. 

Two key considerations limit the ability to simply optimize the existing process for nutrient 
removal. First, incorporation of nutrient removal into an existing activated sludge process 
requires using part of the excess capacity of the activated sludge process and recommitting that 
capacity to nutrient removal. The Cedar Rapids WPCF is near its capacity at times, particularly 
the nitrogenous activated sludge step. As a result, carving out nutrient removal by shifting 
operational mode of the existing process could have detrimental effects on meeting current 
permit requirements. 

The second consideration for Cedar Rapids is the unique, high-rate activated sludge process 
used at the Cedar Rapids WPCF. The process uses HPO activated sludge, which is a high-rate 
process that is efficient for high cBOD5 removal within a small footprint. HPO drives dissolved 
oxygen concentrations up to between 10 and 20 mg/L. These high concentrations conflict with 
the need for anoxic and anaerobic zones in nutrient removal processes. While specific 
installations have made modifications to shift to limited nutrient removal with existing HPO 
systems, the modifications were expensive and required structural changes with the removal of 
basin covers. Further, with HPO systems working so efficiently, a shift in operation of part of the 
basin translates to a more significant reduction in capacity than for a comparable conventional 
activated sludge process. 

Optimization of the roughing filters for nutrient removal was briefly evaluated. Some literature 
supports roughing filter denitrification when nitrates are recycled to the roughing filter. 
Wastewater simulation using BioWin™ further demonstrated some denitrification could be 
achieved with roughing filters by recycling effluent and blending into the roughing filter influent. 
This optimization approach was not considered further for a few reasons. First, the recycle flow 
needed to achieve meaningful levels of TN removal was high (more than 20 MGD, ideally 40 to 
45 MGD) and would have required significant investment in a new effluent conveyance system. 
Second, few demonstrations of this approach exist, and while the benefit to TN removal is 
understood, the potential drawbacks (hydraulic effects, increased nuisance organisms, reduced 
cBOD5 removal efficiency, odor potential, etc.) are not well documented. Lastly, roughing filters 
operating with nitrates in place of oxygen are less efficient. As a result, at least one additional 
roughing filter would need to be constructed to maintain the capacity of the process. 
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6.4 Cedar Rapids WPCF Alternative Technology 

Implementation 

As identified in Figure 6-1, the recommended plan to replace outdated and inefficient solids 
handling facilities, implement biological nutrient removal, and incorporate energy efficiency and 
resource recovery for long-term sustainability was developed as follows. 

 Identification and screening of relevant technologies 

 Development and evaluation of alternatives incorporating those technologies 

 Site visits to operating facilities and bench and pilot testing to provide insight to 
technologies with the greatest potential 

 Final evaluation, selection, and refinement of the recommended plan. 

HDR and City staff used the nonmonetary criteria listed in Table 6-1 in the technologies and 
alternatives screening processes. 

Figure 6-1. Plan Development 

 

Table 6-1. Nonmonetary Evaluation Criteria 

Criterion Points 

Criterion 1: Consistency with Cedar Rapids Vision, Statement and Values 28 
Criterion 1A: Supports continued growth and development; allows the City to remain “Open for Business” 14 

Criterion 1B: Keeps rates low and/or lowers operating expenses 14 

Criterion 2: Sustainability  31 
Criterion 2A: Reduce utility demands (electricity, natural gas, water, etc.) 7 

Criterion 2B: Resource Recovery (carbon and nutrients 7 

Criterion 2C: Reduce volume of sludge hauled offsite 7 

Criterion 2D: Odor and air emissions 5 

Criterion 2E: Commitment to watershed 5 

Criterion 3: Consistency with Process Objectives  33 
Criterion 3A: Implementability, operability, maintainability, risk, reliability, redundancy, flexibility 10 

Criterion 3B: Operator safety  10 

Criterion 3C: Economical to build and operate  7 

Criterion 3D: Protected from floods 6 

Criterion 4 : Reuse existing useful infrastructure  8 
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6.4.1 Technology Identification and Screening 

New processes and technologies will need to be incorporated into the Cedar Rapids WPCF to 
support the goals of the nutrient reduction strategy and future solids handling. A comprehensive 
list of nutrient reduction, solids processing, and energy recovery technologies was developed, 
screened, and evaluated to identify technologies to carry forward into full alternative 
development. A number of technologies were identified and tabulated, including technologies 
found in previous planning. This list included established, innovative, and embryonic 
technologies. 

Initial screening eliminated a number of technologies, primarily because they are still in an 
embryonic stage of development for the potential application at the Cedar Rapids WPCF.  
Remaining technologies were categorized according to function and development status, and 
then were screened using the criteria and point system developed by HDR and City staff, shown 
previously in Table 6-1. 

Table 6-2 identifies nutrient removal technologies including both biological and chemical nutrient 
removal. Technologies are grouped as mainstream processes, supplemental or add-on 
processes, and sidestream processes. Mainstream processes entail potential conversion of the 
existing Carbonaceous Activated Sludge (CAS) and Nitrification Activated Sludge (NAS) 
processes or installation of new or replacement processes. Supplemental processes could be 
used in conjunction with mainstream processes. Sidestream processes treat recycle streams 
from solids processing facilities.  

Table 6-2 also identifies the technology, nutrient target, level of development, and a score (0 to 
100) for all technologies evaluated as part of the screening. A higher score (closer to 100) 
represents the more favorable technology or process. A description of each technology and 
detailed scoring is presented in TM 7.0 Technology Identification and Screening but not 
included within this Nutrient Reduction Feasibility Study.  

Table 6-2. Summary of Nutrient Technologies 

Technology Nutrient Removal Development  Score 

Mainstream Processes 

BNR – Anoxic/Oxic (A/O) Biological TP, No TN Removal Established 71 

BNR - A2O (Anaerobic, Anoxic, Oxic) Biological TP, TN Removal Established 82 

BNR - 3-Stage Process Biological TP, TN Removal Established 77 

BNR - 4-Stage Process Biological TP, TN Removal Established 65 

BNR - 5-Stage Process Biological TP, TN Removal Established 66 

BNR - Open-Tank High-Purity Oxygen Biological TP, TN Removal Innovative 85 

BNR – Granular Activated Sludge Biological TP, TN Removal Innovative 65 

High-Rate Activated Sludge TN/TP via synthesis Established 69 

Supplemental/Add-on Processes 

Autotrophic Denitrification Biological TP, TN Removal Innovative 78 

Membrane Aerated Bioreactor Biological TP, TN Removal Innovative 85 

Chemical Phosphorus Removal Chemical P Established 55 

Enhanced Primary Treatment Supports BNR Established 77 

Biologically Active Filter No Biological TP, TN Removal Established 53 

Salsnes Filter (Industrial Pretreatment) Supports BNR Established 89 

High-rate anaerobic treatment 
(Industrial Pretreatment) 

Energy Recovery Established 85 

Sidestream Treatment Processes 

Sidestream Phosphorus Release and Recovery Supports BNR Innovative 77 

Anammox Supports BNR Innovative 84 

Quickwash Phosphorus Recovery Supports BNR Innovative 57 

Phosphorus Adsorption/Filtration Supports BNR Innovative 49 

BNR = Biological Nutrient Removal; TP = Total Phosphorus; TN = Total Nitrogen 
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Table 6-3 identifies solids-processing technologies, including replacement options for the 
existing LPO and MHI processes; it shows the end use or uses supported, the development 
level, and the score given. As with Table 6-2, a higher score (100) represents more favorable 
technologies or processes. A description of each and detailed scoring is presented in TM 7.0 
Technology Identification and Screening but not included within this Nutrient Reduction 
Feasibility Study. 

Table 6-3. Summary of Solids Processing Technologies 

Technology End Use Supported Development Level Score 

Incineration 

Fluid Bed Incinerator Landfill Established 66 

Multiple Hearth Incinerator Landfill Established  78 

Digestion 

Anaerobic Digestion Land Application Established 76 

Phased Digestion Land Application Innovative 64 

Aerobic Digestion Land Application Established 44 

Sludge Pre-Treatment 

Thermal Hydrolysis Land Application Innovative 79 

Ultrasonic (Cavitation) Land Application Innovative 65 

Hydrothermal Liquefaction Fuel Embryonic 59 

Biosolids Drying 

Air Land Application/Fuel Established 62 

Indirect/Direct Land Application/Fuel Established 75 

Other Processes 

Alkaline Lime Treatment Land Application Established 65 

Composting Land Application Established 65 

Solids Pretreatment 

Screening Land Application Established 80 

Thickening 

Rotary Drum  Supports All End Uses Established 82 

Gravity  Supports All End Uses Established 80 

Gravity Belt Supports All End Uses Established 77 

Centrifugal Supports All End Uses Established 72 

Dissolved Air Flotation Supports All End Uses Established 63 

Disc Thickening Supports All End Uses Innovative 71 

Dewatering 

Belt Filter Press Supports All End Uses Established 80 

Rotary Fan Press Supports All End Uses Established 70 

Screw Press Supports All End Uses Established 83 

Centrifugal Supports All End Uses Established 55 

Plate and Frame Press Supports All End Uses Established 80 

Bucher Hydraulic Press Supports All End Uses  Innovative 81 
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Table 6-4 identifies the development levels and scores for technologies that support energy 
recovery and efficiency with the goal of recovering energy and optimizing the overall energy 
footprint of the Cedar Rapids WPCF.  

Table 6-4. Summary of Energy Recovery Technologies 

Technology Development Level Score 

Biogas Storage 

Membrane Cover Established 83 

Gas Holder Cover Established 83 

High Pressure Sphere Established 68 

Biogas Energy Recovery (Onsite) 

Dual Fuel Burners Established 79 

Cogeneration Established 78 

Microturbine Established 72 

Fuel Cells Established 75 

BioCNG Fuel Station Established 78 

Compressed Natural Gas (CNG) Pipeline Injection Established 77 

Biogas Treatment 

Iron Sponge Established 67 

Activated Carbon Established 73 

Water Scrubber Established 79 

Pressure Swing Absorption Established 78 

Membrane Innovative 82 

Biological Filters Established 80 

Evaluation results and collaboration with City staff identified the following for further 
consideration during alternative development. 

 For nutrient removal, recommended technologies include: 

 BNR – Anaerobic, Anoxic, Oxic (A2O), Standard Aeration, Single Sludge Process 

 BNR – 3-Stage (University of Cape Town [UCT], Virginia Initiative Project [VIP], or 
equivalent) 

 BNR – Open Tank HPO, Integrated with BNR (major conversion beyond simple 
optimization) 

 Autotrophic Denitrification, Integrated with BNR 

 Membrane Aerated Bioreactor (MABR), HPO 

 Enhanced Primary Treatment 

 For industrial pretreatment, recommended technologies include: 

 High-rate anaerobic (including Anaerobic Membrane Bioreactor [AMBR]) 

 Filtration (Salsnes Filter). 

 For sidestream process, recommended technologies include: 

 Phosphorus Recovery 

 Anammox 

 For solids processing, recommended technologies include: 

 Multiple Hearth Incineration (MHI); continued use of existing 

 Thermal hydrolysis processes 

 Anaerobic digestion (primary solids or blended solids) 

 Temperature phased anaerobic digestion 

 Biosolids drying (waste activated sludge [WAS] or blended solids). 

 Supplemental solids handling technologies recommended for incorporation as 
appropriate include: 

 Rotary drum thickening 

 Gravity thickening 
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 Gravity belt thickening  

 Belt filter press 

 Screw press  

 Centrifuge dewatering 

 Bucher press. 

 For energy recovery, recommended technologies include: 

 Membrane covers 

 Dual fuel burners 

 Cogeneration 

 Fuel cell 

 Pipeline injection 

 Water scrubber  

 Pressure swing absorption 

 Membranes 

 Biological filters 

 For continued research and development, including possible pilot testing: 

 Anaerobic membrane bioreactor (An-MBR) (mainstream treatment) 

 Granular Activated Sludge. 

6.4.2 Alternatives Identification and Screening 

Nutrient and solids alternatives were identified, screened, and evaluated in a two-step process.  

1. Potentially applicable technologies were incorporated into alternatives and screened to 

identify three alternatives for pilot testing, bench testing, and site visits to further 

familiarize Cedar Rapids WPCF staff with newer technologies, to verify technology 

performance, to provide hands on experience with newer technologies, and to provide 

insight into technology operation and maintenance requirements.  

2. Pilot testing and bench testing were conducted with Cedar Rapids WPCF waste 

streams, and site visits were conducted to other operating facilities. The results were 

used to validate and inform further refinement, development, and evaluation of the 

alternatives to provide the basis for selection of a preferred alternative for Cedar Rapids 

WPCF.  

Both steps of the screening process are discussed in the following sections.  

Through collaboration with the City, potentially applicable technologies were incorporated into 
five alternatives based primarily on modifications to existing facilities at the Cedar Rapids WPCF 
and a second set of four alternatives formulated without the constraints of existing facilities at 
the Cedar Rapids WPCF. Both sets of alternatives include a set of three BNR sub-alternatives 
common to a number of the overall alternatives. Table 6-5 lists the sets of alternatives identified 
through the process. Each alternative and sub-alternative is described with a process schematic 
and advantages and disadvantages in TM 8.0 Nutrient and Solids Alternative Evaluation but not 
included within this Nutrient Reduction Feasibility Study. 
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Table 6-5. Cedar Rapids WPCF Nutrient and Solids Alternatives 

Existing Facility Modifications 
Based Alternatives 

New Treatment Facility Based 
Alternatives 

Biological Nutrient Removal 
Sub-Alternatives 

Alternative 01 (BNR, THP-AD, High 
Rate Anaerobic) 

Alternative 11 ABAC/AVN, THP-AD, High 
Rate Anaerobic 

Alternative A - A2O 

Alternative 02 (BNR, THP-Dryer, 
High Rate Anaerobic) 

Alternative 12 GrAS, THP-AD, High Rate 
Anaerobic 

Alternative B - MABR 

Alternative 03 (BNR, Dryer, High 
Rate Anaerobic) 

Alternative 13 AMBR, THP-AD Alternative C –  
Autotrophic Denitrification 

Alternative 04 (BNR, THP-AD & 
Drying, High Rate Anaerobic) 

Alternative 14 Autotrophic Denitrification, 
THP-AD, High Rate Anaerobic 

 

Alternative 05 (BNR, FBI, High Rate 
Anaerobic) 

  

A2O = Anaerobic, Anoxic, Oxic; ABAC/AVN = Ammonia Based Aeration Control or Ammonia vs Nitrite; AD = Anaerobic Digestion; 
AMBR = Anaerobic Membrane Bioreactor; BNR = Biological Nutrient Removal; FBI = Fluidized Bed Incineration; GrAS = Granular 
Activated Sludge; MABR = Membrane Aerated Biofilm Reactor; THP = Thermal Hydrolysis Process 

In each alternative, mainstream treatment for nutrient removal is based on meeting average 
annual loading targets. The mainstream process must continue to support cBOD5, total 
suspended solids (TSS), and ammonia treatment targets based on maximum month and 
maximum day discharge requirements considering intermittent wet weather flows.  

The same qualitative criteria previously presented in Table 6-1 were used to qualitatively 
evaluate and score the alternatives. The scoring followed discussion and feedback from utilities 
staff through workshops and correspondence, and HDR application of the criteria and feedback 
in the pre-screening process; Table 6-6 presents the results of that process. The full screening 
and evaluation is presented in TM 8.0 Alternatives Identification and Screening but not included 
within this Nutrient Reduction Feasibility Study. 

The previous Cedar Rapids Water Pollution Control Facility Master Plan prepared in 2006 
recommended implementation of Sub-Alternative A (A2O) for nutrient reduction through 
conversion of CAS and NAS into a single process and replacement of the existing MHI with a 
new FBI for solids processing. This previous recommendation is comparable to Alternative 05. 

Solids end use considerations described in the previous Solids End Use section indicated that 
two of the three comprehensive liquid and solids alternatives should be developed to 
incorporate biological stabilization with land application of biosolids and one alternative should 
be developed to incorporate continued incineration with quarry disposal of ash. 

 



Cedar Rapids Nutrient Reduction Feasibility Study 42 

Table 6-6. Cedar Rapids WPCF Nutrient and Solids Alternatives Initial Screening Results  
Score Criteria 

Alternative Weighted Raw 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 

Existing Facility Modifications Based Alternatives 
Alternative 01 (BNR, THP-AD, High Rate 
Anaerobic) 

80 46.5 4.5 5.0 4.5 4.5 2.5 4.0 4.0 3.5 4.0 4.0 3.5 2.5 

Alternative 02 (BNR, THP-Dryer, High Rate 
Anaerobic) 

76 45.0 4.5 4.0 4.0 4.0 4.5 3.0 4.0 4.0 3.5 2.5 4.5 2.5 

Alternative 03 (BNR, Dryer, High Rate 
Anaerobic) 

72 41.5 5.0 4.0 1.5 4.0 4.5 2.0 4.0 3.5 3.0 2.5 5.0 2.5 

Alternative 04 (BNR, THP-AD & Drying, High 
Rate Anaerobic) 

77 45.0 5.0 3.5 4.0 5.0 4.0 3.0 5.0 5.0 3.5 1.5 3.5 2.0 

Alternative 05 (BNR, FBI, High Rate 
Anaerobic) 

79 45.5 5.0 4.5 3.0 3.0 5.0 1.0 4.0 3.5 3.0 4.0 5.0 4.5 

New Treatment Facility Based Alternatives 
Alternative 11 (ABAC/AVN, THP-AD, High 
Rate Anaerobic) 

77 45.0 4.5 4.5 4.5 4.5 2.5 3.0 4.0 4.0 4.5 4.5 3.5 1.0 

Alternative 12 (GrAS, THP-AD, High Rate 
Anaerobic) 

83 48.5 5.0 4.5 4.5 4.5 2.5 4.0 5.0 5.0 4.5 4.5 3.5 1.0 

Alternative 13 (AMBR, THP-AD) 77 48.5 4.5 4.0 5.0 4.0 4.0 4.0 4.0 3.0 4.0 5.0 3.5 1.0 

Alternative 14 (Autotrophic Denitrification, 
THP-AD, High Rate Anaerobic) 

75 45.0 4.0 4.0 4.5 4.5 2.5 5.0 4.0 3.0 4.5 4.5 3.5 1.0 

Biological Nutrient Removal Sub-Alternatives 

Alternative A (A2O) 90 53.5 4.5 5.0 4.5 5.0 4.5 3.0 5.0 4.5 4.0 4.5 5.0 4.0 

Alternative B (MABR) 92 55.5 5.0 4.5 4.0 5.0 4.5 5.0 5.0 4.0 4.5 4.0 5.0 5.0 

Alternative C (Autotrophic Denitrification) 89 54.5 4.0 5.0 5.0 4.5 4.5 5.0 5.0 3.0 4.5 5.0 5.0 4.0 

A2O =Anaerobic, Anoxic, Oxic; ABAC/AVN =Ammonia Based Aeration Control or Ammonia vs Nitrite; AD = Anaerobic Digestion; AMBR = Anaerobic Membrane Bioreactor; 
BNR = Biological Nutrient Removal; FBI = Fluidized Bed Incineration; GrAS = Granular Activated Sludge; MABR = Membrane Aerated Bioreactor; THP = Thermal Hydrolysis Process 
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Initial scoring results support a BNR based Sub-Alternative B (MABR) retrofitted into existing 
CAS and NAS facilities. Coupled with the initial screening results in Table 6-5, the following 
alternatives most complementary of Cedar Rapids’ priorities are recommended for detailed 
analysis and evaluation included as the following:  

 Existing facility modifications based alternatives. 

 Alternative 01-B – BNR (MABR), Thermal Hydrolysis Process-Anaerobic Digestion 
(THP-AD), Anaerobic Pretreatment.  
This alternative maintains and maximizes the use of the existing Anaerobic 
Pretreatment system for high strength industrial waste and makes use of the existing 
CAS and NAS basins and HPO systems to provide secondary treatment with BNR, 
but represents a shift in solids management from incineration and quarry ash 
disposal to anaerobic digestion and biosolids land application. The existing 
incinerator would be retained for the balance of its useful life to facilitate such a 
transition. This alternative may be phased, and in the event land application is found 
to be impractical, a downsized FBI may be installed when the MHI is retired. 

 Alternative 05-B – BNR (MABR), FBI, Anaerobic Pretreatment.  
This alternative represents the most continuity with current operations. It maintains 
and maximizes use of the existing Anaerobic Pretreatment system for high strength 
industrial waste, makes use of the existing CAS and NAS basins and HPO systems 
to provide secondary treatment with BNR, and continues with incineration and quarry 
ash disposal for solids management. The existing incinerator would be retained for 
the balance of its useful life and then replaced with a new FBI system.  

 New treatment facility based alternative. 

 Alternative 12 – Granular Activated Sludge (GrAS), THP-AD, Anaerobic 
Pretreatment.  
This alternative represents the most significant departure from current operations. 
While it maintains and maximizes use of the existing Anaerobic Pretreatment system 
for high strength industrial waste, it replaces the existing CAS and NAS systems, 
including the C and D clarifiers, with GrAS to provide secondary treatment with BNR, 
and shifts solids management from incineration and quarry ash disposal to anaerobic 
digestion and biosolids land application. The tradeoff for the more significant 
departure from current operations is that the footprint for GrAS is smaller, allowing 
the Cedar Rapids WPCF to potentially recapture some of the site for future 
processes. The existing incinerator would be retained for the balance of its useful life 
to facilitate such a transition. As with the Alternative 01-B, this alternative may be 
phased, and in the event land application is found to be impractical, a downsized FBI 
may be installed when the MHI is retired. 

6.4.3 Site Visits and Testing 

Site visits, pilot testing, and bench testing provided insight to further evaluate and develop 
technologies that were incorporated in the pre-screened alternatives.  The visits and tests 
familiarized Cedar Rapids WPCF staff with newer technologies, verified technology 
performance, provided hands on experience with newer technologies, and yielded insight as to 
technology operation and maintenance requirements.  Once completed, the three pre-screened 
alternatives were revised and a fourth alternative was added.   

6.4.3.1 SITE VISITS  

Site visits were conducted to observe full scale technology configurations, processes, and 
operational approaches that have been implemented successfully incorporating technologies 
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recommended in the screened alternatives.  The intent was to identify drawbacks to avoid and 
enhancements to incorporate for the following technologies.   

 Biosolids land application programs 

 Membrane Aerated Bioreactor installation 

 Granular Activated Sludge 

 Sidestream treatment processes 

 THP-AD biosolids processing 

 Fluidized bed incineration 

The following facilities were visited. 

 Des Moines Wastewater Reclamation Facility in Des Moines, Iowa – anaerobic digestion 
and land application of biosolids. 

 Rock River Water Reclamation District in Rockford, Illinois – granular activated sludge. 

 Little Blue Valley Sewer Plant near Kansas City, Missouri – fluidized bed incineration 

 Stickney Water Reclamation Plant near Chicago, Illinois – anaerobic digestion, 
centrifuge dewatering, struvite recovery, land application of biosolids, and other 
beneficial uses of biosolids 

 NEW Water in Green Bay, Wisconsin – anaerobic digestion, fluidized bed incineration 

 Southerly Wastewater Treatment Plant in Cuyahoga Heights, Ohio – fluidized bed 
incineration 

 Blue Plains Advanced Wastewater Treatment Plant near Washington D.C. – anaerobic 
digestion and thermal hydrolysis pretreatment (Cambi) 

 H.L. Mooney Water Reclamation Facility serving Baltimore, Maryland – fluidized bed 
incineration and nutrient removal 

 Back River Wastewater Treatment Plant serving Baltimore – anaerobic digestion and 
land application of biosolids 

 Madison Metropolitan Sewerage District serving Madison, Wisconsin – struvite recovery. 

A visit to Yorkville, Illinois, to observe MABR was canceled because the facility was still under 
construction when the site visits were conducted.  It was not rescheduled when pilot testing 
eliminated further consideration of MABR.   

Site visits indicated the following: 

 Biosolids land application requires administrative effort, but is generally achievable and 
well accepted. Third-party land application providers may be used, but most facilities 
maintain the ability to land apply using their own equipment and staff. A strong positive 
image must be developed and maintained through communication with end users and 
the general public. 

 The GrAS demonstration facility in Rockford is operational, growing granular biomass, 
and generally achieves good effluent quality. 

 THP-AD biosolids processing performs well, achieving high solids reduction, high biogas 
production rates, and a stable product. 

 FBI provides reliable and efficient solids destruction at many facilities with different 
brands of incinerators using well developed emissions control systems, and a number of 
recommendations were provided by staff. 

6.4.3.2 PILOT AND BENCH TESTING 

Pilot testing and bench testing was performed to better understand and quantify the specific 
treatment results of some of the technologies recommended in the screened alternatives. It 
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provided key performance metrics with respect to both innovative and established technology 
with Cedar Rapids unique waste stream and solids compositions for the following technologies.  

 MABR (Pilot) 

 GrAS (Pilot) 

 THP (Bench) 

 Autotrophic Denitrification (Bench) 

MABR and GrAS nutrient removal alternatives pilot tests were conducted with GE (now Suez) 
and AquaNereda, respectively, to evaluate the innovative BNR process with Cedar Rapids 
complex waste stream.  

The MABR pilot test was setup to test a pilot-scale BNR process including seeding and design 
loading conditions. It did not demonstrate efficient treatment with the proposed influent blend. 
Nitrification could not be effectively established with the MABR due to an overgrowth of 
heterotrophic (carbon consuming) biofilm. As a result, the MABR pilot was discontinued without 
showing that the technology was able to achieve TN removal as an anoxic zone replacement 
using HPO for the Cedar Rapids WPCF waste stream. 

The GrAS pilot was tested under design loading conditions for average annual, maximum 
month, and peak loads. Based on the results of the testing, the pilot unit provided strong nutrient 
removal under most conditions. Effluent ammonia concentrations met targets when oxygen 
loading remained within the capacity of the pilot unit’s coarse bubble diffuser system. 
Additionally, the GrAS pilot was tested under two startup conditions, one with only local seed 
sources (CAS WAS, NAS WAS, and anaerobic granules) and one with an initial volume of 
20 percent granules from offsite.  Both startup conditions demonstrated good treatment and 
granule formation and persistence. 

Cedar Rapids WPCF sludge samples were shipped and THP / AD testing was conducted by Dr. 
Matt Higgins with bench scale testing units at Bucknell University. The testing was conducted in 
order to verify efficiency and sizing and evaluate treatment effects (e.g. odorous gases) with the 
unique industrial content of Cedar Rapids waste stream.  Similarly, Cedar Rapids primary 
effluent was shipped and autotrophic denitrication testing was conducted by Dr. Tim Ellis with a 
bench scale respirometer at Iowa State University. Autotrophic denitrification testing 
demonstrated the concept, identified conditions needed to support, and showed initial reactor 
loading supportive of design for autotrophic denitrification. 

Pilot testing and bench testing indicated: 

 MABR is unable to support the proposed application. 

 GrAS performed well, but at design criteria slightly more conservative than originally 
proposed. 

 THP coupled with AD performed as expected. 

 Autotrophic denitrification was confirmed to work, but warrants additional research to 
support a rational design basis. 



Cedar Rapids Nutrient Reduction Feasibility Study 46 

6.4.4 Alternatives Development and Evaluation 

The alternatives recommended for detailed analysis and evaluation were refined following pilot 
testing, bench testing, site visits, and additional discussion and feedback from City staff. A2O 
replaced MABR for BNR in the two existing facility based modification alternatives (01-B and 
05-B shifted to 01-A and 05-A) and a fourth hybrid alternative incorporating both land application 
and incineration capability was added as alternative 21. More specifically, the four alternatives 
for more detailed development and evaluation are as follows. 

 Alternative 01-A – BNR-A2O, THP-AD, Anaerobic Pretreatment.  
This alternative maintains and maximizes the use of the existing high-rate anaerobic 
system for high strength industrial waste and makes use of the existing CAS and NAS 
basins and HPO systems to provide secondary treatment with BNR with A2O, but 
represents a shift in solids management from incineration and quarry ash disposal to 
anaerobic digestion and biosolids land application. The existing incinerator would be 
retained for the balance of its useful life to facilitate such a transition.  

 Alternative 05-A – BNR-A2O, FBI, Anaerobic Pretreatment.  
This alternative represents a similar approach to current operations. It maintains and 
maximizes the use of the existing Anaerobic Pretreatment system for high strength 
industrial waste, makes use of the existing CAS and NAS basins and HPO systems to 
provide secondary treatment with BNR with A2O, and continues with incineration and 
quarry ash disposal for solids management. The existing incinerator would be retained 
for the balance of its useful life and then replaced with a new FBI. 

 Alternative 12 – GrAS, THP-AD, Anaerobic Pretreatment.  
This alternative represents the most significant departure from current operations, but 
requires a much smaller footprint for GrAS. While it maintains and maximizes the use of 
the existing Anaerobic Pretreatment system for high strength industrial waste, it replaces 
the existing CAS and NAS systems, including the C and D clarifiers, with GrAS to 
provide secondary treatment with BNR, and shifts solids management from incineration 
and quarry ash disposal to anaerobic digestion and biosolids land application. The 
existing incinerator would be retained for the balance of its useful life to facilitate such a 
transition. 

 Alternative 21 – GrAS, THP-AD, Anaerobic Pretreatment, FBI.  
This alternative is an extension of Alternative 12 with all the same components of 
Alternative 12 but with the addition of an FBI system. As a result, THP-AD sizing is 
reduced and an FBI is introduced. The THP-AD and the FBI processes are each sized 
with flexibility to accommodate a range of solids production loads on a continuous basis 
with shorter term peaks supported. 

Comments from City staff were incorporated into each of the alternatives. Configuration, 
process flow diagrams, preliminary sizing, site layouts, cost estimates, and nonmonetary 
benefits were developed for each of the alternatives. All four present a strong approach to the 
future path for the Cedar Rapids WPCF. 

Table 6-7 identifies the estimated comparative costs in 2018 dollars for each of the four 
alternatives.  Capital costs (construction and engineering), operations and maintenance costs, 
and overall life cycle costs are included. Construction cost comprises the sum of installed unit 
process costs plus site costs (5 percent mobilization, 10 percent site work, 10 percent yard 
piping, 2 percent electrical, 2 percent instrumentation and controls, 10 percent overhead, and 
25 percent contingency for undeveloped details). Project costs include construction costs plus 
20 percent engineering and administration. The estimated comparative costs do not include 
other capital needs at the Cedar Rapids WPCF that are common to all four alternatives. 
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Cost estimates show a range of project capital costs between $380 million and $425 million, 
with Alternative 12 offering the lowest project cost. When evaluating life cycle costs, the 
estimates are presented with and without RECs.  When including the credits, the life cycle cost 
range is between $466 million and $505 million, with Alternatives 5 and 12 projected to have the 
lowest life cycle cost.  

Table 6-7. Cedar Rapids Nutrient and Solids Alternatives Comparative Costs 

Alternative Alt. 01-A Alt. 05-A Alt. 12 Alt. 21 
Alternative Elements A2O, THP-AD A2O, FBI GrAS, THP-AD GrAS, THP-AD, 

FBI 

Construction Cost $357,500,000 $346,900,000 $332,000,000 $370,400,000 

Project (Capital) Cost $410,500,000 $398,300,000 $381,200,000 $425,200,000 

O&M Cost (with RECs) ($2,269,000) $4,800,000 ($2,271,000) ($1,370,000) 

O&M Cost (No RECs) $6,361,000 $4,800,000 $6,359,000 $5,600,000 

Life Cycle Present Worth (with RECs) $378,300,000 $466,500,000 $348,900,000 $405,700,000 

% Low Cost 108% 134% 100% 116% 

Cost Rank 2 4 1 3 

Life Cycle Present Worth (No RECs) $500,900,000 $466,500,000 $471,600,000 $504,800,000 

% Low Cost (No RECs) 107% 100% 101% 108% 

Cost Rank (No RECs) 3 1 2 4 

Ancillary Wet Weather Treatment ++ ++ + + 

All costs in $2018 
Rate of Return = 3.50% 
Construction cost = installed unit process costs plus site costs (5% mobilization, 10% site work, 10% yard piping, 2% electrical, and 
2% instrumentation and controls, 10% overhead, and 25% contingency for undeveloped details).  
Project (Capital) costs = construction costs plus 20% engineering and administration.  
A2O = Anaerobic, Anoxic, Oxic Biological Nutrient Removal; FBI = Fluidized Bed Incineration of Solids; GrAS = Granular Activated 
Sludge Biological Nutrient Removal; THP-AD = Thermal Hydrolysis Process – Anaerobic Digestion Sludge Processing Alternatives 
without FBI assume Land Application of Biosolids ; RECs = Renewable Energy Credits 

Alternatives 12 and 21 construct new GrAS for nutrient reduction. In doing so, they free up the 
existing CAS train (CAS basins and C Clarifiers) for potential future conversion to wet weather 
treatment facilities. Alternatives 01-A and 05-A reconfigure CAS and NAS for nutrient reduction. 
In doing so, they require construction of new wet weather treatment facilities. However, the 
costs for future wet weather treatment facilities are not included in the costs presented in 
Table 6-7. 

Table 6-8 presents the results of a qualitative (nonmonetary) evaluation of each of the four 
alternatives. The qualitative scores show all alternatives are competitive, with Alternative 21 
receiving the highest score and Alternative 12 a relatively close second highest. 
Alternatives 01-A and 05-A have comparable, relatively lower scores. 

The case for and against each alternative is as follows. 

 Alternative 01-A – A2O achieves 2013 Iowa Nutrient Reduction Strategy goals, but 
requires extensive changes to process and is more complex to phase into service than 
other alternatives. THP-AD generates Class A biosolids and biogas, but requires 
establishment of land application program to dispose biosolids. 

 Alternative 05-A – A2O achieves 2013 Iowa Nutrient Reduction Strategy goals, but 
requires extensive changes to process and is more complex to phase into service than 
other alternatives. FBI provides most substantial reduction in biosolids volume, but air 
permitting limits are most stringent. 

 Alternative 12 – GrAS achieves 2013 Iowa Nutrient Reduction Strategy goals, is modular 
and expandable, and opens up the existing footprint for future uses. THP-AD generates 
Class A biosolids and biogas, but requires establishment of land application program. 

 Alternative 21 – GrAS achieves 2013 Iowa Nutrient Reduction Strategy goals, is modular 
and expandable, and opens up the existing footprint for future uses. The combination of 
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THP-AD and FBI provide a balance between resource recovery and solids volume 
minimization. Dual solids processing results in highest administrative and operations 
requirements, but provides added reliability. 

Table 6-8. Cedar Rapids Nutrient and Solids Qualitative (Nonmonetary) Evaluation 

Criteria  01-A 05-A 12 21 
Total 
Possible 

A2O, 
FBI 

A2O, 
FBI 

GrAS, THP-AD GrAS, THP-AD, 
FBI 

1 Consistency with Cedar Rapids Vision, Mission Statement and Values 

1A Supports continued growth and 
development; allows City to remain 
"Open for Business” 

14 12 12 13 14 

1B Keeps rates low and/or lowers 
operating expenses 

14 12 10 14 11 

2 Sustainability 

2A Reduce utility demands 
(electricity, natural gas, water, etc.) 

7 6 5 6 7 

2B Resource recovery (carbon and 
nutrients) 

7 7 2 7 6 

2C Reduce volume of sludge 
hauled offsite 

7 2 7 2 6 

2D Odor and air emissions 5 4 3 4 5 

2E Commitment to watershed 5 4 4 5 5 

3 Consistency with process objectives 

3A Implementability, operability, 
maintainability, risk, reliability, 
redundancy, flexibility 

10 6 8 9 9 

3B Operator safety 10 8 8 9 8 

3C Economical to build and 
operate 

7 6 6 6 6 

3D Protected from floods 6 6 7 6 6 

4 Reuse existing infrastructure 

4A Reuse existing infrastructure 8 7 8 6 7 

Alternative Total 80 80 87 90 

A2O = Anaerobic, Anoxic, Oxic Biological Nutrient Removal; FBI = Fluidized Bed Incineration of Solids; GrAS = Granular Activated 
Sludge Biological Nutrient Removal; THP-AD = Thermal Hydrolysis Process – Anaerobic Digestion Sludge Processing; Alternatives 
without FBI assume Land Application of Biosolids  

Based on comparative cost estimates, qualitative evaluations, and extensive discussions with 
City staff, Alternative 21 was selected for further refinement and implementation. Alternative 21 
facilitates recovery of both biogas and phosphorus to align with Cedar Rapids WPCF 
sustainability goals.  It offsets higher costs with significantly added reliability in providing the 
flexibility for either land application or incineration of solids.  

6.4.5 Nutrient Reduction and Solids Processing Recommendations 

Figures 6-2 through 6-4 show liquid and solids process schematics and a site phasing plan for 
recommended Alternative 21 GrAS, THP-AD, FBI.  Tables 6-9 and 6-10 summarize process 
sizing for new and existing facilities, including 18.5 million gallons of new GrAS process tanks 
and 2.8 million gallons of new anaerobic digestion tanks. Solids processing is maintained within 
the same basic location at the west side of the site, but liquid treatment shifts to the east side of 
the site. The central part of the site becomes available for future wet weather processing. 
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Figure 6-2. Cedar Rapids WPCF Preferred Alternative 21 Process Flow Schematic 
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Figure 6-3. Cedar Rapids WPCF Preferred Alternative 21 Focus Flow Diagram of the Solids Processing System 
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Figure 6-4. Figure 28. Cedar Rapid WPCF Preferred Alternative 21 – Refined Site Layout 
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Table 6-9. Summary of Process Sizing 

Process Loading Condition Model/Actual Value Standard Value Considerations 

Solids Separation; 
(Industrial) 

MM Hydraulic =  3 MGD 1.8 MGD (firm) 
3.6 MGD (total) 

Based on Salsnes SF4000  
Capacity of 1.8 MGD, two units 

GrAS – Tanks  AA HRT = 
MM HRT =  

7.7 hour 
5.6 hour 

--- 18.5 MG Total1 

GrAS – Aeration  Aeration =  28,300 scfm/tank1 ---  Blower Capacity = 6,400 HP (16-400 HP 
Aerzen Turbo Blowers Quoted)1 
Average Demand = 2,700 HP1 

GrAS - Pumping Influent Pumping = 
Solids Pumping =  

35,000 gpm (250 HP)1 
650 gpm (25 HP)1 

--- 
--- 

Influent Pump Capacity = 46,700 gpm (4-
100 HP)1 

THP Solids Prescreen AA Size =  
MM Size =  

940 gpm 
1,400 gpm 

2 screens 
3 screens 

Based on Huber Strainpress 430  
Screen throughput = 660 gpm 

THP  AA Solids Load = 
MM Solids Load =  

82 DTPD 
124 DTPD 

--- 
--- 

Cambi: Two B6-4 units (184 DTPD 
Capacity)1 

THP Boiler1,2 Average1 = 
Peak1 = 

6,100 lb-steam/hour1 
8,360 lb-steam/hour1 

--- 
--- 

Based on 0.95 Tons-Steam/DT-Solids1  
Boiler capacity = 8.50 MMBTU/hour1 

Anaerobic Digestion MM HRT3 =  
MM VS Load =  

15 days @ 9-10% TS 
250-300 lb-VS/(1,000-ft3∙day) 

15 days @ 9-10% TS 
300 lb-VS/(1,000 ft3∙day) 

Volume = 2.8 MG (two 1.4 MG tanks) 

Sidestream (Phosphorus) TP Load = 1,000-1,200 lb-P/day --- Ostara: One Pearl 10K 
Alternate-Two Pearl 2K reactors1 

Sidestream 
(De-ammonification) 

TKN Load =  3,400-3,500 lb-N/day Load = 0.5-1.0 kg-
N/m3∙d)1 

Anammox: 0.4-0.8 MG1  
100-150 HP Blower1 

Biogas Cleaning Biogas Production =  800-900 scfm (65% Methane) --- PSA: two 500 MMBTU skids 

Biogas Injection1 Power Demand1 =  250-300 HP1 --- Based on 600 psig injection pressure1 

FBI AA =  
MM =  

38 DTPD 

80-95 DTPD 
 See additional details in Table 51 

Air Pollution Control Included with Fluidized Bed Incinerator (FBI) --- Scrubbers, Wet Electrostatic Precipitator, 
Granular Activated Carbon4 

1 Updated from TM 8 Nutrient and Solids Alternative Evaluation. 
2 A new boiler system is assumed as part of the project due to age and condition of the LPO boilers. 
3 See additional detail on solids design criteria and mass balances in Table 5 and Table 6. 
4 Venturi Scrubber, Impingement Tray Scrubber, Wet Electrostatic Precipitator, Granular Activated Carbon 
AA – Average Annual, DTPD – Dry Tons per Day, ft3 – cubic feet, gpm – gallons per minute, HP – Horsepower, HRT – Hydraulic Retention Time, lb – pounds, MGD – Million Gallons 
per Day, MG – Million Gallons, MM – Maximum Month, MMBTU – Million British Thermal Units, N- Nitrogen, P – Phosphorus, psig – pounds per square inch gauge, scfm – standard 
cubic feet per minute  
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Table 6-10. Summary Capacity Evaluation of Existing Supporting Processes 

Process Loading Condition Design Value Standard/Equip.2 Value Expansion Considerations 

A Clarifier MM Surface Overflow Rate = 
Peak Surface Overflow Rate = 

1,025 gpd/ft2 

1,790 gpd/ft2 
1,000 gpd/ft2 
1,500-2,000 gpd/ft2 

Marginal, consider additional clarifier if Main Lift capacity 
expanded  

Roughing Filter MM Hydraulic Loading = 
MM Organic Loading = 

 1,000-5,000 gal/(ft2∙day) 
300-400 lb/(1,000ft3∙day) 

Removed from process after GrAS fully online1 

DAF or  
Gravity 
Thickener 

MM Surface Overflow Rate =  
MM Surface Loading Rate = 

302 gpd/ft2 

16 lb/(day•ft2) 
400 gpd/ft2 (firm) 
20-30 lb/(day•ft2) (firm) 

No expansion needed 

Gravity Belt 
Thickener 

MM Solids Loading = 4,100 lb/hour 7,200 lb/hour (firm) 
10,800 lb/hour (total) 

No expansion needed 

Belt Filter Press  
(Final 
Dewatering) 

MM Solids Loading Rate = 
MM Hydraulic Capacity =  

5,800 lb/hour 
120 gpm 

2,400 lb/hour (firm) 
4,800 lb/hour (total) 
96 gpm (firm) 
192 gpm (total) 

Additional BFP needed (based on mass load and firm 
hydraulic capacity) 

Centrifuge  
(Pre-dewatering) 

MM Solids Loading Rate =  
MM Hydraulic Capacity = 

8,200 lb/day 
400 gpm 

1,900 lb/hour (firm) 
3,800 lb/hour (total) 
200 gpm (firm) 
400 gpm (total) 

Additional centrifuges needed (based on mass load and 
firm hydraulic capacity). Rehabilitate and expand 
centrifuge dewatering. 

Sludge Degritter  MM Hydraulic Capacity =  970 gpm 1,275 gpm (firm) 
1,700 gpm (total) 

No expansion needed 

Sludge Step 
Screen 

MM Hydraulic Capacity =  1.4 MGD 3.6 MGD No expansion needed 

1 Updated from TM 8 Nutrient and Solids Alternative Evaluation. 
2 Based on engineering standard or rated capacity of equipment 
AA – Average Annual, ft2 – square foot, ft3 – cubic feet, gpd– gallons per day, gpm – gallons per minute, lb – pounds, MM – Maximum Month 
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The recommended plan includes the following major components to incorporate regulatory 
driven nutrient reduction; to address age, condition, and capacity related solids handling needs; 
and to improve the overall energy efficiency and sustainability at Cedar Rapids WPCF. The 
major components of Alternative 21 include: 

 Continued use of the existing Anaerobic Pretreatment system for high strength industrial 
waste 

 The addition of THP and AD to biologically stabilize and produce biosolids suitable for 
Class A land application 

 The addition of facilities to clean, store, and inject biogas from anaerobic pretreatment 
and AD to capitalize on its fuel value and RECs  

 Use of sidestream treatment for nutrient reduction and phosphorus recovery from high 
strength solids recycle streams 

 Replacement of the existing MHI with an FBI to provide a reliable means of solids 
disposal and associated flexibility 

 Continued use of the existing incinerator through the balance of its useful life to facilitate 
a transition to THP and AD, and then to FBI 

The recommended alternative is consistent with an overall nutrient reduction strategy that 
includes the following parallel efforts. 

 Continued efforts to achieve offsite nutrient reductions, both agricultural and urban 
watershed reductions and industrial source reductions. 

 Phased implementation of sidestream and then mainstream biological nutrient reduction 
at Cedar Rapids WPCF.  

This strategy reflects overall watershed nutrient loadings shown previously in the Sankey 
diagrams presented in Figure 5-1 and Figure 5-2. 

 Nearly 92 percent of the watershed nitrogen loading and approximately 62 percent of the 
watershed phosphorus loading are from agricultural sources; farm fertilizer and manure 
runoff alone are approximately 61 percent of the watershed nitrogen loading and 
approximately 43 percent of the watershed phosphorus loading  

 An estimated 6 to 8 percent of the watershed nitrogen loading and an estimated 
30 percent of the watershed phosphorus loading are from the Cedar Rapids WPCF  

 Approximately 40 to 50 percent of the Cedar Rapids WPCF nitrogen loading and 
approximately 50 to 60 percent of the Cedar Rapids phosphorus loading from major 
Group 3 industrial loadings 

Recommended Alternative 21 GrAS, THP-AD, and FBI initially targets highly concentrated 
nutrient sidestreams in conjunction with solids handling improvements. Implementation of the 
proposed solids handling improvements, notably THP-AD, produces centrate and filtrate 
streams that present ideal targets for sidestream treatment processes. Sidestream treatment 
applied to recycle streams generated by solids processing also provides operational stability for 
the mainstream liquid processes. 

Recommended Alternative 21 GrAS, THP-AD, and FBI ultimately targets mainstream biological 
nutrient reduction, but in the future and to the extent that sidestream treatment in combination 
with offsite reductions cannot offset the onsite reductions required to achieve compliance with 
the 2013 Iowa Nutrient Reduction Strategy, and to the extent needed to support age and 
condition replacement needs as well as capacity needs. 

Table 6-11 summarizes the overall nutrient reduction ranges anticipated as well as the 
associated timeline. An initial reduction in the watershed and with industrial sources is targeted 
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within the 2020 to 2025 time frame; though additional watershed reduction in the future may be 
planned in lieu of tighter limits at the Cedar Rapids WPCF. Several phases of work at the Cedar 
Rapids WPCF are planned. In Phase I, sidestream nutrient removal would be coupled with the 
baseline removal to provide the first increment for TN and TP removal in the 2020 to 2024 time 
frame. Then, Phase II, Phase III, and Phase IV at the Cedar Rapids WPCF are planned to shift 
to a new mainstream process capable of giving long-term, reliable treatment that includes 
nutrient removal supporting the additional nutrient removal goals in the 2028 to 2036 time 
frame. Note, while each Phase provides diminishing returns and benefits for nutrient reduction, 
replacement of the existing mainstream treatment process is not complete until the conclusion 
of Phase IV. 

Table 6-11. Overall Nutrient Reduction Targets 

Nutrient Source 
TN 

Reduction 
Target, % 

TP 
Reduction 
Target, % 

Timeline 

Watershed Sources 10-20 5-10 Ongoing 

Industry Source Reduction 0-10 0-5 2019-2021 

WPCF Phase I Sidestream (includes baseline) 40-45 40-50 2021-2028 

    Subtotal Watershed, Industry, WPCF Phase I 50-75 45-65 2019-2028 

WPCF Phase II Mainstream – GrAS 10-15 15-20 2028-2037 
(Subject to 

future 
review) 

WPCF Phase III Mainstream – GrAS 8-12 8-12 

WPCF Phase IV Mainstream – GrAS 3-6 5-10 

    Subtotal WPCF Phases II-IV 21-33 28-42 

Total WPCF Phases I - IV 61-78 68-92 2019-2037 

Total Potential Nutrient Reduction Relative to WPCF Influent Loads 71-108 73-107 2019-2037 

Table 6-12 shows the estimated cost to remove nutrients normalized to nutrient removal; dollars 
per pound. The costs shown represent the cumulative annualized life cycle cost (capital and 
operations and maintenance) for each phase normalized to the annual nutrient removal at the 
Cedar Rapids WPCF for each corresponding phase. The Phase I cost, including the baseline 
nutrient removal, is the most cost-effective of all the phases. Implementation of the new 
treatment process, supportive of BNR, shows an escalating cost for further nutrient removal with 
each phase; however, the costs remain reasonable relative to the estimated cost presented by 
Iowa DNR. Cost estimates Iowa DNR included with the 2013 Iowa Nutrient Reduction Strategy 
were $2.36 per pound TN or $15.74 per pound TP for the conversion of existing activated 
sludge treatment plants to BNR plants. 

Table 6-12. Cedar Rapids WPCF Preferred Alternative Nutrient Removal Costs (capital plus O&M cost per lb) 

Nutrient Source TN Cost, $/lb-N TP Cost, $/lb-P 

 Phase I Sidestream (includes baseline) 0.23 0.99 

 Phase II Mainstream – GrAS 0.79 2.27 

 Phase III Mainstream – GrAS 1.31 3.28 

 Phase IV Mainstream – GrAS 2.33 5.61 

Overall Normalized Cost 2.33 5.61 

Note: Based on cumulative annualized life cycle cost for each phase and associated nutrient removal 

Table 6-13 provides a refined cost estimate for the recommended plan with capital costs and 
operations and maintenance costs broken down by treatment area.  Again, the estimated cost is 
for the recommended nutrient reduction and solids processing facilities only. It does not include 
other Cedar Rapids WPCF capital needs for rehabilitation, headworks expansion, a fourth A 
clarifier, or wet weather treatment; nor does it include other ongoing operations and 
maintenance cost at the Cedar Rapids WPCF.  

As indicated, the overall estimated cost is approximately $430 million with a nearly $170 million 
nutrient removal cost and nearly $230 million for replacement of the solids processing system. 
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The incremental cost of operations and maintenance is expected to go down by more than 
$2 million as a result of revenue from generating renewable energy. 

Table 6-13. Cedar Rapids WPCF Preferred Alternative Refined Cost Estimate 

Treatment Area Equipment 
Cost 

Construction 
Cost1 

Capital Cost2 O&M Cost 

Industrial Pretreatment $4,780,000 $10,475,000 $12,028,000 $103,200 

Nutrients $68,590,000 $150,319,000 $172,595,000 $4,009,000 

     Granular Activated Sludge $62,540,000 $137,060,000 $157,371,000 $3,742,000 

     Sidestream Treatment $6,050,000 $13,259,000 $15,224,000 $267,000 

Solids $91,000,000 $199,433,000 $228,986,000 $1,473090 

     THP - Anaerobic Digestion $60,600,000 $132,809,000 $152,489,000 $892,840 

     FBI $30,400,000 $66,624,000 $76,497,000 $580,250 

Gas Treatment & Storage $5,600,000 $12,272,000 $14,090,000 ($8,068,000) 

Total $170,000,000 $372,500,000 $427,700,000 ($2,483,000) 

1 Equipment costs are included in the construction cost.  

2 Capital cost includes the equipment cost, Construction cost, and engineering and 

administration costs.
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7 Watershed Nutrient Reductions 
Offsite watershed nutrient reductions are part of an integrated strategy for the Cedar River 
Watershed and Cedar Rapids WPCF to potentially supplement current or offset future WPCF 
nutrient reduction requirements.  

Nutrient offset is a form of water quality trading whereby pollutant control requirements for point 
sources can be met through offsite watershed reductions. The NRE program under 
development in Iowa will provide a mechanism to capture and document watershed nutrient 
reductions.  The intent is to open the NRE to projects dating back to May 2013, when the Iowa 
Nutrient Reduction Strategy was approved. 

7.1.1 Middle Cedar Partnership Project 

The MCPP is a collaboration between downstream water users, upstream conservation entities, 
and local farmers.  Led by the City, these groups partner to increase the implementation of 
nutrient-management and flood-reduction practices in targeted areas of the Middle Cedar 
Watershed (see Figure 7-1).  The project’s goals are improved water quality, water quantity, and 
soil health in the Cedar River watershed. The information that follows is excerpted from the 
December 2018 MCPP Update. 

Figure 7-1. Middle Cedar Partnership Project Area 
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7.1.1.1 WATER QUALITY AND SOIL HEALTH 

Because of annual average levels of nitrogen and phosphorus, the Iowa Water Resources 
Coordinating Council (IWRCC) designates the Middle Cedar watershed as one of nine priority 
watersheds under the 2013 Iowa Nutrient Reduction Strategy.  Soil conservation practices work 
to hold nitrates and phosphorus in place on the field, decreasing the need for additional 
application and reducing unwanted nutrient contributions to downstream waters including water 
supply.  

7.1.1.2 WATER QUANTITY 

The Middle Cedar watershed contains multiple communities that have experienced considerable 
flood damage and associated economic impacts.  Watershed management practices can 
stabilize the water supply both in times of drought and flood.  

7.1.1.3 PROGRAM AREA 

Cedar Rapids draws its drinking water from shallow alluvial wells along the Cedar River. The 
MCPP encompasses a 2,417-square-mile area of the Cedar River watershed near LaPorte City, 
Iowa in close proximity to the Miller, Rock, and Wolf Creek tributaries to the Cedar River. 
Approximately 56 miles upstream of Cedar Rapids, the project is working in five watersheds 
located in Benton, Tama, and Black Hawk Counties. The five watersheds encompass 135,000 
acres of the total 4,370,000 acres in the Cedar River watershed upstream of Cedar Rapids.    

7.1.1.4 FUNDING AND TIMELINE 

Figure 7-2 identifies funding for the MCCP.  As shown, just under $3 million of funds have been 
expended through the end of calendar year 2018, broken down as follows. 

 City of Cedar Rapids 

 $278,000 to date in outreach, education, and water quality analysis 

 Other collaborating partners 

 $1.3 million to date in plan development, outreach, education, and water quality 
analysis 

 Regional Conservation Partnership Program (RCPP) Grant Funding (U.S. Department of 
Agriculture Natural Resources Conservation Service [USDA NRCS]) 

 $1.6 million to date in financial assistance through RCPP 

 Direct payment to producers and landowners 

A total of $4.3 million in financial and technical assistance is anticipated from June 2015 to 

2020. 
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Figure 7-2. Middle Cedar Partnership Project Funding 

 

7.1.1.5 WORKING TOGETHER 

The MCPP includes the following collaborating partners led by the City. 

 Farmers / Producers 

 Natural Resources Conservation Service (USDA NRCS) 

 Benton / Tama Counties and Miller Creek WQI projects 

 Benton Soil and Water Conservation District (BSWCD) 

 Tama Soil and Water Conservation District (TSWCD) 

 Black Hawk Soil and Water Conservation District (BHSWCD) 

 Dupont Pioneer (DP) 

 Sand County Foundation (SCF) 

 The Nature Conservancy (TNC) 

 Iowa Farm Bureau (IFB) 

 Iowa Soybean Association (ISA) 

 Iowa Pork Producers Association (IPPA) 

 Iowa Corn Growers Association (ICGA) 

 Iowa Department of Agriculture and Land Stewardship (IDALS) 

 Iowa Department of Natural Resources (Iowa DNR) 

 Iowa State University Extension Service (ISUES) 

7.1.1.6 EXPANDING A GOOD THING 

Beginning in 2014, the MCPP extends the work of two current Middle Cedar projects,  

1. Miller Creek Water Quality Initiative Project using creative outreach strategies to educate 

farmers about conservation practices 

2. Benton/Tama Nutrient Reduction Demonstration Project, which has targeted seed corn 

growers in promoting cover crops and other strategies. 

The intent is to expand the scope, outreach, and longevity of these two ongoing demonstration 
projects into five sub-watersheds in the Middle Cedar watershed. 

7.1.1.7 ACTIONS AND RESULTS 

The MCPP has three primary objectives as discussed in the following. 

Objective 1: Develop watershed plans to include monitoring and evaluation that will 
optimize effective BMP placement. 
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To effectively target BMPs to high priority locations in the watershed, watershed plans were 
developed and finalized in December 2015 with the assistance of Iowa Soybean Association.  
The plans lay out a phased implementation approach to ensure continuous improvements are 
made toward long-term goals for the watersheds. 

 Miller Creek Watershed Improvement Plan (2015) 

 Benton/Tama Watershed Improvement Plan (2015) 

The plans incorporate conservation practice placement maps, which take into account 
landscape characteristics such as land use, soil type, topography, and other information to 
identify best placement of conservation practices to achieve maximum benefit in reaching 
specific goals. These maps, and other information, will be used to prioritize placement of BMPs 
for this project. 

Objective 2: Implement BMPs through financial and technical assistance to reduce 
nitrate loads to the Cedar River. 

Table 7-1. MCPP Acres Under Contract 

Practices Total Implemented 
FY15–FY18 

Nutrient Management 357 acres 

Cover Crops 17,382 acres 

No-Till 800 acres 

Strip-Till 210 acres 

Bioreactors 2 bioreactors 

Saturated Buffers 5 saturated buffers 

Third Party Projects (various) 

To date, the MCPP has entered into 54 contracts with farmers and landowners to implement soil 
and water conservation practices. The total USDA funding obligated to these contracts is 
$1,432,927.  Approximately 9 percent (10,297 acres) of the row crop acres in the targeted 
watersheds are under contract. Conservation practices currently under contract are shown in 
Table 7-1 and include nutrient management, cover crops, no-till, strip-till, bioreactors, and 
saturated buffers.    

In partnership with Iowa Soybean Association and Coe College, key sampling snapshots have 
been performed in the Middle Cedar watershed in 2017 and 2018. Because of the nature of 
data collection and changing weather patterns, it is not practical to use the limited information 
learned to date as year-over-year comparisons. Sampling data is being used to help identify 
priority areas for current and future work. With additional sampling data over the years, larger 
year-over-year trends may emerge. 

Objective 3: Conduct outreach activities with landowners and producers in the five 
watersheds. 

Outreach activities targeting the approximately 435 landowners/producers through the 

Benton/Tama and Miller Creek projects that have been performed to-date include: 

 On-farm contacts with individual farmers and landowners. 

 On-farm field days. 

 Client-focused webinars; social media posts and blogs; and direct mailings. 

 Media releases on project activities and outreach topics that support project goals. 

 Watershed tours for stakeholders, local leaders, and media. 

 Project administration and reporting. 
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7.1.1.8 NUTRIENT MANAGEMENT RESULTS 

Managing the rate, timing, source, and stability of 

nutrient applications can improve not only the return on 

investment through increased yields, but also water 

quality through decreased nutrient loss.  Table 7-2 

shows the estimated nutrient management acres under 

contract using all funding sources. 

A total of 357 acres of nutrient management are under 

contract with the MCPP. Water quality models estimate 

these acres of cover crop have reduced nitrogen loss 

by 1,040 pounds per year. 

Data from the Iowa Department of Agriculture and Land Stewardship shows acres of additional 
management practices active in the MCPP area via other funding sources. 

Table 7-2. Nutrient Management Under Contract 

 FY 15 FY 16 FY 17 FY 18* TOTAL 

Contracted through MCPP - - 357 acres - 357 acres 

Residue Management — No Till/ 
Strip Till 

1,165 acres 4,210 acres 5,481 acres 5,030 
acres 

15,886 acres 

N Application Management 600 acres 3,530 acres 2,435 acres 1,964 
acres 

8,829 acres 

P Application Management 378 acres 578 acres 291 acres 709 acres 1,956 acres 

TOTAL  2,143 acres 8,318 acres 8,564 acres 8,060 
acres 

28,085 acres 

*All MCPP funding from USDA obligated in prior years 

7.1.1.9 COVER CROPS RESULTS  

Crops planted during or after harvest sequester 
nitrogen when cash crops are not actively growing. 
Cover crops reduce soil erosion and phosphorous loss, 
increase water retention, and improve nutrient uptake.  
Table 7-3 identifies the estimated acres of cover crops. 

In the Middle Cedar watershed, fields with cover crops 
have averaged 32 percent lower nitrate concentrations 
than fields without, as measured over three growing 
seasons (2014 to 2016) and a variety of weather 
conditions.  A cumulative total of 17,382 acres of cover 
crop are under contract with the MCPP, with 
contractual commitments extending to FY20. Water quality models estimate 9,958 acres of 
cover crops reduced nitrogen loss by more than 40,000 pounds in FY17. 

Data from the Iowa Department of Agriculture and Land Stewardship show annual total acres of 
additional cover crops planted in the MCPP area via other funding sources.  

Table 7-3. Cover Crops Under Contract 

 FY 15 FY 16 FY 17 FY 18 TOTAL 

Contracted through MCPP 527 acres 2,190 acres 7,241 acres 7,424 acres 17,382 acres 

Other funding source  5,735 acres 6,146 acres 5,445 acres 17,326 acres 

Total 527 acres 7,925 acres 13,387 acres 12,869 acres 34,708 acres 

Photo 1. Nutrient Management 

Photo 2. Cover Crop 
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7.1.1.10 BIOREACTORS RESULTS  

Drainage water is routed through trenches filled with 
woodchips, reducing the amount of nitrates delivered 
downstream. 

In the Middle Cedar watershed, bioreactors reduce 
nitrate concentration by 42 percent on average for tile 
water flowing through woodchips.  Two bioreactors 
have been installed in the MCPP area. 

7.1.1.11 SATURATED BUFFERS RESULTS 

Control structures can be installed to divert drainage 
water, which raises the water table. Nitrates filter out 
through soil in the buffer when the drainage water 
interacts with plants and microbes. 

In the Middle Cedar watershed, saturated buffers 
reduce nitrate load by 39 percent on average.  A total 
of five saturated buffers have been installed in the 
MCPP area. 

7.1.1.12 WETLANDS AND WETLANDS EASEMENTS 

RESULTS 

Drainage water is routed through wetlands, providing 
wildlife habitat and other benefits. Wetland plants take 
in nutrients from the drainage, reducing nitrates 
downstream.  In the Middle Cedar watershed, 
monitoring of water flowing through wetlands showed 
nitrate concentrations 84 percent lower than stream 
observations over the same period. 

Work to identify and install wetlands or contract 
wetland easements is ongoing but is a complex, highly 
personalized process. Several promising opportunities 
have been evaluated, but no wetlands have been 
created to date.   

Photo 3. Bioreactor 

Photo 4. Saturated Buffer 

Photo 5. Wetlands 
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7.1.1.13 NO-TILL / STRIP-TILL RESULTS 

Reducing or eliminating tillage improves soil health, 
reduces soil erosion, and decreases phosphorus loss. 
No-till does not reduce nitrogen losses. Both no-till and 
strip-till were already common practices in the 
watershed prior to the MCPP.  A total of 1,010 acres 
are under contract with the MCPP.  

Operations continue to transition away from tilling; 
however, many producers are doing this at their own 
initiative, without MCPP project funding. A 2016 to 
2017 survey of the whole project area showed 37,518 
acres of no-till and 12,260 acres of strip-till in practice. 

Table 7-4. No-Till / Strip-Till Under Contract 

 FY 15 FY 16 FY 17 FY 18 

No-Till - 800 acres - - 

Strip-Till - - - 210 acres 

7.1.2 Urban Best Management Practices 

The City has a history of incorporating stormwater BMPs such as landscaping features, 
retention basins, soil quality restoration, and permeable pavers into public works and other 
projects.  A map of these stormwater BMPs is maintained on the City’s website 
http://www.cedar-rapids.org/local_government/departments_g_-
_v/public_works/storm_water_program.php and included as Figure 7-3 herein. All are potential 
candidates for the NRE. 

Other more notable completed projects that are candidates for the NRE are as follows. 

 Oxbow restoration at Morgan Creek Park. 

 Rockhurst stormwater detention basin riparian buffer. 

 Prairie strips at the Eastern Iowa Airport. 

 Repurposing agricultural land owned by the City for the Tuma athletic fields complex. 

Other notable projects are currently in the planning stage as well. 

 Repurposing 50 acres of agricultural land owned by the City southeast of the Cedar 
Rapids WPCF for butterfly habitat. 

 Harrison stormwater detention basin to include larger and deeper stormwater basins for 
improved water quality and added storage.  

 Repurposing agricultural land owned by the Eastern Iowa Airport for conservation tillage. 

 Repurposing agricultural land owned by the City for baseball/softball athletic fields 
complex. 

Still others are in the concept development stage. 

 Migrating municipal golf courses to phosphorus free fertilizer. 

 Flood protection system wetland mitigation projects. 

 Water supply source water protection plan projects. 

 Linn County wetlands projects. 

 Water supply collector well wetland mitigation project. 

While not the primary purpose, these urban stormwater BMPs achieve offsite watershed nutrient 
reduction. As standalone nutrient reduction projects, these urban stormwater BMPs are 

Photo 6. No-Till/Strip-Till 

http://www.cedar-rapids.org/local_government/departments_g_-_v/public_works/storm_water_program.php
http://www.cedar-rapids.org/local_government/departments_g_-_v/public_works/storm_water_program.php
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significantly more expensive, ranging from several hundred to several thousand dollars per 
pound for both nitrogen and phosphorus. 

However, in conjunction with other ancillary benefits, the nutrient reductions can be quite cost 
effective.  Those ancillary benefits include potential flood mitigation, other water quality 
improvements such as reduced sedimentation, wetland mitigation, additional wildlife habitat, 
water source protection, and recreational opportunities. These potential synergies provide 
additional incentive for the City to pursue offsite watershed nutrient reductions. 

7.1.3 Recommended Plan 

Use of offsite watershed nutrient reductions as potential current or future offsets to Cedar 
Rapids WPCF required reductions is in the formative stage in Iowa. As currently envisioned, 
offsets are more a means to avoid more stringent Cedar Rapids WPCF requirements in the 
future than to reduce the initial Cedar Rapids WPCF requirements. Consistent with these 
concepts, EPA Assistant Administrator David P. Ross, in a February 6, 2019, Memorandum, 
reiterated strong support for water quality trading, accelerated adoption of programs to 
incentivize implementation of technologies and land use practices that reduce nonpoint pollution 
and promote increased effort in conservation actions. 

Moving forward, the City intends to pursue the following relative to watershed nutrient reduction. 

1. Continue to participate in the Middle Cedar Partnership to increase watershed nutrient 
reductions, improve water quality, water quantity, and soil health in the Cedar River 
watershed.  

2. Continue to implement urban BMPs that achieve nutrient reductions as ancillary 
benefits.  

3. Assemble and provide documentation for NRE registration of projects dating back to 
February 2013 once the protocol for doing so is established.
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8 Integrated Strategy and Implementation 
The recommended nutrient reduction strategy and implementation plan for nutrient reduction for 
the City of Cedar Rapids includes both continued investment in offsite watershed nutrient 
reductions and phased future investment in onsite Cedar Rapids WPCF nutrient reductions. The 
actual timing of nutrient reduction related investment at the Cedar Rapids WPCF will be 
determined by the results of a subsequent cost of service rate study and integrated planning as 
well as the effectiveness of ongoing offsite nutrient reduction and availability of funding.   

The integrated strategy and a preliminary schedule are presented below, along with a very 
preliminary assessment of the impact on sewer rates. 

8.1 Integrated Nutrient Reduction Strategy 

Table 8-1 presents the integrated nutrient reduction strategy. 

Table 8-1: Integrated Nutrient Reduction Strategy 

Cedar River Watershed Cedar Rapids WPCF 

 Continue to pursue watershed nutrient 
reductions as potential offsets to targeted 
Cedar Rapids WPCF nutrient reductions 
through participation in the Middle Cedar 
Partnership and implementation of urban 
BMPs 

 Register watershed nitrogen and 
phosphorus reductions through the NRE 
once protocols for doing so are established 

 Work with major industrial sources to 
identify and implement nutrient source 
reductions as offsets to targeted Cedar 
Rapids WPCF nutrient reductions 

 Incorporate sidestream treatment for 
nitrogen and then phosphorus reduction into 
phases I-A and I-B which are otherwise 
targeted at replacing solids handling facilities 
and producing biogas. 

 Incorporate mainstream treatment for 
nitrogen and phosphorus reduction into 
Phases II through IV to the extent required 
for compliance with the Nutrient Reduction 
Strategy and consistent with overall Citywide 
integrated planning priorities. 

8.2 Implementation Plan 

Figure 8-1 presents the implementation plan as currently envisioned, split into four phases at 
the Cedar Rapids WPCF. It reflects the critical need for replacing solids processing as a high 
priority based on the limited remaining useful life of the existing LPO and MHI solids processing 
facilities. Phase I includes installation of THP-AD, FBI, and sidestream treatment is split into 
Phase I-A, planned to begin as soon as 2021, and Phase I-B, planned to begin as soon as 
2024. Phase II through Phase IV involve the phased installation of GrAS for mainstream nutrient 
reduction, planned to begin as soon as 2028, contingent upon the results of several parallel 
activities also shown in Figure 8-1.  

Parallel activities include ongoing, offsite nutrient reductions in the watershed and at major 
industrial sources as well as integrated planning and a cost of service rate study anticipated in 
calendar years 2019 and 2020.  

Integrated planning could alter this proposed schedule.  It will consider Cedar Rapids WPCF 
nutrient reduction needs in the context of other major capital needs at Cedar Rapids WPCF to 
accommodate wet weather flows and citywide for sanitary sewer and stormwater system 
improvements, water treatment and distribution, and Cedar River flood protection. The intent will 
be to prioritize major capital needs and to develop a timeline for implementation that maintains 
affordability for the City’s rate payers.  
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Figure 8-1. Implementation Plan 

 

The cost of service rate study could alter the proposed schedule.  It will need to allocate Cedar 
Rapids WPCF facilities costs to function (flow, BOD, TSS, TN, and TP) and customer class 
(residential/commercial, industrial, Group 3 industrial) taking into consideration nutrient 
reduction requirements, potential biogas revenue, and modified treatment processes. The cost 
of service rate study will also need to review current and refine future rates and surcharges 
consistent with forecast revenue needs and consider affordability of the implementation plan as 
currently envisioned. 

Beyond integrated planning and cost of service rate study considerations, the implementation 
plan as currently envisioned will evolve to reflect the results of ongoing efforts to achieve 
watershed and industrial source reductions.  It may also evolve with changes in City Council, 
the magnitude and nature of waste streams from major industrial users, advances in treatment 
technology, changes in regulatory requirements, and any number of other such factors largely 
beyond the City’s control. 

Overall costs by implementation phase and by function are presented in Table 8-2 and 8-3, 
respectively. Phases I-A and I-B cost approximately $260 million to replace aging solids 
handling facilities, but bring in revenue due to biogas sales. Phase II through Phase IV cost 
approximately $160 million and replaces mainstream treatment infrastructure with more efficient 
processes capable of nutrient reduction moving forward. 

Nutrient reduction and recovery is $172.6 million of the overall $427.6 million.  

Table 8-2. Cedar Rapids Implementation Plan Costs ($2018) 

Phase  Equipment 
Cost 

Construction 
Cost 

Capital Cost 
(Construction + 

Engineering/ 
Administration) 

O&M Cost 

IA (AD, Gas, N Sidestream) $43,930,000 $96,274,000 $110,540,000 ($7,906,000) 

IB (THP, FBI, Ind. 
Pretreatment, P. Sidestream) 

$60,950,000 $133,576,000 $153,371,000 $1,449,000 

II - IV (GrAS in 3 Phases) $65,090,000 $142,649,000 $163,788,000 $3,974,000 

Total $170,000,000 $372,500,000 $427,700,000 ($2,483,000) 
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Table 8-3. Cedar Rapids Implementation Plan Costs by Function ($2018) 

Phase Years2 

Capital Cost ($ millions)1 

Solids Processing 
Replacement 

Nutrient 
Reduction/ 

Recovery 

Biogas 
Recovery 

Industrial 
Pretreatment 

Total 

I-A 2021-2025 $87.6 $8.8 $14.1 $0.0 $110.5 

I-B 2024-2028 $141.3 $6.4 $0.0 $12.0 $159.7 

II-IV 2028-2037 $0.0 $157.4 $0.0 $0.0 $157.4 

Total 2021-2037 $228.9 $172.6 $14.1 $12.0 $427.6 

1 Includes construction, contingency, and engineering costs in 2018 dollars. 
2 For planning purposes but subject to subsequent cost of service study, integrated planning, and effectiveness of watershed 
nutrient reductions 

8.3 Sewer Rate Impacts 

Figure 8-2 show inflation adjusted recent and forecast future operations and maintenance and 
capital costs. Costs prior to 2030 are primarily related to age and condition related replacement 
of existing solids handling facilities and production and recovery of biogas, but include 
sidestream nutrient reduction as well. Costs following 2030 are primarily related to regulatory 
driven mainstream nutrient reduction requirements.  Inflation-adjusted capital costs over the 
next 20 years total just over $700 million. With phased implementation, the capital investment 
need is estimated to range from approximately $8 million to $70 million per year. 

The significant reduction in Phase I-A operations and maintenance costs is attributed to 
eliminating the high operations and maintenance cost associated with the existing LPO and 
adding the revenue generated from producing, recovering, and injecting biogas. The relatively 
small increases in operations and maintenance costs for remaining phases can be attributed to 
the additional solids processing and disposal reliability and the incorporation of nutrient 
reduction in the recommended plan as well as increased flows and loads with growth. 

The graphs in Figure 8-2 reference both status quo and recommended plan scenarios. Status 
quo represents the cost to continue to operate the Cedar Rapids WPCF if no changes were 
made in the treatment process. In reality, maintaining the status quo is not a realistic option and 
is included simply as a baseline comparison to the recommended plan. Status quo assumes 
1) continued investment in existing energy intensive, outdated solids processing equipment that 
has limited capacity, has reached the end of its useful life, and may not meet evolving 
incineration regulatory requirements, and 2) no investment to comply with the 2013 Iowa 
Nutrient Reduction Strategy. 
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Figure 8-2. Recent and Forecast Future Operations and Maintenance (top) and Capital Costs (bottom) 

 



 

Cedar Rapids Nutrient Reduction Feasibility Study 71 

Higher capital investment in the recommended plan achieves lower long-term operations and 
maintenance costs relative to the status quo. It also achieves compliance with the 2013 Iowa 
Nutrient Reduction Strategy requirements with technology that produces and generates revenue 
from biogas, further reducing long-term operations and maintenance costs relative to the status 
quo.  

The City is prepared to pursue a variety of funding from alternative sources, including State 
Revolving Fund (SRF) and Water Infrastructure Finance and Innovation Act (WIFIA), because 
costs are significant.  A WIFIA Letter of Interest will be submitted in April 2021.  Depending on 
funding source, bond or loan duration, debt service coverage ratio, and other similar financial 
considerations, revenue increases for the recommended plan, exclusive of forecast growth, 
ranging from 5 percent annually for 11 consecutive years to over 10 percent annually for 10 
consecutive years will be required to support annual debt issuance needs. 

Even without these improvements, the resulting effects on rates and debt would be significant. 
However, compliance with the 2013 Iowa Nutrient Reduction Strategy is mandated by the State 
of Iowa. Also, it is not prudent to continue to invest in existing energy intensive, outdated solids 
processing equipment and mainstream liquid treatment processes that have limited capacity, 
have reached the end of their useful life, and may not meet evolving regulatory requirements. 

8.4 Residential Sewer Rate Impacts 

Forecasting residential rate impacts is challenging. Figure 8-3 shows Cedar Rapids current 
residential sewer rates in comparison to other Iowa cities with more than 10,000 people.  For a 
typical household using 600 cubic feet (4,500 gallons) per month and 1,000 cubic feet 
(7,500 gallons) per month, the City’s current rate is below the Iowa median rate. However, as 
indicated (0 cubic feet), Cedar Rapids current base charge is above the median Iowa base. 

The 2017 Cedar Rapids metropolitan area median household income is $56,828 as reported by 
the U.S. Census Bureau with 8.0 percent of the population below the poverty level. In Cedar 
Rapids, 5.3 percent of the population have a household income below $10,000 and 19 percent 
have a household income below $25,000.  At 1,000 cubic feet (7,500 gallons) per month, the 
$31.30 monthly sewer bill equates to 0.66 percent of the median household income, but 
3.76 percent and 1.5 percent for those at the $10,000 and $25,000 income levels. 

EPA’s residential sewer rate affordability criteria of 2 percent of median household income 
equates to $94.70 per month, but such a rate would equate to 11.7 percent and 4.7 percent for 
the $10,000 and $25,000 income levels. Based on this analysis, additional assistance would be 
needed for these income-stressed populations. 
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Figure 8-3. Residential Sewer Rate Study (Ames 2018) 
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8.5 Industrial Sewer Rate Impacts 

Cedar Rapids is a center for bioprocessing activity in the United States as documented in the 
February 23, 2018 Cedar Rapids Food and Bioprocessors Manufacturing Report prepared by 
Iowa State University. That document is the source for the information that follows below. 

Nearly 18 percent of employed individuals in Cedar Rapids work in areas of manufacturing and 
agriculture. Manufacturing activities comprise the largest sector of the Cedar Rapids 
Metropolitan Statistical Area (MSA) economy, equaling 27 percent of Gross Regional Product 
(GRP).  Furthermore, manufacturers account for 40 percent of the community’s export-oriented, 
industrial base.  Due to Cedar Rapids’ numerous infrastructure and location advantages, there 
are over 2.5 times as many food manufactures concentrated in the City than average levels 
found in the U.S. economy.   

The value of corn and oats raw materials processed in Cedar Rapids exceeds $1.1 billion. For 
each job created in the food manufacturing and bioprocessing industry serving Cedar Rapids, 
four additional jobs are supported throughout the wider economy. Currently, the bioprocessing 
industry in Cedar Rapids employs approximately 5,000 individuals in manufacturing activities, 
and median income for cluster employment is 38 percent higher than the citywide average. For 
the period between 2007 and 2016, employment in the food and bioprocessing cluster 
increased at a rate more than double that found in other sectors, and it’s notable this increase 
occurred as total manufacturing employment decreased in the regional economy. In the past 10 
years, the value of goods and services produced by the food and bioprocessing cluster 
increased at a rate 1.5 times greater than general economic growth in the City of Cedar Rapids. 

The State of Iowa leads the country in ethanol production where approximately 80% of current 
ethanol comes from dry-grind facilities and 20% from wet milling facilities. The 2016 production 
capacity of Iowa is given by the Renewable Fuels Association as 4.1 billion gallons of ethanol 
produced by 43 currently operating ethanol biorefineries. The total U.S. production in 2016 was 
16 billion gallons, meaning Iowa accounted for over one-fourth of the total national production of 
ethanol.  Cedar Rapids alone accounted for nearly 15 percent of Iowa’s production with three 
ethanol production plants which generated 585 million gallons per year in 2016 with 
approximately $900 million in gross value.  

It is estimated that the corn processors in Cedar Rapids in 2016 processed nearly 250 million 
bushels of corn between dry grinding and wet milling.  Dry grinding alone accounted for 
approximately 80 percent of the total corn processed. In 2016, corn processing in Cedar Rapids 
accounted for approximately 4 percent of total U.S. annual corn processing, which was 6.2 
billion bushels. Wet milling in Cedar Rapids represents a significant fraction of total wet milling 
in the United States at approximately 60 million bushels per year, which is 6 percent of the total 
U.S. corn wet milling processing. 

It is estimated that approximately 450,000 tons, or 28.5 million bushels, of oats are processed 
per year in Cedar Rapids. The United States in total will produce approximately 54 million and 
import 100 million bushels of oats in 2017, thus Cedar Rapids accounts for over 18.5% of total 
oats processed in the United States in 2017. 

In 2017, there were two soybean processing facilities located in Cedar Rapids, and according to 
industry experts, the facilities processed approximately 100,000 bushels per day in total, or 36.5 
million bushels per year. That represents approximately 6.4% of the total soybeans harvested 
annually in Iowa. 
 
Worldwide production of baker’s yeast was approximately 3.1 million tons in 2003 with the 
average of approximately 19,000 tons per year for a typical yeast production plant. Cedar 
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Rapids currently has one yeast production plant that is reportedly the largest yeast 
manufacturing facility in North America, so one may reasonably assume that Cedar Rapids 
produces greater than 19,000 tons per year of yeast. 
 
Further analysis by the City’s Economic Development Specialist indicates that Iowa is a net 
exporter of paper products, making the industry an important part of the state’s economic base. 
Cedar Rapids one paper industry represents almost one-third of Iowa’s total employment in 
Paper Bag and Coated and Treated Paper Manufacturing. Workers in the industry earned $96 
million in Iowa during 2018. Output from the Cedar Rapids facility accounted for almost 28 
percent of all industry sales from Iowa in 2018 and each job in the paper processing industry in 
Iowa supports an additional 2.11 jobs in the state’s broader economy. 

8.5.1 Industrial Economic Impact  

A significant number of the City’s large food manufacturers and bioprocessors produce waste 
streams that require a high level of service for wastewater treatment.  One group, Class III 
Permit Users, (Chapter 13, Cedar Rapids, Iowa Municipal Code) contribute much of the waste 
stream to the Cedar Rapids WPCF. Economic impact assessment by the City’s Economic 
Development Specialist, David Connolly, indicates that those eight Group III industries also 
have a significant economic impact on the City, the region, and the State of Iowa as further 
noted below.  

The eight Class III industries employ 1,914 FTE workers directly on-site in operation of 
production facilities.  An additional 6,035 jobs are supported throughout the regional economy at 
firms which are either in Class III industries’ supply chains or due to increased consumption 
(i.e., household spending) ultimately derived by purchases of goods and services by the large 
industrial user group. 

Wages paid to workers at Class III industries represent a significant source of income to the 
Cedar Rapids economy, as a whole.  In 2018, Group III industrial users had annual payroll of 
$185 million, but suppliers of the group paid wages in excess of $1 billion.  A further $114 
million in wages were paid to employees exclusively within the service and retail side of the 
local economy. Again, this effect happened due to the increase in local consumption supported 
by spending throughout all levels of the supply chain for Group III industries.   

Additionally, Group III industries support job creation and wages far beyond their immediate 
industries.  The jobs multiplier for a Class III Large Industrial User ranges between a factor from 
2 to 7.  This means, for example, every job in a Class III industry supports up to 7 more workers 
in the City’s broader economy.  A similar multiplier effect exists for firm income, where each 
dollar earned by Group III industries corresponds to between $1.50 and $12.70 in wages paid to 
employees at other businesses in Cedar Rapids.   

Another important benefit of Group III industry would be tax revenue paid to all levels of 
government.  Last year, Class III industries in Cedar Rapids generated a total $71.1 million in 
local, state and federal taxes.  Recent estimates of federal tax paid by the group were $13.4 
million, while estimates of state and local taxes paid stand at $26.2 million and $32.2 million, 
respectively.  At the local level, such positive contributions to the tax base help to support 
quality in provision of public services necessary for both economic growth but also to protect 
environmental quality, public health, welfare and safety.   

The total economic impact for Group III industries is equivalent to $4.909 billion or a 17.3 
percent share of GRP.   Total employment resulting from Group III industries stands at 7,949 
jobs or a 5 percent share of regional employment.  By measuring benefits resulting from this 
unique cross-section of activity, it becomes possible to understand how such industries serve as 
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high impact drivers of growth in both the development of Cedar Rapids as well as the greater 
than local level in Iowa. 

8.5.2 Sewer Rate Impacts  

As noted above, industries in Cedar Rapids, the eight Group III industries in particular, drive the 
local, regional, and state economy.  Those industries have concentrated in Cedar Rapids 
because of the unique location advantages that aid their overall competitiveness, including 
water, sewer, and other utility costs.   

Also, as previously noted in section 3, the eight Group III industries contribute approximately 36 
percent of the influent flow, approximately 68 percent of the organic loading, and 40 to 50 
percent of the nutrient loading on the Cedar Rapids WPCF. Figure 8-4 indicates that virtually all 
(98 percent) of the City’s sewer revenue is from rates.  Figure 8-5 further indicates that 50 
percent of that rate revenue is generated by the eight Group III industry customers with an 
additional 7 percent of that rate revenue is generated by the Group II industry customers. Only 
43 percent of the rate revenue is generated by Residential Commercial customers.  

Cedar Rapids industry, the eight Group III Industries in particular, will be severely impacted by 
the required annual revenue increases forecast to range from 5 percent annually for 11 
consecutive years to over 10 percent annually for 10 consecutive years. In turn, the local, 
regional, and state economy could be severely impacted by rate increases that prompt local 
industry to defer expansion plans, shift production elsewhere, or contract current operation.  
Such impacts would also have a dramatic effect on future capacity needs at the Cedar Rapids 
WPCF. 

Figure 8-4. Revenue Source (Fiscal Year 2018) 
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Figure 8-5. Revenue by Customer Class (Fiscal Year 2018) 

 

Figure 8-6 graphically presents a comparison of current BOD unit cost per pound in Cedar 
Rapids in comparison to BOD unit costs per pound in other Midwest cities with significant 
industrial customers.  Among cities which are home to or compete with Cedar Rapids for the 
Group III industries in Cedar Rapids, current BOD unit cost in Cedar Rapids are notably above 
Memphis and Fort Wayne, comparable to Madison and Beloit, and well below Rochester and 
Clinton.  

Figure 8-6. Comparative BOD Unit Costs 
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The impact on local industry and broader local, regional, and state economy was a major 
consideration in the phased implementation plan currently envisioned.  Likewise, it will need to 
be a major consideration in the subsequent integrated planning and cost of service rate study.  
Industrial sewer rates and broader local, regional, and state economic impacts are likely more of 
an affordability issue than residential commercial sewer rates in Cedar Rapids.  



This page intentionally left blank.



 

Cedar Rapids Nutrient Reduction Feasibility Study A-1 

Attachment A. Statistical Data Analysis Results (2016-2018 data) 

              

Annual 
Average = 

50th percentile 

Max Month = 
91.7th 

percentile 

Max Day =   
99.7th 

percentile 

1 2 3         50% 91.70% 99.70% 

Sample Point Sample Name Unit Average Minimum Maximum 
Standard 
Deviation 

50.0 % 
Percentile 

91.7 % 
Percentile 

99.7 % 
Percentile 

Influent + Recycle Flow MGD 55.1 35 138 14 51.8 67 138 

Influent + Recycle Kjeldahl Nitrogen mg-N/L 55 17 249 19 51 83 125 

Influent + Recycle KN, soluble mg-N/L 28 23 34 4 28 33 34 

Influent + Recycle Nitrate-N mg-N/L 2 0 20 4 0 3 20 

Influent + Recycle Nitrite-N mg-N/L 1 0 13 3 0 2 13 

Influent + Recycle ortho-Phosphate-P mg-P/L 5 0 13 2 5 8 13 

Influent + Recycle 
Total Kjeldahl 
Phosphate mg-P/L 12 0 33 4 12 19 26 

Influent + Recycle Total Phosphorus mg-P/L 11 3 25 4 10 17 24 

Influent + Recycle CBOD5 mg/L 604 151 1830 193 585 858 1399 

Influent + Recycle CBOD5, soluble mg/L 339 311 393 33 325 379 392 

Recycle Flow MGD 5.7 0 11 1 5.8 7 11 

Recycle Kjeldahl Nitrogen mg-N/L 109 3 546 63 96 202 383 

Recycle Nitrate-N mg-N/L 3 0 38 6 1 6 34 

Recycle Nitrite-N mg-N/L 5 0 13 6 0 13 13 

Recycle ortho-Phosphate-P mg-P/L 11 1 38 6 11 18 36 

Recycle 
Total Kjeldahl 
Phosphate mg-P/L 24 1 122 12 21 41 100 

Recycle Total Phosphorus mg-P/L 29 2 80 19 21 65 80 

Recycle CBOD5 mg/L 603 3 3910 451 474 1297 2830 

Recycle CBOD5, soluble mg/L   0 0         

Main Influent Flow MGD 49.4 27 135 14 46.0 61 134 

Main Influent Kjeldahl Nitrogen mg-N/L 48.6 8 250 17 46 71 123 

Main Influent Nitrate-N mg-N/L 2 -3 22 5 0 3 22 

Main Influent Nitrite-N mg-N/L 0 -2 2 1 0 2 2 

Main Influent ortho-Phosphate-P mg-P/L 4.3 0 11 2 4 7 10 

Main Influent 
Total Kjeldahl 
Phosphate mg-P/L 10.9 -11 32 4 10 17 26 

Main Influent Total Phosphorus mg-P/L 9.4 6 20 3 9 13 20 

Main Influent CBOD5 mg/L 607 -48 1959 194 580 851 1424 

AP Influent Flow MGD 1 0 3 1 1.3 2 3 

AP Influent Kjeldahl Nitrogen mg-N/L 88 19 544 40 82 132 285 

AP Influent KN, soluble mg-N/L 74 21 354 114 27 196 348 

AP Influent Nitrate-N mg-N/L 3 0 20 7 1 20 20 

AP Influent Nitrite-N mg-N/L 5 0 13 6 1 13 13 

AP Influent ortho-Phosphate-P mg-P/L 10 0 80 15 5 21 78 

AP Influent 
Total Kjeldahl 
Phosphate mg-P/L 21 3 111 13 17 37 85 

AP Influent Total Phosphorus mg-P/L 20 4 101 24 15 23 98 

AP Influent CBOD5 mg/L 3005 317 4800 463 3030 3520 4411 

AP Influent CBOD5, soluble mg/L 2409 2210 2680 167 2400 2610 2677 

Total Influent Flow MGD 50.5 28 135 14 47 62 134 

Total Influent Kjeldahl Nitrogen mg-N/L 46.6 33 60 8 46 56 60 

Total Influent Nitrate-N mg-N/L 1 0 1 0 1 1 1 

Total Influent Nitrite-N mg-N/L 0 -2 2 1 -1 1 2 

Total Influent ortho-Phosphate-P mg-P/L 5 0 13 2 5 8 13 

Total Influent 
Total Kjeldahl 
Phosphate mg-P/L 9.5 6 15 2 9 13 15 

Total Influent Total Phosphorus mg-P/L 9.4 7 15 2 9 12 15 

Total Influent CBOD5 mg/L 716 574 863 93 728 831 862 

Effluent Flow MGD 50 28 135 14 47 62 134 

Effluent Kjeldahl Nitrogen mg-N/L 20.6 6 66 8 20 32 53 

Effluent KN, soluble mg-N/L 16.7 13 20 4 17 20 20 

Effluent Nitrate-N mg-N/L 11.9 2 118 11 8 21 84 

Effluent Nitrite-N mg-N/L 3 0 21 4 2 13 19 

Effluent ortho-Phosphate-P mg-P/L 7.5 0 20 4 7 14 19 

Effluent 
Total Kjeldahl 
Phosphate mg-P/L 7.3 2 18 2 7 10 12 

Effluent Total Phosphorus mg-P/L 6.3 2 11 2 6 9 11 

Effluent CBOD5 mg/L 18 3 198 14 14 38 100 
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Technical 
Memorandum  

 

To:  City of Cedar Rapids 

From:  Eric Evans/HDR 
John Christiansen/HDR 
Trent Stober/HDR 
Brian Bakke/HDR 
David Dechant/HDR 

Project:      Cedar Rapids Nutrient Removal and 
Solids Facilities Plan 

CC:  File 

Date:  March 4, 2016 (Revised Final) Job No:  City – 6150011 
HDR – 270628 

Re: Technical Memorandum 1.0 – Nutrient Sources 
This Technical Memorandum (TM) lays out the baseline nutrient loadings within the Cedar River 
Watershed upstream of and including Cedar Rapids, including a holistic evaluation of nutrients 
on a watershed basis. It includes an evaluation of nonpoint nutrient sources, a tabulation of 
upstream point nutrient sources, and a detailed evaluation and breakdown of specific waste 
streams evaluated at the Water Pollution Control Facility (WPCF). 

Objective 
The objective of this TM is to define the current baseline nutrient loadings to the Cedar River 
from the WPCF, including a characterization of WPCF influent nutrient sources, and other point 
and nonpoint sources in the upstream watershed based on point load data collected and an 
overall watershed nutrient balance. 

Specific efforts used to accomplish the overall objective are as follows: 

a. Collect and analyze aerobic and anaerobic process flow and characteristic data, including 
nutrient loadings data. 

b. Evaluate WPCF influent data to delineate organic, inorganic, and refractory potential of 
nitrogen and phosphorus. 

c. Identify and estimate other offsite point and nonpoint source nutrient contributions to the 
Cedar River to provide a baseline. 

d. Characterize, in general, the potential merits of offsite nutrient reduction strategies based on 
the relative magnitude of offsite loading compared to WPCF nutrient loading. 
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This TM is organized as follows: 

• Objective  
• Summary 
• Background 
• Watershed Nutrient Sources 
• Cedar Rapids Nutrient Sources 

The following Attachments provide supporting information: 

• A – Watershed Nutrient Data 
• B – Correspondence 
• C – Cedar River Watershed Data 

Summary 
This TM describes the baseline nutrient sources received by the Cedar Rapids WPCF and 
ultimately discharged to the Cedar River Watershed as a whole. As part of this TM, Cedar River 
Watershed nutrient loads have been quantified and broken down between nonpoint and point 
sources. Agricultural contributions of nutrients represent the largest fraction of the total nitrogen 
(TN) contribution to the watershed and a significant part of the total phosphorus (TP) 
contribution. High agricultural yield areas for nutrients are identified within areas in the northern 
watershed contributing the most TN per acre and areas in the western part of the watershed 
generating the most TP per acre. The use of nonpoint source best management practices 
(BMPs) as offsets for trading with Cedar Rapids may be practical for TN reduction, but is less 
practical to trade for TP reduction requirements due to the large acreage requirement and the 
high cost due to the large contribution of TP from WPCF to the watershed, the lower efficiency 
for TP removal efficiency by BMPs, and the higher removal goals for TP. 

In pursuing non-point source reduction for TN offsets, targeting of the watershed upstream of 
Cedar Falls due to the high agricultural yield in that region provides the greatest potential for 
reduction. In the event nonpoint TP source reduction is pursued, targeting the western portion of 
the watershed provides the greatest potential for reduction.  

Cedar Rapids WPCF nutrient sources include the influent loading from domestic sources and 
from large industrial sources. Overall, per capita influent loading is high compared to typical 
wastewater treatment facilities largely due to the industry loads. A reduction in the contribution 
of nutrients from several key industries would significantly reduce the nutrient loadings to WPCF 
and the watershed, particularly with respect to TP.  

Based on the overall magnitude of the nutrient loading at the WPCF and in the recycle streams, 
sidestream treatment of the combined recycle stream or the largest recycle nutrient contributor, 
Zimpro decant and centrate, may be an important part of an overall nutrient reduction strategy 
when considering nutrient removal control at WPCF. Sidestream treatment for TN or TP helps to 
stabilize the mainstream treatment process and reduces the overall size needed for the 
mainstream process.  
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The loads received at the WPCF are amenable to biological nutrient removal (BNR) based on 
the five-day, carbonaceous biochemical oxygen demand (cBOD5):total Kjeldahl nitrogen (TKN) 
and cBOD5:TP ratios. Individually, many of the industrial waste streams have enough cBOD5 to 
drive BNR, and in some cases, the industrial waste streams are nutrient deficient. The 
exception is the Industry 1 waste stream, which contains an excess of nutrients and would not 
have adequate cBOD5 alone to support nutrient removal. 

Background 
In May of 2013, the State of Iowa released a Nutrient Reduction Strategy (NRS) that includes 
nutrient reduction goals from point and non-point sources. One of the goals of the NRS is to 
reduce the nitrogen and phosphorous discharged by major municipal and industrial wastewater 
treatment plants with flows greater than 1.0 million gallons per day (MGD). The Iowa 
Department of Natural Resources (IDNR) identified that statewide point sources contribute an 
estimated 8% of the TN load and 20% of the TP load on Iowa’s streams and lakes. The NRS 
establishes goals of 4% TN reduction and 16% TP reduction from point sources. However, 
contributions vary widely within individual watersheds from specific point sources. 

The Cedar River Watershed is a nutrient-laden water source according to evaluations based on 
various sources of data, which are presented by summary reports from the USGS (Salazar & 
Kimbal, 2013) and the EPA Watershed Quality Assessment Report 
(http://ofmpub.epa.gov/tmdl_waters10/attains_watershed.control). The watershed consists of 
the Iowa-Cedar River basins covering 12,620 square miles and extending throughout eastern 
Iowa northward into southern Minnesota (Figure 1). The watershed contains roughly 1 million 
people who live in a mixed used land area heavily focused on agriculture. Within the watershed, 
the IDNR has imposed a total maximum daily load (TMDL) on segments of the Cedar River due 
to nitrate impairment. 

Iowa’s NRS seeks reductions in nutrient loading to watersheds throughout the state by targeting 
both point and non-point nutrient sources. The point source effort applies to major dischargers 
throughout Iowa with a general goal of achieving between 60 and 66% TN reduction and 75% 
TP reduction. The means for achieving the reduction by point sources is unspecified, and 
municipalities, utilities, and industries are encouraged to cooperate and investigate both 
traditional and more innovative approaches to nutrient reduction.  

The Cedar Rapids WPCF collects and treats nutrients from domestic and commercial 
wastewater and a number of industrial waste streams. The WPCF is a part of the overall 
nutrient balance in a substantial watershed, and consideration of nutrient loadings from the 
watershed holistically and from the WPCF specifically is important towards achieving 
successful, cost-effective nutrient reduction. As a result, this TM presents a baseline evaluation 
of both the watershed nutrient loadings holistically and the WPCF nutrient source loadings 
specifically. 

http://ofmpub.epa.gov/tmdl_waters10/attains_watershed.control
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Figure 1: Map of Iowa-Cedar Rivers Basin (as identified by iowacedarbasin.org)  

 
Figure 2: Cedar River Watershed nitrate impaired segment (IDNR, 2006) 
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Watershed Nutrient Sources 
An evaluation of nutrient sources for the Cedar River watershed from its origins upstream to a 
point immediately downstream of Cedar Rapids was conducted. Non-point sources, point 
sources upstream of Cedar Rapids, and urban and point sources within Cedar Rapids were 
reviewed and nutrient generation rates estimated.  

Figure 3 depicts the Cedar River watershed map broken down into eight-digit, hydrologic unit 
codes (8-Digit HUCs or HUC 8s). As can be seen, the watershed extends from southern 
Minnesota southeast across Iowa through Cedar Rapids and to the Mississippi River in 
southeastern Iowa. In Figure 3, the Cedar Rapids WPCF is identified with an orange triangle 
with the watershed’s 8-digit HUCs shaded dark blue and the municipalities shaded in light blue. 

 
Figure 3: Cedar River Watershed and 8-Digit HUCs 

 

An important relationship exists between land usages and nutrient generation rates in a 
watershed. Figure 4 outlines land uses within the Cedar River watershed, and Table 1 presents 
the acreages and percentages for specific land uses based on the National Land Cover 
Database (http://www.mrlc.gov/nlcd2011.php). As might be expected in Iowa, the largest land 
use in the Cedar River watershed is cultivated crops, which is most strongly associated with 
nutrient runoff.  

http://www.mrlc.gov/nlcd2011.php
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Figure 4: Land Use – Cedar River Watershed Land 

 
Table 1: Land Use in the Cedar River Watershed 

Land Use Acres Percent 
Open Water 41,554 0.8 
Developed, Open Space 297,224 5.9 
Developed, Low Intensity 114,853 2.3 
Developed, Medium Intensity 36,350 0.7 
Developed, High Intensity 12,305 0.2 
Barren Land 2,901 0.1 
Deciduous Forest 133,755 2.7 
Evergreen Forest 1,380 0.0 
Mixed Forest 45 0.0 
Shrub/Scrub 26 0.0 
Herbaceuous 223,771 4.5 
Hay/Pasture 186,368 3.7 
Cultivated Crops 3,838,552 76.6 
Woody Wetlands 87,600 1.7 
Emergent Herbaceuous Wetlands 34,505 0.7 
Source: National Land Cover Database (2011) 
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Non-Point Sources 
In this section, Cedar River watershed nutrient nonpoint sources are investigated. First, the 
model output is broken down and summarized in order to quantify the magnitude of the nonpoint 
sources. The next section presents the data validation, which qualifies the reliability of the 
USGS Sparrow model used in the evaluation.  

USGS SPARROW Model 
Watershed nutrient loading is presented in this section based on SPARROW model output. 
Separate SPARROW model data sets are generated for TN and TP along with spatial 
referencing by maps. Figure 5 presents the Sparrow model catchments for the Cedar River 
Watershed, which roughly correspond to 12-digit HUCs (blue filled), with the Cedar Rapids 
WPCF identified by an orange triangle. Figure 6 presents a more detailed close-up of the 
Sparrow model at Cedar Rapids and shows the catchments upstream and downstream of the 
WPCF as 19764 and 19762, respectively.  

 
Figure 5: SPARROW Catchments 
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Figure 6: SPARROW Catchments near Cedar Rapids WPCF (Note: Although river shown as intersecting 
with 19763, next upstream catchment to 19762 is 19764.) Orange outlines represent city limits. 

 

The TN loading from the model is broken down by sources in Table 2 and Figure 7. While the 
nutrient load breakdown has not been tested against data, an overview and a general 
assessment were conducted to aid in determining which sources offer the greatest potential for 
reduction specific to this watershed. The information in this section shows that over 50% of the 
nitrogen is derived from farm fertilizer with the next highest contributor of atmospheric nitrogen 
generating less than 15% of the TN. Adding all farm sources – fertilizer, manure, and legume 
crops – results in nearly 80% of the TN load. Wastewater and urban nitrogen are the source of 
four to seven percent of the nitrogen load on the river. The upstream catchment should be 
without the Cedar Rapids WPCF discharge and the downstream catchment with the discharge. 
This should result in an increase in the Wastewater Treatment Plant (WWTP) category, which 
matches what is shown in the table. While the model captures the nitrogen load increase, the 
magnitude of the increase may not be fully captured. Cedar Rapids WPCF nutrient loading is 
examined in more detail starting on page 18. As detailed in the Cedar Rapids Nutrient Sources 
Section, the TN load to WPCF is about 7% of the watershed load instead of the roughly 1% load 
identified by the Sparrow model. The difference between upstream and downstream urban TN 
source loading shows that Cedar Rapids urban runoff contributes a small percentage of the 
watershed TN load. 
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Table 2: TN Nonpoint and Point Loading by Source 

Source 

Catchment 19764  
(Upstream of WPCF) 

Catchment 19762 
(Downstream of WPCF) 

Load (kg/yr) % of Total Load (kg/yr) % of Total 
WWTP* 582,931 1.5 865,580 2.2 
Atmospheric  5,709,889 14.7 5,811,342 14.6 
Manure  5,457,207 14.0 5,488,413 13.8 
Fertilizer (farm) 20,056,530 51.5 20,249,385 51.0 
Legume Crops  5,332,175 13.7 5,392,614 13.6 
Urban Areas  1,802,032 4.6 1,880,216 4.7 
Total 38,940,762 100.0 39,687,549 100.0 
*Wastewater Treatment Plants – all wastewater treatment plants contributing to catchment 
 

582,931, 1%

5,709,889, 15%

5,457,207, 14%
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Wastewater Treatment Plants Total Load 
(Original) (kg●yearˉ¹)

Atmosphere Total Load (Original) 
(kg●yearˉ¹)

Manure (confined animals) Total Load 
(Original) (kg●yearˉ¹)

Fertilizers (farm) Total Load (Original) 
(kg●yearˉ¹)

Legume Crops (add. agr. input) Total Load 
(Original) (kg●yearˉ¹)

Urban Areas Total Load (Original) 
(kg●yearˉ¹)

 
Figure 7: Total Nitrogen – Catchment 19764 (first catchment upstream from the Cedar Rapids WPCF) 

 

Figure 8 shows the Cedar River TN load and concentration along the length (longitudinal) of the 
river through the watershed. A confluence of streams occurs downstream of river mile 150 (as 
plotted). While the TN concentration decreases slightly, the overall balance with the increase in 
flows gives a steadily increasing overall load. Based on the plot, the TN load continuously 
increases along the length of the river. 



 
HDR Engineering, Inc. 
TM 1.0 Nutrient Sources FINAL  

5815 Council Street, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 10 of 38 

 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

0

20,000,000

40,000,000

60,000,000

80,000,000

100,000,000

120,000,000

140,000,000

0 50 100 150 200 250 300 350

To
ta

l N
itr

og
en

 (m
g/

L)

TN
 A

nn
ua

l L
oa

d 
(lb

s/
yr

)

River Mile

TN Annual Load TN Concentration Confluence with West Fork Ceder River
 

Figure 8: Longitudinal Flows and TN Concentrations on the Cedar River; WPCF at river mile 259. 

 

The specific agricultural yields for TN in the watershed are presented in Figure 9. In the 
watershed map, the higher yielding sources of TN occur upstream in the northern part of the 
watershed upstream of river mile 150. In the event non-point source reduction is pursued, 
targeting upstream of mile 150 provides the greatest potential for reduction. Note, the Middle 
Cedar Partnership Project (MCPP) Area is outlined in purple. The MCPP area is located in 
lower relative TN agricultural yield areas; however, the area still presents an opportunity to 
reduce TN yield significantly. 



 
HDR Engineering, Inc. 
TM 1.0 Nutrient Sources FINAL  

5815 Council Street, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 11 of 38 

 

 
Figure 9: TN Agricultural Yield in the Cedar River Watershed (Source: USGS Sparrow Model) 
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The TP loading from the model is broken down by sources in Table 3 and Figure 10. The table 
shows that over 30% of the TP is derived from fertilizer with the next highest contributor being 
the manure load, which is roughly 26% of the TP. Adding both farm sources – fertilizer and 
manure – results in nearly 60% of the TP load. Wastewater and urban TP are the sources of 
about 24% of the TP load. As with the TN breakdown, the upstream catchment should be 
without Cedar Rapids WPCF discharge and the downstream catchment with the discharge. This 
should result in an increase in the WWTP, which matches what is shown in the table. While the 
model captures the increase, the magnitude of the increase may not be fully captured. As 
previously indicated, the Cedar Rapids WPCF nutrient loading is examined in more detail 
starting on page 18. Within the Cedar Rapids Nutrient Source Section, the WPCF TP load is 
calculated to be 31% of the watershed load after correcting for the Cedar Rapids WPCF nutrient 
data findings. Also, similar to the TN analysis, the difference between upstream and 
downstream urban TP source loading shows that Cedar Rapids urban runoff contributes a small 
percentage of the watershed TP load. 

Table 3: TP Nonpoint and Point Loading by Source 

Source 

Catchment 19764 
(Upstream of WPCF) 

Catchment 19762 (Downstream of 
WPCF) 

Load (kg/yr) % of Total Load (kg/yr) % of Total 
WWTP* 119,360 9.4 136,130 10.4 
Manure 335,223 26.5 338,774 25.9 
Fertilizer (farm) 466,592 36.8 472,271 36.2 
Forest and Wetland 3,178 0.3 3,328 0.3 
Urban Areas 177,391 14.0 185,606 14.2 
Channel Erosion 165,232 13.0 169,705 13.0 
Total 1,266,976 100.0 1,305,816 100.0% 
*Wastewater Treatment Plants – all wastewater treatment plants contributing to catchment 
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Figure 10: Total Phosphorus – Catchment 19764 (first catchment upstream from the Cedar Rapids WPCF) 
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Figure 11 shows the Cedar River phosphorus load and concentration along the length 
(longitudinal) of the river through the watershed. As seen with nitrogen (Figure 8), a confluence 
of streams occurs around river mile 150; upstream of Cedar Falls. In this case, the phosphorus 
concentration is constant or increases at the confluence. As with nitrogen, the overall balance 
with the increase in flows gives an increasing overall load. Based on the plot, it can be 
concluded that the phosphorus load increases along the length of the river. 
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Figure 11: Longitudinal Flows and TP Concentrations on the Cedar River; WPCF at river mile 259. 

 

The specific agricultural yields for TP in the watershed are presented in Figure 12. In the 
watershed map, the higher yielding sources of TP are scattered in pockets within the watershed; 
notably, the western portion of the watershed is identified as having a high specific TP yield. In 
the event non-point source reduction is pursued, targeting the western portion of the watershed 
provides the greatest potential for reduction. Note, the MCPP area overlaps with low to high 
agricultural TP yield areas with a majority of the MCPP area representing medium agricultural 
TP yield. 
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Figure 12: TP Agricultural Yield in the Cedar River Watershed (Source: USGS Sparrow Model) 
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Data Validation 
Non-point sources for both TN and TP were investigated primarily using the USGS Sparrow 
model, which evaluates nutrient loading by catchment and by source throughout the Cedar 
River Watershed. The Sparrow output is generated by the modeling tool created and calibrated 
by USGS in order to evaluate, interpret and extrapolate water quality monitoring information 
(http://water.usgs.gov/nawqa/sparrow/). The Sparrow model output was validated by comparing 
it to river data collected by Cedar Rapids at Mohawk Park, and by testing it against data 
collected as part of a state of Iowa effort to budget nitrogen and phosphorus in the rivers (Libra, 
Wolter, & Langel, 2004). 

Cedar Rapids nitrate data was reviewed and analyzed as shown in Figure 13 and Table 4. The 
figure depicts the exceedance probability with the load for a river concentration of 10 mg-N/L 
presented as the blue line. The data, based on nitrate measurements, match the load line well 
on the right side and drift slightly below on the left side. This match supports that the nitrogen 
load is strongly influenced by flow, which indicates nitrogen associated with a release during 
precipitation, or nitrogen associated with fertilizer tile drainage. 

Figure 14 shows the monthly geomean (used to match the log-normal distribution) for the Cedar 
Rapids nitrate data. As with Figure 13, this plot supports the relationship with higher flows and 
precipitation with higher nitrate concentrations and loads in the Cedar River based on the 
summer data. In addition, the late summer and fall data suggest fall nitrogen application 
influences the river nitrate load. 

Table 4: Annual Nitrate Loading Based on Data from Mohawk Park (2001–2015) 

Scenario Upper Percentile Geomean Load (lb/day) Annual load (lb/yr) 
High Flows 10 9.48E+05 3.46E+07 
Moist Conditions 40 2.94E+05 3.22E+07 
Mid-Range Flows 60 8.35E+04 6.10E+06 
Dry Conditions 90 3.49E+04 3.82E+06 
Low Flows 100 7.97E+03 2.91E+05 

Total 7.70E+07 
 

http://water.usgs.gov/nawqa/sparrow/
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Figure 13: City’s Nitrate Data – Cedar River at Mohawk Park 
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Figure 14: Monthly Geomean Nitrate and Average Flows – Cedar River at Mohawk (2001–2015) 

 

Cedar River at Mohawk Park (2001-2015) 
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The USGS Sparrow Model output, data from Cedar Rapids – Cedar River at Mohawk Park, and 
the Iowa nutrient budget report (Libra, 2004) were compared as a quality check. Table 5 shows 
the comparison of the data. Both the City data and Libra et al. (2004) show results that fit well 
with SPARROW, suggesting consistency in the overall analysis and that the SPARROW results 
are reliable. This aligns with the data and trendline shown in Figures 13, 15 and 16. While the 
overall analysis shows consistency and reliability, the model breakdown between sources is not 
tested with this data.  

Table 5: Comparison of nutrient loading from Sparrow Model, Cedar Rapids Data, and Libra Data 

Source 
Annual Loading (lb/y) 

TN* TP 
SPARROW (Catchment 19764) 8.59E+07 2.79E+06 
Cedar River at Mohawk Park (2001–2015) 7.70E+07 -- 
Cedar River downstream Cedar Rapids (Libra, 2004)** 8.10E+07 3.11E+06 
*City data from Mohawk Park is nitrate. 
**Tabulation of data from report shown in Attachment A. 
 

 
Figure 15: Comparison of TN loads between model and Cedar River Data 

 
Figure 16: Comparison of TP loads between model and Cedar River Data 
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Point Sources 
Figure 17 depicts point sources within the Cedar River Watershed. Facilities in Iowa are 
identified by orange circles with larger sizes representing larger facilities as shown in the 
legend. Minnesota dischargers are represented by purple. Several large dischargers are 
depicted upstream of Cedar Rapids WPCF including Waterloo, Cedar Falls, and Mason City. 
The largest dischargers in Minnesota are Albert Lea and Austin. Table 6 lists the Iowa WWTPs 
contributing to the watershed as identified by the IDNR database, and Table 7 lists the 
Minnesota WWTPs contributing to the watershed as identified by the Minnesota Pollution 
Control Agency’s (MPCA’s) database.  

 
Figure 17: NPDES Facilities (Note: Facility size is not adjusted for Minnesota WWTPs) 

 

Cedar Rapids 
WPFC 
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Table 6: Top 25 Iowa WWTPs Discharging to the Cedar River Watershed 

Facility Name Permit Type 
Population 
Equivalent 

Average Design 
Flow 

Cedar Rapids WPCF Municipal 2,431,137 43.8 
Waterloo City of Stp Municipal 526,946 18.0 
Cedar Falls City of Stp Municipal 45,928 7.68 
Mason City Water Reclamation Facility Municipal 127,617 6.00 
Clear Lake Sanitary District Municipal 31,838 2.40 
Charles City Water Pollution Control Plant Municipal 25,749 1.96 
Vinton City of Stp Municipal 12,982 1.48 
Cedar Falls Municipal Electric Utility Industrial 0 1.44 
West Liberty City of Stp Municipal 24,108 1.38 
Waverly City of Stp Municipal 16,120 0.97 
Mount Vernon City of Stp Municipal 10,299 0.66 
Evansdale City of Stp Municipal 6,641 0.64 
Forest City of Stp Municipal 8,982 0.53 
Osage City of Stp Municipal 13,174 0.52 
Lake Mills City of Stp Municipal 17,964 0.50 
Grundy Center City of Stp Municipal 7,784 0.40 
Hampton City of Stp Municipal 5,802 0.36 
Wilton City of Stp Municipal 3,341 0.35 
Tipton City of Stp (west) Municipal 2,754 0.34 
Northwood City of Stp Municipal 2,994 0.34 
Shellsburg City of Stp Municipal 3,479 0.32 
Reinbeck, City of Stp Municipal 2,778 0.31 
Walcott City of Stp (north) Municipal 3,521 0.29 
Walcott City of Stp (north) Municipal 3,521 0.29 
Elk Run Heights City of Stp Municipal 4,042 0.28 
 

Table 7: List of Minnesota NPDES Facilities Discharging to Cedar River Watershed 

Facility Design Flow, MGD NPDES Permit # Population 
Adams WWTP 0.278 MN0021261 789 
Agra Resources LLC 0.22 MN0065692  
Albert Lea WWTF* 18.38 MN0041092 17,871 
Albert Lea WTP    
Arkema Inc    
Austin Utilities – Downtown Plant    
Austin Utilities Northeast Power     
Austin WWTF 8.47 MN0022683 25,460 
Blooming Prairie WWTP 0.89 MN0021822 1,138 
Brownsdale WWTP 0.18 MN002934 1,078 
Cargill Meat Solutions Corp  MNG255077  
David Spinler Construction Inc    
Elkton WWTP 0.017 MNG580013 356 
Geneva 0.069 MN0021008 905 
Glenville WWTP 0.13 MN0021245 1,060 
Hayfield WWTP 0.41 MN0023612 1,696 
Hayward WWTP 0.0045 MN0041122 546 
Hollandale WWTP 0.041 MN0048992 751 
Hormel Foods Corp – Austin Plant 0.4 MN0050911  
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Table 7 (con’t.): List of Minnesota NPDES Facilities Discharging to Cedar River Watershed 

Facility Design Flow, MGD NPDES Permit # Population 
Lansing Township 0.026 MN0063461 910 
Lou-Rich Inc    
Lyle WWTP 0.17 MN0022101 852 
MDNR* Myre Big Island State Park    
Oakland Sanitary District WWTP 0.012 MN0040631 652 
Osmundson Bros Inc (Sand & Gravel) - - - 
Sargeant WWTP 0.0106 MN0021601 243 
Scott Thompson Farm  MN0070351  
Twin Lakes WWTP 0.03 MNG580042 460 
Waltham WWTP 0.027 MN0025186 394 
*Minnesota Department of Natural Resources 
Source: EPA EnviroMapper 

BMP Costs and Potential Nutrient Credits 
This section evaluates the practicality of nonpoint source nutrient trading by paying for the 
application of BMPs. As shown in Figure 18, application of various BMPs in agriculture offers a 
cost-effective approach to reducing TN loading into the watershed compared to treatment 
approaches. Table 8 presents BMP nutrient removal rates and costs from a report evaluating 
nutrient trading in Missouri (Missouri Innovative Nutrient Trading Project, 2013). 

 
Figure 18: Nitrogen Reduction Costs for Different Sectors and Practices (Source: Jones, CY; Branowsky, 
Evan; Selman, Mindy; and Perez, Michelle, How Nutrient Trading Could Help Restore the Chesapeake Bay, 
WRI Working Paper, World Resources Institute, 2010.) 
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Table 8. Individual BMP Cost Estimates (Missouri Nutrient Trading Report, 2013) 

Final Implementation 
Weighted BMP Assumptions 

South Fork 
Cropland 

Salt Fiver 
Livestock 

Spring River 
Basin Cropland 

Spring River 
Basin Livestock 

Total Nitrogen Removed, 
lb/acre/year (% removal) 3.23 (27) 0.75 (25) 3.04 (27) 0.58 (25) 

Total Phosphorus Removed, 
lb/acre/year (% removal) 0.5 (36) 0.21 (30) 0.94 (36) 0.06 (30) 

Total Nitrogen Cost Credit, 
$/lb/year 21 15 23 19 

Total Phosphorus Credit, 
$/lb/year 154 53 83 180 

 

Research indicates large variations in reductions and some practices interact such that 
reductions are not additive. Therefore, this high-level evaluation is based on a generic efficiency 
number for the BMPs applied. The assumed reduction efficiencies and costs are based on 
different combinations of practices presented in the Iowa NRS. The sensitivity of most of the 
assumptions built into the evaluation is directly proportional to the value; i.e. a 10% increase in 
efficiency results in a 10% reduction in land requirements and costs. 

Table 9 summarizes the evaluation of non-point nutrient removal potential within the Cedar 
River Watershed. It shows the total acreage available for BMPs (cropland), the total loading, the 
potential overall reduction, the nutrient removal efficiency by acre, and the cost ranges. The TN 
cost range is consistent with the costs shown in Figure 18. It is notable that the specific cost for 
TN removal is less than one-tenth the unit cost for TP removal.  

Table 9: Cedar River Watershed Nonpoint Nutrient Removal Potential 

Row Description Value 
1 Total Acres of Cedar River Watershed 5,011,000 
2 Acres of Cropland in Watershed 3,839,000 
3 Current TN – Annual Ag (Fert + Legume) Loading (lb-N/yr) 61,397,000 
4 Current TP – Annual Ag (Fert + Legume) Loading (lb-P/yr) 1,263,000 
5 Estimated TN Removal Efficiency 40% 
6 Estimated TP Removal Efficiency 30% 
7 TN Reduction Potential (lb-N/yr) 24,559,000 
8 TP Reduction Potential (lb-P/yr) 379,000 
9 TN Specific Removal Efficiency (lb-N/yr/acre) 6.40 

10 TP Specific Removal Efficiency (lb-P/yr/acre) 0.10 
11 TN Specific Cost ($/lb-N) $0.88–5.58 
12 TP Specific Cost ($/lb-P) $19.55–45.76 

Note: Source of watershed data and total annual nutrient loading values (Rows 1–4) is the USGS 
Sparrow Model. The source for nutrient removal values (Rows 5–12) is the Iowa NRS. 
 

Tables 10 and 11 show the potential for Cedar Rapids WPCF and non-point nutrient trading by 
applying BMPs assuming a 1:1 ratio of nonpoint source nutrients traded for point source 
nutrients. The most recent WPCF data are used to identify the target reduction loads. Two 
scenarios are shown. The first is for achieving an effluent TN of 10 mg-N/L and an effluent TP of 
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1 mg-P/L. For this scenario, the calculation shows that based on the specific removal efficiency 
attainable for TN, roughly 856,000 acres or 22% of the cropland, would need to have BMPs 
applied to attain an equivalent TN reduction to treatment at the WPCF. On the other hand, over 
14 million acres would be needed for TP reduction, which exceeds the land available.  

The second scenario tests for 66% TN removal and 75% TP removal. For the second scenario, 
725,000 acres needs BMPs applied to achieve the target TN removal or 19% of the cropland 
available. To achieve the target TP removal, just under 12 million acres of land area is required 
or over three times the available cropland. 

The large difference between TN and TP land requirements for nonpoint BMP offsets reflects 
several factors including the percentage of the watershed load received at WPCF for TN and TP 
(8.4% for TN versus 45% for TP), the higher percentage removal goal for TN (10 mg-N/L or 
66% removal versus TP removal (1 mg-P/L or 75% removal), and the lower TP removal 
efficiency using BMPs (40% for TN versus 30% for TP). 

As a result, it may be possible to seek a partial or complete offset of TN reduction requirements 
by trading with non-point sources, however, the analysis shows it may be impractical to trade for 
TP reduction requirements.  

While targeting of TN or TP directly for 100% nutrient offsets may be challenging, application of 
BMPs can give partial nutrient offsets. Depending on the BMPs applied, both TN and TP 
reduction may be achieved to some level concurrently. As the MCCP project develops further, 
the BMP approaches used and potential nutrient reduction benefits should be documented for 
potential future nutrient offsets. 

Table 10: Cedar River Watershed Nonpoint Nutrient Removal Trading Potential for Cedar Rapids WPCF 

Description 10/1 Effluent Scenario 
66%/75% Removal 

Scenario 
Cedar Rapids WPCF Flow (MGD) 45.8 45.8 
TN Historical Effluent Concentration (mg-N/L) 47.6 47.6 
TP Historical Effluent Concentration (mg-P/L) 10.8 10.8 
TN Target Effluent Concentration (mg-N/L) 10 15.7 
TP Target Effluent Concentration (mg-P/L) 1.0 2.7 
TN Reduction Load (lb-N/yr) 5,256,000 4,453,000 
TP Reduction Load (lb-P/yr) 1,350,500 1,131,500 
 

Table 11: Cedar River Watershed Nonpoint Nutrient Removal Trading Requirements and Cost 

Description 10/1 Effluent Scenario 
66%/75% Removal 

Scenario 
Required Acreage – TN 822,000 696,000 
Required Acreage – TP 13,678,000 11,460,000 
Required Acreage – TN (% of cropland) 21% 18% 
Required Acreage – TP (% of cropland) 356% 299% 
Cost Range for TN Removal $723,000–$4,587,000 $612,000–$3,884,000 
Cost Range for TP Removal $267,405,000–$625,905,000 $224,043,000–$524,410,000 
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Point Source Trading Potential 
Another option within the watershed involves trading between Cedar Rapids and other point 
sources. Based on Tables 2 and 3, Cedar Rapids is the largest point source within the 
watershed. As demonstrated by Table 12, Cedar Rapids can use economy of scale to treat 
nutrients at WPCF more economically compared to the smaller WWTPs. As a result, Cedar 
Rapids may treat for an excess of nutrients at the WPCF and trade with other communities 
subject to the Iowa NRS; i.e. Waterloo, Cedar Ralls, Mason City, Clear Lake, Charles City, 
Vinton, and West Liberty. 

Table 12: Average Unit Capital Cost for BNR Upgrades at Maryland and Connecticut Wastewater Treatment 
Plants (2006$)  

Flow (MGD) Cost/MGD 
>0.1–1.0 $6,972,000 
>1.0–10.0 $1,742,000 

>10.0 $588,000 
Source: USEPA (2007). Biological Nutrient Removal Processes and Costs. EPA Publication No. EPA-
832-R-07-002. Washington D.C.: US Environmental Protection Agency. 
 

Cedar Rapids Nutrient Sources 
A comprehensive evaluation of nutrients at Cedar Rapids has been conducted. The evaluation 
includes an analysis of nutrient loading to and within the Cedar Rapids WPCF, TP contribution 
due to orthophosphorus dosing into the drinking water, and the industrial nutrient loads. The 
waste stream composition, based on cBOD5 to nutrient ratios, has been examined to assess 
treatability. Finally, the design loading targets are established for the upcoming nutrient 
reduction strategies evaluation. For this analysis, TN is assumed to equal TKN in the as-
received waste streams. The data points in this section are based on the period from January 1, 
2013 to December 31, 2015 unless otherwise noted. 

Cedar Rapids WPCF 
The loading at the WPCF is atypically high largely due to a substantial industrial contribution. 
Table 13 shows the loading per capita and Table 14 shows concentrations for TP, TKN, cBOD5 
at CRWPCF based on the Average Annual (50th percentile) and Maximum Month (91.7th 
percentile) data for all waste streams coming into the facility; municipal plus industrial including 
anaerobic system influent and excluding recycle. The breakdown between municipal nutrient 
sources and industrial sources is shown later starting on page 29.The data are compared to a 
typical municipal wastewater. Based on the average annual per capita loading, the data show 
that the TP load for CRWPCF is 3.3 times higher than for a typical wastewater, the TN load is 
3.6 times higher, and the cBOD5 load is 9.1 times higher.  
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Table 13: Cedar Rapids Influent Loading versus Typical Average Loading*  

Pollutant Units 
Ave Annual 
(50th Perc.) 

Max Month 
(91.7th Perc.) 

Average* 
(Typical) 

TP Load lb-P/capita/day** 0.020 0.034 0.006 
TN (TKN) Load lb-N/capita/day 0.097 0.131 0.027 
cBOD5 Load lb/capita/day 1.54 2.38 0.170 
*Based on Iowa DNR design standards 
**Based on influent and 2014 US Census estimate of 177,161 (United States Census) for Cedar Rapids, 
Marion, Hiawatha, Robins, and Palo. 
 

Table 14: Cedar Rapids Influent Concentration* versus Typical Concentration Range 

Pollutant Units 
Ave Annual 
(50th Perc.) 

Max Month 
(91.7th Perc.) 

Average** 
(Typical) 

TP Concentration mg-P/L 8.7 12 4–12 
TN (TKN) Concentration mg-N/L 51 75 20–70 
cBOD5 Concentration mg/L 614 832 110–350 
*Non-exceedance evaluation of concentration data 
**Based on range presented in Metcalf and Eddy, 4th Edition 
 

Tables 15 and 16 show the statistical analyses of WPCF raw and recycle nutrient loads. The 
average annual (50th percentile), maximum month (91.7th percentile), maximum day (99.7th 
percentile), peaking factors, and percentage watershed loads (based on average value) are 
shown for each data set. In addition, the percentage of the raw load is given for recycle nutrient 
loads. The 7% TN watershed load to the WPCF is slightly less than the Iowa NRS assumed 
point source contribution of 8%. The 31% TP watershed load to the WPCF, on the other hand, 
is higher than the Iowa NRS assumed point source contribution of 20%.  

The recycle loads are 28% and 35% of the TN and TP WPCF influent loads, respectively, and 
represent an important load that needs to be considered in secondary treatment process 
design. The data show that the recycle loading at the facility is high relative to many Iowa 
WWTPs based on the percentage of the raw load. Staff members indicate that the low-pressure 
oxidation (LPO) process generates an abnormally large recycle load, which is reflected by the 
data. In terms of the overall watershed contribution, the recycle TN load is 2%, but the recycle 
TP load is nearly 10% of the watershed load. Targeting of sidestream loads alone can provide 
an important contribution to the overall watershed nutrient reduction strategy goals. 

Recycle nutrient loading is often considered for sidestream treatment in order to control impacts 
on the secondary process. Assuming an 85% removal rate of TN or TP in a sidestream 
treatment system, controlling recycle nutrient loading could reduce pumped influent nutrient 
loading by 20 to 30% the raw nutrient load providing significant stabilization and downsizing of 
any mainstream nutrient removal process. Based on the overall magnitude of the nutrient 
loading at the WPCF, sidestream treatment may be an important part of an overall nutrient 
reduction strategy when considering nutrient removal control at WPCF. 
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Table 15: Statistical Analysis of Cedar Rapids WPCF Raw Nutrient Loads Part 1 

Nutrient Type Units 
Ave Annual 
(50th Perc.) 

Max Month 
(91.7th Perc.) 

Max. Day 
(99.7th Perc.) 

MM 
PF 

MD 
PF 

% Watershed 
Load* 

Influent TKN lb-N/d 17,160 22,900 30,100 1.34 1.75 6.7 
Influent NH3  lb-N/d 5,670 7,800 11,600 1.40 2.62 --- 
Influent TP lb-P/d 3,490 4,750 12,200 1.36 3.49 31 
Influent Ortho-P lb-P/d 1,870 2,670 3,330 1.43 1.78 --- 
*Watershed load based on Sparrow model output adjusted to reflect WPCF data analysis. 

 

Table 16: Statistical Analysis of Cedar Rapids WPCF Recycle Nutrient Loads Part 1 

Nutrient Type Units 
Ave Annual 
(50th Perc.) 

Max Month 
(91.7th Perc.) 

Max. Day 
(99.7th Perc.) 

MM 
PF 

MD 
PF 

% 
Raw 

% Watershed 
Load* 

Recycle, TKN Load lb-N/d 4,440 8,920 15,800 2.01 3.56 26 1.7 
Recycle, NH3 Load lb-N/d 1,370 2,600 5,150 1.91 3.77 24 --- 
Recycle, TP Load lb-P/d 1,050 2,170 4,170 2.07 3.98 35 10 
Recycle, Ortho-P lb-P/d 635 864 1,080 1.36 1.69 33 --- 
*Watershed load based on Sparrow model output adjusted to reflect WPCF data analysis. 
 

Several plots have been generated to evaluate seasonal trends and impacts of the raw influent 
to the main lift station and final effluent. Figures 19 and 20 present influent and effluent TKN and 
ammonia concentrations, and Figure 21 shows influent TKN and ammonia loading, plotted to 
evaluate and screen for seasonal trends based on data between 2012 and 2015. From these 
plots, there may be a slight increase in TKN loading in the early summer timeframe, but it is a 
very slight bump in the trend. Conversely, this may represent normal variability.  

 
Figure 19: Cedar Rapids WPCF Raw Influent and Effluent TKN Concentrations 
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Figure 20: Cedar Rapids WPCF Raw Influent and Effluent Ammonia Concentrations 

 

 
Figure 21: Cedar Rapids WPCF Raw Influent TKN and Ammonia Loads 

Figures 22 and 23 present influent and effluent TP and orthophosphorus concentrations, and 
Figure 24 shows influent TP and Ortho-P loading, respectively, plotted to evaluate and screen 
for seasonal trends based on data between 2012 and 2015. From these plots, there may be a 
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slight increase in TP loading in the early summer timeframe, but it is a very slight bump in the 
trend. On the other hand, this may represent normal variability. While a bump in TP loading 
occurs in early summer of 2015 (similar to the TKN loading bump), the limited data make it 
difficult to verify a trend. 

 
Figure 22: Cedar Rapids WPCF Raw Influent and Effluent TP Concentrations 

 
Figure 23: Cedar Rapids WPCF Raw Influent and Effluent Ortho-P Concentrations 
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Figure 24: Cedar Rapids WPCF Raw Influent TP and Ortho-P Loads 

Figure 25 depicts recycle nutrient loading at the WPCF. The loading shows several spikes. 
These are often associated with changes in solids processing; i.e. equipment restart or high 
solids production periods. 

 
Figure 25: Cedar Rapids WPCF Recycle Nutrient Loads 
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Phosphorus added to Drinking Water 
Drinking water treatment facilities utilize chemicals to create a finished water quality that meets 
human health standards, is aesthetically pleasing, and is safe to distribute. Orthophosphorus is 
added to drinking water to act as a corrosion inhibitor within the distribution system. This is 
important to prevent lead and copper from leaching out of the pipes. The typical target 
concentration for finished water quality is from 1.0 to 3.0 mg-P/L, but the target depends on the 
specific distribution system corrosivity and distribution pipe materials and age.  

Table 17 shows the measured finished water quality ortho-phosphorus concentrations at both 
the Northwest Avenue and J Avenue drinking water treatment plants in Cedar Rapids. The 
average annual (50th percentile) concentration for both facilities is 0.21 mg-P/L with standard 
deviations less than 0.1 mg-P/L indicating tight quality control. Based on the average annual 
value for drinking water ortho-P, between 2 and 3% of the TP loading to the WPCF is derived 
from the drinking water. 

The established target concentration has been established to give safe drinking water quality in 
Cedar Rapids. Based on correspondence between IDNR and EPA (Appendix B), changes to the 
ortho-P dosing scheme should only be made after in-depth studies are conducted with a pipe-rig 
test in order to prevent deterioration of drinking water quality and to avoid potential human 
health consequences. 

Table 17. Statistical Analysis of Ortho-P Concentrations Finished Drinking Water 

 

NW Avenue 
Ortho-P, mg-P/L 

J Avenue 
Ortho-P, mg-P/L 

Average 0.21 0.21 
Standard Deviation 0.03 0.01 
Average Annual 50.0 % Percentile 0.21 0.21 
Maximum Month 91.7 % Percentile 0.23 0.23 
Maximum Day 99.7 % Percentile 0.38 0.27 
 

Industrial Nutrients 
The industrial nutrients narrative in this section focuses on nine significant industry users 
contributing the WPCF. For the high-rate anaerobic process at WPCF, Industry 3 is the primary 
contributor currently, and the load generated by Industry 3 represents the loading to the 
anaerobic process. The remaining industry loads are received by the main lift station. As with 
the overall WPCF nutrient load analysis, TN is represented by TKN with the understanding that 
TN is equal to TKN in the raw waste streams. 

The first analysis conducted evaluates both the magnitude and variability of industry nutrient 
contributions. Figures 26 and 28 show box and whisker statistical plots of the industrial loading, 
which show the average (purple diamond), median (middle line in box), interquartile values (top 
and bottom of the box), and outlier test (line extensions from the box) for both TN and TP, 
respectively. The plots suggest that the lower nutrient producers consistently generate low 
contributions of nutrients with low variability. On the other hand, the larger generators show 
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greater variability, which relates to system peaking; i.e. higher maximum month and maximum 
day loads. The variability of influent loads implies a greater robustness is needed in process 
design for handling peak loads. However, the Iowa NRS is based on annual nutrient loads 
relieving some of the concern for the variable loading.  

Figures 27 and 29 and Table 18 show the relative contributions of the industrial components 
and the remaining non-significant industrial user (Non-SIU) component of loading for TKN and 
TP, respectively. Note, the largest TKN contributors appear to be Industry 8 and Industry 5; both 
contributing about 10% or more of the total TKN load to the WPCF. The smallest TKN 
contributors, Industry 6 and Industry 2, both contribute less than 1 percent of the load each. An 
important unknown at this point is the breakdown of TKN fractions. The TKN is divided between 
ammonia and organic nitrogen (soluble and particulate), and a portion of the organic nitrogen is 
biodegradable while a portion resists biodegradation. The soluble, unbiodegradable organic 
nitrogen is important, because this fraction of TKN passes through the treatment process into 
the effluent. Ongoing supplemental testing is planned to find the ammonia and soluble fractions 
of TKN in the industry waste streams. In the event a high soluble organic nitrogen fraction is 
identified in an industrial waste stream, additional supplemental testing would be appropriate to 
determine biodegradability of that fraction.  

When evaluating the TP load, the largest phosphorus contributors appear to be Industry 1 and 
Industry 5, both contributing more than 10 percent of the total TP load at the WPCF. Industry 3, 
Industry 2, Industry 6, and Industry 9 all contribute 1.5% or less of the TP load individually. A 
reduction in the contribution of nutrients from Industry 1, Industry 4, Industry 5, Industry 7, and 
Industry 8 would significantly reduce the nutrient loadings to WPCF and the watershed; 
particularly with respect to TP. 

Waste stream Ratios and Composition 
The ratio of organics to nutrients as measured by either cBOD5:TKN or cBOD5:TP is useful to 
gauge, in general, whether a waste stream is agreeable to BNR; whereby a higher ratio gives a 
higher performing BNR system (given all other parts of the system are equal). This section 
examines the waste stream compositions and BNR potential beginning with a discussion of 
nutrient fractions, next by checking the cBOD5:TKN ratios for the overall waste stream and the 
individual industry waste streams, then by evaluating the cBOD5:TP ratios for the overall waste 
stream and the individual industry waste streams, and finally by considering the impacts of 
pretreatment and primary treatment on the waste stream.  
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Figure 26: Influent TN load data; =Average, + = Possible Outliers 

 
Figure 27: TKN Loading Breakdown 
(Non-Group 3 is everything except Group 3 industries. Group 3 municipalities included under Non-Group 3) 
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Figure 28: Influent TP load data; =Average, + = Possible Outliers 

 
Figure 29: TP Loading Breakdown  
(Non-Group 3 is everything except Group 3 industries. Group 3 municipalities included under Non-Group 3) 
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Table 18: Industry Contributions of TN and TP to WPCF and Watershed 

Industry 
Total Nitrogen Total Phosphorus 

% WPCF Influent % Watershed % WPCF Influent % Watershed 
Industry 1 2.9 0.21 19.7 8.7 
Industry 2 0.4 0.03 1.6 0.7 
Industry 3 2.2 0.16 0.8 0.3 
Industry 4 4.3 0.31 3.9 1.7 
Industry 5 11.4 0.82 10.3 4.5 
Industry 6 1.1 0.08 0.8 0.4 
Industry 7 4.4 0.31 6.8 3.0 
Industry 8 14.1 1.01 7.5 3.3 
Industry 9 1.4 0.10 1.4 0.6 
 

Organic, Inorganic, and Refractory Nutrients 
A more detailed breakdown of nutrient types into the organic fraction, the inorganic fraction, and 
the refractory portion is desirable in order to determine the extent of treatability within a nutrient 
reduction process. The nutrient fractions are divided into inorganic and organic components, 
soluble and particulate fractions, and biodegradable and unbiodegradable parts. The soluble, 
unbiodegradable fractions pass through the treatment system and into the effluent. This fraction 
can have a strong impact on effluent TN; particularly with waste streams that have a large 
industrial component. Removal of this fraction is best done with source reduction. Extraordinary 
treatment approaches are needed to remove this fraction at the treatment facility. 

One of the goals of the supplemental sampling and testing program is better establishing the 
nutrient breakdown. Supplemental sampling and testing are ongoing, and the results are not 
available for this TM. 

Continued monitoring of nutrient sources and speciation is recommended to better refine the 
estimates presented above, to continue tracking any changes in loading or seasonal trends, and 
to better establish baseline nutrient loading conditions. Based on the data, staff may begin 
discussing the potential for source reduction approaches. Further, the data provide useful 
information to help further define the approach for overall nutrient control strategies. 

cBOD5:TKN Ratio 
The cBOD5:TKN ratio is an important consideration for the potential to employ nitrogen removal 
using BNR. A minimum ratio of 5:1 is typically needed with a preferred ratio of 7.5:1. Based on 
the data, WPCF has an average influent cBOD5:TKN ratio of 16:1. Based on the measured 
ratio, the combined overall waste stream at WPCF would be amenable to biological TN removal.  

The cBOD5:TKN ratios for individual industry waste streams have been assessed as well. The 
Industry 1 waste stream is high in TKN concentration relative to the cBOD5 concentration, which 
would not be favorable for biological TN removal in isolation. This is believed to reflect the high-
rate, pretreatment process used by the industry. The pretreatment process is effective for 
cBOD5 removal, but it does not remove a considerable fraction of the nutrients. The Industry 5 
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and Industry 8 waste streams have a cBOD5:TKN ratio that would be favorable for biological TN 
removal. The remaining industry waste streams contain high cBOD5:TKN ratios that support TN 
removal in traditional and enhanced secondary treatment. In fact, the TKN concentration may 
be deficient for biological treatment when the ratio exceeds 30–60 lb/lb-N; depending on several 
factors including particulate fraction, bioavailability, and net yield of the system. 

Table 19: cBOD5:TKN ratios for Industry Waste Streams 

Industry, cBOD5/TN Units 
Ave Annual 
(50th Perc.) 

Max Month 
(91.7th Perc.) 

Max Day 
(99.7th Perc.) 

Industry 1 lb/lb-N 2.4 4.6 30 
Industry 2 lb/lb-N 4.0 103 240 
Industry 3 lb/lb-N 48 102 183 
Industry 4 lb/lb-N 92 149 214 
Industry 5 lb/lb-N 8.4 14 39 
Industry 6 lb/lb-N 66 106 151 
Industry 7 lb/lb-N 42 94 170 
Industry 8 lb/lb-N 11 16 23 
Industry 9 lb/lb-N 46 63 145 
 

cBOD5:TP Ratio 
The cBOD5:TP Ratio is an important consideration for the potential to employ phosphorus 
removal using BNR. A minimum ratio of 15:1 is typically needed with a preferred ratio of 20:1. 
Based on the data, Cedar Rapids WPCF has an average influent cBOD5:TP ratio of over 78:1. 
Based on the measured ratio, the combined overall waste stream at WPCF would be amenable 
to biological TP removal. 

The cBOD5:TP ratios for individual industry waste streams are shown in Table 20. As with the 
cBOD5:TKN ratio evaluation, the Industry 1 waste stream contains a high relative concentration 
of TP, again reflective of pretreatment, which would be challenging to treat with biological 
phosphorus removal in isolation. The remaining industry waste streams have cBOD5:TP ratios 
that may be deficient in TP for biological treatment in isolation. 

Table 20: cBOD5:TP ratios for Industry Waste Streams 

Industry, cBOD5/TP Units 
Ave Annual 
(50th Perc.) 

Max Month 
(91.7th Perc.) 

Max Day 
(99.7th Perc.) 

Industry 1 lb/lb-P 1.8 3.3 19 
Industry 2 lb/lb-P 3.3 476 1,495 
Industry 3 lb/lb-P 262 420 2,445 
Industry 4 lb/lb-P 309 536 705 
Industry 5 lb/lb-P 44 87 157 
Industry 6 lb/lb-P 216 322 503 
Industry 7 lb/lb-P 310 574 976 
Industry 8 lb/lb-P 97 140 178 
Industry 9 lb/lb-P 248 357 1,238 
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Effect of Existing WPCF Treatment Scheme on Nutrient Removal 
Anaerobic pretreatment, primary clarifiers, and roughing filters are used in front of the 
secondary treatment process at WPCF. These processes treat the waste stream and affect the 
cBOD5:TKN and cBOD5:TP ratios. The existing anaerobic pretreatment process is fed the waste 
stream from Industry 3 primarily, which is nutrient poor and requires nutrient addition (from plant 
recycle) or blending to treat biologically. As a result, the process, as it is currently applied, would 
not affect BNR. In general, however, the anaerobic pretreatment process is effective at 
removing cBOD5 and not nutrients, and its application can impact BNR. In the event additional 
waste streams are diverted to the anaerobic pretreatment process, this would have to be 
reevaluated. 

Primary clarifiers are effective for removing settleable particulate material; including particulate 
cBOD5, particulate TKN, and particulate TP. While some cBOD5 is removed with primary 
clarifiers, the use of primary clarifiers is not expected to negatively impact BNR, because 
1.) particulate cBOD5 is a less effective substrate for BNR, 2.) particulate nutrients are removed 
with primary clarifiers, and 3.) solids loading to the secondary BNR process can strongly control 
system size. 

It should be noted that the roughing filters are primarily designed for the removal of cBOD5 and 
not nutrients. As a result, the roughing filters reduce this ratio making the waste less amenable 
to nutrient removal. In particular, the roughing filters are well suited for removing soluble cBOD5, 
which is important to high performing nutrient removal systems; i.e. particulate cBOD5 from 
trickling filters provides a less effective substrate and is not fully supportive of nutrient removal.  

Based on the data, the roughing filters remove roughly 70% of the soluble cBOD5 making the 
roughing filter effluent less agreeable to nutrient removal. Roughing filter effluent cBOD5 
averages between 225 and 250 mg/L, and roughing filter effluent soluble cBOD5 averages 
roughly 100 mg/L. When using roughing filters for pretreatment, the cBOD5:TN ratio is reduced 
to between 2.0 and 4.9, and the cBOD5:TP ratio is reduced to between 12 and 29. In order to 
yield a successful nutrient removal process, roughing filter effluent may require a larger BNR 
system and/or require chemical addition to support nutrient removal. 

Cedar Rapids WPCF Design Loadings 
The WPCF loading in the future is expected to increase as a result of growth and additional 
industrial contributions. Due to the SIUs, future WPCF loadings could be dramatically different 
than current loadings. The SIUs could relocate, incorporate pretreatment, or change their 
process or product line resulting in changes to waste streams discharged to WPCF. While 
Cedar Rapids could see a reduction in industry wastes, the historic trend has been an increased 
number of SIUs and increased loadings from those SIUs over time. 

The additional loading projected for design in this section includes cBOD5, TSS, and nutrient 
loading. In addition, the recycle loads may increase in association with the increased solids 
production and processing. Table 21 shows existing main lift station average annual loading 
values as well as projected addition non-SIU discharge and additional SIU discharge to give the 
future average annual flows and loads. The projected non-SIU increase is assumed based on a 
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10% service population increase from the 2014 census population estimates for Cedar Rapids, 
Hiawatha, Mario, Palo, and Robins. The additional SIU flow and load is extrapolated based on 
the industrial data from 1996 to 2010 (from local limits study) and data from 2013 to 2015. 
Composite peaking factors, found for existing flows and loads, are applied to find future 
maximum month and maximum day flows and loads. Table 22 shows the flows and loads to the 
anaerobic pretreatment process. The flows and loads to the anaerobic pretreatment process 
include an increment to account for the historical average discharge from Industry 3.  

The design average annual flow of both the anaerobic pretreatment and main lift streams is 55.7 
MGD with a corresponding cBOD5 loading of 347,000 lb/d. This compares to the previous 
master plan 2030 design flow of 50.4 MGD and cBOD5 loading of 333,000 lb/d, which provided 
an immediate 56,000 lb/d increase for inclusion of Industry 8 and anaerobic loading, and an 
additional 75,000 lb/d incremental increase in industrial cBOD5 loading over the design life from 
the 2005 baseline flows and loads for that report. 

Table 21: Cedar Rapids WPCF Main Lift Design Loading 

DESIGN EVALUATION Existing 
Ave. Ann. 

Additional 
Non-Group 3 

Additional 
Group 3 

FUTURE DESIGN 
Design Parameter Units Ave. Ann. Max. Month Max. Day 

Raw Flow MGD 45.8 2.8 5.0 53.5 74.1 148 
Raw cBOD5  lb/d 233,000 3,600 59,400 296,000 393,000 499,000 
Raw TSS lb/d 118,000 7,760 46,700 172,000 289,000 551,000 
Raw TKN Load lb-N/d 17,200 1,050 6,390 24,600 49,000 87,800 
Raw Ammonia Load lb-N/d 3,500 214 1,290 5,000 7,540 11,400 
Raw Total-P Load lb-P/d 3,490 164 522 4,030 5,520 14,100 
Raw Ortho-P Load lb-P/d 1,750 86 116 1,950 3,140 5,070 
Recycle Flow MGD 5.6 0.3  5.9 7.3 7.6 
Recycle cBOD5 lb/d 26,300 406  26,700 56,900 154,700 
Recycle TSS lb/d 17,800 1,170  19,000 97,300 460,700 
Recycle TKN Load lb-N/d 4,440 269  4,710 9,500 16,760 
Recycle Ammonia Load lb-N/d 20 1.2  21 40 80 
Recycle Total-P Load lb-P/d 1,250 61.4  1,310 2,930 5,150 
Recycle Ortho-P Load lb-P/d 1,080 53.1  1,130 2,410 5,160 
 

Table 22: Cedar Rapids WPCF Anaerobic Pretreatment Design Loading 

DESIGN EVALUATION Existing 
Ave. Ann. Additional 

DESIGN 
Design Parameter Units Ave. Ann. Max. Month Max. Day 

Pretreat Flow MGD 1.5 0.74 2.2 3.0 4.3 
Pretreat cBOD5 lb/d 40,700 10,500 51,200 71,400 106,000 
Pretreat TSS lb/d 4,200 1,080 5,280 11,200 38,100 
Pretreat TKN Load lb-N/d 367 95 462 616 1,020 
Pretreat Ammonia Load lb-N/d 220 57 277 370 496 
Pretreat Total-P Load lb-P/d 26 7 33 35 80 
Pretreat Ortho-P Load lb-P/d 13 3 16 17 40 
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Conclusion 
This TM presents and outlines the baseline for nutrients throughout the Cedar River Watershed 
as a whole and within Cedar Rapids (Table 23), and it evaluates the practicality of nutrient 
trading and treatment options conceptually. The overall watershed nutrient loading and the 
breakdown of loading shows a large agricultural contribution even with a number of point 
sources throughout the watershed. Using BMPs, TN offsets or trading with nonpoint sources 
may be practical, but TP trading with nonpoint sources would be less practical due to the large 
acreage required and the cost. The highest yielding contributors for agricultural TN within the 
watershed are located mostly within the northern part of the watershed. 

Table 23: Nutrient Baseline Summary 

Watershed Source TN Load, lb/d % TN Load TP Load, lb/d % TP Load 

Nonpoint Sources (Upstream) 
Farm Fertilizer 122,300 48 2,850 25 
Manure (Runoff) 33,200 13 2,040 18 
Legume Crops 32,600 13 - - 
Urban (Runoff) 10,900 4.3 1,120 9.9 
Atmospheric 35,100 14 - - 
Forest and Wetland - - 20 0.2 
Channel Erosion - - 1,020 9.0 
Total Nonpoint 234,100 92 7,050 62 

Point Sources (Upstream) 
Wastewater Treatment Plants 3,500 1.4 720 6.4 

Cedar Rapids Urban (Runoff) 470 0.2 50 0.4 

Cedar Rapids WPCF Loads 
Industrial (Group 3) 7,200 2.8 1,830 16 
Non-Group 3 9,960 3.9 1,660 15 
Influent Total 17,160 6.7 3,490 31 
WPCF Plant Recycle* 4,310 1.7 1,080 9.5 

Total Baseline Watershed Loads 255,230 100 11,310 100 

*Internal to WPCF, therefore, not included in total watershed load calculation. Watershed % loads 
for reference only. 

 

Within Cedar Rapids, the nutrient loading is higher than for a typical municipality largely due to 
industrial contribution. Nutrient loading at WPCF is roughly four times higher per capita than the 
typical engineering standard. Due to the large industrial contribution, the target nutrient goals for 
Cedar Rapids should focus on removal efficiencies rather than on effluent concentrations. 

Using the USGS Sparrow model watershed loading data and adjusting for the WPCF nutrient 
data analysis findings, WPCF receives and contributes less than 7% of the overall TN 
watershed load but 31% of the TP watershed load. When considering all point sources in the 
watershed, the TN contribution is approximately 8% and the TP contribution is roughly 37%. 
The TN load is consistent compared to the IDNR assumption that point sources contribute an 
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estimated 8% of the TN load, but the phosphorus load is higher compared to IDNRs assumption 
of 20% TP load contribution by point sources.  

Internally, nutrients are treated, processed and recycled several times at the WPCF. The total 
recycle nutrient loading at the WPCF is about 24% of the raw nutrient loading for TN and 35% 
for TP. This suggests that sidestream treatment can make sense as part of an overall approach 
to nutrient reduction at the facility in order to provide a more stable and smaller load to the 
secondary treatment process, but would not be a strategy for Iowa NRS compliance in and of 
itself.  

The nutrient loading from nine industrial users shows that some industries contribute large and 
variable loads while others contribute smaller more consistent loads. The more significant 
industrial nutrient sources come from Industry 1, Industry 4, Industry 5, Industry 7, and Industry 
9. A reduction in nutrient loading by the primary industrial contributors could result in a 
significant reduction in nutrient loading at the WPCF and the watershed. A breakdown of the 
waste streams shows that the industrial streams should be amenable to BNR. 
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Attachment A – Watershed Nutrient Data 
Table A-1: Libra (2004) – Nitrogen Budget for Iowa and Iowa Watersheds – Iowa Geological Survey – 
Technical Information Series 47 

 
 

Table A-2: Libra (2004) –Phosphorus Budget for Iowa and Iowa Watersheds – Iowa Geological Survey – 
Technical Information Series 47 
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Figure A-1. Cedar Rapids Watershed TMDLs as identified by IDNR. 
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Attachment B – Correspondence 
 

From: Schock, Michael [mailto:Schock.Michael@epa.gov]  
Sent: Tuesday, December 22, 2015 1:32 PM 
To: Campbell, Bob [DNR] 
Subject: RE: Lead and Copper question from State of Iowa 

Hi, Bob; 

I think we are moving into an age where people who remember why some things are the way they are, 
chemically, are retiring (or worse), and it’s getting hard for states to rediscover and keep up.  And 
typically, there isn’t an ongoing training effort to keep up the knowledge and train the new people moving 
in.   It’s not typical undergrad engineering or scientific textbook knowledge. 

The nutrient strategy is a problem that’s getting legs across the country, and drinking water seems to be a 
lower-hanging fruit than non-point source agriculture contamination and other sources.  And the fines and 
penalties under the Clean Water Act generally far exceed those under the SDWA, and that’s another 
factor in really pushing for phosphate reduction.  Unfortunately, chemically, the only thing better than 
phosphate treatment is full lead pipe replacement.  And that has obvious difficulties, some of them legal, 
but they have been overcome by some water systems.  And for smaller water systems with a tractable 
number of lead service lines (maybe up to a few thousand), the cost of full replacement may actually be 
less than the forever commitment to phosphate treatment to minimize lead release that it would take.  I 
think Wisconsin has talked to Region 5 about developing some kind of lead pipe full removal program, 
and reducing corrosion control requirements or delaying possible further optimization (anticipating a 
revised LCR being promulgated in a couple of years). 

There probably is no way out for the system you’re talking about, because the kinds of protective pipe 
scales that usually form on lead pipes are completely reversible over the course of days to years, 
depending on the complexity of the pipe scales.  I’m assuming the system in question has lead pipes.  
Actually, 0.5 mg/L as isn’t a lot of phosphate compared to lead solubility, but since it’s a lime softened 
system, the carbonate content shouldn’t be very high, and it may be enough.  Typically, high alkalinity 
systems need a lot more phosphate to work, particularly if they have lead pipes.  Is this 0.5 mg/L of a 
pure orthophosphate chemical, or is it a proprietary blend chemical with a mix of orthophosphate and 
some polyphosphate(s)? 

Often, the pipe scales are not simple lead minerals, but some complicated mix of solids that include lead, 
but also could contain background metals, aluminum and silica from the source water or coagulation, 
calcium combined with the phosphate or even with lead phosphate solid material.  Depending on the 
purity of the groundwater (I’m assuming GW for a softening plant), there could be Fe and Mn in there, as 
well.  In these kinds of cases, there’s really no good theoretical basis for predicting the length of time it 
would take or amount the scale that would start decomposing.  For this reason, more systems should 
actually try to do pilot studies with pipe rigs made of exhumed Pb pipes, long ahead of anticipated 
treatment changes.  In fact, this might be a good way, and not terribly expensive, to test the stability of the 
scale. 

Since you’re relatively new to this mess, let me give you a little additional background on why pipe rig 
studies are a totally underutilized tool, and should be used much more often.   Almost all systems that 
used them for the initial LCR testing, abandoned them as soon as they met the Action Level, which was a 

mailto:Schock.Michael@epa.gov
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self-defeating move.  But if they would have left the rigs in place and continually run the real finished 
water through them, then the pipes would be equilibrated with the water, and it would be simple to then 
add whatever chemical feeds or introduce anticipated water changes into them, and predict what is likely 
to happen out in the residences and distribution system, since often the real scales are more complicated 
than theory would suggest.  But now, they don’t want to do pipe rigs because they have to set them up 
from scratch and then get new pipes and equilibrate them.  That could take 6 months to a couple of 
years.    The other thing that almost none of them did back then, was when they tested phosphate 
chemicals, particularly orthophosphate, they didn’t vary the dose to determine a “point of diminishing 
returns,” which would be the concentration where the lead was minimized, and no significant 
improvement took place with more phosphate.    That would have had two big benefits.  One would be the 
ACTUAL minimized lead levels in the lead pipes, which is usually the worst exposure threat, and the 
other would be not using more phosphate than really necessary.  So, now we have a situation where 
probably the lead levels are higher in the service lines than they should be, nationally, and the LCR 
sampling doesn’t reveal it.  I don’t know what the sampling protocol is in your state, but in many systems 
and many states, the recommendation is to let the water run for 2–5 minutes before stagnation.  
Therefore, the contribution of lead from the water that has prolonged contact with a lead service line as 
water is or is not used during the day, is essentially completely removed and not captured.  That totally 
undermined the sampling rationale set forth in the Preamble to the LCR, to assess the effectiveness of 
the corrosion control treatment under worst-case normal use conditions. 

Back to your immediate question, setting up a pipe rig to look at scale stability would be a potentially good 
idea.  I am skeptical, as you are, that lowering the P concentration wouldn’t worsen lead release.  
Perhaps the system could set up a pipe rig and take water off before phosphate addition (depending on 
plant configuration), and after re-equilibrating and re-stabilizing with the current dose, then adjust to lower 
doses in parallel loops and compare? 

Something else that would be informative, would be to find some willing residents who would allow them 
to do some “profiles” from tap to fresh water from the main, using sequential water samples, along the 
lines of what I presented in the webinar.  That would let you know how low the lead levels are in the lead 
pipes.  If they’re somewhat high, say, near the AL or above, they may not even be optimized now.  If they 
are very low, say, 5 ppb, then it may be worth trying the pipe rig approach, to see if they might be past 
that point of diminishing returns, and some P reduction might be possible. 

Sorry this has been so long-winded, but it’s not a simple situation, but it’s a really good and practical real-
world issue. 

Let me know if you have more questions or ideas. 

Happy holidays! 

--Mike 

Michael R. Schock 
U.S. Environmental Protection Agency 
ORD, NRMRL, WSWRD, TTEB 
26 West Martin Luther King Drive 
Cincinnati, OH  45220 

Phone: 513.569.7412 
schock.michael@epa.gov

mailto:schock.michael@epa.gov
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Attachment C – Cedar River Watershed Data 
Table C-1. Total Nitrogen Load for all Contributing Areas in Cedar River Watershed 
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19617 152.97 4,549 4,549 695,860 1,534,372 22066 17.4 
19618 65.75 5,468 5,468 359,509 792,718 11400 16.8 
19616 225.12 4,614 4,614 1,038,698 2,290,328 32937 16.3 
19620 147.91 4,163 4,163 615,747 1,357,722 19525 19.4 
19623 416.34 3,455 3,455 1,438,422 3,171,721 45612 15.0 
19624 85.06 4,288 4,288 364,755 804,285 11566 18.6 
91307 792.36 3,074 3,074 2,435,663 5,370,636 77234 13.8 
19622 838.87 2,932 2,932 2,459,444 5,423,075 77988 13.2 
19628 161.75 3,600 3,600 582,255 1,283,872 18463 16.7 
19631 171.92 3,564 3,564 612,661 1,350,917 19427 12.6 
19634 106.46 3,388 3,388 360,671 795,280 11437 9.5 
19636 104.43 3,425 3,425 357,642 788,601 11341 11.4 
19637 314.6 2,757 2,757 867,495 1,912,827 27508 11.9 
19635 523.56 2,878 2,878 1,506,700 3,322,274 47777 11.6 
19633 641 3,052 3,052 1,956,298 4,313,637 62034 11.4 
19638 397.89 1,029 1,029 409,321 902,553 12979 4.6 
90441 1043.32 2,273 2,273 2,371,317 5,228,754 75194 8.6 
19632 1055.16 2,259 2,259 2,383,695 5,256,048 75586 8.6 
91340 1229.59 2,441 2,441 3,001,215 6,617,679 95168 9.3 
19630 1399.86 2,368 2,368 3,314,613 7,308,722 105106 9.1 
19639 110.66 1,202 1,202 132,984 293,230 4217 4.4 
19629 1538.73 2,286 2,286 3,517,319 7,755,688 111533 8.8 
19627 1821.94 2,428 2,428 4,423,922 9,754,748 140282 9.7 
19640 263.42 2,446 2,446 644,414 1,420,934 20434 10.8 
19626 2324.4 2,562 2,562 5,955,846 13,132,640 188859 10.5 
19641 193.74 3,874 3,874 750,578 1,655,024 23801 18.9 
91316 2591.47 2,635 2,635 6,828,660 15,057,194 216535 10.9 
91304 2813.14 2,593 2,593 7,293,903 16,083,057 231288 10.6 
19625 2900.75 2,530 2,530 7,338,728 16,181,895 232710 10.2 
19621 3830.56 2,581 2,581 9,886,240 21,799,158 313491 10.0 
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19619 4085 2,652 2,652 10,832,555 23,885,783 343498 10.2 
91268 4330.25 2,742 2,742 11,872,919 26,179,786 376488 10.5 
19615 4359.16 2,727 2,727 11,888,450 26,214,032 376980 10.4 
19643 390.85 3,365 3,365 1,315,180 2,899,971 41704 12.9 
19651 184.97 1,162 1,162 214,979 474,030 6817 4.4 
19652 160.82 3,208 3,208 515,926 1,137,617 16360 11.0 
19653 69.64 3,740 3,740 260,427 574,241 8258 11.6 
19654 94.63 2,996 2,996 283,555 625,240 8991 13.2 
19655 207.62 2,928 2,928 607,820 1,340,244 19274 14.2 
19659 164.81 3,456 3,456 569,502 1,255,751 18059 13.0 
19661 302.7 1,607 1,607 486,430 1,072,577 15425 12.3 
19663 47.8 5,131 5,131 245,242 540,759 7777 39.2 
19664 60.85 5,786 5,786 352,056 776,284 11164 20.3 
19662 131.72 5,079 5,079 669,001 1,475,148 21214 20.4 
19660 749.87 2,725 2,725 2,043,523 4,505,969 64800 13.0 
91318 1158.9 2,732 2,732 3,165,713 6,980,398 100384 11.5 
19658 1258.09 2,703 2,703 3,400,516 7,498,138 107830 11.2 
19665 61.11 2,809 2,809 171,652 378,492 5443 10.9 
19657 1323.06 2,689 2,689 3,558,213 7,845,860 112830 11.0 
19666 273.57 2,112 2,112 577,831 1,274,118 18323 9.6 
91313 1653.95 2,613 2,613 4,322,399 9,530,890 137062 11.0 
19656 1776.22 2,532 2,532 4,497,717 9,917,465 142622 10.6 
19669 169.39 2,832 2,832 479,705 1,057,750 15211 21.7 
19672 369.08 2,642 2,642 975,004 2,149,884 30917 9.2 
19673 278.16 2,846 2,846 791,730 1,745,764 25106 11.5 
19671 778.19 2,592 2,592 2,016,904 4,447,273 63956 9.5 
19676 111.81 3,502 3,502 391,538 863,340 12416 16.7 
19677 76.9 3,712 3,712 285,417 629,344 9051 10.7 
19675 245.47 3,237 3,237 794,474 1,751,814 25193 11.6 
19678 173.79 3,270 3,270 568,218 1,252,920 18018 12.6 
19674 484.06 3,090 3,090 1,495,818 3,298,279 47432 10.9 
19670 1267.94 2,765 2,765 3,505,416 7,729,443 111156 9.9 
19668 1444.97 2,746 2,746 3,967,868 8,749,149 125820 10.5 
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19679 359.91 3,068 3,068 1,104,048 2,434,427 35009 14.9 
91265 2200.2 2,609 2,609 5,740,347 12,657,465 182025 9.7 
19667 2213.89 2,590 2,590 5,734,649 12,644,901 181845 9.6 
19682 65.33 2,644 2,644 172,713 380,833 5477 13.2 
19683 75.85 2,617 2,617 198,477 437,643 6294 11.9 
19681 178.67 2,236 2,236 399,509 880,918 12668 6.9 
19687 51.26 1,927 1,927 98,776 217,801 3132 9.0 
19691 155.48 2,877 2,877 447,274 986,238 14183 13.3 
19693 108.89 3,373 3,373 367,289 809,872 11647 13.8 
19695 160.84 2,863 2,863 460,407 1,015,197 14599 10.9 
19700 57.07 2,915 2,915 166,331 366,760 5274 9.5 
19702 92.82 2,724 2,724 252,849 557,532 8018 8.8 
19704 39.43 2,939 2,939 115,868 255,489 3674 4.1 
19710 89.04 3,336 3,336 297,035 654,963 9419 11.3 
19712 375.3 3,118 3,118 1,170,326 2,580,568 37111 14.1 
19714 109.63 3,415 3,415 374,400 825,551 11872 13.5 
19715 143.42 3,771 3,771 540,789 1,192,440 17148 14.7 
19713 309.18 3,247 3,247 1,003,868 2,213,529 31832 12.4 
19711 713.99 3,116 3,116 2,224,711 4,905,488 70545 13.5 
91260 1017.05 2,866 2,866 2,914,909 6,427,375 92431 12.4 
19709 1023.53 2,845 2,845 2,911,807 6,420,535 92333 12.3 
19718 88.5 2,713 2,713 240,135 529,498 7615 13.9 
19719 104.04 2,867 2,867 298,273 657,691 9458 11.4 
19717 301.4 2,578 2,578 777,119 1,713,547 24642 10.7 
19721 287.16 2,670 2,670 766,814 1,690,826 24316 10.9 
19722 59.15 2,558 2,558 151,324 333,669 4798 8.1 
19720 413.3 2,540 2,540 1,049,921 2,315,076 33293 10.5 
91251 850.45 2,425 2,425 2,062,564 4,547,954 65403 10.6 
19716 880.42 2,340 2,340 2,060,589 4,543,598 65341 10.2 
19723 143.43 2,515 2,515 360,738 795,428 11439 10.5 
19725 208.07 2,008 2,008 417,806 921,262 13249 8.4 
19727 57.04 2,055 2,055 117,236 258,506 3718 8.0 
19728 347.76 2,231 2,231 775,937 1,710,942 24605 8.8 
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19726 503.25 1,998 1,998 1,005,740 2,217,656 31892 7.8 
90443 770.38 1,925 1,925 1,483,084 3,270,199 47028 7.7 
91237 846.94 1,858 1,858 1,573,491 3,469,547 49895 7.4 
19724 860.72 1,827 1,827 1,572,671 3,467,739 49869 7.3 
19729 98.92 2,067 2,067 204,499 450,921 6485 7.2 
19730 138.71 1,874 1,874 259,989 573,276 8244 7.7 
19731 70.65 1,815 1,815 128,216 282,717 4066 6.6 
19733 117.3 1,974 1,974 231,607 510,694 7344 6.9 
19735 164.24 1,720 1,720 282,555 623,035 8960 10.1 
19736 71.18 1,980 1,980 140,932 310,756 4469 7.4 
19734 252.24 1,697 1,697 428,156 944,084 13577 6.9 
19737 72.13 2,057 2,057 148,382 327,181 4705 7.8 
19739 67.86 1,991 1,991 135,128 297,957 4285 8.9 
19740 338.54 1,887 1,887 638,679 1,408,288 20252 7.9 
19738 553.82 1,812 1,812 1,003,745 2,213,259 31829 7.4 
19744 272.5 2,596 2,596 707,350 1,559,706 22430 10.7 
19746 35.11 2,778 2,778 97,543 215,083 3093 11.0 
19748 96.67 2,473 2,473 239,050 527,105 7580 13.3 
19749 115.7 2,742 2,742 317,196 699,417 10058 9.3 
19747 256.98 2,381 2,381 611,916 1,349,276 19404 8.8 
19745 294.21 2,399 2,399 705,839 1,556,375 22382 9.0 
19743 577.02 2,434 2,434 1,404,264 3,096,401 44529 9.4 
19751 49.19 2,501 2,501 123,039 271,301 3902 11.8 
19753 160.24 2,557 2,557 409,716 903,424 12992 10.9 
19755 62.27 2,705 2,705 168,431 371,391 5341 10.3 
19757 67.49 2,195 2,195 148,147 326,664 4698 8.1 
19760 38.8 2,742 2,742 106,402 234,617 3374 12.0 
19761 134.66 2,454 2,454 330,476 728,700 10479 9.2 
19759 286.64 2,296 2,296 658,064 1,451,031 20867 11.3 
19763 243.65 2,055 2,055 500,734 1,104,117 15878 10.7 
19767 124.53 2,616 2,616 325,769 718,321 10330 16.7 
19768 148.61 2,251 2,251 334,589 737,768 10610 9.6 
19766 311.15 2,315 2,315 720,175 1,587,985 22837 10.1 
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19769 80.07 2,351 2,351 188,282 415,163 5970 8.9 
19765 421.12 2,206 2,206 929,004 2,048,453 29459 9.6 
21292 259.19 632 632 163,807 361,194 5194 2.8 
21293 390.49 255 255 99,685 219,805 3161 1.5 
19650 499.04 526 526 262,363 578,511 8319 2.3 
90442 784.56 955 955 749,358 1,652,335 23762 4.0 
19649 834.58 1,076 1,076 898,297 1,980,745 28485 4.5 
19648 1139.41 1,625 1,625 1,851,326 4,082,173 58705 6.5 
19647 1370.13 1,800 1,800 2,466,767 5,439,221 78221 6.9 
19646 3151.5 2,205 2,205 6,948,521 15,321,488 220336 9.0 
19645 3522.79 2,306 2,306 8,124,135 17,913,718 257615 9.4 
19644 3738.22 2,330 2,330 8,711,268 19,208,347 276233 9.6 
91274 4483.1 2,391 2,391 10,717,433 23,631,939 339848 9.9 
19642 4580.03 2,388 2,388 10,935,388 24,112,530 346759 9.9 
19708 6797.06 2,448 2,448 16,640,518 36,692,342 527667 9.7 
19707 11172.59 2,541 2,541 28,393,473 62,607,609 900351 9.7 
65204 12245.86 2,556 2,556 31,294,934 69,005,330 992356 9.7 
91255 12381.4 2,545 2,545 31,505,713 69,470,098 999040 9.7 
19706 12392.73 2,537 2,537 31,442,892 69,331,576 997048 9.7 
19705 13273.46 2,523 2,523 33,493,485 73,853,135 1062071 9.6 
19703 13387.98 2,534 2,534 33,919,529 74,792,562 1075581 9.6 
91247 13560.22 2,522 2,522 34,194,098 75,397,987 1084288 9.6 
19701 13583.96 2,518 2,518 34,205,060 75,422,157 1084635 9.5 
19699 13641.95 2,518 2,518 34,345,351 75,731,499 1089084 9.5 
19698 13867.7 2,503 2,503 34,711,684 76,539,262 1100700 9.5 
19697 14732.69 2,459 2,459 36,232,431 79,892,510 1148923 9.3 
19696 14835.18 2,455 2,455 36,423,472 80,313,756 1154981 9.3 
19694 15093.25 2,447 2,447 36,927,260 81,424,608 1170956 9.3 
19692 15212.92 2,446 2,446 37,211,911 82,052,265 1179982 9.3 
19690 15388.18 2,440 2,440 37,547,564 82,792,379 1190625 9.2 
19689 15554.61 2,427 2,427 37,748,821 83,236,149 1197007 9.2 
19688 15629.42 2,421 2,421 37,832,764 83,421,246 1199669 9.2 
19732 15682.42 2,417 2,417 37,908,089 83,587,335 1202058 9.2 
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91224 16081.93 2,375 2,375 38,196,733 84,223,797 1211210 9.0 
19686 16157.72 2,356 2,356 38,064,898 83,933,101 1207030 8.9 
91211 16410.54 2,345 2,345 38,485,662 84,860,884 1220372 8.9 
19685 16412.45 2,344 2,344 38,470,782 84,828,075 1219901 8.9 
19684 16505.07 2,339 2,339 38,605,678 85,125,519 1224178 8.9 
91200 16787.27 2,322 2,322 38,982,323 85,956,022 1236121 8.8 
90598 16794.26 2,319 2,319 38,950,581 85,886,031 1235115 8.8 
91193 16843.29 2,308 2,308 38,868,696 85,705,474 1232518 8.7 
19680 16856.03 2,302 2,302 38,795,563 85,544,216 1230199 8.7 
19764 17428.39 2,234 2,234 38,940,762 85,864,381 1234803 8.4 
19762 17702.27 2,242 2,242 39,687,549 87,511,045 1258484 8.5 
91183 17989.51 2,242 2,242 40,341,208 88,952,364 1279211 8.5 
19758 18116.25 2,220 2,220 40,217,524 88,679,640 1275289 8.4 
91164 18302.3 2,203 2,203 40,315,094 88,894,782 1278383 8.3 
19756 18439.23 2,184 2,184 40,276,385 88,809,430 1277156 8.3 
19754 18510.55 2,182 2,182 40,382,022 89,042,358 1280506 8.2 
19752 18693.86 2,180 2,180 40,758,689 89,872,910 1292450 8.2 
19750 18797.11 2,164 2,164 40,678,386 89,695,842 1289903 8.2 
19742 19633.44 2,145 2,145 42,109,646 92,851,770 1335288 8.1 
91121 20111.18 2,138 2,138 42,993,950 94,801,661 1363329 8.1 
19741 20221.31 2,118 2,118 42,824,858 94,428,812 1357967 8.0 

Total 1,735,920,362 3,827,704,397 55,045,674 
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Table C-2. Total Phosphorus Load for all Contributing Areas in Cedar River Watershed 
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19617 153 153 51 51 7,744 17074.4 245.54 0.19 
19618 66 66 33 33 2,202 4855.6 69.83 0.10 
19616 225 225 47 47 10,639 23458.7 337.36 0.17 
19620 148 148 36 36 5,380 11863.8 170.61 0.17 
19623 416 416 84 84 35,045 77273.7 1111.26 0.36 
19624 85 85 65 65 5,521 12173.3 175.06 0.28 
91307 792 792 80 80 63,246 139456.8 2005.51 0.36 
19622 839 839 79 79 66,358 146318.7 2104.19 0.36 
19628 162 162 48 48 7,812 17226.5 247.73 0.22 
19631 172 172 133 133 22,918 50535.0 726.74 0.47 
19634 106 106 74 74 7,884 17384.8 250.01 0.21 
19636 104 104 58 58 6,011 13253.8 190.60 0.19 
19637 315 315 96 96 30,158 66497.5 956.29 0.41 
19635 524 524 78 78 40,804 89972.8 1293.89 0.31 
19633 641 641 114 114 73,208 161423.7 2321.41 0.43 
19638 398 398 73 73 29,090 64142.9 922.43 0.32 
90441 1,043 1,043 98 98 102,711 226476.8 3256.93 0.37 
19632 1,055 1,055 98 98 103,627 228498.3 3286.00 0.37 
91340 1,230 1,230 103 103 126,794 279579.8 4020.60 0.39 
19630 1,400 1,400 96 96 134,979 297629.1 4280.16 0.37 
19639 111 111 33 33 3,632 8007.5 115.15 0.12 
19629 1,539 1,539 91 91 140,670 310177.6 4460.62 0.35 
19627 1,822 1,822 86 86 157,492 347270.4 4994.05 0.35 
19640 263 263 51 51 13,555 29889.0 429.83 0.23 
19626 2,324 2,324 80 80 186,962 412252.2 5928.54 0.33 
19641 194 194 59 59 11,521 25402.8 365.31 0.29 
91316 2,591 2,591 78 78 203,130 447901.6 6441.21 0.33 
91304 2,813 2,813 78 78 218,555 481913.0 6930.32 0.32 
19625 2,901 2,901 74 74 214,860 473766.9 6813.17 0.30 
19621 3,831 3,831 75 75 286,342 631383.8 9079.84 0.29 
19619 4,085 4,085 72 72 292,381 644699.8 9271.34 0.28 
91268 4,330 4,330 70 70 304,252 670875.7 9647.77 0.27 
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19615 4,359 4,359 70 70 305,966 674654.2 9702.11 0.27 
19643 391 391 72 72 28,105 61971.2 891.20 0.28 
19651 185 185 64 64 11,805 26030.8 374.34 0.24 
19652 161 161 75 75 12,059 26590.8 382.40 0.26 
19653 70 70 28 28 1,927 4249.0 61.10 0.09 
19654 95 95 35 35 3,351 7388.0 106.25 0.16 
19655 208 208 53 53 11,065 24399.1 350.88 0.26 
19659 165 165 69 69 11,442 25229.1 362.82 0.26 
19661 303 303 42 42 12,824 28277.4 406.65 0.32 
19663 48 48 48 48 2,283 5033.7 72.39 0.37 
19664 61 61 47 47 2,880 6350.2 91.32 0.17 
19662 132 132 41 41 5,447 12011.4 172.73 0.17 
19660 750 750 58 58 43,509 95938.3 1379.67 0.28 
91318 1,159 1,159 64 64 74,462 164188.7 2361.17 0.27 
19658 1,258 1,258 64 64 80,728 178005.0 2559.87 0.27 
19665 61 61 64 64 3,902 8604.2 123.74 0.25 
19657 1,323 1,323 64 64 85,173 187806.1 2700.81 0.26 
19666 274 274 85 85 23,313 51404.4 739.24 0.39 
91313 1,654 1,654 72 72 119,352 263172.0 3784.64 0.30 
19656 1,776 1,776 71 71 126,784 279558.8 4020.30 0.30 
19669 169 169 35 35 5,887 12981.5 186.69 0.27 
19672 369 369 63 63 23,297 51369.2 738.73 0.22 
19673 278 278 80 80 22,229 49015.0 704.88 0.32 
19671 778 778 70 70 54,118 119329.3 1716.06 0.26 
19676 112 112 63 63 7,056 15559.0 223.75 0.30 
19677 77 77 77 77 5,955 13130.3 188.83 0.22 
19675 245 245 73 73 17,884 39433.8 567.09 0.26 
19678 174 174 68 68 11,839 26105.9 375.42 0.26 
19674 484 484 72 72 34,749 76622.5 1101.90 0.25 
19670 1,268 1,268 70 70 89,208 196703.5 2828.77 0.25 
19668 1,445 1,445 66 66 95,663 210937.5 3033.46 0.25 
19679 360 360 93 93 33,567 74016.2 1064.42 0.45 
91265 2,200 2,200 67 67 148,062 326475.9 4695.00 0.25 
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19667 2,214 2,214 67 67 148,879 328278.0 4720.92 0.25 
19682 65 65 43 43 2,805 6184.7 88.94 0.21 
19683 76 76 34 34 2,608 5749.6 82.68 0.16 
19681 179 179 52 52 9,269 20439.0 293.93 0.16 
19687 51 51 46 46 2,333 5144.7 73.99 0.21 
19691 155 155 23 23 3,499 7715.2 110.95 0.10 
19693 109 109 27 27 2,892 6376.2 91.70 0.11 
19695 161 161 41 41 6,524 14385.6 206.88 0.15 
19700 57 57 37 37 2,104 4639.5 66.72 0.12 
19702 93 93 40 40 3,673 8098.0 116.46 0.13 
19704 39 39 45 45 1,760 3881.1 55.81 0.06 
19710 89 89 51 51 4,585 10110.1 145.39 0.17 
19712 375 375 117 117 43,964 96941.0 1394.09 0.53 
19714 110 110 97 97 10,639 23459.4 337.37 0.38 
19715 143 143 121 121 17,394 38353.4 551.55 0.47 
19713 309 309 113 113 34,789 76709.0 1103.14 0.43 
19711 714 714 114 114 81,081 178783.8 2571.06 0.49 
91260 1,017 1,017 95 95 96,792 213426.9 3069.26 0.41 
19709 1,024 1,024 95 95 97,106 214119.7 3079.23 0.41 
19718 89 89 47 47 4,127 9100.7 130.88 0.24 
19719 104 104 69 69 7,157 15781.8 226.96 0.27 
19717 301 301 74 74 22,340 49259.8 708.40 0.31 
19721 287 287 119 119 34,233 75484.9 1085.54 0.49 
19722 59 59 95 95 5,613 12376.0 177.98 0.30 
19720 413 413 117 117 48,428 106782.9 1535.63 0.49 
91251 850 850 94 94 79,529 175361.5 2521.85 0.41 
19716 880 880 93 93 82,036 180889.7 2601.35 0.41 
19723 143 143 42 42 6,088 13425.0 193.06 0.18 
19725 208 208 118 118 24,537 54103.4 778.05 0.49 
19727 57 57 82 82 4,676 10310.4 148.27 0.32 
19728 348 348 128 128 44,397 97894.9 1407.81 0.50 
19726 503 503 123 123 62,016 136745.9 1966.52 0.48 
90443 770 770 122 122 94,209 207730.7 2987.35 0.49 
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91237 847 847 121 121 102,409 225811.8 3247.37 0.48 
19724 861 861 121 121 104,208 229778.4 3304.41 0.48 
19729 99 99 84 84 8,358 18428.9 265.02 0.29 
19730 139 139 87 87 12,128 26742.4 384.58 0.36 
19731 71 71 89 89 6,267 13817.8 198.71 0.32 
19733 117 117 94 94 11,011 24280.3 349.17 0.33 
19735 164 164 70 70 11,537 25438.5 365.83 0.41 
19736 71 71 88 88 6,291 13872.3 199.50 0.33 
19734 252 252 78 78 19,690 43415.5 624.35 0.32 
19737 72 72 81 81 5,847 12892.5 185.41 0.31 
19739 68 68 94 94 6,401 14115.1 202.99 0.42 
19740 339 339 129 129 43,571 96074.3 1381.63 0.54 
19738 554 554 124 124 68,735 151560.4 2179.57 0.51 
19744 273 273 141 141 38,475 84836.5 1220.02 0.58 
19746 35 35 99 99 3,489 7694.0 110.65 0.39 
19748 97 97 101 101 9,722 21436.2 308.27 0.54 
19749 116 116 91 91 10,584 23338.3 335.63 0.31 
19747 257 257 104 104 26,677 58823.1 845.93 0.38 
19745 294 294 104 104 30,566 67398.4 969.25 0.39 
19743 577 577 122 122 70,282 154972.1 2228.63 0.47 
19751 49 49 88 88 4,338 9565.1 137.55 0.42 
19753 160 160 98 98 15,707 34634.7 498.08 0.42 
19755 62 62 85 85 5,270 11621.2 167.12 0.32 
19757 67 67 72 72 4,826 10640.7 153.02 0.26 
19760 39 39 65 65 2,538 5595.6 80.47 0.29 
19761 135 135 43 43 5,758 12697.5 182.60 0.16 
19759 287 287 64 64 18,212 40157.0 577.49 0.31 
19763 244 244 84 84 20,512 45230.0 650.45 0.44 
19767 125 125 110 110 13,700 30209.5 434.44 0.70 
19768 149 149 110 110 16,348 36048.2 518.40 0.47 
19766 311 311 109 109 33,926 74807.4 1075.79 0.47 
19769 80 80 108 108 8,616 18998.8 273.22 0.41 
19765 421 421 106 106 44,625 98397.1 1415.03 0.46 
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21292 259 259 32 32 8,390 18500.7 266.06 0.14 
21293 390 390 11 11 4,209 9281.4 133.47 0.06 
19650 499 499 118 118 59,041 130185.8 1872.18 0.52 
90442 785 785 97 97 76,231 168090.2 2417.28 0.41 
19649 835 835 94 94 78,141 172301.9 2477.85 0.40 
19648 1,139 1,139 87 87 99,000 218294.2 3139.26 0.35 
19647 1,370 1,370 82 82 112,688 248476.7 3573.31 0.32 
19646 3,152 3,152 76 76 240,269 529794.0 7618.89 0.31 
19645 3,523 3,523 72 72 252,476 556710.5 8005.98 0.29 
19644 3,738 3,738 71 71 264,288 582754.6 8380.51 0.29 
91274 4,483 4,483 69 69 310,447 684536.7 9844.23 0.29 
19642 4,580 4,580 69 69 315,284 695201.0 9997.59 0.28 
19708 6,797 6,797 68 68 464,489 1024197.2 14728.83 0.27 
19707 11,173 11,173 69 69 771,664 1701518.7 24469.30 0.26 
65204 12,246 12,246 71 71 870,716 1919928.7 27610.22 0.27 
91255 12,381 12,381 71 71 877,363 1934585.2 27820.99 0.27 
19706 12,393 12,393 71 71 878,229 1936494.0 27848.45 0.27 
19705 13,273 13,273 72 72 960,344 2117559.5 30452.32 0.28 
19703 13,388 13,388 73 73 977,721 2155875.6 31003.34 0.28 
91247 13,560 13,560 73 73 985,559 2173157.9 31251.87 0.28 
19701 13,584 13,584 73 73 986,687 2175644.6 31287.64 0.28 
19699 13,642 13,642 72 72 988,965 2180667.3 31359.87 0.27 
19698 13,868 13,868 72 72 998,750 2202244.7 31670.17 0.27 
19697 14,733 14,733 75 75 1,103,385 2432963.9 34988.11 0.28 
19696 14,835 14,835 75 75 1,111,951 2451852.0 35259.73 0.28 
19694 15,093 15,093 74 74 1,123,577 2477486.4 35628.38 0.28 
19692 15,213 15,213 74 74 1,127,284 2485661.7 35745.95 0.28 
19690 15,388 15,388 74 74 1,132,458 2497070.1 35910.01 0.28 
19689 15,555 15,555 74 74 1,146,246 2527473.3 36347.23 0.28 
19688 15,629 15,629 74 74 1,153,097 2542578.2 36564.46 0.28 
19732 15,682 15,682 74 74 1,155,702 2548323.4 36647.08 0.28 
91224 16,082 16,082 74 74 1,182,710 2607876.0 37503.49 0.28 
19686 16,158 16,158 74 74 1,187,941 2619410.4 37669.37 0.28 
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91211 16,411 16,411 74 74 1,207,705 2662988.7 38296.06 0.28 
19685 16,412 16,412 74 74 1,208,043 2663734.7 38306.79 0.28 
19684 16,505 16,505 74 74 1,215,658 2680526.8 38548.28 0.28 
91200 16,787 16,787 74 74 1,235,230 2723683.0 39168.90 0.28 
90598 16,794 16,794 74 74 1,236,394 2726248.8 39205.80 0.28 
91193 16,843 16,843 74 74 1,238,700 2731333.6 39278.92 0.28 
19680 16,856 16,856 74 74 1,241,311 2737090.4 39361.71 0.28 
19764 17,428 17,428 73 73 1,266,976 2793682.9 40175.56 0.27 
19762 17,702 17,702 74 74 1,305,816 2879323.3 41407.14 0.28 
91183 17,990 17,990 74 74 1,324,101 2919642.1 41986.96 0.28 
19758 18,116 18,116 74 74 1,335,994 2945866.1 42364.08 0.28 
91164 18,302 18,302 74 74 1,350,029 2976812.9 42809.12 0.28 
19756 18,439 18,439 74 74 1,360,919 3000826.3 43154.46 0.28 
19754 18,511 18,511 74 74 1,367,134 3014531.5 43351.55 0.28 
19752 18,694 18,694 74 74 1,384,815 3053517.4 43912.20 0.28 
19750 18,797 18,797 74 74 1,393,599 3072885.5 44190.73 0.28 
19742 19,633 19,633 75 75 1,480,218 3263881.6 46937.42 0.28 
91121 20,111 20,111 76 76 1,527,759 3368708.5 48444.92 0.29 
19741 20,221 20,221 76 76 1,534,551 3383685.0 48660.29 0.29 

Total 54,534,338 120,248,216 1,729,273 
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Technical 
Memorandum  

 
To:  City of Cedar Rapids 

From:  David Dechant/HDR 
Brian Bakke/HDR 
Eric Evans/HDR 

Project:  Cedar Rapids Nutrient Removal and 
Solids Facilities Plan 

CC:  File 

Date:  March 11, 2016 (Revised Final) 
 

Job No:  City – 6150011 
HDR – 270628 

Re: Technical Memorandum 2.0 – Solids Production 
 
The Cedar Rapids Water Pollution Control Facility (WPCF) on an average annual basis treats a 
total influent flow and load (Main Lift Station and Indian Creek Lift Station) of 47 MGD and 274,000 
lb/d of cBOD5 while treating a variety of industrial waste streams. One of the most important 
products to handle from liquid waste treatment process is the solids, and in order to properly 
evaluate solids processing, the solids production rates need to be quantified.  
 
The WPCF generates three groups of solids streams during liquid treatment that require further 
processing. The first solids stream is granular sludge from the high rate anaerobic process treating 
part of the industrial waste stream. The solids yield for anaerobic treatment is low, and the solids 
generated have a resale value and typically do not require further processing or disposal. The 
second solids stream is primary solids resulting from sedimentation in the primary clarifier. The third 
solids stream is grouped as all secondary solids from Waste Activated Sludge (WAS) consisting of 
residuals from biological treatment in the trickling filters, the carbonaceous activated sludge (CAS) 
process and the nitrogenous activated sludge (NAS) process. 
 
The solids production rates vary with the type of liquid stream process and the operational setpoints 
of that process (content and quantity). One challenge with projecting biological solids production is 
that the current solids production rates are based on the existing process using the historic solids 
production rates and specific production numbers as a function of the existing configuration. The 
production rates are subject to refinement when evaluating potential changes to the liquid stream 
processes.  

Objective 
This Technical Memorandum (TM) presents an evaluation of solids production rates at the WPCF 
using data analysis, existing reports, and a currently calibrated mass balance model. First, the 
existing system and its solids production rates along with solids processing efficiencies are 
evaluated as part of an overall solids mass balance for average annual conditions. Next, the 
peaking factors are determined and the effects of peaking on solids processing assessed. 
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The specific objectives of this TM include: 
 
a. Review baseline solids production rates established in 2011 Solids Facilities Plan 
b. Compare to solids production rates in 2014 and 2015 
c. Develop a solids production design basis 
d. Develop ENVision mass balance for existing system configuration based on: 

i. Existing WPCF flows and loads (2013–2015) 
ii. Design WPCF flows and loads 

 
The solids production numbers developed in this TM reflect the existing liquid process stream 
configuration and treatment objectives. With the potential incorporation of alternative liquid stream 
treatment processes geared toward nutrient removal, the process configuration and operation is 
subject to change. Solids production numbers can be adjusted subsequently to reflect the 
alternative process configurations and operations. 
 
This TM is organized as follows: 
 
• Objective  
• Summary 
• Solids Facilities Plan (March 2011) Summary 
• Solids Mass Balance 
• Design Solids Production 
 
The following Attachments provide supporting information. 
 
• A – Influent Flows and Loads Statistical Analysis 
• B – ENVision Mass Balance Report 

Summary 
The goal of this TM is to assess the amount of solids produced at Cedar Rapids WPCF. Within this 
TM, solids production rates are evaluated based on a review of the previous 2011 Solids Facilities 
Plan prepared by Brown and Caldwell, an evaluation of the 2013–2015 data set provided, a mass 
balance calibrated for the existing condition, and a mass balance calibrated and setup with 
projected flows and loads to give a design condition. 
 
Solids production rates have been reviewed in the Solids Facilities Plan completed in March 2011 
by Brown and Caldwell. The amount of solids generated is discussed in that plan based on mass 
balances completed for the WPCF for both a current and future condition as a function of the 
influent flows and loads used for that study. A key determination of that study is that of the total 
solids generated at the WPCF, 37–38% was primary solids while secondary solids or waste 
activated sludge (WAS) made up the balance at 62–63%. When evaluating the solids generation 
rates characterized as current in the 2011 Solids Facilities Plan, on a per capita basis, the primary 
solids generate 0.46 lb/(capita∙d) while secondary solids correspond to a yield of roughly 0.85 lb-
TSS/lb-cBOD5. When evaluating the solids generation rates characterized as future in the 2011 
Solids Facilities Plan, on the other hand, the per capita primary solids production number dropped 
to 0.39 lb/(capita∙d). The total solids sent to incineration or final disposal was tested for two 
conditions in the 2011 facility plan; with or without the low-pressure oxidation (LPO) system. With 
the LPO system, 136,000 lb/d of combined dewatered solids are generated, and without the LPO 
system, 173,000 lb/d of combined dewatered solids are generated. 
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An analysis of WPCF data provided for 2014 and 2015 shows a match of the previous facility plan 
in some points for solids production and a mismatch in other areas. Based on the more recent data 
for primary solids generation rate, the per capita primary solids production is estimated to be 0.48 
lb/(capita∙d) on an average annual basis, which aligns well with the previous Facility Plan’s current 
condition. The secondary solids production rate based on the more recent data, on the other hand, 
reflects a measured net yield of 0.34 lb-TSS/lb-cBOD5, much lower than the previous Facility Plan’s 
rates. Based on the more recent information, the primary solids now make up 72% of the total 
solids generated and secondary solids only make up 28% of the total. The low secondary solids 
values, however, are believed to be extraordinarily low and somewhat less reliable; reflective of 
possible inconsistencies in the data set with mismatches in flow and concentration data. 
 
Using mass balance tools, the data are calibrated to align with an updated, overall plant-wide mass 
balance with higher weighting applied to the more reliable data. The calibrated mass balance is 
then used to establish the expected solids production rates on an average basis for the existing 
facility. With the updated mass balance, the percentage of primary solids generated is 63% of the 
total and secondary solids made up the balance at 37%, essentially a reversal from the prior Facility 
Plan, but not quite as much primary sludge relative to secondary sludge as the 2014 and 2015 data 
suggest. On a per capita basis, the primary solids generate 0.52 lb/(capita∙d) while secondary solids 
are produced at a yield of 0.59 lb-TSS/lb-cBOD5. This gives a primary solids production rate of 
roughly 94,000 lb/d and a secondary solids rate of 56,000 lb/d for current conditions. 
 
Using the calibrated mass balance as a baseline model, the projected flows and loads developed in 
TM 1 are fed into the model to predict design solids production rates. For the design condition, the 
percentage of primary solids increases slightly to 66% of the total solids. On a per capita basis, the 
primary solids generate 0.63 lb/(capita∙d); a slight increase due to an incremental industrial addition. 
Then, secondary solids are produced at a rate corresponding to a yield of 0.60 lb-TSS/lb-cBOD5; 
similar to the existing condition in the mass balance. In all, this gives a primary solids production 
rate of roughly 137,000 lb/d and a secondary solids rate of 72,000 lb/d. When developing detailed 
sizing requirements for solids processing systems, it is recommended that the design team conduct 
additional evaluation of solids production numbers to refine production rates further. 

Solids Facilities Plan (March 2011) Summary 
The most recent solids facilities plan, completed in March 2011, outlines solids production rates 
based on pre-2008 flood conditions. Both existing and design average solids generation values 
were developed along with peaking factors. An overall mass balance was used to develop the 
generation numbers. A detailed data analysis was not available from the plan documentation. 
 
2011 Solids Facilities Plan – Current Solids Production  
Current or existing solids production numbers for the 2011 Solids Facilities Plan are generated 
based on plant data from 2006 to 2008. The influent loading used in the mass balance is based on 
a cBOD5 load of 206,000 lb/d, a TSS load of 111,000 lb/d, and a VSS load of 90,000 lb/d. Table 1 
shows the output from the mass balance of the existing condition. 
 
The mass balance tracks primary solids, reflecting capture efficiency, and secondary solids 
production, reflecting observed yield by the biological system. Roughly 70% of the influent solids 
are captured by the A clarifiers, and 90% capture is assumed by the solids thickening and 
dewatering equipment.  
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Based on the 2011 Solids Facilities Plan, the ratio of primary solids to secondary solids generated 
is about 37% primary solids to 63% secondary solids. The per capita generation rate for primary 
solids is on the order of 0.46 lb-TSS/(capita∙d) based on the 2010 service area population of 
172,286 people. Then, assuming the mass balance uses a 25% cBOD5 capture efficiency, the 
secondary system yield is approximately 0.85 lb-TSS/lb-cBOD5. 
 
The low-pressure oxidation (LPO) system is used to destroy secondary solids so that the total 
combined (primary plus secondary) solids are sent to either the incinerator or alkaline stabilization 
is 120,000 lb/d. The final difference between TSS and VSS should match the influent on an average 
condition mass balance. In this case, there is a slight mismatch that suggests an imbalance. This 
may be due to rounding. 
 
Table 1. 2011 Solids Facilities Plan - Average Solids Production 

Solids Stream TSS, lb/d VSS, lb/d TS, % 
Primary Solids 78,800 63,800 0.50 
Thickened Primary Solids 70,900 57,500 4.0 
Dewatered Primary Solids 60,300 48,800 29.0 
Secondary Solids 136,000 117,000 1.63 
Thickened Secondary Solids 121,000 104,000 4.0 
Dewatered Secondary Solids (Post LPO) 59,600 48,200 24.0 
Combined Dewatered Solids 120,000 97,000 20.5 
 
Future (2030) Solids Production  
 
For the 2011 Solids Facilities Plan, future average annual solids production numbers represent a 
2030 design basis using an average influent loading for the projected design loading. This includes 
a cBOD5 load of 350,000 lb/d, a TSS load of 157,000 lb/d, and a VSS load of 138,000 lb/d. Table 2 
shows the output from the mass balance for future solids production with LPO, Table 3 shows the 
output from the mass balance for future solids production without LPO, and Table 4 shows the 
peaking factors based on existing conditions and historical conditions. 
 
Solids capture efficiency of the A clarifiers is reduced from the observed 70% in the current 
condition down to 55% in the future condition. Then, while the cBOD5 loading increases 
significantly, only a 1.5% increase in secondary solids production is applied in the future solids 
production numbers suggesting a sharp reduction in yield. When comparing the dewatering 
secondary solids production rates, a 55% increase in the dewatered solids production is observed 
in the system without LPO versus with LPO. 
 
For the 2011 facility plan future design solids production rates, the ratio of primary solids to 
secondary solids generated is about 38% primary solids to 62% secondary solids. The per capita 
generation rate for primary solids is on the order of 0.39 lb-TSS/(capita∙d) based on the projected 
2030 service area population of 218,728 people from the 2006 Master Plan. The lower per capita 
primary solids production rate reflects the reduced A clarifier capture efficiency. For secondary 
solids production, the secondary system yield is 0.53 lb-TSS/lb-cBOD5; possibly reflecting a higher 
planned solids retention time (SRT) for the secondary treatment system. 
 
Table 2. 2011 Solids Facilities Plan – Design Average Solids Production with LPO 

Solids Stream TSS, lb/d VSS, lb/d TS, % 
Anaerobic Solids 7,580 6,950 --- 
Primary Solids 86,200 75,400 0.50 
Thickened Primary Solids 77,500 67,900 4.0 
Dewatered Primary Solids 69,800 61,100 29.0 
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Table 2. 2011 Solids Facilities Plan – Design Average Solids Production with LPO 

Solids Stream TSS, lb/d VSS, lb/d TS, % 
Secondary Solids 138,000 109,000 1.50 
Thickened Secondary Solids 124,000 98,000 4.0 
Dewatered Secondary Solids (Post LPO) 66,600 49,500 24.0 
Combined Dewatered Solids 136,000 111,000 26.3 
 
Table 3. 2011 Solids Facilities Plan – Design Average Solids Production without LPO 

Solids Stream TSS, lb/d VSS, lb/d TS, % 
Anaerobic Solids 7,560 6,950 --- 
Primary Solids 86,200 75,400 0.50 
Thickened Primary Solids 77,500 67,900 4.0 
Dewatered Primary Solids 69,800 61,100 29.0 
Secondary Solids 138,000 109,000 1.50 
Thickened Secondary Solids 124,000 98,000 4.0 
Dewatered Secondary Solids 103,000 82,700 19.0 
Combined Dewatered Solids 173,000 144,000 23.0 
 
Table 4. 2011 Solids Facilities Plan – Solids Peaking Factors 

Averaging Period 
Existing Conditions 

(October 2006–September 2007) 
Historical Conditions 

(January–December 2004) 
Peak Month 1.49 1.68 
Peak Week 1.80 2.16 
Peak Day 2.13 2.70 
 

Existing Solids Production (2013–2015) 
A review and update of the solids production rates by the existing system has been conducted and 
is presented in this section. The data in this analysis reflect updates and optimizations resulting 
from post-2008 flood repairs and process modifications. For clarification, specific definitions are 
applied to different influent streams. Raw influent means influent without recycle. Main lift station or 
main lift refers to influent plus recycle flows and loads at the main lift station. Anaerobic 
pretreatment refers to flows and loads received by the pretreatment system influent separate from 
the main lift station. Total influent flows and loads include raw influent plus pretreatment system 
influent. 
 

2013–2015 Flows and Loads 
Cedar Rapids WPCF influent flows and loads are calculated based on the available plant data for 
January 1, 2013 through December 31, 2015. The average annual (AA), maximum month (MM), 
peak two-week (P2W), and peak day (PD) conditions are based on a statistical analysis using 50th, 
91.7th, 96.2nd, and 99.7th percentile non-exceedance values, respectively, from a statistical analysis 
of the data. A detailed description of the statistical analysis is provided in Attachment A. 
 
Table 5 presents a summary of 2013–2015 the pumped influent flows and loads from the available 
data recorded at the WPCF. These flows and loads include the main lift station influent from Cedar 
Rapids as well as recycle streams such as non-potable cooling water and solids processing recycle. 
Raw influent flows excluding these recycle streams are determined by subtracting recycle flows and 
loads from the pumped influent flows and loads. Table 6 presents the calculated raw influent flows 
and loads from January 1, 2013 through December 31, 2015. 
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Table 5. 2013–2015 Main Lift Station Flows and Loads (Including Recycle Streams) 

Scenario 

Influent 
Flow 

(MGD) 

cBOD5 
Load 

(lb/day) 
cBOD5 
(mg/L) 

TSS 
Load 

(lb/day) 
TSS 

(mg/L) 

TKN 
Load 

(lb/day) 
TKN 

(mg/L) 

TP 
Load 

(lb/day) 
TP 

(mg/L) 
Average Annual (AA) 51.4 259,000 604 136,000 317 21,000 49 5,000 12 
Maximum Month (MM) 70.3 365,000 623 289,000 493 32,000 55 7,000 12 
Peak Two Week (P2W) 85.8 415,000 580 358,000 500 36,000 50 9,000 13 
Peak Day (PD) 134.3 545,000 487 810,000 723 46,000 41 16,000 14 

Peaking Factors 
MM/AA 1.37 1.41   2.13   1.52   1.40   
P2W/AA 1.67 1.60   2.63   1.71   1.80   
PD/AA 2.61 2.10   5.96   2.19   3.20   
Note: Concentrations are calculated based on the flow and load from the statistical analysis. 
 
 
Table 6. 2013–2015 Raw Influent Flows and Loads (Excluding Recycle Streams) 

Scenario 

Influent 
Flow 

(MGD) 

cBOD5 
Load 

(lb/day) 
cBOD5 
(mg/L) 

TSS 
Load 

(lb/day) 
TSS 

(mg/L) 
TKN 
Load 

(lb/day) 
TKN 

(mg/L) 
TP 

Load 
(lb/day) 

TP 
(mg/L) 

Average Annual (AA) 45.8 233,000 610 118,000 309 17,000 45 3,500 9 
Maximum Month (MM) 63.4 309,000 585 198,000 375 23,000 44 4,800 9 
Peak Two Week (P2W) 78.5 341,000 521 232,000 354 25,000 38 5,400 8 
Peak Day (PD) 127.0 393,000 371 378,000 357 30,000 28 12,300 12 

Peaking Factors 
MM/AA 1.38 1.33   1.68   1.35   1.37   
P2W/AA 1.72 1.46   1.97   1.47   1.54   
PD/AA 2.77 1.69   3.20   1.76   3.51   
Note: Concentrations are calculated based on the flow and load from the statistical analysis. 
 
Figure 1 shows the recorded pumped influent flow data including recycle streams. Seasonal 
variations are noticeable in the available flow data, with peak flows occurring March, July, and 
November. The peak recorded flow over 120 MGD occurred several times throughout the data 
record. Note, because of the influent Parshall flume limitations, any Main Lift pumped flow over 90 
MGD is estimated. Flow estimates, provided by staff, have been applied for these high flow days. 
The statistical maximum monthly and maximum 15-day values are recorded several times through 
the data period including between March and July 2013, between April and July 2014, and several 
times in 2015. 
 
Figure 2 presents influent TSS loads to the WPCF including recycle streams. These values show 
the similar peak and valley trends of the influent flow data. The highest recorded load is 646,000 
lb/d in August 2013. On this day, the flow was 41 MGD and the influent TSS concentration is 
recorded over 1,600 mg/L.  
 
Figure 3 presents the influent cBOD5 loads to the WPCF including recycle streams. The mass 
loading showed variations throughout the recorded period with a significant peak in January through 
March 2015. The highest cBOD5 loading occurred in February 2015 including the peak measured 
cBOD5 load (pumped influent) of 779,000 lb/d occurred on February 2015 (not shown to provide plot 
clarity) with a flow and cBOD5 concentration of 79.5 MGD and over 1,000 mg/L, respectively. 
Excluding the recycle cBOD5 load, the peak raw cBOD5 load is 699,000 lb/d. 
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Figure 1. 2013–2015 Raw Influent Flows Including Recycle Streams 

 
Figure 2. 2013–2015 Raw Influent TSS Loads Including Recycle Streams 
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Figure 3. 2013–2015 Raw Influent cBOD5 Loads Including Recycle Streams 

 
Anaerobic Solids 
The high-rate anaerobic system is used to pretreat industrial wastewater and reduce it to more 
typical domestic strength wastewater while simultaneously generating biogas. Solids produced in 
the high rate anaerobic treatment system are harvested and sold off-site. Solids produced by the 
high-rate anaerobic system are maintained in the reactors or stored in the solids storage tanks until 
a purchase request is received. At that time, the solids are trucked to the buyer. Anaerobic solids 
are not processed in the solids processing system at the facility. 
 
Anaerobic solids production rates typically yield from 0.05 to 0.15 lb-VSS produced per lb-chemical 
oxygen demand (COD) removed based on typical literature values. High-rate anaerobic reactors 
like upflow anaerobic sludge blanket (UASB) reactors are designed to pass influent inert solids 
through the system, and only influent inert solids with high settling velocities accumulate 
(accumulation of inert solids negatively affects performance by displacing active solids). Based on 
the removal efficiencies in the anaerobic system, the anaerobic solids generation rate at average 
conditions would range from 1,778 to 5,336 lb-VSS/d using the literature yield values. Based on the 
data, the average daily increase in estimated anaerobic biosolids inventory is roughly 4,000 lb-
VSS/d, which results in an average yield of roughly 0.11 lb-TSS/lb-COD. 
 
Figures 4 through 7 show the COD concentration, flow rate, cBOD5 load, and TSS load data for the 
anaerobic pretreatment system. The COD balance typically provides the primary process control for 
high-rate anaerobic systems, and Figure 4 shows system performance based on influent and 
effluent COD. Depending on the biodegradability of the COD, effluent COD concentrations on the 
order of 100 to 300 mg/L can be expected. Anaerobic effluent cBOD5 concentrations are observed 
in the 100 to 300 mg/L range, therefore, the higher effluent COD indicates lower biodegradability. 
Anaerobic pretreatment flow rates vary but are typically in the range from 1.0 to 3.0 MGD. 
Anaerobic pretreatment cBOD5 loading is roughly 20% of the raw influent cBOD5 loading. The TSS 
load to anaerobic pretreatment is low, which is important to prevent displacement of active solids in 
the system. 
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The anaerobic pretreatment system produces a low yield of biosolids that are not processed in the 
WPCF solids handling system. Anaerobic effluent is further treated in the liquid treatment process, 
which yields biosolids. As a result, when the anaerobic process is efficient, less secondary biosolids 
are generated. The interconnectedness of the processes is accounted for by using a mass balance 
as described in the Solids Mass Balance Section. 
 

 
Figure 4. 2013-2015 Anaerobic Pretreatment Influent and Effluent COD 

 
Figure 5. 2013-2015 Anaerobic Pretreatment Flow Rates 
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Figure 6. 2013-2015 Anaerobic Pretreatment cBOD5 Load 

 
Figure 7. Anaerobic Pretreatment TSS Load 

 
Primary Solids 
The same data set from January 1, 2013 through December 31, 2015 is used to calculate the 
primary solids mass loadings and volumes at the WPCF. The performance of the primary clarifiers 
and resulting primary solids production is consistent throughout the measurement period 
suggesting the data are reliable.  
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Figure 8 presents the primary clarifier influent, including recycle loads, and primary effluent TSS 
concentrations. While primary clarifier influent solids are more variable, primary effluent TSS are 
consistently averaging 110 mg/L with a maximum month concentration of less than 200 mg/L. The 
average measured primary clarifier TSS removal for the period is 67%, which represents high 
performance in the upper range of typical clarifier TSS removal efficiencies, but matches the 2011 
Solids Facilities Plan observed performance.  
 

 
Figure 8. 2013–2015 Primary Influent and Effluent TSS 

 
Primary solids are indicated by operations staff to be pumped at a relatively high and constant rate 
to the downstream dissolved air flotation (DAF) thickeners. Primary sludge flow rates average 
around 1,000 gpm or 1.44 mgd with two pumps constantly removing solids from two clarifiers at any 
given time. Flow rates are measured with strap-on meters located in the lower level of the Solids 
Processing Building, however, flow data are limited in some cases and inconsistent for other 
periods. Primary solids concentrations (Figure 9), recorded daily, average 7,100 mg/L and range 
from less than 1,000 to over 45,000 mg/L. The primary solids concentrations are low compared to 
values observed for other primary clarifiers, which may reflect the high solids flow rates to maintain 
a short solids retention time in the clarifier. Cedar Rapids maintains short retention times in the 
clarifiers in order to minimize hydrogen sulfide generation.  
 
The primary solids flow rates recorded at the facility during this time period are inconsistent but 
targeted around 1,000 gpm. Therefore, the daily mass loadings used for the calibration of the mass 
balance are calculated from the measured primary solids concentrations and application of a flow 
rate of 1,000 gpm. These calculated primary solids mass production values are shown in Figure 10. 
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Figure 9. 2013–2015 Primary Solids Concentrations 

 
Figure 10. 2013–2015 Primary Solids Production Loads  

Note: Solids production values assume a constant 1,000 gpm solids flow rate 
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Table 7 presents the average, maximum month and peak two-week values for primary solids 
production from a statistical analysis of the data. Based on the primary solids generation rate, the 
per capita primary solids production is estimated to be 0.48 lb/(capita∙d) on an average annual 
basis and using 2014 US Census populations of the service area. The future, design primary solids 
production, developed and presented in the last section of this TM, is based on an evaluation of the 
mass balance evaluated at design flows and loads and maintaining clarifier efficiency.  
 
Table 7. Measured Primary Solids Production 

Scenario 

Primary 
TSS 

Primary 
TSS 

Primary 
VSS 

Primary 
VSS 

Percent 
Volatile 

Primary 
Solids Flow 

lb/d mg/L lb/d mg/L % MGD 
Average Annual 96,000 7,100 70,400 5,700 82.1 1.45 
Maximum Month 199,000 14,795 137,900 11,691 80.5 1.39 
Peak Two Week 236,000 19,451 177,900 15,264 80.1 1.37 
Maximum Month PF 2.07 

 
1.96 

   Peak Two Week PF 2.46 
 

2.53 
    

Roughing Filter Solids 
The roughing filters act as a pretreatment system for pumped influent from the main lift station 
following primary clarification. The preliminary analysis shows low solids yields by the roughing 
filters, which is typical for fixed film processes. Solids generated by roughing filters pass onto the 
secondary treatment process. Then, roughing filter solids are further treated in secondary treatment 
before being collected and treated in solids processing. Therefore, roughing filter solids generation 
rates are not projected independently but included with secondary solids in the data analysis and 
the mass balance. 
 
Secondary Solids 
Secondary solids are produced in secondary biological treatment processes. At the Cedar Rapids 
WPCF, secondary processes include carbonaceous activated sludge (CAS) and nitrogenous 
activated sludge (NAS) waste activated sludge (WAS). Figures 11, 12, and 13 show CAS WAS 
concentrations, flow rates, and mass loads, respectively. The CAS WAS concentration varies from 
1,000 to 22,000 mg/L with an average value of 8,400 mg/L, which is typical for high purity oxygen 
activated sludge (HPOAS) processes. The CAS WAS flow rate is between 0 and 700 gpm, and the 
mass production rate ranges from 0 to 142,000 lb/d. The high variability in the CAS WAS mass 
production rate suggests measurement challenges. Additionally, the CAS WAS loads are roughly 
half of the values identified in the 2011 Solids Facilities Plan.  
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Figure 11. 2013–2015 CAS WAS Concentrations  

 
Figure 12. 2013–2015 CAS WAS Flow Rate  
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Figure 13. 2013–2015 CAS WAS Production  

 
Figures 14, 15, and 16 show NAS WAS concentrations, flow rates, and mass loads, respectively. 
The NAS WAS concentration varies from nearly 0 to 14,000 mg/L with an average value of 3,600 
mg/L. The NAS WAS flow rate is between 0 and 180 gpm including extended periods without 
wasting; wasting primarily occurs during summer and fall months based on the data. The NAS WAS 
mass production rate ranges from 0 to 18,000 lb/d.  
 

 
Figure 14. 2013–2015 NAS WAS Concentration  
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Figure 15. 2013–2015 NAS WAS Flow  

 
Figure 16. 2013–2015 NAS WAS Production  

 
 
 
 
 
 



 
HDR Engineering, Inc. 
TM 2.0 Solids Production FINAL  

5815 Council Street, Suite B 
Cedar Rapids, IA  52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 17 of 30 

 

Table 8 shows the data analysis for secondary solids production. Based on the data analysis, the 
average annual production rate of total secondary solids is 33,100 lb/d. The secondary solids 
production rate is considerably lower than from the 2011 Solids Facilities Plan. Additionally, this 
WAS solids production rate reflects a measured net yield of the entire secondary process is 0.34 lb-
TSS/lb-cBOD5. The yield is low compared to other systems that include an HPOAS process. The 
low values may be due to an error in the sampling or measurement of the concentrations, or the 
error may be in the exported flow numbers from SCADA. Due to the abnormally low measured 
secondary solids production numbers, for the development of the future solids production system, a 
more typical net yield value is applied from the calibrated mass balance described in the next 
section.  
 
Table 8. Measured Secondary Solids Production 

Scenario 
CAS WAS 

CAS 
WAS 

NAS  
WAS NAS WAS 

Total 
WAS Total Flow 

lb/day mg/L lb/day mg/L lb/day gpd 
Average Annual 31,000 8,100 2,100 3,400 33,100 459,000 
Maximum Month 64,300 13,700 8,300 6,100 72,600 563,000 
Peak Two Week 78,900 15,500 11,500 7,000 90,400 610,000 
Maximum Month PF 2.07 

 
3.95 

 
2.19 

 Peak Two Week PF 2.55 
 

5.48 
 

2.73 
  

Solids Mass Balance 
A mass balance for the solids through the WPCF has been developed using HDR’s ENVision 
program fitted to the data, and when data conflict, specific operational experience. Figure 17 
depicts a screenshot of the process flow diagram from the ENVision mass balance. The mass 
balance model has been calibrated using operating data from January 1, 2013, to December 31, 
2015. Figure 18 and Table 9 show the mass balance basis for calibration in order to provide 
agreement with the data. The mass balance shows the following: 
 
• WPCF influent streams are characterized to match the data. 
• Process sizes and configurations are set to match the existing WPCF equipment, tanks, layout, 

etc. 
• Primary clarifier removal rates of 31 percent and 68 percent are used for cBOD5 and TSS, 

respectively.  
• The roughing filter kinetics and yield are adjusted to account for reduced efficiency caused by 

the higher loading of about 120 lb/(1,000 ft3∙d) and giving an effluent soluble cBOD5 (scBOD5) 
near 100 mg/L in the roughing filter effluent. The loading rate is somewhat higher than the 
practical maximum of 90 to 100 lb/(1,000 ft3∙d) identified in a previous capacity audit. 

• The secondary system calibration reasonably matches the data.  
• The TSS concentrations are user defined to match the data.  
• Process parameters are modified to give a strong match to the effluent ammonia 

concentrations. 
• The calibrated SRT for the CAS is approximately 2.5 days based on aeration only solids or a 

total SRT of 3.6 days after accounting for the clarifier solids. 
• The NAS SRT is calibrated for approximately 12 days and an approximate SRT of 19.5 days 

when accounting for clarifier solids. 
• An additional recycle flow of 1.4 MGD is added to account for plant effluent reuses; e.g. DAF 

thickener pressurization recycle. 
 
 
 



 
HDR Engineering, Inc. 
TM 2.0 Solids Production FINAL  

5815 Council Street, Suite B 
Cedar Rapids, IA  52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 18 of 30 

 

 
Figure 17. Process Flow Diagram of Mass Balance of Cedar Rapids WPCF using ENVision 
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Figure 18. Mass Balance Calibration – Comparison of Liquid Stream Operating Data to Model Output 
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Table 9. Comparison of Liquid Stream Data and Mass Balance Calibration – Average Values 

Stream Component Unit 
Operating 

Data Model Notes 
Plant Influent Excluding Recycle Flow mgd 45.8 45.8 User Defined 
Plant Influent Excluding Recycle BOD5  mg/L 610 610 User Defined 
Plant Influent Excluding Recycle TSS mg/L 309 309 User Defined 
Plant Influent Excluding Recycle VSS mg/L - 247  
Plant Influent Including Recycle Flow mgd 51.4 51.4   
Plant Influent Including Recycle BOD5  mg/L 604 606   
Plant Influent Including Recycle TSS mg/L 317 317   
Plant Influent Including Recycle VSS mg/L - 264   
Plant Recycle  Flow mgd 5.6 5.6   
Plant Recycle  BOD5  mg/L 559 569   
Plant Recycle  TSS mg/L 378 381   
Primary Effluent  BOD5  mg/L 463 420 

 Primary Effluent  sBOD5  mg/L 328 328   
Primary Effluent  TSS mg/L 104 110 

 Anaerobic Influent  Flow mgd 1.9 1.9 User Defined 
Anaerobic Influent  BOD5  mg/L - 2867 User Defined 
Anaerobic Effluent  BOD5  mg/L   739   
Anaerobic Effluent  TSS mg/L   273   
Anaerobic Gas Production Flow scfd       
Roughing Filter Effluent  BOD5 mg/L 215 206   
Rouging Filter Effluent sBOD5 mg/L 85 99   
Roughing Filter Effluent  TSS mg/L 152 151   
CAS Influent TSS mg/L 152 156  Data median 
CAS Influent  sBOD5  mg/L  100 111   Data average 
CAS Effluent  TSS mg/L 28 28 User Defined 
CAS Effluent  BOD5  mg/L 20 14   
CAS Effluent  NH3-N mg/L 15 15 User Defined 
NAS Effluent  TSS mg/L 21 15 User Defined 
NAS Effluent  BOD5  mg/L 10 7   
NAS Effluent  NH3-N mg/L 6 6 User Defined 
Final Effluent  TSS mg/L 21 26  

 Final Effluent  BOD5  mg/L 10 14    
Final Effluent  NH3-N mg/L 6 7    
Note: *Model is based on BOD5 and data are cBOD5 concentrations. 

 
Mass Balance Results 
The mass balance models the solids production rates, which are balanced against the measured 
and evaluated maximum primary solids, WAS, and solids system processing quantities. Figure 19 
and Table 10 show the results of these mass balances. The quantities of primary solids and 
secondary solids match the recorded values when the primary clarifier removals are 68 percent for 
TSS and 38 percent for cBOD5. The primary solids production rate for average annual conditions is 
93,600 lb/d giving a per capita generation rate of 0.53 lb-TSS/(capita∙d). The WAS production rate 
for annual average conditions is 56,000 pounds per day. This calculates to a secondary system 
yield of 0.59 lb-TSS/lb-cBOD5/d.  
 
Each thickening and dewatering solids handling process has a recycle stream and corresponding 
percent solids capture that align together in order for the mass balance to calibrate to the data. 
Figure 20 and Table 11 show the percent solids capture in the mass balance that is applied to the 
mass balance for the average annual condition. In addition, the resulting mass balance recycle 
stream TSS concentrations are compared to the recorded values in the data. The calibrated mass 
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balance provides a basis from which to test different scenarios and obtain unit process information 
for which data are not routinely collected. This, in turn, allows for evaluation of process alternatives 
in future TMs. The mass balance is setup to provide the best overall balance between feed solids, 
thickened or dewatered solids, and recycle streams. The primary goal is to provide a reasonable fit 
between historical mass flow rates and the mass flow based on the data. The solids concentrations 
sometimes differ possibly due to variability in measurements or flow rates in the data; e.g. mass 
flow rates based on high flow rates and low concentration values in the data versus the longer term 
mass flow rate and volume flow rate in the mass balance model. 
 
The unit process data and mass balances are described in the following sections. For detailed 
equipment design information, see TM 4.  
 

 
Figure 19. Mass Balance Calibration – Comparison of Solids Operating Data and Model Output 
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Table 10. Comparison of Solids Stream Data and Mass Balance Calibration – Average Values 

Stream Component Unit Model Data Notes 
Primary Solids Flow mgd 1.58 1.60 Estimated 1,100 gpm PS flow  
Primary Solids TSS mg/L 7,100 7,100 User Defined, Average Data Value 
Primary Solids TSS lb/day 93,600 94,700 69,700 measured, value from calculated flow. 
DAF Thickened PS Flow gpd 288,000 261,000 Two Presses, 100 gpm/press 
DAF Thickened PS TSS mg/L 37,400 37,400 User Defined 
DAF Thickened PS TSS lb/day 81,500 81,400 52,500 measured, value from calculated flow.  
BFP Dewatered PS  Flow gpd 35,400 33,500   
BFP Dewatered PS  TSS % 27.4 27.4 User Defined 
BFP Dewatered PS  TSS lb/day 76,600 76,500   
WAS Flow gpd 582,000 622,000 Data based on GBT feed flow (404 gpm) 
WAS TSS mg/L 10,900 10,800 GBT feed solids 
WAS TSS lb/day 56,100 55,800 Calculated average; GBT Feed flow and conc.  
Thickened WAS (LPO Feed) Flow gpd 148,800 141,000 Adjusted TWAS flow for days of LPO Operation 
Thickened WAS (LPO Feed) TSS mg/L 45,000 45,000 User Defined 
Thickened WAS (LPO Feed) TSS lb/day 53,000 52,800   
Centrifuge Feed  Flow gpd 44,000 28,400   
Centrifuge Feed  TS % 11.0 11.0 

 Centrifuge Feed  TS lb/day 25,600 32,452 26,000 TSS, 1,975 usCOD*, 3,000 sBOD5  
Centrifuge Feed  VS VS% 81 - 15,188 VSS, 4,722 sBOD,  
Dewatered WAS  TS lb/day 25,400 26,900 25,800 TSS, 808 sBOD5, 340 usCOD,  
Dewatered WAS  TS TS% 34 34   
Dewatered WAS  VS VS% 80 -   
Incinerator Feed  TS lb/day 102,000 61,000 Incinerator wet tons per hour does not match balance 
Incinerator Feed  TS TS% 28.4 28.7   
Incinerator Feed  VS VS% 79.4 -    
*usCOD = unbiodegradable, soluble chemical oxygen demand 
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Figure 20. Mass Balance Calibration – Comparison of Recycle from Operating Data and Model Output 

 
Table 11. Comparison of Recycle Stream and Percent Solids Capture– Average Values 

  Units Median Ave Mass Balance % Capture 
DAF Recycle TSS mg/L 208 600 1,180 86.0 
BFP Recycle TSS mg/L 360 650 1,134 94.0 
GBT Recycle TSS mg/L 244 283 293 94.5 
LPO Decant TSS mg/L 860 2770 2550 91.0 
LPO Decant BOD5  mg/L 13,200 13,900 13,626   
Centrifuge Recycle TSS mg/L 270 1,353 1,296 99.2 
Total Recycle BOD5  mg/L 543   537   
Total Recycle TSS mg/L 479   473   
Total Recycle BOD5  lb/day 25,400   25,221   
Total Recycle TSS lb/day 22,400   22,330   
 

Dissolved Air Flotation Thickening 
Primary sludge produced at the Cedar Rapids WPCF is thickened in dissolved air floatation (DAF) 
thickeners prior to dewatering with belt filter presses and ultimate incineration. Table 12 
summarizes the current DAF loadings assuming all three DAFs are in operation and continuous 
primary sludge pumping. Figure 21 shows the historical thickened primary sludge concentrations 
from January 1, 2013 through December 31, 2015. The thickened primary concentration ranged 
from 2.0–6.0% solids and averaged 3.74% solids during this period. The DAF thickeners use 
polymer to support solids separation, and the average annual addition of polymer results in a 
dosage rate of 3.1 pounds per dry ton of primary solids, which is a reasonable dosage and within 
the range of typical polymer usage rates based on the literature. 
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Table 12. DAF Thickener Performance  

 
Units Average Annual Maximum Month Peak Two Week 

Feed Flow MGD 1.58 1.60 1.56 
Feed Solids mg/L 7,100 14,800 19,500 
Feed Solids lbs/day 93,600 198,000 253,000 
Solids Capture % 90.0 79.5 76.2 
Recycle TSS mg/L 600 1,319 1,850 
Polymer Use lb/dry ton 3.1 - - 
Thickened Solids % 3.7 5.4 6.0 
 
 

 
Figure 21. DAF Thickened Solids   

Belt Filter Press Dewatering 
The thickened, primary solids are dewatered using two, 2-meter, high solids belt filter presses 
(BFPs). Table 13 presents a summary of the current belt filter press (BFP) operation, which is used 
to setup the mass balance. The dewatered solids TSS content ranges from 20 to 35% solids with 
an average of 27.4% (Table 14). Based on the data and the bulk polymer information, the average 
polymer dosage is 5.1 lb-polymer per dry ton thickened solids fed. As with the DAF polymer usage, 
this is a reasonable dosage. 
 
Table 13. Belt Filter Press Operations  

Description Value Unit 
Number of Presses 2 

 Average hours of operation 20–24 hr/press/day 
Average Solids Loading 1,800–2,100 lb/hr/press 
  820–950 lb/hr/meter 
Average Hydraulic Loading  95–114 gpm/press 
Average Cake  27.4 % Solids 
 
 



 
HDR Engineering, Inc. 
TM 2.0 Solids Production FINAL  

5815 Council Street, Suite B 
Cedar Rapids, IA  52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 25 of 30 

 

Table 14. Belt Filter Press Performance  

Stream Units Average Annual Maximum Month Peak Two Week 
Feed Flow MGD 0.26 0.50 0.39 
Feed Solids % 3.74 3.74 5.96 
Feed Solids  lbs/day 81,480 156,500 191,400 
Solids Capture  % 94 91 88 
Recycle TSS mg/L 1,260 1,800 3,900 
Polymer Use lb/dry ton 5.1 - - 
Dewatered Solids % 27.4 31.5 32.7 
 
 

 
Figure 22. BFP Dewatered Primary Solids   

Gravity Belt Thickening 
Waste activated sludge is thickened using three, 3 m gravity belt thickeners (GBTs). Table 15 
presents the operational data typically applied to the GBTs and input to establish the conditions for 
the mass balance. Table 16 shows the performance data from the mass balance. The average 
thickened solids concentration is 4.8%, which aligns with the data shown in Figure 23 showing a 
range of GBT concentrations from 3.0 to 6.5%. Based on the data and the bulk polymer information, 
the average polymer dosage is 4.6 lb-polymer per dry ton thickened solids fed. A high solids 
capture rate is needed to align the recycle solids concentrations, which is consistent with the 
polymer dosages. 
 
Table 15. Gravity Belt Thickening Operations  

Description Value Unit 
Number of Thickeners 3   
Average hours of operation 20–24 hr/press/day 
Average Solids Loading 1,170 lb/hr/press 
  389 lb/hr/meter 
Average Hydraulic Loading  216 gpm/press 
Average Thickened Solids  4.8 % Solids 
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Table 16. Gravity Belt Thickener Performance  

Stream Units Average Annual Maximum Month Peak Two Week 
Feed Flow MGD 0.62 0.56 0.56 
Feed Solids mg/L 10,200 16,700 19,100 
Feed Solids lb/d 53,000 78,000 89,000 
Solids Capture % 94.5 92.0 92.5 
Recycle TSS mg/L 283 594 786 
Polymer Use lb/dry ton 4.6 – – 
Thickened Solids % 4.8 5.6 5.9 
 

 
Figure 23. Gravity Belt Thickened Solids Concentrations 

Low-Pressure Oxidation  
The LPO system uses physicochemical processes to hydrolyze solids, break up organics and 
oxidize contaminants. Mass balance and LPO system data are aligned based on the LPO decant 
and final centrifuge performance data (Table 16). The thickened solids concentration data from the 
decant tank provides the best data as a target for the mass balance (Figure 24) with concentrations 
varying from 5 to 15% and averaging 11%. The LPO system destroys solids resulting in a reduction 
in the TSS load. For the mass balance, the solids destruction rate is 50%. 
 
Table 17. LPO Performance 

Stream Units Average Annual Maximum Month Peak Two Week 
Feed Flow MGD 0.14 0.19 0.18 
Feed Solids % 4.5 4.5 5.9 
Feed Solids lb/d 53,000 72,000 87,000 
Decant TSS mg/L 2,700 7,100 18,300 
Decant TSS lb/d 2,500 9,500 9,000 
LPO Thickened Solids* % 11 11 11 
LPO Thickened Solids lb/d 25,600 28,400 35,000 
*LPO Thickened Solids are assumed operations target 11% for the mass balance; i.e. variability in 
the peaking flows do not connect to concentration variability. 
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Figure 24. LPO Thickened Solids Concentrations  

Centrifuge Dewatering 
LPO solids are dewatered using centrifuges. Table 18 presents the operational data typically 
applied to the centrifuges and used in the mass balance. Table 19 shows the performance data 
from the mass balance. The average dewatered solids concentration is 34% matching the data 
shown in Table 19, which shows centrifuge TSS cake concentrations from 20 to 45%. Based on the 
data and the bulk polymer information, the average polymer dosage is 9.4 lb-polymer per dry ton 
thickened solids fed. Although the polymer dosage for the centrifuge is higher than for the BFP or 
GBTs, it is on the low end of the typical range for centrifuge dewatering of secondary solids. 
 
Table 18. Centrifuge Dewatering Operations 

Description Value Unit 
Number of Thickeners 2   
Average hours of operation 16–20 hr/press/day 
Average Solids Loading 1,070 lb/hr/press 
Average Hydraulic Loading  200 gpm/press 
Average Cake  34 % Solids 
 
Table 19. Centrifuge Dewatering Performance 

 Stream Units Average Annual Maximum Month Peak Two Week 
Feed Flow GPD 27,900 30,990 38,100 
Feed Solids, TSS mg/L 110,000 110,000 110,000 
Feed Solids  lb/day 25,600 28,400 35,000 
Solids Capture  % 99.2 97.5 95.7 
Recycle TSS mg/L 283 594 786 
Polymer Use lb/dry ton  9.4  –  – 
Dewatered Solids % 34.0 41.0 43.5 
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Figure 25. Centrifuge Dewatered Cake Percent Solids  

Incineration 
Solids discharged from the DAF thickener and the centrifuge are combined and incinerated. The 
sum total TSS discharged to the incinerator based on the mass balance is 102,000 lb/d of TSS and 
76,000 lb/d of VSS representing a 75% VSS/TSS ratio, which theoretically gives a residual ash load 
of 26,000 lb/d. This compares well to the average calculated incinerator feed of 106,000 lb/d 
calculated based on the sum of the loads from primary and secondary solids handling. 

Design Solids Production 
Design solids production rates, projected for a 20-year period with incremental industrial growth 
providing the most substantial component of the added loads, are developed in this section using 
the calibrated mass balance based on the existing WPCF configuration and historical 
performances. Flows and loads are first increased in the mass balance to reflect the average 
annual design flows and loads of 55.7 MGD, 347,000 lb/d of cBOD5 and 177,000 lb/d of TSS 
(excluding recycle) as developed and described in TM 1.  
 
For average annual and maximum month solids processing scenarios, similar unit process 
performance is assumed using the current configuration of the overall process. For peak two-week 
solids production rates, performance is reduced slightly to reflect the higher loading rates. Peaking 
conditions are applied to support process and equipment sizing, and to determine storage 
quantities needed for discontinuous processing. 
 
Primary Solids 
Table 20 shows the projected primary solids production rates. For average annual conditions, a 
clarifier removal efficiency of 68 percent gives 137,000 lb/d; primary clarifier removal efficiency 
reflects main lift influent TSS loading. Using a primary solids flow rate of around 2.3 MGD, the 
primary TSS concentrations are found. 
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Based on the mass balance, the design primary solids production reflects a per capita value of 
roughly 0.63 lb/(capita∙d). The design per capita primary solids production number differs from the 
observed value of 0.48 lb/(capita∙d) due to an incremental industrial addition. Peak primary solids 
production rates are based on applying the appropriate peaking factors. 
 
Table 20. Design Primary Solids Production  

Scenario 

Primary 
TSS 

Primary 
TSS 

Primary 
VSS 

Primary 
VSS 

Percent 
Volatile 

Primary 
Solids Flow 

lb/d mg/L lb/d mg/L % MGD 
Average Annual 137,000 7,100 109,700 5,700 0.80 2.31 
Maximum Month 285,200 14,800 227,000 11,691 0.80 2.31 
Peak Two Week 363,400 19,500 288,100 15,264 0.79 2.23 
Maximum Month PF 2.08 

 
2.07 

   Peak Two Week PF 2.65 
 

2.63 
    

Secondary Solids 
Secondary solids production reflects biological solids generated in the roughing filters, the CAS 
system, and the NAS system (Table 21). A biological yield of 0.71 lb-TSS/lb-cBOD5 (0.55 lb-VSS/lb-
cBOD5) is observed by the mass balance, system boundary around the secondary process, 
resulting in an annual average WAS production rate of 71,500 lb/d giving a 29% increase from the 
mass balance of the existing condition for secondary solids production. This production reflects all 
cBOD5 loading to secondary treatment including roughing filter effluent and anaerobic pretreatment 
effluent.  
 
Based on influent loading data, this gives a secondary yield of 0.60 lb-TSS/lb-cBOD5, system 
boundary around entire WPCF. The total secondary solids production differs from the 2011 Solids 
Facilities Plan, in part, because a continued higher performance of the primary clarifiers is assumed 
as opposed to the sharp reduction used in the 2011 Solids Facilities Plan mass balance. 
 
With the projected design future primary and secondary solids production numbers, a total solids production 
of 209,000 lb/d in Table 22 for average annual conditions is established. The projected solids production rate 
is comparable to the 2011 Solids Facilities Plan that projected a future production rate of 224,000 lb/d of 
primary plus secondary solids. The updated solids projection gives a primary to secondary solids ratio of 66% 
primary solids and 34% secondary solids. The currently projected ratio contrasts the 2011 Solids Facilities 
Plan that showed nearly the opposite at 38% primary solids and 62% secondary solids. The continued 
reversal of the observed primary and secondary solids production rates is an important observation, and the 
cause should be further discussed and verified in order to strengthen the design solids production rates. 
 
Table 21. Design Future Secondary Solids Production  

Scenario 
CAS WAS 

CAS 
WAS 

NAS  
WAS NAS WAS 

Total 
WAS Total Flow 

lb/day mg/L lb/day mg/L lb/day gpd 
Average Annual 71,000 13,631 500 8,500 71,500 625,000 
Maximum Month 97,400 20,900 2,000 13,000 99,400 559,000 
Peak Two Week 116,600 23,700 2,850 16,300 119,450 590,000 
Maximum Month PF 1.37 

 
4.00 

   Peak Two Week PF 1.64 
 

5.70 
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Conclusion 
Figure 26 and Table 22 show the summary and comparison of solids production rates, per capita 
production rates, and yields generated in the 2011 Solids Facilities Plan, based on the 2013–2015 
data analysis, based on a mass balance calibrated to the 2013–2015 data, and based on a 
projected design mass balance. The most recent data show that the ratio of primary solids 
generated has increased and the mass balances have been setup to match. The per capita primary 
and secondary solids generation rates are balanced against the system yields in the data and a 
more typical system yield to generate the final solids mass balance. 
 

 
Figure 26. Summary of Solids Production Rates 

 
Table 22. Summary Solids Production Rates 

Factor 

2011 Solids Facilities Plan 
2013–2015 

Data 

Existing 
Mass 

Balance 

Design 
Solids 

Production 
Current 

(2010–2011) 
Future 
(2030) 

Primary Solids, lb/d 79,000 86,000 96,000 94,000 137,000 
Primary Solids, % of Total Solids 37% 38% 74% 63% 66% 
Secondary Solids, lb/d 136,000 138,000 33,000 56,000 72,000 
Secondary Solids, % of Total Solids 63% 62% 26% 37% 34% 
Total Solids, lb/d 215,000 224,000 129,000 150,000 209,000 
Primary Solids Per Capita, lb/(capita∙d) 0.46 0.39 0.48 0.52 0.63 
Primary Efficiency, % Primary Solids 
(w/ Recycle) --- --- 67% 67% 67% 

Primary Efficiency, % Influent Solids 71% 55% 73% 79% 79% 
Secondary Yield, lb-TSS/lb-cBOD5  0.85 0.53 0.34 0.59 0.60 
 
Further evaluation and refinement of solids production rates by the design team is recommended 
when conducting detailed design of solids processing systems. Based on historical shifts in solids 
production, the solids processing system should be designed with appropriate reliability in the form 
of redundancy and flexibility so that staff can adjust to operational conditions. The system should be 
designed to reflect the planned nutrient reduction strategy and the corresponding solids production 
from the existing and future systems. 
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Attachment A – Influent Flows and Loads Statistical Analysis 
PROBABILISTIC ANALYSIS OF HISTORICAL DATA 

CEDAR RAPIDS WPCF DATA 
 

 
The flows and loads analyses are based on log-normal probability distributions for Cedar Rapids 
influent flow, cBOD5, TSS, and TKN loads used to project annual average, peak two-week, 
maximum month and maximum day loadings.  These distributions were generated from January 
2013 through December 2015 data. The values were arranged in order of increasing magnitude 
and corresponding plotting positions were determined according to the following equation: 
 
    Plotting position (%) = (m/(n+1))*100 
    
    where 
    m = order number 
    n = number of observations 
  
A regression analysis was performed to determine if the data was normally or log-normally 
distributed.  All of the data sets were found to better fit a log-normal distribution.  From the 
probability plots, average and peaking flows and mass loads were determined.  The average day 
values represent a 50% probability of occurrence.  Maximum month values represent a 91.7% 
(11/12) probability of occurrence.  Peak two-week values represent a 96.2% (50/52) probability of 
occurrence. Maximum day values represent a 99.7% (364/365) probability of occurrence.  Influent 
flows and mass loads were based on this statistical analysis.  
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Attachment B – ENVision Mass Balance Report 
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Technical 
Memorandum  

 
To:  City of Cedar Rapids 

From:  Brian Bakke/HDR 
David Dechant/HDR 
Dave Reardon/HDR 

Project:  Cedar Rapids Nutrient Removal and 
Solids Facilities Plan 

CC:  File 

Date:  December 5, 2016 (Revised Final) Job No:  City – 6150011 
HDR – 270628 

Re: Technical Memorandum 3.0 – Energy and Sustainability 
 
The Cedar Rapids Water Pollution Control Facility (WPCF) effectively processes waste streams 
from the city and industry, which requires the consumption of electricity, water, chemicals, natural 
gas, and fuel while concurrently generating biogas. The balance of electricity, water, chemicals, 
natural gas and fuel consumption against generating biogas offers an overall picture of energy and 
sustainability of the WPCF.  
 
This Technical Memorandum (TM) provides a review of existing energy usage at the Cedar Rapids 
WPCF and identifies and evaluates alternatives to increase energy production and reduce energy 
consumption. It is organized as follows: 
 
• Objective  
• Summary 
• Solids Facilities Plan (March 2011) Summary 
• Review of Plant Energy and Water Use and Greenhouse Gas Production 
• Facility Energy Benchmarking 
• Alternatives for Improved Energy Management 
• Potential Raw Wastewater Energy Recovery  
• High Strength Waste Potential Sources 
• Phosphorus Recovery through Side Stream Treatment  
• Energy Path Forward – Energy Management Alternatives 
 
The following Attachments provide supporting information. 
• A – Energy Star Score for Wastewater  
• B – Electrical Meter List 
• C – Detailed Descriptions of Energy Improvements for  Immediate Implementation 
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Objective 
This TM presents a review of existing energy usage at the Cedar Rapids WPCF and identifies and 
evaluates alternatives to increase energy production and reduce energy consumption. Additionally, 
an assessment of potential high strength waste sources for supplemental biogas production, and 
biofuel, nutrient, and metals recovery potential. The information presented in this TM will be used 
along with the nutrient and solids production information from TMs 1.0 and 2.0 to develop short- 
and long-term improvements and process changes that will make the facility more energy efficient 
and sustainable.  
 
List of Abbreviations 
 
The table below gives a list of standard abbreviations used throughout this text. 
 
Table 1. List of Abbreviations 

Abbreviation Definition 
BOD5 Five-day biochemical oxygen demand 
BTU British Thermal Unit 
CAS Carbonaceous activated sludge 
CRAS CAS return activated sludge 
cBOD5 Five-day, carbonaceous biochemical oxygen demand 
ccf 100 cubic feet (natural gas) 
cfh Cubic feet per hour 
cfm Cubic feet per minute 
CO2 eq. or eCO2 Carbon dioxide equivalent 
DAFT Dissolved Air Floatation Thickener 
FEMA Federal Emergency Management Agency 
GHG Greenhouse gas 
gpd Gallons per day 
HP Horsepower  
HPOAS High purity oxygen activated sludge 
hr hour 
kW Kilowatt 
kWh Kilowatt-hour 
lb Libra pondo = pound by weight 
LPO Low-pressure Oxidation 
MCC Motor control center 
mg/L Milligrams per Liter 
MG Million gallons 
MGD Million gallons per day 
MHI Multiple hearth incinerator 
MMBTU Million BTUs 
NAS Nitrogenous activated sludge 
NRAS NAS return activated sludge 
RAS Return activated sludge 
scfm Standard cubic feet per minute 
sf Square feet 
SRT Solids retention time 
therm 100,000 BTUs 
TM Technical Memorandum 
UASB Upflow anaerobic sludge blanket (reactor) 
US EPA United States Environmental Protection Agency 
VFD Variable frequency drive 
WAS Waste activated sludge 
WPCF Water Pollution Control Facility 
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Summary 
As with all wastewater treatment plants, Cedar Rapids WPCF uses energy and potable water to 
process waste streams from domestic, commercial, and industrial sources. In addition to lighting 
and atmospheric controls, electricity is used throughout the WPCF to drive motors for pumping 
power, blowing air, mixing and aeration, and for solids processing. Electricity is also used to drive 
the high-purity oxygen generating system. The electrical usage at the facility is on the order of 
48,000,000 kWh per year at a cost exceeding $2 million per year. This consumption rate translates 
to an energy intensity of a little over 2,800 kWh per million gallons of flow treated or about 500 kWh 
per 1,000 (lb-cBOD5) treated. The highest individual electricity consumers at WPCF are the CAS 
process, the NAS process, the roughing filters (primarily due to pumping), and influent pumping. 
The GHG equivalent associated with electricity consumption at the WPCF exceeds 33,500 tonnes 
CO2 eq./year. 
 
Natural gas is used by the WPCF in several processes, but the most significant consumption is by 
solids incineration, the low-pressure oxidation (LPO) system, and onsite generators. On average, 
almost 2 million cubic feet of natural gas (1.45 million therms) are used by the WPCF each day 
giving an energy intensity of almost 83 therms per million gallons of flow treated. The natural gas 
consumption comes at an annual cost of almost $1 million. For the natural gas consumed at the 
WPCF, over 7,000 tonnes CO2 eq./year of GHG is generated. 
 
Cedar Rapids WPCF uses potable water to support several processes including boiler make-up 
water, cooling system make-up water, and polymer dilution water. On average, the WPCF uses a 
little over 390,000 gallons of potable water per day. This translates to an annual cost over $250,000 
and a water usage intensity of about 8,200 gallons per million gallons of treated wastewater.  While 
there is an electrical demand associated with this water usage, it is likely lost in the electrical use for 
each process.   
 
Biogas is formed as a product of the preliminary anaerobic treatment process, and can substitute 
use of natural gas in both the incinerator and LPO systems. At WPCF, biogas is produced at a rate 
of about 300 cfm or almost 432,000 cubic feet per day with a heating value of approximately 2,800 
therms per day. The biogas generation rate theoretically provides capacity to offset between 60 and 
70 percent of the natural gas demand at the WPCF. Unfortunately, the biogas generation rate and 
natural gas demand do not align adequately to support full biogas utilization. This results in over 50 
percent of the biogas flared or the equivalent of an additional 2,500 tonnes CO2 eq./year of GHG 
emissions. 
 
Several preliminary approaches are identified to improve energy sustainability at the Cedar Rapids 
WPCF. Improving biogas usage is a key alternative, which may be accomplished by providing 
storage and working to match biogas supply and energy demand. Increasing biogas production 
may be possible by identifying additional waste streams for treatment by the anaerobic 
pretreatment system. Additional short- and long-term operations and process modifications have 
been preliminarily identified for improving Cedar Rapids WPCF sustainability through energy 
optimization. These alternatives should be considered and screened as part of this study in working 
toward nutrient reduction and solids processing. 

Solids Facilities Plan (March 2011) Summary 
The Solids Facilities Plan completed by Brown and Caldwell in March 2011 discussed energy 
usage. Material from the 2011 Solids Facilities Plan acts as the starting point for the current 
planning work. Chapter 10 of the 2011 Solids Facilities Plan described the plant energy usage and 
the potential for heat recovery from sludge incineration and biogas utilization.  
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Electricity 
Electrical use and cost data from July 2006 through June 2007 for the Cedar Rapids WPCF were 
summarized. The average daily power usage during this time was 133,500 kWh with demand peak 
of 6,672 kW in March of 2007. The total electrical usage for the year was 48.7 million kWh at a cost 
of $2.25 million. The average cost of power was $0.046/kWh. During this period, the solids 
processing complex used approximately 10 percent of the total plant electrical energy, primarily for 
the LPO pumping and air compressors, multiple hearth incinerator (MHI) fans, and centrifuges. 
 
Natural Gas  
Natural gas use and cost data from July 2006 through June 2007 for the Cedar Rapids WPCF were 
also summarized. The average daily natural gas usage during this time was 1,633 therms per day 
with a peak monthly usage of 96,010 therms in February of 2007. The total natural gas usage for 
the year was 596,064 therms at a cost of $529,058. The average cost of power was $0.89/ccf or 
$8.8/MMBTU. The solids processing complex was the primary natural gas consumer at the plant at 
this time as natural gas is used for the MHI and LPO processes, and space heating in winter 
months. 
 
Biogas Production and Use 
The 2011 Solids Facilities Plan summarized the biogas production in the high rate anaerobic 
treatment system and described several gas quality and operational challenges that prevent 
effective use of the biogas in the incinerator. The monthly biogas production values are shown in 
Figure 1. From 2004 through 2007 the biogas production ranged from a low of 125 scfm in 
September 2005 to high of over 500 scfm in April 2007. Over the entire period, biogas production 
averaged 362 scfm. 
 

 
Figure 1. Biogas Production, 2004–2007 
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The 2011 Solids Facilities Plan described several issues with using the biogas in the incinerator. 
Below is an excerpt: 
 

“The gas is fairly wet and dirty. The biogas contaminants foul the control valves and 
make the burners operate erratically.  

CRWPCF operators also report that it is difficult to balance the biogas and natural 
gas burner supplies and control the hearth temperatures accurately. Biogas 
production varies throughout the day due to diurnal industrial operation cycles and 
feed pump on/off cycles. When the biogas production drops off the biogas pipeline 
pressure drops. On each burner hearth level, there is one natural-gas burner and two 
biogas burners. The biogas burners are cycled on and off to control the pipeline 
pressure, so the biogas burners shut down when they sense the pipeline pressure 
dropping. When the biogas production spikes up, the biogas burners increase their 
output.  

During these cycles the natural gas burners drop back and forth between high and 
low fire settings in response to the hearth thermocouples. The natural gas burners 
tend to overfire to compensate for the biogas variations and fuel quality, causing hot 
spots and slagging in the hearth.” 

 
Because of these issues, only around 50 percent of the biogas produced is used in the incinerator.  
 
The following Operational improvements were recommended to increase the biogas utilization:  
 
Table 2. Recommendations from 2011 Facilities Plan  

Recommendation Implementation 
Utilize the pre-acidification tank to minimize 
upflow anaerobic sludge blanket (UASB) 
influent flow variations and thereby reduce 
biogas production fluctuations 

The pre-acidification tank is used ahead of the UASB system 
to equalize and minimize flow variations, but variability from 
the industries, the gas scrubbing system, and the Indian Creek 
Lift Station still result in fluctuations in gas production 

Investigate burner placement and gas 
controls to minimize hot spots 

All the gas burners and control system were replaced as part 
of the Short Term Incinerator Repair project in 2011/2012 

Consider a water vapor removal system to 
improve burner performance 

A vapor removal system was not incorporated as the gas is 
burning efficiently in the incinerator; however issues with the 
main gas regulator gumming up persist 

 
2011 Energy Alternatives  
The 2011 Solids Facilities Plan identified and evaluated several alternatives for improved energy 
recovery and biogas utilization. The cost and energy output for the following alternatives was 
presented: 
 
• Energy Recovery Technologies for Incinerator Waste Heat 

• Hot Wind Box 
• Waste Heat Boilers  
• Steam Turbine Generator 
• Turbine Drives  
• Direct Thermal Use 
• Organic Rankine Cycle Engines 
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These recommendations were not implemented due to the flood damage to the incinerator in 2008 
and the resulting funding dispute with FEMA that followed. Initially after the flood, FEMA obligated 
funding for a new incinerator.  As a result, only short-term repairs to the incinerator were made to fix 
the existing MHI. It was a more cost effective option to land apply or land fill solids for the five plus 
years estimated to obtain a permit and build the new incinerator. After the short-term repairs project 
was underway, FEMA de-obligated funding for the new incinerator and deemed the short-term 
repairs as permanent repairs. The waste heat recovery options were not included in the short-term 
repairs project to reduce costs.  
 
The 2011 Solids Facilities Plan also identified several biogas utilization alternatives including the 
following:  
 

• Electrical Power Generation  
• Sale to Industry 
• Combustion in Fluidized Bed Incinerator 

 
The electrical power generation and sale to industry options were not implemented as using the 
biogas in the incinerator and boilers was deemed more cost effective. The use of biogas in a new 
Fluidized Bed Incinerator is feasible if a new incinerator is implemented; however excess biogas 
would likely remain and alternative uses would need to be investigated.  
 
Greenhouse Gas Production and Analysis  
Finally, a summary of GHG emissions was also presented. Figure 2 from the 2011 Solids Facilities 
Plan shows the GHG emissions and offsets for the heat recovery options and solids handling or 
dryer alternatives. The baseline CO2 emissions from the analysis were just over 40,000 
tonnes/year. Of this, approximately 30 percent was from the solids handling processes. The 2011 
Solids Facilities Plan did not summarize the GHG emissions from the liquid stream processes, but 
each of the solids processes was itemized.  
 

 
Figure 2. 2011 Solids Facilities Plan Greenhouse Gas Emission Comparison 
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Review of WPCF Energy, Water Use, and Greenhouse Gas 
Production 
To optimize energy use and improve system sustainability, the existing WPCF must undergo 
benchmarking of electrical, natural gas and fuel use, potable water consumption, and overall GHG 
generation. This section evaluates the current energy and water consumption at WPCF.  
 
Overview 
The Cedar Rapids WPCF is a HPOAS facility in eastern Iowa discharging an average flow of 48.9 
MGD to the Cedar River. Between 2013 and 2015, the average energy and water cost was 
approximately $3.6 million per year. Energy consumption per gallon treated, denoted as “energy 
intensity”, was calculated to establish the energy usage rate in which the plant is operated.  
 
Table 3 gives a snapshot and breakdown of the energy and water use, and the intensity of those 
usages per million gallons (MG) of wastewater treated. These energy and water usages appear 
higher than average for comparable facilities in the US, but Cedar Rapids WPCF also has a large 
amount of industrial loadings which may influence these indicators. A more detailed benchmarking 
exercise is presented in the sections below.  
 
Comparing the current energy use from the most recent data to the previous facilities plan shows 
that the electrical usage at the plant has not changed significantly over the last seven years. 
However, natural gas usage has increased significantly and is now three times higher now than in 
the 2011 Solids Facilities Plan data from 2006–2007.  
 
The increase in natural gas use is due to the damage sustained to the incinerator waste heat 
boilers during the 2008 flood. Pre-flood, the majority of the steam utilized in the LPO’s process 
came from the incinerator waste heat boilers. As a result of the flood and rapid cooling of the waste 
heat boiler, it was deemed un-repairable and Boiler 3 was installed to provide building heat, tank 
heat, and a few other low pressure duties. The sole source for steam now comes from the No. 1 & 2 
Steam Generators and No. 3 Low Pressure boiler which mostly operate on natural gas. 
 
Electrical 
To further characterize the electrical usage and efficiency at the Cedar Rapids WPCF, a detailed 
review of previous energy bills and power use was performed. Electric bills for the past three fiscal 
years were analyzed to determine the usage and demand charges billed to the City while 
considering the most energy intensive months of the year. In addition, the plant’s wastewater 
treatment processes were assessed to determine the facilities consuming the most energy. Table 4 
presents a more detailed breakdown of the energy use, usage rates, demand charges and credits. 
These rates provide a baseline energy usage rate for the WPCF. A discussion of this summary and 
details on the electrical billing rates are provided in the subsequent section. Again, the electrical 
usage appears higher than average for comparable facilities in the US, which is likely impacted by 
the large amount of industrial loadings. A more detailed benchmarking exercise is presented in the 
sections below. 
  



 
HDR Engineering, Inc. 
TM 3.0 Energy and Sustainability FINAL  

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 8 of 46 

 

Table 3. Energy Snapshot (2013–2015) 
Component Value Units 

WPCF Waste Stream 
Volume Treated 17,350 MG/yr 
Average Flow 48.9 MGD 

WPCF Electricity 
Electrical Energy Usage 47,952,000 kWh/yr 
Energy Intensity 1 2,820 kWh/MG 
Energy Intensity 2 514 kWh/1,000 lb-cBOD5  
Electrical Energy Billings 2,389,000 $/yr 
 Percent Peak Demand 62 % 
Cost of Electricity 0.0498 $/kWh 

WPCF Natural Gas 
Natural Gas Usage 1,453,000 therms/yr 
Natural Gas Billings 949,000 $/yr 
Cost of Natural Gas 0.67 $/therm 
Natural Gas Intensity 82.9 therm/MG 

WPCF Fuel 
Diesel Usage 18,487 gallons/yr 
Unleaded Gas Usage 9,316 gallons/yr 
Fuel Intensity 568 gallons/MG 

WPCF Potable Water 
Potable Water Usage 0.392 MGD 
Potable Water Usage 143 MG/yr 
Potable Water Billings 259,000 $/yr 
Cost of Potable Water 1,810 $/MG 
Potable Water Intensity 8,240 gallons/MG 
Total utility Cost (Electric, Gas, Water) 3,597,000 $/yr 

Note: Summary table based on average values over data range. 
 
Table 4. Evaluation of Electrical Energy Usage 

Factor 
Year* 

2015 2014 2013 
Total Energy, kWh 48,384,000 48,739,200 46,732,800 
Total Billed $2,469,773 $2,515,822 $2,182,585 
Average, kW 5,523 5,564 5,335 
Average Billing Demand, kW 6,153 6,233 6,136 
Peak Billing Demand, kW 6,382 7,039 6,630 
Gross Demand Charge $1,224,652 $1,192,749 $1,110,232 
Primary Service Credit $54,129 $52,719 $49,072 
Average Power Factor 96.1 93.5 96.8 
Power Factor Credit  $60,950 $41,944 $67,945 
Interruptible Service Credit $387,268 $385,945 $378,142 
Total Demand Charge $722,221 $712,139 $615,091 
Percent On-Peak, % 37.6 38.6 37.8 
Percent Off-Pea, % 62.4 61.4 62.2 
Average Cost per kWh, $/kWh 0.051  0.052  0.047 
Average Cost per MG, $/MG 125  145 151 
Energy Intensity, kWh/MG 2,441 2,815 3,205 
Average Cost for cBOD5 Removal, $/1,000 cBOD5 Removed 26.37 25.90 24.50 
Average Energy for cBOD5 Removal, kWh/1,000-lb cBOD5 Removed 517 503 522 

*Fiscal Years 
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Overall the cost of electrical power for the Cedar Rapids WPCF averages around $0.05/kWh, which 
is very low. Of this total cost approximately 30 percent comes from the demand charges with the 
remaining 70 percent coming from the usage charge. This is fairly typical. The facility’s rate 
structure includes several incentive credits that significantly reduce the gross demand charge. 
These credits include a primary service credit, a power factor credit, and an interruptible service 
credit which are discussed in detail in the following section.  

Electrical Rate Structure  
The electric rate structure for the Cedar Rapids WPCF is based on the Electric Large General 
Service Usage rate which consists of demand charges, usage charges, and credits. The demand 
charge is based on the billing demand and a tiered and seasonal rate structure shown in Table 5. 
This tiered rate structure provides lower demand charge rates for higher energy users. The 
opportunity does exist to reduce the demand charges by load shedding or using generator power in 
the summer months when demand charges are high.  
 
Table 5. Demand Charge Summary 

Rate Codes (kW) 
All Rate Codes ($) 

Winter Summer 
First 200 8.21  15.61  
Next 800 7.49  15.48  
Next 9,000 6.86  15.27  
Next 20,000 6.68  15.18  
Over 20,000 4.98  12.29  

Summer Period: From June 16 to September 15. 
 
Billing Demand Definition – The kW demand to be used for billing purposes each month is the sum 
of the highest 15-minute demand during on-peak hours of the current month plus 50 percent of the 
amount by which the highest 15-minute demand during off-peak hours exceeds the highest on-peak 
demand, but not less than 75 percent of the highest monthly billing demand similarly determined 
during the previous months of June, July and August. The billing demand at the facility is around 11 
percent higher than the average demand, which appears reasonable and indicates there may not 
be any large load shedding opportunities available to reduce this demand charge.  
 
The other component of the electrical cost is the usage or energy charge. The rate structure for 
energy charges are presented in Table 6. Similar to the demand charge the cost of energy in kWh 
is also tiered and seasonal. For the 2013 through 2015 data, around 62 percent of the plants 
energy usage was off-peak. Based on the billing rate, the off-peak period is 61.3 percent of the total 
week, so the facility has a fairly constant energy usage throughout the day.  
 
Table 6. Energy Charge, per kWh  

Rate Codes (kW) 
All Rate Codes (¢) 

Winter Summer 
On-peak 1.586 2.483 
Off-peak 0.687 1.586 
Non-Time of Day Option 1.073 1.971 

On-peak/Off-peak Definition: On-peak hours are from 7 a.m. to 8 p.m. CST (8 a.m. to 9 p.m. during daylight 
savings time), Monday through Friday. Off-peak hours are all other times. 
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Several discounts or credits that reduce the gross demand charge are available to the facility.  
 
• Primary Service Discounts  

 
The facility receives a 4.42 percent discount on the gross demand charge for purchasing 
primary service and furnishing the approved transformation and protective devices. This 
discount results in a $50,000–54,000 discount each year. 

 
• Power Factor Credit  

 
The rate schedule is based on a power factor of 90 percent or higher. Where the power factor is 
less than 85 percent, the net demand charges will be increased by 1 percent for each whole 1 
percent the power factor is below 90 percent; likewise where the power factor is higher than 95 
percent, the demand charges will be decreased by 1 percent for each whole percent point the 
power factor is above 90 percent. The power factor is determined by suitable recording 
instruments. The power factor at Cedar Rapids WPCF is measured at the two main meters and 
has consistently been above 93 percent since 2008. The average annual power factor credit 
received at the plant is approximately $62,000.  

 
• Interruptible Service Credit 

 
This credit is available to Cedar Rapids WPCF because it has the ability and willingness to 
interrupt connected load at the time and for the duration determined by Alliant Energy. It must 
be demonstrated by the Cedar Rapids WPCF that the total interruptible load is that which is 
normally in operation during any weekday of company’s summer rate period of June 16 through 
September 15. This credit results in reductions of the demand charge by $7.06/kW in the 
summer and $4.55/kW in the winter. This is the most significant credit available to Cedar Rapids 
WPCF and reduces the gross demand charge by roughly 32 percent. The facility is already 
taking full advantage of the credit and no options are available to further maximize its benefit.  

 
Electrical power is supplied to Cedar Rapids WPCF by two Alliant Energy substations. Within the 
WPCF, over 90 electric meters are used to breakdown the electric usage within different parts of 
the WPCF and for different processes within the WPCF. A summary of the individual meters is 
provided in Appendix B. Table 7 and Figure 3 show the total actual electrical power usage at the 
WPCF as billed, as well as the sum of the demands from the meters, for February - June 2016. 
Based on a comparison of the feed total and the meter total, over 97 percent of the average 
demand is accounted for by the individual meters. Not measured demand is classified as 
unaccounted for.   At the time of this report, the meter on MCC-6 was not recording demand 
accurately resulting in some unaccounted electrical use.  
 
Table 7. Overall Electrical Power Usage and Balance with Meters – February-June 2016 

 Average (kW) Maximum (kW) Minimum (kW) 
Alliant Feed 1 2,483 3,196 117 
Alliant Feed 2 2,877 3,748 90 
Total Plant Feed 5,359 6,260 206 
Total Demand from Meters 5,213 6,275 767 

Percent Accounted for  97% 100%  
Variance 147 -15 -561 
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Figure 3. Comparison of Total Electricity Feed versus Internal Meter Demand Measurements 

Figure 4 gives a breakdown of the individual meter data compiled to account for electrical demand 
by processes within WPCF for February-June 2016. The three highest demanding processes are 
the secondary treatment system consisting of a high purity oxygen CAS process (CAS and CAS 
return activated sludge [CRAS]), roughing filters (including the scrubbers), and a standard aeration 
NAS (NAS and NAS return activated sludge [NRAS]).  These three processes account for over 67% 
of the plant electrical power usage. 
 

   
Figure 4. Relative Electricity Demand at WPCF by Process 
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To further evaluate the power efficiency of the WPCF, the energy intensity was calculated for each 
of the main liquid stream processes responsible for CBOD5 removal.   These values are presented 
in Table 8 and show that the primary clarifier are the most energy efficient process and the high 
purity oxygen CAS process is the most energy intensive from a treatment perspective.   
 
Table 8. Energy Intensity by Liquid Stream Treatment Process  

 

Electrical 
Demand 

cBOD5 
removed Energy Intensity 

 
kW kW-hr lbs/day 

kWh/ 
1,000-lb cBOD5 

Primary Treatment  19 467 83,800 6 
Anaerobic Pretreatment 258 6,188 44,300 140 
Roughing Filters 741 17,775 88,400 201 
CAS and CRAS 2,132 51,174 89,781 570 
Total 3,150 75,604 306,281 247 

Note: Accounts for 98.6% of total plant cBOD5 removal 
 
Table 8 shows that the high purity oxygen CAS process is the most energy electrical intensive 
treatment process at the WPCF and uses over 67% of the liquid stream power demand, but only 
removes 29% of the plant cBOD5.   This is typical for any activated sludge processes that must 
deliver dissolved oxygen to treat the remaining amounts of soluble cBOD5.   The cryogenic oxygen 
generators and mixers deliver the dissolved oxygen to the process tanks and therefore use the 
majority of the energy consumed in the CAS system.   To evaluate the electrical efficiency of the 
CAS system the power used was compared to the power used in a typical cBOD5 activated sludge 
system with diffused air aeration.   
 
The current average carbonaceous oxygen demand of the CAS system is 92,300 lb O2/day.  To 
deliver this oxygen, the  CAS oxygenation system, including compressors, cryogenic system and 
mixers, uses 1,840 kW on average.   This relates to an equivalent motor horsepower of 2,460 HP 
operating continuously.  To satisfy the same oxygen demand of 92,300 lb O2/day with a fine bubble 
diffused air aeration system, an equivalent motor horsepower of 1,470 HP would be required.    
Table 9 presents the assumptions used for the fine bubble diffused air aeration system calculations.   
 
Table 9.  Fine Bubble Diffused Aeration System Assumptions 

Aeration Assumption Value 
SOR 92,300 lbs O2/day 
Dissolved Oxygen 2.0 mg/L 
Alpha * Fouling Factor 0.54 
Beta 0.95 
SOTE 1.75% / FT 
Aeration Required 30,900 SCFM  
HP/SCFM 21 
Blower HP Required  1,470 HP  

 
To summarize, a more efficient oxygen delivery system could reduce power demand at the WPCF 
by almost 1,000 HP, saving approximately $320,000 in annual power costs.   This analysis shows 
that there are probably significant opportunities to improve the efficiency of the CAS oxygenation 
systems and reduce overall plant electrical requirements.   
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A similar analysis was performed on the NAS aeration system.   The power demand for the air 
mixing system is roughly 430 kW or 576 equivalent HP.  Using the same methodology as for the 
CAS system, a fine bubble diffused air aeration system would use approximately 277 HP, saving 
the plant 300 HP of power usage and approximately $97,500 in annual power costs.  
 
Figure 5 provides a more detailed breakdown of the power usage for the solids handling processes 
at the WPCF.   The highest electrical energy processes are the incinerator and the low pressure 
oxidation systems.     These processes also use the most natural gas, which is described in the 
next section.   
 

 
Figure 5. Relative Electricity Demand for Solids Handling Processes at WPCF  

For reference, the plant one-line diagram is provided in Figure 6.
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Figure 6. WPCF One Line Diagram 
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Natural Gas 
Natural gas is supplied to Cedar Rapids WPCF by a MidAmerican Energy gas line on the north side 
of the facility. One main meter is used to determine the natural gas usage within the WPCF, and 
submeters are used at the boilers and incinerator to monitor natural gas and biogas usage for air 
quality monitoring.    Table 10 shows the total connected natural gas loads at the WPCF. Figure 7 
shows the monthly natural gas use from January 2012 through December of 2015. The average 
gas use over this period was 4,458 therms/day with a maximum use of 7,306 therms/day in 
Febuary of 2013.  
 
Table 10. Connected Load of Equipment Using Natural Gas 

Facility Equipment Quantity 
Equipment 
Load (cfh) 

Model Load 
(cfh) BTU/hr 

Therms 
(ccf)/day 

Administration Building Heaters 1 21 21 21,000 5 
Main Lift Station Make-up Air Units 3 530 1,590 1,590,000 382 
Incinerator Incinerator 1 4,000 4,000 4,000,000 960 

Solids 
LPO (Boilers 1 & 2) 2 18,300  36,600  36,600,000  8,784 
LPO (Boiler 3) 1 7,200  7,200  7,200,000  1,728 
Make-up Air Unit 1 50  50  50,000  12 

Anaerobic Make-up Air Units* 4 270  1,080  1,080,000  259 
Flares** 3 140  420  420,000  100 

Flood Protection 
Pump Station Generators 2 15,000  30,000  30,000,000  7,200 
Total Load (BTU/hr)     80,961,000  19,430 
* Equipment load listed is the average of 4 existing make-up air units. 
** Equipment load for flares is estimated based on known total load for Anaerobic complex and make-up air 
units. 
 
 

 
Figure 7. Natural Gas Usage 2012–2015 
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Figure 8 show the natural gas usage in the boilers for the low pressure oxidation system, the 
incinerator from the air quality reports and for the total plant from the utility invoices.  The trends for 
these usages correlate fairly well and show the relative make up of the natural gas use.   Table 11 
presents a summary of this information.  The boiler and incinerator natural gas use averages 3,669 
therms per day which is over 82% of the total plant natural gas use.   Of this total the incinerator 
uses approximately 30% while the boilers use the remaining 70%, just over 50% of the plant total 
usage.  
 

 
Figure 8. Natural Gas Usage By Process 2012-2015 

A schematic of the natural gas distribution system and the connected loads is shown in Figure 9. As 
expected, the majority of the natural gas used at the facility is for the LPO boilers and also used as 
the incinerator supplemental fuel.  
 
Table 11. Natural Gas Usage Summary  
Page  Average Maximum Minimum 
 Therms/day Therms/day Therms/day 
Boilers  2,259 4,913 1,192 
Incinerator  1,410 3,137 0 
Building  Loads 842 1,705 1,39 
Total Plant 4,458 7,306 2,473 
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Figure 9. Natural Gas Site Plan 
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Natural Gas Rate Structure  
The natural gas rate structure for the Cedar Rapids WPCF is based on MidAmerican Energy’s Rate 
No. 70 for General Service Rate. This rate consists of a basic service charge of $10.00 per month, 
a transportation administrative service charge of $80.00 per month, gas charge based on the daily 
index and distribution charges.  The distribution charge is based on the monthly usage and a tiered 
rate structure shown below. This tiered rate structure provides lower demand charge rates for 
higher energy users.  
 
Distribution Charge:  
  

• For the first   250 therms  $0.14300 per therm  
• For the next      750 therms   $0.09508 per therm  
• For all in excess of  1,000 therms   $0.07120 per therm 

 
 
Biogas Production 
The high rate anaerobic treatment system, or UASB reactor process, converts soluble organic 
loadings to biogas which is captured and used onsite for fuel for the incinerator and sometimes for 
the LPO boilers. Biogas is measured at each generation point and at each consumption point. 
Measurements are provided from each anaerobic reactor, each flare, the LPO boilers, and at the 
incinerator. The production of biogas varies widely from day to day. As previously discussed, it is 
difficult for the plant’s operation staff to match the supply and use of the gas. Figure 10 presents the 
daily biogas production and flare rates from January 2013 through December 2015. The gas 
production rate as measured from the three anaerobic reactors averaged 317 scfm. Of the amount 
produced, approximately 44 percent or roughly 139 scfm is flared on average.  
 

 
Figure 10. Biogas generation and flare rates 
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Figure 11 shows the daily amounts of biogas used in the incinerator and the boilers. Figure 12 
presents a comparison of the total gas production against the total gas usage whereby a difference 
indicates some of the biogas is not fully accounted. 
 

 
Figure 11. Biogas generation and incinerator rates 

 
Figure 12. Biogas generation and total usage rates 
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The generation and usage totals from the data reviewed indicate a significant amount, 
approximately 37 percent, of biogas generated is unaccounted. Figure 13 shows the breakdown of 
the total gas production and how it is used onsite. To further investigate the unaccounted biogas 
utilization, cumulative usage graphs were produced to identify any potential metering issues in the 
data.  
 

 
Figure 13. Average Biogas Usage for Entire 2013–2015 Period 

Figure 14 shows a plot of cumulative biogas generation versus cumulative biogas usage with the 
difference shown as a green line. Normally, the difference should be a flat line, but a linear increase 
in the difference typically results when a metering calibration issue is present. This plot shows 
minimal difference in early 2013 followed by a linear increase in the difference from mid-2013 
through early 2015 before the difference is again flat for the remainder of 2015. The linear increase 
in the cumulative difference suggests meter calibration issues or a systematic error during that 
period. It appears that from late 2013 to early 2015 the biogas meters measuring the produced 
biogas from each reactor may be overreporting the production, or biogas is somehow lost from the 
system. Some biogas may be lost during scrubbing, which removes some carbon dioxide and 
hydrogen sulfide.  
 
Figure 15 shows the cumulative biogas generation and consumption along with the theoretical 
biogas production based on COD removal and assuming a 10 percent biomass yield and using the 
scrubbed biogas methane content. The theoretical curve better matches the consumption curve, 
and it aligns well during the first half of 2013 and from March through December of 2015. The 
results further affirm the observation in Figure 14.  
 



 
HDR Engineering, Inc. 
TM 3.0 Energy and Sustainability FINAL  

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 21 of 46 

 

 
Figure 14. Cumulative Generation Rate versus Cumulative Usage Volume 

 

 
Figure 15. Biogas cumulative generation, usage, and theoretical generation 

 
 
 
 
 



 
HDR Engineering, Inc. 
TM 3.0 Energy and Sustainability FINAL  

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 22 of 46 

 

Figures 14 and 15 indicate that the biogas usage information may be more accurate than the 
biogas production data. If that is the case, then the actual average biogas generation is closer to 
275 cfm per day instead of the 317 cfm average calculated from the gas meters from each 
anaerobic reactor. If the periods of more accurate biogas production and use are further 
investigated, the supply and use trend well. Figure 16 shows the total biogas production and uses 
for March through December of 2015, which presents a good match between biogas production and 
usage. Figure 17 shows the balance between uses for the same period reflecting a majority of the 
biogas flared. 
 

 
Figure 16. Biogas generation and total usage rates March – December 2015 

 
Figure 17. Average Biogas Usage, March–December 2015 
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Annual Energy Summary  
To help the plant staff track energy usage and long term trends, the following summary was 
developed.   Figure 18 presents the annual quantities of electricity, natural gas and biogas used 
and flared in a kWh basis from 2008 through 2015.  The biogas used and flared amounts are shown 
as negative as this represents the potential energy offset from biogas generated and used at the 
facility.  The long term goal should be to reduce the values on the top side of the graph and 
increase the negative values on the bottom side of the graph.   
 

 
Figure 18.  Annual Energy Summary for Cedar Rapids Water Pollution Control  

 
Potable Water 
Potable water is delivered to the site and metered through a 6-inch water meter. Potable water 
usage at the WPCF is relatively consistent and averages 392,000 gallons per day. Figure 19 
illustrates the potable water used onsite from January 2013 through December 2015.  
 
The major uses of potable water include boiler make-up water for the LPO steam heating system, 
polymer make-up water for the thickening and dewatering processes and solvent cleaning dilution 
water for the LPO system. The potable water uses and estimated usage are summarized in Table 
12.  
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Figure 19. Cedar Rapids Average Daily Water Use 

Table 12. Potable Water Usage 
Potable Water Use Average Usage, GPD 
Polymer Make Up 27,300 

Boiler Make Up (LPO) 60,000 - 70,000 
Solvent Cleaning (LPO) 1,000 – 5,000  

Odor Control (Chemical Scrubber) 10,000  
Total 100,000 - 112,000 

Unidentified Uses 280,000 
Total Water Uses 392,000 

 
The cost of potable water for the utility averages $0.0566 per gallon used. The potable water rate 
structure is presented in Table 13.  
 
Table 13. Potable Water Rate Structure 

 Usage Charges CCF 
Fiscal Year 

2015 ($) 2014 ($) 2013 ($) 
Daily Service Charge, 6" Meter 5.0052  5.1053  5.1564  

 
     
Step 1 0–250  1.8210  1.8574  1.8760  
Step 2 251–1000  1.7246  1.7591  1.7767  
Step 3 1001–10000  1.5532  1.5843  1.6001  
Step 4 10001+  0.9696  0.9793  0.9793  
 
For reference, the potable water system schematic is provided in Figure 20. 
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Figure 20. Potable Water System  
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Diesel fuel and unleaded gasoline are also used in the stand-by generators at the WPCF.  Table 14 
summarizes the annual fuel usage for stand-by power at the WPCF for 2013 through 2015 
 
Table 14. Fuel Usage Summary for Stand-by Power 
Fuel  2013 2014 2015 Average 
Unleaded Gas 10,590 8,804 8,554 9,316 
Diesel  20445 16,019 18,997 18,487 

 
Greenhouse Gas Emissions  
The consumption of nonrenewable fossil fuels in the form of electricity, natural gas, gasoline, and 
diesel are indirect sources, the carbon-equivalent impact of which can be determined based on a 
variety of factors. The objectives of the WPCF Nutrient Reduction and Solids Facilities Plan are to 
ensure that the planned future improvements minimize the WPCF’s total life cycle costs, including 
fuel costs while also providing sustainable alternatives which reduce the facility’s GHG emissions 
and overall carbon footprint.  
 
The goal of this evaluation is to combine the electrical, natural gas, and other major factors to 
develop a ranking of GHG emissions by treatment process at the Cedar Rapids WPCF. This 
ranking will guide the development of alternative process changes that would result in a more 
sustainable facility. As the facility does not utilize a lot of hauling off-site, except hauling of lime-
stabilized sludge, the major GHG contributors include electrical use, natural gas use, and polymer 
use. Below are the assumptions used in calculating the emissions for each source for the GHG 
analysis. 
 
• Electricity – 1,452 CO2/MWh (Alliant Energy) 
• Polymer – 1.18 tonne CO2/ dry tonne polymer (Owen (1982) 
• Natural Gas – 53 lb CO2/MMBtu (California Climate Action Registry Online Reporting Tool).  
• Deisel Fuel – 10.21 kg CO2/gallon (EPA) 
 
Table 15 summarizes the GHG emissions for each process at the WPCF using the assumptions 
above and the information presented in previous sections. This analysis shows that although the 
solids handling systems utilize 17 percent of the facility’s power demand, because of the high 
natural gas usage and polymer systems, they generate 26 percent of the facilities GHGs.  
 
Table 15. GHG Emissions by Process 

Unit Process 

GHG Emissions, tonnes eCO2/year 

Power 
Natural 

Gas Polymer Fuel Total % Total 
CAS and CRAS 12,326 0 0 25 12,351 33 
Solids Handling  4,249 3,227 1,918 153 9,548 26 
Roughing Filters 4,284 0 0 0 4,284 12 
NAS and NRAS 4,197 0 0 0 4,197 11 
Influent Pumping 3,371 0 0 0 3,371 9 
Anaerobic Pretreatment 1,492 88 0 23 1,602 4 
Admin/Standby/Misc 503 740 0 284 1,527 4 
Primary Treatment  113 0 0 0 113 0 
Disinfection 0 0 0 28 28 0 
Total 30,536 4,055 1,918 513 37,022 100% 
 
A similar evaluation was performed on the individual solids handling processes. Table 16 below 
shows the GHG emissions for just the solids handling processes.   
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Table 16. GHG Emissions of Solids Handling Processes 

Unit Process 

GHG Emissions, tonnes eCO2/year 

Power 
Natural 

Gas Polymer Fuel Total % Total 
Low Pressure Oxidation 1,062 1,987 0 37 3,086 32 
Incinerator 1,075 1,240 0 21 2,336 24 
DAF Thickening 912 0 562 19 1,493 16 
Belt Filter Press 157 0 819 28 1,005 11 
Centrifuges 833 0 59 15 906 9 
Gravity Belt Thickening 144 0 478 17 639 7 
Lime Stabilization 65 0 0 16 82 1 
Total Solids Handling 4,248 3,227 1,918 153 9,547 100% 
 
Facility Energy Benchmarking  
Several methods are available for benchmarking the energy use at wastewater facilities. Two 
methods will be presented in the following section. The first method involves a simple comparison 
of electrical intensity which is the electrical energy used, in kWh per million gallons treated to two 
different sets of reference data. This metric was presented in Table 3 at the beginning of this TM 
and for the 2013 to 2015 data set averaged 2,820 kWh/MG. Figure 21 shows how Cedar Rapids 
energy intensity in kW/MG compares to the performance of other plants of different types. This first 
set of reference data are from HDR’s background of performing energy management study’s for 
numerous facilities over the last 20 years. The electrical energy used at the Cedar Rapids WPCF is 
on the high end of the typical activated sludge plant energy usage.   
 

 
Figure 21. Energy Benchmarking in kW/MG – HDR Reference Data  

The major limitation of using energy intensity in kW/MG as a benchmarking method is that it doesn’t 
reflect variations in plant loading. Cedar Rapids WPCF has a high industrial loading which 
significantly increases the pounds of BOD5 treated per MG of flow which should result in higher 
energy usage compared to plants with similar flows.  To account for variability in loading and 
treatment, a comparison of energy intensity in kW/1000 lbs-day was performed.  Assuming an 
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average raw wastewater strength of 250 mg/L and using the average loadings from CR WPCF, a 
new energy intensity comparison can be developed and is presented in Figure 22.  
 

 
Figure 22. Energy Benchmarking in kW/1000-lbs BOD – HDR Reference Data  

A second comparison of energy intensities can be made to energy intensities of facilities included 
as part of the Energy Star program presented in the paper – Energy Index Development for 
Benchmarking Water and Wastewater Utilities, 2007 as shown in Figure 23. Again, as compared 
with these 266 facilities, Cedar Rapids is on the higher end of the bell curve.  
 

 
Figure 23. Energy Intensities from Energy Index for Benchmarking.  

Again, the major limitation of using energy intensity as a benchmarking method is that it doesn’t 
reflect variations in plant loading. However, a second limitation is that only electrical power usage is 
used to determine a facility’s energy usage, natural gas usage is excluded.  To account for 
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variability in loading and treatment and include natural gas usage, another method of benchmarking 
is needed. 
 
The second measure of a plant’s energy performance is United States Environmental Protection 
Agency (US EPA) Energy Star Rating Score. This tool includes a benchmarking of municipal 
wastewater treatment plant’s energy use including electrical power and natural gas. It generates a 
single score, comparable to the energy performance rating for buildings and is available at the 
Energy Star website [www.energystar.gov]. 
 
The Energy Star benchmarking is based on a statistical model that allows comparison of energy 
use among a wide range of wastewater treatment plants. It was developed and sponsored by the 
AWWA Research Foundation, the State of California Energy Commission and the New York State 
Energy Research and Development Authority. In the development of the statistical model, 266 data 
sets of plants were used, located throughout the country with an influent flow in the range of 1.5 to 
150 MGD. Tests of statistical significance resulted in a nine parameter calculation, including: 
 
• Average influent flow 
• Influent BOD5  
• Effluent BOD5  
• The ratio of average influent flow to design influent flow 
• The use of trickling filters 
• The presence of nutrient removal processes 
• Heating degree days 
• Cooling degree days  

Energy Star Rating Results  
The Energy Star statistical model was used to determine the WPCF ranking in kBTU/gpd using the 
nine parameters shown above. Table 17 shows the Energy Star calculations. Note that the lower 
the score the more efficient the facility is. The calculated value of 13.5 kBTU/gpd for the Cedar 
Rapids WPCF was determined from the total electrical usage of 48,739,200 kWh, and the total 
natural gas usage of 1,335,000 therms, from 2014. These values are converted to kBTU and then 
divided by the average daily flow of 49.9 MGD.  
 
Table 17. Energy Star Statistical Model – 2014 

Factor 

Plant 
Value 
Used 

Log 
Normal 
of Plant 
Value 

Reference 
Centering 

Value 

Plant 
Centered 
Variable Coeff. 

Coeff.* 
Centered 
Variable 

Constant     10.13 10.13 
Average Influent Flow, MGD 49.9* 3.91 1.86 2.05 -0.94 -1.93 
Influent BOD, mg/L 702* 6.55 5.20 1.35 4.88 6.58 
Effluent BOD, mg/L 10 2.30 1.66 0.65 -2.08 -1.35 
Plant Load Factor  75 4.32 4.17 0.15 -4.67 -0.68 
Trickling Filter (yes/no) 1 1.00 0.18 0.82 -2.58 -2.12 
Nutrient Removal (yes/no) 0 0.00 0.46 -0.46 1.24 -0.57 
Heating Degree Days 6,924 8.84 8.72 0.12 2.36 0.28 
Cooling Degree Days 785 6.67 6.50 0.17 1.24 0.21 
Reference Plant Energy Usage, kBTU/gpd 10.56 
Cedar Rapids WPCF 2014 Energy Usage, kBTU/gpd 13.5 
Ratio (Plant to Reference)      1.29 
WPCF – 2014 Energy Star Score (from Figure 18) 17 

*Note – Influent flow and BOD include flows and loads to anaerobic pretreatment. 
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The results of the Energy Star scoring shows that an average plant receiving similar influent flows 
and loads, with trickling filters, and without nutrient removal should score 10.56 kBTU/gpd 
(converted to account for electrical and natural gas use). The actual energy used at the Cedar 
Rapids WPCF results in an energy score of 13.5 kBTU/gpd. When that ratio is plotted on the normal 
distribution of results, WPCF receives an Energy Star Rating of 17. In basic terms, this means that 
83 percent of plants treating similar flows and loads would use less energy than the WPCF. This 
low score is likely due the high energy processes utilized at the facility.   Processes like the high 
purity oxygen system, LPO, centrifuges, and incinerator all add to the total amount of energy used.  
 
The Energy Star statistics can be presented graphically once the ratio of the actual plant’s score to 
the reference plant is calculated. Figure 24 illustrates the distribution used to correlate the WPCF 
energy usage to an Energy Star Score.  
 

 
Figure 24. Energy Star Usage and Score Results 

 
The Energy Star rating system can also be utilized to develop goals for a facility and track the 
progress of reaching those goals. For example, if the City targets a goal of having an Energy Star 
Rating of 50, the tool shows that the plant’s total energy usage (electrical and natural gas) would 
need to be reduced by 31 percent to achieve that goal.  In other words, to achieve a rating of 50, 
the  Cedar Rapids WPCF energy used score would need to be 9.3 (or 31 percent less) than the 
current 13.5 kBTU/gpd value.  
 
The energy benchmarking results indicate that the electrical power usage is reasonable and is 
comparable to a typical trickling filter plant when wastewater organic strength is taken into 
consideration. When the natural gas usage is included and compared using the Energy Star rating 
system the benchmarking drops below average.   This leads to the conclusion that reductions in 
natural gas usage should be targeted to improve the facilities overall energy efficiency.   Better 
usage of the biogas produced and/or the elimination of high natural gas using processes should be 
considered for improved energy management.    
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Alternatives for Improved Energy Management 
The benchmarking results from the previous sections show energy intensive processes within the 
WPCF and help to identify the areas where improved sustainability may be possible. As a result, a 
number of preliminary alternatives are identified for further consideration as part of the ongoing 
study and evaluation. Alternatives are divided into immediate implementation, short-term 
implementation, within two to three years, and long-term alternatives, implementation beyond three 
years. This TM focuses on energy savings opportunities. The alternatives offered in this TM require 
further screening and should be balanced against process recommendations in subsequent 
technical memorandums. 
 
Low Hanging Fruit for Immediate Implementation 
 
The next sections outline three process modifications or facility improvements that should be 
considered for immediate implementation due to their low capital cost and high potential for energy 
reduction and savings.  Additional details on these improvements and the calculations used are 
found in Appendix C.  

DAF Thickener  
This improvement involves converting the primary sludge thickeners from dissolved air flotation 
thickening to gravity thickening. To accomplish this, the recirculation pumps and air pressurization 
systems would be turned off to operate the existing DAFs as gravity thickeners for primary sludge.  
Gravity settled solids would be raked off the bottom and remaining float solids would be skimmed 
off the top.  Electrical consumption for primary sludge thickening should be reduced by 60 percent 
or more.  Polymer dose should be even more significantly reduced, if not eliminated. 
Correspondingly, there should be a significant reduction in greenhouse gas emissions.  The 
absence of pressurized air should reduce hydrogen sulfide emissions from the DAFs but could 
result in increased septicity and increased hydrogen sulfide emissions in downstream solids 
processing, most likely the belt filter presses.  The latter could likely be addressed with ferric 
addition if necessary.  The potential savings from this process change are described below: 
 

• Each percent reduction in energy consumption equates to approximately $1,000 in annual 
energy savings, so 60 percent reduction in energy cost would equate to an annual savings 
of over $60,000. This matches the potential electricity savings resulting from not using the 
DAFT compressors. 

• Each percent reduction in polymer dose equates to about $1,250 reduction in annual 
polymer cost, so 80 percent reduction in polymer dose would equate to an annual savings of 
$100,000.  

• If required, ferric addition to control downstream hydrogen sulfide release could result in 
some reduction in estimated savings. 

• A 60 percent reduction in energy consumption and an 80 percent reduction in polymer dose 
equate to an annual reduction in greenhouse gas emissions of about 1,000 tonne CO2. 

Further evaluation of this alternative is documented in a separate technical memorandum. 

  



 
HDR Engineering, Inc. 
TM 3.0 Energy and Sustainability FINAL  

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 32 of 46 

 

Biogas Storage 
This improvement involves installing biogas storage to more effectively use biogas generated from 
the high rate anaerobic system.  Installing biogas storage to capture and store biogas during higher 
production periods for use as a fuel source during lower production periods to effectively reduce 
natural gas consumption.   Potential savings from biogas storage are summarized below  
 

• Estimated 25 percent reduction in total natural gas purchased for an estimated annual 
savings of $265,000.   

• At the planning level project cost of $725,000, the simple payback for this project is 2.75 
years.  

• Estimated 25 percent, 1,000 tonnes/year CO2, reduction in greenhouse gas production 
associated with natural gas consumption.  

Anaerobic Cooling 
This improvement involves installing temporary facilities to divert and directly mix a sufficient 
quantity of either primary effluent or plant effluent recycle at an average temperature of about 75 
degrees Fahrenheit with the anaerobic influent to reduce the temperature to the targeted 100 
degrees Fahrenheit.  This would be done as a means of testing this method of anaerobic influent 
cooling.  If the testing is successful, permanent facilities could be installed to defer and possibly 
eliminate the need for replacement heat exchangers and likely reduce the magnitude of the $3 
million capital expenditure for cooling.  Use of primary effluent for anaerobic influent cooling would 
also result in some increase in gas production. 
 
Use of effluent recycle would require capital expenditure for piping to redirect sufficient effluent 
recycle from the heat exchangers to the anaerobic influent line or the preacidification tank.  Use of 
primary effluent would require capital expenditure for pumps and piping to redirect sufficient primary 
effluent from the A Clarifier effluent or Roughing Filter influent splitter boxes.   Savings from this 
alternative are summarized below. 
 

• Part of a $3 million capital expenditure for the anaerobic heat exchanger project. 
• 3 percent reduction in activated sludge energy cost equating to an annual savings of 

$28,000 at $0.05 / kW-hr.  
• 3 percent reduction in activated sludge greenhouse gas production equating to an annual 

reduction of 370 tonne CO2. 
• 10 percent increase in biogas production equating to an annual energy value of about 

$66,000 at $0.67 / therm. 

Polymer Testing  
Test alternative polymers for thickening and dewatering operations.  Invite multiple polymer 
manufacturers to perform bench testing, provide results, and submit performance/cost based 
proposals to provide polymer for each application with current solids capture the minimum 
performance standard.    Even a 10 percent reduction in polymer cost equates to an annual savings 
of approximately $50,000. Shifting from a 5% active polymer to a 40% active polymer for dissolved 
air flotation thickener, belt filter press, and gravity belt thickener polymers would reduce the annual 
polymer delivery volume from about 430,000 gallons to 65,000 gallons.  
 
WPC spends approximately $530,000 annually on polymer; approximately $115,000 for centrifuge 
polymer and approximately $415,000 for dissolved air flotation thickener, belt filter press, and 
gravity belt thickener polymer. 
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Short-term Alternatives  

Main Lift Force Mains 
Force mains convey flow between the main lift station and the primary clarifiers. A second force 
main provides redundancy for the primary force main. When more than one pump is in operation, 
use of both force mains considerably reduces headloss. Consequently, the pumping power needed 
decreases. This approach requires coordination of flow measurement. 

Additional Anaerobic Pretreatment Operations  
Two short-term alternatives for energy optimization have been identified for the anaerobic 
pretreatment system.   First, nutrients are available from the recycle stream; however, the recycle 
stream is not fully utilized due to a bottleneck in the pipeline. HDR recommends repairing the 
recycle pipeline to eliminate the need for external nutrient addition. 
 
The next anaerobic pretreatment alternative is the reevaluation of feed system operation. Feed 
valves shift every 90 seconds requiring significant energy input for frequent cycling.  Instead, a less 
frequent cycling alternative should be investigated to reduce the energy demand. 

Roughing Filters 
Pumping into the roughing filters is energy-intensive. Reduction of the roughing filter pumping rate 
results in reduced energy consumption. The distributor rotational speed should be evaluated with 
the pumping rate to check and make sure the wetting rate is adequate. Hydraulic braking can be 
applied to the distributor to match its speed with the pumping rate. 

Carbonaceous Activated Sludge Operations and Controls 
The CAS process offers the opportunity for operations and controls optimization that result in the 
possibility of improved energy efficiency. Some alternatives include: 
 
• Existing aerators are not very efficient and could be replaced with higher efficient equipment. 
• Compressor controls on turndown, inlet guide veins, digitizing compressor controls, etc. 
• Control scheme of DO levels or change in head space pressure throughout the basins can 

improve HPO use/production; solution could be some operator training and may not require 
physical or programming changes.  

• Improved control of oxygen rates either by control of the oxygen flow rate, pipeline pressure, 
along with vent purity testing. The feedback loop can be set based on pressure and/or oxygen 
concentration in the headspace. 

• The CAS deck is well-sealed at concrete joints but some items may still have some leaks. In 
particular, sample ports are not well sealed and could be improved. 

• Adjustment of the solids retention time (SRT) that maintains effluent quality and other 
operational parameters while optimizing oxygen demand and solids wastage. 

• Fine tuning return activated sludge (RAS) and waste activated sludge (WAS) pumping rates by 
using variable frequency drives (VFDs)  
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Nitrogenous Activated Sludge Operations and Control 
The NAS process can also be adjusted to provide energy efficiency. Some alternatives include: 
• Improved control of the air flow rates either by control of the blowers or vent throttling. 
• Adjustment of the SRT that maintains effluent quality and other operational parameters while 

optimizing oxygen demand and solids wastage. 
• Fine tuning RAS and WAS pumping rates by using VFDs  

Low-pressure Oxidation System 
The LPO system is among the most energy intensive processes at Cedar Rapids WPCF. A review 
of equipment operations and maintenance procedures with the supplier can help identify some 
inefficiencies that may be correctable; such as lubrication and valve throttling. The boilers used by 
the LPO system have dual fuel boilers with the capability to run on biogas, but the system is using a 
small fraction of the biogas available at this time. Improved use of the biogas in the boilers is 
recommended to offset the natural gas demand. As part of this approach, biogas storage is 
necessary so that biogas is available on demand. The operation of LPO at a lower temperature may 
also be possible without impacting solids quality. This would directly result in reduced gas usage. 

Incinerator Improvements 
Adjustments to incinerator operation can also result in a more sustainable system. The incinerator 
has undergone optimization already as part of the flood recovery improvements. However, 
additional optimization of the solids blend and feed rates can give a mixture that has a higher 
energy content and requires less supplemental gas for incinerator operation. As well, recovery of 
waste heat from the exhaust gas or recirculation of gases offers a good way to optimize operations 
and reduce the energy footprint.  
 
Long-term Alternatives 
Besides the short-term energy optimization alternatives identified in the previous section, a number 
of long-term alternatives should be considered. Long-term alternatives would extend beyond the 
short-term time frame of about three years and would typically require additional capital investment. 
As with the short-term alternatives, further screening of all alternatives will be conducted as the 
study progresses.  

Anaerobic Pretreatment Operations 
The anaerobic pretreatment long-term improvement involves blending and feeding more high-
strength, industrial waste streams to anaerobic pretreatment. Adding industrial waste streams to 
anaerobic pretreatment offers multiple benefits. First, additional biogas would be generated. Next, 
the nutrient balance may be improved and chemical addition further minimized. Then, the loading to 
mainstream treatment processes is reduced, which reduces both the aeration requirement and the 
solids produced (due to the low yield of anaerobic pretreatment). 

Roughing Filter  
The roughing filters act as the first biological treatment step for the mainstream process, but it may 
be possible to consolidate the mainstream biological treatment system into a single step. Roughing 
filters require considerable pumping, ventilation airflow, and odor control. Decommissioning the 
roughing filters would eliminate a number of energy consumers. An added benefit is the possibility 
of operating the cryogenic oxygen generation system at a higher efficiency point. This approach 
may be evaluated by taking the roughing filters out of service for a test period. 
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Carbonaceous Activated Sludge and Nitrogenous Activated Sludge – Activated Sludge 
Treatment 
The CAS and NAS processes represent high energy demanding components of the WPCF. 
Different levels of modification can be introduced to improve the energy efficiency of CAS and NAS. 
Replacement of the cryogenic high purity oxygen generation system with another technology, such 
as pressure swing absorption, would reduce energy consumption. The cryogenic oxygen generation 
system was recently rebuilt to extend the life by 10 to 20 years. As a long-term alternative, this 
assumes replacement would be built into the capital upgrade plan in a way that compliments the 
existing system. 
 
Another approach to reduce energy consumption in the CAS and NAS system is combining the two 
stages into a single sludge system. With this approach, the duplicate RAS and WAS pumps and the 
additional set of clarifiers do not need to be operated. 
 
Opening the headspace of the HPOAS allows to vent the carbon dioxide and to increase the pH, 
which gives HPOAS the ability to support nitrification. The Open High Purity Oxygen process uses a 
mechanical aeration device developed by Praxair. This approach depends on the use of specialized 
aerators, available from Praxair Inc. (Figure 25), to apply direct injection of the high purity oxygen 
into the liquid while maintaining an open headspace in the rest of the reactor to vent excess carbon 
dioxide. Implementation of this approach requires removal of the existing aerators, installation of 
Praxair aerators through a 10 × 10-foot or larger opening, piping the high purity oxygen to the new 
aerators, and installation of controls for the new aerators. The SRT is increased to support nitrifier 
growth. This approach has been applied at the City of Holyoke (Figure 26). 
 

 
Figure 25. Praxair ISO unit for dosing high purity oxygen 
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Figure 26. City of Holyoke Open HPOAS Process 

Alternatively, WPCF could shift away from HPOAS to a conventionally aerated process. This 
approach would likely require more tank volume and a significant capital investment in blowers, 
building, piping, and diffusers as well as tankage. 

Low-pressure Oxidation 
The LPO system is a substantial energy consumer requiring heating, pressurization, and aeration at 
high pressures. Replacement of the LPO system with a newer technology, such as thermal 
hydrolysis, or elimination of LPO altogether offers the possibility of reducing or eliminating energy 
consumption associated with the LPO process.  Replacement of the LPO system may be 
appropriate in combination with implementation of anaerobic digestion for solids stabilization. 

Incinerator Optimization 
As with the LPO process, incineration is a heavy energy consumer. Similar to the LPO process, the 
incinerator could either be replaced with a newer technology, such as fluidized bed incineration, or 
eliminated altogether by processing solids differently. Unlike incineration, alternative solids 
processing approaches rely on either landfilling or land applying treated biosolids. A wide array of 
treatment technologies for land application are available and will be presented in future TMs. 

Implement Real-time Usage Monitoring and Demand (Energy Dashboard) 
Finally, consideration should be given to real-time monitoring and control of energy usage. An 
energy dashboard would give staff direct, real-time feedback about energy consumption at the 
WPCF. Given the real-time information, operations staff can respond to energy spikes immediately 
and reduce long-term energy consumption. Additionally, a number of energy consumers can be set 
to shutdown if not needed; i.e. building lighting and heating, some pumps, treatment processes that 
are not active, etc.  
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Potential Raw Wastewater Energy Recovery   
The wastewater received by the Cedar Rapids WPCF is rich in organics. Wastewater is treated in 
order to remove the organics and project receiving streams. The organic load that is treated has a 
high energy content, however, and through the use of anaerobic treatment processes may be used 
to recover part of the energy. When evaluating the influent organic content, the associated energy 
content may be calculated. Unfortunately, capturing energy from wastewater is not 100% efficient, 
and the losses need to be accounted for as well. Table 18 lays out the total energy content of the 
raw influent and the anaerobic influent as well as the losses. Energy is siphoned from methane 
production due to losses from incomplete conversion (using energy for biomass maintenance) and 
competing reactions (such as denitrification and sulfate reduction), losses from shuttling organics to 
biomass growth, use of energy to heat the liquid stream, losses due to dissolved methane existing 
with the effluent, and losses resulting from biogas treatment. While the losses reduce the influent 
energy capture substantially, it may be possible with future technology improvements to increase 
capture efficiency. 
 
Table 18. Summary of Energy Potential and Losses from Organics 
 Raw Influent Anaerobic 

Influent 
Flow, MGD 45.8 1.5 
BOD5 Load, lb/d  233,000 40,700 
Methane Potential, cfd 2,280,000 399,000 
Energy Potential, therm/d 22,800 4,000 
   

Losses, therm/d   
Incomplete 
Conversion/ 
Competing Rxns 

6,800 400 

Biomass growth 2,200 400 
Heating 9,500 0 
Effluent (solubility) 2,400 50 
Biogas Treatment 300 50 
   

Net Energy, therm/d 2,600 3,100 
 
When evaluating solids streams (produced by the current process), the same energy potential 
analysis may be performed.  Table 19 shows the breakdown between primary solids and secondary 
solids. Note, the organic content is finite, and the energy capture by the liquid and solids streams 
(as shown) is not additive.  
 
Table 19. Summary of Energy Potential and Losses from Anaerobic Digestion of Solids Streams 
 Primary Solids Secondary Solids 
Solids Produced, lb/d 86,000 33,000 
Methane Potential, cfd 342,000 131,000 
Energy Potential, therm/d 3,420 1,310 
   

Losses, therm/d   
Incomplete 
Conversion/ 
Competing Rxns 

1,360 790 

Heating 10 <10 
Effluent (solubility)   
   

Net Energy, therm/d 2,050 520 
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High Strength Waste Potential Sources  
Cedar Rapids receives waste from nine Group 3 industries through the collection system. Genencor 
and International Paper can discharge waste directly to the high-rate anaerobic system as 
previously discussed. Some of these industries may have additional waste streams that could be 
hauled and directly fed into an anaerobic system to generate biogas. In addition, long-term plans 
may be best served by constructing additional pipelines that give the flexibility to convey wastes 
from the industries into biogas generating systems. 
 
Survey Results  
An industry waste analysis of non-Group 3 industries, in the range of about 60 miles, was 
conducted to determine if additional high-strength waste streams may be identified for biogas 
production. Several industries have been prospectively identified as shown in Table 20. The 
industries of interest are ethanol, biodiesel, food, septic waste, and grease haulers. 
 
Table 20. Industries with high-strength wastes 
Company Location Distance*, miles Industry Type 
Flint Hills Resources Fairbank 63.7 Ethanol  
Iowa Renewable Energy Washington 61.9 Biodiesel 
W2 Fuel Crawfordsville Crawfordsville 63 Biodiesel 
Western Dubuque Biodiesel Farley 56.6 Biodiesel 
Fiberight LLC Blairstown 35.2 Ethanol  
Big River United Energy LLC Dyersville 56.8 Ethanol  
Grain Processing Corporation Muscatine 63.3 Ethanol  
Grain Processing Corporation Muscatine 63.3 Food 
Tyson Fresh Meats Waterloo 59.4 Food 
Tyson Fresh Meats Inc. Columbus Junction 66.9 Food 
Kent Corporation Muscatine 63.3 Food 
West Liberty Foods LLC West Liberty 42.8 Food 
Miene Septic Marion 18 Septic Waste 
Roto Rooter Sewer and Drain Cedar Rapids 2.8 Septic Waste 
Port "O" Jonny Hiawatha 13.5 Septic Waste 
Kenway Sewer Service Cedar Rapids 7.8 Septic Waste 
Brown Concrete & Backhoe  Ely 12.5 Septic Waste 
Action Services Cedar Rapids 10.6 Septic Waste 
VIP Septic Scotch Grove 38.7 Septic Waste 
D & S Portables Dundee 46.8 Grease 
Save Our Sink Cedar Rapids 15.5 Grease Hauler 
Groth Services LLC Manchester 45.5 Grease 
Captain Clean Cedar Rapids 10.8 Grease 

*Distance to/from Cedar Rapids WPCF 
 
Several of the septic hauling companies cited the high dumping fees at WPCF as the reason for 
discharging at other WWTPs. The high dumping fees make sense to discourage dumping with the 
current energy intensive processes. As WPCF shifts toward energy production with biogas, the 
dumping fees may need to be lowered in the future to encourage use of WPCF by haulers. 
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Disposal fees in other areas as follows: 
Cedar Falls –  

0-1,000 Gallons $10,  
1,001-2000 $20,  
2,001-3000 $30.  

Waterloo - $20 per load 
Muscatine - $0.06 per gallon 
Iowa City - $450 annual fee + $0.06 per gallon 
Cedar Rapids - $1300 monthly average ($0.12 per gallon plus Annual Fee) 
 
Waste Shed characteristics 
The waste characteristics vary based on industry, and the volume generated varies depending on 
the company and capacity at the facility. A general description providing waste types and volumes 
for the industries identified is shown in Table 21. 
 
Table 21. Industry Waste Description 

Company Industry Description Quantity Units 
Flint Hills Resources Ethanol  315,000 GPD 

Iowa Renewable Energy Biodiesel 15% FOG wastewater 156,000 gallons per month 
W2 Fuel  

Crawfordsville Biodiesel high strength wastewater 12,000 gallons per month 

Western Dubuque 
Biodiesel Biodiesel high strength wastewater 26,000 gallons per month 

Fiberight LLC Ethanol    
Big River United Energy 

LLC Ethanol  315,000 GPD 

Grain Processing 
Corporation Ethanol  55,000 GPD 

Grain Processing 
Corporation Food  55,000 GPD 

Tyson Fresh Meats Inc. Food 5% grease 95% water 2 MGD 
Kent Corporation Food  20,000 GPD 

West Liberty Foods LLC Food    
Miene Septic Sewer Waste 98% waste 

2% grease 740,000 gallons per year 

Roto Rooter Sewer and 
Drain Sewer Waste septic/sewer waste water 60,000 gallons per month 

Port "O" Jonny Sewer Waste   gallons per month 
Kenway Sewer Service Sewer Waste   gallons per month 

Brown Concrete & 
Backhoe Inc Sewer Waste   gallons per month 

Action Services Sewer Waste Portable waste 1,600 gallons per month 
VIP Septic Sewer Waste Residential septic waste 1,000 gallons per month 

D & S Portables Sewer Waste   gallons per month 
Save Our Sink Sewer Waste Grease/FOG 12,000 gallons per month 

Groth Services LLC Sewer Waste   gallons per month 

Captain Clean Sewer Waste industrial facilities food waste, 
starches and syrups 

12,000-
15,000 gallons per month 
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Biogas Production Potential 
 
A high-level estimate of biogas potential has been developed for each of the industries as shown in 
Table 22. The highest biogas potential is from Big River Energy. The ethanol and biodiesel wastes 
offer significant energy capacity. Several of the septic and grease haulers also have considerable 
potential to generate biogas. The total biogas potential just from these industries is on the order of 
30,000 MMBTU/d.  
 
Table 22. Biogas Potential 

Company Industry Type 
Estimated Energy 
Potential, MMBTU/d 

Flint Hills Resources Ethanol  875 
Iowa Renewable Energy Biodiesel 525 
W2 Fuel Crawfordsville Biodiesel 175 
Western Dubuque Biodiesel Biodiesel 525 
Fiberight LLC Ethanol  875 
Big River United Energy LLC Ethanol  18,050 
Grain Processing Corporation Ethanol  3,150 
Grain Processing Corporation Food 50 
Tyson Fresh Meats Food 125 
Tyson Fresh Meats Inc. Food 50 
Kent Corporation Food 50 
West Liberty Foods LLC Food 50 
Miene Septic Septic Waste 25 
Roto Rooter Sewer and Drain Septic Waste 5,350 
Port "O" Jonny Septic Waste N/A  
Kenway Sewer Service Septic Waste N/A  
Brown Concrete & Backhoe Inc Septic Waste N/A  
Action Services Septic Waste 150 
VIP Septic Septic Waste 50 
D & S Portables Grease   
Save Our Sink Grease Hauler 2,150 
Groth Services LLC Grease N/A  
Captain Clean Grease 2,150 

 
Total = 34,375 

 
For comparison, the current biogas production at WPCF is around 250 MMBTU/day and average 
natural gas usage at the facility is 446 MMBTU/day.  Therefore, even if only a small portion of the 
high strength wastes in the area could be obtained, digested and converted to biogas, the facility 
could become energy neutral from a natural gas standpoint.   In addition, this analysis shows that 
there is sufficient high strength wastes in the area to support codigestion and excess biogas 
production as part of an anaerobic digestion alternative.    
 
Both the value of the biogas generated and the cost of biogas conditioning are strongly related to 
the end use of the biogas.   Onsite uses of the biogas like for fuel for the incinerator or boiler 
systems will require minimal treatment costs, but will also provide the lowest return for the value of 
the biogas. Biogas from wastewater treatment that is conditioned to natural gas quality is called 
renewable compressed natural gas, or R-CNG.   Implementation of R-CNG can open the doors to 
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higher uses and higher value of the biogas due to the renewable environmental attributes that can 
be generated and marketed separate from the gas itself.   These environmental attributes, or 
Renewable Identification Numbers (RINs) are required to be purchased by petroleum companies to 
reduce the amount of non-renewable fuels used in the US.  Ethanol is one source of these 
renewable fuel credits, but RNG from municipal wastewater projects are more sustainable and 
therefore provide a higher value on the open market.   Figure 27 illustrates the difference between 
the actual biogas and the RIN environmental attributes.  
 

 
Figure 27:  Difference between RINs and RNG,  Source: EcoEngineers 

Biogas as Vehicle Fuel  
 
Cleaning and compressing biogas for use as a vehicle fuel is garnering recent attention. The 
opportunity to offset diesel fuel consumption and current government incentives for renewable 
transportation fuels combine to make the economics attractive to consider.. Options could include 
an onsite system, mobile storage to an offsite system, or pipeline injection for an offsite system. 
Each of these options have strengths and weaknesses that should be explored further during 
alternatives evaluations.  
 
Onsite or Municipal Fleet Use  
The primary challenge to a successful onsite vehicle fuel operation will be to find a consistent use of 
the fuel and the cost of converting a vehicle fleet of sufficient size to use the fuel available. Steps for 
a vehicle fueling system include the gas conditioning step to remove contaminants, moisture, and 
carbon dioxide, compression to the 4,500 psi pressure required for use in vehicles, storage to 
equalize gas production and vehicle needs, and the dispensing equipment for fueling vehicles. 
Consideration must also include the location of the fueling station 
 
Pipeline Injection 
This group of alternatives would include injection into a natural gas utility pipeline. The end use of 
this gas could include vehicle fuel at a remote site or use at another industrial facility.   The key 
feature of this group of alternatives is that the fuel must be cleaned to a higher standard for natural 
gas utility pipeline quality, as depicted in Figure 10. The primary difference is that natural gas 
standards typically limit the amount of nitrogen and oxygen and also can require a high heat content 
of the fuel. These requirements typically require additional treatment as compared to vehicle fuel 
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requirements.  The benefit of pipeline injection is that there are more options for the end use of the 
biogas and more flexibility for the sale of the renewable energy credits.   
 
Value of RINs and LCFS  
 
The environmental attributes for renewable natural gas can greatly increase the value of biogas 
produced at a municipal wastewater treatment facility.  The value of the attributes are commodities 
whose pricing fluctuates based on market supply and demand.  Figure 28 shows the historic value 
of D5 RINs for the period from January 2015 through March 2016.  
 

 
Figure 28:  Historic Value of RINs   Source:  EcoEngineers.  

The value of the biogas currently produced at the CRWPCF as R-CNG can be estimated using 
assumed values for the RIN credits, the value of the biogas on the open marked, and the California 
Low Carbon Fuel Standard  (LCFS) credits.    Table 23 presents the value of the biogas produced 
at CRWPCF using the following assumptions.  
 
Assumptions:  
NG Price on the open market:   $3/MMBTU 
RINs Price:      $1/Diesel Equivalent  $11.78/MMBTU 
LCFS Credit Value :      $8.7/MMBTU 
 
Table 23. Value of Environmental Attributes (RINs and LCFS) 

 
Value % of Total  

Biogas Produced, scfm 275   
MMBTU/year 232   
NG revenues / year $253,668  13% 
RIN revenues /yr $996,069  50% 
LCFS revenues /yr $736,611  37% 
Total Revenues from RNG /yr $1,986,347  100% 
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The value of the biogas produced at CRWPCF as RNG is close to $2,000,000 per year as 
compared to a value of $566,000 at $0.67/therm if used on site for fuel for the LPO and MHI. 

Phosphorus Recovery through Side Stream Treatment  
In addition to recovering more biogas as a beneficial by-product at the CRWPCF, there are several 
technologies in the market that recover phosphorus as a beneficial by-product of wastewater 
treatment.   These system focus on the nutrient rich side streams from solids handling processes 
like WAS thickening and anaerobically digested sludge dewatering.  At CRWPCF the current 
recycle streams return only 10 percent of the total influent phosphorus loading and1.7 percent of 
the total nitrogen loading.    
 
Struvite is a crystalline formation composed of ammonia, magnesium and phosphorus.  It typically 
forms in piping and tanks within a wastewater treatment plant where the concentrations of these 
chemical are high, turbulence is high, or pH is high.  The precipitation of struvite can cause 
maintenance issues for anaerobic digestion systems, solids dewatering and thickening operations.  
Facilities around the country are implementing struvite harvesting facilities on plant side streams to 
reduce maintenance costs from struvite precipitation, provide additional nutrient removal and 
produce a sellable fertilizer product.   Typically facilities that are implementing these strategies 
already have significant struvite issues that result from biological phosphorus removal in the liquid 
stream combined with anaerobic digestion and solids dewatering on the solids stream.  While 
CRWPCF currently doesn’t have biological phosphorus removal or anaerobic digestion now, 
potential future process changes may warrant the consideration of struvite or phosphorus removal 
through side stream treatment in the future.  The following section provides a discussion of the 
potential struvite production quantities, costs and revenue.  
 
The amount of struvite that could be produced at a wastewater treatment facility is a function of the 
influent phosphorus loadings.   With a biological phosphorus removal system, WAS thickening, 
anaerobic digestion, and digested sludge dewatering approximately 45% of a plant’s influent 
phosphorus loading can be recovered as struvite or other precipitated complex.   
 
The benefits of phosphorus recovery through struvite harvesting can be significant when combined 
with achieving nutrient removal goals, the reduced maintenance costs for struvite removal from 
equipment, the improved dewaterability of the digested sludge, and the potential revenue generated 
through the sale of the fertilizer product produced.  However, the capital, operation and 
maintenance costs can also be significant and a detailed analysis with actual loadings and supplier 
pricing information should be performed to determine the feasibility of phosphorus recovery.   
 
Table 24 presents a summary of the capital and O&M costs from a similarly sized Ostara  struvite 
harvesting project for phosphorus  recovery.  These costs show that the energy requirements for 
drying the product are significant and the payback for the project would be quite long if recovery 
was the only driver.   

Energy Path Forward – Energy Management Alternatives 
To further illustrate how future process optimization or process changes could improve the energy 
usage at the WPCF, two straw man alternatives were developed.  The first alternative assumes that 
low cost optimization of the existing processes at the facility are performed and provides an 
estimate of the energy usage and costs.  The second alternative assumes that process changes 
are made to further reduce energy usage and maximize biogas production at the facility.  This 
analysis is only provided to illustrate the potential benefits of the process changes and no capital 
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Table 24. Planning Level Project and O&M Costs for Phosphorus Recovery 

 Amount Unit Price Total 
Capital Project  Costs   $22,000,000 
O&M Costs    
Labor 0.5 FTE  $30,000 
Electrical 1,157 kWh/day $0.0498/kW-hr $21,030 
NG Costs 317 MMBTU/day  $0 
Chemicals    
Magnesium Chloride 1,120 Gal/day $0.75/gal $306,600 
Sodium Hydroxide 112 DT/year $550/ton $61,660 
Total   $419,290 
Total Revenue 1570 ton $350/ton $546,500 
Net Revenue   $127,210 
 
costs are provided at this time, but will be confirmed during the alternative evaluations in 
subsequent technical memorandums.   
 
Current Operations  
 
The current operations have been summarized in previous sections of this TM.  Below is a 
summary of the critical energy usage and production values. 
 

• Electrical Usage -  47,950,000 kw-hr/year 
• NG Usage -  1,453,000 therms/year 
• Biogas Production -  275 scfm   ( 
• Diesel Fuel -    27,900 gallons/year 
• Energy Star Score – 17 
• Total Energy Costs  - $3,393,000 
• Energy Revenue -  $0 

 
Process Optimization  

Description  
To improve energy efficiency of the WPCF, several process optimization alternatives have been 
presented throughout this TM.    These include the alternatives for immediate implementation as 
presented in Appendix C and also improvements to the CAS aeration efficiency.   Below is a 
summary of the optimization options and the assumptions used.  
 
Assumptions  

1. Improvements to the CAS aeration system and cryogenic systems will result in current 
energy demand of 1,840 kW to 1,465 kW through improved instrumentation and control of 
compressors.  This results in a 375 kW demand reduction or 3,285,000 reduction in power 
consumption, 6.8% of the total plant usage.   

2. Conversion of the DAF thickener to gravity thickener will reduce plant energy usage by 95 
kW, or 1.7% of the total plant usage. 

3. Miscellaneous energy optimization through the evaluation of the new meter data will result in 
an additional 1.5% reduction in plant energy usage.  

4. Biogas Storage will reduce Natural Gas usage by 25%.  



 
HDR Engineering, Inc. 
TM 3.0 Energy and Sustainability FINAL  

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 45 of 46 

 

5. Rehab of the LPO decant line to the high rate anaerobic treatment system will increase 
biogas production by 16% by bringing an additional 8,500 lbs of BOD/day to the high rate 
anaerobic system.  

6. Additional industrial wastes will identified and delivered to the high rate anaerobic system 
resulting in an increased gas production of 33% over current production.  

Process Changes 
To plan for nutrient removal and more sustainable solids disposal, several alternatives involving 
process changes will be presented as part of the overall Facilities Plan.    These include the 
alternatives for major changes to the liquid and solid stream treatment trains and will likely improve 
energy usage at the facility.   Below is description of one straw man alternative that would likely be 
considered moving forward.    
 

1. Eliminate high energy consuming processes like the DAF, BFP, LPO, Incinerator and 
replace with gravity thickener, anaerobic digesters, and land application.  In this scenario 
primary and waste activated sludge are thickened prior to anaerobic digestion.  Digested 
solids are dewatered in the existing centrifuges and land applied.    
 The elimination of the existing processes will reduce total electrical usage at the 

facility by 500 kW( 4,380,000 kW-Hr) or 9% of current electrical usage.    
 The proposed process changes reduce the natural gas usage to only the building 

heating demands, a reduction of 81% of current natural gas use.  
 Anaerobic digestion of the primary and waste activated sludges will produce an 

additional 510 scfm of biogas (478 MMBTU/day), but will also require approximately 
177 MMBTU/day to heat the sludges and account for heating losses.     The net 300 
MMBTU/day of excess biogas would be used for pipeline injection  

 Land application will performed within a 30 mile radius and result in a total diesel fuel 
use of 270,600 gallons per year assuming a fuel efficiency of 6.5 miles/gallon.    

2. Optimize or replace CAS/NAS and incorporate BNR Activated Sludge –Improvements to the 
secondary treatment system could reduce energy usage at the WPCF another 363 kW  or 
(3,180,000 kw-hrs/year) or 6.6% of current usage.   

3. Further increase Anaerobic Biogas Production by implementing codigestion of high strength 
wastes.   If the City were able to obtain, digest and produce biogas from 1% of the available 
wastes in the waste shed, an additional 344 MMBTU/day could be produced for conditioning 
and pipeline injection.  This amount, when combined with the net 300 MMBTU/day from the 
anaerobic digestion process produces 644 MMBTU/day of R-CNG valued over $5,522,000 
in gross revenue per year. After interest, operating costs and expenses, the estimated net 
revenue to the City would be over $1,500,000 per year.  

Summary 
When the current, optimized, and process change energy information is compiled it can be 
compared using gross energy usage, the potential Energy Star rating, and the total cost of energy 
and potential revenue from biogas.  Table 25 presents this information for each straw man 
alternative and Figure 29 presents it graphically.    
 
The potential cost savings for an optimized energy alternative is approximately $490,000 per year, 
while process changes could reduce energy costs by close to $1,500,000.  In addition, if R-CNG 
were pursued to market the environmental attributes a net biogas revenue of over $1,500,000 could 
be realized.   
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Table 25.  Summary of Potential Energy Management Alternatives 
    Current 

Operation Optimized 
Process 
Change 

Energy Usage     
Electrical kw-hr/year 47,950,000 43,160,000 35,600,000 
NG therms/year 1,453,000 1,130,000 240,000 
  kw-hr/year 43,960,000 32,970,000 6,940,000 
Biogas Production scfm 275 413 1,100 
  MMBTU/day 257 386 1,030 
  kw-hr/year 27,530,000 41,290,000 110,110,000 
Diesel kw-hr/year 1,220,000 1,220,000 11,020,000 
          
Energy Star Score   17 27 59 
          
Energy Costs         
Electrical $/year $2,387,910 $2,149,368 $1,772,880 
NG $/year $1,005,229 $753,922 $158,696 
Total $/year $3,393,139 $2,903,290 $1,931,576 
Savings $/year N/A $489,849 $1,461,562 
Net Biogas Revenue $/year 0 0  $1,550,000 
 
 

 
 Figure 29:  Summary of Energy Management Alternatives 
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Attachment B – Electrical Meter List 
 

Meter Average Power Demand, kW 

Main Lift MCC-1A 45.8 
Main Lift 1 and 2 292.6 
Main Lift 3 and 4 287.9 
Admin 27.4 
Operations 23.3 
Intermediate Lift MCC-2-1 No data 
Intermediate Lift MCC-2-2 66.4 
Intermediate Lift 1 96.7 
Intermediate Lift 2 28.4 
Intermediate Lift 3 121.9 
Intermediate Lift 4 197.3 
BioScrubber MCC-2A 188.2 
Anaerobic Plant MCC-2B 246.3 
BioGas MCC-2H 33.8 
Cryo MCC-3A 23.7 
Cryo MCC-3B EAST 264.9 
Cryo MCC-3B WEST 611.3 
Cryo MCC-3D 436.9 
Cryo MCC 3E1/3E2 No data 
SPB DAF RECIRC PUMP 1 96.6 
SPB DAF RECIRC PUMP 2 50.5 
SPB MCC-4A1 113.0 
SPB A/C 1 DAFT 0.0 
SPB MCC-4A2 25.7 
SPB MCC-4B1 29.1 
SPB MCC-4B2 55.6 
SDW MCC-5A 70.6 
EGP-101 GRIT PUMP 1 (Primary Sludge Pumps) 11.2 
EGP-102 GRIT PUMP 2 5.2 
EHPP-101 HIGH PRESS. PUMP 1 (LPO Feed) 11.2 
EHPP-102 HIGH PRESS. PUMP 2 No data 
SDW MCC-5B 70.4 
EGP-201 GRIT PUMP 3 5.7 
EGP-202 GRIT PUMP 4 0.0 
EHPP-201 HIGH PRESS. PUMP 3 15.4 
EHPP-202 HIGH PRESS. PUMP 4 0.2 
SDW MDP-5A 128.7 
#2 PLANT PROCESS A/C (SOLIDS PUMP) 65.2 
EPAB-100 PROCESS A/C BOOSTER 1 2.3 
EPAC-200 PROCESS SCREW A/C 2 -8.1 
EWCSF-001 WET CHEM. SCRUBBER FAN (solids handling) 21.7 
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Meter Average Power Demand, kW 
SDW MDP-5B 128.7 
EPAB-200 PROCESS A/C BOOSTER 2 0.0 
EPAB-300 PROCESS A/C BOOSTER 3 0.0 
EPAC-100 PROCESS SCREW A/C 1 0.2 
EPAC-300 PROCESS SCREW A/C 3 87.7 
INCIN MCC-6 73.7 
ID Fan 189.9 
FINAL MCC-7 126.1 
FINAL MCC-7A 275.9 
FINAL MCC-7B 207.9 
FINAL VFD-A CRAS-1 11.8 
FINAL ERP-1 140.8 
FINAL VFD-A NAS-4 54.8 
FINAL VFD-B CRAS-2 3.5 
FINAL VFD-B NAS-5 0.0 
FINAL VFD-B NAS-6 45.7 
FINAL VFD-C CRAS-3 12.8 
FINAL ERP-2 0.0 
FINAL VFD-C NAS-7 42.8 
CENT.MCC-EC1 146.7 
CENT.MCC-EC2 41.9 
CENT. CONTROL PANE 1 0.0 
CENT. CONTROL PANE 2 34.4 
Lime Stabilization 17.8 
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Attachment C – Detailed Descriptions of Energy Improvements 
for Immediate Implementation 
 
Nutrient Reduction and Solids Facility Plan 
Potential Short Term Improvements – DAF Thickeners 

Description 
Convert primary sludge thickeners from dissolved air flotation thickening to gravity thickening. 

Discussion 
Existing Operation.  Primary sludge is currently thickened in dissolved air flotation thickeners.  This is 
consistent with the original 1970 design; albeit a bit of an unusual application for primary sludge thickening.  
Polymer is added, float solids are skimmed off the top and remaining heavy solids are raked off the bottom. 

DAF A and DAF B were refurbished in 2013.  DAF C is out of service and scheduled for a $300k refurbishment 
in 2019.   As currently operated, the DAFs represent between 3 and 5 percent of plant wide energy 
consumption averaging approximately 240 kw (320 hp) of demand, approximately 30 percent of plant 
polymer use averaging 520 tons/year, and approximately 4 percent of plant wide greenhouse gas 
production averaging approximately 1,500 tonne CO2.  DAF recirculation pumps are roughly 55 percent of 
the electrical consumption.   

In addition, the DAFs are significant contributors to odorous gas production and associated safety concerns 
and corrosion damage at the WPCF.   

Proposed Operation.  Turn off the recirculation pumps and air pressurization system to operate the existing 
DAFs as gravity thickeners for primary sludge.  Gravity settled solids would be raked off the bottom and 
remaining float solids would be skimmed off the top.  Electrical consumption for primary sludge thickening 
should be reduced by 60 percent or more.  Polymer dose should be even more significantly reduced, if not 
eliminated. Correspondingly, there should be a significant reduction in greenhouse gas emissions.  The 
absence of pressurized air should reduce hydrogen sulfide emissions from the DAFs but could result in 
increased septicity and increased hydrogen sulfide emissions in downstream solids processing, most likely 
the belt filter presses.  The latter could likely be addressed with ferric addition if necessary. 

Advantages 
• Potentially significant energy and polymer savings and corresponding greenhouse gas reduction. 
• Simplified operation. 
• Future DAF C refurbishment could reflect gravity operation. 
• Potential reductions in hydrogen sulfide emissions from DAFs. 

Disadvantages 
• Potential challenges with gravity thickening some of the industrial solids. 
• Potentially increased septicity and potential hydrogen sulfide emissions from downstream solids 

processing. 
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Calculations 
There should be no loss in capacity since literature reported primary sludge loading rates for gravity 
thickeners are 20 to 30 lb per sq ft per day and for DAF thickeners the maximum design loading rate is 25 lb 
per sq ft per day. For Cedar Rapids, the design loading rate is 12 lb per sq ft per day. 

Savings 
• Each percent reduction in energy consumption equates to approximately $1,000 in annual energy 

savings, so 60 percent reduction in energy cost would equate to an annual savings of over $60,000. 
This matches the potential electricity savings resulting from not using the DAFT compressors. 

• Each percent reduction in polymer dose equates to about $1,250 reduction in annual polymer cost, 
so 80 percent reduction in polymer dose would equate to an annual savings of $100,000.  

• If required, ferric addition to control downstream hydrogen sulfide release could result in some 
reduction in estimated savings. 

• A 60 percent reduction in energy consumption and an 80 percent reduction in polymer dose equate 
to an annual reduction in greenhouse gas emissions of about 1,000 tonne CO2. 

Conclusion 
Schedule and test DAF A and B in gravity operation to determine performance, affirm potential energy, 
polymer, and greenhouse gas reductions, assess potential increase or decrease in odor generation, and 
potential difficulties with industrial solids settleability. 
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Nutrient Reduction and Solids Facility Plan 
Potential Short Term Improvements – Biogas Storage 

Description 
Install storage to more effectively use biogas generated from the high rate anaerobic system. 

Discussion 
Existing Operation.  In calendar years 2013 through 2015, the high rate anaerobic system produced an 
estimated average of 275 scfm, which in turn can be used as a fuel for incineration and boilers, or flared.  It 
did so at an average BOD loading of 45,000 pounds per day relative to its original design capacity of 109,723 
pounds per day average daily.  Approximately 56 percent, or roughly 155 scfm is flared on average; largely 
because biogas production varies widely from day to day making it difficult operationally to match the 
supply and use of the gas as a fuel source.   

Proposed Operation.  Install biogas storage to capture and store biogas during higher production periods for 
use as a fuel source during lower production periods to effectively reduce natural gas consumption.    

Advantages 
• Increased usage of biogass and corresponding reduction in the quantity and cost of natural gas 

purchased. 
• Net reduction in natural gas consumption and associated reduction in greenhouse gas emissions. 

Disadvantages 
• Requires capital expenditure biogas storage and associated safety provisions. 

Calculations 
Assuming the quantity of flared biogas could be reduced by 80 percent, an additional 125 scfm of biogas 
could be used to reduce natural gas purchases.  Assuming a 60 percent methane value, the corresponding 
reduction in natural gas usage would be 75 scfm, or just under 40 million cubic feet per year, roughly 25 
percent of the approximately 160 million cubic feet per year of natural gas purchased.  At an average natural 
gas cost of $0.67 per therm, this equates to an annual savings of just under $265,000.  Potentially higher 
savings could be realized with future increased BOD loadings on the high rate anaerobic system. 

A 25 percent reduction in natural gas consumption would translate to an estimated 1,000 tonnes/year CO2 
reduction in the roughly 4,000 tonnes/year of estimated greenhouse gas emissions associated with natural 
gas consumption.   

Biogas storage would be used to align the fuel demand with biogas production. In order to reduce flare 
usage by 80 percent, adequate storage must be provided to give fuel burners throughout the facility a 
steady supply of biogas as the burners cycle throughout the day. It is preliminarily estimated that a 12 hour 
storage buffer would give the storage needed to accommodate burner cycling and some equipment 
downtime. This translates to approximately 200,000 cubic feet of storage.  

Biogas storage can be provided with two main types of storage methods, high pressure sphere and low 
pressure double membrane.  For the 200,000 cubic feet of desired storage volume, the most economical 
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storage method would be the double membrane style.  A storage system of this type would require a  77 ft 
diameter footprint gas holder and associated inflation air blower, instrumentation and controls.   

The planning level project cost for a 200,000 cubic foot gas holder  including installation, and integration 
into the existing biogas system is $725,000.  This cost includes estimates for  piping , sitework, electrical, 
instrumentation and engineering.   

Because the CR WPCF utilizes high purity oxygen for the carbonaceous activated sludge system, safety is a 
significant consideration for the design and location of the biogas storage facility.  The storage of pure 
oxygen near the storage of a flammable gas like biogas would not be advised.   However, these challenges 
and considerations can be overcome through the design of appropriate safety and operation measures.      

Savings 
• Estimated 25 percent reduction in total natural gas purchased for an estimated annual savings of 

$265,000.   
• At the planning level project cost of $725,000, the simple payback for this project is 2.75 years.  
• Estimated 25 percent, 1,000 tonnes/year CO2, reduction in greenhouse gas production associated 

with natural gas consumption.  
Conclusion 
Modify the FY 18 or 19 Capital Improvements Plan to budget for engineering and construction of biogas 
storage and appurtenances. 
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Nutrient Reduction and Solids Facility Plan 
Potential Short Term Improvements – Anaerobic Cooling 

Description 
Use primary effluent or effluent recycle for cooling the anaerobic influent. 

Discussion 
Existing Operation.  Approximately 1.7 mgd of anaerobic influent is cooled from approximately 120 degrees 
Fahrenheit to approximately 100 degrees Fahrenheit with plant effluent recycle through tube heat 
exchangers.  $3 million is budgeted for replacement of the heat exchangers in FY 2017.   

Proposed Operation.  Install temporary facilities to divert and directly mix a sufficient quantity of either 
primary effluent or plant effluent recycle at an average temperature of about 75 degrees Fahrenheit with 
the anaerobic influent to reduce the temperature to the targeted 100 degrees Fahrenheit.  This would be 
done as a means of testing this method of anaerobic influent cooling.  If the testing is successful, permanent 
facilities could be installed to defer and possibly eliminate the need for replacement heat exchangers and 
likely reduce the magnitude of the $3 million capital expenditure for cooling.  Use of primary effluent for 
anaerobic influent cooling would also result in some increase in gas production. 

Use of effluent recycle would require capital expenditure for piping to redirect sufficient effluent recycle 
from the heat exchangers to the anaerobic influent line or the preacidification tank.  Use of primary effluent 
would require capital expenditure for pumps and piping to redirect sufficient primary effluent from the A 
Clarifier effluent or Roughing Filter influent splitter boxes.  

Advantages 
• Defer and possibly reduce a $3 million capital expenditure. 
• Increased biogas production (primary effluent). 
• Reduced loading and associated energy cost and greenhouse gas production for aerobic activated 

sludge (primary effluent). 
• Provide additional time for discussions with International Paper regarding long term contract. 

Disadvantages 
• Will require yet to be determined capital expenditure for temporary facilities and, assuming 

successful testing, will require additional capital expenditure for permanent facilities. 
• Potentially consumes anaerobic treatment capacity for additional high temperature, high strength 

industrial sources. 
Calculations 
With either primary effluent or effluent recycle at an average temperature of 75 degrees Fahrenheit, the 
flow stream would need to be about 80 percent of the anaerobic influent flow, or about 1.4 mgd average.  
The total hydraulic load on the anaerobic reactors would nearly double to 3.1 mgd average, still less than 
the original design capacity of 3.43 mgd average daily. 

For primary effluent at an average anaerobic influent BOD of 2,900 mg/l (45,000 lb/d) and an average 
primary effluent BOD of 420 mg/l, the BOD loading and hence the anticipated biogas production would 
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increase by about 10 percent to roughly 50,000 pounds per day, less than the original design capacity of 
109,723 pounds per day average daily.  At an average influent flow rate of 50 mgd, the BOD loading on the 
aerobic activated sludge system and associated aeration energy demand and greenhouse gas production 
would decrease by just under 3 percent. 

For primary effluent at an average anaerobic influent TSS of 300 mg/l and an average primary effluent TSS of 
100 mg/l, the TSS loading would increase by a factor of 27 to about 6,000 pounds per day, less than the 
original design capacity of 15,581 pounds per day average daily. 

Temporary 12-inch piping should be adequate for either primary effluent or effluent recycle flow given that 
a 2 mgd flow in a results in an a velocity of approximately 4 feet per second. 

Savings 
• Part of a $3 million capital expenditure.   
• 3 percent reduction in activated sludge energy cost equating to an annual savings of $28,000 at 

$0.05 / kW-hr.  
• 3 percent reduction in activated sludge greenhouse gas production equating to an annual reduction 

of 370 tonne CO2. 
• 10 percent increase in biogas production equating to an annual energy value of about $66,000 at 

$0.67 / therm. 
Conclusion 
Modify the FY 17 and 18 or 19 Capital Improvements Plan to budget for engineering and temporary pumps 
and piping for anaerobic influent cooling in lieu of $3 million for replacement heat exchangers. 
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Nutrient Reduction and Solids Facility Plan 
Potential Short Term Improvements – Polymer Testing 

Description 
Test alternative polymers for thickening and dewatering operations. 

Discussion 
Existing Operation.  The same polymer (C-321) is currently used for both primary sludge in the dissolved air 
flotation thickeners and belt filter presses and waste activated sludge in the gravity belt thickeners.  A 
separate polymer (Polydyne Clarifloc CE-939) is used for blended sludge in the centrifuges.  Rarely is the 
same polymer optimum for all three applications and the optimum polymer and dosage changes with the 
nature of the solids over time.     

Proposed Operation.  Invite multiple polymer manufacturers to perform bench testing, provide results, and 
submit performance/cost based proposals to provide polymer for each application with current solids 
capture the minimum performance standard.   

Advantages 
• Potentially significant reductions in polymer use and cost through optimization. 
• Potentially improved thickening and dewatering performance. 

Disadvantages 
• Potentially added complexity for the use of up to four different polymers. 
• Added time and cost for Utility staff to work with manufacturers during bench testing and to review 

and act on proposals. 
Calculations 
WPC spends approximately $530,000 annually on polymer; approximately $115,000 for centrifuge polymer 
and approximately $415,000 for dissolved air flotation thickener, belt filter press, and gravity belt thickener 
polymer. 

Savings 
Even a 10 percent reduction in polymer cost equates to an annual savings of approximately $50,000. Shifting 
from a 5% active polymer to a 40% active polymer for dissolved air flotation thickener, belt filter press, and 
gravity belt thickener polymers would reduce the annual polymer delivery volume from about 430,000 
gallons to 65,000 gallons.  

Conclusion 
Schedule and test alternative polymers for thickening and dewatering operations. 
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Technical 
Memorandum  

 
To:  City of Cedar Rapids 

From:  Mike Butterfield/HDR, Lyle Johnson/HDR, 
Keith Kirchner/HDR, Kevin Thernes/HDR, 
Zach Sachsenmaier/HDR, Dave Penner/HDR 

Project:  Cedar Rapids Nutrient Removal and 
Solids Facilities Plan 

CC:  File 

Date:  March 8, 2016 (Revised Final) Job No:  City – 6150011 
HDR – 270628 

Re: TM 4.0 – Existing Facilities and Performance 
 
This Technical Memorandum (TM) presents the findings of the operational and facility condition 
assessments of the Cedar Rapids Water Pollution Control Facility (WPCF). Interviews and site 
visits with Cedar Rapids WPCF staff performed in January and February 2016 are the basis for 
operational and condition assessments.  
 
The operational assessment focused on how the existing facility is operated and maintained, 
including items such as current operations responsibilities and protocols, operational modes, 
sidestreams, instrumentation, reliability issues, possible flexibility improvements, maintenance 
responsibilities and protocols, and maintenance issues.  
 
The condition assessment focused on the physical condition of the existing facility as a basis for 
estimating remaining useful life of its components. 
 
This TM is organized as follows: 
 
• Objective 
• Summary 
• Liquid Treatment Facilities 

o Primary Treatment & Roughing Filters 
o Secondary Treatment  
o Anaerobic Treatment 

• Solids Handling Facilities 
o Primary Sludge Handling 
o Secondary Sludge Handling 
o Solids Conveyance and Ultimate Disposal 

 
Each of the sections above includes subsections that address: 
 
• Process – Condition and Operational 
• Structural Condition 
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• Mechanical Condition 
• Electrical Condition 
• Instrumentation Condition 
 
Appendix A provides an in-depth review of overall plant electrical systems. 
 
Supporting information for the TM is provided in electronic attachments, including evaluations 
and photographs for process equipment, structures, mechanical systems, electrical systems, 
and instrumentation and control systems. 
 

Objective 
The primary objective of the Existing Facilities and Performance task is to establish a baseline 
for existing facility conditions and performance. The operations and physical condition 
assessments are one of the initial tasks of the WPCF Nutrient Reduction & Solids Facility Plan. 
These assessments will assist in considering the remaining useful life of existing facility 
components in the development of alternatives for future nutrient reduction and solids handling 
facilities. 
 
The operational assessment, conducted by operations specialists, focused on how the existing 
facility is operated and maintained, including: 
 
• Current operations responsibilities and protocols 
• Operational modes 
• Sidestreams 
• Instrumentation 
• Reliability issues 
• Possible flexibility improvements 
• Maintenance responsibilities and protocols 
• Maintenance issues  
 
The condition assessments, conducted by engineers with expertise in process equipment, 
structural, mechanical, electrical, and instrumentation, focused on the physical condition of the 
existing facility as a basis for estimating remaining useful life of its components. The condition 
assessment focused on the following: 
 
• Reliability issues 
• Maintenance issues 
• Condition evaluation 
• Remaining useful life 
• Failure mode 
 
This TM presents the findings of the operational and condition assessments of the Cedar 
Rapids WPCF. 
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Summary 
The WPCF is approaching 40 years of service. It was constructed in the late 1970s, at a cost of 
approximately $80 million, and put into operation in 1980. Inflated to today’s dollars, the original 
cost would be approximately $300 million. Using an order of magnitude rule of thumb of $12 per 
gallon per day of treatment capacity, the WPCF would cost approximately $670 million 
constructed new today; this is likely a more accurate estimate given the various additions since 
original construction and overall complexity of the plant. Over the past 10 years, approximately 
$94 million has been invested to recover from catastrophic flooding in 2008 and addressing 
other age and condition related improvements.  
 
While the WPCF serves a metro area population of approximately 177,000 people, the relatively 
low flow but high organic loadings from major industrial sources produces higher loadings with a 
population equivalent of approximately 1.8 million people. 
 
The physical condition and operations assessments are one of the initial tasks of the Cedar 
Rapids WPCF Nutrient Reduction & Solids Facility Plan. The primary objective of the task is to 
establish a baseline for existing facility condition and performance. These assessments will 
assist in determining the needs and timing for repair or replacement of existing facility 
components in the development of alternatives for future nutrient reduction and solids handling 
facilities. Interviews and site visits with Cedar Rapids WPCF staff were performed in January 
and February 2016, and are the basis for operational and condition assessments.  
 
The operational assessment focused on how the existing facility is operated and maintained, 
including items such as current operations responsibilities and protocols, operational modes, 
sidestreams, instrumentation, reliability issues, possible flexibility improvements, maintenance 
responsibilities and protocols, and maintenance issues. The condition assessments focused on 
the physical condition of the existing facility as a basis for considering remaining useful life of its 
components. 
 
The overall condition of the Cedar Rapids WPCF is based largely in the age of the facility, the 
challenging environmental conditions that exist at the facility, and catastrophic flooding 
experienced in 2008. While the facility is nearly 40 years old, regular maintenance, flood 
recovery efforts, and annual capital improvements have maintained the facility’s ability to meet 
NPDES permit and other regulatory requirements consistently. The National Association of 
Clean Water Agencies (NACWA) has recognized the Cedar Rapids WPCF on numerous 
occasions, including: 
 
• Gold Award for 100% compliance with all effluent permit criteria in 2007, 2011 and 2012. 
• Silver Award for no more than five violations for the calendar year in 2006 and 2009. 
 
The WPCF incorporates technologies selected in the late 1970s during design of the facility that 
were thought to be the “wave of the future” of wastewater treatment at the time. Several of those 
technologies are becoming increasingly rare, making it difficult to keep up maintenance and 
stock parts.  
 
The highly corrosive environment at the WPCF amplifies daily wear-and-tear of structures, 
process/mechanical equipment, electrical systems, and process controls. Local industries 
provide a tremendous loading on the facility including significant concentrations of sulfate that 
manifest in highly odorous, hazardous, and corrosive conditions at the facility. The corrosive 
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conditions warrant more costly material selections and still effectively reduce the service life of 
concrete, ferrous metal, mechanical equipment, electrical gear, controls and other components. 
 
Approximately two-thirds of the WPCF was under water in June 2008. The entire facility was out 
of service for approximately 13 weeks. The recovery from this catastrophic flooding was 
something the Cedar Rapids Gazette characterized as “just short of heroic.” Considerable 
investments were made to restore functionality and then reliability post flood, but the WPCF still 
has the distinction of having been “flood damaged.”  
 
The collective efforts of routine maintenance, ongoing capital improvements projects, and flood 
recovery have led to necessary improvements to extend the useful life of the plant and present 
opportunities for future investments to capitalize on recent investments. At the same time, new 
challenges posed by increasingly stringent regulatory requirements and continued industrial 
growth will challenge the facility’s current capabilities. 
 
The following paragraphs summarize the major conclusions of the assessments. 
 
Process Performance & Condition  
 
From a process standpoint, there are currently no major constraints on the facility’s ability to 
meet the NPDES Permit requirements under normal circumstances. It is noteworthy that this is 
largely due to the O&M staff’s dedication to on-going operation and maintenance of the aging 
facility. 
 
Compared to most, the Cedar Rapids Water Pollution Control Facility is an extremely complex 
wastewater treatment system posing significant operational and maintenance challenges. There 
are multiple treatment processes (some very complex), a significant variety of equipment 
manufacturers, major processes with aging equipment, limited operational flexibility, and an 
influent waste stream with a large industrial waste component that needs chemical and physical 
adjustment before some wastes can be treated.  
 
In that context, the following observations are made: 
 
1. The use of dissolved air flotation for thickening primary sludge is unique to the WPCF and 

not an appropriate use of the technology. Gravity thickening of primary sludge should be 
investigated. 

 
2. The limited oxygen transfer in the NAS reactors restricts the ability to add BOD to the NAS 

system that is needed to improve NAS sludge settleability. 
 
3. The LPO is a complex process requiring significant levels of equipment with objectionable 

sidestreams, simply to improve the dewaterability of Waste Activated Sludge. Most other 
facilities that employed this technology in the late 1970’s / early 1980’s have since 
abandoned it. Alternatives to the LPO should be investigated. 

 
4. Additional waste streams should be considered for treatment in the anaerobic reactors. The 

current waste stream from Cedar Rapids Paper is too hot and requires macro and micro 
nutrient addition before biological treatment. Supplemental waste streams from other 
industries or in-plant dewatering sidestreams could be beneficial in limiting the chemical and 
physical adjustments and associated costs currently necessary. 
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5. While challenging because of the depth of the influent sewer, an alternative influent sample 

location upstream of the in-plant wastes should be investigated to directly measure and 
thereby eliminate the calculations required to establish the influent waste quality. 

 
6. The wasting of sludge from the CAS and NAS system should not be governed by the 

operation of solids handling equipment. Sludge retention time (SRT) control through wasting 
of sludge is a fundamental process control requirement for both the CAS and NAS systems. 
However, a wide point in the line is needed to allow process control of the activated sludge 
systems to proceed in this manner as required. 

 
7. Analysis of the solids data indicated there were anomalies due to sample collection and/or 

sludge volumes. Sludge sampling locations should be reviewed for each sludge sample 
collected. The sample location should provide operation staff with access to collect a 
representative sample of the sludge stream. Sampling procedures should also be reviewed 
to ensure a representative sample is collected. Sample lines should be thoroughly flushed 
before the sample is collected and samples thoroughly mixed before removing an aliquot for 
analysis. 

 
8. Influent flows during wet weather regularly exceed the capacity of the influent Parshall flume 

requiring operations staff to estimate rather than measure actual peak flows. Modifications 
should be made to enable accurate flow measurement of all influent flows. 

 
9. Magnetic flow meters should be installed for the CWAS, NWAS, and Primary Sludge lines 

so that sludge volumes can be measured accurately. Additionally, weigh belts should be 
installed for the dewatering equipment to accurately quantify sludge volumes. 

 
10. Plant staff should review the accuracy and reliability of all flow meters and establish a 

priority list for conversion to magnetic flow meters. 
 
11. Thickening and dewatering performance should be reviewed more routinely to establish 

polymer dosages and solids capture for each piece of sludge handling equipment. The 
current polymer (C-321) is used for both primary sludge in the DAFTs and BFPs and WAS in 
the GBT. Rarely can the same polymer be used for different sludge streams. The polymer 
appears to be working well for the BFPs but not as well in the GBTs for WAS. The polymer 
has a very low activity and the GBTs may benefit from a polymer with a higher activity. 
Routine performance analysis will identify thickening and dewatering issues that need to be 
addressed. 

 
12. Plant personnel closely follow O&M manual/equipment manufacturer’s recommendations in 

the operation of equipment and processes. With the variety of equipment/processes at the 
CRWPCF, this is absolutely necessary. Any process experimentation that is necessary to 
adapt and/or optimize to the unique requirements at WPCF should be carefully planned and 
thoroughly documented. 
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Condition of Structural Systems 
 
The structural assessment for structures that support the liquid stream and solids stream 
indicated the plant structures were generally in good condition with some in better condition and 
some starting to need corrective maintenance. Table 1 summarizes the general condition of the 
structures/assets; further details are found in the following report and attachments (electronic). 
Although the condition of various components and pieces will vary, the rating provides a general 
overall assessment of the structure or asset. In the rating system, 1 indicates excellent or very 
good condition; 5 indicates virtually unserviceable. The overall plant rating would be right about 
a 2. There are areas and elements of the plant that are in much better condition, just as there 
are other areas and elements that are in worse condition. It is proper to continue to monitor, 
maintain, and make repairs as various parts reach their service life, considering the use and risk 
of each element.  
 

Table 1: Summary of Existing Structural Asset Conditions 

Structure/Asset Rating Comments 
Primary Treatment & Roughing Filters 
Primary “A” Clarifiers 2 Minor cracks and concrete surface & finish defects. Bridges are in 

very good condition. 
“A” Clarifier Splitter 
Structure 

3 Sound structure with moderate cracks and spalls particularly at north 
pipe penetration. 

Intermediate Lift  2 Minor cracks and wear on concrete surfaces. Minimal rust on steel 
items. Moderate cracking/spalling at adjacent ramp. 

Roughing Filters 3 Moderate concrete cracking, spalling and freeze-thaw damage. 
Aluminum domes & walkways in good condition. 

Bioscrubber 2 Minor cracks and rust stains on concrete. Duct support framing in 
good condition. 

“B” Clarifier Junction 
Box 

2 Minor cracks, spalls and wear in concrete top. Evidence of removed 
walkway on north side. 

Secondary Treatment  
Carbonaceous Activated 
Sludge Basins 

2 Joints recently sealed. Minor cracking and wear in concrete roof. 
Minor rust on some base plates and anchor bolts. 

Cryogenic Oxygen 
Generation Building 

2/3 Main building roof, walls, and slabs show only minor cracking, wear, 
& corrosion. Steel louver room at north side shows significant 
corrosion. 

“C” Clarifiers 2 Minor cracks and concrete surface & finish defects. Bridges are in 
good condition with some due for repainting. 

“C” Clarifier Splitter Box 2 Sound structure with moderate cracks and spalls. Cracking and 
spalling at gate operator was recently repaired. 

NAS Splitter Structure 2 Minor cracks, spalls and wear in concrete top. Aluminum grating in 
good condition. 

Nitrification Activated 
Sludge Basins 

2 Minor cracks and wear in concrete roof. Roof joints show significant 
deterioration. Subgrade settlement near northeast ramp. 

“D” Clarifiers 2 Minor cracks and minor to moderate surface spalls. Corrosion on 
steel bridges varies, based on painting cycle. 

“D” Clarifier Splitter Box 2 Minor cracks, surface spalls, and chemical attack. Structure is in 
sound condition. 

Final Lift 2 Structure is structurally sound with minor defects and wear. Manhole 
at west side heaved up when the tank below “burped”. 

Lime Slaker Building 2 Minor cracks and corrosion. 
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Table 1: Summary of Existing Structural Asset Conditions 

Structure/Asset Rating Comments 
CO2 Stripping & Utility 
Pumps 

2 Minor to moderate cracks and corrosion. 

Anaerobic Treatment  
Solids Storage Tank 2 No indications of leakage or settlement. 
Anaerobic Reactors 2 No indications of leakage or settlement. Possible sulfur buildup in 

tanks. 
Pre-Acidification Tank 1 No indications of leakage or settlement. Dome recently replaced. 
Process Building 2 Structurally sound, but with some rusting at wall panels at lower 

levels. 
Chemical Building 2 Minor cracks in slabs and masonry. Moderate steel corrosion on 

HVAC platform. 
Biogas Building 1 Minor general wear. 
Flare Burner System 2 Minor deterioration including moss growth on CMU. 
Sulfide Oxidation Basins 3 Moderate to significant spalling and debonding of epoxy & grout 

finishes. Significant corrosion at walkway members and connections. 
Primary Sludge Handling 
Grit Building 2 Minor cracking in CMU and concrete at south and west side of 

structure. 
DAF Thickener Tanks 2 Aluminum domes in good condition, with minor defects. Minor 

concrete cracks and chemical attack 
Secondary Sludge Handling 
Gravity Belt Thickener 
Building 

2 Moderate corrosion at tunnel level pipe supports. Moderate spalling 
at tunnel level column. Minor cracking over tunnel. 

Blend Tanks 2 Moderate cracking and spalling at horizontal construction joint. 
Sludge Storage Tank 2 No settlement issues or apparent leaks. Minor defects per previous 

report. 
Solids Dewatering 
Building 

2 Minor corrosion/chemical attack at wet areas. Minor to moderate 
concrete cracking or spalls. 

Decant Tanks 2/3 Moderate cracking at influent box (under repair). Minor spalling at 
construction joint below roof slab. 

Centrifuge Building 2 Minor concrete cracks and chemical corrosion in wet areas. 

Solids Conveyance & Ultimate Disposal 
Incinerator Building 2 Moderate corrosion at southwest steel beam connections for ground 

level. Minor steel corrosion at lower levels. Minor cracking and 
chemical corrosion at some floor slabs. 

Lime Stabilization 
Building 

2 Significant impact damage at southwest corner of building and other 
locations. Minor steel corrosion at some steel members. 

Biosolids Storage Pad 3 Moderate concrete spalls, holes and cracking from impact, 
particularly at west wall. 

 



 
HDR Engineering, Inc. 
TM 4.0 Existing Facilities and Performance FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 8 of 98 

 

Condition of Mechanical Systems 
 
Mechanical equipment which consists of make-up air handlers, unit heaters, fans, boilers, 
pumps, cooling tower, heat exchangers, louvers, etc. are well maintained and in most cases are 
operational. New HVAC systems (heresite coated) were installed in several buildings (Biogas, 
Gravity Belt Thickener, and Centrifuge) within the past year. Upgrades are scheduled for other 
buildings (Solids Dewatering and Incinerator) in the next couple of years. As part of future 
upgrade projects, it is recommended that an economic/life cycle cost study be evaluated in 
regards to equipment materials (e.g. all aluminum, heresite coated, stainless steel, standard 
factory coating, etc.) to determine if the initial costs and the equipment life associated with 
corrosion protection is justifiable. An alternative to costly corrosion resistant materials is using 
standard factory equipment that is replaced on a scheduled cycle. In addition to an 
economic/life cycle cost study, it is recommended that energy recovery be evaluated to reduce 
operating costs.  
 
The overall HVAC control philosophy at each of the buildings is not necessarily “state of the art” 
since the controls have no digital transmission capabilities. Based on the type of HVAC 
equipment installed, a central location for monitoring all of the equipment, but not necessarily 
controlling, would aid in maintenance of the systems. Plant staff indicated that the direct-fired 
makeup air units recently upgraded in the buildings discussed above have modern controls and 
the status of the equipment is monitored through the plant SCADA system.  
 
Plumbing systems, which consist of piping, insulation, plumbing fixtures, backflow preventers, 
emergency shower and eyewashes, water heaters, etc., are well maintained and in most cases 
are operational. The plumbing systems throughout the plant are original systems and show 
signs deterioration (e.g. corrosion and missing insulation); however, Plant maintenance staff has 
done a good job of performing repairs as needed to keep the system functional without leaks.  
 
Miscellaneous systems, which consist of air compressors, air dryers, sump pumps, fire 
suppression systems, etc., are well maintained and in most cases operational. Plant 
maintenance staff has done a good job of maintaining the miscellaneous systems.  
 
The American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) 
suggests two methods for assessing mechanical equipment. First method, mechanical systems 
may be rated on their criteria performance levels with descriptive words such as failed, poor, 
fair, good, and excellent. Second method, a numerical method may be used to rate the systems. 
The descriptive approach was used for this assessment and the descriptive rating scale 
followed is below: 
 

Excellent:  Equipment performance is excellent with no functional problems.  

Good:  Equipment performance is good with no apparent functional problems. 

Fair:  Equipment performance is fair and the probability for functional problems is high. 

Poor:  Equipment performance is poor and there are apparent functional problems. 

Failed: Equipment is nonfunctional. 
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Table 2 summarizes the mechanical equipment condition based on a visual assessment. 
Equipment rated as “fair” or “poor” does not necessary imply immediate corrective action is 
required. Plant staff should further evaluate the building processes, (e.g. is the equipment still 
needed to support the current process), first cost, energy cost, maintenance costs, and 
replacement cost prior to making a corrective decision.  
 
Table 2: Summary of Mechanical Equipment Asset Conditions 

Building HVAC 
Equipment 

Plumbing 
Equipment 

Miscellaneous 
Equipment 

Liquid Treatment Facilities – Primary Treatment & Roughing Filters 
“A” Clarifier Splitter Structure – Sampling Shed Good NA Good 
Intermediate Lift Building Fair/Poor Fair Good 
Bio Scrubber – MCC Building Good NA Good/Fair 

Liquid Treatment Facilities – Secondary Treatment 
Carbonaceous Activated Sludge Basins Fair NA NA 
Cryogenic Oxygen Generation Building Good Good/Fair Excellent 
Nitrification Activated Sludge Basins Fair NA NA 
Final Lift Building Good/Fair Good/Fair Good 
Lime Slaker Building Fail/Failed Fair NA 

Liquid Treatment Facilities – Anaerobic Treatment 
Process Building Good/Fair Good/Fair Excellent 
Chemical Building Fair Good/Fair Good 
Biogas Building Excellent Good/Fair Good 
Flare Burner System Excellent/Good Good NA 

Solids Handling Facilities – Primary Sludge Handling 
Grit Building Excellent Good/Fair Fair 

Solids Handling Facilities – Secondary Sludge Handling 
Gravity Belt Thickener Building Excellent Good/Fair Fair 
Solids Dewatering Building Good/Fair Good/Fair Good/Fair 
Centrifuge Building Excellent Good/Fair Fair 
Solids pumping Building Good Good/Fair Good/Fair 

Solids Handling Facilities – Solids Conveyance & Ultimate Disposal 
Incinerator Building Good/Fair Good/Fair Good/Fair 
Lime Stabilization Building Excellent/Good Good/Fair Good 
 
 
Condition of Electrical Systems 
 
Equipment and conduit on exterior structures is seeing significant corrosion (rust), likely from 
the effects of the corrosive environment at the Cedar Rapids WPCF and weather. Failures in the 
support structures and conduit support straps will begin to increase over the next several years. 
 
Because of new Federal Government energy savings requirements, many lamp types (mercury 
vapor, T12 fluorescent and incandescent) along with corresponding ballasts being used at the 
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plant are not being manufactured now or in the very near future. As lamps or ballasts fail, new 
fixtures will need to be installed. 
 
Table 3 and the paragraphs that follow are summaries of the conditions and recommendations 
found in the Physical Condition Assessment forms included in the Attachments. Appendix A – 
WPCF Electrical Systems Review provides an in-depth review of overall plant electrical 
systems. The intent of the appendix is to provide explanations in the context of the overall 
facility for the five major electrical groups and the ratings listed in Table 3. The assessment was 
broken down into the following major groups: 
 
• Electrical Equipment: Including unit substations, switchgear, motor control centers, step 

down transformers, panelboards and variable frequency drives (VFD). 
• Miscellaneous electrical equipment: Including conduit, outlet and junction boxes, disconnect 

switches, control panels, associated support systems, conductors, toggle switches and 
receptacles. 

• Lighting: Including general luminaires, egress lighting, and exit signage. 
• Heat tracing. 
• Lightning protection. 
 
Table 3: Summary of Electrical Equipment Asset Conditions 

Building Electrical 
Equipment 

Miscellaneous 
Equipment Lighting Heat 

Tracing 
Lightning 
Protection 

Liquid Treatment Facilities – Primary Treatment & Roughing Filters 
“A” Clarifier Splitter Structure & Sampling Shed Good Good/Fair Good     
Intermediate Lift Building Excellent Good Good*     
Roughing Filters   Failing Fair Poor Failing 
Bio Scrubber   Failing Good Poor Failing 
Bio Scrubber – MCC Building Good Good Good   
"B" Clarifier Junction Box   Poor       

Liquid Treatment Facilities – Secondary Treatment 
Carbonaceous Activated Sludge Basins Good Fair Good* Poor   
Cryogenic Oxygen Generation Building Fair Fair Good*     
"C" Clarifiers and Splitter Box   Good Good     
Nitrification Activated Sludge Basins   Poor/Failing Good     
"D" Clarifiers and Splitter Box Excellent Good Good     
Final Lift Building Good Good Good* Good   
Lime Slaker Building Poor Good Good*     
CO2 Stripping & Utility Pumps   Fair Good Good   

Liquid Treatment Facilities – Anaerobic Treatment 
Reactors, Solids Storage Tank & PA Tank   Fair   Fair Good 
Process Building Good Good Good/Fair   Good 
Chemical Building Fair Good Good/Fair   Good 
Biogas Building Good Fair Good* Poor Good 
Flare Burner System Good Good Good Good   
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Table 3: Summary of Electrical Equipment Asset Conditions 

Building Electrical 
Equipment 

Miscellaneous 
Equipment Lighting Heat 

Tracing 
Lightning 
Protection 

Sulfide Oxidation Basins   Poor Good     

Solids Handling Facilities – Primary Sludge Handling 
Grit Building   Good Good/Fair*     
DAF Thickener Tanks & Solids Pump Fair Fair Good*     

Solids Handling Facilities – Secondary Sludge Handling 
Gravity Belt Thickener Building   Fair Good*     
Blend Tanks Good Good Good Fair   
Sludge Storage Tank   Poor   Poor   

Solids Dewatering Building Excellent / 
Good** Good Good*     

Decant Tanks   Good       
Centrifuge Building Good/Fair Good Good*     

Solids Handling Facilities – Solids Conveyance & Ultimate Disposal 
Incinerator Building Good Good Good*     
Lime Stabilization Building Good*** Good Good     
*Lighting systems noted with (*) have Emergency Lighting systems that are in Poor/Failing condition. 
**Ground level panels of the Solids Dewatering Building are in Poor condition. 
***VFDs at the Lime Stabilization Building are in Poor condition. 
 
An in-depth review of electrical findings, presented in the context of the plant as a whole, is 
included in Appendix A. Major conclusions and recommendations of the electrical condition 
assessment are as follows. 
 
1. The biggest deficiency in the electrical system of the Plant is the lack of coverage and non-

functional egress lighting. It is recommended that exit and egress lighting across the plant 
be evaluated and improved to meet appropriate requirements of the Building Code. 

2. Cedar Rapids WPCF personnel are familiar with the strain put on electrical materials by the 
corrosive environment. Continue practices of using corrosion-resistant materials (e.g. 
stainless steel, tin-plated bus bars, etc.) and further scrutinize hardware used by 
construction contractors. 

3. The Electrical Preventative Maintenance (EPM) program should be broadened based on 
NFPA 70B to address mechanical operation of equipment (e.g. exercising equipment such 
as disconnect switches). 

4. It is recommended that the MV cable be tested with a non-destructive test and repeated 
periodically to trend the health of the cable and predict its life and follow the 
recommendation of the underground 600V cable for replacement. 
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Condition of Instrumentation & Control Systems 
 
Instrumentation and control (I&C) equipment is generally in good to fair condition. Similar to 
electrical equipment, I&C equipment is subject to the harsh environment; corrosion due to 
hydrogen sulfide is an ongoing battle. Some systems are showing their age but remain in 
working condition despite the environment. Control panels and other interior equipment has 
fared better than exterior field instruments; however, some control wiring is showing its age and 
becoming brittle, leading to breaks and loose connections. Table 4 summarizes the general 
condition of I&C systems; further details are included in the following report and attachments. 
Although the condition of various components and pieces will vary, the rating provides a general 
overall assessment of the asset. In the rating system, 1 indicates excellent or very good 
condition; 5 indicates virtually unserviceable and in need of replacement. 
 
Table 4: Summary of Existing Instrumentation & Control Asset Conditions 

I&C Asset 
Rating 

Comments Control 
Panels 

Field 
Instruments 

Primary Treatment & Roughing Filters 
Primary “A” Clarifiers Local Control 
Panels 2   Intrinsic safety barriers are missing 

Intermediate Lift Major Control Panels 2.5   Condensation inside fiber panels. 
Roughing Filters Major Field 
Instruments   3.5 Flow meters are unreliable. 

Secondary Treatment 

CAS Splitter Box Control Stations   4 Stations are in bad condition and should 
be replaced. 

“C” Clarifiers 2 3 Clarifier panels are in good condition, 
only minor corrosion. Some field 
instruments are abandoned. “D” Clarifiers  2 3 

Final Lift  3 2.5 PLC F-1-1 and the C & D clarifier 
control panels are in poor condition. 

CAS & NAS Basins   3  
Cryogenic Oxygen Generation Building 2 2  
Lime Slaker Building 3    
Anaerobic Treatment 
Process Building Major Control Panels 1 2.5  
Biogas Building Major Control Panels 1.5 2  

Flare System Major Control Panels 2 1 Exterior panel LCP-3-1-1 is in fair 
condition with noticeable corrosion. 

Bioscrubber Major Control Panels 2 2  
Sulfide Oxidation Basins   2  
Primary Sludge Handling 
Primary Grit/Sludge  2 3 Flow meters are in good condition but 

are generally unreliable. DAF Thickeners  2.5 2.5 
Belt Filter Presses 1 2 
Secondary Sludge Handling 
Gravity Belt Thickener System 3 2.5  

LPO System  2.5 2 
Issues with cabling in trenches; most 
instruments are in good working 
condition. 
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Table 4: Summary of Existing Instrumentation & Control Asset Conditions 
Decant Tanks   1  
Centrifuge System 2 1.5  
Solids Conveyance & Ultimate Disposal 

Solids Conveyance  2.5 3 Load cells on the conveyor belts are 
reported to be unreliable. 

Incineration System 2.5   
Lime Stabilization System 1.5 2  

 
Modicon PLCs are distributed throughout the entire facility and are networked together to 
provide for an integrated plant wide I&C System. The PLCs were upgraded in 2011 to 
communicate over the plant fiber network via Ethernet (rather than Modbus). Since the upgrade, 
the PLC-based SCADA System is performing more reliably and with significantly faster 
communication speeds than was the case prior to 2011.  
 
An ongoing effort is underway to convert each PLC from Proworks 32 programming software to 
Unity Pro XL. Six of the approximately 20 PLCs are reportedly upgraded to the Unity Pro XL 
software to date. The stated reason for the ongoing conversion is that the Proworks 32 software 
is no longer being supported. 
 
The SCADA System utilizes a Server/Client architecture featuring GE’s iFIX software. A primary 
server is located in the Operations Building with a Back-Up server located in the Administration 
Building. These servers provide a number of functions, including historian capabilities as well as 
iFIX SCADA and development functionality. iFIX runtime software enables PC-based monitoring 
and control operations from various points around the facility, including the Operations Control 
Room, Cryo Building, Maintenance Offices, Centrifuge Building, and the Solids Control Room. 
In addition, a number of GE Quick Panel Operator Interface Terminals (OITs) provide additional 
Operator control interfaces in the following locations: both inside and outside of the Cryo 
Building, in the Solids Control Room, and in numerous Boiler Area locations.  
 
The distributed Operator Interfaces (both PC based and OITs) appear to be working well. It 
should be noted, however, that no significant security provisions are in place to protect the 
SCADA System from unauthorized access. There is one general login password used by 
anyone wishing to access an operator interface. For security purposes, many facilities restrict 
certain capabilities (e.g. making modifications to control set points or making HMI screen/PLC 
logic modifications) to selected personnel. Assigning/restricting such capabilities requires the 
use of at least one password for each assigned capability level. Some facilities assign a unique 
password to each operator to enforce the limiting of control system access to only authorized 
personnel. 
 
With some exceptions, field instrumentation generally appears to be working well. The most 
significant area of concern in regards to field instrumentation appears to be related to flow 
instrumentation. Plant staff is generally dissatisfied with the performance of the many ultrasonic 
type flow meters utilizing clamp on flow sensors. A significant number of these clamp on type of 
flow meters are reported to be troublesome and providing unreliable performance with 
questionable accuracy.  
 
Plant staff also acknowledges significant performance issues with the measurement of the 
plant’s flow rate via a Parshall flume and associated ultrasonic level transmitter (B100FT) at the 
“A” Clarifier Splitter Box. The Parshall flume is reportedly undersized and is not located so as to 
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provide the straight run as required for accurate flow measurements. In addition, the covered 
flume results in a misty environment where moisture collects on the level sensor at times and 
affects the ability of the sensor to perform properly.  

General Treatment Plant Description 
The Cedar Rapids WPCF is located southeast of the city of Cedar Rapids, adjacent to the 
Cedar River. Design of the plant began in 1977 and was operational in 1980. A 96-inch 
interceptor sewer carries wastewater to the plant from the cities of Cedar Rapids, Marion, 
Hiawatha, and Robins. 
 
The Cedar Rapids WPCF is an advanced secondary treatment facility consisting of the following 
liquid stream processes:  
 
• Bar screens 
• Raw wastewater pumping 
• Primary clarification 
• Cyclone grit removal 
• Roughing filters 
• Anaerobic pre-treatment (separate industrial stream) 
• Carbonaceous activated sludge 
• Recycled activated sludge pumping 
• Nitrification activated sludge 
• Final clarification 
• Chlorine disinfection 
 
The following solids handling systems process the solids generated in the liquid stream:  
 
• Primary sludge: 

o Cyclone degritters  
o Screening  
o Dissolved air floatation (DAF) thickeners  
o Belt filter presses  

• Secondary sludge: 
o Gravity belt thickeners 
o Low pressure oxidation 
o Centrifuge 

• Sludge incineration 
• Sludge stabilization for land application 
 
Two blend tanks and a sludge storage tank help maintain sludge inventory and provide flexibility 
for solids processing operations. 
 
In addition to traditional municipal loadings from the cities of Cedar Rapids, Hiawatha, Marion, 
Robins, and other areas of Linn County, the Cedar Rapids WPCF receives industrial discharges 
from several large industries and numerous moderate to small sized industries. While the 
contributing population is roughly 177,000 residents, the plant loading has a population 
equivalent of more than 1.8 million. Nine major industries collectively contribute more than 75 
percent of the total organic loading to the plant while only discharging one-third of the total 
influent flow.  
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The heavy industrial load places additional burden on the facility, particularly due to high sulfide 
concentrations that lead to hydrogen sulfide corrosion. Routine maintenance is a significant 
effort to monitor and slow effects of corrosion. Numerous systems and actions have been taken 
over the years to address odor control and hydrogen sulfide corrosion. Stainless steel, FRP, 
and other corrosion-resistant materials are used whenever practicable. A bioscrubber and a wet 
chemical scrubber have been installed to control hydrogen sulfide from the roughing filters and 
various solids dewatering processes. Despite these systems and maintenance programs, the 
Cedar Rapids WPCF remains a highly corrosive environment.  
 
In Condition Assessment Strategies and Protocols for Water and Wastewater Utility Assets by 
the Water Environment Research Foundation (WERF), issued in 2007, benchmarks for useful 
life of infrastructure establish a reference point in estimating useful life for facilities and 
equipment at the Cedar Rapids WPCF. Some of these benchmarks include: 
 
• Mechanized Process Equipment – 25 to 30 years 
• Structures – 40 to 50 years 
• Electrical Equipment – 15 to 20 years 
• Instrumentation & Controls – 10 years 
• Condition assessments should be conducted generally five times over the life of an asset. 
 
The environment at the WPCF makes routine maintenance essential in order to meet some of 
these benchmarks. Even with proper materials selection and routine maintenance, these 
benchmarks are challenging to achieve for WPCF given the environment and residual effect of 
catastrophic flooding in 2008. Over the past decade, Cedar Rapids has been replacing or 
refurbishing equipment as it reaches its useful life. Damages resulting from the June 2008 flood 
accelerated this schedule for a variety of equipment, especially electrical systems. 
 
Current Operation 
Liquid Processes 
 
Residential, commercial, and industrial flows are directed from the Main Lift Station through the 
Influent Flow Parshall Flume to the Primary Clarifier Splitter Structure where the flow is split 
between the three Primary (A) Clarifiers. An automatic sampler at the splitter structure collects a 
composite sample of the influent flow. The splitter structure and effluent weirs on the Primary 
Clarifiers are covered for odor control.  
 
The primary effluent flows to the Intermediate Lift Station. The discharge flow from three of the 
four Intermediate Lift Pumps is combined and distributed to the four Roughing Filters. A weir in 
the effluent box of the Roughing Filters allows filter effluent to be returned to the Intermediate 
Lift Wet Well to meet the media wetting requirements during low flow periods and provides 
diversion of primary effluent flows exceeding the Intermediate Lift Station capacity. Overflow 
from the weir flows to the CAS Reactors. Foul air from the covered filters is treated in a 
bioscrubber.  
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Figure 1: WPCF Site Layout 
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Figure 2: WPCF Process Flow Diagram – Liquid Treatment 
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Figure 3: WPCF Process Flow Diagram – Solids Handling 
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A second influent source from International Paper is pumped from an off-site pumping station to 
the Anaerobic Pretreatment system. The flow passes through a grinder before introduction to 
the heat exchangers where the 120°F waste is cooled to 98°F using plant effluent as the cooling 
water. The cooled waste is directed to the Pre-acidification Tank for pH adjustment and nutrient 
addition. Anaerobic Reactor Feed Pumps pulls the waste from the Pre-acidification Tank and 
directs the flow to three (3) Anaerobic Reactors. Each reactor has three (3) feed points 
controlled by pneumatic valves. Anaerobic sludge generated in the Anaerobic Reactors is 
wasted to a sludge storage tank. Effluent from the Anaerobic Reactors flows to Sulfide 
Oxidation Basins for removal of sulfide generated in the Anaerobic Reactors. Biogas from the 
Anaerobic Reactors is treated for sulfide removal in the gas scrubber. 
 
Biogas produced in the Anaerobic Reactors is scrubbed for removal of hydrogen sulfide. The 
biogas is utilized in the incinerator. Excess gas is flared with three (3) waste gas burners. 
 
Effluent from the Roughing Filters and Sulfide Oxidation Basins is combined in the B Junction 
Box before flowing to the CAS Reactors. The four (4) CAS Reactors are covered basins using 
high purity oxygen with mechanical mixers. Oxygen is produced from a cryogenic system. Flow 
to each reactor is controlled with an electric-actuated influent valve. Mixed liquor from the CAS 
Reactors is sent to four (4) circular CAS (C) Clarifiers. Return Activated Sludge is pumped back 
to the CAS Reactors with four (4) CRAS Pumps. Sludge is wasted from the CAS system with 
two (2) CWAS Pumps. 
 
Effluent from the C Clarifiers is directed to the two (2) carbon dioxide stripping basins. Aerators 
in the basins can be used to enhance the removal of carbon dioxide. 
 
Effluent from the carbon dioxide stripping basins flows to the Final Lift Station where four (4) 
pumps convey to the NAS Reactor Splitter Box. Control gates in the splitter box distribute the 
flow to the four (4) NAS Reactors. The NAS Reactors are covered basins with mechanical 
mixers. Air is supplied to the basins with four (4) blowers located on the top of the basins. Mixed 
liquor from the NAS Reactors is distributed between four (4) D Clarifiers. Return sludge from the 
clarifiers is directed to the Final Lift Station where it is combined with the effluent from the 
carbon dioxide stripping basins. Sludge is wasted from the NAS system with the two (2) NWAS 
pumps also located in the Final Lift Station. 
 
Effluent from the D Clarifiers is combined with a portion of the effluent from the carbon dioxide 
stripping basins prior to disinfection. Chlorine provides disinfection of the plant effluent. Residual 
chlorine in the effluent is removed with magnesium bisulfite. 

Solids Processes 
 
Primary sludge collected in the A Clarifiers is removed with four (4) primary sludge pumps 
located in the Solids Handling Building. The primary sludge is degritted and screened. Scum 
from the A Clarifiers is collected in the scum pit and pumped with two (2) scum pumps. The 
scum and primary sludge is combined and sent to the two (2) Dissolved Air Floatation 
Thickeners. The float and bottom sludges from the DAF Thickeners are pumped to Blend Tank 
No. 2 or the sludge storage tank. Two (2) Belt Filter Presses are used to dewater the primary 
solids. 
 
Waste Activated Sludge from the CAS and NAS systems is conveyed to the three (3) Gravity 
Belt Thickeners. The thickened sludge is pumped to Blend Tank No.1 or the sludge storage 
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tank. The thickened WAS sludge is treated in the Low Pressure Oxidation (LPO) system to 
improve the dewaterability of the sludge. The thickened WAS sludge is pressurized, heated and 
combined with air and steam to break down the solids. The LPO-treated sludge is sent to the 
two (2) Decant Tanks. A portion of the decant from these tanks is sent to the Anaerobic 
Reactors to provide nutrients for the anaerobic process. The remainder of the decant is sent to 
the Main Lift. 
 
The sludge from the decant tanks is dewatered with two (2) Centrifuges. The dewatered cake 
from the Centrifuges and Belt Filter Presses is discharged to belt conveyors for final disposal. 
 
Final sludge disposal consists of incineration in a multiple hearth incinerator or alkaline 
stabilization. Ash from the incinerator is flushed with plant water to the ash lagoons. Alkaline 
stabilized sludge is a Class B sludge suitable for agricultural land application.  
 

Liquid Treatment Facilities Assessments 
Primary Treatment & Roughing Filters 
 
The primary treatment system includes a splitter box with a Parshall flume on the upstream end 
before splitting flow between three primary clarifiers. Clarifier effluent flows to the Intermediate 
Lift Station and is pumped up to the four roughing filters. Roughing filter effluent flows through 
the “B” Clarifier Junction Box before entering the activated sludge system. 
 
Table 5: Primary Treatment and Roughing Filters Major Equipment 

Parameter Value Year 
Installed Comments 

Primary Clarifiers 
"A" Clarifier Splitter Box Outlet Gates  1979 Hand operated actuator with 

the capability of portable 
operation. 

 Number 4  

 
Type Rodney Hunt 

sluice gate  
 Width, in 60  
 Height, in 60  
 Actuator Hand operated  
Primary "A" Clarifiers  1979 Clarifier mechanisms were 

replaced between 2008 and 
2014. 

 Number 3  
 Manufacturer Dorr Oliver  
 Diameter, ft. 172  
 Sidewater depth, ft. 8  
 Surface area, sq. ft. 23,200  

Roughing Filters 
Intermediate Lift Pumps  1979 Pumps refurbished and 

motors replaced in 2013.  Number 4  
 Type Centrifugal  
 Capacity, gpm, each 18,000  
 Head, ft. 49  
 Horsepower, each 300  
Roughing Filters  1979 Media replaced in 2001–

2002. Original Envirotech 
PVC vertical media replaced 
with Brentwood media in two 

 Number 4  
 Manufacturers Brentwood (2)  
  Marley (2)  
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Table 5: Primary Treatment and Roughing Filters Major Equipment 

Parameter Value Year 
Installed Comments 

 Diameter, ft. 140  roughing filters and Marley in 
the other two. Domes 
sequentially replaced, 2009–
2015. 

 Media depth, ft. 24  
 Media volume, ft3, each 370,000  

 
Media surface area, sq. ft./cu 
ft. 27  

"B" Clarifier Splitter Box Outlet Gates  1979  
 Number 4  

 
Type Flat frame sluice 

gates  
 Width, in 48  
 Height, in 48  
 Actuator Motorized  
"B" Clarifier Bypass Gate  1979 

Two "B" clarifiers are now 
Sulfide Oxidation Basins; the 
remaining unit is unused. 
Gates are set to direct flow to 
CAS and bypass the “B” 
clarifiers. 

 Number 1  
 Type Sluice gate  
 Width, in 84  
 Height, in 84  
 Actuator Motorized  
"B" Clarifier Junction Box Outlet Gates  1979 
 Number 2  
 Type CIP sluice gates  
 Width, in 84  
 Height, in 84  
 Actuator Motorized  

 

Process Performance & Condition 
 
A Parshall flume measures flow from the Main Lift Station. The 72” flume is too small to 
measure peak flows. The influent flume has been identified in the CIP for replacement. The flow 
from the flume discharges to the A Clarifier Splitter Structure. The structure includes a fourth 
control gate for a future primary clarifier. The control gate gear operators appeared to be in 
good condition. The structure is covered for odor control, which precluded inspection of the 
individual control gates. A sampling building adjacent to the splitter structure houses automatic 
composite samples for the Pumped Flow Composite and the A Clarifier Effluent samples. ISCO 
automatic sample pumps and controllers with a separate refrigerator for sample storage are 
used throughout the plant. The Pumped Flow Composite consists of raw influent plus in-plant 
waste streams. Calculations are necessary to establish the raw influent waste quality. 
 
All three A Clarifiers were in service during the plant tour so inspection of the clarifier 
mechanisms was not possible. The drive units appeared to be in good condition and minimal 
torque was observed on the units. The weirs are covered for odor control so an inspection of the 
weirs was not possible. The center baffle rings on the three clarifiers appeared to set at different 
elevations but there was no buildup of grease or scum in any of the center rings. When the 
clarifiers are taken out of service for maintenance in the future, the elevations of the center 
baffle rings should be checked. Based on data from 2013–2015, Total Suspended Solids (TSS) 
removal was 67% based on annual average. This removal rate is in the top end of typical 
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removals1 so the A Clarifiers are performing well. Total BOD removal for the same data set was 
23%, which is typically on the low end for BOD removal. However, only particulate BOD would 
be removed in the A Clarifiers and the particulate BOD in the Primary Influent flow is less than 
50% of the total BOD. 
 
Effluent from the A Clarifiers flows to the Intermediate Lift Station. The station is equipped with 
four (4) Intermediate Lift Pumps that discharge flow to the roughing filters. During the inspection, 
only three (3) pumps were in operation but valves on the pump discharges allow all four 
roughing filters to be fed from three pumps. Flow to each roughing filter is monitored with a 
strap-on flow meter. Plant personnel have expressed concern about the accuracy of the strap-
on units. This was evident on SCADA as each filter was supposed to receive the same flow but 
three filters were set at 14,000 gpm and one was set at 15,000 gpm to compensate for the 
differences in meter readings.  
 
Roughing Filter No.3 was inspected as part of a normal maintenance shutdown. The rotary 
distributor was in very good condition and the filter media showed no signs of failure. 
 
The roughing filters are averaging 54% total BOD removal and 70% soluble BOD removal; 
these are typical for roughing filters. 

Condition of Structural System 

PRIMARY “A” CLARIFIERS 
 
Primary "A" Clarifiers were generally in good condition with only minor defects. Tanks walls 
showed minor shrinkage cracks that have been maintained with grout rub finishes and epoxy 
coatings at top and inside of the tank walls. The walkway bridges were recently painted and in 
very good condition. 

“A” CLARIFIER SPLITTER STRUCTURE 
 
“A” Clarifier Splitter Structures showed no visible signs of leakage. However, the structure had 
moderate deterioration from cracks and concrete spalling, particularly at the north pipe 
penetration. Some previous concrete repairs and modifications were observed. 

INTERMEDIATE LIFT 
 
The intermediate pump station was in generally good condition with a few minor defects. The 
building did not show unusual signs of settlement or deflection. Interior concrete surfaces were 
generally sound with only minor shrinkage cracks or wear. The paint coating on the wall is 
failing, but this is more aesthetics than a structural concern. Structural steel showed no signs of 
overstress or distress and had only minor corrosion in some areas. Aluminum framing was 
generally in good condition. Moderate cracking and surface spalling was observed at the 
adjacent ramp. 

                                                

1 “Typical removals” referenced throughout this TM are based on Metcalf & Eddy, Wastewater 
Engineering Treatment & Reuse, 4th Edition, and Water Environment Federation’s Operation of Municipal 
Wastewater Treatment Plants, Manual of Practice 11. 
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ROUGHING FILTERS 
 
The Roughing Filters showed signs of moderate deterioration due to the aggressive service 
conditions. The precast double tee walls showed corrosion, rust stains, cracking and spalling 
particularly at the joints between the double tees. Some stems of the double tees have 
previously been repaired. Air openings in the cast in place concrete foundation wall had 
previously been sealed up with concrete. The joints around these openings showed 
deterioration due to spalling, moisture, chemical attack, and freeze thaw. The lower cast in 
place concrete foundation wall has been maintained with a grout rub finish that shows some 
cracking and debonding. Some concrete surfaces, exposed to frequent moisture, showed minor 
chemical attack/corrosion. Aluminum domes and walkways generally appear in good condition. 

BIOSCRUBBER 
 
The Bioscrubber generally appeared to be in good condition when observed from the outside 
only. Minor shrinkage and surface cracks were observed on the concrete walls. Some rust 
stains were observed at pipe penetrations, indicating possible corrosion. The support framing 
for the ductwork at the east and west ends appeared in good condition. 
 
The adjacent CMU building was also in good condition with only minor defects. The CMU walls 
had minimal cracking with some staining around the roof drain, indicating a possible moisture 
problem. Building floor slab was also in good condition. 

“B” CLARIFIER JUNCTION BOX  
 
The “B” Clarifier Junction Box generally was in good condition, with only minor defects. 
Concrete surfaces were sound with only minor shrinkage cracks. Evidence of a removed 
walkway remains on the north side, with some exposed reinforcing. Aluminum grating was in 
good condition, although it was not supported on an embedded frame. 
 
See the Structural Assessment Forms for further details. 
 

Condition of Mechanical Systems 

“A” CLARIFIER SPLITTER STRUCTURE 
 
The following HVAC equipment serves the Sampling Shed located adjacent to the “A” clarifier 
splitter structure: exhaust fan, intake louver, and portable heater. Brief descriptions of the HVAC 
equipment condition based on visual assessment are as follows: 
 
• Exhaust Fan – The exhaust fan appears to be in good condition. A door switch controls the 

exhaust fan. 
• Intake Louver – The intake louver appears to be in good condition. The motorized damper 

on the intake louver is interlocked with the operation with exhaust fan. 
• Portable Heater – The portable heater is an electric heater and it appears to be in good 

condition. An integral thermostat controls the portable heater. 
 
There are no plumbing systems in the Sampling Shed. 
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Miscellaneous equipment in the Sampling Shed includes grinder sump pumps used for 
gathering samples and appear to be in good condition. Based on conversations with Plant 
maintenance staff the sump pumps are replaced frequently due the harsh environment.  

INTERMEDIATE LIFT BUILDING 
 
The following HVAC equipment serves the Intermediate Lift building: exhaust fans, and intake 
hoods. Brief descriptions of the HVAC equipment condition based on visual assessment are as 
follows: 
 
• Exhaust Fans – The exhaust fans appear to be in fair condition. Based on conversations 

with Plant maintenance staff the exhaust fans were originally designed to function as supply 
fans; however due to the location of the fan intakes (adjacent to the open wet well on the 
north side of the building) the fans were flipped around to exhaust air in lieu of supplying air 
due to the odor. The ventilation within the building appears to be short circuiting (e.g. the 
exhaust fans are drawing make-up air from the overhead doors in lieu of intake duct at lower 
level.) and also there is no cross ventilation since the exhaust fans and intake ducts are 
located on the north side of the building. The exhaust fans are controlled by on/off switches. 
It is recommended that the ventilation in the Intermediate building be evaluated and 
upgraded to ensure proper ventilation is provided throughout the building while maintaining 
building pressurization. 

 
• Upper Level Intake Hoods – The intake hoods appear to be in poor condition. The intake 

hoods are located on the roof near the center of the building and the motorized dampers are 
currently non-functional. The northeast intake hood is blocked off with board insulation. An 
on/off switch controls the motorized dampers for the intake hoods. 

 
• Lower Level Intake Hoods – The intake hoods and ductwork appear to be in fair condition. 

The intake hoods are located on the roof. The intake ductwork is routed inside on north side 
of the building and terminated near the floor of the lower level. The intake ducts are open 
ducts with no motorized dampers. 

 
The plumbing systems inside the Intermediate Lift building consist of drainage system (floors 
drains) and domestic water system (potable and non-potable). Brief descriptions of the plumbing 
systems condition based on visual assessment are as follows:  
 
• Drainage System – The floor drains appears to be in fair condition. The floor drains are 

rusting and some covers are missing. However, the drainage system is still functional.  
• The Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping, insulation, and hose 
bibbs are original to the building and there are several instance were the piping is corroding 
and insulation is missing. Multiple sections of the piping have been replaced by plant 
maintenance and no leaking was observed.  

 
Miscellaneous equipment in the Intermediate Lift building includes air compressors. Brief 
descriptions of the miscellaneous equipment condition based on visual assessment are as 
follows: 
 
• Air Compressors – The air compressors appear to be in good condition. 
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BIOSCRUBBER 
 
The Bio Scrubber MCC building is located south of the Bio Scrubber and is served by the 
following HVAC equipment: exhaust fan, intake louver, and electric unit heater. Brief 
descriptions of the HVAC equipment condition based on visual assessment are as follows: 
 
• Exhaust Fan – The exhaust fan appears to be in good condition. The exhaust fan is 

controlled by on/off switch. 
• Intake Louver – The intake louver appears to be in good condition. The motorized damper 

on the intake louver is interlocked with the operation with exhaust fan. 
• Electric Unit Heater – The electric unit heater is a 20kW heater and it appears to be in good 

condition. The unit heater is starting to rust; however, it is still functional. A thermostat 
controls the electric unit heater. 

 
There are no plumbing systems in the Bio Scrubber MCC building.  
 
Miscellaneous equipment in the Bio Scrubber MCC building includes an air compressor, air 
dryer, and electric heat trace system for the exterior downspout. Brief descriptions of the 
miscellaneous equipment condition based on visual assessment are as follows: 
 
• Air Compressor – The air compressor appears to be in good condition. 
• Air Dryer – The air dryer appears to be in fair condition. The air dryer is starting to rust; 

however, it is still functional.  
• Electric Heat Trace System – The electric heat trace appears to be in good condition. The 

electric heat trace system is controlled by on/off switch. 
 

Condition of Electrical Systems 
 
Electrical equipment associated with the primary treatment and roughing filter systems includes: 
 
• Sub 2 consists of MV pad mounted switch, step down transformers T 2-1 and T 2-2, 480V 

SWBD 2-1 and SWBD 2-2. 
• Intermediate Lift: MCC 2-1 and MCC 2-2. 
• Bio Scrubber: MCC 2A 

PRIMARY “A” CLARIFIERS AND SPLITTER STRUCTURE 
 
Most of the electrical has been replaced. There is corrosion on the support systems and other 
repair work. See Assessment forms for additional detail. 
 

Sample Bldg. equipment: Good. 
Miscellaneous equipment: Fair. 
Lighting: Good. 

INTERMEDIATE LIFT 
 
Almost all of the electrical system has been replaced recently. The egress lighting and exit 
signage needs to be evaluated closer. See Assessment forms for additional detail. 
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Electrical equipment: Excellent. 
Miscellaneous equipment: Good. 
Lighting: Good except emergency lighting, Poor. 

ROUGHING FILTERS 
 
There are many issues with the conduit and conductors in this area and lightning protection 
system. The functionality of the heat tracing system is unknown. See Assessment forms for 
additional detail. 

Miscellaneous equipment: Failing. 
Lighting: Fair. 
Heat Tracing: Poor. 
Lightning Protection: Failing. 

BIOSCRUBBER 
 
The electrical equipment in the electrical building is original except for the VFDs and functioning. 
VFDs may be nearing their end of life and equipment needs preventative maintenance. 
Corrosion on exterior conduit and support systems needs some attention along with the 
lightning protection system. The heat tracing system needs a lot of attention. See Assessment 
forms for additional detail. 
 

Miscellaneous equipment: Failing. 
Lighting: Fair. 
Heat Tracing: Poor. 
Lightning Protection: Failing. 

“B” CLARIFIER JUNCTION BOX  
 
The conduit and support system needs attention. See Assessment forms for additional detail. 
 

Miscellaneous equipment: Poor. 

Condition of Instrumentation & Control Systems 

PRIMARY "A" CLARIFIERS – LOCAL CONTROL PANELS 

A-1 Circular Collector Control Panel 
• Type: Stainless steel, rack mount 
• Major components: 

o Run status light 
o Control pushbuttons and selector switch 
o Intrinsic safety barriers (interior) 
o Alarm strobe light 

• Condition: Excellent 

A-2 Circular Collector Control Panel 
• Type: Stainless steel, rack mount 
• Major components: 

o Run status light 
o Control pushbuttons and selector switch 
o Intrinsic safety barriers (interior) 
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o Alarm strobe light 
• Condition:  

o Good, with the exception that the intrinsic safety barriers are missing. See explanation 
below. 

A-3 Circular Collector Control Panel 
• Type: Stainless steel, rack mount 
• Major components: 

o Run status light 
o Control pushbuttons and selector switch 
o Intrinsic safety barriers (interior) 
o Alarm strobe light 

• Condition:  
o Good, with the exception that the intrinsic safety barriers are missing; see explanation 

below. Also some moisture observed in bottom of panel. 
 
All control panels appear to be in good condition. Intrinsic safety barriers are installed in the 
control panel for the A-1 clarifier. It appears that intrinsic safety barriers were at one time 
installed and subsequently removed from the panels for Clarifiers A-2 and A-3. The A-2 control 
panel has a placard on the panel face stating that the control panel provides intrinsically safe 
circuits, but the intrinsic safety barriers are no longer in the panel. The A-3 control panel does 
not have either the placard on the panel face, or the intrinsic safety barriers inside the panel. 
However, it does appear that a placard was at one time affixed to the front of the panel, and 
there is an empty space within the panel in the same location where intrinsic safety barriers are 
located for A-1.  
 

Parshall Flume (Influent Flow to A-Clarifiers) 
See issues noted in Executive Summary. 
 

INTERMEDIATE LIFT – MAJOR CONTROL PANELS 

B-1-1 (see photo 1 below) 
• Type: painted steel, free standing 
• Major components: 

o Modicon 486 controller, CPU 434 12A and associated I/O modules 
o Hirschmann Ethernet switch with redundant power supplies connected to SCADA fiber 

network ring (5–6 years old) 
• Condition: good 

o Signs of significant rework inside 
o Some interior wiring is no longer used 

Back-Up Panel 
• Type: painted steel, free standing 
• Major components/functions: 

o Influent Valve open/close controls and status lights 
o Roughing Filter flow rate readouts 
o Wetwell level readout 
o Intermediate Lift Pumps’ bearing temperature readouts 

• Condition: good 
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o Signs of significant rework inside 
o Some interior wiring is no longer used 
o Stainless steel faceplate added to front of panel for mounting control switches, lights and 

readouts 
 

  
Photo 1: PLC in Intermediate Lift Station Photo 2: Strap-On flow sensor for flow to Roughing Filter 

 

B Area Fiber Connection Panel  
• Type: fiberglass, wall mount 
• Major components/functions: 

o Fiber connection centers WIC#1 and WIC#2 
o Camera PCAMs 

• Condition: Fair 
o Significant condensation inside the enclosure 

INTERMEDIATE LIFT STATION/ROUGHING FILTERS – MAJOR FIELD INSTRUMENTS 
 
• Pressure instrumentation (transmitters, switches and gages) 
• Ultrasonic type flow meters with “strap-on” sensors for each of the four Roughing Filters 

(both Controlotron and Siemens Sitrans F; located in Intermediate Lift Station) see photo 2 
above. 

 
Performance of the flow meters is reportedly unreliable/inaccurate. It appears that the straight 
pipe required to obtain accurate/reliable measurements for these flow meters is not even close 
to being available. In addition, Plant staff reports that the “strap-on” type ultrasonic flow meters 
in the plant generally do not provide problem-free reliable flow data. Pressure instrumentation 
appears to be in good condition. 
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Secondary Treatment 
 
Process flow receives secondary treatment through carbonaceous activated sludge (CAS) and 
nitrification activated sludge (NAS) systems. Flow is conveyed through the CAS basin in which 
pure oxygen from the Cryogenic Oxygen Generation plant is introduced, and then through the 
“C” clarifiers. Effluent from the “C” clarifiers is conveyed through the carbon dioxide stripping 
basins and then pumped to the NAS basins; atmospheric air is blow into the NAS basins at 
several locations. NAS effluent then flows through the “D” clarifiers and the disinfection basin 
before discharging through the river diffuser. 
 
Table 6: Secondary Treatment Major Equipment 

Parameter Value Year 
Installed Comments 

Carbonaceous Activated Sludge 
CAS Aeration Tanks  1979  
 Number 4  
 Length, ft. 204  
 Width, ft. 51  
 Sidewater depth, ft. 15  
 Volume, MG, total  4.67  
 SRT, days 1.5  
 Trains 4  
 Mixers 4  
 Stage 1 horsepower 75  
 Stage 2 horsepower 60  
 Stage 3 horsepower 50  
 Stage 4 horsepower 50  
Cryogenic Oxygen Generation    

Compressors 2 1979  
 Unit #1 HP 1750   
 Unit #2 HP 1250   

LOX Tanks 1 1979  
 Manufacturer Union Carbide   
 Capacity, gallons 25,000   
 Capacity, tons 240   

Atmospheric Vaporizers 11 2014 Includes 4 primary 
vaporizers, 3 secondary 
vaporizers, drain vaporizer, 
economizer, and 2 pressure 
builders. 

 Manufacturer Cryoquip  
 Capacity, tons per day 100  
 Operating pressure, psi 150  

Coldbox 1 1979  
 Manufacturer Union Carbide   
 Capacity, tons per day 80   
 Minimum purity 95%   

Cooling Tower 1 2014  
 Manufacturer Marley   
 Cooling capacity, gpm 685   
 Hot water temperature, °F 100   
 Cold water temperature, °F 85   

 
Ambient wet bulb 
temperature, °F 80   
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Table 6: Secondary Treatment Major Equipment 

Parameter Value Year 
Installed Comments 

"C" Clarifiers  1979, 1995 Replaced mechanisms in 
Clarifiers C1, C2, C3 
between 2010 and 2015; C4 
installed in 1995. 

 Number 4  
 Diameter, ft. 172  
 Sidewater depth, ft. 16  
CO2 Stripping Basins  1979  
 Number 2  
 Length, ft. 46  
 Width, ft. 38  
 Height, ft. 22  
 Sidewater depth, ft. 12  
 Mixer horsepower 60  
Carbonaceous RAS Pumps   1979 Replaced or refurbished all 

3 pumps in 2013. Replaced 
all 3 motors in 2013. 

 Number 3  
 Manufacturer Fairbanks Morse  
 Type Centrifugal  
 Capacity, gpm 12,000  
 Head, ft. 16.3  
 Horsepower 100  
 Speed, rpm 500  

Nitrogen Activated Sludge 
NAS Aeration Tanks  1979  
 Aerator manufacturer Union Carbide  
 Gear box manufacturer Lightning  
 Number 4  
 Length, ft. 204  
 Width, ft. 51  
 Sidewater depth, ft. 15  
 Volume, MG, total 4.67  
 Horsepower 640  
 @ 4 lbs. oxygen per hp-hr 61,400  
 @ 5 lbs. oxygen per hp-hr 76,800  
 @ 6 lbs. oxygen per hp-hr 92,160  
"D" Clarifiers  1979, 1995 Replaced mechanisms in 

Clarifiers D1, D2, D3 
between 2010 and 2015; D4 
installed in 1995. D4 is an 
Eimco mechanism and 
single weir. D1 is a suction-
type mechanism. 

 Number 4  
 Diameter, ft. 172  
 Sidewater depth, ft. 16  

Nitrification Lift Pumps  1979 Replaced or refurbished 3 of 
4 pumps in 2013. Replaced 
all 4 motors in 2013.  

 Number 4  
 Type Centrifugal  
 Capacity, gpm 24,600  
 Head, ft. 19  
 Horsepower 200  
 Speed, rpm 505  
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Table 6: Secondary Treatment Major Equipment 

Parameter Value Year 
Installed Comments 

Effluent Recycle Pumps  1979  
 Number 2  

 Type 
Multi-Stage 

Vertical Turbine  
 Capacity, gpm 3300  
 Head, ft. 168  
 Horsepower 200  
 Speed, rpm 1185  

 
 

Process Performance & Condition 
 
Flow from the sulfide oxidation basins and roughing filters is combined in the B Junction Box 
and the combined flow is routed through the Ammonia Bypass Box before distribution to the 
CAS Reactors. According to Plant staff, the control gates in the bypass box do not seal 
completely allowing some CAS Reactor influent to enter the NAS Reactors. Flow is distributed 
to the four (4) CAS Reactors through electric actuated 42” butterfly valves that are controlled on 
SCADA. Flow is measured with strap-on flow meters and operators adjust the valve position to 
maintain an even distribution of flow to each reactor. As with the roughing filter influent flow 
measurement, Plant staff expressed concern about the accuracy of the strap-on flow meters. 
RAS flow from the C Clarifiers is directed into the first stage of the CAS Reactors through 
control valves with flow also monitored by strap-on meters. 
 
Each CAS Reactor has four (4) mixed stages for a total of 16 mechanical mixers. The mixers 
and associated motors are located on the cover of the CAS Reactors with the mixing impeller 
submerged in the reactor. Most of the mixers are original equipment and some in very poor 
condition. Mixer 410, for example, had a significant oil leak. According to Plant staff, mixer 
replacement is proceeding. 
 
Oxygen necessary for the biological treatment in the CAS Reactors is supplied from a cryogenic 
oxygen plant. Oxygen control valves on the first stage of each CAS Reactor. The manual valves 
are kept fully open allowing the oxygen into the CAS Reactors; the control valves are in very 
poor condition. The dissolved oxygen in the reactors is monitored with online DO probes. The 
DO in the reactors during the plant tour was at the maximum reading of 20 mg/L. Operators 
adjust the oxygen pressure to the CAS reactors to control DO. Pressure/vacuum release valves 
are located on the cover of each stage of the CAS Reactors and all the valves appeared to be in 
good condition. 
 
Flow from the CAS Reactors is distributed to the four (4) C Clarifiers with control gates in the 
clarifier splitter structure. Operators monitor the sludge blanket level in each clarifier on each 
shift. RAS flow is constant but the distribution from each clarifier is adjusted based on the 
blanket depth. As with the primary clarifiers, the elevation of the center baffle rings on the C 
Clarifiers did not appear to be the same on each clarifier. The elevation of the effluent weirs 
should also be checked the next time the C Clarifiers are removed from service. 
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WAS flow from the CAS system is controlled based on SRT. Strap-on meters are also used to 
measure WAS flow. This is one location where accurate flow measurements are necessary and 
a magnetic flow meter should be considered for both WAS flows. 
 
Based on a review of plant data, the CAS system was operating at an average MLSS 
concentration of 3,304 mg/L. The average food to microorganism (F/M) ratio of 0.72 pound BOD 
per pound of VSS per day with an average SRT of 2.5 days for the CAS basins only and 3.1 
days with the solids in the C Clarifiers included in the SRT calculation. Average SVI for the CAS 
system was 80 mL/gram, which is indicative of a good settling sludge. Effluent quality from the 
C Clarifiers is good with the following average effluent concentrations: 
 
• BOD: 20 mg/L 
• TSS: 28 mg/L 
• Ammonia-N: 15 mg/L 
 
An issue with the wasting of sludge from both the CAS and NAS systems is the dependence on 
the operation of the gravity belt thickeners. The CWAS and NWAS pumps act as the feed 
pumps for the gravity belt thickeners. If the thickeners are out of service, wasting from the CAS 
and NAS cannot be performed. Wasting is a critical process control operation for activated 
sludge systems. Provisions should be provided in future CIPs to provide storage of CWAS and 
NWAS solids. 
 
A portion of the flow from the carbon dioxide stripping basins is directed to the chlorine contact 
channel with the majority of the flow conveyed to the NAS Reactors. Based on mass balances 
for BOD, TSS and Ammonia, the percentage CAS effluent in the final effluent varied from 10% - 
30%. 
 
Aerators in the carbon dioxide stripping basins can be used to enhance carbon dioxide removal 
and increase the pH to the NAS reactors. During the plant tour, the aerators in the carbon 
dioxide stripping basins were not in operation. 
 
Influent to NAS Reactors is pumped from the Final Lift Station and includes both carbon dioxide 
stripping basin effluent and RAS from the D Clarifiers. As stated earlier, there is likely some 
leakage of CAS influent to the NAS system. This may actually provide some benefit to the NAS 
system. Separate stage nitrification systems can have settling problems in the final clarifiers due 
to lack of BOD. However, the NAS Reactors do not provide sufficient oxygen to allow additional 
BOD to be added to the system. 
 
The NAS influent flow is split between the four (4) NAS Reactors with the control gates in the 
NAS Reactor Distribution Box. Similar to the CAS Reactors, the NAS Reactors consist of four 
reactors with four mechanically mixed sections in each reactor. As with the CAS Reactors, there 
are 16 mixers with condition ranging from good to poor. 
 
Air to the NAS Reactors is supplied by four (4) constant speed blowers mounted on the cover of 
the reactors supplying atmospheric air to the headspace in the reactors. This system was 
installed when oxygen from the cryogenic system was removed from the NAS Reactors. Low 
DO conditions existed in the NAS Reactors with a typical DO of 0.8 mg/L viewed on SCADA 
during the plant tour. There is no method of adjusting the DO in the NAS Reactors with the 
existing mixers and blowers in the covered basins. The low DO has not affected the ability of the 
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system to meet the ammonia limits in the existing NPDES Permit. If future ammonia limits 
become more restrictive, DO control in the NAS Reactors will be an issue. 
 
The NAS Reactor effluent is distributed between the four (4) D Clarifiers with the control gates in 
the clarifier splitter box. Operators monitor the sludge blanket levels in each clarifier on each 
shift and like the C Clarifiers, RAS flow is constant with distribution of flow from each clarifier 
based on the sludge blanket levels. Dewatering wells are located around the D Clarifiers. The 
discharge from the dewatering wells is directed to the effluent weir troughs of the D Clarifiers.  
 
Based on a review of plant data, the NAS system was operating at an average MLSS 
concentration of 2,051 mg/L. The average food to microorganism (F/M) ratio was 0.104 lbs. 
BOD per pound of VSS per day with an average SRT of 12 days for the NAS basins only and 20 
days with the solids in the D Clarifiers included in the SRT calculation. Average SVI for the NAS 
system was 300 mL/gram, which is indicative of a poor settling sludge, likely the result of a lack 
of sufficient BOD in the NAS influent. Effluent quality from the C Clarifiers is good with the 
following average effluent concentrations: 
 
• BOD: 10 mg/L 
• TSS: 21 mg/L 
• Ammonia-N: 6 mg/L 
 
WAS flow from the NAS system is controlled based on sludge retention time (SRT). The SRT of 
20 days is typical for a nitrification system. Strap-on meters are used to measure the WAS flow 
from the NAS system. As stated earlier, an upgrade to magnetic flow meters should be 
considered due to the importance of this measurement. 
 
Flow through automatic samplers collect composite samples of the C effluent, D effluent and 
final effluent in the sample room of the Disinfection Building. These samplers have been in use 
for a long time and are showing their age. Due the importance of a representative final effluent 
sample, a new composite sampler for the final effluent may be in order. On-line analyzers are 
also located in the sample room provide continuous monitoring of the pH of the C effluent, D 
effluent, and the final effluent. An ammonia analyzer is also available to measure the 
concentrations in the C effluent, D effluent and final effluent by valve adjustments to sample the 
appropriate stream. 
 

Condition of Structural System 

CARBONACEOUS ACTIVATED SLUDGE BASINS 
 
The Carbonaceous Activated Sludge (CAS) Basins are in general good condition. Joint in the 
roof slab have recently been sealed to avoid moisture and freeze/thaw attack. The roof concrete 
surface is worn with minor shrinkage cracks. Equipment appeared adequately anchored but with 
minor corrosion on some base plates and anchor bolts.  
 
The interior of the basins were not observed and assessed. 

CRYOGENIC OXYGEN GENERATION BUILDING 
 
The Cryogenic oxygen generation building generally appears in good condition. The metal roof 
deck, bar joists, and steel roof beams appear in good condition with no observed signs of 
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distress. Steel columns and pipe supports showed minor corrosion, typically at the lower levels. 
CMU walls showed stains at the roof down spouts and gutters. The concrete floors were sound 
with minor shrinkage cracks and showed evidence of modifications to install other foundations. 
The steel louver rooms on the north side show significant corrosion. 

 “C” CLARIFIERS 
 
C Clarifiers are generally in good condition. Walls typically showed minor shrinkage cracks or 
small spalled areas where the grout rub finish debonded from the concrete surface. Walkway 
bridges were all in sound condition, although some had newer paint, while others were 
scheduled for repainting later.  

“C” CLARIFIER SPLITTER BOX 
 
C Clarifier Splitter Box is generally in good condition. Concrete walls show only minor shrinkage 
cracks. Concrete cracking and spalling at the gate operator connection to the wall was recently 
repaired.  

NAS SPLITTER STRUCTURE 
 
The NAS Splitter Structure is generally in good condition. The exposed concrete surfaces were 
sound with minor wear and shrinkage cracks. The aluminum grating was also in good condition. 
The interior was not observed for assessment. 

NITRIFICATION ACTIVATED SLUDGE BASINS 
 
The Nitrification Activated Sludge (NAS) Basins are generally in good condition. The top surface 
of the roof deck is worn, from year of use, minor chemical corrosion in some areas, and minor 
shrinkage cracks are typical throughout the roof slab. Joints in the roof slab show significant 
deterioration, including gaps, vegetation growth, and leaks to the tank below. The northeast 
access ramp to the basin roof slab shows significant cracking caused by subgrade settlement. 
The ramp is still serviceable. 

“D” CLARIFIERS 
 
The “D” Clarifiers are generally in good condition. The exposed concrete surfaces are typically 
sound, with minor shrinkage cracks and minor spalling of the grout rub finish. Clarifier D2 has 
moderate spalling at the wall on south side. The walkways are in sound condition. The Clarifier 
D1 walkway bridge was repainted recently. Clarifier D4 has significant paint deterioration and is 
scheduled to be repainted next year. 

“D” CLARIFIER SPLITTER BOX 
 
“D” Clarifier Splitter box is generally in good condition. Concrete walls had minor shrinkage 
cracks, freeze-thaw surface damage, and minor chemical corrosion at the water surface. 

FINAL LIFT 
 
The Final Lift Station is generally in good condition. Concrete walls are in sound condition, 
although they do have shrinkage cracks. Several of these cracks have stains, indicating they 
have allowed minor leakage in the past. CMU walls were generally in good condition. Steel 
masonry lintels showed some minor rust and corrosion. The concrete and masonry wall at the 
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west stairs has previously been modified to allow a newer duct penetration. While this area does 
not show signs of distress, the modification did leave a fairly small support for the wall above at 
the door jamb. Aluminum grating in the northwest corner is warped and does not lie flat, 
probably due to heavy wheel loads. The steel support beams were difficult to observe, but did 
not show signs of being overloaded in the past. Equipment appear adequately anchor, with 
some steel frames and anchor bolts showing minor corrosion. Support steel for conduits 
appeared in good condition. The manhole on the west side of the building was heaved about 4 
to 6 inches, with spalled and cracked concrete around the top manhole slab. Plant staff reports 
the tank below “burped”, causing high internal pressure and the observed damage. 

LIME SLAKER BUILDING 
 
The Lime Slaker Building generally is in good condition. Although the concrete surface was 
covered in lime and not very visible, the concrete appeared to be in sound condition with minor 
shrinkage cracks. The CMU walls were in excellent condition with the exception of minor 
cracking at the south end of the west wall. Steel was in good condition although minor rusting 
and corrosion was visible on some members, lintels, and equipment bases.  

CO2 STRIPPING & UTILITY PUMPS 
 
The CO2 stripping and Utility Pumps had moderate deterioration. The alignment of the structure 
indicated there were no foundation settlement issues. However, moderate damage from 
shrinkage cracking, freeze-thaw degradation, surface spalls from older grout rub finishes, 
surface corrosion from chemical attack were observed. Some equipment baseplates and anchor 
bolts showed minor to moderate corrosion. 
 

Condition of Mechanical Systems 

CARBONACEOUS ACTIVATED SLUDGE BASINS 
 
The following HVAC equipment serves the Carbonaceous Activated Sludge Basins: exhaust 
fans, supply fans, and intake hoods. Brief descriptions of the HVAC equipment condition based 
on visual assessment are as follows: 
 
• Exhaust Fans – The exhaust fans serving the two buildings adjacent to the carbonaceous 

activated sludge basins appear to be in fair condition. The exhaust fans are starting to rust; 
however, they are still functional. 

• Intake hoods – The intake hoods providing the makeup air for the exhaust fans serving the 
two buildings adjacent to the carbonaceous activated sludge basins appear to be in fair 
condition. The intake hoods are starting to rust; however, they are still functional. 

• Supply Fans – The supply fans serving the carbonaceous activated sludge basins appear to 
be in fair condition. Due to supply fans being exposed to the exterior environment, the fans 
are rusting out; however, they are still functional. 

 
There are no plumbing systems at the Carbonaceous Activated Sludge Basins.  
 
There are no miscellaneous systems at the Carbonaceous Activated Sludge Basins.  
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CRYOGENIC OXYGEN GENERATION BUILDING 
 
The following HVAC equipment serves the Cryogenic Oxygen Generation building: exhaust 
fans, supply fan, Intake louvers, and electric unit heaters. Brief descriptions of the HVAC 
equipment condition based on visual assessment are as follows: 
 
• Exhaust Fans – The exhaust fan serving the electrical MCC room (located above the east 

door) is controlled by an on/off switch and appears to be in good condition. The exhaust fan 
serving the process room (located high on the east wall) is controlled by an on/off switch 
and appears to be in good condition. Plant maintenance staff indicated the exhaust fan 
requires frequent belt changes and believes it due to the makeup air being undersize for the 
building. The ventilation equipment in the process room should be evaluated to ensure 
makeup air sized properly and also the exhaust fan pulleys aligned and belt tension comply 
with manufacturers recommended requirements. Lastly, it was noted that the process room 
restroom has no exhaust as required per code. 

 
• Intake Louvers – The intake louvers provide the makeup air for the exhaust fans and are in 

good condition. The intake hoods are starting to rust; however, they are still functional. 
 
• Supply Fan – The supply fan that serves the electrical MCC room (located on the west wall) 

is controlled by an on/off switch interlocked with the exhaust fan. The supply fan appears to 
be in good condition.  

 
• Electric Unit Heaters – The electric unit heaters serving the process room appear to be in 

good condition. The electric unit heaters are controlled by a wall mounted thermostats. The 
electric baseboard unit heater serving the process room restroom is in fair condition. The 
electric unit heater is starting to rust; however, it is still functional. An integral thermostat 
controls the electric unit heater. 

 
The plumbing systems inside the Cryogenic Oxygen Generation building consist of drainage 
system (floors drains), domestic water system (potable and non-potable), plumbing fixtures, 
emergency eyewash, and hot water heater. Brief descriptions of the plumbing systems condition 
based on visual assessment are as follows:  
 
• Drainage System – The drainage system appears to be in good condition.  
 
• Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in good condition. The annual testing of the backflow preventer is current and 
the backflow preventer complies with regulatory requirements. The piping and hose bibbs 
are showing early signs of corrosion. Insulation appears to be missing on sections of the hot 
water piping.  

 
• Plumbing Fixtures – The plumbing fixtures (sink, water closet, mop sink) appear to be in 

good condition. 
 
• Emergency Eyewash – The emergency eyewash is good condition and located near the 

process room restroom. 
 
• Hot Water Heater – The hot water heater is a mini electric tank-type water heater. The water 

is in good condition and located near the process room restroom. 
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Miscellaneous equipment in the Cryogenic Oxygen Generation building includes air 
compressor, air dryer, cooling water pumps, and cooling tower. Brief descriptions of the 
miscellaneous equipment condition based on visual assessment are as follows: 
 
• Air Compressors – The air compressors appear to be in excellent condition. 
• Air Dryer – The air dryer appear to be in excellent condition. 
• Cooling Water Pumps – The air dryer appear to be in excellent condition. 
• Cooling Tower – The cooling tower appear to be in excellent condition. 

NITRIFICATION ACTIVATED SLUDGE BASINS 
 
The following HVAC equipment serves the Nitrification Activated Sludge Basins: supply fans. 
Brief descriptions of the HVAC equipment condition based on visual assessment are as follows: 
 
• Supply Fans – The supply fans serving the nitrification activated sludge basins appear to be 

in fair condition. Due to supply fans being exposed to the exterior environment, the fans are 
rusting out; however, they are still functional. 

 
There are no plumbing systems at the Nitrification Activated Sludge Basins.  
 
There are no miscellaneous systems at the Nitrification Activated Sludge Basins.  

FINAL LIFT BUILDING 
 
The following HVAC equipment serves the Final Lift building: exhaust fans, supply fans, intake 
louvers, exhaust hoods. Brief descriptions of the HVAC equipment condition based on visual 
assessment are as follows: 
 
• Exhaust Fans – The exhaust fans appear to be in fair condition. The exhaust fans are 

located at the roof level and are controlled by a breaker switch in the electrical panel board. 
 
• Supply Fans – The supply fans and ductwork appear to be in fair to good condition. The 

supply fans are located on the south side of the building and supply air to the lower level. 
The supply fan on the east side of the building is showing signs or rust and the supply fan 
on the west side appears to have been replaced. Both fans are functional and are controlled 
by on/off switches. Based on the age of the supply fans, it appears they were added to 
replace the existing air handler. The supply fans are not interlocked with the exhaust fans; 
therefore, there is no means of relief air provided other than infiltration. The ventilation in the 
Final Lift building should be evaluated to ensure proper ventilation is provided throughout 
the building while maintaining building pressurization. 

 
• Intake louvers – The intake louvers appear to be in good condition. The intake louvers are 

located on the south and north side of the building. The intake louvers on the south side 
serve the supply fans. The intake louver on the north side is blocked off and used to serve 
an existing air handler.  

 
The plumbing systems inside the Final Lift building consist of drainage system (sanitary), 
domestic water system (potable and non-potable), and emergency shower and eyewash. Brief 
descriptions of the plumbing systems condition based on visual assessment are as follows:  
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• Drainage System – The floor drains appears to be in fair condition. The floor drains are 
rusting; however, the drainage system is still functional.  

 
• The Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping, insulation, and hose 
bibbs are original to the building and there are several instance were the piping is corroding 
and insulation is missing. Multiple sections of the piping have been replaced by plant 
maintenance and no leaking was observed. It was observed that the water meter was 
broken and Plant maintenance staff indicated this was schedule to be replaced the following 
week.  

 
• Emergency Shower and Eyewash – The emergency shower and eyewash are in good 

condition and located exterior of the building on the east side near the 50% hydrogen 
peroxide storage tank. It was observed that there appears to be no secondary containment. 
It is recommended regulatory and code requirements evaluated in regards to the storage of 
50% hydrogen peroxide. 

 
Miscellaneous equipment in the Final Lift building includes an air compressor, air dryer, and 
sump pumps. Brief descriptions of the miscellaneous equipment condition based on visual 
assessment are as follows: 
 
• Air Compressor – The air compressors appear to be in good condition. 
• Air Dryer – The air dryers appear to be in good condition. 
• Sump Pumps – The sump pumps appear to be in good condition. 

LIME SLAKER BUILDING 
 
The following HVAC equipment serves the Lime Slaker building: exhaust fan, intake louver, and 
electric unit heaters. Brief descriptions of the HVAC equipment condition based on visual 
assessment are as follows: 
 
• Exhaust Fan – The exhaust fan appears to have failed. The exhaust fan is currently non-

functional and blocked off. An on/off switch controls the exhaust. 
• Intake Louver – The intake louver appears to be in fair condition. The intake louver is 

currently non-functional and blocked off.  
• Electric Unit Heaters – The electric unit heaters appear to be in fair condition. The electric 

unit heaters show signs of rust and are very dirty. The Lime Slaker building was not being 
conditioned during the site assessment; however, discussion with Plant maintenance staff 
indicated that the electric unit heaters are still functional. The electric unit heaters are 
controlled by a wall mounted thermostats. 

 
The plumbing system inside the Lime Slaker building consists of domestic water system (non-
potable). Brief descriptions of the plumbing systems condition based on visual assessment are 
as follows:  
 
• The Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping, insulation, and hose 
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bibbs are original to the building and there are several instance were the piping is corroding 
and insulation is missing; however, no leaking was observed.  

 
The Lime Slaker building has no miscellaneous equipment. There is compressed air piping 
within the building. Based on visual assessment the compressed air piping appears to be in 
good condition. 
 

Condition of Electrical Systems 
 
Electrical equipment associated with the secondary treatment systems includes: 
 
• Medium voltage distribution Switchgear SWGR-37. 
• CAS Aeration Tank, NAS Aeration Tank, Cryogenic Oxygen Generation, Lime Slaker 

Building: Pad mounted transformers T-3B1, T-3B2 and T-3B3, Switchboards SBD-3 and 
SBD-3B1, MCC-3A, MCC-3B, MCC-3D, MCC-3E, and miscellaneous panelboards. 

• Compressors: Unit substations SUB-3A1 and SUB-3A2, MCC-3E1 and MCC-3E2. 
• CAS Recycle Pumps, Nitrification Lift Pumps, C & D Clarifiers, CO2 Stripping Basin, and 

Effluent Recycle Pumps: Pad mounted transformer T-7B1, Switchboard SBD-7, MDP-7A, 
MCC-7A, MCC-7B, and miscellaneous panelboards. 

CARBONACEOUS ACTIVATED SLUDGE BASINS 
 
Some of the electrical system has been replaced, but corrosion on support systems, condition of 
wire in cable tray, and receptacle usage are things that can be improved. The egress lighting 
and exit signage in the CAS Influent Structure needs to be evaluated closer. There is concern 
for failure of the bus duct feeding SB-3. See Assessment forms for additional detail. 
 
• Electrical equipment: Good, except a few items failing. 
• Miscellaneous equipment: Fair. 
• Lighting: Good except emergency lighting in Valve Vault, Poor. 
• Heat tracing: Poor. 

CRYOGENIC OXYGEN GENERATION BUILDING 
 
Some of the electrical equipment and systems have been replaced since the Plant was 
constructed. Except for a few exterior supports, corrosion is not an issue at this time. The 
egress lighting and exit signage needs to be evaluated closer. The MCC line up for the motor 
starters for the NAS Deck mixers is SquareD Model 4; spare parts are not readily available. The 
compressor starters are past their useful life. See Assessment forms for additional detail. 
 
• Electrical equipment: Fair. 
• Miscellaneous equipment: Fair. 
• Lighting: Good except emergency lighting, Poor. 
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“C” CLARIFIERS AND SPLITTER BOX 
 
Most of the electrical has been replaced. Corrosion on the support systems and other repairs 
needed. See Assessment forms for additional detail. 
 
• Miscellaneous equipment: Good. 
• Lighting: Good. 

NITRIFICATION ACTIVATED SLUDGE BASINS AND SPLITTER STRUCTURE 
 
Very little of the electrical system has been replaced; corrosion on safety switches and support 
systems, condition of wire in cable tray, and receptacle usage are things that need to be 
improved. The egress lighting and exit signage in the valve vault needs to be evaluated closer. 
See Assessment forms for additional detail. 
 
• Miscellaneous equipment: Poor to Failing. 
• Lighting: Good. 

“D” CLARIFIERS AND SPLITTER BOX 
 
Most of the electrical has been replaced. Corrosion on the support systems and other repairs 
needed. See Assessment forms for additional detail. 
 
• Dewatering electrical equipment: Excellent. 
• Miscellaneous equipment: Good. 
• Lighting: Good. 

FINAL LIFT 
 
Most of the electrical has been replaced. Corrosion on the support systems and other repairs 
needed. The egress lighting and exit signage needs to be evaluated closer. See Assessment 
forms for additional detail. 
 
• Electrical equipment: Good 
• Miscellaneous equipment: Good. 
• Lighting: Good except emergency lighting, Poor. 
• Heat tracing: Good. 

LIME SLAKER BUILDING 
 
Most all equipment is original. Distribution equipment is at the end of its useful life. H2S 
corrosion not evident, but lime dust is hard on the equipment. The egress lighting and exit 
signage needs to be evaluated closer. See Assessment forms for additional detail. 
 
• Electrical equipment: Poor. 
• Miscellaneous equipment: Good 
• Lighting: Good except emergency lighting, Poor. 
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CO2 STRIPPING & UTILITY PUMPS 
 
Most of the electrical is original. Corrosion on the conduit system and support systems and 
other repairs needed. See Assessment forms for additional detail. 
 
• Miscellaneous equipment: Fair. 
• Lighting: Good. 
• Heat Tracing: Good. 

Condition of Instrumentation & Control Systems 

CARBONACEOUS ACTIVATED SLUDGE (CAS) SPLITTER BOX 
 
The local OPEN-CLOSE pushbutton control stations for the two motor operated gates are in 
bad condition and should be replaced in the near future. 

C CLARIFIERS – LOCAL CONTROL PANELS 

C-1 Clarifier Control Panel 
• Type: Stainless steel, rack mount 
• Major components: 

o High torque and run status lights 
o Control pushbuttons and selector switch 
o Alarm horn 

• Condition: good 
o Small amount of corrosion 

C-2 Clarifier Control Panel 
• Type: Stainless steel, rack mount 
• Major components: 

o High torque and run status lights 
o Control pushbuttons and selector switch 
o Alarm horn 

• Condition: good 
o Small amount of corrosion 

C-3 Clarifier Control Panel 
• Type: Stainless steel, rack mount 
• Major components: 

o Torque alarm and run status lights 
o Control pushbuttons and selector switch 
o Alarm horn 

• Condition: excellent 

C CLARIFIERS – MAJOR FIELD INSTRUMENTS OBSERVED 
 
C-3 Clarifier has a Royce 2511A sludge blanket sensor/analyzer, which is no longer used. C-4 
Clarifier has an Entech Binminder sludge blanket sensor/analyzer which is no longer used. Plant 
staff indicated that neither of these sludge blanket analyzers has worked satisfactorily. 
 
C-4 local control stations showing some corrosion, but still appear to be in working condition.  
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D CLARIFIERS – LOCAL CONTROL PANELS 

D-1 Clarifier Control Panel 
• Type: Stainless steel, rack mount 
• Major components: 

o High torque and run status lights 
o Control pushbuttons and selector switch 
o Alarm horn 

• Condition: good 
o Small amount of corrosion 

D-3 Clarifier Control Panel 
• Type: Stainless steel, rack mount 
• Major components: 

o Torque alarm and run status lights 
o Control pushbuttons and selector switch 
o Alarm horn 

• Condition: good 

D CLARIFIERS – MAJOR FIELD INSTRUMENTS OBSERVED 
 
D-2 Clarifier has an Entech Binminder sludge blanket sensor/analyzer, which is no longer used. 
D-4 Clarifier has both an Entech Binminder and a Monitek sludge blanket sensor/analyzer, 
neither of which are used due to unsatisfactory performance.  
 
D-4 local control stations show some corrosion, but still appear to be in working condition.  

FINAL LIFT – MAJOR CONTROL PANELS  

PLC F2-1 
• Type: Painted steel, free standing 
• Major components: 

o Modicon CPU 434 12A and associated I/O modules 
• Condition: good 

PLC F-1-1 
• Type: Painted steel, free standing 
• Major components: 

o Modicon CPU 434 12A and associated I/O modules 
• Condition: poor – fair 

o Internal wiring is old, disorderly and possibly problematic 

Area F Final Lift SCADA Network Enclosure 
• Type: Stainless steel, wall mount 
• Major components: 

o Hirschmann Ethernet switch with redundant power supplies connected to SCADA fiber 
network ring (5–6 years old) 

o Fiber connection centers (24 SM to Anaerobic and 24 SM to Oxygen Generation) 
o UPS 

• Condition: excellent 
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North and South Pump Control Panel 
• Type: Stainless steel, wall mount 
• Major components: 

o Control switches and pushbuttons 
o Run status lights 
o Alarm strobe light 

• Condition: excellent 

C-Clarifier Control Panel 
• Type: Painted steel, free standing 
• Major components: 

o C underflow valve controllers 
o C underflow flow rate readouts 
o CWAS pump flow readout and pump control selector switches 
o Wetwell level readout 
o Modicon remote I/O rack inside panel 

• Condition: poor – fair 
o Panel showing significant signs of age and change and has several stainless steel plates 

covering old instrument mounting holes in panel face. Screw holes and some corrosion 
present. 

D-Clarifier Control Panel 
• Type: Painted steel, free standing 
• Major components: 

o D underflow valve controllers 
o D underflow flow rate readouts 
o NWAS pump flow readout and pump control selector switches 
o Wetwell level readout 

• Condition: poor – fair 
o Panel showing significant signs of age and change and several stainless steel plates 

covering old instrument mounting holes in panel face. Screw holes and some corrosion 
present. 

Area F Fiber Cabinet 
• Type: fiberglass wall mount 
• Major components: 

o Fiber connection center 
• Condition: fair – good 

o Interior fiber cable and connections are in good condition. Panel showing moderate 
effects of corrosion. 
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Photo 3: D-Clarifier Control Panel Photo 4: C-Wetwell Level Transmitter 

 

FINAL LIFT – MAJOR FIELD INSTRUMENTS 
 
• Ultrasonic type flow meters (Siemens Sitrans F) with “strap-on” sensors are utilized for the C 

Clarifier and D Clarifier underflow measurements. 
• NAS pump discharge pressure switches (Mercoid). 
• Wetwell (both C and D) level transmitters (pressure sensing type). See photo 4 above. 
 
Performance of the flow meters is reported to be moderately reliable. Pressure instrumentation 
appears to be in good condition. Wetwell level transmitters appear to be old but working 
satisfactorily. 

CAS AND NAS AERATION TANKS – MAJOR FIELD INSTRUMENTATION AND ASSOCIATED CONTROLS 
 
• Control and instrumentation cables on top of the deck are in bad condition with numerous 

patch/”bandage” cables.  
• Rusty leaky pneumatic instrument air lines. 
• Pneumatic pressure and flow transmitters 
• Heat tracing for sensing tubing in need of repair in various places. 
• Plant staff indicates that additional controls need to be provided for DO in the CAS Aeration 

Tank. Controls currently running wide open and should be optimized to avoid wasting 
oxygen. 

• CAS Train 1&2 and 3&4 oxygen flow measurements are reportedly not accurate and need 
new orifice plates. See photo 5 below. 

• DO sensors/analyzers –good condition. 
• Oxygen sensors – cable jacket damage. 
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Photo 5: Pneumatic flow transmitter on CAS 
deck 

Photo 6: New pressure instrumentation recently installed at Cryo 
Generation Facility 

 

CRYO OXYGEN BUILDING – MAJOR CONTROL PANELS (INDOORS) 

Cryo Plant Main Panel 
• Type: Painted steel, free standing 
• Major components: 

o Modicon CPU 651 50 PLC processor and associated I/O modules 
o Oxygen Purity Analyzers 
o Quick Panel OIT 
o Hydrocarbon Analyzer 
o Various rotameters, pushbuttons, control selector switches 

• Condition: excellent 
o Panel was just upgraded by Solutionwerks.  

UNOX Control Panel 
• Type: Painted steel, free standing 
• Major components: 

o Annunciator 
o O2 sample system  
o LEL monitoring  
o Numerous panel mounted controllers 
o Numerous panel mounted recorders (no longer used) 
o Interior components: Viatran pressure transmitters, Moore I/P transducers, solenoids, 

sample pumps, rotameters, small pressure gages 
• Condition: fair – good 

o Panel showing signs of age and contains some components no longer in service.  
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Oxygen Generation Mulitplexer C-1-1and Adjacent Cryo SCADA Network Enclosure 
• Type: Painted steel, free standing (multiple adjacent panel sections) 
• Major components: 

o Modicon CPU 434 12A PLC processor and associated I/O modules 
o UPS 
o Fiber connection centers (6 SM to Vaporizer PLC, 24 SM to Final Lift, 24 SM to 

Operations) 
o PC 
o Hirschmann Ethernet switch with redundant power supplies connected to SCADA fiber 

network ring (5–6 years old) 
• Condition: good 

o Panels show signs of age and some interior wiring is old and in some cases may be 
abandoned. Various stainless steel plates have been added over old abandoned holes 
formerly utilized to mount instruments on face of panels. However, significant rework 
was recently provided via the SCADA Network Upgrade and the Cryo Upgrade. The 
network related equipment including PLC components, Ethernet switch, PC, UPS, and 
fiber connections are all in excellent condition.  

Air Compressor Control Panels for Compressor # 1 and #2 
• Type: Painted steel, free standing (Vendor-furnished with compressors) 
• Condition: poor 

o Plant staff indicated that these control panels are old and “hanging in there” for now. 
Vibration issues have reportedly been an issue. 

CRYO OXYGEN BUILDING – MAJOR INDOOR FIELD INSTRUMENTS 
 
• Temperature sensors and local readouts 
• Temperature gages (thermometer) 
• Ultrasonic “strap on” flow meters (Siemens Sitrans F) 
• Cooling water conductivity analyzer/probe (Yokogawa) 
• Pressure transmitters, switches and gages 
Instrumentation generally appears to be in good working condition. 

CRYO OXYGEN BUILDING – MAJOR CONTROL PANELS (OUTDOORS) 

C3 Panel (Vaporizer PLC) 
• Type: stainless steel, free standing (Vendor-furnished) 
• Major components: 

o Modicon Quantum PLC processor and associated I/O modules 
o Quick Panel OIT 

• Condition: excellent 
o Panel is new; provided as part of the recent Cryo upgrade project 

Turbine Panel 
• Type: Painted steel, free standing (Vendor-furnished) 
• Major components: 

o Pressure gages 
o Control switches 
o Tachtrol (computing tachometer) attached to panel 

• Condition: fair – good 
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o Panel is showing signs of age with nicks and corrosion; appears to be functioning ok. 
Tachometer instrumentation appears to be relatively new. 

CRYO OXYGEN – MAJOR OUTDOOR FIELD INSTRUMENTS 
 
Most of the critical outdoor instrumentation was recently installed as part of the Cryo upgrade 
project and is in excellent condition. Some older instrumentation was observed (e.g. 
temperature and pressure switches and gages); these are showing age but appear to be in 
reasonable working condition. See photo 6. 

LIME SLAKER BUILDING 
 
The following wall mounted panels and conditions were observed:  
 
• Silo Unloading Panels (2) – lime covered but fairly good condition 
• Slaker System Power Distribution and Control Panels (A & B) – very dirty with some 

corrosion, but appear to be in suitable working condition 
• Variable speed control panel for feeder – dirty with some corrosion; but appear to be in 

suitable working condition 
 
Anaerobic Treatment 
 
The anaerobic treatment system provides treatment of industrial waste from certain large 
industrial customers. The system consists of an off-site pumping station, a pre-acidification tank, 
heat exchangers, anaerobic reactors, and sulfide oxidation basins. Numerous chemical feed 
systems support the process. A biogas system collects biogas from the reactors; biogas is used 
primarily for sludge incineration or flared. 
 
Table 7: Anaerobic Treatment Major Equipment 

Parameter Value Year 
Installed Comments 

Industrial Wastewater Pumps  2002 Lift station – not on plant site. 
 Number 3   
 Type Flygt submersible   
 Capacity, gpm 1100   
 Head, ft. 150   
 Horsepower 130   
Pre-acidification Tank T-H0500 2002 2-ft freeboard, Type 304 SS. 

Flat fiberglass cover failed in 
2004, replaced with dome in 
2014. 

 Number 1  

 Manufacturer A.O. Smith  
 Diameter, ft. 72’ 8-13/16”   
 Height, ft. 23’ 10-1/8”   
 Sidewater depth, ft. 22   
 Volume, gallons 683,792   

Anaerobic Reactor Feed Pumps 
P-H0610, P-H0620, 

P-H0630 2002 
 

 Number 3  
 Manufacturer Fairbanks Morse   
 Type Non-clog centrifugal   
 Capacity, gpm 2100   
 Head, ft. 58   
 Speed, rpm 1185   
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Table 7: Anaerobic Treatment Major Equipment 

Parameter Value Year 
Installed Comments 

 Horsepower 50   

Anaerobic Reactors 
T-H0910, T-H0920, 

T-H0930 2002 
Fiberglass roof framing 
replaced in 2009. 

 Number 3   
 Manufacturer Biothane   
 Diameter, ft. 67’-2”   
 Sidewater depth, ft. 25   
 Volume, gallons 673,200   

Anaerobic Heat Exchangers 
T-H0910, T-H0920, 

T-H0930 2002 
Fiberglass roof framing 
replaced in 2009. 

 Number 3   
 Manufacturer Biothane   
 Diameter, ft. 67’-2”   
 Sidewater depth, ft. 25   
 Volume, gallons 673,200   
Anaerobic Sludge Storage Tank  2002 2 ft. of freeboard 
 Manufacturer A.O. Smith   
 Diameter, ft. 50.35   
 Height, ft. 23.84   
 Volume, gal 325,400   
Ferrous Chloride Chemical Metering 
Pump P-H2422 2002 

 

  Number 1  
  Manufacturer Pulsafeeder  
 Type Hydraulically 

actuated diaphragm  
  Capacity, gpm 2  
 Head, psig 30  
  Horsepower 0.5  

Oxygenators 
M-H1211, 1212, 

1221, 1222 2002 
Installed on Sulfide Oxidation 
Basins. 

 Number 4   
 Manufacturer Praxair   
 Hood diameter, inches 131   
 SOTE, percent 90   
 SOTR, 1bs O2/BHP/hr. 16   
 O2 inlet fitting, inches 2   
 Impeller speed, rpm 362   
 Draft tube diameter, inches 24   
 Motor horsepower 40   
Sulfide Oxidation Basins  1979,  Installed as “B” clarifiers in 

1979. Two “B” clarifiers 
converted to SOBs in 2002. 
Third unit remains a clarifier, 
although it is unused. 

 Number 2 2002 
 Diameter, ft. 138  
 Sidewater depth, ft. 8  
 Capacity, gpm, each 1380  
RAS Pumps P-H3010, 3020 2002 Nonclog dry-pit centrifugal 

pumps; open drip proof 
motor. 

 Number 2  
 Manufacturer Fairbanks-Morse  
 Horsepower 5  Capability of mixing CRAS 

with anaerobic effluent in 
SOBs. 

 Capacity, gpm 420  
 Head, ft. 23  
Jet Mix Pumps P-H0510, 0520 2002 These pumps are used to mix 
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Table 7: Anaerobic Treatment Major Equipment 

Parameter Value Year 
Installed Comments 

 Number  2  the pre-acidification tank. 
 Manufacturer Fairbanks Morse  
 Type Non-clog dry pit 

centrifugal  
 Capacity, gpm 2800   
 Head, ft. 30   
 Horsepower 30  Open drip proof motor.  
 Speed, rpm 1200   
Magnesium Hydroxide Tank T-H2111, 2112 2002 Non-insulated 
 Number 2   
 Manufacturer Palmer   
 Type Filament wound 

FRP  
 

 Capacity, gallons 8500   
Magnesium Hydroxide Mixer M-H2111, 2112 2002 Stainless steel shaft and 

impellers; 45 degree impeller, 
4-blade 

 Number 2  
 Manufacturer Philadelphia  
 Drive horsepower 3   
 Speed, rpm 1800   
 Impeller diameter, inches 38   
Magnesium Hydroxide Pumps P-H2131, 2132 2002 VFD driven 
 Number 2   
 Manufacturer Moyno   
 Type Progressing cavity   
 Capacity, gpm 0.25–2.5   
 Head, psig 30   
 Horsepower 3   
Phosphoric Acid Tank T-H2310 2002 Non-insulated 
 Number 1   
 Manufacturer Palmer   
 Type Filament wound 

FRP  
 

 Capacity, gallons 5500   
Phosphoric Acid Chemical Metering 
Pumps P-H2321, 2322 2002 

 

 Number 2   
 Manufacturer Pulsafeeder   
 Type Hydraulically 

actuated diaphragm  
 

 Capacity, gph 1–10   
 Head, psig 50   
 Horsepower ½   
 Motor speed, rpm 1750   
Ammonium Hydroxide Tank T-H2210 2002 Non-insulated 
 Number 1   
 Manufacturer Palmer   
 Type Filament wound 

FRP  
 

 Capacity, gallons 10,000   
Ammonium Hydroxide Chemical 
Metering Pumps P-H2221, 2222 2002 

 

 Number 2   
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Table 7: Anaerobic Treatment Major Equipment 

Parameter Value Year 
Installed Comments 

 Manufacturer Pulsafeeder   
 Type Hydraulically 

actuated diaphragm  
 

 Capacity, gph 2.5–29.4   
 Head, psig 50   
 Horsepower ½   
 Motor speed, rpm 1750   
Ferrous Chloride Tank T-H2410 2002 Non-insulated 
 Number 1   
 Manufacturer Palmer   
 Type Filament wound 

FRP  
 

 Capacity, gallons 10,000   
Ferrous Chloride Chemical Metering 
Pump P-H2421 2002 

2nd pump with sulfide 
oxidation 

 Number 1   
 Manufacturer Pulsafeeder   
 Type Hydraulically 

actuated diaphragm  
 

 Capacity, gph 2.0   
 Head, psig 50   
 Horsepower ½   
 Motor speed, rpm 1750   
Micronutrient Tank T-H2010 2002  
 Number 1   
 Manufacturer Palmer   
 Type Filament wound 

FRP  
 

 Capacity, gallons 375   
Micronutrient Mixer M-H2010 2002 Ni-hard impellers mounted on 

a stainless steel shaft (more 
corrosion resistant materials 
required if replaced). 

 Number 1  
 Manufacturer Philadelphia  
 Horsepower ½  
 Motor speed, rpm 1750  
Micronutrient Chemical Metering 
Pump P-H2020  

 

 Number 1   
 Manufacturer Pulsafeeder   
 Type Hydraulically 

actuated diaphragm  
 

 Capacity, gph 0.2   
 Head, psig 30   
 Horsepower ½   
 Motor speed, rpm 1750   
Waste Gas Burners  2002  
 Number 2   
 Capacity, scfh, each 78,000   
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Process Performance & Condition 
 
The hot wastes from Cedar Rapids Paper are pumped through an inline grinder and sampled 
before being cooled in the heat exchangers. Utility pumps provide cooling water to cool the 
wastes from as high as 120°F to 98°F. Cooling water flow is automatically controlled to maintain 
temperature set points. 
 
The cooled waste is conveyed to the Pre-Acidification Tank for pH control and nutrient addition. 
Magnesium hydroxide is used for pH control. Urea ammonium nitrate is dosed at 10–15 mg/L 
and phosphoric acid at 5–10 mg/L to provide the macronutrients. A micronutrient additive is also 
added when decant flows are insufficient to provide the necessary micronutrients for the 
anaerobic reactors. Decant from the LPO decant tank is also pumped to the Pre-Acidification 
Tank. Jet mix pumps in the Chemical Building mix the contents of the Pre-Acidification Tank. 
 
The three (3) Anaerobic Reactors have their own dedicated feed pump. The pumps are sized to 
provide the appropriate upflow velocity, which is a critical operating parameter for Upflow 
Anaerobic Sludge Blanket (UASB) reactors. The suction source for the feed pumps is the Pre-
Acidification Tank. Each reactor has three (3) feed locations, each controlled with a 
pneumatically actuated valve. The valves are set to cycle every 90 seconds with two valves at 
43% open while one valve is partially closed (14% open). These are the control set points 
established in the Biothane O&M manual to provide appropriate velocity in the distribution 
piping/nozzles for proper mixing.  
 
There are six (6) sludge sample ports on each anaerobic reactor. Operators sample the reactor 
contents each week to establish solids inventory in the reactors. A sludge storage tank is 
located adjacent to the Anaerobic Reactors to allow wasting of solids from the reactors. The 
sludge accumulated in the storage tank is marketed as seed sludge for anaerobic lagoons and 
other anaerobic processes. 
 
The anaerobic reactors averaged 74% BOD reduction. Most of the loadings and removals 
published for UASB reactors are for COD instead of BOD. Consideration should be given to 
include COD analysis for the anaerobic reactor influent and effluent. 
 
The anaerobic reactor effluent flows by gravity to the sulfide oxidation basins. Floating aerators, 
with the addition of high purity oxygen from the cryogenic oxygen plant, provide oxidation of the 
sulfide generated in the anaerobic reactors. The effluent from the sulfide oxidation basins is 
combined with the roughing filter effluent at the CAS Reactor influent. 
 
Biogas generated in the Anaerobic Reactors is treated in the Paques scrubber for removal of 
hydrogen sulfide. Conductivity, pH, and redox potential of the sulfur slurry is monitored with 
online analyzers. Sulfur reactor solids are wasted to a vacuum filter as required based on Imhoff 
tests performed by the Plant operations staff. 
 
Two (2) gas compressors are available to convey the biogas from the scrubber to the flares, 
boilers, and incinerators. 
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Condition of Structural System 

SOLIDS STORAGE TANK 
 
The Solids Storage Tank appears to be in generally good condition. The tank showed no signs 
of settlement issues and the exposed ring foundation appeared sound. Much of the steel tank 
was not visible because it was covered in insulation, the roof was not accessible, and the 
interior was not accessible. The insulation on the tank was sound and there were no signs of 
leakage. 

ANAEROBIC REACTORS 
 
The three Anaerobic Reactor Tanks are generally in good condition. The exposed ring 
foundation concrete appears sound with only minor shrinkage cracks. Much of the steel tank 
was not visible because it was covered in insulation, the roof was not accessible, and the 
interior was not accessible. Plant staff reports RX3 had a large sulfur build-up and corrosion 
inside. The other tanks likely have the same deterioration. Some exposed bolts near the 
foundation showed minor corrosion. The stairs and walkways showed no signs of corrosion. The 
insulation on the tanks was typically sound and there were no signs of leakage.  

PRE-ACIDIFICATION TANK 
 
The Pre-Acidification Tank appears in very good condition from the outside. The exposed ring 
foundation concrete appears sound with only minor shrinkage cracks. Much of the steel tank 
was not visible because it was covered in insulation, the roof was not accessible, and the 
interior was not accessible. Plant staff reports the tank dome is about 3 year old. The ladder 
showed no signs of corrosion. The insulation on the tank was typically sound and there were no 
signs of leakage. 

PROCESS BUILDING 
 
The Process Building is generally in good condition. Some minor rust and corrosion was visible 
at lower sections of the metal wall panels and base plates. The concrete floor was sound, 
although there were signs of previous repairs. A stain on the roof insulation in the northwest 
corner indicates a possible roof leak. 

CHEMICAL BUILDING 
 
The Chemical Building is generally in good condition. The interior concrete slabs and 
containment walls are sound with minor shrinkage cracks. The containment areas had 
protective paint coatings. Masonry was in good condition, with minor cracks in the masonry 
control joints and some minor corrosion/chemical attack at moist locations. The HVAC platform 
is showing moderate steel corrosion. 

BIOGAS BUILDING 
 
The Biogas Building appears in very good condition, requiring only normal preventative 
maintenance. The slab on grade was in good condition with only minor shrinkage cracks and 
chemical corrosion. Masonry walls were sound with good paint on the inside. Aluminum stairs 
showed no signs of distress. 
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FLARE BURNER SYSTEM 
 
The Blare Burner System is generally in good condition. Concrete is typically sound, with minor 
cracking (at the southwest corner of the small flare building roof) and wear on floor slabs. The 
CMU on the north side of the flare building was saturated, with moss growth, making it 
susceptible to further freeze/thaw damage. Steel items were in good condition with only minor 
corrosion on some items, particularly at lower levels. 

SULFIDE OXIDATION BASINS 
 
The Sulfide Oxidation Basins show signs of moderate deterioration. The Basin walls had 
shrinkage cracks with significant spalling and debonding of the grout rub finish. The Epoxy 
coating was also debonding. The walkway bridge had significant corrosion at connections. The 
walkway bridge supports at the exterior wall have been modified due to corroded concrete at the 
truss bearings. 
 
See the Structural Assessment Forms for further details. 
 

Condition of Mechanical Systems 

PROCESS BUILDING 
 
The following HVAC equipment serves the Process building: exhaust fans, Intake louvers, 
window air conditioning units, and make-up air handler. Brief descriptions of the HVAC 
equipment condition based on visual assessment are as follows: 
 
• Exhaust Fans – The exhaust fan serving the process room are centrifugal sidewall exhaust 

fan, located on the exterior north wall. The exhaust fans are controlled by on/off switches 
and the fans appear to be in good condition. The exhaust fan serving the process room 
restroom is ceiling mounted fan controlled by an on/off switch. The fan appears to have 
failed and is not functional.  

 
• Intake Louver – The intake louver provides fresh air to the make-up air handler and is in fair 

condition. The intake louver is rusted; however, it is still functional. 
 
• Window Air Conditioning Units – The window air conditioning units serving the lab room has 

failed. Plant maintenance staff indicated this unit has been nonfunctional for years. The 
window air conditioner serving the electrical room (located in the south wall) is a residential 
type unit. The window air conditioner appeared to be in good condition; however, Plant 
maintenance staff indicated this unit is replaced on a frequent basis due to rapid 
deterioration cause by the H2S in environment. It is recommended that the HVAC system 
serving the electrical be evaluated and modified such that the electrical room maintains a 
slight positive pressure, which would help prevent moisture and H2S from getting into the 
electrical room and corroding the equipment. 

 
• Make-up air handler – The direct-fired make-up air handler serving the process room 

appears to be in fair condition. The make-up air handler is original equipment and the 
cabinet is starting to rust; however, it is still functional. Plant maintenance staff indicated that 
the burner and controls have been replaced. The make-up air handler is controlled by space 
temperature. 
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The plumbing systems inside the Process building consist of drainage system (floors drains, 
sanitary), domestic water system (potable and non-potable), plumbing fixtures, exterior gutters 
and downspouts, hot water heater, and natural gas piping. Brief descriptions of the plumbing 
systems condition based on visual assessment are as follows:  
 
• Drainage System – The drainage system appears to be in good condition.  
 
• Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping and hose bibbs are 
showing early signs of corrosion. Insulation appears to be missing on sections of the 
domestic water piping.  

 
• Plumbing Fixtures – The plumbing fixtures (restroom sink, water closet, lab sink) appear to 

be in good condition. 
 
• Exterior gutters and downspouts – The gutters and downspouts are poor condition. The 

connection points of the downspouts to the gutters are rusting out. 
 
• Hot Water Heater – The hot water heater is mini electric tank-type water heater. The located 

underneath the lab sink. The water heater has failed. 
 
• Natural Gas Piping – The natural gas piping is in good condition. It was noted there are 

section of the gas piping on roof that are not painted  
 
Miscellaneous equipment in the Process building includes air compressors and air dryers. Brief 
descriptions of the miscellaneous equipment condition based on visual assessment are as 
follows: 
 
• Air Compressors – The air compressors appear to be in excellent condition. 
• Air Dryers – The air dryers appear to be in excellent condition. 

CHEMICAL BUILDING 
 
The following HVAC equipment serves the Chemical building: exhaust fans, Intake louver, and 
make-up air handler. Brief descriptions of the HVAC equipment condition based on visual 
assessment are as follows: 
 
• Exhaust Fans – The exhaust fan serving the Chemical building are centrifugal sidewall 

exhaust fan, located on the exterior east and west walls. The exhaust fans are controlled by 
on/off switches and the fans appear to be in fair condition. The exhaust fan on the east side 
has physical damage; however, it is still functional.  

 
• Intake Louver – The intake louver provides fresh air to the make-up air handler and is in 

good condition. The intake louver shows no signs of corrosion. 
 
• Make-up air handler – The direct-fired make-up air handler serving the process room 

appears to be in fair condition. The make-up air handler is original equipment and the 
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cabinet is starting to rust; however, it is still functional. The make-up air handler is controlled 
by space temperature. 

 
The plumbing systems inside the Chemical building consist of domestic water system (potable 
and non-potable), fire protection system, emergency shower and eyewash, and natural gas 
piping. Brief descriptions of the plumbing systems condition based on visual assessment are as 
follows:  
 
• Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping and hose bibbs are 
showing early signs of corrosion. Insulation appears to be missing on sections of the 
domestic water piping.  

 
• Fire Protection System – The building is protected throughout with an automatic sprinkler 

system. The system appears to be in good condition and test records are up to date. 
• Emergency Shower and Eyewash’s – The emergency shower and eyewash’s are in good 

condition. The emergency shower and eyewash’s are located on the interior and exterior of 
the building (South Wall.) 

 
• Natural Gas Piping – The natural gas piping is in good condition. It was noted there are 

section of the gas piping on roof that are not painted.  
 
Miscellaneous equipment in the Chemical building includes air compressors. Brief descriptions 
of the miscellaneous equipment condition based on visual assessment are as follows: 
 
• Air Compressors – The air compressors appear to be in good condition. The air compressor 

appears to be leaking oil from a gasket. 

BIOGAS BUILDING 
 
The following HVAC equipment serves the Biogas building: exhaust fans, make-up air handlers, 
and electric unit heaters. Brief descriptions of the HVAC equipment condition based on visual 
assessment are as follows: 
 
• Exhaust Fans – The exhaust fans serving the Biogas building are centrifugal sidewall 

(process room) and upblast (electrical room) exhaust fans, located on the exterior west wall 
and roof. The exhaust fans are controlled by on/off switches and the fans are brand new and 
in excellent condition.  

 
• Make-up air handlers – There are two roof mounted direct-fired make-up air handlers 

serving the Biogas building. The make-up air handlers are brand new and are in excellent 
condition. The make-up air handlers are controlled by space temperature. 

 
• Electric Unit Heaters – The electric unit heaters are brand new and are in excellent 

condition. The electric unit heaters are controlled by a wall mounted thermostats. 
 
The plumbing systems inside the Biogas building consist of drainage system (floors drains), 
domestic water system (potable and non-potable), fire protection system, emergency shower 
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and eyewash’s, and natural gas piping. Brief descriptions of the plumbing systems condition 
based on visual assessment are as follows:  
 
• Drainage System – The floor drains appears to be in good condition. The floor drains are 

rusting and some covers are missing; however, the drainage system is still functional.  
 
• Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping and hose bibbs are 
showing early signs of corrosion. Insulation appears to be missing on sections of the 
domestic water piping.  

 
• Fire Protection System – The chemical storage room is protected with an automatic sprinkler 

system. The system appears to be in good condition and test records are up to date. 
 
• Emergency Shower and Eyewash’s – The emergency shower and eyewash’s are in good 

condition. The emergency shower and eyewash’s are located in the process and chemical 
storage rooms. 

 
• Natural Gas Piping – The natural gas piping is in good condition. It was noted there are 

section of the gas piping on roof that are not painted.  
 
Miscellaneous equipment in the Biogas building includes air compressors. Brief descriptions of 
the miscellaneous equipment condition based on visual assessment are as follows: 
 
• Air Compressors – The air compressors appear to be in good condition. 

FLARE BURNER SYSTEM 
 
The Flare Burner System building is located east of the Process Flare building. The following 
HVAC equipment serves the Flare Burner System building: electric unit heater. The following 
HVAC equipment serves the Process Flare building: exhaust fans, intake louvers, and electric 
unit heaters. Brief descriptions of the HVAC equipment condition based on visual assessment 
are as follows: 
 
• Electric Unit Heater – The electric unit heater in the Flare Burner System building appears to 

be in good condition. The unit heater is starting to show signs of rust; however, it is still 
functional. A thermostat controls the electric unit heater. The electric unit heaters in the 
Process Flare building (process and electrical rooms) are in excellent condition. 
Thermostats control the electric unit heaters. 

 
• Exhaust Fan – The exhaust fans serving the Process Flare building (process and electrical 

rooms) are in excellent condition. The exhaust fans are controlled by on/off switch. 
 
• Intake Louver – The intake louver serving the Process Flare building (process and electrical 

rooms) appear to be in excellent condition. The motorized dampers on the intake louvers 
are interlocked with the operation with exhaust fans. 

 
No plumbing systems are present in the Flare Burner System building.  
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The plumbing systems inside the Process Flare building consist of drainage system (equipment 
drains) and domestic water system (potable and non-potable). Brief descriptions of the plumbing 
systems condition based on visual assessment are as follows:  
 
• Drainage System – The floor drains appears to be in good condition.  
 
• The Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in good condition. The annual testing of the backflow preventer is current and 
the backflow preventer complies with regulatory requirements. There are several locations 
where the piping is insulated.  

 
There are no miscellaneous systems at the Flare Burner System building.  
 
There are no miscellaneous systems at the Process Flare building.  
 

Condition of Electrical Systems 
 
Electrical equipment associated with the anaerobic treatment system includes: 
 
• Unit Substation: Sub 2B, dry type transformer with primary and secondary fusing. 
• Processing Building: MCC-2B. 
• Biogas Building: MCC and panelboards. 
• Chemical Building: Panelboards. 

ANAEROBIC REACTORS, SOLIDS STORAGE TANK AND PRE-ACIDIFICATION TANK 
 
There are some issues with the conduit and conductors in this area and lightning protection 
system. The functionality of the heat tracing system is unknown. See Assessment forms for 
additional detail. 
 

Miscellaneous equipment: Fair. 
Heat Tracing: Fair. 
Lightning Protection: Good. 

PROCESS BUILDING 
 
Most all equipment is original. Very little corrosion observed. Sub 2B needs preventative 
maintenance. The egress lighting and exit signage needs to be evaluated closer. See 
Assessment forms for additional detail. 
 

Electrical equipment: Good. 
Miscellaneous equipment: Good 
Lighting: Good except emergency lighting, Fair. 
Lightning Protection: Good. 

CHEMICAL BUILDING 
 
Most all equipment is original. Chemical off gassing corrosion observed but corrosion appeared 
to be mostly cosmetic to enclosures. Electrical panels need preventative maintenance. The 
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egress lighting and exit signage needs to be evaluated closer. See Assessment forms for 
additional detail. 
 

Electrical equipment: Fair. 
Miscellaneous equipment: Good 
Lighting: Good except emergency lighting, Fair. 
Lightning Protection: Good. 

BIOGAS BUILDING 
 
Most all equipment is original. National Electrical Code concern on the way equipment is 
powered from the Processing Building. Chemical splashing on miscellaneous electrical 
equipment is causing some deterioration, exterior environmental conditions is causing some 
deterioration. The egress lighting and exit signage needs to be evaluated closer. The 
functionality of the heat tracing system is unknown. See Assessment forms for additional detail. 
 

Electrical equipment: Good. 
Miscellaneous equipment: Fair 
Lighting: Good except emergency lighting, Poor. 
Heat Tracing: Poor. 
Lightning Protection: Good. 

FLARE BURNER SYSTEM 
 
A new Flare Building was recently installed. Corrosion of equipment was observed around the 
old Flare Build due to environmental conditions. See Assessment forms for additional detail. 
 

Electrical Equipment: Good. 
Miscellaneous equipment: Good. 
Lighting: Good. 
Heat Tracing: Good. 

SULFIDE OXIDATION BASINS 
 
The conduit and support system needs attention. See Assessment forms for additional detail. 
 

Miscellaneous equipment: Poor. 
Lighting: Good. 

 

Condition of Instrumentation & Control Systems 

PROCESS BUILDING – MAJOR CONTROL PANELS 

Backup Panel BUP H1 (see photo 7) 
• Type: Painted steel, free standing 
• Major components: 

o Modicon CPU 652 60 and associated I/O modules 
• Status lights on front: 

o Micro Nutrient pump 
o MgOH Pumps 
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o Ammonia Hydroxide Pumps 
o Phosphoric Acid pumps 
o Ferric Chloride Pumps 
o Biogas Bldg. status light 

• Annunciator 
• Controllers (mounted to panel face): 

o Heat exchanger temperature controllers(1, 2, 3, 4) 
o Pre-Acidification Tank level controller 
o Reactor effluent flow controller 
o Cooling water bypass flow controller 
o Reactor flow controller (1, 2, 3) 
o Sulfide oxidation basin oxygen feed controller (1, 2) 
o Biogas compressor pressure controller (1, 2) 

• Condition: excellent 

Operator Interface Panel 
• Type: painted steel, free standing 
• Major components: 

o Computer and HMI with viewing window 
o External keyboard 

• Condition: excellent 

Area H Anaerobic SCADA Network Enclosure 
• Type: Stainless steel, wall mount 
• Major components: 

o Hirschmann Ethernet switch with redundant power supplies connected to SCADA 
fiber network ring (5–6 years old) 

o UPS 
• Condition: excellent 

Camera Fiber Mods Enclosure 
• Type: fiberglass, wall mount 
• Major components: 

o Fiber connection panels for process-operations (24 mm), process-biogas (12 mm) and 
process-chemical (12 mm) 

o Camera PCAMs (2) 
• Condition: excellent 

PLC H1-4  
• Type: painted steel, free standing 
• Major components: 

o Modicon remote I/O rack 
o External UPS 

• Condition: good 
o Some scratches to panel exterior 

PROCESS BUILDING – MAJOR FIELD INSTRUMENTS OBSERVED 
• Temperature and pressure gages 
• Moore I/P converters for pneumatic control valves 
• Pressure filter regulators with integral gages  
• Rosemount temp transmitters  
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• Krohne magnetic flow meters  
o Reactor feed rate 
o Reactor effluent recycle flow 

• Reactor pump local control stations 
• H2S sensors 
• Local grinder panel 
• pH analyzer (Emerson Rosemount) 
 
Generally, the field instruments appeared to be in fairly good condition. Observed a mounting 
stand identified to be for heat exchanger 3&4 influent flow transmitter (FIT-H0220) and heat 
exchanger total influent flow transmitter (FIT-HO210), but the flow transmitters were missing. 
Some of the filter regulators had noticeable corrosion, but still appeared to function.  
 

  
Photo 7: Process Building Backup Panel BUP H1 Photo 8: Magnetic flow meters in Biogas Building 

 

BIOGAS BUILDING – MAJOR CONTROL PANELS 

Caustic Storage Tank Panel FP-H15210 
• Type: Stainless steel, wall mount 
• Major components: 

o Tank level readout and Alarm Silence PB on front: 
• Condition: excellent 

Vacuum Belt Filter System Field Panel FP-H17110 
• Type: Fiberglass, rack mount 
• Major components: 

o Pump control pushbuttons  
o Status/alarm lights 

• Condition: excellent 
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Sulfur Feed and Washwater Level Control Field Panel FP-H17120 
• Type: Fiberglass, wall mount 
• Major components: 

o Selector switch and panel mounted pressure gages 
o Pressure regulator knob 

• Condition: good 
o Shows some signs of age 

BIOGAS BUILDING – MAJOR FIELD INSTRUMENTS OBSERVED 
• Magnetic flow meters: 

o Sulfur slurry (scrub) flow meter; showing age but appears to be in good working 
condition. See photo 8. 

o Foam control flow meter; showing age but appears to be in good working condition. See 
photo 8. 

• Yokogawa conductivity analyzer 
• Redox analyzer (E+H Liquisys S) 
• Conductivity analyzer (Yokogawa) 
• pH analyzer (Emerson Rosemount ) 
• Thermal mass flow meters (FCI) 
• Pressure gages 
 
Generally, the field instruments appeared to be in good condition. The sulfur slurry and foam 
control magnetic flow meters show some age, but appear to be in good working condition.  

FLARES – MAJOR CONTROL PANELS 

PLC H4-1 (in Flare Building) 
• Type: painted steel, free standing 
• Major components: 

o Modicon CPU 434 12A 
• Condition: excellent 

Flare Building Fiber Optic WIC Box (in Flare Building) 
• Type: fiberglass, wall mount 
• Major components: 

o Leviton fiber optic connection center 
• Condition: excellent 

LCP 4-3 (in Flare Building) 
• Type: painted steel, wall mount 
• Major components: 

o H2S and combustible gas status lights mounted on panel face 
• Condition: excellent 

Local Flare Panels (Outside) 
• LCP-3-1-1, LCP-3-1-2, LCP-3-2-1, LCP-3-2-2, LCP-4-1, LCP-4-2  
• Typical components mounted on panel face: 

o Alarm and status lights 
o Ignite pushbutton 
o Auto-Manual selector switch 
o RSSS selector switch 
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• LCP-3-1-1, LCP-3-2-1: each ID tag represents two separate enclosures with same ID tag on 
panel front 

• Condition:  
o LCP-3-1-1: painted steel; fair condition with very noticeable corrosion  
o LCP-3-1-1: explosion-proof enclosure; good 
o LCP-3-1-2: stainless steel; good 
o LCP-3-2-1 painted steel; fairly good condition with some corrosion  
o LCP-3-2-1: explosion-proof enclosure; good. 
o LCP-3-2-2: stainless steel; good 
o LCP-4-1: stainless steel; excellent 
o LCP-4-2: stainless steel; excellent 

FLARES – MAJOR FIELD INSTRUMENTS OBSERVED 
• MSA H2S and combustible gas sensors – good 
• FCI thermal mass digester gas flow meters 
• Pressure transmitters 
 
Field instruments appear to be in excellent condition. 

SULFIDE OXIDATION BASINS – MAJOR FIELD INSTRUMENTS OBSERVED 
• Thermal mass oxygen flow meters (FCI) see photo 10 
• Pressure gages 
• DO analyzer (InsiteIG Model 1000) (Basin #2 only) see photo 9. 
 
Instrumentation is in corrosive environment, but appears to be mostly in good condition. There 
is some noticeable corrosion in conduit fittings. The surge suppression enclosure for Basin 1, 
Aerator #2 flow transmitter (FIT-H1211) has moisture inside. Plant staff reported significant 
issues with the condition of many of the basin conduits.  
 

  
Photo 9: DO analyzer enclosure at Sulfide Ox Basin 2 Photo 10: Thermal mass oxygen flow 

meter at Sulfide Ox Basin 1 
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BIOSCRUBBER – MAJOR CONTROL PANEL 

PLC B2 (in Bioscrubber Building) 
• Type: painted steel, free standing 
• Major components: 

o Modicon CPU 434 12A 
o Hirschmann Ethernet switch with redundant power supplies connected to SCADA fiber 

network ring (5–6 years old) 
o UPS 

• Condition: good 

BIOSCRUBBER – MAJOR FIELD INSTRUMENTS 

Outdoors 
• Differential pressure transmitter (Rosemount) Heat trace issues  
• Local control station for bio scrubber fans 
• pH analyzer (Rosemount Analytical) 

In building 
• Temperature and pressure transmitters (Bioscrubber 1 & 2 dome)  
• Magnetic flow meters (Foxboro I/A) for Bioscrubber 1 and 2 rinse water and rinse bypass 
• Thermal mass flow meter (FCI) 
 
Instrumentation is generally in good to excellent condition. Installation of heat tracing for the 
outdoor Rosemount differential pressure transmitter tubing needs improvement. The Foxboro 
magnetic flow meters appear to be old but functioning satisfactorily. 
 

Solids Handling Facilities Assessments 
Primary Sludge Handling 
 
Grit and sludge from the primary clarifiers is dewatered through several processes. Primary 
solids are pumped to a cyclone degritter in the upper level of the Grit Building. Sludge then 
passes through a step screen; screens are washed and dropped into a dumpster on the ground 
level. Sludge is dewatered further in dissolved air floatation (DAF) thickeners and pumped to a 
blend tank. A belt filter press is the final step in dewatering before incineration or lime 
stabilization for land application.  
 
Table 8: Primary Sludge Handling Major Equipment 

Parameter Value Year 
Installed Comments 

Primary Sludge 
Primary Sludge Pumps  1979 Replaced 2 pumps and 

refurbished 2 pumps in 
2013. Replaced all 4 motors 
in 2013. 

 Manufacturer WEMCO  
 Number 4  

 Type 
Recessed 
impeller  

 Capacity, gpm 425  
 Head, ft. 30  
 Horsepower 40  
Cyclone Degritters and Screens  1979  
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Table 8: Primary Sludge Handling Major Equipment 

Parameter Value Year 
Installed Comments 

 Manufacturer WEMCO  
 Number 4  
 Cyclone size, inches 18  
 Cyclone capacity, gpm 425  
 Screen opening, inches 1/16  
Sludge Step Screen & Wash Press  2003 Wash Press installed in 

2008.  Manufacturer Vulcan  
 Number 1  
 Screen capacity, MGD 3.6  
 Screen opening, inches 0.125  

Dissolved Air Flotation 
Dissolved Air Flotation Thickeners  1979 DAFTS A and B modified in 

2013. DAFT C out of 
service. 

 Number 3  
 DAFT A   
 Diameter, ft. 69  
 Sidewater depth, ft. 12  
 Design flow, mgd 1.83  
 Design loading, lb./day 44,870  
 Loading rate, lb./hr./sf 0.50  

 
Capture rate @ 4.5 percent 
concentration, percent 85  

 DAFT B   
 Diameter, ft. 85  
 Sidewater depth, ft. 12  
 Design flow, mgd 4.9  
 Design loading, lb./day 68,094  
 Loading rate, lb./hr./sf 0.50  

 
Capture rate @ 4.5 percent 
concentration, percent 85  

 DAFT C   
 Diameter, ft. 69  
 Sidewater depth, ft. 12  
 Design flow, mgd 1  
 Design loading, lb./day 44,870   
 Loading rate, lb./hr./sf 0.50   

 Capture rate @ 4.5 percent 
concentration, percent 85   

DAFT Pressurization System  1979  
 Pressure Tanks    
 Number 3   

 
Pressurization/Recirculation 
Pumps   

The pressurization / 
recirculation pumps were 
refurbished in 2013. 
Secondary effluent is now 
used as the pressurization 
water supply. 

 Manufacturer Fairbanks-Morse  
 Number 2  
 Capacity, gpm 2000  
 Head, ft. 196  
 Horsepower 150  
 Compressors    
 Number 2   
 Capacity, cfm 571   
 Pressure, psig 125   
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Table 8: Primary Sludge Handling Major Equipment 

Parameter Value Year 
Installed Comments 

 Horsepower 125   
Thickened Sludge Transfer Pumps  1979  
 Manufacturer Netzsche   
 Number 6   
 Capacity, gpm 340, 690, 450   
 Head, ft. 70   
 Type Progressing 

cavity   
Sludge Storage Tank  1979  
 Diameter, ft. 110   
 Type Pre-stressed 

concrete   
 Volume, MG 2.7   
Blend Tanks  1979  
 Diameter, ft. 110   
 Type Pre-stressed 

concrete   
 Volume, MG 2.7   

Belt Filter Press System 
Belt Filter Press Feed Pumps  1988 Wilden Model M20 
 Number 4  
 Manufacturer Wilden   
 Type 4-inch air 

operated 
diaphragm pump  

 

Belt Filter Presses  2004  
 Number 2  
 Manufacturers Ashbrook  
 Width, m, each 2  

 
Dry solids throughput, lbs./hr., 
each 2400  

 Flow, gpm, each 96  
 

Process Performance & Condition 
 
Four (4) recessed impeller pumps are used to remove primary sludge from the three (3) A 
Clarifiers. The desired operation mode is to run a pump continuously with each primary clarifier. 
However, due to restrictions in the pump discharge piping, three pumps cannot be in operation 
at the same time. The current mode of operation involves one pump running continuously from 
one clarifier and another pump running continuously and switching between the remaining two A 
Clarifiers by alternating the pump suction valves between the two clarifiers.  
 
The desired mode of operation results in a sludge with a much lower solids concentration. 
Primary clarifiers can typically generate sludge with a solids concentration of 4%–10%. 
However, the grit cyclones limit the solids concentration to 1%–1.5% Total Solids. Therefore, 
the desired mode of operation is appropriate based on the limits of the grit removal system. 
Based on the plant data, primary sludge concentrations have averaged 0.71%.  
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The primary sludge pump discharges to the cyclone degritters. Each sludge pump is dedicated 
to one grit cyclone. The grit removed in the cyclone is run through a grit classifier before 
discharge to a belt conveyor. Disposal of grit is currently done with incineration. This practice 
should be reviewed since grit is not organic and adds a heat load to the incinerator. 
 
The degritted primary sludge is run through a step screen for removal of rags from the sludge. 
The removed material is discharged to the same belt conveyor carrying the grit to the 
incinerator. The step screen has been identified for upgrading in the Capital Improvement Plan. 
Primary sludge from the step screen is conveyed to the Dissolved Air Flotation Thickeners 
(DAFT). 
 
Scum removed in the A Clarifiers is collected in the scum box. The scum is run through an in-
line grinder and then pumped to the DAFT units. 
 
Two (2) DAFT units are available for thickening the combined primary sludge and primary scum. 
Both DAFT units were experiencing problems at the time of the plant tour. DAFTs A and B were 
recently upgraded but problems with launders, insufficient air and ventilation have limited their 
effectiveness. Thickened solids concentration from DAFTs A & B has averaged 3.74%. There 
are limited benchmarking data on the performance of DAFT units thickening only primary sludge 
since this is rarely the preferred thickening process for primary sludge. When dissolved air 
floatation is used, normally the primary sludge is blended with secondary sludges. DAFT C is 
out of service but included in the CIP for future upgrading. 
 
Polymer is added to the DAFT influent to improve the thickening performance. Polydyne 
Clarifloc C-321 is used for the DAFT units. The polymer has a density of 8.41 pounds per gallon 
and activity of 4.5%–5.3%. The polymer dosage to the DAFT units averaged 3.1 pounds active 
polymer per dry ton of solids. Typical polymer dosage for dissolved air floatation thickeners 
ranges from 4 to 10 pounds per dry ton. However, this range is based on a blend of primary and 
secondary sludges. Solids capture for the DAFT units was 86%. 
 
Performance calculations will help to establish benchmarks for effective operation of the solids 
processes and determine when process changes are necessary. Polymer dosage in pounds of 
polymer per dry ton of sludge produced should be calculated each day for all the thickening and 
dewatering processes. Solids capture should also be monitored. An Excel spreadsheet can be 
developed for each process to make the calculations.  
 
A review of existing plant data indicates some issues with the solids data when used in 
performance analysis calculations. For example, plant data provides an average primary sludge 
quantity of 67,305 pounds per day while a mass balance on the A Clarifiers indicates the 
primary sludge production should be closer to 96,899 pounds per day. This discrepancy is 
typical of the sludge data and indicates there may be an issue with sludge sample locations, 
measurement of sludge quantity/volume, and/or sampling technique.  
 
DAFT thickened sludge pumps collect the top and bottom sludge from the DAFT units and 
convey the sludge to either Sludge Blending Tank No.2 (normal practice) or the sludge storage 
tank. Liquid sodium permanganate can be fed to the thickened primary sludge in the pipe 
leading to the blend tank to control hydrogen sulfide. A recirculation pump, with local controls 
only, can be used to mix the contents of Blend Tank No. 2. Future instrumentation work should 
provide SCADA control of the recirculation pump. 
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The possibility of converting one of the DAFT units to a gravity thickener for the primary sludge 
should be investigated. A test of this process change could be simulated by applying primary 
sludge to one DAFT unit without the addition of air, polymer, or pressurized make-up flow. 
Solids pumped from the bottom of the tank should be monitored for % Total Solids and the 
torque on the drive mechanism should be recorded. Gravity thickening is a very simple process 
ideally suited to primary sludge. Polymer is normally not needed for gravity thickening of primary 
sludge. The average cost of polymer over the last 2 years was over $125,000. Additional cost 
reductions would result from eliminating the need for air compressors and pumping needed for 
the DAFT units. Improvement in air quality in the tanks may result from the lack of the air 
release in the DAFT units stripping hydrogen sulfide from the sludge. 
 
Four (4) air actuated diaphragm pumps serve as the feed pumps for the two (2) belt filter 
presses (BFPs). Thickened primary sludge from Blend Tank No.2 flows through inline grinders 
as it is pumped to the belt filter presses. Polymer C-321 is added prior to the belt filter presses 
to enhance dewatering of the primary sludge. The belt filter presses are enclosed for odor 
control. Changes in the ventilation dampers are needed to allow equipment isolation from the 
odor control system during equipment maintenance. Dewatered cake is conveyed to the 
incinerator or lime stabilization for final disposal. Issues have been noted with the weigh scale 
on the conveyor from the belt filter press. This may be contributing to some of the sludge data 
anomalies that have been observed.  
 
The Belt Filter Presses produced an average 27.4% cake solids at an average polymer dosage 
of 5.1 pounds active polymer per dry ton of sludge. The solids capture was calculated at 94%. 
The cake solids and polymer dosage are indicative of a well-operated BFP system. 
 

Condition of Structural System 

GRIT BUILDING 
 
The Grit Building is generally in good condition, requiring minor corrective maintenance. Minor 
cracks can be found in the CMU exterior south wall (parapet and interface with the Solids 
Handling Building) and the west wall of the mezzanine level. Minor cracks in concrete can also 
be observed at the west side of the ground level slab and at the southwest corner of the tunnel 
level. These cracks could be indicators of past expansion, contraction or settlement. The 
conveyor supports at mezzanine level show moderate cracking in the piers and corrosion at the 
conveyor support piers. Floors show minor shrinkage cracks and minor corrosion. Steel items 
typically show only minor corrosion. 

DAF THICKENER TANKS 
 
The DAF Thickener Tanks are generally in good condition. Minor shrinkage cracks and 
debonding of the grout rub finish were observed. The inside of the influent box showed 
moderate corrosion by chemical attack on the concrete surfaces. Minor corrosion at some 
carbon steel framing and pipe supports were observed, particularly at lower elevations. The 
aluminum domes were in good condition, with joints sealed. There were some local areas where 
the flashing had been bent and damaged. 
 
See the Structural Assessment Forms for further details. 
 



 
HDR Engineering, Inc. 
TM 4.0 Existing Facilities and Performance FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 68 of 98 

 

Condition of Mechanical Systems 

GRIT BUILDING 
 
The following HVAC equipment serves the Grit building: exhaust fans and odor control 
ductwork. Brief descriptions of the HVAC equipment condition based on visual assessment are 
as follows: 
 
• Exhaust Fans – The exhaust fans are in excellent condition. The exhaust fans have been 

recently replaced and the fans are controlled by on/off switches. The exhaust fans exhaust 
air from ground level which is supplied from the air handler (AHU-8) serving the west end of 
the tunnel level.  

• Odor Control Ductwork – The odor control ductwork appears to be in good condition.  
 
The plumbing system inside the Grit building consists of domestic water system (non-potable). 
Brief descriptions of the plumbing systems condition based on visual assessment are as follows:  
 
• The Domestic Water System – The piping, insulation, and hose bibbs appear to be in fair 

condition. There are several locations where the piping is insulated. 
 
The Grit building has no miscellaneous equipment. There is compressed air piping within the 
building. Based on visual assessment the compressed air piping appears to be in fair condition. 
Plant maintenance staff indicated that the 2-inch compressed air is undersized and they have 
condensate issues. 
 

Condition of Electrical Systems 
 
Electrical equipment associated with the primary sludge handling systems includes: 
 
• Unit Substation SUB-4: Dry type transformer with primary and secondary fuse protection. 
• Dissolved Air Flotation equipment: MCC-4A1, MCC-4A2, MCC-4B1, MCC-4B2, and 

miscellaneous panelboards. 
• Substation 5: Pad mounted switch PMS-5, pad mount transformer PMT-5, switchboard 

MSB-5. 
• Grit Removal equipment: MDP-5A, MDP-5B, MCC-5A, MCC-5B, and miscellaneous 

panelboards. 

GRIT BUILDING 
 
A fair amount of equipment has been replaced by recent projects. Some areas of the conduit 
system and support system have corrosion issues that need to be repaired. The egress lighting 
and exit signage needs to be evaluated closer. See Assessment forms for additional detail. 
 

Miscellaneous equipment: Good 
Lighting: Good to Fair except emergency lighting, Failing. 

DAF THICKENER TANKS AND SOLIDS PUMPING 
 
Most all equipment has been replaced at various times. Some areas of corrosion, especially in 
the lower level, have issues that need to be addressed. Sub 4 needs preventative maintenance. 
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The egress lighting and exit signage needs to be evaluated closer. See Assessment forms for 
additional detail. 
 

Electrical equipment: Fair. 
Miscellaneous equipment: Fair. 
Lighting: Good except emergency lighting, Failing. 

 

Condition of Instrumentation & Control Systems 

PRIMARY SLUDGE - MAJOR CONTROL PANELS 

Vulcan Step Screen #1 ESS-100 Control Panel 
• Type: stainless steel, rack mount 
• Major Components: 

o Status and alarm lights 
o Control selector switches 
o Pushbuttons 
o Time meter 
o Level readout 
o Disconnect switch 

• Condition: Good (dirty exterior; interior not observed) 

Vulcan Screenings Wash Press Control Panel 
• Type: stainless steel, wall mount 
• Major Components: 

o Status and alarm lights 
o Control selector switch 
o Pushbuttons 
o Horn 
o Disconnect switch 

• Condition: Good (dirty exterior; interior not observed) 

PRIMARY SLUDGE – MAJOR FIELD INSTRUMENTS 
 
• Ultrasonic flow meters with strap-on flow sensors (Siemens Sitrans F/Controlotron) at 

discharge of each sludge/grit pump. See photo 11. 
 
The ultrasonic type flow meters with strap-on flow sensors generally appear to be in good 
physical condition, but per the Plant staff, do not provide reliable flow measurement. 

DISSOLVED AIR FLOATATION – MAJOR CONTROL PANELS 

Local Outdoor Control Panel at Clarifier A 
• Type: stainless steel, rack mounted 
• Major components: 

o Open/Close valve status lights 
o On/Off control station adjacent to panel 

• Condition: Excellent 



 
HDR Engineering, Inc. 
TM 4.0 Existing Facilities and Performance FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 70 of 98 

 

Local Outdoor Control Panel at Clarifier B 
• Type: stainless steel, rack mounted 
• Major components: 

o Open/Close valve status lights for both Clarifier B & C (note: Clarifier C no longer in 
service) 

o On/Off control station adjacent to panel 
• Condition: Excellent 
 

  
Photo 11: Strap-on flow sensor in Grit Pump 
discharge line 

Photo 12: Typical local controller for DAF Sludge 
Transfer Pump 

 

Solids Pump Building Multiplexer D-1-1 (see photo 13) 
• Type: painted steel, free standing 
• Major components: 

o Modicon PLC CPU 434 12A and associated I/O modules 
• Condition: Fair 

o Panel showing signs of age with very dirty interior and many cables in disorder and 
laying on floor  

Solids Pump Building – Backup Panel 
• Type: painted steel, free standing 
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• Major components: 
o Primary Floatation Thickeners A, B, C 
o Pressure mode switches 
o Top and bottom valve control switches 
o Transfer Pump control switches and status lights 
o Thickener vault level alarm lights 
o DAF Pressurization wetwell level readout 
o Primary Grit Pump control switches 
o Overflow pumps selector switch 
o Overflow wetwell level controller 
o Remote I/O rack 

• Condition:  
o Poor 

• Panels show signs of age and corrosion; many stainless steel plates cover old 
mounting holes in panel front.  

• Very dirty interior and many cables in disorder and laying on floor  
• Open hole in panel front where instrument once was located. 

Solids Pump Building – DAF Gear Pumps 1&2 Local Control Panels (2) 
• Type: fiberglass, rack mount 
• Major components: 

o Gear Pump selector switch 
o HOA selector switches 
o Internal variable speed controls 

• Condition: good 

Solids Pump Building – DAF Polymer Pump Local Control Panels (typical for pumps 1, 2 &3) 
• Type: fiberglass, wall mount 
• Major components: 

o Local/Remote control switch 
o Potentiometer 
o Pushbutton controls 

• Condition: good 

Local Thickened Sludge Transfer Pump Control Panels (Typical Each): 
• Type: fiberglass, wall/column mount 
• Major components: 

o Stroke/cycle rate control 
o Discharge time control 
o Suction/discharge pressure gages 
o Pump stroke readout 
o Suction/discharge pressure regulators 
o DRC Controller selector switches 
o Power status light 

• Condition: good 

Local Sludge Storage Transfer Pump Control Panels (Typical Each) – see photo 12 
• Type: fiberglass, wall/column mount 
• Major components: 

o Stroke/cycle rate control 



 
HDR Engineering, Inc. 
TM 4.0 Existing Facilities and Performance FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 72 of 98 

 

o Discharge time control 
o Suction/discharge pressure gages 
o Pump stroke readout 
o Suction/discharge pressure regulators 
o DRC Controller selector switches 
o Power status light 

• Condition: good 

DISSOLVED AIR FLOATATION – MAJOR FIELD INSTRUMENTS 
 
• DAF A& B Pressurization Tank pressure and level instruments 
• Westech Valve Control Panel rotameters  
• DAF polymer magnetic flow meters (Foxboro I/A) 
• Blend tank bubbler level measurement system with Rosemount pressure transmitters 
• Sludge Storage Tank bubbler level measurement system with Rosemount pressure 

transmitter 
• Sludge storage transfer pump discharge ultrasonic flow meters with strap-on sensors 

(Siemens Sitrans F/Controlotron) 
• Thickened sludge transfer pump discharge flow meters with strap-on sensors (Siemens 

Sitrans F) 
• DAF Recirculation/Pressurization pump discharge flow meters with strap-on sensors 

(Siemens Sitrans F). 
 
The instrumentation for the DAF A&B Pressurization Tanks is very new and in excellent 
condition. The Foxboro flow meters are showing signs of age (corrosion on bolts, nametags, 
grounding connections) but appear to be in good working condition. 
 
Blend Tank bubbler level measurement system: excellent condition. 
 
The Sludge Storage Tank utilizes a bubbler type level measuring system with the bubbler tubing 
running from outside at the tank to the indoor location of the rotameter and associated pressure 
transmitter. The insulation covering the bubbler tube and associated heat tracing has fallen 
away from portions of the bubbler tubing. The most significant issue, however, is reported by the 
Plant staff to be related to the fact that the tank has a conical shaped bottom, but the level in 
only being sensed down to the bottom of the tank wall’s straight sides. Thus, the level down into 
the cone is not being measured. 
 
The ultrasonic type flow meters with strap-on flow sensors generally appear to be in good 
physical condition, but per the plant personnel, do not provide reliable flow measurement. 
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Photo 13: Solids Pump D-1-1 and Backup Panel 
Lineup 

Photo 14: BFP Belt Scale 

 

BELT FILTER PRESS SYSTEM – MAJOR CONTROL PANELS 

Local OIT (Operator Interface Terminal) 
• Type: painted steel, free standing 
• Major components: 

o GE Quick Panel OIT mounted in stainless steel door 
• Condition: excellent 

BFP #1 Start-Up Panel EBFP-100 (Typical for BFP#2, EBFP-200) 
• Type: stainless steel, free standing 
• Major components: 

o BFP status and alarm lights 
o Control selector switches 
o Control pushbuttons 
o E-STOP 
o Variable Speed Drive 

• Condition: excellent 

BELT FILTER PRESS SYSTEM – MAJOR FIELD INSTRUMENTS 
• Belt conveyor scales (Thermo Ramsey Micro Tech 2000) see photo 14 
• Force main flow meters 

o BFP#1: has both a Siemens Sitrans F ultrasonic meter with strap-on sensors and a 
Foxboro magnetic flow meter 

o BFP#2: Foxboro magnetic flow meter 
• Instrumentation integral to each BFP: 

o Belt misalignment switches 
o Belt zero speed switches  
o Local pressure gages 

 
Plant staff reports that the conveyor belt weigh-scales do not provide reliable measurements. 
The belt physically tends to curve off the load cells. 
 
The Foxboro magnetic flow meters used to measure the sludge feed to the belt presses have 
significant corrosion. Not clear whether the magnetic flow meter or the Siemens ultrasonic flow 
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meter is being used for the BFP#1 flow measurement. It would appear that the Siemens 
ultrasonic flow meter was added at a later period in time than the old magnetic flow meter, and it 
was observed to be energized and showing zero flow. The wall-mounted transmitters in either 
case are very dirty. Plant staff has generally reported problems with the ultrasonic strap-on flow 
meters. 
 
The instrumentation integral with the Belt Filter Presses appears to be in good condition. 
 
Secondary Sludge Handling 
 
Waste activated sludge is pumped from the “C” and “D” clarifiers to gravity belt thickeners and 
then pumped to a blend tank. A series of pumps and boosters pressurize the sludge stream and 
pump it into the Low-Pressure Oxidation (LPO) system. Decant tanks allow the sludge to 
thicken before being pumped to centrifuges. Cake from the centrifuges is conveyed to either the 
incinerator or the lime stabilization system for land application. If the LPO or centrifuges are 
offline, piping is configured to send sludge to the belt filter presses. 
 
Table 9: Secondary Sludge Handling Major Equipment 

Parameter Value Year 
Installed Comments 

Gravity Belt Thickener System 
CAS WAS Pumps  1979 Replaced 1 pump and 

refurbished 1 pump in 2013. 
Replaced both motors in 
2013. 

 Number 2  
 Type Centrifugal  
 Capacity, gpm 2000  
 Head, ft. 38  
 Speed, rpm 870  
 Horsepower 30  
NAS WAS Pumps  1979 Replaced 1 pump and 

refurbished 1 pump in 2013. 
Replaced both motors in 
2013. 

 Number 2  
 Type Centrifugal  
 Capacity, gpm 270  
 Head, ft. 49  
 Speed, rpm 1160  
 Horsepower 10  
Gravity Belt Thickeners  1985  Two Klein America (out of 

business) units installed in 
1985. Andritz unit installed 
in 2001. 

 Number 3 and 2001 
 Width, m, each 3  

 
Solids throughput, lbs./hr., 
each 3600  

 Capacity, gpm 960   
 Feed solids, percent 0.75   
 Thickened sludge, percent 6   
Thickened Sludge Blend Tank 1  1979  
 Diameter, ft. 50   
 Sidewall depth, ft. 20   
 Volume, gallons 293,800   
Thickened Sludge Blend Tank 2  1979  
 Diameter, ft. 50   
 Sidewall depth, ft. 20   
 Volume, gallons 293,800   
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Table 9: Secondary Sludge Handling Major Equipment 

Parameter Value Year 
Installed Comments 

LPO System 
LPO Feed Pumps  1979  
 Number 4  
 Manufacturer Gardner Denver  
 Type Reciprocating 

piston  
 Capacity, gpm 200   
 Head, psi 500   
LPO Heat Exchangers  1979  
 Manufacturer Zimpro  
 Number 3  
 Loading rate, gpm, each 200  
LPO Reactors  1979  
 Manufacturer Zimpro  
 Number 3  
 Loading rate, gpm, each 200  
LPO Decant Thickeners  1979  
 Manufacturer Dorr Oliver  
 Number 2  
 Diameter, ft. 60  
 Sidewall depth, ft. 15   

Centrifuge System 
Centrifuge Feed Pumps  2000 Replaced 1 pump and 

refurbished 3 pumps in 
2013. Replaced all 4 motors 
in 2013. 

 Number 4  
 Manufacturer Moyno  
 Type Progressing 

cavity  
 Capacity, gpm 275   
 Head, psi 27   
 Horsepower 20   
Centrifuges  2000 Designed so both 

centrifuges can go to 
incineration and one to 
alkaline stabilization. 
Problems at start-up.  

 Number 2  
 Manufacturer Alfa Laval  
 Model DS706  
 Capacity, dry tons/hour 1.9  

 

Process Performance & Condition 
 
WAS from both the CAS and NAS systems is thickened with the three (3) gravity belt thickeners 
(GBTs). As stated earlier, the CWAS and NWAS pumps act as the feed pumps for the 
thickeners. The room housing the GBTs and auxiliary equipment has experienced ventilation 
issues and as a result, much of the equipment is showing signs of corrosion. The same polymer 
(C-321) is used for the GBTs, DAFTs, and BFPs. The thickened sludge pumps for GBTs 2 & 3 
are located between the thickeners with limited access for maintenance. The hopper for GBT 3 
was identified as undersized based on the sludge flow to the thickener. The influent flow meter 
for GBT 3 is a magnetic flow meter while the flow meters for GBTs 1 & 2 are strap-on units. The 
thickened sludge is pumped to Blend Tank No.1 (normal practice) or the sludge storage tank. A 
recirculation pump can be used to mix the contents of Blend Tank No. 1. 
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The GBTs produced an average thickened solids concentration of 4.5% at a polymer dosage of 
4.6 pounds per dry ton with solids capture of 94.5%. Thickened solids concentration would 
typically be in the 5% to 7% range while polymer dosages are typically 6–14 pounds per dry ton. 
Polymer dosage should be investigated to determine if additional polymer would produce a 
higher solids concentration. If increasing the polymer dosage does not result in higher solids 
concentration, other polymers should be investigated. Typically, the same polymer that works 
well for primary sludge may not be the most effective for waste activated sludges. 
 
The thickened WAS is thermally conditioned in the LPO system. The LPO system uses high 
pressures and temperatures to breakdown the WAS and improve the dewatering 
characteristics. The LPO positive displacement feed pumps pressurize the sludge to 425 psi 
and air and steam are injected into the sludge in the LPO reactor. The conditioned sludge is 
sent to the decant tanks.  
 
The LPO system is complex and requires significant auxiliary equipment to operate. Auxiliary 
equipment includes the high pressure feed pumps, high-pressure air compressors, high 
temperature boilers, boiler feed water pumps, and LPO Solvent System. There are three (3) 
LPO trains consisting of three (3) heat exchangers and one reactor. Normal operation involves 
one train in service, one train in standby and one train down for maintenance. The steam from 
the boilers is injected into the LPO system so constant boiler makeup water must be added to 
the boilers. The water softener conditioning the boiler makeup water has been identified for 
replacement due to the high salt consumption. Velocities in the LPO reactor tubes have 
exceeded design levels and erosion of the titanium tubes is occurring.  
 
The LPO heat exchangers must be washed with nitric acid and caustic soda solutions for 
cleaning. The nitric acid fumes create atmospheric challenges for the ventilation system. Pebble 
lime is slaked and hauled to the discharge location to neutralize the acid waste. 
 
The product from the LPO Reactors is sent to Decant Tanks 1 & 2 for storage. The decant from 
the LPO reaction is dark colored with high concentrations of BOD, TKN and Total P. Two pumps 
are available to pump the decant liquid to the anaerobic reactors or to the Main Lift Station. 
Problems with the discharge line to the anaerobic reactors have restricted the decant flow 
significantly. The decant is an excellent source of macro and micronutrients for the anaerobic 
reactors. Without adequate decant flow, micronutrients must be purchased and added to the 
influent flow of the anaerobic reactors. Attempts have been unsuccessful in eliminating the 
restriction in the decant line. Installation of a replacement line should be included in future CIPs. 
Before designing the line, other dewatering side streams should be considered for delivery to 
the anaerobic reactors. The possibility may exist to cool the paper wastes and eliminate some of 
the macronutrients that are required by the anaerobic system. 
 
Significant odors are generated from the LPO reaction requiring the decant tanks to be covered. 
The odiferous gases from the decant tanks are destroyed in the incinerator. 
 
Four (4) progressive cavity pumps, three with inline grinders, serve as the feed pumps for the 
centrifuges. The suction source for the feed pumps is the bottom sludge in the decant tanks. 
There are two (2) centrifuges, however only one has been operational since December 2014. 
An emulsion polymer (Polydyne Clarifloc CE-939) is used to aid the dewatering in the 
centrifuge. The polymer has a density of 8.6 pounds per gallon and an activity of 40%.  
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The centrifuges produced a sludge cake with a solids content of 34% at a polymer dosage of 
7.2 pounds per dry ton with a solids capture of 99%. The dewatering by the centrifuge is very 
good based on typical reported performance. 
 

Condition of Structural System 

GRAVITY BELT THICKENER BUILDING 
 
The Gravity Belt Thickener Building is generally in good condition. The concrete is in sound 
condition with some exceptions. The floor slab over the tunnel section has regular transverse 
cracking, possibly from shrinkage and other areas of more random cracking. The lower sections 
of a concrete column have spalls, probably from rusting reinforcing. Aluminum and stainless 
steel items are typically in very good condition, while carbon steel items on ground level typically 
show minor corrosion. Carbon steel pipe supports in the tunnel level show significantly more 
corrosion.  

BLEND TANKS 
 
The Blend Tanks were generally in good condition. The aluminum dome showed no signs of 
distress, when observed from the ground. Steel items were generally protected with paint and 
showed only minor corrosion. Concrete tanks walls showed some moderate deterioration at the 
horizontal construction joint about 4 ft. above grade. Deterioration included cracking, spalling, 
and one piece of exposed reinforcing, which will require maintenance to avoid further damage 
from freeze thaw.  

SLUDGE STORAGE TANK 
 
The Sludge Storage Tank is generally in good condition. The tank does not show signs of 
shifting or settlement. The concrete surfaces appear sound with only minor surface cracks and 
some discoloration near the base of the walls. A detailed condition assessment for the tank was 
performed November 18, 2015. Minor defects were found and discussed within this report. 

SOLIDS DEWATERING BUILDING 
 
The Solids Dewatering Building is generally in good condition. The concrete floors are sound, 
but typically show some shrinkage cracks and corrosion/chemical attack, particularly in some 
wet areas. The overhead duct opening in the southwest corner of the tunnel level has moderate 
spalling and rusting corrosion around the opening. CMU walls appear sound, with minor 
cracking and some moderate delamination/spalling at the south, exterior wall. Carbon steel 
items typically show some level of rusting and corrosion due to the aggressive atmosphere, but 
no structurally unsound items were observed. Stainless steel and aluminum items are generally 
in very good condition. 

DECANT TANKS 
 
The Decant Tanks were generally in good condition, with the exception of the influent tanks 
where appeared to have moderate deterioration. The concrete tank roof appeared in sound 
condition with only minor shrinkage cracks in the slab. The construction joint between the roof 
slab and walls showed moderate cracking and spalling. Reinforcing ends in the precast roof 
beam were exposed, and prone to rusting. The influent tanks had moderate to significant 
surface cracking. Repairs were in progress.  
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CENTRIFUGE BUILDING 
 
The Centrifuge Building is generally in good condition. Concrete slab and beams were typically 
in sound good condition, but with some local areas of chemical attack/corrosion. Steel framing 
at the upper levels appeared in very good condition, while some steel lintels, base plates, 
bottoms of metal wall panels and other steel items at lower levels showed minor to moderate 
corrosion. 
 
See the Structural Assessment Forms for further details. 
 

Condition of Mechanical Systems 

GRAVITY BELT THICKENER BUILDING 
 
The following HVAC equipment serves the Gravity Belt Thickener building: odor control exhaust 
fan and ductwork, make-up air handler. Brief descriptions of the HVAC equipment condition 
based on visual assessment are as follows: 
 
• Make-up Air Handlers – A roof mounted direct-fired make-up air handler serves the Gravity 

Belt Thickener building. The make-up air handler is brand new and is in excellent condition. 
The make-up air handler is controlled by space temperature and status is monitored by the 
SCADA system. 

 
• Odor Control Exhaust Fan and Ductwork – The odor control exhaust fan is mounted and is 

in excellent condition. The installation of the ductwork to the suction side of the exhaust fan 
has low point and more than likely will have maintenance issues due to condensation. The 
odor control ductwork is in excellent condition. 

 
The plumbing systems inside the Gravity Belt Thickener building consist of drainage system 
(floors drains), domestic water system (potable and non-potable), emergency shower and 
eyewash’s, and natural gas piping. Brief descriptions of the plumbing systems condition based 
on visual assessment are as follows:  
 
• Drainage System – The floor drains appears to be in good condition. The floor drains are 

rusting and some covers are missing; however, the drainage system is still functional.  
 
• Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping and hose bibbs are 
showing early signs of corrosion. Insulation appears to be missing on sections of the 
domestic water piping.  

 
• Emergency Shower and Eyewash – The emergency shower and eyewash is in good 

condition.  
 
• Natural Gas Piping – The natural gas piping is in good condition. It was noted there are 

section of the gas piping on roof that are not painted.  
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The Gravity Belt Thickener building has no miscellaneous equipment. There is compressed air 
piping within the building. Based on visual assessment the compressed air piping appears to be 
in fair condition. Plant maintenance staff indicated that the 2-inch compressed air is undersized 
and they have condensate issues. 
 

SOLIDS DEWATERING BUILDING 
 
The following HVAC equipment serves the Solids Dewatering building: exhaust fans, Intake 
louvers, air handling unit, split system air conditioning unit, positive pressurization unit, 
packaged air handler, unit heaters, boilers, pumps, heat exchanger, and odor control system. 
Brief descriptions of the HVAC equipment condition based on visual assessment are as follows: 
• Exhaust Fans – The exhaust fan serving the Solids Dewatering building are wall mounted 

exhaust fans, located on the north and south walls. The exhaust fans near the LPO are 
controlled by on/off switches and the fans appear to be in good condition. The exhaust fans 
on the south wall appear to be in fair condition. An on/off switch controls the exhaust fan 
serving the building restroom near the control room. The fan appears to have failed and is 
not functional. The exhaust fan serving the old oxidized sludge pump room (tunnel level) 
appears to be in good condition. 

 
• Intake Louvers – The intake louvers provide fresh air to the Solids Dewatering building and 

the louvers are in fair condition. The intake louvers are rusting and dampers not functioning 
properly; however the louvers are still functional. 

 
• Air Handling Unit – The air handling unit serving the upper level has failed. The air hander 

has been decommissioned and abandoned in place. The upper level has no ventilation and 
over the past summer, portable fans were used to help with H2S in the upper level. 

 
• Split System Air Conditioning Unit – The split system air conditioning unit serving the MCC 

room appears to be in excellent condition. The condensing unit is located on the roof.  
 
• Positive Pressurization Unit – The positive pressurization unit serving the MCC room 

appears to be in excellent condition. 
 
• Packaged Air Handler – The air handler serving the control room appears to be in good 

condition. The air handler is located on roof and it was noted the economizer section was 
missing and Plant maintenance staff indicated they have issues with controlling temperature 
in the control room. 

 
• Unit Heaters – The electric unit heater serving the MCC room appears to be in excellent 

condition. A wall-mounted thermostat controls the electric unit heater. The hot water unit 
heaters in Solids Dewatering building appear to be in good condition. Plant maintenance 
staff indicated that the heat rejection from the LPO process generates enough heat for the 
building and the unit heaters will only run of extreme cold days. 

 
• Boilers – There are three boilers (1, 2, & 3) in the Solids Dewatering building.  

o Boiler 1 & 2 are 450 psi rated boilers that serve the LPO process and are also regulated 
down to 60 Psi to serve other process and building demands. The boilers and controls 
appear to be in good condition. Plant maintenance staff indicated that running the boilers 
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on biogas alone is not enough fuel when the boilers are on high fire. Shutdown of the 
boilers on change over from biogas to natural gas requires the LPO to shutdown. 

 
o Boiler 3 is a 60 psi rated boiler and serves buildings (Dewatering & O&M) heat demands 

and; 2 other process (deaeration tank and solvent tank.) The boiler and controls appear 
to be fair condition (installed in ~ 2010). Plant maintenance staff indicated the boiler has 
a cycling issue (runtime less than 6 minutes) controls do not modulate fast enough. The 
boiler cycles on/off thus not maintaining the 60 psi pressure. Actuator’s have been 
replaced and one is already bad (nonfunctional). Boiler feed water valve actuator failed 
(second). Heat exchanger appears to be in good condition. 

 
• Pumps – The hot water pumps and boiler feed pumps appear to be in fair condition. The 

pumps are showing their age; however, they are still functional.  
• Heat Exchanger – The heat exchanger is located on the upper level and appears to be in 

good condition. Plant maintenance staff indicated that the heat exchanger has a water 
hammer problem due to a buildup of condensate.  

 
• Odor Control System – The odor control system is a wet scrubber and appears to be in 

good condition. The old odor control systems are abandoned in place and according to plant 
maintenance personnel, they are scheduled to demolish. 

 
The plumbing systems inside the Solids Dewatering building consist of drainage system (floors 
drains, sanitary), domestic water system (potable and non-potable), plumbing fixtures, hot water 
heater, and water softener system. Brief descriptions of the plumbing systems condition based 
on visual assessment are as follows:  
 
• Drainage System – The drainage system appears to be in good condition.  
 
• Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping and hose bibbs are 
showing early signs of corrosion. Insulation appears to be missing on sections of the 
domestic water piping.  

 
• Plumbing Fixtures – The plumbing fixtures (restroom sink and water closet) appear to be in 

good condition. 
 
• Hot Water Heater – The hot water heater appears to be in good condition.  
 
• Water Softener System – The water softener system is in good condition. The water 

softeners soften city water ~50 ppm; down to less than 1 ppm prior to serving boilers. 
 
Miscellaneous equipment in the Solids Dewatering building includes air compressors and air 
dryers. Brief descriptions of the miscellaneous equipment condition based on visual assessment 
are as follows: 
 
• Air Compressors – Air Compressor & Dryers serve the LPO process. The primary air 

compressors (~140 psi) appear to be in good condition. The air storage tanks are located 
outside and automatic valves freezes closed in winter thus bleed off valve is manual opened 
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to relieve pressure. The reciprocating compressors (booster compressors for the LPO ~ 400 
psi) appear to be in good condition.  

• Air Dryers – The air dryers appear to be in excellent condition. 
 

CENTRIFUGE BUILDING 
 
The following HVAC equipment serves the Centrifuge building: make-up air handlers, exhaust 
fans, odor control ductwork, and electric unit heaters. Brief descriptions of the HVAC equipment 
condition based on visual assessment are as follows: 
 
• Make-up Air Handlers – Three direct-fired make-up air handlers (MAU) serves the 

Centrifuge building. MAU-2 sets on the ground on the east side of building and serves the 
ground level. MAU-1 is roof mounted and serves the centrifuge conveyer level. MAU-3 is 
roof mounted and serves the upper level. The make-up air handlers are brand new and are 
in excellent condition. The make-up air handlers are controlled by space temperature and 
status is monitored by the SCADA system.  

 
• Exhaust Fans – The exhaust fans are in excellent condition. The exhaust fans have been 

recently replaced and the fans are controlled by on/off switches. The exhaust fans exhausts 
air from ground level and upper level that is supplied from by MAU-2 and MAU-3.  

 
• Odor Control Ductwork – The exhaust from the centrifuge conveyer level goes to the odor 

control wet scrubber. The odor control ductwork appears to be in good condition.  
 
• Electric Unit Heaters – The electric unit heaters are brand new and are in excellent 

condition. The electric unit heaters are controlled by a wall mounted thermostats. 
 
The plumbing systems inside the Centrifuge building consist of drainage system (floors drains), 
domestic water system (potable and non-potable), emergency shower and eyewash’s, and 
natural gas piping. Brief descriptions of the plumbing systems condition based on visual 
assessment are as follows:  
 
• Drainage System – The floor drains appears to be in good condition. The floor drains are 

rusting and some covers are missing; however, the drainage system is still functional.  
 
• Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping and hose bibbs are 
showing early signs of corrosion. Insulation appears to be missing on sections of the 
domestic water piping.  

 
• Emergency Shower and Eyewash – The emergency shower and eyewash is in good 

condition.  
 
• Natural Gas Piping – The natural gas piping is in good condition. It was noted there are 

section of the gas piping on roof that are not painted  
 
The Centrifuge building has no miscellaneous equipment. There is compressed air piping within 
the building. Based on visual assessment the compressed air piping appears to be in fair 
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condition. Plant maintenance staff indicated that the 2-inch compressed air is undersized and 
they have condensate issues. 
 

SOLIDS PUMPING BUILDING 
 
The following HVAC equipment serves the Solids Pumping building: exhaust fan, intake louver, 
exhaust hoods, and gas unit heaters. Brief descriptions of the HVAC equipment condition based 
on visual assessment are as follows: 
 
• Exhaust Fan – The exhaust fan located at ground level exhausts air from tunnel level which 

is supplied from the air handler (AHU-2) serving the east end of the tunnel. The exhaust fan 
is in good condition. The exhaust fan serving the electrical room appears to have failed and 
is not functional. 

 
• Intake Louver – The intake louver provides fresh air to the compressors and is in good 

condition. The intake louver for the electrical room appears to be good condition. 
 
• Exhaust Hoods – The exhaust hoods located on the roof serve the exhaust fan and air 

compressors. The hoods appear to be in good condition.  
 
• Gas Unit Heaters – The gas unit heaters in the Solids Pumping building appear to be in 

good condition. The unit heater is starting to show signs of rust; however, it is still functional. 
The unit heaters are controlled by wall mounted thermostats.  

 
The plumbing systems inside the Solids Pumping building consist of drainage system (floors 
drains), domestic water system (potable and non-potable), natural gas piping. Brief descriptions 
of the plumbing systems condition based on visual assessment are as follows:  
 
• Drainage System – The floor drains appears to be in good condition. The floor drains are 

rusting and some covers are missing; however, the drainage system is still functional.  
 
• Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping and hose bibbs are 
showing early signs of corrosion. Insulation appears to be missing on sections of the 
domestic water piping.  

 
• Natural Gas Piping – The natural gas piping is in good condition.  
 
Miscellaneous equipment in the Solids Pumping building includes air compressors. Brief 
descriptions of the miscellaneous equipment condition based on visual assessment are as 
follows: 
 
• Air Compressors – The air compressors are the main compressors for the solids handling 

facility and they appear to be in good condition. Based on visual assessment the 
compressed air piping appears to be in fair condition. Plant maintenance staff indicated that 
the 2-inch compressed air is undersized and they have condensate issues. 
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Condition of Electrical Systems 
 
Electrical equipment associated with the secondary sludge handling systems includes: 
 
• Substation 5: Pad mounted switch PMS-5, pad mount transformer PMT-5, switchboard 

MSB-5. 
• Secondary Sludge Handling equipment: MDP-5A, MDP-5B, MCC-5A, MCC-5B, and 

miscellaneous panelboards. 
• Centrifuge equipment: MCC-EC1 and miscellaneous panelboards. 

GRAVITY BELT THICKENER BUILDING 
 
Historically, this has been a very corrosive environment. Most all equipment has been replaced 
at various times. Some areas of corrosion of the conduit system have issues that need to be 
addressed. The egress lighting and exit signage needs to be evaluated closer. See Assessment 
forms for additional detail. 
 

Miscellaneous equipment: Fair. 
Lighting: Good except emergency lighting, Failing. 

BLEND TANKS 
 
Very little corrosion observed. Heat tracing insulation needs work on the bubbler system. See 
Assessment forms for additional detail. 
 

Electrical equipment: Good. 
Miscellaneous equipment: Good. 
Lighting: Good. 
Heat tracing: Fair. 

SLUDGE STORAGE TANK 
 
Very little electrical equipment associated with this tank, but conduit system and supports and 
heat tracing need repair work 
 

Miscellaneous equipment: Poor. 
Heat tracing: Poor. 

SOLIDS DEWATERING BUILDING (BELT FILTER PRESS AND LOW PRESSURE OXIDATION) 
 
Most all equipment has been replaced at various times, a few panelboards remain on the 
ground level that are nearing end of life. Some areas of corrosion on the conduit system, 
especially in the lower level, have issues that need to be addressed. Heat tracing on the 
chemical systems needs repair work. The egress lighting and exit signage needs to be 
evaluated closer. See Assessment forms for additional detail. 
 

Electrical equipment:  
Distribution equipment: Excellent. 
VFDs: Good. 
Ground level panels: Poor. 
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Miscellaneous equipment: Good. 
Lighting: Good except emergency lighting, Failing. 
 

DECANT TANKS 
 
Most of the equipment has been replaced at various times. Very little corrosion observed. Tank 
1 has some failing conduit. Tank 2 has a temporary overhead feeder that should be removed. 
 

Miscellaneous equipment: Good. 

CENTRIFUGE BUILDING 
 
Most all equipment is original. Very little corrosion observed except for on the mezzanine level. 
The egress lighting and exit signage needs to be evaluated closer. See Assessment forms for 
additional detail. 

Electrical equipment: Good. VFDs Fair. 
Miscellaneous equipment: Good 
Lighting: Good except emergency lighting, Failing. 

 

Condition of Instrumentation & Control Systems 

SECONDARY SLUDGE HANDLING – MAJOR CONTROL PANELS 

GBT PLC D2 
• Type: painted steel, free standing 
• Major components: 

o Modicon CPU 434 12A and associated I/O modules 
o Hirschmann Ethernet switch with redundant power supplies connected to SCADA fiber 

network ring  
• Condition: excellent 

GBT Polymer and Sludge Transfer Pump Control Panel 
• Type: free standing 
• Major components: 

o VFDs for GBT Sludge Transfer Pumps 1, 2  
o VFDs for GBT Polymer Pumps 1, 2, 3  
o VFD output readouts 
o Control selector switches 
o Sludge transfer VAT level readouts 
o Sludge transfer flow rate readouts 

• Condition: fair-good 
o Some corrosion showing on panel exterior  

GBT Thickener Local Control Panels (at each GBT) 
• Type: painted steel, rack mount 
• Major components: 

o Belt speed readout 
o Belt tension and tracking and pinch valve adjustment knobs 
o Load/unload knobs 
o Pressure gages  
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• Condition: fair 
o Significant corrosion showing on panel exteriors; interior components appear to be in 

good condition  

Thickener (GBT) Control Panel (see photo 15) 
• Type: painted steel, free standing 
• Major components: 

o Polymer Day Tank Mixer control switches  
o Polymer Day Tank Mixer status lights 
o Polymer Day Tank level alarm lights 
o GBT hopper level transmitters/readouts (Siemens MultiRanger) 
o Thickened Sludge Pump status lights 
o Belt drive status lights 
o CWAS and NWAS pump status lights 
o Motor run time readouts 
o ESTOP pushbuttons 

• Condition: failing 
o Very significant corrosion damage to panel; open areas along panel bottom 
o Many holes previously used for instrument mounting are covered showing on panel 

exterior; much of the instrumentation formerly in panel has been removed 
o Open holes in top of enclosure allowing very corrosive atmosphere to enter panel interior 

SECONDARY SLUDGE HANDLING – MAJOR FIELD INSTRUMENTS 
• H2S sensors 
• GBT polymer pump magnetic flow meters (Foxboro I/A) 
• GBT hopper level sensors/transmitters (Siemens MultiRanger) 
• GBT #1 , #2 ultrasonic type flow meters with strap-on flow sensors (Siemens Sitrans F) 
• GBT #3 sludge magnetic flow meter (Krohne) 
 
Instrumentation generally looked good. Note previously indicated issues with ultrasonic type 
flow meters. Polymer pump magnetic flow meters show some corrosion but appear to be in 
satisfactory working condition. 
 

  
Photo 15: Thickener control panel Photo 16: Control Panel lineup in Solids Control Room 
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LPO SYSTEM – MAJOR CONTROL PANELS 

PLC E3-1 (Belt Filter Press controls) in Solids Control Room 
• Type: painted steel, free standing 
• Major Components: 

o Modicon PLC CPU 434 12A and associated I/O and communication modules 
• Condition: good 

PLC E1-1, E1-2, E-3, E1-11, E1-12 (all one 2-door cabinet) in Solids Control Room (photo 16) 
• Type: painted steel, free standing 
• Major Components: 

o Modicon PLC CPU 434 12A and associated I/O and communication modules 
• Condition: fair-good 

o Significant amount of old cabling coiled on top of each other on cabinet floor 

PLC E1-4 in Solids Control Room (photo 16) 
• Type: painted steel, free standing 
• Major Components: 

o Modicon remote I/O rack 
o Hirschmann Ethernet switch 

• Condition: fair-good 
o Some wiring looks old; panel bottom is dirty 

PLC E1-5 in Solids Control Room 
• Type: painted steel, free standing 
• Major Components: 

o Modicon remote I/O rack 
• Condition: fair-good 

PLC E1-8 in Solids Control Room 
• Type: painted steel, free standing 
• Major Components: 

o Modicon remote I/O rack 
o Annunciator on panel face (several missing annunciator lights/lenses) 

• Condition: good 

Relay Panel A/C in Solids Control Room 
• Type: painted steel, free standing (one two-door panel) 
• Major Components: 

o Control relays (serving LPO and other systems) 
• Condition: fair-good 

o Areas of concern would be that many relays appear to be old and somewhat dirty. May 
need to evaluate critical relays on case-by-case basis. 

PLC E1-9, E1-10 
• Type: painted steel, free standing (one common enclosure) 
• Major Components: 

o Modicon remote I/O rack  
• Condition: fair-good 

o Panel has open hole in top and shows a bit of exterior corrosion, but still appears to be 
in good working condition. 
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PLC E6 – Aux Boiler #1 Boiler Master Control Panel 
• Type: stainless steel, free standing 
• Major Components: 

o Quick Panel OIT 
o Modicon PLC CPU 434 12A 
o Purge air instrumentation (Pepperl+Fuchs) 

• Condition: good 
o Purge air gage indicated purge air pressure was low 
o Small amount of corrosion beginning to occur on panel exterior 

Aux Boiler #2 Boiler Master Control Panel 
• Type: stainless steel, free standing 
• Major Components: 

o Quick Panel OIT 
o Purge air instrumentation (Pepperl+Fuchs) 

• Condition: good 
o Purge air gage indicated purge air pressure was at zero 
o Small amount of corrosion beginning to occur on panel exterior 

LPO SYSTEM – MAJOR FIELD INSTRUMENTS 
• Fischer pneumatic valve controllers 
• Pressure gages  
• Pressure transmitters (Rosemount) 
• Pressure switches 
• Temperature sensors/transmitters 
• Flow (differential type) transmitters and associated orifice plates (steam lines) 
• Process Air Booster Compressor (1, 2) local Ingersoll Rand controls. 
• Auxiliary Boiler Instrumentation: 

o Local Boiler Matic controllers 
o Drum level transmitters 
o Pressure switches 
o Pressure gages 
o Temperature sensors 
o Feedwater hardness analyzer (Hach APA 6000) 
o Feedwater flow meter (Yokogawa) 
o Thermal mass flow meters (biogas) (FCI) 

 
Field instrumentation generally appears to be in good condition. Some instruments (e.g. 
pneumatic valve controllers and some pressure switches and temperature sensors) are showing 
age, but appear to be working satisfactorily. Note: Aux Boiler #3 is quite new and its associated 
field instrument is in excellent condition. 
 
Plant staff reported that vibration might be the biggest concern for the Process Air Booster 
Compressors. Further investigation of vibration issues/instrumentation may be warranted. 
 
Plant staff has experienced significant issues with rotting control/instrument cables that are 
located in area trenches. Any new cables that are installed are being routed overhead.  
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DECANT PUMPS – MAJOR FIELD INSTRUMENTS 
 
• Decant flow magnetic flow meters (Krohne) 
 
Mag meter is in excellent condition 

CENTRIFUGE SLUDGE AND POLYMER FEED – MAJOR FIELD INSTRUMENTS 
• Centrifuge sludge feed pump instrumentation: 

o Pressure gages 
o Pressure switches 
o Sludge magnetic flow meters (Krohne) 

• Centrifuge polymer feed instrumentation: 
o Magnetic flow meters (Tiger Mag) 
o Magnetic flow meters (Azbil) 
o Polymer tank level transmitters (Milltronics) 

 
Field instrumentation appears to be in good to excellent condition. 

CENTRIFUGES – MAJOR CONTROL PANELS  

Vendor-furnished Centrifuge #2 Control Panel (typical for #1) 
• Type: painted steel, free standing 
• Major components – panel face: 

o Backdrive controller 
o Motor amp readouts 
o Runtime readout 
o Various control selector switches and pushbuttons 
o Various status and alarm lights 
o Disconnect Switch 
o Vibration monitors 

• Panel interior – not observed 
• Condition: fair-good 

o Some changes have been made to panel as evidenced by stainless steel plates 
covering removed instrument holes 

o Centrifuge #1 reportedly “self-destructed” due to vibration issues that did not protect/shut 
down the centrifuge. Plant staff believes the vibration instrumentation for #2 is now set 
appropriately, but are not able to ascertain via observation the actual condition of 
vibration monitoring system.  

Plant PLC Cabinet in Centrifuge Room (No Panel ID) 
• Type: painted steel, free standing 
• Major Components: 

o Modicon PLC CPU 434 12A and associated I/O modules 
o HMI monitor (behind glass window) 
o PC 
o Keyboard 
o Hirschmann Ethernet switch 

• Condition: excellent 
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Solids Conveyance & Ultimate Disposal 
 
A series of conveyors move biosolids between sludge dewatering and ultimate disposal 
systems. Biosolids from the belt filter presses drop onto the cross conveyors which connect to 
the reversing conveyor. Biosolids from the centrifuges is dropped onto the reversing conveyor. 
The inclined belt conveyor conveys biosolids from the reversing conveyor up to the incinerator.  
 
The multiple hearth incinerator is the primary means of biosolids disposal. When the incinerator 
is offline, biosolids are stabilized with lime, stored on the biosolids storage pad, and trucked off-
site for land application. 
 

Table 10: Solids Disposal Major Equipment 

Parameter Value Year 
Installed Comments 

Sludge Stabilization 
Alkaline/Lime Stabilization 1 2000  
 Storage Silos    
 Diameter, ft. 12   
 Height, ft. 18’ 9-1/2”   
 Pug Mill Mixer ECSB-001  Also known as the Sludge 

Blender  Number 1  
 Mixing shafts, number 2   
 Pug diameter, inches 24   
 Drive motor horsepower 25   

 
Design solids throughput, 
DT/hr. 10.7   

 
Approximate unit weight 
of cake solids, lb./cf 55–65   

 

Approximate total 
dewatered cake solids, 
percent 26  

 

 
Minimum retention time at 
maximum throughput, sec 120   

Incineration 
Multiple Hearth Incinerator  1979 

  

 Manufacturer Zimpro  
 Number 1  
 Hearths 7  
 Hearth area, sq. ft. per hearth 368  
 Sludge feed, lbs./hr. 25,769  
 Exit temperature, °F 1,200  
 Capacity, lbs./day   
 20 percent solids content 111,000  
 25 percent solids content 145,000  
 30 percent solids content 187,000  
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Process Performance & Condition 
 
The dewatered sludge from the belt filter presses and centrifuges is conveyed to either the 
incinerator or lime stabilization. Plant staff has observed significant problems with the weigh 
system currently used with the conveyor system. Upgrades to the weigh system should be 
included in future CIPs. 
 
The final disposal for all sludges is normally incineration. The incinerator uses biogas for the 
burners but the gas is wet and corrosive and has created maintenance issues with the gas train. 
Water is added to the ash from the incinerator and the slurry is pumped to the Ash Lagoons. 
 
Sludge that is not incinerated is stabilized with lime. A belt conveyor runs from the Solids 
Handling Building to the Lime Stabilization System. The sludge is deposited in a pug mill where 
hydrated lime is mixed with the sludge. The addition of lime raises the pH of the sludge to 12 or 
higher and the treated sludge is conveyed outside to be stockpiled and monitored. The sludge 
must be treated with lime so that the pH remains at 12 or higher for 2 hours and then 11.5 or 
higher for an additional 22 hours without the addition of any more lime. Plant staff closely 
monitors the pH of the sludge and the time requirements by stockpiling the treated sludge in 
zones on the holding pad for each shift. The stabilized sludge is considered a Class II (B) 
sludge and is suitable for agricultural land application. 
 
If plans include more lime stabilization, an additional pug mill should be added. The existing 
system has space provided for a second pug mill. Additionally, the sludge pad should be 
enlarged and covered with directional conveyors to position the sludge in the appropriate 
location.  
 

Condition of Structural System 

INCINERATOR BUILDING 
 
The Incinerator Building is generally in good condition, with minor corrective maintenance 
required in some areas. The concrete is generally sound, but does have a few areas with 
shrinkage cracks and corrosion by chemical attack. Some ground level framing and connections 
at the southeast side of the building is experiencing moderate corrosion. Columns at top of 
concrete floors generally show minor corrosion. Structural steel at upper levels appeared in 
good to very good condition. 

LIME STABILIZATION BUILDING 
 
The Lime Stabilization Building is generally in good condition. Concrete was coated in lime, but 
appeared to be in good condition. Structural steel appears sound, with only minor corrosion in 
some areas. The southwest corner of the building had significant damage from impact, with 
lesser impact damage at the northwest corner and other locations. The west man-door is stuck 
shut, indicating a possible shift of deflection in the west wall framing. 
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BIOSOLIDS STORAGE PAD 
 
The Biosolids Storage pushwalls have moderate deterioration from use. Deterioration includes 
holes in the west wall, probably from loader impact, and associated spalling, cracking and 
exposed reinforcing. 
 
See the Structural Assessment Forms for further details. 
 

Condition of Mechanical Systems 

INCINERATOR BUILDING 
 
The following HVAC equipment serves the Incinerator building: exhaust fan, intake louvers, gas 
unit heaters, and air conditioning units. Brief descriptions of the HVAC equipment condition 
based on visual assessment are as follows: 
 
• Exhaust Fan – The exhaust fan located at ground level exhausts air from upper level that is 

supplied from intake louvers. The exhaust fan is in excellent condition (was in the middle of 
replacement during the site assessment).  

• Intake Louver – The intake louver provides fresh air to the Incinerator building and is in fair 
condition. The intake louver dampers appear to be not functioning correctly. The intake 
louver for the serving the air handler at the west end of the tunnel level appears to be fair 
condition. The louver is rusting; however, it is still functional.  

 
• Gas Unit Heaters – The gas unit heaters in the Incinerator building appear to be in good 

condition. The unit heaters are starting to show signs of rust; however, they still are 
functional. The unit heaters are controlled by wall mounted thermostats.  

 
• Air Conditioning Units – There two packaged air conditioners that serve the Incinerator 

Electric building. The air conditioners are in fair condition. The refrigerant piping internal to 
the unit is corroding; however, the units are still functional.  

 
The plumbing systems inside the Incinerator building consist of drainage system (floors drains), 
domestic water system (potable and non-potable), emergency shower and eyewash, and 
natural gas piping. Brief descriptions of the plumbing systems condition based on visual 
assessment are as follows:  
 
• Drainage System – The floor drains appears to be in good condition. The floor drains are 

rusting and some covers are missing; however, the drainage system is still functional.  
 
• Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping and hose bibbs are 
showing early signs of corrosion. Insulation appears to be missing on sections of the 
domestic water piping.  

 
• Emergency Shower and Eyewash – The emergency shower and eyewash is in good 

condition.  
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• Natural Gas Piping – The natural gas piping is in good condition.  
 
Miscellaneous equipment in the Incinerator building includes air compressors. Brief descriptions 
of the miscellaneous equipment condition based on visual assessment are as follows: 
 
• Air Compressors – The air compressors appear to be in good condition. Based on visual 

assessment the compressed air piping appears to be in fair condition. Plant maintenance 
staff indicated that the 2-inch compressed air is undersized and they have condensate 
issues. 

LIME STABILIZATION BUILDING 
 
The Lime Stabilization the following HVAC equipment serves building and Lime Stabilization 
Electric building: exhaust fan, intake louvers, electric unit heaters, positive pressurization unit, 
and ductless split system air conditioner. Brief descriptions of the HVAC equipment condition 
based on visual assessment are as follows: 
 
• Exhaust Fan – The exhaust fan in the Lime Stabilization building appears to be in good 

condition. The exhaust fan is starting to rust; however, it is still functional. The exhaust fan is 
controlled by on/off switch.  

• Intake louvers – The intake louvers appear to be in good condition. The intake louvers are 
located on the east side of the building.  

 
• Electric Unit Heater – The electric unit heater is in the Lime Stabilization building appears to 

be in good condition. Thermostats control the electric unit heaters. The electric unit heater in 
the Lime Stabilization Electric building, also controlled by a thermostat, is in excellent 
condition. 

 
• Positive Pressurization Unit – The positive pressurization unit in the Lime Stabilization 

Electric building is in excellent condition.  
 
• Ductless Split System Unit – The ductless split system unit in the Lime Stabilization Electric 

building is in excellent condition.  
 
The plumbing systems inside the Lime Stabilization building consist of domestic water system 
(potable and non-potable), and emergency shower and eyewash. Brief descriptions of the 
plumbing systems condition based on visual assessment are as follows:  
 
• The Domestic Water System – The piping, insulation, backflow preventer, and hose bibbs 

appear to be in fair condition. The annual testing of the backflow preventer is current and the 
backflow preventer complies with regulatory requirements. The piping, insulation, and hose 
bibbs are original to the building and there are several instance were the piping is corroding 
and insulation is missing. Multiple sections of the piping have been replaced by plant 
maintenance and no leaking was observed.  

 
• Emergency Shower and Eyewash – The emergency shower and eyewash is good condition 

and is centrally located inside the building. 
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Miscellaneous equipment in the Lime Stabilization building includes air compressors. Brief 
descriptions of the miscellaneous equipment condition based on visual assessment are as 
follows: 
 
• Air Compressors – The air compressors appear to be in good condition.  
 

Condition of Electrical Systems 
 
Electrical equipment associated with conveyance and sludge disposal systems includes: 
 
• Substation 6: S&C switchgear, pad mounted transformers T-6 and T-6A. 
• ID Fan VFD. 
• Incinerator: MCC 6 and associated panelboards. 
• Lime Stabilization: MCC and associated panelboards. 

INCINERATOR BUILDING 
 
Most all equipment has been replaced recently. ID fan disconnect is near end of life. Some 
areas of corrosion on the conduit system have issues that need to be addressed. The egress 
lighting and exit signage needs to be evaluated closer. See Assessment forms for additional 
detail. 

Electrical equipment: Good 
Miscellaneous equipment: Good. 
Lighting: Good except emergency lighting, Failing. 

CONVEYANCE 
 
Most all equipment is original. Some minor corrosion was observed. Some equipment is 
inaccessible behind the conveyor. See Assessment forms for additional detail. 
 

Miscellaneous equipment: Good. 

LIME STABILIZATION BUILDING 
 
Most of the distribution equipment was moved to an adjacent electrical building. A panelboard 
and VFDs remain in the very dusty environment of the building. Very little corrosion observed. 
See Assessment forms for additional detail. 
 

Electrical equipment: Good, VFDs Poor 
Miscellaneous equipment: Good. 
Lighting: Good. 

Condition of Instrumentation & Control Systems 

SOLIDS CONVEYANCE – MAJOR FIELD INSTRUMENTATION 
• Pumped ash ultrasonic flow meter (Siemens Sitrans F) 
• Ash Screw Conveyor – local Start/Stop pushbuttons in need of replacement 
• Typical: local control selector switches/pushbuttons 
• Ash bypass timer in local panel-does not appear to be used anymore. 
• Pneumatic valve controller (Fischer) 
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Except as noted, the above local instrumentation is generally in fair to good condition. Please 
note previous comments as related to performance of ultrasonic type flow meters.  

SOLIDS CONVEYANCE – AUTOMATIC CONTROLS 
 
• Plant staff has indicated that the Conveyor System experiences significant control interlock 

issues. Typical causes of the problems tend to be related to I/O cards needing replacement 
and to old wires that break. 

INCINERATION – MAJOR CONTROL PANELS 

E2-1 
• Type: painted steel, wall mount 
• Major components: 

o Modicon PLC CPU 434 12A and associated I/O modules 
o Sootblower START pushbutton. 

• Condition: good 

E2-4 
• Type: painted steel, rack mount 
• Major components: 

o Modicon remote I/O rack 
• Condition: fair-good 

o Cables inside panel are not well organized 
o Cabinet interior is dirty 

E5 
• Type: painted steel, wall mount 
• Major components: 

o Modicon PLC CPU 434 12A and associated I/O modules 
• Condition: good 

E8-1,2 – Burner Master Control Panel 
• Type: stainless steel, free standing 
• Major components – did not observe interior.  

o Modicon PLC CPU 434 12A and associated I/O modules 
o Quick Panel OIT 
o Panel purge instrumentation 

• Condition: excellent 

Local Burner Control Panels – Numerous (see photo 17) 
• Type: stainless steel, wall mount 
• Major components: 

o Status lights 
o Control switches 
o Temperature readout 
o ESTOP pushbutton 
o Various digital readouts (behind glass window) 
o Purge air pressure instrumentation 

• Condition (typical): excellent 
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Soot Blower Control Panel 
• Type: painted steel, rack mount 
• Major components: 

o Internal control relays 
• Condition: Fair 

o Panel shows signs of age and difficult environment 
o Interior cabling disorderly and appears old 

 

  
Photo 17: Typical Burner Control Panel Photo 18: Capacitance type level switch in Lime Silo 

INCINERATION – MAJOR FIELD INSTRUMENTS 
 
• Pressure gages 
• Pressure switches  
• Temperature transmitters (typically Rosemount) 
• Pressure and differential pressure transmitters (typically Rosemount) 
• Magnetic flow meter in EW system (Krohne) 
• pH sensor/analyzer (EW system) (Rosemount Analytical) 
• Exhaust stack flow meter with auto purge system 
• ID Fan vibration and temperature monitoring system (Bentley Nevada) 
• Pneumatic valve controllers (Fischer) 
• Exhaust gas (off gas) oxygen sensor/analyzer (Yokogawa) 

LIME (SLUDGE) STABILIZATION – MAJOR CONTROL PANELS 

Diverter plow local control panel; SS good condition 
• Type: stainless steel, rack mounted 
• Major Components: 

o Diverter plow control switches 
• Condition: excellent 

Lime Building PLC Cabinet 
• Type: stainless steel, free standing 
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• Major components: 
o Quick Panel OIT 
o Storage Bin selector switches 
o Did not open to view interior 

• Condition: good 

LIME (SLUDGE) STABILIZATION – MAJOR FIELD INSTRUMENTS 
 
• Zero speed switches with local alarm boxes (Milltronics) 
• Miscellaneous pressure gages and regulators associated with dryer and compressor system 
• Capacity level switches on side of bins (E+H) (see photo 18) 
• Dust collector bag filter controls on top of silos with stainless steel timer box and associated 

control station 
 
Instrumentation generally appears to be in good condition. Lime dust tends to cover everything 
inside the building. Rust has formed around connection points for capacitance level switches on 
the side of the lime silos. 
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Appendix A – WPCF Electrical Systems Review 
 
A summary of the findings, major conclusions, and major recommendations is presented in the 
Summary section of this TM. The following appendix is intended to provide a broad summary of 
electrical systems at the Cedar Rapids WPCF, amplifying the conclusions and findings stated in 
the Summary and providing context to the detailed findings explained throughout the report and 
in the Attachments. 
 
Equipment and conduit on exterior structures is seeing significant corrosion (rust), likely from 
the effects of the corrosive environment at the Cedar Rapids WPCF and weather. Failures in the 
support structures and conduit support straps will begin to increase over the next several years. 
 
Because of new Federal Government energy savings requirements, many lamp types (mercury 
vapor, T12 fluorescent and incandescent) along with corresponding ballasts being used at the 
plant are not being manufactured now or in the very near future. As lamps or ballasts fail, new 
fixtures will need to be installed. 
 
The assessment was broken down into the following major groups: 
 
• Electrical Equipment: Including unit substations, switchgear, motor control centers, step 

down transformers, panelboards and variable frequency drives (VFD). 
• Miscellaneous electrical equipment: Including conduit, outlet and junction boxes, disconnect 

switches, control panels, associated support systems, conductors, toggle switches and 
receptacles. 

• Lighting: Including general luminaires, egress lighting and exit signage. 
• Heat tracing. 
• Lightning protection. 
 
The table below and the paragraphs that follow are summaries of the conditions and 
recommendations in the context of the overall facility for the five major electrical groups and the 
ratings listed in the table. 
 
Table A-1: Summary of Electrical Equipment Asset Conditions 

Building Electrical 
Equipment 

Miscellaneous 
Equipment Lighting Heat 

Tracing 
Lightning 
Protection 

Liquid Treatment Facilities – Primary Treatment & Roughing Filters 
“A” Clarifier Splitter Structure & Sampling Shed Good Good/Fair Good     
Intermediate Lift Building Excellent Good Good*     
Roughing Filters   Failing Fair Poor Failing 
Bio Scrubber   Failing Good Poor Failing 
Bio Scrubber – MCC Building Good Good Good   
"B" Clarifier Junction Box   Poor       

Liquid Treatment Facilities – Secondary Treatment 
Carbonaceous Activated Sludge Basins Good Fair Good* Poor   
Cryogenic Oxygen Generation Building Fair Fair Good*     
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Table A-1: Summary of Electrical Equipment Asset Conditions 

Building Electrical 
Equipment 

Miscellaneous 
Equipment Lighting Heat 

Tracing 
Lightning 
Protection 

"C" Clarifiers and Splitter Box   Good Good     
Nitrification Activated Sludge Basins   Poor/Failing Good     
"D" Clarifiers and Splitter Box Excellent Good Good     
Final Lift Building Good Good Good* Good   
Lime Slaker Building Poor Good Good*     
CO2 Stripping & Utility Pumps   Fair Good Good   

Liquid Treatment Facilities – Anaerobic Treatment 
Reactors, Solids Storage Tank & PA Tank   Fair   Fair Good 
Process Building Good Good Good/Fair   Good 
Chemical Building Fair Good Good/Fair   Good 
Biogas Building Good Fair Good* Poor Good 
Flare Burner System Good Good Good Good   
Sulfide Oxidation Basins   Poor Good     

Solids Handling Facilities – Primary Sludge Handling 
Grit Building   Good Good/Fair*     
DAF Thickener Tanks & Solids Pump Fair Fair Good*     

Solids Handling Facilities – Secondary Sludge Handling 
Gravity Belt Thickener Building   Fair Good*     
Blend Tanks Good Good Good Fair   
Sludge Storage Tank   Poor   Poor   

Solids Dewatering Building Excellent / 
Good** Good Good*     

Decant Tanks   Good       
Centrifuge Building Good/Fair Good Good*     

Solids Handling Facilities – Solids Conveyance & Ultimate Disposal 
Incinerator Building Good Good Good*     
Lime Stabilization Building Good*** Good Good     
*Lighting systems noted with (*) have Emergency Lighting systems that are in Poor/Failing condition. 
**Ground level panels of the Solids Dewatering Building are in Poor condition. 
***VFDs at the Lime Stabilization Building are in Poor condition. 
 
 
An in-depth review of electrical findings, presented in the context of the plant as a whole, is 
included in Appendix A. Major conclusions and recommendations of the electrical condition 
assessment are as follows. 
 
1. The biggest deficiency in the electrical system of the Plant is the lack of coverage and non-

functional egress lighting. It is recommended that exit and egress lighting across the plant 
be evaluated and improved to meet appropriate requirements of the Building Code. 

2. Cedar Rapids WPCF personnel are familiar with the strain put on electrical materials by the 
corrosive environment. Continue practices of using corrosion-resistant materials (e.g. 
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stainless steel, tin-plated bus bars, etc.) and further scrutinize hardware used by 
construction contractors. 

3. The Electrical Preventative Maintenance (EPM) program should be broadened based on 
NPFA 70B to address mechanical operation of equipment (e.g. exercising equipment such 
as disconnect switches). 

4. It is recommended that the MV cable be tested with a non-destructive test and repeated 
annually to trend the health of the cable and predict its life and follow the recommendation of 
the underground 600V cable for replacement. 

 
Major Constraints 
 
Hydrogen sulfide (H2S) is an ongoing battle for the Cedar Rapids WPCF. While all wastewater 
treatment plants have H2S, based on the type of industry that feeds this plant, H2S is in higher 
concentrations and corrodes equipment faster, especially if the wrong material is used. In 
general, galvanized and painted steel equipment are affected the most and fastest. Aluminum, 
stainless steel, or non-metallic equipment is the best to use in this environment.  
 
Based on the assessment walk through, existing electrical equipment is functional. However, to 
maintain its functionality and safety, it is recommended that the Electrical Preventative 
Maintenance (EPM) program be broadened based on NPFA 70B. For example, exercising 
equipment such as disconnect switches should be done in addition to the thermal scans that are 
performed regularly now. NFPA 70E also discusses the need for well-maintained equipment as 
that reduces the likely hood of arc flash events. OSHA in the near future may even require an 
EPM program. The following are some excerpts from NFPA 70B highlighting the importance of 
a thorough EPM program. 
 

 “4.1.1  Electrical equipment deterioration is normal, and equipment failure is 
inevitable. However, equipment failure can be delayed through appropriate EPM. 
As soon as new equipment is installed, a process of normal deterioration begins. 
Unchecked, the deterioration process can cause malfunction or an electrical 
failure. Deterioration can be accelerated by factors such as a hostile 
environment, overload, or severe duty cycle. An effective EPM program identifies 
and recognizes these factors and provides measures for coping with them. 
 
4.1.2  In addition to normal deterioration, other potential causes of equipment 
degradation can be detected and corrected through EPM. Among these are load 
changes or additions, circuit alterations, improperly set, or improperly selected 
protective devices, and changing voltage conditions. 
 
4.1.3  Without an EPM program, management assumes a greatly increased risk 
of a serious electrical failure and its consequences.” 
 

Discussions with Plant staff indicate that cable terminations in electrical equipment gets a 
regular thermal scan looking for loose connections. This is a good program and should be 
reviewed to identify potential safety enhancements. A broader EPM program, as suggested 
above, would address mechanical operation of equipment. Because opening the equipment to 
assess the interiors of equipment was not included in the scope of work, the engineer is 
concerned with the operation of disconnects and circuit breakers. One example to enhance the 
current EPM program is to exercise disconnects and circuit breakers to ensure that age and 
environmental conditions have not deteriorated the equipment and it is still operational. Because 
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of the environmental conditions at this Plant, this test could prove to be a destructive test. The 
engineer did observe a few disconnect switches handles that had significant deterioration and 
wondered if the handle would withstand the pressure needed to operate the switch. 
 
Prediction of the remaining useful life for electrical equipment is an estimate at best and relies 
heavily on environmental conditions, ongoing maintenance, and continued availability of repair 
parts.  
 
Electrical Equipment 
 
A large portion of electrical equipment throughout the Plant has been replaced since the 2008 
flood. The industry (e.g., IEEE, NEMA, or NFPA) does not publish expected life of electrical 
equipment, but it is generally thought that increased failure rates begin in the 20–25 year range, 
especially or equipment with moving parts such as circuit breakers. An Electrical Preventative 
Maintenance (EPM) program is essential to long life of electrical equipment and can extend the 
accepted 20–25 year life before complete replacement is needed. It is not unusual for 
equipment stored indoors to last 40 years; however, exterior equipment has a lot more 
environmental conditions to deal with. It is the components within the enclosure with moving 
parts that are more susceptible to failure; including circuit breakers, breaker electronic trip units, 
controls, and draw out breaker mechanisms. Given the corrosive environment of the plant, 
these benchmarks for useful life may be optimistic. In addition to regular maintenance, thorough 
inspections every 4–5 years can help early identification of potential issues before failure. 
 
H2S turns copper black but generally does not affect the equipment performance (mostly found 
at cable terminations). Tinned plated bus work in the equipment is recommended; silver plated 
bus or other silver plated components should be avoided as it can produce carbon fingers 
resulting in faults. 
 
VFD manufacturers typically quote a 10-year life. 
 
Miscellaneous Electrical Equipment 
 
For conduit, outlet boxes, junction boxes, safety switches, control panels and associated 
support systems; the major concern is environmental corrosion (rust). Interior humidity/water, 
hydrogen sulfide, and exterior weathering are the major sources of corrosion for the WPCF.  
 
The original Plant construction appeared to use galvanized outlet boxes and painted steel 
equipment enclosures and galvanized support systems, these items have not held up well in the 
Plant environment. The new projects have used aluminum, stainless steel, and non-metallic 
materials, and for the most part similar material for the support system. However, there are 
many locations that a miscellaneous support structure or the hardware used on the correct 
bracket was galvanized and has corroded. Although, this may appear to be cosmetic, it is 
unlikely that they will last the expected 40 years as an inadvertent bump or kick could cause 
them to break. As observed, these breaks do not get the necessary repairs, increasing an 
opportunity for a more significant/costly failure.  
 
Toggle switches and receptacles appear to have basic wear and tear. There are many exterior 
receptacle locations where the weatherproof cover was too small and would not close correctly 
over the plug that was inserted. This is a safety issue and can cause water damage to the 
receptacle. 
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Cables and Conductors 
 
Electrical equipment was not opened up to observe the condition of building wire that is 
insulated 600-volt single conductor serving as feeders and branch circuits. It is assumed that all 
the cable is rated at 75 °C (167 °F), which means the conductor insulation will not begin to 
breakdown if the heat generated by the current flow in the conductor and ambient conditions 
keeps the temperature below 75 °C. The National Electrical Code rates the ampacity of the 
conductors at an ambient temperature of 30 °C (86 °F). Ambient temperatures above 30 °C 
means the conductor should be over sized or load reduced to control temperature. For example, 
an ambient temperature of 100 °F results in an 88 percent ampacity of the conductor. It is not 
known if the conductor ampacity is exceeded on conductors, but there are several locations 
where the conductors are routed in conduit in direct sun light or in a building without air 
conditioning, resulting in potential insulation damage. 
 
Other environmental conditions like water in underground ducts play a factor in insulation 
breakdown. NEMA has recommended conductor replacement when water has gotten between 
the copper conductor and the insulation. Age is another factor that would contribute to insulation 
breakdown. Insulation breakdown consists of brittleness and reduced dielectric strength. 
 
NFPA and UL conducted a study of house wiring in homes up to 100 years old to determine if 
there was concern for old wiring to cause significant rise in house fires as the houses in the 
United States gets older. The concern for aging of home wiring was one of the reasons for the 
NEC to adopt the requirement for arc fault (AFCI) circuit breakers to be used in all homes. The 
study looked mostly at “Romex” type of wiring, which is not the same type of wiring used in 
industrial facilities, but the conclusions can be useful. The conclusions from “An Analytical Study 
of Some Physical Properties of Wire and Cable Samples Collected from Older Homes” are: 
 

“Rubber insulated wires, typical of the 1950’s vintage and earlier, can still 
perform well in many residential environments and expected use conditions. 
Care, however, should be taken to adequately inspect these older wiring systems 
for damage, especially where subjected to bending, abrasion, or harsh usage 
over the years. 
 
Thermoplastic insulated wires, typical of the 1950’s vintage and later, generally 
continue to perform with excellent results, even after 50 years or more of service 
in the home. The electrical and mechanical characteristics of these wires appear 
to be exceeding even the original expectations of performance after aging and 
normal use. 
 
Wire and cable systems that have been improperly installed, such as those 
intended for indoor use only, but installed outdoors, can show signs of aging and 
deterioration well beyond what should be expected.” 
 

There is no good EPM test for 600 Volt cable; the assessment of a cable’s electrical integrity 
and the estimation of its remaining life are highly complex. A cable is a piece of equipment 
whose electrical integrity degrades rapidly and progressively while in service primarily due to the 
development of air and gas pockets or voids inside the insulation due to thermal expansion and 
contraction. The voids are the areas of high dielectric stress, which causes partial discharges 
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(minute arcing inside the void) that further degrade the insulation. Cable insulation degradation 
may be accelerated if the cables are immersed in water. Therefore,  
 
• If the cable is installed underground or exterior on a structure, it is recommended that any 

cable that is 20 years old should be scheduled for replacement within 10 years, especially 
large feeders. 

• If the cable is installed within a facility that has little or no HVAC and is exposed to Hydrogen 
Sulfide, it is recommended that any cable that is 25 years old should be scheduled for 
replacement within 10 years, especially large feeders.  

• If the cable is installed within a facility that has HVAC and is not exposed to Hydrogen 
Sulfide, it is recommended that any cable that is 30 years old should be scheduled for 
replacement within 10 years, especially large feeders.  

 
There are some good EPM tests for 15,000 Volt (MV) cable. It is recommended that the MV 
cable be tested with a non-destructive test and repeated annually to trend the health of the 
cable and predict its life and follow the recommendation of the underground 600V cable for 
replacement. 
 
Lighting 
 
There have been many luminaires using HID lamps that have been replaced by luminaires 
using LEDs. As HID lamps or associated ballasts fail, the entire luminaire is replaced by an LED 
luminaire. Most every building exterior wall pack luminaire has been replaced with an LED 
luminaire. Several post top type luminaires (clarifiers for example) are still HID luminaires. 
 
Since original Plant construction, there have been several Federal energy policy acts and State 
adopted Energy Codes that need to be considered. The energy policy acts control what types of 
lamps can be produced; T12 fluorescent, mercury vapor, and probe start HIDs are examples of 
lamps that are no longer manufactured. The advancement of LED luminaires over the last 
several years has limited the impact; the Plant may have some T12 lamps remaining, but the 
Plant’s replacement program for HID to LED luminaires causes little impact on the Plant. 
 
State Energy codes are not retroactive and a 24-hr industrial facility may be exempt, but the 
code does provide insight into how the Plant can implement the requirement to provide some 
energy savings. The Energy Code outlines watts per square foot limits and automatic lighting 
control requirements to reduce the amount of energy consumed by the structure. Currently all 
interior lights are on 24/7 and the implementation of LED luminaires gives an advantage over 
HID sources. An LED provides an instantly on solution as compared to 10–15 minute startup 
time for HID luminaires that allow for the implementation of a control system that does not 
greatly impact operations. One feature of the energy code is that all lights need to be 
automatically turned off once per day. During off-hours, many luminaires do not need to be on. 
 
The Building Code requires exit signage and egress lighting along the exit path, at the exit, and 
the exit discharge to be illuminated to 1 foot-candle. The code requires the exit and egress lights 
to be powered by a backup source for 90 minutes and be tested annually. It was observed that 
many areas do not meet these requirements fixture locations. It was also observed that many of 
the fixtures were not operational. The lack of coverage and non-functional egress lighting is the 
biggest deficiency in the electrical system of the Plant. 
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Discussions with Plant staff about the LED luminaires be used indicated that they thought that 
there was a too high of percentage of failures of the luminaires, especially the wall packs. Since 
LEDs are an electronic device with an electronic driver unlike an HID lamp and magnetic ballast, 
the H2S may be effecting there life more. Selecting a luminaire that is well sealed to minimize 
the amount of H2S getting to the LED and driver could be improve the current results. Similarly, 
with the egress and exit luminaires, the installed luminaries that used a NEMA 4X sealed 
housing were functioning while the non-NEMA 4X luminaires were for the most part not 
functioning.  
 
Heat Tracing 
 
There are many locations that exterior piping is insulated and heat traced to prevent freezing of 
the liquid in the pipe. It was observed that the insulation in many areas had been removed but 
was not repaired correctly, so the heat tracing cable is exposed. Without the insulation, the heat 
tracing cable cannot keep the liquid from freezing efficiently.  
 
Lightning Protection 
 
A few structures in the Anaerobic Area and Roughing Filter Area have lightning protection. 
Lightning protection systems can be copper or aluminum. The copper systems have turned 
black by the H2S and it is questionable if the blackened copper would function correctly for the 
plasma effect of a lightning strike. Many of the galvanized supports for the down conductors 
have failed due to the H2S. 
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Attachments 
 
Attachments are provided electronically. Included in the attachments are: 
 
• Condition Assessment Forms for Structural, Mechanical, Electrical, and I&C systems. 
• Photos taken during the on-site condition assessments. 
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Technical 
Memorandum  

 
To:   City of Cedar Rapids 

From:   Eric Evans/HDR  
David Dechant/HDR 

Project:     Cedar Rapids Nutrient Removal and 
Solids Facilities Plan 

CC:   File 

Date:   May 27, 2016 (Revised Final) Job No:   City – 6150011 
HDR – 270628 

Re:  Technical Memorandum 5.0 – Nutrient Reduction Strategy 
This Technical Memorandum is one of multiple Technical Memoranda that collectively comprise the 
Cedar Rapids Water Pollution Control Facility Nutrient Reduction and Solids Facility Plan.  The 
overall objectives of the Nutrient Reduction and Solids Facility Plan are as follows. 
 

• A plan for nutrient reduction consistent with the Iowa Nutrient Reduction Strategy 
• A plan for solids handling and treatment that provides a reliable management strategy 

complimentary of liquid treatment 
• Plans that incorporate sustainable, energy efficient technologies. 

The end result will be a Nutrient Reduction and Solids Facility Plan that defines a footprint for a 
sustainable future that can be supported by all and maintains competitive rates.   
The process to develop the Nutrient Reduction and Solids Facility Plan is shown schematically 
below.   
 

 
 
Using appropriate information from prior master plans, the process initially established a baseline 
by documenting current nutrient sources, identifying current and projecting future solids production, 
documenting current energy and sustainability, and assessing the condition of existing facilities.  
From that baseline, the process identifies potential nutrient reduction strategies and potential end 
use options for solids.  With potential strategies and options in mind, the process identifies and 
screens the most relevant technologies, and then evaluates and identifies the most relevant 
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alternatives incorporating those technologies.  Those evaluations provide the basis for a 
recommended plan. 
 
The nutrient reduction strategy requires the evaluation of approaches to achieve point source 
nutrient removal consistent with treatment technology capabilities. Iowa Department of Natural 
Resources (DNR) requires that biological nutrient removal (BNR) systems treating a typical 
municipal wastewater achieve an effluent total nitrogen (TN) concentration of 10 mg-N/L and an 
effluent total phosphorus (TP) concentration of 1 mg-P/L. For facilities treating high industrial loads, 
the treatment target is amended to achieve percentage reductions: 67% for TN removal and 75% 
for TP removal. 
 
This Technical Memorandum (TM) presents and discusses potential nutrient reduction strategies; 
building on TMs 1 through 4. The nutrient source loading identified in TM 1 is used as the baseline 
condition for the continuing evaluation. As part of the evaluation, a holistic approach to nutrient 
removal is considered, including nonpoint nutrient reduction, industry source reduction, and nutrient 
removal within the Cedar Rapids Water Pollution Control Facility (WPCF).  The potentially most 
efficient and cost-effective strategies are identified for further development in subsequent TMs. 
 
This TM is organized as follows: 
• Objective  
• Summary 
• Cedar Rapids WPCF Nutrient Reduction 
• Alternative Offsite Nutrient Reduction 
• Nutrient Reduction Strategies 
 
The following Attachment provides supporting information: 
• A – World Resources Factsheet – Nutrient Trading, Chesapeake Bay. 

Objective 
The objectives of this TM are as follows:   
• Identify and refine potential nutrient reduction requirements 
• Identify methods and technologies for achieving the goals of the nutrient reduction strategy 
• Identify synergies with regional conservation partnership program (RCPP) funding, and 
• Prioritize the potentially most efficient and cost-effective approaches. 

Summary 
The Iowa Nutrient Reduction Strategy (NRS) challenges point source dischargers to identify 
strategies for reducing nutrient discharges. The Cedar Rapids WPCF receives a strong load with 
higher than average nutrient contributions. Because of the strong load, which is attributed to the 
industrial component, the Iowa NRS guides Cedar Rapids WPCF to focus on achieving 67 percent 
TN and 75 percent TP reduction. The mass reductions corresponding to target levels are outlined in 
Table S-1 for existing flows and loads. Additional removal may be possible at the WPCF, and this 
additional removal could be beneficial to offset other watershed contributions and future incremental 
loads on the WPCF. As a result, three levels of nutrient reduction are considered as part of the 
strategy development work. 
 
Three nutrient reduction levels considered include: 
• Level 1 - Achieve 67 percent TN and 75 percent TP removal, as required by the Iowa NRS 

(reduction of 11,770 lb-N/d TN and 2,640 lb-P/d TP). 
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• Level 2 - Achieve effluent TN of 10 mg-N/L and TP of 1 mg-P/L, typical of BNR (additional 
reduction of 1,830 lb-N/d TN and 486 lb-P/d TP from Level 1). 

• Level 3 - Achieve effluent TN of 3 mg-N/L and TP of 0.3 mg-P/L, typical of enhanced nutrient 
removal (ENR) (additional reduction of 4,380 lb-N/d TN and 730 lb-P/d TP from Level 1).  

 
Table S-1. Existing Nutrient Load Removal Targets  

Cedar Rapids WPCF Nutrient Loads Influent, Total 
Target Nutrient Removals (lb/d)* 

Level 1 Level 2 Level 3 

TN, lb-N/d 17,160 11,770 13,600 16,150 
TP, lb-P/d 3,490 2,640 3,126 3,370 
*Average Annual basis 

 
Alternatively, a portion or all of the NRS-required reduction could be achieved offsite through 
reduction of nutrients from industrial wastewater sources’ influent to WPCF, or reduction of nutrients 
from nonpoint sources in the watershed. 
 
The strategy evaluation of nutrient reduction examines all three: 1) nutrient reduction through 
treatment onsite at WPCF, 2) offsite through nutrient reductions in wastewater from industrial 
sources, and/or 3) offsite through reduction of nutrients from nonpoint sources within the Cedar 
River watershed. Nutrient reduction could be accomplished at the WPCF by using process control 
and/or by constructing new technologies. Offsite nutrient reduction could be accomplished through 
process and other modifications to achieve nutrient reduction from wastewater sources influent to 
WPCF, and/or implementation of best management practices (BMPs) to achieve watershed or non-
point source nutrient reduction and removal. 
 
The onsite WPCF nutrient treatment approaches have been laid out as follows: 
• Process Optimization 
• Sidestream Treatment 
• Add-On Processes 
• Process Modifications 
• Innovative Process Modifications 
• Polishing. 
 
The offsite source reduction approaches include the following: 
• Group 3 - Industrial Source Reduction 
• Point Source Treatment (Offsets from Upstream Point Sources). 
 
The offsite nonpoint source nutrient reduction approaches includes:  
• Cedar Rapids Stormwater BMPs (part of the Municipal Separate Storm Sewer System (MS4) 

permit, but expandable beyond minimum permit requirements) 
• Nonpoint Source BMPs (Offsets from Upstream Non-point Sources). 
 
Cedar Rapids is already required to incorporate BMPs into the overall stormwater MS4 program. 
The BMPs employed give some level of nutrient control. Based on the minimum controls, it is 
estimated that 10% reduction in stormwater (Urban runoff) occurs as part of the existing program 
for the purposes of evaluating nutrient reduction strategies. This should be further evaluated. The 
stormwater program nutrient controls could be extended beyond the base program. 
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Approaches to achieving nutrient reduction rely on combining the alternatives from WPCF nutrient 
treatment, source reduction, and nonpoint nutrient reduction. Combinations of these general 
approaches have been applied to develop five potential strategies for nutrient reduction.  
 
• Strategy 1: Minimal WPCF – Sidestream Facility (Level 1 Target) 

o WPCF – Install a sidestream treatment system 
o Group 3 Industry Source Reduction – Nutrient Limits/Surcharge 
o Non-point Source Reduction (Middle Cedar Partnership Project [MCPP]), BMP nutrient 

reductions 
o Cedar Rapids stormwater program (existing BMPs). 

 
• Strategy 2: Moderate WPCF – BNR Facility (Level 2 Target) 

o WPCF – Install a BNR treatment system 
o Group 3 Industry Source Reduction – 10% via education/management 
o Non-point Source Reduction (MCPP), BMP nutrient reductions 
o Cedar Rapids stormwater program (existing BMPs) 
o Sell or bank offsets from excess treatment to offsite point sources. 

 
• Strategy 3 – Moderate WPCF – BNR Facility with Sidestream Treatment (Level 2 Target) 

o WPCF – Install a BNR treatment system 
o WPCF – Install a sidestream treatment system 
o Non-point Source Reduction (MCPP), BMP nutrient reductions 
o Cedar Rapids stormwater program (existing BMPs) 
o Exchange offsite based on excess treatment. 

 
Strategy 4 – Maximal WPCF – ENR Facility (Level 3 Target) 
o WPCF – Install a ENR treatment system 
o Non-point Source Reduction (MCPP), BMP nutrient reductions 
o Cedar Rapids stormwater program (existing BMPs) 
o Exchange offsite based on excess treatment. 

 
• Strategy 5 – Maximal WPCF - Resource Recovery Facility (Level 3 Target) 

o WPCF – Install a ENR treatment system 
o WPCF – Install a sidestream treatment system 
o Non-point Source Reduction (MCPP), BMP nutrient reductions 
o Cedar Rapids stormwater program (existing BMPs) 
o Exchange offsite based on excess treatment. 

 
The estimated nutrient load reductions to the watershed, representing general technology 
approaches at WPCF and a mix of BMPs in the watershed, are summarized in Table S-2. The final 
column in Table S-2 shows the potential offsets, the difference between Level 1 nutrient reduction 
target and total reduction, as a result of each strategy. Nutrient load reductions resulting from 
implementation of one of the strategies are subject to further refinement as the strategy or 
strategies are further developed with specific technologies and BMPs. 
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Table S-2. Summary of Nutrient Reduction Strategies (in average pounds per day)* 

 WPCF 
Treatment Offsite Total Reduction Potential 

Offsets 

Strategy 1 
 TN Reduction 3,550 8,220 11,770 0 
 TP Reduction 1,000 1,640 2,640 0 
Strategy 2 
 TN Reduction 12,839 1,211 14,050 2,280 
 TP Reduction 2,940 199 3,139 499 
Strategy 3 
 TN Reduction 13,600 450 14,050 2,280 
 TP Reduction 3,126 13 3,139 499 
Strategy 4 
 TN Reduction 16,400 450 16,850 5,080 
 TP Reduction 3,402 13 3,415 775 
Strategy 5 
 TN Reduction 16,400 450 16,850 5,080 
 TP Reduction 3,402 13 3,415 775 
*These strategies reflect concept level estimates based on existing nutrient loads. 
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Cedar Rapids Nutrient 
Reduction  
Summary of Nutrient Sources 
The baseline nutrient condition for the 
watershed immediately downstream of 
WPCF was established as part of 
TM 1 Nutrient Sources, which lays out 
nutrients from the watershed, from 
Group 3 Industrial Sources, and from 
the WPCF and connects them to the 
downstream watershed nutrient load. 
Based on work done for TM 1, 
Figures 2 and 3 have been developed 
showing Sankey diagrams that 
graphically depict TN and TP loads, 
respectively, from component sources 
to total for the watershed. In these figures, 
the wider the block, the larger the mass 
contribution. The upstream sources are represented by blue flow blocks, while the Cedar Rapids 
sources are represented by light green flow blocks.  
 
In Figure 2, the nonpoint sources of TN amount to 234,100 lb-N/d or 91% of the total 255,640 lb-N/d 
watershed load. Another upstream source is from wastewater treatment plants (WWTPs). The 
WWTPs upstream of Cedar Rapids WPCF in both Minnesota and Iowa cumulatively represent 
3,500 lb-N/d of the loading. Lastly, Cedar Rapids TN contributions are split between source loading 
to the WPCF (17,570 lb-N/d) and urban runoff (470 lb-N/d). This means that WPCF loading 
represents close to 7% of the watershed loading and loading from all point sources combined is 8% 
of the total watershed load. The overall point source TN load is consistent with the Iowa NRS 
statewide estimate that 7% of the TN load to the watershed originates from point sources. 
 
Figure 3 shows the Sankey mass flow diagram that summarizes TP loading to the watershed 
immediately downstream of Cedar Rapids. As in Figure 2, the upstream sources are represented by 
blue flow blocks and the Cedar Rapids sources are represented by light green flow blocks. The 
nonpoint component of upstream sources sums to 7,050 lb-P/d, and the point source component 
sums to 720 lb-P/d, giving a total upstream TP load of 7,770 lb-P/d. As a result, upstream sources 
represent about 69% of the total TP load. The TP loading to WPCF of 3,520 lb-P/d represents more 
than 30% of the TP load to the watershed, and loading from all point sources of 4,260 lb-P/d is 
roughly 37% of the watershed load. Of this, 1,830 lb-P/d or 16% of the TP load is from Group 3 
Industries. This total point source load is higher than the Iowa NRS statewide estimate of 21% of 
the TP load originating from point sources. 
 
 

Figure 1. Nutrient Cycle in Cedar River Watershed 
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Figure 2. TN Sankey Diagram for Cedar River Watershed  
 

 
Figure 3. TP Sankey Diagram for Cedar River Watershed 
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Nutrient Reduction Goals 
Three nutrient reduction levels are considered as part of the evaluation. The different levels are 
identified as: 
• Level 1 - Achieve 67 percent TN and 75 percent TP point source reductions (or equivalent) in 

WPCF loadings required by the Iowa NRS. 
• Level 2 - Achieve WPCF effluent concentrations for TN of 10 mg-N/L and for TP of 1 mg-P/L (or 

equivalent) associated with BNR typically.  
• Level 3 - Achieve WPCF effluent concentrations for TN of 3 mg-N/L and for TP of 0.3 mg-P/L (or 

equivalent) associated with ENR typically.  
 
Of the three nutrient reduction targets, the Level 1 percent reduction goal is the most practical and 
the most consistent with the intent of the NRS. As shown in Table 1, this would require reductions 
of 11,770 lb-N/d and 2,640 lb-P/d. TM-1 Nutrient Sources identified that these magnitudes of 
reductions could not be met by source reduction alone and would be challenging to meet through 
nonpoint source reduction. The latter is true even if the State of Iowa were to implement a program 
that allowed offsetting 100% of the nutrient reduction requirements. Even though the required 
reduction at WPCF cannot be met entirely by offsite nutrient reductions, it may be cost-effective or 
useful to pursue source reductions or nonpoint source offsets when considering more restrictive 
future nutrient treatment requirements.  
 
Target load reductions for Levels 2 and 3 are also shown in Table 1. All load reductions are based 
on Cedar Rapids WPCF influent nutrient loading. The reductions for Level 2 and 3 could actually 
position the City with greater-than-required reductions, which could potentially produce revenue 
from other point sources subject to the NRS or provide capacity for potential growth and increased 
nutrient loadings in the future. 
 

Table 1. Existing Nutrient Load Removal Targets  

Cedar Rapids WPCF Nutrient Loads Influent, Total 
Target Nutrient Removals (lb/d)* 

Level 1 Level 2 Level 3 

TN, lb-N/d  
Industrial (Group 3) 7,610 5,100 5,890 7,100 
Non-Group 3 9,960 6,670 7,710 9,300 
Influent Total 17,570 11,770 13,600 16,400 
TP, lb-P/d  
Industrial (Group 3) 1,860 1,395 1,652 1,798 
Non-Group 3 1,660 1,245 1,474 1,604 
Influent Total 3,520 2,640 3,126 3,402 
*Average Annual basis 

 
The MCPP, led by the City of Cedar Rapids, is focused on improving water quality. As part of the 
effort, the MCPP is working to achieve nonpoint source nutrient reduction. The work of the MCPP 
will result in both TN and TP reduction, and the reduction achieved may offset part of the required 
WPCF nutrient reductions. The eligibility of offsets achieved in part with federal funding and a yet-
to-be-developed offset program in Iowa are not fully vetted, and MCPP nutrient reductions may not 
be fully eligible for nutrient offsets in an NPDES permit. On the other hand, work with the MCPP will 
provide a framework for future nonpoint source nutrient reductions. 
 
Due to economy of scale, Cedar Rapids WPCF could incorporate nutrient removal at a lower cost 
than many smaller WWTPs in the Cedar River watershed. Therefore, the Cedar Rapids WPCF 
could offer to exchange offsets based on additional nutrient loads removed with other point sources 
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within the Cedar River watershed. Such an offset program may be a revenue source, again subject 
to limitations of a yet-to-be-developed offset program in Iowa. 
 
WPCF Nutrient Reduction Costs 
The costs for nutrient removal processes vary widely depending on the strategy and the technology 
used. For planning purposes, cost comparisons may be developed based on a unit cost, or cost per 
pound of nutrient removed. Several studies provide reference costs, giving a basis for comparative 
analysis. It is important to consider the basis for the unit costs so that the best conclusion is 
reached. 
 
Figure 4 depicts the incremental cost for different levels of nutrient reduction as compiled by data 
from the Water Environment Research Foundation (WERF). In Figure 4, the base treatment is 
secondary treatment with minimal nutrient removal, the first incremental cost is to go from Sec to 
biological nutrient removal (Sec-BNR), the next incremental cost is to go from BNR to enhanced 
nutrient removal (BNR-ENR), the next increment is to go from ENR to the current limits of 
technology (ENR-LOT), and the final incremental cost is for nutrient removal progressing from LOT 
to reverse osmosis (LOT-RO). The incremental cost increases exponentially (cost scale is 
logarithmic) with increasingly tighter treatment requirements. Note, while costs are separated for TN 
versus TP removal, most systems designed for BNR achieve both TN and TP removal. As a result, 
this does not represent separate costs for BNR, but rather, two different bases for evaluating BNR 
unit costs. 

 
Figure 4. Treatment Plant Cost Analysis by Water Environment Research Foundation 
 
Based on Figure 4, the annualized incremental cost for Level 2 addition of BNR to an existing 
secondary treatment plant is on the order of $1-5/lb-N removed and $5-15/lb-P removed. These are 
not specific to WPCF and may or may not be reflective of actual costs at WPCF, but provide an 
order of magnitude for comparative purposes. Actual costs for WPCF will be estimated in 
subsequent TMs as actual technologies and alternatives are screened and evaluated. 
 
Likewise, based on Figure 4, the annualized incremental cost for Level 3 addition of ENR to an 
existing BNR treatment plant is on the order of $10/lb-N removed to $100/lb-P removed. Similarly, 
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the cost for the going beyond Level 3 to the addition of limit of technology (LOT) from an ENR plant 
is on the order of $100/lb-N removed to $1,000/lb-P removed. The latter makes it unlikely that a 
strategy incorporating LOTs would be applicable or cost effective at WPCF. 
 
Figures 5 and 6 show the costs, adjusted to a unit basis, from the Iowa NRS for reduction of TN and 
TP through the addition of BNR treatment to existing WWTPs and for reduction of TN and TP 
through implementation of BMPs in the watershed. These are not specific to WPCF and the Cedar 
River watershed, and may not be reflective of actual costs at WPCF and the Cedar River 
watershed, but they provide order of magnitude costs for comparative purposes. Actual costs for 
WPCF and the Cedar River watershed will be estimated in subsequent TMs as actual technologies, 
BMPs, and alternatives are screened and evaluated. 
 

 
Figure 5. Iowa NRS Estimated Unit Cost for TN Removal 
 

 
Figure 6. Iowa NRS Estimated Unit Cost for TP Removal 
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Based on Figures 5 and 6, the Iowa NRS data indicate the cost for addition of BNR to an existing 
secondary treatment plant to be on the order of $1.50/lb-N removed to $12/lb-P removed. The BNR 
unit costs identified by the Iowa NRS are comparable with the unit costs found by the WERF study 
previously presented in Figure 4.  
 
Also based on Figures 5 and 6, the Iowa NRS shows nutrient removal to be significantly less costly 
through BNR addition at treatment facilities than through implementation of BMPs in the watershed. 
On the other hand, when comparing the watershed unit costs in Figures 5 and 6 with the 
incremental costs for additional nutrient removal through ENR, LOT, and RO, watershed BMPs are 
less costly. If these numbers are subsequently found to be reflective for WPCF and the Cedar River 
watershed, they are supportive of a nutrient reduction strategy for Cedar Rapids focused initially on 
BNR addition at WPCF and ultimately on implementation of BMPs in the watershed if additional 
nutrient removal is required longer term. 

Sidestream Treatment 
The sidestreams at the WPCF may be isolated and treated for nutrients. As identified in TM 1, 
sidestreams constitute approximately 30-40% of the WPCF nutrient loading on the secondary 
processes currently. Sidestream treatment reduces the nutrient loading on the mainstream process. 
The result is that the mainstream process is more efficient and may be sized smaller. Mainstream 
treatment must remain effective in the event sidestream treatment is offline. Sidestream treatment 
may be applied to mineralize and eliminate nutrients, or it may be used to recover resources. 

Resource Recovery 
Resource recovery may be applied as part of the nutrient reduction strategy. With the current state 
of technology, resource recovery is most effective when applied as part of the sidestream treatment 
process. For example, struvite fertilizer production has been developed for use as a sidestream 
treatment process. The struvite fertilizer that is generated may be marketed and sold. Some 
revenue ($200-400/dry ton) may result from struvite fertilizer sales. This revenue is usually applied 
to offset the capital and O&M costs of the struvite recovery system. Additional benefits include 
improved dewaterability and reduced maintenance of dewatering equipment. 

Alternative Offsite Nutrient Reduction Approaches 
Two of the three approaches to nutrient reduction occur offsite through either point source reduction 
or nonpoint source reduction. In general, source reduction options include any of the following 
provided they effectively reduce influent TN and TP loadings on the WPCF: 
• Voluntary industrial nutrient control or sponsored grant industrial reductions  
• Modifications to the City’s orthophosphate corrosion control program at the water treatment 

plants  
• Implementation of a pollution prevention program (domestic and industrial sources)  
• Industrial nutrient limits or nutrient load fees to discourage discharge, and  
• Nutrient recovery at industrial sources directly.  
 
While yet to be established by the Iowa DNR, it is anticipated that there will be other opportunities 
within the upstream watershed. Those approaches to achieve NRS compliance could entail permit 
offsets through non-point and point source nutrient control and trading, including:   
• Offsets with other point sources 
• Direct coordination with farmers and management of program to employ BMPs, and 
• Implementation through support and sponsorship with programs such as the MCPP. 
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Industrial Source Reduction 
As evaluated in TM 1 – Nutrient Sources, Group 3 industries contribute 42% of the TN and 53% of 
the TP influent loading to the CRWPCF. Industry nutrient source reduction may be pursued through 
the industrial pretreatment program. The program could target voluntary reductions to be achieved 
through education and improved practices and standards, which would be implemented by industry 
staff and documented to the Cedar Rapids pretreatment program staff. Alternatively, the program 
could be implemented through Total Kjehldahl nitrogen (TKN) and TP surcharges as an incentive to 
reduce nutrient discharges. 
 
Typical Industrial source reduction practices include: 
• Industry implementation through education and improved practices and standards: 

o Employee Awareness – to dispose of waste products containing nutrients in dumpsters 
rather than washing them down the drain to the WPCF. 

o Tighter Controls – Narrow target dosages and controls at industries to reduce potential 
exceedances and resulting slug doses to WPCF. 

o Alternative Chemicals – Non- or low-phosphorus cleaners to reduce disposal down the drain 
of phosphorus-based cleaners to WPCF. 

• Industry implementation to minimize surcharges: 
o Source Recovery – Resource recovery to recapture nutrients used in industrial processes 

instead of disposal to WPCF. 
o Pretreatment – Remove nutrients at industry through a treatment system to minimize 

discharge to WPCF. 
 
In the event that source reductions are not achieved voluntarily by industry, additional steps may be 
employed to further facilitate industrial nutrient reduction. One step is the addition of nutrient load 
limits into treatment agreements with potential penalties for not meeting the limits. A second step is 
to add a nutrient surcharge for discharges above domestic strength. A third step might be for the 
City to share in the cost of modifications to achieve source reductions. 
 
Cedar Rapids Urban Runoff 
Urban runoff from Cedar Rapids is subject to MS4 permitting, which requires improved stormwater 
management practices to be used as part of the overall regulation. As a result, stormwater 
collection and conveyance administration and planning incorporate base controls that serve to 
improve water quality. The water quality improvement includes some nutrient removal and reduction 
from the final stormwater discharges. 
 
Several aspects of Cedar Rapid’s MS4 permit are associated with potential nutrient reduction. 
These aspects are primarily identified in Part II. Storm Water Pollution Prevention & Management, 
which is focused on implementing measures to, “…reduce pollutants in storm water runoff…” 
Sections within Part II that would serve to support nutrient reduction include: 
A.1. General Stormwater Education Materials – targeted toward residences, businesses, and 

others to present measures that can improve stormwater quality and reduce water quality 
degradation. 

B.1.  Stormwater Pollution Hotline – A 24-hour hotline to report stormwater pollution. 
C.  Illicit Discharges – requires a discharge prohibition ordinance prohibiting the discharge of 

anything other than stormwater and a detection and elimination program. 
D.  Construction Site Stormwater Runoff Control – requires control of runoff from construction 

sites and prohibits the discharge of pollutants into the stormwater system. 
F.2.  Pesticide and Fertilizer Management Program – Implementation and enforcement of pollutant 

discharge controls for pesticides and fertilizers for municipal operations. 
F.4.  City Facilities BMPs – Assess BMPs at city facilities to reduce pollutants in stormwater 

implemented whenever practical. 
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G.  Monitoring Industrial and High Risk Run-Off – Any industrial facilities contributing to MS4 are 
subject to monitoring and potential control for TP, TKN, nitrate, and nitrite. 

 
In general stormwater BMPs include: 
• Bioretention Systems 
• Constructed Stormwater Wetlands 
• Detention Basins 
• Infiltration Structures 
• Pervious Paving 
• Sand Filters 
• Vegetative Filters 
• Ponds. 
 
Typical nutrient reduction depends on the BMP employed. The range of nutrient reduction 
efficiencies as a result of Stormwater BMPs are highly variable depending on design, age of 
system, and level of maintenance. In general, if well-designed and maintained, BMP removals 
would fit in the ranges as follows: 
• TP Removal Rate: 20-60% 
• TN Removal Rate: 40-80%. 
 
Cedar Rapids Stormwater Master Plan Update in 2016 provides a framework for stormwater 
programs including volume control and green stormwater infrastructure practices. Volume control 
through the use of detention basins has been shown to reduce nutrient runoff. Green stormwater 
practices include many of the remaining stormwater BMPs listed previously for nutrient reduction.  
 
Stormwater nutrient reduction is not routinely measured and the removal rates are variable and site 
specific. The practices and controls used by Cedar Rapids directly result in nutrient reduction, 
however, and the nutrient load associated with nutrient runoff is expected to be reduced. At this 
time, a small, provisional estimate is identified for stormwater nutrient runoff reduction. As the 
nutrient and stormwater programs for Cedar Rapids continue to develop, a more refined estimate 
may be applied as an offset for Cedar Rapids’ overall nutrient reduction strategy. However, nutrient 
control available from stormwater runoff is small and at a high cost relative to other nutrient 
sources. 
 
Watershed (Nonpoint) Source Reduction 
The Iowa NRS has laid out strategies for achieving nonpoint source nutrient reduction through 
BMPs for agriculture. The BMPs that limit and control nutrient runoff along with the associated 
reductions have been laid out in detail by the Iowa NRS as shown in Tables 2 and 3.  
 
In general, the BMPs may be summarized as follows: 
• Management (Timing, Source, Application, Rate, Inhibitor, Cover Crop  
• Land Use (Perennial, Rotation, Pasture) 
• Edge of Field (Drainage, Wetlands, Bioreactors). 
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Table 2. Nitrate Reduction from Agricultural BMPs (Iowa NRS) 
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Table 3. Phosphorus Reduction from Agricultural BMPs (Iowa NRS) 

 
In the watershed, there are high non-point watershed loads. The large non-point loads offer an 
opportunity to target nutrient reduction in the watershed; however, there are challenges to 
watershed load reduction. These challenges include: 
• Difficulty achieving reduction in watershed with BMPs. 
• High variability in the efficiency of different BMPs. 
• Watershed load reductions must be managed.  
• BNR level nutrient removal in watershed is more costly than at WPCF based on annualized 

costs per pound. 
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Middle Cedar Partnership Project (MCPP) 
The City of Cedar Rapids is currently leading efforts on the MCPP, which is aimed at partnering 
with local conservation partners to incorporate BMPs in order to address water quality and flooding 
issues. As part of this project, a 2,400 square mile area (five Hydrologic Unit Code [HUC] 12 
watersheds) within the Cedar River watershed upstream of Cedar Rapids is targeted. Several key 
objectives are included as part of this project including: 
 
• Developing watershed plans to monitor and evaluate BMP placement. 
• Implementing BMPs through financial and technical assistance to reduce nitrate loads. 
• Conducting outreach activities with landowners and producers within the target area. 
 
The MCPP is expected to reduce nutrient runoff into the watershed while providing key information 
on non-point reduction strategies. Cedar Rapids’ leadership on this project provides substantial 
support and mechanics to implementation. 
 
The MCPP will serve as a pilot project to assess the cost and effectiveness of watershed BMPs in 
reducing nutrient discharges to the Cedar River. It is not clear at this time how the resulting 
reductions will offset Iowa NRS reduction requirements. Cedar Rapids will lead and remain 
engaged in the MCPP as a first step towards developing non-point source BMPs for nutrient 
reduction. As nutrient reduction goals continue to develop, additional offsets through a non-point 
source partnership may offer the most cost-effective approach toward meeting future goals. 
 
Offsets Approach 
Offsets can be used in several ways. The goal is to find the most economically efficient way to 
reduce nutrient loads in line with the objectives of the overall Iowa NRS. The goals may be best 
achieved by trading between point sources or between point and non-point sources. Two of the 
most common trading scenarios observed are as follows: 
• Trading Non-point Source Reductions for Point Source Reductions 

o Non-point source reductions are generally most cost-effective for point source reductions 
requiring ENR or above 

• Trading Point Source >>> Point Source 
o Larger WWTPs, using economy of scale can typically achieve nutrient reductions more cost 

effective than small WWTPs and can trade nutrient reductions at a price that benefits both 
facilities 

 
Historical costs indicate that the incremental cost of installing BNR is typically cost effective at 
WWTPs, but the higher incremental costs of upgrading to ENR or beyond may support trading 
between non-point and point sources. When looking at trading between point sources, large 
treatment facilities may be able to exploit economy of scale to install BNR or ENR and treat beyond 
the required target reduction. Then, the excess reduction (credits) may be exchanged as offsets to 
smaller WWTPs. In both cases, credits or offsets would typically be sold to defray the costs of the 
entity trading.  In all cases, nitrogen or phosphorus recovery can impact cost-effectiveness if there 
is a market for the recovered nutrients.  However, resource recovery is not reflected in the offset 
discussion herein. 
 
Table 4 presents the offset margins based on levels of treatment. With no nutrient removal, high 
concentrations of TN and TP are measured in the effluent. A significant reduction in effluent nutrient 
concentrations results from technology-based treatment. Then, a high level of treatment is needed 
for the next level of nutrient reduction to LOT.  
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Table 4. Trading Margin 

Target Category 
TP 

(mg/L) 
TN 

(mg/L) Trading Scenario Efficiency Basis 

Without Nutrient 
Removal 4.0 20 Small point-source exchanges 

offsets with large point-source Economy of scale 

Technology-Based 1.0 10 

Treatment facility targets 
technology based treatment and 
exchanges offsets in excess 
reduction achieved 

 

Criterion (LOT) 0.1 1.0 Large point source exchanges 
offsets with non-point source 

Incremental cost to 
treat to LOT 

Resource Recovery 0.1-1.0 1.0-10 
Sidestream process used to 
support mainstream treatment 
and enhance efficiency 

Mainstream 
downsized 
Waste resources 
recovered 

 
Offsite Nutrient Reduction Costs 
Offsite, nonpoint nutrient reduction costs for various BMPs have been converted to a unit (cost per 
pound) basis in a similar manner as for onsite treatment. Figure 7 shows unit costs developed 
based on data compiled in Maryland and Virginia, and particularly pertaining to Chesapeake Bay 
nutrient trading development. The costs shown include WWTP, management practices for 
stormwater, and agricultural BMPs. When looking at the offsite unit costs, two key observations 
include: 
 
1.) Costs are variable depending on specific approaches taken, and  
2.) Costs are site or region specific.  
 
The WWTP costs are based on Maryland and Virginia data for upgrades to meet the following 
limits: 
 
• Virginia Department of Environmental Quality Targets: 

o TN = 3 mg-N/L 
o TP = 0.3 mg-P/L. 

• Maryland Department of the Environment Targets: 
o TN = 4 mg-N/L 
o TP = 0.3 mg-P/L. 

 
These limits are reflective of upgrades to more stringent effluent limits associated with ENR, rather 
than the upgrades to less stringent effluent limits (10 mg-N/l and 1 mg-P/l) associated with BNR in 
the Iowa NRS as depicted previously in Figures 5 and 6. 
 
Figure 7 indicates that nutrient reductions through wastewater treatment are less expensive than 
nutrient reductions through stormwater retrofits/management, but more expensive than the 
identified agricultural BMPs when implementing the incremental improvement from BNR to ENR. 
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Figure 7. Reference unit costs for nutrient removal via non-point BMPs and WWTP upgrades for ENR removal. 
(World Resources Institute Fact Sheet, Nutrient Trading-Chesapeake Bay, December 2009) 
 
Implementation of Offsite Nutrient Reduction Approaches 
The implementation of offsite nutrient reduction requires coordination with all stakeholders and 
parties involved in the effort. During program initiation, a number of steps are needed to drive the 
program and lay the groundwork moving forward. Some key development steps include: 
 
(a) Cooperation with industry, farmers and other stakeholders 
(b) Creation of a trading and / or permit offset approach 
(c) Evaluation and refinement of life cycle costs of TN and TP offsets 
(d) Identification of potential point source and nonpoint source trading and/or permit offset 

partners 
(e) Cooperation with Iowa DNR in development of the program 
 
Once developed, an offsite nutrient reduction program must be administered to follow up on 
commitments, to verify operations, and to document efforts. This may be wrapped into an existing 
program or developed as a separate program. 
 
Permit Offsets  
In order to cost-effectively meet statewide nutrient reduction goals, it is anticipated that the Iowa 
DNR will develop and implement some form of nutrient offsets that may be employed to exchange 
nutrient load reduction requirements. Several different scenarios for nutrient offsets are possible.  
 
One approach would be for point sources to exchange offsets directly with other point sources. A 
second approach would be for point sources to exchange offsets with non-point sources.  
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A common practice in trading is the application of trading ratios that translate the mass of 
watershed nutrient removal to an equivalent point source nutrient removal; e.g. 1.25 pounds of 
watershed nitrogen translates to 1.0 pounds of point source nitrogen. The trading ratios help to 
account for differences in discharge locations, forms, and variability. Trading ratios used include the 
following: 
• Delivery Ratio (instream attenuation) 
• Equivalency Ratio (different forms of the same pollutant) 
• Uncertainty Ratio (account for issues in estimating loadings) 
• Retirement Ratio (net improvements). 
 
Recommendations for the application of trading ratios include: 
• The delivery ratio should be dependent upon parameter fate & transport (e.g., conservative 

nature, assimilation). 
• No delivery ratio should be applied for facilities located within a defensible watershed scale. 
• No delivery ratio should be applied for big river offset exchange located within close proximity to 

the Missouri or Mississippi River. 
• Equivalency, uncertainty, and retirement ratios do not apply in point-to-point offset exchange. 
 
Figure 8 depicts the characteristics and considerations that need to be considered for trading. 
Basically, the trading program should be efficient, effective, and equitable. If the proposed trading 
program fails to meet one of these key criteria, modifications should be made or alternatives should 
be considered.  
 

 
Figure 8. Characteristics of a Successful Trading Program 
 
The most direct application of exchanging offsets is between point sources. Point source offset 
exchange involves one point source (A) that targets a lower level of nutrient reduction in exchange 
for a higher level of nutrient reduction at the second point source (B). In exchange for the offset, 
Point Source A would typically pay Point Source B for the offset. This approach is often used when 
economy of scale supports an added level of treatment at a larger facility compared to a smaller 
facility. Point source exchanges must be accepted by IDNR, and the exchange ratio must be 
verified but could potentially be 1.0 to 1.0. 
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Nutrient Reduction Strategies 
The information presented up to this point identifies three primary approaches to attaining nutrient 
reduction including: 
• Watershed Reductions – e.g., agricultural BMPs, upstream WWTP controls 
• Industrial Source Reductions 
• WPCF Nutrient Control – e.g., BNR, ENR, sidestream treatment with resource recovery 
 
The overall holistic nutrient reduction strategy may involve one or a combination of the three 
approaches identified. As part of the nutrient reduction strategy, it is important to consider the 
following: 
• Nutrient reduction targeted and achieved by the MCPP or other nonpoint source partnerships 
• Cedar Rapids stormwater program (MS4) nutrient reduction potential 
• Industry source nutrient reduction potential, voluntary versus mandatory 
• Nutrient reduction at WPCF –  

o Potential to generate additional credits to sell/hold 
o Potential to purchase exchange offsets with the upstream watershed. 

 
Given these considerations, five nutrient reduction strategies are identified. These strategies offer 
different combinations of the approaches outlined above with WPCF nutrient removal ranging from 
minimal to maximal. The strategies have been developed conceptually as Sankey diagrams 
assuming the interactive effects of WPCF alternatives. Balances within the WPCF are subject to 
refinement once modeling is conducted. 
 
Strategy 1 – Minimal WPCF level with sidestream focus (Figures 9 and 10) applies sidestream 
treatment at Cedar Rapids WPCF to attain partial nutrient reduction. The sidestream processes are 
used to give nutrient reductions of 3,550 lb-N/d for TN and 1,000 lb-P/d for TP based on the 
sidestream nutrient loads found in TM 1 and a conservative sidestream removal efficiency of 80%; 
note, this assumes a recycle stream similar to the current composition and minimal mainstream 
removal independent of the sidestream.  
 
As part of Cedar Rapids stormwater program, a TN reduction of 50 lb-N/d and a TP reduction of 5 
lb-P/d are provisionally estimated and applied to all strategies. Additional reductions are needed to 
meet the Iowa NRS targets. These reductions are split between upstream nonpoint sources through 
Farm BMPs and Group 3 Industry Source Reduction. Both the nonpoint source reduction (Farm 
BMPs) and Group 3 industries must reduce their loads 4,085 lb-N/d for TN and 818 lb-P/d TP to 
offset the difference between the Iowa NRS goal and the reduction achieved at WPCF. Using this 
combination of nutrient reductions, the totals for TN and TP are 11,770 lb-N/d and 2,640 lb-P/d, 
respectively.  
 
Strategy 2 – Moderate WPCF BNR level (Figures 11 and 12) relies on the installation of BNR at the 
Cedar Rapids WPCF to obtain a TN reduction of 12,839 lb-N/d and a TP reduction of 2,940 lb-P/d 
based on typical BNR removal efficiencies. Then, similar to Strategy 1, a group 3 industry source 
reduction, MCPP BMP nutrient reduction, and stormwater nutrient reductions are included. For this 
strategy, it is assumed that group 3 industries would reduce their nutrient load to the WPCF by 10% 
through improved practices. Continued cooperation with industries through stakeholder discussions 
is needed to refine group 3 reduction goals. As part of the MCPP, BMP nutrient reductions of 400 
lb-N/d for TN and 8 lb-P/d for TP are estimated. In total, the TN reduction is 14,050 lb-N/d and the 
TP reduction is 3,011 lb-P/d. Both of these reductions exceed the Iowa NRS target reductions of 
11,770 lb-N/d for TN and 2,640 lb-P/d for TP. As a result, nutrient offsets may be available for 
exchanging or reserving for the future.  
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Figure 9. Nutrient Reduction Strategy 1 – TN Sankey Diagram 
 

 
Figure 10. Nutrient Reduction Strategy 1 – TP Sankey Diagram 
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Figure 11. Nutrient Reduction Strategy 2 – TN Sankey Diagram 
 

 
Figure 12. Nutrient Reduction Strategy 2 – TP Sankey Diagram 
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Strategy 3 – Moderate WPCF level with BNR and Sidestream (Figures 13 and 14) expands 
Strategy 2 to include cost efficiency gained with sidestream treatment. No industry reductions are 
accounted for in this strategy, but MCPP and stormwater reductions remain the same. As with 
Strategy 2, the TN reduction is 14,050 lb-N/d and the TP reduction is 3,139 lb-P/d. This gives the 
same potential offsets as for Strategy 2. 
 
Strategy 4 – Maximal WPCF level with ENR (Figures 15 and 16) presents the strategy using ENR 
implemented at the WPCF. As part of this strategy, no industry nutrient reductions are applied, but 
the MCPP and stormwater reductions are retained. For this strategy, TN reduction is estimated to 
be 16,850 lb-N/d while TP reduction is estimated to be 3,415 lb-P/d. The potential offsets generated 
by Strategy 3 are 5,080 lb-N/d for TN and 775 lb-P/d for TP. 
 
Strategy 5 – Maximal WPCF level with ENR and Sidestream (Figures 17 and 18), like Strategy 4, is 
based on implementing ENR at the WPCF, but sidestream treatment is implemented with ENR in 
order to provide a mechanism for nutrient recovery and cost reduction. As a result, the same total 
nutrient reduction is achieved for Strategy 5 as shown for Strategy 4. This gives the same potential 
offsets available as for Strategy 4 as well. 
 
The estimated nutrients captured are summarized in Table 5 for each strategy. Potential offsets 
reflect the difference between the Level 1 nutrient reduction target and the total reduction shown. 
 
Table 5. Summary of Nutrient Reduction Strategies* 
 

WPCF 
Treatment 

Offsite 
Total 

Reduction** 
Potential 
Offsets Group 3 

Industry MCPP Stormwater 

Strategy 1 – Minimal WPCF level with sidestream focus 
 TN Reduction 3,550 4,085 4,085 50 11,770 0 
 TP Reduction 1,000 808 807 5 2,620 0 
Strategy 2 – Moderate WPCF level with BNR 
 TN Reduction 12,839*** 761 400 50 14,050 2,280 
 TP Reduction 2,940*** 186 8 5 3,139 499 
Strategy 3 – Moderate WPCF level with BNR and sidestream 
 TN Reduction 13,600 0 400 50 14,050 2,280 
 TP Reduction 3,126 0 8 5 3,139 499 
Strategy 4 – Maximal WPCF level with ENR 
 TN Reduction 16,400 0 400 50 16,850 5,080 
 TP Reduction 3,402 0 8 5 3,415 775 
Strategy 5 – Maximal WPCF level with ENR and sidestream 
 TN Reduction 16,400 0 400 50 16,850 5,080 
 TP Reduction 3,402 0 8 5 3,415 775 
*These strategies reflect concept level estimates associated with the four strategies previously described. Nutrient 
reduction estimates will be refined as alternatives are developed. 
**The required reductions for Level 1 are TN = 11,770 lb-N/d, TP= 2,640 lb-P/d; and Level 2 are TN = 13,600 lb-N/d, 
TP= 3,126 lb-P/d 
***Less than Level 2 - BNR load reduction, because industry source reduction lessens. 
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Figure 13. Nutrient Reduction Strategy 3 – TN Sankey Diagram 
 

 
Figure 14. Nutrient Reduction Strategy 3 – TP Sankey Diagram 
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Figure 15. Nutrient Reduction Strategy 4 – TN Sankey Diagram 
 

 
Figure 16. Nutrient Reduction Strategy 4 – TP Sankey Diagram 
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Figure 17. Nutrient Reduction Strategy 5 – TN Sankey Diagram 
 

 
Figure 18. Nutrient Reduction Strategy 5 – TP Sankey Diagram 
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As shown with the Sankey diagrams, a large fraction of the TN is concentrated in the watershed, 
and a higher fraction of TN reduction in the watershed is needed to meet overall Iowa NRS goals. 
The TN removal technologies for wastewater treatment are well established, however, and TN 
removal can have some beneficial effects for the treatment process. For TP, the WPCF fraction of 
the load is higher relative to the overall watershed. As a result, reduction at the WPCF is more 
important. 
 
Costs have been developed based on unit costs (Table 6) for mass nutrient removals to give 
comparative costs for each strategy, and the comparative costs have been normalized to the low 
cost option (Table 7). As indicated previously, unit costs are highly variable and site specific, which 
is why the costs have been normalized. More detailed cost estimates will be developed as part of 
TM 8 Nutrient and Solids Alternative Evaluation.  
 
Table 6. Unit Costs for Nutrient Reduction used in Comparative Cost Analysis 

Nutrient Reduction Target Area 
Unit Costs 

TN $/lb TP $/lb 
Watershed $3.23 $32.66 
Stormwater $67 $982 
WPCF   
  BNR $1.57 $11.80 
  ENR  $15.80 $95.00 
  Sidestream $1.10 $  8.20 
  Group 3 Red*. $     - $       - 
    
Annual Offsets -$10.00 -$ 20.00 
*Group 3 Reduction costs are born by industry to avoid TN and TP surcharges that 
would be added. As a result, no costs to Cedar Rapids are shown in this analysis. 
 
Table 7. Nutrient Reduction Strategy Comparative Costs 

Nutrient 
Reduction 
Target Area 

Strategy 

Strategy 1 – 
Sidestream* 

Strategy 2 – 
BNR 

Strategy 3 – 
BNR + 

Sidestream 

Strategy 4 – 
ENR 

Strategy 5 – 
ENR + 

Sidestream 
Watershed 1.12 0.04 0.04 0.04 0.04 
Stormwater 0.23 0.23 0.23 0.23 0.23 
WPCF --- --- --- --- --- 
  BNR --- 1.55 1.15 1.64 1.25 
  ENR  --- --- --- 1.99 1.13 
  Sidestream 0.34 --- 0.34 --- 0.34 
 Annual Cost 1.70 1.82 1.77 3.90 3.00 
  
Annual Offsets** --- 0.77 0.77 1.56 1.56 
  
Total Annual 1.70 1.05 1.00 2.35 1.45 
  
*Group 3 Reduction costs are born by industry to avoid TN and TP surcharges that would be added. As a result, 
not costs to Cedar Rapids are shown in this analysis. 
**Assumes 50% excess offsets are sold. 
 
Based on the comparative costs, the total annual cost increases from lowest to highest in the order 
of Strategy 3 – BNR + Sidestream < Strategy 2 - BNR < Strategy 5 - ENR+Sidestream < Strategy 1 
- Sidestream < Strategy 4 - ENR, which accounts for watershed, stormwater, and WPCF nutrient 
removal costs and provides a credit for offsets sold upstream. On the other hand, the present worth 
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cost for implementation at WPCF increases from lowest to highest in the order of Strategy 1 - 
Sidestream) < Strategy 3 – BNR + Sidestream < Strategy 2 - BNR < Strategy 5 - ENR+Sidestream 
< Strategy 4 - ENR. 
 
The lowest overall cost results from implementation of Strategy 3 – BNR + Sidestream. This 
strategy implements mainstream nutrient removal at WPCF balanced against nutrient reduction at 
the MCPP, a small source reduction goal from industries, and implementation of the current 
stormwater program. Part of the cost for this approach is defrayed by selling nutrient offsets to 
upstream point sources, subject to the Iowa NRS.  
 
The lowest WPCF cost is based on Strategy 1 - Sidestream, but this strategy requires considerable 
investment in watershed improvements to achieve nonpoint source reduction. In addition, part of 
the reason for the reduced cost is that this strategy imposes a large burden on industries to reduce 
nutrients at the source. 
 
The strategies evaluated present five comprehensive alternatives for meeting nutrient reduction 
requirements. This evaluation gives insight into the alternative strategies presented and the 
relationships and trends for strategies in general. Implementation of sidestream treatment or BNR 
at WPCF is cost efficient. A more stringent nutrient goal requiring WPCF to apply ENR increases 
the cost dramatically. A more cost-effective strategy than ENR relies on using watershed reductions 
or coupling ENR with the more economical sidestream treatment particularly if there is a market for 
the nutrients. It is important to reiterate, however, that these costs can be very site specific and are 
presented herein for comparative purposes only. The costs and cost savings may be more or less 
for Cedar Rapids. The findings in this TM and the associated costs and approach are subject to 
change as new information becomes available and as the overall plan is further developed and 
refined. 
 
Based on the findings, Strategy 3 is recommended for implementation. Based on priorities at 
WPCF, the nutrient strategy implementation is expected to be phased. As alternatives are 
developed, evaluated, and refined in future TMs, phasing will be developed. Phasing may include 
an initial emphasis on watershed nutrient reduction to complement existing pilot work and nonpoint 
nutrient reduction momentum gained. As WPCF projects are developed, nutrient reduction will be 
incorporated at increasing levels, consistent with Strategy 3, at the WPCF. 
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Technical 
Memorandum  

 
To:   City of Cedar Rapids 

From:   Mike Butterfield/HDR 
David Dechant/HDR 

Project:           Cedar Rapids Nutrient Removal and 
Solids Facilities Plan 

CC:   File 

Date:   December 16, 2016 (Revised Final) 
 

Job No:   City – 6150011 
HDR – 270628 

Re:  Technical Memorandum 6.0 – Solids Market and End Use 
This Technical Memorandum (TM) is one of multiple technical memoranda that collectively 
comprise the Cedar Rapids Water Pollution Control Facility (CRWPCF) Nutrient Reduction and 
Solids Facility Plan.  The overall objectives of the Nutrient Reduction and Solids Facility Plan 
are as follows. 

• A plan for nutrient reduction consistent with the Iowa Nutrient Reduction Strategy. 
• A plan for solids handling and treatment that provides a reliable management strategy 

complimentary of liquid treatment. 
• Plans that incorporate sustainable, energy efficient technologies. 

The end result will be a Nutrient Reduction and Solids Facility Plan that defines a footprint for a 
sustainable future that can be supported by all and maintains competitive rates.   

The process to develop the Nutrient Reduction and Solids Facility Plan is shown schematically 
below.   
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Using appropriate information from prior master plans, the process initially established a 
baseline by documenting current nutrient sources, identifying current and projecting future solids 
production, documenting current energy and sustainability, and assessing the condition of 
existing facilities.  From that baseline, the process identifies potential nutrient reduction 
strategies and potential end use options for solids.  With potential strategies and options in 
mind, the process identifies and screens the most relevant technologies, and then evaluates 
and identifies the most relevant alternatives incorporating those technologies.  Those 
evaluations provide the basis for a recommended plan. 

Presented in this TM are the results of the Solids End Use Options task. The objectives of the 
task were to: 

• Assess impacts, opportunities, and challenges of current solids regulations 
• Define the market and preprocessing requirements for potential end use alternatives 
• Screen potential end use options in advance of solids processing technology evaluations 

The TM is organized as follows 

• Objective 
• Summary 
• Regulatory Analysis 

o Land Application 
o Landfilling 
o Incineration 

• Solids Market and End Use Opportunities 
• Viable Options, Constraints, & Recommendations 
• Nonmonetary Screening 

Objective 
This TM presents an overview of options for the final biosolids product that leaves the plant site. 
In this task, potentially viable end uses for CRWPCF biosolids were reviewed, assessed, and 
screened to lay the groundwork for future evaluation of proven and emerging solids processing 
technologies.  By starting with the potential end use of solids in mind, the evaluation of solids 
processing technologies can be targeted at those end uses without the fear of discounting 
viable options.  

Summary 
Biosolids have several qualities that offer value to potential end users. These include. 

• Fertilizer – Biosolids contain nitrogen, phosphorus, and other nutrients in significant 
levels. 

• Organics – The organic composition of biosolids is very helpful in improving the usability 
of many types of soils. 
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• Fuel value – Because of the relatively high organic content, the biosolids have calorific 
value.  If enough water is removed through dewatering and/or drying, the product can be 
used as a fuel, becoming autogenous at a solids content above about 30 to 35 percent. 

There are many potential end uses of biosolids available, each with their own challenges, 
benefits, regulations, and risks.  In many cases, the end use contains both a final disposal 
component and a beneficial reuse or value component.  Ultimately, the desired end use defines 
the characteristics of the solids to be produced. For land application, the solids should be 
stabilized, but with a high nutrient (at least nitrogen) content for agricultural benefit.  For 
incineration, the solids can have low nutrients, but a higher energy value.  For both, drier solids 
and volume reduction may benefit, but the added value of the product may not outweigh the 
cost of additional drying. For landfilling, the nutrients and energy could be recovered prior to 
disposal, and the solids could be used as a material for daily cover. 

As defined by EPA, “Class A biosolids contain no detectible levels of pathogens. Class A 
biosolids that meet strict vector attraction reduction requirements and low levels metals 
contents, only have to apply for permits to ensure that these very tough standards have been 
met. Class B biosolids are treated but still contain detectible levels of pathogens. There are 
buffer requirements, public access, and crop harvesting restrictions for virtually all forms of 
Class B biosolids.” (US EPA) As a result, the available end-uses for Class A biosolids are far 
more diverse than Class B. While land application of Class B biosolids may be limited to 
agricultural uses, a substantial market should still exist in the region for land applying Class B 
solids.  

Cedar Rapids faces two key issues in furthering a market for land application: odor and stigma. 
Odor issues currently prevent land applying lime stabilized biosolids within 30-35 miles of the 
city. The lime stabilization process creates a strong ammonia odor that has led to complaints in 
the past. Changing to a biological stabilization process may reduce the ammonia odors but may 
not eliminate other odors commonly associated with biosolids. Furthering treatment to control 
odor – for either Class A or B – may be necessary to reduce the hauling distance.  

A land application program can be broadened gradually from the existing program; working with 
a third-party applicator to communicate future plans will help generate future interest if/when all 
biosolids are land-applied. The existing incinerator can be used as a transitional tool to phase in 
a land application program or other new solids handling technologies.  

Anaerobic digestion is a potentially desirable approach for solids handling. The energy 
production possible via anaerobic digestion makes this a primary alternative in pursuit of 
reducing outside energy dependence. Further, digestion can be expanded beyond solids stream 
to include hauled in wastes and potentially the liquid stream. 

The nonmonetary screenings by two HDR and eight City staff exhibit a preference for 
conditioning, anaerobic digestion, dewatering, and land application of biosolids over dewatering, 
incineration, and landfill disposal of ash.  Screenings from eight of the ten individuals reflect a 
clear overall preference for conditioning, anaerobic digestion, dewatering, and land application.  
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The composite result reflects this preference as well.  However, two of the eight screenings 
reflect a very strong preference for dewatering, incineration, and landfill disposal of ash.   

Moving forward, based on this screening, two of the three comprehensive liquid and solids 
alternatives will be developed to incorporate conditioning, anaerobic digestion, dewatering, and 
land application of biosolids.  One of the three will incorporate dewatering, incineration, and 
landfill disposal of ash.  In any case, the existing multiple hearth incinerator will remain in 
service for the duration of its useful life. 

Regulatory Analysis 
Sewage sludge is regulated primarily by 40 CFR Part 503, including land application, surface 
disposal, and incineration. Sewage sludge is further regulated by type as follows: 

• Land Application: Iowa Administrative Code (IAC) 567, Chapter 67 
• Landfilling: IAC 567-103.6 (455B) 
• Air emissions from sewage sludge incinerators (SSI): 40 CFR Part 60 Subpart MMMM 

Land Application 
IAC 567-67 establishes requirements for: 

• Sampling and analysis of sewage sludge. 
• Establishing a long-range land application program, including procedures, amount of 

land required, land owners/operators, etc. 
• Sewage sludge classifications (I, II, or III). Iowa DNR classifications I and II correspond 

to EPA Class A and B; Class III is any other material not meeting requirements of Class I 
or Class II and is, generally, either incinerated or landfilled. 

• Pathogen treatment processes, including processes to significantly reduce pathogens 
and processes to further reduce pathogens. 

Because EPA has not delegated authority to Iowa DNR, biosolids reports need to be submitted 
to both IDNR and EPA annually for land application. 

Specific limitations on land application vary throughout the country. Regulations on the east 
coast, specifically in the Chesapeake Bay area, limit land application to the agronomic uptake 
rate of phosphorus. If the soil can handle all of the phosphorus in the material applied, then 
agronomic uptake of nitrogen is also considered. Further, the state of Maryland is moving 
towards allowing land application only in the spring and summer. The Maryland Department of 
Agriculture has developed a Phosphorus Management Tool to assess soil conditions and the 
propensity for phosphorus in runoff. The trends observed in the Chesapeake Bay area are not 
anticipated to become key drivers in the Midwest; Iowa DNR has stated that there are no 
anticipated rule changes regarding land application of sewage sludge. 

BIOSOLIDS CLASSIFICATIONS 
As summarized earlier, both Class I and II biosolids can be land applied. The following section 
will identify the similarities and differences of the regulatory requirements for Class I and II 
biosolids. 
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A. Sampling and Analysis of Biosolids 

1. Monitoring Frequency 

The production of Class I or Class II biosolids would require the same monitoring 
frequency of monthly sample collection based on the projected biosolids production 
of 38,143 dry ton per year. 

2. Pollutant Concentrations 

The pollutant concentration requirements for Class I and Class II biosolids are 
summarized in Table 1 (dry weight basis). 

Table 1: Class I & II Biosolids Pollutant Concentration Requirements 
Pollutant Class I Monthly Average 

Concentration, mg/kg 
Class II Ceiling 

Concentration, mg/kg 
Arsenic 41 75 
Cadmium 39 85 
Copper 1500 4300 
Lead 300 840 
Mercury 17 57 
Molybdenum No requirements 75 
Nickel 420 420 
Selenium 100 100 
Zinc 2800 7500 
 

Since Class I biosolids are considered exceptional quality, the required concentration 
of pollutants is lower in Class I. 

3. Pathogen Requirements 

To meet Class I pathogen requirements, both monitoring of pathogens and 
analytical/treatment processes are necessary. The density of fecal coliforms must be 
less than 1000 Most Probable Number (MPN) per gram of total solids or the density 
of Salmonella sp. bacteria shall be less than 3 MPN per 4 grams of total solids. 
Additionally, sewage sludge must be treated in one of the Processes to Further 
Reduce Pathogens (PFRP) as defined in 567-67.11 or monitoring must be performed 
to establish the density of enteric viruses at less than 1 Plaque-forming Unit per 
4 grams of total solids or viable helminth ova at less than 1 per 4 grams of total 
solids. 

For the sludge processes considered, composting, thermophilic anaerobic digestion, 
thermal hydrolysis and anaerobic digestion, and lime stabilization can produce 
Class I biosolids. 

The Class II pathogen requirements allow the sludge to be treated in a Process to 
Significantly Reduce Pathogens (PSRP) as defined in 567-67.11. As a substitute to 
the PSRP processes, monitoring can be performed to demonstrate that the 
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geometric mean of the density of fecal coliforms is less than 2,000,000 MPN per 
gram of total solids. 

For the sludge processes considered, conventional anaerobic digestion and lime 
stabilization can produce Class II biosolids. 

4. Vector Attraction Requirements 

The vector attraction requirements for land application of Class I and II biosolids are 
the same and are defined in 567-67.7(1)c and 567-67.8(1)c. 

5. Management Practices 

Due to the exceptional quality of Class I biosolids, the management requirements are 
significantly less than the requirements of Class II biosolids. A comparison of the 
management practices is listed in Table 2. 

Table 2: Class I & II Biosolids Management Practices 
Management Practice Class I Requirements Class II Requirements 

Application to lawn or 
garden 

Acceptable Not allowed 

Distance from open 
waterway 

35 feet or less 35 or less 

Application rate Agronomic nitrogen uptake 
rate 

Agronomic nitrogen uptake 
rate 

Application to land with 
endangered species 

Not regulated Must not adversely affect 
threatened specie 

Soil classification 
requirements 

Not regulated Must not be applied  to sand, 
loamy sand, and silt 

Soil pH Not regulated pH above 6.0 based on the 
requirements of 567-67.8(2)f 

Slope/soil loss Not regulated Requirements in 567-
67.8(2)g 

Frozen/snow cover Not regulated Requirements in 567-
67.8(2)h 

Land subject to flooding Not regulated Requirements in 567-67.8(2)j 
Distance from residence Not regulated Requirements in 567-

67.8(2)k 
Food crops Not regulated Requirements in 567-67.8(2)l 

& m 
Grazing Not regulated Requirements in 567-

67.8(2)n 
Turf harvesting Not regulated Requirements in 567-

67.8(2)o 
Public access Not regulated Requirements in 567-

67.8(2)p & q 
Groundwater monitoring Not regulated May be required 
Information to sludge 
receiver 

Information sheet required Notice and information 
required 
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6. Record Keeping 

Records for land application of Class I and Class II biosolids are essentially the same 
and records must be maintained for 5 years. 

Landfilling 
Biosolids disposed in a landfill – for Class I and II biosolids – are required to be used as cover 
material, as these classes are considered recyclable materials and need to have a beneficial 
reuse. Cover material is considered a beneficial reuse. Biosolids that do not meet requirements 
of Class I or II are considered Class III biosolids, defined in IAC 567-67.9. The regulation states 
“Class III sewage sludge shall be disposed according to the surface disposal subpart of the 40 
CFR Part 503 regulation and 567—103.6(455B) or the incineration subpart of the 40 CFR Part 
503 regulation.” Class III biosolids disposed in a landfill must be covered daily.  

Disposal of incineration ash at a sanitary landfill is allowable.  

Incineration 
On March 21, 2011, the US Environmental Protection Agency (EPA) published in the Federal 
Register “Standards of Performance for New Stationary Sources and Emissions Guidelines for 
Existing Sources: Sewage Sludge Incinerators; Final Rule”.  The new regulations consist of 
emissions guidelines for existing multiple hearth incinerators (MHIs) and existing fluidized bed 
incinerators (FBIs) in 40 CFR Part 60 Subpart MMMM and new source performance standards 
for new or modified MHIs and FBIs in 40 CFR Part 60 Subpart LLLL.  The new SSI regulations 
include:   

• Stack and fugitive ash emissions limits from SSI units based on maximum achievable 
control technology (MACT)  

• Limits for certain operating parameters for air pollution control equipment  
• Performance testing and monitoring requirements  
• Reporting and recording keeping requirements  
• Operator training requirements  
• Title V operating permit requirements  

An SSI unit is defined in the new regulations to include the incinerator, sewage sludge feed 
system, auxiliary fuel system, grate system, flue gas system, waste heat recovery equipment, 
bottom ash system, and ash handling system from the bottom ash system to the truck loading 
station. Air pollution control equipment and the stack are not considered part of the SSI unit as 
defined in the SSI regulations. 

Subpart MMMM applies to existing incinerators that commenced construction on or before 
October 14, 2010. Subpart LLLL applies to new incinerators (construction commenced after 
October 14, 2010) as well as incinerators that undergo a “modification”.  Modification is defined 
as a change to an existing SSI unit that occurs after September 2011 that meets one of the 
following criteria:  
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• The cost of changes over the life of the SSI unit (including all ancillary systems per the 
definition of SSI unit) exceeds 50 percent of the original cost of building and installing the 
SSI unit (not including the cost of land), updated to current dollars.  

• A physical or operating change increases the amount of any air pollutant for which 
emissions standards have been established.  

Changes that are made primarily to comply with emissions guidelines in Subpart MMMM or for 
the purpose of routine repair or replacement of existing equipment are excluded from the 
definition of modification.  If future changes are made for reasons other than compliance or 
routine repair or replacement, a cost analysis must be performed to compare the cumulative 
cost of changes to the 50 percent threshold that pushes an existing SSI into the modified SSI 
classification.  

Current Cedar Rapids Practices & Products 
Solids Production and Handling Processes 
TM 2.0 Solids Production established the current and design production rates of solids at the 
WPCF, reflected in Table 3.  

Table 3: CRWPCF Solids Production Rates (dry weight)   
 Current (lbs/day) Design (lbs/day) Current (ton/day) Design (ton/day) 
Primary Solids 94,000 137,000 46 68.5 
Secondary Solids 56,000 72,000 28 36 
Total Solids 150,000 209,000 75 104.5 
 

Primary solids are processed through grit removal, sludge screens, dissolved air flotation 
thickening and belt filter press dewatering.  Secondary solids are processed through gravity belt 
thickeners, low-pressure oxidation, and centrifuge dewatering.  Nearly all of the dewatered 
primary and secondary solids are blended and incinerated.  The resulting incinerator ash slurry 
is stored in onsite ash lagoons and intermittently disposed as fill in a limestone quarry.  A small 
portion of the blended, dewatered solids are lime stabilized and land applied; however under 
current practice this is generally only done when the incinerator is out of service.     

Raw primary sludge, in general, is higher in pathogens than untreated secondary sludge or 
waste activated sludge (WAS). The nature of the primary sludge makes it more dewaterable 
than WAS due to the cellular entrapment of water with WAS. The primary sludge at CRWPCF 
tends to have higher grit content and more foul odors due to the high sulfide content in the plant 
influent streams.  

In its raw form, WAS tends to be more “farm friendly” – it is cleaner, contains less grit and 
screenings, has less odor, and blends well with soil. Therefore, WAS, by itself, can therefore be 
a more desirable product for land application than a blended biosolids containing primary and 
secondary sludge. When properly stabilized, however, blended biosolids are equally acceptable. 
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The energy content of primary solids is higher than WAS. WAS is primarily cellular content and 
part of the available energy has been consumed during the treatment process. Volatile solids 
reduction is higher in a stabilization process (that is, anaerobic digestion) for primary sludge 
than WAS. Therefore, primary sludge yields a higher volume of biogas per unit mass of volatile 
solids destroyed. 

Current Land Application Program 
As part of their current land application program, the City performs regular tests of biosolids to 
determine, among other constituents, the percentage of nitrogen and phosphorus in the 
material. In three tests in 2014-15, total Kjeldahl Nitrogen ranged from 3.1% to 4.5% dry weight 
and total phosphorus ranged from 0.41% to 0.61% dry weight.  

Land application is currently contracted with Wulfekuhle Injection & Pumping of Vienna, Iowa. 
The land application rate is generally based on agronomic uptake; Wulfekuhle facilitates soil 
analyses to confirm the application rates before applying biosolids. Wulfekuhle indicated that 
their soil analyses have shown that the nutrient, organic content, and lime in the biosolids 
provides benefits over a three year period, so biosolids are only needed on the same field once 
every three years.  

The City currently has approximately 1095 acres available for land application amongst four 
landowners.  The totals for land-applied biosolids are summarized in Table 4 for 2014 and 2015 
(calendar year).  As indicated, just under 700 dry tons was land applied each year.  This 
represents only about 2.5 percent of the current annual solids production.  

Table 4: CRWPCF Land Application Program for 2014-15 (Calendar Year)  
Owner/Manager 

(Wulfekuhle Field #) Date Start Date End Acres 
Wet Wt  
Tons 

Wet tons/  
acre 

Dry Wt  
Tons 

Dry tons 
/acre 

One Way 
Haul, miles 

E Oldham (1) 5/16/2014 5/20/2014 60 658.9 11.0 203.6 3.4 21 
E Oldham (2) 5/20/2014 5/23/2014 49 538.1 11.0 166.3 3.4 21 
P. Ritscher (1) 10/19/2014 10/20/2014 40 638.7 16.0 224.2 5.6 32 
P. Ritscher (2) 10/21/2014 10/22/2014 40 222.4 5.6 78.1 2.0 32 
2014 Total 

  
188.8 2058.2 

 
672.2 

 
 

P. Ritscher (1) 4/1/2015 5/1/2015 79.8 1077.3 13.5 378.2 4.7 32 
P. Ritscher (2) 12/17/2015 12/19/2015 58.9 884.03 15 310.3 5.3 32 
2015 Total 

  
138.7 1961.3 

 
688.5 

 
 

2014-15 Grand Total 
  

327.5 4019.5 12.3 1360.7 4.2  

 

The currently contracted rate structure, listed below, for the land application program sets three 
(3) rates based on hauling distance from the CRWPCF. As a point of comparison, the disposal 
cost for Des Moines Wastewater Reclamation Authority (WRA) after dewatering is $13.90/ton 
(wet), averaging approximately 20 miles from WRA. 

• Less than 15 miles: $14.88/ton 
• Between 15 and 30 miles: $19.84/ton 
• Greater than 30 miles: $26.98/ton 
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Regional Biosolids Practices & Products 
Municipalities in the region have varying practices for solids end use. While most focus on land 
application, the means and methods vary, as do the specific products leaving the facility.  

• Davenport Water Pollution Control Plant:  Produces a solids material reused as 
compost. Primary and secondary sludges are biologically stabilized in anaerobic 
digesters along with hauled in wastes, and dewatered in belt filter presses before being 
trucked to the adjacent compost facility. There is limited liquid storage in the digesters 
and separate tankage, and dewatered solids are incorporated into composting operation 
as they are produced. The biosolids are combined with yard trimming, food wastes, and 
other organic materials and composted in aerated static piles to produce a Class A 
material. The compost facility is enclosed with biofilters for odor control and has been in 
operation since 1995. Because all of the sewage sludge is digested and then 
composted, the facility is able to meet Class A material treatment requirements. The 
Davenport Water Pollution Control and Compost Facilities is shown in Figure 1. The 
Water Pollution Control Facility is the upper right, the enclosed compost facility is in the 
middle, and the lower left is raw and compost material storage.  
http://www.cityofdavenportiowa.com/department/division.php?structureid=438, 
http://www.cityofdavenportiowa.com/department/division.php?structureid=425  

http://www.cityofdavenportiowa.com/department/division.php?structureid=438
http://www.cityofdavenportiowa.com/department/division.php?structureid=425
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Figure 1: Davenport Water Pollution Control & Compost Facilities 

• Des Moines Water Reclamation Authority:  Anaerobically digested primary and 
secondary sludges with hauled in waste streams, dewatered and land application; with 
67,000 wet tons per year applied across 1600 acres. Large, canopy-covered dewatered 
biosolids storage area.  http://www.dmmwra.org/  

• Dubuque Water & Resource Recovery Center:  Recently converted from incineration to 
anaerobic digestion. Dewatered solids are land applied through a third-party hauler 
(Nutri-Ject). Nutri-Ject owns and operates an offsite storage facility then applies 
biosolids in the spring and fall. http://www.cityofdubuque.org/655/Water-Resource-
Recovery-Center  

• Milwaukee Metropolitan Sewerage District:  WAS is dewatered and dried to kill 
pathogens to produce a highly controlled fertilizer product, Milorganite. 
http://www.mmsd.com/, http://www.milorganite.com/  

• Theresa Street and Northeast Wastewater Treatment Plants, Lincoln, NE:  At the 
Theresa Street Plant, anaerobically digested sludge is dewatered and then hauled to 
farmland for land application by the Owner’s of that farmland.  When necessary, 
dewatered sludge is stored by the City on a pad at the landfill site.  At the Northeast 
Plant, anaerobically digested sludge is stored in liquid form and injected into agricultural 

http://www.dmmwra.org/
http://www.cityofdubuque.org/655/Water-Resource-Recovery-Center
http://www.cityofdubuque.org/655/Water-Resource-Recovery-Center
http://www.mmsd.com/
http://www.milorganite.com/
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land that is owned and operated by the City of Lincoln.  Crop revenue is used to offset 
some of the land application costs.  
https://www.lincoln.ne.gov/city/pworks/wastewater/treatment.htm  

• Missouri River and Papillion Creek Wastewater Treatment Plants, Omaha, NE: The City 
of Omaha operates two major wastewater treatment plants, the Missouri River WWTP 
(approximately 30 MGD) and the Papillion Creek Wastewater Treatment Plant 
(approximately 70 MGD).  Both facilities utilize a fixed film secondary treatment process 
and utilize anaerobic digestion for both the primary and thickened secondary sludges.  
Both facilities utilize belt filter press dewatering, have approximately one months 
dewatered sludge storage onsite, and land application of the cake.  The lands utilized for 
cake disposal are held by private landowners with which the City has established 
individual contracts for its sludge disposal. The City has approximately 45,000 acres 
enrolled; approximately 3,000 acres are needed annually. Landowners are responsible 
for incorporating the solids on their lands, following City instructions, and are paid by the 
City for this arrangement. 

Farming practices in Iowa typically focus on corn and soybeans. Farmers will generally rotate 
fields annually between corn and soybeans. Depending on crop prices, a field may used two 
years in a row for the same crop, but generally no more than two. Nitrogen is typically applied at 
a rate between 200 and 250 lb-N/acre prior to planting corn (fall or spring); if corn is planted two 
years in a row, more nitrogen is needed in the second year. Soybeans are able to convert 
atmospheric nitrogen to ammonia, so the nitrogen addition must be reduced to account for a 
legume credit. 

Anhydrous ammonia is a primary nitrogen source used, usually applied in the spring and fall. A 
key drawback of anhydrous ammonia is loss of nitrogen into groundwater. More nitrogen can be 
kept in the soil in the spring, but there are losses due to compaction and the roots have a 
tougher time getting into the soil. 

Solids Market and End Use Opportunities 
Biosolids end use opportunities include more “sustainable” options that make use of the value 
qualities of the biosolids and more “disposal” options that do not.  The more “sustainable” 
options include both land application of solids and use of solids as a fuel source.  The more 
“disposal” options include both incineration and landfilling.  Incineration produces a residual ash 
that must also be disposed of.  Some solids processing technologies are more suitable for one 
or the other option, but some solids processing technologies are suitable for either. 

In considering a potential market for CRWPCF biosolids, HDR consulted the City’s current 
hauler (Wuhlfekuhle) and other regional haulers (Nutri-Ject and Synagro), along with a survey of 
other land application programs throughout the Midwest.  The analysis of land application 
includes the differences between the uses and regulatory requirements for Class A and Class B 
biosolids and how those impact the available markets, hauling and processing requirements.  

For the off-site fuel source option, HDR consulted with local entities and others nationally using 
solids as a supplemental fuel source.  

https://www.lincoln.ne.gov/city/pworks/wastewater/treatment.htm
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For other non-market driven end use options, like incineration and landfilling, pre-processing 
requirements and other financial, environmental, and energy recovery factors are defined for 
end-use alternatives as a baseline for development and evaluation of solids processing 
technologies and alternatives. 

Agricultural Land Application 
Land application encompasses a number of options in and of itself.  Biosolids can be applied 
separately as a fertilizer and soil amendment to land producing food chain or non-food chain 
crops as either a liquid or dewatered product.  Non-food chain crops could include oil seed 
crops as feedstocks for producing biodiesel or ethanol.  With further processing, biosolids can 
be used separately or as part of a blended product by the general public and landscaping 
industry as a fertilizer and soil amendment as either pellets or mulch.    

The plant available nitrogen content in the biosolids to be land applied is determined from 
organic nitrogen, ammonia, and nitrate analyses. Based on the information from the EPA 
Guidelines for the Application of Sewage Sludge, the nitrate and ammonia in the biosolids will 
be 100% available to the crop in the season the biosolids are applied. This is consistent with the 
application of commercial fertilizers such as anhydrous ammonia, ammonium nitrate, or urea to 
supply the crop nitrogen needs. 

However, biosolids typically contain more nitrogen in the organic form than in the ammonia or 
nitrate forms. Organic nitrogen is converted over time to plant available form by soil bacteria and 
certain plants. This process is called mineralization. Mineralization of organic nitrogen provides 
a slow release of plant available nitrogen during the growing season and in future years. 

The rate at which the mineralization occurs is dependent on how the biosolids were stabilized. 
Unstabilized solids will mineralize much faster than anaerobically or aerobically stabilized solids, 
increasing the amount of plant available nitrogen. 

If the solids application rate is based on the phosphorous requirements of the crop grown, the 
amount of land required would be significantly greater than land requirements based on nitrogen 
loadings. To avoid the potential for phosphorus discharges to the ground and surface waters, 
solids application rates would need to be limited to crop phosphorus requirements. 

Based on Table 3 and Table 4, a complete land application program will require approximately 
9,000 acres of land at the design solids production rate. The total area of participating 
landowners, however, would need to be three times that, or 27,000 acres, since biosolids are 
generally only applied to the same field once every three years. If only WAS is land applied, 
approximately 3,200 acres will be required each year. Land application is typically performed 
only twice per year (spring and fall), therefore storage would be required for at least six months. 
The Des Moines WRA, for example, has storage capacity for a full year of solids production. 
The previous 2011 Solids Facilities Plan prepared by Brown and Caldwell included an 
assessment of land requirements. Figure 2, below, is taken from the 2011 Plan shows the total 
land area potentially available and suitable for applying biosolids based on travel distance for 
hauling from the CRWCPF. Suitable land was determined based on GIS data, including soil 
data, known water wells, land slope, surface waters, city boundaries, etc. 
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Figure 2: Suitable Land Application Area by Travel Distances from CRWPCF 

Most landowners that currently take CRWPCF solids are 30-35 miles from the facility or further.  
Experience has shown that sites closer to CRWPCF have been intermittently problematic with 
respect to odor complaints from neighbors, attributed at least in part due to current solids 
processing technologies using lime rather than biological stabilization. Odor complaints are 
mostly related to strong ammonia odors (likely due to lime addition) and occasionally sewage 
odors (likely due to primary sludge only being dewatered, rather than biologically stabilized). At 
30-35 miles from CRWPCF, there are approximately 270,000 acres of suitable land. With 
alternative solids processing, solids could be applied closer.  If solids can be applied within 30 
miles of CRWPCF, the amount of suitable land is increased to approximately 865,000 acres. 

The value of the solids to be land applied is related to the market available and how the solids 
are processed. Cedar Rapids current hauler, Wulfekuhle Injection & Pumping, charges his 
customers a nominal rate, noting that they have found it easier to sell biosolids for a nominal fee 
rather than give it away for free. Depending on market prices for ammonia, Wulfekuhle has 
theorized that a more refined biosolids could be sold for $25 to $40 per ton.  

Markets for higher quality Class A biosolids would include the general public, golf courses, and 
compost markets while markets for Class B biosolids would be focused on agricultural uses, 
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with buffer requirements and crop harvesting restrictions. Table 5 provides some generalized 
differences between low and high value solids for land application. 

Table 5: Differences between Low and High Value Solids for Land Application 

Final Product 
Market 

Analysis 
Relative Cost per Ton 
to Process & Dispose Other Considerations 

Liquid No Value Moderate • Highest storage requirements 
• Highest hauling costs 
• Lower processing/dewatering costs 
• Class B product 

Dewatered / 
Lime Stabilized 

Limited 
Value 

Low • High storage requirements 
• High hauling costs 
• Class B product 

Digested / 
Dewatered 

Added 
Value 

Moderate • Lower odors 
• More biogas 
• Moderate storage 
• Low hauling costs 
• Class B product; Class A if heat 

treated or thermophilically digested 
Digested / Dried High Value High • Lower odors 

• More biogas 
• Low storage 
• Low hauling costs 
• More intensive processing need 
• Class A product 

 

HDR consulted the City’s current biosolids land applier/hauler, Wulfekuhle, and Nutri-Ject, 
another regionally based biosolids land applier/hauler, to understand current interest, drivers, 
and their approach to running a land application program. Both emphasized the importance of 
developing and maintaining a close, trusting relationship with landowners and farmers. Keeping 
material analyses current and demonstrating the value of the material as a fertilizer and soil 
amendment helps show the benefits of the solids to soil quality and crop yield. 

Both Wulfekuhle and Nutri-Ject offer turnkey operations, taking the dewatered solids, storing, 
and spreading for the landowner. Although Wulfekuhle does not currently store solids for Cedar 
Rapids off-site, they have done this in the past (namely, post-flood while the incinerator was out 
of service) and currently do so for other municipalities. 

Depending on the type of biosolids, contract structure, and extent of the land application 
program, the contract land applicator may have significant up-front capital investments 
(primarily, a storage facility). A significant level of investment drives a need for longer-term 
contracts, preferably not less than 10 years. For example, one regional hauler has a 20-year 
contract with a municipality; their rates for the first 10 years of the contract are $25,000 per 
month, falling to $14,000 per month for years 11 through 20. The drop in rates reflects the pay-
off for the up-front capital investment needed for biosolids storage. 
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The applicators have found the biosolids will generally satisfy the nitrogen needs, but not 
necessarily phosphorus or potash. An advantage of Cedar Rapids’ solids is the lime addition; 
soils in the area tend to be acidic and the lime will help raise the pH. The lime stabilization 
process releases ammonia, but has a limited effect on the solids nitrogen content. 

Another option for lime addition is lime sludge from the Cedar Rapids water treatment plants. 
Lime sludge resulting from the lime softening treatment process is dewatered with centrifuges 
(only at the J Avenue Water Treatment Plant) or in lime lagoons. The centrifuge cake and lime 
excavated from the lagoons is land applied or used as fill material at local quarries. Local 
farmers have used water plant lime sludge as a soil amendment to adjust pH; a potential 
downside having to store the lime sludge on-site for a year or two before it is dry enough to 
apply to the field. 

A key consideration, particularly with lime-stabilized solids, is odor control, particularly for areas 
close to residential populations. Right now, the majority of Wulfekuhle’s hauling is to 30-40 miles 
outside of Cedar Rapids. Dry solids (with water content 10% or less) would limit the hauling 
distance and lower the overall price of the program. 

Crop yield is the bottom line for any farmer. A local farmer emphasized the use of test rows to 
experiment and prove the effectiveness of the material in terms of yield. Farmers using Cedar 
Rapids’ solids have experienced consistently good yields and substantially improved soil quality. 
Suggesting test rows can be pursued as a means of building credibility, trust, and establishing 
some initial results. Further, this will help build a steady, long-term land application program. 

Composting 
Biosolids composting is a stabilization process normally performed after dewatering whereby 
the organic constituents of the biosolids are aerobically decomposed.  High temperatures 
achieved during the microbial decomposition along with a long solids retention times reduce 
pathogenic organisms in the biosolids.  The resultant humus-like material can be used as a soil 
amendment. 

The carbon to nitrogen ratio (C:N) of digested biosolids is typically in the range of 10:1 to 15:1.  
By adding a carbon-rich bulking agent such as wood or paper waste, the mixture can be raised 
to a C:N ratio of approximately 25:1 which is better suited for composting.  The bulking agent 
also raises the initial solids content of the mixture and provides bulk porosity important for 
aerating the composting biosolids.  A portion of the composted biosolids may be recycled and 
mixed with the feed biosolids and the bulking agent.  The required amount of bulking agent is 
dependent on the percent solids of the agent and the biosolids.  Typical volume ratios are 1 to 3 
parts bulking agent to 1 part biosolids. 

During the composting process, volatile solids present in the biosolids are destroyed.  The 
bulking agent can become partially decomposed and the solids content of the mixture can 
increase.  When decomposition is complete, the compost material is typically screened to 
retrieve the remaining bulking agent.  The product is normally allowed to cure for one month 
before it is bagged and labeled or distributed in bulk form.  Composting operations meet either 
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Class A or Class B pathogen reduction requirements depending upon the time/temperature 
achieved during processing. 

Composting of sewage sludge treats the solids to the level of a Class A or B material, 
depending on treatment time. As defined by IAC 567-67.11: 

• Composting to Class A: Using either the within-vessel composting method or the static 
aerated pile composting method, the temperature of the sewage sludge is maintained at 
55 degrees Celsius or higher for three days. Using the windrow composting method, the 
temperature of the sewage sludge is maintained at 55 degrees Celsius or higher for 15 
days or longer. During the period when the compost is maintained at 55 degrees Celsius 
or higher, there shall be a minimum of five turnings of the windrow. 

• Composting to Class B: Using either the within-vessel, static aerated pile, or windrow 
composting methods, the temperature of the sewage sludge is raised to 40 degrees 
Celsius or higher and remains at 40 degrees Celsius or higher for five days. For four 
hours during the five days, the temperature in the compost pile exceeds 55 degrees 
Celsius. 

Compost is one of the most accepted biosolids products to the general public.  Because 
compost is generally associated with food and yard waste or agricultural waste, the public is 
more familiar with it and is more likely to accept biosolids compost.  However, compost facility 
siting may be problematic due to the potential for odors. 

The Cedar Rapids Linn County Solid Waste Agency currently operates a composting facility at 
2250 “A” Street SW. The composting operation consists of approximately 18 acres of windrow 
composting. The Agency receives yard waste from the partner communities and food wastes 
from local restaurants, grocery stores, etc. Compost is free of charge for residents (one pick-up 
truck sized load per day) and a small fee ($22/ton) is charged to commercial developers. The 
current operations produce more compost than the market demands, potentially limiting future 
expansion. However, local interest in compost has risen in recent years and an anticipated 
topsoil rule in Cedar Rapids may increase demand for compost as a means of soil conditioning.   

Segmented secondary sludge may be more appealing for composting than primary sludge or 
WAS combined with primary sludge. WAS tends to be cleaner, contains less grit and 
screenings, has less odor, and generally blends well with soil. Enhanced screening and grit 
removal can alleviate some of these issues with primary sludge, but would not eliminate the 
odors in primary sludge. 
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Figure 3: Solid Waste Agency’s Compost, Yard Waste & Recycling Site 

Energy Production 
There are a number of energy recovery and production technologies capable of beneficially 
using biogas produced through anaerobic treatment as an energy source (following biogas 
treatment). These technologies are classified into three groups: biogas combustion, biogas to 
electricity conversion, and biogas to compressed natural gas (CNG) recovery approaches. 
Biogas combustion includes reuse in existing equipment equipped with dual fuel burners and 
potential use in incineration processes. Biogas to electricity conversion includes combustion 
engine cogeneration, microturbines, and fuel cells. Biogas recovery as compressed natural gas 
options include BioCNG fueling stations (natural gas vehicles) and CNG pipeline injection for 
distribution as part of the natural gas network. 

Because of the relatively high organic content and associated calorific content, biosolids can be 
used as a source of energy. Primary solids, with a higher organic content than secondary solids, 
are a better energy source.  This energy value will be reflected in solids processing alternatives 
evaluations in subsequent TMs.  

Biogas produced as part of biosolids stabilization using anaerobic digestion of primary solids, 
secondary solids, and/or high-strength industrial wastes can also be used for energy production 
and heating fuel Biogas at CRWPCF has generally only been used with the incinerator due to 
the moisture content; it is generally preferred to use “cleaner” natural gas for boilers, generators, 
and building heat due to additional maintenance needs when using biogas for these systems. . 
Without any biogas storage or treatment facilities at CRWPCF, much of the biogas is currently 
flared as discussed in TM 3.0 Energy and Sustainability. 
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Locally, Amana Farms sends manure and industrial waste through anaerobic digesters to 
produce biogas for energy production and biosolids for land application. The current production 
capacity is approximately 2.6 megawatts.  

The University of Iowa Power Plant is a Combined Heat and Power (CHP) facility that uses 
natural gas, coal, and dried biomass fuels for power production. The University’s CHP facility 
could accept pelletized biosolids as a fuel source; they are not currently accepting biosolids but 
will be exploring the opportunity in the coming years. 

Archer Daniels Midlands’ (ADM) plant in Cedar Rapids has a cogeneration facility, which 
includes capabilities for using biomass in one of its five boilers (four boilers only burn coal). 
Biomass burned in the cogeneration facility is produced from ADM’s waste treatment process; 
the biomass is dewatered in a belt press prior to drying in a steam-fired rotary knife dryer. In 
2015, the system burned approximately 2500 tons of biomass, accounting for less than 0.5 
percent of the total burned in the one boiler. 

Landfilling/Disposing Ash 
Ash that is produced from sewage sludge incineration, currently, is pumped to ash lagoons to 
settle. Every few years, the City will clean out a lagoon and prepare a new one to accept ash 
slurry. The resultant ash has minimal value for beneficial reuse. It is either landfilled or used as 
fill material. 

The ash makeup/content would not likely differ significantly between FBIs and MHIs. MHI ash 
may initially be lumpier due to the incineration process (raking), but the existing ash handling 
system would result in similar materials. Prior to 2008, the ash was hauled to a landfill and used 
as cover material. Because it was used as cover material and not mixed with soil, the landfill did 
not assess the City any costs for the material; however, this cannot be assumed in the future.  

Currently, the ash removed from the lagoon is hauled to a local limestone quarry as a fill 
material. The City has two contracts, one with a hauler to excavate ($8.20 per ton) and haul the 
ash and another with a quarry to receive the ash ($20 per ton) for fill. The ash is combined with 
materials from other local industries. 

In 2013, the City took bids for hauling and receiving the ash and allowed the bidder to find a 
location for the ash. The winning bidder, McMurrin Trucking, located a landowner on Ivanhoe 
Road in Linn County that wanted the material to fill in a ravine. They were responsible for the 
beneficial use determination (BUD) to use the material. The contractor obtained the BUD and 
they subcontracted their own engineer to assist with this task. The City provided lab results and 
data, but their engineer was responsible for the BUD.  The ash was being excavated from the 
north ash lagoon, which was out of service, making hauling flexible to reduce impacts on county 
roads. In the end, the approach had challenges and potential long-term issues, and the City 
would not pursue a similar approach in the future. 
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Viable Options, Constraints, & Recommendations 
The solids end use opportunities discussed herein were reviewed with the City during a 
workshop held in April 2016. The workshop discussion identified several paths for future 
consideration as well as end uses that should no longer be pursued. Summarized below are 
considerations and recommendations for end uses to be pursued during technology screening 
and alternative development.  

End Use: Land Application 
• Considerations:  

o The limited timeframe for land application necessitates solids storage. 
Alternatives need to consider who has responsibility for storage (City vs. third-
party land applier).  There is limited space on site for storage. 

o Drying solids results in a significant volume reduction, broadens the land 
availability (due to reduced odor of dried solids), and shortens the haul distance. 
This needs to be balanced against costs of drying solids. 

o The costs are high for hauling and storing associated liquid-injection of biosolids, 
but processing costs may be considerably lower. 

o There may be a more significant market for segmented secondary solids. A land 
application program only for WAS would reduce the amount of land needed for 
the program (9,000 acres to 3,200 acres each year), given the design solids 
production rate and would have lower ammonia content. 

o The stabilization process (lime vs. biological / digestion) should be considered. 
 Biological stabilization would result in less material since it reduces 

volatile solids and is not adding any material, and therefore would have 
less hauling costs. 

 Lime has higher pH, potentially benefitting low-pH soils in the area 
surrounding Cedar Rapids. 

 Biological stabilization would have comparable or slightly less nutrient 
content, depending on amount of nutrients that are returned in the recycle 
stream (this assumes no thermal hydrolysis process). 

 Lime stabilization tends to have higher ammonia odors. 
 Biologically stabilizing would convert some nitrogen to ammonia – need to 

assess the mass balance to see how ammonia would be affected 
• Recommendations:  

o Land application should be a primary alternative. 
o Assess balance of costs for processing, storage, and hauling between the City 

and land applier. 
o Consider the additional processing costs to mitigate odor potential with the 

reduced haul costs. 

End Use: Composting 
• Considerations:  

o Any combination with compost from the Cedar Rapids Linn County Solid Waste 
Agency would need to be processed to a Class A material as defined in IAC 567-
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67.11(2). In this case, primary solids would need to be biologically stabilized if 
used in combination with secondary solids in the CRLCSWA compost operation. 

o The Solid Waste Agency may only be interested, if at all, in secondary solids. 
• Recommendations:  

o If primary solids are biologically stabilized or segmenting secondary solids is a 
viable alternative, determine feasibility of composting with the Solid Waste 
Agency. 

End Use: Commercial Fertilizer 
• Considerations:  

o Commercial fertilizer, similar to Milorganite, would be a highly controlled process 
(that is, numerous tests per day to verify product quality) to meet a guaranteed 
analysis. 

o If feasible, this would be a public/private partnership. 
o The timeframe necessary to develop an established and desired product is likely 

years. 
• Recommendations:  

o Fertilizer is not a desirable end use given the tight controls. 

End Use: Energy Production – Biogas Generation (Anaerobic Digestion) 
• Considerations:  

o Anaerobic digestion could be phased (without thermal conditioning to begin with, 
then with thermal conditioning, then with expansion) as required to offload 
incineration without LPO. 

o Digestion can be expanded beyond solids stream to include hauled in wastes 
and potentially the liquid stream.  

o Significant expansions in gas production would require gas scrubber systems 
and/or storage to make the biogas more readily used for processes other than 
the incinerator. 

• Recommendations:  
o Energy production via anaerobic digestion should be a primary alternative in 

pursuit of reducing outside energy dependence. 

End Use: Energy Production – External Fuel Source 
• Considerations:  

o There is ample onsite energy demand, and on-site systems using biogas capture 
energy more cost-effectively than on-site systems converting biogas to electricity. 

o Offsite injection of biogas into natural gas pipelines can generate a revenue 
source but requires processing and compression. 

o Hauling and processing requirements for a pelletized fuel source are likely more 
expensive than other options.  

• Recommendations:  
o Consider on-site use of biogas or offsite pipeline injection as potential options for 

alternatives which include anaerobic digestion.  
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o Solids as fuel source for external energy production is likely not a desirable 
option. 

End Use: Incineration & Ash Disposal 
• Considerations:  

o The existing multiple hearth incinerator, being primarily brick and steel, can be 
refurbished regularly to keep it in working condition for many years. However, it is 
considered obsolete technology, is energy efficient in comparison to newer 
fluidized bed technology, and is capacity limited. 

o Fluidized bed incinerator technology is much more energy efficient but has more 
stringent emissions control requirements under current and future MACT 
Standards.  

o If long-term alternatives show that it is feasible to segment primary and 
secondary solids, continuing to incinerate primary solids should be considered. 
This would create a more desirable land application product (secondary solids) 
and reduce incinerator loading by limiting incinerated solids to primary solids. 

o Alternatives involving incineration should look at better ways of capturing energy 
value of waste heat. 

• Recommendations:  
o Incineration with the existing multiple hearth incinerator should not be considered 

a long-term option. 
o The existing MHI can also serve as a transitional tool (gradually phase out) as 

future solids processing systems are brought online. 
o Advanced emissions control technology would need to be incorporated with 

future incineration capacity to meet MACT standards and obtain the necessary 
permits. 

 

Nonmonetary Screening 
Two basic solids end use options were identified and screened by City and HDR staff. 

• Dewatering, incineration, and landfill disposal of ash 
• Conditioning, anaerobic digestion, dewatering, and land application of biosolids 

 
Both options assume that the existing multiple hearth incineration will remain in service for the 
duration of its useful life to provide time to implement anaerobic digestion and develop a land 
application program, or to implement a replacement fluidized bed incinerator. 

Table 6 identifies the criteria used for nonmonetary screening. In the absence of cost 
information, all criteria were considered from a nonmonetary perspective. 

Table 7 presents a compilation of the nonmonetary screenings completed.  HDR staff 
completed two of the screenings and Cedar Rapids staff completed the remaining eight 
screenings.  Table 7 also shows the relative number of points assigned to each criterion, the 0 
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to 5 (best) score assigned to each criterion in each individual screening, a composite score for 
each screening, and the number of individual screenings favoring each criterion.   
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 Table 6: Nonmonetary Screening Criteria 
Consistency with Cedar Rapids Vision, Statement and Values (28 points) 
Supports continued growth and development; allows the City to remain “Open for Business” (14 
points) 
Keeps rates low and/or lowers operating expenses (14 points) 
Sustainability (31 points) 
Reduce utility demands (electricity, natural gas, water, etc.)  (7 points) 
Resource Recovery (carbon and nutrients) (7 points) 
Reduce volume of sludge hauled off site (7 points) 
Odor and air emissions (5 points) 
Commitment to watershed (5 points) 
Consistency with Process Objectives (33 points) 
Implementability, operability, maintainability, risk, reliability, redundancy, flexibility (10 points) 
Operator safety (10 points) 
Economical to build and operate (7 points) 
Protected from floods (6 points) 
Reuse existing useful infrastructure (8 points) 
Reuse existing useful infrastructure (8 points) 

 
Table 7: Nonmonetary Screeing Results         
Base Alternative Nonmonetary Comparison

Consistency with Cedar Rapids Vision, Statement and Values (28 points)
Supports continued growth and development; allows the City to remain “Open for Business” (14 points) 5 2 4 5 4 4 3 4 4 4 5 4 5 4 4 3 4 4 5 2 5 3
Keeps rates low and/or lowers operating expenses (14 points) 2 8 3 4 3 4 3 4 3 4 2 3 2 4 3 4 2 3 4 3 5 3
Sustainability (31 points)
Reduce utility demands (electricity, natural gas, water, etc.) (7 points) 0 7 1 4 3 4 2 2 2 4 0 3 2 5 2 4 0 5 4 4 4 4
Resource Recovery (carbon and nutrients) (7 points) 0 10 0 5 0 5 0 5 0 5 0 5 2 5 0 5 0 5 3 4 3 5
Reduce volume of sludge hauled off site (7 points) 9 1 5 0 5 3 5 2 1 4 4 0 5 0 4 3 4 3 5 2 5 1
Odor and air emissions (5 points) 3 5 1 3 3 3 3 3 2 3 4 4 4 3 3 4 4 3 2 3 5 2
Commitment to watershed (5 points) 1 8 2 4 1 4 3 4 1 4 5 5 2 4 4 5 3 4 2 3 5 3
Consistency with Process Objectives (33 points)
Implementability, operability, maintainability, risk, reliability, redundancy, flexibility (10 points) 5 2 4 4 4 2 3 3 4 3 2 3 3 4 4 2 3 3 4 2 5 3
Operator safety (10 points) 3 2 3 3 3 3 3 3 3 2 1 3 4 5 4 3 3 3 3 3 5 4
Economical to build and operate (7 points) 1 4 2 3 2 2 2 2 3 3 1 2 4 5 2 4 3 3 4 1 4 4
Protected from floods (6 points) 8 0 5 3 5 3 5 4 4 3 5 5 5 4 5 4 3 3 4 2 5 4
Reuse existing useful infrastructure (8 points)
Reuse existing useful infrastructure (8 points) 6 2 3 1 3 3 2 3 4 2 4 1 1 3 4 2 1 0 1 1 4 3
Composite Score 64% 66% 59% 68% 62% 67% 57% 66% 56% 69% 54% 62% 65% 78% 66% 69% 51% 65% 72% 49% 93% 65%
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The composite score in Table 7 is the percentage relative to a perfect score.  It is calculated by 
summing the points times the score for each criteria (actual score), then dividing by 500 (perfect 
score). 
 
The Screening Preferences columns simply total up how many of the seven screenings favored 
each alternative by assigning it a higher score than the other alternative.  For example, seven of the 
ten screenings scored “Reduce utility demands” higher for conditioning, anaerobic digestion, 
dewatering, and land application of biosolids and none of the ten screenings scored “Reduce utility 
demands” higher for dewatering, incineration, and landfill disposal of ash. 
 
As indicated in Table 7, results of the screening are as follows. 
• On a weighted basis, eight of the ten screenings score conditioning, anaerobic digestion, 

dewatering, and land application of biosolids more favorably than dewatering, incineration, and 
landfill disposal of ash.  Two of the ten screenings score dewatering, incineration, and landfill 
disposal of ash more favorably than conditioning, anaerobic digestion, dewatering, and land 
application of biosolids.   

• However, there was considerable variability in how individual screenings score each option 
relative to individual criteria.   

• Conditioning, anaerobic digestion, dewatering, and land application of biosolids score most 
favorably with the following criteria. 

o Resource Recovery (carbon and nutrients) - with all ten screenings giving the nod to this 
option. 

o Keeps rates low and/or lowers operating expenses – with eight of the ten screenings 
giving the nod to this option and two giving the nod to the other option. 

o Reduce utility demands (electricity, natural gas, water, etc.) – with seven of the ten 
screenings giving the nod to this option, and three considering the two options equal. 

o Commitment to watershed - with eight of the ten screenings giving the nod to this option, 
one considering the two options equal, and one giving the nod to the other option. 

o Economical to build and operate - with four of the ten screenings giving the nod to this 
option, five considering the two options equal, and one giving the nod to the other option. 

o Odor and air emissions – with five of the ten screenings giving the nod to this option, two 
considering the two options equal, and three giving the nod to the other option. 

 
• Dewatering, incineration, and landfill disposal of ash score most favorably with the following 

criteria. 
o Reduce volume of sludge hauled offsite – with nine of the ten screenings giving the nod 

to this option and one giving the nod to the other option.  
o Protected from floods – with eight of the ten screenings giving the nod to this option, and 

two considering the two options equal. 
o Reuse existing useful infrastructure - with six of the ten screenings giving the nod to this 

option, two giving the nod to the other option, and two considering the two options equal. 
o Supports continued growth and development; allows the City to remain “Open for 

Business” – with five of the ten favoring the incineration option, two favoring the land 
application option, and three considering the two equal. 

o Implementability, operability, maintainability, risk, reliability, redundancy, flexibility - with 
five of the ten favoring the incineration option, two favoring the land application option, 
and three considering the two equal. 
 

• The two options were essentially equal with the following criteria. 
o Operator safety - with three of the ten favoring dewatering, incineration, and landfill 

disposal of ash, two favoring conditioning, anaerobic digestion, dewatering, and land 
application of biosolids, and two considering the two options equal. 
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In total, results for four of the 12 criteria clearly favor conditioning, anaerobic digestion, dewatering, 
and land application of biosolids.   

• Keeps rates low and/or lowers operating expenses  
• Reduce utility demands (electricity, natural gas, water, etc)  
• Resource Recovery (carbon and nutrients)  
• Commitment to watershed 

 
Results for three of the 12 criteria also show a slight preference for conditioning, anaerobic 
digestion, dewatering, and land application of biosolids. 

• Odor and air emissions 
• Economical to build and operate 
• Reuse existing useful infrastructure 

 
In total, results for two of the 12 criteria clearly favor dewatering, incineration, and landfill disposal of 
ash. 

• Reduce volume of sludge hauled offsite  
• Protected from floods  

 
Results for three of the 12 criteria also show a slight preference for dewatering, incineration, and 
landfill disposal of ash. 

• Supports continued growth and development; allows the City to remain “Open for Business”  
• Implementability, operability, maintainability, risk, reliability, redundancy, flexibility  

 
The remaining criterion does not clearly favor either option.   

• Operator safety 
 
Moving forward, based on this analysis, two of the three comprehensive liquid and solids 
alternatives will be developed to incorporate conditioning, anaerobic digestion, dewatering, and land 
application of biosolids.  One of the three will incorporate dewatering, incineration, and landfill 
disposal of ash.  In any case, the existing multiple hearth incinerator will remain in service for the 
duration of its useful life. 
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Technical 
Memorandum  

 
To:   City of Cedar Rapids 

From:   David Dechant/HDR 
Eric Evans/HDR 
JB Neethling/HDR 
Larry Hentz/HDR 
Brian Bakke/HDR 

Project: Cedar Rapids Nutrient Removal  
   and Solids Facilities Plan 

CC:   File 

Date:   September, 2016 Job No: City – 6150011 
  HDR – 270628 

Re: Technical Memorandum 7.0 – Technology Identification 
and Screening 

This Technical Memorandum (TM) is one of multiple Technical Memoranda that collectively 
comprise the Cedar Rapids Water Pollution Control Facility (WPCF) Nutrient Reduction and Solids 
Facility Plan. The overall objectives of the Nutrient Reduction and Solids Facility Plan are as 
follows: 
• A plan for nutrient reduction consistent with the Iowa Nutrient Reduction Strategy (NRS), which 

has a goal of 75% TP reduction and 66% TN reduction from treatment facilities discharging 
greater than 1 MGD, 

• A plan for solids handling and treatment that provides a reliable management strategy 
complimentary of liquid treatment, and 

• Plans that incorporate sustainable, energy-efficient technologies. 
 

The end result will be a Nutrient Reduction and Solids Facility Plan that defines a footprint for a 
sustainable future that can be supported by all and maintains competitive rates. The process to 
develop the Nutrient Reduction and Solids Facility Plan is shown schematically below.  
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Using appropriate information from prior master plans, the process initially established a baseline 
by documenting current nutrient sources, identifying current and projecting future solids production, 
documenting current energy and sustainability, and assessing the condition of existing facilities. 
From that baseline, the process identifies potential nutrient reduction strategies and potential end 
use options for solids. With potential strategies and options in mind, the process identifies and 
screens the most relevant technologies, and then evaluates and identifies the most relevant 
alternatives incorporating those technologies. Those evaluations provide the basis for a 
recommended plan. 
 
The incorporation of new processes into the Cedar Rapids WPCF will be necessary to support the 
goals of the nutrient reduction strategy and future solids handling. The new processes will include 
technologies different from the current installation. This TM identifies and reviews processing and 
handling technologies related to nutrient control and solids treatment. Processes are brainstormed, 
categorized, described, and screened in this TM. It is organized as follows: 

• Objective 
• Summary 
• Technology Categorization 
• Technology Brainstorming 
• Nutrient Removal Technologies 
• Solids Processing and Handling Technologies 
• Energy Recovery 
• Initial Technology Screening 
• Screening Evaluation of Remaining Technologies 
• Next Steps 
• Recommendations 

 
The following Attachments provide supporting information. 

• A – Scoring Evaluation 

Objective 
The objectives for this task as presented in this TM include the following: 
• Work with city utility staff to: 

o Identify potential nutrient reduction and solids processing technologies 
o Develop and apply criteria for the technology screening.  

• Identify and screen treatment technologies that will be used in developing alternatives for 
nutrient reduction, solids processing, and energy recovery alternatives. 

• Determine the practicability of technology implementation at Cedar Rapids in order to advise 
whether additional follow-up is needed as either: 
o Site visits – familiarization and knowledge transfer 
o Testing – bench tests, pilot-tests, full-scale tests, jar tests, or other. 
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Summary 
HDR conducted a comprehensive evaluation of nutrient reduction, solids processing and energy 
recovery technologies in order to screen and find technologies that should be carried forward into 
full alternative development. Technologies were brainstormed, and an initial list of technologies was 
developed for consideration. A number of technologies were identified and tabulated, including 
technologies found in previous planning. Established, innovative and embryonic technologies are 
included in this evaluation. 
 
Some technologies were screened prior to scoring for reasons given as follows: 
 
Liquid Stream Technologies 
• MBR-BNR – The MBR technology gives ENR with exceptional effluent quality, but it is not cost-

effective. Membranes and membrane operation require extensive operational effort. 
• InDense (S Select) – This technology is discounted, because it has not been proven to result in 

biological phosphorus removal consistently. Additional development is needed. 
• Anaerobic Membrane Bioreactor (AMBR) – The AMBR is an embryonic or innovative 

technology and may require additional development needs. Cold climate limits its application for 
mainstream treatment, but this technology may be applied for partial stream or industrial stream 
treatment. As a result, it is not considered as a mainstream secondary treatment technology, but 
AMBR remains a viable alternative for anaerobic pretreatment. 

• Hydropath by Hydroflow – This technology is discounted based on its embryonic nature for 
nutrient treatment. 

• Algae Systems, Photobioreactors – This technology is eliminated, because it is embryonic with 
a high degree of uncertainty for application in Iowa. 

 
Solids Processing and Handling Technologies 
• Thermophilic Anaerobic Digestion – Thermophilic anaerobic digestion is not widely 

implemented, and the costs often outweigh the benefits. Given the options of phased digestion 
and pretreatment, strict thermophilic anaerobic digestion is not considered viable. 

• Pasteurization – Pasteurization is not widely used and is cost prohibitive. Alternative options for 
pretreatment disqualify pasteurization. 

• Pyrolysis – Pyrolysis is energy intensive and has not been effectively implemented at full-scale. 
• Gasification – Gasification shares the same challenges of energy intensive operation and lack of 

full-scale success as pyrolysis. 
• Supercritical Water Oxidation – SCWO remains embryonic and not demonstrated for 

widespread distribution. Cedar Rapids may opt to evaluate in the future. 
• Microwave Drying – Still in development stages and not well distributed. 
• Hydropath by Hydroflow (https://www.hydroflow-usa.com/Technology) – This technology is 

discounted for three reasons: 1.) Scientific basis for function is unclear. 2.) Limited testing 
results to demonstrate its efficacy. 3.) Design criteria not clearly established. Direct use by 
Cedar Rapids staff outside of major CIP project work may be supported by ongoing testing. 

 
The remaining technologies have been brainstormed, categorized, and screened against criteria 
that are defined in the screening section of this TM. The criteria include the following: 
• Consistency with Cedar Rapids Vision, Statement and Values (28 points) 

o Supports continued growth and development; allows the City to remain “Open for Business” 
(14 points) 

o Keeps rates low and/or lowers operating expenses (14 points) 

https://www.hydroflow-usa.com/Technology
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• Sustainability (31 points) 
o Reduce utility demands (electricity, natural gas, water, etc.) (7 points) 
o Resource Recovery (carbon and nutrients) (7 points) 
o Reduce volume of sludge hauled off site (7 points) 
o Odor and air emissions (5 points) 
o Commitment to watershed (5 points) 

• Consistency with Process Objectives (33 points) 
o Implementability, operability, maintainability, risk, reliability, redundancy, flexibility (10 points) 
o Operator safety (10 points) 
o Economical to build and operate (7 points) 
o Protected from floods (6 points) 

• Reuse existing useful infrastructure (8 points) 
 
Nutrient removal technologies include both biological nutrient removal (BNR) and chemical nutrient 
removal approaches. The BNR technologies included in the screening include conversion of the 
existing carbonaceous activated sludge and nitrogenous activated sludge processes, addition of 
supplemental or add-on processes to the existing processes, and installation of new or replacement 
processes.  Conversion processes include the following: 
 
BNR – A/O: A/O requires the expansion and conversion of existing with the incorporation of an 
anaerobic zone. This process provides TP removal but not TN removal. A/O requires rehabilitation 
and conversion of existing tankage, installation of new tankage. This process also requires 
conversion to diffused aeration with the installation of blowers and diffused aeration. One set of 
recycle pumps would be applied with this process. 
 
BNR – Three-Stage Process: This represents a more general category of BNR with many three-
stage processes available. Three-stage processes incorporate anaerobic, anoxic, and aerobic 
zones into activated sludge. Variation amongst three-stage processes is the number of recycle 
streams, location of recycle streams, and the extent of recycle. Three-stage processes support TN 
and TP removal and require the expansion and conversion of existing processes with the 
incorporation of anaerobic zones, anoxic zones, and additional recycle flows. Three-stage 
processes require conversion to diffused aeration. 
 
BNR – A2O: A2O is the simplest type of three-stage process. As with all three-stage processes, 
A2O supports TN and TP removal. A single internal recycle is incorporated from the end of the 
aerobic zone to the beginning of the anoxic zone. 
 
BNR – Four-Stage Process: A four-stage process is focused on high-efficiency TN removal but 
limited TP removal. This process uses a series of alternating anoxic and aerobic zones (two each) 
to accomplish TN removal. A BOD5 source is typically needed to drive TN removal in the second 
anoxic zone. TN removal with a four-stage process can be used to exceed the nutrient reduction 
strategy requirements. It may be possible in the future to trade offsets with other point sources 
based on excess removal. 
 
BNR – Five Stage Process: A five-stage process provides high-efficiency TN removal and as well 
as TP removal. A five-stage process is an extension of a four-stage process with the addition of an 
anaerobic zone to the front end of the process. 
 
BNR – Membrane Bioreactor: A membrane bioreactor represents a modification option for the 
previously presented BNR processes. For the membrane bioreactor, the sedimentation (solids 
separation) step is replaced with membrane separation. As a result, the solids concentration in the 
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reactor zones can be increased, giving smaller tank volume requirements, and the final effluent 
quality is improved. The challenge to this process is the added cost of the membrane equipment. 
 
BNR – Open-Tank HPO: Mechanical equipment allows for open-tank high-purity oxygen (HPO) 
process. As a result based the current closed tank HPO can be converted to an Open-Tank HPO 
process. An open-tank process is requisite for application of a BNR process. As a result, with the 
conversion to Open-Tank HPO, the existing HPO process can be converted to a BNR process. 
 
Chemical Phosphorus Removal: Chemical phosphorus removal uses metal salt addition (and 
sometimes polymers). Mainstream chemical phosphorus removal for medium facilities and larger is 
often cost prohibitive due to the ongoing chemical expense; however, chemical phosphorus 
removal may be used to enhance overall phosphorus removal by selectively dosing at different 
locations; e.g. primary clarifiers, digesters, recycle streams, etc. Chemical phosphorus removal may 
be used as a primary or a secondary (backup/polishing) method for phosphorus removal. 
 
Autotrophic Denitrification: Autotrophic denitrification would take advantage of Cedar Rapids’ high 
sulfide concentrations as a way to support or enhance TN removal. This technology is well 
researched but considered innovative due to the limited number of full-scale installations 
 
Granular Activated Sludge (Nereda): Granular activated sludge (GrAS) relies on the growth and 
development (or seeding) of dense granulated biomass to support and drive a batch process with a 
small footprint supportive of nutrient removal. The process is an aerobic version of the existing 
anaerobic pretreatment process, which also uses granular biomass. GrAS provides nutrient 
removal comparable to a three-stage process but in a more compact footprint. 
 
Membrane Aerated Bioreactor: A membrane aerated bioreactor (MABR) process is another 
variation of BNR using specialized equipment; in this case to enhance aeration and provide for 
efficient TN removal in anoxic zones.  
 
InDense Separator: InDense is the proprietary granular separation cone produced by World Water 
Works. The InDense separation technology is sold as an approach to improve sludge settleability. 
Conceptually, the InDense cones are used to select for phosphorus accumulating organisms 
(PAOs) in the activated sludge system, which are the group of organisms that remove phosphorus 
in BNR. Using this approach, an anaerobic selector zone may not be needed. This approach has 
only been tested at select locations and is an embryonic technology for TP removal.  
 
Enhanced Primary Clarification: Improving the capture of primary solids provides benefits to the 
overall treatment system. By reducing the solids conveyed to the biological or secondary process, 
the secondary process can be downsized. By capturing additional primary solids, additional energy 
capture may be possible depending on the solids processing system. Therefore, different 
technologies for enhancing primary solids capture may be applied. With enhanced primary solids 
capture, particulate nutrients are also captured thereby directly increasing primary nutrient removal. 
 
High-Rate Activated Sludge: High-rate activated sludge is a variation of activated sludge that is 
highly loaded with a short solids retention time (SRT). This results in an activated sludge system 
that is small relative to BNR activated sludge. While BNR is not inherently part of high-rate activated 
sludge, biomass yield is high with high-rate activated sludge and nutrient uptake increases with 
biomass yield. 
 
Biologically Active Filter: A biologically active filter (BAF) may be implemented as an add-on 
process to give TN removal in the mainstream. The BAF itself consists of an upflow or downflow 
reactor containing a media supportive of biofilm growth. In order to support denitrification, a carbon 
source, such as methanol, would be added.  
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Photobioreactor (Algae) Treatment: Algae photobioreactors are a way to remove nutrients from 
waste streams. Algae consume nutrients from wastewater along with atmospheric carbon dioxide to 
support growth. Low nutrient wastewater and algae are produced from the photobioreactors. The 
algae may be dewatered and harvested as an energy source or fertilizer. 
 
Sidestream treatment processes help to cost-effectively remove nutrients recycled through 
wastewater processing plants. Therefore, several sidestream technologies are evaluated. Key 
sidestream processes are summarized as follows: 
 
Sidestream Phosphorus Capture: Phosphorus can be removed from sidestreams by intentionally 
forming and separating struvite (NH4MgPO4∙6H2O), which can be landfilled, land applied, or solid 
directly as a fertilizer. Several suppliers provide systems that can generate struvite including 
Ostara™, Airprex, Multiform Harvest, and Phospaq. Ostara (Figure 18) is the best known supplier 
of struvite recovery equipment, and their product is the most refined (sold as a fertilizer). 
Additionally, Ostara works to market, distribute, and sell the final product. 
 
Deammonification (Anammox): Deammonification is a process designed to remove ammonia from 
the sidestream. The process uses two groups of organisms, anaerobic ammonia oxidizers along 
with ammonia oxidizing organisms, to convert ammonia to nitrogen gas. No supplemental carbon 
and no alkalinity are needed. It requires only approximately 30 to 40% of the oxygen needed for 
nitrification. 
 
Table 1 shows the technology, nutrient target, level of development, and a score (0 to 100) for all 
technologies evaluated as part of the screening. A higher score (closer to 100) represents the more 
favorable technology or process. Detailed scoring is shown in Attachment A. 
A similar analysis was conducted for solids-processing technologies. Solids processing includes 
solids treatment and handling. Solids processing technologies included in the screening include 
replacement options for the existing multiple hearth incinerator (MHI) and for the low-pressure 
oxidation (LPO) process. Key solids processes include the following: 
 
Incineration: Incineration is the combustion of the waste solids, which is the current solids 
destruction process at Cedar Rapids. A balance of combustion air, solids feed, supplemental fuel, 
exhaust recirculation, preheating, and ash disposal must be maintained within the incinerator. The 
higher the volatile solids content and the lower the moisture content of the feed solids, the less 
supplemental fuel must be used. Two types of incinerators are in use today, fluid bed incinerators 
(FBI) and MHIs; however, MHIs are a dated technology and MHIs are no longer installed. 
Incineration is an established technology. 
 
Digestion: Digestion uses biological processes to support decay of biomass generated as well as 
pathogen destruction. Digestion may be conducted aerobically or anaerobically. Heating of solids in 
the digester is usually performed to provide efficient process and keep tank sizes compact. 
Anaerobic digestion is a well established technology that relies on an enclosed unaerated tank to 
process biosolids using symbiotic biochemical pathways. Anaerobic digestion may be performed at 
mesophilic temperatures (95 ⁰F) or thermophilic temperatures (135 ⁰F). Phasing (temperature or 
acid-gas phase) of anaerobic digestion may offer additional efficiency. Aerobic digestion is a well-
established technology that treats biosolids in a well-aerated. Due to heat losses, longer retention 
times (60 days at 15⁰C) and lower loading rates may be needed to provide adequate stabilization. 
High-rate aerobic digestion yielding an autothermal (self-heating) process is sometimes used to 
give higher efficiency. 
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Table 1. Summary Nutrient Technology Table 
Technology Nutrient Removal Development  Score 

Mainstream Processes 
BNR - A/O Bio-P, No TN Removal Established 71 
BNR - A2O Bio-P, TN Removal Established 82 
BNR - 3-Stage Process Bio-P, TN Removal Established 77 
BNR - 4-Stage Process Bio-P, TN Removal Established 65 
BNR - 5-Stage Process Bio-P, TN Removal Established 66 
BNR - Open-Tank HPO Bio-P, TN Removal Innovative 85 
BNR – Granular Act. Sludge Bio-P, TN Removal Innovative 65 
High-Rate Act. Sludge TN/TP via synthesis Established 69 

Supplemental/Add-on Processes 
Autotrophic Denitrification Bio-P, TN Removal Innovative 78 
Membrane Aerated Bioreactor Bio-P, TN Removal Innovative 85 
Chem. Phosphorus Removal Chem-P Established 55 
Enhanced Primary Treatment Supports BNR Established 77 
Biologically Active Filter No Bio-P, TN Removal Established 53 
Salsnes Filter (Ind. Pretreatment) Supports BNR Established 89 
High-rate anaerobic treatment 
 (Ind. Pretreatment) Energy Recovery Established 85 

Sidestream Treatment Processes 
Sidestream P-Release and Recovery Supports BNR Innovative 77 
Anammox Supports BNR Innovative 84 
Quickwash Phosphorus Recovery Supports BNR Innovative 57 
Phosphorus Adsorption/Filtration Supports BNR Innovative 49 

 
Sludge Pretreatment: Sludge pretreatment is applied prior to digestion, in order to hydrolyze the 
solids processed. Pretreatment supports higher rate digestion thereby reducing the tankage volume 
needed for digestion or stabilization. Several pretreatment processes are considered including 
thermal hydrolysis, ultrasonic pretreatment, cavitation pretreatment, and pasteurization. The 
existing Zimpro low pressure oxidation (LPO) process at Cedar Rapids is one of the original sludge 
pretreatment processes combining temperature and pressure to hydrolyze solids. 
 
Pyrolysis: Pyrolysis relies on extreme heat and temperature (combustion) in the absence of oxygen 
to stabilize solids (usually pre-dried solids). The pyrolysis process produces biochar (a solid 
residue), bio-oil (liquid residue), and gas (syngas). Benefits of pyrolysis are the large volume 
reduction provided and the Class A residue generated. Drawbacks of pyrolysis include the energy 
demand, residuals handling, and the high-strength recycle streams. Due to the limited number of 
installations, pyrolysis is an innovative technology. 
 
Drying: Biosolids drying reduces the moisture content of the biosolids to less than 10%. Biosolids 
must first be dewatered, and then the solids can be directed into a drying system. Drying may be 
applied as a standalone technology or to solids that have already undergone stabilization. When 
dried to less than 10% moisture content, the biosolids are Class A residuals and may be distributed 
or land applied. Drying provides significant volume reduction but requires a high energy input. 
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Alkaline (Lime) Treatment: Alkaline or lime treatment is a well-established, simple technology for 
meeting land-application requirements that is currently practiced in Cedar Rapids for backup solids 
treatment. Lime may be added to liquid solids or dewatered solids in order to raise the pH for a 
specified contact time giving Class B biosolids (2 hours at a pH of 12). If coupled with increased 
temperature (70⁰C), lime stabilization may be used to provide Class A biosolids. 
 
Composting: Composting biosolids is another well-established, simple technology for meeting land 
application requirements. The process is aerobic and relies on microbial conversion of organic 
waste within dewatered biosolids for stabilization. During the composting process, the temperature 
can increase to 55 or 60⁰C within the solids. Composting generates either Class A or Class B 
biosolids that tend to be well-received by end users. 
 
Table 2 shows the end use or uses supported, the development level, and the score given. As with 
Table 1, a higher score (100) represents more favorable technologies or processes. 
 
Table 2. Summary Solids Processing Technology Table 
Technology End Use Supported Development Level Score 

Incineration 
Fluid Bed Incinerator Landfill Established 66 
Multiple Hearth Incinerator Landfill Established  78 

Digestion 
Anaerobic Digestion Land Application Established 76 
Phased Digestion Land Application Innovative 64 
Aerobic Digestion Land Application Established 44 

Sludge Pre-Treatment 
Thermal Hydrolysis Land Application Innovative 79 
Ultrasonic (Cavitation) Land Application Innovative 65 
Hydrothermal Liquefaction Fuel Embryonic 59 

Biosolids Drying 
Air Land Application/Fuel Established 62 
Indirect/Direct Land Application/Fuel Established 75 

Other Processes 
Alkaline Lime Treatment Land Application Established 65 
Composting Land Application Established 65 

Solids Pretreatment 
Screening Land Application Established 80 
Thickening 

Rotary Drum  Supports All End Uses Established 82 
Gravity  Supports All End Uses Established 80 
Gravity Belt Supports All End Uses Established 77 
Centrifugal Supports All End Uses Established 72 
Dissolved Air Flotation Supports All End Uses Established 63 
Disc Thickening Supports All End Uses Innovative 71 

Dewatering 
Belt Filter Press Supports All End Uses Established 80 
Rotary Fan Press Supports All End Uses Established 70 
Screw Press Supports All End Uses Established 83 
Centrifugal Supports All End Uses Established 55 
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Technology End Use Supported Development Level Score 

Plate and Frame Press Supports All End Uses Established 80 
Buchner Hydraulic Press Supports All End Uses  Innovative 81 

 
The analysis was also conducted for technologies that support energy recovery and efficiency. The 
goals of energy technology include recovery energy and optimizing the overall energy footprint of 
the WPCF. Energy recovery processes focus on biogas to energy conversion and include the 
following: 
 
Biogas Storage: The biogas produced from anaerobic processes can be used a number of ways to 
provide fuel for equipment or processes onsite or offsite. Biogas production does no inherently 
match demand. A solution to this challenge is provided by the addition of storage to the biogas 
system. Three basic biogas storage technologies have been considered including membrane 
covers, gas holders, and a high pressure sphere. 
 
Biogas Treatment: Biogas treatment is needed to beneficially use biogas, and different levels of 
treatment may be needed depending on the intended recovery. A number of different biogas 
treatment processes can be used to condition the biogas to different qualities depending on the end 
use objectives. Biogas treatment technologies considered in this TM include iron sponge, activated 
carbon, water scrubbing, pressure swing absorption, membrane separation, and biological filters. 
All these processes improve biogas quality by removing contaminants and increasing the methane 
content of the biogas to more closely match the quality of commercial natural gas. 
 
Biogas Energy Recovery: Energy recovery technologies have been evaluated for beneficially using 
the biogas as an energy source (after treatment as required). Technologies evaluated are classified 
into three groups: biogas combustion, biogas to electricity conversion, and biogas to compressed 
natural gas (CNG) recovery approaches. Biogas combustion includes reuse in existing equipment 
equipped with dual fuel burners and potential use in incineration processes. Biogas to electricity 
conversion includes combustion engine cogeneration, microturbines, and fuel cells. Biogas 
recovery as compressed natural gas options include BioCNG fueling stations (natural gas vehicles) 
and CNG pipeline injection for distribution as part of the natural gas network. 
 
Table 3 shows the development levels and scores for the different technology choices. 
 
Table 3. Summary Energy Recovery Technology Table 
Technology Development Level Score 

Biogas Storage 
Membrane Cover Established 83 
Gas Holder Cover Established 83 
High Pressure Sphere Established 68 

Biogas Energy Recovery (Onsite) 
Dual Fuel Burners Established 79 
Cogeneration Established 78 
Microturbine Established 72 
Fuel Cells Established 75 
BioCNG Fuel Station Established 78 
CNG Pipeline Injection Established 77 

Biogas Treatment 
Iron Sponge Established 67 
Activated Carbon Established 73 
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Technology Development Level Score 

Water Scrubber Established 79 
Pressure Swing Absorption Established 78 
Membrane Innovative 82 
Biological Filters Established 80 

 
 
Based on the screening analysis, several technologies are recommended for further consideration. 
For mainstream liquid treatment, the following mainstream and supplemental technologies should 
be further considered. 
 
Nutrient removal technologies are as follows: 
• BNR - A2O, Standard Aeration, Single Sludge Process 
• BNR – 3-Stage (UCT, VIP) 
• BNR – Open Tank HPO, Integrated with BNR 
• Autotrophic Denitrification, Integrated with BNR 
• Membrane Aerated Bioreactor, High-Purity Oxygen 
• Enhanced Primary Treatment. 
 
For industrial pretreatment, the following technologies should be a part of the evaluation 
• High-rate anaerobic (including AMBR) 
• Filtration (i.e. Salsnes Filter). 
 
Sidestream process should be further considered in order to reduce recycle loading and maximize 
nutrient recovery: 
• Phosphorus Recovery 
• Anammox. 

 
A number of biosolids technologies have a high score for the screening criteria: 
• Multiple hearth incinerator (MHI; continued use of existing for interim or limited use) 
• Thermal hydrolysis processes 
• Anaerobic digestion (primary solids or blended solids) 
• Temperature phased anaerobic digestion 
• Biosolids drying (waste activated sludge [WAS] or blended solids). 

 
Supplemental solids handling technologies may be considered as part of the planning process as 
well. Several technologies have a high score: 
• Rotary drum thickening 
• Gravity thickening 
• Rotary drum thickening 
• Gravity belt thickening  
• Belt filter press 
• Screw press  
• Centrifuge dewatering 
• Bucher press. 
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Energy recovery technologies have been screened to the following: 
• Membrane covers 
• Dual fuel burners 
• Cogeneration 
• Fuel cell 
• Pipeline injection 
• Water scrubber  
• Pressure swing absorption. 
• Membranes 
• Biological filters. 
 
In consideration of working toward the plant of the future, continued research and development, 
including possible pilot testing of embryonic or innovative technologies that have not yet been fully 
proven, would include the following: 
• AMBR (mainstream treatment) 
• Granular Activated Sludge. 

 
In order to fully exploit the potential of several technologies, additional testing and/or site visits may 
be required. The technologies identified in this TM should be carried forward into alternatives 
development for Cedar Rapids WPCF nutrient reduction and solids processing. 

Technology Categorization 
Wastewater treatment, nutrient removal, solids processing, and resource recovery technologies 
continue to advance and develop rapidly. Technology development starts in small-scale laboratory 
or bench testing. Proven bench technologies advance to pilot or demonstration scales. After 
demonstration, technologies advance to full-scale application. Standard categories have been 
developed to define the level of development (and associated risk) for technologies by both the U.S. 
Environmental Protection Agency (USEPA; EPA 2006 Emerging Technologies for Biosolids 
Management, EPA 832-R-06-005, -006) and the Water Environment and Research Federation 
(WE&RF). Technology types have been categorized as Established, Emerging/Innovative, or 
Embryonic/Research in this TM to align with USEPA and WE&RF standard definitions. 
 
Established 
The first definition is provided for established technologies, which have been vetted to the largest 
extent and carry the smallest risk for application. USEPA defines established technologies as being 
widely used (i.e., generally more than 25 facilities throughout the United States). It is further noted 
by USEPA that established technologies may be defined as being used at more than 1 percent of 
treatment facilities throughout the United States or have been available and implemented in the 
United States for more than 5 years. 
 
The definition of established by WE&RF indicates that, in most cases, established processes are 
used at more than 1 percent of full-scale facilities (150) in North America, but exceptions occur 
based upon specific considerations. The category may include technologies used throughout the 
world, but more recently introduced in North America or the United States.  
 
For this TM, the USEPA definition of established is used and referred to as Established. 
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Emerging/Innovative 
Emerging or innovative technologies are noted by USEPA to meet one of the following 
qualifications:  
• Have been tested at a full-scale demonstration site in the United States  
• Have been available and implemented in the United States for less than 5 years  
• Have some degree of initial use (i.e., implemented in fewer than 25 utilities in the United States)  
• Or are established technologies overseas with some degree of initial use in the United States. 

 
Some wastewater treatment processes have been established for years, but they are not static. In 
some cases, an established technology may have been modified or adapted resulting in an 
emerging technology. In other cases, a process that was developed to achieve one treatment 
objective is now being applied in different ways or to achieve additional treatment objectives. During 
the operation of treatment systems using these established technologies, engineers and operators 
have altered and improved their efficiency and performance. USEPA provides another definition for 
innovative uses of established technologies. Innovative uses of established technologies includes 
established technologies that have been modified or adapted for alternative uses. 
 
The WE&RF technology definition indicates that innovative technologies have been tested at a pilot 
or demonstration scale, or have been implemented at full-scale in three or fewer installations or for 
less than 1 year. Therefore, innovative technologies meet one of the following criteria: 
• Have been tested as a full-scale demonstration 
• Have been available and implemented in the United States for less than 5 years 
• Have some degree of initial use (i.e., implemented in less than 1 percent of municipalities (150) 

throughout the United States) 
• Are established technologies overseas. 
 
As with the established technologies, the USEPA definition is applied in this TM through reference 
as Innovative. 
 
Embryonic/Research 
The final definition for technology development is the embryonic or research category. USEPA 
defines these technologies as being in the development stage and/or tested at laboratory or bench 
scale only. New technologies that have reached the demonstration stage overseas, but cannot yet 
be considered to be established there, are also considered to be embryonic with respect to North 
American applications. 
 
The embryonic or research technologies development stage is defined by WE&RF as early 
development technologies being tested at laboratory or bench-scale. The new technologies may 
have reached the demonstration stage overseas, but cannot yet be considered to be established 
there, and are considered to be research technologies with respect to North American applications. 
 
The USEPA and WE&RF definitions for embryonic technologies are consistent and applied in this 
TM through reference as Embryonic. 

Technology Brainstorming 
Tables 4, 5, and 6 show comprehensive lists of technologies for liquid treatment/processing and 
nutrient removal, solids handling, and energy conservation respectively, identified as potentially 
applicable. The tables include technologies identified in the prior facility planning effort (BNR and 
incineration) and additional technologies in various states of development that have become more 
important since the previous studies were conducted. The technologies are categorized as 
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established, innovative, or embryonic depending on the level of development as defined in the 
previous section. 
 
Table 4. Potential Liquid Treatment Processes/Technologies 

Technology Target 
Nutrient(s) 

Technology 
Category Comment 

Mainstream Processes/Technologies 
BNR-A/O, Existing 
CAS/NAS  TP Established 2008 Master Plan 

BNR-A2O, Single Sludge TN and TP Established 2008 Master Plan 
BNR-3-Stage Process (VIP, 
UCT, A2O) TN and TP Established Based on air activated sludge and single 

sludge system 
BNR-4-Stage Process TN Established Low Effluent TN 
BNR-5-Stage Process TN and TP Established Low Effluent TN and TP 
BNR-Membrane Bioreactor 
(MBR) TN and TP Established Eliminates secondary clarifiers 

BNR-Open Tank HPO TN and TP Innovative Open HPOAS, Utilize Praxair ISO Technology 
BNR-Granular Activated 
Sludge TN and TP Innovative Full-scale installations in Europe, Utilize 

Nereda™ Technology 
High-Rate Activated Sludge TN and TP Innovative Removes nutrients by synthesis 

Anaerobic Membrane 
Bioreactor None Embryonic 

Reduces energy costs if biogas is recovered, 
but losses with the stream reduce biogas 
recovery efficiency. Must be coupled with a 
nutrient removal process or processes. 

Moving Bed BioReactor 
(MBBR) Nitrification Established Incorporation of MBBR into process as a way 

to enhance nitrification rates. 
Mainstream Anammox TN Embryonic Technology under development. 

Add-on/Supplemental Processes/Technologies 

Autotrophic Denitrification TN Embryonic Uses sulfides, Requires pilot, may be 
integrated with existing or new configuration 

Membrane Aerated 
Bioreactor (MABR) TN and TP Innovative Pilot-scale testing at Chicago Stickney, GE 

ZeeLung and Oxymem 
Chemical Phosphorus 
Removal TP Established Alum, Ferric, Polyaluminium chloride (PACl), 

SorbX; independent or support technology 

Enhanced Primary 
Treatment TN and TP Established 

Chemically enhanced primary treatment; 
Variations by different suppliers; e.g. Evoqua 
Captivator, may be used as a support 
technology with other processes 

Biological Active Filter TN and TP Established Blue Water Technologies (Blue Nite) 

Salsnes Filter (Ind. Pretreat) None, 
pretreat Established Salsnes is often used to support industrial 

pretreatment. 

InDense (Formerly S-
Select) TP Embryonic 

World Water Works, not fully demonstrated as 
for TP removal; support technology that may 
be used with other processes 

Algae Systems TN and TP Embryonic Photobioreactors 

Ion Exchange Nitrate Established 

Ion Exchange offers an approach for ion 
removal; most commonly nitrates. Nitrates are 
not reduced but diverted to a new, high-
strength sidestream. 

Sidestream Technologies 
Sidestream P-release and 
recovery TP Innovative Sidestream - Ostara, Airprex, Phospaq, 

Multiform Harvest, and others 

Sidestream Anammox TN Innovative Sidestream - Demon, Anitamox, Anammox 
(Paques) 

Quick Wash – Phosphorus 
Extraction TP Innovative Sidestream TP removal 
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Technology Target 
Nutrient(s) 

Technology 
Category Comment 

Phosphorus 
Adsorption/Filtration TP Innovative Blue Water Technologies (Blue Pro) 

Hydroflow by Hydropath Struvite 
Control Innovative 

Hydroflow, Strap-on pipe system used for 
scaling control in cooling towers. Proposed 
approach for struvite control by manufacturer 

 
Table 5. Potential Solids Processing Technologies 

Technology Technology 
Category 

Previous 
Planning Comment 

Incineration 
Fluid Bed Incinerator Established Yes  
Multiple Hearth 
Incinerator Established Yes  

Digestion 
Anaerobic Digestion Established Yes  
Thermophilic AD Established Yes  

Aerobic Digestion (AD) Established Yes Includes Standard and Autothermal Aerobic 
Digestion 

Phased Digestion    
Acid/Gas Phase Innovative Yes Gas Technology Institute Patent 
TPAD Innovative Yes ISU Patent 

Sludge Pretreatment 
Thermal Hydrolysis Innovative Yes Cambi™, Veolia, et al. 
Ultrasonic (Cavitation) Innovative  EIMCO® 
Pasteurization Established Yes GE Monsal 70, Inproheat 

Thermal (Stand-Alone) Treatment 
Pyrolysis Embryonic Yes  
Gasification Embryonic Yes  
Supercritical Water 
Oxidation Innovative No ScFi 

Hydrothermal 
Liquefaction Embryonic No Algae Systems 

Biosolids Drying 
Air Established Yes  
Indirect  Established Yes  
Direct Established Yes  
Microwave Innovative Yes  

Other Processes 
Lime Treatment Established Yes Schwing Bioset, FKC, N-Viro AASAD, RDP 
Composting Established Yes  

Chemical Stabilization Innovative No 
Commercial process by BCR Environmental. 
Neutralizer gives Class A solids, CleanB gives 
Class B solids 

Solids Handling Technologies 
Screening Established No Huber™ and  
Thickening (Thickening technologies were not previously evaluated) 

Centrifugal Established No  
Dissolved Air Flotation Established No  
Disc Thickener Innovative No S-Disc, Disc Thickener by Huber Technology 

Dewatering 
Belt Filter Press Established Yes  
Rotary Fan Press Established No  
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Technology Technology 
Category 

Previous 
Planning Comment 

Screw Press Established Yes  
Centrifugal Established Yes  
Plate and Frame Press Established Yes  
Buchner Hydraulic Press Innovative No  

 
Table 6. Potential Energy Conservation Technologies 

Technology Technology 
Category Comment 

Biogas Storage 
Membrane Cover Established Dystor and others 
Gas Holding Covers Established  
Medium/High Pressure 
Sphere Established  

Biogas Energy Recovery  
Dual Fuel Burners   
Cogeneration Heat 
Recovery Established Combined Heat and Power (CHP), Jenbacher Engines, 

Caterpillar Engines, MWM 
Microturbines Innovative  
Fuel Cells Innovative  

BioCNG Fuel Station Innovative Established technologies adapted for biogas, potential for 
renewable energy credits 

CNG Pipeline Injection Innovative Established technologies adapted for biogas, potential for 
renewable energy credits 

Biogas Treatment 
Iron Sponge Established Varec Gas Purifier 
Impregnated Activated 
Carbon Established Unison Solutions – Moisture removal, sulfide removal, 

siloxane removal, compression, blowers 
Water Scrubber Established Greenlane Biogas 
Pressure Swing 
Adsorption (PSA) Established Molecular Gate PSA 

Membrane Gas 
Treatment Innovative Membranes used to purify biogas into natural gas quality; 

Greenlane Biogas 
Biological Filters Established For waste gas treatment 

Nutrient Removal Technologies 
The nutrient removal technologies presented in this TM build on work done in the 2006 Master 
Plan, TM 1 – Nutrient Sources, and TM 5 – Nutrient Reduction Strategies. As shown in Table 4, 
several nutrient removal technologies were brainstormed for consideration as part of this screening. 
This section provides a brief description of the technologies. The nutrient treatment processes are 
summarized as either mainstream or sidestream treatment technologies depending on the possible 
use for Cedar Rapids. 
 
Mainstream 
Mainstream nutrient removal typically includes integration of nutrient removal schemes into the 
activated sludge process to give a BNR system but could also rely on add-on treatment processes. 
A number of different approaches to mainstream nutrient removal have been identified, and a brief 
description of these approaches is provided below. Mainstream treatment may be coupled with 
sidestream treatment to better optimize the overall nutrient control scheme. Reasonable flow 
peaking is accommodated (3:1) peak by most of the technologies below. Higher fluctuations in flow 
may require modification to the process (e.g. step-feed modification) or a separate high-rate 
process for wet weather treatment. 
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BNR – A/O, Existing CAS/NAS 
The 2008 Master Plan identifies several alternatives that result in nutrient removal. In one 
alternative, an anaerobic zone is installed in front of the existing carbonaceous activated sludge 
(CAS), high purity oxygen (HPO) process to give an integrated system within the existing CAS and 
nitrogenous activated sludge (NAS) process that provides biological phosphorus removal. Two 
variations of this approach include: 1.) maintaining the two-stage system with HPO in CAS or 2.) 
converting to a single-sludge system with air.  
 
The approach proposed from the 2008 Master Plan most closely resembles the first variation of the 
A/O process (Figure 1). The A/O process supports TP removal through BNR, but TN removal is not 
a focus. At Cedar Rapids, the high BOD5:TN ratio may support TN removal through biomass 
synthesis, but the return or sidestream recycle would need to be controlled. 
 
The A/O process is a mature technology used extensively throughout the United States. As a result, 
A/O is an established technology that has been used with a wide range of wastes from weaker 
domestic to stronger industrial wastewaters. The biggest benefit to applying A/O at Cedar Rapids is 
that it reuses the existing tanks and aeration system (for variation 1) extensively; however, the tank 
sizes may need to be increased relative to typical A/O processes at Cedar Rapids to compensate 
for the increased nutrient loading. Some disadvantages include it may not provide for TN removal, it 
is not the most energy efficient approach to nutrient removal, some additional tankage would be 
needed within the layout of the existing CAS and NAS, and the challenges with a two-sludge 
system are retained. 
 

 
Figure 1. Flow Schematic for simple A/O Process (depicted as integrated with CAS HPO) 
 
BNR – A2O Single Sludge in modified CAS/NAS 
The next step to BNR development after the A/O process is the A2O process (Figure 2). For this 
technology, an anoxic zone is added along with the anaerobic zone providing for both TP and TN 
removal in the mainstream. This technology is also included as an alternative in the 2008 Master 
Plan. Existing tankage may be reused with this technology, but the process would be most effective 
if the existing system is modified from a two-sludge, closed-tank high purity oxygen to a single-
sludge, open-tank, air activated sludge process. Opening the existing covered tanks may provide 
some construction challenges for conversion to air activated sludge1. Additional bioreactor tankage 
would be needed to maintain or expand the capacity to meet design requirements (to be 
determined as part of alternative development); however, the existing clarifiers would be adequate. 
Similar to A/O, A2O is well-established as a technology and has a history of application for higher 
strength waste streams so that it would be supportive of Cedar Rapids wastewater. 
 

                                                
1 The challenge of converting the enclosed tanks to open tanks applies to any of the air activated sludge processes. 
Removal of the entire cover would not be necessary, however. 
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Figure 2. Flow Schematic for A2O Process (shown with standard aeration system) 
 
BNR – Three-stage process 
The next alternative represents the next level of BNR that incorporates internal recycle streams and 
thereby further enhances and gives added control to the BNR process. A three-stage process with 
both anaerobic and anoxic zones may be used in new or a combination of new and existing 
infrastructure. This technology would rely on a single-sludge system and air or high-purity oxygen 
(see BNR-Open Tank HPO) activated sludge. As with the previous two technologies, three-stage 
BNR is considered an established technology that can handle higher strength nutrient loads. This 
technology incorporates biological phosphorus removal, which is required for sidestream 
phosphorus recovery. 
 

 
Figure 3. Flow Schematic for Three-Stage Process 
 
BNR – Four-stage process 
A four-stage BNR process focuses on improved TN control by incorporating two anoxic zones along 
with two aerobic zones. With a good settling biomass, the effluent TN from a four-stage BNR 
process should range from 4 to 6 mg-N/L. In order to consistently achieve the low TN from a four-
stage process, a reliable carbon source is needed for the second anoxic zone.  
 
The four-stage BNR process also has some drawbacks. Most importantly, this technology in 
isolation is not intended to provide TP removal. As a result, another form of TP removal would be 
needed in addition to the four-stage process to meet nutrient reduction strategy goals such as 
chemical phosphorus removal. As with the three-stage process, the four-stage process would rely 
on a single-sludge system and standard aeration or high purity oxygen (see BNR-Open Tank HPO) 
requiring conversion of the existing infrastructure to open tanks with diffused aeration and additional 
tankage. Another important drawback is the chemical demand to provide a carbon and energy 
source to the second anoxic zone. For Cedar Rapids, a slipstream from the Indian Creek Lift 
Station may be used to provide the carbon source. 
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Figure 4. Flow Schematic for Four-Stage Process with optional carbon addition to achieve low TN 
 
BNR – Five-stage process 
The five-stage BNR process adds biological phosphorus removal to the four-stage process by 
adding and anaerobic zone. Therefore, the five-stage process is intended to provide the same level 
of TN treatment, but it is also intended to provide an effluent TP less than 1 mg-P/L. For Cedar 
Rapids, exceeding the nutrient reduction strategy requirements gives the advantage of process 
flexibility and revenue potential with credits trading. One additional challenge with the five-stage 
process is the potential for further organic carbon limiting conditions. The BNR process targeting 
low effluent nutrient concentrations results in a higher organic carbon demand. For Cedar Rapids, 
the BOD5:TN and BOD5:TP ratios are high, however, and this may be a less critical limitation. As 
previously indicated, a slipstream from the Indian Creek Lift Station may be used to provide any 
additional carbon needed. Another drawback, however, is that additional tankage is needed. In 
addition, the unaerated zones require mixing energy. This technology incorporates biological 
phosphorus removal, which is required for sidestream phosphorus recovery. 
 

 
Figure 5. Flow Schematic for Five-Stage Process with optional carbon addition to achieve low TN 
 
BNR – Membrane Bioreactor 
The membrane bioreactor (MBR) process replaces clarifiers, or secondary settling, with a 
membrane separation process using advanced membrane technology. The membrane technology 
can be integrated into any of the previous BNR processes discussed. The membrane tank may be 
integrated into a new basin or into existing clarifiers. A de-oxygenation zone is needed to reduce 
the dissolved oxygen concentration in the RAS prior to recycling to the anaerobic and anoxic zones. 
The MBR process provides high quality effluent consistent with enhanced nutrient removal (ENR). 
As discussed in TM 5, ENR is more expensive than BNR. As with the five-stage process, the higher 
level of treatment provides an opportunity for regulatory flexibility or trading of credits as a potential 
revenue source. This technology incorporates biological phosphorus removal, which is required for 
sidestream phosphorus recovery. 
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Figure 6. Flow Schematic for BNR-MBR 
 
A variation of the membrane bioreactor is the anaerobic membrane bioreactor (AMBR). The AMBR 
has been developed for high-strength, industrial wastewater treatment, and research is ongoing for 
mainstream municipal wastewater treatment. An AMBR couples anaerobic treatment with a 
membrane separator in order to remove cBOD5 (biodegradable COD) with high efficiency. Biogas 
production is a benefit of using AMBR treatment, but with possible depressed wastewater 
temperatures2 and at high flow rates, methane loss in the effluent may be high. Another benefit of 
using AMBR is low biomass production. Challenges with AMBR application include membrane 
fouling, minimal nutrient removal, and sulfide issues resulting from Cedar Rapids high sulfate 
concentrations. In the event that Cedar Rapids pursues AMBR for mainstream treatment, the city 
should engage in research and development of the AMBR for mainstream treatment. 
 

 
Figure 7. ADI – AnMBR (waterworld.com) 
 
BNR – Open Tank HPO, Three-stage BNR 
The Open Tank HPO process3 uses a mechanical aeration device developed by Praxair (ISO™) 
and currently used by Cedar Rapids in the sulfide oxidation basins. The specialized aerators, 
currently available from Praxair Inc., directly inject the high purity oxygen into the liquid while 
maintaining an open headspace to vent excess carbon dioxide. With this approach, the process is 
converted to a single-sludge system designed to nitrify. Anaerobic and anoxic zones are provided to 
give an overall three-stage BNR process. The ISO aeration device has been well-developed and 
modeled. Based on studies conducted, open tank HPO more efficiently aerates than closed tank 
HPO and minimizes safety issues due to high oxygen and carbon dioxide concentrations in the 
headspace. Depending on the operating dissolved oxygen concentration of the recycle stream, a 
deoxygenation tank may be required similar to the BNR-MBR process. Due to the limited number of 
                                                
2 Note, Cedar Rapids wastewater temperature is more amenable to anaerobic treatment due to industrial heating, 
however, the temperature is below the optimum mesophilic anaerobic temperature of 35°C. 
3 The activated sludge process using the Praxair HPO aerator is referred to as the Open Tank HPO process. 
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HPO installations and even fewer Open Tank HPO process installations, it may be considered 
innovative. 
 

 
Figure 8. Flow schematic for an Open Tank HPO integrated into a three-stage BNR process 
 
Supplemental/Add-on Processes 
 
Chemical Phosphorus Removal 
Chemical phosphorus removal is completed through the formation of metal phosphates (and 
sometimes with polymers); traditionally with ferric or alum. Mainstream chemical phosphorus 
removal for medium facilities and larger is often cost prohibitive due to the ongoing chemical 
expense; however, chemical phosphorus removal may be used to enhance overall phosphorus 
removal by selectively dosing at different locations; e.g. primary clarifiers, digesters, recycle 
streams, etc. Chemical phosphorus removal may be used as a primary or a secondary 
(backup/polishing) method for phosphorus removal. 
 
In addition to ferric and alum, polyaluminum chloride (PACl) and SorbX (proprietary) are two newer 
phosphorus removal chemicals gaining in popularity due to their efficiency at supporting low effluent 
phosphorus targets, and due to the fact that these chemicals do not affect alkalinity. In the event 
fine tuning of phosphorus removal warrants chemical addition, bench testing may be conducted 
(similar to drinking water jar tests) to evaluate chemical type and dosages. 
 
Autotrophic Denitrification 
An alternative technology for denitrification is autotrophic denitrification. While traditional 
denitrification relies on heterotrophs that consume organic carbon sources, autotrophic 
denitrification would use a chemical energy source and carbon dioxide as a carbon source. In the 
case of Cedar Rapids, the abundance of hydrogen sulfide offers itself as an ideal chemical energy 
source for autotrophic denitrification. The resulting denitrifying bacteria would use hydrogen sulfide 
as an electron donor, nitrates as an electron acceptor, and carbon dioxide as an inorganic carbon 
source.  
 
Autotrophic denitrification would occur in the anoxic zone of the proposed system. In order to 
facilitate autotrophic denitrification, a sulfide rich stream and a nitrate rich stream would both be 
routed to the anoxic zone. This can be accomplished with any denitrification process. The key is 
routing the sulfide rich industry stream from the high-rate anaerobic pretreatment system into the 
anoxic zone. As a result, the sulfide rich stream from the pretreatment system would not require full 
treatment by the sulfide scrubbing system. The nitrates would be recycled into the sulfide-rich, 
unaerated zone in the three-stage BNR process already. This technology is well researched but 
considered innovative due to the limited number of full-scale installations. Autotrophic denitrification 
may be implemented with most of the BNR processes previously presented including open tank 
HPO. 
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Figure 10. Membrane Aeration Principle (by 
Suez ZeeLung) 

 
Figure 9. Flow Schematic for Autotrophic Denitrification integrated into a three-stage BNR process 
 
Granular Activated Sludge (Nereda™) 
An alternative to conventional activated sludge is the granular activated sludge process, which 
relies on the growth and development (or seeding) of dense granulated biomass to support and 
drive a batch process with a small footprint supportive of nutrient removal. The granular activated 
sludge process is an aerobic version of the existing anaerobic pretreatment process, which also 
uses granular biomass. 
 
Granular activated sludge has been installed in Europe, South Africa, and South America, but at 
this time, no full-scale installations of granular activated sludge have been installed in the United 
States. Therefore, the technology would be categorized as innovative. 
 
Benefits of this process include reduced biomass production, a small footprint, efficient aeration, 
and cost-effective nutrient removal. The primary drawback is that this technology is not well 
established. Additionally, granular activated sludge would be designed (with appropriate buffer 
tanks) to accommodate flow and load fluctuations4.  

 
Figure 11. Nereda Cycle and Photos of Full-scale Installation (Nereda 
Brochure) 
 
Membrane Aerated Bioreactor 
A membrane aerated bioreactor (MABR) system uses 
membranes to provide air or high purity oxygen to the 
biomass. A biofilm grows on the membrane and consumes 
the oxygen within the biofilm so that no gas bubbles 
physically form in the bulk liquid (Figure 11). As a result, 
dissolved oxygen levels remain low within the bulk liquid 
supporting BNR by outer biofilm layers and suspended 
growth biomass.  
 

                                                
4 Sidestream or recycle loading must be considered in process sizing. Reduction of sidestream load directly 
impacts mainstream process sizing. 
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The MABR system offers a variety of possible benefits as follows: 
• Energy Savings – More efficient aeration; oxygen transfer efficiencies up to 8 kg-O2/kWh for air. 
• Nutrient Removal – As indicated, the low oxygen bulk liquid phase supports nutrient reduction. 

An anaerobic zone needs to be incorporated up front for TP removal. 
• Smaller Footprint – Increased efficiency of basin results in higher loadings and smaller footprint 

for MABR versus activated sludge or BNR treating the same load. 
• Lower Sludge Production – Reduced sludge production results from biofilm systems; claimed to 

reduce by 50%. 
• High Purity Oxygen – The MABR may be compatible with the existing high purity oxygen feed; 

additional testing may be required. 
 

The disadvantages of the MABR include the level of development (Innovative not established) and 
the initial investment cost. Due to the level of development, additional testing would be appropriate 
to validate and customize specific to Cedar Rapids. Three manufacturers have commercial MABR 
membranes available for market; the Suez (Zeelung), Oxymem (OxyFAS), and Fluence 
(SpiralWound). Manufacturers have varying level of experience; Oxymem appears to have the most 
experience with over a dozen installations worldwide. 

 
Figure 12. Suez ZeeLung MABR Schematic (Suez ZeeLung brochure) 
 
InDense (S Select) by World Water Works 
InDense is the proprietary granular separation cone produced by World Water Works and used in 
their Demon Anammox process. The InDense separation technology is sold as an approach to 
improve sludge settleability. Conceptually, the InDense cones are used to select for phosphorus 
accumulating organisms (PAOs) in the activated sludge system, which are the group of organisms 
that remove phosphorus in BNR. Using this approach, an anaerobic selector zone may not be 
needed. This approach has only been tested at select locations and is an embryonic technology for 
TP removal. Additional testing is needed to validate the technology and determine specific 
requirements to meet effluent TP targets, however, due to the potential cost efficiency of this 
approach, the development of this technology should continue to be monitored. 
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Figure 13. InDense uses separation cones by World Water Works 
 

 
 

Figure 14. Process Flow Schematic for InDense 
 
Enhanced Primary Solids Capture 
Improving the capture of primary solids provides benefits to the overall treatment system. By 
reducing the solids conveyed to the biological or secondary process, the secondary process can be 
downsized. By capturing additional primary solids, additional energy capture may be possible 
depending on the solids processing system. Therefore, different technologies for enhancing primary 
solids capture may be applied. With enhanced primary solids capture, particulate nutrients are also 
captured thereby directly increasing primary nutrient removal. 
 
Chemically enhanced primary treatment enhances primary solids capture by coagulating and/or 
flocculating fine solids and colloids that would otherwise washout of the primary sedimentation 
tanks. Alternatively, a number of proprietary systems may be used. One example is the Captivator 
process by Evoqua that uses a vertical loop reactor with a WAS return stream to enhance primary 
solids capture and soluble BOD5 removal (Figure 15). Captivator is intended for use of raw 
wastewater in lieu of primary effluent, but alternative implementation may be possible with 
appropriate vetting. Note, a drawback of the Captivator approach that uses an aerated VLR applied 
to raw waste is the increased potential for odor release. 
 
Enhanced primary solids treatment is commonly used, but some of the proprietary technologies are 
not distributed widely. The basic principles to improving primary solids capture are well understood 
and established. As a result, enhanced primary solids capture is considered established. 
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Figure 15. Evoqua Captivator Process 
 
High-Rate Activated Sludge 
High-rate activated sludge, as the name implies, represents an activated sludge process that is 
highly loaded with a short solids retention time (SRT). This means that the activated sludge system 
is small relative to traditional designs, i.e., a conventional, nitrifying activated sludge process. 
Additionally, due to the short HRT and non-nitrifying nature of the process, high-rate activated 
sludge has a lower oxygen demand compared to BNR processes. 
 
By operating a high-rate activated sludge system, the maximum solids yield is attained providing 
the highest potential for biosolids production and energy conversion in the solids processing 
system. Additionally, with wastewaters containing a high cBOD5 to nutrient ratio, such as with Cedar 
Rapids, a high nutrient capture rate is achieved with high-rate activated sludge. Depending on the 
yield, nutrient reduction requirements may be achieved with a high-rate activated sludge process 
strictly through synthesis. Drawbacks to high-rate activated sludge include wet weather flow 
treatment challenges, high air demand, and the requirement for a larger solids handling processes. 
In order to minimize the effect of recycle stream nutrient loading, sidestream treatment processes 
may be required. A selector zone may be integrated into the process to provide stable settleability. 
 
Biologically Active Filter 
A biologically active filter (BAF) may be implemented as an add-on process to give TN removal in 
the mainstream (Figure 16) for a system that already nitrifies fully. The BAF process for 
denitrification would be implemented in association with a phosphorus removal system; either 
biological or chemical. Figure 16 presents a BAF installed as an add-on process in concert with an 
A/O process design to remove phosphorus. The BAF itself consists of an upflow or downflow 
reactor containing a media supportive of biofilm growth. In order to support denitrification, a carbon 
source, such as methanol, would be added, because the carbon sources would be consumed in the 
secondary treatment process. The use of BAFs is widespread, and the technology is well-
established. Implementation of BAFs provides a relatively straightforward and simple approach to 
denitrification. The drawbacks include the need for a continuous methanol feed and potential 
challenges with high hydraulic loading. Due to the methanol feed, despite the high BOD5 loading at 
Cedar Rapids, this alternative does not align well with Cedar Rapids. 
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Figure 16. Flow Schematic for a Dentrifying BAF (Add-on Process) 
 
Algae Systems – Photobioreactors 
The company Algae Treatment Systems promotes algae photobioreactors as a way to remove 
nutrients from waste streams. Algae consume nutrients from wastewater along with atmospheric 
carbon dioxide to support growth. Low nutrient wastewater and waste algae are produced. The 
waste algae may be dewatered and harvested as an energy source. Unfortunately, the Algae 
Systems approach uses offshore floating photobioreactors, which would not be feasible for Cedar 
Rapids. Alternative algae treatment and processing systems may be considered, however, in the 
event the processes are developed to implementation. Algae processes (not related to the company 
Algae Treatment Systems) are being researched at Iowa State University and the Chicago Stickney 
treatment facility. 
 
Salsnes Filter and Thickener 
The Salsnes filter acts to both separate and thicken solids (Figure 17). This technology supports the 
preconditioning of industrial wastes prior to anaerobic pretreatment. The Salsnes filter uses a fine 
mesh screen (belt), an air knife and a jet wash to remove solids and clean the unit. It is totally 
enclosed to minimize odor release. Based on number of installations, Salsnes is an established 
technology. 
 

 
Figure 17. Salsness Filter Operations 
 
High-Rate Anaerobic Pretreatment 
Cedar Rapids currently has an existing high-rate anaerobic process based on the upflow anaerobic 
sludge blanket reactor (UASB) provided by Biothane. Expansion of high-rate anaerobic treatment 
facilitates additional industrial treatment capacity and concurrent biogas generation. The AMBR 
technology is commercially available and applicable for the treatment of Cedar Rapids industrial 
pretreatment system. Unlike with mainstream liquid treatment, AMBR is a more mature industrial 
pretreatment technology. Commercial systems are available from ADI, Veolia, and GE. 
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Sidestream 
The Cedar Rapids WPCF recycles over 30% of the influent nutrient loads back to the mainstream 
from the solids processing facilities as discussed in TM 5. Therefore, another approach to tackling 
nutrients is targeting the removal of nutrients from sidestreams (recycle streams). This reduces the 
nutrient load onto the mainstream process, and subsequently, reduces the nutrient. Sidestream 
technologies are presented in this section. 
 
Sidestream P-release and Recovery 
Phosphorus can be removed from sidestreams by intentionally forming and separating struvite 
(NH4MgPO4∙6H2O), which can be landfilled, land applied, or solid directly as a fertilizer. Several 
suppliers provide systems that can generate struvite including Ostara™, Airprex, Multiform Harvest, 
and Phospaq. Ostara (Figure 18) is the best known supplier of struvite recovery equipment, and 
their product is the most refined (sold as a fertilizer). Additionally, Ostara works to market, 
distribute, and sell the final product.  
 
With a phosphorus release and recovery system, up to 90% of the recycle phosphorus (between 30 
and 40% of the influent phosphorus) can be recovered as well as a fraction of the ammonia. While 
this technology is gaining in popularity, due to the limited number of U.S. installations, it may be 
considered an innovative technology. Ostara is installed and operating in Green Bay, it is 
undergoing startup in Chicago (Stickney), and it is undergoing predesign for Des Moines (Water 
Reclamation Facility). 
 
The phosphorus recovery approach requires a biological phosphorus removal system coupled with 
anaerobic digestion, however, Des Moines WRF is relying on their background struvite formation 
potential to drive phosphorus recovery. Sidestream phosphorus removal is most efficient when 
coupled with mainstream BNR to give a phosphorus sink for the system. Sidestream phosphorus 
removal gives a potential revenue source when sold as fertilizer. The use of a phosphorus release 
and recovery system typically provides the added benefit of improved dewaterability.  
 

 
Figure 18. Ostara P-recovery (From Ostara Brochure) 
 
Deammonification (Anammox) 
Deammonification is a process designed to remove ammonia from the sidestream. The process 
uses two groups of organisms, anaerobic ammonia oxidizers, along with ammonia oxidizing 
organisms, to convert ammonia to nitrogen gas. No supplemental carbon and no alkalinity are 
needed. It requires only approximately 30 to 40% of the oxygen needed for nitrification.  
 
There are three primary deammonification process suppliers designed around various 
configurations of an anammox system (Figure 19); World Water Works-Demon™(Batch reactor), 
Paques-Anammox® (Granular sludge), and Kruger-AnitaMox™(Fixed-film). This approach is 
estimated to remove 85% of the sidestream ammonia. Anammox sidestream treatment does not 
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achieve the identified targets of the NRS. When implemented as a supplement to mainstream TN 
removal, anammox reduces the size requirements for mainstream treatment.  
 
While anammox has been demonstrated and well researched, due to the limited number of 
installations in the US, this technology is considered innovative for sidestream treatment (embryonic 
for mainstream treatment). The advantages of using anammox are the reduced oxygen demand, no 
supplemental carbon requirement, and reduced alkalinity demand for TN removal. Though well-
developed, additional vetting and/or pilot-testing of anammox at Cedar Rapids would provide insight 
into operations with potentially high sulfide concentrations. 
 

 
Figure 19. (Deammonification (Anammox) granules in foreground, reactor in background 
 
QuickWash Phosphorus Extraction 
QuickWash is a proprietary technology that represents another approach to sidestream phosphorus 
removal (Figure 20). This technology utilizes a multi-step process that includes acidification, solids 
separation, phosphorus precipitation with lime and polymer, and a second solids separation step to 
recover phosphorus. The QuickWash process may be applied in the same way as phosphorus 
recovery via struvite, but calcium phosphate precipitates are formed in place of struvite. Increased 
phosphorus recovery efficiency may be possible with this technology as a result of the added 
acidification step and depending on the amount of chemical used. It is unclear whether the 
phosphorus recovered from QuickWash could be a revenue source. The phosphorus product would 
be classified as a biosolids and not a fertilizer (as with Ostara). Due to the limited number of 
demonstrations (and zero installations), QuickWash should be considered an innovative 
technology. 
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Figure 20. QuickWash Process Flow Schematic 
 
Phosphorus Adsorption/Filtration 
Another physicochemical approach to phosphorus removal relies on enhanced filtration that utilizes 
media capable of adsorbing phosphates and trapping particulate phosphorus. The most prominent 
vendor offering phosphorus filtration is Blue Water Technologies. Their catalog includes both Blue 
Pro Reactive Filtration, which adsorbs phosphates onto a hydrous ferric oxide coated sand and 
Blue Nite, which is a denitrifying BAF that concurrently reduces total phosphorus. This treatment 
technology is marketed as an add-on process, but it may also be applied for slip-stream or 
sidestream treatment. Phosphorus adsorption, more generally, is an established technology. The 
Blue Nite system, however, may be considered innovative due to the limited number of installations.  
 
Hydropath by Hydroflow 
The Hydropath, strap-on pipe technology by Hydroflow is a limescale prevention technology. Its 
primary application has been for the control of scaling in industrial cooling tower systems. 
Hydropath operates on the purported principle of magnetic treatment for reducing scaling by 
changing the calcium oxide crystals from calcite (trigonal hexagonal, which scales on pipes) to 
aragonite (orthorhombic, which flows freely through the system). The manufacturer also promotes 
this technology as a way to lower polymer use and increase cake dryness in dewatering. No 
mechanism or design criterion for either struvite control or polymer reduction and cake dryness has 
been provided for its proprietary technology. 
 
A literature review shows about 50% of the studies support this technology strictly for limescale 
prevention in clean water applications. Hydroflow has marketed the product as a form of struvite 
control, but no scientific basis or literature has been found to support this application of this 
technology. Due to the lack of information to explain the scientific basis of this technology for 
struvite control, it is considered embryonic. Full research and development would be needed to 
validate the technology and determine a design basis for hydropath when applied for struvite control 
for each individual flow stream under varying conditions. Cedar Rapids is continuing to explore and 
test this device to reduce polymer consumption and to enhance cake solids from the belt filter 
press. 

Solids Processing and Handling Technologies 
Waste solids produced by the primary and secondary treatment processes must be conveyed, 
processed, and disposed. A wide array of technologies provide processing through pretreatment 
and stabilization, conveyance, thickening, and dewatering. The solids processing technologies are 
selected to form a treatment train compatible with the final selected use for the biosolids end 
product. Technologies available are described in this section along with potential benefits, 
drawbacks, the level of development, and compatibility with different end uses. 
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Solids Stabilization Processes  
This section describes solids processing technologies including both treatment and pretreatment 
alternatives. 
 
Incineration (Thermal Oxidation) 
Incineration consists of combustion of the waste solids, which is one of the current solids processes 
at Cedar Rapids. A balance of combustion air, solids feed, supplemental fuel, exhaust recirculation, 
preheating, and ash disposal must be maintained within the incinerator. The higher the volatile 
solids content and the lower the moisture content of the feed solids, the less supplemental fuel must 
be used. Two types of incinerators are in use today, fluid bed incinerators (FBI) and MHIs. 
Incineration was discussed extensively in the 2011 Solids Facilities Plan. Incineration is an 
established technology. 
 
Fluid Bed Incinerator 
FBIs are the most advanced form of incineration giving the most efficient combustion and the lowest 
air emissions. An active balance of inputs and outputs must be maintained. The benefits of fluid bed 
incineration include highly efficient incineration, low air emissions, and minimal ash residue to 
dispose. The drawbacks include operational cost, intensive operations control requirements, large 
site footprint, and extremely tight regulatory limits for air emissions based on Maximum Achievable 
Control Technology (MACT) standards. 
 
A circulating fluid bed boiler offers another option to available incineration technologies that 
integrates power capture into the process. For this process, steam is generated from the heat 
produced, and the steam may be used to run an electricity generating turbine. Excess heat 
generation is required for this technology, which may require the addition of biogas or natural gas. 
 
Multiple Hearth Incinerator 
An MHI is currently in operation at Cedar Rapids. The MHI is less operationally intensive than the 
FBI with more flexibility in the process. Unlike an FBI that fluidizes the solids and completes 
combustion within an extremely short time period, an MHI includes trays and rabble arms with 
distinct zones within the incinerator. As a result, the MHI includes a drying zone, a combustion 
zone, and an ash cooling zone. The benefits of MHI include more flexibility in operations (compared 
to FBI) and less stringent air emissions based on MACT standards. Additionally, the MHI is already 
installed at Cedar Rapids and was recently refurbished. As a result, the capital investment needed 
is limited to the cost of upgrades and maintenance. The drawback is that the existing MHI is 
capacity limited and will not treat all of Cedar Rapids solids. Other drawbacks include the 
supplemental fuel cost is higher as a result of less efficient combustion (relative to FBI) and the MHI 
is approaching 40 years of service.  
 
Anaerobic Digestion 
Anaerobic digestion is a well established technology that relies on an enclosed unaerated tank to 
process biosolids using symbiotic biochemical pathways. Unlike the existing high-rate anaerobic 
process designed for soluble BOD5 removal, anaerobic digestion is a low-rate process designed for 
volatile solids destruction. As discussed in the 2011 Solids Facilities Plan, mesophilic digestion 
operates at a temperature of 35 ⁰C (95 ⁰F). Volatile solids captured from the liquid train are 
destroyed with an efficiency typically between 40 and 60% typically, and pathogen levels are 
reduced. The final product is Class B biosolids, which can be land applied in accordance with EPA 
and IDNR regulations based on 40 Code of Federal Regulations § 503. Treatment of biosolids 
using anaerobic digestion is a mature and well-established technology. 
 
Through anaerobic digestion, biogas is generated with an untreated heating value between 600 and 
700 BTU per cubic foot providing a substantial benefit to this technology and approach. The biogas 
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may be treated and used on site or upgraded and sold offsite. The economics vary considerably, 
but renewable energy credits typically sell at a rate two to three times the rate of natural gas.  
 
The primary drawbacks of incorporating anaerobic digestion into Cedar Rapids is the initial 
infrastructure investment cost and the size of the layout required to support anaerobic digestion. 
The size of the investment and layout can be reduced by incorporating a solids pre-treatment 
process. Several sludge pre-treatment processes are described in a later section. 
 
Thermophilic Anaerobic Digestion 
In contrast to (mesophilic) anaerobic digestion, thermophilic anaerobic digestion is an established 
technology that relies on the same basic process but operates at a thermophilic temperature of 
55⁰C (131 ⁰F) instead of a mesophilic temperature of 35⁰C (95 ⁰F). Thermophilic digestion 
increases the rate of solids stabilization (thereby reducing the tankage volume), improves pathogen 
destruction, increases biogas production rates, and provides volatile solids destruction at lower 
retention times. The process may be operated to yield Class A biosolids, which can be land applied 
with fewer restrictions compared to Class B biosolids. Drawbacks to thermophilic anaerobic 
digestion include higher energy requirements, lower quality recycle streams, a potential for more 
odorous biosolids, decreased process stability requiring more operator attention, and a higher 
foaming potential.  
 
Phased Digestion 
The two most popular approaches to phased digestion include acid-gas phase digestion and 
temperature phased digestion. For acid-gas phase digestion, biosolids are initially treated in a 
reactor tank at a short retention time from 1 to 3 days (similar to the preacidification basin used for 
the high-rate anaerobic process). The acid phase tank is operated at a low pH and under conditions 
optimized for acid forming bacteria. Then, the acid phase effluent is fed to the gas phase reactor, 
which is optimized for methanogenic bacteria giving efficient biogas production.  
 
For temperature-phased digestion, the solids are initially treated in a thermophilic reactor followed 
by a mesophilic reactor. This approach is meant to exemplify the advantages of both thermophilic 
and mesophilic anaerobic digestion while minimizing the drawbacks. A higher rate of digestion is 
achieved, Class A biosolids are produced (if operated to give Class A), the impacts of foaming are 
mitigated, the odor potential of the biosolids is reduced, and an overall more stable process is 
created. 
 
The net result of phased digestion is a smaller system relative to anaerobic digestion but requires a 
separate acid phase digester. The drawbacks to phased digestion are a slightly more complex 
system to own and operate at a higher cost. Additionally, the design needs to account for either the 
acid conditions of the acid phase or the higher temperature requirements of the thermophilic phase. 
Both technologies are patented processes. Based on the number of installations, phased digestion 
is Innovative. 
 
Sludge Pretreatment 
Sludge pretreatment is the next evolution to phased digestion, whereby pretreatment processes are 
used specifically to hydrolyze the solids processed. Pretreatment, therefore, provides a high-rate 
approach to overcoming the rate-limiting step to anaerobic digestion thereby reducing the tankage 
volume needed for digestion or stabilization. Several pretreatment processes have been developed 
or are being researched. The pretreatment processes considered herein include thermal hydrolysis, 
ultrasonic pretreatment, cavitation pretreatment, and pasteurization. The existing Zimpro low 
pressure oxidation (LPO) process at Cedar Rapids is one of the original sludge pretreatment 
processes combining temperature and pressure to hydrolyze solids. 
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Thermal Hydrolysis 
Thermal hydrolysis uses high temperatures and pressures to lyse biosolids and hydrolyze solids 
(both primary solids and waste activated sludge) thereby improving digestibility. For this technology, 
biosolids are typically screened and dewatered prior to being fed into the thermal hydrolysis 
process. Within the hydrolysis process, the biosolids temperature is raised to 160 to 170⁰C (330 ⁰F) 
for a reaction time of 20 to 40 minutes at pressures between 5 and 8 Bar (70 to 120 psi). Several 
suppliers have developed thermal hydrolysis systems, but the most well-developed and widely 
applied is Cambi™. Based on the full-scale installations, this would be considered innovative 
technology. 
 
The advantages to using thermal hydrolysis include increased volatile solids destruction, increased 
biogas production, improved anaerobic digester sizing (reduced digester volume need), increased 
dewaterability, and decreased viscosity. Disadvantages include high capital cost, a higher energy 
requirement, complex operations, odor potential, and a high strength sidestream. 

Ultrasonic (Cavitation) 
Ultrasonic pretreatment is a form of mechanical hydrolysis that uses high frequency soundwaves to 
cavitate the solids stream and disintegrate the solids; break the floc structure. Ultrasonic 
pretreatment has been researched and found to increase volatile solids degradation and the 
corresponding biogas production rates. This technology has been developed and applied to the 
extent that it is considered innovative technology by USEPA. EIMCO® (Ovivo) Water Technologies 
distributes a commercial cavitation system. The Orange County Sanitation Districts is identified as a 
practitioner using ultrasonic pretreatment. The current modular process is best operated at 1 to 2% 
solids. As a result, even though digestibility is improved, minimal anaerobic digester volume 
reduction is gained. However, the process is indicated to be simpler to design and operate 
compared to THP. 

From the Ovivo Water (http://www.ovivowater.com/product/municipal/municipal-wastewater/sludge-
treatment-anaerobic-digestion/sludge-disintegrator/ovivo-sonolyzer-ultrasound-sludge-
disintegrator/): 

Typically, only 1/3 of the thickened WAS stream is treated with the Sonolyzer unit. The capacity per 
reactor is 6.0-9.0 gpm and multiple reactors can be used in parallel, or sized for specific 
applications. 

Pasteurization 
Pasteurization is established as a stand-alone stabilization technology, but this approach offers an 
pretreatment method for increasing volatile solids destruction and biogas production. In this 
pretreatment process biosolids are heated to 70 ⁰C (158 ⁰F) for a period of 30 to 60 minutes. The 
solids are then anaerobically digested. Pasteurization kills pathogens and improves digestibility. 
The final product generated can be land applied as Class A biosolids 

Based on USEPA categorization of technologies, pasteurization is considered an established 
technology. Benefits include higher biogas yields, improved stabilization, reduced pathogen levels, 
and shorter retention times. The drawback is the energy required to support the process, however, 
energy recovery may be applied to minimize the losses. 

Suez Monsal™  
The Suez Monsal™ process is a proprietary anaerobic digestion pretreatment process designed to 
give enhanced volatile solids destruction with a set of hydrolysis or pre-acidification tanks operated 
in series. The process is intended to operate with a conventional anaerobic digester system. Based 
on some information from European installations, the Monsal process gives more efficient volatile 
solids destruction (up to 60%) and improved biogas production versus conventional anaerobic 

http://www.ovivowater.com/product/municipal/municipal-wastewater/sludge-treatment-anaerobic-digestion/sludge-disintegrator/ovivo-sonolyzer-ultrasound-sludge-disintegrator/
http://www.ovivowater.com/product/municipal/municipal-wastewater/sludge-treatment-anaerobic-digestion/sludge-disintegrator/ovivo-sonolyzer-ultrasound-sludge-disintegrator/
http://www.ovivowater.com/product/municipal/municipal-wastewater/sludge-treatment-anaerobic-digestion/sludge-disintegrator/ovivo-sonolyzer-ultrasound-sludge-disintegrator/
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digestion over a wide range of sizes at anaerobic digester system retention times between 12 and 
20 days (excluding the Suez Monsal pretreatment tank retention times).  
 
Aerobic Digestion 
Aerobic digestion is a well-established technology that treats biosolids in a well-aerated tank in 
order to destroy volatile solids and reduce pathogens. Due to heat losses, longer retention times 
(60 days at 15⁰C) and lower loading rates may be needed to provide adequate stabilization. With 
the appropriate retention time provided, Class B biosolids are produced for land application. Aerobic 
digestion is most often used at facilities with flows less than 5 to 10 MGD due to the retention time 
required and the aeration demand. 

Autothermal Aerobic Digestion 
Autothermal aerobic digestion (ATAD) is a specialized type of aerobic digestion that self-heats due 
to applying a concentrated load to the reactor. The result is a process with improved volatile solids 
and pathogen destruction. Depending on operational conditions, a Class A biosolids (10-day 
retention time at 55 to 60⁰C) may be generated. As with traditional aerobic digestion, ATAD is 
typically limited to smaller facilities due to operating costs. 
 
Pyrolysis 
Pyrolysis relies on extreme heat and temperature (combustion) in the absence of oxygen to 
stabilize dried solids. The pyrolysis process produces biochar (a solid residue), bio-oil (liquid 
residue), and gas (syngas). Benefits of pyrolysis are the large volume reduction provided and the 
Class A residue generated. The residuals may also be sold as fuel due to the high energy content 
concentrated into the solid and liquid residues. Drawbacks of pyrolysis include the energy demand, 
residuals handling, and the high-strength recycle streams. Due to the limited number of 
installations, pyrolysis is an innovative technology. 
 
Hydrothermal Liquefaction - Algae Treatment Systems 
The company Algae Treatment Systems offers a proprietary technology called hydrothermal 
liquefaction, which uses heat energy at low oxygen conditions to covert biosolids to bio-oil. This 
technology effectively optimizes the pyrolysis process previously discussed to generate bio-oil 
rather than biochar or gas (syngas). Algae Treatment Systems has offered this as either a 
treatment system or a pretreatment system prior to anaerobic digestion. A wide range of operating 
temperatures (200 to 400⁰C) and pressures (200 to 2,500 psi) is identified. This technology is in the 
developmental stage and is considered embryonic. Additional development testing to validate and 
to determine a design basis would be needed. 
 
Gasification 
Gasification is a two-step process that provides a second step to pyrolysis. The first step is 
pyrolysis as previously described. The second step is the gasification step, which is partial 
combustion (combustion with limited oxygen) to make syngas. As with pyrolysis, this technology 
substantially reduces volume, generates a Class A residue, and it generates syngas that can be 
used as fuel. Due to the level of development, gasification is an embryonic technology. 
 
Supercritical Water Oxidation 
Another form of thermal conversion is supercritical water oxidation (hydrothermal oxidation), which 
substantially reduces the residuals produced by completely mineralizing the biosolids. In this 
process, the solids stream is heated to the supercritical point (374⁰C and 3,200 psi) to completely 
decompose the organics. The small amount of residue that is produced is a Class A biosolids. 
Depending on the operational conditions, the process is exothermic with a potential for energy 
recovery. Based on the development level and the applications tested, this technology is 
categorized as innovative by USEPA in their evaluation, however, no working model has been 
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developed according to a careful review of operating data from the single demonstration unit setup 
and run. The vendor is ScFi Group (AquaCritox) out of Ireland. No pilot unit is available. Due to the 
embryonic nature of this technology, the lack of pilot test capability makes supercritical water 
oxidation a risky technology at this point. 
 
Biosolids Drying 
The next technology category is biosolids drying, whereby the goal is reducing the moisture content 
of the biosolids. Biosolids must first be dewatered, and then the solids can be directed into a drying 
system. Drying may be applied as a standalone technology or to solids that have already 
undergone stabilization. When dried to less than 10% moisture content, the biosolids are Class A 
residuals and may be distributed or land applied. 

Air Drying/Drying Beds/Solar Drying 
Air drying is the simplest approach to drying. It is a well-established technology that relies on air 
and solar irradiation of biosolids distributed on drying beds. Biosolids are spread in a thin layer on a 
pad and dried for an extended period of time until the target moisture content is achieved. The 
biosolids layer must be intermittently turned, which may be conducted manually by a front-end 
loader or similar equipment. Options for vendor packaged drying systems include greenhouse 
enclosures (Figure 21) and automated turning systems. This approach to drying is energy efficient, 
but it requires large land areas. As a result, it is most frequently applied at smaller facilities, but it 
can be used at larger facilities with adequate land area. This technology is considered established. 

 
Figure 21. Parkson Thermo-System, Solar Sludge Dryer 

Indirect Drying/Direct Drying 
Direct and indirect drying are established technologies that rely on thermal heating to evaporate the 
moisture from the biosolids. With direct drying, the heat is transferred directly from the combustion 
gases to the biosolids while indirect drying relies on transfer through an intermediate heat source. 
This process is fast requiring short contact times. Drying systems can be matched to meet demand 
easily in a small footprint. The cost of drying systems varies from moderate to high, and there is a 
significant energy demand to dry the biosolids. 

Microwave 
A newer approach to drying is through the use of microwave irradiation. As with the previous forms 
of drying, microwave drying removes water and reduces pathogens to give a Class A biosolids. 
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Unlike the previous forms of drying presented, microwave drying heats material from inside out 
versus outside in from established drying technologies. This technology is considered innovative. 
The vendor is Burch Hydro, Inc. (BioWave). 
 
Alkaline (Lime) Treatment 
Alkaline or lime treatment is a well-established, simple technology for meeting land-application 
requirements that is currently practiced in Cedar Rapids for backup solids treatment. Lime may be 
added to liquid solids or dewatered solids in order to raise the pH for a specified contact time giving 
Class B biosolids (2 hours at a pH of 12). If coupled with increased temperature (70⁰C), lime 
stabilization may be used to provide Class A biosolids. Drawbacks to lime treatment include odor 
potential, increased solids for disposal, and abrasive material properties. Manufacturers of alkaline 
treatment systems designed to give Class A biosolids include Schwing (Bioset) and RDP 
Technologies. 
 
Composting 
Composting biosolids is another well-established, simple technology for meeting land application 
requirements. The process is aerobic and relies on microbial conversion of organic waste within 
dewatered biosolids for stabilization. During the composting process, the temperature can increase 
to 55 or 60⁰C within the solids mass. Composting may be applied using simple (unconfined) piles of 
biosolids, or it may be implemented through a more industrial (confined) process. Depending on the 
approach, either a large site may be required (unconfined) and/or investment in equipment is 
needed (confined). Composting generates either Class A or Class B biosolids that tend to be well-
received by end users. Odor is sometimes a concern with composting, particularly for unconfined 
systems, and proper mitigation should be considered. Refer to TM 6 – Solids Market and End Use 
for a more general discussion on composting. 
 
Commercial compost systems are available that may be integrated into the existing Cedar Rapids 
compost facilities (Cedar Rapids Linn County Solid Waste Agency’s yard waste facility) to support 
biosolids composting by providing mechanized and automated systems to reduce the operator 
intensive effort generally associated with unconfined composting. The WeCare Technology Group 
(WTG) is licensed with the Vermitech composting system (Figure 22), which is a process controlled 
approach to composting. This system uses conveyors, aeration, and odor control within an 
enclosed building to facilitate composting. Other commercial systems are available as well including 
BCR Environmental’s CleanB-AC composting system. 
 

 
Figure 22. Vermicomposting system in Granville, PA 
 
Chemical Treatment 
Solids may also be chemically treated to provide pathogen reduction. The company BCR 
Environmental markets their CleanB product as a technology to meet Class B pathogen reduction 
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requirements. This technology would be coupled with either composting or drying to meet vector 
attraction reduction requirements.  
 
CleanB uses chlorine dioxide gas with a short contact time (10 minutes or less) to disinfect the 
solids. With the short contact time requirement, the system is much more compact than other 
pathogen reduction alternatives. CleanB is well geared toward separate WAS treatment. Additional 
treatment is required to meet vector attraction reduction requirements for land application. 
 
Solids Handling 
This section describes solids handling technologies including screening, conveyance, thickening, 
and dewatering processes. Some solids handling processes may be better suited for Cedar Rapids 
due to the strong industrial content of the waste streams. 
 
Screening 
Sludge may be screened prior to further treatment in order to protect the biosolids handling and 
processing systems. In some cases, as with thermal hydrolysis, a dedicated screening process is 
essential to process integrity. Cedar Rapids WPCF currently screens primary sludge using 
traditional headwork’s screening equipment, but additional sludge screening would be required to 
support THP. As a requisite preparation step for THP, screens specifically designed to screen 
thickened sludge may be used. Two primary vendors supply sludge screens, Hydro International 
(Figure 23) and Huber (Figure 24). These screens remove grit and fine debris. The grit and debris 
decreases the effective volume of digesters, wears pumps, clogs heat exchangers, and interferes 
with mixing. 
 

  
Figure 23. Hydro-Sludge Screen (Hydro International) 
 

 
Figure 24. Sludge Screen STRAINPRESS (Huber) 
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Thickening 
As with screening, sludge thickening provides many benefits to improve the solids processing 
system. By thickening the solids, the volume and water associated with the solids is reduced. As a 
result, the heating energy and the volume required for processing needed are reduced 
proportionally to the amount of thickening accomplished. Thickening may be completed with a 
number of different technologies available from a number of different vendors. Several of these 
thickening approaches are captured below. All of the technologies discussed are considered well 
established.  

Rotary Drum 
Rotary drum thickening utilizes a screen rotating within an enclosed drum with some polymer to 
thicken sludge within a relatively small footprint (Figure 25). Influent solids concentrations can range 
from 1 to 3%, and the rotary drum thickener can thicken the solids from 5 to 12%. Washwater is 
used to clean the drum. Recovery of solids is typically greater than 95% and often close to 98%. 
The maximum throughput per unit is typically 400 gpm. 
 

 
Figure 25. Depiction of Rotary Drum Thickener (from www.fkcscrewpress.com/crst.html) 

Gravity Thickening 
Gravity thickening is completed by sedimentation in a tank with thickened-sludge collection, surface 
skimming, overflow weirs and sludge pumping. The process is similar to clarification, and acts as a 
second-stage clarifier for concentration solids. Gravity thickeners require tanks and a larger surface 
area than mechanical thickening units. A major advantage is that gravity thickeners tend to require 
less operator attention and maintenance. 

Gravity Belt Thickening 
A gravity belt thickener represents another form of enclosed mechanical thickening meant to 
provide efficient thickening within a small footprint (Figure 26). Gravity belt thickening is currently 
used for WAS thickening at Cedar Rapids. With gravity belt thickening, solids mixed with some 
polymer are distributed onto a moving porous filter belt. Filtrate runs freely through the belt and into 
filtrate collection chamber. The residual, thickened solids pass along the end of the belt, across a 
scraper and into the collection zone.  
 

http://www.fkcscrewpress.com/crst.html
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Figure 26. Depiction of Gravity Belt Thickener (www.bdpindustries.com) 

Centrifuge 
Thickening centrifuges rely on centrifugal force to separate solids within a rotating bowl. A screw 
conveyor (scroll), running at a differential speed (co-current or counter-current) to the bowl acts to 
remove the thickened solids from the bowl (Figure 27). Centrate is removed from the side opposite 
the thickened solids. Centrifuges are efficient and enclosed, but the electricity demand associated 
with centrifugal thickening is higher than for other thickening processes. 
 

 
Figure 27. Depiction of Thickening Centrifuge (http://www.kakoki.co.jp/) 

Dissolved Air Flotation 
Dissolved air flotation thickening, currently used for primary sludge thickening at Cedar Rapids, 
relies on fine bubbles attached to polymerized solids to thicken the solids and float the solids to the 
surface of a tank (Figure 28). The thickened solids are then scraped into a collection chamber as 
float solids. Some grit-like (bottom) solids are also collected from the bottom of the tank. Water 
separated from the solids is collected from the middle of the tank. For large solids streams, a 
circular concrete tank is typically used. Dissolved air flotation thickening is efficient, but it often 
requires a large footprint, is complicated to operate, and requires continual maintenance. For Cedar 
Rapids WPCF solids, dissolved air flotation thickening displaces hydrogen sulfide into the gas 
phase with the supersaturated air stream used to float the solids causing odor, equipment 
maintenance, and safety issues. 
 

http://www.bdpindustries.com/
http://www.kakoki.co.jp/
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Figure 28. Depiction of a Dissolved Air Flotation Thickener (http://www.etsenvironmental.com/) 

Disc Thickening 
Disc thickening uses the same concept as with a rotary drum thickener, but the rotating screen-filter 
has been converted to a rotating disc shifted to an inclined installation. Figure 29 shows the S-Disc 
Thickener by Huber Technologies graphically whereby thickened solids leave the top right side of 
the equipment and filtrate leaves the lower left side of the disc assembly. This technology is 
reported to give efficient thickening with low polymer, water, and power consumption within a 
compact footprint. Further, the equipment is enclosed giving positive control of odors. Drawbacks 
include the limited capacity of each unit (potentially requiring a large number of units) and limited 
experience with this approach. The maximum throughput per unit is limited to about 24 gpm, which 
may limit the application for Cedar Rapids. 
 

 
Figure 29. S-Disc Thickener Graphic (Huber Brochure) 
 
Dewatering 
Sludge dewatering is used to create a cake solids for final end use (e.g. land application) or prior to 
further processing (e.g., composting or drying). Dewatering is also required in advance of some 
pretreatment process; most notably thermal hydrolysis. The dewatering processes use mechanical 
units to separate by filtration, pressure, or centrifugal forces.  
 
As with thickening, dewatering may be completed with a number of different technologies available 
from a number of different vendors. All of the technologies discussed are considered well 
established with the exception of the Bucher Hydraulic Press. 

http://www.etsenvironmental.com/
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Belt Filter Press 
A belt filter press, currently used for primary sludge dewatering at Cedar Rapids, is a mechanical 
unit designed to dewater biosolids by using both gravity and pressure zones (Figure 30). The 
gravity zone of the belt filter press functions similarly to the gravity belt filter thickener. Then, the 
press transitions to a pressure zone that further dewaters by applying and imposing shear forces 
along the tensioned porous belts. Belt filter presses are simple and straightforward to run and can 
be readily started and stopped. They operate with low noise and require minimal staff. Drawbacks 
of belt filter presses include odor potential (unless enclosed at extra cost like Cedar Rapids), some 
potential for operational challenges if the feed is inconsistent, possible blinding problems from 
grease or precipitates, a large footprint, and a requirement for cleaning. Additionally, a large volume 
of washwater is used for belt filter press dewatering. Effluent may be used to minimize water usage, 
but the dilution effect of the washwater makes phosphorus recovery from the sidestream more 
difficult. As a result, the belt filter press must be adapted so that the filtrate is captured from the 
washwater separately. 

 
Figure 30. Depiction of a Belt Filter Press 

Rotary Fan Press 
The rotary fan press represents another dewatering technology that relies on pressure increases to 
force filtrate through porous plates as solids flow through a rectangular channel. Individual units are 
installed along a multi-unit to give capacity for meeting dewatering demands. The press is 
advantageous, because it runs at low speeds (giving it a low energy demand), it requires less 
operator attention, it comes totally enclosed (giving it a low odor potential), it starts and stops easily, 
it has a small footprint, it handles fluctuations in solids well, and it has low wash water 
requirements. The primary disadvantage is capacity. While rotary fan presses can be set on a 
manifold of multiple units, there is a finite loading capacity. Treating the entire Cedar Rapids WPCF 
solids production would potentially require two dozen units or four six-channel manifolds. 

 
Figure 31. Depiction of Rotary Press (left-www.psirotary.com, right-Fournier Press [www.rotary-press.com]) 

http://www.psirotary.com/
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Screw Press 
A screw press dewaters by feeding flocculated sludge into a rotating wedge wire screen using a 
tapered conveyor screw that increases pressure along the length of the screw. The two biggest 
suppliers of screw presses are FKC and Huber. Both include options for improving biosolids 
flocculation prior to dewatering. Screw presses are self-contained (giving odor control), operate at 
low speed (low energy consumption), have a high capacity, and tolerate fluctuations. The 
drawbacks are that screw presses have a large footprint, require the use of washwater, and the 
relative operations and maintenance is higher compared to other dewatering processes. 
 

 
Figure 32. Graphic of Screw Press Operation (http://www.kakoki.co.jp/) 

Plate and Frame Press 
A plate and frame press uses alternating plates and screens to dewater. It operates as a batch 
process. First, an expanded press fills with the biosolids. Then, the press compacts and pressurizes 
to press the water from the solids. Finally, the filter is reopened allowing the cake to be removed 
from the plates. The filter plates need to be washed intermittently. 
 
Plate and frame presses are enclosed thereby minimizing odor potential, operate at low speeds, 
and tolerate fluctuations in solids well. The batch operation requires more operator attention and 
planning, and the release of solids often requires scraping by operators. The washwater generated 
needs to be recycled and treated. 
 

 
Figure 33. Depiction of Plate and Frame Press (www.andritz.com) 

Centrifuge 
Dewatering centrifuges, currently used for LPO solids dewatering at Cedar Rapids, rely on 
centrifugal forces to separate centrate from the solids similarly to the mechanism for thickening 
centrifuges. The differences between the dewatering versus thickening centrifuge are the 
configuration of the conveyor (scroll) and the configuration of the solids discharge ports. Centrifuges 
offer a high capacity, a wide range of applications, handle fluctuations well, keep odors enclosed, 

http://www.kakoki.co.jp/
http://www.andritz.com/
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and do not require wash water. Despite the advantages, centrifuges operate at high speeds 
(requiring a high energy input), have a higher operations and maintenance requirement, have a 
large footprint, and have a longer relative start-up and shutdown times. 
 

 
Figure 34. Graphic of Dewatering Centrifuge (hiller-us.com/sludge-dewatering.php)  
 

Bucher Hydraulic Press 
The modern version of the plate and frame press is the Bucher Hydraulic Press, which uses a 
cylinder and piston to squeeze water through a filter and into drainage channels. This press was 
developed to increase cake solids with a lower energy input requirement. The Bucher Hydraulic 
Press originates from the food and beverage industry and has been adapted, tested, and installed 
as a digested biosolids dewatering device.  
 
The Bucher Press operates in batch mode similar to the plate and frame press; thus requiring 
multiple units or storage to support operations. Unlike the plate and frame press, the Bucher Press 
is fully automated. The press is advantageous because it is fully enclosed, is fully automated, starts 
and stops on demand, has a high capacity, and provides improved dewaterability compared to 
other technologies. The primary disadvantage is that it operates in batches. Due to the limited 
number of installations, the press is considered an innovative dewatering technology. Bucher 
Unipektin is a Swiss company operating primarily in Europe. The Bucher Press is sized with high 
capacity with the largest unit capable of processing up to 20 dry tons per day. 
 

    
Figure 35. Bucher Hydraulic Press Operational Steps 
 

 
Figure 36. Bucher Hydraulic Press (Bucher Unipektin Brochure) 
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Energy Recovery 
Energy recovery is achieved by a number of the technologies previously discussed. Additional 
energy savings are available by using appropriate technologies to harvest biogas produced from 
anaerobic processes; anaerobic pretreatment, anaerobic digestion, etc. In this section, biogas 
storage technologies are discussed first, biogas usages are discussed next, and biogas treatment 
and conditioning technologies are discussed last. 
 
One drawback with biogas storage is the potential hazards with storage adjacent to high purity 
oxygen. Proper controls need to be incorporated to reduce the hazard risk including proper biogas 
thermal shutoff valves and flame arrestors, maintaining a minimum separation between biogas and 
oxygen storage (typical minimum of 50 feet), and properly grounding and controlling ignition 
sources.  
 
Biogas Storage 
The biogas produced from anaerobic processes can be used a number of ways to provide fuel for 
equipment or processes onsite or offsite. One challenge with using biogas onsite is matching 
production with demand. A solution to this challenge is provided by the addition of storage to the 
biogas system. Storage is used to attenuate and align production with demand. 
 
Membrane Cover 
A membrane gas holder system provides large volumes of gas storage. The engineered membrane 
is dome-shaped and can be installed as a digester cover, or it can be installed on a pad as a stand-
alone storage system. Membrane covers use inner and outer membranes, a cable system, and 
controlled air volumes between the inner and outer membranes to give a variable volume, constant 
pressure biogas storage volume. 
 

 
Figure 37. Dystor® by Enaqua Membrane Cover System on Digesters 
 
Gas Holding Covers 
Steel gas-holding covers may be installed directly on anaerobic digesters thereby providing a 
mechanism for storage. These covers have large aprons giving volume capacity for storage. The 
cover rises on a track system as the headspace in the digester fills with biogas. Gas holder covers 
are designed to operate with constant pressure and variable volume storage like the membrane 
covers. 
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Figure 38. Gas Holder Cover as depicted by Walker Process 
 
Medium/High Pressure Spheres 
An alternative to the previous two cover and gas storage options is a dedicated gas storage system 
using a spherical shaped, steel structure. The spheres need foundations or pads for support and 
extend upwards. These structures are expensive and carry safety risk. The advantage is that the 
spheres can storage the largest volumes of biogas or conditioned natural gas within the smallest 
footprint. 
 

 
Figure 39. Horton Sphere, High Pressure Gas Storage 
 
Biogas Usage  
 
Dual Fuel Burners 
Heating equipment, for solids treatment processes (e.g., anaerobic digestion, thermal treatment, 
drying) or building heat, relies on burners that combust air and a fuel source. Dual fuel burners can 
burn biogas and natural gas as fuel sources. This is similar to the burners used to support heating 
of the existing Zimpro reactors. More complex burners and burner controls support blended fuels as 
well with variable mixtures of natural gas and biogas. Dual fuel burners should be used to the extent 
possible at Cedar Rapids in order to maximize biogas usage.  
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Figure 40. Boiler System with a Dual Fuel Burner (www.globalwaterenegineering.com) 
 
Cogeneration – Reciprocating Engines 
A cogeneration system seeks to maximize the use of biogas and energy efficiency of biogas 
burned. An engine generator burns biogas to generate electricity and waste heat from the engine is 
used to heat the process. This approach is typically referred to as combined heat and power (CHP). 
A CHP system may be installed as part of an anaerobic digestion upgrade giving both heat 
production and electricity generation for use on-site5. Electricity may be generated during peak 
hours to reduce power costs or continuously if adequate biogas is available. The CHP process is 
centered around reciprocating engine technology (Figure 41) 
 

 
Figure 41. Jenbacher Cogeneration Engine 
 
Microturbines 
Microturbines offer a high efficiency alternative to internal combustion engines for converting biogas 
to heat and electricity. Microturbines rely on high-speed rotating turbines powered by combustion of 
the biogas to drive electricity generation. The advantages over reciprocating engines is that 
microturbines minimize noise, vibration, maintenance issues, and emissions. Disadvantages of 
microturbines include sensitivity to biogas contaminants like sulfides and siloxanes and cost. 
 

                                                
5 Note the existing high-rate anaerobic process does not have a heating requirement, so CHP 
would not be needed, but engine generators could be used without the heat recovery component. 
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Figure 42. Capstone Microturbines at Sheboygan Wastewater Treatment Plant 
(http://www.sheboyganwwtp.com/4a_microturbines.php)  
 
Fuel Cells 
Fuel cells rely on electrochemistry rather than combustion of biogas for electricity generation. 
Significant advantages of fuel cells include low maintenance and no emissions. Fuel cells are safer 
to operate since there is no combustion process and there are no high speed rotating components. 
Drawbacks include sensitivity to biogas contaminants like sulfides and siloxanes and no concurrent 
heat generation. 
 
BioCNG Fuel Station 
BioCNG fueling represents the conditioning and upgrading of biogas to natural gas quality sufficient 
to operate vehicles designed to run on natural gas. A fueling station may be setup for commercial 
use or for fleet vehicle usage. Biogas treatment and conditioning is needed as well as compression 
as described in the next section. Renewable energy credits (Renewable Identification Number 
[RIN]) may be available to help recover the cost of this system. The RINs are a renewable fuel 
credit created by EPA as part of the Renewable Fuel Standard (RFS). The credits are the currency 
used by parties obligated to obtain RINs to certify compliance that they are meeting the mandated 
renewable fuel volumes. Parties obligated to obtain RINs purchase RINs from the marketplace from 
RIN producers. The credit value varies depending on biogas quality, quantity, usage, finance 
charges, etc. 
 

 
Figure 43. Grand Junction, Colorado BioCNG Station 
 

http://www.sheboyganwwtp.com/4a_microturbines.php
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CNG Pipeline Injection 
Biogas may be treated and conditioned to pipeline quality so that it may be injected into the biogas 
pipeline. With pipeline injection, the standards of the natural gas pipeline utility owner must be met 
and maintained with automated testing and monitoring. A pipeline suitable for injection would need 
to be identified, and an agreement between Cedar Rapids and MidAmerican Energy would be 
needed. As with the previous option, biogas treatment and conditioning is needed as well as 
compression as described in the next section. Renewable energy credits (possibly including 
California low carbon fuel standard [LFCA] rates) may be available to help recover the cost of this 
system. 
 
Biogas Treatment and Conditioning 
Biogas treatment at various levels is needed to beneficially use biogas. A number of different 
systems and approaches can be used to condition the biogas to different qualities depending on the 
end use objectives. These systems may be available for pilot testing to verify effectiveness for 
Cedar Rapids. 
 
Iron Sponge 
An iron sponge is an established technology that uses a bed of ferrous materials within an enclosed 
vessel to capture hydrogen sulfide. The hydrogen sulfide reacts with the iron to form iron sulfides 
giving a low sulfide gas coming out of the vessel. Once the iron sulfides are formed, the bed is 
spent and either needs to be regenerated (with air) or replaced6. Different commercial systems are 
available. The Varec Gas Purifiers is one example using fiberglass vessels. 
 

 
Figure 44. Varec 236 Gas Purifier – Iron Media Vessel for Hydrogen Sulfide Removal 
 
Activated Carbon (Impregnated) 
Activated carbon media strongly adsorbs organic compounds, and it can be impregnated with 
additives to support adsorption of hydrogen sulfide and siloxanes. The impregnated activated 
carbon media is filled into a vessel with a similar approach to the iron sponge. Spent activated 
carbon is typically replaced with new or regenerated media. Specialized carbons may need to be 
returned to the supplier to be recycled. The use of activated carbon for biogas treatment is well 
established. 
 

                                                
6 Note regeneration produces heat and sulfides. Appropriate safety precautions are needed when regenerating media. 
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Figure 45. Unison Solutions – Activated Carbon Adsorption Vessels 
 
Water Scrubber 
Water scrubbers remove impurities in the biogas and produce clean methane gas that meets 
conditioned sales gas pipeline specifications by using the differential solubility of biogas 
constituents. With this technology, the biogas is compressed by scrubber feed compressors and 
flows through the bottom of the scrubber and exits at the top. The complete skid-mounted package 
includes wet treatment vessels, water and gas conditioning equipment, driers, heaters, pumps, 
piping, valves, electrical components, instrumentation and controls to provide a fully functional gas 
handling and treatment system. A control valve at the top of vessel controls the gas flow rate. 
Scrubbed biogas is monitored for carbon dioxide and can often be used for vehicle fuel or can be 
injected into the natural gas pipeline. 
 
Water scrubbing is more efficient with cold water and makes sense when there is an abundance of 
water available for scrubbing like at Cedar Rapids. There is some methane loss with the water and 
waste gas. Biofouling may occur and additional oxygen removal may be needed downstream of the 
water scrubber. Biogas needs to be compressed to support this process. Water scrubbing is a more 
innovative biogas treatment technology for biogas conditioning at wastewater treatment facilities. 
The reported energy consumption is less than 0.25 kWh/Nm3-biogas. 
 

 
Figure 46. Greenland Water Wash Process for Biogas Conditioning 
 
Pressure Swing Absorption (Molecular Sieve) 
Pressure swing absorption conditions sulfide free biogas (which may require pretreatment) by 
absorbing oxygen, nitrogen and carbon dioxide into a media at high pressure. Then, the gas is 
further dried and purified to a final product gas. The media is regenerated by shifting the media to a 
low pressure, which allows it to release the contaminants as tail gas. These systems allow removal 
of oxygen to below 10 ppmv supporting pipeline standards.  
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This technology is efficient and gives 96 to 98% methane with no waste solvents. The media may 
be regenerated and reused on site for three to five years before replacement is necessary. Some 
methane may be lost with the waste gas, and there are more mechanical components (valves) to 
maintain. An energy consumption of 0.25 kWh/Nm3-biogas has been reported for biogas upgrading 
with PSA. Pressure swing absorption is a well-established technology. 
 

 
Figure 47. Greenland PSA Treatment System 
 
Membrane Gas Recovery 
Membrane systems use a positive barrier that allows methane to pass through the material and not 
the contaminants in the gas. These systems are efficient and compact with high yields and low 
losses of methane giving pipeline quality gas as a product. They are simple to operate, modular, 
and do not require a separate drying step. The life of the membrane depends on the quality of the 
gas being treated. Membrane technology for biogas treatment at wastewater plants is less 
established in the United States, but there is more experience in Europe and in other industries. 
 
Membranes may be staged to increase efficiency and give biogas quality up to 99% methane. This 
technology also removes moisture and has a low capital investment. Membrane life varies from 8 to 
12 years, sulfide removal prior to contact with the membranes is needed, and the biogas needs to 
be compressed and heated. Membrane conditioning of biogas is an innovative technology that may 
be worth considering due to the advantages identified. The energy consumption is between 0.24 
and 0.33 kWh/Nm3-biogas. 

 
Figure 48. Greenlane Membrane Module 
 
Biological Filters for Waste Gas Treatment 
The overall biogas stream and smaller volumes of waste gases, produced during biogas 
conditioning, may be treated with biological filters. Biological filters, similar to the existing ThioPaq 
unit at the WPCF, are designed to remove H2S from biogas (as a pretreatment step) or tail gas, a 
waste gas released during biogas conditioning. The tail gas includes sulfide, carbon dioxide, 
nitrogen, oxygen, and small amounts of other minor gas contaminants. As with the bioscrubber 
Cedar Rapids currently uses, the gas enters the biotrickling filter from the bottom and flows 
upwards through the media. Water is recirculated through the biotrickling filter to keep media bed 
moistened. As the gas travels through the media, hydrogen sulfide is solubilized. Biofilm attached to 
the highly porous and moistened media biologically oxidizes the solubilized hydrogen sulfide. The 
biological filter includes auxiliary equipment required for fully functional system. The treatment and 
discharge of waste gases needs to be coordinated with air permitting requirements. 
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Initial Technology Screening 
Many of the technologies identified as potentially applicable have been qualitatively discounted on 
further consideration. Those listed below are eliminated for the following reasons: 
• They are still too embryonic for the scale of the Cedar Rapids Water Pollution Control Facility.  
• They are similar to other technology believed to be more applicable.  
• They lack proper development or a basis for design at Cedar Rapids.  
• They showed poor performance at facilities of the same scale as Cedar Rapids, and/or  
• They do not fit within the objectives of the treatment scheme. 
 
The technologies eliminated from further discussion and reasons for that assessment are as 
follows: 
 
Liquid Treatment Technologies 
• MBR-BNR – The MBR technology gives ENR with exceptional effluent quality, but it is not cost-

effective. Membranes and membrane operation require extensive operational effort. 
• InDense (S Select) – This technology is eliminated from further consideration, because it has 

not been proven to result in biological phosphorus removal consistently. Additional development 
is needed. 

• Anaerobic MBR – This technology is eliminated from further consideration as a mainstream 
treatment technology, because it remains embryonic with important development challenges 
remaining. Cold weather treatment remains challenging, and methane recovery at low water 
temperatures is low. The AMBR remains a viable slipstream technology, industrial treatment 
technology, and plant of the future technology. Future pilot testing by Cedar Rapids may be 
supported by continued development of the technology. 

• Hydropath by Hydroflow – This technology is discounted for struvite control for multiple reasons: 
1.) No scientific basis for how it works. 2.) Limited testing results to demonstrate its efficacy. 3.) 
Design criteria for Hydropath is unclear. Cedar Rapids continues to explore this technology to 
support thickening and dewatering. 

• Algae Systems, Photobioreactors – This technology is eliminated, because it is embryonic with 
a high degree of uncertainty for application in Iowa. 

 
Solids Processing and Handling Technologies 
• Thermophilic Anaerobic Digestion – Thermophilic anaerobic digestion is not widely 

implemented, and the costs often outweigh the benefits.  
• GE Monsal™ – The Monsal Treatment system is a proprietary form of anaerobic digestion. No 

U.S. installations are under construction or in operation. Due to the alternative anaerobic 
digestion options, this technology is discounted. 

• Pasteurization – Pasteurization is not widely used and is cost prohibitive.  
• Pyrolysis – Pyrolysis is energy intensive and has not been effectively implemented at full-scale. 
• Gasification – Gasification shares the same challenges of energy intensive operation and lack of 

full-scale success as pyrolysis. 
• Supercritical Water Oxidation – SCWO is not demonstrated for widespread distribution. Pilot 

testing is unavailable. Due to the lack of pilot test availability, this technology is eliminated from 
further consideration. 

• Microwave Drying – Still in development stages and not well distributed. 
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Screening Evaluation of Remaining Technologies 
Qualitative screening criteria are shown below. These criteria have been applied to the 
technologies, and technologies that best meet the criteria are identified as the strongest fit for 
Cedar Rapids.  
 
Screening Criteria 
Screening criteria are provided in the list below, and the associated points or weighting are provided 
for each criterion. These criteria are intended to align Cedar Rapids treatment objectives and facility 
priorities with the processing technologies:  
• Consistency with Cedar Rapids Vision and Values (28 points) 

o Supports continued growth and development; allows the City to remain “Open for Business” 
(14 points) 

o Keeps rates low and/or lowers operating expenses (14 points) 
• Sustainability (31 points) 

o Reduce utility demands (electricity, natural gas, water, etc.) (7 points) 
o Resource Recovery (carbon and nutrients) (7 points) 
o Reduce volume of sludge hauled off site (7 points) 
o Odor and air emissions (5 points) 
o Commitment to watershed (5 points) 

• Consistency with Process Objectives (33 points) 
o Implementability, operability, maintainability, risk, reliability, redundancy, flexibility (10 points) 
o Operator safety (10 points) 
o Economical to build and operate (7 points) 
o Protected from floods (6 points) 

• Reuse existing useful infrastructure (8 points) 
 
Tables 7 through 10 show the technology screening evaluation. In the screening assessments 
below, each technology has been scored against the criteria provided above with a total score (out 
of 100 points). Comments are provided to identify important and determining factors for the score 
given. The full evaluation of scores is provided in Attachment A. 
 
Nutrient Removal Technology Comparison 
Table 7 shows the mainstream treatment technology scoring and comparison. The technologies are 
broken into categories of mainstream processes (including BNR), add-on/supplemental processes, 
and sidestream processes. The scores are used to evaluate which technologies are carried forward 
into the recommendations section. A screening score of 75 is the target for further consideration of 
technologies with some exceptions. 
 
Table 7. Mainstream Nutrient Treatment 

Technology 
Screening 

Score Screening Comments 
Mainstream Processes 

BNR – A/O 71 
A/O, in isolation, does not address TN removal. It may be combined with a 
TN removal technology to achieve NRS goals, however, and it reuses 
existing infrastructure extensively. 

BNR – A2O 82 A2O achieves NRS goals, but it requires more extensive changes to the 
existing treatment system.  

BNR – 3-
stage 77 Three-stage BNR gives flexibility in achieving and exceeding NRS goals. It 

requires changes to existing treatment system. 
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Technology 
Screening 

Score Screening Comments 

BNR – 4-
Stage  62 

Four-stage BNR gives a low effluent TN concentration (exceeding the 
nutrient strategy target) and good process stability. It needs to be coupled 
with a phosphorus removal technology, such as chemical phosphorus 
removal. The four-stage process requires more capital investment 

BNR – 5-
Stage 66 

Five-stage BNR gives low effluent nutrient concentrations and process 
stability. The five-stage process requires more capital investment. This 
process gives effluent quality exceeding the target criteria. 

BNR – Open 
Tank HPO 85 

Open tank HPO gives flexibility in achieving and exceeding NRS goals while 
reusing existing infrastructure extensively. It is still innovative due to the 
limited installations. With proper testing and/or modeling evaluation, this 
approach gives a solution to nutrient removal that extensively uses Cedar 
Rapids existing infrastructure. 

BNR – 
Granular Act. 
Sludge 

65 

Granular activated sludge provides an efficient approach to nutrient removal 
within a compact footprint. It is an innovative technology. Granular activated 
sludge does not accommodate wet weather flows without EQ or alternative 
wet weather treatment systems. No U.S. installations. 

High-Rate 
Act. Sludge 69 

High-rate activated sludge may be used to maximize solids production and 
biogas production in anaerobic digesters. At Cedar Rapids, the high cBOD5 
to nutrient ratios may support nutrient removal with strictly high-rate 
activated sludge through biomass synthesis at high net yields. Drawbacks 
include high aeration demand and possible sludge settling issues. 

Add-on/Supplemental Processes 

Autotrophic 
Denitrification 78 

Autotrophic denitrification compliments the Cedar Rapids waste stream well 
and reuses existing infrastructure. The technology is innovative but may be 
applied with multiple approaches previously identified. Additional testing 
would be needed to customize for Cedar Rapids. 

Membrane 
Aerated 
Bioreactor 

85 

The MABR gives an energy efficient, compact technology for achieving 
nutrient removal at Cedar Rapids. As with Open Tank HPO, additional 
testing may be used to optimize for Cedar Rapids. This technology 
maximizes the use of existing infrastructure and can be integrated into 
multiple BNR configurations. 

Chemical 
Phosphorus 
Removal 

55 
Chemical phosphorus removal is well-established but requires chemical feed 
and the recurring cost of the chemical. Chemical phosphorus removal is 
often used for polishing. 

Enhanced 
Primary 
Treatment 

77 

Enhanced primary solids removal is a well established approach to capture 
solids and maximize biogas production in anaerobic digesters while reducing 
the size requirements for secondary treatment. With a nutrient removal 
system, fermentation of primary solids may be needed to recover cBOD5 to 
support BNR. For Cedar Rapids, anaerobic digestion would need to be 
developed. 

Biologically 
Active Filter 53 The BAF is a good add-on option that provides TN removal, but it requires 

chemical addition. Expensive to add to other process. 
Salsnes Filter 
(Ind. Pretreat.) 89 This technology fits well for pre-conditioning of industrial streams. 

High-rate 
anaerobic 
treatment 
(Ind. Pretreat) 

85 This technology fits well for pre-conditioning of industrial streams while 
providing energy generation. 

Sidestream Processes 
Sidestream P-
Release and 
Recovery 

77 
Sidestream phosphorus treatment is designed to recover phosphorus from 
the sidestream. This technology is contingent on biological phosphorus 
removal and anaerobic digestion. 

Anammox  84 Deammonification with anammox provides a method for dealing with 
sidestream ammonia.  
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Technology 
Screening 

Score Screening Comments 
QuickWash P- 
Recovery 57 Quickwash is a vendor specific approach to sidestream phosphorus removal 

whereby phosphorus is acid washed from the solids and recovered. 
Phosphorus 
Adsorption/ 
Filtration 

49 
Phosphorus adsorption/filtration offers flexibility as a complimentary 
treatment process. This technology may be cost prohibitive as a sole 
mainstream treatment method. 

 
Solids Processing and Handling Technology Comparison 
Tables 8 and 9 present the solids processing and pre-treatment and handling technologies. 
Screening scores are given along with comments similar to the previous section. These tables 
provide the basis for the recommendations for further consideration in the next sections. 
 
Table 8. Solids Stabilization Technologies 

Technology 
Screening 

Score Screening Comments 
Incineration 

FBI 66 
FBI is an expensive approach to solids disposal in the form of ash (landfill). 
Air permitting limits may not be attainable. FBI does not support resource 
recovery. 

MHI (Existing) 78 
Existing MHI can continue to find use and gradually be phased out as 
resource recovery processes are implemented. Alternatively, it may be 
maintained as a backup processing system to give operational flexibility. 

Digestion 

Anaerobic 
Digestion 76 

Anaerobic digestion generates a high quality biosolids product and biogas. 
It may be coupled with pre-treatment, drying, or other technologies to 
generate Class A biosolids. There is a potential to co-digest with hauled-in 
wastes and FOG in order to maximize biogas generation. 

Phased 
Digestion 64 

Phased digestion with either the temperature phasing or acid/gas phasing 
offers an alternative approach to improve overall digestion efficiency and 
increase biogas production. Operational control is more complicated. For 
temperature phasing, some of the additional biogas energy value may be 
lost in heating. 

Aerobic 
Digestion 44 

Potential to use high purity oxygen to drive ATAD and generate Class A 
biosolids. No biogas is generated. There is a possibility for ammonia odor 
generation. 

Sludge Pre-treatment 

Thermal 
Hydrolysis 79 

Thermal hydrolysis processes help to improve solids reduction, increase 
biogas production, and significantly reduce the overall footprint of 
anaerobic digestion facilities needed. Many installations observe improved 
dewaterability as well.  

Ultrasonic 65 
Ultrasonic pretreatment is not well developed and additional testing is 
needed to demonstrate the technology. It costs less than thermal 
hydrolysis, but it does not reduce digester volume requirements. 

Thermal (Stand-Alone) Process 

Hydrothermal 
Liquefaction 59 

Hydrothermal liquefaction is a newer type of pyrolysis that optimizes oil 
production. While it is established for algae conversion to oil, it is not 
mature in biosolids processing. Residuals may meet pathogen reduction 
requirements, but it is unclear if vector attraction requirements are met for 
land application.  

Biosolids Drying 

Air/Solar 62 
Air or solar drying requires a large footprint and may be prohibitively large. 
Other large facilities treat only a portion of their waste in drying beds, 
which would be the most viable option for Cedar Rapids. 
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Technology 
Screening 

Score Screening Comments 

Indirect/Direct 75 

Indirect and direct drying options provide a good technology to reduce the 
total volume of solids generated and creating a Class A fertilizer. Drying 
may be coupled with other processing technologies. The disadvantage is 
the fuel expense associated with drying. 

Other Processes 

Alkaline (Lime) 65 Lime stabilization provides flexibility for stabilizing solids in a small 
footprint. The drawback is that lime stabilization produces more biosolids. 

Composting 65 

Composting offers an approach to giving a quality fertilizer product, but 
there’s a large site requirement and potential odor problems. Coupling with 
the yard waste compost site and co-composting gives the best approach to 
using this technology. 

 
Table 9. Solids Pre-treatment and Processing 

Technology Screening 
Score Screening Comments 

Screening 80 

Screening of solids is useful for improving biosolids quality. This is an 
important support process for several of the treatment options including 
incineration and thermal hydrolysis. Screening also helps to improve the 
quality of the biosolids generated so that the biosolids are more amenable 
to land application. 

Thickening 

Rotary Drum 82 
Rotary drum thickening has a compact footprint, low power usage, and is 
applicable to a wide range of solids. Rotary drum thickeners are enclosed 
and give positive control of odor control. 

Gravity 80 

Gravity thickening represents a simple and straightforward approach to 
thicken primary solids. The existing dissolved air flotation tanks could be 
converted to gravity thickeners. Considerations for odor generation and 
corrosion may be needed. 

Gravity Belt 77 
Gravity belt thickening has a compact footprint, lower power usage, and is 
applicable to a wide range of solids. There is some odor generation 
potential. 

Centrifuge 72 Centrifuges require a high energy input but are enclosed and control odors. 
Dissolved Air 
Flotation  63 Dissolved air flotation of primary solids has a high odor potential and 

operations and maintenance requirement. 

Disc 
Thickening 71 

Disc thickening should give similar benefits as a rotary drum thickener. 
The limited capacity of each unit coupled with inexperience lowers the 
score. 

Dewatering 

Belt Filter 
Press 80 

The BFP is a good dewatering technology that has worked well at Cedar 
Rapids. BFPs have a large footprint and require large volumes of 
washwater. The washwater must be separated from filtrate to improve the 
efficiency of sidestream treatment processes. 

Rotary Fan 
Press 70 

Rotary presses are efficient, operate at low speeds, and are enclosed 
giving good odor control. A large number of units would be needed to 
support the biosolids produced at Cedar Rapids. 

Screw Press 83 Screw presses are efficient, operate at low speeds, and give good odor 
control. 

Plate and 
Frame Press 55 Plate and frame presses are operator intensive and have a large footprint. 

Centrifuge 80 
Centrifuges give good dewatering performance with no washwater. 
Operation of dewatering centrifuges requires the centrifuges to be elevated 
on a platform or second floor. High speed operation is energy intensive. 

Bucher Press 81 
Bucher presses offer an updated alternative to plate and frame presses 
that gives better dewaterability than other dewatering technologies and are 
efficient. 
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Energy Conservation Technology Scoring 
Table 10 presents energy conservation technologies specifically focused on biogas energy 
recovery. As with liquid and solid stream technologies, a score and comments are provided.  
 
Table 10. Energy Conservation Technologies 

Technology Screening 
Score Screening Comments 

Biogas Storage 
Membrane 
Cover 83 Membrane covers give a means to storage large volumes of biogas as part 

of a digester tank or on a separate pad. 
Gas Holder 
Cover 83 Gas holder covers may be installed as part of digester infrastructure but 

typically hold less volume than membrane covers. 

High Pressure 
Sphere 68 

Pressurized spheres are losing favor as a form of storage at wastewater 
facilities due to the safety risk. If very large volumes of storage are needed, 
however, this is the most efficient approach. 

Biogas Energy Recovery  
Dual Fuel 
Burners 79 Dual fuel burners may be installed to offset natural gas requirements for 

large energy consumers. 

Cogeneration 78 
Cogeneration offers a technology for combining power and heat generation 
from biogas combustion. This technology compliments anaerobic digestion 
well. 

Microturbine 72 Microturbines offer an alternative to cogeneration reciprocating engines 
that are efficient and have better air emissions. 

Fuel Cell 75 Fuel cells offer an alternative to reciprocating engines that have no air 
emissions. 

BioCNG Fuel 
Stations 78 

BioCNG fuel stations require the use of natural gas vehicles. This makes 
the most sense where fleet vehicles are being converted. Gas conditioning 
equipment is needed. 

CNG Pipeline 
Injection 77 

Pipeline injection provides an alternative to sell biogas at premium rates 
when renewable energy credits are available. Investment in gas 
conditioning is needed, but payback on the conditioning equipment is 
usually less than 5 years. 

Biogas Treatment 

Iron Sponge 67 Iron media is effective for sulfide removal only. Additional treatment 
processes are needed to remove other contaminants. 

Activated 
Carbon 73 Activated carbon may be used for removal of hydrogen sulfide and 

siloxanes. 

Water Scrubber 79 
Water scrubber technology gives a cost effective approach for biogas 
conditioning. Operational costs are reduced, because the treatment 
medium can be effluent water. 

Pressure Swing 
Absorption 78 

Pressure swing absorption is a popular treatment technology due to its 
efficiency and small footprint. Media must be replaced at regular intervals 
and there’s more mechanical equipment to maintain. Hydrogen sulfide 
pretreatment may be required. High pressure operation results in higher 
energy consumption for this treatment method. 

Membrane Gas 
Treatment 82 

Membrane technology is becoming more popular due to its cost 
effectiveness, its modular design, its moisture removal capacity, and its 
ability to be staged for improve efficiency. Hydrogen sulfide pretreatment is 
required. 

Biological 
Filters  80 Auxiliary process used to treat waste gas in support of primary biogas 

treatment process. 
 
Other Considerations 
An important consideration is the complementary nature of the different technologies. Many of the 
technologies have only been integrated into specific processes or with a specific approach. These 
interrelationships are considered below. 
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Sidestream – Phosphorus Recovery 
Sidestream phosphorus recovery works with BNR processes that incorporate biological phosphorus 
removal and anaerobic digestion. The most successful application of most phosphorus recovery 
systems incorporates a phosphorus release tank or process, such as WASSTRIP, followed by 
thickening, anaerobic digestion and dewatering. The recycle streams from thickening and 
dewatering contain high phosphate and ammonia concentrations, respectively, and are combined to 
give the high struvite potential stream. This stream is fed into the phosphorus recovery system.  
 
Thermal Hydrolysis Process 
Thermal hydrolysis pre-treatment for anaerobic digestion has been developed extensively in Europe 
with the Cambi process. Through the process, several key symbioses have developed. First, solids 
screening (in addition to headworks screening) is important to protect the thermal hydrolysis 
system. Dewatering has primarily been completed with centrifuges (both pre- and post-dewatering), 
but belt filter presses and a Bucher hydraulic press have been used for post-dewatering as well.  
 
Phased Digestion 
A potential application of temperature phased digestion (TPAD) that ameliorates the added heating 
cost and provides added digestion efficiency is the coupling of TPAD with THP. For this approach, 
TPAD should be retained for further consideration. Advantages include: 

1. Take advantage of residual heat from THP. 
2. Potential for Digester Volume Reduction. 

 
Challenges include: 

1. No basis for evaluation thereby requiring a multi-step or multi-stage study. 
2. Obtaining regulatory approval with limited experience.  

 
Membrane Aerated Bioreactor 
The MABR has a shorter history of development, but the option of coupling the MABR with high 
purity oxygen increases the aeration efficiency substantially. By coupling MABR with high purity 
oxygen, a high loading rate to the reactors may be maintained reducing the overall footprint 
needed. This approach compliments the challenge of treating highly industrialized wastes well. 
 
Biosolids Drying 
Biosolids drying may be applied directly to solids to meet EPA and IDNR requirements for land 
application. The drawback of drying is the high energy requirement needed to evaporate the water 
and give a product with less than 10% moisture content. As a result, anaerobic digestion of either 
the blended solids or primary solids alone can be used to generate biogas that can be used as a 
fuel source. Therefore, anaerobic digestion is complimentary to drying. 
 
Biogas Storage 
Biogas storage may be accomplished using spheres or a membrane cover installed on a large 
concrete pad, but storage in the headspace of anaerobic digesters provides the most efficient use 
of site footprint. 

Next Steps 
Bench and Pilot Testing 
Bench and pilot testing may be needed to gain confidence in treatment technologies, to validate or 
prove the technology, to determine sizing or dosing requirements for technologies, and to 
customize technologies for Cedar Rapids unique waste streams.  
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Rigorous test protocols are recommended in order to properly: 
• Establish controls 
• Define test variables 
• Define response variables 
• Evaluate inhibition and sulfide effects 
• Verify reproducibility. 
 
Testing may be conducted as part of or concurrent to the alternatives development process. The 
development and refinement of alternatives is improved by the incorporation of test results into the 
evaluation. Additional refinement of technologies may be conducted in detailed design as well. 
 
Site Visits 
Site visits are also used to improve confidence in treatment technologies by learning from the 
experiences gained by other facilities in using specific technologies. Details gained from site visits 
offer guidance to approaches that may be applied at Cedar Rapids. Staff preferences for 
technology applications and manufacturers are an important consideration for site visits as well. A 
well-planned itinerary with specific objectives is recommended to obtain the most from site visits. 

Recommendations 
The technologies evaluated have been reviewed, and recommendations for further consideration 
are identified below. Recommended technologies will be carried forward into alternatives 
development and evaluation. A score of 75 provides the basis for screening technologies. Testing 
and site visits are further recommended for the continued evaluation of several technologies.  
 
Recommended Nutrient Removal Technologies 
The technology evaluation for nutrient removal shows a number of promising alternatives. Several 
of these technologies infuse innovation with nutrient removal, others compliment Cedar Rapids 
unique facility well, and some support the goal of resource recovery and energy neutrality well.  
 
Based on the screening score, the following mainstream process technologies are recommended 
for alternatives evaluation. 
• BNR A2O – A straightforward 3-stage, BNR process, previously identified in planning, that can 

be integrated into the existing system. 
• BNR – 3-Stage (UCT, VIP, or other) – Alternative configurations of a 3-stage process. 
• BNR – Open Tank HPO – Allows the continued use of high-purity oxygen with conversion to a 

single-sludge process. 
 
Several supplemental technologies score highly for integration into the process. Based on the 
screening scores, the following supplemental technologies are recommended for alternatives 
evaluation: 
• Autotrophic Denitrification 
• Membrane Aerated Bioreactor 
• Enhanced Primary Treatment 
• Salsnes Filter (Industrial Pretreatment) 
• High-Rate Anaerobic (Industrial Pretreatment) 
 
In addition, it is recommended to pursue pilot testing of granular activated sludge as a plant of the 
future concept. 
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Sidestream treatment processes should also be considered for integration into an overall nutrient 
control scheme due to their ability to recover nutrients and downsize the mainstream process by 
controlling recycle loading. The two sidestream processes that offer the greatest potential are 
phosphorus recovery and anammox. The greatest market potential with phosphorus recovery is 
specific to the Ostara system. 
 
Recommended Solids Processing Technologies 
Connecting solids processing technologies to end use goals is critical, and the recommended 
technologies all coincide with Cedar Rapids ultimate goals of providing flexibility, working towards 
resource recovery and becoming energy neutral. The complimentary thickening and dewatering 
processes are supportive of these goals as well.  
 
Biosolids processes that should be further considered include the following: 
• Fluidized Bed Incinerator – The FBI screening score fell below the threshold due to the potential 

challenges with air permitting, the high cost, and the lack of resource recovery. Based on 
previous planning recommendations and staff familiarity with incineration, this technology is 
carried forward for alternatives evaluation. 

• Multiple Hearth Incinerator – Continued short-term use of the MHI affords flexibility to Cedar 
Rapids and gives potential economic relief during the transition process by allowing for the land 
application program to be developed. The MHI should be phased out when the timing is right. 

• Anaerobic Digestion (Primary solids or blended solids) – Anaerobic digestion provides a means 
for generating biogas from waste solids. The anaerobic digestion process can be developed to 
focus on primary solids or blended solids treatment. Co-digestion with outside solids provides 
additional capacity to generate biogas. 

• Thermal Hydrolysis Processes – The THP process helps to maximize biogas production from 
primary solids and WAS (or WAS only), increase dewaterability of biosolids, and provide a 
Class A product. The Class A product gives the most flexibility in the final end use. The use of 
THP on biosolids has resulted in low odor biosolids. This process has been applied as a 
pretreatment step for anaerobic digestion at existing installations. 

• Temperature Phased Anaerobic Digestion – Despite scoring below the threshold, there is a 
potential to couple this process with THP and gain added system efficiency. 

• Biosolids Direct Drying (WAS or blended solids) – Biosolids drying gives Class A biosolids at 
substantially reduced volumes thereby providing flexibility for end uses and the smallest storage 
requirements. Drying may be focused on WAS only or anaerobically digested blended solids.  

 
Solids pretreatment via screening is an essential technology to support THP. Additional screening 
efficiency is essential for THP. This technology is recommended for further consideration as part of 
a THP alternative treatment process. 
 
Thickening is used to increase the solids content of primary and secondary solids prior to or as part 
of further processing. Thickening is helpful to increase the capacity of downstream processes by 
reducing the total volume fed into the processes. Four technologies have been identified as good 
thickening technologies to consider further. 
• Rotary Drum Thickening – Rotary drum thickening is an efficient and compact way to thicken 

primary solids, secondary solids, or blended solids. The throughput of rotary drum thickening 
may be a limiting factor in its application. 

• Gravity Thickening – The existing DAFs can be converted to gravity thickeners to simplify the 
operation of primary solids thickening and reduce the energy expended. 

• Gravity Belt Thickening – Gravity belt thickening is an efficient and compact way to thicken 
primary solids, secondary solids, or blended solids. 
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Dewatering is an essential step to further reduce the volume of the solids and change the nature of 
the solids from liquid solids to a cake product. The cake product can then be further processed 
(drying, THP) or applied for end use (land application, incineration). Three dewatering technologies 
have been rated highly for further consideration: 
• Belt Filter Press – In its current role, the BFP process is isolated for dewatering primary solids. 

More traditionally, BFPs are used for a digested solids blend. Washwater used in BFPs makes 
phosphorus recovery from secondary solids more challenging. 

• Screw Press – Screw Presses operate at low speeds and provide effective dewatering.  
• Centrifuge – Centrifuges are efficient at dewatering, and Cedar Rapids has experience using 

centrifuges to dewater LPO solids. Similarly, centrifuges are commonly used to support THP. 
• Bucher Press – The Bucher Press is an innovative dewatering technology for further 

consideration. 
 

Recommended Energy Recovery Technologies 
Energy recovery is a key aspect of working towards energy neutrality. The most direct approach to 
recovering energy from waste streams is to generate biogas from anaerobic processes. This 
includes anaerobic pretreatment of industrial waste streams and anaerobic digestion of biosolids. 
Three key technology categories support biogas energy recovery: 1.) biogas storage, 2.) biogas 
uses, and 3.) biogas conditioning. 
 
As previously indicated, biogas storage is used to buffer and align biogas generation with demand 
at facilities. The storage system may be independent, or it may be incorporated as part of the 
headspace in the tanks. Gas holder covers support the incorporation of biogas storage in anaerobic 
digestion tanks. Membrane covers can be used for either headspace storage or as independent 
storage. Both storage systems should be considered further. 
 
Biogas energy may be beneficially recovered onsite or offsite. Despite receiving a score above the 
threshold 75, BioCNG fuel stations are eliminated from further consideration due its dependency on 
an undeveloped energy market. Several approaches to using the biogas energy are recommended 
for further consideration:  
• Dual Fuel Burners – Where it makes sense within the facility, dual fuel burners should continue 

to be used or be implemented. Burners with blending systems that can accommodate mixtures 
of biogas and natural gas should also be considered to maximize energy recovery. 

• Cogeneration – Cogeneration engines offer a means to generate electricity and recover heat 
needed to support anaerobic digestion.  

• Fuel Cells – An alternative form of energy generation that operates without air emissions. 
• Pipeline Injection – Pipeline injection offers an approach to beneficially use biogas energy offsite 

while offsetting the production and conditioning costs through renewable energy credits. 
 
Biogas treatment and conditioning is needed to support the biogas energy recovery. Some forms of 
biogas treatment remove hydrogen sulfide and some remove siloxanes. Other treatment systems 
condition the biogas to upgrade it to natural gas quality. The treatment technologies recommended 
for further consideration (provide both) include the following: 
• Activated Carbon – Impregnated activated carbon technology can be used to remove hydrogen 

sulfide and siloxanes. 
• Water Scrubber – Water scrubbing technology can be used to treat biogas and it can be used to 

upgrade biogas to near natural gas quality. 
• Pressure Swing Absorption – PSA systems are used to upgrade to pipeline quality gas. 
• Membrane – Membrane systems are used to upgrade to pipeline quality gas. 
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Recommendations for Plant of the Future 
The plant of the future shifts in focus from strict wastewater treatment to resource recovery. With a 
resource recovery facility, the goal of reclaiming resources extends beyond water. Energy may be 
recovered in the form of biogas or other biofuels (extracted from the solids received or produced), 
nitrogen and phosphorus in various fertilizer forms (e.g. Ostara Pearl, ammonium sulfate, calcium 
phosphate), and metals adsorbed to media for potential reuse in industry. Many of the technologies 
needed for a future resource recovery facility are early in development or not cost effective. AMBRs 
are higher risk but offer a huge potential for energy efficient treatment. Algae based nutrient 
treatment is challenging now but offers another approach for nutrient capture and biofuel 
production. The recovery of precious metals is not cost-effective currently, but in the future scarcity 
of metals may change the economics of metal recovery from dilute effluents. 
 
Cedar Rapids goal of working towards the plant of the future may include a number of technologies 
that do not score favorably in some categories of this TM. In order to carry these technologies 
forward, a blueprint for plant of the future may be useful to help Cedar Rapids focus research and 
testing efforts. Therefore, technologies recommended for further consideration as part of a plant of 
the future include: 
• AMBR – The AMBR offers a method for directly recovering energy from mainstream treatment. 

Similar to other common sidestream and pretreatment technologies, the dilute and moderate 
temperature nature of the wastewater mainstream make the AMBR a higher-risk technology for 
implementation for mainstream treatment. As the technology becomes more refined, an AMBR 
would be highly compatible with Cedar Rapids goals for mainstream treatment. 

• Granular Activated Sludge – Granular activated sludge is an innovative technology that is 
compact giving a small footprint. As the technology becomes more refined, granular activated 
sludge could be applied as the nutrient removal system. 

As the WPCF expands and evolves, an important step toward the future is transitioning the facility 
from a strict waste treatment system into a resource recovery facility. When considering long-term 
trends, many of the embryonic technologies may become mainstream and help to better realize the 
goal of resource recovery. As an example, mainstream or partial stream (segregated industrial 
stream) anaerobic treatment (via anaerobic membrane bioreactors) may provide an opportunity to 
directly reduce treatment costs and potentially recover energy (biogas) without several of the 
intermediate steps and without expensive aeration. Should Cedar Rapids staff pursue mainstream 
anaerobic treatment, the city should become engaged in research and development of the 
technology. Cedar Rapids could serve to host pilot-scale studies of demonstrations of an anaerobic 
membrane bioreactor in order to facilitate its development. 

Site Visit and/or Testing Needs 
Implementation of some of the recommended technologies is improved by knowledge gained from 
site visits and from additional testing. Site visits give the team an understanding of various 
installation approaches including pros and cons. Site visits facilitate knowledge transfer and give 
the team guidelines for planning and development. 
 
Site visits are recommended for further consideration of the following technologies: 
• Thermal hydrolysis processes 
• Phosphorus recovery processes 
• Biogas treatment and conditioning systems. 
 
As indicated, testing is used for further development to provide confidence in the applicability and 
design criteria for Cedar Rapids. Additional testing should be completed to meet the requirements 
discussed in the Bench and Pilot Testing section of this TM. Testing recommended for the further 
consideration of the following technologies: 



 
HDR Engineering, Inc. 
TM 7.0 Technology Identification and Screening FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA  52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 60 of 60 

 

 
• Membrane aerated bioreactors 
• Open tank, high purity oxygen nutrient removal with Praxair ISO 
• Autotrophic denitrification 
• Granular activated sludge 
• Anammox (due to potential sulfide inhibition) 
 
Separate Technical Memoranda may be developed to summarize and capture detailed objectives, 
results, and overall findings of site visits and testing. Site visits should be planned and coordinated 
with advanced preparation including data or information requests to gain the most from the visits. 
Test protocol should be rigorously developed to obtain the best and most useful data from test 
results. 
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Attachment A – Scoring Details 
 
Table A-1.  Technology Screening Scoring 
  Composite 

Score 
Criteria1 

Technology 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 
  Max Score 14 14 7 7 7 5 5 10 10 7 6 8 
Mainstream Processes  

BNR – A/O 71.0 8 8 3 6 4 3 2 10 8 7 6 6 
BNR – A2O 82.0 12 12 6 6 4 3 4 10 8 6 6 5 
BNR – 3-stage (UCT, VIP) 77.0 12 11 5 6 4 3 4 8 8 5 6 5 
BNR – 4-Stage 62.0 10 8 5 1 4 3 5 5 8 4 5 4 
BNR – 5-Stage 66.0 14 6 4 7 4 3 5 4 8 3 5 3 
BNR – Open Tank HPO 85.0 14 12 5 6 4 4 4 8 8 6 6 8 
BNR - Granular Activated Sludge* 65.0 10 10 5 1 7 3 4 6 8 4 5 2 
High-Rate Activated Sludge 69.0 12 12 3 1 2 3 3 8 8 5 6 6 

Add-on/Supplemental Processes  
 Autotrophic Denitrification 78.0 14 12 7 4 4 3 4 5 8 6 3 8 

Membrane Aerated Bioreactor 85.0 12 12 6 6 4 5 4 8 9 5 6 8 
Chemical Phosphorus Removal 55.0 8 4 3 1 1 3 4 10 6 2 5 8 
Enhanced Primary Treatment 77.0 12 10 6 4 2 5 4 10 8 3 5 8 
Biologically Active Filter 53.0 8 8 2 1 6 2 5 6 6 2 6 1 
Salsnes Filter (Ind. Pretreat) 89.0 12 12 6 7 6 3 5 9 9 6 6 8 
High-Rate Anaerobic (Ind. Pretreat) 85.0 14 14 6 7 6 3 5 6 9 5 6 4 

Sidestream Processes  
 Sidestream P-Release and Recovery 77.0 12 9 5 7 6 3 5 7 6 6 6 5 

Anammox (Deammonification) 84.0 12 12 5 5 6 3 5 9 9 6 6 6 
QuickWash Phosphorus Recovery 57.0 10 8 3 7 6 3 5 2 3 3 6 1 
Phosphorus Adsorption/Filtration 49.0 10 7 4 1 6 3 5 2 5 1 4 1 

*Consider further for Plant of the Future. Evaluate pilot-test potential 
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Table A-1. Continued 
  Composite 

Score 
Criteria1 

Technology 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 
  Max Score 14 14 7 7 7 5 5 10 10 7 6 8 
Incineration  
    FBI 66.0 12 9 5 2 7 1 3 6 7 4 6 4 
    MHI (Existing Only) 78.0 12 12 5 2 7 5 2 8 6 8 3 8 
Digestion  

Anaerobic Digestion 76.0 13 13 6 7 5 4 3 8 7 6 2 2 
Phased Digestion 64.0 10 10 6 7 5 3 3 6 5 4 2 3 
Aerobic Digestion 44.0 8 8 2 1 5 1 2 4 7 4 1 1 

Sludge Pre-treatment  
    Thermal Hydrolysis 79.0 13 13 6 7 6 4 3 6 6 5 6 4 
    Ultrasonic 65.0 12 8 4 5 5 4 2 4 6 5 6 4 
Hydrothermal Liquefaction 59.0 12 8 3 6 5 4 2 4 4 4 6 1 
Biosolids Drying  
    Air/Solar 62.0 8 8 5 6 5 2 3 6 8 4 6 1 
    Indirect/Direct 75.0 12 10 3 6 7 4 3 6 6 7 6 5 
Alkaline (Lime) 65.0 10 7 7 5 1 1 3 8 6 5 6 6 
Composting 65.0 8 7 7 6 4 2 3 8 8 6 2 4 
 Screening 80.0 12 12 5 6 4 3 3 8 8 7 6 6 
Thickening  
    Rotary Drum 82.0 12 12 6 6 6 4 3 8 8 7 6 4 
    Gravity 80.0 10 12 6 4 6 3 3 9 7 7 6 7 
    Gravity Belt 77.0 12 12 5 5 5 3 3 8 7 7 6 4 
    Centrifuge 72.0 10 8 6 5 6 4 3 7 7 6 6 4 
    Dissolved Air Flotation 63.0 10 8 3 4 5 1 3 6 5 6 6 6 
    Disc Thickening 71.0 10 10 6 5 5 4 3 5 5 5 6 7 
Dewatering  
    Belt Filter Press 80.0 12 12 4 6 5 3 3 8 6 7 6 8 
    Rotary Fan Press 70.0 10 10 6 6 6 4 3 5 5 5 6 4 
    Screw Press 83.0 12 12 5 6 5 4 3 9 8 7 6 6 
    Plate and Frame Press 55.0 6 8 3 4 4 3 3 4 6 6 6 2 
    Centrifuge 80.0 12 7 6 6 6 4 3 8 7 7 6 8 
    Bucher Press 81.0 12 12 6 6 6 5 3 9 8 6 6 2 

 



 
HDR Engineering, Inc. 
TM 7.0 Technology Identification and Screening FINAL 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Attachment A-3 

 

Table A-1. Continued 
  Composite 

Score 
Criteria1 

Technology 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 
  Max Score 14 14 7 7 7 5 5 10 10 7 6 8 
Energy Recovery/Conservation  

Biogas Storage  
Membrane Cover 83.0 12 12 7 7 3 4 3 9 8 7 6 5 
Gas Holder Cover 83.0 12 12 7 7 3 4 3 9 8 7 6 5 
High Pressure Sphere 68.0 12 12 7 7 3 2 3 2 2 7 6 5 

Biogas Energy Recovery 
Dual Fuel Burners 79.0 12 12 6 7 3 2 3 8 7 7 6 6 
Cogeneration 78.0 12 12 7 7 3 2 3 8 7 7 6 4 
Microturbine 72.0 12 12 7 7 3 4 3 5 6 3 6 4 
Fuel Cell 75.0 12 12 7 7 3 5 3 5 8 3 6 4 
BioCNG Fuel Stations 78.0 12 14 6 6 3 4 3 6 7 7 6 4 
CNG Pipeline Injection 77.0 12 14 3 7 3 4 3 7 6 7 5 6 

Biogas Conditioning  
Iron Sponge 67.0 10 6 5 4 3 5 3 8 6 7 6 4 
Activated Carbon 73.0 12 8 5 5 3 5 4 8 6 7 6 4 
Water Scrubber 79.0 12 10 3 6 3 5 5 7 9 7 6 6 
Pressure Swing Absorption 78.0 12 10 2 7 3 5 5 8 7 7 6 6 
Membrane 82.0 12 10 5 7 3 5 5 9 7 7 6 6 
Biological Filters 80.0 12 12 4 5 3 5 4 8 8 7 6 6 

 
1Criteria Legend 
1 Consistency with Cedar Rapids Vision, Mission Statement and Values 
A Supports continued growth and development; allows City to remain "Open for Business" 
B Keeps rates low and/or lowers operating expenses 

2 Sustainability 
A Reduce utility demands (electricity, natural gas, water, etc.) 
B Resource recovery (carbon and nutrients) 
C Reduce volume of sludge hauled offsite 
D Odor and air emissions 
E Commitment to watershed 

3 Consistency with process objectives 
A Implementability, operability, maintainability, risk, reliability, redudancy, flexibility 
B Operator safety 
C Economical to build and operate 
D Protected from floods 

4 Reuse existing infrastructure 
 



This page intentionally left blank.



TM
 8.0  A

lternative 
D

evelopm
ent &

 Evaluation

TM 8.0  Alternative 
Development & Evaluation



This page intentionally left blank.



Engineering, Inc. 
TM 8.0 Nutrient and Solids Alternative Screening FINAL 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 1 of 80 

 

Technical 
Memorandum 

 

To: City of Cedar Rapids 
 

From: David Dechant/HDR Project: Cedar Rapids Nutrient Removal 
Eric Evans/HDR  and Solids Facilities Plan 

CC: File 

Date: September 20, 2018 (Revised Final) Job No: City – 6150011 
HDR – 270628 

 

Re: Technical Memorandum 8.0 – Nutrient and Solids Alternative 
Screening 

This Technical Memorandum (TM) is one of multiple Technical Memoranda that collectively 

comprise the Cedar Rapids Water Pollution Control Facility (WPCF) Nutrient Reduction and Solids 

Facility Plan. The overall objectives of the Nutrient Reduction and Solids Facility Plan are as follows: 

 A plan for nutrient reduction consistent with the Iowa Nutrient Reduction Strategy (NRS), which 

has a goal of 75% total phosphorus (TP) reduction and 66% total nitrogen (TN) reduction from 

treatment facilities discharging greater than 1 MGD, 

 A plan for solids handling and treatment that provides a reliable management strategy 

complimentary of liquid treatment with sufficient capacity to meet future requirements, and 

 Plans that incorporate sustainable, energy-efficient technologies. 

 
The end result will be a Nutrient Reduction and Solids Facility Plan that defines a footprint for a 

sustainable future that can be supported by all and maintains competitive rates. The process to 

develop the Nutrient Reduction and Solids Facility Plan is shown schematically below. As shown in 

the figure, the alternatives development and evaluation process was expanded to include testing and 

site visits as a way to better inform the overall process including the final decision-making effort. 
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Using appropriate information from prior master plans, the process initially established a baseline by 

documenting current nutrient sources, identifying current and projecting future solids production, 

documenting current energy and sustainability, and assessing the condition of existing facilities. 

From that baseline, the process identifies potential nutrient reduction strategies and potential end 

use options for solids. With potential strategies and options in mind, the process identifies and 

screens the most relevant technologies, and then evaluates and identifies the most relevant 

alternatives incorporating those technologies. Those evaluations provide the basis for a 

recommended plan. 

 
The incorporation of new processes into the WPCF will be necessary to support the goals of the 

nutrient reduction strategy and future solids handling. The new processes will include technologies 

different from the current installation. This TM identifies and describes potential alternatives before 

screening to three potential alternatives believed to be the best for WPCF. The primary intent was to 

help identify facilities with comparable technologies for site visits and to guide pilot and bench testing 

of the most applicable technologies. Following pilot and testing and site visits, this TM has been 

expanded to included refinement and more rigorous development and evaluation of the three 

alternatives before selection and recommendation of the preferred alternative for the WPCF. 
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1.0 Objective 
As initially drafted, this Technical Memorandum presented preliminary nutrient removal and solids 

management alternatives potentially applicable based on the TM 7 technology evaluation. The 

alternatives were screened to three best for CRWPCF. The preliminary draft set the stage for site 

visits and pilot and bench testing. 

This revised Technical Memorandum presents the alternatives analysis including the preliminary 

screening, a summary of lab and pilot test results, the quantitative development and evaluation of 

the final four alternatives, and the alternative recommendation. 

 

2.0 Summary 
Based on pre-screening (prior to testing and site visits) using qualitative criteria provided by the City, 

discussion and feedback from WPCF staff through workshops and correspondence, and HDR 

interpretation and application of both the criteria and feedback, the alternatives recommended for 

detailed analysis and evaluation include the following: 

 Alternative 01-B – Biological Nutrient Removal–Membrane Aerated Biofilm Reactor or 

Bioreactor (BNR-MABR), Thermal Hydrolysis Process-Anaerobic Digestion (THP-AD), 

Anaerobic Pretreatment. This alternative maintains and maximizes use of the existing high- 

rate anaerobic system for high strength industrial waste, and makes use of the existing CAS 

and NAS basins and high purity oxygen (HPO) systems to provide secondary treatment with 

BNR, but represents a shift in solids management from incineration and quarry ash disposal 

to anaerobic digestion and biosolids land application. The existing incinerator would be 

retained for the balance of its useful life to facilitate such a transition. 

 Alternative 05-B – BNR-MABR, Fluidized Bed Incineration (FBI), Anaerobic Pretreatment. 

This alternative represents a similar approach to current operations. It maintains and 

maximizes use of the existing Anaerobic Pretreatment system for high strength industrial 

waste, makes use of the existing CAS and NAS basins and HPO systems to provide 

secondary treatment with BNR, and continues with incineration and quarry ash disposal for 

solids management. The existing incinerator would be retained for the balance of its useful 

life and then replaced with a new fluidized bed incinerator. 

 Alternative 12 – Granular Activated Sludge (GrAS), THP-AD, Anaerobic Pretreatment. This 

alternative represents the most significant departure from current operations, but requires a 

much smaller footprint for GrAS. While it maintains and maximizes use of the existing 

Anaerobic Pretreatment system for high strength industrial waste, it replaces the existing 

CAS and NAS systems, including the C and D clarifiers, with granular activated sludge to 

provide secondary treatment with BNR, and shifts solids management from incineration and 

quarry ash disposal to anaerobic digestion and biosolids land application. The existing 

incinerator would be retained for the balance of its useful life to facilitate such a transition. 

To further develop and evaluate these alternatives, pilot and bench testing and site visits were 

conducted. The pilot and bench testing and site visits enabled validation and further development of 

the potential application of the technologies, familiarized WPCF staff with newer technologies, 

verified technology performance, provided hands on experience with newer technologies, and/or 

provided insight as to technology operation and maintenance requirements. 
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Bench and pilot testing included the following. 
 

 Membrane Aerated Bioreactors (Pilot) 

 Granular Activated Sludge (Pilot) 

 Thermal Hydrolysis Process (Bench) 

 Autotrophic Denitrification (Bench) 
 

Bench and Pilot testing are described in detail in the Bench and Pilot Testing TM. The basic findings 

include the following: 

 Membrane Aerated Bioreactors were unable to support the proposed application. 

 Granular Activated Sludge performed well, and design criteria for GrAS were adjusted slightly 

to be more conservative as a result of the pilot findings. 

 Thermal Hydrolysis performed as expected. 

 Autotrophic Denitrification was confirmed to work, but additional research is needed to 

support a rational design basis. 

 
 

Site visits included the following. 
 

 Biosolids land application programs 

 Granular Activated Sludge 

 THP-AD biosolids processing 

 Fluidized bed incineration 
 

Site visits are summarized thoroughly in the Site Visits TM. The basic findings including the 

following: 

 Biosolids land application requires administrative effort but is generally achievable and well 

accepted. Third party land application providers may be used, but most facilities maintain the 

ability to land apply using their own equipment and staff. 

 The Granular Activated Sludge demonstration facility in Rockford, IL is operational, growing 

granular biomass, and generally achieves good effluent quality. 

 THP-AD biosolids processing performs well achieving high solids reduction, high biogas 

production rates, and a stable product. 

 Fluidized Bed Incineration provides reliable and efficient solids destruction at many facilities 

with different brands of incinerators using well developed emissions control systems, and a 

number of recommendations were provided by staff 

Following testing and site visits, the preferred alternatives were refined. First, Alternative 01-B (BNR- 

MABR based alternative) was replaced with Alternative 01-A (BNR-A2O alternative) as a result of 

the test findings showing this to be an inappropriate MABR application. Next, Alternative 05-B was 

also replaced by 05-A due to test findings. Then, a fourth alternative was added (Alternative 21 

described below) that includes BNR-GrAS, THP-AD, and FBI. Finally, all alternatives are further 

developed, modeled, and evaluated to reflect the testing and site visits. 

 Alternative 21 - Granular Activated Sludge (GrAS), THP-AD, Anaerobic Pretreatment, 

Fluidized Bed Incineration (FBI). This alternative is an extension of Alternative 12 with all the 
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same components of Alternative 12 but with the addition of an FBI system. As a result, THP- 

AD sizing is reduced and an FBI is introduced. The THP-AD and the FBI processes are each 

sized to optimize cost and flexibility for processing solids production loads. 

The refinements included both costs and nonmonetary criteria to provide the basis for final selection 

of the preferred alternative. The refined analysis of alternatives provides the configuration, process 

flow diagrams, preliminary sizing, site layouts, cost estimates, and non-monetary benefits. Process 

flow diagrams show existing and proposed processes. Site layouts demonstrate highlight 

rehabilitated infrastructure and proposed conversions and new processes. Alternatives 01-A and 21 

are also presented with a possible wet weather configurations. 

Cost estimates (presented in detail in the Cost Evaluation section) show a range of project capital 

costs between $380M and $435M with Alternative 12 offering the lowest project cost (Table S1). 

When evaluating life cycle costs, the estimates are presented with and without renewable energy 

credits. When including the credits, the cost range is between $345M and $434M with Alternative 12 

projected to have the lowest life cycle cost. 

The overall evaluation of alternatives includes monetary and non-monetary factors. Alternatives have 

been presented to and discussed with Cedar Rapids staff during the October 8, 2018 workshop. 

Comments received by staff have been incorporated into the analysis. Based on the process used to 

develop the alternatives, all alternatives present a strong approach to the future path for the Cedar 

Rapids WPCF. 

Table S1. Alternatives Cost Comparison 

 Alternative Cost Estimates 

 Alt. 01-A Alt. 05-A Alt. 12 Alt. 21 

Alternative Elements A2O, THP-AD A2O, FBI GrAS, THP-AD GrAS, THP-AD, FBI 

     

Project (Capital) Cost $410,500,000 $398,300,000 $381,200,000 $425,200,000 

O&M Cost ($2,269,000) $4,800,000 ($2,271,000) ($1,370,000) 

     

Life Cycle Present Worth $378,300,000 $466,500,000 $348,900,000 $405,700,000 

Life Cycle Annualized Cost $26,610,000 $32,820,000 $24,550,000 $28,550,000 

Cost Rank 2 4 1 3 

 
 

The monetary and non-monetary factors have been weighed heavily. In addition, potential phasing 

and implementation implications are considered. Non-monetary scoring follows the project criteria 

previously developed. The non-monetary scores show all alternatives are competitive with 

Alternative 21 receiving the best score (Table S2). The phasing implications are to be presented in 

more detail in TM 9. Therefore, based on the evaluation and the discussions, Alternative 21 is 

recommended for further refinement. Key factors for selection include balancing cost against WPCF 

reliability, and aligning the WPCF with Cedar Rapids sustainability goals. 
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Table S2. Non-monetary Alternatives Comparison 

 
Alternative 

Non-monetary 
Score 

01-A 80 

05-A 80 

12 87 

21 90 

 
 

Key refinements to be developed for Alternative 21 in TM 9 include the following: 
 

 Implementation plan and flexibility 

 Implications of implementation steps on effluent quality and solids generation 

 A more detailed site layout 

 Optional pathways for adapting Alternative 21 to emphasize anaerobic digestion or FBI 

pending the outcome of initial land application trials 

 

3.0 Alternatives Identification and Screening (pre Testing 
and Site Visits) 

The first step of alternatives development and evaluation is the initial identification and screening 

section, which presents a series of nutrient reduction and solids management alternatives that have 

been discussed extensively with Cedar Rapids staff and with experts around the country. The 

overall alternatives are grouped into a set of alternatives that are based primarily on modifications to 

the existing WPCF and a second set of alternatives without the constraints of the existing WPCF. 

Both sets of alternatives include a set of BNR sub-alternatives, which are common to a number of 

the overall alternatives. 

The following sections identify and describe the BNR sub alternatives, the existing facility 

modifications alternatives, and the new treatment facility alternatives, then pre-screen the 

alternatives to identify the three highest-ranking alternatives. The three, high-ranking alternatives, 

along with a fourth hybrid alternative, have been developed and evaluated in detail after pilot and 

bench testing of technologies and site visits to existing facilities that contain major components of 

these alternatives were completed. 

Mainstream treatment for nutrient removal is based on meeting average annual loading targets. The 

mainstream process must also continue to support cBOD5, TSS, and ammonia treatment targets 

based on maximum month and maximum day targets. With wet weather, maximum day influent 

flows are elevated with significant dilution. As a result, treatment for maximum day flows requires 

high flow capacity with lower target removal needs. Therefore, the preliminary evaluation is based on 

developing mainstream treatment targeted for annual nutrient removal limits, and maximum month 

cBOD5, TSS, and ammonia limits. For alternatives evaluated without GrAS, roughing filters are 

maintained with nominal flow and loading up to maximum month. 

Based on the size and magnitude of Cedar Rapids solids production, sidestream treatment has been 

demonstrated through life cycle analysis to be cost effective to reduce the size of the mainstream 
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treatment process and improve solids handling efficiency. As a result, all alternatives with thermal 

hydrolysis process followed by anaerobic digestion (THP-AD) include sidestream treatment as part 

of the preliminary alternative development. The efficiency of sidestream treatment is evaluated in 

detail as part of the subsequent detailed alternatives development and evaluation after alternatives 

have been screened. 

The pre-screening of alternatives does not preclude subsequent selection of other alternative 

approaches, but was meant to focus on those alternatives most favorable with respect to the City’s 

screening criteria. Subsequent analysis supported the addition of Alternative 21 (GrAS, THP-AD, 

FBI) to provide added reliability, which is an important criterion for Cedar Rapids complex influent 

and industrial loading. 

Furthermore, the eventual implementation of the preferred alternative is expected to occur in multiple 

phases at the WPCF. With phased implementation, the efficacy of the preferred alternative (and 

therefore overall approach) may be revisited and refined during each subsequent step of detailed 

development and implementation. Therefore, the final overall treatment scheme may include multiple 

treatment approaches. For example, GrAS can be implemented in phases giving parallel liquid 

treatment processes initially, and this approach provides a means for growing seed granules for 

each subsequent phase. 

3.1 BNR Sub-Alternatives 
Sub-alternatives for BNR have been identified that would be compatible with several of the 

overall nutrient reduction and solids management alternatives. An initial screening of the 

sub-alternatives guided identification of the overall alternatives. 

Each of the BNR sub-alternatives is for mainstream liquid treatment processes and may be 

integrated into the system as part of modified existing facility alternatives (Alternatives 01, 02, 

03, 04, and 05). The sub-alternatives include the A2O process, the MABR process, and 

autotrophic denitrification. Variations of both A2O and autotrophic denitrification are 

considered independently within the new facilities alternative. The MABR process is not 

evaluated as an independent new facilities alternative, because a new HPO generation 

system is less competitive as a new facility installation. 

 

3.1.1 Anaerobic, Anoxic, Oxic (A2O) Process 

The first BNR sub-alternative is the A2O process, which represents a basic but well- 

established and extensively used approach to BNR. As shown in Figure 3-1, A2O 

uses an anaerobic zone followed by anoxic and aerobic zones to achieve both TN 

and TP removal. Return activated sludge (RAS) is pumped to the head of the 

anaerobic zone and a mixed liquor recycle (MLR) stream is pumped from the aerobic 

to the anoxic zone. This straightforward approach requires higher cBOD5 to nutrient 

ratios, which Cedar Rapids waste stream contains, in part, due to the industry 

contributions (as outlined in TM 1). As a side note, subsequent Alternative 11 

represents a variation of A2O with the new treatment facility approach. 
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Figure 3-1. BNR Sub-alternative-A2O 

Advantages and disadvantages to using A2O for WPCF are listed as follows: 

Advantages: 

 The use of A2O is based on a straightforward, established BNR process 

with less equipment and operational complexity than other alternatives. 

 This has been previously evaluated and recommended for implementation 

into existing tankage with modifications (outside of additional tankage). 

 
Disadvantages: 

 Newer technology offers the potential for more efficient BNR than a 

traditional A2O process. 

 The open tank configuration with turbulent aeration introduces odor 

potential. 

 This sub-alternative is not compatible with the continued use of high purity 

oxygen. 

 Expansion of tank volume is required to support capacity and because 

A2O is not high-rate in the same manner as the existing high purity oxygen 

activated sludge process. 

 

3.1.2 Membrane Aerated Biofilm Reactor (MABR) 

The second BNR sub-alternative for WPCF uses membrane aerated biofilm reactor 

technology for implementing an MABR process. With membrane aeration, air or high- 

purity oxygen would be fed into the membranes to give the oxygen supply in anoxic 

zones, which support both nitrification and denitrification. A biofilm grows on the 

membranes and the oxygen transfers directly through the membrane and biofilm to 

the process biology without generating gas bubbles. This translates to high-efficiency 

aeration for the process. While aerobic activity takes place in the biofilm with the 

direct oxygen transfer, the bulk liquid phase is anoxic allowing for denitrification in the 

same zone as nitrification occurs. With the introduction of an anaerobic zone up front 

(Figure 3-2), the MABR process gives both TN and TP removal. Some mixing air or 

mechanical mixing is used to provide intermittent membrane turbulence. Conventional 

diffused aeration is applied in the aerobic zones. 
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Figure 3-2. BNR Sub-Alternative MABR 

 
Advantages: 

 Innovative nutrient removal process that provides high efficiency aeration 

and is compatible with high purity oxygen. Oxygen transfer rates are 

expected to be 5 to 10 times higher than for the A2O process giving a 

reduction in aeration energy demand. 

 Process aeration is conducted with direct transfer to the biofilm thereby 

limiting odor potential. 

 
Disadvantages: 

 The use of innovative technology requiring testing and additional 

evaluation to provide the right fit for Cedar Rapids unique waste stream. 

 

3.1.3 Autotrophic Denitrification (Staged to minimize cBOD5 intrusion into anoxic 
zone) 

A third BNR sub-alternative for WPCF relies on converting the nitrogenous activated 

sludge (NAS) process into the BNR process while maintaining the carbonaceous 

activated sludge (CAS) process for cBOD5 removal. This approach relies on 

autotrophic denitrification as the TN removal process. With autotrophic denitrification, 

hydrogen sulfide serves as the energy source for the denitrifying biomass. An 

anaerobic zone is used to provide for TP removal. The configuration presented in 

Figure 3-3 is based on complimenting the existing process to the fullest extent 

possible. Autotrophic denitrification could be implemented with a number of 

configurations. Note that Alternative 14 below includes autotrophic denitrification as 

part of a new treatment facility approach. 
 

Figure 3-3. BNR Sub-alternative Autotrophic Denitrification 
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Advantages: 

 Autotrophic denitrification makes a harmful byproduct from the anaerobic 

pretreatment process, H2S, into a useful resource by using it to drive 

denitrification. 

 
Disadvantages: 

 Autotrophic denitrification is not included in current wastewater simulator 

models. Therefore, additional testing is needed to refine the sizing needed 

to support autotrophic denitrification. 

 Additional tank volume is needed with this sub-alternative. 

 The BNR treatment efficiency is not well-defined with this approach until 

testing is conducted to evaluate in more detail. 

 

3.2 Existing Facility Modification Alternatives 
The first set of nutrient reduction and solids management alternatives is identified as series 

00. These alternatives are based on modifying the existing WPCF process with reuse of 

existing facilities to the largest extent possible. For reference, the existing WPCF process is 

shown in Figure 3-4. Modifications may include changes to the existing unit processes, or 

adding unit processes to complement the existing treatment systems. 
 

Figure 3-4. Existing Process Flow Schematic 

 

 
3.2.1 Alternative 01 – BNR, THP-AD, Anaerobic Pretreatment 

Alternative 1 incorporates a BNR process train for liquid treatment, continued use of 

high-rate anaerobic for high strength industrial flows (expanded for additional 

industrial waste streams as appropriate), sidestream treatment to minimize nutrient 
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recycle allowing a smaller, more efficient mainstream process, and THP-AD for solids 

processing. 

The details for Alternative 01 are listed as follows: 
 

 Mainstream Treatment: 

o Conversion of the existing CAS and NAS trains from a series to a parallel process, 

and conversion to a BNR process; A2O, MABR or autotrophic denitrification. The 

BNR process may be designed to incorporate flexibility to support heterotrophic 

and/or autotrophic denitrification by directing anaerobic pretreatment effluent into the 

anoxic zone directly. 

 Industrial Treatment: 

o Rehabilitation and expansion of the high-rate anaerobic system to accommodate the 

design cBOD5 load to Anaerobic Pretreatment. The expansion would be phased in as 

needed to accommodate industries that are brought in through the expanded 

industrial conveyance. 

o To maximize load to the Anaerobic Pretreatment system to handle additional high 

solids content waste from several industrial waste streams, a solids separation device 

dedicated to the industrial stream would be installed ahead of the high-rate anaerobic 

system. The solids separation device could be a filter or a dissolved air flotation 

(DAF) separator. Solids from the separation unit would be sent directly to solids 

processing or combined with primary clarifier influent. 

o For the expanded Anaerobic Pretreatment system, a blend of industry feed streams 

may be used to better balance nutrient requirements and the target temperature to 

support anaerobic treatment. In the event the combined industrial waste stream 

remains nutrient deficient, recycle from solids processing and/or primary effluent may 

be blended into the Anaerobic Pretreatment system to make-up the nutrient 

deficiency. 

 Solids Processing and End Use: 

o Primary solids are thickened using the existing DAFs. As identified during the low- 

hanging fruit evaluation, the existing DAF units can be converted into gravity 

thickeners. 

o Secondary solids continue to be thickened with the GBTs. 

o A separate anaerobic digestion system based on THP-AD is installed for the 

treatment and processing of biosolids for Class A land-application. The land 

application program would be phased in as it is developed and expanded. Digestion 

of solids is expected to reduce the mass of solids between 30 and 40%. The multiple 

hearth incinerator (MHI) would continue to be used as a secondary/backup treatment 

process while the land application program is developed, and MHI would be phased 

out as anaerobic digestion and land application programs mature or ultimately replace 

incineration. The MHI would have sufficient capacity for the digested solids; however, 

the MHI is noted to be near the end of its useful life. 

 Sidestream Treatment: 

o A sidestream treatment system is employed to control nutrient recycle, protect the 

solids handling system from struvite formation, and give the potential for fertilizer 

production as part of the comprehensive resource recovery program. 
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Advantages: The anaerobic digestion system is more compact and more efficient in terms of 

both gas production and volatile solids destruction when used with THP. Biogas generated 

may be used to fuel the incinerator until it is phased out. Biogas may be treated and used or 

pipeline injected for renewable energy credits, which have a high value and may be sold to 

offset costs. 

Disadvantages: To add additional industrial flow to the high-rate anaerobic process, solids 

separation and additional anaerobic system reactors may be needed. This approach relies 

on developing a biosolids market via land application, quarry disposal, etc. Land Application 

requires additional personnel to staff the program, or the use of a third party to operate 

and/or administer. 
 

Figure 3-5. Alternative 1 – Process Flow Diagram for Alternative 01 

 

3.2.2 Alternative 02 – BNR, THP-Incinerator, Anaerobic Pretreatment 

Alternative 02 incorporates a BNR process train for liquid treatment, continued use of 

high-rate anaerobic treatment for high strength industrial flows (expanded for additional 

industrial waste streams as appropriate), sidestream treatment to minimize nutrient 

recycle allowing a smaller, more efficient mainstream process and is based on a 

proposed, overall innovative approach to solids processing and end-use using THP 

coupled directly with biosolids drying. For this approach, no anaerobic digestion is 

provided. Instead, THP and incineration are coupled to treat and process biosolids. A 

hot centrifuge, that dewaters high-temperature biosolids and exploits evaporation to 

improve solids separation, is used to provide efficient and effective dewatering prior to 

using heat to evaporate the residual moisture in the dryer. Centrate containing a high 

cBOD5 and nutrient content is returned to the high-rate anaerobic system to generate 

biogas, which is then used to fuel THP. This may be based on a CHP process or biogas 
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treatment and renewable energy usage. In this alternative, the incineration system 

treats biosolids that have been pretreated with THP. 

This alternative consists of the following: 
 

 Mainstream Treatment: 

o The existing roughing filters and CAS may be maintained for inexpensive cBOD5 

removal from domestic sources. A slipstream may be needed to provide cBOD5 to 

support BNR. 

o Autotrophic denitrification may be employed by bypassing the SOBs and directing 

Anaerobic Pretreatment effluent into the anaerobic or anoxic zones. 

 Industrial Treatment: 

o To maximize load to the Anaerobic Pretreatment system to handle additional high 

solids content waste from several industrial waste streams, a solids separation device 

dedicated to the industrial stream would be installed ahead of the high-rate anaerobic 

system. The solids separation device could be a filter or a dissolved air flotation (DAF) 

separator. Solids from the separation unit would be sent directly to solids processing or 

combined with primary clarifier influent. 

o For the expanded Anaerobic Pretreatment system, a blend of industry feed streams 

may be used to better balance nutrient requirements and the target temperature to 

support anaerobic treatment. In the event the combined industrial waste stream 

remains nutrient deficient, recycle from solids processing and/or primary effluent may 

be blended into the Anaerobic Pretreatment system to make-up the nutrient deficiency. 

 Solids Processing and End Use: 

o Primary solids are thickened using DAFs or gravity thickeners. 

o Secondary solids are thickened with the GBTs. 

o All solids are processed with THP and incineration. 

o The solids end use is ash disposal. 

 Sidestream Treatment: No sidestream treatment is applied since WAS is not 

anaerobically digested (no strong ammonia source). 

Advantages: No new anaerobic digestion system is needed, but higher biogas 

generation results due to the return of the solubilized cBOD5 in the centrate. The use of 

THP and incineration downsizes the incineration system needed. Additional industrial 

flow may be treated in the high-rate anaerobic process. The centrate from THP will be 

hot and need to be cooled prior to feeding to Anaerobic Pretreatment. Depending on the 

waste stream mix to the high-rate anaerobic system, the use of THP centrate reduces 

the heating demand for any new waste streams sent to the high-rate anaerobic system. 

Alternatively, if the stream remains too hot, it may be cooled by mixing in primary 

effluent. 

Disadvantages: An expanded high-rate process is needed to support treatment of new 

streams, and solids separation may be needed to treat high-solids industry waste 

streams. While the technologies used in this scheme have all been developed, the 

overall integration without anaerobic digestion has not been applied and may not be 

supported by equipment suppliers. The centrifuge process may require higher levels of 

maintenance due to the increased temperatures. 
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Figure 3-6. Process Flow Diagram for Alternative 02 

 

3.2.3 Alternative 03 – BNR, Dryer, Industrial Pretreatment 

Alternative 03 continues to apply a BNR process for mainstream treatment, but it shifts 

the biosolids treatment scheme to a biosolids drying system. All solids are processed 

in the drying system following thickening and dewatering in this alternative. The 

incinerator would be phased out with the successful development and expansion of a 

drying process with land application/fertilization. 

This alternative consists of the following: 
 

 Mainstream Treatment: 

o The existing roughing filters and CAS may be maintained for inexpensive cBOD5 

removal from domestic sources. A slipstream may be needed to provide cBOD5 to 

support BNR. 

o Autotrophic denitrification may be employed by bypassing the SOBs and directing 

Anaerobic Pretreatment effluent into the anoxic zone. 

 Industrial Treatment: 

o Expansion the high-rate anaerobic system as appropriate based on an assumed 

maximum potential doubling of the cBOD5 load to the anaerobic process. As with 

previous alternatives, this would be phased in as needed when more industries are 

brought in through expanded industrial conveyance. 

o To maximize load to the Anaerobic Pretreatment system with the potential high 

solids content of several industrial waste streams, a solids separation device 

dedicated to the industrial stream would be installed ahead of the high-rate 

anaerobic system. The solids separation device could be a filter or a dissolved air 

flotation (DAF) separator. 

 Solids Processing and End Use: 

o Primary solids are thickened using DAFs or gravity thickeners. 
o Secondary solids are thickened with the GBTs. 
o All solids are processed with a direct dryer and incineration is phased out. 
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o The solids end use is as Class A biosolids. 

 Sidestream Treatment: No sidestream treatment is applied since solids are not 

anaerobically digested to provide an ammonia source. 

Advantages: Solids handling and treatment is simple with a single treatment process 

(once MHI is phased out). The recycle streams are relatively low in nutrients since 

the solids have not been lysed, destroyed, or mineralized. Volume reduction is 

achieved with drying and a beneficial resource is generated. 

Disadvantages: The primary solids contribution may result in a less desirable dry 

product. No volatile solids destruction means the mass of dry solids produced is 

higher even though the wet mass produced is lowered substantially. Without 

anaerobic digestion of solids, biogas production potential is not realized with the 

solids. According to dryer manufacturers, blended solids have been directly dried 

successfully, but experience shows special handling is required. The drying system 

exerts a large heating demand that would substantially increase the energy footprint 

of the WPCF. This approach relies on the development of a biosolids market via land 

application, quarry disposal, etc., and the corresponding personnel to staff, or the use 

of a third party to administer. 

 
 

Figure 3-7. Process Flow Diagram for Alternative 03 

 
 

3.2.4 Alternative 04 – BNR, THP-AD & Drying, Anaerobic Pretreatment 

Alternative 04 again uses a BNR process for mainstream treatment, but it relies on a 

biosolids treatment scheme that segregates primary solids from secondary solids. 

Primary solids are treated by THP-AD and dewatered to give a Class A product. 

Secondary solids are thickened, dewatered, and dried to give a low volume, Class A 

product. 



HDR Engineering, Inc. 
TM 8.0 Nutrient and Solids Alternative Screening FINAL 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 20 of 80 

 

This alternative consists of the following: 
 

 Mainstream Treatment: 

o The existing roughing filters and CAS may be maintained for inexpensive cBOD5 

removal from domestic sources. 

o Autotrophic denitrification may be employed by bypassing the SOBs and directing 

Anaerobic Pretreatment effluent into the anoxic zone. 

o A slipstream is bypassed around the roughing filters to drive biological 

phosphorus removal. 

 Industrial Treatment: 

o Expansion the high-rate anaerobic system as appropriate based on an assumed 

maximum potential doubling of the cBOD5 load to the anaerobic process. As with 

previous alternatives, this would be phased in as needed when more industries 

are brought in through expanded industrial conveyance. 

o To maximize load to the Anaerobic Pretreatment system with the potential high 

solids content of several industrial waste streams, a solids separation device 

dedicated to the industrial stream would be installed ahead of the high-rate 

anaerobic system. The solids separation device could be a filter or a DAF 

separator. 

 Solids Processing and End Use: 

o Primary solids are thickened using DAFs or gravity thickeners, then predewatered 

and treated by THP-AD with the option to mix with WAS and dry. 

o Secondary solids are thickened with the GBTs and dried. 

o Incineration is gradually phased out as digestion and drying is phased in. 

o All solids would be Class A whether they remain segregated or are all dried 

together. 

 Sidestream Treatment: Sidestream treatment is not applied to this alternative since 

WAS is not anaerobically digested. 

Advantages: Solids handling and treatment is flexible and optimizes energy recovery 

with the anaerobic digestion of primary solids. Primary clarification may be enhanced 

to improve capture and biogas production. Primary solids and WAS solids are treated 

separately aligning treatment with solids characteristics. 

Disadvantages: Treatment is more complex with primary and secondary solids being 

handled separately, and multiple treatment process is less cost-effective. The drying 

system exerts a large heating demand. This approach relies on the development of a 

biosolids market via land application, quarry disposal, etc., and the corresponding 

personnel to staff, or the use of a third party to administer. 
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Figure 3-8. Process Flow Diagram for Alternative 04 

 
 

3.2.5 Alternative 05 – BNR, FBI, Anaerobic Pretreatment 

Alternative 05 represents an approach with both established and innovative 

technologies. Separate industrial pre-treatment with solids separation and a high-rate 

anaerobic system is proposed to maximize energy recovery. The mainstream liquid 

process consists of a BNR system. A slipstream from the pre-acidification reactor of 

Anaerobic Pretreatment may be utilized to bypass cBOD5 to support BNR. Solids are 

processed using a fluid bed incinerator (FBI). Sidestream treatment is not used in this 

scenario since there is no anaerobic digestion to generate ammonia. 

This alternative consists of the following: 
 

 Mainstream Treatment: 

o Conversion of the existing CAS and NAS trains from a series to a parallel process, 

and conversion to a BNR process; A2O, MABR or autotrophic denitrification. 

o Autotrophic denitrification may be employed by bypassing the SOBs and directing 

Anaerobic Pretreatment effluent into the anoxic zone. 

o A slipstream is bypassed around the roughing filters to drive biological 

phosphorus removal. 

 Industrial Treatment: 

o Expansion the high-rate anaerobic system as appropriate based on an assumed 

maximum potential doubling of the cBOD5 load to the anaerobic process. As with 

previous alternatives, this would be phased in as needed when more industries 

are brought in through expanded industrial conveyance. 

o To maximize load to the Anaerobic Pretreatment system with the potential high 

solids content of several industrial waste streams, a solids separation device 
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dedicated to the industrial stream would be installed ahead of the high-rate 

anaerobic system. The solids separation device could be a filter or a dissolved air 

flotation (DAF) separator. 

 Solids Processing and End Use: 

o Primary solids are thickened using DAFs or gravity thickeners. 

o Secondary solids are thickened with the GBTs. 

o Solids are stabilized using FBI 

 Sidestream: None. 

 
Advantages: 

 Fluidized bed incineration gives efficient, stable treatment of solids 

 There is a potential for energy recovery (a function of volatile fraction and water 

content of solids incinerated) from waste heat. 

 There is a high degree of solids reduction with incineration. 

 
Disadvantages: 

 There is a risk with more stringent air quality criteria and an inability to meet stack limits. 

 The capital cost of a new FBI system is high. 

 Minimal resource recovery is achieved. 

 Lower economy of scale for incinerators may result based on solids needs; i.e. 

regional incinerators often are the most economical. 
 

Figure 3-9. Process Flow Diagram for Alternative 05 
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3.3 New Treatment Facility Alternatives 
Series 10 Scenarios are based on more significant changes to the overall waste processing 

system with a more substantial system overhaul based on process needs and compatibility, 

and to maximize resource recovery. While the new treatment facility alternatives are based 

on more significant overall changes to the WPCF treatment scheme, the changes may still be 

phased in over time. This series of treatment schemes uses established or innovative 

technologies. Innovative technologies may require demonstration through pilot or bench 

testing as recommended in Section 4.0. 

 

3.3.1 Alternative 11 – ABAC/AVN, THP-AD, Industry Pretreatment 

Alternative 11 represents a process that continues to maximize energy production from 

expanded industrial waste processing. Industrial waste streams would be separated 

and pre-treated in a solids separation process and a high-rate anaerobic system to 

generate biogas. 

A headworks system may be installed to protect downstream processes and 

equipment from screenings and grit, but in the event the proposed processes and 

solids handling equipment are supported by the current approach without a 

headworks, no changes may be needed. The mainstream treatment process would 

consist of primary clarifiers followed by a BNR process that is optimized using 

ammonia based aeration control (ABAC) or ammonia versus nitrite, or NOx, (AvN) 

coupled with biological phosphorus removal. A slipstream from Anaerobic 

Pretreatment bypassing would provide the additional cBOD5 needed to drive BNR. 

Primary solids and WAS biosolids are processed through THP-AD for additional 

biogas generation. Sidestream treatment is used to control nutrient recycle. Then, the 

solids captured in the primary clarifiers are routed into the biosolids system for energy 

recovery. 

This alternative consists of the following: 
 

 Pretreatment –

o Headworks – A headworks system may be installed to minimize grit and 

screenings intrusion into the process. In the event a headworks process is found 

to be the most practical, separate primary solids screening and grit removal is not 

required. 

 Mainstream treatment –

o Nutrient removal – ABAC/AVN with biological phosphorus removal 

 Industrial wastes

o Remove solids with DAF or Filter 

o Recover energy with high-rate anaerobic system sized to maximize segregated 

treatment of industrial waste. 

 Solids Treatment

o Primary solids are thickened using gravity thickeners. 

o Secondary solids are thickened with the GBTs. 

o All solids are processed with THP-AD and incineration is phased out as a biosolids 

market is developed. 

o The solids end use is as Class A biosolids. 



HDR Engineering, Inc. 
TM 8.0 Nutrient and Solids Alternative Screening FINAL 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 24 of 80 

 

 Sidestream: A sidestream treatment system is employed to control nutrient recycle, 

protect the solids handling system from struvite formation, and give the potential for 

fertilizer production as part of the comprehensive resource recovery program.

Advantages: With a new system operating with ABAC/AVN, an efficient BNR system 

may be designed and constructed. The use of a slipstream allows for cBOD5 to be 

supplied from existing sources rather than purchased offsite. 

Disadvantages: A new system with conventional aeration requires more volume. This 

approach relies on the development of a biosolids market via land application, quarry 

disposal, etc., and the corresponding personnel to staff, or the use of a 3rd party to 

administer. 

 
 

Figure 3-10. Process Flow Diagram for Alternative 11 

 

3.3.2 Alternative 12 – Granular Activated Sludge, THP-AD, Industry Pretreatment 

Alternative 12 pretreats the industrial stream as with previous alternatives. The 

innovation for Alternative 12 is the use of granular activated sludge (GrAS) for 

mainstream liquid treatment and for nutrient removal (refer to TM 7 for previous 

conceptual evaluation). For solids handling, THP-AD is used to process industrial 

solids, hauled wastes, and WPCF solids. Sidestream treatment is employed to control 

nutrient recycle. 

This alternative consists of the following: 
 

 Pretreatment or Primary Clarification –

o Headworks Option – A headworks system may be installed as one approach to 

minimize grit and screenings intrusion into the process. In the event it is 
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determined to be most practical to install a headworks, separate primary solids 

screening and grit removal would not be required. Additionally, with GrAS, primary 

treatment would not be needed with the installation of a headworks. 

o Primary Clarification Option – The existing primary clarifiers may continue to be 

used for the GrAS alternative for grit and screenings as discussed in the testing 

section. In this case, no additional preliminary treatment is anticipated. 

 Mainstream treatment –

o Mainstream treatment including nutrient removal completed by GrAS process 

without the need for secondary clarifiers, currently sold in the United States by 

Aqua-Aerobics under license from Royal HaskoningDHV as a batch process 

known as Nereda®. 

 Industrial wastes

o Expansion the high-rate anaerobic system as appropriate based on an assumed maximum 

potential doubling of the cBOD5 load to the anaerobic process. As with previous 

alternatives, this would be phased in as needed when more industries are brought in 

through expanded industrial conveyance. 

o To maximize load to the Anaerobic Pretreatment system with the potential high solids 

content of several industrial waste streams, a solids separation device dedicated to the 

industrial stream would be installed ahead of the high-rate anaerobic system. The solids 

separation device could be a filter or a dissolved air flotation (DAF) separator. 

 Solids Treatment

o Primary solids are thickened using gravity thickeners. 

o Secondary solids are thickened with the GBTs. 

o All solids are processed with THP-AD and incineration is phased out. 

o The solids end use is as Class A biosolids. 

 Sidestream: A side stream treatment system could be employed to:

o Control nutrient recycle thereby reducing mainstream loading and sizing, 

o Protect the solids handling system from struvite formation, and 

o Give the potential for fertilizer production as part of the comprehensive resource recovery 

program. 

 
Advantages: The use of GrAS provides a compact but efficient form of treatment 

including nutrient removal. The process is a form of high intensity treatment 

reported to reduce energy costs and site footprint by up to 50% using a single- 

stage process without separate secondary sedimentation tanks. The overall 

footprint is expected to be compact fitting within the current secondary treatment 

footprint for a future design capacity. 

 
Disadvantages: There are no GrAS systems the size of Cedar Rapids in the US 

currently, however, it is used extensively in Europe (where the technology was 

originally introduced), and a number of treatment works have been evaluated for 

installation in the US. The use of GrAS is expected to grow substantially in the US 

as existing infrastructure reaches the end of its useful life and a wholesale turnover 

in technology makes sense. Due to the unique nature of the waste stream, piloting 

would be required to give treatment and operational insight. 
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Figure 3-11. Process Flow Diagram for Alternative 12 (with primary clarifier option) 

 
 

3.3.3 Alternative 13 – Anaerobic Membrane Bioreactor, THP-AD 

Alternative 13 represents a plant of the future approach that uses an anaerobic 

membrane bioreactor (AMBR) as the mainstream treatment process for combined 

industrial and domestic waste streams. The AMBR process is followed by a BNR 

process. A slipstream bypassing flow around the AMBR may be employed to provide 

additional cBOD5 to support BNR. Biosolids are processed in a THP-AD process. 

Sidestream treatment is used to minimize nutrient recycle and recover struvite 

fertilizer. 

This alternative consists of the following: 
 

 Pretreatment – 

o Headworks – A headworks system including screens and grit removal is 

necessary to protect the anaerobic membranes. Separate primary solids 

screening and grit removal is not required. 

o Fine Screening – a secondary fine screening step is necessary to protect the 

anaerobic membranes. This would be completed using a secondary screening 

process prior to the AMBR process. 

 Mainstream treatment – treatment of combined industrial and domestic streams 

using: 

o Primary treatment – primary sedimentation is used to separate solids and prevent 

overloading the AMBR process as well as protect the membranes. 

o AMBR – mainstream high-rate anaerobic treatment 
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o Nutrient removal – The AMBR consumes cBOD5 that would otherwise drive BNR. 

To regain efficiency and avoid chemical addition, the tertiary BNR step would 

incorporate RAS Fermentation to minimize cBOD5 consumed by the BNR 

process. A slipstream around the AMBR process would further drive BNR. 

o Equalization/holding basins – Provide equalization to right size the AMBR 

process. Membranes are often sized for maximum month flow conditions, and 

peaks above maximum month would be equalized or treated by a high-rate 

process. With the downstream BNR process, however, the AMBR size may be 

limited to between 1.3 and 1.5 times average annual flow. 

 Solids Treatment 

o Primary solids are thickened using gravity thickeners. 

o AMBR solids production is expected to be low with a yield on the order of 0.10 lb- 

VSS/lb-cBOD5 removed. AMBR solids may be combined with BNR solids for 

further treatment. 

o AMBR solids and BNR solids are thickened with the GBTs. 

o All solids are processed with THP-AD and incineration is phased out. 

o The solids end use is as Class A biosolids. 

 Sidestream: A sidestream treatment system is employed to control nutrient recycle, 

protect the solids handling system from struvite formation, and give the potential for 

fertilizer production as part of the comprehensive resource recovery program. 

 
Advantages: For mainstream anaerobic treatment, the organic energy in the 

wastewater is directly harvested into biogas. The high strength industrial streams give 

Cedar Rapids a stronger waste strength than for a typical process. Anaerobic 

digestion is coupled with mainstream anaerobic treatment on the solids handling side 

to obtain the maximum biogas production possible. The overall process is relatively 

simple, as the existing Anaerobic Pretreatment system would be abandoned. 

 
Disadvantages: Mainstream anaerobic treatment is considered embryonic and has 

not been demonstrated at full-scale, but it represents an important plant of the future 

approach whereby organics are harvested directly into energy. Extensive additional 

testing is needed to demonstrate and verify compatibility with a facility the size of the 

WPCF. Anaerobic effluent would not have adequate cBOD5 to drive nutrient removal. 

Therefore, a slipstream would be needed to support BNR. 
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Figure 3-12. Process Flow Diagram for Alternative 13 

 

3.3.4 Alternative 14 – Autotrophic Denitrification, THP-AD, Anaerobic Pretreatment 

Alternative 14 represents an approach with several established technologies coupled 

with a dedicated autotrophic denitrification process designed for incorporation into the 

mainstream BNR to beneficially use sulfide to drive nutrient removal. Separate 

industrial pre-treatment with solids separation and a high-rate anaerobic system is 

proposed to maximize energy recovery. The mainstream process consists of a BNR 

system whereby high-rate anaerobic treatment effluent may be directed to the anoxic 

zone to support autotrophic denitrification. A slipstream from the preacidification 

component of Anaerobic Pretreatment is provided to bypass cBOD5 to support BNR as 

well. Solids are processed using THP-AD. Sidestream treatment is used to minimize 

nutrient recycle and to recover fertilizer. 

This alternative consists of the following: 
 

 Pretreatment – 

o Headworks Option – A headworks system may be installed as one approach to 

minimize grit and screenings intrusion into the process. In the event it is 

determined to be most practical to install a headworks, separate primary solids 

screening and grit removal would not be required. 

o Primary Clarification Option – The existing primary clarifiers may continue to be 

used for this alternative. In this case, no preliminary treatment is anticipated. 

 Mainstream treatment: 

o A2O process integrated with dedicated autotrophic denitrification zone sized to 

achieve TN removal strictly with hydrogen sulfide available. 

 Industrial wastes: 

o Expansion the high-rate anaerobic system as appropriate based on an assumed 

maximum potential doubling of the cBOD5 load to the anaerobic process. As with 
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previous alternatives, this would be phased in as needed when more industries 

are brought in through expanded industrial conveyance. 

o To maximize load to the Anaerobic Pretreatment system with the potential high 

solids content of several industrial waste streams, a solids separation device 

dedicated to the industrial stream would be installed ahead of the high-rate 

anaerobic system. The solids separation device could be a filter or a dissolved air 

flotation (DAF) separator. 

 Solids Treatment 

o Primary solids are thickened using gravity thickeners. 

o Secondary solids are thickened with the GBTs. 

o All solids are processed with THP-AD and incineration is phased out. 

o The solids end use is as Class A biosolids. 

 
 Sidestream: Sidestream treatment is employed for controlling nutrient recycle and 

protecting solids handling from struvite formation, and to give the potential for 

generating fertilizer. 

 
Advantages: Autotrophic denitrification utilizes the high sulfide content of the industrial 

waste stream to drive TN removal by denitrification. This allows redirection of cBOD5 to 

be harnessed for energy generation via Anaerobic Pretreatment or by anaerobic solids 

processing. 

Disadvantages: This relies on the continued presence of high sulfate (sulfur) 

concentrations in the wastes from industrial and other sources, however, the industrial 

sulfur sources are expected to be reliable for an extended period. In the absence of 

sulfides, traditional TN removal is used, which relies on cBOD5 to drive denitrification. 

Autotrophic denitrification requires additional testing to finalize and verify sizing 

requirements. 
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Figure 3-13. Process Flow Diagram for Alternative 14 

 

3.4 Alternatives Pre-Screening 
A pre-screening of the alternatives was conducted to narrow the list down to three final alternatives, 

which will drive the need for site visits and pilot and bench testing and then be evaluated in detail as 

part of the final version of this TM. The pre-screening process involves a qualitative evaluation and 

scoring of the alternatives using qualitative criteria developed by utilities staff, discussion and 

feedback from utilities staff through workshops and correspondence, and HDR application of the 

criteria and feedback in the pre-screening process. This section begins with a presentation of the 

criteria and scoring basis. Then, the alternatives are evaluated, scored, and pre-screened. 

 

Criteria and Scoring Basis 

Qualitative screening criteria are shown below. These criteria have previously been applied as part 

of the technology evaluation and screening in TM 7. The technologies that best meet the criteria are 

identified as the strongest fit for Cedar Rapids and reflected in the alternatives presented in this TM. 

Screening criteria are provided in the list below, and the associated points and weighting are 

provided for each criterion. They are intended to align Cedar Rapids treatment objectives and facility 

as follows: 

 Criterion 1: Consistency with Cedar Rapids Vision, Statement and Values – Total possible 

weighting of 28 points divided between the sub-criteria evenly. 

o Criterion 1A: Supports continued growth and development; allows the City to remain 

“Open for Business” (14 points) 

o Criterion 1B: Keeps rates low and/or lowers operating expenses (14 points) 

 Criterion 2: Sustainability – Total possible weighting of 31 points. 

o Criterion 2A: Reduce utility demands (electricity, natural gas, water, etc.) (7 points) 

o Criterion 2B: Resource Recovery (carbon and nutrients) (7 points) 

o Criterion 2C: Reduce volume of sludge hauled off site (7 points) 

o Criterion 2D: Odor and air emissions (5 points) 
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o Criterion 2E: Commitment to watershed (5 points) 

 Criterion 3: Consistency with Process Objectives – Total possible weighting of 33 points. 

o Criterion 3A: Implementability, operability, maintainability, risk, reliability, redundancy, 

flexibility (10 points) 

o Criterion 3B: Operator safety (10 points) 

o Criterion 3C: Economical to build and operate (7 points) 

o Criterion 3D: Protected from floods (6 points) 

 Criterion 4: Reuse existing useful infrastructure – Total possible weighting of 8 points 

 
In the screening assessments below, each alternative has been scored against the criteria provided 

with a maximum score of five being most favorable and then weighted according to the points 

presented above. The alternatives are divided into BNR sub-alternatives, existing facility 

modifications, and new treatment facility scoring sections. Comments are provided to clarify the 

primary and determining factors for each alternative’s score. The full screening and evaluation of 

scores is provided in Attachment A. 

3.5 BNR Sub-Alternatives Screening 
The three BNR sub-alternatives, A2O, MABR, and Autotrophic Denitrification, have been evaluated 

against the screening criteria (Table 3-1). Each alternative tends to have strong scores with some 

criteria and moderate scores with other criteria. Technologies with weak scores were generally 

eliminated in TM 7. 

Notably, Alternative A (Anaerobic, Anoxic, Oxic [A2O]) scores well with criteria that evaluate cost- 

effectiveness, low risk, and resource recovery, because it is a well-established technology that has 

previously been evaluated for this facility with a proven track record at a number of facilities 

throughout the US. 

Alternative B (Membrane aerated bioreactor [MABR]) scores well with criteria that focus on overall 

efficiency, reliability, commitment to nutrient control and resource recovery, and using existing 

infrastructure (ability to reuse existing tankage and HPO). 

Finally, Alternative C (Autotrophic Denitrification) scores similarly to Alternative A (Anaerobic, 

Anoxic, Oxic [A2O]) but with slightly higher risk and slightly lower cost. 

Overall, Alternative B (Membrane aerated bioreactor [MABR]) scores the highest with a composite 

score of 92 compared to 90 for Alternatives A (Anaerobic, Anoxic, Oxic [A2O]) and 89 for Alternative 

C (Autotrophic Denitrification). Alternative B (Membrane aerated bioreactor [MABR]) represents an 

innovative technology that has shown success in evaluations. It offers a tremendous potential for 

Cedar Rapids to maintain a high process intensity within the existing infrastructure. Therefore, the 

scoring identifies a preliminary preference for the Alternative B (Membrane aerated bioreactor 

[MABR]). Although Alternative C (Autotrophic Denitrification), is not preferred as the central basis for 

the BNR technology, it may be incorporated into the overall nutrient removal scheme. As discussed 

in the Pilot and Bench Testing and Site Visits section, autotrophic denitrification should be tested as 

part of the BNR process. 
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Table 3-1. BNR Sub-Alternatives Screening 

 

Alternative 

Score Criteria 

Weighted Raw 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 

Alternative A 
(Anaerobic, 
Anoxic, Oxic 
[A2O]) 

 
90 

 
53.5 

 
4.5 

 
5.0 

 
4.5 

 
5.0 

 
4.5 

 
3.0 

 
5.0 

 
4.5 

 
4.0 

 
4.5 

 
5.0 

 
4.0 

Alternative B 
(Membrane 
aerated 
bioreactor 
[MABR]) 

 
 

92 

 
 

55.5 

 
 

5.0 

 
 

4.5 

 
 

4.0 

 
 

5.0 

 
 

4.5 

 
 

5.0 

 
 

5.0 

 
 

4.0 

 
 

4.5 

 
 

4.0 

 
 

5.0 

 
 

5.0 

Alternative C 
(Autotrophic 
Denitrification) 

 

89 
 

54.5 
 

4.0 
 

5.0 
 

5.0 
 

4.5 
 

4.5 
 

5.0 
 

5.0 
 

3.0 
 

4.5 
 

5.0 
 

5.0 
 

4.0 

 

3.6 Existing Facility Modifications Alternatives Screening 
The five existing facility based alternatives have likewise been scored and screened against the four 

criteria with 12 sub-criteria (Table 3-2). The existing facility alternatives incorporate the BNR sub- 

alternatives previously evaluated and a number of associated solids handling options. In general, 

the alternatives that incorporated solids drying (Alternatives 02, 03, and 04) scored lower. While 

solids drying reduces the volume of solids produced considerably, the volume reduction was not 

enough to offset the negative effects of process complexity, reduced reliability, and the substantial 

gas demand and cost associated with evaporating tons of water from the biosolids each day. 

Alternatives 01 and 05 both scored equally based on different strengths. Alternative 01, with BNR, 

THP-AD and Anaerobic Pretreatment, does well when considering resource recovery, energy 

efficiency, and commitment to the environment and watershed. Alternative 05, with BNR and FBI, 

scores well when considering volume management, compatibility with existing infrastructure, and 

maintaining continuity with operations (and therefore continued growth and development). 

Based on the pre-screening of existing facility based alternatives, Alternatives 01 (BNR, THP-AD, 

Anaerobic Pretreatment) and 05 (BNR, FBI, Anaerobic Pretreatment) should be carried forward for 

further consideration and detailed development. Then, based on the BNR sub-alternatives analysis, 

Alternatives 01 (BNR, THP-AD, Anaerobic Pretreatment) and 05 (BNR, FBI, Anaerobic 

Pretreatment) may be coupled with BNR sub-alternative B (Membrane aerated bioreactor [MABR]) 

to create Alternatives 01-B (MABR, THP-AD, Anaerobic Pretreatment) and 05-B (MABR, FBI, 

Anaerobic Pretreatment) that will undergo a detailed evaluation. 

Table 3-2. Existing Facility Based Modifications Screening 

 

Alternative 

Score Criteria 

Weighted Raw 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 

Alternative 01 
(BNR, THP- 
AD, Anaerobic 
Pretreatment) 

 
80 

 
46.5 

 
4.5 

 
5.0 

 
4.5 

 
4.5 

 
2.5 

 
4.0 

 
4.0 

 
3.5 

 
4.0 

 
4.0 

 
3.5 

 
2.5 

Alternative 02 
(BNR, THP- 
Dryer, 
Anaerobic 
Pretreatment) 

 
 

76 

 
 

45.0 

 
 

4.5 

 
 

4.0 

 
 

4.0 

 
 

4.0 

 
 

4.5 

 
 

3.0 

 
 

4.0 

 
 

4.0 

 
 

3.5 

 
 

2.5 

 
 

4.5 

 
 

2.5 
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Alternative 

Score Criteria 

Weighted Raw 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 

Alternative 03 
(BNR, Dryer, 
Anaerobic 
Pretreatment) 

 
72 

 
41.5 

 
5.0 

 
4.0 

 
1.5 

 
4.0 

 
4.5 

 
2.0 

 
4.0 

 
3.5 

 
3.0 

 
2.5 

 
5.0 

 
2.5 

Alternative 04 
(BNR, THP- 
AD & Drying, 
Anaerobic 
Pretreatment) 

 
 

77 

 
 

45.0 

 
 

5.0 

 
 

3.5 

 
 

4.0 

 
 

5.0 

 
 

4.0 

 
 

3.0 

 
 

5.0 

 
 

5.0 

 
 

3.5 

 
 

1.5 

 
 

3.5 

 
 

2.0 

Alternative 05 
(BNR, FBI, 
Anaerobic 
Pretreatment) 

 
79 

 
45.5 

 
5.0 

 
4.5 

 
3.0 

 
3.0 

 
5.0 

 
1.0 

 
4.0 

 
3.5 

 
3.0 

 
4.0 

 
5.0 

 
4.5 

 

3.7 New Treatment Facility Alternatives Screening 
Finally, the new treatment facility based alternatives (11-14) have been pre-screened against the 

criteria to find the best alternative or alternatives to consider for detailed evaluation (Table 3-3). A 

new treatment facility offers the benefits of the latest technology and new equipment, which gives 

increased efficiencies and improved safety as well as up to date operational controls. In addition, if 

approaching WPCF with a new treatment facility approach, it would be typical to incorporate a 

headworks for new construction. Given the potential challenge of incorporating a headworks, the 

headworks is evaluated as a potential upgrade option. The advent of a headworks expands the 

consideration for mainstream processes, with several technologies (e.g. membranes, granular 

systems without primary clarifiers) that are better supported with a headworks installed. 

The scoring shows Alternative 12 with granular activated sludge scores the highest followed by 

Alternative 11 with ABAC/AVN, Alternative 13 with AMBR, and finally Alternative 14 with Autotrophic 

Denitrification. Alternative 12 (Granular Activated Sludge, THP-AD, Anaerobic Pretreatment) scores 

well with fitting Cedar Rapids overall vision as well as giving high confidence with implementability 

and giving a reasonably economical alternative overall (higher capital investment for substantially 

newer system balanced against efficient operations). Alternatives 11 with ABAC/AVN, 13 with 

AMBR and 14 with Autotrophic Denitrification scored lower due to challenges with implementation 

(due to the embryonic or emerging nature of process) and fitting the overall vision when considering 

compatibility with potentially changing industrial waste streams. All of the new treatment facility 

based alternatives scored lower with reuse of existing infrastructure and sludge volume reduction. 

Alternative 13 is based on anaerobic processes, which yield lower biomass production than aerobic. 

The anaerobic process is followed by BNR, however, which offsets the benefits of the anaerobic 

process partly by increasing the solids production. 

Based on the pre-screening of new treatment facility alternatives, Alternative 12 (Granular Activated 

Sludge, THP-AD, Anaerobic Pretreatment) offers the most competitive alternative moving forward. 

Therefore, granular activated sludge should be assessed in further detail with respect to Cedar 

Rapids specific waste stream composition. As a better understanding of Alternative 12 sizing, 

operation, and efficiency is developed, it will be considered against the existing facility based 

alternatives. 
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Table 3-3. New Treatment Facility Based Alternatives 
 

Alternative 
Score Criteria 

Weighted Raw 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 

Alternative 11 
ABAC/AVN, THP- 
AD, Anaerobic 
Pretreatment 

 
77 

 
45.0 

 
4.5 

 
4.5 

 
4.5 

 
4.5 

 
2.5 

 
3.0 

 
4.0 

 
4.0 

 
4.5 

 
4.5 

 
3.5 

 
1.0 

Alternative 12 
Granular Activated 
Sludge, THP-AD, 
Anaerobic 
Pretreatment 

 
 

83 

 
 

48.5 

 
 

5.0 

 
 

4.5 

 
 

4.5 

 
 

4.5 

 
 

2.5 

 
 

4.0 

 
 

5.0 

 
 

5.0 

 
 

4.5 

 
 

4.5 

 
 

3.5 

 
 

1.0 

Alternative 13 
Anaerobic 
Membrane 
Bioreactor, THP-AD 

 
77 

 
48.5 

 
4.5 

 
4.0 

 
5.0 

 
4.0 

 
4.0 

 
4.0 

 
4.0 

 
3.0 

 
4.0 

 
5.0 

 
3.5 

 
1.0 

Alternative 14 
Autotrophic 
Denitrification, THP- 
AD, Anaerobic 
Pretreatment 

 
 

75 

 
 

45.0 

 
 

4.0 

 
 

4.0 

 
 

4.5 

 
 

4.5 

 
 

2.5 

 
 

5.0 

 
 

4.0 

 
 

3.0 

 
 

4.5 

 
 

4.5 

 
 

3.5 

 
 

1.0 

 

3.8 Pre-Screening Recommendations 
The pre-screening analysis has been conducted based on Cedar Rapids’ established criteria with 

BNR sub-alternatives, existing treatment facility based, and new treatment facility based alternatives. 

The scoring results support a BNR based sub-alternative for existing facilities using MABR. The 

specific alternatives focused on use of existing facilities that scored best include Alternative 01 

(BNR, THP-AD, Anaerobic Pretreatment) and Alternative 05 , (BNR, FBI, Anaerobic Pretreatment). 

As a result, existing facility based alternatives are carried forward for detailed development and 

evaluation as Alternative 01-B and Alternative 05-B. The new facility based screening showed that 

Alternative 12 (Granular Activated Sludge, THP-AD, Anaerobic Pretreatment) is most complimentary 

of Cedar Rapids’ priorities. As a result, the alternatives recommended for detailed analysis and 

evaluation include the following: 

 Alternative 01-B – BNR (MABR), THP-AD, Anaerobic Pretreatment. This alternative 

maintains and maximizes use of the existing Anaerobic Pretreatment system for high 

strength industrial waste, makes use of the existing CAS and NAS basins and high purity 

oxygen systems to provide secondary treatment with BNR, but represents a shift in solids 

management from incineration and quarry ash disposal to anaerobic digestion and biosolids 

land application. The existing incinerator would be retained for the balance of its useful life to 

facilitate such a transition. This alternative may be phased, and in the event land application 

is found to be impractical, a downsized FBI installed when the MHI is retired. 

 Alternative 05-B – BNR (MABR), FBI, Anaerobic Pretreatment. This alternative represents 

the most continuity with current operations. It maintains and maximizes use of the existing 

Anaerobic Pretreatment system for high strength industrial waste, makes use of the existing 

CAS and NAS basins and high purity oxygen systems to provide secondary treatment with 

BNR, and continues with incineration and quarry ash disposal for solids management. The 

existing incinerator would be retained for the balance of its useful life and then replaced with 

a new fluidized bed incineration system. 
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 Alternative 12 – GrAS, THP-AD, Anaerobic Pretreatment. This alternative represents the 

most significant departure from current operations. While it maintains and maximizes use of 

the existing Anaerobic Pretreatment system for high strength industrial waste, it replaces the 

existing CAS and NAS systems, including the C and D clarifiers, with granular activated 

sludge to provide secondary treatment with BNR, and shifts solids management from 

incineration and quarry ash disposal to anaerobic digestion and biosolids land application. 

The tradeoff for the more significant departure from current operations is that the footprint for 

GrAS is smaller allowing the WPCF to potentially recapture some of the site for future 

processes. The existing incinerator would be retained for the balance of its useful life to 

facilitate such a transition. As with the Alternative 01-B, this alternative may be phased, and 

in the event land application is found to be impractical, a downsized FBI installed when the 

MHI is retired. 

As part of the previous facility planning effort, the final recommendation included the A2O process 

for BNR and FBI for solids processing and end use. This included the conversion of two of the “B” 

clarifiers into anaerobic zones (for A2O), the conversion of CAS and NAS into a single process 

aerated with air instead of HPO with two new trains (reactors), and three new FBI trains. The 

previous recommendation compares favorably with Alternative 05. 

 

4.0 Comparative Costs (pre Testing and Site Visits) 
High level, comparative costs have been developed to provide insight into the baseline alternatives 

screening with respect to criteria evaluating expenditures and rates. Costs have been developed 

based on reference projects that are scaled to Cedar Rapids and adjusted to a 2016 basis. These 

costs are for comparative purposes only, and they should not be construed as the true cost of 

alternatives. More detailed cost estimates have been developed since the completion of testing and 

site visits as part of refinement effort and as part of the final submittal of TM 8. While comparative 

costs are evaluated in this section based on a 2016 cost basis, detailed cost estimates have been 

evaluated on a 2018 cost basis later in the Cost Evaluation section. 

4.1 Reference Basis for Costs and Assumptions 
Class 51 cost estimates, in accordance with Association for the Advancement of Cost Engineering 

(AACE) principles, have been developed for pre-screening the initial alternatives. A number of tools 

and references have been used to develop the comparative costs presented in this section. One 

important reference source for costs is previous Cedar Rapids planning documents. This includes 

the 2005 Master Plan and the 2011 Solids Facilities Plan. The previous plans include reference 

costs for BNR, FBI and AD. Another source for solids processing costs is the Green Bay 

Metropolitan Sewerage District work including their December 2011 Solids Management Facility 

Plan and the 2013 Basis of Design Report for construction projects that are currently under 

construction. Unit costs have also been extracted from planning and work done or being done at the 

Des Moines Water Reclamation Facility, the HRSD Atlantic Treatment Plant, and several smaller 

projects that have evaluated sidestream treatment and solids processing. Reference costs from EPA 

guides have also been applied. The HDR WaterCost Tool has been used to develop and cross- 

check costs based on an extensive database of project costs. 

 

 

1 Class 5 estimates are intended for concept screening. A typical Class 5 estimate for a process industry 
project may have an accuracy range as broad as -50% to +100%, or as narrow as -20% to +30%. 

https://en.wikipedia.org/wiki/Cost_engineering
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The reference costs have been adjusted to align with the alternatives or alternative technologies 

being evaluated for Cedar Rapids. For one, the sizing basis for costs has been adjusted using a 

power-sizing factor of 0.6. Another adjustment has been made to adjust to a 2016 cost basis using 

ENR construction cost index (ENR CCI) numbers. 

For operating and maintenance (O&M) costs, the best available reference cost has been used. In the 

absence of O&M Cost information, it is assumed that the annual cost is 2% of the capital cost. Some 

vendors have identified an O&M savings based on projected lower energy consumption and this 

O&M cost has been adjusted accordingly. For energy recovery, the cost is identified as a negative 

value. Using the capital and O&M costs, comparative life cycle costs have been developed on a 

2016 cost basis. These costs include the 2016 capital cost with the 20-year present worth of the 

O&M cost based on an interest rate of 3%. 

4.2 Cost Comparison 
The baseline costs for building the comparative costs are shown in Tables 4-1 and 4-2. Table 4-1 

includes costs for updating the roughing filters for ongoing service, it shows the costs for several 

BNR alternatives, and it shows the cost of sidestream treatment. The costs are based on providing 

BNR through maximum month flows and loads with roughing filters meeting peaking demands above 

maximum month conditions. 

 

The cost comparison in this section is based on the following assumptions: 

 
 AACE Class 5 Estimate 

 Process Components Only 

 Greenfield Site or Into Existing Tankage 

 No Demolition 

 No Interconnections 

 Meant for Relative Comparison of Options 

 2016 Base Year for Costs 

 Life Cycle Cost – 20 years at 3% 

Table 4-1 shows the estimated capacity factored costs for individual unit processes that are 

components of the initial alternatives developed. As shown in Table 4-1, the MABR offers some cost 

savings by providing more compact tankage (common anoxic and nitrification zone) and through 

higher efficiency aeration. Additionally, sidestream treatment further reduces the size of BNR tanks, 

because the recycle loading is reduced. 
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Table 4-1. Liquid Stream Cost Comparison, $Millions 
 

 
Process 

 
Capital Cost 

Annual – 
O&M Cost 

Present Worth - 
Life Cycle Cost 

Pre-Treatment/Wet Weather 

Roughing Filter $34.4 $0.34 $39.5 

BNR 

A2O w/ AD 85.9 2.1 118 

MABR w/ AD 78.1 1.5 100 

GrAS w/ AD 77.7 1.6 101 

A2O w/ FBI 81.4 2.0 112 

MABR w/ FBI 74.1 1.4 95.0 

GrAS w/ FBI 73.7 1.5 95.6 

A2O w/ Sidestream 82.1 1.6 107 

MABR w/ Sidestream 74.3 1.4 95.3 

GrAS w/ Sidestream 73.9 1.5 95.9 

Sidestream Treatment 

P-Recovery $4.12 $-* $4.12 

Anammox $3.42 $0.05 $4.19 

*Chemical costs (MgCl2 and NaOH) assumed to be offset by product revenue with no additional 
revenue benefit 

 

Table 4-2 shows the capacity factored costs for solids processes in the initial alternatives including 

the cost of land application and the value of biogas and energy recovery. The cost of anaerobic 

digestion is a function of the digestion process size, pretreatment cost (e.g. THP), dewatering cost, 

storage cost, land application cost, and biogas value. Incineration costs include all equipment 

needed to support incineration, and the cost of landfilling is shown separately. Then, the value of 

electrical energy recovered is itemized separately as well. 

 

Table 4-2. Solids Processing Cost Comparison, $Millions 

Process Capital Cost O&M Cost Life Cycle Cost 

Anaerobic Digestion 

Anaerobic Digestion $87.5 $1.8 $113.5 

THP-AD $50.8 $1.0 $65.9 

Dewatering (Centrifuge) $6.9 $0.3 $10.6 

Storage Barn $11.0 $- $11.0 

Land Application $ - $6.1 $90.8 

Land App Equip $2.0 $ - $2.0 

Biogas Handling $9.1 $0.9 $22.6 

Biogas Cleaning $7.8 $0.8 $19.3 

Biogas Value (AD)1
 $ - $ (5.1) $ (75.2) 

Biogas Value (THP-AD)1
 $ - $ (6.2) $ (91.9) 

Biogas Value (AD)2
 $ - $ (1.0) $ (14.6) 

Biogas Value (THP-AD)2
 $ - $ (1.2) $ (17.8) 

Biogas Value (AD)3
 $ - $ (3.1) $ (46.0) 

Biogas Value (THP-AD)3
 $ - $ (1.5) $ (23.0) 

Fluidized Bed Incineration 

FBI (w/ recovery) $164 $6.1 $255 

FBI (w/o recover) $135 $3.8 $192 
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Process Capital Cost O&M Cost Life Cycle Cost 

FBI 
(Incinerate AD Solids) 

$104 $2.9 $147 

FBI 
(Incinerate THP Solids) 

$100 $2.8 $142 

FBI Landfill Cost $ - $0.20 $2.4 

FBI Energy Value $ - $ (4.3) $ (64.7) 

Thermal Hydrolysis 

THP Cost $23.1 $0.70 $33.4 
1Biogas based on RINs at a credit value of $2.06 per therm 
2Biogas based on the base value of natural gas at $0.40 per therm 
3Part of the biogas is used to fuel the FBI 
4FBI energy value based on 0.96 kWh/lb-coal, conversion factor from coal to biosolids is 0.75 lb-VS/lb-coal (i.e. 
energy content is 75% VS/coal), and the electricity cost/value is $0.10/kWh 

 

Table 4-3 shows summary added unit process costs for the initial alternatives developed by 

summing the unit process costs developed in Tables 4-1 and 4-2. The O&M cost, Gas/Electric cost, 

and RIN value are on an annual basis. Annual costs are based on design average annual operating 

conditions. Capital costs are based on sizing for design maximum month conditions. 

The cost analysis shows comparable life cycle costs for the three alternatives pre-screened for 

further analysis with Alternatives 01-B (MABR with THP-AD) and 12 (GrAS with THP-AD) having 

nearly the same life cycle costs and Alternative 05-B (MABR with FBI) having a life cycle cost that is 

roughly 12% higher. While the capital cost of Alternative 05-B is higher, the ongoing land application 

costs with Alternatives 01-B and 12 are higher. Biogas value further helps to offset the operational 

costs of Alternatives 01-B and 12. 

The costs for a variety of A2O based options are given for concept level comparison, because A2O 

was previously evaluated for facilities planning. The A2O cost comparisons show the life cycle 

benefits of using THP with AD and of sidestream nutrient treatment. The last A2O options are shown 

for comparative purposes as well, including a Green Bay combination of AD and FBI, MABR with air 

instead of MABR with HPO, and A2O instead of MABR. 

Table 4-3. Summary Cost Comparison for Alternatives, $Millions 

 
 

Alternative 

 

Capital 
Cost 

Annual 
O&M 
Cost 

 

Annual Gas/ 
Electric Value 

Annual 
RIN 

Value 

 

Present Worth 
Life Cycle Cost 

01-B: MABR, Sidestream, THP- 
AD, Land App, Biogas Reuse 

$227 $11.6 $1.20 $6.18 $289 

05-B: MABR, FBI, With Energy 
Recovery 

$272 $7.89 $4.35 $- $325 

12: GrAS, Sidestream, THP- 
AD, Land App, Biogas Reuse 

$226 $11.6 $1.20 $6.18 $290 

A2O, Sidestream, THP-AD, 
Land App, Biogas Reuse 

$235 $11.8 $1.20 $6.18 $300 

A2O, Sidestream, THP-AD, 
FBI, Biogas Reuse 

$298 $6.74 $1.54 $3.09 $329 

A2O, Sidestream, AD, Land 
App, Biogas Reuse 

$248 $11.8 $0.98 $5.05 $334 

A2O, AD, Land Application, 
Biogas Reuse 

$245 $12.3 $0.98 $5.05 $337 
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Alternative 

 
Capital 
Cost 

Annual 
O&M 
Cost 

 
Annual Gas/ 

Electric Value 

Annual 
RIN 

Value 

 
Present Worth 
Life Cycle Cost 

A2O, FBI, Energy Recovery $280 $8.28 $4.35 $- $339 

A2O, FBI, No Energy Recovery $251 $6.37 $- $- $345 

A2O, Sidestream, AD-FBI, 
Biogas Reuse 

$331 $8.26 $0.98 $5.05 $364 

 

An update of cost comparisons is shown in Table 4-4. The present worth value of the RINs is shown 

under the heading w/o RINs adjustment. The cost of the mercury control system is shown in the final 

column. Both of these costs are included in the present worth life cycle cost. The update provides 

some additional comparisons including Green Bay’s process as well as a comparison of the 

integrated alternatives discussed with staff. The updated concept costs continue to show potential 

benefits from using the MABR and GrAS. 

 
Table 4-4. UPDATED (3/10/2017) Summary Cost Comparison for Alternatives, $Millions 

 
 
 

Alternative 

 
 
 

Capital 
Cost 

 
 

Annual 
O&M 
Cost 

 
 

Annual 
Gas/Electric 

Value 

 
 

Annual 
RIN 

Value 

Best 
Estimate 
Present 

Worth Life 
Cycle Cost 

 
 
 

w/o RINs 
adjustment 

 
 

w/o 
Mercury 

adjustment 

01-B: HPO MABR, 

Sidestream, THP-AD, Land 
App, Biogas Reuse 

 
$211 

 
$11.3 

 
$1.20 

 
$6.18 

 
$ 269 

 
+$92 

 
#N/A 

05-B: HPO MABR, FBI, 
Energy Recovery (Mercury 
Control) 

 
$287 

 
$7.61 

 
$4.35 

 
$ - 

 
$ 336 

 
#N/A 

 
-$30 

12: GrAS, Sidestream, THP- 
AD, Land App, Biogas 
Reuse 

 
$226 

 
$11.6 

 
$1.20 

 
$6.18 

 
$ 290 

 
+$92 

 
#N/A 

Other Variations 

Green Bay (HPO MABR, 
Sidestream, AD-FBI, Biogas 
Reuse) 

 
$338 

 
$7.24 

 
$0.98 

 
$5.05 

 
$ 356 

 
+$75 

 
-$30 

01-B: MABR, Sidestream, 
THP-AD, Land App, Biogas 
Reuse 

 
$227 

 
$11.6 

 
$1.20 

 
$6.18 

 
$ 289 

 
+$92 

 
#N/A 

05-B: MABR, FBI, Energy 
Recovery (Mercury Control) 

$302 $7.89 $4.35 $ - $ 355 #N/A -$30 

01-A: A2O, Sidestream, 
THP-AD, Land App, Biogas 
Reuse 

 
$235 

 
$11.8 

 
$1.20 

 
$6.18 

 
$ 300 

 
+$92 

 
#N/A 

 

5.0 Pilot Study and Site Visit Results 
This section discusses the pilot and bench testing and site visits previously recommended for the 

purposes of validating and further developing the potential application of the technologies in the pre- 

screened alternatives to the waste streams at the WPCF. The pilot and bench testing and site visits 
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were previously recommended with the intent to familiarize WPCF staff with newer technologies, 

verify technology performance, provide hands on experience with newer technologies, and/or 

provide insight as to technology operation and maintenance requirements. Once pilot and bench 

tests and site visits were completed, separate TMs were developed presenting the results. Based on 

those TMs, a summary of the pilot test and site visit findings is incorporated into this TM below and 

the three pre-screened alternatives were revised and a fourth alternative was added. More 

particularly, Alternative 21 incorporates GrAS as the mainstream treatment process and both THP- 

AD and FBI as the solids processing system. This approach, with solids processing each sized for 

60% of design maximum month solid production, gives added reliability for solids processing. All 

four alternatives are developed in more detail and evaluated to include qualitative costs as well as 

non-monetary criteria later in this TM. 

5.1 Pilot and Bench Testing Recommendations 
Pilot testing was recommended to better understand and quantify the specific treatment results of 

some of the processes recommended in the screened alternatives. Pilot testing provided key 

performance metrics with respect to both innovative and established technology with Cedar Rapids 

unique waste stream and solids compositions. 

Pilot or bench testing was recommended for evaluating technologies as follows: 
 

 Membrane Aerated Bioreactors (Pilot) 

 Granular Activated Sludge (Pilot) 

 Thermal Hydrolysis Process (Bench) 

 Anammox, Sulfide Inhibition (Bench) 

 Autotrophic Denitrification (Bench) 

 Primary Clarifier Effluent Debris and Grit Tests (Tests on existing) 
 

It was subsequently decided not to test Anammox, sulfide inhibition since others are testing and 

developing approaches to compensate. Additionally, primary clarifier effluent debris and grit tests 

were not performed directly but by evaluating and checking for any potential build-up in pilot 

systems. 

Membrane aerated bioreactors are offered by both Suez Water and Process Technologies and 

Oxymem. Suez is in the process of selling their water treatment technologies, including the MABR 

technology. Oxymem was not working in the US at the time of testing, however, they have since 

resolved patent issues and may be working toward applications in the US. For the MABR, a pilot or 

demonstration unit was rented from Suez Water and Process Technologies based on their ZeeLung 

system to conduct the testing. 

Specific testing needs identified for the MABR included the following: 
 

 Efficiency with high purity oxygen 

 Nutrient removal efficiency 

 Mixing requirements 

 Autotrophic denitrification (evaluate sulfur balance) 

 Evaluate the impacts of Cedar Rapids waste on the MABR 

o Debris 

o cBOD5/TN and BOD5/TP ratios 
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o Odor generation potential 

o Strategies for dealing with peak flows 

Granular activated sludge is offered through Aqua-Aerobics by Royal HaskoningDHV as Nereda. As 

with the MABR, the pilot testing was coordinated with the supplier. 

Specific testing needs identified for Nereda included the following: 
 

 Evaluate impacts of Cedar Rapids unique waste on GrAS (including those listed for the 

MABR) 

 Verify sizing and overall footprint of GrAS 

 Improve estimate of operations and maintenance effort and cost 

 Odor potential 

 Autotrophic denitrification (evaluate sulfur balance and impacts) 
 

Thermal hydrolysis process pretreatment for anaerobic digestion is available from Cambi, Veolia, 

Lystek, and others. Unlike with MABR processes and GrAS, THP testing was conducted with 

university researchers (e.g. Professor Matt Higgins at Bucknell University), but coordination with 

THP suppliers (similar to MABR and GrAS testing) would be beneficial as well. For this study, THP 

testing has been conducted by Professor Matt Higgins at Bucknell University, and the results from 

the test provide the basis for the THP evaluation. 

Specific testing needs identified for THP included the following: 
 

 Determine extent of refractory compounds generated by THP (important with consideration to 

Cedar Rapids unique waste stream) 

 Verify efficiency of solids destruction and biogas production rates 

 Test dewaterability of digested solids 

 Odor potential 
 

Anammox, Sulfide/Other Inhibition – Anammox offers the most efficient and lowest cost option for 

sidestream nitrogen control for a facility the size of Cedar Rapids. Aerobic ammonia oxidizing 

bacteria and anammox organisms have been demonstrated to show sensitivity to sulfide and other 

trace contaminants; particularly in THP. Therefore, small-scale inhibition testing of anammox should 

be conducted with the Cedar Rapids sidestream(s). In some cases, anammox suppliers may offer 

this test as part of the feasibility and budgetary quote efforts. During more refined facility planning, it 

is recommended to coordinate the specific application (based on THP-AD filtrate measurements) 

with anammox suppliers (World Water Works [Demon], Kruger [Anitamox], et al.) to quantify 

inhibition effects in order to refine the basis of sizing. 

Autotrophic Denitrification – In addition to evaluating the sulfur balance within the MABR and GrAS 

pilot tests, separate laboratory testing of autotrophic denitrification may provide additional data on 

the average and maximum potential efficiency with autotrophic denitrification using Cedar Rapids 

waste stream. As part of the lab test, evaluation of autotrophic denitrification has been conducted 

under varying cBOD5, sulfur, and nitrate concentrations and ratios. The results supported that some 

level of autotrophic denitrification is currently occurring and WPCP, but inadequate data are 

available to develop a design basis at this point. 
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Finally, an evaluation of the debris and grit content of primary effluent helps to verify that additional 

preliminary treatment is not needed. Testing was conducted indirectly by checking for build-up in the 

pilot reactors. Manufacturers of technologies have indicated that the primary clarifiers should be 

adequate to protect their processes, but a future assessment may conducted if a concern persists. 

5.2 Site Visit Recommendation 
Site visits were recommended to identify technology configurations, processes, and operational 

approaches that have been implemented successfully. The visits also offered any drawbacks to 

avoid and recommendations for improvements to processes. 

Site visits were recommended for the following: 
 

 Biosolids land application programs 

 Membrane Aerated Bioreactor installation 

 Granular Activated Sludge 

 Sidestream treatment processes 

 THP-AD biosolids processing 

 Fluidized bed incineration 
 

Biosolids Land Application – A conversion to anaerobic digestion offers the opportunity to transition 

to recovery of biosolids as a fertilizer for agriculture. To gain some familiarity, it was recommended 

that Staff visit and discuss land application with other facilities that currently anaerobically digest 

biosolids. The goal of site visits for land application included gaining insight into the following: 

 

 Biosolids Treatment Process 

 Scheduling/Timing of Land Application 

 Biosolids Storage Requirements 

 Coordination with Farmers and Property Owners 
 

Membrane Aerated Bioreactor – A membrane aerated bioreactor was installed at the treatment 

facility at the Yorkville-Bristol Sanitary District and commissioned in 2018. This facility treats 

approximately 3.6 MGD of flow for Yorkville, IL. With its relatively close proximity to Cedar Rapids, 

this facility offers an opportunity to tour and gain insight into the initial operations of a ZeeLung 

installation within driving distance. This site visit may be coordinated with other site visits of facilities 

in Illinois and Wisconsin as discussed with the sidestream treatment processes below. This site visit 

was not completed since the facility was still under construction at the time site visits were 

conducted. As of September 2018, the facility construction and startup was completed, and a future 

site visit may be considered in the event MABR technology is reconsidered. 

Granular Activated Sludge – A demonstration facility for Nereda has been constructed near the Aqua 

Aerobics Headquarters at the Rock River Water Reclamation District in Rockford, Illinois.  This 

facility was operational by the winter of 2018. The demonstration facility is sized to treat 

approximately 200,000 gpd of flow. A tour of this facility has been conducted to see a larger scale 

system and some of the components of the system. 

Sidestream Treatment Process – The use of phosphorus recovery facilities gives the chance to 

manage phosphorus in the effluent and recover a fertilizer resource. The Ostara™ treatment process 

is installed at the Madison Nine Springs Wastewater Treatment Plant and at the Stickney Water 
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Reclamation Plant outside of Chicago. The location of these facilities offers an opportunity to visit 

two phosphorus recovery systems within driving distance of Cedar Rapids. These visits may be 

completed during more detailed levels of planning and design as needed. 

THP-AD Biosolids Processing – Efficient and effective anaerobic digestion to give healthy biogas 

production and Class A biosolids with the best life cycle cost is expected to consist of thermal 

hydrolysis pretreatment. This process has been installed using Cambi at the Washington DC Blue 

Plains Wastewater Treatment Plant and is being designed for Hampton Roads Sanitation District’s 

Atlantic Plant. In addition, there are a number of THP installations (Cambi and Veolia) throughout 

Europe. A site visit of the DC facility was conducted to better understand the specific design and 

operational needs or preferences for Cedar Rapids. 

Fluidized Bed Incineration – Site visits to several FBI facilities have been conducted including Little 

Blue Valley, Cleveland Southerly, and the Prince William County Wastewater Treatment Facility in 

Virginia. 

Future larger scale tours of many of the technologies may conducted in Europe when more detailed 

planning and design is underway. For example, the Dublin Ringsend wastewater plant would offer a 

chance to tour both GrAS and a THP-AD system. A tour could be coordinated to maximize 

knowledge exchange and gain a strong understanding of the processes. 

 

5.3 Pilot Study Results Summary (see Attachment D) 
Pilot testing has been conducted for both MABR and GrAS nutrient removal alternatives with GE 

(now Suez) and AquaNereda, respectively. Both pilots underwent initial setup in July 2017 and 

required hardware modification to support continued testing. The overall goal of pilot testing was to 

evaluate the BNR process with Cedar Rapids complex waste stream. Specific objectives include 

evaluating development of active communities, identifying loading limitations, and verifying effluent 

targets can be achieved. 

The MABR pilot was setup to test a pilot-scale BNR process including seeding and design loading 

conditions. It did not demonstrate efficient treatment with the proposed influent blend. Nitrification 

could not be effectively established with the MABR due to an overgrowth of heterotrophic (carbon 

consuming) biofilm. As a result, the MABR pilot was discontinued without showing that the 

technology was able to achieve TN removal as an anoxic zone replacement using high purity oxygen 

for the Cedar Rapids waste stream. 

The GrAS pilot was tested under design loading conditions for average annual, maximum month, 

and peak loads. Based on the results of the testing, the pilot unit provided strong nutrient removal 

under most conditions. Effluent ammonia concentrations met targets when oxygen loading remained 

within the capacity of the pilot unit’s coarse bubble diffuser system. 

Additionally, the GrAS pilot was tested under two startup conditions. For the first startup condition, 

local seed sources (CAS WAS, NAS WAS, and anaerobic granules) were applied to the reactor and 

startup loading conditions were applied. The first startup unit provided good treatment under the 

conditions applied, but granulation was not apparent initially based on the SVI5/SVI30 measured. As 

a result, the process was shifted to select for granule forming phosphorus accumulating organisms. 

With the process shift, TP removal occurred within a week with effluent TP concentrations less than 
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2 mg-P/L. Again, the SVI5/SVI30 did not give conclusive granulation results. As a result, it was 

decided to try a second startup strategy. When the reactor was drained to test the second startup 

strategy, a high concentration of granules was discovered. Nonetheless, the second startup strategy, 

with an initial volume of granules around 20% was tested. 

A separate Pilot Study TM provides a more detailed description of the pilot study and the results of 

the pilot testing. 

5.4 Site Visit Summary (See Attachment E) 
Site visits have been conducted to evaluate processes with the potential for application at Cedar 

Rapids. Site visits were conducted to the Des Moines Wastewater Reclamation Facility, Little Blue 

Valley Sewer Plant near Kansas City, the Stickney Water Reclamation Plant near Chicago, Green 

Bay Metropolitan Sewerage District, Cleveland Southerly Wastewater Treatment Plant, Blue Plains 

Advanced Wastewater Treatment Plant near Washington DC, H.L. Mooney Water Reclamation 

Facility, and Back River Wastewater Treatment Plant servicing Baltimore, MD. The site visits 

provided a chance to gain insight into fluidized bed incinerators at Little Blue Valley Sewer Plant, 

Cleveland southerly Wastewater Treatment Plant, and H.L Mooney Water Reclamation Facility. 

Site visits also provided a chance to visit and learn about anaerobic digesters at the Des Moines 

Wastewater Reclamation Facility, Stickney Water Reclamation Plant, Green Bay Metropolitan 

Sewerage District, Blue Plains Advanced Wastewater Treatment Plant, and Back River Wastewater 

Treatment Plant. 

In addition to anaerobic digesters, the Stickney Water Reclamation Plant offered the chance to visit 

new centrifuge dewatering units and a struvite recovery facility and visit and learn about land 

application and other beneficial uses of biosolids. The Des Moines Wastewater Reclamation Facility 

provided a chance to visit and learn about land application of biosolids. As well, Blue Plains 

Wastewater Treatment Plant offered a chance to see and become familiar with a full-scale thermal 

hydrolysis pretreatment process (Cambi), and H.L. Mooney Reclamation Facility offered a chance to 

visit a nutrient removal facility. The Green Bay Metropolitan Sewerage District was in the process of 

installing an advanced anaerobic digestion and fluidized bed incineration process for solids handling. 

During the site visits, land application program managers observed a number of benefits of land 

application. Staff indicated that land application provides a green and reliable approach to disposal. 

At the same time, they noted that a strong land application program requires active management to 

support the logistics of land application and to maintain a positive public relations program. 

Individual Site Visit TMs provide more detailed descriptions of site visits conducted including insights 

into processes and recommendations by staff at the utilities. 

 

6.0 Alternatives Development and Evaluation (post Testing 
and Site Visits) 

This section presents the more detailed alternatives development and evaluation. First, refined flows 

and loads are presented. Next, the refined, final plant-wide alternatives for nutrient removal and 

solids processing are documented including Alternative 01-A: A2O Process and THP—AD, 

Alternative 05-A: A2O and FBI, Alternative 12: GrAS and THP-AD, and Alternative 21: GrAS and 

THP-AD with FBI. 
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6.1 Flows and Loads 
Following completion of the pilot studies, a general discussion of results and wastewater 

infrastructure needs led to a reevaluation of design flows and loads. As a result, the design flows and 

loads have been modified. During the original flows and loads development outlined in TM 1, it was 

determined that an incremental capacity increase should be provided for future industry 

contributions. The revised design approach is to focus on providing capacity for domestic growth 

with consideration of modular expansion to meet future industrial needs. This revised design 

approach reflects the significant challenge of trying to forecast future industrial flows and loadings as 

local industries business models change with the market. 

Table 6-1 shows revised (June 2018) flows and loads including the raw flow, which is the influent 

flow to the plant from the Main Lift Station and the pretreat flow, which is industrial flow from the 

Indian Creek Lift Station to the Anaerobic Pretreatment System. The design raw flow and loads 

include existing (2013-2015) flows and loads plus an increment for domestic growth. Design flows 

and loads to the pretreatment system represent the design capacity of the Anaerobic Pretreatment 

System. Table 6-2 shows the concentrations corresponding to the flows and loads in Table 6-1. 

Note, the process design emphasized providing capacity for maximum month flows and loads. This 

assumes that peak flows during wet weather treatment will be accommodated separately with 

supplemental treatment such as trickling filters and sedimentation. 

 

Table 6-1. Revised (June 2018) Design Flows and Loads 

 
DESIGN EVALUATION 

Existing 
(2013-2015) 

 
Domestic 
Growth 

 
Design Basis1

 

Design Parameter Units AA AA2
 MM3

 Peak 2 Week MD4
 

Raw Flow MGD 45.8 2.8 48.6 67.3 83.3 135 
Raw cBOD5 Load lb/d 233,000 3,660 237,000 315,000 347,000 400,000 

Raw TSS Load lb/d 118,000 7,740 126,000 212,000 248,000 404,000 

Raw TKN Load lb-N/d 17,200 1,050 18,300 24,500 26,700 65,100 

Raw Ammonia Load lb-N/d 3,500 214 3,710 5,590 5,930 8,450 

Raw Total-P Load lb-P/d 3,340 164 3,500 4,790 5,210 12,200 

Raw Ortho-P Load lb-P/d 1,750 86 1,840 2,960 2,830 4,780 

Pretreat Flow MGD 1.5  2.2 3.0 3.0 4.6 
Pretreat cBOD5 Load lb/d 40,700  40,700 64,800 64,800 104,000 

Pretreat TSS Load lb/d 4,200  4,200 9,100 9,100 19,900 

Pretreat TKN Load lb-N/d 367  367 490 490 655 
Pretreat NH3 Load lb-N/d 220  220 294 294 393 

Pretreat Total-P Load lb-P/d 196  196 545 545 2,400 

Pretreat Ortho-P Load lb-P/d 125  125 466 466 1,120 
1Design basis is existing (2013-2015) plus 20-year domestic growth. Design loading may be subject to update 
with more recent data. It is recommended to reevaluate the design basis as mainstream treatment process is 
phased into WPCF. 
2AA = Average Annual 
3MM = Maximum Month 
4MD = Maximum Day 

 
Table 6-2. Revised (June 2018) Design Concentrations 

DESIGN EVALUATION Design Basis Concentrations 

Design Parameter Units AA MM Peak 2 Week MD 

Raw cBOD5 mg/L 585 561 499 355 

Raw TSS mg/L 311 378 357 359 

Raw TKN mg-N/L 45.1 43.7 38 57.8 
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DESIGN EVALUATION Design Basis Concentrations 

Design Parameter Units AA MM Peak 2 Week MD 

Raw Ammonia mg-N/L 9.2 10.0 8.5 7.5 

Raw Total-P mg-P/L 8.6 8.5 7.5 10.8 

Raw Ortho-P mg-P/L 4.5 5.3 4.1 4.2 
Pretreat cBOD5 mg/L 3,250 2,990 2,990 2,710 

Pretreat TSS mg/L 336 420 420 519 

Pretreat TKN mg-N/L 29 23 22.6 17 
Pretreat NH3 mg-N/L 18 14 13.6 10 

Pretreat Total-P mg-P/L 16 25 25.1 63 

Pretreat Ortho-P mg-P/L 10 21 21.5 29 
 

When considering the potential for future expansion, additional industry could locate in Cedar Rapids 

resulting in an incremental addition to flows and loads. As a result, the original (March 2016) design 

flows and loads are retained for consideration of potential expansion implications. Table 6-3 

replicates the design flows and loads originally presented as part of TM 1. 
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Table 6-3. Original (March 2016) Design Flows and Loads (Potential Future Expansion) 

DESIGN EVALUATION Additional 
SIU 

With Additional SIU 

Design Parameter Units AA MM Peak 2 Week MD 

Raw Flow MGD 5.0 53.5 74.1 91.8 149 
Raw cBOD5 Load lb/d 59,400 296,000 393,000 433,000 499,000 

Raw TSS Load lb/d 46,700 172,000 289,000 338,000 551,000 

Raw TKN Load lb-N/d 6,390 24,600 33,000 36,000 87,800 

Raw Ammonia Load lb-N/d 1,290 5,000 7,540 8,000 11,400 

Raw Total-P Load lb-P/d 522 4,030 5,520 6,000 14,100 

Raw Ortho-P Load lb-P/d 116 1,950 3,140 3,000 5,070 

Pretreat Flow MGD  2.2 3.0 3.0 4.6 
Pretreat cBOD5 Load lb/d  40,700 64,800 64,800 103,500 

Pretreat TSS Load lb/d  4,200 9,100 9,100 19,850 

Pretreat TKN Load lb-N/d  367 490 490 655 
Pretreat NH3 Load lb-N/d  220 294 294 393 

Pretreat Total-P Load lb-P/d  196 545 545 2,400 

Pretreat Ortho-P Load lb-P/d  125 466 466 1,120 

 
 

As part of the mass balance conducted as part of TM2, solids production rates were projected based 

on influent flows and loads. Therefore, the 2016 projected solids production rates have been revised 

based on the revised design flows and loads. Table 6-4 presents the 2013-2015 solids production 

rates, the revised (June 2018) design basis, and the 2016 design basis with the incremental 

industrial load. 

The June 2018 solids production numbers are the basis for the alternatives evaluation presented in 

this section. The MM solids production rate is the basis for equipment sizing. AA solids production 

rate acts as the basis for the O&M evaluation. Solids equalization is considered for offsetting the 

difference between the MM and Peak 2 Week solids production rates. 

Solids production rates presented here represent an initial estimate based on the existing process 

for use in preliminary solids process evaluations. The solids production rates vary with specific mass 

balances for each alternative. 

Table 6-4. Solids Production Rates (in lb/d) 

 
Dry Solids 

Existing (2013-2015) Design Basis (October 2018) Design w/ Additional SIU (2016) 

Primary Secondary Total Primary Secondary Total Primary Secondary Total 

AA 96,000 33,100 129,100 97,000 67,000 164,000 137,000 71,500 208,500 

MM 199,000 72,600 271,600 147,000 100,000 247,000 285,200 99,400 384,600 

Peak 2 Week 236,000 90,400 326,400 187,000 120,000 307,000 363,400 119,450 482,850 

 

6.2 Alternative 01-A: A2O Process, THP-AD 
Alternative 01-A, originally presented as an existing facility modification, is further evaluated as part 

of alternatives development in this section. This alternative makes use of existing tankage and 

expands the secondary treatment process to provide for full BNR with an A2O process for nutrient 

removal. Roughing filters continue to be used for cBOD5 removal as a pretreatment step to BNR. 

The alternative is sized for maximum month flows and loadings. Treatment for wet weather flow 

processing is not included, and additional facilities outside of the existing footprint to accommodate 

peak wet weather flows will need to be identified separately. 

For solids handling with this alternative, a THP-AD process is proposed to maximize solids 

destruction and generate a Class A biosolids product for land application and beneficial reuse. The 
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THP-AD process requires pre-screening of solids, pre-dewatering of solids, and post-dewatering of 

solids. 

As part of solids handling, sidestream treatment is applied to cost-effectively remove nutrients and 

minimize recycling to the mainstream process (resulting in increased size of mainstream treatment). 

Sidestream treatment consists of phosphorus removal as struvite or brushite and nitrogen removal 

with anammox. The struvite or brushite may be captured as a separate renewable resource stream 

or mixed back in with the solids for land application. Cost estimating is conservatively based on the 

more expensive Ostara™ system. It is most important to remove phosphorus with high efficiency 

from the sidestream to protect the mainstream from high recycle loads. 

 

Process Flow Scheme 

The process flow scheme for Alternative 01-A is presented in Figure 6-1 with existing processes 

shown in grey and new or reconfigured unit processes shown in color. Solid lines represent primary 

flow streams and dashed lines represented secondary or alternative flow streams. 

Existing process expansion is needed in some cases as discussed below with model results. The 

existing Anaerobic Pretreatment process remains the same except that industrial screening is shown 

as an option to increase the industrial treatment flexibility and accommodating additional industrial 

discharges by removing solids associated with prospective industry wastewaters to acceptable levels 

for the anaerobic pretreatment process. 

The mainstream liquid treatment process remains the same through roughing filters. After being 

treated by roughing filters, the waste stream would then be treated by a new A2O process built 

around existing tankage but expanded to support peaking loads for high efficiency ammonia removal 

and nutrient removal at average annual conditions. As indicated, solid processing is reconfigured; 

however, the goal would be to reuse dewatering equipment. Post-dewatering typically requires 

expansion due to the high solids content associated with THP-AD treated solids. Biogas from 

anaerobic pretreatment and anaerobic digestion is assumed as a resource recovery approach and 

for revenue generation potential. 

Recycle flow would be primarily treated by sidestream treatment. Due to the potential for nutrient 

deficiency in the anaerobic pretreatment process, however, flexibility should be maintained for 

directing recycle to anaerobic pretreatment without sidestream treatment. 

 

Model and Mass Balance 

A plant-wide model and mass balance has been developed using the BioWin™ simulation tool 

based on the Alternative 01-A process. The model originally developed as part of previous planning 

was first recalibrated to the 2013-2015 data (including an update of the influent characterization and 

an update of BioWin, kinetics, stoichiometry, unit processes, etc., based on the latest model 

developments in version 5.3). The updated model calibration was then reconfigured with the A2O, 

THP-AD, and a blackbox sidestream treatment unit (setup strictly to reduce recycle nutrients). 

Scenarios tested for the model include average annual conditions, maximum month conditions 

(moderate temperature), summer maximum month flows and loads, and transient peaking 

conditions. 

The sizes of the proposed processes is shown in Table 6-5, and a summary of potential capacity 

needs or expansion of existing processes for this alternative is provided in Table 6-6. 
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Preliminary evaluation supports addition of a new “A” clarifier and a new roughing filter. Based on 

model results, the secondary treatment process would need to be expanded from the existing CAS 

and NAS processes with approximately 9.0 MG of volume to an A2O process with 36 MG of tank 

volume including a 1.5 MG anaerobic zone, a 4.0 MG anoxic zone, and 30 MG of aeration volume. 

The anaerobic volume may be provided by the one of the existing “B” clarifiers not currently in use, 

the anoxic volume may be provided by the existing CAS tanks, 4.67 MG of the aeration capacity may 

be provided by the existing NAS tanks, and the remaining 25 MG would be provided by new tankage 

installed to support efficient aeration. 

The proposed process promotes efficient nitrification with reliable DO concentrations meeting design 

setpoint values (adequate oxygen mass transfer) and MLSS concentrations maintained within 

acceptable maximum values at aerobic solids retention times (SRTs) between 6 and 10 days. Both 

average annual and maximum month steady-state effluent projections show TN concentrations 

between 9 and 10 mg-N/L, TP concentrations between 0.7 and 0.9 mg-P/L, and ammonia 

concentrations less and 0.3 mg-N/L when tested for lower temperature conditions; variations may 

occur seasonally, however. Airflow rates are projected between 60,000 and 90,000 scfm for average 

annual and maximum month summer conditions, respectively. Secondary solids production rates are 

projected between 67,000 lb/d (design average annual) and 100,000 lb/d (design maximum month 

winter). 

The THP and AD process in this alternative is sized to accommodate the combined primary and 

secondary solids streams maximum month production rates with storage used to support weekly 

peaking. As a result, THP would be sized to handle 125 DTPD (maximum month), which would 

result in AD receiving roughly 197,000 gpd, or 65,600 lb-VSS/d (est. 70,000-80,000 lb-VS/d). For this 

process evaluation, Cambi is assumed as the basis for THP. Cambi has a standard B6 reactor sizing 

with a skid that can handle four B6 reactors (B6-4). A B6-4 system has a capacity around 92 DTPD. 

Two skids are needed to support Cedar Rapids biosolids produced in this alternative. For the basis 

of the evaluation, two B6-4 units are assumed, and the performance is based on lab testing 

conducted by Professor Matt Higgins at Bucknell University. While Cambi acts as the basis of 

evaluation for this plan, additional alternatives may be evaluated at more detailed planning levels 

including Biothelys (Veolia), Exelys (Veolia) and Turbotec (Sustec) THP processes. After THP, the 

hydrolyzed biosolids are treated by AD. Based on testing at Bucknell, the AD is sized with an optimal 

operating HRT of 15 days (operation at lower HRTs supports peaking conditions, however). Biogas 

production rates are projected based on a methane yield of 6.79 ft3/lb-COD and a methane content 

of 66%. 

Sidestream treatment loading is essential for dealing with the nutrient feedback loop from biosolids 

processing in this alternative. Sidestream treatment is planned for both TP, using a struvite or 

brushite harvesting system, and TN, using an anammox process. The loading on the sidestream 

treatment processes are 6,500 – 7,000 lb-N/d TN (3,000-4,000 mgN/L as ammonia) and 1,800 – 

2,000 lb-P/d TP for maximum month conditions. This translates into a preliminary sizing between 0.5 

MG and 0.75 MG deammonification (anammox) system2 and roughly 15,000 lb/d (7,000 kg/d) 

struvite, or one 10K Pearl™ reactor if based on Ostara struvite harvesting. 

 
 

2 Deammonification using an anammox process may require dilution or a small pretreatment zone due to 
inhibition resulting from sulfides or other refractory organics produced by THP. Phosphorus harvesting 
provides some pre-conditioning expected to remove most sulfides. 
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Site Layout 

A conceptual site layout is shown in Figure 6-2 that identifies the configuration and sizing of new 

processes and expansion of existing processes as described in the previous section. For this 

alternative, a new roughing filter in installed. Refurbishment of the existing roughing filters is also 

assumed. The secondary treatment process is reconfigured as a conventionally aerated A2O 

process. One of the existing B clarifiers is converted from a sulfide oxidation basin into an anaerobic 

zone3, the NAS aeration tanks are converted to the anoxic zone, and new aerobic zones are 

constructed with a minimum of 20 feet of depth to enhance aeration efficiency. 

A new biosolids processing system is installed with THP-AD. Existing biosolids handling and 

supporting processes are maintained and expanded (see Table 6-6) in the existing solids processing 

buildings. Biosolids storage is shown roughly in the location of the current ash ponds as a way to 

provide convenient access from the road; however, close proximity to biosolids processing may be a 

consideration for more refined development in the future. 

Phasing of this alternative is challenging due to the integrated A2O process requiring a series of 

tanks for full BNR treatment. Therefore, implementation of this alternative is split into four phases in 

order make the upgrade process manageable and affordable. Based on the age and condition of the 

existing solids processing and handling system, replacement of solids treatment is a priority 

proposed for Phase I; including upgrades for dewatering, THP, AD, and biosolids storage. 

Sidestream treatment is included in Phase I to protect the solids handling process and as a first step 

to reducing the overall nutrient discharge from the facility. During Phase I, lime stabilization is moved 

to a temporary facility west of the LPO decant tanks (prior to installation of sidestream treatment) to 

allow for construction of THP-AD. 

Phase II focuses on expanding and rehabilitating the roughing filter processes. Phase III is the first 

step to implementing mainstream nutrient removal by constructing new aerobic zones, a blower 

building and the anaerobic zone by conversion of one of the existing “B” clarifiers. When Phase III is 

complete, the process will involve split treatment between the CAS and NAS as one treatment train 

and an A/O process (TP removal) for the second treatment train; note, TN removal is limited to what 

is accomplished with sidestream treatment when Phase III is complete. Phase IV follows with 

conversion and construction of the remaining parts of the A2O process by conversion of the NAS 

into an anoxic zone and the construction of a second set of aeration basins. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 Alternatively, a new anaerobic zone may be constructed to preserve the sulfide oxidation basin. Additional 
site layout is needed and the cost would increase. 
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Figure 6-1. Alternative 01-A Process Flow Diagram
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Figure 6-2. Alternative 01-A Concept Site Layout 
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Figure 6-3. Alternative 01-A BioWin™ Model Process Flow Diagram 
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Table 6-5. Summary of New Process Sizing (June 2018 Design Basis) 

Process Loading Condition Model/Actual Value Standard Value Considerations 

Solids 
Separation/Screening; e.g. 
Salsnes (Industrial Area) 

MM Hydraulic = 3 MGD 1.8 MGD (firm) 
3.6 MGD (total) 

Based on Salsnes SF4000 
model capacity of 1.8 MGD, 
two units 

A2O – Anaerobic AA HRT = 
MM HRT = 

0.7 hr 
0.5 hr 

--- 
--- 

Volume = 1.5 MG (Converted 
“B” Clarifier) 

A2O – Swing AA HRT = 
MM HRT = 

1.8 hr 
1.3 hr 

--- 
--- 

Volume = 4.0 MG (Converted 
NAS) 

A2O – Aerobic AA HRT = 
MM HRT = 

13.1 hr 
9.7 hr 

--- 
--- 

Volume = 30 MG (New) 

A2O – Blowers AA Aeration = 
MM Aeration = 

184,000 lb/d, 62,000 scfm 
242,000 lb/d, 88,000 scfm 

--- 
--- 

Total Blower Capacity = 4,500- 
5,000 HP 

THP Solids Prescreen AA Size = 
MM Size = 

940 gpm 
1,400 gpm 

2 screens 
3 screens 

Based on Huber Strainpress 
430 sizing. Screen throughput 
= 660 gpm 

THP AA Solids Load = 
MM Solids Load = 

82 DTPD 
124 DTPD 

 Cambi: Two B6-3 units 

Anaerobic Digestion MM HRT = 
MM VS Load = 

15 d @ 9-10% TS 

250-300 lb-VS/(1,000ft3∙d) 

15 d @ 9-10% TS 

300 lb-VS/(1,000ft3∙d) 

Volume = 3.0 MG (two 1.5 MG 
tanks); design basis - lab test 
results at Bucknell 

Sidestream (Phosphorus) TP Load = 1,700-1,800 lb-P/d --- Ostara: One Pearl 10K 

Sidestream (Anammox) TKN Load = 5,700-5,800 lb-N/d --- AMX Granular: 0.5-0.7 MG, 
150 HP Blower 

Biogas Cleaning & Storage Biogas Production = 1,400-1,500 scfm (60% CH4) --- PSA: four 500 MMBTU skids, 
Dystor type Storage System 
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Table 6-6. Summary Capacity Evaluation of Existing Supporting Processes (June 2018 Design Basis) 

Process Loading Condition Model/Actual Value Standard/Equip.1 Value Expansion Considerations 

A Clarifier MM SOR = 
Peak SOR = 

1,025 gpd/ft2 

1,790 gpd/ft2 

1,000 gpd/ft2 

1,500-2,000 gpd/ft2 

Marginal, consider additional 
clarifier if Main Lift capacity 
expanded 

Roughing Filter MM Hydraulic Loading = 
MM Organic Loading = 

4,640 gal/(ft2∙d) 
650 lb/(1,000ft3∙d) 

1,000-5,000 gal/(ft2∙d) 
300-400 lb/(1,000ft3∙d) 

Consider additional roughing 
filter 

Secondary Clarifier (C+D) MM SOR = 
MM SLR = 

820 gpd/ft2 

52 lb/(d•ft2) 
1,000 gpd/ft2 (firm) 
50 lb/(d•ft2) (firm) 

No expansion needed 

Gravity Thickener MM SOR = 
MM SLR = 

302 gpd/ft2 

16 lb/(d•ft2) 
400 gpd/ft2 (firm) 
20-30 lb/(d•ft2) (firm) 

No expansion needed 

Gravity Belt Thickener MM Solids Loading = 4,100 lb/hr 7,200 lb/hr (firm) 
10,800 lb/hr (total) 

No expansion needed 

Belt Filter Press MM Solids Loading = 
 
MM Hydraulic Load = 

5,200 lb/hr 
 
210 gpm 

2,400 lb/hr (firm) 
4,800 lb/hr (total) 
96 gpm (firm) 
192 gpm (total) 

BFP converted to Final 
Dewatering; additional BFP 
needed 

Centrifuge MM Solids Loading = 
 
MM Hydraulic Capacity = 

9,400 lb/hr 
 
340 gpm 

1,900 lb/hr (firm) 
3,800 lb/hr (total) 
200 gpm (firm) 
400 gpm (total) 

Centrifuges converted to 
predewatering; replace 
existing and provide additional 
centrifuges needed 

Primary Sludge Degritter MM Hydraulic Capacity = 970 gpm 1,275 gpm (firm) 
1,700 gpm (total) 

No expansion needed 

Primary Sludge Step 
Screen 

MM Hydraulic Capacity = 1.4 MGD 3.6 MGD No expansion needed 

1Based on engineering standard or rated capacity of equipment 
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6.3 Alternative 05-A: A2O, FBI 
Alternative 05-A mirrors Alternative 01-A on the mainstream liquid treatment side, but it uses an FBI 

as the primary solids treatment process with lime stabilization as a secondary treatment process. 

With the use of FBI, sidestream treatment is eliminated. Scrubber blowdown, with a high solids and 

a slight cyanide potential, replaces the high nutrient recycle stream. An extensive air pollution 

control system is anticipated due to tight regulations for air emissions from a new source FBI. 

Based on discussions with FBI suppliers and personnel at other facilities, the air pollution control is 

anticipated to consist of venture scrubber, packed tower or impingement tray scrubber, wet 

electrostatic precipitator, and granular activated carbon absorber bed. To maximize efficiency of the 

FBI, an economizer or heat exchanger is included to recover heat from exhaust. 

 

Process Flow Scheme 

The process flow scheme for Alternative 05-A is presented in Figure 6-4. As with Alternative 01-A, 

existing processes are shown in grey and new or reconfigured unit processes shown in color with 

solid lines representing primary flow streams and dashed lines representing secondary or 

alternative flow streams. As with Alternative 01-A, wet weather processing is not included and 

additional facilities outside of the existing footprint to accommodate peak wet weather flows will 

need to be identified separately. 

As noted, the mainstream liquid treatment process is the same as for Alternative 01-A. The solids 

processing system is shown with a simple FBI. Support systems are included as part of the overall 

FBI process. These include ash handling and air emissions control. Based on preliminary 

information from FBI suppliers, air emissions control for the system should consist of venturi and 

impingement tray scrubbers, wet electrostatic precipitation, and granular activated carbon. Ash is 

conveyed to an existing storage lagoon and then removed from the site for continued offsite quarry 

disposal. During incinerator shutdowns (estimated at two weeks, two times per year), solids may be 

lime stabilized and land applied. Pricing with two incinerator systems means that incinerator 

shutdowns may be alternated, however. 

 

Model and Mass Balance 

The model and mass balance have been conducted in BioWin with the model layout shown in 

Figure 6-6. BioWin does not include unit processes to represent the FBI solids treatment and 

processing system. As a result, the output to the FBI has been provided, along with solids heating 

values results from testing conducted by Professor Matt Higgins at Bucknell University, to 

incinerator suppliers to provide a preliminary evaluation. A more detailed, independent evaluation of 

the heat and materials balance should be performed during subsequent preliminary design for FBI 

implementation. 

 

Site Layout 

The conceptual site layout is shown in Figure 6-5. The layout for the previous Alternatives 01-A and 

Alternative 05-A are the same on the liquid treatment side. The solids processing system, FBI and 

air emissions control, are located near the existing solids processing system in a new building. 

Additional solids storage is shown adjacent to the new Solids Processing Building. 
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The new aeration basins extend onto the area currently occupied by one of the ash ponds. To 

maintain the existing ash storage volume, the ash pond is shown as relocated adjacent to the new 

expanded aeration basin. 

This alternative is shown to be implemented in four phases with similar challenges as Alternative 

01-A. As with Alternative 01-A, priority is given to upgrade and replacements of the solids 

processing and handling systems. Phasing of liquid treatment is similar to Alternative 01-A as well. 

Ash pond relocation is presented as part of Phase III. 
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Figure 6-4. Alternative 05-A Process Flow Diagram 
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Figure 6-5. Alternative 05-A Concept Site Layout
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Figure 6-6. Alternative 05-A BioWin™ Model Process Flow Diagram 
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Table 6-7. Summary of New Process Sizing (June 2018 Design Basis) 

Process Loading Condition Model/Actual Value Standard Value Considerations 

Solids 
Separation/Screening; 
e.g. Salsnes (Industrial) 

MM Hydraulic = 3 MGD 1.8 MGD (firm) 
3.6 MGD (total) 

Based on Salsnes SF4000 model 
capacity of 1.8 MGD, two units 

A2O – Anaerobic AA HRT = 
MM HRT = 

0.7 hr 
0.5 hr 

--- 
--- 

Volume = 1.5 MG 

A2O – Swing AA HRT = 
MM HRT = 

1.8 hr 
1.3 hr 

--- 
--- 

Volume = 4.0 MG 

A2O – Aerobic AA HRT = 
MM HRT = 

13.1 hr 
9.7 hr 

--- 
--- 

Volume = 30 MG 

A2O – Blowers AA Aeration = 
MM Aeration = 

184,000 lb/d, 62,000 
scfm 
242,000 lb/d, 88,000 
scfm 

--- 
--- 

Total Blower Capacity = 4,500-5,000 
HP 

FBI AA = 82 DTPD 
MM = 124 DTPD 

  Two FBIs with a total capacity of 192 
DTPD (8.0 DTPH) 

Air Pollution Control   --- Venturi Scrubber, Impingement Tray 
Scrubber, Wet Electrostatic 
Precipitator, Granular Activated 
Carbon 

Sludge Storage Peaking 2.7 MG --- Additional 2.7 MG tank to store peak 
solids production 
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Table 6-8. Summary Capacity Evaluation of Existing Supporting Processes (June 2018 Design Basis) 

Process Loading Condition Model/Actual Value Standard/Equip.1 

Value 
Expansion Considerations 

A Clarifier MM SOR = 
Peak SOR = 

1,025 gpd/ft2 

1,790 gpd/ft2 

1,000 gpd/ft2 

1,500-2,000 gpd/ft2 

Marginal, consider additional clarifier if 
Main Lift capacity expanded 

Roughing Filter MM Hydraulic 
Loading = 
MM Organic 
Loading = 

4,640 gal/(ft2∙d) 

650 lb/(1,000ft3∙d) 

1,000-5,000 gal/(ft2∙d) 

300-400 lb/(1,000ft3∙d) 

Consider additional roughing filter 

Secondary Clarifier (C+D) MM SOR = 
MM SLR = 

820 gpd/ft2 

52 lb/(d•ft2) 
1,000 gpd/ft2 (firm) 
50 lb/(d•ft2) (firm) 

No expansion needed 

Gravity Thickener MM SOR = 
MM SLR = 

302 gpd/ft2 

16 lb/(d•ft2) 
400 gpd/ft2 (firm) 
20-30 lb/(d•ft2) (firm) 

No expansion needed 

Gravity Belt Thickener MM Solids Loading 
= 

4,100 lb/hr 7,200 lb/hr (firm) 
10,800 lb/hr (total) 

No expansion needed 

Belt Filter Press MM Solids Loading 
= 

 
MM Hydraulic 
Capacity = 

5,400 lb/hr 
 
140 gpm 

2,400 lb/hr (firm) 
4,800 lb/hr (total) 
96 gpm (firm) 
192 gpm (total) 

Additional BFP needed 

Centrifuge MM Solids Loading 
= 
MM Hydraulic 
Capacity = 

3,900 lb/d 
 
140 gpm 

1,9)00 lb/hr (firm 
3,800 lb/hr (total) 
200 gpm (firm) 
400 gpm (total) 

Additional centrifuge needed 

Sludge Degritter MM Hydraulic 
Capacity = 

970 gpm 1,275 gpm (firm) 
1,700 gpm (total) 

No expansion needed 

Sludge Step Screen MM Hydraulic 
Capacity = 

1.4 MGD 3.6 MGD No expansion needed 

Ash Pond --- --- --- Relocate ash pond 
1Based on engineering standard or rated capacity of equipment 
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6.4 Alternative 12: GrAS, THP-AD 

Process Flow Scheme 

The process flow scheme for Alternative 12 is presented in Figure 6-7. As with the previous 

alternatives, existing processes are shown in grey and new or reconfigured unit processes shown in 

color with solid lines representing primary flow streams and dashed lines representing secondary or 

alternative flow streams. Roughing filters and the CAS train are not an integral part of treatment for 

maximum month flows and loads in this alternative. 

As with prior alternatives, wet weather processing is not included and additional facilities outside of 

the existing footprint to accommodate peak wet weather flows will need to be identified separately. 

Roughing filters and the CAS train (including secondary clarifiers) are available for wet weather 

processing, with appropriate rehabilitation, in this alternative. 

Alternative 12 shifts the mainstream liquid treatment process from A2O type BNR to granular 

activated sludge. With the pilot, granular activated sludge has been demonstrated, when properly 

sized, as a reliable technology for Cedar Rapids. 

Solids handling with this alternative aligns with Alternative 01-A with a THP-AD process proposed to 

maximize solids destruction and generate a Class A biosolids product for possible land application 

and beneficial reuse. The THP-AD process includes pre-screening of solids, pre-dewatering of 

solids, and post-dewatering of solids with existing equipment; rehabilitated and expanded to support 

the application. 

As part of solids handling, sidestream treatment is applied to cost-effectively remove nutrients and 

minimize recycling to the mainstream process (resulting in increased size of mainstream treatment). 

Sidestream treatment consists of phosphorus removal as struvite or brushite and nitrogen removal 

with anammox. The struvite or brushite may be captured as a separate renewable resource stream 

or mixed back in with the solids for land application. As with Alternative 01-A, Ostara is assumed as 

a struvite recovery process for the basis of this analysis. 

 

Model and Mass Balance 

The plant-wide model and mass balance is expected to generally align with the Alternative 01-A, 

and specific differences due to GrAS have been provided by AquaNereda. Design flows and loads 

result in the sizes of proposed processes as shown in Table 6-9, and a summary of potential 

capacity needs or expansion of existing processes for this alternative is provided in Table 6-11. 

Due to the shift from using A2O to using GrAS, no secondary clarifier expansions are needed, and 

the existing “B” clarifiers would not be needed; however, the existing sulfide oxidation basin (SOB) 

remains in service. Equipment provided to support GrAS by AquaNereda are identified in Table 

6-10. The existing “C” clarifiers would not be used as part of the GrAS process. The existing “D” 

clarifiers are assumed to support the GrAS process; two clarifiers recommitted to solids buffering 

and two clarifiers recommitted to effluent buffering. 

Based on the pilot evaluation, MLSS concentrations between 6 and 10 g/L are maintained within 

GrAS corresponding to SRTs between 6 and 10 days. Effluent projections derived from pilot testing 

meet average annual targets with TN concentrations below 14 mg-N/L and TP concentrations less 

than 2 mg-P/L, and meet maximum month targets with ammonia concentrations less 2 mg-N/L. 
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Airflow rates are projected between 60,000 (average annual) and 90,000 scfm (maximum month). A 

maximum month secondary solids production rates between 100,000 and 110,000 lb/d has been 

indicated by AquaNereda, which is consistent with the A2O solids production rate. 

The THP and AD process in this alternative is sized to accommodate the combined primary and 

secondary solids streams. As a result, THP would be sized to handle 135 DTPD (maximum month), 

which would result in AD receiving roughly 200,000 gpd, or 72,000 lb-VSS/d (est. 80,000-90,000 lb- 

VS/d). For this process evaluation, Cambi is assumed as the basis for THP. Cambi has a standard 

B6 reactor sizing with a skid that can handle four B6 reactors (B6-4). A B6-4 system has a capacity 

around 92 DTPD, or a B6-3 would have a capacity around 70 DTPD. Two skids are needed to 

support Cedar Rapids biosolids produced in this alternative. For the basis of the evaluation, two B6- 

3 units are assumed, and the performance is based on lab testing conducted at Bucknell. 

Alternative THP may be evaluated at more detailed planning levels including Biothylis, Exelys and 

Turbotec THP processes. After THP, the hydrolyzed biosolids are treated by AD. Based on testing 

at Bucknell, the AD needs to be sized with a minimum HRT of 15 days. Biogas production rates are 

projected based on a methane yield of 6.79 ft3/lb-VS and a methane content of 66%. 

Sidestream treatment loading is essential for dealing with the nutrient feedback loop from biosolids 

processing in this alternative. Sidestream treatment is planned for both TP, using a struvite or 

brushite harvesting system, and TN, using an anammox process. As with the A2O process, the 

maximum month loading on the sidestream treatment processes are 6,500 – 7,000 lb-N/d TN 

(3,000-4,000 mgN/L as ammonia) and 1,800 – 2,000 lb-P/d TP. This translates into a 570,000 

gallon anammox system and roughly 15,400 lb/d (7,000 kg/d) struvite, or one 10K Pearl™ reactor if 

based on Ostara struvite harvesting. 

 

Site Layout 

The key difference from Alternative 01-A to Alternative 12 for the site layout is with the installation of 

the GrAS tanks. Based on the proposal by AquaNereda (accounting for pilot findings), eight GrAS 

reactors would provide treatment capacity for the maximum month design flows and loads. The 

existing NAS train, including aeration tanks and clarifiers, may be converted to supporting 

infrastructure for the GrAS process. The aeration tanks may be converted to influent buffering, one 

or two of the “D” clarifiers can be converted into waste solids buffering and storage, and one or two 

of the “D” clarifiers can be converted into effluent buffering. The CAS train, including aeration tanks 

and clarifiers, would not be needed to support GrAS, and may be repurposed to other uses or 

demolished to make room for future improvements in this area. 

Implementation of this alternative is presented in four phases. Biosolids processing is again 

prioritized in Phase I. During Phase I, lime stabilization is moved to a temporary facility west of the 

LPO decant tanks (prior to installation of sidestream treatment) to allow for construction of THP-AD. 

Phase II for Alternative 12 includes the first step of GrAS implementation with half of the reactors 

installed and the blower building being constructed allowing for concurrent treatment with the 

existing liquid treatment process and GrAS. This allows a pod of two GrAS reactors to be brought 

online and started up to stable operation prior to full implementation during subsequent phases of 

GrAS. Phase III involves installation of another pod of two GrAS reactors, and Phase IV brings 

online the last pod of four reactors along with the conversion of NAS aeration tank and “D” clarifiers 

into support tanks for GrAS. This alternative is most amenable to modular implementation and 

phasing. 
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Figure 6-7. Alternative 12 Process Flow Diagram 
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Figure 6-8. Alternative 12 Concept Site Layout 
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Table 6-9. Summary of New Process Sizing (June 2018 Design Basis) 

Process Loading Condition Model/Actual Value Standard Value Considerations 

Solids Separation; e.g. 
Salsnes (Industrial) 

MM Hydraulic = 3 MGD 1.8 MGD (firm) 
3.6 MGD (total) 

Based on Salsnes SF4000 model 
capacity of 1.8 MGD, two units 

GrAS – Tanks AA HRT = 
MM HRT = 

7.7 hr 
5.7 hr 

--- 18.5 MG Total 

     

     

GrAS – Blowers AA Aeration = 
MM Aeration = 

184,000 lb/d, 62,000 
scfm 
242,000 lb/d, 88,000 
scfm 

--- 
--- 

Total Blower Capacity = 4,500-5,000 
HP 

THP Solids Prescreen AA Size = 
MM Size = 

940 gpm 
1,400 gpm 

2 screens 
3 screens 

Based on Huber Strainpress 430 
sizing. Screen throughput = 660 gpm 

THP AA Solids Load = 
MM Solids Load = 

82 DTPD 
124 DTPD 

--- 
--- 

Cambi: Two B6-3 units 

Anaerobic Digestion MM HRT = 
MM VS Load = 

15 d @ 9-10% TS 
250-300 lb- 
VS/(1,000ft3∙d) 

15 d @ 9-10% TS 

300 lb-VS/(1,000ft3∙d) 

Volume = 3.0 MG (two 1.5 MG tanks); 
design basis - lab test results at 
Bucknell 

Sidestream (Phosphorus) TP Load = 1,700-1,800 lb-P/d --- Ostara: One Pearl 10K 

Sidestream (Anammox) TKN Load = 5,700-5,800 lb-N/d --- AMX Granular: 0.5-0.7 MG, 
150 HP Blower 

Biogas Cleaning Biogas Production 
= 

1,400-1,500 scfm 
(60% CH4) 

--- PSA: four 500 MMBTU skids 

 

Table 6-10. Granular Activated Sludge Equipment (Provided by AquaNereda) 

Equipment Location 

Mixers Influent Buffer Tanks 

Transfer Pumps Influent Buffer Tanks 

Level Sensor Assemblies Influent Buffer Tanks 

Influent Distribution System AquaNereda Reactors 

Effluent Collection System AquaNereda Reactors 

Sludge Removal System AquaNereda Reactors 

Fine Bubble Diffuser System AquaNereda Reactors 

Positive Displacement Blowers AquaNereda Reactors 

Instrumentation Assemblies AquaNereda Reactors 

Solids Removal Assemblies Solids Buffer 

Transfer Pumps Solids Buffer 

Instrumentation Solids Buffer 
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Table 6-11. Summary Capacity Evaluation of Existing Supporting Processes (June 2018 Design Basis) 

Process Loading Condition Model/Actual Value Standard/Equip.1 

Value 
Expansion Considerations 

A Clarifier MM SOR = 
Peak SOR = 

1,025 gpd/ft2 

1,790 gpd/ft2 

1,000 gpd/ft2 

1,500-2,000 gpd/ft2 

Marginal, consider additional clarifier if 
Main Lift capacity expanded 

Roughing Filter MM Hydraulic 
Loading = 
MM Organic Loading 
= 

3-4 gpm/ft2 

400-600 lb- 
BOD5/(ft2•d) 

1,000-5,000 gal/(ft2∙d) 

300-400 lb/(1,000ft3∙d) 

Wet Weather Focus 
No expansion needed 

Gravity Thickener MM SOR = 
MM SLR = 

302 gpd/ft2 

16 lb/(d•ft2) 
400 gpd/ft2 (firm) 
20-30 lb/(d•ft2) (firm) 

No expansion needed 

Gravity Belt Thickener MM Solids Loading = 4,100 lb/hr 7,200 lb/hr (firm) 
10,800 lb/hr (total) 

No expansion needed 

Belt Filter Press MM Solids Loading = 
 
MM Hydraulic Load = 

5,200 lb/hr 
 
210 gpm 

2,400 lb/hr (firm) 
4,800 lb/hr (total) 
96 gpm (firm) 
192 gpm (total) 

BFP converted to Final Dewatering; 
additional BFP needed 

Centrifuge MM Solids Loading = 
 
MM Hydraulic 
Capacity = 

9,400 lb/hr 
 
340 gpm 

1,900 lb/hr (firm 
3,800 lb/hr (total) 
200 gpm (firm) 
400 gpm (total) 

Centrifuges converted to pre- 
dewatering; rehabilitate and expand 
existing centrifuge dewatering process. 

Sludge Degritter MM Hydraulic 
Capacity = 

970 gpm 1,275 gpm (firm) 
1,700 gpm (total) 

No expansion needed 

Sludge Step Screen MM Hydraulic 
Capacity = 

1.4 MGD 3.6 MGD No expansion needed 

1Based on engineering standard or rated capacity of equipment 
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6.5 Alternative 21: GrAS, THP-AD, FBI 
The last alternative, Alternative 21, represents integration of prior solids handling alternatives. The 

same solids handling equipment and process elements as Alternative 12 are included but an FBI 

system is also included as a final solids processing step. With both THP-AD and FBI provided to 

process solids, the sizing of both is reduced, however, maximum month projected solids design 

capacity can be processed and fully incinerated. Both processes can handle the design average 

annual solids production independently. Biosolids storage (post-digestion) is reduced relative to 

Alternative 12, the north ash pond is retained as is for incinerator ash, and a new south ash pond is 

constructed. 

As with Alternative 12, the roughing filters and the CAS are not an integral part of treatment for 

maximum month flows and loads in this alternative. Further, wet weather processing is not included 

and additional facilities outside of the existing footprint to accommodate peak wet weather flows will 

need to be identified separately. As with Alternative 12, roughing filters and the CAS train (including 

secondary clarifiers) are available for wet weather processing, with appropriate rehabilitation, in this 

alternative. 

 

Process Flow Scheme 

The process flow scheme for Alternative 21 is shown in Figure 6-9. Liquid treatment for this 

alternative aligns with the liquid treatment presented in Alternative 12 using GrAS. The solids 

processing part of the Alternative 21 process flow scheme represents the most complex alternative 

but also the most flexible alternative with increased reliability and multiple outlet options with land 

application, soil amendment blending, and/or continued ash disposal. 

 

Model and Mass Balance 

The process summaries and sizing is shown in Tables 6-12 and 6-13. The balances on the liquid 

side are similar to those shown in Alternative 12 with reduced recycle flows due to the partial solids 

processing with incineration. As previously mentioned and further clarified in the mass balance, at 

average annual conditions, THP-AD and FBI may be operated in series, or either could separately 

accommodate average sludge production. At maximum month conditions, part or all of the solids 

flow is treated directly by THP-AD (60% at a 15-d HRT, 100% at a 10-d HRT) and part or all may be 

the option to divert some of the solids from the THP-AD discharge to FBI (60% solids processed 

directly at 75% FBI capacity). 

 

Site Layout 

The site layout shows that the overall solids processing area is increased; however, individual 

components of solids processing are smaller in size (Figure 6-10). If needed, the space made 

available where liquid treatment currently sits, by using GrAS liquid treatment instead of A2O, can 

be used to support the new solids processing scheme. 

Implementation is shown in three phases for Alternative 21. The phasing follows a similar pattern to 

Alternative 12. The solids processing system is shown as a Phase I priority installation. However, 

due to the complexity of the proposed solids handling process, the solids process may be 

implemented sequentially within Phase 1. The THP-AD may be installed and started up first with the 

existing MHI and the new THP-AD operating concurrently to provide adequate solids processing 

capacity. Then, the FBI may be installed secondly to provide the remaining capacity while the 

existing MHI is retired. 
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Figure 6-9. Alternative 21 Process Flow Diagram 
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Figure 6-10. Alternative 21 Concept Site Layout 
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Table 6-12. Summary of New Process Sizing (June 2018 Design Basis) 

Process Loading Condition Model/Actual Value Standard Value Considerations 

Solids Separation; e.g. 
Salsnes (Industrial) 

MM Hydraulic = 3 MGD 1.8 MGD (firm) 
3.6 MGD (total) 

Based on Salsnes SF4000 model 
capacity of 1.8 MGD, two units 

GrAS – Tanks AA HRT = 
MM HRT = 

7.6 hr 
5.7 hr 

--- 18 MG Total 

GrAS – Blowers AA Aeration = 
MM Aeration = 

184,000 lb/d, 
62,000 scfm 
242,000 lb/d, 
88,000 scfm 

--- 
--- 

Total Blower Capacity = 4,500-5,000 
HP 

THP Solids Prescreen AA Size = 
MM Size = 

940 gpm 
1,400 gpm 

2 screens 
3 screens 

Based on Huber Strainpress 430 
sizing. Screen throughput = 660 gpm 

THP AA Solids Load = 
MM Solids Load = 

82 DTPD 
124 DTPD 

--- 
--- 

Cambi: Two B6-3 units 

Anaerobic Digestion MM HRT1 = 
MM VS Load = 

15 d @ 9-10% TS 
250-300 lb- 
VS/(1,000ft3∙d) 

15 d @ 9-10% TS 

300 lb-VS/(1,000ft3∙d) 

Volume = 2.8 MG (two 1.4 MG tanks); 
design basis - lab test results at 
Bucknell University 

Sidestream (Phosphorus) TP Load = 1,000-1,200 lb-P/d --- Ostara: One Pearl 10K 

Sidestream (Anammox) TKN Load = 3,400-3,500 lb-N/d --- AMX Granular: 0.3-0.5 MG, 
100 HP Blower 

Biogas Cleaning Biogas Production = 800-900 scfm (65% 
CH4) 

--- PSA: two 500 MMBTU skids 

FBI AA = 
MM2 = 

38 DTPD 
80-95 DTPD 

 One FBI sized to support maximum 
month solids production (5.3 DTPH) @ 
75% FBI capacity 

Air Pollution Control Included with FBI --- Venturi Scrubber, Impingement Tray 
Scrubber, Wet Electrostatic 
Precipitator, Granular Activated 
Carbon 

1Note, when operating anaerobic digestion with a 15 d HRT, 60% of biosolids can be processed in the digesters during maximum month solids 
production rates. However, THP-AD may be operated at a 10 d HRT for peaking conditions in order to fully process all solids through the digesters. 
2The FBI is sized to process a nominal maximum month solids production rate at 75% of the FBI capacity. 
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Table 6-13. Summary Capacity Evaluation of Existing Supporting Processes (June 2018 Design Basis) 

Process Loading Condition Model/Actual Value Standard/Equip.1 Value Expansion Considerations 

A Clarifier MM SOR = 
Peak SOR = 

1,025 gpd/ft2 

1,790 gpd/ft2 

1,000 gpd/ft2 

1,500-2,000 gpd/ft2 

Marginal, consider additional clarifier 
if Main Lift capacity expanded 

Roughing Filter MM Hydraulic 
Loading = 
MM Organic Loading 
= 

 1,000-5,000 gal/(ft2∙d) 

300-400 lb/(1,000ft3∙d) 

Wet Weather Focus 
No expansion needed 

Gravity Thickener MM SOR = 
MM SLR = 

302 gpd/ft2 

16 lb/(d•ft2) 
400 gpd/ft2 (firm) 
20-30 lb/(d•ft2) (firm) 

No expansion needed 

Gravity Belt Thickener MM Solids Loading = 4,100 lb/hr 7,200 lb/hr (firm) 
10,800 lb/hr (total) 

No expansion needed 

Belt Filter Press (Final 
Dewatering) 

MM Solids Loading = 
 
MM Hydraulic 
Capacity = 

5,800 lb/hr 
 
120 gpm 

2,400 lb/hr (firm) 
4,800 lb/hr (total) 
96 gpm (firm) 
192 gpm (total) 

Additional BFP needed (based on 
mass load and firm hydraulic 
capacity) 

Centrifuge 
(Pre-dewatering) 

MM Solids Loading = 
 
MM Hydraulic 
Capacity = 

8,200 lb/d 
 
400 gpm 

1,900 lb/hr (firm) 
3,800 lb/hr (total) 
200 gpm (firm) 
400 gpm (total) 

Additional centrifuges needed (based 
on mass load and firm hydraulic 
capacity). Rehabilitate and expand 
centrifuge dewatering. 

Sludge Degritter MM Hydraulic 
Capacity = 

970 gpm 1,275 gpm (firm) 
1,700 gpm (total) 

No expansion needed 

Sludge Step Screen MM Hydraulic 
Capacity = 

1.4 MGD 3.6 MGD No expansion needed 

1Based on engineering standard or rated capacity of equipment 
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Wet Weather Considerations 
As indicated in the text describing the alternatives, the alternatives evaluation focused on providing 

treatment for average annual and maximum month flow and loading conditions to meet ammonia 

limits and nutrient removal targets. Peak wet weather flows are expected to require separate wet 

weather processing facilities. The associated wet weather facilities vary depending on whether the 

selected liquid treatment process is A2O or GrAS. As a result, simplified process and layouts have 

been considered for Alternative 01-A and Alternative 21 to present a baseline concepts for wet 

weather processing. 

As shown in Figure 6-11, Alternative 01-A, the A2O treatment alternative, uses all the entire site 

and infrastructure for average annual and maximum month treatment. As a result, peak flow 

processing would require continued use of the existing diversion sewer, likely with some form of 

new wet weather treatment facility to the east of the existing treatment processes along the 

alignment of the existing diversion sewer. A preliminary layout of wet weather treatment, assuming 

high-rate filtration and disinfection, is shown for the wet weather footprint. This layout is subject to 

change based on additional plant hydraulic analysis and depending on the flow rate and regulatory 

requirements. 

Figure 6-12 presents Alternative 21, the GrAS treatment alternative, with existing infrastructure 

available for reuse. For this alternative, the layout assumes that the roughing filters and CAS train 

may be repurposed and reconfigured to support high-rate, wet-weather flow processing within the 

existing footprint. Stored waste solids may be used to seed the process for quick startup to support 

wet weather conditions. This layout too is subject to change based on additional hydraulic analysis 

and depending on the flow rate and regulatory requirements. 

A more detailed wet weather evaluation, including the hydraulic evaluation and order of magnitude 

cost estimates, is in process and will be refined based on the recommended alternative resulting 

from this evaluation. 
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Figure 6-11. Alternative 01-A with wet weather facility 
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Figure 6-12. Alternative 21 with TF and CAS converted to wet weather processing. 
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6.6 Cost Evaluation 
The cost evaluation previously developed and presented earlier in the Comparative Costs section 

has been refined and tailored to the specific alternatives further developed in this Alternatives 

Development and Evaluation section (01-A, 05-A, 12, and 21). Capital costs (construction and 

engineering), operating and maintenance costs, and overall life cycle costs have been updated and 

evaluated. Construction cost comprises the sum of installed unit process costs plus site costs (5% 

mobilization, 10% site work, 10% yard piping, 2% electrical, and 2% instrumentation and controls, 

10% overhead, and 25% contingency for undeveloped details). Project costs include construction 

costs plus 20% engineering and administration. 

 

Project (Capital) Cost 

Summary, project (capital) costs for the four alternatives are shown in Table 6-14. Both the 

construction cost and the project cost (construction plus engineering, administration, and 

contingency) are shown as representing an initial investment into the alternatives. The construction 

costs range from $332 million to $370 million, and the project cost ranges from $381 million to $425 

million. Note, capital costs are based on the 2018 value of a dollar and should be adjusted for 

inflation when considering future implementation and escalation of costs. 

 

O&M Cost 

Annual operation and maintenance costs are also shown in the Table 6-14 summary. The O&M 

costs are initially presented with the credit for selling biogas as renewable energy and thus for 

Alternatives 01-A, 12, and 21, which include anaerobic digestion, result in a net revenue up to 

$2.3M. The ongoing annual cost for Alternative 05-A is $4.8 million. 
 

O&M costs are also presented without the credit for selling biogas as renewable energy. When 

excluding the renewable energy value of biogas, the operating and maintenance costs vary from 

$4.8 million to $6.4 million. The biogas values are based on a natural gas value of $0.40 per therm 

and a RIN value of $2.58 per therm based on D3 RIN value (American Biogas Council, 2018) 

(EcoEngineers, 2018). Low carbon fuel standard (LCFS) credits based on the California program, 

valued at roughly $186 per metric ton (~$18 per therm) are conservatively neglected for this 

analysis due to the uncertainty with aquiring but also may be available. Biogas generated by 

anaerobic digestion is included in the RINS value for all alternatives including anaerobic digestion. 

Additionally, for Alternatives 01-A, 12, and 21, biogas value from AP is included. For alternative 05- 

A, it is assumed the biogas generated by AP is used in the incinerator as a fuel source. For 

alternative 21, it is assumed that all biogas is treated and sold to obtain the RINs value, and natural 

gas is purchased from the pipeline to provide supplemental fuel for the FBI. 

 

Life Cycle Cost 

Net life cycle costs based on a 20-year planning period are summarized at the bottom of Table 

6-14. When considering the renewable energy value of biogas, the range is from $349 million for 

Alternative 12 to $467 million for Alternative 05-A ranking from least to most in the following order. 

 Alternative 12: GrAS, THP-AD 

 Alternative 01-A: A2O Process, THP-AD 

 Alternative 21: GrAS, THP-AD, FBI 

 Alternative 05-A: A2O, FBI 
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The cost increase from the least to most expensive alternative represents a 34% premium with the 

second least expensive alternative being a 7% premium over the least expensive. 

When ignoring renewable energy credits, the present worth life cycle cost ranges from $467 million 

to $505 million with alternatives ranging from least to most in the following order. 

 Alternative 05-A: A2O, FBI 

 Alternative 12: GrAS, THP-AD 

 Alternative 01-A: : A2O Process, THP-AD 

 Alternative 21: GrAS, THP-AD, FBI 
 

The difference in costs when ignoring renewable energy credits is less than 10% for Alternatives 

05-A, 12, and 21 with a total price increase of only 7% from the least to most expensive alternative. 

Table 6-14. Cost Evaluation of Alternatives 
 Alternative 

 Alt. 01-A Cost Est. Alt. 05-A Cost Est. Alt. 12 Cost Est. Alt. 21 Cost Est. 

Alternative Elements A2O, THP-AD A2O, FBI GrAS, THP-AD GrAS, THP-AD, FBI 

     

Construction Cost $357,500,000 $346,900,000 $332,000,000 $370,400,000 

Project (Capital) Cost $410,500,000 $398,300,000 $381,200,000 $425,200,000 

O&M Cost ($2,269,000) $4,800,000 ($2,271,000) ($1,370,000) 

O&M Cost (No RINS) $6,361,000 $4,800,000 $6,359,000 $5,600,000 
     

Life Cycle Present Worth $378,300,000 $466,500,000 $348,900,000 $405,700,000 

Life Cycle Annualized Cost $26,610,000 $32,820,000 $24,550,000 $28,550,000 

% Low Cost 108% 134% 100% 116% 

Cost Rank 2 4 1 3 
     

LCPW (No RINS) $500,900,000 $466,500,000 $471,600,000 $504,800,000 

LCAC (No RINS) $35,240,000 $32,820,000 $33,180,000 $35,520,000 

% Low Cost (No RINS) 107% 100% 101% 108% 

Cost Rank (No RINS) 3 1 2 4 
     

Ancillary Wet Weather 
Treatment 

++ ++ 
 

+ 
 

+ 

Rate of Return = 3.50%    

 

6.7 Non-monetary Evaluation 
Non-monetary factors are an important consideration for major investments in infrastructure when it 

is difficult to impart a cost to critical considerations. As a result, several non-monetary factors have 

been considered and accounted for in this evaluation. 

Screening criteria, previously used for the technology screening in TM 7, are replicated in the list 

below, with the same criterion and points or weighting for each criterion. These criteria are intended 

to align Cedar Rapids treatment objectives and facility priorities with the processing technologies: 

 Consistency with Cedar Rapids Vision, Statement and Values (28 points) 

o Supports continued growth and development; allows the City to remain “Open for 

Business” (14 points) 

o Keeps rates low and/or lowers operating expenses (14 points) 
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 Sustainability (31 points) 

o Reduce utility demands (electricity, natural gas, water, etc.) (7 points) 

o Resource Recovery (carbon and nutrients) (7 points) 

o Reduce volume of sludge hauled off site (7 points) 

o Odor and air emissions (5 points) 

o Commitment to watershed (5 points) 

 Consistency with Process Objectives (33 points) 

o Implementability, operability, maintainability, risk, reliability, redundancy, flexibility (10 

points) 

o Operator safety (10 points) 

o Economical to build and operate (7 points) 

o Protected from floods (6 points) 

 Reuse existing useful infrastructure (8 points) 
 

Table 6-15 shows the results of a preliminary non-monetary evaluation for the final alternatives 

based on HDR’s assessment. In the screening assessments below, each alternative has been 

scored against the criteria provided above with a total score (out of 100 points). Comments are 

provided to identify important and determining factors for the score given. Attachment B contains 

the detailed breakdown of the scoring. The nonmonetary evaluation needs to be refined to reflect 

City as well as HDR input as previously done for technology screening. 

As discussed, Alternatives 01-A and 05-A are both based on the A2O process for nutrient removal, 

but they differ on solids processing with 01-A using THP-AD and 05-A using FBI. Both Alternatives 

score well with meeting Cedar Rapids Vision, Mission Statement and Values. Alternative 01-A also 

offers strong resource recovery, a commitment to the watershed, and a safe and reliable approach 

to achieving goals. On the other hand, Alternative 01-A generates a high biosolids volume and is 

challenging to implement and phase into construction. The strongest benefit of Alternative 05-A 

comes from solids volume reduction. The weak points for Alternative 05-A are air emissions and 

resource recovery. 

The next two alternatives, Alternatives 12 and 21, are both based on GrAS for nutrient removal. As 

a result, both score well when considering supporting growth and development based on modular 

expansion capabilities. Both also score highly with respect to implementability and flexibility. 

Alternative 12 relies strictly on THP-AD for solids processing giving similar scores to Alternative 01- 

A for resource recovery as a strength and high biosolids volume as a weakness. Alternative 21, on 

the other hand, uses a hybrid THP-AD and FBI solids processing scheme balancing the benefits of 

resource recovery against the benefits of solids volume reduction. 
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Table 6-15. Non-monetary Alternatives Scoring 

 
Alternative 

Non-monetary 
Score 

 
Comments 

 
01-A 

 
80 

A2O achieves NRS goals, but requires extensive changes to 
process and is more complex to phase into service. THP-AD 
generates Class A biosolids and biogas, but requires 
establishment of land application program to dispose biosolids. 

 
05-A 

 
80 

A2O achieves NRS goals, but requires extensive changes to 
process and has a higher phasing complexity. FBI provides most 
substantial reduction in biosolids volume, but air permitting limits 
are most stringent. 

 
12 

 
87 

GrAS achieves NRS goals, is modular and expandable, and 
opens up the existing footprint for future uses. THP-AD 
generates Class A biosolids and biogas, but requires 
establishment of land application program. 

 
 

21 

 
 

90 

GrAS achieves NRS goals, is modular and expandable, and 
opens up the existing footprint for future uses. Combination THP- 
AD and FBI provide balance between resource recovery and 
solids volume minimization. Dual solids processing results in 
highest administrative and operations requirements. 

 

6.8 Recommendations 
The overall evaluation of alternatives includes monetary and non-monetary factors. Alternatives 

have been presented to and discussed with Cedar Rapids staff during the October 8, 2018 

workshop. Comments received by staff have been incorporated into the analysis. Based on the 

process used to develop the alternatives, all alternatives present a strong approach to the future 

path for the Cedar Rapids WPCF. 

The monetary and non-monetary factors have been weighed heavily. In addition, potential phasing 

and implementation implications are considered. The phasing implications are to be presented in 

more detail in TM 9. Therefore, based on the evaluation and the discussions, Alternative 21 is 

recommended for further refinement. Key factors for selection include balancing cost against WPCF 

reliability, and aligning the WPCF with Cedar Rapids sustainability goals. 

Key refinements to be developed for Alternative 21 in TM 9 include the following: 
 

 Implementation plan and flexibility 

 Implications of implementation steps on effluent quality and solids generation 

 A more detailed site layout 

 Optional pathways for adapting Alternative 21 to emphasize anaerobic digestion or FBI 

pending the outcome of initial land application trials 
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Attachment A – Prescreening Score Details 
 

 
 
Alternative 

  Criteria 

Weighted Raw Score 1A 1B 2A 2B 2C 2D 2E 3A 3B 3C 3D 4 

  15 15 10 8 10 5 5 10 10 7 0 5 

BNR Sub-Alternatives    

Alternative A: A2O 89.8 53.5 4.5 5.0 4.5 5.0 4.5 3.0 5.0 4.5 4.0 4.5 5.0 4.0 

Alternative B: MABR 91.1 55.5 5.0 4.5 4.0 5.0 4.5 5.0 5.0 4.0 4.5 4.0 5.0 5.0 

Alternative C: Autotrophic Denit. 89.2 54.5 4.0 5.0 5.0 4.5 4.5 5.0 5.0 3.0 4.5 5.0 5.0 4.0 

Existing Facility Modification Alts.    

Alternative 01: BNR, THP-AD, Ind. Pre. 80.8 46.5 4.5 5.0 4.5 4.5 2.5 4.0 4.0 3.5 4.0 4.0 3.5 2.5 

Alternative 02: BNR, THP-Dry, Ind. Pre. 76.9 45.0 4.5 4.0 4.0 4.0 4.5 3.0 4.0 4.0 3.5 2.5 4.5 2.5 

Alternative 03: BNR, Dryer, Ind. Pre. 70.4 41.5 5.0 4.0 1.5 4.0 4.5 2.0 4.0 3.5 3.0 2.5 5.0 2.5 

Alternative 04: BNR, THP-AD+Dry, Ind. Pre. 78.6 45.0 5.0 3.5 4.0 5.0 4.0 3.0 5.0 5.0 3.5 1.5 3.5 2.0 

Alternative 05: BNR, FBI, Ind. Pre. 77.4 45.5 5.0 4.5 3.0 3.0 5.0 1.0 4.0 3.5 3.0 4.0 5.0 4.5 

Alternative XX: Green Bay Modified 78.9 45.3 4.7 3.7 4.0 4.7 5.0 3.0 4.7 4.0 3.0 2.5 3.0 3.0 

New Treatment Facility Alts.    

Alternative 11: ABAC/AVN, THP-AD, Ind. Pre. 79.5 45.0 4.5 4.5 4.5 4.5 2.5 3.0 4.0 4.0 4.5 4.5 3.5 1.0 

Alternative 12: GrAS, THP-AD, Ind. Pre. 85.0 48.5 5.0 4.5 4.5 4.5 2.5 4.0 5.0 5.0 4.5 4.5 3.5 1.0 

Alternative 13: AMBR, THP-AD 79.9 46.0 4.5 4.0 5.0 4.0 4.0 4.0 4.0 3.0 4.0 5.0 3.5 1.0 

Alternative 14: Auto. Denit., THP-AD, Ind. Pre. 76.5 45.0 4.0 4.0 4.5 4.5 2.5 5.0 4.0 3.0 4.5 4.5 3.5 1.0 

Criteria Legend           

1 Consistency with Cedar Rapids Vision, Mission Statement and Values       

A Supports continued growth and development; allows City to remain "Open for Business"   15 

B Keeps rates low and/or lowers operating expenses        15 

2 Sustainability              

A Reduce utility demands (electricity, natural gas, water, etc.)       10 

B Resource recovery (carbon and nutrients)          8 

C Reduce volume of sludge hauled offsite          10 

D Odor and air emissions            5 

E Commitment to watershed            5 

3 Consistency with process objectives           

A Implementability, operability, maintainability, risk, reliability, redudancy, flexibility    10 

B Operator safety            10 

C Economical to build and operate           7 

D Protected from floods             

4 Reuse existing infrastructure            5 

Total Weighting              100 
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Attachment B – Cost Evaluation Details 
 

Alt. 01-A Cost Est. 

UNIT PROCESS UNIT COST UNITS # OF UNITS EQUIPMENT COST INSTALLATION COST CAPITAL COST O&M COST 

Industrial PreTreatment        

Solids Separation $ 750,000 EA 2 $ 1,500,000 $ 375,000 $ 1,880,000 $ 37,600 

UASB Rehab $ 3,280,000 LS 1 $ 3,280,000 $ - $ 3,280,000 $ 65,600 

      $ -  

Liquid Treatment      $ -  

"A" Clarifier Addition $ 3,600,000 LS 0 $ - $ - $ - $ - 

"B" Clarifier Demo $ 500,000 LS 1 $ 500,000 $ - $ 500,000 $ - 

Roughing Filter Addition $ 4,500,000 LS 1 $ 4,500,000 $ - $ 4,500,000 $ 23,000 

Roughing Filter Rehab $ 34,390,000 EA 1 $ 34,390,000 $ - $ 34,390,000 $ 172,000 

    $ -  $ -  

BNR-A2O    $ -  $ -  

Anaerobic Tank Conversion $ 100,000 LS 1 $ 100,000 $ - $ 100,000 $ - 

Anaerobic Tank Mixing $ 50,000 EA 3 $ 150,000 $ 30,000 $ 180,000 $ 2,000 

Anoxic Tank Conversion $ 690,000 LS 1 $ 690,000 $ - $ 690,000 $ - 

Anoxic Tank Mixing $ 50,000 EA 16 $ 800,000 $ 160,000 $ 960,000 $ 5,000 

Aeration Tanks $ 19,100,000 LS 1 $ 19,100,000 $ 21,800,000 $ 40,900,000 $ 818,000 

Aeration Tank Cover $ 3,000,000 LS 1 $ 3,000,000 $ - $ 3,000,000 $ - 

Blowers and Blower Bldg. $ 2,960,000 LS 1 $ 2,960,000 $ 1,000,000 $ 3,960,000 $ 2,740,000 

        

Solids Processing        

Solids Screening $ 200,000 EA 2 $ 400,000 $ - $ 400,000 $ 2,000 

Dewatering Centrifuges (Predewater) $ 950,000 EA 1 $ 950,000 $ 720,000 $ 1,670,000 $ 33,400 

Dewatering BFPs (Final Dewater) $ 3,300,000 EA 1 $ 3,300,000 $ 1,200,000 $ 4,500,000 $ 45,000 

THP (Cambi System) $ 24,800,000 LS 1 $ 24,800,000 $ - $ 24,800,000 $ 744,000 

Anaerobic Digestion $ 29,200,000 LS 1 $ 29,200,000 $ 2,600,000 $ 31,800,000 $ 30,000 

Biosolids Storage $ 11,620,000 LS 1 $ 11,620,000 $ - $ 11,620,000 $ 23,000 

Bisolids Land Application $ -   $ - $ - $ 2,000,000 $ 1,230,000 

        

Sidestream Treatment        

Anammox System $ 5,800,000 LS 1 $ 5,800,000 $ - $ 5,800,000 $ 58,000 

Phosphorus Recovery $ 3,020,000 LS 1 $ 3,020,000 $ 3,390,000 $ 6,410,000 $ 232,000 

    $ -  $ -  

Biogas    $ -  $ -  

Biogas Storage $ 250,000 LS 1 $ 250,000 $ 25,000 $ 275,000 $ - 

Biogas Treatment $ 1,000,000 EA 4 $ 4,000,000 $ 400,000 $ 4,400,000 $ 100,000 

Biogas Injection (AD-RINS) $ -   $ - $ - $ - $ (6,760,000) 

Biogas Injection (AP-RINS) $ -   $ - $ - $ - $ (1,870,000) 

SUBTOTAL A $ 153,110,000  $ 44 $ 154,310,000 $ 31,700,000 $ 188,015,000 $ (2,269,000) 

 

SITE ADDITIONS MULTIPLIER COST  

MOBILIZATION 5% $ 13,240,000 

SITE WORK 10% $ 26,481,000 

YARD PIPING 10% $ 26,481,000 

SITE ELECTRICAL 2% $ 5,296,000 

INSTRUMENTATION & CONTROLS 2% $ 5,296,000 

 

SUBTOTAL B $ 264,809,000  

 

PROJECT ADD-ONS MULTIPLIER COST  

OVERHEAD 10% $ 26,481,000 

ENGINEERING & ADMINISTRATION 20% $ 52,962,000 

CONTINGENCY 25% $ 66,202,000 

 

TOTAL CONSTRUCTION COST $ 357,500,000  

TOTAL PROJECT COST $ 410,500,000 

TOTAL O&M COST (RINS) $ (2,269,000) 

TOTAL O&M COST (No RINS) $ 6,361,000 

 

LIFE CYCLE - PRESENT WORTH (RINS) $ 378,300,000  

LIFE CYCLE - PRESENT WORTH (No RINS) $ 500,900,000 

LIFE CYCLE - ANNUALIZED (RINS) $ 26,610,000 

LIFE CYCLE - ANNUALIZED (No RINS) $ 35,240,000 

http://www.hdrinc.com/
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Alt. 05-A Cost Est. (2 FBIs) 

UNIT PROCESS UNIT COST UNITS # OF UNITS EQUIPMENT COST INSTALLATION COST CAPITAL COST O&M COST 

Industrial PreTreatment        

Solids Separation $ 750,000 EA 2 $ 1,500,000 $ 375,000 $ 1,880,000 $ 37,600 

UASB Rehab $ 3,280,000 LS 1 $ 3,280,000 $ - $ 3,280,000 $ 65,600 

      $ -  

Liquid Treatment      $ -  

"A" Clarifier Addition $ 3,600,000 LS 0 $ - $ - $ - $ - 

"B" Clarifier Demo $ 300,000 LS 1 $ 300,000 $ - $ 300,000 $ - 

Roughing Filter Addition $ 4,500,000 LS 1 $ 4,500,000 $ - $ 4,500,000  

Roughing Filter Rehab $ 34,390,000 EA 1 $ 34,390,000 $ - $ 34,390,000 $ - 

    $ -  $ -  

BNR-A2O    $ -  $ -  

Anaerobic Tank Conversion $ 100,000 LS 1 $ 100,000 $ - $ 100,000 $ - 

Anaerobic Tank Mixing $ 50,000 EA 3 $ 150,000 $ 15,000 $ 165,000 $ 825 

Anoxic Tank Conversion $ 690,000 LS 1 $ 690,000 $ - $ 690,000 $ - 

Anoxic Tank Mixing $ 50,000 EA 16 $ 800,000 $ 80,000 $ 880,000 $ 4,400 

Aeration Tanks $ 19,100,000 LS 1 $ 19,100,000 $ 21,800,000 $ 40,900,000 $ 409,000 

Blowers and Blower Bldg. $ 2,960,000 LS 1 $ 2,960,000 $ 1,000,000 $ 3,960,000 $ 2,740,000 

        

Solids Processing        

Dewatering Centrifuges $ 870,000 EA 1 $ 870,000 $ 660,000 $ 1,530,000 $ 30,600 

Dewatering BFPs $ 3,300,000 EA 1 $ 3,300,000 $ 1,200,000 $ 4,500,000 $ 45,000 

Solids Storage Tank $ 548,000 LS 1 $ 548,000 $ 880,000 $ 1,428,000 $ 14,280 

Fluid Bed Incinerator $ 35,800,000 LS 1 $ 35,800,000 $ 8,950,000 $ 44,750,000 $ 900,000 

FBI Building $ 17,100,000 LS 2 $ 34,200,000 $ - $ 34,200,000 $ 170,000 

Advanced Emission Control $ - LS 1 $ - $ - $ - $ - 

Relocate Ash Pond $ 210,000 LS 1 $ 210,000 $ - $ 210,000 $ - 

Cake Transfer System $ 4,500,000 LS 1 $ 4,500,000 $ - $ 4,500,000 $ 45,000 

Ash/Lime Solids Disposal $ - LS 1 $ - $ - $ - $ 333,000 

Biogas Credit (Use in FBI) $ - LS 1 $ - $ - $ - $ (70,000) 

Natural Gas Usage $ - LS 1 $ - $ - $ - $ 70,000 

Biogas Storage $ 250,000 LS 1 $ 250,000 $ 25,000 $ 275,000 $ - 

        

        

        

        

        

    $ -  $ -  

SUBTOTAL A $ 132,348,000  $ 42 $ 147,448,000 $ 34,985,000 $ 182,438,000 $ 4,795,000 

 

SITE ADDITIONS MULTIPLIER COST  

MOBILIZATION 5% $ 12,848,000 

SITE WORK 10% $ 25,695,000 

YARD PIPING 10% $ 25,695,000 

SITE ELECTRICAL 2% $ 5,139,000 

INSTRUMENTATION & CONTROLS 2% $ 5,139,000 

 

SUBTOTAL B $ 256,954,000  

 

PROJECT ADD-ONS MULTIPLIER COST  

OVERHEAD 10% $ 25,695,000 

ENGINEERING & ADMINISTRATION 20% $ 51,391,000 

CONTINGENCY 25% $ 64,239,000 

 

TOTAL CONSTRUCTION COST $ 346,900,000  

TOTAL PROJECT COST $ 398,300,000 

TOTAL O&M COST $ 4,800,000 

TOTAL O&M COST (No RINS) $ 4,800,000 

 

LIFE CYCLE - PRESENT WORTH $ 466,500,000  

LIFE CYCLE - PRESENT WORTH (No RINS) $ 466,500,000 

LIFE CYCLE - ANNUALIZED $ 32,820,000 

LIFE CYCLE - ANNUALIZED (No RINS) $ 32,820,000 

http://www.hdrinc.com/
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Alt. 12 Cost Est. 

UNIT PROCESS UNIT COST UNITS # OF UNITS EQUIPMENT COST INSTALLATION COST CAPITAL COST O&M COST 

Industrial PreTreatment        

Solids Separation $ 750,000 EA 2 $ 1,500,000 $ 375,000 $ 1,880,000 $ 37,600 

UASB Rehab $ 3,280,000 LS 1 $ 3,280,000 $ - $ 3,280,000 $ 65,600 

      $ -  

Liquid Treatment      $ -  

"A" Clarifier Addition $ 3,600,000 LS 0 $ - $ - $ - $ - 

    $ -  $ -  

BNR-GrAS    $ -  $ -  

GrAS - Equipment $ 35,800,000 LS 1 $ 35,800,000 $ 12,530,000 $ 48,330,000 $ 3,706,600 

GrAS - Tanks $ 16,000,000 EA 1 $ 16,000,000 $ - $ 16,000,000 $ - 

GrAS - Blower Bldg. $ 3,540,000 LS 1 $ 3,540,000 $ - $ 3,540,000 $ 35,400 

GrAS - Modify Tanks for storage $ 7,200,000 LS 1 $ 7,200,000 $ 720,000 $ 7,920,000 $ - 

        

Solids Processing        

Solids Screening $ 200,000 EA 2 $ 400,000 $ - $ 400,000 $ 2,000 

Dewatering Centrifuges (Predewater) $ 950,000 EA 1 $ 950,000 $ 720,000 $ 1,670,000 $ 33,400 

Dewatering BFPs (Final Dewater) $ 3,300,000 EA 1 $ 3,300,000 $ 1,200,000 $ 4,500,000 $ 45,000 

THP (Cambi System) $ 24,800,000 LS 1 $ 24,800,000 $ - $ 24,800,000 $ 760,000 

Anaerobic Digestion $ 29,200,000 LS 1 $ 29,200,000 $ 2,600,000 $ 31,800,000 $ 30,000 

Biosolids Storage $ 11,620,000 LS 1 $ 11,620,000 $ - $ 11,620,000 $ 23,000 

Bisolids Land Application $ -   $ - $ - $ 2,000,000 $ 1,230,000 

        

Sidestream Treatment        

Anammox System $ 5,800,000 LS 1 $ 5,800,000 $ - $ 5,800,000 $ 58,000 

Phosphorus Recovery $ 3,020,000 LS 1 $ 3,020,000 $ 3,390,000 $ 6,410,000 $ 232,000 

    $ -  $ -  

Biogas    $ -  $ -  

Biogas Storage $ 250,000.00 LS 1 $ 250,000 $ 25,000 $ 275,000 $ - 

Biogas Treatment $ 1,000,000 EA 4 $ 4,000,000 $ 400,000 $ 4,400,000 $ 100,000 

Biogas Injection (AD-RINS) $ -   $ - $ - $ - $ (6,760,000) 

Biogas Injection (AP-RINS) $ -   $ - $ - $ - $ (1,870,000) 

        

        

        

        

        

        

SUBTOTAL A $ 150,310,000  $ 21 $ 150,660,000 $ 21,960,000 $ 174,625,000 $ (2,271,000) 

 

SITE ADDITIONS MULTIPLIER COST  

MOBILIZATION 5% $ 12,298,000 

SITE WORK 10% $ 24,595,000 

YARD PIPING 10% $ 24,595,000 

SITE ELECTRICAL 2% $ 4,919,000 

INSTRUMENTATION & CONTROLS 2% $ 4,919,000 

 

SUBTOTAL B $ 245,951,000  

 

PROJECT ADD-ONS MULTIPLIER COST  

OVERHEAD 10% $ 24,595,000 

ENGINEERING & ADMINISTRATION 20% $ 49,190,000 

CONTINGENCY 25% $ 61,488,000 

 

TOTAL CONSTRUCTION COST $ 332,000,000  

TOTAL PROJECT COST $ 381,200,000 

TOTAL O&M COST (RINS) $ (2,271,000) 

TOTAL O&M COST (No RINS) $ 6,359,000 

 

LIFE CYCLE - PRESENT WORTH (RINS) $ 348,900,000  

LIFE CYCLE - PRESENT WORTH (No RINS) $ 471,600,000 

LIFE CYCLE - ANNUALIZED (RINS) $ 24,550,000 

LIFE CYCLE - ANNUALIZED (No RINS) $ 33,180,000 

http://www.hdrinc.com/
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Attachment B 
 

Alt. 21 Cost Est. 

UNIT PROCESS UNIT COST UNITS # OF UNITS EQUIPMENT COST INSTALLATION COST CAPITAL COST O&M COST 

Industrial PreTreatment        

Solids Separation $ 750,000 EA 2 $ 1,500,000 $ 375,000 $ 1,880,000 $ 37,600 

UASB Rehab $ 3,280,000 LS 1 $ 3,280,000 $ - $ 3,280,000 $ 65,600 
      $ -  

Liquid Treatment      $ -  

"A" Clarifier Addition $ 3,600,000 LS 0 $ - $ - $ - $ - 
    $ -  $ -  

BNR-GrAS    $ -  $ -  

GrAS - Equipment $ 35,800,000 LS 1 $ 35,800,000 $ 12,530,000 $ 48,330,000 $ 3,706,600 

GrAS - Tanks $ 16,000,000 EA 1 $ 16,000,000 $ - $ 16,000,000 $ - 

GrAS - Blower Bldg. $ 3,540,000 LS 1 $ 3,540,000 $ - $ 3,540,000 $ 35,400 

GrAS - Modify Existing Tanks $ 7,200,000 LS 1 $ 7,200,000 $ 720,000 $ 7,920,000 $ - 
        

Solids Processing        

Solids Screening $ 200,000 EA 2 $ 400,000 $ - $ 400,000 $ 2,000 

Dewatering Centrifuges (Predewater) $ 570,000 EA 1 $ 570,000 $ 432,000 $ 1,002,000 $ 20,040 

Dewatering BFPs (Final Dewater) $ 1,980,000 EA 1 $ 1,980,000 $ 1,200,000 $ 3,180,000 $ 31,800 

THP (Cambi System) $ 24,800,000 LS 1 $ 24,800,000 $ - $ 24,800,000 $ 744,000 

Anaerobic Digestion $ 25,180,000 LS 1 $ 25,180,000 $ 2,300,000 $ 27,480,000 $ 30,000 

Biosolids Storage $ 7,670,000 LS 1 $ 7,670,000 $ - $ 7,670,000 $ 15,000 

Biosolids Land Application $ -   $ - $ - $ - $ - 
        

Fluid Bed Incinerator + Aux. Eqmt. $ 10,800,000 LS 1 $ 10,800,000 $ 3,780,000 $ 14,580,000 $ 290,000 

FBI Building $ 14,100,000 LS 1 $ 14,100,000 $ - $ 14,100,000 $ 70,500 

Advanced Emission Control $ 2,000,000 LS 1 $ 2,000,000 $ 700,000 $ 2,700,000 $ 27,000 

Cake Transfer System $ 3,375,000 LS 1 $ 3,375,000 $ - $ 3,375,000 $ 33,750 

Ash Lagoon and Disposal $ 125,000 LS 1 $ 125,000 $ - $ 125,000 $ 118,000 

Natural Gas Usage $ - LS 1 $ - $ - $ - $ 50,000 

Sidestream Treatment        

Anammox System $ 3,500,000 LS 1 $ 3,500,000 $ - $ 3,500,000 $ 35,000 

Phosphorus Recovery $ 2,300,000 LS 1 $ 2,300,000 $ 3,390,000 $ 5,690,000 $ 232,000 
    $ -  $ -  

Biogas    $ -  $ -  

Biogas Storage $ 750,000 LS 1 $ 750,000 $ 75,000 $ 825,000 $ - 

Biogas Treatment $ 1,000,000 EA 4 $ 4,000,000 $ 400,000 $ 4,400,000 $ 60,000 

Biogas Injection (AD-RINS) $ -   $ - $ - $ - $ (5,100,000) 

Biogas Injection (AP-RINS) $ -   $ - $ - $ - $ (1,870,000) 

SUBTOTAL A $ 168,520,000  $ 27 $ 168,870,000 $ 25,902,000 $ 194,777,000 $ (1,366,000) 
 

SITE ADDITIONS MULTIPLIER COST  

MOBILIZATION 5% $ 13,717,000 

SITE WORK 10% $ 27,434,000 

YARD PIPING 10% $ 27,434,000 

SITE ELECTRICAL 2% $ 5,487,000 

INSTRUMENTATION & CONTROLS 2% $ 5,487,000 
 

SUBTOTAL B $ 274,336,000  

 

PROJECT ADD-ONS MULTIPLIER COST  

OVERHEAD 10% $ 27,434,000 

ENGINEERING & ADMINISTRATION 20% $ 54,867,000 

CONTINGENCY 25% $ 68,584,000 
 

TOTAL CONSTRUCTION COST $ 370,400,000  

TOTAL PROJECT COST $ 425,200,000 

TOTAL O&M COST (RINS) $ (1,370,000) 

TOTAL O&M COST (No RINS) $ 5,600,000 
 

LIFE CYCLE - PRESENT WORTH (RINS) $ 405,700,000  

LIFE CYCLE - PRESENT WORTH (No RINS) $ 504,800,000 

LIFE CYCLE - ANNUALIZED (RINS) $ 28,550,000 

LIFE CYCLE - ANNUALIZED (No RINS) $ 35,520,000 

http://www.hdrinc.com/
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Attachment C – Non-Monetary Evaluation Details for Final 
Analysis 

 
Criteria Total 

Points 
Alternative 

01-A 05-A 12 21 

1A 14 12 12 13 14 

1B 14 12 10 14 11 

2A 7 6 5 6 7 

2B 7 7 2 7 6 

2C 7 2 7 2 6 

2D 5 4 3 4 5 

2E 5 4 4 5 5 

3A 10 6 8 9 9 

3B 10 8 8 9 8 

3C 7 6 6 6 6 

3D 6 6 7 6 6 

4 8 7 8 6 7 

      

Total 80 80 87 90 

Normalized 80 80 87 90 

Criteria Legend  

1 Consistency with Cedar Rapids Vision, Mission Statement and Values 

A Supports continued growth and development; allows City to remain "Open for 
Business" 

B Keeps rates low and/or lowers operating expenses  

2 Sustainability    

A Reduce utility demands (electricity, natural gas, water, etc.)  

B Resource recovery (carbon and nutrients)   

C Reduce volume of sludge hauled offsite   

D Odor and air emissions    

E Commitment to watershed    

3 Consistency with process objectives   

A Implementability, operability, maintainability, risk, reliability, redundancy, flexibility 

B Operator safety    

C Economical to build and operate   

D Protected from floods    

4 Reuse existing infrastructure   
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Attachment D – Pilot Study Results and Correspondence 

 

Membrane Aerated Bioreactor MABR 

Granular Activated Sludge 

AquaNereda - 114581 Cedar Rapids IA Report 8.21.2018 

Granule Activity - HDR -REPORT 6-26-2018 Resperimotry 

– Nitrification Kinetic Values - AGS 

 

Thermal Hydrolysis Process THP 

Cedar Rapids Final Report 10.30.18 

Biogas - C1803030 Cedar Rapids Final Report 
 
Anammox (Sulfide Inhibition) 

2018-12-06 AnammoPAQ Proposal -R0 
 
Autotrophic Denitrification 
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Executive Summary 
 
SUEZ Water Technologies & Solutions, in partnership with the City of Cedar Rapids and 
HDR consultants, conducted a pilot study of SUEZ’s ZeeLung Membrane Aerated 
Biofilm Reactor (MABR) technology at the Cedar Rapids Water Pollution Control facility 
(CRWPCF) from August through December 2017.  

The primary objective of the pilot was to determine the performance of ZeeLung MABR 
technology using high purity oxygen (HPO) and the ability of the MABR process to meet 
plant treatment objectives. The ZeeLung MABR pilot was tested in two configurations; a 
simplified configuration consisting of an anaerobic tank and a ZeeLung tank, and a full-
process configuration consisting of an anaerobic tank, ZeeLung tank, aerobic tank, and 
clarifier. The simplified configuration was used during an acclimation phase to grow 
biofilm on the ZeeLung media, treating water from the nitrogenous activated sludge 
(NAS) feed channel, downstream of the carbonaceous activated sludge (CAS) portion of 
the plant. The full-process configuration was used to treat a combination of primary 
effluent, roughing filter effluent, and high-rate anaerobic effluent, which is representative 
of plant loadings and contains significant organic load. With the process configuration 
that was tested, the MABR pilot was unable to demonstrate adequate performance to 
meet plant expansion objectives in relation to future TN or TP limits. Nitrification in the 
pilot was inadequate to drive TN removal, in part due to low nitrification rates by the 
MABR, and in part due to inadequate oxygen supply in the aerobic reactor.  

The MABR process achieved average nitrification rates from 0.3 to 0.8 g-NH4-N/d/m2 
using HPO, which is lower than expected based on previous MABR experience. Oxygen 
transfer rates were between 15 and 30 g-O2/d/m2, which is considered good 
performance and is likely a result of using HPO as an oxygen source allowing for more 
efficient oxygen transfer through the ZeeLung media. However, it was concluded that 
oxygen transferred through the ZeeLung media was used primarily for cBOD removal 
and did not achieve the required ammonia removal necessary to drive TN removal. The 
result of high cBOD removal by the ZeeLung media is the growth of a thick heterotrophic 
biofilm that limited nitrification performance. Biological phosphorous removal activity was 
not observed in the pilot for TP removal.  

Optimum ZeeLung design and operating parameters were not achieved through this pilot 
study and it is concluded that the configuration tested was not suited to this application. 
The ZeeLung MABR could be improved by using more vigorous media scouring to help 
control excess biofilm growth, which is available in next generation Zeelung product. The 
ZeeLung could be placed in a part of the process with lower carbon loading to reduce 
competition between heterotrophic biofilm growth and autotrophic biofilm growth. For 
example, the ZeeLung MABR process could be installed downstream of the existing 
roughing filters, with all the plant flow going through the roughing filters, to reduce the 
organic load to the ZeeLung media. Or the flow could be pre-treated by the CAS stage of 
the Cedar Rapids plant. 
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2 Introduction 
 
SUEZ Water Technologies & Solutions, in partnership with the City of Cedar Rapids and 
HDR, conducted a pilot study of SUEZ’s ZeeLung Membrane Aerated Biofilm Reactor 
(MABR) technology at the Cedar Rapids Water Pollution Control facility (CRWPCF). The 
primary objective of the pilot was to determine the performance of ZeeLung MABR 
technology using high purity oxygen (HPO) and to demonstrate the ability of ZeeLung 
MABR technology to meet potential future effluent total nitrogen and phosphorous limits, 
while being energy efficient and occupying a small foot-print. The pilot was configured to 
simulate and validate a full-scale MABR design concept. 

Pilot installation and commissioning occurred in July and August 2017 and pilot 
operation occurred between August and December 2017. SUEZ supplied a ZeeLung 
MABR pilot, consisting of a small-scale ZeeLung tank, tanks used for an anaerobic zone, 
pumps, and instrumentation. Cedar Rapids provided aeration tanks and a clarifier tank to 
complete the flow sheet.  

This document provides a summary of operational and analytical results obtained 
throughout the Cedar Rapids pilot study. Detailed technology descriptions, operational 
parameters, results obtained, and conclusions are presented in the following sections.  
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3 MABR Technology 
 

The MABR process employs a media comprised of gas transfer membranes to deliver 
oxygen to a biofilm that is attached to the surface of the media (Figure 1). 

The MABR process leverages the synergy between a gas transfer membrane and an 
attached growth biofilm. Oxygen is delivered by diffusion to the biofilm with very high 
efficiency while substrate, such as ammonia and organics, diffuses from the bulk 
solution into the biofilm (Figure 2).  

 

 

 

ZeeLung is an innovative product that is designed specifically for MABR applications.  

The product consists of hollow fiber oxygen-permeable gas transfer membranes that are 
distributed longitudinally around the circumference of a reinforcing yarn core (Error! 
Reference source not found.3). 

  

Figure 1: MABR concept Figure 2: ZeeLung visual representation 

Figure 3: Scanning electron microscope image of ZeeLung cord. 
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The resulting construction - referred to as a “cord” - is flexible yet unbreakable. Multiple 
cords are potted into top and bottom headers to create a module (Figure 4). The top 
header delivers and distributes air to the inside of the fiber lumens and exhaust gas is 
collected in the bottom header. Modules are installed in cassettes for deployment in 
biological reactors. 

 

 

Reactor mixing and biofilm thickness control is provided with minimal energy input by a 
coarse bubble aeration system integrated into the ZeeLung cassette.  

The ZeeLung product replaces fine bubble aeration used in a conventional activated 
sludge process. The same blower equipment that is used for a fine bubble aeration 
system can deliver air to the ZeeLung cassettes. The MABR process may be configured 
as a hybrid where attached growth bacteria on the ZeeLung media work together with 
suspended growth bacteria to perform the removal of organics and nutrients. 

 

  

Figure 4: ZeeLung filament, cord, module, and cassette 
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4 Design Concept 
The following sections outline the design concept for the CRWPCF.  

4.1 Problem Statement 
The CRWPCF currently accepts both municipal and industrial waste streams and has an 
existing treatment process that consists of primary sedimentation, roughing filters, high 
purity oxygen carbonaceous activated sludge (CAS) for BOD5 removal, secondary 
clarifiers, air fed nitrogenous activated sludge (NAS), final clarifiers, and chlorine 
disinfection. The industrial waste stream is pre-treated by a high-rate anaerobic system 
before being combined with the municipal waste. The combined waste stream has 
higher organic loads than typical municipal waste.  

The CRWPCF will be required to meet stricter effluent limits in the future and is 
evaluating options for meeting those treatment objectives. The treatment objectives used 
for this pilot study for annual average concentrations are outlined in Table 1. The 
CRWPCF is also interested in the potential for the technology to reduce the plant 
footprint when a plant expansion is required and its potential to reduce energy 
consumption.  

Table 1: CRWPCF treatment objectives 

Parameter Level 1 Level 2 Units 

TN 14 10 mg/L 

NH4-N 2 2 mg/L 

TP 1.8 1.0 mg/L 

 

The proposed solution was based on the conversion of the plant from a carbonaceous 
activated sludge (CAS) and nitrogenous activated sludge (NAS) process to a hybrid 
membrane aerated biofilm reactor (MABR) process by adding ZeeLung cassettes into 
existing and new tanks. 

4.2 Design Conditions 
 
The wastewater conditions for CRWPCF are outlined in Tables 2 and 3.  
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Table 2: current and design (2036) design conditions

 

Table 3: additional industrial pretreatment, high-rate anaerobic process 

 

4.3 MABR Design 
 
The process configuration studied for this pilot project was to install ZeeLung cassettes 
into CRWPCF’s existing bioreactor volume, and potentially newly constructed volume 
thereby creating a ZeeLung/anoxic zone. The CRWPCF currently uses high purity 
oxygen (HPO) in the CAS portion of the plant. A possibility is to utilize the HPO for 
ZeeLung process aeration, to take advantage of the existing infrastructure, and 
potentially higher oxygen transfer rates through the ZeeLung membrane. 

 
Figure 5 illustrates a potential design concept for installation of ZeeLung MABR 
cassettes in existing and newly constructed tanks, where the number of ZeeLung 
cassettes and total bioreactor volume were to be determined based on pilot study 
results.  
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Figure 5: MABR design concept  

  

Anaerobic 

ZeeLung/Anoxic 

Aerobic 



 

SUEZ confidential and proprietary information  

Final pilot study report for Cedar Rapids Water Pollution Control Facility  

August 2018  Page 11 of 37 

5 Pilot Objectives and Process 
 
The following were the objectives to be evaluated during the pilot study.  
 

1. Determine the performance (nitrification rate) of the ZeeLung MABR 

process using high purity oxygen (HPO). 

2. Determine the efficacy of the ZeeLung MABR process to meet plant 

expansion & effluent objectives. 

3. Determine the optimum ZeeLung design and operating parameters. 

4. Provide an opportunity for Cedar Rapids personnel to become familiar with 

ZeeLung MABR technology. 

 

5.1 ZeeLung MABR Pilot Equipment and Process 
 
SUEZ provided a containerized pilot system to the CRWPCF. The container was 
equipped with an a ZeeLung/Anoxic tank containing three ZeeLung modules and tanks 
that were converted into an anaerobic zone. The anaerobic zone had a 290-gallon 
capacity, and the ZeeLung zone had a 130-gallon capacity. The container had various 
pumps, valves, and instruments to control the process.  
 
For acclimatization, the pilot was set up as a flow-through system, with no recycle. Mixed 
liquor was pumped from a channel adjacent to the pilot unit containing NAS feed 
(effluent from the CAS system combined with NAS RAS), through the pilot, and 
discharged back to the same channel. A simplified process flow diagram of the initial 
pilot set-up is shown in Figure 6. The NAS feed channel was chosen as the initial stream 
for the pilot as it contained a low concentration of BOD, which had been removed in the 
upstream processes, and reasonable concentration of ammonia, and it was thought it 
would provide favorable conditions to establish a nitrifying, autotrophic biofilm.  

 
Figure 6: simplified PFD of acclimatization pilot set-up 
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After discussion with the project team, a decision was made to add additional tanks to 
the containerized pilot to demonstrate a more complete flow sheet to demonstrate the 
entire process for TN and TP removal. The new flow sheet added tanks consisting of two 
2500-gallon aeration tanks (total process volume of 3890 gallons) and a 1500-gallon 
conical bottom tank to act as a clarifier. After the aeration tanks were installed, feed to 
the pilot was switched to a mixed tank fed from three sources in the plant; primary 
effluent (PE), roughing filter effluent (RF), and high-rate anaerobic effluent (ANA). The 
conical bottom tank was used to separate solids to create a RAS stream to mix with the 
feed stream. Pumps were used to feed the anaerobic zone with feed and RAS, and to 
subsequently feed the ZeeLung MABR zone. Waste from the system was controlled by 
overflowing the anaerobic tank slightly.  
 
A simplified process flow diagram of the pilot is presented in Figure 7 and images of the 
pilot equipment are showing in Figure 8.  

 

 

 

Figure 7: Simplified ZeeLung MABR flow diagram 
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Figure 8: ZeeLung MABR pilot installed at Cedar Rapids Water Pollution Control Facility 

 

The pilot equipment had various pumps, valves, and measurement equipment to control 
the process. The equipment specific to the ZeeLung process included an air distribution 
panel to measure and control the ZeeLung air flow rate, pressure gauges, and a hand-
held oxygen meter to determine the percentage of oxygen in the ZeeLung exhaust gas. 
Dissolved oxygen (DO) and oxidation reduction potential (ORP) were also measured.  

5.2 ZeeLung MABR Pilot Operating Setpoints 

5.2.1 Acclimatization 
The pilot acclimatization period occurred between startup on August 10th, 2017 and 
October 5th, 2017. Table 4 summarizes the pilot operating settings during this time.  

Table 4: Acclimation period operating setpoints 

Parameter Unit Initial Attachment  

Feed Source  
NAS Feed Channel (NAS RAS + 

CAS Effluent) 

Anaerobic Zone Feed Flow Rate gpm 9 

Anaerobic Zone HRT mins 25 

Anoxic/ZeeLung Zone Feed Flow 

Rate 
gpm 4 
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ZeeLung Process HPO Supply Flow 

Rate (FI-047) 
scfh 41 

ZeeLung Process Air Exhaust 

Pressure (PI-210) 
psi 1 - 3.5 

ZeeLung Mixing Air Flow Rate (FI-

057) 
scfm 3.6 

ZeeLung Scouring Air Flow Rate (FI-

067) 
scfm N/A 

Relax Sequence Frequency - 6 hours, once per week 

Note 1: Process HPO supply was operated as ON/OFF aeration for part of this phase 

5.2.1 Operations 
Table 5 outlines the pilot operating parameters from October 5th through November 30th, 
when the pilot was operating in the updated configuration including aeration tanks and 
clarification.  

Table 5: Pilot operating parameters October 12th - November 30th  

Parameter Unit Initial Attachment  

Feed Source  
Primary Effluent, Roughing Filter 

Effluent, Anaerobic Effluent 

Feed Flow Rate gpm 2 

RAS Flow Rate gpm 2 

MABR Tank Feed Flow Rate gpm 3.8 - 3.9 

Anaerobic Zone HRT mins 25 

Anoxic/ZeeLung Zone Feed Flow 

Rate 
gpm 4 

ZeeLung Process HPO Supply Flow 

Rate (FI-047) 
scfh 3.5 - 4 

ZeeLung Process Air Exhaust 

Pressure (PI-210) 
psi 3 - 3.5 

ZeeLung Mixing Air Flow Rate (FI-

057) 
Scfm 3.6 

ZeeLung Scouring Air Flow Rate (FI-

067) 
scfm 7.2 

Scouring Frequency - 5 min/12 hours 

Relax Sequence Frequency - 6 hours, once per week 

Air Flow to Aeration Zone 1 scfm 1.5 

Air Flow to Aeration Zone 2 scfm 1.5 - 4 

*Scour frequency applies to ZeeLung Version 1.0 product. Next generation product 

(ZeeLung 2.0, etc.) utilizes a more efficient aeration process, eliminating the need for 

separate scour air.   
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6 Pilot Study Results 
Pilot study results are focused on the following parameters; ammonia, total kjeldahl 
nitrogen (TKN), phosphorous, TSS, BOD, ZeeLung nitrification rate, and ZeeLung 
oxygen transfer rate, which are discussed in the following sections. Results will be 
discussed in two phases, acclimation phase, and operations phase.  

Process performance was measured by grab samples taken at sample points within the 
process; pilot plant influent (primary effluent), MABR influent, MABR effluent, aerobic 
effluent, clarifier (final) effluent, and RAS. The six sample point locations are identified in 
Figure 7. Table 6 summarizes the parameters tested at each sample point. Samples 
were collected by operations staff at Cedar Rapids, and were either analyzed in house, 
or were sent to an outside lab. 
 
Table 6: Parameters tested at each sample point 

Sample Point Parameters Tested 

Pilot Plant Influent 

Alkalinity 
Ammonia as N 
nitrate as N  
TKN 
COD 
BOD 
TSS 
VSS 
soluble phosphorous as P 
total phosphorous as P 

MABR Influent 

Alkalinity 
Ammonia as N 
nitrate as N  
TKN 
COD 
BOD 
TSS 
VSS 
soluble phosphorous as P 
total phosphorous as P 

MABR Effluent 

Alkalinity 
Ammonia as N 
nitrate as N  
TKN 
COD 
BOD 
TSS 
VSS 
soluble phosphorous as P 
total phosphorous as P 

Aerobic 
Ammonia as N 
MLSS 
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Clarifier Effluent 

Alkalinity 
Ammonia as N 
nitrate as N  
TKN 
COD 
BOD 
TSS 
VSS 
soluble phosphorous as P 
total phosphorous as P 
TKP 

RAS 
Nitrate as N 
TSS 
VSS 

 

6.1 Acclimation Period Results 
The acclimation period was focused on creating conditions favorable for the formation of 
a nitrifying biofilm. The goal was to create conditions with low DO and ORP (anoxic 
conditions), relatively high ammonia concentration, and relatively low BOD in the bulk 
mixed liquor surrounding the ZeeLung cord. While the feed source for the pilot during 
this phase had reasonable ammonia concentration (10-20 mg/L), it was a challenge to 
maintain low DO and ORP in the MABR tank due to the presence of some DO in the 
influent stream, DO introduced from the HPO through the ZeeLung fibers, and low BOD 
concentration which meant the biomass was not consuming oxygen quickly. The HPO 
feed to the ZeeLung membranes was changed to intermittent operation, resulting in 
lower DO in the MABR tank and more favorable biofilm formation conditions. This 
section will limit discussion to results related to DO, ORP, ammonia, ZeeLung 
nitrification rate, ZeeLung oxygen transfer rate, and biofilm formation. Additional results 
will be discussed in sections related to the operations phase.   

6.1.1 DO and ORP 
DO and ORP were measured during the acclimation phase and are presented below in 
Figures 9 and 10, respectively. The MABR influent contained 0.5 to 1 mg/L of DO for the 
duration of the acclimation phase, which is higher than the ideal anoxic DO range of 
<0.5 mg/L. The MABR effluent DO was between 0.5 and 8.5 mg/L from August 18th to 
September 5th due to oxygen diffusion into the water from the HPO fed to the ZeeLung 
media. At this point in the study, biofilm formation was in the early stages, and thus 
oxygen was not contained within the biofilm, but was transferred to the bulk solution. 
After September 5th, the HPO was operated with an on/off timer to decrease the amount 
of oxygen being transferred to the bulk solution and to help maintain anoxic conditions in 
the MABR tank. After September 5th, the DO in the MABR tank was approximately equal 
to the DO in the influent, indicating that excess DO was no longer being added to the 
bulk liquid in the MABR tank.  

For the duration of the acclimation phase, the ORP in the MABR tank was >50 mV, 
which are not ideal anoxic conditions (generally <50 mV for denitrification to occur). Note 
that ORP probes contained platinum reference electrodes and are displayed as such. 
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Anoxic conditions are targeted in the MABR tank for two reasons; first to promote 
denitrifying conditions in the bulk solution, which allows for simultaneous nitrification and 
denitrification (SND) in the MABR tank, and second to preferentially form nitrifying 
bacteria on the ZeeLung media where oxygen is present instead of in the bulk solution.  

 

Figure 9: Acclimation Phase DO  

 

Figure 10: Acclimation Phase ORP 
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6.1.2 Ammonia  
Ammonia was measured at the influent and effluent of the MABR tank to measure the 
ammonia oxidation in the MABR tank. Ammonia results are presented in Figure 11. The 
ammonia concentration in the MABR tank was decreased significantly from influent to 
effluent between August 14th and September 3rd, which is likely largely due to the high 
DO concentration observed in the bulk solution, rather than nitrification occurring in the 
ZeeLung biofilm. After decreasing the amount of oxygen transferred to the bulk solution 
by operating the ZeeLung process HPO intermittently the ammonia removal decreased, 
due to less available DO in the bulk solution.  

 

 
 

Figure 11: Ammonia Concentration During Acclimation 

 

6.1.3 ZeeLung Nitrification Rate 
ZeeLung nitrification rate (NR) was calculated by measuring the difference in ammonia 
concentration between the MABR influent and the MABR Effluent.  Multiplying the delta 
in concentration shown in Figure 11 by the flow rate, and dividing by the membrane 
surface area, the nitrification rate design parameter is obtained in units of grams of 
ammonia removed per day per square meter of membrane area, g-NH4-N/d/m2. The 
calculated nitrification rate is presented in Figure 12. Note that the nitrification rate is the 
net reduction in ammonia concentration observed and does not take into account local 
ammonification that may occur in the ZeeLung tank. 
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It should be noted that in general, the oxygen transfer and resulting nitrification rate is 
driven by the ammonia concentration gradient, i.e. the higher the ammonia 
concentration, the higher the nitrification rate. 

 

Figure 12: ZeeLung Nitrification Rate (NR) During Acclimation 

The analytical nitrification rate averaged 2.5 g-NH4-N/d/m2 from start-up until September 
3rd. As discussed, this relatively high NR can be mostly attributed to nitrification occurring 
in the bulk solution due to high DO levels. After decreasing the DO in the MABR tank, 
the average NR decreased to 0.8 g-NH4-N/d/m2, which can likely be attributed to 
nitrification occurring in the establishing biofilm. An average NR of 0.8 g-NH4-N/d/m2 is 
indicative of a growing and active biofilm.  

6.1.4 Oxygen Transfer Rate (OTR) 
A benefit of the ZeeLung MABR process is the ability to easily quantify the amount of 
oxygen used in the process. Process oxygen is fed to the top of the fibers through a 
header, travels downward through the fibers, and is collected in another header at the 
bottom of the module. Oxygen is diffused through the membrane into the biofilm as the 
gas passes through the hollow fiber lumen. The exhaust oxygen can then be analyzed 
for oxygen content and compared to the inlet, which contained high purity oxygen at 
100%. The delta of the mass of oxygen flowing into the module minus the mass of 
oxygen flowing out of the module equals the amount of oxygen transferred through the 
ZeeLung membrane. In full-scale applications, this parameter can be continuously 
monitored through on-line instrumentation providing real-time data to plant staff. Figure 
13 presents the calculated OTR shown as grams of oxygen transferred per day per 
square meter of membrane.  
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Figure 13: ZeeLung Oxygen Transfer Rate (OTR) During Acclimation 

OTR averaged 17.7 g-O2/d/m2 and ranged from 9.2 to 21.6 g-O2/d/m2 between August 
11th and September 6th. OTR was not calculated between September 6th and October 
12th due to the intermittent aeration strategy, which resulted in difficulty in measuring 
exhaust oxygen concentration reliably.  
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accumulation.  There was a visual difference between the fibers on the center module in 
the middle of the module and the fibers on the outer modules. The inner module 
appeared lighter in color, indicating slower biomass growth on the inner most fibers. 
Based on these observations, the ZeeLung air scour intensity and frequency was 
increased to help control the thickness of the biofilm and to increase mixing to the 
interior fibers. 
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6.2 Operations Period Results 
The objective of the operations period was to operate the pilot plant in an 
anaerobic/anoxic/aerobic (A2O) configuration. Typically, an A2O process uses an internal 
recycle from the aerobic zone to the anoxic zone to return nitrate for denitrification. With 
MABR, nitrate is produced in the ZeeLung biofilm and is simultaneously denitrified in the 
bulk solution eliminating or reducing the need for nitrate recycle.  

The operations period included the introduction of a combined waste stream that 
included primary effluent (PE), roughing filter (RF) effluent, and anaerobic (ANA) effluent 
(industrial). The target ratio of those three streams was 20:5:1, however in practice the 
flow control was not precise, and the exact ratio was seldom achieved.  

6.2.1 DO and ORP 
DO and ORP measured during the operations period are presented in Figures 17, 18, 
and 19. Figure 17 shows the DO at the inlet and outlet of the MABR tank. The MABR 
influent DO was measured using a handheld device, whereas the MABR effluent DO 
was measured using an online DO probe in the MABR tank. The MABR influent DO was 
higher than the MABR effluent DO, indicating some residual oxygen present in the feed 
water that was consumed in the MABR tank. The DO in the MABR tank was maintained 
at <0.5 mg/L for most of the operations period, meaning that anoxic conditions were 
present.  

 

Figure 15: MABR DO During Operations Period 

Figure 18 shows the DO measured in the aerobic tank. Ideally, the DO in the aerobic 
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indicates that the air supply to the aerobic zone was inadequate to maintain significant 
DO in the aerobic reactor, which is likely due to high organic loading in relation to the 
volume of air that the compressor was able to supply.   

 

Figure 16: Aerobic Zone DO During Operations Period 

 

Figure 19 shows the ORP readings for the operations period. From October 5th through 
November 8th, the MABR influent ORP was measured using a hand-held ORP meter and 
the MABR effluent was measured using an inline sensor. After November 8th, the inline 
sensor was switch to the MABR influent, and the MABR effluent was measured using a 
hand-held sensor. In general, the ORP in the MABR influent and MABR effluent was <-
400 mV, which indicates anoxic to anaerobic conditions were present in the reactors. 
Note that ORP probes contained platinum reference electrodes and are displayed as 
such. 
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Figure 17: MABR ORP During Operations Period 

6.2.2 Ammonia  
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ammonia removal by ZeeLung. After November 2nd, ammonia was also measured at the 
pilot plant influent and the pilot final effluent. Figure 20 presents the ammonia results for 
the operations period.  

In general, when comparing the MABR influent ammonia with the MABR effluent 
ammonia it is observed that the MABR did not achieve significant ammonia removal 
during the operations phase. In fact, when comparing the pilot influent ammonia with the 
final effluent ammonia, it is evident that the whole pilot was not successful at removing 
ammonia. It can also be observed that during the operations period, the pilot influent 
ammonia was lower than the MABR ammonia and final effluent ammonia. This was 
likely caused by elevated concentrations of ammonia entering the system, and not being 
nitrified, leading to sustained elevated concentration in the system. It is also possible 
that some TKN was hydrolyzed to ammonia in the anaerobic or anoxic zones, leading to 
an increase in ammonia concentration in the bioreactors tanks.  

The poor ammonia removal results by the MABR were likely caused by preference for 
BOD reduction on the ZeeLung fibers over nitrification. Poor nitrification in the aerobic 
zone was likely due to inadequate oxygen supply for BOD consumption and nitrification.  

Total TKN results are presented in Figure 21. TKN measurement was less frequent than 
ammonia, so it is challenging to draw conclusions related to TKN for this pilot, but as 
with ammonia, it appears that little TKN was removed in the pilot. The MABR influent 

-500

-400

-300

-200

-100

0

100

10/5/2017 10/15/2017 10/25/2017 11/4/2017 11/14/2017 11/24/2017

O
x
id

a
ti
o

n
 R

e
d

u
c
ti
o

n
 P

o
te

n
ti
a

l,
 O

R
P

, 
m

V

MABR Influent ORP MABR Effluent ORP



 

SUEZ confidential and proprietary information  

Final pilot study report for Cedar Rapids Water Pollution Control Facility  

August 2018  Page 26 of 37 

TKN was observed to be elevated in the MABR influent which was likely cause by 
measurement of the TKN in the MLSS in unfiltered samples.  

 

Figure 18: Ammonia concentrations during Operations 

 

Figure 19: TKN concentrations during operations.  
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6.2.3 ZeeLung Nitrification Rate 
The calculated ZeeLung nitrification rate is presented in Figure 22. The average 
overserved NR for the operations period was 0.3 g-NH4-N/d/m2, where any negative NR 
values, and the two highest values have been removed from the average. The observed 
NR was lower than expected based on OTR (discussed in section 6.2.4) and previous 
pilot study results. Nitrification rates are typically in the range of 1.5-2.5 g-NH4-N/d/m2. 
The low NR is likely due to out-competition of autotrophic biofilm by heterotrophic 
biofilm, as observed by thick biofilm present during this pilot, which will be discussed in 
section 6.2.5. Improved air scour to maintain a thin, nitrifying biofilm, may have helped to 
increase nitrification in the biofilm, which was challenging to achieve with the pilot 
configuration. As previously stated, the nitrification rate is the net reduction in ammonia 
concentration observed and does not take into account local ammonification that may 
occur in the ZeeLung tank. Higher resolution of TKN measurements would help to 
account for ammonification and subsequent nitrification that occurs related to organic 
nitrogen present in the wastewater.  

 

Figure 20: ZeeLung Nitrification Rate During Operations Period 

6.2.4 Oxygen Transfer Rate (OTR) 
OTR during the operations phase showed improving performance throughout the phase. 
The OTR began at approximately 15 g-O2/d/m2 and steadily increased to between 30-35 
g-O2/d/m2. Typical OTRs are in the range of 10-12 g-O2/d/m2 with air as the oxygen 
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demonstrated by low observed nitrification rates, oxygen was being transferred through 
the membrane and was likely being primarily consumed for BOD consumption, which will 
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be discussed in section 6.2.7. The high OTR observed with HPO compared to air as the 
oxygen source indicates that there may be some performance benefit to ZeeLung with 
the use of HPO, if the biofilm can be adequately controlled to optimize for nitrification.  

 

Figure 21: ZeeLung Oxygen Transfer Rate During Operations Period 

6.2.5 Biofilm Formation 
The ZeeLung modules were inspected on November 1st, November 8th, and December 
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Figure 17 shows two pictures of the ZeeLung modules during inspection. The biofilm 
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accumulation. The excess sludge on the modules is likely due to an overgrowth of 
heterotrophic bacteria that was unable to be removed during mixing or scouring of the 
fibers. With this observation, the scour intensity and frequency was increased again and 
plans were made to change the module set-up.  

On November 8th, the ZeeLung modules were removed from the tank for de-sludging to 
improve the ZeeLung operation. At the same time the ZeeLung tank was also modified 
to achieve wider spacing between the modules to achieve more effective air scour and 
biofilm control. Figure 18 shows the modules after de-sludging and module spacing 
modification.  

The modules were inspected a final time on December 14th during the pilot 
decommissioning, as shown in Figure 19. The modules were found to have a thick layer 
of white biomass on the outer most fibers, and thick black biomass on the inner fibers. 
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The black biomass on the interior fibers was caused by biomass remaining on the fibers 
for a long period of time and becoming septic. 

It is clear from these inspections during the operations period that the ZeeLung air scour 
in the pilot was not sufficient to control the biofilm thickness caused by the rapid growth 
of heterotrophic bacteria. Next generation ZeeLung product uses more vigorous air 
scour with larger bubbles, and may be better suited to this environment, but was not 
available at the time of the pilot.  
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6.2.6 COD 
Total COD was measured weekly in the MABR influent, MABR effluent, and final 
effluent, and was measured twice in the pilot plant influent during the operations period. 
Results are presented in Figure 27. COD measured was not filtered and thus included 
any biomass present in the sample. From the two influent COD samples the average 
influent COD to the pilot plant was approximately 1200 mg/L. The MABR tank did not 
have a significant impact on COD based on this measuring method. COD in the final 
pilot effluent averaged <500 mg/L, indicating a removal of approximately 700 mg/L in the 
pilot system. As these are total COD measurements, some of the COD in the influent 
was contained in solids, which were removed by clarification in the pilot system. 

 

 

Figure 25: COD results for the operations period 

6.2.7 Carbonaceous Biochemical Oxygen Demand (BOD) 
Beginning November 2nd, cBOD was measured at the pilot influent, MABR influent, 
MABR effluent, and final effluent on a weekly basis. cBOD results are presented in 
Figure 28. During this time, influent cBOD averaged 610 mg/L. Final effluent cBOD was 
oxidized to < 100 mg/L, averaging 70 mg/L and representing an 80-90% cBOD reduction 
in the process.  

Of interest to the ZeeLung MABR pilot is the cBOD reduction in the MABR tank as this 
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ZeeLung fibers. Figure 29 shows the BOD removal rate per unit surface of membrane 
media. 

 

Figure 26: Carbonaceous BOD results for the operations period

 
Figure 27: cBOD removal rate per unit surface area of ZeeLung media 
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An attempt to create a mass balance with respect to oxygen in the MABR tank was 
performed. For this balance, it is assumed that oxygen consumption was 4.57 g-O2/g-
NH4-N and 1.48 g-O2/g-cBOD. Table 7 shows the results of this balance, using only data 
points that had cBOD and NH4-N data with non-negative consumption rates. The sixth 
column of Table 7 is the result of the oxygen transferred through ZeeLung (OTR) minus 
the oxygen required for cBOD and NH4-N oxidation. The data does not have sufficient 
resolution to properly balance the oxygen consumption as there is either a deficit or an 
excess amount of oxygen on all sample dates. Considering that most samples from this 
set resulted in an excess oxygen supply in the MABR tank, it can be concluded that 
sufficient oxygen was available from the ZeeLung media to support the oxidation of 
cBOD and NH4-N observed. It should be noted that dissolved oxygen in the bulk solution 
was excluded from this balance as the measured DO values at the MABR influent and 
MABR effluent were approximately equal at this time, so it is assumed that the primary 
oxygen source was from the ZeeLung media.  

It is evident that cBOD consumption was a major component of the oxygen consumption 
in the MABR tank, indicating that the biofilm was primarily used for cBOD removal, and 
only removed a limited amount of ammonia due to a diffusion barrier created by the 
heterotrophic bacteria. Due to the fast-growing nature of heterotrophic biology and the 
limited air scour available in the pilot unit, this can help to explain the overgrowth of 
biofilm during the operations period that resulted in heavily sludged modules.  

Table 7: Oxygen balance 

Date 

Nitrogen O2 
Requirement, 

g-O2/d 

cBOD O2 
Requirement, 

g-O2/d 

Total O2 
Requirement, 

g-O2/d 
OTR, g-O2/d 

Oxygen 
deficit/excess, 

g-O2/day 

11/7/2017 4151 4230 8381 2376 -6005 

11/8/2017 274 3372 3646 2208 -1438 

11/14/2017 83 1379 1462 2916 1454 

11/16/2017 76 3556 3632 2508 -1124 

11/21/2017 9 2115 2124 3432 1308 

11/22/2017 397 920 1316 3168 1852 

11/28/2017 99 2422 2521 3420 899 

11/29/2017 67 1717 1783 4008 2225 
 

6.2.8 Mixed Liquor suspended solids (MLSS) 
MLSS was measured from the MABR influent sample point and is presented in Figure 
30. After initial seeding of the reactors with mixed liquor from the NAS feed channel, 
there were difficulties maintaining mixed liquor concentration due to flow imbalances 
between the reactors. Flow was controlled using three pumps, a raw feed pump, a RAS 
pump, and an MABR feed pump. If the flow rate of one of these pumps became 
unbalanced, mixed liquor could be lost by overflow to drain. This resulted in a loss of 
solids, decreasing the MLSS concentration to <500 mg/L until November 3rd. After 
November 3rd, the MLSS concentration increased to >1000 mg/L for the remainder of the 
pilot study.  
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Figure 28: MLSS concentration during operations period 

6.2.9 Phosphorous 
Phosphorous (as orthophosphate) results for the operations period are presented in 
Figure 31. Orthophosphate was not significantly affected by this pilot process. 

 

Figure 29: Orthophosphate results for the operations period 
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7 Summary and Conclusions 

 

SUEZ Water Technologies & Solutions provided a ZeeLung Membrane Aerated Biofilm 
Reactor (MABR) pilot system to evaluate the potential of the MABR system to meet plant 
expansion and effluent objectives using high purity oxygen. The primary piloting 
objectives and conclusions from the pilot study are: 

1. Determine the performance (nitrification rate) of the ZeeLung MABR process using 

high purity oxygen (HPO). 

 

The MABR process achieved average nitrification rates from 0.3 to 0.8 g-NH4-N/d/m2 

using HPO, which is lower than expected based on observation from other 

applications. Oxygen transfer rates were between 15 and 30 g-O2/d/m2, which is 

considered high and is likely a result of using HPO as an oxygen source allowing for 

more efficient oxygen transfer through the ZeeLung cord. However, it was concluded 

that oxygen transferred through the ZeeLung media was used primarily for cBOD 

removal and did not achieve the required ammonia removal necessary to achieve 

the total nitrogen effluent target.  

 

2. Determine the efficacy of the ZeeLung MABR process to meet plant expansion & 

effluent objectives. 

 

The MABR pilot was unable to demonstrate adequate performance to meet plant 

expansion objectives in relation to future TN or TP limits. Nitrification in the pilot was 

inadequate to drive TN removal, in part due to low nitrification rates by the MABR, 

and in part due to inadequate oxygen supply in the aerobic reactor. The strong 

organic load in the influent wastewater meant that the configuration tested was not 

ideal for this application as it promoted heterotrophic biofilm activity, rather than the 

desired autotrophic activity. Biological phosphorous removal activity was not 

observed in the pilot for TP removal.  

 

3. Determine the optimum ZeeLung design and operating parameters. 

 

Optimization of the ZeeLung design and operating parameters were not achieved 

throughout this pilot study and it is concluded that the pilot configuration tested was 

not suited to this application. The ZeeLung MABR could be improved using more 

vigorous media scouring to help control excess biofilm growth or could be placed in a 

part of the process with lower carbon loading to reduce competition between 

heterotrophic and autotrophic biofilm growth. The ZeeLung MABR system would be 

better suited to be placed downstream of a pre-aeration system (such as the existing 
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roughing filters or the CAS part of the plant) to reduce the organic load to the 

ZeeLung media.  

 

4. Provide an opportunity for Cedar Rapids personnel to become familiar with ZeeLung 

MABR technology. 

 

Cedar Rapids operations staff were involved in installation, operation, and 

maintenance of the ZeeLung MABR pilot, giving them the opportunity to become 

familiar with the technology. SUEZ would like to thank them for their hard work and 

dedication during the pilot study.  
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1.0 EXECUTIVE SUMMARY 
Aqua-Aerobic Systems Inc. (AASI) conducted a pilot study using the AquaNereda® Aerobic Granular 
Sludge (AGS) technology from October 24, 2017 through June 11, 2018 at the Cedar Rapids Water 
Pollution Control Facility (CRWPCF) in Cedar Rapids, IA. The objective of this study was to 
demonstrate the ability of AquaNereda AGS technology to meet the facility’s upcoming treatment 
requirements and provide insight to seeding, acclimation, and startup. A two-reactor pilot was deployed 
with Reactor 1A seeded to full capacity with AGS and Reactor 2B used to evaluate startup scenarios. The 
effluent targets from the AGS process were 30 mg/L carbonaceous biochemical oxygen demand (cBOD5), 
30 mg/L total suspended solids (TSS), 14 mg/L N total nitrogen (TN), 2.0 mg/L N ammonia (NH4) and 
2.0 mg/L P total phosphorus (TP).  

RESULTS 
• The AGS began nitrifying within two weeks of operation using seed sludge which had been 

stored for the previous three months. 
• The AquaNereda pilot was compliant with the treatment objectives required after the removal of a 

single TN outlier (in parentheses) at the Annual Average (AA) loading condition of 14.4 hours 
hydraulic retention time (HRT). 

Parameter 

Annual Average 
Design 
Influent 
(mg/L) 

Pilot 
Influent 
(mg/L) 

Design 
Effluent 
(mg/L) 

Pilot 
Effluent 
(mg/L) 

Design 
Removal 

(%) 

Pilot 
Removal 

(%) 
cBOD5 417 518 30 15 96% 97% 

TSS 117 113 30 10 91% 91% 
NH4-N -- 23 2.0 0.3 -- 99% 
Total N 50 49 14 15 (6) 72% 69% (88%) 

TP 11 10 2.0 1.2 82% 88% 

• The pilot also demonstrated its ability to meet the cBOD5, TSS, TN and TP treatment objectives 
when operated at the Maximum Month (MM) flow and load conditions at 10.5 hour HRT. The 
effluent ammonia requirement was not met due to the additional oxygen demand from higher 
cBOD and TN loads and an elevated MLSS concentration (20 g/L) which exceeded the 
capabilities of the pilot’s coarse bubble aeration system. The full scale system will offer a higher 
oxygen transfer capacity with more efficient fine bubble diffusers sized to meet the design loads 
and comply with ammonia targets. 

Parameter 

Maximum Month 
Design 
Influent 
(mg/L) 

Pilot 
Influent 
(mg/L) 

Design 
Effluent 
(mg/L) 

Pilot 
Effluent 
(mg/L) 

Design 
Removal 

(%) 

Pilot 
Removal 

(%) 
cBOD5 417 570 30 12 96% 98% 

TSS 117 172 30 27 91% 74% 
NH4-N -- 27 2.0 2.5 -- 91% 
Total N 50 58 % Only 11 67% 81% 

TP 11 12 % Only 2.2 75% 81% 
• A dynamic operational mode was also conducted in Reactor 1A which allowed the cycle time to 

change based on nutrient reduction indicated by the process sensors. This operational mode 
successfully achieved the design nutrient targets from as low as 6.8 hours HRT despite influent 
concentrations appreciably higher than the design. 
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• Reactor seeding with excess anaerobic granular sludge (AnGS) as a carrier was shown to be 
possible, but did not offer an advantage in reducing the acclimation period due to the drastically 
contrasting, layered microbial composition of the AGS. 

• Partial reactor seeding with aerobic granules AGS to approximately 1 g/L exhibited higher 
removal efficiencies than was observed with the anaerobically derived granules and was shown to 
facilitate faster granule development.  

• The study revealed that just 2 g/L AGS was needed to successfully treat 70% of the annual 
average loading.  Use of an 8 g/L design value reactor provides reserve capacity for AGS to 
withstand a high degree of load variability that may be realized with the industrially impacted 
CRWPCF influent water quality. 

 
CONCLUSION 
The AquaNereda AGS technology demonstrated exceptional settling properties with high level removal 
of carbon, nitrogen, and phosphorus. Despite seeding with AGS sludge that had been stored for the 
previous 3 months, the AGS reactivated and acclimated to CRWPCF’s wastewater within weeks of 
operation. The pilot system provided valuable feedback to the full-scale system design by permitting 
evaluation of AGS performance in the presence of the industrial waste components anticipated in the 
future operation of the facility. The pilot was able to perform effectively and meet the effluent 
requirements at AA conditions.  

The reactor operated successfully for four weeks at MM design HRT at cBOD5 and TN loading 
conditions that were variable and higher than the design. During this testing, cBOD5 remained less than 
12 mg/L, TN removal was greater than 67%, TP removal was greater than 75% and the average TSS was 
below the 30 mg/L requirement. Due to sidewall interactions that are unavoidable at the pilot scale, the 
TP and TSS removal rates observed during the pilot study are considered to be conservative estimates of 
the removal rates that would be attainable at full scale.  

Reactor 2B provided valuable insight into whether anaerobic granular sludge (AnGS) could be used as a 
seed-source for the Aerobic Granular Sludge (AGS) process.  While the AnGS granules resemble those of 
AGS, the differences in the microbial community were too significant and the potential matrix for biofilm 
formation did not yield savings in the time necessary to reach full acclimation.  In contrast, partial seeding 
to 1 g/L with AGS sludge demonstrated consistently lower effluent TSS and cBOD levels, reduced NH4-
N and TP simultaneously, and promoted proper granule development. While the use of AnGS sludge 
would offer a readily available granule source, the startup time with partial AGS seeding is expected to 
take 25-50% less time to reach full capacity.  

The unique waste composition and the sludge treatment processes used at the CRWPCF presents 
challenges that can be easily met in the full-scale system with an efficient fine bubble aeration system and 
automated controls.  Reduced sulfur compounds or periodic high levels of ammonia or organics in the 
influent can inhibit nitrification if the immediate oxygen demand is not satisfied.  Pilot testing revealed 
that set-point control of oxidation-reduction potential (ORP) can be used to assure the reactor is fully 
oxidized to ensure nitrification is maintained.  Additional use of reactor dissolved oxygen (DO) sensors 
and NH4-N analyzers can ensure sufficient batch reaction time necessary to contend with high loads 
introduced from the AP and sludge treatment processes.  

The pilot study successfully validated that the AquaNereda AGS process, in accordance with the AASI 
design, can meet the CRWPCF AA and MM treatment objectives while promoting the proper growth and 
development of granular sludge on this unique, high strength waste type.  
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2.0 INTRODUCTION 
2.1 Background Information 
The CRWPCF, located in Cedar Rapids, IA, treats 62 MGD of high strength municipal wastewater. The 
facility services 150,000 people but receives a BOD load equivalent of a community with a population of 
1.5 million people due to large industrial operations nearby. The process includes large bar screening (5), 
primary clarifiers (7), roughing filters (8), carbonaceous activated sludge (CAS, 9), CAS secondary 
clarifiers (10), nitrification activated sludge (NAS, 11), NAS secondary clarifier (12), chlorination (13) 
and dechlorination (14). The aeration process is supplied with oxygen produced from a cryogenic oxygen 
generation system. CRWPCF treats approximately 4% of select industrial waste through their anaerobic 
process (AP) using a sulfide oxidation system (2) whose effluent is mixed with the main waste stream 
prior to the CAS process. A dissolved air floatation (DAF) system (16) and belt filter presses (17) are 
used to thicken primary sludge. The CAS and NAS sludges are settled (18) then gravity belt thickened 
(19). After removing most of the water, a low pressure oxidation (LPO) system (20) sterilizes the solids 
and releases additional water previously trapped within the microbes. The sludge is then passed through a 
centrifuge (21) for further dewatering, producing solids which are land applied, land filled, or incinerated 
then stored in an ash pond (23). For additional information about the CRWPCF process visit www.cedar-
rapids.org.  

 

Figure 1: CRWPCF Treatment Process (www.cedar-rapids.org) 

CRWPCF was built in the 1980s and is expecting more stringent treatment objectives including nutrient 
reduction requirements. In light of this, they have begun evaluating treatment alternatives which can 
achieve high-quality effluent compliant with the newly proposed total nitrogen and phosphorus limits.  As 

http://www.cedar-rapids.org/
http://www.cedar-rapids.org/
http://www.cedar-rapids.org/
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part of this evaluation, CRWPCF tested the AquaNereda process by AASI as a method of improving plant 
performance. 

2.2 AquaNereda Design 
The following AquaNereda AGS design criteria were proposed for the CRWPCF facility based on the 
results of the pilot study. 

Table 1: Design Proposals 

Parameter Design         
(5/1/2018) 

Average Design Flow 61.6 MGD 

Max Design Flow 84.4  MGD 

Pre EQ Existing Structures 

# Basins 12 

MLSS Concentration 8,000 mg/L 

Average Cycle Time 6.0 hrs 

Annual Average HRT 14.4 hrs 

Maximum Month HRT 10.5 hrs 

 

The following water quality characteristics were used as the basis of design along with the targeted 
effluent conditions: 

Table 2: Design Influent and Effluent Treatment Objectives 
 

 

 

 

 

 

 

The proposed solution utilizing AquaNereda technology employs a combination of new construction and 
existing tank retrofit at the existing site. The system would receive a mixed flow from the primary 
clarifier, trickling filter, and AP effluent at an expected 20:5:1 ratio. Once fully operational, the 
AquaNereda system would receive the bulk of the facility’s flow with a small portion running through the 
existing roughing filters to maintain biological activity. The discharge from the AquaNereda system 
would then be combined with the existing system’s effluent for chlorination and dechlorination. During 
peak flow events when CRWPCF receives over 120 MGD, the AquaNereda system would treat 84.4 
MGD with all additional flow treated by the roughing filters.  

Key Objectives Units Influent Effluent (MM) 
cBOD5 mg/L 417 30 
COD mg/L 929 -- 
TSS mg/L 117 30 
TKN mg/L 50 -- 

Total N mg/L 50 14 (67%) 
NH4-N mg/L -- 2.0 

TP mg/L 11 2.0 (75%) 
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3.0 STUDY OBJECTIVES 
CRWPCF requested a long term study to demonstrate the ability of AquaNereda AGS technology to treat 
their waste stream and provide insight into design, operation and potential startup methods.  The purpose 
of the study was to investigate the level of treatment for BOD, TSS, nitrogen, ammonia and phosphorus 
removal that would occur under different operating conditions such that, upon completion of the pilot 
study, the preliminary AquaNereda plant design could be validated.  Additionally, granule development 
and viability was to be assessed with CRWPCF’s raw water characteristics.  The study was conducted 
over a nine month period from October 2017 to May 2018.   

The objectives of the study were to: 

• Characterize the wastewater quality at this site  
• Demonstrate the ability to meet treatment objectives 
• Determine the nitrification capabilities at different hydraulic loading rates 
• Quantify the TP removal  
• Translate the pilot data to full-scale design parameters 

4.0 METHODS 
4.1 AquaNereda Aerobic Granular Sludge Technology 
The AquaNereda technology features aerobic granular sludge (AGS) as an innovative biological 
wastewater treatment technology. This technology provides advanced treatment utilizing the unique 
properties of aerobic granular biomass. The AquaNereda system is a flexible yet compact process that 
offers energy efficiency and significantly lowers or eliminates chemical consumption. The AquaNereda 
AGS system uses an optimized batch cycle structure to develop the proper conditions to form a bio-film 
based granular structure. The process uses three main phases within a treatment cycle to meet advanced 
wastewater treatment objectives. They are Fill/Draw, React and Settle. The duration of the phases will 
vary based upon the specific waste characteristics, the flow, and the effluent objectives. 

 
Figure 2: AquaNereda Cycle and Granule Structure 

4.2 AquaNereda Aerobic Granular Sludge Technology Advantages 
 

- Optimal biological treatment is accomplished in one effective aeration step. 
- Settling Volume Indexes of 30 to 50 mL/g allow MLSS concentrations of 8,000 mg/L or greater  
- Roughly 25% of the space required by other conventional activated sludge systems 
- Energy savings up to 50% of conventional activated sludge processes 
- No secondary clarifiers, selectors, separate compartments, or return sludge pumping stations 
- Proven enhanced biological nutrient removal (EBNR) 
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- Robust structure of granule resists fluctuations in chemical spikes, load, salt, pH, and toxic shocks  
- Significant reduction of chemicals for nutrient removal due to the efficiently layered structure and 

biopolymer backbone of the granule  
- Ease of operation with fully automated controls  
- Lowest life-cycle cost 

4.3 Aerobic Granular Sludge 
An aerobic granular biomass is comprised of compact granules; each supports a layered microbial 
community and provides superb settling properties. Within a single tank, the system creates the proper 
conditions to develop and reliably maintain a stable granule without a supplemental carrier. The layered 
aerobic and anaerobic zones present within the granule allow for simultaneous processes to take place in 
the granular biomass, including enhanced biological phosphorus reduction and simultaneous nitrification 
and denitrification (SND). 

 
Figure 3: Aerobic Granular Sludge vs Conventional Activated Sludge Settling 

 

 
Figure 4: Aerobic Granular Sludge vs Conventional Activated Sludge Structure 
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4.4 Pilot Equipment 
The AquaNereda AGS pilot plant is used to demonstrate the technology’s effectiveness in treating 
industrial and municipal wastewater to the end user’s discharge requirements. The pilots are used to 
achieve a variety of objectives, such as producing high quality effluent, MLSS growth, reliability, and 
granule formation.  

The pilot unit’s influent supply is drawn from the WWTP’s primary treatment system. In the CRWPCF 
system, the influent was configured to accept a mix of primary, roughing filter and anaerobic process 
effluents in a ratio anticipated in the full-scale design. The presence of proper pre-treatment is absolutely 
necessary to ensure system reliability and permit optimal performance of blowers, pumps, valves, and 
piping. It is equally important that the received influent is representative of the future full-scale influent 
composition and that the pre-treatment does not drastically alter the anticipated influent characteristics. 

An influent buffer tank is installed to provide sufficient feed water for the reactors and to examine the 
influent composition during pilot trials. The influent buffer is equipped with pH and conductivity 
measurement devices to provide continuous influent quality data. Influent is pumped from the buffer into 
the reactor in the first phase of the treatment cycle. To avoid stagnation in the influent buffer, a constant 
overflow is utilized.  

Two equally-sized reactors are included in the pilot unit and operate independently. The reactor’s influent 
feed is distributed according to the pilot testing program as necessary to replicate the full-scale design. 
Both reactors are fitted with feed, aeration, effluent, and waste activated sludge (WAS) piping. Both 
reactors also possess a level sensor and a full process instrumentation package that includes dissolved 
oxygen (DO), oxidation reduction potential (ORP), phosphorus (P), ammonia (NH4), and nitrate (NO3) 
sensors to allow optimal aeration control. A solids meter is also included for monitoring sludge 
concentration and settling. 

A coarse bubble diffused aeration system delivers oxygen into the bulk liquid to support degradation of 
organic compounds, nitrification, and biological phosphorus uptake. The aeration system provides mixing 
by ensuring proper contact between the soluble constituents and the dense AGS microbial community. 
Both reactors have their own dedicated pumps and blowers equipped with variable frequency drives. 

Effluent buffer tanks collect the discharge to permit the use of composite samplers. Autosamplers are 
installed on the pilot to collect samples from influent and effluent buffer tanks. A combination of grab and 
composite samples coupled with on-line instrumentation are used to provide the best representation of the 
pilot’s overall performance. Sludge waste buffers are included allowing for WAS samples to be 
evaluated.  

4.5 Pilot Operations  
During this study, CRWPCF was responsible for the weekly operations and sampling.  These operations 
consisted of daily visual inspections of the reactors, HMI, equipment, and weekly cleaning of the buffer 
tanks. AASI pilot personnel were responsible for long term maintenance and process optimization of the 
pilot unit. This maintenance included monthly instrumentation cleaning and calibration.  

4.6 Sampling and Testing  
CRWPCF collected 24-hour influent and effluent composite samples three times a week (Figure 5). Some 
of the testing was conducted on site and the remaining was sent to a third party laboratory. Twice-a-week 
MLSS grab samples were taken and analyzed on site. AASI provided pilot personnel to conduct 
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additional testing and process optimization to facilitate the start-up of the study, and provided routine site 
visits throughout the remainder of the test.  

 

Figure 5: Analytical Protocol 

5.0 REACTOR 1A 
5.1 Introduction 
The AquaNereda AGS pilot system arrived at CRWPCF on October 10 for assembly and commissioning. 
Startup testing began after seeding Reactor 1A with AGS on October 24. This phase was used to reactive 
and acclimate the sludge after its long storage period. The reactor was aggressively loaded during the 
startup phase, in attempt to meet the original design loading of 7.6 hours. However, due to the higher 
loading of the feed water the design was updated during the study to target 14.4 hours HRT AA and 10.5 
hours HRT MM.  Due to the initial push to reach higher loading conditions the startup phase last longer 
than expected. On January 24 the annual average flow testing began with the loading set to 14.4 hour 
HRT at the design average loading, a 61.6 MGD equivalent. The reactor operated at the AA loading from 
January 24 to January 28 then again from May 7 to May 13. The purpose of this testing was to verify the 
design effluent targets. Maximum month (MM) testing followed and was conducted between January 29 
and March 4 then again from May 14 to June 11. This testing operated the reactor just over 10.5 hours 
HRT simulating the process’ ability to treat 84.4 MGD equivalent, MM design flow. After the first part of 
the MM testing was complete, the start of peak testing began and spanned from March 5 to April 7. This 
trial pushed the reactor to 8.4 hours HRT, approximately 100 MGD equivalent. The last trial was 
conducted when the reactor was operated in a dynamically-controlled mode. This mode operates by using 
a fixed feed and maximum cycle time, but automatically terminates the cycle when the instrumentation 
indicates the effluent objectives have been met. This trial was operated from April 8 to May 6 with HRTs 
ranging from 6.8 to 12.4 hours. A summary of the five R1A test phases are shown in Table 3 with Figure 
six outlining the HRTs tested during each phase.  
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Table 3: R1A Test Phases 

Test Phase  HRT (hours) Start Date End Date 
 

Startup 
 

- October 24 January 23 

Annual Average (AA) 
Design Conditions 

14.4 January 24 
May 7 

January 28 
May 13 

Maximum Month (MM) 
Design Conditions 

10.5 
 

January 29 
May 14 

March 4 
June 11 

Peak Loading 
 

8.4 March 5 April 7 

Dynamic Operation 
 

<10  April 8 May 6 

 

 

Figure 6: HRT Test Phase Overview 

 

5.2 R1A Startup 
Reactor 1A was seeded with AGS on October 24, which had been stored for over a three month period 
prior to this test. To simulate the design, a mixing tank was used to feed the pilot with the following: 1 
part AP, 5 parts RF and 20 parts PE. The reactor was started at a 66.8 hour HRT, or 20% of the annual 
average design loading, using a 4-hour fixed cycle time (Figure 7).  
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Figure 7: Startup HRT 

After initial startup, the reactor MLSS concentration was approximately 4 g/L. Additional AGS seed was 
added on November 14 to increase MLSS to 8 g/L. Laboratory results for MLSS are shown in Figure 8. 
Due to the fast settling nature of the granules and nuances in analytical testing, MLSS concentration was 
difficult to determine at the start of the study. The MLSS concentration is thought to have remained close 
to 8 g/L after reseeding and throughout the startup phase. Based on the initial testing and results in the 
following phases.     

 
Figure 8: Startup MLSS 

Reactor 1A reached complete nitrification on November 8, after the initial seeding (Figure 11). The next 
day, the loading was increased and HRT reduced to 13.4 hours, or 110% AA design. To address 
nitrification concerns, the reactor loading was decreased on November 13 and the HRT lowered to 14.8 
hour, or 95% AA design. Additional stored seed sludge was added on November 14. The system was 
briefly overloaded in this reactor due to seed sludge decomposition but returned to complete nitrification 
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on November 16. The loading was increased to 160% of the AA design on November 17, resulting in an 
8.9 hours HRT. 

The reactor effectively treated this flow until November 24, when an unidentified influent loading spike 
increased aeration demand beyond the limit of the pilot reactor’s coarse bubble aeration system and 
prevented complete nitrification based on inability to maintain residual DO and ORP. This increased 
oxygen demand was assumed to be exacerbated by reduced sulfur compounds delivered from the AP. The 
loading to the reactor was reduced on November 27 to 11.1 hours HRT, 130% AA design, which 
demonstrated some recovery but the system was still unable to completely nitrify. Power to the pilot was 
lost on December 5 leaving the unit offline until December 7. The power outage also interrupted the AP 
system causing it to be taken out of operation. With the AP system offline, the mixing tank composition 
was adjusted to 2 parts PE and 1 part RF. The reactor loading was reduced on December 9 to 22.3 hours 
HRT, or 65% AA design, following the power outage. Nitrification remained challenging, prompting a 
further load reduction to 33.4 hours HRT, or 40% AA design, on December 12. On December 18, the mix 
tank flow was adjusted to 3 parts PE and 1 part RF. The AquaNereda cycle time was increased to 6 hours 
on December 22 to permit a longer aeration period and a 33.4 hour HRT which equated to 45% of the AA 
design. Complete nitrification resumed on December 23 in response to the adjusted cycle time and HRT.  
The loading to the reactor was increased to 70% of the AA design on December 24, resulting in a 20.0 
hour HRT. Ambient air temperatures reached an exceptionally low -24oF on December 30.  This, coupled 
with the temporary installation that is typical of such pilot units, resulted in freezing issues on some of the 
exposed valves and prevented proper operation.  The reactor was placed into standby aeration until the 
frozen lines were addressed. Reactor operation resumed on January 9 with complete nitrification 
occurring within the first cycle. The reactor continued operating this way until January 24, when the 
loading was increased to 13.4 hours HRT, 110% AA design, beginning the AA testing. 

Effluent TSS was variable during the startup phase, ranging from 14 to 270 mg/L (Figure 9). This 
variability was a result of the stored seed sludge which required time to adapt to the changes in loading.  
Effluent cBOD reduction was more consistent (Figure 10) despite influent loadings which were 
significantly higher than the 417 mg/L design value. After the difficulties nitrifying following the power 
loss, complete nitrification returned as illustrated in Figure 10. TP removal appeared to take affect around 
December 10 and remained effective throughout startup (Figure 12). During the last few days startup, 
effluent TP had spiked due to an increase in effluent TSS, as the soluble P analyses showed the majority 
of the phosphorus was in the particulate form. 
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Figure 9: Startup TSS 

 
Figure 10: Startup cBOD5 
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Figure 11: Startup NH4 

 
Figure 12: Startup TP 
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Figure 13: Startup sRP 

5.3 R1A Annual Average Loading 
The AA testing began on January 24 with the reactor loading just over AA loading at 13.4 hours HRT, 
110% AA design (Figure 14). The initial testing at AA loading was brief, only lasting until January 29, as 
the MM loading was the primary focus of this study. During the initial testing, the MLSS concentration 
remained around 8 g/L but laboratory samples were not available during this time.  

A planned reactor sludge reduction took place on May 1, just before the second round of AA testing. 
Following the sludge reduction a reduced loading of 80% AA design (18.6 hours HRT) was started on 
May 3 allowing the reactor to stabilize. Then loading was then increased on May 7 to 100% AA loading, 
or 14.3 hour HRT. During this time, the MLSS was estimated to be around 14 g/L, but continued to 
exhibit good settling characteristics with 30 minute SVI less than 60 mL/g. The reactor operated at this 
condition until May 14 when MM testing was resumed. 

 
Figure 14: AA HRT (Only AA Shown) 
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The effluent TSS during the AA testing remained less than 7 mg/L (Figure 15). The effluent cBOD5 
remained below 13mg/L during the AA testing (Figure 16). The TN results remained less than 6 mg/L N 
with the exception of the reading during the first trail which was the results of a 41 mg/L N NO2 reading 
(Figure 17). This reading was considered false, since that value would be highly unlikely and 
instrumentation data indicate a maximum NOX of 5 mg/L N during this time. The remaining TN results 
indicate the effluent was less than 10 mg/L N. Effluent ammonia remained less than 0.7 mg/L N during 
the annual average testing, significantly lower than the 2.0 mg/L N requirement (Figure 18). The effluent 
TP during the AA testing remained less than 1.7 mg/L P from influent TP levels ranging from 9 to 11 
mg/L (Figure 19).  

 
Figure 15: AA TSS (Only AA Shown) 

 
Figure 16: AA cBOD5 (Only AA Shown) 
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Figure 17: AA TN (Only AA Shown) 

 
Figure 18: AA NH4-N (Only AA Shown) 
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Figure 19: AA TP (Only AA Shown) 

 

Figure 20: MM sRP (Only MM Shown) 

All laboratory results indicate that the design parameters were successfully met during the AA testing 
after removal of a single TN outlier (shown in parentheses), Table 4. The standard deviation of each value 
is shown flowing the ± symbol.  

Table 4:  Annual Average Performance 

Parameter Influent 
(mg/L) 

Effluent 
(mg/L) 

Design 
Eff 

(mg/L) 

Removal 
(%) 

TSS 113 ±147 15 ±0.8 30 90% 
cBOD5 518 ±62 10 ±4.5 30 98% 

TN 
(Outlier Removed) 

49 ±5 15 ±0.4 
(6 ±0.02) 

14 68% (88%) 

NH4-N 23 ±3 0.3 ±0.3 2.0 99% 
TP 10 ±0.5 1.2 ±0.4 2.0 90% 
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5.4 R1A Maximum Monthly (MM) Loading 
The reactor loading was increased to 105% of the MM design on January 29, resulting in a 10.0 hour 
HRT (Figure 21). The reactor MLSS concentration increased significantly during this test from an initial 
8 g/L start and reaching 12 g/L by the end of the test on March 5 (Figure 22).  

The second part of this test started on May 14 with a loading of 10.4 hours HRT, of 100% MM design. 
During this part of the study, the reactor MLSS concentration was approximately 14 g/L.  

 
Figure 21: MM HRT (Only MM Shown) 

 
Figure 22: MM MLSS (Only MM Shown) 

The effluent TSS during the MM testing was generally below the 30 mg/L design with a few exceptions 
that were attributed to release of nitrogen (N2) gas during the fill phase causing scum to form (Figure 23). 
In response, a degassing step was added to the cycle during the second part of the testing which resulted 
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in consistently lower effluent TSS values. The effluent cBOD5 during the MM testing remained less than 
12 mg/L (Figure 24), well below the targeted objective.  

 

 
Figure 23: MM TSS (Only MM Shown) 

 
Figure 24: MM cBOD (Only MM Shown) 

MM requirements for effluent TN limit was more lenient than AA requirements only needing 67% 
removal. The effluent TN during the MM testing remained good, typically below the lower 14 mg/L AA 
TN target. (Figure 26). Effluent TN during the second part of the test was excellent, with all samples at or 
below a 10 mg/L N value. The 67% TN removal objective was exceeded by all samples during the MM 
test (Figure 27).  
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Figure 25: MM TN (Only MM Shown) 

 

Figure 26: MM TN Removal (Only MM Shown) 

The effluent ammonia was high during the first part of the MM testing but reached less than 2.0 mg/L N 
during the second part of the max month testing (Figure 27). Higher cBOD and TN during the first part of 
testing caused the reactor to have reduced nitrification. The full scale system will have higher aeration 
capacity and fine bubble diffusers which will allow for a higher oxygen transfer than the pilot could 
provide and improved performance.  
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Figure 27: MM NH4-N (Only MM Shown) 

TP removal during MM flows requires only 75% TP reduction. The average effluent TP reached 4.6 mg/L 
P (Figure 28). However, the average TP removal for this trial was 81% without the aid of coagulant 
(Figure 30).  While the 75% TP removal objective was achieved, further TP removal could be expected 
with a low coagulant dose as the soluble reactive phosphorus (sRP) made up a larger fraction of the TP.  

 
Figure 28: MM TP 
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Figure 29: MM sRP (Only MM Shown) 

 

Figure 30: MM TP Removal (Only MM Shown) 

The effluent solids and associated particle TP removals proved to be a challenge at the beginning of the 
MM testing. To address this challenge, a 20-minute degassing phase was implemented prior to settling to 
remove all the N2 bubbles which resulted in a significant improvement in solids removal. It should be 
noted that this pilot unit cannot provide the ideal conditions for solids settling and effluent decanting due 
to the high depth to diameter (d/D) ratio selected to promote granule development.  As such, full-scale 
systems tend to offer improved effluent solids levels due to a greater settling area and minimal wall 
effects. Further, full-scale effluent decanters are able to limit exit velocities and mitigate the ingress of 
surface materials that can sometimes be observed in small pilot systems. Since during the first part of 
testing most of the TP was in particulate form, improved solids removal will also reduce the effluent TP 
concentration. However, if soluble phosphorus exceeds the target, simple process adjustments can be 
made to assure proper removal. As a precaution, it would be beneficial to keep metal salt available to aid 
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soluble phosphorus reduction to address potential variable TP loadings to the facility. The overall 
performance indicated high removal rates. Ammonia removal is also expected to increase in the full scale 
setup due to the use of fine bubble diffusers and higher aeration capacity blowers. 

Table 5:  Maximum Month Performance 

Parameter Influent 
(mg/L) 

Effluent 
(mg/L) 

MM Design 
Eff (mg/L) 

Removal 
(%) 

TSS 172 ±144 27 ±31 30 74% 
cBOD 570 ±114 12 ±4.6 30 98% 

TN 58 ±16 11 ±5.2 67% 81% 
NH4-N 27 ±7 2.5 ±3.1 2.0 91% 

TP 12 ±2 2.2 ±1.2 75% 81% 
 

5.5 R1A Peak Loading 
The purpose of this portion of pilot study was to assess the AGS system performance at loading 
conditions in excess of the design criteria. As part of this testing, the hydraulic detention time was 
reduced significantly below the anticipated design conditions. Starting on March 5, loading to the reactor 
was increased to reduce the HRT to 9.2 hours, or 20% shorter than the MM design condition (Figure 31). 
The AP system was also placed into operation resulting in the desired mix tank waste ratio of part AP, 5 
parts RF and 20 parts PE blend. The MLSS appeared to increase during this testing phase from 11 to 19 
g/L (Figure 32) due to the higher organic loading. Reduced nitrification was observed on March 7 and 8 
but otherwise appeared to be keeping pace with the loading. On March 12, the loading was further 
increased thereby reducing the HRT to 8.4 hours, or 125% of the MM design conditions. The reactor was 
unable to completely nitrify from March 12 to 15 but was reestablished on March 15 through March 19 
before becoming overloaded again. CRWPCF began running both LPO trains from March 23 to April 4 in 
preparation for a planned maintenance event. It is believed that this added additional loading to the feed 
source. The reactor reestablished nitrification on April 7. On April 8, the loading to the reactor was 
changed to 10.0 hours HRT, 105% MM design, prior to starting dynamic testing.  

  
Figure 31: HRT at Peak Flow vs. Maximum Month Flow 
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Figure 32: MLSS at Peak Conditions 

Despite the very short HRT, the effluent TSS was generally compliant with the target requirements with a 
few exceptions observed at the beginning of the test (Figure 33). The effluent cBOD during this part of 
the test met the target on 11 of 13 samples (Figure 34). However, the two elevated effluent cBOD values 
were likely attributed to particulate associated cBOD present in the elevated TSS samples.  

 
Figure 33: Peak TSS 
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Figure 34: Peak cBOD 

Despite the aggressive loading conditions, the 14 mg/L TN AA target was achieved in nearly half of the 
samples taken (Figure 35). Those values in excess of this target were caused by a depression in the 
nitrification rate. The average TN removal for the peak testing was 59% however, a majority of the 
samples remained above the 67% MM requirement (Figure 36). The ammonia data demonstrates when 
the system became overloaded with values above 2 mg/L N (Figure 37). It was determined that the high 
loading combined with the high MLSS concentration resulted in an oxygen demand that exceeded than 
the pilot’s coarse bubble aeration system’s capabilities.  Unlike the more efficient fine-bubble aeration 
system planned for the full-scale design, the AGS pilot employed a coarse-bubble diffuser whose capacity 
was exceeded by the aggressive loading conditions.  

 
Figure 35: Peak TN 
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Figure 36: Peak TN Removal 

 

Figure 37: Peak NH4-N  

The AGS system was able to sustain biological P removal during the peak testing, achieving a 3.87 mg/L 
P average with a 64% average removal (Figure 38 & 40). Compliance with the effluent target 
concentration was hampered due to the aeration system’s inability to drive the oxidation-reduction 
potential (ORP) positive during the reaction phase. Such difficulties are not anticipated in the full-scale 
system as the reactors will be equipped with fine bubble diffusers, which will provide high oxygen 
transfer efficiency. Since some TP remained in the particulate form, additional removal will be achieved 
in the full-scale systems’ improved settling characteristics.  
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Figure 38: Peak TP 

 

Figure 39: Peak sRP 
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Figure 40: Peak TP Removal 

To confirm that the observed reduction in process performance during peak testing conditions was related 
to the limited aeration system, a series of oxygen uptake rate (OUR) tests were conducted to compare the 
actual oxygen demand with the transfer capacity of the pilot’s coarse bubble diffuser equipment (Figure 
29). At the time of this testing, the MLSS was approximately 20 g/L and the loading was 8.4 hours HRT, 
or 125% MM design. The AGS granules offer superior settling properties, which permits the ability to 
operate at high (20 g/L) MLSS values that are otherwise not possible in conventional (flocculent) 
activated sludge systems.  This ability offers additional biological treatment capacity to absorb swings in 
loading conditions by having the microorganisms available when unexpected peak loads are realized.  
However, the higher MLSS concentration will present an additional oxygen demand to support normal 
endogenous respiration.  During this portion of the study, the process was affected by several factors 
related to the OUR: 

1. High organic loading – Increased cBOD and NH4-N presented a high oxygen requirement 
2. Short hydraulic retention – reduced time to oxidize the incoming load 
3. Elevated MLSS – additional endogenous O2 demand for MLSS in excess of 8 g/L 
4. Coarse Bubble – limited O2 transfer capabilities compared with fine bubble diffusers 

As shown in Figure 29, the OUR testing showed that, at the prevailing peak conditions, the coarse 
bubble aeration system was not designed to keep up with the OUR for the full 3.5 hours of aeration. 
Adapting the manufacturer’s transfer efficiency data to the process conditions, the coarse bubble 
system was determined to be able to support an oxygen uptake rate (OUR) of approximately 70 
mg/l/hour. The measured OUR was significantly higher throughout most of the cycle with most 
values exceeding 100 mg/l/hour. In contrast, using measured SOTE values for the fine bubble 
diffusers planned in the full-scale design, and applying the same process conditions, OUR values 
exceeding 120 mg/l/hour can be supported.  During these peak conditions, only the initial portion of 
the treatment cycle showed OUR values exceeding fine bubble diffuser capacity.  This is typical in 
most batch-systems, where sizing the aeration system for the initial OUR is not necessary or practical, 
provided the reactor can be oxidized sufficiently in the remainder of the cycle.  While full compliance 
to the treatment objectives was not a requirement during the peak loading portion of the study, the 
full-scale system design will be better equipped to handle such extreme conditions. 
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Figure 41: OUR Analysis (4/4/2018) 

The overall system performance during this test permitted consistent compliance with the cBOD target 
while maintaining the ability to achieve measureable reductions in TP and TN. Although over loaded for 
the majority of this testing, the reactor did successfully meet the effluent requirements at 8.4 hours HRT. 
A combination of high MLSS, high loading, and limited oxygen transfer lead to a decrease in 
performance. The following effluent parameters were achieved during this test: 

Table 6: Peak Loading Performance 

Parameter Influent 
(mg/L) 

Effluent 
(mg/L) 

MM Design 
Eff (mg/L) 

Removal 
(%) 

TSS 155 ±135 44 ±63 30 30% 
cBOD 458 ±152 17 ±16 30 95% 

TN 54 ±16 19 ±11 67% 59% 
NH4-N 29 ±8 9.9 ±10 2.0 68% 

TP 11 ±3 3.7 ±2.0 75% 64% 
 

5.6 R1A Dynamic Loading 
The AquaNereda AGS pilot system features a dynamic control mode that targets a fixed feed condition, 
but shortens the aeration time if the instrument readings indicate treatment targets have been achieved. If 
the aeration time (react phase) is permitted to terminate before the planned time period, the cycle is 
effectively shortened and more batches can be processed during a 24-hour day.  As such, use of the 
dynamic mode will determine the maximum load that can be received while remaining compliant with the 
effluent targets.  On April 9, the loading rate to the reactor was set to dynamic mode with a maximum 
HRT of 10.0 hours, 105% MM design. However, a loss in pumping pressure resulted in a lower loading 
with HRT of 12.4 hours, or 85% MM design. The MLSS concentration was approximately 20 g/L during 
this portion of the test (Figure 30). The CRWPCF’s LPO system came back online on April 13 after 
maintenance was completed. Starting that day, the nitrification rate diminished and continued to slip until 
April 23. The feed pump was replaced on April 26 to provide more consistent flow to the reactor. The 
reactor MLSS concentration was reduced on May 2 to lower the oxygen demand of the system. The 
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reactor was returned to a fixed cycle operation at 18.6 hours HRT on May 3 which equated to 80% of the 
AA design, to allow for the system to recover prior to starting the next test phase. 

 
Figure 42: Dynamic MLSS 

As previously noted, the dynamic mode allows the cycle to shorten when effluent parameters are met.  
During the start of this dynamic testing, the HRT was able to be reduced to 6.8 hours which equates to 
150% of the MM design conditions.  This response indicated that the loading was low and required less 
time to treat the incoming flow (Figure 31). As the loading increased, additional reaction time was needed 
and the HRT increased beyond 10 hours to ensure sufficient treatment. After the April 26 pump 
replacement, the hydraulic flow leveled out at around 10 hours HRT indicating that the system remained 
overloaded. 

 
Figure 43: Dynamic HRT 
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The effluent TSS was compliant for most of the samples taken during the dynamic testing (Figure 32). 
The effluent cBOD was also good; with only two sample exceeding the target which was attributed to an 
elevated effluent TSS (Figure 33). TN values met the target in most of the samples despite influent 
concentrations that reached as high as 90 mg/L (Figure 34). Ammonia levels indicated that nitrification 
was reduced on April 13, but resulted in an overall 78% reduction during this portion of the study (Figure 
35). Biological P removal was limited during peak conditions due to the inability of the aeration system to 
reach a positive ORP value during the high OUR conditions. (Figure 36).  

 

Figure 44: Dynamic TSS 

 

 
Figure 45: Dynamic cBOD 
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Figure 46: Dynamic TN 

 
Figure 47: Dynamic NH4-N 
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Figure 48: Dynamic TP 

The reactor showed good performance initially allowing loading as high as 6.8 hours HRT, or 150% MM 
design. Samples demonstrate TSS, cBOD, TN and NH4 in compliance as low as 7.5 hours HRT. This 
suggest that with additional aeration capacity and a small dose of coagulant the system could effectively 
treat up to 150% of the design MM flow, 126.6 MGD equivalent. However, loading to the system reduced 
nitrification after April 13 correlating with the restart of the LPO system. The average performance of this 
testing is shown below with a two day sample showing compliance above the design flow conditions.  

Table 7. Dynamic Mode Performance (Excluding Recovery Period) 

Parameter Influent  
 

(mg/L) 

Effluent  
 

(mg/L) 

MM Design 
Eff 

 (mg/L) 

Removal  
 

(%) 

Initial 
Effluent 
7.5 hrs 
HRT 

(mg/L) 
TSS 192 ±163 28 ±33 30 68% 13 (95%) 

cBOD 602 ±167 13 ±9.1 30 98% 12 (98%) 
TN 58 ±14 14 ±7.5 67% 75% 5.6 (89%) 

NH4-N 25 ±6 6.0 ±5.9 2.0 78% 1.1 (93%) 
TP 12 ±3 3.8 ±2.4 75% 67% 3.3 (70%) 

 

6.0 REACTOR 2B 
6.1 Introduction 
Anaerobic Granular Sludge Seed (AnGS) granular sludge is characterized as a densely packed, layered 
microbial community developed through biofilm formation.  While the structural elements and organisms 
of anaerobic granules are different, one of the goals of this study was to investigate if anaerobic granules 
could be used to seed an AGS reactor to provide a carrier for aerobic biofilm formation.  If feasible, the 
existing supply of anaerobic granules at the CRWPCF could potentially expedite the start-up of the full-
scale AquaNereda AGS system.  To accomplish this, Reactor 2B was seeded with a mixture of 
CRWPCF’s sludge including anaerobic granules (AnGS), carbonaceous activated sludge (CAS) and 
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nitrifying activated sludge (NAS). This mixture contained equal amounts of AnGS, CAS and NAS on a 
dry mass basis to a 4.1 g/L concentration. Nitrification was immediate due to the NAS sludge used to 
seed the reactor. This reactor loading was gradually increased over the duration focusing on the formation 
of aerobic granular sludge. This reactor continued to operate for approximately five months when it was 
drained on March 8.  

Partial Seeding using AGS – Upon completion of the AnGS sludge testing, a second study was 
performed to evaluate partial seeding with acclimated AGS from Aqua-Aerobic Systems’ demonstration 
facility operated in Rockford, IL.  The goal of this test was to evaluate the relative acclimation time 
required if a minimal amount of AGS sludge was used to initially seed a reactor.  For design purposes, 
seeding one reactor would permit rapid growth and subsequent seeding additional reactors once 
compliance was achieved in the intial reactor.  To accomplish this, R2B was reseeded with approximately 
1 g/L of AGS on March 8 using active granules from the AASI demonstration facility which started-up on 
January 16. The reactor loading was incrementally increased as the design targets were met.  

6.2 Anaerobic Granular Sludge (AnGS)  

As stated, Reactor 2B was initially seeded with CRWPCF’s available sludge. The purpose of this test was 
to determine how fast aerobic granular sludge could be formed with readily available AnGS when 
operated under conditions that promote aerobic granulation. The reactor was started with a 133.6 hour-
HRT on October 24, or 10% AA Design and a 4-hour cycle time. Since the sludge had just been collected 
prior to seeding and startup, the reactor loading was able to be increased rapidly, reducing the HRT to 
16.7 hours which equates to 85% of the AA design.  This test began on November 10 which also included 
the use of a 3-hour cycle time. On November 14, a feed pump issue caused the reactor to be placed 
offline. The reactor was restarted on November 15 and exhibited active nitrification until feed was again 
lost on November 16. The reactor was placed into standby aeration until repairs could be made. On 
November 20 the reactor was drained for repairs to the feed system. A combination of mechanical issues 
related to the feed pump coupled with freezing concerns with the exterior valves resulted in intermittent 
operation throughout December and the first part of January.  Despite extensive measures to weatherproof 
and protect the exterior valves, sample lines and related pilot equipment, the protection was not sufficient 
to withstand the unusually cold weather that reached as low as -24oF.  With the assistance of CRWPC 
staff, significant modifications were made to the external pilot structure to combat the extreme 
temperatures.  Concrete-curing blankets were added along with the addition of a 500 gallon propane tank 
and a 192K BTU heater to heat the upper reactor to allow the valves and sensitive instrumentation to 
operate during the continued cold weather. Beginning on January 29, the reactor operation was shifted to 
focus on biological phosphorus removal to stimulate AGS growth on the AnGS matrix (Figures 49). The 
test was concluded on March 8 to conduct other testing.  



 Nereda Confidential 
 

Page 39 of 53 
Department of Research and Development  

 
Figure 49: AnGS HRT 

The goal of this portion of the study was to generate AGS to provide insight on the time necessary to 
build MLSS to desired target levels during start-up. The reactor data collected showed the MLSS 
concentration remained around 3 to 4 g/L throughout the study (Figure 50). The SSV testing was 
inconclusive prior to January 11, but then indicated a decrease in the settling rate until February 27 when 
significant improvements were observed (Figure 51). The 30 minute SVI remained above the target until 
March 6 when it dropped below 100 mL/g (Figure 52). The initial hypothesis proposed that the anaerobic 
granules may provide a structure to support biofilm formation and decrease the startup time. However, 
Figure 43 shows both aerobic and anaerobic granules still present at the end of the study. This suggests 
the anaerobic granules remained unchanged and the aerobic granules developed independently from the 
flocculent sludge rather than from the AnGS. The AGS concentration showed growth from 0.8 to 1.5 g/L 
within two months (Figure 53).  The initial 0.8 g/L granule concentration was composed of predominantly 
anaerobic granules. Assuming some of these granules were wasted, the system produced an equal amount 
of AGS during the final months of operation after reseeding. Figure 54 shows the granule growth within 
each sieve size throughout the study and indicated that the granule content in the reactor doubled within 
the final two months of the study. Figure 55 shows the sludge content of the reactor just prior to draining 
the picture includes both black and brown granules indicating that both sludge types continued to exist in 
the system. This suggests that the AnGS did not provide a support structure for the AGS to form. Figure 
56 shows the drained contents of the reactor with a large concentration of AGS present confirming AGS 
formation occurred within the short duration of this study. 
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Figure 50: AnGS MLSS 

 
Figure 51: AnGs SVI 5/30 
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Figure 52: AnGS SVI 30 

 
Figure 53: AnGS Granule Concentration 
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Figure 54: AnGS Granule Fractions 

 
Figure 55: AnGS SVV Sludge (Left)  

Figure 56: AnGS Drained Sludge March 8th (Right) 

 

The effluent TSS was often compliant with the target objective, but exhibited a high degree of variability 
(Figure 57).  This variability may have been attributed to the presence of an excess amount of poorly 
settling flocculent sludge added during the seeding process. The effluent cBOD was mostly compliant and 
exhibited less variability than did the effluent TSS (Figure 58). The effluent cBOD excursions appear to 
be correlated with high effluent solids.  
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Figure 57: AnGS TSS 

 
Figure 58: AnGS cBOD 

While the goal of this study was to develop AGS, it is important to monitor nutrient removal to provide 
insight into the granulation progress. The reactor began to nitrify quickly, reaching complete nitrification 
on October 29. Loading to the unit was increased on October 31 causing effluent ammonia levels to rise, 
yet remaining less than 2 mg/L N (Figure 59). On November 3, the reactor loading was increased further 
resulting in a buildup of ammonia in the reactor. The effluent ammonia dropped to less than 2 mg/L N on 
November 7. The reactor cycle time was reduced to 3 hours on November 10 causing another increase in 
effluent ammonia.  Mechanical issues caused the reactor to shut down for 30 hours. Once restarted, the 
ammonia was reduced to 2 mg/L N within the first 24 hours of operation. Due to issues with the feed 
pump the reactor was drained to complete necessary repairs span over a couple days, the sludge was 
replaced with a fresh mix due to the extended down time and the system was restarted on December 7. As 
mentioned, a combination of excessively cold weather coupled with mechanical issues with the feed 
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pump prevented sustained operation through December and January.  However, the reactor was restarted 
on January 11 reaching full nitrification on January 19. The reactor continued to show good performance 
until January 29 when it was decided to focus on phosphorus removal to help stimulate granule growth. 
Figure 60 shows that complete nitrification was occurring from January 19 to January 29, before the 
loading was increased to stimulate phosphorus reduction. Figure 60 shows improvement in effluent 
phosphorus decreasing in February in response to the process adjustment made at the end of January to 
stimulate AGS growth.  

 
Figure 59: AnGS NH4 

 
Figure 60: AnGS TP 

 

Startup with flocculent sludge proved to be a feasible method. During the four months of operation, the 
reactor produced >0.7 g/L of AGS. Although the design MLSS concentration of 8 g/L may take several 
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months at design conditions to attain, compliance with the effluent requirements under average flow and 
load conditions may occur much sooner and at MLSS levels below the design value of 8 g/L. The reactor 
operation was directed at phosphorus removal toward the end of the trial using shorter cycles to promote 
faster sludge growth without consideration to achieving full nitrification. Based on the data, the 
operational shift was responsible for the formation of 0.5 g/L of AGS. Although this method could 
significantly reduce the time needed to reach 8 g/L of AGS, compliance of the effluent targets was 
deemed necessary in any acclimation process. The monthly performance for this trial is shown in Table 8 
below.  

Table 8: AnGS Effluent Lab Results  

Month 

HRT 

(hours) 

AA 
Design 

(% AA) 

cBOD 

(mg/L) 

NH4 

(mg/L N) 

NO2 

(mg/L N) 

NO3 

(mg/L N) 

TN 

(mg/L N) 

TP 

(mg/L P) 

sRP 

(mg/L P) 

TSS 

(mg/L) 

October 76.3 18% - 0.8 0.1 0.9 - - 6.7 - 

November 22.9 62% 61.9 2.9 0.5 1.6 15.8 8.2 4.9 62.7 

December 20.5 69% 43.3 5.8 0.1 0.4 10.6 4.8 3.4 40.4 

January 29.4 48% 19.1 5.5 1.9 0.5 16.8 5.4 4.5 27.2 

February 12.3 115% 33.3 15.5 0.3 0.3 30.3 4.4 3.1 57.4 

March 23.9 59% 11.5 22.6 1.9 0.1 35.9 2.1 0.1 50.3 
 

6.3 AGS Partial Seeding 
To expedite the time to compliance, the preferred start-up method is to seed with AGS either completely 
or partially. Full seeding of a reactor would result in complete startup within a few weeks or even a few 
days. However, this will depend on the activity level of the sludge and how long the sludge has been 
previously stored. The large size of the CRWPCF reactors must also be taken into consideration as full 
seeding of this facility could be unnecessarily expensive. Requiring a large volume of granules is 
currently challenging due to limited availability in the US. The 0.2 MGD AASI Demonstration Facility is 
currently the only US source of AGS, however other projects are in development and may be available to 
provide seed sludge at the time of the CRWPCF start-up. However, a staged startup of reactors in Cedar 
Rapids could significantly improve startup time, as once one train is running; it provides seed for 
additional trains without transportation costs. 

The reactor was drained on March 8, to remove the site sludge and was seeded with approximately 1 g/L 
of AGS from the AASI Demonstration Facility. The sludge was collected the day before seeding but 
experienced some freezing during transport (Figure 61).  
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Figure 61: AGS Seed  

The reactor was initially loaded to yield a 143 hour HRT, or 10% AA design (Figure 62)., The loading 
was increased and the HRT reduced to 28.6 hours after a week of operation, or 50% AA design on March 
16. The reactor received a spike load on March 19 and 20 resulting in the loss of nitrification for one 
cycle but was quickly restored within the next three cycles. The loading to the reactor was increased and 
HRT further reduced to 17.4 hours on March 23, or 80% AA design. The loading was decreased on 
March 27 to stimulate nitrification resulting in a 23.9 hour HRT, 60% AA design. The reactor MLSS 
increased to 4 g/L during the first month of operation (Figure 63). Based on this success, the loading was 
increased again on April 4 producing a 17.4 hour HRT, or 80% AA design. A valve malfunction occurred 
on April 7, resulting in a temporary shut-down until corrective action could be taken. The reactor was 
restarted on April 8 and demonstrated full nitrification during the first cycle. Loading was increased on 
April 12 then again on April 13, reaching 120% of the AA design, or an 11.8 hour HRT. That same day, 
the reactor received a spike load in excess of the peak design interrupting nitrification for a few cycles. 
On April 15, a reduction in nitrification was experienced due to increased nutrient loading in the feed 
source. The reactor loading was decreased on April 23 to 95% of the AA Design, or a 14.7 hour HRT. 
Despite the lower hydraulic flow, the reactor continued to experience excessive organic loadings on May 
1 and the HRT was increased to 19.7 hours (70% AA design). Nitrification returned to the system on May 
5 and was sustained until the end of the test on June 11.  
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Figure 62: AGS HRT 

 
Figure 63: AGS MLSS 

The SVI5/SVI30 ratio was above the optimum target (Figure 64) throughout the test suggesting that the 
flocculent sludge concentration was higher than desired. However, the SVI30 data showed that the sludge 
settleability remained below 100 mL/g and approached 50 mL/g by the end, indicating good compaction 
which was ideal for forming granules (Figure 65). The AGS concentration appeared variable (Figure 66) 
but generally increased reaching as high as 2.5 g/L from a 1.0 g/L initial concentration (Figure 67).  
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Figure 64: AGS SVI5/30 

 
Figure 65: AGS SVI30 
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Figure 66: AGS Granule Concentration 

Figure 55 illustrates the percent of AGS sludge by granule size determined using sieve analyses. The ideal 
granule concentration at steady-state conditions should exceed 80%, but maintaining additional flocculent 
sludge during acclimation can stimulate mass growth and permit more flow to be treated. During the 
partial seeding trial, the AGS concentration fluctuated from 30 to nearly 100%. Faster granule 
development can be achieved in the full-scale system with closer monitoring and control of the sludge 
waste stream to limit the flocculent sludge fraction.  

 
Figure 67: AGS Granule Fractions 
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Effluent TSS was compliant with target objectives despite elevated flocculent sludge fraction 
(Figure 68). However, the lower SVI30 indicated improved settling characteristics even with a 
higher flocculent concentration. The reactor successfully met the cBOD target after the initial 
start-up (Figure 69). 

 
Figure 68: AGS TSS 

 
Figure 69: AGS cBOD 
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After the initial operation with increased loading, the reactor finished the last month treating 
70% AA design with only 50% of the design sludge concentration (Figure 70). The effluent TN 
was generally below the targeted effluent concentration with the exception of samples from May 
20 and 21, which was attributed to an increase in effluent TSS (Figure 71). 

 
Figure 70: AGS NH4 

 
Figure 71: AGS TN 
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Biological phosphorus removal was good with removals often exceeding 90% (Figure 72). The use of 
AGS provides immediate phosphorus reduction due to the high concentration of PAOs in the seed sludge.  

 
Figure 72: AGS TP 

Inoculation with AGS is the preferred method whether using full or partial seeding. Seeding with AGS 
provides a quicker startup time as it provides the necessary microbes to promote granule development. 
Full seeding a reactor to 8 g/L will provide near immediate compliance at design flows, depending on the 
activity level of the AGS as related to storage. However, partial seeding helps to reduce costs while 
offering a practical solution for a plant of this size. Use of this method may require a controlled start-up 
flow to the system if compliance to the effluent targets is required. The AGS concentration doubled 
during the first few months of operation and full attainment of the 8 g/L MLSS target will depend on 
progressive increases in the organic loading while maintaining compliance. Previous studies which have 
demonstrated AGS growth doubling each month have shown attainment of design MLSS concentrations 
within 6 months of start-up. The monthly results are shown in Table 4 below.  

Table 9: AGS Effluent Lab Results 

Month 

HRT 

(hours) 

AA 
Design 

(% AA) 

cBOD 

(mg/L) 

NH4 

(mg/L N) 

NO2 

(mg/L N) 

NO3 

(mg/L N) 

TN 

(mg/L N) 

TP 

(mg/L P) 

sRP 

(mg/L P) 

TSS 

(mg/L) 

March 55.0 26% 37 5.5 0.5 2.6 22.9 4.4 1.3 109.6 

April 14.9 95% 12 16.4 0.9 0.5 27.2 2.9 1.9 21.0 

May 19.4 73% 9 2.8 0.6 3.5 13.3 1.5 1.4 19.4 
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6.0 Conclusion 
The AquaNereda AGS technology demonstrated exceptional settling properties with high level removal 
of carbon, nitrogen, and phosphorus. Despite seeding with AGS sludge that had been stored for 3 months 
prior to seeding the pilot, the AGS reactivated and acclimated to CRWPCF’s wastewater within two 
months of operation. The pilot system provided valuable feedback to the full-scale system design by 
evaluating its performance in the presence of the industrial waste components anticipated in the future 
operation of the facility. The pilot was able to perform effectively at the AA design HRT, meeting the 
following design parameters:   

• TSS < 30 mg/L 
• cBOD < 30 mg/L 
• TN < 14 mg/L N 
• NH4 < 2.0 mg/L N 
• TP < 2.0 mg/L P 

The reactor operated successfully for four weeks at MM design HRT and loading conditions that often 
exceeded the design. During this testing, cBOD remained less than 12 mg/L, TN removal was greater 
than 67%, TP removal was greater than 61% and the average TSS was below the 30 mg/L requirement. 
Higher TP and TSS removal rates would be expected from a full scale installation. 

Reactor 2B provided valuable insight into whether anaerobic granular sludge (AnGS) could be used as a 
seed-source for the Aerobic Granular Sludge (AGS) process.  While the AnGS granules resemble those of 
AGS, the differences in the microbial community were too significant and the potential matrix for biofilm 
formation did not yield savings in the time necessary to reach full acclimation.  In contrast, partial seeding 
to 1 g/L with AGS sludge demonstrated consistently lower effluent TSS and cBOD levels, reduced NH4-
N and TP simultaneously, and promoted proper granule development. While the use of AnGS sludge 
would offer a readily available granule source, the startup time with partial AGS seeding is expected to 
take 25-50% less time to reach full capacity.  

The unique waste composition and the sludge treatment processes used at the CRWPCF presents 
challenges that can be easily met in the full-scale system with an efficient fine bubble aeration system and 
automated controls.  Reduced sulfur compounds or periodic high levels of ammonia and organics in the 
influent can depress nitrification if the immediate oxygen demand isn’t satisfied.  Pilot testing revealed 
that set-point control of oxidation-reduction potential (ORP) can be used to assure the reactor is fully 
oxidized to ensure nitrification is maintained.  Additional use of reactor dissolved oxygen (DO) sensors 
and NH4-N analyzers can ensure sufficient batch reaction time necessary to contend with high loads 
introduced from the AP and sludge treatment processes.  

The pilot study successfully validated that the AquaNereda AGS process, in accordance with the AASI 
design, can meet the CRWPCF AA and MM treatment objectives while promoting the proper growth and 
development of granular sludge on this unique, high strength waste type. 
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Interim Test Report 
 

for 
 

Activity Tests for Aerobic Granular Biomass 
(for HDR Engineering) 

June 25, 2018 
 

Objectives and Scope 
 
Tests were conducted to 1) determine the activity of biomass from a pilot-scale granular activated 
sludge process, 2) provide an indication of the amount of slowly degrading biopolymer in these 
solids, and 3) measure the specific nitrification rate capacity for the granular biomass.   A trace 
mineral scan was made to provide an analysis of the nutrient and mineral balance of the biomass 
as compared to that typical of healthy mixed liquor.   Two samples were received for analysis:  a 
granular biomass sample and a wastewater sample from the Cedar Rapids, IA wastewater 
treatment plant. 
 

Test Plan 
 
Phase I:  Analytical Characterization 
 
The samples were analyzed for conventional wastewater parameters as shown in Table 1.  A 
detailed test plan is given in Appendix A. 
 
Table 1.  Analytical characteristics for the two samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Parameter Symbol Units Wastewater Granules

Total suspended solids TSS mg/L 219 42084

Volatile suspended solids VSS mg/L 99 39242

Soluble COD sCOD mg/L 548

Total COD tCOD mg/L 647

Soluble Kjeldahl nitrogen sTKN mg/L as N 45

Total Kheldahl nitrogen tTKN mg/L as N 45 2963

Ammonia nitrogen sNH3 mg/L as N 4.3 24.5

Nitrate nitrogen sNO3 mg/L as N 0.01

Nitrite nitrogen sNO2 mg/L as N 0.01

Soluble phosphorus sP mg/L as P 25.1 28.9

Total phosphorus tP mg/L as P 9.7 271

Sulfate SO4 mg/L 153.6

Soluble color sColor mg/L 900

Chloride Chloride mg/L 270
Soluble alkalinity sAlkalinity mg/L as CaCO3 405

pH pH mg/L 6.75 6.04

Total dissolved solids TDS mg/L 2090

Fixed dissolved solids (ash) FDS mg/L 1510

Volatile dissolved solids VDS mg/L 580
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Granule Physical Characteristics 
 
Photographs of the granules in various forms are shown in Figures 1 through 4.       Figure 1 shows 
digital microscope views of the granules.   These photos clearly show the gelatinous character of 
the granule matrix. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.   Digital microscope views of granules.   Each granule is approximately 2 mm diameter. 
 
 
Granule size and mass distribution were determined by first placing 2 mL of a representative 
granule sample on a stainless-steel screen that had 0.5 mm openings (McMaster Carr, T708, 38x38 
mesh, 0.0065-in wire diameter; 0.02-in opening).  A wash bottle containing distilled water was 
used to flush the dispersed and smaller granules into a plastic weighing dish.   The total and volatile 
suspended solids concentrations of the fines were measured using Standard Methods procedures 
(APHA, 2002).  The granules were flushed from the screen into a plastic petri dish using a gentle 
stream of distilled water and rotated to give even spatial distribution.  The dishes were then placed 
over a 1-mm grid sheet and photographed using a digital camera as shown in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.   Digital photograph of granules showing overall size distribution. 
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The size and weight distributions were then calculated with results presented graphically in Figure 
3.  This analysis shows that sixty-one percent of the granules were in the 0.5 to 1.5 mm diameter 
range.   Weight distribution was more uniform with the majority around 2.5 mm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure 3.   Size and weight distribution of granules larger than 0.5 mm. 
 
 
Microscope views of the crushed granules are shown in Figure 4.   These photos show clearly the 
biopolymer matrix that binds the microorganisms into the granular form. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.   Microscope view of granules without India ink stain (left; ~ 100X) and  
       with India ink stain (right: ~ 400X). 
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Biomass Activity Test 
 
Biomass activity was determined by adding a known amount of granular biomass (VSS) to 
duplicate aerobic respirometer vessels.   Nutrients, trace minerals, and a phosphate buffer were 
added to maintain a suitable microbial growth environment.  Test temperature was 25oC.   Acetate 
was fed to the test reactors and oxygen uptake was measured continuously for 48-hr using an 
aerobic respirometer system (PF-8000, Respirometer Systems and Applications, Fayetteville, AR).   
Oxygen uptake data was used to calculate the fraction of the volatile suspended solids that 
represents active acetate-consuming biomass model developed by EnviTreat (see Appendix B). 
These tests covered three operating conditions:   1) using a fine-mesh bag to hold the granules to 
help avoid granule deterioration during the tests, 2) using crushed granules as a comparison with 
results when using the fine mesh bag, 3) using whole granules with no bag or constraints in the 
high mixing environment in the respirometer vessel.  The headspace of each reactor was flushed 
with pure oxygen to allow high oxygen transfer rates.   Photographs of the test reactors are shown 
in Appendix C.    Activity test results are shown in Figures 5 through 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.   Oxygen uptake data for biomass activity when using crushed granules. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.   Oxygen uptake date for biomass activity tests with whole granules. 
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Figure 7.  Oxygen uptake date for biomass activity tests with bagged granules. 
 
 
The oxygen uptake rate fingerprints showed that the granules contained a substantial amount of 
biopolymeric material that was much more slowly degraded than was the acetate.   This result was 
somewhat expected since aerobic granular biomass is known to contain biopolymers that bind the 
bacterial cells into the granular matrix.     Based on the activity test results, the granules from the 
Cedar Rapids pilot plant contained approximately 24% acetate degrading biomass, which is toward 
the high end of the activity range for aerobic activated sludge processes.   The data also show that 
bagging the granules caused significant oxygen mass transfer limits so that oxygen uptake rates 
for both acetate and biopolymer biodegradation were much lower than those for the whole and 
crushed granules.   This limitation can be corrected in future tests by using lower amount of 
granular biomass and higher mixing rates in the test reactors. 
 
Nitrification Rate Assessment 
 
The tests included an assessment of maximum nitrification rates for the granular biomass.  These 
tests were done by adding 20, 40, and 60 mg/L of ammonia nitrogen to respective sets of duplicate 
reactors to allow calculation of nitrification reaction rates.   Nitrogen species were monitored at 
the beginning and end of the tests.    
 
Figure 8 shows seed-corrected total oxygen uptake for reactors having intact and bagged granules.   
The data for the reactors containing TCMP indicated that larger amounts of oxygen uptake 
occurred when testing the intact granules than when testing the bagged granules.  This observation 
likely reflects the oxygen transfer limits for the reactors having bagged granules.   Subtracting the 
oxygen uptake data for reactors containing TCMP from the others gives net nitrogenous oxygen 
uptake (NOU) as shown in Figure 9.   Considering that the seed culture added 20 mg/L ammonia-
N, the wastewater contributed 20 mg/L ammonia-N, the added 20, 40 and 60 mg/L ammonia-N 
would give respective total nitrogenous oxygen uptake demands of approximately 260, 346, and 
433 mg/L based on a typical 4.33 mg NOU per mg/L ammonia-N.  These values compare 
reasonably well to the total NOU after 120 hours of incubation shown in Figure 9. 
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Figure 8.   Seed-corrected oxygen uptake for reactors having intact (A)  
       and bagged (B) granules. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.    Nitrogenous oxygen uptake for reactors having intact (A)  
       and bagged (B) granules. 
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The slope of the respective nitrogenous oxygen uptake curves represents the nitrogenous oxygen 
uptake rate (NOUR) as shown in Figure 10.    The spike in NOUR in the first four hours is thought 
to be caused by differences in timing of reactions used to make these calculations.  For some 
unknown reason, test reactors having the bagged granules showed higher NOUR values than 
reactors having intact granules.    Converting these rates to conventional mg N/g VSS/hr terms 
gives values shown in Figure 11.   These values are toward the low end of nitrogen conversion 
rates for conventional activated sludge processes as given in design manuals (MOP 8, WEF, 2010).   
The reason for the low values is uncertain, but likely is related to diffusion rate limits for nitrogen 
uptake by granular biomass. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.  Nitrogenous oxygen uptake rates for reactors having intact (A)  
       and bagged (B) granules. 
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Figure 11.  Nitrogen conversion rates for reactors having intact (A)  
       and bagged (B) granules. 
 
 
Post-Respirometer Analytical Tests 
 
Samples of supernatant from each respirometer reactor were analyzed for residual pH, soluble 
COD, ammonia-N, nitrate-N, and nitrite-N as show in Table 2.  These analyses verified the 
occurrence of nitrification in test reactors that did not receive TCMP and no nitrification in those 
that received TCMP. 
 
Table 2.   Post-respirometer analytical data. 
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Reactor
pH, 
s.u.

sCOD, 
mg/L

sNH4-N, 
mg/L

sNO3-N, 
mg/L

sNO2-N, 
mg/L

Seed + TCMP 6.50 57 23.4 0.01 0.01

Whole granules + TCMP 6.64 75 17.2 0.14 0.01

Crushed granules + TCMP 6.47 109 40.8 0.24 0.01

Bagged granules + TCMP 7.00 51 1.2 4.13 0.01

Bagged granules + 20N + TCMP 6.73 91 17.6 24.6 0.01

Bagged granules + 20N 6.63 78 0.01 38.0 0.01

Bagged granules + 40N 6.44 81 0.01 61.1 0.01

Bagged granules + 60N 6.10 75 0.01 80.6 0.01

Whole granules + 20N + TCMP 6.54 145 75.0 1.03 0.01

Whole granules + 20N 6.06 119 2.8 72.5 0.01

Whole granules + 40N 6.14 97 0.01 69.0 0.01

Whole granules + 60N 5.70 100 0.01 103.0 0.01
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Nutrient and Trace Mineral Analysis 
 
The nitrogen and phosphorus content of the granular biomass was in acceptable agreement with 
values typically seen in aerobic biomass as shown in Table 3.   A trace mineral analysis is pending 
as of the date of this interim report. 
 
Table 3.   Nutrient analysis of granular biomass. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusions 
 

1. The aerobic granules from the Cedar Rapids pilot plant showed the presence of substantial 
amounts of biopolymer as indicated in microscope views and by oxygen uptake rates.     
 

2. The granules contained approximately 24% acetate degrading biomass, which is toward the 
high end of the range for conventional activated sludge processes. 
 

3. Placing the granules in net bags avoided breakup of the granules in the high-mixing 
environment within the respirometer test reactors. 
 

4. Using net bags to contain the granules for oxygen uptake testing resulted in a significant 
oxygen mass transfer limit.   This could be overcome in future tests by using smaller amounts 
of biomass per reactor volume and using higher mixing intensities. 
 

5. Maximum nitrogen conversion rates for the granular biomass was 1 mg N/g VSS/hr, which is 
toward the low end of nitrogen conversion rates for conventional activated sludge processes. 

 
 
 
 
                   June 26, 2018  
     James C. Young, General Manager, EnviTreat, LLC 
 
 
 
 
                       June 26, 2018  
     Robert M. Cowan, Process Specialist, EnviTreat, LLC

Parameter/Mineral Symbol Typical
Composition

mg/kg VSS
Measured, 

mg/L
mg/kg 
VSS

% of TSS by 
weight Comment

Total Suspended Solids TSS 42,084

Volatile Suspended Solids VSS 39,242

Volatility % 93.2% Normal

sNH3-N (NH3 + NH4) NH3-N 24.5 OK

Soluble Phosphorus sP 28.9 OK

Total TKN TKN 90,000 2,963 75506 7.0% OK

Total Phosphorus tP 8,000 271 6906 0.6% OK

CEDAR RAPIDS GRANULAR AS, 6-12-18
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Appendix A 
 

RESPIROMETER TEST PLAN for BIODEGRADABILITY  
OF CEDAR RAPIDS GRANULAR SLUDGE  

On or about May 22, 2018 
 

1. There will be two samples labeled:  1) Wastewater and 2) granular mixed liquor. 
 

2. Analyze samples as indicated in the table below. 
 

3. Use WW as received but adjust pH to 7.2.   
 

4. Mixed Liquor:   Use tap water to wash fines from the granules using a graduate cylinder. 
 

5. Use a blender to break up the granular structure for 100 mL of granules.    These crushed 
granules will be used on one set of tests. 
 

6. Nitrogen source:   Add 3.8 g NH4Cl to 90 mL distilled water.  Mix to dissolve and add DW 
to 100 mL. 
 

7. Acetate feedstock:  Use standard 200,000 mg/L stock solution. 
 

Activity Tests      See Table below. 
 

Aerobic biodegradation tests 
 

8. Set up 24, 0.7-L septum-capped aerobic respirometer bottles as shown in the Table below.   
Check septa quality for all bottles.   Add WW volumes as indicated on respirometer setup 
table below. Note lack of adding nutrient solution.   NH3-N solution added as an ammonia-N 
source. 
 
 
 
 
 
 
 
 
 
 
 
 

  
9. Be sure the temperature of all components is at 25 +/- 2oC before adding to the bottles. 

 
10. Flush headspace gas with pure oxygen. 

 
11. Measure oxygen uptake for 2 to 4 days (total time depends on results).   Add second dose of 

acetate feedstock to Reactors 3 through 8 after reactions have turned to endogenous levels 
(~24 hours of incubation). 

 
12. Measure sCOD, NH3-N, NO3-N, NO2-N and pH after the reactions have been completed. 

  
END 

Test description
Bottle 

No.

Waste 
water, 

mL

Seed, 
mL

100 
mg/mL 
NH3-N 

Solution

Tap 
Water, 

mL

Acetate 
feedstock, 

mL

Total 
Volume, 

mL

Min I, Min II, 
mL

Resp. PO4 
Buffer, mL

TCMP
Mixing, 

rpm

Seed  (ML) 1, 2 0 25 0 450 0 490 5.0 5.0 Yes

Activity w/whole granules+TCMP (no bag) + O2 3, 4 0 25 0 450 1 491 5.0 5.0 Yes 400
Activity w/crushed granules+TCMP (no bag) + O2 5, 6 0 25 0 450 1 491 5.0 5.0 Yes 400
Activity w/bagged granules +TCMP+O2 7, 8 0 25 0 450 1 491 5.0 5.0 Yes

WW w/bagged granules +O2 + TCMP 9, 10 450 25 1 0 0 491 5.0 5.0 Yes 400
WW w/bagged granules +O2 w/o TCMP 11 450 25 1 0 0 491 5.0 5.0 No 400
WW w/bagged granules +O2 w/o TCMP 12 450 25 2 0 0 492 5.0 5.0 No 400
WW w/bagged granules +O2 w/o TCMP 13 450 25 3 0 0 493 5.0 5.0 No 400

WW + intact granules + O2 (no bag)+TCMP 14, 15 450 25 1 0 0 491 5.0 5.0 Yes 400
WW + intact granules + O2 (no bag) w/o TCMP 16 450 25 1 0 0 491 5.0 5.0 No 400
WW + intact granules + O2 (no bag) w/o TCMP 17 450 25 2 0 0 492 5.0 5.0 No 400
WW + intact granules + O2 (no bag) w/o TCMP 18 450 25 3 0 0 493 5.0 5.0 No 400
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Workup for Cedar Rapids Granular Biomass Tests
Municipal 

WW
Rinsed 

Granules

Soluble COD sCOD mg/L √

Total COD tCOD mg/L √

Total suspended solids TSS mg/L √ √

Volatile suspended solids VSS mg/L √ √

Soluble TKN sTKN mg/L as N √

Total TKN tTKN mg/L as N √ √
Soluble ammonia-N sNH3-N mg/L as N √ √

Soluble nitrate-N sNO3-N mg/L as N √

Soluble nitrite-N sNO2-N mg/L as N √

Soluble Phosphorus sP (or PO4) mg/L as P (or PO4) √ √

Total phosphorus tP (or PO4) mg/L as P (or PO4) √ √
Soluble sulfate sSO4 mg/L √

Soluble color sColor mg/L √

Soluble chloride sCl mg/L √
Soluble alkalinity Alk. mg/L as CaCO3 √

Total dissolved solids TDS mg/L √

Fixed dissolved solids FDS mg/L √

pH pH su √ √

Mineral scan √

Standard Granule Size Distribution √
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Nutrient/Mineral/Buffer and feedstock solutions for aerobic testing 
              
  
Nutrient/Mineral/Buffer Stock Solutions 
 
 1. Mineral Base I 
 Add the following to 800 mL of reagent quality water.  Dilute to 1.0 L. 
 (Note: This mixture may form a light precipitate and should be agitated vigorously   
  before transferring)  
 
 CoCl2 6H2O 0.25 g   (0.062 mg Co/mL) Na2MoO42H2O 0.005  g (0.0020 mg Mo/mL) 
 FeCl2 4H2O  4.0    g    (1.126 mg Fe/mL) NiCl26H2O  0.025 g (0.0062 mg Ni/mL) 
 MnCl24H2O 0.05  g  (0.0139 mg Mn/mL) Na2SeO4     0.025  g (0.0104 mg Se/mL) 
 H3BO3   0.025 g   (0.0044 mg B/mL) CuCl2 2H2O 0.007 g (0.0026 mg Cu/mL) 
 ZnCl2   0.025 g  (0.0119 mg Zn/mL) 
 
 2. Mineral Base II 
 
 Dissolve the following in 800 mL distilled water.   Dilute to 1 L. 
 
  CaCl2   15 g  (5.4 mg Ca/mL) 
  MgCl26H2O  20 g (2.36 mg Mg/mL) 
 
3. Nutrient Base 
 
 Dissolve the following in 800 mL distilled water.  Neutralize to pH 7 using 50% NaOH. Dilute to 1 L. 
 
  NH4Cl  53 g  (13.9 mg N/mL) 
  KH2PO4 50 g (11.4 mg P/mL) 
  Na2SO4  30 g   (6.76 mg S/mL) 
 
4. Buffer Base 
 Dissolve the following in 800 mL distilled water. Adjust pH to 7.0 – 7.2 using NaOH.  Dilute to 1 L. 

(Note: The KH2PO4 will not dissolve until adding NaOH.) 
 
  KH2PO4   207 g 
              
 
 



  

A
p

p
en

d
ix B

 
 

B
iom

ass A
ctivity M

od
el  

                

G
E

N
E

R
A

L
 K

IN
E

T
IC

 M
O

D
E

L
 

©
 2001 by Jam

es C
. Y

oung

N
otes:

1.  C
ells in yellow

 highlight can be changed
2.  C

opy oxygen uptake data, in m
g/L, from

 test runs to C
olum

n I after changing the Tim
e Interval to the sam

e as that for the test data.
3.  E

nter m
easured soluble C

O
D

 into respective tim
es in C

olum
n J if this data is available.

4.  C
hange kinetic and biological grow

th param
eters to optim

ize the fit of calculated oxygen uptake and O
U

R
 to m

easured values
5.  G

raph scales can be chan ged on the G
ra p

h
s

page

M
o

d
el p

aram
eters

V
alu

e
U

n
its

IN
S

TR
U

C
TIO

N
S

/C
O

M
M

E
N

TS
Y

ield coefficient, Y
o =

0.470
m

g V
S

S
/m

g C
O

D
 rem

oved
S

tart w
ith values from

 laboratory tests, or use 0.5 as starting point

Intrinsic m
ax substrate rem

oval rate,  q
m  =

0.50
m

g C
O

D
/m

g V
S

S
/hr

 

k* inhibition factor  =
1.00

(N
ote:  k* =

 1.0 if no toxicant toxicity exists)
Instrinsic half-saturation coefficient, K

s =
100.0

m
g C

O
D

/L
S

tart w
ith values from

 laboratory tests, or estim
ates

K
s* inhibition factor =

1.00
(N

ote:  K
s* =

 1.0 if no toxicant toxicity exists)
H

aldane inhibition factor, K
i  =

100000
(N

ote:  U
se K

i =
 10,000 if no substrate toxicity is expected)

D
ecay rate =

0.25
m

g V
S

S
/m

g V
S

S
/d =

S
tart w

ith values from
 laboratory tests, or use T, C

/100
Initial C

O
D

 concentration =
400

m
g C

O
D

/L
U

se m
easured or selected values

Initial total biom
ass =

1962
m

g V
S

S
/L

S
elect by curve fitting

m
g C

O
D

/m
g V

S
S

 =
1.42

m
g C

O
D

/m
g V

S
S

/hr
C

O
D

 of V
S

S
, usually 1.42 unless otherw

ise justified
Initial active biom

ass, M
a, m

g/L =
480.0

(N
ote:  U

se M
i/M

t =
 0 if actual ratio is not know

n)
B

iom
ass activity factor,  f =

0.80
U

se 0.80 unless other values are know
n

S
oluble m

icrobial product factor, S
M

P
 =

0.00
m

g S
M

P
 C

O
D

/m
g C

O
D

(N
ote: U

se 0.03 unless actual values are know
n)

0.0104167
Tim

e interval, hours =
0.1667

(N
ote:  m

easure data tim
e interval m

ust be the sam
e as calculation value)

A
V

E
R

A
G

E
S

12
A

ct. %
 =

24.5%
C

alc'd
M

eas'd
C

alc'd
M

eas'd
C

alc'd
M

eas'd
M

easd
S

U
M

(C
alc'd-M

eas'd
O

U
R

O
U

R
,

O
U

R
O

U
R

,
TIm

e, hr
C

alc'd S
,

dS
M

t,
M

i, 
M

a,
S

M
P

O
xy U

p.
O

xy U
p.

C
O

D
,

C
O

D
Tim

e, hr
O

xy U
p)^2

m
g/L-hr

m
g/L-hr

m
g/L-hr

m
g/L-hr

m
g C

O
D

/L
m

g C
O

D
/L

m
g V

S
S

/L
m

g V
S

S
/L

m
g V

S
S

/L
m

g C
O

D
/L

m
g C

O
D

/L
m

g C
O

D
/L

m
g/L

m
g/L

E
R

R
^2

0.00
400.0

1962.0
1482.0

480.0
0.00

0.0
0.0

400
0.00

0.00
72.2

95.2
72.7

12
46.472129

0.17
368.1

31.9
2442.0

1948.0
494.0

0.00
12.0

15.9
1062

0.17
14.67

73.2
82.2

73.1
11.98

47.895923
0.33

335.8
32.3

2456.0
1947.9

508.1
0.00

24.2
29.6

1062
0.33

28.44
74.0

84.8
73.7

11.96
49.210563

0.50
303.3

32.5
2470.1

1947.8
522.4

0.00
36.6

43.7
1061

0.50
51.06

74.5
83.5

74.1
11.94

50.368915
0.67

270.6
32.7

2484.4
1947.7

536.6
0.00

49.0
57.6

1061
0.67

74.76
74.6

76.2
74.1

76.2
11.92

51.310213
0.83

238.0
32.6

2498.6
1947.8

550.8
0.00

61.4
70.3

1061
0.83

79.56
74.2

71.0
73.5

71.2
11.90

51.956162
1.00

205.8
32.3

2512.8
1948.0

564.9
0.00

73.8
82.2

1062
1.00

70.51
73.2

65.6
72.3

67.4
11.88

52.206224
1.17

174.1
31.6

2526.9
1948.3

578.5
0.00

85.9
93.1

1062
1.17

50.91
71.3

59.9
70.3

64.0
11.86

51.932525
1.33

143.5
30.6

2540.5
1948.8

591.7
0.00

97.8
103.1

1063
1.33

27.44
68.4

64.2
67.2

60.9
11.83

50.975827
1.50

114.5
29.0

2553.7
1949.6

604.1
0.00

109.2
113.8

1064
1.50

20.52
64.3

59.1
62.9

59.5
11.81

49.146386
1.67

87.6
26.9

2566.1
1950.6

615.5
0.00

120.0
123.6

1065
1.67

13.40
58.7

55.7
57.2

58.7
11.79

46.238363
1.83

63.7
23.9

2577.5
1952.0

625.5
0.00

129.7
132.9

1067
1.83

9.95
51.6

58.6
50.4

56.5
11.77

42.074305
2.00

43.4
20.3

2587.5
1953.8

633.7
0.00

138.3
142.7

1070
2.00

18.75
43.1

55.7
42.8

55.9
11.75

36.602805
2.17

27.4
16.0

2595.7
1955.8

639.9
0.00

145.5
152.0

1073
2.17

41.21
34.3

53.5
35.0

55.5
11.73

30.055961
2.33

16.0
11.5

2601.9
1957.9

643.9
0.00

151.2
160.9

1076
2.33

92.72
26.2

56.1
27.9

53.9
11.71

23.089609
2.50

8.6
7.4

2605.9
1959.9

646.1
0.00

155.6
170.2

1079
2.50

213.70
19.9

53.5
22.0

52.7
11.69

16.693791
2.67

4.3
4.2

2608.1
1961.3

646.7
0.00

158.9
179.1

1081
2.67

408.59
15.9

50.5
17.6

51.9
11.67

11.73453
2.83

2.1
2.2

2608.7
1962.3

646.4
0.00

161.6
187.6

1082
2.83

674.86
13.7

49.7
14.8

50.2
11.65

8.4747675
3.00

1.0
1.1

2608.4
1962.8

645.6
0.00

163.9
195.8

1083
3.00

1022.67
12.5

49.7
13.1

48.9
11.63

6.599508
3.17

0.5
0.5

2607.6
1963.1

644.5
0.00

165.9
204.1

1083
3.17

1457.30
11.9

47.5
12.3

47.8
11.61

5.6115663

0 10 20 30 40 50 60 70 80 90 10
0

0

50

10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

0
2

4
6

8
1

0
12

1
4

16
1

8
20

2
2

24

OXYGEN UPTAKE RATE, 
mg/L-hr

OXYGEN UPTAKE, mg/L

T
IM

E
, h

o
u

rs

O
U

R
 A

C
T

IV
IT

Y, C
E

D
A

R
 R

A
P

ID
S

 C
R

U
S

H
E

D
 G

R
A

N
U

L
E

S

M
ea

s'd
 O

U
C

a
lc'd O

U
M

ea
s'd

 O
U

R
C

a
lc'd O

U
R

E
n

dog
eno

us O
U

R

B
IO
P
O
LYM

ER

A
C
ET

A
T
E
O
U
R



  

Appendix C 
 

Photographs of Respirometer Test Setup  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure B-1.  Overview of all 18 test reactors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B-2.  Photograph of test reactors containing net bags.  





Respirometric Determination of Nitrification Kinetic Values for Aerobic Granular Biomass 

 

 

 

Respirometric tests 

 

The kinetic values for the biodegradation rate of aerobic granule were measured by respirometric 

tests at 20 oC with ammonia nitrogen dosage to evaluate the biodegradation rate of ammonia 

nitrogen.   The respirometric test setup consists of dissolved oxygen (DO) probes, DO meter 

(YSI Model 5300 Biological Oxygen Monitor, YSI Inc., OH), 230-250 mL water-jacketed 

vessels (Tudor Scientific Glass, Co., North Augusta, SC) and personal computer for data 

acquisition (Figure 1).  A constant temperature was maintained during the test with a circulating 

water bath system.  The sampled aerobic granule was used for this test. Table 1 shows its TSS 

and VSS concentration. Total suspended solids (TSS) and volatile suspended solids (VSS) were 

determined according to Standard Methods for the Examination of Water and Wastewater 

(APHA, 1998). 

 

Table 1 Seeding Biomass Concentration 

 TSS (mg/L) VSS (mg/L) 

Seeding Biomass 8,720 7,100 

 

 

 

 
Figure 1. Respirometry station 
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The contents in the water-jacketed vessels were mixed at constant speed with a magnetic stir bar.  

After DO meter calibration, the vessel filled with biomass was oxygenated until the DO 

concentration was higher than 100% saturated DO values.  At the start of the test, the 

endogenous respiration rate was shown by the DO monitor.  The target substrate (ammonia 

nitrogen) was then added to the reaction vessel. A 250 μL glass syringe and needle was used for 

substrate injection. As the ammonia nitrogen was injected into the vessel, respiration increased 

as a result of the added substrate yielding a response curve.  Oxygen concentration data was 

collected as a function of time on a personal computer.  

 

 

Respirometric test results 

 

Figure 2 shows the DO profiles for respirometric tests using the aerobic granule with ammonia 

nitrogen at 20 oC. This test showed the change of response curve to injection of ammonia 

nitrogen, which indicating the respiration increase by the methanol biodegradation.  

 

 

 

 
Figure 2. DO profile of respirometric tests of the aerobic granule  
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Figures 3 show the normalized curves (i.e., with the endogenous respiration rate subtracted from 

the response). The nitrification of ammonia nitrogen was evidenced by the decrease of DO in the 

normalized curve.  

 

Figure 3. Normalized DO curve of respirometric tests 

 

 

Kinetic values were calculated from the respirometric data as shown in Table 2.  The biomass 

concentration was assumed to 10 % of VSS concentration to calculate the adequate kinetic 

values. The injected substrate concentration of ammonia nitrogen was 1 mg/L as NH4-N which 

was 4.57 mg COD/ L.  
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Anaerobic Digestion with and without Thermal Hydrolysis Pretreatment for 

Cedar Rapids 
 

Matthew J. Higgins, Ph.D. 

Claire W. Carlson Chair in Environmental Engineering 

Bucknell University 

 

1. OBJECTIVES 

 

A two phase project was performed to evaluate the effect of thermal hydrolysis pretreatment 

(THP) of both the primary and secondary solids and just the secondary solids from the Cedar 

Rapids wastewater treatment plant.  The goals of this project were to: 

 

1. evaluate digester performance with and without thermal hydrolysis pretreatment (THP) 

2. evaluate dewaterability after THP and after digester with and without THP; 

3. characterize the production of recalcitrant dissolved organic nitrogen (rDON) and 

phosphorus (rDOP) and UV absorbance in the filtrate recycle stream with and without 

THP; 

4. compare the heating value of the dewatered cake for the effect on compatibility of solids 

with incineration including incineration with energy recovery, after THP only, and after 

THP plus anaerobic digestion; 

5. characterize the final cake product quality. 

 

2. RESEARCH APPROACH AND METHODS 

 

2.1 Approach 

To accomplish the goals of this project, a laboratory scale digester study was performed at 

Bucknell University using two digesters for each phase and the phases were performed 

sequentially.  In Phase I, the combined primary and WAS was pretreated with THP and fed to a 

digester, and a control digester received feed with no THP. In Phase II, only the WAS was 

pretreated with THP, and after THP the WAS was blended with the primary solids to feed to the 

test digester.  The control digester for Phase II remained the same as in Phase I.  The feeding 

regime for the two phases is summarized in Table 1. 

For the purpose of this report, the digesters will be named Control 1, Control 2, Full THP and 

WAS THP to denote each condition of operation.  These names are underlined and in bold in 

Table 1 to show more fully the operational conditions for each digester. 

 

 

 

 

 

 

 



Table 1.  Summary of digester feeds for the two phases of the project study. 

Project Phase 
Control Digester 

Feed 

Test Digester 

Feed 

Phase I 
Control 1:  No THP 

pretreatment 

Full THP:  THP of Primary 

Sludge and WAS 

Phase II 
Control 2:  No THP 

Pretreatment 

WAS THP:  THP of WAS 

only, and combined with non-

THP primary 

 

 

2.2 Feed Solids 

Every few weeks the personnel at Cedar Rapids shipped raw primary and WAS to Bucknell for 

feed to the digesters.  For the THP, the solids concentrations were adjusted to a target 

concentration of 14.5% dry solids.  The blend of feed sludges was 60% primary and 40% 

secondary. For the feeds that underwent THP, they were thermally hydrolyzed in 2 kg batches at 

165 °C for 45 minutes in the pilot Cambi thermal hydrolysis unit at Bucknell University.  After 

THP, the solids concentrations were adjusted to a target total solids (TS) of 9.0% which was the 

feed concentration to the digesters.  For the control digesters, the feed solids used the same ratio 

of primary to secondary, and the solids concentration was adjusted to a target of 5%.   

 

2.3 Anaerobic Digester Operation and Testing. 

The Bucknell Anaerobic Digestion Laboratory (ADL) is housed in the Environmental 

Engineering and Science Laboratory at Bucknell University.  The ADL is a temperature 

controlled room that is typically set to 38 °C.  The lab scale anaerobic digesters have a 15 L 

volume, and a picture of one of the units is shown in Figure 1. 

The reactors were typically operated with an 8 L active volume, and fed once daily (semi-

continuous feed) to achieve the desired VS or COD loading and solids retention time.  Biogas is 

transported through a tube in the headspace of the reactor to a respirometer that measures gas 

production rate and cumulative gas production in real time. A Kynar bag is also linked to the 

headspace and used for equilibrating the headspace with biogas during feeding and wasting 

cycles. Kynar® has a low permeability to methane and CO2 unlike other materials commonly 

used in gas sampling. 

The effluent from the reactor is collected from the discharge outlet valve on the bottom of the 

reactor.  The reactors are mixed by an overhead gear motor that turns a mixer paddle in the 

digester.  Typically, the mixer motor is fixed at 100 rpm. 

2.4 Reactor Operation and Testing 

The reactors were operated by daily wasting and feeding and maintenance until steady state was 

achieved which is typically identified by stable operational parameters after about 3-4 SRTs of 

full loading.  During the initial phase of the study, influent and effluent and gas were typically 

analyzed several times per week for the following parameters: 

1. TS and VS;  

2. soluble and total COD; 



3. gas production and content (CH4, CO2, H2, H2S); and 

4. pH. 

Alkalinity was typically measured once per week.  Once steady conditions were achieved, 

additional testing was performed to more fully characterize the digester operation.  This testing 

included: 

5. VFA concentration; 

6. soluble and total TKN and ammonia; 

7. soluble and total phosphorus 

8. soluble and total calcium, magnesium, aluminum and iron 

9. viscosity; 

All testing was performed according to Standard Methods or specific protocols developed for 

laboratory digester operation at Bucknell University.  During the steady state period, the reactors 

are sampled regularly to collect at least five data points which can be used for calculating the 

statistics for the different operational parameters such as VS reduction, COD reduction, methane 

yield, mass balances, etc.   

 



 

 

2.5 Dewatering.  At the end of the experiment, the digestate in the reactor were used for 

dewaterability testing to examine the solids dewaterability in terms of polymer demand, cake 

solids, and filtrate quality.  In this study, the filtrate was characterized in terms of its DON, UV 

absorbance; and soluble reactive and soluble total phosphorus concentrations. In addition, cake 

samples were analyzed for calorific value and a sample was sent out to an external lab for 

ultimate heat analysis. 

The dewaterability of the samples was analyzed using a laboratory protocol developed at 

Bucknell University (Higgins et al., 2014). First, the optimum polymer dose was determined by 

Feed Inlet (TSS, VSS, 

pH, TKN, NH3, oP, TP, 

Alk, Ca, Mg, Al, Fe) 

Mixer  

Motor 

Gas 

Equilibration 

Bag 

Outlet Valve (TSS, 

VSS, pH, TKN, NH3, 

oP, TP, Alk, Ca, Mg, 

Al, Fe) 

Gas Sampling Port 

with septa for gas 

analysis 

Mixing Paddle 

Gas Collection Port to 

Respirometer or Bag 

Figure 1.  Picture of laboratory scale digester shown with 10 L of water. 



establishing the polymer dose-response curve using capillary suction time (CST) as the measure 

of the extent of conditioning and floc formation. The polymer was made to a 0.25% 

concentration on the day of the dewatering experiment. A 500-mL sample of digestate was 

placed in a 2-L, baffled circular container. The polymer was added to the solids and mixed using 

a single paddle mixer at 563 rpm (G ≈ 700/s) for 30 s, followed by 54 rpm (G ≈ 20/s) for 90 s, 

after which the CST was measured. The dosage with the lowest CST was considered the 

optimum polymer dose, and this sample was then dewatered.  

Dewatering was performed by first gravity draining the solids on belt filter press fabric. The 

drained solids were then placed in a specially designed belt filter press centrifuge cup. These 

cups comprise a piece of belt filter press fabric that was suspended approximately half way up 

the height of the cup (Figure 2). The samples were then centrifuged at 2000 x g for 10 minutes, 

and the cake was scraped off the belt filter press fabric for analysis for total and volatile solids. 

The cakes were also analyzed for their odorant production potential. Duplicate cake samples 

were generated and analyzed for each sample. 

 

Cake Odorant Testing. Duplicate cake solids samples were evaluated for quality parameters, 

specifically the production of odor-causing compounds. Odorant concentrations were evaluated 

using the headspace method developed by Virginia Tech and Bucknell University (Glindemann, 

2006; Adams et al., 2004). Ten grams of cake solids were placed in a 160-mL serum bottle that 

was sealed using a Teflon coated butyl rubber septa. The serum bottles were stored at 25 °C in 

the dark. Volatile organic sulfur compound (VOSC) and methane concentrations were measured 

in the headspace of the sample bottles on a regular basis during cake storage, typically every day, 

for a two-week period or until the VOSCs had decreased below detection. The VOSCs of interest 

were methyl mercaptan (MT), dimethyl sulfide (DMS), and dimethyl disulfide (DMDS) because 

they have been well correlated with odors in the cake (Adams et al., 2004; Higgins et al., 2006). 

 

 

3.0 RESULTS AND DISCUSSION 

3.1 Timeline of the Study Phases and Steady State Determination 

Figure 2 shows the influent TS of the reactors and gives an overview of the timeline of the study.  

The study began on October 1st, 2017 with Phase I.  The digesters were operated for 160 days 

until steady conditions were achieved.  One upset occurred during Phase I of the study which 

was thought to be due to a change in the feed characteristics (as discussed later) which extended 

the time to achieve steady conditions.  Based on the dataset, the steady state period for Phase I 

was between days 120 and 160.  Phase II began around day 190 and continued through until day 

345, and the steady state period for Phase II was between days 300 and 345, as shown in Figure 

2. 



 
Figure 2.  Influent TS and Timeline of digester study. 

 

For comparison of the data sets, the measurements for the different parameters were averaged 

during the steady state period and these values are presented in the following sections. 

3.2 Digester Influent Characteristics 

The mean influent characteristics for the study are summarized in Table 2.  In comparing the 

feed characteristics of the Control digesters to the THP digesters, the Control digesters have 

lower values due to the lower target feed concentrations.  The target feed concentration of the 

Control digesters was 5.0% TS, while for the THP digesters, the target feed concentration was 

9.0% TS.  The VS/TS ratios of the feed were not different between the digesters in each phase, 

although for Phase II, the VS/TS ratio and COD concentrations were statistically significantly 

lower than in Phase I (p<0.05).  In Phase I, the Control 1 digester had an averaged feed VS/TS 

ratio of 0.842 while in Phase II, that ratio was 0.816.  The feed in Phase II also had a lower total 

COD than in Phase I.  Both are indicators that, on average, the feed during Phase II had a lower 

organic strength or potential energy content when compared to the feed in Phase I. 

0

2

4

6

8

10

12

0 50 100 150 200 250 300 350

In
fl

u
en

t 
T

S
 (

%
)

Time (d)

Full THP

Control 1

Phase I Phase II

WAS Only THP

Control 2

Steady

State 

Phase I

Days

120-160

Steady

State 

Phase II

Days

300-345



The reasons for the differences in feed characteristics are not clear.  One possible factor is 

seasonality.  During Phase I, the steady state period was from January 29th through March 10th of 

2018 while Phase II was from July 30th through September 11th of 2018.  Thus, the Phase I study 

was at steady state during the winter months while Phase II was at steady state during the 

summer months.  During the summer, the organics can be degraded to a greater level in the 

collection system due to the higher temperatures which could possibly impact the feed 

characteristics, or changes in industrial loading may also have contributed.  These differences 

should be considered when interpreting the results. 

 

Table 2.  Summary of Feed Characteristics to the Digesters for Each Phase. 

Parameters 

Phase I Phase II 

Control 1 Full-THP Control 2 WAS-THP 

Digester SRT (d) 20 15 20 15 

Influent COD (g/L) 77.1 ± 5.5 134.8 ± 6.5 69.7 ± 6.7 133.1 ± 5.2 

Influent sCOD (g/L) (1.5 um) 11.9 ±2.6 39.4 ± 4.1 6.31 ± 1.0 31.0 ± 3.4 

Influent TS (%) 4.97 ± 0.26 8.65 ± 0.34 4.81 ± 0.14 8.44 ± 0.16 

Influent VS (%) 4.17 ± 0.24 7.28 ± 0.31 3.93 0.15 6.88 ± 0.18 

VS/TS 0.838 ± 0.01 0.842 ± 0.004 0.818 ± 0.01 0.815 ± 0.01 

Influent TSS (g/L) 34.6 ± 1.0 53.2 ± 0.24 41.1 ± 0.95 64.0 ± 3.23 

Influent VSS (g/L) 29.5 ± 8.7 44.2 ± 0.4 35.6 ± 0.96 51.7 ±2.98 

Influent VS Loading Rate  

(kg VS/d-m3) 2.09 ± 0.12 4.85 ± 0.2 1.97 ± 0.07 4.58 ± 0.12 

Influent COD Loading Rate  

(kg COD/d-m3) 3.86 ± 0.28 8.98 ± 0.43 3.48 ± 0.34 8.87 ± 0.35 

 

3.3 Digester Effluent Characteristics and Digester Performance 

Table 2 summarizes the average digester effluent concentrations as well as the digester 

performance in terms of VSR and CODR.  The Full THP digester had a similar VSR and CODR 

as the Control 1 digester, although as has been discussed, the VSR and CODR of the pilot THP 

system can be about 10-20% lower than in full-scale due to the loss of readily biodegradeable 

volatile organic compounds in the steam of the THP pilot unit.  Thus, in the full-scale system, the 

VSR and CODR should be higher than in the pilot scale.  This has been confirmed with testing in 

cooperation with DC Water in which the full-scale plants overall VSR was higher than the pilot 

scale system. 

In Phase II, the VSR of the Control 2 digester was 39% on average when considering the mass 

balance and the Van Kleek equation.  This was considerably lower (about 26%) when compared 



to the Control 1 digester which averaged around 53%.  The CODR was also about 20% lower in 

Phase II compared to Phase I in the control digesters.  This also led to a decrease in the biogas 

and methane yields for Phase II (see Table 3 for biogas data).  The lower VSRs could have been 

due to the differences in feed characteristics as discussed in Section 3.2.   

The DON in the control digesters were approximately 40-50% of those measured in the THP 

digesters.  This could be in part due to the lower feed concentrations, as well as the effect of THP 

producing addition DON in the digester. 

 

Table 2.  Summary of Digester Effluent Characteristics and Performance for Each Phase. 

Parameters 

Phase I Phase II 

Control 1 Full THP Control 2 WAS THP 

Effluent COD (g/L) 30.5 ± 0.84 57.6 ± 1.8 34.0 ± 2.9 61.3 ± 1.3 

Effluent sCOD (g/L) – 1.5 um 6.57 ± 0.30 23.0 ± 1.9 6.22 ± 1.1 24.2 ± 0.54 

Effluent sCOD (g/L) – 0.45 um 3.29  ± 0.69 11.6 ± 1.2  2.02 ± 0.37 8.04 ± 2.4 

Effluent TS (%) 2.74 ±0.08 4.92 ± 0.10 3.22 ± 0.09 5.43 ± 0.09 

Effluent VS (%) 1.94 ± 0.06 3.50 ± 0.07 2.36 ± 0.10 3.81 ± 0.08 

Effluent TSS (g/L) 19.95 ± 0.94 35.2 ± 1.05 25.8 ± 0.95 39.6 ± 2.2 

Effluent VSS (g/L) 13.9 ± 0.73 21.9 ±0.31 19.3 ± 0.96 25.4 ± 1.4 

VSR Mass Balance (%) 52.9 ± 4.76 51.7 ± 2.30 39.9 ± 1.6 44.5 ± 1.7 

VSR Van Kleek 52.5 ± 4.8 53.0 ± 2.3 38.6 ± 2.3 46.1 ± 2.7 

CODR (%) 60.3 ± 2.85 57.2 ± 1.3 50.6 ± 7.7 53.9 ± 1.2 

pH 7.54 ± 0.04 7.66 ± 0.08 7.42 ± 0.06 7.62 ± 0.06 

NH4
+ (mg N/L) 1880 ± 93 3140 ± 93 1520 ± 59 3190 ± 120 

DON (mg N/L) 456 ± 79 952 ± 96 203 ± 53 482 ± 110 

Soluble Reactive P (mg P/L) 243 ± 12 385 ± 39 109 ± 16 187 ± 18 

Soluble Total P (mg P/L) 249 ± 12 402 ± 43 113 ± 15 200 ± 19 

Alkalinity (mg/L as CaCO3) 6970 ± 314 11,300 ± 298 6370 ± 1100 11,800 ± 369 

COD Mass Balance (%) 104 ± 6.0 103 ± 4.9 97.4 ± 12.5 93.6 ± 3.5 

Inert Mass Balance (%) 99.6 ± 8.0 103 ± 4.9 97.9 ± 2.8 103 ± 3.0 

 

The COD and inert mass balances were within plus or minus 6% of the 100% target suggestion 

overall good quality control in the digester operations and analysis.  In fact, most values were 



within 3-4% of 100, except the COD mass balance for the THP digester in Phase II which was at 

93.6%. 

3.3 Biogas Production and Methane Yields 

The biogas production and compositions along with yields are summarized in Table 3.  On a 

daily basis, over twice as much gas was produced in the THP digesters compared to the control 

digesters, and this is largely due to the increased loading rates resulting from higher feed 

concentrations.  When normalizing for the mass of VS fed to the digesters, the biogas and 

methane yields were similar.  For example, the biogas yields were 19.4 and 18.7 ft3/lb VSdestroyed 

for Control 1 and Control 2, respectively normalize for 0 oC.  These values are on the high end of 

typical textbook values often ranging from 12-18 ft3/lb VSdestroyed.  The higher yields are likely a 

result of the overall stoichiometry of the feed stock.  The biogas yields for the THP digesters 

were slightly lower than the control digesters, although, as discussed previously, the pilot THP 

system underestimates the true yields by between 10-20%.  If a correction factor of 15% is 

applied to the THP biogas yields, it would result in slightly greater yields than the control 

digesters.  In Phase I, THP would yield about 4% greater biogas, while for Phase II it would 

yields about 6% greater biogas using the correction.  It should be noted there is uncertainty in 

this measurement as we only have one reference point to date where we can compare full-scale 

to pilot scale THP. 

Table 3.  Summary of Biogas Characteristics for Each Phase. 

Parameter 
Phase I Phase II 

Control 1 Full THP Control 2 WAS THP 

Total Biogas Production (L/d) 12.2 ± 0.89 25.06 ± 1.02 8.53 ± 0.30 20.3  ± 1.15 

Methane Content of Biogas (%) 65.6 ±  1.44 66.1 ± 1.22 63.9 ± 0.77 66.3 ± 1.0 

Methane Production (L/d) 8.02 ± 0.53 16.5 ± 0.78 5.39 ± 0.13 13.5 ± 0.68 

Methane Yield (L/d-kg VSfed)  

at 38 oC 
474 ± 14.2 424 ± 14.7 337 ± 12 366 ± 24 

Methane Yield (ft3/lb VSfed) 

at 38 oC 
7.59 ± 0.23 6.79 ± 0.24 5.39 ± 0.19 5.75 ± 0.38 

Biogas Yield (ft3/lb VSdestroyed)  

at 38 oC  
22.1 ± 1.44 19.9 ± 1.22 21.3 ± 1.40 19.6 ± 1.74 

Biogas Yield (ft3/lb VSdestroyed)  

at 0 oC 
19.4 ± 1.26 17.5 ± 1.07 18.7 ± 1.23 17.2 ± 1.52 

H2S in Biogas (ppmv) 1690 ± 510 1930 ±  250   

H2 in Biogas (ppmv) 83.7 ± 19.7 68.3 ±  10.4 59.4 ± 6.6 55.7 ± 6.6 

 



During Phase I, a biogas sample was shipped to an external lab for siloxane analysis, and these 

results are summarized in Table 4.  Duplicate samples from the headspace of each reactor were 

collected on successive days.  The results have a fair amount of variability, and no clear 

differences between the Control and the THP digester are apparent from the data. 

 

Table 4.  Summary of Biogas Constituents for Phase I. 

Siloxane Species (mg/m3) 

Phase I 

Control 1 Full THP 

Decamethylcyclopentasiloxane-D5 1400, 7300 2600, 1909 

Hexamethylcyclotrisiloxane-D3 390, 890 ND, 100 

Octamethylcyclotetrasiloxane-D4 2500, 2700 960, 1900 

Trimethyl silanol 13,000, 8000 12,000, 13,000 

 

3.4  Dewatering Analysis 

At the end of each phase, samples from each digester were used for dewaterability testing.  The 

sludges were conditioned with an appropriate polymer and then the samples are dewatering using 

the Bucknell dewatering protocol.  The cake solids for the range of polymer doses for the Phase I 

digesters is shown in Figure 3.  The cake solids of the THP digester was about 24% at a polymer 

dose around 22 lb/ton, while for the Control 1 digester, the cake solids was about 18% at a dose 

of around 32 lb/ton.  The THP increased the solids concentration by about 33% which is within 

the typical range for THP.  In comparison to the other THP plants, a cake solids of around 24% 

is on the low side.  For example, DC Water achieves cake solids around 30-34% in the full scale 

system, which matches well with the lab scale testing of the pilot THP digesters operated at 

Bucknell University.  The low cake solids of the Cedar Rapids digesters could be a function of 

the high phosphate concentration in the digester.  Research has shown that as the phosphate 

concentration in a digester increases, the cake solids decreases.  This is thought to be due to the 

complexation of multivalent cations by the phosphate, which makes these cations unavailable for 

floc formation.  This the leads to a higher water content of the floc. 

The TSS capture as a function of polymer dose is shown in Figure 4.  To achieve high capture of 

95%, greater polymer doses are needed for the Full THP sample, about 30 lb/ton.  The THP 

digestates typically have much higher colloidal COD concentrations which create polymer 

demand during the conditioning process. 

In Phase II, the cake solids for the WAS THP digester was about 23%, slightly lower than Full 

THP, and Control 2 had a cake solids around 18%, which was equivalent to Control 1, see Figure 

5 and 6.  Unfortunately, we were not able to have as a complete spectrum of dosages as in Phase 

I due to the difficulty in finding the appropriate polymer doses and limited sample volume to 

work with. 



 
Figure 3.  Cake solids as a function of polymer dose for Phase I digesters. 

 
Figure 4.  TSS capture as a function of polymer dose for Phase I digesters. 
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Figure 5.  Cake solids as a function of polymer dose for Phase II digesters. 

 
Figure 6.  TSS capture as a function of polymer dose for Phase II digesters. 
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The dewatering tests give an indication of the effect of THP and digestion on the final 

dewaterability, although it is important to note that due to the limited sample volume available, 

the testing is unable to evaluate different polymer types to further optimize dewatering process.  

Instead, polymers that have been shown to work well with THP digestate were used based on 

past experience, and similarly, a polymer shown to work well with conventional digestates was 

used to condition the control digesters.   

 

The results suggest that the cake solids will be increased by about 28-33% due to THP compared 

to a conventional digester with no THP.  This is within the typical range of 25-50% improvement 

in cake solids due to THP.  The addition of WAS in the THP process had a slight overall 

improvement in cake solids 23 vs 24% cake. 

 

3.4  Filtrate Characteristics 

The filtrate after dewatering at the optimum polymer dose was analyzed for several different 

characteristics which are summarized in Table 5.  The results show the polymer is able to 

remove about 40-50% of the DON.   

 

Table 5.  Summary of filtrate characteristics after dewatering. 

Parameter 
Phase I Phase II 

Control 1 Full THP Control 2 WAS THP 

Filtrate Dilutions Factor Due to 

Polymer1 1.12 1.64 1.12 1.70 

Filtrate DON (mg N/L) 178 338 91.3 360 

Filtrate UV254 3.13 12.45 0.679 0.709 

Filtrate Absorbance 420 nm 0.311 0.840 0.213 0.545 

Filtrate soluble TP (mg P/L) 177 199 56.8 87.7 

Filtrate reactive P (mg P/L) 178 204 55.0 83.2 

Filtrate sCOD 750 3760 470 2280 

Filtrate TSS (mg/L) 560 1000 477 781 

1The filtrate characteristics have not been adjusted to account for the dilution due to polymer 

 

 

3.5  Cake Quality Analysis 

The production of volatile organic sulfur compounds (VOSCs), mainly methyl mercaptan (MT) 

and dimethyl sulfide (DMS), during cake storage was measured after dewatering.  For Phase I, 

the MT and DMS profile for each digester is shown in Figure 7.  Interestingly, the cake odorant 

production was greater for the THP digester when compared to the control digester.  Typically, 

THP digesters have been shown to produce lower odor cake compared to conventional digestion.  

One factor that does increase odorant production is cake solids, with higher cake solids 



producing greater odors.  With the much higher cake of the THP digester, this could contribute to 

the higher odorant concentrations produced during cake storage.  Figure 8 shows the total VOSC 

concentrations produced by the cakes (sum of MT and DMS) 

 

 
Figure 7.  MT and DMS production during cake storage for Phase I digesters. 
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Figure 8.  Total VOSC production during cake storage for Phase I digesters. 

 

 

The MT and DMS production from the cakes in Phase II is shown in Figure 9.  Similar to Phase 

I, the THP cakes produced greater odorant concentrations than the control, although both 

produced greater amounts compared to Phase I.  The TVOSC production profile is shown in 

Figure 2 which is the sum of MT and DMS. 
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Figure 9.  MT and DMS production during cake storage for Phase II digesters. 

 
Figure 10.  Total VOSC production during cake storage for Phase II digesters. 
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3.6  Heating Value of Sludge Samples through different Processes 

During Phase I, samples from different locations in the solids treatment processes were sent to 

Hazen Research for heating value analysis.  The results from the testing are summarized in Table 

5.  When normalized for the VS content of the sample, the BTU per lb of VS dry were within 

approximately 10% of each other for the different sample types.  The secondary solids or WAS 

had the highest content overall on a VS and TS basis. 

 

Table 5.  Heating Value of Different Samples 

Sample ID 

Moisture 

(%) 

BTU/lb 

wet (HHV) 

BTU/lb 

dry 

(HHV) 

Bucknell 

TS (%) 

Bucknell 

VS (%) VS/TS 

BTU/lb 

VS Dry 

Primary A 79.20 1703 8187 22.10 18.44 0.83 9812 

Primary B 79.98 1536 7672 22.10 18.44 0.83 9195 

Secondary A 93.10 612 8876 6.86 6.06 0.88 10048 

Secondary B 93.15 607 8866 6.86 6.06 0.88 10036 

Post-THP A 90.89 767 8425 8.77 7.36 0.84 10039 

Post-THP B 90.86 759 8310 8.77 7.36 0.84 9902 

Non-THP Effluent A 95.62 303 6924 2.62 1.84 0.70 9859 

Non-THP Effluent B 95.64 305 6988 2.62 1.84 0.70 9950 

THP Effluent A 97.51 160 6400 4.92 3.45 0.70 9127 

THP Effluent B 97.66 155 6611 4.92 3.45 0.70 9428 

 

 

 

4.0 Summary and Conclusions 

 

Based on the results from this study and past experience with THP systems: 

 

 THP will likely produce a greater VSR than conventional digestion, although this is a 

more difficult parameter to interpret due to the artifacts of the THP pilot unit. 

 The THP will improve cake solids by about 30% over conventional digestion without 

THP, and typical improvements of 25-50% have been observed with THP.  The cake 

solids was on the low side for THP systems and could be due to the high concentration of 

phosphate in the digester which has been shown to reduce dewaterability (decrease cake 

solids and increase polymer demand).   

 The implementation of WAS-only THP did not appear to provide any significant issues, 

although it is difficult to compare performance in terms of parameters such as VSR and 

methane yields because the controls for each study were quite different, and the control 



for Phase II showed much lower VSR and methane yields.  In general, experience has 

shown that the main benefit of THP is with the WAS in terms of improved VSR and 

dewatering.  This reduces the volume of the THP units required, although the biosolids 

would no longer meet Class A requirements which may impact biosolids reuse. 

 The feed to the digesters was relatively high in nitrogen, leading to high total ammonia 

nitrogen concentrations in the digester.  This is important to consider as ammonia can be 

inhibitory the microbes in anaerobic digestion, although inhibition was not observed in 

this study.  The high concentrations will also impact recycle loads of nitrogen. 

 The cake odorant production was relatively low for the conventional digesters, and higher 

for the THP digesters.  Past experience has shown that THP cake is typically low in odors 

and better overall quality than conventional digesters treating similar feedstock.  The 

discrepancy could be due to the higher cake solids in the odorant test or perhaps greater 

amounts of bioavailable protein in the cake which is the precursor for most of the odorant 

production. 



Page 1 of 16



Page 2 of 16



Page 3 of 16



Page 4 of 16



Page 5 of 16



Page 6 of 16



Page 7 of 16



Page 8 of 16



Project: Cedar Rapids

Client Sample ID: Cedar Rapids non-THP

Collection Date: 3/8/2018
Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: Bucknell University
Lab Order: C1803030

Lab ID: C1803030-001A

DF

Centek Laboratories, LLC Date: 19-Mar-18

Tag Number: 3

FIELD PARAMETERS FLD Analyst:
Lab Vacuum In 3/12/2018"Hg-2
Lab Vacuum Out 3/12/2018"Hg-30

SILOXANE SERIES TO-15 Analyst: WD
Decamethylcyclopentasiloxane-D5 3/14/2018 3:25:00 AM50 ppbV 1089
Decamethyltetrasiloxane-L4 3/14/2018 3:25:00 AM50 ppbV 10ND
Dodecamethylcyclohexasiloxane-D6 3/14/2018 3:25:00 AM50 ppbV 10ND
Dodecamethylpentasiloxane-L5 3/14/2018 3:25:00 AM50 ppbV 10ND
Hexamethylcyclotrisiloxane-D3 J 3/14/2018 3:25:00 AM50 ppbV 1042
Hexamethyldisiloxane-L2 3/14/2018 3:25:00 AM50 ppbV 10ND
Octamethylcyclotetrasiloxane-D4 3/14/2018 3:25:00 AM50 ppbV 10200
Octamethyltrisiloxane-L3 3/14/2018 3:25:00 AM50 ppbV 10ND
Trimethyl silanol 3/14/2018 5:00:00 PM140 ppbV 273400
    Surr: Bromofluorobenzene 3/14/2018 3:25:00 AM49.7-136 %REC 10121

Qualifiers:   

Page 1 of 4

** Quantitation Limit . Results reported are not blank corrected
B Analyte detected in the associated Method Blank E Estimated Value above quantitation range
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limit
JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Limit of Detection
S Spike Recovery outside accepted recovery limits
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Project: Cedar Rapids

Client Sample ID: Cedar Rapids THP

Collection Date: 3/8/2018
Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: Bucknell University
Lab Order: C1803030

Lab ID: C1803030-002A

DF

Centek Laboratories, LLC Date: 19-Mar-18

Tag Number: 1332

FIELD PARAMETERS FLD Analyst:
Lab Vacuum In 3/12/2018"Hg-2
Lab Vacuum Out 3/12/2018"Hg-30

SILOXANE SERIES TO-15 Analyst: WD
Decamethylcyclopentasiloxane-D5 3/14/2018 3:59:00 AM50 ppbV 10170
Decamethyltetrasiloxane-L4 3/14/2018 3:59:00 AM50 ppbV 10ND
Dodecamethylcyclohexasiloxane-D6 3/14/2018 3:59:00 AM50 ppbV 10ND
Dodecamethylpentasiloxane-L5 3/14/2018 3:59:00 AM50 ppbV 10ND
Hexamethylcyclotrisiloxane-D3 3/14/2018 3:59:00 AM50 ppbV 10ND
Hexamethyldisiloxane-L2 3/14/2018 3:59:00 AM50 ppbV 10ND
Octamethylcyclotetrasiloxane-D4 3/14/2018 3:59:00 AM50 ppbV 1079
Octamethyltrisiloxane-L3 3/14/2018 3:59:00 AM50 ppbV 10ND
Trimethyl silanol 3/14/2018 5:34:00 PM140 ppbV 283300
    Surr: Bromofluorobenzene 3/14/2018 3:59:00 AM49.7-136 %REC 10118

Qualifiers:   

Page 2 of 4

** Quantitation Limit . Results reported are not blank corrected
B Analyte detected in the associated Method Blank E Estimated Value above quantitation range
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limit
JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Limit of Detection
S Spike Recovery outside accepted recovery limits
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Project: Cedar Rapids

Client Sample ID: Cedar Rapids non-THP

Collection Date: 3/9/2018
Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: Bucknell University
Lab Order: C1803030

Lab ID: C1803030-003A

DF

Centek Laboratories, LLC Date: 19-Mar-18

Tag Number: 104

FIELD PARAMETERS FLD Analyst:
Lab Vacuum In 3/12/2018"Hg-3
Lab Vacuum Out 3/12/2018"Hg-30

SILOXANE SERIES TO-15 Analyst: WD
Decamethylcyclopentasiloxane-D5 3/14/2018 6:44:00 PM140 ppbV 27480
Decamethyltetrasiloxane-L4 3/14/2018 6:09:00 PM20 ppbV 4ND
Dodecamethylcyclohexasiloxane-D6 3/14/2018 6:09:00 PM20 ppbV 4ND
Dodecamethylpentasiloxane-L5 3/14/2018 6:09:00 PM20 ppbV 4ND
Hexamethylcyclotrisiloxane-D3 3/14/2018 6:09:00 PM20 ppbV 497
Hexamethyldisiloxane-L2 3/14/2018 6:09:00 PM20 ppbV 4ND
Octamethylcyclotetrasiloxane-D4 3/14/2018 6:09:00 PM20 ppbV 4220
Octamethyltrisiloxane-L3 3/14/2018 6:09:00 PM20 ppbV 4ND
Trimethyl silanol 3/14/2018 6:44:00 PM140 ppbV 272200
    Surr: Bromofluorobenzene 3/14/2018 6:44:00 PM49.7-136 %REC 27128
    Surr: Bromofluorobenzene S 3/14/2018 6:09:00 PM49.7-136 %REC 4137

Qualifiers:   

Page 3 of 4

** Quantitation Limit . Results reported are not blank corrected
B Analyte detected in the associated Method Blank E Estimated Value above quantitation range
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limit
JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Limit of Detection
S Spike Recovery outside accepted recovery limits
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Project: Cedar Rapids

Client Sample ID: Cedar Rapids THP

Collection Date: 3/9/2018
Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: Bucknell University
Lab Order: C1803030

Lab ID: C1803030-004A

DF

Centek Laboratories, LLC Date: 19-Mar-18

Tag Number: 7

FIELD PARAMETERS FLD Analyst:
Lab Vacuum In 3/12/2018"Hg-3
Lab Vacuum Out 3/12/2018"Hg-30

SILOXANE SERIES TO-15 Analyst: WD
Decamethylcyclopentasiloxane-D5 3/14/2018 7:18:00 PM20 ppbV 4120
Decamethyltetrasiloxane-L4 3/14/2018 7:18:00 PM20 ppbV 4ND
Dodecamethylcyclohexasiloxane-D6 3/14/2018 7:18:00 PM20 ppbV 4ND
Dodecamethylpentasiloxane-L5 3/14/2018 7:18:00 PM20 ppbV 4ND
Hexamethylcyclotrisiloxane-D3 J 3/14/2018 7:18:00 PM20 ppbV 411
Hexamethyldisiloxane-L2 3/14/2018 7:18:00 PM20 ppbV 4ND
Octamethylcyclotetrasiloxane-D4 3/14/2018 7:18:00 PM20 ppbV 4150
Octamethyltrisiloxane-L3 3/14/2018 7:18:00 PM20 ppbV 4ND
Trimethyl silanol 3/14/2018 7:53:00 PM140 ppbV 273600
    Surr: Bromofluorobenzene 3/14/2018 7:18:00 PM49.7-136 %REC 4127

Qualifiers:   

Page 4 of 4

** Quantitation Limit . Results reported are not blank corrected
B Analyte detected in the associated Method Blank E Estimated Value above quantitation range
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limit
JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Limit of Detection
S Spike Recovery outside accepted recovery limits
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Project: Cedar Rapids

Client Sample ID: Cedar Rapids non-THP

Collection Date: 3/8/2018
Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: Bucknell University
Lab Order: C1803030

Lab ID: C1803030-001A

DF

Centek Laboratories, LLC Date: 19-Mar-18

Tag Number: 3

SILOXANE SERIES TO-15 Analyst: WD
Decamethylcyclopentasiloxane-D5 3/14/2018 3:25:00 AM760 ug/m3 101400
Decamethyltetrasiloxane-L4 3/14/2018 3:25:00 AM640 ug/m3 10ND
Dodecamethylcyclohexasiloxane-D6 3/14/2018 3:25:00 AM910 ug/m3 10ND
Dodecamethylpentasiloxane-L5 3/14/2018 3:25:00 AM790 ug/m3 10ND
Hexamethylcyclotrisiloxane-D3 J 3/14/2018 3:25:00 AM450 ug/m3 10390
Hexamethyldisiloxane-L2 3/14/2018 3:25:00 AM330 ug/m3 10ND
Octamethylcyclotetrasiloxane-D4 3/14/2018 3:25:00 AM610 ug/m3 102500
Octamethyltrisiloxane-L3 3/14/2018 3:25:00 AM480 ug/m3 10ND
Trimethyl silanol 3/14/2018 5:00:00 PM520 ug/m3 2713000

Qualifiers:   

Page 1 of 4

** Quantitation Limit . Results reported are not blank corrected
B Analyte detected in the associated Method Blank E Estimated Value above quantitation range
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limit
JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Limit of Detection
S Spike Recovery outside accepted recovery limits
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Project: Cedar Rapids

Client Sample ID: Cedar Rapids THP

Collection Date: 3/8/2018
Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: Bucknell University
Lab Order: C1803030

Lab ID: C1803030-002A

DF

Centek Laboratories, LLC Date: 19-Mar-18

Tag Number: 1332

SILOXANE SERIES TO-15 Analyst: WD
Decamethylcyclopentasiloxane-D5 3/14/2018 3:59:00 AM760 ug/m3 102600
Decamethyltetrasiloxane-L4 3/14/2018 3:59:00 AM640 ug/m3 10ND
Dodecamethylcyclohexasiloxane-D6 3/14/2018 3:59:00 AM910 ug/m3 10ND
Dodecamethylpentasiloxane-L5 3/14/2018 3:59:00 AM790 ug/m3 10ND
Hexamethylcyclotrisiloxane-D3 3/14/2018 3:59:00 AM450 ug/m3 10ND
Hexamethyldisiloxane-L2 3/14/2018 3:59:00 AM330 ug/m3 10ND
Octamethylcyclotetrasiloxane-D4 3/14/2018 3:59:00 AM610 ug/m3 10960
Octamethyltrisiloxane-L3 3/14/2018 3:59:00 AM480 ug/m3 10ND
Trimethyl silanol 3/14/2018 5:34:00 PM520 ug/m3 2812000

Qualifiers:   

Page 2 of 4

** Quantitation Limit . Results reported are not blank corrected
B Analyte detected in the associated Method Blank E Estimated Value above quantitation range
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limit
JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Limit of Detection
S Spike Recovery outside accepted recovery limits
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Project: Cedar Rapids

Client Sample ID: Cedar Rapids non-THP

Collection Date: 3/9/2018
Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: Bucknell University
Lab Order: C1803030

Lab ID: C1803030-003A

DF

Centek Laboratories, LLC Date: 19-Mar-18

Tag Number: 104

SILOXANE SERIES TO-15 Analyst: WD
Decamethylcyclopentasiloxane-D5 3/14/2018 6:44:00 PM2100 ug/m3 277300
Decamethyltetrasiloxane-L4 3/14/2018 6:09:00 PM250 ug/m3 4ND
Dodecamethylcyclohexasiloxane-D6 3/14/2018 6:09:00 PM360 ug/m3 4ND
Dodecamethylpentasiloxane-L5 3/14/2018 6:09:00 PM310 ug/m3 4ND
Hexamethylcyclotrisiloxane-D3 3/14/2018 6:09:00 PM180 ug/m3 4890
Hexamethyldisiloxane-L2 3/14/2018 6:09:00 PM130 ug/m3 4ND
Octamethylcyclotetrasiloxane-D4 3/14/2018 6:09:00 PM240 ug/m3 42700
Octamethyltrisiloxane-L3 3/14/2018 6:09:00 PM190 ug/m3 4ND
Trimethyl silanol 3/14/2018 6:44:00 PM520 ug/m3 278000

Qualifiers:   

Page 3 of 4

** Quantitation Limit . Results reported are not blank corrected
B Analyte detected in the associated Method Blank E Estimated Value above quantitation range
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limit
JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Limit of Detection
S Spike Recovery outside accepted recovery limits
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Project: Cedar Rapids

Client Sample ID: Cedar Rapids THP

Collection Date: 3/9/2018
Matrix: AIR

Analyses Result Qual Units Date Analyzed**Limit

CLIENT: Bucknell University
Lab Order: C1803030

Lab ID: C1803030-004A

DF

Centek Laboratories, LLC Date: 19-Mar-18

Tag Number: 7

SILOXANE SERIES TO-15 Analyst: WD
Decamethylcyclopentasiloxane-D5 3/14/2018 7:18:00 PM300 ug/m3 41900
Decamethyltetrasiloxane-L4 3/14/2018 7:18:00 PM250 ug/m3 4ND
Dodecamethylcyclohexasiloxane-D6 3/14/2018 7:18:00 PM360 ug/m3 4ND
Dodecamethylpentasiloxane-L5 3/14/2018 7:18:00 PM310 ug/m3 4ND
Hexamethylcyclotrisiloxane-D3 J 3/14/2018 7:18:00 PM180 ug/m3 4100
Hexamethyldisiloxane-L2 3/14/2018 7:18:00 PM130 ug/m3 4ND
Octamethylcyclotetrasiloxane-D4 3/14/2018 7:18:00 PM240 ug/m3 41900
Octamethyltrisiloxane-L3 3/14/2018 7:18:00 PM190 ug/m3 4ND
Trimethyl silanol 3/14/2018 7:53:00 PM520 ug/m3 2713000

Qualifiers:   

Page 4 of 4

** Quantitation Limit . Results reported are not blank corrected
B Analyte detected in the associated Method Blank E Estimated Value above quantitation range
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limit
JN Non-routine analyte. Quantitation estimated. ND Not Detected at the Limit of Detection
S Spike Recovery outside accepted recovery limits

Page 16 of 16
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December 6, 2018 
 
Attn: Mr. Eric Evans 
HDR, Inc. 
 
Re: Cedar Rapids WWTP, IA 
       Ovivo AnammoPAQ™ System 
       Proposal No. 071717-1-MG-R2 
 
Dear Mr. Evans, 
 
With regard to your recent request for the Cedar Rapids WWTP, IA, Ovivo USA, LLC is pleased to 
submit this preliminary proposal for its AnammoPAQ™ system. The system design is based on the 
influent high nitrogen stream at the Cedar Rapids WWTP, IA having a design flow of 0.23 MGD 
(before dilution) to achieve 80% Ammonia-N removal at a design temperature of 30 °C.  
 
Given the toxic/inhibitory effects of the THP-AD influent on the deammmonification system and 
significant impacts on system robustness and performance Ovivo-Paques recommends a flow scheme 
including pre-treatment ahead of deammonification using the Phospaq™ + Astraseparator™ systems, 
details of which are provided in the proposal. The additional benefit for the Phospaq™ pre-treatment 
is the option to address excess Sulfides as well as Phosphorus in the influent (for struvite mitigation 
and/or recovery), thereby providing an end to end, single point guarantee for both Nitrogen and 
Phosphorus for the sidestream.  
 
It is assumed that all equipment in the equalization tank including feed pumps will be by others. It is 
also assumed that heated 3:2 dilution water free of inhibitors and additional pollutant load will be 
provided (by others). 
 
We have endeavored to provide complete information in this proposal. However, if you have any 
questions or need additional information, please feel free to contact Matt, our regional sales 
representative, or me directly.  
   
Sincerely,  

 
Mudit Gangal 
Product Group Manager – Biosolids Management & Resource Recovery 
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INTRODUCTION  
 
The Cedar Rapids WWTP, MD is in the process of evaluating technologies for treatment of its high 
Nitrogen content side-stream to reduce the Ammonia-N load to help meet its effluent permits in an 
efficient manner. The design flows and loads required to be treated by using the Phospaq™ + 
AnammoPAQ™ treatment processes to reduce the Phosphorus and Ammonia-N concentration in the 
effluent stream being discharged to more acceptable limits are provided in Table 1 below. 
 
BASIS OF DESIGN  
 
The Phospaq™ + AnammoPAQ™ system design and performance is based on the design information 
provided by Hazen & Sawyer, Inc. Table 1 summarizes the parameters used for developing the 
proposed solution.  

 

Table 1: Design Parameters (Before Dilution and pre-treatment) 

Treatment Parameter Units Influent Treated 
Effluent 

Equalized Design Flow 
MGD 0.23  

(before dilution)  

Design Temperature °C 30 
 

sCOD mg/l < 2,000  
TSS mg/l < 1,000  
NH3-N mg/l 3,000 < 600 
Alkalinity mg/l > 13,000  
TP mg/l 400  
OP mg/l 350  
Sulfides mg/l 20  
pH - 7.0 to 7.8  

 

The design is based on the following assumption(s): 
• The influent flows are produced seven (7) days a week, twenty four (24) hours a day. 
• Equalization tank and associated ancillary equipment will be provided ahead of 

Phospaq™ + AnammoPAQ™ system, by others. 
• Heated clean dilution water (of temperature greater than or equal to sidestream 

temperature) will be made available. 
 



CEDAR RAPIDS WWTP, IA| DECEMBER 6, 2018|  

 

 
© Copyright 2017 OVIVO. All rights reserved. 

This document is confidential and shall remain the sole property of Ovivo. This document may not be reproduced or distributed without prior written approval of Ovivo. The data 
and information provided is furnished on a restricted basis and is not to be used in any way detrimental to the interests of Ovivo 

THIS BUDGETARY PROPOSAL CONSTITUTES A NON-BINDING ESTIMATE OF PRICE(S) FOR CERTAIN GOODS AND/OR SERVICES THAT MAY BE PROVIDED BY OVIVO USA FROM TIME TO TIME, BUT SHALL NOT 
BE CONSTRUED AS AN OFFER BY OVIVO USA TO PROVIDE SUCH GOODS AND/OR SERVICES. 

 

The Cedar Rapids WWTP, IA Phospaq™ + AnammoPAQ™ system was designed using extensive 
modeling and experience from Ovivo’s pilot and full-scale installations. The modeling assists in 
process selection and determining the optimal volumes for treatment and the overall process 
operating parameters.  
 
 
OVIVO-PAQUES PHOSPAQTM EXPERIENCE  
The Ovivo PHOSPAQ™ system currently has over 11 operating Phosphorus removal and recovery 
systems worldwide.  Further, Ovivo’s PHOSPAQ™ installation base cumulatively treats globally 
Phosphorus loads in excess of 11,000 lbs N/d with installations in operation for over 10 years, which 
is second to none.   
 

 
 

Figure 1: Modular PHOSPAQ™ setup at Lomm, The Netherlands (275 lbs P/day) 

 
OVIVO-PAQUES ANAMMOPAQTM EXPERIENCE  
The Ovivo-Paques AnammoPAQ™ system currently has over 50 operating nitrogen removal 
deammonification systems worldwide including those with THP-AD pre-treatment.  Further, Ovivo’s 
AnammoPAQ™ installation base cumulatively treats globally Nitrogen loads in excess of 250,000 lbs 
N/d, which is second to none.  This is estimated to be around 80% of all Ammonia-N load currently 
treated in engineered systems utilizing anammox bacteria worldwide. 

 
 

Figure:2 Modular AnammoPAQTM setup at Rendac, The Netherland (13,000 lds N/day) 
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TREAMENT APPROACH 
 
PRE-TREATMENT SYSTEM - STAGE 1: PHOSPAQ™ 
PHOSPAQ™ is a process for removal of phosphate by means of controlled struvite precipitation. In this 
way it is possible to remove and recover relative large quantities of phosphate from wastewater and 
make it available as a useful fertilizer product.  The PHOSPAQ™ system also offers an excellent pre-
treatment for THP-AD effluent ahead of deammonification systems as has been seen in our full scale 
installations globally. In combination with Astraseparator tilted plate separator system, the process 
helps effectively oxidize the organics, sulfides and also helps remove flocculant material and excess 
solids/polymer upstream of the deammonification process itself, thereby protecting the 
AnammoPAQ™ system and maintaining optimum activity and system robustness. Also having the 
Phospaq™ pre-treatment system provides the option of addressing the excess influent Phosphorus 
removal for struvite mitigation and/or removal. 
 

  
 
In the PHOSPAQ™ reactor, wastewater is pre-treated aerobically. Ortho-phosphate (PO4

3-) and 
ammonium (NH4

+) are removed from the wastewater by precipitation with magnesium (Mg2+). 
Simultaneously organic compounds (COD) are biologically oxidized to CO2 gas. This helps remove the 
organic compounds which would have otherwise led to heterotrophic competition in the 
deammonification system affecting optimal operation as well as removing potentially inhibitory 
compounds which would otherwise affect the deammonification system performance. Hence, having 
pre-treatment is always recommended in case of THP-AD sidestream treatment. 
 
By dosing magnesium (Mg2+, as MgO) into the PHOSPAQTM reactor, magnesium, ortho-phosphate 
(PO4

3-) and ammonium (NH4
+) precipitate as struvite (MgNH4PO4.6H2O or MAP), if the concentrations 

of these three components exceed the chemical equilibrium.  
 
The PHOSPAQ™ reactor can be described as an aerated crystallization reactor where phosphorous 
and residual COD removal is combined. Under addition of MgO, phosphate is removed by 
precipitation as struvite. 
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Struvite is discharged from the bottom of the reactor via several discharge strands leading to a 
dewatering unit. Water and small solids are separated and fed back to the PHOSPAQ™ reactor. The 
dewatered struvite is stored in a conventional container (skip) where further dewatering takes place 
before it is transported. 

In the PHOSPAQ™ reactor as the struvite is kept in suspension by aerated mixing, the organic 
compounds (COD) are converted to new biomass and CO2. The reactor consists of 3 main 
compartments:  

• the aerated mixing section 
• the settler section for struvite retention 
• the struvite discharge (harvesting) 

 

 
Figure 3: PHOSPAQ™ Working Principle 

 
 
PRE-TREATMENT SYSTEM - STAGE 2: ASTRASEPARATOR® 
 
The ASTRASEPARATOR® is a compact settling system based on inclined plate clarification technology 
developed to remove solids from wastewater. The settling system combines compactness with 
trouble free operation and minimum maintenance allowing suspended solids removal in a simple and 
effective way. The ASTRASEPARATOR® system acts as an excellent intermediate step ahead of 
deammonification by removing the attenuated colloidal inhibiting compounds from the PHOSPAQ™ 
pre-treatment as well as any flocculent solids/biomass and excess polymer, thereby protecting the 
downstream ANAMMOPAQ™ system and helping with optimal and robust design of the 
deammonification system and has proven itself in full scale THP-AD based applications globally. 



CEDAR RAPIDS WWTP, IA| DECEMBER 6, 2018|  

 

 
© Copyright 2017 OVIVO. All rights reserved. 

This document is confidential and shall remain the sole property of Ovivo. This document may not be reproduced or distributed without prior written approval of Ovivo. The data 
and information provided is furnished on a restricted basis and is not to be used in any way detrimental to the interests of Ovivo 

THIS BUDGETARY PROPOSAL CONSTITUTES A NON-BINDING ESTIMATE OF PRICE(S) FOR CERTAIN GOODS AND/OR SERVICES THAT MAY BE PROVIDED BY OVIVO USA FROM TIME TO TIME, BUT SHALL NOT 
BE CONSTRUED AS AN OFFER BY OVIVO USA TO PROVIDE SUCH GOODS AND/OR SERVICES. 

 

                                                    
Figure 4: ASTRASEPARATOR® Working Principle 

 
The water containing suspended solids is fed (1) into the inlet compartment (2) of the 
ASTRASEPARATOR®. It flows into the tank and enters the plate pack through the inlet slots (3). The 
plate pack (4) consists of a number of flat plates, which are positioned at an angle. The total settling 
area and the plate distance are determined by the sludge settling characteristics. During the upward 
(laminar) transport of water (6), the sludge settles on the plates (5) and the clean water leaves the 
ASTRASEPARATOR® through the outlet duct (7) and outlet nozzle (8). The special design of this duct 
promotes high settling efficiencies. The sludge on the plates flows downwards (5) as counter current 
to the water flow (6). The water inlet at the sides of the plate pack promotes unhindered sludge flow, 
preventing the accumulation of sludge and possible plugging between the plates. The sludge is 
collected in the sludge hopper (9), where further thickening takes place. The configuration of the 
sludge hopper enables a homogeneous sludge discharge (10). 
 
SIDESTREAM DEAMMONIFICATION TREATMENT 
  
In the AnammoPAQ™ reactor, ammonium is converted to nitrogen gas. The reaction is executed by 
two different bacteria, which coexist in the reactor.  Ammonium oxidizing bacteria (AOB) oxidize 
about half of the ammonium to nitrite.  Anammox bacteria then convert the remaining ammonium 
and nitrite, into nitrogen gas.  The overall reaction of the one step AnammoPAQ™ reactor is: 
 

NH4
+ + 0.85O2  →  0.45N2 + 0.1NO3

- + 1.1H+ 
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The deammonification conversion thus is an elegant shortcut in the natural nitrogen cycle.  A key 
feature of the AnammoPAQ™ system is that ammonium is removed from the reject water stream in 
one treatment step without the use of external carbon sources and with minimal energy input. 
 

 
 
 

            
 

 
The AnammoPAQ™ reactor is a continuously fed and aerated tank, equipped with Ovivo’s patented 
biomass retention system. The aeration provides for rapid mixing of the influent with the reactor 
content, intense contact with the biomass and oxygen supply to drive the conversion.  This process is 
based on granular biomass. The aeration is controlled in order to selectively convert ammonium to 
nitrogen gas. Around 10% of the ammonium is converted into nitrate. The treated wastewater leaves 
the reactor via the biomass retention system at the top of the reactor.  
 
The granular biomass is separated from the cleaned wastewater, assuring high biomass content in 
the reactor. Together with the dense conversion properties typical for granular biomass, the high 
biomass content provides for high loading/conversion rates and therefore a small reactor volume. 
  

AnammoPAQ™ PROCESS ADVANTAGES 

Main benefits of implementing the AnammoPAQ™ system for Nitrogen removal are the significant 
savings on operational costs and environmental impact compared to conventional and alternative 
deammonification systems. These include: 
 

• Aeration Energy Savings (over 60%) 
• Elimination of external Carbon source (100% saving)  
• Reduction in sludge production (up to 90%) 
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• Compact footprint  
• High Loading Rates 
• Reduction in CO2 emission 
• Limited chemical consumption 
• Fast start up due to inoculation with granular biomass 
• Robust process: Tolerant to presence of toxic chemicals  
• Ability to handle high suspended solids in influent 

 

 
Anammox Granular Biomass 

 
 

            
             

Biosolids Digestion/Pre-Treatment 
 

Sidestream Treatment System 
 

            Figure 5: Complete Sidestream Treatment Solution Process Flow Diagram 
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PHOSPAQ™-ASTRASEPARATOR® PROCESS DESIGN 

The pre-treatment system for the Cedar Rapids WWTP, IA has been designed using proprietary 
models to perform process selection and to determine essential operating parameters.  

A summary of the PHOSPAQ™-ASTRASEPARATOR® system design is provided in Table 2. This table 
demonstrates the volume required to achieve desired effluent PO4-P reduction, and provides 
associated process design details.  

 

Table 2. Design Summary 
Treatment Parameter Unit Design 

Equalized Design Flow  MGD 0.23 (before 
dilution) 

No. of ASTRASEPARATOR® Units # 2 
Water Level1 ft 12.6 
Footprint ft2 146 
Total No. of PHOSPAQTM Reactors # 2 
Total Volume of PHOSPAQTM System Gallons 83,000 
PHOSPAQTM Reactor Length (each) ft 22 
PHOSPAQTM Reactor Width (each) ft 22 
PHOSPAQTM Reactor SWD ft 23 
Air Flow scfm 1,125 

1Unit needs to be elevated (on pedestals, by others) by 8.7 ft. 
 

AnammoPAQ™ PROCESS DESIGN 

The system for the Cedar Rapids WWTP, IA has been designed using proprietary models to perform 
process selection and to determine essential operating parameters.  

A summary of the AnammoPAQ™ system design is provided in Table 2. This table demonstrates the 
volumes required to achieve desired effluent Ammonia-N reduction, and provides associated process 
design details.  

Table 3. Design Summary 
Treatment Parameter Unit Value 

Equalized Design Flow MGD 0.23 (before dilution) 
Total No. of AnammoPAQTM Reactors # 2 
Volume of AnammoPAQTM Reactors (each) Gallons 240,000 
AnammoPAQTM Reactor Length ft 40 
AnammoPAQTM Reactor Width ft 40 
AnammoPAQTM Reactor SWD ft 20 
Air Flow scfm 3,325 
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SCOPE 
 
SCOPE OF SUPPLY  
The following table outlines the Ovivo Phospaq™ + AnammoPAQ™ system scope of supply for the 
proposed project.  
 

Scope of Supply - PhosPAQ™+Astraseparator® 
Item Qty Description 

1 2 ASTRASEPARATOR® Tilted Plate Separator System (tank and plate 
packing) 

2 2 

PHOSPAQ™ reactor internals (suitable for each 0.083 MGal tank – 
tank by others) 

• 1 x Type 17 Settler and support construction 
• Coarse Bubble aeration system with diffusers, risers, basin 

piping for c/w drop legs, flanged diffuser pipes, mounting 
brackets and connection fasteners (Capacity: 575 scfm) 

• Piping for aeration, influent, effluent, struvite sampling 

3 3 (2+1) Process Air Blowers for PHOSPAQ™; Capacity: 575 scfm each at 11.5 
psig  

4 Lot Controls and Instrumentation (Flow, PO4-P, pH, T) 
Scope of Supply - AnammoPAQ™ 

Item Qty Description 

1 2 

AnammoPAQ™ reactor internals (suitable for each 0.24 MGal tank – 
tank by others) 

• 1 x Type 17 Settler and support construction 
• Fine Bubble aeration system with diffusers, basin piping for 

c/w drop legs, flanged diffuser pipes, mounting brackets and 
connection fasteners (Capacity: 1,675 scfm) 

• Piping for aeration, influent, effluent, biomass sampling 
2 3 (2+1) Process Air Blowers for AnammoPAQ™; Capacity: 1,675 scfm each 
3 Lot Anammox granular biomass 
4 Lot Controls and Instrumentation (NH4+, NO3-, NO2-, DO, pH, T) 

Common Scope Items  
5 2 Sets of O&M Manuals 
6 2 Sets of Detailed Shop Drawings 

7 30 Service Days, to inspect equipment installation, test all supplied 
components, assist in start-up and train plant personnel. 
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ITEMS BY OTHERS 
 
The following items are specifically not by Ovivo. They may or may not be required. 
 

Items Not Included 
Air Main Piping and all accessories   including 
valves, bolts gaskets and connectors for 
attaching to drop pipes 

Motor Control Center (MCC) 

Chemical Feed Systems for alkalinity 
correction, magnesium oxide, nutrients, 
methanol and defoamer 

Non-potable water supply 

Chemicals for operation: Including methanol, 
nutrients, alkaline solution, defoamer 

Overflow structures including baffles and 
weir plates 

Cleanouts Power 

Concrete Pre-treatment systems for deammonification 
system 

Drains Sludge handling and disposal 
Dryers Struvite dewatering systems and pelletizers 

Engines/Generators Struvite Cleaning/Washing Systems like 
Hydrocyclones 

Equalization Tank equipment Struvite removal and Sludge withdrawal 
Pumps 

Foam control Support Platforms 

Hoses /Bibs Tanks (and modifications to tankage – 
existing or new) 

Influent/Feed Pumps Transformers 
Interconnecting Piping Valves – Manual and Automatic 

Laboratory Variable Frequency Drives for blowers and 
pumps 

Ladders (caged or other types) and Handrails Ventilation 
Lighting Walkways/Roofing/Stairs/Gratings/Handrails 
Liquid sampling and analytical work Wireways/Wiring 
Local control panels for blowers etc. Yard Hydrants 
Mixers Yard Piping 
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ADDITIONAL ITEMS BY INSTALLING CONRACTOR  

1 Obtain necessary construction permits and licenses, construction drawings (including 
interconnecting piping drawings) field office space, telephone service, and temporary 
electrical service. 

2 All site preparation, grading, locating foundation placement, excavation for foundation, 
underground piping, conduits and drains. 

3 Demolition and/or removal of any existing structures, equipment or facilities required for 
construction and installation of the AnammoPAQ™ system. 

4 Installation of all foundation - supply and installation of all embedded or underground piping, 
conduits and drains. 

5 All backfill, compaction, finish grading, earthwork and final paving. 

6 Receiving (preparation of receiving reports), unloading, storage, maintenance preservation 
and protection of all equipment and materials supplied by Ovivo. 

7 Installation of all equipment and materials supplied by Ovivo. 

8 Supply, fabrication, installation, cleaning, pickling and/or passivation of all interconnecting 
steel piping components. 

9 Provide and install all embedded pipe sections and valves for tank drains and reactor inlets 
and elbows. 

10 All cutting, welding, fitting and finishing for all field fabricated piping. 

11 Supply and installation of all flange gaskets and bolts for all piping components. 

12 Supply and installation of all pipe supports and wall penetrations. 

13 Install and provide all motor control centers, motor starters, panels, field wiring, wireways, 
supports and transformers. 

14 Install all control panels and instrumentation as supplied by Ovivo, as applicable. 

15 Supply and install all electrical power and control wiring and conduit to the equipment served 
plus interconnection between the Ovivo equipment as required, including wire, cable, junction 
boxes, fittings, conduit, cable trays, safety disconnect switches, circuit breakers, etc. 

16 Supply and install all insulation, supports, drains, gauges, hold down clamps, condensate drain 
systems, flanges, flex pipe joints, expansion joints, boots, gaskets, adhesives, fasteners, safety 
signs, and any specialty items such as traps. 

17 All labor, materials, supplies and utilities as required for start-up including laboratory facilities 
and analytical work. 

18 Provide all chemicals required for plant operation and all chemicals, lubricants, glycol, oils or 
grease and other supplies thereafter. 
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19 Install all anchor bolts and mounting hardware supplied by Ovivo; and supply and install all 
anchor bolts and mounting hardware not specifically supplied by Ovivo. 

20 Provide all nameplates, safety signs and labels. 

21 Provide all additional support beams and/or slabs. 

22 Provide and install all manual valves. 

23 Provide and install all piping required to interconnect to the Ovivo’s equipment. 

24 The Contractor shall coordinate the installation and timing of interface points such as piping 
and electrical with the Ovivo Supplier. 

 
All other necessary equipment and services not otherwise listed as specifically supplied by Ovivo. 
 
  



CEDAR RAPIDS WWTP, IA| DECEMBER 6, 2018|  

 

 
© Copyright 2017 OVIVO. All rights reserved. 

This document is confidential and shall remain the sole property of Ovivo. This document may not be reproduced or distributed without prior written approval of Ovivo. The data 
and information provided is furnished on a restricted basis and is not to be used in any way detrimental to the interests of Ovivo 

THIS BUDGETARY PROPOSAL CONSTITUTES A NON-BINDING ESTIMATE OF PRICE(S) FOR CERTAIN GOODS AND/OR SERVICES THAT MAY BE PROVIDED BY OVIVO USA FROM TIME TO TIME, BUT SHALL NOT 
BE CONSTRUED AS AN OFFER BY OVIVO USA TO PROVIDE SUCH GOODS AND/OR SERVICES. 

 

BUDGET PRICE 

Our current budget estimate price for the Phospaq™ + AnammoPAQ™ system, as described in this 
proposal is: 
 

Description Price 

AnammoPAQ™ + PhosPAQ™ + Astraseprator® 
system as described above As Advised by Rep 

 
NOTES –  
 
1. Our Price and Payment Terms are based on Ovivo's standard terms and conditions, which can be 

provided upon request. 
2. This price will be valid for thirty (30) days. 
3. All prices are excluding Iowa state sales and use taxes and any federal taxes which shall be the 

sole responsibility of the Client. No additional duties will have to be paid for the equipment 
supplied by Ovivo.  

4. Pricing is subject to the London Metal exchange index for stainless steel rolled coil calculated 
from the original proposal date and is in accordance with the Scope of Supply and terms of this 
proposal and any changes may require the price to be adjusted. 

 
Shipping Terms 

FOB Shipping Point, Full Freight Allowed 
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• Sidestreams from anaerobic digestion while representing only about 1% to 3%
of the flow to the mainstream, can contain 10% to 25% of the Phosphorus load,
with concentrations often in excess of 100 mg/L PO4-P

• Thermal Hydrolysis Process (THP) in biosolids management and Biological
Phosphorus (Bio-P) Removal in main treatment works can significantly increase
the Phosphorus content in the sidestreams

• Strict BNR Phosphorus limits and struvite issues in the plant due to cycling of
Phosphorus between and mainstream and sidestreams

• Conventional Phosphorus removal methods consume large amounts of
chemicals while generating high amounts of waste sludge while also severely
depleting the alkalinity of the sidestream

The PHOSPAQTM ADVANTAGE

• Flexibility of design – Can do just
Phosphorus removal or upgrade to
recovery as well

• Low O&M Costs

• Simple and compact construction

• Enhanced Struvite precipitation with free
BOD and Sulfides removal

• Longest experience with large reference
base

THE CHALLENGE

THE OVIVO SOLUTION

The PHOSPAQTM process addresses a critical need of struvite mitigation at 
plants with high levels of Phosphorus in their sidestreams (typically due to 
Biological Phosphorus (Bio-P) Removal or Thermal Hydrolysis Processes 
(THP) in their treatment schemes). The process can further be enhanced to 
include Phosphorus recovery in the form of a slow release fertilizer i.e. struvite 
formed as a byproduct in the process which can be used as an additional source 
of revenue for the plant. Additionally, the system provides an excellent protective 
pre-treatment step ahead of deammonification particularly for plants with THP 
by eliminating inhibitory and competition inducing organic compounds and 
Sulfides thereby allowing for optimization and uninterrupted operation of the 
downstream process without the need to add additional chemicals.

Municipal
BIOSOLIDS 

MANAGEMENT

ovivowater.com info@ovivowater.com

Option to implement Phosphorus removal only

Phosphorus recovery produces a coarse slow release 
fertilizer product, an added revenue stream

No additional alkalinity addition and no excessive 
sludge production

Free organics and Sulfides removal

PHOSPAQ™ PROCESS
SUSTAINABLE PHOSPHORUS REMOVAL 
AND RECOVERY

HOW WE CREATE VALUE

Cost effective removal or recovery of Phosphorus as 
Magnesium Ammonium Phosphate (struvite)

© 2017 Ovivo Inc. All Rights Reserved.



Worldwide Experts
in Water Treatment

CONTACT

1-855-GO-OVIVO
info@ovivowater.com
www.ovivowater.com

Municipal
BIOSOLIDS 

MANAGEMENT

OPERATING PRINCIPLE

The PHOSPAQTM process comprises an aerated tank to which 
the Nitrogen and Phosphorus rich sidestream is added. 
Magnesium Oxide or Magnesium Hydroxide is used to provide 
the Magnesium content to form Magnesium Ammonium 
Phosphate (MAP) aka Struvite. Air is primarily added to mix the 
tank but also helps strip out the Carbon Dioxide increasing the pH 
thereby aiding formation of MAP while also providing free 
BOD removal. The aeration further helps with the 
crystallization process and as the crystals grow and become 
heavier and pass through the specially designed separator, the 
heavier crystals settle into the tank (to be withdrawn from the 
bottom), while the cleaned effluent leaves through the top of 
the separator. The withdrawn struvite can just be dewatered with a 
drain belt, mixed with biosolids and disposed in case of the 
removal configuration. Alternately, additional unit processes 
can be added to further increase the dry matter content of the 
struvite enabling recovery as a bespoke fertilizer (typically coarse 
crystals with average diameter 0.7 mm).

HOW IT WORKS

10 Years of Operational data for the Olburgen WWTP, 
Netherlands

Phosphorus rich influent

Magnesium Oxide/Hydroxide feed

Treated effluent

Struvite removal

Coarse bubble diffused aeration system

1

1

2
2

3 3

4
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MgO

Air
Struvite

MgNH4PO4-6H2O

MAP
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Objective: 
 

 Evaluate feasibility of utilizing autotrophic organisms to drive denitrification anoxic zone; 

e.g. Thiobacillus denitrificans and Thiomicrospira denitrificans 

 Determine design basis for autotrophic denitrification at scale 

 Quantify denitrification rates and stoichiometry to determine reactor size and sulfide: nitrate 

ratio needed 

 Evaluate sulfur and nitrogen mass balance of reactor 

 Microbial analysis of autotrophic denitrifiers 

 

Background: 

 

A laboratory scale test was conducted for the Cedar Rapids Water Pollution Control Facility in 

order to test and evaluate the feasibility and practicality of exploiting autotrophic denitrificatin as 

part of a nutrient reduction strategy currently being evaluated within the overall nutrient 

reduction and solids facility planning effort. For this work, Cedar Rapids waste streams were 

tested in an anoxic reactor, and the extent of denitrification (both heterotrophic and autotrophic) 

was measured. An evaluation of loading rates, reaction rates, and reaction stoichiometry was 

conducted to provide a basis for further planning and design refinement. 

 

 

Sequencing batch reactor (SBR)  

 

A laboratory test system was installed using a New Brunswick, Bioflo III Fermenter as shown in 

Figure 1. This system was operated as a sequencing batch reactor (SBR) with controlled gas 

headspace to evaluate autotrophic denitrification producing nitrogen gas from nitrate reduction. 

The feed solution composition for the SBR is shown in Table 1 and Table 2. In this feed solution, 

thiosulfate was the source of electron donor for the autotrophic denitrifiers.  

 

Table1. Composition of feed solution 

Chemical Concentration 

KNO3 3.0 g/L 

Na2S2O3 5H2O 6.0 g/L 

Na H CO3 1.5 g/L 

Na2HPO4 1.5 g/L 

KH2 PO4 0.3 g/L 

MgSO4 7H2O 0.4 g/L 

Nutrient stock solution (as shown in Table 2) 1mL/L 

 

 

 



 

 

Table2. Composition of nutrient stock solution 

Chemical Concentration 

NH4Cl 5.74 g/L 

K2HPO4 5.6 g/L 

FeCL2 5H2O 1.0 g/L 

MnSO4 5H2O 1.0 g/L 

CaCl2 1.0 g/L 

 

 

 
Figure 1. SBR bioreactor 

 



 

 

The SBR system was operated at a 48 hour HRT at 35 oC. After Day 4, the SBR started to 

produce gas, and around Day 10 the alkalinity from SBR effluent dropped to around 600 mg/L as 

CaCO3. The pH decreased to 7 after denitrification was established in the reactor and remained 

within the range of 7-8. The alkalinity and pH in the SBR effluent continued to maintain similar 

values after the system had achieved consistent performace as shown in Figure 2.  

 

 
Figure 2. pH and Alkalinity of SBR effluent (Day 0 corresponds to September 19, 2017) 

 

 

Figure 3 shows the nitrate-nitrogen, nitrite-nitrogen concentration in SBR effluent and its 

removal efficiency. The nitrate concentration in the feed solution was 415 mg/L as nitrate-

nitrogen. The nitrite concentration was less than 1.0 mg/L as nitrite-nitrogen after the shark 

increase in the start-up period owing to the activity of nitrite reducing bacteria. The nitrate 

concentration in the effluent was 5-20 mg/L at steady state. During the days between 56 and 76, 

the thiosulfate concentration in the influent was reduced to 80% of the feed solution recipe in 

Table 1 to evaluate thiosulfate as a limiting nutrient (electron donor). After reducing the 

thiosulfate concentration, the nitrate concentration gradually increased to 38 mg/L as nitrate-

nitrogen. However, it recovered to less than 20 mg/L as nitrate-nitrogen when the thiosulfate 

concentration in influent was returned back to 3,900 mg/L as S2O3.  The overall removal 

efficiency of nitrate was above 95% except during the start-up period.  

 

The sulfate-sulfur concentration (SO4-S) in the SBR effluent was above 1,300 mg/L as SO4 

owing to the consumption of thiosulfate by autotrophic denitrifiers (Figure 4). After the start-up 

period, the sulfate concentraion increased and maintained similar values except the days between 

56 and 76 when the thiosulfate concentration in the influent was reduced.  During this period the 

corresponding sulafte concentration in the effluent also decreased.  
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Figure 3. Nitrate, nitrite concentration in SBR effluent and removal efficiency (Day 0 

corresponds to September 19, 2017) 

 

 
  

Figure 4. Sulfate and nitrate concentration in SBR effluent (Day 0 corresponds to 

September 19, 2017) 
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Since there was little active denitrification in the SBR during the start-up period, little or no gas 

production was produced until Day 10 as shown in Figure 5. After Day 10, nitrogen removal 

efficiency increased to 95 % (Figure 3), which corresponded to an increase in the gas production. 

The biogas production was stable at around 400 mL/d. The hydrogen sulfide concentration in the 

produced gas was 600-700 ppm. The remainder of the gas was assumed to be nitrogen.  

 

 
Figure 5. Cumulative gas production of SBR system (Day 0 corresponds to September 19, 

2017) 

 

 

 

 

 

 

Static Granular Bed Reactor (SGBR) Phase I  

 

A continuous feed granular system using the static granular bed reactor (SGBR) was installed 

and operated as shown in Figure 6. Although this reactor configuration was previously developed 

for anaerobic treatment systems, it was proposed as a possible alternative configuration for 

anoxic treatment due to its ability to retain and grow granular biomass.  This reactor was fed the 

same synthetic feed solution with the same recipe as shown in Table 1 and Table 2.  
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Figure 6. SGBR bioreactor 

 

Figure 7 shows the variation in pH and alkalinity in the SGBR effluent. The SGBR system was 

operated at a 48 hour HRT with synthetic feed solution at 35 oC until Day 100 (Day 0 

corresponds to October 28, 2017). After the start-up period, the alkalinity in the SGBR effluent 

decreased to around 700 mg/ L as CaCO3 owing to the alkalinity consumption by denitrification. 

The effluent pH also dropped after start-up period and maintained to around pH 7-8.  

 

 



 

 

 
Figure 7. pH and Alkalinity of SGBR effluent at 48 h HRT (Day 0 corresponds to October 

28, 2017) 

 

Figure 8 shows the nitrate-nitrogen and nitrite-nitrogen concentration in the SGBR effluent and 

the corresponding removal efficiency. The nitrate concentration in the feed solution was 415 

mg/L as nitrate-nitrogen.  Until Day 11, the nitrate concentration in the effluent could not be 

measured owing to the interference from the high concentration of thiosulfate. At this time, 

nitrite concentration in the effluent gradually decreased from 24 mg/L to 0.9 mg/L. After this 

start-up period, the nitrate concentration in effluent was able to be measured as shown in Figure 

8. Similar to the SBR system, the SGBR also showed the nitrate concentration in effluent 

gradually decreased to around 10 mg/L as nitrate-nitrogen. The overall nitrate removal efficiency 

was above 95%.   

 

Figure 9 shows the variation of sulfate sulfur concentration (SO4-S) and nitrate concentration in 

the SGBR effluent. As the nitrate concentration reduced, the sulfate-sulfur concentration 

increased owing to more nitrate usage by the autotrophic denitrifying biomass. After day 14, the 

thiosulfate concentration in feed solution was reduced to 70% from initial concentration. The 

sulfate-sulfur concentration in effluent was close to the theoretical value.  
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Figure 8. Nitrate, nitrite concentration in SGBR effluent and removal efficiency at 48 h 

HRT (Day 0 corresponds to October 28, 2017) 

 

 

 
Figure 9. Sulfate concentration in SGBR effluent at 48 h HRT (Day 0 corresponds to 

October 28, 2017) 
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Batch Test 

 

After 3 months of establishing autotrophic denitrification in the SGBR, the feed solution was 

switched from synthetic wastewater to Cedar Rapid plant effluent. The Cedar Rapid plant 

effluent and UASB effluent had 4.1 mg/L as nitrate-nitrogen and less than 0.5 mg/L as sulfide, 

respectively. Therefore, adiitional nitrate and sulfide was added to the mixture of those effluents. 

Since 25 mg/L as nitrate-notrogen was targeted for the nitrate feed, several batch tests were 

performed to evaluate the optimum ratio between nitrate and thiosulfate for autotrophic 

denitrification and possible interference by heterotrophic denitrification. . As shown in Figure 

10, batch test was performed with 50 mL of Pland effluent, 50 mL of UASB effluent, and 50mL 

of SBR biomass. There were three sets of batch test with different thiosulfate concentration as 

shown in Table 3.  

 

 
Figure 10. Batch test configuration 

 

Table 3. Nitrate and thiosulfate concentration in batch test set 

 Test A1 Test A2 Test A3 

Nitrate 25mg/L 25mg/L 25mg/L 

Thiosulfate 292 mg/L 388 mg/L 486 mg/L 

 

The batch test was performed at 35 oC for 48 hours and serum bottles were shaken continuously 

using a platform shaker (Innova Flatform Shaker, model #2300, New Brunswick Scientific) at 

120 rpm. Table 4 shows the nitrogen and sulfate concentration in the supernatant from each 

serum bottle.  



 

 

Table 4.  Results of Batch test 

 
Nitrate 

(mg/L as NO3-N) 
Sulfate 
(mg/L ) 

Nitrite 
(mg/L as NO2-N) 

A1-1 6.0 780 0.8 

A1-2 6.8 760 0.9 

A2-1 3.4 810 0.8 

A2-2 2.5 850 0.8 

A3-1 3.8 800 0.9 

A3-2 3.0 830 0.8 

  

Test A1 had highest nitrate concentration compared to other two test sets. Test A2 and A3 

showed similar nitrate concentration even if A3 had higher thiosulfate concentration value of 486 

mg/L. Therefore, 388mg/L were decided to be used for the thiosulfate concentration 

corresponding with 25mg/L of nitrate nitrogen in the mixture of Cedar Rapid Plant effluent and 

UASB effluent.  

 

 

 

Static Granular Bed Reactor (SGBR) Phase II  

 

After the batch test to determine the ratio between thiosulfate and nitrate, the feed solution for 

SGBR was changed to the mixed solution with Cedar Rapid plant effluent and UASB effluent. 

Table 5 shows the characteristic of the mixed influent. After achieving steady state, the HRT of 

SGBR was also changed from 48 hours to 36 and 24 hours to evaluate hydraulic lading rate of 

this study.  

 

 

Table 5. Characteristics of SGBR influent using Cedar Raid plant effluent and UASB 

effluent. 

 
Nitrate 

(mg/L as NO3-N) 

Thiosulfate 

(mg/L as S2O3) 
pH 

Alkalinity 

(mg/L as CaCO3) 

values 29  388 8.11 1,220 

 

 

Figure 10 shows the variation of pH and alkalinity in SGBR effluent. After Day 100, the feed 

solution was changed to the mixed solution with Cedar Rapid plant effluent and UASB effluent. 

After Day 100, alkalinity increased to 1100 mg/L as CaCO3 due to lower nitrate concentration 

compared to the previous synthetic feed solution. After the HRT was changed to 36 hours from 

48 hours, the SGBR showed a slight increase in pH and alkalinity owing to the small decrease of 

autotrophic denitrification. However, pH and alkalinity were returned back to previous values 

after recovering the denitrification activity.  When the HRT was changed to 24 hours, there was a 

similar pH and alkalinity decrease.       

 



 

 

 
 

Figure 10. pH and Alkalinity of SBR effluent in Phase II (Day 0 corresponds to October 28, 

2017) 
 

 

Figure 11 shows the nitrate and nitrite concentration in SGBR effluent and its removal efficiency 

including the Phase II period. After the feed solution was changed to the mixture of Cedar Rapid 

plant effluent and UASB effluent, the nitrate concentration in the effluent decreased to 2.2 mg/L 

owing to the lower nitrate concentration (29 mg/L as NO3-N) in the influent. However, the 

removal efficiency slightly decreased to 93 %. When the HRT was reduced to 36 hours from 48 

hours and 24 hours from 36 hours, the nitrate concentration increased to above 5 mg/L in several 

days. The nitrogen removal efficiency was also below 90 % at this point. However, it recovered 

to above 90% removal efficiency with around 2 mg/L of nitrate concentration after 7-10 days 

from the HRT changing date.   

 

Because thiosulfate concentration in the influent was more than 10 times less than the previous 

feed solution, the sulfate sulfur concentration (SO4-S) in the effluent was also changed to around 

130 mg/L as SO4-S as shown in Figure 12. The sulfate concentration in SGBR effluent also 

fluctuated slightly when the HRT decreased. However, it remained similar to the value of the 

theoretical sulfate concentration during steady state. Therefore, the SGBR demonstrated 

consistent autotrophic denitrification with the wastewater from the Cedar Rapid plant at 24 hours 

of HRT.     

 

 

0

200

400

600

800

1000

1200

1400

1600

0

1

2

3

4

5

6

7

8

9

10

0 50 100 150 200

A
lk

al
in

it
y 

(m
g/

L 
as

 C
a 

C
O

3
)

p
H

Days

pH

Alk

48 h HRT 36 h 24 h



 

 

 
Figure 11. Nitrate, nitrite concentration in SGBR effluent and removal efficiency in Phase 

II (Day 0 corresponds to October 28, 2017) 
 

 

 
Figure 12. Sulfate concentration in SGBR effluent in Phase II (Day 0 corresponds to 

October 28, 2017) 
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 Microbial Community Study 

 

The make-up of the microbial community is important for autotrophic denitrification to occur. 

Thiobacillus, Sulfurovum and Shinella bacteria are the common types of autotrophic denitrifiers 

seen in the autotrophic denitrification process. Qian et. al. (2016) found that Thiobacillus 

bacteria accounted for 34.2% of all bacteria when thiosulfate was utilized as the electron donor 

during autotrophic denitrification in an anoxic up-flow sludge bed reactor (AnUSB). They also 

reported that Sulfurovum and Shinella bacteria was detected as 4.3% and 2.2%, respectively, in 

the AnUSB. Beside, Inagaki et al. (2004) commented that Sulfurovum bacteria was able to oxide 

thiosulfate to sulfate during denitrification process for the sake of chemo-lithoautrophic growth. 

Bai et al. (2009) reported that Shinella was another species that could undertake autotrophic 

denitrification. 

 

Table 6 shows the results from the MiSeq analysis for Thiobacillus and Shinella bacteria 

contained in feed biomass samples in the SBR. There were not significant concentrations of 

Thiobacillus bacteria measured in the biomass from the sulfide scrubber and the anaerobic 

granules from the UASB. However, there were 0.21% Thiobacillus bacteria detected in the 

biomass from the sulfur oxidation basin. Thiobacillus therefore was possibly the dominant 

autotrophic denitrifying species in the plant biomass from the sulfur oxidation basin. During the 

experiment, there was 0.0096% Thiobacillus bacteria presented in the SBR biomass during the 

first month. After the first month, there was no Thiobacillus bacteria observed. However, 

Shinella bacteria appeared in the SBR biomass after the first month. Any significant amount of 

Shinella bacteria was not observed in all of seeding biomasses prior to operating the SBR.  

Shinella bacteria in the feed biomass samples was not detected, possibly due to insufficient 

quantities in the sample tested. 

 

However, some studies have shown that Shinella bacteria were found during taxonomic 

examination of granular biomass from a UASB reactor treating brewery wastewater (An et al., 

2006; Bae et al., 2005).  There could have been trace amounts of Shinella bacteria in our seed 

biomass from the UASB granules, which contributed to the growth of Shinella bacteria during 

the SBR reactor operation.  

 

 

Table 6.  Thiobacillus and Shinella Bacteria in the Feed Biomass Samples 

 

Sample type 

 

Thiobacillus (%) 

 

Shinella (%) 

 

Feed biomass from sulfide scrubber < 0.01 < 0.01 

Feed granules from the UASB < 0.01 < 0.01 

Feed biomass from sulfur oxidization basin 0.21 < 0.01 

 



 

 

 

Figure 13 shows phyla data of each seeding biomass sample and the biomass sampled from SBR 

during its operation using Miseq analysis.  Thiobacillus and Shinella bacteria belong to the 

Proteobacteria phylum. Thiobacillus bacteria is alpha-Proteobacteria and Shinella bacteria is 

beta-Proteobactera.  The Proteobacteria population in each seed biomass from the sulfide 

scrubber, UASB, and sulfur oxidization basin was 84.4 %, 8.2 %, and 4.8%, respectively. Since 

the mixture of these biomass samples were seeded in SBR reactor, the Proteobacteria population 

increased as the operation continued, and Shinella bacteria increased in SBR owing to the reactor 

operating condition under autotrophic denitrification conditions.   

 

  

Figure 13. Miseq phyla data of seeding biomass and SBR biomass 

 

Table 7 shows the prevalence of Thiobacillus and Shinella bacteria that were observed in SBR 

biomass samples collected at different times during the entire experiment. Thiobacillus appeared 

in the SBR biomass after operating for 30 days. However, Thiobacillus was not observed after 

the initial 30 days of the experiment. Shinella, on the contrary, appeared in all samples collected 

at different times during the experiment. The highest amount of Shinella detected occupied about 

0.22% on the entire biomass, while the lowest amount of this bacteria was determined to be 

0.020%. Based on the results shown in Table 7, Shinella bacteria was the major species that 
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contributed to the sulfur-based autotrophic denitrification process. Even though it did not appear 

in any plant biomass seed initially, there most likely were trace amounts of Shinella bacteria 

present in the seed biomass for it to appear in the SBR biomass. The environmental conditions in 

the SBR enriched the growth of Shinella bacteria.  

 

 

Table 7. Thiobacillus and Shinella bacteria in the SBR biomass 

 

Day 

 

Thiobacillus (%) 

 

Shinella (%) 

 

17 

 

0.0096 

 

0.13 

49 0 0.049 

72 0 0.22 

127 0 0.020 

133 0 0.11 

 

 

Conclusion  
 

By utilizing the autotrophic denitrification process with optimal operating parameters, it was 

feasible to reduce nitrate to nitrogen gas and oxidize sulfide into sulfate in the wastewater from 

Cedar Rapids Water Pollution Control Facility. The pH remained between 7.5 and 8.0, and the 

alkalinity was stable at approximately 500 mg/L as CaCO3. The lowest effluent nitrate 

concentration measured from the SBR was around 2.0 mg/L as N. The denitrification process in 

the SBR was also able to convert thiosulfate into sulfate; the effluent concentration of which was 

around 1,240 – 1,310 mg/L as S. The removal efficiency reached as high as 99% and stabilized 

between 95% and 99%. Using the seed biomass used to inoculate the SBR, the SGBR was able 

to decrease the concentration of nitrate to as low as 8 mg/L as N within 100 days. The 

corresponding removal efficiency of nitrate was around 98%. The concentration of sulfate in the 

SGBR effluent was gradually decreased from the beginning and became relatively stable around 

1,100 mg/L as S within the same period of time. The pH for the SGBR was around 7.5 and the 

alkalinity was approximately 700 mg/L as CaCO3. During the 5-month operation of SBR, MLSS 

decreased from 7,294 mg/L to 4,443 mg/L, and the MLVSS decreased from 3,550 mg/L to 3,067 

mg/L.  

 

The dominant bacteria that facilitated the autotrophic denitrification process in the SBR was 

originally Thiobacillus and Shinella. Eventually Thiobacillus washed out of the system and 

Shinella predominated.  The seed biomass contained 0.21% Thiobacillus in the plant biomass 

from the sulfur oxidation basin. Significant amount of Thiobacillus bacteria was not found in the 

plant biomass from the sulfide scrubber and granules from the UASB. Thiobacillus was 0.0096% 



 

 

of the total biomass in the SBR within the first month of operation; however, it did not appear in 

the SBR after this point. Shinella bacteria was hardly observed in any feed biomass. 

Nevertheless, it was detected in the SBR biomass samples during the experiment, with a highest 

percentage of 0.22% and the lowest percentage of 0.020%.  Therefore, it was concluded that 

Shinella was the primary species responsible for autotrophic denitrification in this study. 

 

This laboratory scale test showed feasibility of utilizing autotrophic organisms to drive 

denitrification for the innovative nutrient reduction strategy. A pilot-scale reactor study for 

autotrophic denitrification process would provide more specific design basis for its 

implementation. The identification the microbial consortium in the pilot reactor using the 

microbiological identification tool such as Miseq and analysis of microbial community variation 

during the operation can provide the valuable data for establishing the autotrophic denitrification 

process. Some additional kinetics modeling for autotrophic denitrification can also provide the 

necessary design basis for it. 
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Attachment E – Site Visits 

 
E-1: TM Des Moines Wastewater Reclamation Facility –Site Visit Notes 

Des Moines Wastewater Reclamation Facility 
 
E-2: TM Cleveland Southerly WWTP Site Visit w Attachments A - C 

Cleveland Southerly Wastewater Treatment Plant 
 

E-3: TM Little Blue Valley Site Visit 
Little Blue Valley Sewer Plant 

 
E-4: TM Illinois Site Visits 

Stickney Water Reclamation Plant / Aqua Aerobics Rockford Demonstration Plant 
 
E-5: TM Green Bay Site Visit 

Green Bay Metropolitan Sewerage District (NewWater) 
 
E-6: TM DC-Baltimore Site Visits 

Blue Plains Advanced Wastewater Treatment Plant 
HL Mooney Water Reclamation Facility 
Back River Wastewater Treatment Plant 
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Notes – DMWRF Site Visit – 20170201 Page 1 of 3 
 

         Site Visit Notes        
Project: WPC Nutrient Reduction and Solids Facilities Plan 

Project No City 6150011  HDR 270628 

Will Subject: Des Moines Wastewater Reclamation Facility Site Visit 

Date: Wednesday, February 01, 2017 

Attendees: Jim Flamming, Mike Kuntz, Roy Hesemann, Holly Ruble, Aaron Orcutt, James 
Neuhaus, Branden See, Travis Mastin, John Ernst / WPC; David Dechant, Eric 
Evans, Brian Bakke / HDR; Timothy Runde, Larry Hare, Patrick Brown / 
DMWRF 

Copies: Steve Hershner, Bruce Jacobs / WPC 

 

Objectives 
 Tour and discuss potentially applicable anaerobic digestion, energy recovery, hauled waste 

receiving, biosolids dewatering, and biosolids storage at the Des Moines Wastewater 
Reclamation Facility (DMWRF) 

 Debrief Post Site Visit 

 
Agenda 
Here is the agenda for the trip to Des Moines this Wednesday:  

 7-7:15                   Depart from WPCF 

 9:15-9:30              Arrive at Des Moines WRA 

 9:30 – 12:00  Tour facilities -  

 12:00-1:00  Depart DMWRA, stop for lunch Jethro’s 

 3-3:30                Arrive back at WPCF 

Post Site Visit Discussion (Friday February 3 at CRWPCF) 

Things CRWPCF Staff Liked at DMWRF 

 Self performed their own biosolids land application to control their own destiny by avoiding 

competition with other plants for contract applicators. 

 Land application is more environmentally responsible. 

 Gas collection and storage facilities. 

 Marketing extra gas produced recognizing that there is presently more value in selling gas than 

using it onsite.  However the renewable energy credits seem to good to be true – how certain 

are they for the future and for how long? 

 It appears that anaerobic digesters could possibly stand on their own merit with the gas 

produced, the solids volume reduction, and potentially phosphorus recovery; then consider land 

application or incineration separately. 



Notes – DMWRF Site Visit – 20170201 Page 2 of 3 
 

 Solids storage barn was simple but would need to get a handle on the odor potential of 

CRWPCF’s anaerobically digested waste stream before implementing such a configuration at 

CRWPCF. 

 If the City does not have the capital up front, capital cost considerations may favor storage and 

land application over incineration.  Replacement incineration costs for CRWPCF were 

estimated at $56 million post 2008 flood and about $70 million with energy recovery in Solids 

Master Plan. 

 If land application, achieve Class B without lime stabilization and to avoid food crops and public 

distribution. 

 Was impressed with WRF’s public education / outreach program. 

 Good coordination of land application program with IDNR. 

 Equipment was not complicated. 

 Liked the RDT’s. 

 Liked the configuration of conveyor belt to hopper to truck. 

 Like the hauled waste holding tank with separate bar screen and rock trap 

 Liked the grit pit and fire cannons for septage receiving. 

 Liked the wood chip biofilter. 

 If WPCF lost the ability to quarry dispose of ash, WRF’s costs for land application were only 

about twice the cost.  However, discussions with Crawford Quarry (out F Avenue near the 

Northwest WTP) indicate they have plenty of capacity for ash disposal for the foreseeable 

future. 

 See whether quarry would take biosolids. 

 With DMWRF setup, could probably take DuPont sludge. 

 Seems logical that if CRWPCF invested in dryer facilities would simply go ahead and burn 

autogenous sludge. 

Things CRWPCF Staff Did NOT Like at DMWRF 

 Love the concept, but not the logistics and costs. 

 Very little, if any, about land application – limited control, multiple agreements, too many people 

(11), “pucker” factor during wet years. 

 Configuration that requires truck hauling from biosolids dewatering to biosolids storage. 

 Single bay configuration of biosolids truck load out. 

 Visible concrete deterioration in biosolids barn. 

 The number of trucks on the road and time in service during application season in light of DOT 

surveillance on both Highways 13 and 30. 

 The quantity of land, the number of farm fields, and the number of farmer / other relationships 

required. 

 The time it would take to develop such a program. 

 DMWRF’s dependence on spreading on frozen ground and spreading on frozen ground; 

neither of which IDNR has allowed for Cedar Rapids. 

 Maintenance costs for trucks and land application equipment. 

 Logistics of cleaning potential spills on Highways 13 and 30. 

 How good a deal DMWRF gave farmers – free biosolids / trucking / application / incorporation. 

 Logistics to work through pipeline injection with Mid American. 
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Action Items 

 CRWPCF will check with Crawford Quarry about ability/willingness to take anaerobically 

digested, dewatered biosolids.  Also, Consider the need for a long term agreement with 

Crawford Quarry/ 

 HDR will follow-up with DMWRF to learn and share more about specifics/logistics of 

relationship with Mid American and renewable energy credits. 

 HDR will check with Mid American locally (Brian Gibbs) and Constellation Gas (current natural 

gas supplier) about the concept of producing, cleaning, and injecting biogas for renewable 

energy credits.  

 HDR consider the logistics of how to investigate the odor potential of anaerobically digested 

and dewatered CRWPCF solids.  

 HDR check regarding IDNR Field Office objection to CRWPCF land application to frozen and 

hay ground versus IDNR Field Office acceptance to DMWRF. 
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Technical 
Memorandum 

 

To:  City of Cedar Rapids 

From:  David Dechant/HDR 
Bruce DiFrancisco/HDR 
Jim Flamming/Cedar Rapids 

Project:      Cedar Rapids Nutrient Removal and 
Solids Facilities Plan 

CC:  File 

Date:  June 8, 20176 
 

Job No:  City – 6150011 
HDR – 270628 

Re: Technical Memorandum Cleveland Southerly Site Visit 
This Technical Memorandum (TM) summarizes a site visit to the Cleveland Southerly 

Wastewater Treatment Plant and associated participation in the 2017 Suez & NEORSD (North 

East Ohio Regional Sewer District) Thermal Oxidation Network Forum.  David Dechant and 

Bruce DiFrancisco/HDR and James Flamming/Cedar Rapids participated in both the site visit 

and forum. 

Objective 
The objective of this TM is to summarize and share the experiences of others with Fluidized Bed 

Incineration (FBI) of sewage sludge as relevant background information to decisions that will be 

made as part of the Cedar Rapids Nutrient Removal and Solids Facilities Plan. 

This TM is organized as follows: 

• Objective  

• Summary 

• Cleveland Southerly Site Visit 

• Suez & NEORSD Thermal Oxidation Network Forum 

The following Attachments provide supporting information: 

• A – Southerly Wastewater Treatment Plant - Background Information  

• B – Southerly Wastewater Treatment Plant - Site Visit and Photos 

• C – Suez & NEORSD Thermal Oxidation Network Forum – Program and Attendee List 

Summary 
The site visit and forum affirm that fluidized bed incineration (FBI) is relatively complex 

technology that is effectively used to significantly reduce the volume of sludge to be disposed of.  
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MACT standards can be achieved and energy can be produced from waste heat both at added 

complexity and cost.   

The different utilities that attended the forum reported widely varying performance and reliability 

of these units.  As such, effective design, construction, and operation is even more critical than 

typical for wastewater treatment plants. If FBI is part of the solution at CRWPCF, multiple site 

visits to operational facilities should be made during the design phase.   In addition to newer 

facilities such as NEORSD, it would also be advisable to visit systems that have been installed 

for 10 years or more and to visit installations that have experienced operational difficulties in the 

past with their FBIs. 

Other key takeaways. 

• A good understanding of sludge characteristics (organics, inorganics, skimmings/scum 

injection, etc.) and associated issues is a prerequisite to address all of a significant 

number of potential operational problems.  

• Producing electricity from waste heat may be desirable but based on the system 

installed at NEORSD, most likely does not provide a good return on investment at the 

present time. 

• The incineration sludge testing protocol previously identified for CRWPCF should be 

reviewed and affirmed or refined based on lessons learned from the forum and site visit. 

• Granular activated carbon (GAC) mercury control is most likely a given at CRWPCF 

since this would be a new FBI installation requiring more stringent MACT limits.  Other 

FBI facilities have reported operational problems when using GAC on incinerators that 

receive sludge with high sulfur content.  Given the sulfur content of the Cedar Rapids 

wastewater, caustic storage and feed would likely be required to minimize plugging of 

the GAC system. 

• The number and size of fluidized bed incinerators assumed at CRWPCF for the 

alternatives analysis should be reviewed and affirmed / refined.  Sludge quantities and 

variability, operational versus capacity loadings, and redundancy should be 

considerations.   

• Proper refractory design and installation is critical to success of fluidized bed 

incineration. 

• Operator training and buy-in are also critical to success of fluidized bed incineration. 

Cleveland Southerly Site Visit 

This Section provides general information on the Southerly Wastewater Treatment Plant 

(Southerly), an overview of the Renewable Energy Facility (REF) at Southerly, and a number of 

observations from the site visit. 
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Southerly Wastewater Treatment Plant (Southerly) 

Attachment A provides background information on Southerly including an overview of the 

facility, process flow diagram, site plan, and aerial photo from the NEORSD website.   

Southerly is the largest of three plants owned by the Northeast Ohio Regional Sewer District 

(NEORSD) which serve the greater metropolitan Cleveland area (a service area map is included 

in Attachment A).  As with most mature US Cities, large portions of the system still use 

combined sewers which leaves Southerly susceptible to wide flow variations.  The average daily 

flow is 125 million gallons per day (mgd).  The plant provides complete treatment (screening 

and grit removal, primary clarification, two stage activated sludge, effluent filtration, and 

chlorination / dechlorination) for a maximum of 400 mgd and primary only treatment for an 

additional 335 mgd.   

Sludge processing includes gravity thickening, centrifuge dewatering, fluidized bed incineration, 

and ash storage lagoons.  Until recently, sludge processing included thermal conditioning 

(Zimpro) and multiple hearth incineration.  Both have been discontinued; thermal conditioning in 

2012 and multiple hearth incineration in 2014. 

Southerly also receives and processes sludge from the Easterly Wastewater Treatment Plant 

which is pumped 12 miles, hauled in septage waste from the entire region, and grease waste 

from the entire region.  The Easterly sludge enters the system in the primary treatment train to 

provide better blending with Southerly sludge, with an ability to go straight to the gravity 

thickeners if needed.  Grease treatment is a fully dedicated sidestream system which includes 

an unloading facility, a series of separation / dissolved air flotation tanks, heat traced pumps and 

piping, and a day storage tank to equalize feed rate to the incinerators.  

Renewable Energy Facility 

Attachment B is a copy of the presentation made by NEORSD staff on the REF and other 

information gleaned from the internet.   

The REF went into operation in August 2014.  As originally envisioned, it includes the following: 

• Four 7,500 gallons per minute (gpm) centrifugal, chopper style thickened sludge mixing 

pumps 

• Three 1,000 gpm centrifugal, chopper style centrifuge feed pumps 

• Three 2,000 gpm solids grinders 

• Nine 50 dry ton per day (dtpd) 300 Hp centrifuges (three trains of three centrifuges) 

• Three dewatered sludge storage bins 

• Three dewatered sludge conveyors to transport sludge from centrifuges not placed 

directly over storage bins 
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• Six 64 gpm hydraulically driven piston incinerator cake feed pumps (two per train) with 

interconnecting piping to feed any incinerator from any one of four cake feed pumps 

• One 8,000 gallon skimmings (grease) day tank 

• Two 4 gpm skimmings (grease) incinerator feed pumps  

• Three 16,000 standard cubic feet per minute (scfm) 500 Hp fluidizing air blowers 

• Three 100 dtpd fluidized bed incinerators 

• Three flue gas through tube primary heat exchangers 

• Three 14,800 pounds/hour (lb/hr) 700 degrees Fahrenheit, 650 pounds per square inch 

(psi) waste heat boilers with superheater, economizer, and steam drum. 

• Three secondary heat exchangers 

• Three four-tray 1,300 gpm wet venturi scrubbers retrofitted for mercury removal with 

17,488 scfm 500 hp induced daft fans 

• Three 600 cubic foot (cf) sand silo and conveying system 

• Three pneumatic dry ash conveying systems 

• Two 2,600 gpm 250 Hp centrifugal ash slurry pumps 

Relatively late in the design process, the decision was made to include power generation for 

use onsite. 

• One 3 megawatt (MW) steam turbine, six stage single flow condensing generator, and 

associated water treatment and steam systems 

The total capital cost for the REF was $175 million.  Of this, a design phase estimated $22 

million was for power generation. 

The Southerly incinerators are considered existing relative to the MACT sewage sludge 

incineration (SSI) regulations.  As such, they are required to achieve 37 micrograms per dry 

standard cubic meter (microns/dscm) Hg in the exhaust air stream rather than 1 micron/dscm 

Hg in the exhaust air stream.  Envirocare SPC (Sorbent Polymer Composite) scrubber modules 

were retroactively added as trays to the top of the original scrubbers at a cost of $12.8 million to 

achieve these standards. 

The fluidized bed incinerators are currently operating at approximately 56 percent capacity on 

average (perhaps as high as 71 percent maximum) and are running autogenous without 

supplemental gas feed approximately 45 percent of the time.  Typically, two of the three 

incinerators are in service 24 hours per day, 7 days per week.  Relatively low volatility 
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associated with combined sewer and wet weather flows adversely impacts the ability to run 

autogenously.  

The presenter noted a number of KPI’s (Key Performance Indicators) and that a daily process 

examination / summary report is key to their operation.  It was noted that increasing the quantity 

of skimmings/scum (good skimmings are 50% grease and 50% water based on their 

experience) is a key part of their strategy to increase autogenous operation. 

The turbine and generator are producing on average 1.56 MW of electricity (just over one-half of 

design capacity), running approximately 75 percent of the time, and have achieved 

approximately $1.5 million of electrical savings from August 2014 through early 2017 at just over 

$0.05 cents per kilowatt hour.  

The presenter noted that they are pursuing a beneficial use for ash and should know in the near 

future if such a reuse option will be feasible.  Would be good to follow up on whether they were 

successful. 

Site Visit 

Attachment C includes multiple photos of the REF taken during the site visit.  Observations are 

summarized below. 

• Power generation was implemented because NEORSD management committed to 

create renewable energy, but the associated savings currently do not yield a favorable 

return on investment. 

• Grease is a great source of volatile solids and a key part of the strategy to increase the 

percentage of time that the incinerators run autogenously.   

• NEORSD has a stated preference for mobile lifts throughout the REF for maintenance 

access rather than permanent platforms and catwalks, contrary to the preference stated 

by some at the forum. 

• The optimal number of incinerators in operation, associated loading rates, and hours of 

operation is an ongoing debate amongst NEORSD staff and their consultants.  

Suez & NEORSD Thermal Oxidation Network Forum 
Brief synopses of presentations made at the conference follow.  Copies of all the presentations 

made at the conference have been downloaded to the City’s project directory 

(X:\Construction\6150011-01 – WPCF Nutrient Removal and Solids Facilities Plan\Design 

Phase\Meetings and Presentations\Suez Thermal Oxidation Forum 20170607\Files.zip).  

Copies have also been downloaded to HDR’s ProjectWise at Suez Forum. 

Vancouver Washington Combustion Optimization 

Vancouver presented on combustion optimization at their Westside Wastewater Treatment 

Plant.  Their plant is a 20 mgd facility with primary clarifiers, step feed activated sludge, gravity 
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thickeners (primary), gravity belt thickeners (WAS), centrifuge dewatering, and fluidized bed 

incinerator.  They have installed GAC for mercury control in the last year.   

Their incinerator typically operates intermittently at 36 dtpd four consecutive 24 hour days per 

week.  It has a design capacity of 51 dtpd and a permitted capacity of 56 dtpd. They have had 

problems with welds cracking on their primary shell and tube heat exchangers; perhaps due to 

the thermal stress creating by on-off operation of the incinerators.    They cautioned that lead 

time on heat exchangers is about 10 months and they have a life of seven to fourteen years.  

Schack, Hamon, and Babcock & Wilcox are the main heat exchanger manufacturers and the 

latter does not make shell and tube. 

They promoted fluidized air bypass for the primary heat exchanger to raise the operating 

temperature of incinerator from 1000 to 1400 degrees Fahrenheit allowing autogenous 

operation at a lower percent solids. 

Suez Refractory and Refractory Techniques 

A representative from Suez described in detail the manufacturing and installation of refractory.  

From the presentation and the subsequent presentation noting hot spots as the number one 

failure mode at GE Booth, it was readily apparent that qualified installers are a necessity and 

considerable oversight should be provided for refractory installations or replacement.  It was 

noted that the incinerator specification should be written to include minimum (but VERY high) 

installer qualifications, if possible. 

Ontario Clean Water Agency Incineration Challenges and Lessons Learned followed by 

Upgrades and Construction 

The GE Booth Wastewater Treatment Plant is operated by the Ontario Clean Water Agency.   

The plant averages 137 mgd operating over a range from 66 to 290 mgd.  It is a conventional 

plant with no sludge digestion.  The plant has dewatered sludge silos for storage and cake 

solids pumps for feeding the incinerator. The plant processes sludge from a second plant which 

averages 92 mgd over a range from 21 to 132 mgd.  The second plant includes sludge 

digestion.      

The plant includes four 100 dtpd fluidized bed incinerators.  GAC mercury control has recently 

been installed.  They typically operate three of the four incinerators at 50 to 60 dtpd; a change in 

philosophy from the original plan to run two of the four at 75 to 90 dtpd.  They promote running 

more incinerators at reduced capacity over fewer incinerators at high capacity for reduced wear 

and tear maintenance and less on-off cycling. 

The presentation quickly turned to the associated problems with GAC operation and other 

problems that have been experienced.  The plant has experienced 35 individual unplanned 

incinerator shutdowns over the last 29 months for reasons characterized as follows.   

• Blister, breach, hole from hot spots related to refractory  

• High system pressure/high GAC differential  pressure traced to sulfur dioxide plugging 
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• Sand in windbox due to tuyere failure 

• Auxiliary equipment failure 

• Plugging in heat exchanger / cross over duct which has been attributed to phosphate 

(struvite) and hematite (iron oxide) 

GAC plugging has been severe to the point that jackhammers have been used.  They are 

addressing the problem with caustic feed to prevent SO2 from converting to sulfuric acid which 

causes the GAC to clump together and plug the unit, and water wash on regular cycle to flush 

the GAC.   

They are replacing all of their “short” tuyeres with “long” tuyeres.  Based on audience reaction 

this seems to be a common problem and solution.  The short tuyeres simply don’t have enough 

surface area to stay in place within the refractory dome.  Once the tuyeres come out, sand falls 

down into the wind box. 

The plant is on Lake Ontario and they are planning on building a levee out of the ash to provide 

a visual barrier between the plant and a recreational trail planned for adjacent to the Lake. 

The presenter lamented the lack of platforms for maintenance access noting that they are 

continually installing scaffolding for incinerator maintenance.  An attendee from Asheville, North 

Carolina commented on the same thing and indicated that they are in the process of a retrofit to 

add platforms and catwalks. 

This presentation was anything but a sales pitch for fluidized bed sludge incineration and 

presumably not representative of all incinerator installations.  Their experience seemed to reflect 

some combination of poor engineering, construction, and operations, if not all three.  For 

example, the presenter promoted significant sludge sampling / analysis in advance of design 

noting primarily MLVSS, solids content to understand both maximum and average operating 

capacity.  It was also suggested that the additional investment be made for 316 stainless steel 

alloy 20 versus the carbon steel components that they chose to install. 

Suez MACT Compliance 

A Suez representative presented data they have collected with respect to compliance with 

MACT standards for multiple incinerators constructed prior to and a number of incinerators 

constructed post MACT standard.  The data was quite impressive with respect to compliance; 

mercury being the most challenging parameter.  Old fluidized bed incinerators are required to 

achieve 37 microns/dscm and new fluidized bed incinerators are required to achieve 1 

micron/dscm.  

Based on the data, Suez is recommending the following for MACT compliance. 

• Urea or ammonia addition to reactor  

• Caustic injection to scrubber 
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• Wet electrostatic precipitation (ESP) scrubbers 

• SPC (Sorbent Polymer Composite Modules)  added to the top of scrubbers for existing 

units 

• GAC post scrubber for new units 

Note that SPC is what Cleveland Southerly recently added and is shown in the photos included 

in Attachment B. 

GAC is much more expensive to build and operate than SPC.  MACT requires an annual 

compliance test.  

Suez GAC Operation 

A Suez representative acknowledged the challenges and learning curve associated with GAC 

operation for MACT compliance.  Suez’s work to date identifies the following key elements 

generally aimed at avoiding the conditions which promote autogenous combustion in the GAC. 

• Operating the system to avoid organics carryover into the GAC.  Organics can 

accumulate and combust at relatively low exhaust air temperatures.  

• Taking precautions to keep oxygen from sources other than the stack gas out of the 

GAC with isolation valves to seal the GAC when not in operation. 

• Controlling exhaust gas temperature to below 140 degrees Fahrenheit (125 degrees 

preferred). 

• Maintaining the GAC at proper moisture to avoid exothermic reaction.  The GAC comes 

with proper moisture and has proper moisture during operation, but operations need to 

avoid drying it out when not in service or starting up. 

• Operate to avoid clogging and subsequent need to wash.  Use caustic to control SO2 to 

less than 15 ppm (5 to 10 ppm preferably).  

• Run the scrubber at maximum water flow to control particulates and temperature. 

• Test CO in the GAC supply and exhaust air as an indicator of organics buildup in the 

GAC. 

• Provide safety equipment to detect a potential problem, isolate the GAC if the potential 

appears, and auto initiate a quench. 
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Attachment A 

Southerly Wastewater Treatment Plant - Background Information 
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Attachment B 

 

B – Southerly Wastewater Treatment Plant - Site Visit and Photos 
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Cleveland Southerly Wastewater Treatment Plant – Fluidized Bed Incineration
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Company Last Name First Name Email 

Aqua Technical Sales, Inc. Gage Brian brian.gage@aquatsi.com

Black & Veatch Smith Connor SmithCM@bv.com

Black & Veatch Welp James welpje@bv.com

Brown and Caldwell Winchell Lloyd lwinchell@brwncald.com

CDM Smith Sapienza Frank sapienzafc@cdm.com

CH2M Hill Maki Corey Corey.Maki@CH2M.com

City of Cedar Rapids Flamming Jim j.flamming@cedar-rapids.org

City of Greensboro Briggs Danny Danny.Briggs@greensboro-nc.gov

City of Greensboro O'Neal Lawrence Lawrence.O'Neal@greensboro-nc.gov

City of Toronto Deobald Rob Rob.Deobald@toronto.ca

City of Vancouver, Washington Dick Frank frank.dick@cityofvancouver.us

Friar Consulting Inc. Dominak Robert Robert.Dominak@gmail.com

Greater Hazleton Joint Sewer Authority Jager Ron ron@ghjsa.org

Greater Hazleton Joint Sewer Authority Zynel Gene gene@ghjsa.org

Green Bay NEW Water Angoli Bill wangoli@newwater.us

Green Bay NEW Water Eichhorst Aaron aeichhorst@newwater.us

Green Bay NEW Water Schmidt Matt mschmidt@newwater.us

HDR Engineering Inc. Dechant David david.dechant@hdrinc.com

HDR Engineering Inc. DiFrancisco Bruce Bruce.Difrancisco@hdrinc.com

Heitz Consulting Heitz Mike Heitzm@fuse.net

Mattabassett District Stille David dstille@mattdist.org

Mattabassett District Warman Brian bwarman@mattdist.org

MC2 Whitaker Marci marci@mc2h2o.com

MSD Buncombe County Weed Peter peterw@msdbc.org

MSD of Greater Cincinnati Welsh Ryan ryan.welsh@cincinnati-oh.gov

Northeast Ohio Regional Sewer District Bunsey James bunseyj@neorsd.org

Northeast Ohio Regional Sewer District Crestani Kathryn crestanik@neorsd.org

Northeast Ohio Regional Sewer District Hancock Dan HancockD@neorsd.org

Northeast Ohio Regional Sewer District Hinton Eric hintone@neorsd.org

Northeast Ohio Regional Sewer District Jankowski Jonathan jankowskij@neorsd.org

Northeast Ohio Regional Sewer District Pintabona Bob pintabonab@neorsd.org

Northeast Ohio Regional Sewer District Robinson Terry robinsont@neorsd.org

Northeast Ohio Regional Sewer District Vasel Tom vaselt@neorsd.org

Northeast Ohio Regional Sewer District Wilson Ken wilsonk@neorsd.org

Northeast Ohio Regional Sewer District Zebrowski Kevin ZebrowskiK@neorsd.org

Ontario Clean Water Agency Jackson Lory LJackson@ocwa.com

Ontario Clean Water Agency Miranda Blaine bmiranda@ocwa.com

Ontario Clean Water Agency Phillis Mike mphillis@ocwa.com

Primavera Zero Corporation Mercado Adalberto a.mercado@primavera0.com

Region of Peel Leyburne Troy troy.leyburne@peelregion.ca

St. Paul Metropolitan Council Smrekar Scott scott.smrekar@metc.state.mn.us

SUEZ International Degand Philippe philippe.degand@suez.com

SUEZ International Thecua Jean Christophe jean-christophe.thecua@suez.com

SUEZ Treatment Solutions Inc. Albright Tim tim.albright@suez-na.com

SUEZ Treatment Solutions Inc. Claytor Gary Gary.claytor@suez-na.com

SUEZ Treatment Solutions Inc. Dangtran Ky ky.dangtran@suez-na.com

SUEZ Treatment Solutions Inc. Garbus Dana dana.garbus@suez-na.com

SUEZ Treatment Solutions Inc. Gerber Kristina kristina.gerber@suez-na.com

SUEZ Treatment Solutions Inc. Korb Becky becky.korb@suez-na.com

SUEZ Treatment Solutions Inc. Myers Nathen nathen.myers@suez-na.com

SUEZ Treatment Solutions Inc. Ravelli Paul paul.ravelli@suez-na.com

SUEZ Treatment Solutions Inc. Takmaz Levent Levent.Takmaz@suez-na.com

SUEZ Treatment Solutions Inc. Trobaugh Bill William.Trobaugh@suez-na.com

The Regional Municipality of Durham Dobson Brad brad.dobson@region.durham.on.ca

The Regional Municipality of York Murphy John John.Murphy@york.ca

Treatment Resources, Inc. Butz Todd tbutz@treatmentresources.com

Ypsilanti Community Utilities Authority Mullapudi Sree smullapudi@ycua.org

Ypsilanti Community Utilities Authority Reynolds Stacey SReynolds@ycua.org

Ypsilanti Community Utilities Authority Schock Alan ASchock@ycua.org

Ypsilanti Community Utilities Authority Stetler Ryan RStetler@ycua.org

2017 SUEZ & NEORSD Thermal Oxidation Forum Attendees
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Technical 
Memorandum  

 

To:  City of Cedar Rapids 

From:  Eric Evans/HDR 
David Dechant/HDR 

Project:      Cedar Rapids Nutrient Removal and 
Solids Facilities Plan 

CC:  File 

Date:  November 2017 Job No:  City – 6150011 
HDR – 270628 

Re: Technical Memorandum LBV Atherton Site Visit 
This Technical Memorandum (TM) summarizes a site visit to the Little Blue Valley Sewer 

District’s Atherton Wastewater Treatment Plant, which provides service to the northeastern 

Kansas City area. The Little Blue Valley (LBV) site visit focused on solids handling at the 

Atherton Plant, and in particular, their Suez fluidized bed incinerator (FBI) and supporting 

systems. 

Dave Dechant and Eric Evans participated on the site visit from HDR. Participants from Cedar 

Rapids included James Flamming, Travis Heins, Travis Mastin, Jeff Visek, and Tom Carpenter. 

Lisa O’Dell led the discussion for LBV with help from Keith Navarro. The visit began with a 

discussion followed by a tour of the facilities. 

Objective 
The objective of this TM is to summarize and share the experiences of LBV with biosolids 

handling processes; including FBI, heat exchangers, scrubbers, and granular activated carbon 

air pollution control treatment; as relevant background information to decisions that will be made 

as part of the Cedar Rapids Nutrient Removal and Solids Facilities Plan.  

This TM is organized as follows: 

 Objective  

 Little Blue Valley, Atherton Wastewater Treatment Plant Site Visit 

 

The following Attachments provide supporting information: 

 A – Little Blue Valley - Background Information and Photos 
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Little Blue Valley, Atherton Wastewater Treatment Plant Site 

Visit 
 

The site visit focused on the history of the facility and the current fluidized bed incineration (FBI) 

facility, which has been in operation since 2014. A brief overview of the facility reveals that the 

design flow is 52 MGD with a primary treatment flow capacity of 350 MGD, a secondary flow 

capacity of 150 MGD, and a hydraulic pass-through total capacity of 400 MGD. They previously 

processed solids with a Zimpro and multiple hearth incinerator (MHI), but they transitioned to 

FBIs in the late 1980’s.  

Key takeaways from the site visits include the following: 

 Historically, LBV has incinerated biosolids. Previously, LBV used a Zimpro system 

coupled with an MHI. They transitioned to FBIs in the 1980’s. Currently, LBV incinerates 

with one FBI brought online in 2014 and subject to new source emissions standards for 

air pollution control measures. 

 The FBI has a capacity of 66 DTPD, but they prefer to operate at no more than 85% of 

the total capacity. 

 Energy efficiency is gained through the use of two heat exchangers. The first heat 

exchanger preheats incoming air, and the second heat exchanger reheats exhaust air 

after scrubbing. 

 A construction project is underway to install granular activated carbon treatment in order 

to meet mercury emissions standards. 

 The target operating temperature for their FBI is between 1,350 and 1,400°F based on 

the bed temperature being a surrogate for combustion temperature, and the system 

burns autogenously except for reheating. Preheating FBI air to between 1,100 and 

1,200°F and 85% volatile solids (VS) content are keys to being able to burn 

autogenously. 

 The preferred operating load is between 65 and 85% of the FBI capacity of 66 DTPD for 

12 to 14 hours per day, 7 days per week. 

 There are six weeks per year of scheduled downtime, and lime stabilization is used 

during downtime. 

 There is minimal unscheduled downtime (about 2 days per year), which most likely 

occurs if the continuous emissions monitoring system (CEMS) goes offline. 
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The LBV Sewer District was incorporated in 1968 in order to protect the Little Blue River. The 

Atherton Wastewater Treatment Plant operated Zimpro and an MHI system until the 1980’s 

when they transitioned to FBI. The current FBI process came online in 2014. As a backup, lime 

stabilization has been added to the system for when the FBI is offline.  Prior to lime stabilization, 

landfill disposal was the backup.  At some point the landfill decided to no longer accept the 

solids. 

Suez was preselected over Hitachi to provide the FBI at approximately 90% design.  Staff noted 

that Suez may have added unnecessary complexity to the piping and instrumentation diagram 

that the Engineer and Contractor deferred to. 

The solids processing facilities at LBV treat primary and secondary solids. The ratio between 

primary solids and secondary solids varies from 60:40 to 40:60, and their preferred target is 

50:50. Solids change in nature during peaking flows in both solids quantity and quality produced. 

The primary solids quantity, in particular, increases with additional grit during initial flushes. At 

very high peaks, staff stop wasting solids.  

Primary solids are degritted and gravity thickened prior to being blended with secondary solids. 

Secondary solids are thickened with gravity belt thickeners before being blended. Once blended, 

the solids are dewatered using either centrifuges or belt filter presses. The preference is to 

dewater with centrifuges, but there are vibration issues at times and centrifuge dewatering is 

higher maintenance.  

Staff indicated that they evaluated the possibility of using anaerobic digestion as part of their 

planning project, but the recommendation supported continuing to use FBI. This led to their 

current system, which is a Suez FBI that can provide supplemental heating with natural gas or 

fuel oil. The FBI was indicated to be relatively reliable; however, staff indicated a preference for 

two FBIs or a more reliable backup process due to the number of failure points. As an example, 

they noted that if a pressure sensor for the fan goes out, the entire FBI may not operate properly 

until that sensor is repaired.  

While a second FBI gives reliability, plant staff suggested a more reliable backup solids 

processing system may be preferable to a second FBI. One example they noted of a high level of 

reliability and redundancy is the Lakeview facility in Toronto. This facility was noted to have 

four incinerators with two online at any given time, one hot backup ready to be put into service, 

and one torn down for maintenance.  

Despite the number of potential failure points, the FBI runs continuously. The operational 

strategy is based on running the incinerator at a target 85% of the 66 DTPD capacity over a 12 to 

14 hour period, 7 days per week with dewatered solids between 24% and 26%. The incinerator is 

then shutdown and bottled up for the evening to retain heat. Staff previously burned 24/7 until 

the solids for the week were processed and shutdown for the weekend, but reheating after the 

extended downtime proved inefficient. Running 24/7 also challenged their solids storage 
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capacity over an extended period of time.  The revised 12 to 14 hours per day, 7 days per week 

simplifies operations scheduling as well as minimizing reheat fuel. 

The incinerator operates effectively over a narrow range of conditions based on a temperature 

range between 1,350 and 1,400°F. Due to the high VS content of the solids, the FBI burns hot, 

which results in some NOx formation issues. As a result, they are adding a urea chemical feed 

system for NOx control.  

The other key component of emissions control being added is a granular activated carbon system 

for mercury control. An evaluation of mercury control technologies looked at sorbent polymer 

composite (SPC) based on Goretex and granular activated carbon. According to the results of the 

study, SPC could achieve 70% removal, but they needed to achieve 99.9% mercury removal. 

Therefore, it was concluded that granular activated carbon was necessary. 

The final ash produced is beneficially used as a fertilizer for a nearby tree farm. The tree farm 

charges $2 per ton to take the ash.  The blended ash fertilizer receives an exemption from the 

state as biosolids residual since it is formally classified as a fertilizer by the state. 

An annual shutdown occurs to perform routine maintenance on the FBI. This shutdown is 

planned for a six week period requiring one week for the FBI to cool, four weeks to perform 

maintenance, and one week to reheat the FBI. During the shutdown, bed material is removed, 

tuyeres are checked and repaired, refractory is checked and repaired as needed, gravel is 

replaced, and bed material is replaced. Staff indicated that the Suez recommended gravel layer is 

pulverized during operation. During future maintenance periods, they may not incorporate a 

gravel layer. 

A few equipment recommendations were provided as follows: 

 Use stainless steel piping for spray nozzles on top of FBI (use spray to cool) 

 Use two O2 offgas probes (normally one O2 probe is provided) 

 Provide Inconel thermocouples in bed. 

Another key item that was problematic involved expansion joints. Suez uses a cool air expansion 

joint that does not work well. The expansion joints limit what they can do with air bypassing and 

heat exchangers.  

Finally, staff suggested that Suez warranty language needs a lot of scrutiny, Suez tends to deflect 

problems to others, and recommended being very specific with warranty items and timing. They 

are still working through their punchlist, and a number of warranty items are not being honored. 

If they had to do it over again, staff affirmed that they are partial to incineration, but noted that 

the director would likely prefer anaerobic digestion and land application. 

Other items of interest included the following. 
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 The Rock Creek WWTP in Independence has Zimpro LPO and wants to continue with 

that process. 

 LBVSD has had vibration sensor problems with their G3 centrifuge. 

 With average flows of about 30 mgd, the plant sees flows up to 250 mgd about once per 

year, but has seen flows as high as 400 mgd.   Staff noted that contributing cities have 

separate sewer systems but little incentive to manage infiltration and inflow. 
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Attachment A - LITTLE BLUE VALLEY SEWER DISTRICT, 

Background Information and Photos 
Date: 8 November 2018 

Location: H.A. Jones Administration Building • 21101 East 78 Highway, Independence, MO 

Facility: Atherton Wastewater Treatment Plant 

General Background:  

Wastewater collected in the Little Blue River drainage basin flows by gravity through a series of gravity 

sewers ranging in size from 24 to 120 inch in diameter to the Atherton Wastewater Treatment Plant 

located approximately 2 miles south of the Missouri River. The plant is designed for an average dry 

weather flow of 52 million gallons per day (mgd). Wastewater from the Middle Big Creek drainage basin, a 

sub-district of the Little Blue Valley Sewer District, is pumped to the Little Blue River drainage basin 

through a series of three pumping stations. Wastewater enters the raw wastewater pump station through 

trash rakes at elevation 683.0 and is pumped to the Preliminary Process Building to elevation 735.0, a 

height of 52 feet. The pump station houses 8 pumps ranging in size from 35 to 80 mgd capacity. The 

station has a firm pumping capacity of 420 mgd. In the Preliminary Process Building the wastewater is 

screened through three bar screens with 1/4 inch openings. The bar screens remove material such as 

rocks, rags, sticks, and undissolvable material that could harm downstream processes and equipment. 

Flow from the preliminary treatment process then flows by gravity to four primary clarifiers. 

 

Primary clarifiers settle out solids material after approximately 3 hours detention at average design flow. 

Solids removed in the clarifiers account for approximately 35% of the strength of the wastewater and 60% 

of the suspended solids. The solids contain grit so it is too small to be removed with the bar screens, 

therefore the solids are pumped to cyclonic degritters where the solids and grit are separated. The grit is 

collected and hauled to a land fill, while the solids containing human waste is pumped to the solids 

treatment process. 

 

After primary clarification, the wastewater flows to the secondary treatment process consisting of two 

aeration basins and five final clarifiers. The aeration process is designed for approximately 5.5 hours 

detention and provides biological treatment, where the organic material in the wastewater is used by 

bacteria for food, and converts the solids, both suspended and dissolved, to a more stable form. The 

stabilized wastewater flows to five final clarifiers for removal of the stabilized solids and bacteria. The 

stabilized solids and bacteria removed in the final clarifiers are either returned to the aeration basins for 

seed or wasted to the solids treatment process.  The effluent from the final clarifiers flows by gravity, or is 

pumped, to the Missouri River. The wastewater treatment process removes approximately 90 to 95% of 

the pollution material contained in the wastewater. 

 

The solids treatment process treats the degritted solids from the primary clarifiers and the waste sludge 

from the secondary treatment process. The primary solids are allowed to settle in gravity thickeners while 

the waste secondary solids are thickened on gravity belt thickeners after coagulating chemicals are 

added to enhance water/solids separation. Both gravity thickened primary solids and chemically 

thickened secondary solids are mixed together and heated to approximately 400 degrees Fahrenheit. The 
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heated solids are treated with coagulating chemicals and dewatered on belt filter presses. The dewatered 

solids are pumped to an incinerator for burning and the ash remaining after burning is hauled to a landfill. 

 

 

Figure A-1. LBV Satellite Photo 
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Figure A-2. LBV Incinerator Building 
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Figure A-3. LBV Suez FBI 



 

 

TM Little Blue Valley Site Visit 20171108  A-5 of 15 

  

 

 

Figure A-4. LBV Scrubbers 
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Figure A-5. LBV Heat Exchangers 
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Figure A-6. LBV Piston Pumps feeding FBI 
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Figure A-7. LBV Expansion Joins on Incinerator Flue Gas 
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Figure A-8. Discolored Expansion Joint on Flue Gas Line 
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Figure A-9. LBV Incinerator System 
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Figure A-9. LBV Ash Pumps 
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Figure A-11. LBV Thickened Sludge Pumps (Hose Pumps and Lobe Pump) 
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Figure A-12. LBV Gravity Belt Thickener 
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Figure A-13. LBV Induction Air Blower 

 

Figure A-14. LBV FBI Viewport 
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Figure A-15. LBV FBI Sludge, Air, and Natural Gas Injection Lines 
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Technical 
Memorandum 

To: City of Cedar Rapids

From: Eric Evans/HDR
David Dechant/HDR

Project:     Cedar Rapids Nutrient Removal and 
Solids Facilities Plan

CC: File

Date: 30 August 2017 Job No: City – 6150011
HDR – 270628

Re: Technical Memorandum Illinois Site Visits
This Technical Memorandum (TM) summarizes a site visit to the Chicago Stickney Water 
Reclamation Plant (WRP) of the Chicago Water Reclamation District (WRD), and a visit and 
discussion with Aqua Aerobics at their Rockford Headquarters and granular activated sludge 
demonstration plant.  Participants from HDR included Dave Dechant, JB Neethling, and Eric 
Evans. Participants from Cedar Rapids included James Flamming, Roy Hesemann, Aaron 
Orcutt, Travis Heins, Travis Mastin, Mike Kuntz, Jeff Visek, and John Ernst. The WRD team was 
led by Glen Rohloff.

Objective
The objective of this TM is to summarize and share the experiences of others with biosolids 
handling processes; including anaerobic digestion, centrifuge dewatering, land application, and 
phosphorus recovery; as relevant background information to decisions that will be made as part 
of the Cedar Rapids Nutrient Removal and Solids Facilities Plan. In addition to discussing 
biosolids, participants discussed the membrane aerated bioreactor (MABR) nutrient removal 
test using the ZeeLung membrane at the O’Brien Plant in Chicago. Finally, a visit to Aqua 
Aerobics was conducted as part of the Illinois site visits, and further discussion of granular 
activated sludge treatment for nutrient removal along with an update of pilot testing is 
presented. Aqua Aerobics also discussed some of their other technologies during the visit.

This TM is organized as follows:

 Objective 
 Summary
 Chicago Stickney WRP Site Visit
 Aqua Aerobics Headquarters and Demonstration Unit Visit

The following Attachments provide supporting information:

 A – Stickney Water Reclamation Plant - Background Information 
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B – Stickney Water Reclamation Plant - Site Visit and Photos

Summary
The Stickney site visit showed anaerobic digestion technology at large scale. Digested solids 
are prepared and disposed through compositing and land application through an extensive 
storage, conveyance and coordination network.  Biosolids standards can be achieved, and 
energy can be produced from biogas efficiently with anaerobic digestion.  

Key takeaways from the site visit(s) include the following:

 Anaerobic digestion provides consist, reliable primary solids and secondary WAS 
processing for the Stickney WRP along with concurrent generation of biogas.

 Biogas is currently used in the boilers at the Stickney WRP. Staff have evaluated 
treating the biogas for pipeline injection and vehicle fueling. The biogas evaluation is 
currently on hold due to concerns with the long-term viability of the renewable energy 
credits.

 The diversification of biosolids disposal options including storage, land application 
(contract disposal), contracted drying and pelletizing, composting, biosolids disposal 
(Class A) at parks and golf courses, use as top cover at landfills, etc. is crucial.

 Public Relations and perception is important to the success of the land application 
program. Some staff are dedicated to public relations. The MWD provides literature for 
farmers and surrounding communities to give perspective and reinforce the benefits of 
land application. 

 Some pH control is available primarily through carbon dioxide injection. The pH in the 
post-digestion building is typically between 7.6 and 7.8.

 Stickney is now required to meet a monthly effluent total phosphorus (TP) limit of 1 mg-
P/L. They have incorporated biological phosphorus removal (BPR) into the activated 
sludge process to do this. Struvite harvesting with Ostara and WASSTRIP gives them 
improved TP removal efficiency. WASSTRIP is not yet operational, and some struvite 
buildup in pipes occurs but is alleviated with sulfuric and citric acid cleaning loops.

 The anaerobic digestion process itself requires basic infrastructure with tanks, pumps, 
and control valves primarily. 

 The Stickney WRP uses lobe pumps as feed pumps for the anaerobic digesters. Staff 
indicated they do not recommend using lobe pumps. The lobe pumps are more efficient 
initially, but the pumps quickly lose pumping capacity due to deterioration of the lobes.

 Phosphorus recovery is an integral part of achieving the effluent total phosphorus (TP) 
limit.
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 The use of Ostara as a phosphorus recovery technology allows for operating costs to be 
offset by product sales.

 The MABR pilot conducted at the O’Brian WRP was considered successful, and while no 
project is currently planned, an MABR may be installed in the future when needed.

 The granular activated sludge (GrAS) pilot work that has been done to date at the 
CRWPCF showed promising results prior to structural failure of the reactor.

 Aqua Aerobics has a plan in place for getting the pilot up and running again at CRWPCF 
including replacement of the reactors, testing of the reactors, setting up the pilot again, 
and reseeding the pilot reactors.

 Aqua Aerobics demonstration facility will be operational by late October as a site to 
become familiar with the technology and as a seeding source of granules.

 A large part of Aqua Aerobics business includes disk filtration technology, which 
undergoes substantial testing and development at their research facility.

Stickney Site Visit
This Section provides general information on the Stickney WRP (Stickney), an overview of the 
Ostara Struvite Recovery Facility at Stickney, and a number of observations from the site visit.

Site Visit - Stickney Water Reclamation Plant
Attachment A provides background information on Stickney WRP including an overview of the 
facility, satellite photo of Stickney, and satellite photo of the composting facility.  

Stickney has a design capacity of 1,200 MGD with a current average annual flow between 600 
and 700 MGD. The typical primary solids generation rate is between 4 and 8 MGD and the 
typical waste activated sludge (WAS) production rate is between 5 and 10 MGD. Primary solids 
production rates are expected to double with a current project focused on converting the Imhoff 
tanks to primary clarifiers. On average, Stickney currently produces about 120,000 dry tons (DT) 
per year of biosolids. As such, flexibility in solids processing and disposal is critical. Extensive 
storage, processing, and disposal options are available to WRD staff for dealing with biosolids.

Biosolids Processing
The general biosolids scheme for Stickney involves thickening WAS, blending primary solids 
and thickened WAS, feeding blended solids to the 24 anaerobic digesters through a pressurized 
main, centrifuge dewatering, and load-out onto rail cars. Extensive tanks, equipment and piping 
are required to support biosolids processing. For piping prone to struvite accumulation, PVC is 
the preferred material. 

There are several options for disposal. One option for storage and disposal includes diverting 
digested solids to storage lagoons where the Class B solids are “aged” for about 1-1/2 years 
giving stability and odor reduction. Each of the six lagoons has a target capacity of 80,000 tons. 
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From the lagoons, solids would be moved to drying beds prior to land application. They own six 
lagoons, each with approximately one year of storage time for biosolids.

A second option for disposal involves sending dewatered biosolids to Veolia’s on-site drying 
system. Veolia is contracted to use a thermal dryer to generate Class A, pelletized biosolids. 
Approximately 30,000 DT per year are pelletized. The pelletized biosolids may be used as an 
unrestricted fertilizer and are popular for golf courses.

The third option for disposal is to send dewatered biosolids to the MWD’s biosolids composting 
facility. This facility converts the biosolids to Class A biosolids through windrow composting. 
After composting, the biosolids based compost is available for use in parts and as top dressing. 
It may also be used as a substitute for the top soil cover at the landfill.

Land application of Class B biosolids occurs within a 50-60 mile radius (a couple of counties), 
farmers can stockpile for no more than 90 days, and farmers are required to incorporate within 
six hours. Chicago utilizes a contract hauler for land application. 

A key aspect of beneficial reuse of the biosolids (land application) is public relations. The MWD 
has staff dedicated to public relations. Additionally, they are required to maintain a spill 
response plan associated with providing assurance to communities that MWD is responsible 
and will minimize risk. Staff are aware that the perception of biosolids is more negative than for 
manure, and they work hard to maintain an overall positive perception. One approach to 
improve perception is by creating a product that is well stabilized as previously indicated. The 
MWD also provides literature for farmers and surrounding communities to give perspective and 
impression of the benefits of land application.

Phosphorus Recover Facility
The Ostara Struvite Recovery Facility went into operation in 2016 and was considered final in 
2017.  This $32 million struvite recovery facility (process and building) includes the following:

 Three Pearl 10,000 struvite harvesting reactors.
 Three feed and recycle pumps. 
 Three screening and drying facilities
 One sizing and storage silo facility with four 60,000 lb storage bags.
 Magnesium chloride storage and dosing facilities.
 Sodium hydroxide storage and dosing facilities.
 Struvite product storage facilities and load out area.
 Citric acid cleaning loops.

The struvite harvesting system will have a revenue of $400/DT, which is expected to offset 
chemical costs. There is an option to index the price to the phosphorus market. 

WASSTRIP is not yet online, but when WASSTRIP is brought online, it is expected to reduce 
the effluent TP concentration, increase struvite production, and provide benefits to biosolids 
handling. Ostara has separate injection ports for WASSTRIP.
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The Stickney WRP has variable influent strength, but they are required to hit an effluent target 
TP less than 1 mg-P/L, much of which is in the form of orthophosphorus (OrthoP). The 
incorporation of biological phosphorus removal alone reduced their effluent OrthoP 
concentration to 1.0 mg-P/L. Then, the addition of Ostara further reduced the effluent OrthoP 
concentration to 0.6 mg-P/L due to reducing the recycle phosphorus. With WASSTRIP, the 
effluent OrthoP is expected to drop down to 0.3 mg-P/L on average by further reducing recycle 
phosphorus.

A brief discussion of the MABR pilot at the O’Brien Plant piggybacked the phosphorus removal 
discussion. Staff indicated they felt the MABR pilot was successful and gave what they needed. 
They are not currently pursuing an MABR project, but it is not related to technology but rather 
funding and project prioritization needs.

Site Visit – Aqua Aerobics
Attachment C includes photos of the site visit to Aqua Aerobics headquarters and demonstration 
facility in Rockford, IL.  Discussion items and observations are summarized below.

 Aqua Aerobics indicated facility designs up to 160 MGD with the oldest installation, at an 
industrial facility, being 10 years old. The oldest municipal installation is eight years old.

 The demonstration facility is sized to treat 200,000 gpd of municipal wastewater.
 They are currently working on 25 installations per year.
 An important maintenance item is associated with the instrumentation. They suggest 

planning 3 hours per basin per week for maintenance of instrumentation.
 The system operates under simultaneous nitrification denitrification (SND) resulting in a 

savings of about 30% oxygen demand by adjusting oxygen flow to match ammonia 
demand.

 Philosophically, they could use pure oxygen, but reality is that there is no experience 
with high purity oxygen use for granular activated sludge.

 The MLSS equivalent of a typical granular activated sludge system (completely mixed 
during aeration) is about 8,000 mg/L.

 In general, it was suggested that a facility use tertiary filtration to achieve TSS less than 
10 mg/L and/or TP less than 0.5 mg-P/L.

 An update of CRWPCF pilot study results to date (prior to reactor hydraulic failure) was 
provided.
 The GrAS reactor was seeded to an average concentration of 7 g/L granules with a 

corresponding SVI30 of 5 mL/g.
 The reactor achieved an effluent ammonia plus nitrate concentration of 2 mg-N/L.
 The reactor effluent phosphorus concentration was less than 1 mg-P/L/
 Organics removal was evaluated based on a measured COD reduction of 81% on 

average.
 System hydraulic retention time varied between 17 and 34 hours.
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 A report with several SCADA screenshots was provided showing solids, dissolved 
oxygen, oxidation reduction potential, ammonia and nitrate, orthophosphorus, and 
effluent turbidity. Nitrate measurements appear to have been rounded to nearest ½ mg-
N/L. Aqua Aerobics will look to adjust SCADA outputs to increase accuracy. 

 Tabulated results for sludge settling and field test parameters (COD, sCOD, ammonia, 
nitrite, and nitrate) were provided as duplicated below.

 An update of the replacement reactor schedule was discussed and presented, but a 
copy of the schedule was not distributed. The stainless steel replacement reactor 
construction had already started. It was to be leak tested and then integrated into the 
pilot trailer with updated mechanical and electrical prior to being shipped back to Cedar 
Rapids. 

o Provided Gant Chart showing six week timeline to get pilot reactors back up and 
running in Cedar Rapids

o Startup is planned for early to mid February.
o Experience suggests that granulation will take four to six months. The 25 week 

duration of the study is dictated by granulation.
o Acclimation with existing granules is only expected to require two weeks
o Discussed startup plan with gradual transfer from AB to GrAS to avoid need for 

large amount of granules; i.e. seed 10-30% of granule biomass
o Discussed possibility of using anaerobic granules for startup.
o Not expected to be a difference in digestibility or combustibility of granular waste 

sludge. Anecdotal evidence suggests improved dewatering, but do not design for 
improved dewatering.

 A brief tour of Aqua Aerobics warehouse and fabrication facility was conducted.
 A tour of the research facility and demonstration plant was then conducted at the 

Rockford wastewater treatment plant. 
 The research facility featured a number of filtration units as well as a GrAS settling 

column.
 A demonstration of the GrAS settling column was conducted. The column showed little 

granule movement with high water upflow velocities. Aeration did disturb the granules 
resulting in mixing.
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Table 1. Sludge Settling Results
    Top Bottom
Date Flow Time HRT SSV5 SSV30 SVI5/SVI30 SSV5 SSV30 SVI5/SVI30
mm/dd/yyyy m3/hr hr hr mL mL ratio mL mL ratio
 0.87 1.00 7.8       

8/4/2017 0.3 1.00 22.7 360 230 1.57 410 275 1.49
8/5/2017          
8/6/2017          
8/7/2017          
8/8/2017 0.4 1.00 17 722 443 1.63 744 483 1.54
8/9/2017          

8/10/2017          
8/11/2017          
8/12/2017          
8/13/2017          
8/14/2017 0.4 1.00 17 469 309 1.52    
8/14/2017 0.4 0.50 34       
8/15/2017 0.4 0.67 25.5       
8/16/2017 0.4 0.83 20.4 487 327 1.49 582 388 1.50

Table 2. Field Testing Results
 Influent Effluent
Date COD sCOD NH4

+ COD sCOD NH4
+ NO2

- NO3
-

mm/dd/yyyy mg/L mg/L mg-N/L mg/L mg/L mg-N/L mg-N/L mg-N/L
8/4/2017         
8/5/2017         
8/6/2017         
8/7/2017         
8/8/2017 789 457 28.9 232 121 16 2.04 1.62
8/9/2017         

8/10/2017         
8/11/2017         
8/12/2017         
8/13/2017         
8/14/2017         
8/15/2017 1021 736 19.6 144 321 0.168 0.106 0.879
8/16/2017 902 705 17.7 138 116 0.415 0.105 0.838
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Attachment A

Stickney Water Reclamation Plant - Background Information

STICKNEY WATER RECLAMATION PLANT

Date Visited: 30 August, 2017

Location: 6001 West Pershing Road, Cicero, IL 60804

Facility: Stickney Water Reclamation Plant

General Background:

Established in 1889, the Metropolitan Water Reclamation District of Greater Chicago (MWRD) is an 
award-winning, special purpose government agency responsible for wastewater treatment and 
stormwater management in an 883.5 square mile service area in Cook County, Illinois. The MWRD’s 
mission is to protect the health and safety of the public in its service area, the quality of the water 
supply source (Lake Michigan), improve and protect the quality of water in watercourses, protect 
businesses and homes from flood damages, and manage water as a vital resource. The MWRD is 
committed to achieving the highest standards of excellence in fulfilling its mission.

Designed to treat up to 1.44 billion gallons of water each day and serving a population equivalent to 
4.5 million residents including the central part of Chicago and 43 suburban communities, the 
Stickney Water Reclamation Plant (WRP) discharges into the Chicago and Sanitary and Ship Canal, 
making it the largest water reclamation plant in the world. MWRD’s mission is to protect the water 
supply source, improve the quality of area waterways, and protect businesses and homes from flood 
damages while sustainably managing this vital resource for the Greater Chicago area. Stickney 
actually consists of two plants; the west side portion of the plant was placed into service in 1930 and 
the southwest portion of the plant was placed into service in 1939. The Stickney Plant serves 2.38 
million people in a 260 square mile area including the central part of Chicago. 

Figure 1. Aeration Basin Blower at Stickney
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Facing more stringent regulatory limits affecting effluent discharge permits in addition to a 
wastewater system that was experiencing an accumulation of mineral in struvite form, MWRD 
sought a closed-loop and cost-effective phosphorus management strategy. Nutrient recovery at the 
Stickney WRP meets the MWRD’s four key performance indicators: Manage Risk, Return on 
Investment, Reduce Effluent Phosphorus, and Maximize Value. The MWRD installed three of 
Ostara’s Pearl®10K reactors, with an installed production capacity of up to 10,000 tons of Crystal 
Green® fertilizer per year. Ostara’s Pearl®10K reactor can recover up to 85 percent of the 
phosphorus and up to 15 percent of the nitrogen from wastewater streams before they accumulate 
as struvite in pipes and equipment.

The MWRD has installed three of Ostara’s Pearl 10K reactors, with an installed production capacity 
of up to 9,000 tons of Crystal Green per year. The District will receive revenue for every ton of 
fertilizer it produces. The Pearl process has the capability to recover up to 85 percent of the 
phosphorus from wastewater streams before they accumulate as struvite in pipes and equipment. 

Figure 2. Ostara Struvite Recovery Reactor
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Biosolids generated during liquid treatment are sent to anaerobic digesters that break them down in 
a process similar to composting that converts nutrients into forms that kill pathogens and provide 
beneficial use to plants. The solids are then dewatered in a centrifuge and air-dried at the nearby 
Lawndale Avenue Solids Management Area, resulting in biosolids that look and feel like dark, fine-
textured topsoil. Composted with woodchips, the biosolids resemble commercial composts sold in 
retail stores but are richer in plant nutrients and perform better as a growing medium than 
commercial compost and fertilizer. Both the air-dried and composted biosolids could be used almost 
anywhere topsoil and chemical fertilizers are used. Some examples include golf courses, athletic 
fields, parks and other recreational areas, agricultural fields, and for restoration of brownfields and 
other disturbed lands. Biosolids are one of the many valuable resources recovered during the water 
treatment process.

They have configured the plant for enhanced biological phosphorus removal (EBPR). Solids 
utilization is handled off-site from this facility. They are now producing a compost material, utilizing 
biosolids on parks, and farmland application as some of our outlets. Solids production varies year to 
year, but they have seen as much as 140,000 dt/yr from Stickney. Note, the Stickney WRP processes 
solids from this plant, but also receives the solids from the O’Brien WRP via pipeline and the Lemont 
WRP via truck. 

Also as far as treatment processes, they are currently constructing conventional circular primary 
tanks and aerated grit tanks to replace the skimming tanks and Imhoff tanks at our Westside portion 
of the plant. These should be online next year.

Figure 3. Stickney WRP, Google Earth View
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Figure 4. Solids Composting Facility, Google Earth View
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Attachment B

Stickney WRP & Aqua Aerobics

B – Site Visit and Photos

Aqua Aerobics GrAS Demonstration Facility
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Stickney WRP, CO2 injection piping in anaerobic digester tunnels

Stickney WRP, Anaerobic Digester Heating System
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Stickney WRP, Anaerobic Digester Heating Pipes

Stickney WRP, Anaerobic Digester Pumps
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Stickney WRP, Anaerobic Digester Tunnels

Stickney WRP, Anaerobic Digester Pumping
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Stickney WRP, Support Beam for Anaerobic Digester Pumps
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Stickney WRP, Pumps

Stickney WRP, Anaerobic Digester Feed Pumps (Lobe Pumps)

Dewatering Room with Centrifuges and Belt Conveyors
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Dewatered Biosolids Belt Conveyors

Alpha Laval G3 Centrifuge
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Ostara Pearl Product Storage Area

Ostara Screens, Cyclones, and Dryers
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Ostara Storage Silos and Bagging Area



TM Illinois Site Visits 20170830 B-10 of 10

 

Ostara Pearl Fines
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Technical 
Memorandum 

To: City of Cedar Rapids

From: Eric Evans/HDR
David Dechant/HDR

Project:     Cedar Rapids Nutrient Removal and 
Solids Facilities Plan

CC: File

Date: November 2017 Job No: City – 6150011
HDR – 270628

Re: Technical Memorandum Green Bay Site Visit
This Technical Memorandum (TM) summarizes a site visit to the Green Bay treatment facility for 
the Green Bay Metropolitan Sewerage District (GBMSD). The GBMSD visit focused on solids 
handling at the Green Bay Facility (GBF), however, GBMSD also operates the De Pere 
treatment facility (DPF). Solids from both facilities are treated at the GBF. 

Eric Evans participated on the site visit from HDR. Participants from Cedar Rapids included 
James Flamming, Aaron Orcutt, Travis Heins, Travis Mastin, Jeff Visek, and Tom Carpenter. 
Bruce Bartel led the discussion for GBMSD with help from Nate Qualls, Bill Anderly, and Pat 
Wescott. A future visit by Cedar Rapids and HDR staff not participating on this visit is 
anticipated but not fully planned.

Objective
The objective of this TM is to summarize and share the experiences of others with biosolids 
handling processes; including anaerobic digestion, centrifuge dewatering, a scalping dryer, and 
fluidized bed incineration; as relevant background information to decisions that will be made as 
part of the Cedar Rapids Nutrient Removal and Solids Facilities Plan. 

This TM is organized as follows:

 Objective 
 Green Bay Metropolitan Sewerage District, Green Bay Facility Site Visit

The following Attachments provide supporting information:

 A – Green Bay Facility - Background Information and Photos
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Green Bay Metropolitan Sewerage District, Green Bay Facility 
Site Visit

The site visit showed an anaerobic digestion (AD) and fluidized bed incineration (FBI) facility 
undergoing installation and nearing startup. The tanks and equipment were installed, but 
electrical and controls installation was ongoing. As a result, the visit provided insight and 
exposure to equipment in a non-operating state.

Key takeaways from the site visits include the following:

 Historically, GBF has incinerated biosolids. Previously, GBF used a Zimpro system 
coupled with multiple hearth incineration (MHI). Currently, GBF incinerates with two 
MHIs.

 The new solids handling system provides a capacity of 52 DTPD on average with a 64 
DTPD maximum month design basis.

 Anaerobic digestion is being incorporated into the process to provide an initial level of 
stabilization along with concurrent generation of biogas.

 Biogas is planned for use in cogeneration engines to produce electricity onsite at the 
facility.

 A sophisticated thermal oil system has been installed to provide energy recovery and 
transfer from the FBI and cogeneration engines to the scalping dryer.

 The Haarslev scalping dryer drives off moisture from the dewatered biosolids in order to 
support autogenous combustion in the FBI. It is anticipated that the dryer will increase 
the solids content from 20-25% to 30-40%. The dryer was added to the project after 
digestion tests showed reduced energy content of the digested biosolids

 The cost of the final project increased from an initial planned cost of $130-140M to just 
over $170M. 
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The original Green Bay Facility was put into service in the 1970s. Green Bay installed and 
operated Zimpro until the early 1990s. The current project, named Resource Recovery and 
Electrical Energy generation system (R2E2), replaces the existing MHIs that are currently in 
operation. Planning for the current project was initiated in 2008 with three main drivers – 
maximum achievable control technology (MACT) standards (regulatory), age of system, and 
capacity. In April 2010, GBF began handling solids from DPF and planning incorporated these 
solids.

Initially, they looked at over 70 processes, which were reduced down to 17 alternatives after a 
high-level analysis. After more detailed evaluation, the 17 alternatives were further reduced to 7 
alternatives, which were subject to more rigorous analysis. Land application was ruled out due 
to volume of sludge and suitability of land in area. It was noted that less cropland is available in 
northeast Wisconsin compared to southern Wisconsin. The final alternatives considered 
composting, FBI only, rehabilitation of the existing incinerators, and anaerobic digestion coupled 
with FBI. 

The final analysis in going to FBI was based on Multi-attribute Utility Analysis. Green Bay is 
comfortable with FBI, particularly the advantages of FBI over MHI, and in particular heat 
recovery for sustainability. The utility engaged a stakeholders committee as part of the project. 
They included industries during the process in order to get them up to speed. Industrial users 
suggested, two years into the evaluation, that staff evaluate rehabilitating existing MHIs. Green 
Bay emphasized the need to make sure to inform and include all customers. This includes 
holding public information sessions. 

There was initial pushback due to the high costs, but the stakeholder engagement helped to sell 
the need for and benefits of the project. To prepare for paying for the new system, Green Bay 
gradually ramped up rates to support service (a 4-year ramp up of rates). A longer ramp up may 
have been better by considering when debt service actually started. In the end, staff identified 
the importance of sharing the full story behind project.

Pre-selection was used for centrifuges, nutrient recovery (multiform harvest) and the 
cogeneration engines. Green Bay pre-purchased the incinerator and assigned that to the 
general contractor. Life cycle analysis was applied as the selection criteria for pre-selected and 
pre-purchased equipment.

For the final selected project, biosolids processing will include thickening, anaerobic digestion, 
dewatering, drying, and finally incineration. Two internal combustion engines are being installed 
to provide electricity generation and for heat recovery. Anaerobic digestion consists of two silo 
shaped digesters with volumes of 2.2 MG each. Egg-shaped digesters were evaluated and it 
was determined that the capital cost for egg-shaped digesters was prohibitive. Pancake-shaped 
digesters were a concern due to cleaning requirements. 

The biogas generated by digesters is to be cleaned with an iron sponge, undergo moisture 
removal, and be treated for siloxane reduction. Biogas is to be treated with a Unison package 
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system. A gas storage sphere will be used to provide 20 minutes of storage. Once treated, the 
biogas will be used to generate electricity. Power purchase agreements drove the decision to 
electricity generation, which will be used internally at the plant. There is no market to sell 
electricity. Peak and offpeak electricity generation is planned for onsite usage. The GBF uses 
4.4 MW and they will have the capacity to generate 3.8 MW, but in general, they anticipate 
cutting electricity usage in half. Green Bay was unable to incorporate electrical storage due to 
costs.

In the future, Green Bay could shift toward selling the biogas on the pipeline to receive 
renewable energy credits. This is currently limited by access to an interstate pipeline. Staff 
referenced the Janesville facility’s implementation of CNG for vehicle fuel as another possible 
use for biogas. 

Dewatering, drying, and incineration are all planned to be placed online prior to anaerobic 
digestion. For thickening, they are replacing gravity belt thickeners with a thickening centrifuge. 
They will replace belt filter presses with centrifuges for dewatering. In addition struvite recovery 
is planned for recycle treatment. 

A Harsleev scalping dryer using thermal oil heating is installed to increase the solids content 
from 25-26% to about 40% so that the digested solids will burn autogenously. Then, the FBI 
portion of the project provides final step in stabilization and volume minimization of solids. 
Green Bay staff noted that two FBIs would have been preferred to increase reliability, but the 
project was limited to one FBI in order to manage costs. A single, Suez incinerator was installed 
with a capacity of 52 DTPD. Thermal oil loop is heated by FBI (primary) or cogeneration engine 
exhaust (secondary) for use in the scalping dryer. There is also a supplemental oil heating 
system that can be used when the FBI and engines are not heating the thermal oil.

Milestones for startup are as follows:
 Digester Seeding – December 2017
 Dewatering, Drying, Incineration – January 2018
 Anaerobic Digestion – March 2018
 Struvite Recovery – April 2018
 Final Completion – August 2018

Incineration startup activities are currently underway, and individual systems are being tested. In 
order to facilitate startup and learning by staff, Green Bay is planning to initially have operators 
assigned to sections to concentrate on initially, then train others. They are planning for job 
shadowing in Fondulac as part of the training. In addition, they may include trips to the Little 
Blue Valley facility in Kansas City or to the Ypsilanti facility to do some job shadowing. 

Operations Plan – 

The general operational approach and plan was discussed. All solids would be fed to the 
anaerobic digesters to undergo stabilization. Following a 15 to 30 day stabilization and storage 
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period in the digesters, solids would be sent to dewatering. Dewatering, drying, and incineration 
are closely coupled together and would be run together with some intermediate storage. Their 
current operational philosophy entails running the incinerator at 65% capacity or higher for five 
days a week continuously and then storing over the weekend; similar to the operational 
approach by Ypsilanti, MI. Staff are considering the implications or benefits of running the 
incinerator at full capacity, but they remain aware of the possible challenges of startup and 
shutdown of the air pollution control system; in particular, the granular activated carbon mercury 
controls.

Maintenance of facilities and equipment is planned to be done in-house and not with a third 
party contract. They are planning for a service contract for the two emergency diesel generators 
and for the biogas engines. Centrysis centrifuges are being used, and Centrysis invited 
maintenance staff to go to the Centrysis facility to learn how to perform maintenance; e.g. how 
to rebuild the centrifuges.

At GBF, the liquid treatment process includes biological phosphorus removal. During holiday 
weekends, they may add ferric at GBF due to low carbon loads, but they meet their limits 
without ferric 95% of time. They have a selector zone (anaerobic) with a detention time of 22 
minutes, and this was expanded significantly with solids handling project. The anaerobic zone 
was increased in size about three times to give an hour detention time.

GB has opportunity to defer with trading or adaptive management (work with ag, stormwater) to 
bring the waterbody into compliance. This gives them the ability to defer water a quality based 
phosphorus limit. Staff expect to eventually have a mass limit resulting in a concentration 
equivalent limit of 0.2 mg-P/L. The limit will ramp down gradually from 0.6 or 0.5 mg-P/L to 0.2 
mg-P/L (if waterbody is not in compliance). As indicated, this is based on a mass-based limit for 
phosphorus. They have monthly, six month, and average annual mass limits. One permit covers 
both facilities (bubble permit) giving some additional flexibility.
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Attachment A - Green Bay Facility - Background Information 
and Photos
Date: October 31, 2017

Location: Green Bay, WI

Facility: Green Bay Facility

General Background: 

NEW Water, the brand of Green Bay Metropolitan Sewerage District, is a wholesale provider of 
wastewater treatment and conveyance services to 18 municipalities, and approximately 231,000 people 
through a 285-squaremile area in Northeast Wisconsin. NEW Water strives to lead water quality 
improvements for the bay of Green Bay through operational excellence, resource recovery, education, 
and watershed management.

Construction is humming along for NEW Water’s new solids handling facility, Resource Recovery and 
Electrical Energy, or R2E2. Anaerobic digester walls are scheduled to be raised as early as next week. 
Construction of the $169-million project launched in 2015, and is scheduled for completion in 2018. In 
2008, NEW Water began planning for the new solids facility to address aging infrastructure, stricter 
environmental standards, and needs for greater capacity. “R2E2 represents a new philosophy for NEW 
Water, one that views what is sent to us not as a waste, but as a resource to be recovered,” said Tom 
Sigmund, Executive Director of NEW Water. The project will use anaerobic digestion to generate energy 
and produce electricity, resulting in an approximate 50% reduction in energy costs per year. Anaerobic 
digestion is back to the future for NEW Water, since digesters were used from the 1930s through the 
1970s, when NEW Water began accepting industrial waste from the paper mills. At that time, the 
combination of industrial and municipal waste was not conducive to anaerobic digestion. With R2E2, 
NEW Water will be able to accept different wastes, such as dairy, sugar, and food processing, in addition 
to traditional waste, which will also boost energy production, and result in a significant savings in cost, 
and energy output.

Further, struvite – a combination of magnesium, nitrogen, and phosphorus naturally present in 
wastewater – will be harvested and made into commercial fertilizer, and bring in about $400,000 in non-
ratepayer revenue annually
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Figure A-1. Green Bay Facility, Satellite Photo (Prior to R2E2 Project Completion)
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Figure A-2. GBF Thickening Centrifuge

Figure A-3. GBF Hauled Waste Receiving Stations
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Figure A-4. GBF Anaerobic Digester Silo Tanks
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Figure A-5. GBF Incinerator Electrical Room



TM Green Bay Site Visit 20171031 A-6 of 15

Figure A-6. GBF Suez FBI

Figure A-7. GBF Plenum
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Figure A-8. GBF Quench Scrubber
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Figure A-9. GBF – Top of Suez FBI
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Figure A-10. GBF – Top of Thermal Oil Heat Exchanger
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Figure A-11. GBF – EnviroCare Scrubber, Three Venturi Nozzles with room for fourth
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Figure A-12. GBF – Wet Electrostatic Precipitator (WESP)
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Figure A-13. GBF – Exhaust reheater prior to granular activated carbon treatment
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Figure A-14. GBF – Haarslev Biosolids Dryer

Figure A-15. GBF – Progressive Cavity Pump
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Figure A-16. GBF – Centrisys Dewatering Centrifuge

Figure A-17. GBF – Centrisys Centrifuges
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Figure A-18. GBF – Haarslev Biosolids Dryer
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Technical 
Memorandum 

To: City of Cedar Rapids

From: Eric Evans/HDR
David Dechant/HDR

Project:     Cedar Rapids Nutrient Removal and 
Solids Facilities Plan

CC: File

Date: November 2017 Job No: City – 6150011
HDR – 270628

Re: Technical Memorandum DC-Baltimore Site Visits
This Technical Memorandum (TM) summarizes site visits to three facilities in the Washington 
D.C. and Baltimore, Maryland area. The three site visits included the Blue Planes Advanced 
Water Treatment Plant for the Washington D.C. Water and Sewer authority (WASA), the H.L. 
Mooney Advanced Water Reclamation Facility (Prince William County, Virginia), and the Back 
River Wastewater Treatment Plant (Baltimore, MD).  Participants from HDR included Dave 
Dechant, Larry Hentz, and Eric Evans; William Schaefer from HDR also participated in the H.L 
Mooney site visit. Participants from Cedar Rapids included James Flamming, Roy Hesemann, 
Aaron Orcutt, and Mike Kuntz. Chris Peot led the discussion for the Blue Plains Plant, Mary 
Oshaughnessy led the tour and discussion for the H.L Mooney Facility, and Mike Gallagher led 
the tour and discussion for the Back River Plant.

Objective
The objective of this TM is to summarize and share the experiences of others with biosolids 
handling processes; including thermal hydrolysis pretreatment, anaerobic digestion, centrifuge 
dewatering, land application, fluidized bed incineration, and phosphorus recovery; as relevant 
background information to decisions that will be made as part of the Cedar Rapids Nutrient 
Removal and Solids Facilities Plan. In addition to discussing biosolids, participants discussed 
the nutrient removal approaches as they applied to the Chesapeake Bay area. 

This TM is organized as follows:

 Objective 
 Summary
 D.C. WASA, Blue Plains Advanced Water Treatment Plant Site Visit
 H.L. Mooney Advanced Water Reclamation Facility Site Visit
 Back River Wastewater Treatment Plant Site Visit
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The following Attachments provide supporting information:

 A – Blue Plains Advanced Water Treatment Plant - Background Information and Photos
 B – H.L. Mooney Advanced Water Reclamation Facility – Background Information and 

Photos
 C – Back River Wastewater Treatment Plant – Background Information and Photos

Summary
The site visits showed thermal hydrolysis, anaerobic digestion, and fluidized bed incineration 
technologies at large scale. For the Blue Plains Plant, biosolids are thermally hydrolyzed and 
anaerobically digested and disposed primarily as their “Bloom” product, which is further 
stabilized through several days of windrow turning. For the Back River Plant, biosolids are 
stabilized in a two-phase process using a silo-shaped acid phase digester and egg-shaped gas 
phase digesters that have operated effectively with no time out of service for over 20 years. 
Biosolids standards can be achieved, and energy can be produced from biogas efficiently with 
anaerobic digestion. On the other hand, the H.L. Mooney Facility incinerates biosolids cost-
effectively with fluid bed incineration and the corresponding air pollution control equipment. With 
incineration, the volume of the biosolids generated is substantially reduced allowing cost-
effective landfilling of the residual.

Key takeaways from the site visits include the following:

 Historically, Blue Plains had a lime stabilization process for biosolids and incineration 
faced regulatory and political hurdles in an air quality nonattainment area. Back River 
has utilized anaerobic digestion for over 20 years and recently implemented phased 
digestion. H.L. Mooney has used incineration throughout the history of the facility; 
previously multiple hearth incineration and currently fluid bed incineration.

 Anaerobic digestion provides consistent, reliable primary and secondary solids 
processing for the Blue Plains and Back River Plants along with concurrent generation of 
biogas.

 Biogas is currently used in steam turbines to produce 10 MW of power by the Blue 
Plains Facility and in three 1 MW cogeneration engines at the Back River Plant.

 The logistics of land application involves outsourcing to third-parties for land application.  
The cost is approximately $40 per ton. Blue Plains is expanding direct distribution. They 
have identified that the stabilized product is suitable and acceptable for soil blending and 
has been accepted by the Maryland Department of Transportation (DOT) for projects.

 Marketing of biosolids includes providing assurances of the low contamination levels and 
providing the public with examples of relative risks. One example used by Blue Plains 
compares the level of triclosan in Colgate toothpaste versus the considerably lower level 
in biosolids.
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 As with the Stickney Plant (previously visited), D.C. identified that public relations is 
important to the acceptability and marketing of the land application program. Chris Peot 
is dedicated to public relations. 

 The planning and implementation of thermal hydrolysis and the new anaerobic digestion 
system at Blue Plains began in 1999. A period of six years was required for 
implementation of thermal hydrolysis after the plan was accepted. This timeline is getting 
shorter for other facilities on the east coast.

 Heat exchanger costs are significant at HL Mooney costing $750,000 new, and 
$450,000 rebuilt with a rebuild needed every 3 to 5 years, and a new heat exchanger  
after two or three rebuilds

D.C. WASA, Blue Plains Advanced Water Treatment Plant 
Site Visit
This Section provides information on the Blue Plains Plant including the detailed discussion 
points regarding the thermal hydrolysis and anaerobic digestion system. Attachment A provides 
background information on the Blue Plains Plant including an overview of the facility, a satellite 
photo of Blue Plains, and photos from the site visit.  

Blue Plains has an average flow between 300 and 400 million gallons per day (MGD) with a 
peak capacity of over 1 billion gallons per day. The biosolids system is designed to handle 450 
dry tons per day through thermal hydrolysis and anaerobic digestion of both primary and 
secondary solids. 

In 2009, DC WASA invested $470 million into their new biosolids program to produce Class A 
biosolids by thermal hydrolysis and anaerobic digestion. The general biosolids scheme for Blue 
Plains involves gravity thickening for primary solids, dissolved air flotation thickening for 
secondary solids, blending thickened primary and secondary solids, screening the thickened 
and blended solids, centrifuge pre-dewatering, thermal hydrolysis pretreatment, mesophilic 
anaerobic digestion, and final dewatering with belt filter presses (Figure 1). Final dewatering 
with belt filter presses is meant to obtain the best product possible in terms of texture, odor and 
minimizing reactivation and regrowth. 

Farmers noted a value for the biosolids of around $300 per acre, which translates to $15 per 
wet ton or $6.5 million per year.  Biosolids permits are in both the City’s name and the 
contractor’s name. There is about 2 months where wet, frozen ground is a challenge for land 
application. The facility has adequate storage to get through the winter time with 60-90 days of 
storage (60 days based on weather). Further, they have 120 days storage based on their 
contract.
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While 90% of the biosolids are land applied, some of the final biosolids are hauled out and 
allowed to “air out” prior to being marketed as Class A solids for various uses. The name of their 
final product is “Bloom”, which is meant to represent the end result of use. 

Some of the solids are collected for commercial use at the facility as a soil blending product or 
fertilizer.  DOT has recently approved a topsoil blend of 6 parts topsoil, 3 parts sand, and 2 parts 
biosolids Bloom.  Moving forward, the goal is to sell as much of the biosolids as they can, and 
they are marketing that plan extensively now.

Biogas is treated to remove siloxanes prior to being sent to their energy recovery system. Some 
of the heat energy is used to drive the thermal hydrolysis system and the rest is used to 
generate electrical power. 

Some of the key summary points for the Blue Plains Plant are as follows:

 The general development of current process was as follows:
o First digester planning meeting in November 1999
o Initial concept of egg-shaped digesters resulted in high costs
o The use of THP-AD was proposed by a technical committee
o Planning and implementation occurred over a six year period

 Four trains of Cambi THP with two redundant trains currently and eventually one 
redundant train at for the design future biosolids processing rate

 Cambi operates as follows:
o Temperature = 160°C
o Pressure = 90 psig
o Thickened solids screened with 5 mm screening press
o Solids Feed = 16-17%
o Solids to Digester = 10%
o Solids fed to digesters are cooled by tube in tube heat exchangers with process 

water
 Everything was selected with end product quality in mind.  For example belt filter 

presses were selected over centrifuges and belt conveyors were selected over screw 
conveyors.

 Belt filter press dewatering results in 30-32% totals solids content
 For the 450 dry tons per day of biosolids generated on average, 90% land applied, 10% 

marketed
 Two contractors are used for land application of solids at $43 per wet ton.  They must 

haul solids as they are produced and store offsite as necessary.
 Dispose on average 22 trucks per day of biosolids
 Average haul distance is 90 miles with a range from 60 to 150 miles

If they had it to do over again, Chris indicated that they would have recovered heat off the 
Cambi – Digester heat exchanger.  He also indicated that they would have built a food waste 
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receiving station to receive and prescreen (5 mm) preslurried food waste ahead of Cambi.  
Waste Management has approached about their interest in food waste.  InSinkErator makes 
slurry equipment for food waste.

Figure 1. Blue Plains Biosolids Process Flow Diagram.

H.L. Mooney Advanced Water Reclamation Facility Site Visit
The next facility visited was the H.L. Mooney Advanced Water Reclamation Facility in Prince 
William County, Virginia. This section provides information on the Mooney Facility, which has 
nutrient removal processes and solids incineration. Attachment B provides background 
information on the Mooney Facility including an overview of the facility, a satellite photo of the 
facility, and photos from the site visit.  

Mooney uses a fluidized bed incinerator (FBI) for processing the biosolids with a backup lime 
stabilization process. Their 9-foot diameter, FBI is a Hankin product that replaced multiple 
hearth incinerators (MHIs) previously used, and it came online in 1995. The FBI has a permitted 
capacity of 45 dry tons per day (DTPD), or 1.3 dry tons per hour (DTPH) operating for 16 hours 
per day. The capacity of the incinerator is based on the 9.2 MMBTU per hour solids heating 
value, which is between 8,000 and 9,000 BTU/lb, and the feed rate.
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Figure 2. H.L. Mooney Solids Processing Process Flow Diagram

The FBI is run at the target temperature of 1,500 °F for the daily operation. After solids are 
processed, the FBI is shutdown for off-hours (8 hours per day) during which the temperature 
drops by about 200°F. During the 8-hour daily downtime, they are able to perform some 
maintenance. When restarting in the morning, between 50 and 60 gallons of supplemental 
diesel fuel is used to bring the FBI back up to the operating temperature and then operates 
autogenously. They have 20,000 gallon and 6,000 gallon diesel storage tanks.

In order to facilitate maintenance, the supplier recommended one shutdown per year for one 
month. Staff at Mooney determined that they could accomplish the needed maintenance with 
two shutdowns per year; one for two weeks and one for one week. As a result, the maintenance 
program is modified for reduced downtime with some minimal maintenance occurring off hours. 
During the shutdowns, they check system integrity, check refractory, remove sand, and replace 
tuyeres that popped up from fluidizing air. During the shutdown, they haul sludge to the landfill 
(at a cost of $10,000 per day) or to the nearby Hopewell facility.

The airflow stream for the FBI circulates to fluidize the media. Within the airstream is a heat 
exchanger preheats air allowing for an estimated 30% energy savings. The heat exchanger 
costs $750,000 new, but it can be rebuilt for $450,000. Experience at the Mooney Facility has 
been that heat exchangers require a rebuild every 7 to 10 years. They own two heat exchangers 
with one installed and operating at any give time. When a rebuild is needed, they swap the 
spare heat exchanger into service for the heat exchanger that was in operation. 

The system uses an induced draft fan to circulate the air so that the FBI itself operates in a 
slight vacuum. The system uses 5,600 scfm of fluidizing air, which first flows through the 
preheating heat exchanger then through hot box fluidized bed plenum.
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Air emissions control is a critical and integrated part of FBI at the Mooney Facility. Air pollution 
control equipment includes ammonia or urea addition for NOx control, a venturi scrubber for 
quenching and ash collection, an impingement tray scrubber with base addition for SOx control, 
and a wet electrostatic precipitator (WESP) for particulates, lead, and cadmium. To meet the 
sewage sludge incinerator (SSI) maximum achievable control technology (MACT) standards for 
existing FBI sources for lead, a sorbent polymer composite (SPC) mercury scrubber needed to 
be installed as a final treatment step. Notably, the SPC scrubber uses a goretex based media. 
Staff monitor emission control with a continuous emissions monitoring system (CEMS), and 
emissions factors do not impact FBI operation.

The FBI generates some clinkers, and staff checks for and deals with the clinkers formed about 
every three months. Otherwise, wet ash solids are collected as the residual. Then, the wet ash 
is stored in ash ponds. The system does not have an emergency bypass, but it does have lower 
and upper bed sprays for quenching or cooling.

Some points were provided by staff regarding equipment and operation:

 Schwing cake pumps are effective for feeding
 Acquire stack test information as background
 Lime addition may help with clinkers (35% lime slurry)
 Redundancy recommended for pH probes, because the incinerator is shutdown if pH 

probe offline. 
 Rather than shutting down the FBI for pH probe calibration, staff developed a procedure 

to calibrate/check installed pH probes by comparing to lab probe that is calibrated.
 O2 probes are installed in the exhaust, which is a harsh environment. As a result, they go 

through 8-12 O2 probes per year. They recommended installing in a protected location.
 They put the meters for probes in the control room to protect them.
 Instrumentation should be accessible.
 Use Inconel instead of schedule 80 stainless steel.
 Burn sludge at the feed rate it wants to burn (based on sweet spot for sludge, i.e. 

BTU/lb-wet).
 The FBI is has minimal unplanned shutdown.
 The venturi scrubber undergoes a lot of wear and requires considerable maintenance.
 They have good experience with Lundberg WESP
 Olivine sand (from Belgium and Turkey) is highly recommended.

The tour concluded with a brief walk around of the liquid processes, which included activated 
sludge followed by denitrifying filters and disinfection. The activated sludge process had been 
optimized to provide some high efficiency total nitrogen (TN) removal with multiple anoxic 
zones. Additionally, some biological phosphorus removal was achieved through their 
optimization efforts. One train of the process acted as a test train for optimization work. 
Denitrifying filters were operated solely for physical separation and not with methanol addition to 
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provide additional denitrification. Ferric chloride was added in the primary clarifiers to provide an 
initial 40 to 50% drop in influent phosphorus.

Back River Wastewater Treatment Plant Site Visit
The final visit as part of this trip focused on the Back River Wastewater Treatment Plant in 
Baltimore Maryland. Attachment C includes background information, a satellite photo of the 
plant, and photos from the site visit. 

The primary goal of this visit was to see the egg-shaped anaerobic digesters at the Back River 
Plant visit. The permitted capacity of Back River is 180 MGD. They currently average 140 MGD 
of flow with peaks around 400 MGD. The plant covers 466 acres and serves 1.3 million people. 
It is a biological nutrient removal (BNR) facility with an effluent TN goal of 8 mg-N/L and a 
permitted effluent TP of 0.2 mg-P/L. The Plant is subject to the Chesapeake Bay restoration 
effort.

In order to treat the 35,000 lb-N/d and 6,000 lb-P/d received, the plant adds chemical for TP 
removal and uses denitrification for TN removal. The biological process is a two-step process 
with step 1 being nitrifying activated sludge and step 2 being denitrification. Back River recently 
installed denitrifying filters (Tetrafilters) for enhanced nutrient removal (ENR). The plant budget 
includes $2 to 3 million per year for methanol for the denitrifying filters.

The Back River Plant uses two, 3- million gallon egg-shaped digesters in lieu of conventional 
digesters in order to gain mixing, heating, and treatment efficiency as well as reduce the 
maintenance needed to run them. The egg-shaped digesters at Back River were installed in 
1993 and have never been cleaned due to their efficient mixing. An acid-phase digester was 
recently constructed to further improve efficiency and stability. They are much better with 
respect to foaming. Overall, the solids processing facility has a capacity to handle 120 DTPD 
based on a 60:40 primary to secondary solids split. Primary solids are thickened in a gravity 
thickener and secondary solids are thickened with dissolved air flotation. The process flow 
scheme for Back River, depicting the solids handling processes described, is shown in Figure 3.

They have a lot of grit coming into the plant from their sandy soils and leaky collection system.  
Their experience with conventional anaerobic digesters mixed with gas and steam indicated that 
only 1.0 of the 1.3 million gallons of actual storage was usable, they needed to be cleaned every 
two years, and they did not work well with foam.
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Figure 3. Back River Process Flow Diagram

The digesters utilize steam injection for heating. Biosolids are fed into the top of the digesters 
for heating with the steam injectors located on top. A radar is used to measure and maintain the 
level in the digesters with a pinch valve opening in the bottom of the digesters when the 
maximum level is reached. The digesters are mixed with one of two systems. The first is mixing 
with biogas injection (200 HP compressor) and the second is with draft tube mixing (75 HP 
mixer).

Sludge feed to the acid-phase is typically 5 to 6 percent solids that are 76 percent volatile.  
Hydraulic retention times in the system are 1.5-2 days for the acid-phase digester and 8-12 
days in the two gas-phase digesters operating in parallel. Typically, they achieve 60% system 
wide VS reduction, however, sometimes the VS reduction drops to 48-50% (summer).  Their 
conventional digesters operated at 15 days detention time.

Once digested, biosolids are stabilized before being handled by third parties. The plant is 
committed to giving Synagro 54 DTPD for dewatering pelletizing. Synagro is paid $450/DT to 
dewater, dry, and dispose of the biosolids. They also pay a composter $92/WT based on 
dewatered cake. After meeting the monthly guarantee, the price drops to $40/DT. This 
compares to the landfill tipping fee of $60/DT.
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Biogas generated by anaerobic digester is typical in quality. Normal operation for biogas 
involves treatment for moisture and siloxane removal, but the treatment system was reported 
not to work. Biogas is fed into three, 1 MW generators as part of their combined heat and power 
(CHP) system giving them peak electricity shaving. They are working to install new generators 
in order to be able to better utilize biogas moving forward. Process boilers are run on natural 
gas for heating the digesters.  They also have a 4200 panel solar array installed.

Their plan for the future biosolids process includes potentially switching to THP in order to 
increase capacity, increase volatile solids (VS) reduction, and increase biogas generation. In the 
event they construct THP, the acid-phase digester would be converted to storage. 
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Attachment A - DC Water and Sewer Authority
Date: 25 October 2017

Location: Washington D.C.

Facility: Blue Plains Advanced Wastewater Treatment Plant

General Background: 

The Blue Plains Advanced Wastewater Treatment Plant is the largest plant of its kind in the 
world. On an average day, the facility treats close to 300 million gallons of wastewater and has 
the ability to treat over 1 billion gallons a day at peak flow. Wastewater flows in from the District 
of Columbia and from Montgomery and Prince George’s Counties in Maryland and Fairfax and 
Loudoun counties in Virginia.

The plant opened as a primary treatment facility in 1937. Since that time, new processes and 
technologies have been added to provide advanced wastewater treatment. The Blue Plains 
facility now uses both primary and secondary treatment as well as denitrification, multimedia 
filtration and chlorination/dechlorination during the treatment process.

At DC Water, we believe wastewater is more than just waste. During the treatment process, 
useful products like biosolids and energy are extracted to be reused. We land apply our 
biosolids across the region, recycling nitrogen and phosphorous back into local soils. The 
thermal hydrolysis process used in our digesters generates about 10 megawatts of electricity 
that we reuse to cut our electricity consumption by a third. These efforts help to continue to 
improve our treatment process and remain a leader in sustainability for the future.
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Figure A-1. DC WASA, Blue Plains Advanced Wastewater Treatment Plant

Figure A-2. DC Blue Plains Solids Screen
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Figure A-3. DC Blue Plains Pre-dewatering Centrifuge

Figure A-4. DC Blue Plains Cambi Feed Pump (progressive cavity)
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Figure A-5. DC Blue Plains Heat Exchangers
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Figure A-6. DC Blue Plains Anaerobic Digesters

Figure A-7. DC Blue Plains Final Dewatering (Belt Filter Press)
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Figure A-8. DC Blue Plains Product Handling
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Attachment B - Prince William County, HL Mooney Facility
Date: 26 October 2017

Location: Prince William County, Virginia

Facility: HL Mooney Advanced Water Reclamation Facility

General Background: 

The H. L. Mooney Advanced Water Reclamation Facility (AWRF) is located in eastern Prince 
William County along the U.S. 1 corridor near the Potomac River. The facility treats influent 
wastewater from customers located in the eastern half of the County.

The Facility was named for Mr. H. L. Mooney, the former Administrator of the Occoquan-
Woodbridge-Dumfries-Triangle Sanitary District.

Construction of the facility was completed in 1979 under the United States Environmental 
Protection Agency’s (EPA) Clean Water Act Grant Program with a sewage treatment capacity of 
12 million gallons per day (MGD). The first major upgrade to the Facility was completed in 1997, 
which increased treatment capacity to 18 MGD. The Service Authority completed a $131.7 
million upgrade of the H.L. Mooney AWRF in 2010 to help further safeguard the Chesapeake 
Bay through more intensive nitrogen and phosphorus removal. The project also expanded the 
facility’s treatment capacity to 24 MGD to accommodate continuing growth in the County.

Through a variety of techniques, the Facility is able to reduce pollutants in wastewater by 99 
percent. Mooney also removes approximately 140 tons per year of phosphorous and 730 tons 
per year of nitrogen from the water before it is discharged into Neabsco Creek, a Potomac River 
tributary. Nitrogen and phosphorous are nutrients that boost the growth of aquatic algae. While 
algae are a natural and critical part of the Potomac River and Chesapeake Bay ecosystems, a 
high abundance of them can block sunlight to underwater grasses and consume too much 
oxygen in the water, which leads to fish kills, surface scum and odors that interfere with the 
feeding of shellfish and other organisms which filter water to obtain their food.
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Figure B-1. Prince William County, Mooney Advanced Water Reclamation Facility

Figure B-2. HL Mooney FBI Building
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Figure B-3. HL Mooney FBI and Heat Exchanger
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Attachment C - Baltimore Back River Wastewater Treatment 
Plant
Date: 26 October 2017

Location: Baltimore, Maryland

Facility: Back River Wastewater Treatment Plant

General Background: 

The Back River Wastewater Treatment Plant (BRWWTP) began construction in 1907 and was 
opened in 1911. It is owned and operated by the City of Baltimore. It is situated on the west 
shore of the Back River; a tributary of the Chesapeake Bay. The plant occupies a 466-acre site 
and has a 35-foot elevation difference from influent to outfall, allowing wastewater to flow 
through the plant entirely by gravity. An estimated 1.3 million residents in a 140 square mile 
area of Baltimore City and County are served by this plant. The BRWWTP currently employs 
approximately 300 people, including supervisory, operations, maintenance, and laboratory 
personnel. Twenty-four hour, year-round plant operation is maintained. Our facility has evolved 
into a tertiary treatment plant and is currently designed to treat 180 million gallons per day 
(MGD) of wastewater utilizing fine bubble, air distributed, activated sludge. Utilizing phosphorus 
control by chemical addition and nitrogen control by biological processes, we currently remove a 
majority of these nutrients. Hydraulically, the BRWWTP can handle peak flows of over 400 
MGD.

Wastewater from both Baltimore City and County enters the Back River plant through two large 
conduits. At the plant’s Influent Metering Building, flow rates are measured by two 78-inch 
diameter magnetic flow meters. After treatment, as described in the following paragraphs, 
approximately forty percent of the final effluent is diverted through two 6-mile long pipelines to 
Severstal Corporation at Sparrows Point for industrial purposes. The remaining effluent passes 
through a 1,200-foot long outfall structure where it is gradually aerated and diffused into Back 
River.

Liquid Treatment Processes

Wastewater to the BackRiver Wastewater Treatment Plant currently receives four levels of 
treatment: Preliminary, Primary, Secondary, and Tertiary.

Preliminary Treatment

The preliminary treatment process includes six fine screens (one quarter inch openings) and 
four grit removal basins. The fine screens remove larger solid objects such as cigarette butts, 
rags, sticks, rubber, and plastic items, which may clog or damage downstream pipes, pumps, or 
collection mechanisms. After fine screening, the flow enters the grit removal basins where the 
flow velocity is reduced to 1 foot per second to allow sand and other grit particles to settle out. 
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Collected screenings and grit are removed and transported for disposal to the Quarantine Road 
Landfill.

Primary Treatment

Following preliminary treatment, the wastewater is distributed among eleven primary 
sedimentation tanks (nine 170-ft. diameters and two 200-ft. diameters) where large and denser 
suspended organic particles settle. Approximately 65 percent of the suspended organic material 
normally settles in these tanks and is removed continuously by rotating scraper mechanisms as 
primary sludge. Primary sludge removed from the tanks averages approximately one-percent 
solids content. While the sludge goes to solids processing, the clarified effluent proceeds to 
secondary treatment.

Waste Pickle Liquor, which contains iron and is obtained as a by-product from Severstal steel 
mill at Sparrows Point, is added to the primary effluent prior to secondary treatment to 
chemically precipitate phosphorous with iron thus reducing the amount of this nutrient 
discharged to the Bay.

Secondary Treatment

Effluent from the primary process, which still contains dissolved and fine suspended solids, 
flows to the activated sludge process (secondary treatment). At the BRWWTP, flow from 
primary treatment enters two separate fine bubble activated sludge facilities where a culture of 
microorganisms is maintained to absorb and metabolize organic pollutants. Air is continuously 
added to the aeration basins to meet the oxygen demand of the bacteria and other organisms 
that comprise activated sludge. After treatment, the activated sludge is then separated from the 
wastewater by sedimentation in secondary clarifiers similar to those used in primary treatment.

After sedimentation, approximately 35 to 40 percent of the aeration tank influent flow is then 
recycled back to the aeration basins in a form commonly referred to as Return Activated Sludge 
(R.A.S.). This maintains the required biomass concentration, while the remaining sludge 
commonly referred to as Waste Activated Sludge (WAS) is pumped to solids handling 
processes. Collectively, the facilities generally utilize approximately 200 million cubic feet of 
generated air per day.

All Activated Sludge Facilities are retrofitted to operate as a Biological Nutrient Removal (BNR) 
Facility. The retrofit allows various single stage nitrification/denitrification modes to be compared 
so that the most efficient design can be selected for future plant designs.

To further reduce the phosphorus loading to Back River, ferric chloride and polymer are added 
separately to the aeration tanks prior to secondary clarification. As an option, polymer can also 
be added to the effluent after secondary clarification. Together, these chemicals cause a 
precipitate to form that can be removed by sedimentation or during filtration.

Advanced Treatment (Tertiary)
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After secondary treatment, flow enters the Sand Filtration Facility (Tertiary Treatment). This 
facility consists of forty-eight, 16 ft. x 116 ft. sand beds with a total filter surface area of slightly 
over two acres. Each filter bed has an 11 inch sand depth with a sand particle size between 
0.55 and .65 mm.

Similar to a swimming pool sand filter, the Back River filtration process entraps the solids 
particles on the filter bed to remove most of the remaining suspended solids from the 
wastewater. The suspended solids are then automatically backwashed from the bed and 
recycled back to the influent of the activated sludge process.

Chlorine solution is added at the influent of the filtration process for the purpose of minimizing 
algae growth on the filter beds, and as the primary point of chlorination for disinfection of the 
plant effluent. Chlorine can also be added downstream of the filtration process for final trim 
dosing.

Final Treatment

Disinfection by chlorination (bleach), dechlorination by bisulfite, and post-aeration in a step-dam 
cascade system were the original three step process design objectives at the 
Chlorination/Dechlorination Facility. However, with the March 1993 start-up of the filtration 
process, the location for chlorinating final effluent was eventually modified and chlorine is now 
added primarily at the Filtration Facility. As a result of this process modification, the overall 
contact time has been greatly increased. After filtration, the effluent passes through four, three-
pass chlorine contact tanks located at the Chlorination/Dechlorination Facility. Each chlorine 
contact tank measures 43 ft. by 165 ft. by 15 ft. deep giving a total volume of over 3 million 
gallons and provides up to an additional 44 minutes of chlorine contact / disinfection time.

The overall contact time currently achieves a disinfection level as measured by E-Coli 
concentration, that meets a permit requirement of less than a Most Probable Number (MPN) of 
126 per 100 ml. After chlorination, bisulfite solution is added to neutralize the chlorine residual, 
thus minimizing the potential toxic affects that chlorine, and compounds that form as a result of 
its addition, could have on aquatic life within the Bay.

Finally, the effluent spills down a step-dam cascade system where it is re-aerated to a dissolved 
oxygen concentration in excess of five milligrams per liter. This treated, neutralized, and 
oxygenated effluent then passes through a 1,200 ft. long outfall pier where, because of its high 
dissolved oxygen content, it attracts large populations of minnows and other aquatic and bird 
life.

Odor Control

Inherently, odors are generated at all wastewater treatment plants; the Back River Plant is no 
exception. However, the BRWWTP continues to make significant improvements in controlling 
odors emanating from the plant to the surrounding community. The odor control measures 
employed to date have accounted for a steady and marked reduction in odor complaints.
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The current method of odor control is achieved through capturing and collecting odorous gases 
and treating them through a series of individual chemical scrubbing systems located at different 
unit process areas. There are seven of these chemical scrubbing systems and they are located 
at the plant’s Fine Screen Building, Rapid Sludge Loading Facility, Thickener Tanks, Gravity 
Belt Thickeners, and three servicing the Primary Settling Tanks.

In addition to the chemical scrubbing systems, a hydrogen peroxide (H2O2) addition system is 
used to control odors from the incoming wastewater to the plant. Two 10,000 gallons above 
ground H2O2 tanks deliver chemical to the liquid stream at a flow rate up to 7.5 gallons per 
minute. Hydrogen peroxide, having a strong oxidizing characteristic, is utilized primarily to 
oxidize hydrogen sulfide (rotten egg smelling compound) to a more stable form of sulfur.

Solids Treatment Process

Equally as important as the treatment of wastewater is the handling of its by-product, sludge. At 
the Back River Plant, solids receive three stages of handling prior to disposal: Thickening, 
Stabilization, and Dewatering.

Thickening

At the BRWWTP, primary sludge is thickened by gravity while waste activated sludge is 
thickened by gravity belt thickeners and / or the air floatation process. Up to eight gravity 
thickeners, each 65 feet in diameter are used to thicken primary sludge from a dilute liquid of 
one percent solids content to a thickened sludge concentration between four and seven percent 
solids.

Similarly, solids from secondary treatment, which are lighter and more readily floatable than 
primary solids, are processed through five gravity belt thickeners and up to four air flotation 
thickeners. During the sludge thickening process, waste activated sludge, at a dilute liquid of 
0.8%, is thickened to a sludge solids concentration between 3 and 7% solids.

Stabilization

At the BRWWTP, sludge stabilization is currently achieved by the use of six, 1.3 million gallon 
conventional and two, 3 million gallon, egg-shaped anaerobic sludge digesters. The egg-shaped 
digesters were started in December of 1992. They are slightly over eighty feet in diameter and 
one hundred and fifty feet high. They were selected because of their life-cycle cost, operating 
efficiencies (never require cleaning) and large volume/small footprint aspect.

Anaerobic digestion is a biological treatment where anaerobic bacteria decompose and stabilize 
the organics in the thickened sludge. Consequently, this sludge stabilization process reduces 
the volume of the sludge by destruction of volatile compounds while producing combustible gas 
as a by-product. Digester gas typically consists of about 65% methane and 35% carbon dioxide 
and is used for heating the digestion process, which operates between 96 and 98 degrees 
Fahrenheit. The gas is also used to heat various plant buildings and facilities. Digestion 
generally destroys about 45% of the volatile solids while producing an average 1.5 million cubic 
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feet of gas per day. Reduction of sludge volume greatly reduces our costs for disposing of plant 
sludge,

Dewatering

After digestion, the sludge is conditioned with polymeric coagulants and dewatered in solid-bowl 
centrifuges. These centrifuges use a large solid walled bowl with horizontal axis-rotation. 
Centrifugal forces developed by the rotation causes the solids, which are denser to adhere to 
the bowl wall and are continuously scraped off by a helical screw conveyor.

The solid bowl centrifuges concentrate the sludge from thick liquid slurry of 3-5% solids content 
to a cake of 20 to 25% solids content. Currently, averages of 450 wet tons of dewatered 
digested sludge are produced per day.

Sludge Management

The Back River Plant produces an excellent quality municipal sludge, characterized as low in 
metals and relatively high in nutrients. Because of these two characteristics, Back River’s 
digested sludge is currently recycled using three methods. They include: direct agricultural land 
application, composting of digested sludge cake for marketing as a soil amendment and 
fertilizer, heat drying of digested sludge to produce a dry pelletized product which is also 
marketed as a fertilizer. Collectively these sludge utilization options respectively represent 5, 45, 
and 50 percent of the plant's sludge management program. While agricultural land application is 
managed on a yearly contractual basis, composting and heat drying are 

Cogeneration Facility

In 2006, Johnson Controls Inc. and DPW entered into an energy savings performance contract 
designed to maximize the energy efficiency of the Back River Wastewater Treatment Plant 
(WWTP). The facility upgrades were completed in October 2008. 

Project Details:

The project included a variety of energy efficient improvements and featured the development of 
a cogeneration facility at Back River WWTP.

Installed a cogeneration facility to reduce the purchase of electrical power by $1.4 million 
annually by effectively using the methane gas produced at Back River WWTP (current annual 
savings are estimated at $2.4 million since power costs are now 10.6 cents). The cogeneration 
facility is a key part of the project that will enable substantial energy savings for the city of 
Baltimore.

Installed a gas conditioning system which generates annual operational savings by improving 
the efficiency of existing gas burning equipment.
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Implemented a generator waste heat recovery system that delivers annual savings, as a result 
of heightened electricity production made possible by an increase of digester gas available for 
cogeneration.

Upgraded the digester recirculation pumps, which deliver annual savings by reducing power 
consumption for maintaining recirculation of the digested sludge.

Made energy efficient lighting improvements to increase the lighting quality throughout the plant 
and reduce the cost of energy annually.

Continued service is also provided for the upgraded facilities.

Additional Benefits:

The facility upgrades at Back River WWTP offer a variety of additional annual benefits, 
including:

$1.8 million minimum in reliable energy and operational savings.

Reduction of 19.4 million kWh of electricity.

Effective utilization of methane gas, reducing the amount of purchased power and the need for 
20-foot methane flares which were visible across town.

Reduction of 12.9 million pounds of carbon monoxide and,

$14 million in energy savings and plant improvement projects over the next 10 years.

Improvements

Compared to the period prior to the late 1980s, the Back River today is in far better condition 
than it was previously. Before the BNR upgrade was completed in 1998, algal blooms would 
sometimes turn the river a striking shade of iridescent green. During these blooms, as the wind 
swept across the river, algal cells and colonies would accumulate along the shoreline causing 
the water to look as though someone had poured green paint on the surface. These were the 
days when the chlorophyll concentration would exceed 200 Ilg/L and occasionally 300 Ilg/L. 
Today, algal blooms still occur but they are not nearly as severe as they were with chlorophyll 
concentrations now averaging 50 to 75 1l9/L rather than the 200 to 300 1l9/L previously seen. 
Although this seems like good progress, chlorophyll concentration should be more in the range 
of 25 to 35 Ilg/L.

Water quality in Back River remains impaired for nutrients for two major reasons. The discharge 
from the Back River WWTP still contributes significant tonnages of NOx to the river and legacy 
phosphorus pollution solubilizes from the sediment as the pH rises during times of peak 
biological activity. These two sources provide sufficient nutrients to support the algal growth still 
observed in Back River throughout the growing season.
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These problems are being addressed as part of the overall Bay restoration strategy and also as 
part of the necessary steps to improve local water quality conditions in Back River. Currently 
under design are facilities to take the Back River Plant to enhanced nutrient removal (ENR) 
levels. When these facilities are competed and operating efficiently, effluent total nitrogen 
concentrations will be on the order of 3 to 4 mg/L rather than the 7 to 8 mg/L currently 
discharged. This will reduce by approximately half the concentration and therefore loadings to 
Back River. Several years are still needed before these facilities will be constructed and in 
service but when complete, reductions in nutrients, particularly nitrogen (TKN and NOx), should 
occur along with concomitant reductions in chlorophyll concentration and increases in Secchi 
disk transparency.

These improvements in water quality will likely not make the river run clear again, however, as 
much of the observed turbidity is due to the sediment load in the water and not to the crop of 
phytoplankton and associated organisms in the biological community. Until sediment and 
erosion controls are fully in place, water quality in Back River will continue to suffer with the river 
turning brown after a hard rain.

Figure C-1. Baltimore, Back River Wastewater Treatment Plant
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Figure C-2. Back River Egg-Shaped Digester
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Figure C-3. Back River, Equipment on top of Egg-Shaped Digester (PRVs, mixing motor, level 
monitoring)
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Figure C-4. Back River, Biogas Foam Knockout Tank



This page intentionally left blank.



TM
 9.0  A

lternative 
Recom

m
endations

TM 9.0  Alternative 
Recommendations



This page intentionally left blank.



 
HDR Engineering, Inc. 
TM 9.0 Nutrient Reduction and Solids Processing Recommendations FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA  52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 1 of 34 

 

 

Technical 
Memorandum  

 
To:   City of Cedar Rapids 

From:   David Dechant/HDR 
Eric Evans/HDR 

Project:          Cedar     Rapids Nutrient Removal and Solids 
Facilities Plan 

CC:   File 

Date:   December 1, 2018 (Revised Final) 
 

Job No:   City – 6150011 
HDR – 270628 

Re:  Technical Memorandum 9.0 – Nutrient Reduction and 
Solids Processing Recommendations 
 
This Technical Memorandum (TM) is one of multiple Technical Memoranda that collectively 
comprise the Cedar Rapids Water Pollution Control Facility (WPCF) Nutrient Reduction and Solids 
Facility Plan.  The overall objectives of the Nutrient Reduction and Solids Facility Plan are as 
follows: 

• A plan for nutrient reduction consistent with the Iowa Nutrient Reduction Strategy (NRS), 
which has a goal of 75% total phosphorus (TP) reduction and 66% total nitrogen (TN) 
reduction from treatment facilities discharging greater than 1 MGD, 

• A plan for solids handling and treatment that provides a reliable management strategy 
complimentary of the liquid treatment of sufficient capacity to meet future requirements, and 

• Plans that incorporate sustainable, energy-efficient technologies. 
 
The end result will be a Nutrient Reduction and Solids Facility Plan that defines a footprint for a 
sustainable future that can be supported by all and maintains competitive rates. The process to 
develop the Nutrient Reduction and Solids Facility Plan is shown schematically below. As shown in 
the figure, the alternatives development and evaluation process was expanded to include testing 
and site visits as a way to better inform the overall process including the final decision-making 
effort. 

 
 

Number of Alternatives Considered 
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Using appropriate information from prior master plans, the process initially established a baseline 
by documenting current nutrient sources, identifying current and projecting future solids production, 
documenting current energy demand and sustainability practices, and assessing the condition of 
existing facilities. From that baseline, the process identified potential nutrient reduction strategies 
and potential end use options for solids. With potential strategies and options in mind, the process 
identified and screened the most relevant technologies, and then evaluated and identified the most 
relevant alternatives incorporating those technologies. Those evaluations provided the basis for a 
recommended plan. 
 
The incorporation of new processes into the WPCF are necessary to support the goals of the 
nutrient reduction strategy and future solids handling. The new processes include technologies 
different from the current installation. This TM refines the preferred alternative believed to be the 
best for WPCF. The primary intent is to help further evaluate the overall strategies for nutrient 
removal and solids processing, refine the preferred alternative for WPCF including further defining 
operational scenarios, and further developing an implementation plan. Following the alternatives 
evaluation as part of TM 8, this TM further refines alternative processes and process sizing and 
updates the site layout and cost estimates. 
 
This TM includes several sections that document the Cedar Rapids nutrient and solids strategy. It is 
organized as follows: 

• Objective  
• Summary 
• Overall Nutrient Reduction Strategy 
• Overall Solids Processing Strategy 
• Cedar Rapids WPCF Nutrient and Solids Plan 
• Implementation Plan 

 
The following Attachments provide supporting information. 

• A – Refined Alternative 21 Cost Breakdown 
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Objective 
This Technical Memorandum (TM) presents further refinement of Alternative 21, which was 
recommended as the preferred alternative in TM 8. More specifically, this TM focuses on 
documenting the associated Cedar Rapids strategy for achieving nutrient reduction and addressing 
solids processing needs. This TM includes the following: 
 

• Documentation of the overall strategies for WPCF nutrient reduction and solids processing 
and end use. 

• Identification of the associated strategy for offsite nutrient source reduction, offsets, and 
alternative end use market development. 

• A summary of preferred WPCF alternative (Alternative 21) including the following 
o Design criteria, process schematic, the solids mass balance (scenarios), and a 

general site layout. 
o Improvements to existing facilities and equipment. 
o New facilities and equipment. 
o Planning-level estimates of capital costs and operations and maintenance costs. 
o Strategies for energy efficiency and sustainability. 

• Further refinement of the potential for phased implementation including key triggers, 
conditional scenarios, and the timing for decisions and transition from current to future 
facilities. 

Summary 
The recommended plan has been refined and outlined in more detail within this TM. First, the most 
up to date nutrient loads are presented, and the overall nutrient reduction strategy is summarized 
including offsite nutrient reduction, including watershed and industrial reduction, approaches and 
targets. Then, WPCF (onsite) treatment technologies to be employed at the WPCF are presented.  
 
When considering the watershed as a whole (Table S1), the evaluation for TN shows a 
considerable majority of the watershed loading comes from agricultural sources outside of Cedar 
Rapids with farm fertilizer contributing almost 50% of the 256,000 lb-N/d load. The Cedar Rapids 
WPCF contribution of TN is between 6 and 8% of the watershed load. On the other hand, the 
evaluation for TP shows the contribution from Cedar Rapids is more important with WPCF 
contributing around 30% of the 11,300 lb-P/d load and farm fertilizer and manure adding up to 
about 40% of the watershed load.  
 
Based on the observed watershed loading, the nutrient reduction strategy considers nutrient control 
from several sources including point-source reduction at industries, non-point source reduction, 
sidestream nutrient reduction (at WPCF), and mainstream nutrient reduction (at WPCF). The 
potential for industrial nutrient reductions is a key consideration. Between 40% and 50% of TN 
loading and between 50% and 60% of TP loading to the WPCF is from Group 3 Industries, but 
much of the load comes from raw inputs (grains) and not chemical additives. Therefore, a 
preliminary goal is to achieve industrial reductions of 10% for TN and 5% for TP relative to WPCF 
loading. 
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Table S1. Nutrient Source Table 
Source TN, lb-N/d %TN TP, lb-P/d %TP 
Watershed (Upstream)        

Farm Fertilizer 122,300 47.8% 2,850 25.1% 
Manure (Runoff) 33,200 13.0% 2,040 18.0% 
Legume Crops 32,600 12.8% --- --- 
Urban Runoff 10,900 4.3% 1,120 9.9% 
Atmospheric 35,100 13.7% --- --- 
Wastewater Plants 3,500 1.4% 720 6.3% 
Forest and Wetland --- --- 20 0.2% 
Channel Erosion --- --- 1,020 9.0% 

          
Cedar Rapids         

Urban Runoff 470 0.2% 50 0.4% 
Cedar Rapids WPCF         

Group 3 Industries 7,610 3.0% 1,860 16.4% 
Municipal (Non-Group 3) 9,960 3.9% 1,660 14.6% 

          
Total 255,640 100% 11,340 100.0% 

 
 
Non-point source control is an important mechanism for Cedar Rapids to provide a bridge from the 
current WPCF, and a potentially cost-effective approach for nutrient reduction to achieve potential 
lower future limits (less than 1 mg-P/L for TP and less than 10 mg-N/L for TN). As a result, Cedar 
Rapids is working to build a strong non-point nutrient source reduction strategy. Non-point source 
nutrient reductions are anticipated between 10 and 20% for TN and between 5 and 10% for TP 
relative to WPCF loading. 
 
The most cost-effective approach to nutrient reduction ($/lb-nutrient) at WPCF involves treating 
highly concentrated nutrient sidestreams. With the implementation of the proposed solids handling 
improvements, notably Thermal Hydrolysis Pretreatment and Anaerobic Digestion (THP-AD), 
centrate and filtrate streams present ideal targets for sidestream treatment processes. The overall 
solids processing strategy is outlined in the plan based on generating Class A biosolids with 
flexibility to land apply or incinerate. Sidestream treatment is applied to recycle streams generated 
by solids processing thereby providing operational stability for the mainstream liquid processes. 
Implementation of sidestream treatment is planned in conjunction with and following the introduction 
of THP-AD at WPCF. Sidestream treatment is expected to result in a nutrient reduction of 10% to 
20% of the WPCF load relative to effluent TN, and an improvement in TP reduction of at least 10% 
of the WPCF load relative to effluent TP. These reductions result from the combined benefit of LPO 
decant stream elimination and the addition of sidestream treatment.  
 
The recommended WPCF alternative, Alternative 21, provides a new secondary treatment process 
supporting continued reliable five-day, carbonaceous biochemical oxygen demand (cBOD5), total 
suspended solids (TSS), and ammonia removal, and it adds mainstream nutrient reduction 
consistent with the goals of the nutrient reduction strategy (Figure S1). The recommended 
alternative is presented in this TM with refinements including information from updated equipment 
proposals, the refined site layout, a summary of overall electrical loads, and a refined cost estimate. 
As shown later in Figures 3 through 5, Alternative 21 is based on mainstream treatment using 
granular activated sludge1 (GrAS) with the Nereda process and solids processing with THP-AD and 
fluidized bed incineration (FBI). Process sizing includes 18.5 MG of new GrAS process tanks and 
2.8 MG of new anaerobic digestion tanks. Solids processing is maintained within the same basic 

                                                
1 Also referred to as aerobic granular sludge (AGS) process. 
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location at the east side of the site, but liquid treatment shifts to the east side of the site. The central 
part of the site becomes available for future wet weather processing. 
 

 
Figure S1. Alternative 21 Process Flow Schematic 
 
Table S2 summarizes the overall nutrient reduction target ranges anticipated as well as the 
associated timeline. An initial reduction in the watershed and with industrial sources is targeted 
within the 2020-2025 timeframe; though additional watershed reduction in the future may be 
planned in lieu of tighter limits at the WPCF. Then, several phases of work at the WPCF are 
planned. In Phase 1, sidestream nutrient removal will be coupled with the baseline removal to 
provide the first increment for TN and TP removal in the 2020-2024 timeframe. Then, Phases 2, 3, 
and 4 at the WPCF are planned to shift to a new mainstream process replacement with future 
capacity and capable of giving long-term, reliable nutrient removal supporting the additional nutrient 
removal goals in the 2028 to 2036 timeframe. Note, while each step provides diminishing returns 
and benefits for nutrient reduction, replacement of the existing mainstream treatment process is not 
complete until the conclusion of Phase 4. 
 
Table S2. Overall Nutrient Reduction Targets 

Nutrient Source 
TN Reduction 

Target, % 
TP Reduction 

Target, % Timeline 
Watershed Sources 10-20 5-10 Ongoing 
Industry Source Reduction 0-10 0-5 2019-2021 
WPCF Sources    
 Phase 1 Sidestream  
 (includes baseline) 40-45 40-45 2020-2029 

 Phase 2 Mainstream – GrAS 10-15 15-20 

2030-2040  Phase 3 Mainstream – GrAS 8-12 8-12 
 Phase 4 Mainstream – GrAS 3-6 5-10 
WPCF Total 61-79 68-92 
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Table S3 shows the estimated life cycle cost to remove nutrients normalized to nutrient removal; i.e. 
dollars per pound nutrient removed. The costs shown represent the cumulative annualized life cycle 
cost (capital and O&M) for each phase normalized to the annual nutrient removal at the plant for 
each corresponding Phase. The Phase I cost, including the baseline nutrient removal with 
sidestream treatment, is the most cost-effective. Implementation of the new treatment process, 
supportive of biological nutrient removal, shows an escalating cost for further nutrient removal with 
each phase; however, the costs remain in-line with the estimated cost presented by IDNR. Cost 
estimates IDNR included with the Iowa Nutrient Reduction Strategy were $2.36 per pound TN or 
$15.74 per pound TP for the conversion of existing activated sludge treatment plants to biological 
nutrient removal plants. 
 
Table S3. WPCF Nutrient Removal Costs (capital plus O&M cost per lb-N or lb-P) 

Nutrient Source 
TN Cost,  

$/lb-N 
TP Cost,  

$/lb-P 
 Phase I Sidestream  
 (includes baseline) 0.23 0.99 

 Phase 2 Mainstream – GrAS 0.79 2.27 
 Phase 3 Mainstream – GrAS 1.31 3.28 
 Phase 4 Mainstream – GrAS 2.33 5.61 
Overall Normalized Cost 2.33 5.61 

 
With Alternative 21, solids processing is updated to give a high level of reliability including 
anaerobic digestion of solids and conversion to biogas and incineration of residuals. Solids mass 
balances show the operational flexibility with the recommended process as presented in Tables 5 
and 6.The THP-AD process size is sufficient to handle the design maximum month solids 
production based on a short-term, high processing rate with average annual solids production 
operating at more typical treatment rates. Undigested solids and THP-AD residuals are incinerated 
in the FBI, which has capacity to take full maximum month solids as a short-term processing step. 
 
The refined cost estimate2, shown in Table S4, shows the capital costs and operating and 
maintenance costs by treatment area. The overall estimated cost is approximately $430 million with 
about a $170 million nutrient removal cost and almost $230 million for replacement of the solids 
processing system. The incremental or change in the cost of operation and maintenance is 
projected to go down by over $2 million as a result of revenue from generating renewable energy. 
 
As indicated, the implementation plan, split into four phases, reflects the critical need for replacing 
solids processing as a high priority (Figure S2). Phase I, planned to begin as soon as 2019, 
includes installation of THP-AD, FBI, and sidestream treatment. Phases II through IV, planned to 
begin by 2030, involve the initial installation steps for GrAS, and the overall implementation of 
Alternative 21. The overall costs previously presented in Table S4 have been reorganized by 
implementation Phase in Table S5. Phases I-A and I-B cost about $260 million but brings in 
revenue due to biogas sales. Phases II through IV cost about $160 million and replaces mainstream 
treatment infrastructure with more efficient processes moving forward. 
 
  

                                                
2 Note, the cost estimate does not include all costs for ongoing rehabilitation and operations and maintenance 
at the WPCF. These costs are to be included in TM 10 with the capital improvements plan development. 
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Table S4. Refined Alternative 21 Cost Estimate 

Treatment Area  
 EQUIPMENT 

COST  

 
CONSTRUCTION 

COST  

 CAPITAL COST  
(CONST + 

ENGR/ADMIN)1   O&M COST  
Industrial Pretreatment $4,780,000 $10,475,000 $12,028,000 $103,200 
Nutrients $68,590,000 $150,319,000 $172,595,000 $4,009,000 
 Granular Activated Sludge $62,540,000 $137,060,000 $157,371,000 $3,742,000 
 Sidestream Treatment $6,050,000 $13,259,000 $15,224,000 $267,000 
Solids $91,000,000 $199,433,000 $228,986,000 $1,473090 
 THP - Anaerobic Digestion $60,600,000 $132,809,000 $152,489,000 $892,840 
 FBI $30,400,000 $66,624,000 $76,497,000 $580,250 
Gas Treatment & Storage $5,600,000 $12,272,000 $14,090,000 ($8,068,000) 
Total $170,000,000 $372,500,000 $427,700,000 ($2,483,000) 

1Equipment costs are included in the construction cost. Capital Cost includes the equipment cost, 
construction cost and engineering and administration costs. 
 
 @ WPCF Parallel 
 

 
Figure S2. Implementation Plan  
 
 
Table S5. Cedar Rapids Implementation Plan – Phase Costs 

Phase  
 EQUIPMENT 

COST  

 
CONSTRUCTION 

COST  

 CAPITAL COST  
(CONST + 

ENGR/ADMIN)   O&M COST  
IA (AD, Gas, N Sidestream) $43,930,000 $96,274,000 $110,540,000 ($7,906,000) 
IB (THP, FBI, Ind. Pretreatment,  
 P. Sidestream) $60,950,000 $133,576,000 $153,371,000 $1,449,000 
II - IV (GrAS in 3 Phases) $65,090,000 $142,649,000 $163,788,000 $3,974,000 
Total $170,000,000 $372,500,000 $427,700,000 ($2,483,000) 

 

Phase I-A
(2019-2024)

•Anaerobic Digestion
•Gas Treatment & Injection
•Sidestream Treatment - Nitrogen

Phase I-B
(2024-2029)

•Thermal Processing
•Fluidized Bed Incineration
•Sidestream Treatment - Phosphorus

Phases II-IV
(2030-2040)

•Granular Activated Sludge - Nutrient

•Watershed Reductions - Ongoing
•Industrial Source Reductions - 2019
•Integrated Planning - 2019/2020
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Overall Nutrient Reduction Strategy 
The mechanisms and pathway towards Cedar Rapids achieving the nutrient removal goals of the 
Iowa Nutrient Reduction Strategy includes the following key elements. 

• Offsite nutrient reductions within the City and through partnerships outside the City. 
• Sidestream reductions at the WPCF. 
• Mainstream nutrient control technology at the WPCF. 

 
As discussed in previous TMs, the baseline nutrient loading has been evaluated and established for 
the existing system and for a 20-year design condition. Table 1 captures the established nutrient 
loads updated most recently in TM 8. 
 
Table 1. Cedar Rapids WPCF Nutrient Loads1 

Nutrient Existing Loading Design Loading 
Total Nitrogen, lb-N/d 17,600 18,500 
Total Phosphorus, lb-P/d 3,540 3,630 

1Existing based on 2013-2015 data. Design loading may be subject to update with more recent data. It is recommended to 
reevaluate the design basis as mainstream treatment process is phased into WPCF. 

 
The existing treatment process at WPCF removes some nutrients as part of the overall process. 
Based on the difference between influent and effluent TN and TP masses observed in the data, 
between 25 and 30% of the influent TN and between 30 and 35% of the influent TP are removed by 
the existing treatment system. 
 
Within liquid treatment, most of the TN and TP removal appear to be associated with assimilation 
into the biomass. Therefore, the fate of nutrients removed relies on solids treatment. Solids 
processing currently includes thickening, low pressure oxidation (LPO), dewatering and multiple 
hearth incineration (MHI). A significant fraction of the nutrients in the solids is solubilized and 
recycled following treatment with the LPO process. Nutrients that remain in the solids are mostly 
removed with ash. A small fraction of the nitrogen also ends up in emissions from the incinerator 
stack.  
 
Offsite Nutrient Reduction 
As identified and discussed as part of TM 5, offsite nutrient reduction is an important part of the 
watershed balance and the overall nutrient reduction strategy for Cedar Rapids. Offsite sources 
include watershed non-point sources and other point sources (industry) connected to the sanitary 
sewer system. Cedar Rapids is leading the way with non-point source reduction with strong 
partnerships. Offsite reduction approaches are detailed in this section. 
 
Figures 1 and 2 show the current overall nutrient balance to the Cedar River including contributions 
from Cedar Rapids and from offsite sources. For TN, a considerable majority of the loading comes 
from agricultural sources outside of Cedar Rapids with farm fertilizer contributing almost 50% of the 
256,000 lb-N/d load. The Cedar Rapids WPCF contribution of TN is between 6 and 8% of the load. 
For TP, the contribution from Cedar Rapids is more important with WPCF contributing around 30% 
of the 11,300 lb-P/d load with farm fertilizer and manure adding up to about 40% of the load. 
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Figure 1. TN Sankey Diagram for Cedar River Watershed (2013-2015 conditions) 
 

 
Figure 2. TP Sankey Diagram for Cedar River Watershed (2013-2015 conditions) 
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Point-source Reduction at Industries 
Cedar Rapids is partnering with industries to find potential ways to minimize nutrient discharges 
based on the large industrial contribution to the WPCF influent loading.  Approximately 42% of TN 
loading and 53% of TP loading on the WPCF is from Group 3 Industries. The City and industries 
are working to identify high-strength nutrient streams that can be efficiently targeted for nutrient 
reduction. Initial discussions with industry indicate that most of the TN and TP discharged to WPCF 
is associated with processing of raw materials as opposed to onsite additives or sources. However, 
a preliminary goal to achieve industrial reductions of 10% for TN and 5% for TP has been set. 
Industrial nutrient reductions will be documented with ongoing efforts as measured through the 
industrial loadings. Table 2 captures the baseline nutrient loading from industries. 
 
Table 2. Cedar Rapids Group 3 Industrial Nutrient Contributions 

Group 3 Industry 
TKN Load, 

lb-N/d 
TP Load, 

lb-P/d 
Industry 1 500 686 
Industry 2 76.0 54.0 
Industry 3 375 27.1 
Industry 4 732 135 
Industry 5 1,960 357 
Industry 6 185 28.5 
Industry 7 754 236 
Industry 8 2,420 261 
Industry 9 233 49.1 
   

Total Group 3 Industry 7,235 1,834 
 
Industrial source reduction strategies are anticipated to include 1) targeting biological nutrient 
removal rather than cBOD5 removal for an industry with an existing pretreatment facility, 2) 
providing onsite treatment to enable more flow to be diverted to the anaerobic conveyance sewer 
for an industry currently discharging a portion of their waste stream to the anaerobic conveyance 
sewer, 3) providing onsite treatment or separate connection to the anaerobic conveyance sewer for 
an industry that previously identified the potential to separate a nutrient rich sidestream, and/or 4) 
targeted nutrient removal from specific high load streams identified by industries at their facilities. 
Coordination with industries is ongoing, and specific findings from industrial partnerships are 
anticipated in calendar year 2019. 

Non-point Source Nutrient Reduction (Sponsored by Cedar Rapids)  
As shown in Figures 1 and 2, non-point sources upstream of the City of Cedar Rapids contribute an 
estimated 90% of the TN and 60% of the TP loadings on the Cedar River. In contrast, the WPCF 
contributes an estimated 5% of the TN and 30% of the TP loadings, and Cedar Rapids urban runoff 
contributes less than 1% of the TN and TP loadings on the River. 
 
Initially, non-point source control is an important mechanism for Cedar Rapids to provide a bridge 
from the current WPCF, which is not optimized for and not easily adaptable to nutrient reduction, to 
the future WPCF designed and optimized for nutrient reduction. In the long-term, non-point source 
control also offers a potentially more cost-effective approach for nutrient reduction to achieve 
potential lower future limits (less than 1 mg-P/L for TP and less than 10 mg-N/L for TN). As a result, 
Cedar Rapids is working to build a strong non-point nutrient source reduction strategy. 
 
Projects like the Middle Cedar Partnership Project (MCPP) demonstrate Cedar Rapids’ commitment 
to nutrient reduction. Through September 30, 2018, Cedar Rapids has invested $265,000 of 
technical assistance, monitoring, communication, and staff time in support of the MCPP. Cedar 
Rapids’ strong partnerships capitalize on non-point source nutrient control resulting in innovative 
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and collaborative approaches to positively and progressively implement nutrient control.  More 
broadly, Cedar Rapids leadership in non-point source reduction provides a template for the non-
point source community to voluntarily implement nutrient reduction. 
 
Stormwater management is practiced within Cedar Rapids to provide reduced stormwater runoff 
with a more recent focus on best management practices for improved water quality for the 
stormwater that does flow to the Cedar River. Additional projects are underway or planned for 
Cedar Rapids that will incorporate stormwater best management practices. These “green” projects 
include work done in parks, riverbank restoration, and other work to improve or increase green 
spaces in Cedar Rapids. Green projects may result in a reduction in nutrient loading to streams and 
rivers and will be documented appropriately. 
 
A number of specific opportunities for nutrient reduction have been identified preliminarily. These 
potential nutrient reduction opportunities are as follows: 

• Airport prairie strips planting and testing, 
• Wetland development with Linn County, 
• Oxbow restoration by the Northwest Water Treatment Plant, 
• Wetland mitigation for the collector well,  
• Rockhurst stormwater detention basin and wetlands mitigation project, 
• Miscellaneous projects outlined in the Source Water Protection Plan, 
• Projects from the Middle Cedar Partnership, and 
• MS4 related projects. 

 
Work is underway to better capture the extent of offsite nutrient reductions. A separate analysis and 
TM is to be generated in calendar year 2019. 
 
Offsite nutrient reduction is to be documented online by Regulatory In-lieu Fee and Bank 
Information Tracking System (RIBITS3). Tracking is actively being implemented, and nutrient mass 
reductions will be quantified as the database is updated. Non-point source nutrient reductions are 
anticipated between 10 and 20% for TN and between 5 and 10% for TP initially. 

Sidestream Nutrient Reduction 
A potentially cost-effective approach to nutrient reduction focuses on treating highly concentrated 
nutrient streams at WPCF. With the implementation of the proposed solids handling improvements, 
notably Thermal Hydrolysis Pretreatment and Anaerobic Digestion (THP-AD), centrate and filtrate 
streams present ideal targets for sidestream treatment processes. Sidestream treatment processes 
include phosphorus sequestration and harvesting as struvite coupled with deammonification using 
anammox. Implementation of THP-AD also allows for the elimination of the existing LPO process, 
one of the major contributors to recycle stream nutrient loadings at WPCF. 
 
Sidestream treatment offers operational stability for the process and implementation is planned in 
conjunction with and following the introduction of THP-AD at WPCF. An additional WPCF reduction 
of 10% to 20% is projected for effluent TN, and an improvement in TP reduction of at least 10% is 
projected as a result of LPO (decant) elimination and addition of sidestream treatment. Sidestream 
treatment with deammonification is proposed as part of the Phase I-A improvements that are 
complimentary to the new solids processing described in the Overall Solids Processing Strategy 
section. Sidestream phosphorus removal and recovery is proposed as part of the Phase I-B 
improvements that are complimentary to the new solids processing described in the Overall Solids 
Processing Strategy section. Both will be implemented prior to the first step of mainstream nutrient 
reduction in Phase II. 

                                                
3 https://ribits.usace.army.mil/ribits_apex/f?p=107:2   

https://ribits.usace.army.mil/ribits_apex/f?p=107:2
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Mainstream Nutrient Reduction 
Cedar Rapids plans to transition from the existing WPCF treatment process consisting of a two-
stage high purity oxygen activated sludge system optimized for cBOD5 and air activated sludge 
system for ammonia oxidation to a new granular activated sludge process optimized for nutrient 
removal. The new GrAS system is discussed in detail in the Refined Alternative 21 section. With 
GrAS, the new process will produce an effluent with a TN concentration less than 14 mg-N/L (67% 
TN removal) and a TP concentration less than 2 mg-P/L (75% TP removal). These concentrations 
account for the benefits associated with separate solids processing improvements and sidestream 
treatment, also discussed in the Refined Alternative 21 section, as well as the GrAS process. The 
solids processing improvements and sidestream treatment would take place in Phase I and the 
upgrade to GrAS treatment would take place in Phases II through IV in the overall plan. 

Overall Solids Processing Strategy 
Solids processing facilities at the Cedar Rapids WPCF are approaching the end of their useful life.   
An update of solids treatment is the most urgent need for CRWPCF, a much higher priority than 
liquid treatment processes. Currently, the key components of solids processing are LPO to reduce 
the mass and volume of secondary solids and MHI for combined incineration of the primary and 
secondary solids. The existing process is coupled so that MHI capacity relies on LPO as a first step 
to solids reduction. The existing solids process is a priority replacement due to age and condition 
and also in order to provide future capacity needs. The plan with Alternative 21 is to replace solids 
reduction by LPO with solids reduction and stabilization by AD initially. Then, MHI is to be replaced 
with solids destruction by FBI and THP coupled with AD. When complete, the process is planned to 
have flexibility to run THP-AD and FBI independently for most anticipated solids processing 
scenarios. 
 
The THP-AD process produces biogas which is cleaned and pipeline injected to produce a revenue 
stream, and reduces the overall volume of solids to be incinerated. It also provides the flexibility to 
land apply a Class A product rather than continue incinerating to more fully destroy solids. FBI 
provides the reliability to manage solids when crop windows and/or weather conditions prevent land 
application.   
 
With respect to nutrients, replacement of LPO with THP-AD is expected to reduce the refractory 
and inhibitory content of recycle streams including refractory nutrients relative to LPO. Incorporation 
of sidestream treatment, described in the Sidestream Nutrient Reduction section, also provides an 
immediate benefit for nutrient removal. 

Cedar Rapids WPCF Nutrient and Solids Plan  
As described in TM 8, Alternative 21 includes several unit processes to incorporate regulatory 
driven nutrient reduction; to address age, condition, and capacity related solids handling needs; and 
to improve the overall energy efficiency and sustainability at WPCF. The process flow scheme is 
shown in Figure 3, and the sizing of unit processes is summarized in Table 3. With this alternative, 
GrAS treatment replaces the existing roughing filters and two-stage activated sludge treatment.  
 
Solids processing consists of a hybrid system. THP-AD replaces existing LPO to stabilize and 
reduce solids mass. FBI replaces existing MHI to destroy solids residuals with only ash remaining to 
be disposed. Biosolids storage (post-digestion) is provided to support short-term storage needs, the 
north ash pond is retained as is for incinerator ash, and a new south ash pond is constructed. 
 
Two considerations for THP are dewaterability and odor generation. Typically, THP improves 
dewaterability relative to AD alone. Dewaterability may decrease when comparing the 
dewaterability of LPO processed biosolids versus THP-AD treated biosolids. Phosphorus recovery 
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and an increased polymer dose can recover or improve dewaterability, and partial drying with waste 
heat from incineration may be used to manage the water content of the dewatered biosolids.  
 
Odor generation and control should also be considered. Commercial THP processes tend to include 
foul gas control systems as part of the process. Additionally, odor causing compounds can be 
controlled with proper AD biogas collection and treatment. Odor control should be included as part 
of the final dewatering process with a proper hood and curtains or enclosures.  
 
Sidestream treatment is applied to centrate and filtrate streams recycled from the THP-AD process 
to reduce the high phosphorus and ammonia recycle streams. Treatment consists of phosphorus 
capture as struvite or brushite and deammonification with an anammox process. Deammonification 
has been sized conservatively with a lower loading rate to account for potential inhibition issues 
reported (sulfide, phosphate, and colloidal compounds) for THP-AD sidestreams. Additional follow-
up testing may help refine further. Some anammox equipment suppliers incorporate pretreatment 
upstream of anammox to deal with inhibition; including chemical dosing (coagulate to remove 
organics, metal to remove sulfide), aeration, and/or settling. 
 
Roughing filters and the CAS are not an integral part of the planned treatment for approach for 
flows and loads in this alternative. Future wet weather processing may be incorporated into the 
CAS footprint separately from GrAS treatment. 
 

 
Figure 3. Refined Alternative 21 – Process Flow Diagram (existing processes in gray-scale, new 
processes in color) 
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Table 3. Summary of Process Sizing (Green text reflects updates from TM 8) 
Process Loading Condition Model/Actual Value Standard Value Considerations 
Solids Separation; 
(Industrial) 

MM Hydraulic =  
 

3 MGD 1.8 MGD (firm) 
3.6 MGD (total) 

Based on Salsnes SF4000  
Capacity of 1.8 MGD, two units 

GrAS – Tanks  AA HRT = 
MM HRT =  

7.7 hr 
5.6 hr 

--- 18.5 MG Total 

GrAS – Aeration  Aeration =  28,300 scfm/tank ---  Blower Capacity = 6,400 HP (16-400 HP 
Aerzen Turbo Blowers Quoted) 
Average Demand = 2,700 HP 

GrAS - Pumping Influent Pumping = 
Solids Pumping =  

35,000 gpm (250 HP) 
650 gpm (25 HP) 

--- 
--- 

Influent Pump Capacity = 46,700 gpm (4-
100 HP) 

THP Solids 
Prescreen 

AA Size =  
MM Size =  

940 gpm 
1,400 gpm 

2 screens 
3 screens 

Based on Huber Strainpress 430.  
Screen throughput = 660 gpm 

THP  AA Solids Load = 
MM Solids Load =  

82 DTPD 
124 DTPD 

--- 
--- 

Cambi: Two B6-4 units (184 DTPD Cap.) 

THP Boiler4 Average = 
Peak = 

6,100 lb-steam/hr 
8,360 lb-steam/hr 

--- 
--- 

Based on 0.95 Tons-Steam/DT-Solids  
Boiler capacity = 8.50 MMBTU/hr 

Anaerobic Digestion MM HRT1 =  
MM VS Load =  

15 d @ 9-10% TS 
250-300 lb-VS/(1,000-ft3∙d) 

15 d @ 9-10% TS 
300 lb-VS/(1,000ft3∙d) 

Volume = 2.8 MG (two 1.4 MG tanks) 

Sidestream 
(Phosphorus) 

TP Load = 1,000-1,200 lb-P/d --- Ostara: One Pearl 10K 
Alternate-Two Pearl 2K reactors 

Sidestream 
(Deammonification) 

TKN Load =  3,400-3,500 lb-N/d Load = 0.5-1.0 kg-N/m3∙d) Anammox: 0.4-0.8 MG,  
100-150 HP Blower 

Biogas Cleaning Biogas Production =  800-900 scfm (65% CH4) --- PSA: two 500 MMBTU skids 
Biogas Injection Power Demand =  250-300 HP --- Based on 600 psig injection pressure 
FBI AA =  

MM =  
38 DTPD 
80-95 DTPD 

 See additional details in Table 5 

Air Pollution Control Included with FBI --- Scrubbers, WESP, GAC2 
1See additional detail on solids design criteria and mass balances in Tables 5 and 6. 
2Venturi Scrubber, Impingement Tray Scrubber, Wet Electrostatic Precipitator, Granular Activated Carbon 
  

                                                
4 A new boiler system is assumed as part of the project due to age and condition of the LPO boilers. 
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Table 4. Summary Capacity Evaluation of Existing Supporting Processes (Green text reflects updates from TM 8) 
Process Loading Condition Design Value Standard/Equip.1 Value Expansion Considerations 
A Clarifier MM SOR = 

Peak SOR = 
1,025 gpd/ft2 

1,790 gpd/ft2 
1,000 gpd/ft2 

1,500-2,000 gpd/ft2 
Marginal, consider additional clarifier 
if Main Lift capacity expanded  

Roughing Filter MM Hydraulic Loading = 
MM Organic Loading = 

 1,000-5,000 gal/(ft2∙d) 
300-400 lb/(1,000ft3∙d) 

May be removed from service after 
GrAS fully online 

DAF or  
Gravity Thickener 

MM SOR =  
MM SLR = 

302 gpd/ft2 

16 lb/(d•ft2) 
400 gpd/ft2 (firm) 
20-30 lb/(d•ft2) (firm) 

No expansion needed 
 

Gravity Belt Thickener MM Solids Loading = 4,100 lb/hr 7,200 lb/hr (firm) 
10,800 lb/hr (total) 

No expansion needed 

Belt Filter Press  
(Final Dewatering) 

MM Solids Loading = 
 
MM Hydraulic Capacity =  

5,800 lb/hr 
 
120 gpm 

2,400 lb/hr (firm) 
4,800 lb/hr (total) 
96 gpm (firm) 
192 gpm (total) 

Additional BFP needed (based on 
mass load and firm hydraulic 
capacity) 

Centrifuge  
(Pre-dewatering) 

MM Solids Loading =  
 
MM Hydraulic Capacity = 

8,200 lb/d 
 
400 gpm 

1,900 lb/hr (firm) 
3,800 lb/hr (total) 
200 gpm (firm) 
400 gpm (total) 

Additional centrifuges needed (based 
on mass load and firm hydraulic 
capacity). Rehabilitate and expand 
centrifuge dewatering. 

Sludge Degritter  MM Hydraulic Capacity =  970 gpm 1,275 gpm (firm) 
1,700 gpm (total) 

No expansion needed 

Sludge Step Screen MM Hydraulic Capacity =  1.4 MGD 3.6 MGD No expansion needed 
1Based on engineering standard or rated capacity of equipment 
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Industrial Pretreatment 
Industrial pretreatment at WPCF continues to be an integral part of the City’s overall plan. The 
process is planned for upgrade and rehabilitation to maximize conversion of industrial BOD5 loading 
to biogas received for treatment in the anaerobic pretreatment (AP) process. In order to do this, a 
solids separation step is installed in front of AP. The solids separation step takes industrial solids 
out of the flow stream received at the Indian Creek Lift Station, which means that higher solids 
industrial wastes could be sent through this conveyance line; e.g. DuPont. After solids separation, 
the liquid stream continues to be treated by AP, and the thickened solids are directed to anaerobic 
digestion. 
 
Cedar Rapids is working with industries to shift their industrial pretreatment strategies. This includes 
the incorporation of improved nutrient removal at industry in order to reduce nutrient loading to the 
existing and future WPCF. Concurrent with improved nutrient removal, a lower level of BOD5 
removal is targeted at industry in order to allow Cedar Rapids to produce biogas thereby offsetting 
solids processing natural gas needs in the short term and creating a revenue stream through 
pipeline injection in the long term. 
 
Cedar Rapids plans to work in depth with significant industrial users to identify potential industrial 
nutrient reduction strategies. Strategies are anticipated to include:  

1) Targeting biological nutrient removal rather than cBOD5 removal for an industry with an 
existing pretreatment facility5,  

2) Providing onsite treatment to enable more flow to be diverted to the anaerobic conveyance 
sewer for an industry currently discharging a portion of their waste stream to the anaerobic 
conveyance sewer,  

3) Providing onsite treatment or a separate connection to the anaerobic conveyance sewer for 
an industry that previously identified the potential to separate a nutrient rich sidestream, and   

4) Targeting nutrient removal from specific high load streams identified by industries at their 
facilities potentially6. 

 
Liquid Treatment 

Process Flow Scheme 
Liquid treatment at Cedar Rapids continues to include primary clarification. After primary 
clarification, flow is routed to an influent buffer tank (repurposed NAS aeration tanks), pumped into 
the GrAS basins, and discharged to effluent buffer tanks (repurposed “D” clarifiers). Eight new 
rectangular tanks, each with a volume of 2.3 MG. A new GrAS pump station is needed with a 
nominal capacity to feed the design maximum month flow of 77.6 MGD; each basin receives a peak 
cycle flow of about 30 MGD during the roughly one hour feed phase. An aeration blower building is 
planned for installation as part of the GrAS process. The airflow capacity is projected to be 28,300 
scfm per basin. Prior to discharge, treated effluent continues to be disinfected with the existing 
disinfection process. Waste solids from GrAS are routed to solids buffer tanks (repurposed “D” 
clarifiers) before routing to thickening. 

Granular Activated Sludge Sizing 
GrAS is offered as a proprietary treatment technology provided by AquaNeredaTM. GrAS sizing has 
been evaluated by HDR and further assessed by AquaNereda™ sizing standards, pilot study test 
                                                
5 For example, if an industry has an activated sludge process that removes cBOD5 and not nutrients 
currently, work with the industry to modify the process to incorporate nutrient removal with less efficient 
cBOD5 removal with the incorporation of selector zones into the activated sludge process. 
6 Internal streams at industries may have elevated nutrient concentrations with hundreds or thousands of 
parts per million nutrients. A large mass reduction of nutrients can be achieved very cost-effectively if these 
streams are targeted for treatment; chemical or biological. 
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results, demonstration plant testing, and special granule respirometry testing. While many GrAS 
systems are hydraulically constrained, nitrogen loading has been evaluated as a critical criterion 
with Cedar Rapids high-strength waste streams.  

Implementation of GrAS 
As demonstrated with startup testing in the pilot-scale tests, startup is streamlined with granular 
seed sludge. As a result, GrAS installation in phases is appropriate. The first GrAS step, proposed 
for Phase II at Cedar Rapids, involves installation of two of the eight GrAS tanks with 10% to 20% 
of the volume filled with granular seed sludge from the AquaNereda GrAS demonstration facility 
located in Rockford, IL. Part of the flow (20-30%) would be diverted from the CAS and NAS process 
to startup the new GrAS reactors. After startup, process stabilization, and the development of a full 
granular sludge inventory in the first two basins, the system is ready for the next step.  
 
Step two for GrAS, proposed for Phase III at Cedar Rapids, includes the installation of two new 
GrAS basins seeded with 50% granular sludge from the first two basins. At this point, 50% of the 
CAS/NAS flow would be diverted to GrAS. Then, all four GrAS basins would be operated until the 
process stabilizes and a full inventory of granular sludge is grown.  
 
The third step of GrAS, Phase IV for Cedar Rapids, includes the installation of the last four GrAS 
basins. Then, the last four basins would be seeded with sludge from the first four basins. Once 
GrAS is stabilized, the NAS process would be taken offline so that the NAS aeration basin may be 
converted to a GrAS influent buffer tank and the “D” clarifiers would be repurposed for effluent and 
sludge buffering.  
 
At completion, both the CAS and NAS systems are taken offline and all flow is routed to the new 
GrAS process. Likewise, the existing Intermediate Lift Station and Roughing Filters may be taken 
out of service following GrAS implementation. 
 
Solids Processing 

Process Flow Scheme 
Future primary and secondary solids processing at CRWPCF include both THP-AD and FBI 
configured to operate in parallel or in series along with thickening, dewatering, and storage. A 
focused solids flow diagram is shown in Figure 4. Primary and waste secondary solids are 
thickened, screened, and dewatered. At that point, the dewatered solids are treated through the 
THP-AD process and dewatered and either land applied or conveyed to the FBI. Ash from the FBI 
is stored and disposed in an offsite quarry.  

Sizing and Operation  
THP-AD and FBI sizing is summarized in Table 5. Both are sized for 75% of future maximum month 
solids production with the FBI assumed to be operating at 75% capacity and the THP-AD operating 
at a 15 days hydraulic retention time. The FBI alone can provide future maximum month solids 
production capacity operating at 100% capacity and the THP-AD alone can provide future 
maximum month solids capacity operating at a 10-day hydraulic retention time (HRT).  
 
Several solids processing scenarios have been tested based on solids mass balance to understand 
operational approaches for the combined system and the corresponding residuals generated.  
The aforementioned capacities of the THP-AD and FBI processes are based on a conservative 
operational approach and based on the maximum process capacity as reflected in Table 6.  
 
The sizing shown is targeted to give a nominal AD HRT of 15 days giving a capacity of 140,000 
lb/d, but the AD can be operated at an HRT of 10 days to meet peaking conditions in excess of 
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190,000 lb/d. The FBI is sized to handle maximum month capacity of 189,000 lb/d while operating 
at 75% of total FBI capacity based on a blend of THP-AD processed and unprocessed solids. The 
FBI can handle a total capacity around 250,000 lb/d.  
 
Once the THP-AD and FBI are all in operation (following Phase 1B), a number of treatment 
scenarios are possible as reflected in Table 6. As shown, for the design average annual condition, it 
is expected that normal operation involves initially processing all biosolids through THP-AD followed 
by destruction of the remaining residuals in the FBI. Design maximum month solids production of 
247,000 lb/d can be fully digested (THP-AD) as shown in the last row with the FBI running at 55% 
solids capacity, or it can be bypassed around the THP-AD process and into the FBI running at 93% 
solids capacity as shown in the top maximum month scenario row. The last column to this table 
shows the estimated natural gas (NG) usage for the scenarios with increased digestion reducing 
the NG demand due to the strong influence of the lower mass rate of solids fed at a lower moisture 
content. In every case presented, all solids can be incinerated. When the FBI is down for 
approximately four weeks per year, the system generates from 72,000 lb/d (existing) to 91,000 lb/d 
(design) solids. These solids can be temporarily stored on the storage pad and land applied as 
Class A biosolids.  
 
Table 5. Nominal FBI and THP-AD Capacity 

FBI Capacity* THP-AD Capacity** 
Total Cap. = 252,000 lb/d  HRT = 15 Days (140,000 lb/d) 
75% Cap. = 189,000 lb/d  HRT = 10 Days (190,000-235,000 lb/d)*** 

*Single FBI sized for maximum month digested solids at approximately 75% capacity. 
**AD is limiting factor for THP-AD process (THP sized for greater than 300,000 lb/d; based on 2xB6-4 Cambi). 
***VS loading control in some scenarios reduces capacity to 190k/d. 
 
Table 6. Solids Loading to THP-AD and FBI when not land applying 

Condition 
RAW 

SOLIDS 
THP – AD IN 

(HRT) FBI FEED (%Cap.) NG (lb/h) 
AVE 
ANNUAL 164,000 lb/d 156,000 lb/d (18 d) 91,000 lb/d  (36%) 90 

MAX 
MONTH 247,000 lb/d 

0 lb/d (∞) 235,000 lb/d  (93%) 240 
113,000 lb/d (21 d) 189,000 lb/d*  (75%) 220 
157,000 lb/d (15 d) 171,000 lb/d**  (68%) 200 
192,000 lb/d (12 d) 157,000 lb/d*** (62%) 190 
247,000 lb/d (10 d) 139,000 lb/d (55%) 180 

*68,000 lb/d digested solids + 121,000 lb/d pre-dewatered solids (undigested) 
**83,000 lb/d digested solids + 96,000 lb/d pre-dewatered solids (undigested) 
***112,000 lb/d digested solids + 45,000 lb/d pre-dewatered solids (undigested) 
Note: Not all raw solids captured during thickening and dewatering. The NG estimates are theoretical based 
on lab dewaterability and BTU content. Hankin indicates dewater biosolids to 25-30% in order to achieve 
autogenous combustion. Full-scale THP typically dewaters to 30% or higher. Lab testing - High Heating 
Values (HHVs): Digested solids = 6,500 BTU/lb, Primary Solids = 7,900 BTU/lb, Secondary Solids = 8,900 
BTU/lb. 
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Figure 4. Focus Flow Diagram of the Solids Processing System 
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Solids Processing Implementation.   
Solids processing is a priority given the age and condition of the existing solids processing, LPO 
and MHI in particular. For funding reasons, solids processing improvements should be implemented 
in two phases. The first phase objective should be to replace the existing LPO with AD as soon as 
possible. Doing so produces biogas that can be cleaned and pipeline injected for use as a 
renewable fuel to produce a revenue stream as discussed below. It can include sidestream 
treatment for deammonification. LPO shutdown and sidestream treatment represent an initial step 
towards nutrient reduction as well.   
 
The second phase is planned to incorporate THP and replace the existing MHI with FBI. Doing so 
provides additional capacity with added reliability, and significantly increases energy efficiency. The 
second phase of improvements can include industrial pretreatment improvements to maximize the 
use of the AP facilities and generate additional biogas for cleaning and pipeline injection. It can 
include sidestream treatment for phosphorus sequestration and harvesting as struvite (or brushite) 
to take another step toward nutrient reduction. 

Biogas Capture and Reuse 
Biogas is generated by two systems in Alternative 21. As noted above, the existing AP process is 
planned to be rehabilitated and expanded as needed to support continued industrial pretreatment 
and maximize biogas production. In addition, solids processing with THP-AD generates biogas. The 
biogas from AP is currently pretreated to reduce the initial high concentration of hydrogen sulfide.  
 
Alternative 21 includes facilities for storage (repurposed sulfide oxidation basin), treatment, and 
pipeline injection of both biogas streams. Biogas requires further treatment, evaluated as a 
pressure swing absorption (PSA) process, to upgrade to pipeline quality gas for injection into the 
pipeline. Initial discussions with MidAmerican identify the appropriate injection point and injection 
costs. Based on discussions with MidAmerican Energy, the gas should be injected at a pressure of 
600 psig. As a result, it is estimated that a compressor is used to inject the gas into the pipeline 
running between 250 and 300 HP nominal. 
 
The upgraded and injected pipeline gas is sold for the value of the gas and is also eligible for 
renewable energy credits, which are sold on the market. Since the energy value and renewable 
energy credits value for biogas exceed the cost of natural gas, biogas is not used directly on site. 
Instead, natural gas is used for heating and process needs. 
 
Refined Site Layout 
The Alternative 21 refined site layout is shown in Figure 5. Existing processes are shown in black. 
Black cross hatching denotes existing facilities to be taken out of service. New and repurposed 
existing facilities are color coded to indicate phasing. As indicated, the roughing filters and 
intermediate lift station may ultimately be taken out of service, and one of the “B” clarifiers and the 
“C” DAFT are demolished in the refined plan.  
 
On the liquid treatment side, the CAS process is ultimately converted to wet weather treatment 
using existing infrastructure where appropriate7. One of the “B” clarifiers is converted to biogas 
storage (double membrane type cover) and the other remains a sulfide oxidation basin (SOB) with a 
new divider wall allowing isolation of half the basin. The NAS tanks are converted to storage and 
buffering tanks that support the new GrAS process installed nearby. The “D” Clarifiers are 

                                                
7 Wet weather treatment is being evaluated in a separate study. Therefore, detailed planning and cost 
estimates for wet weather treatment are deferred to that study. 
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converted to GrAS effluent equalization tanks and waste solids buffering tanks. A new blower 
building and pump station are installed to support the GrAS process.  
 
On the solids handling side, the solids handling building and sludge holding tanks are retained, 
rehabilitated, and reused. The THP process is installed in either the current LPO location or in the 
new FBI building. Solids storage and DAFTs “A” and “B” are retained. The LPO decant tanks are 
converted to deammonification with anammox. A new digester complex and biosolids storage pad 
are installed to provide solids reduction and stabilization. A new FBI building and a new South Ash 
Basin are installed to support solids destruction. An expanded solids storage pad is planned to give 
flexibility for land application during incinerator downtimes and to facilitate potential development of 
a land application program. 
 
Electrical Load 
An important consideration for the WPCF treatment scheme is the operating electrical load and the 
shift from the existing process to the future process. As part of this planning effort, TM 3 presented 
many of the current electrical loads at the WPCF, and TM 4 documented the installed loads for 
many processes. The existing installed and operating electrical power demands evaluated in those 
TMs are summarized in Tables 7 and 8. The planned future system estimated installed and 
operating electrical power demands are summarized in Tables 9 and 10. Based on the summaries, 
the installed and operating electrical demands go down with the planned future process including 
with additional treatment objectives; i.e. nutrient removal.  
 
Table 7. Existing WPCF Total Installed and Operating Electrical Loads by Area 

Area or Treatment Type Installed HP Operating HP 
Biogas Treatment 0 0 
Effluent 725 360 
Industrial 808 426 
Nutrient 0 0 
Odor Control 550 273 
Preliminary 2,055 779 
Primary 162 25 
Secondary 7,401 4,832 
Sewer 223 111 
Solids 3,751 979 
Other1 --- 114 

Total 15,675 7,899 
1Additional electrical load measured but not attributed to a specific process. 
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Table 8. Existing WPCF Installed and Operating Electrical Loads – Process Breakdown 
Area Process Installed HP Operating HP 
Effluent Disinfection/Eff Rec 725 360 
Industrial Anaerobic Pretreatment 648 346 
Industrial SOB 160 80 
Odor Control Scrubbers 550 273 
Preliminary Main Lift 2,055 779 
Primary Primary Treatment  162 25 
Secondary Roughing Filters 1,360 994 
Secondary CAS and CRAS 4,396 2,859 
Secondary NAS 1,645 979 
Sewer Return Sewer 223 111 
Solids MHI 820 248 
Solids LPO 1,015 241 
Solids DAF Thickening 966 215 
Solids Centrifuges 800 194 
Solids BFP 17 34 
Solids GBT 108 34 
Solids Lime Stab 25 13 
Other1 Unaccounted --- 114  

Total 15,675 7,899 
1Additional electrical load measured but not attributed to a specific process. 
 
Table 9. Planned Future WPCF Total Installed and Estimated Operating Electrical Loads by Area 

Area or Treatment Type Installed HP Operating HP 
Biogas Treatment 400 300 
Effluent 725 361 
Industrial 818 432 
Nutrient 175 120 
Odor Control 550 274 
Preliminary 1,000 979 
Primary 45 25 
Secondary/Nutrient 6,800 2,950 
Sewer 223 111 
Solids 2,531 903 

Total 13,267 6,480 
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Table 10. Planned Future WPCF Installed and Operating Electrical Loads – Process Breakdown 
Area Process Installed HP Operating HP 
Biogas Biogas - Treatment 100 75 
Biogas Biogas - Compression 300 250 
Effluent Disinfection/Eff Rec 725 361 
Industrial Industrial Solids Separation 10 6 
Industrial Anaerobic Pretreatment 648 346 
Industrial SOB 160 80 
Nutrient Sidestream - Pumping 25 20 
Nutrient Sidestream - Aeration 150 100 
Odor Control Scrubbers 550 274 
Preliminary Main Lift 1,000 979 
Primary Primary Treatment 45 25 
Secondary/Nutrient GrAS - Aeration 6,400 2,700 
Secondary/Nutrient GrAS - Pumping 400 250 
Sewer Return Sewer 223 111 
Solids THP - Prescreen 15 10 
Solids THP - Pumping 175 117 

Solids 
THP - Pre-Dewatering 
(Centrifuge) 800 194 

Solids AD - Pumping 50 25 
Solids AD - Post-Dewatering 17 34 
Solids FBI - Blowers 300 200 
Solids FBI - Emissions Control 100 75 
Solids DAF Thickening 966 215 
Solids GBT 108 34 

 Total 13,267 6,480 
 
Refined Cost Estimate 
The cost estimate for the refined Alternative 21 is shown in Table 11. Class 58 cost estimates, in 
accordance with Association for the Advancement of Cost Engineering (AACE) principles, have 
been applied for the refined cost estimate. Costs are broken out based on the equipment cost, the 
construction cost, and the total capital cost. In addition, the annual operating and maintenance cost 
is provided in the last column. The construction cost includes installation and contingency, and the 
capital cost is the construction cost with engineering and administration fees.  
 
Costs for rehabilitated and replacement processes (or demolition projects) are provided for the 
different treatment areas. Industrial pretreatment costs are presented first followed by liquid 
treatment costs, solids processing costs, and biogas storage and recovery costs. The costs for 
nutrients are further broken down based on mainstream treatment with GrAS and sidestream 
treatment. The total capital cost for nutrients is estimated near $170 million including the GrAS and 
sidestream processes. When annualized, the life cycle cost (capital and O&M) is approximately $16 
million per year. In order to evaluate a unit cost for nutrient removal, treatment costs need to be 
apportioned to TN and TP removal. Based on the process analysis, 2/3 of the GrAS cost plus the 
cost of sidestream deammonification is attributed to TN treatment, and 1/3 of the cost of GrAS plus 
the cost of sidestream phosphorus harvesting is attributed to TP treatment. As a result, the nutrient 
                                                
8 Class 5 estimates are intended for concept screening. A typical Class 5 estimate for a process industry 
project may have an accuracy range as broad as -50% to +100%, or as narrow as -20% to +30%. 

https://en.wikipedia.org/wiki/Cost_engineering
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removal costs translate to $2.33 per pound TN removed or $5.61 per pound TP9. Comparatively, 
cost estimates IDNR included with the Iowa Nutrient Reduction Strategy were $2.36 per pound TN 
or $15.74 per pound TP for existing activated sludge treatment plants.   
 
Table 11. Refined Alternative 21 Cost Estimate 

Treatment Area  
 EQUIPMENT 

COST  

 
CONSTRUCTION 

COST  

 CAPITAL COST  
(CONST + 

ENGR/ADMIN)1   O&M COST  
Industrial Pretreatment $4,780,000 $10,475,000 $12,028,000 $103,200 
Nutrients $68,590,000 $150,319,000 $172,595,000 $4,009,000 
 Granular Activated Sludge $62,540,000 $137,060,000 $157,371,000 $3,742,000 
 Sidestream Treatment $6,050,000 $13,259,000 $15,224,000 $267,000 
Solids $91,000,000 $199,433,000 $228,986,000 $1,473090 
 THP - Anaerobic Digestion $60,600,000 $132,809,000 $152,489,000 $892,840 
 FBI $30,400,000 $66,624,000 $76,497,000 $580,250 
Gas Treatment & Storage2 $5,600,000 $12,272,000 $14,090,000 ($8,068,000) 
Total $170,000,000 $372,500,000 $427,700,000 ($2,483,000) 

1Equipment costs are included in the construction cost. Capital Cost includes the equipment cost, 
construction cost and engineering and administration costs. 
2Does not included cost for connection to MidAmerican gas pipeline estimated to be $350,000. 
 
Solids processing costs are also broken down further based on the two main processes used; i.e. 
THP-AD and FBI. The total capital cost for solids processing is around $230 million. When 
annualized, the life cycle cost (capital and O&M) is approximately $17.6 million per year, which 
translates to $0.30 per pound of solids processed. 
 
A key benefit to the preferred alternative is the renewable energy potential resulting from biogas 
production, which aligns with the goal of shifting to resource recovery in-line with the City’s vision of 
supporting growth while also working towards sustainability. The renewable energy credits result 
from biogas treatment and pipeline injection. The biogas upgrade requires pipeline quality gas 
meaning an energy content of 1,050 BTU per cubic foot, a carbon dioxide content less than 1.0%, a 
nitrogen content, less than 1.25%, an oxygen content less than 0.01%, a hydrogen sulfide content 
of 0.04 grains per 100 standard cubic feet, and no non-methane volatile organic compounds 
(NMVOC).  
 
The resulting value of the treated biogas is the sum of the energy value as natural gas and the 
renewable energy credit value10, which is $0.40 per therm based on the value of the natural gas 
and $2.58 per therm based on the value of the renewable energy credit11. Additional value may be 
gained if credits from the California Low Carbon Fuel Standard (LCFS) are received. 

                                                
9 Note, costs per pound nutrient removal assume all costs associated with nutrient removal and ignore the 
value of cBOD5 and TSS removal as well as ammonia oxidation. 
10 Renewable energy credits are purchased by non-renewable energy as required by as required by 
the United States Environmental Protection Agency's Renewable Fuel Standard (RFS) implemented 
according to the Energy Policy Act of 2005 and the Energy Independence and Security Act of 2007. 
11 The renewable energy credit is based on the value of a D3 RIN, assuming the large majority of Cedar 
Rapids organics (converted to biogas) are received through sewers and forcemains (not hauled-in waste). 
The market value of the D3 RIN is listed near $2.00 per RIN (0.775 Therms per RIN) currently.  

https://en.wikipedia.org/wiki/United_States_Environmental_Protection_Agency
https://en.wikipedia.org/wiki/Renewable_Energy_Certificates_(United_States)
https://en.wikipedia.org/wiki/Energy_Policy_Act_of_2005
https://en.wikipedia.org/wiki/Energy_Independence_and_Security_Act_of_2007
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Figure 5. Alternative 21 – Refined Site Layout 
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Implementation Plan 
 
The WPCF nutrient reduction and solids facility implementation plan has been developed based on 
initially supporting priority needs, then meeting future capacity and effluent quality goals. Offsite 
watershed and industrial source nutrient reductions are planned in parallel with WPCF 
improvements as previously described in the Overall Nutrient Reduction Strategy section.  
Integrated planning to consider, prioritize, and assess the affordability of nutrient reduction in the 
context of other water, sanitary sewer, stormwater, and flood protection needs also proceed in 
parallel. 
 
As shown in Figure 6, the implementation plan is based on multiple phases at WPCF – again 
focused on age and condition driven solids needs and then regulatory driven nutrient needs – but 
also with constructability and continuity of existing operations in mind. The implementation plan 
incorporates some lower cost nutrient reduction along with initial solids processing upgrades 
targeted to the solids recycle streams first. Mainstream nutrient reduction is anticipated to begin 
around 2030 after priority needs are met for solids processing and wet weather treatment. Besides 
supporting an attainable rate structure, it is important to phase GrAS into operation in order to 
provide continuity in liquid treatment.  
 
 @ WPCF Parallel 
 

 
Figure 6. Diagram of Cedar Rapids Implementation Plan 
 
The costs presented in the previous section are broken down into Phases in Table 12. As 
previously indicated, Phases I-A and I-B implement solids handling, sidestream treatment, and 
some improvements with industrial pretreatment at a cost exceeding $250 million. The remaining 
Phases implement the liquid treatment plan, including providing nutrient removal and addressing 
capacity needs, at a cost over $160 million. 
 
  

Phase I-A
(2019-2024)

•Anaerobic Digestion
•Gas Treatment & Injection
•Sidestream Treatment - Nitrogen

Phase I-B
(2024-2029)

•Thermal Processing
•Fluidized Bed Incineration
•Sidestream Treatment - Phosphorus

Phases II-IV
(2030-2040)

•Granular Activated Sludge - Nutrient

•Watershed Reductions - Ongoing
•Industrial Source Reductions - 2019
•Integrated Planning - 2019/2020
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Table 12. Cedar Rapids Implementation Plan Costs 

Phase  
 EQUIPMENT 

COST  

 
CONSTRUCTION 

COST  

 CAPITAL COST  
(CONST + 

ENGR/ADMIN)   O&M COST  
IA (AD, Gas, N Sidestream) $43,930,000 $96,274,000 $110,540,000 ($7,906,000) 
IB (THP, FBI, Ind. Pretreatment,  
 P. Sidestream) $60,950,000 $133,576,000 $153,371,000 $1,449,000 
II - IV (GrAS in 3 Phases) $65,090,000 $142,649,000 $163,788,000 $3,974,000 
Total $170,000,000 $372,500,000 $427,700,000 ($2,483,000) 

 
Phase I 
Phase I consists of the installation of the solids processing system. Figure 7 shows the upgrades 
installed as part of Phase I. Phase I-A includes the items outlined in red in the figure, and Phase I-B 
includes the items shown as pink. There are no changes to liquid treatment facilities during Phase I. 
 

 
Figure 7. Phase I Project 
 
Sequencing of Phase I-A is based primarily on construction of anaerobic digesters and facilities to 
store, clean, and inject biogas to enable shutdown and removal of the LPO process and to generate 
a revenue stream from biogas. It also includes construction of Biosolids Storage and retrofit of the 
existing Decant Tanks for sidestream treatment for nitrogen. The east Sulfide Oxidation Basin is 
partitioned into two basins so that the west Sulfide Oxidation Basin can be demolished and biogas 
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treatment can be constructed. The remaining B Clarifier will be retrofitted with a cover for biogas 
storage. Lime stabilization facilities need to be temporarily relocated for use during construction. 
 
Existing infrastructure continues to be used and optimized for application in the new solids handling 
and processing scheme12. The existing blend tanks continue to be used as storage. One blend tank 
provides storage and eventual phosphorus release for secondary solids prior to thickening, and one 
blend tank provides combined storage after thickening but prior to screening.  
 
The larger solids storage tank acts to provide longer-term storage (as needed) prior to AD. After 
Phase IA but prior to Phase IB, centrifuges may be used to dewater raw solids for direct feed into 
the MHI. New and existing belt filter presses (BFPs) are installed in the new digestion complex and 
used to dewater anaerobically digested biosolids. Installation should be phased so that new BFPs 
are online before existing BFPs are relocated, and/or a trailer mounted dewatering unit may be 
rented to support phasing as well13. 
 
On completion of Phase 1-A, biosolids are anaerobically digested, dewatered, and conveyed to 
storage and subsequent land application or conveyed for incineration in the existing MHI. Biogas is 
generated by both the anaerobic digesters and AP, and it is stored and treated to pipeline quality for 
injection. The injected biogas produces a revenue stream. The LPO and lime stabilization are no 
longer required, resulting in associated O&M, energy, and lime savings. 
 
It is important to consider the current solids production rates in order to facilitate construction 
sequencing. When considering the average annual solids production rate, approximately 130,000 
lb/d of raw solids (existing average annual) are generated. If lime stabilized and land applied, a lime 
dose of approximately 30% would be incorporated giving a total solids production of 169,000 lb/d.  
 
After the anaerobic digesters are installed and operational (prior to THP installation), the solids 
residuals after anaerobic digestion will be approximately 100,000 lb/d (existing average annual 
basis), which is about 40% less than the current lime stabilized residual mass. This is based on 
feeding digesters 50% of the raw solids (based on a reasonable digester loading rate without THP) 
and blending digested solids with raw solids following digestion. The combined solids residuals 
combine to give between 2.0 and 2.2 DTPH of solids that would be fed into the MHI, which is less 
than the current solids feed rate between 2.4 and 2.6 DTPH. If land applying digested solids (prior 
to blending with raw solids) no lime will need to be added since the residuals will already meet land 
application requirements.  
 
Phase I-B includes the addition of THP preceding anaerobic digestion and the FBI replacement for 
MHI; both of which may be installed in a new FBI building. It also includes expanded Industrial 
Pretreatment facility improvements to maximize flow and biogas production from the AP system and 
Sidestream Treatment facilities for recycle TP control. Centrifuges become requisite pre-dewatering 
prior to THP pretreatment of the solids, blended to a 14 to 16% target solids content (using 
dewatered plus thickened solids or dilution water) for THP feed solids. A portion of the pre-
dewatered solids at the undiluted solids content may be directly injected into incineration as 
required or desired by operations.  
 
Industrial Pretreatment improvements include the addition of solids separation facilities (e.g. 
Salsnes) so that higher solids content industrial streams can be managed in the AP process 
resulting in realizing full system capacity. Following solids separation, the concentration solids 

                                                
12 As previously indicated, costs for continued use existing infrastructure maintenance and replacement are 
not included in this TM as part of the alternative cost evaluation since the cost is common to all alternatives. 
However, the cost is included as part of the CIP development included in TM 10. 
13 Additional development of installation plans is deferred to a more detailed level of design. 
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stream is fed into anaerobic digestion and the liquid stream is fed into AP. Additional AP 
rehabilitation is planned to maintain reliability of the process. 
 
As part of Phase I-B, DAFs A and B are further rehabilitated and/or converted to gravity thickeners 
pending the outcome of a parallel evaluation. DAF C is demolished to make room for additional 
Sidestream Treatment for Phosphorus removal. Phosphorus removal receives combined recycle 
streams from waste activated sludge thickening filtrate, pre-dewatering centrate, and post-
dewatering filtrate. A portion of the recycle may be sent to AP for nutrient and temperature 
balancing.  
 
Following Phase I-B, after THP is installed, the combined THP-AD process can treat the full solids 
stream as described in the Solids Processing section of Alternative 21. Increased cost savings from 
biogas production and a corresponding revenue stream increase as well as energy savings 
associated with the increased efficiency of FBI versus MHI is anticipated. 
 
Phase II 
The first two GrAS basins are installed in Phase II along with the associated Screening, Pump 
Station, and Blower Building (Figure 8). Modification and reconstruction of the South Ash Lagoon is 
the sole solids handling modification included as part of Phase II. With the first two GrAS basins in 
service, 25% of the flow and load can be diverted to the new GrAS basins. Flow diverted to GrAS 
for treatment results in a reduction of Roughing Filter and Carbonaceous Activated Sludge power 
consumption. The 25% of the flow treated by GrAS meets or exceeds the targeted 67% TN and 
75% TP removal for that portion of the liquid flow stream. This translates to an estimated composite 
removal and improvement in effluent TP from 5-6 mg-P/L to 3-4 mg-P/L and in effluent TN from 22-
24 mg-N/L to 18-20 mg-N/L. 
 
Phase III 
The second two GrAS basins are installed in Phase III (Figure 9). As a result, 50% of the flow and 
load can be diverted to the GrAS basins. Flow diverted to GrAS for treatment results in a reduction 
of Roughing Filter and Carbonaceous Activated Sludge power consumption. The 50% of the flow 
treated by GrAS meets or exceeds the targeted 67% TN and 75% TP removal for that portion of the 
liquid flow stream. This translates to a composite removal and improvement in effluent TP from 3-4 
mg-P/L to 2-3 mg-P/L and in effluent TN from 18-20 mg-N/L to 16-18 mg-N/L. 
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Figure 8. Phase II Project 
 



 
HDR Engineering, Inc. 
TM 9.0 Nutrient Reduction and Solids Processing Recommendations FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA  52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 33 of 34 

 

 
Figure 9. Phase III Project 
 
Phase IV  
In the final Phase, the remaining four GrAS basins are installed, the Nitrification Activated Sludge 
Basin is converted to GrAS influent Blending/Buffering, and the D Clarifiers are converted to 
Solids/Effluent Buffering (Figure 10). As a result, all of the liquid stream is now treated in the new 
GrAS process. The Roughing Filters and Cryogenic Oxygen Generation can be taken out of service 
and Carbonaceous Activated Sludge and the C Clarifiers can be available for Wet Weather 
Treatment.   
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Figure 10. Phase IV Project 
 
Following Phase IV, WPCF meets or exceeds the targeted 67% TN and 75% TP removal for all of 
the liquid flow stream. This translates to a composite removal and improvement in effluent TP from 
3-4 mg-P/L to less than 2 mg-P/L and in effluent TN from 16-18 mg-N/L to less than 14 mg-N/L.  
There are be additional power savings with the Roughing Filters, Carbonaceous Activated Sludge, 
and Cryogenic Oxygen Generation out of service. 
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Attachment A – Refined Alternative 21 Cost Breakdown 
Table A-1. Alternative 21 Cost Details 

Unit Process 
EQUIPMENT 

COST 
CONSTRUCTION 

COST CAPITAL COST1   O&M COST  
Industrial Pretreatment $4,800,000 $10,500,000  $12,000,000  $100,000  

Solids Separation $1,500,000 $3,287,000  $3,774,000  $37,600  
UASB Rehab $3,280,000 $7,188,000  $8,254,000  $65,600  

Liquid Treatment $62,900,000 $137,800,000  $158,300,000  $2,100,000  
"A" Clarifier Addition $0     $0  
Sulfide Oxidation Basin Work         

Demo SW SOB $200,000 $438,000  $503,000  $0  
SOB Divider Baffle $150,000 $329,000  $377,000  $3,000  

BNR-GrAS         
GrAS - Equipment $35,800,000 $78,458,000  $90,084,000  $2,106,600  
GrAS - Tanks $16,000,000 $35,065,000  $40,261,000  $0  
GrAS - Blower Bldg. $3,540,000 $7,758,000  $8,908,000  $35,400  
GrAS - Modify Existing Tanks $7,200,000 $15,779,000  $18,118,000  $0  

Solids Processing $102,300,000 $224,200,000  $257,400,000  ($6,300,000) 
Solids Processing (No RINs) $1,900,000  

Solids Screening $400,000 $877,000  $1,007,000  $2,000  
Dewatering Centrifuges (Predewater) $570,000 $1,249,000  $1,434,000  $20,040  
Dewatering BFPs (Final Dewater) $1,980,000 $4,339,000  $4,982,000  $31,800  
THP (Cambi System) $24,800,000 $54,351,000  $62,405,000  $744,000  
Anaerobic Digestion $25,180,000 $55,184,000  $63,361,000  $30,000  
Biosolids Storage $7,670,000 $16,809,000  $19,300,000  $15,000  
Biosolids Land Application  $0 0 0 $50,000  
Demo "C" DAFT $250,000 $548,000  $629,000  $0  
Fluid Bed Incinerator + Aux. Eqmt. $10,800,000 $23,669,000  $27,176,000  $290,000  
FBI Building $14,100,000 $30,901,000  $35,480,000  $70,500  
Advanced Emission Control $2,000,000 $4,383,000  $5,033,000  $27,000  
Cake Transfer System $3,375,000 $7,397,000  $8,493,000  $33,750  
Ash Lagoon and Disposal $125,000 $274,000  $315,000  $118,000  
Natural Gas Usage   0 0 $41,000  
Sidestream Treatment         

Anammox System $3,500,000 $7,670,000  $8,807,000  $35,000  
Phosphorus Recovery $2,300,000 $5,041,000  $5,788,000  $232,000  

Biogas         
Biogas Storage $1,250,000 $2,739,000  $3,145,000  $69,000  
Biogas Treatment $4,000,000 $8,766,000  $10,065,000  $60,000  
Biogas Injection (AD-RINS) $0 $0 $0 ($6,330,000) 
Biogas Injection (AP-RINS) $0 $0 $0 ($1,870,000) 

UNIT PROCESS TOTAL $170,000,000  $372,500,000  $427,700,000  ($4,083,000) 
UNIT PROCESS TOTAL (No RINS) $4,120,000  

1Contruction plus Engineering and Administration costs. 
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Technical 
Memorandum  

 
To:   City of Cedar Rapids 

From:   David Dechant/HDR 
Eric Evans/HDR 
Alex Shannon/HDR 

Project:          Cedar     Rapids Nutrient Removal and Solids 
Facilities Plan 

CC:   File 

Date:   November 27, 2018 (Revised Final) Job No:   City – 6150011 
HDR – 270628 

Re:  Technical Memorandum 10.0 – Capital Improvements Plan 
 
This Technical Memorandum (TM) is one of multiple Technical Memoranda that collectively 
comprise the Cedar Rapids Water Pollution Control Facility (WPCF) Nutrient Reduction and Solids 
Facility Plan.  The overall objectives of the Nutrient Reduction and Solids Facility Plan are as 
follows: 

• A plan for nutrient reduction consistent with the Iowa Nutrient Reduction Strategy (NRS), 
which has a goal of 75% total phosphorus (TP) reduction and 66% total nitrogen (TN) 
reduction from wastewater treatment facilities discharging greater than 1 MGD, 

• A plan for solids handling and treatment that provides a reliable management strategy 
complimentary of liquid treatment, and 

• Plans that incorporate sustainable, energy-efficient technologies. 
 
The end result will be a Nutrient Reduction and Solids Facility Plan that defines a footprint for a 
sustainable future that can be supported by all and maintains competitive rates. The process to 
develop the Nutrient Reduction and Solids Facility Plan is shown schematically below.  
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Using appropriate information from prior master plans, the process initially established a baseline 
by documenting current nutrient sources, identifying current and projecting future solids production, 
documenting current energy and sustainability, and assessing the condition of existing facilities. 
From that baseline, the process identified potential nutrient reduction strategies and potential end 
use options for solids. With potential strategies and options in mind, the process identified and 
screened the most relevant technologies in TM 7.0 Technology Identification and Screening, and 
then evaluated and identified the most relevant alternatives incorporating those technologies in TM 
8.0 Alternative Development and Evaluation.  
 
Technology identification and screening followed by alternative development and evaluation 
provided the basis for a recommended plan presented in TM 9.0 Nutrient Reduction and Solids 
Processing Recommendations.  Those recommendations are built around implementation of the 
City Recommended Alternative which includes the following: 

• Industrial Pretreatment improvements to maximize processing on high strength industrial 
wastewater 

• Sidestream Treatment and Granular Activated Sludge for nutrient reduction 
• Thermal Processing, Anaerobic Digestion, and Fluidized Bed Incineration for solids 

processing. 
• Pipeline Injection of processed Biogas to produce a revenue stream. 

 
This TM presents the resulting capital improvements plan for implementation of future facilities 
associated with the City preferred nutrient reduction and solids handling Alternative 21, herein 
referred to as the Recommended Alternative.  It also approximates the associated revenue and 
debt requirements for the Recommended Alternative.   
 
To provide a basis for comparison for the Recommended Alternative, the TM also identifies a 
capital improvements plan and associated revenue and debt implications for a “status quo” scenario 
that assumes the following: 

• Existing solids handling facilities which are approaching the end of their useful life could 
continue to be refurbished and rehabilitated rather than replaced.   

• Nutrient reduction would not be required in spite of the regulatory mandate in the Iowa 
Nutrient Reduction Strategy. 

• Additional capacity would not be required for future growth. 
 
While not realistic from a practical standpoint, the status quo scenario provides a useful baseline for 
comparison with the required solids handling and nutrient reduction facilities improvements. 
 
The template used to forecast future costs and approximate the associated revenue and debt 
requirements is described in Attachment A. 
 
This Capital Improvements Technical Memorandum is organized as follows: 

• Objective  
• Summary 
• Status Quo Baseline  

o Capital Improvements Expenditures – Status Quo 
o Operations & Maintenance Expenditures – Status Quo 
o Additional Expenditures – Status Quo 

• Recommended Alternative  
o Capital Improvements Expenditures – Recommended Alternative 
o Operations & Maintenance Expenditures – Recommended Alternative 
o Additional Expenditures – Recommended Alternative 

• Comparative Revenue and Debt Implications 
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• Funding Impact on Revenue and Debt Implications 
• Capital Improvements Plan 

 
The following Attachments provide supporting information: 

• A – Revenue and Debt Template 
• B – Funding Scenarios and Results 

Objective 
This Technical Memorandum presents a capital improvements plan for the preferred Nutrient 
Reduction and Solids Handling Facilities improvements.  It also approximates the associated 
revenue and debt requirements. 

Summary 
There are significant capital costs and associated operations and maintenance (O&M) costs at the 
Water Pollution Control Facility.  These costs are associated with solids handling needs driven by 
the age and condition of existing facilities and potential air quality driven regulatory needs and 
WPCF nutrient reduction driven regulatory needs.   
 
Implementation of the preferred solids handling and nutrient reduction alternative on top of ongoing 
capital replacement needs at the 40 year old facility will require a total capital investment estimated 
at just over $700 million dollars over the next 20 years.  With phased implementation, the capital 
investment need is estimated to range from approximately $8 to $70 million per year.  This is 
exclusive of potential headworks expansion, a fourth primary clarifier, and wet weather related 
capital facilities needs that have yet to be defined. 
 
Regardless of the mix of revenue and debt financing, the impact on rates and debt will be 
significant. The Recommended Alternative would require a total inflation adjusted capital investment 
estimated at $310 million dollars over the next 10 years and an additional inflation adjusted capital 
investment estimated at $210 million of the 10 years after that.  Simplified analysis indicates that 
the Recommended Alternative will require annual revenue increases, exclusive of forecast growth, 
ranging from as little as two to as much as ten percent over the next ten years in conjunction with 
annual debt issuance of as little as $4 million to as much as $60 million.   
 
Even with an ill-advised status quo strategy of continuing to repair and replace existing solids 
handling facilities and totally ignoring regulatory requirements, the impacts on rates and debt would 
be significant.  The status quo repair and replace existing solids handling facilities and ignore 
regulatory requirements on top of other ongoing capital replacement needs at the 40 year old facility 
would require a total inflation adjusted capital investment estimated at $185 million dollars over the 
next 10 years.   Simplified analysis indicates that maintaining the Status Quo will require annual 
revenue increases, exclusive of forecast growth, ranging from as little as two to as much as eight 
percent over the next ten years in conjunction with annual debt issuance of as little as $4 million to 
as much as $44 million. 
 
Based on more refined analysis of various combinations of revenue bond, State Revolving Fund 
(SRF), and Water Infrastructure Finance and Innovation Act (WIFIA) funding, the Recommended 
Alternative requires annual revenue increases ranging from approximately 4- to 11-percent for 9 to 
16 years.  Funding scenarios combining 20 year SRF/WIFIA financing for all phases and/or 
combining 30 year SRF/WIFIA for Phase 1a and 30 year SRF for subsequent phases resulted in 
the most favorable requirements at the low end of the revenue increase and duration ranges.  
Revenue bond funding had less favorable impacts that either SRF or WIFIA funding. 
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The capital improvements plan and approximate revenue and debt implications presented herein 
should provide the starting point for further refinement of the capital improvements plan and funding 
as well as a cost of service rate study.  Such analysis should further consider and refine the broad 
assumptions made herein to propose a specific financing plan and rate structure.  

Status Quo Baseline 
This section provides information on a status quo baseline scenario sometimes referred to as a “no 
action” alternative.  The status quo baseline scenario assumes the following:  

• Existing solids handling facilities, the existing low pressure oxidation (LPO) and multiple 
hearth incinerator (MHI) in particular, could continue to be refurbished and rehabilitated 
rather than replaced.   

• The nutrient reduction requirement could be avoided such that the existing roughing filters 
(RF) and cryogenic oxygen generation (CRYO) facilities should be refurbished and 
rehabilitated to remain in service. 

• Additional capacity would not be required for future growth. 
 
The LPO and MHI related solids handling facilities experienced considerable flood damage in 2008, 
are approaching the end of their useful life, are generally considered obsolete technologies today, 
are energy intensive by today’s standards, and do not provide current or forecast capacity. 
Additionally, the LPO process results in a higher nutrient discharge. They should be replaced with 
state of the art facilities that are energy efficient, complimentary to nutrient reduction, and provide 
the necessary capacity.   
 
Likewise, nutrient reduction is a regulatory mandate driven by the Iowa Nutrient Reduction Strategy, 
which is not addressed by the status quo alternative. The City cannot continue to rely on the 
existing roughing filter activated sludge system as currently configured to achieve nutrient 
reduction. Continued investment in RF and CRYO technology is not consistent with the 
recommended future nutrient reduction facilities. 
 
While not particularly significant, additional capacity is required for projected growth.  Given that the 
existing roughing filters and multiple hearth incinerator are already capacity limiting, continued 
refurbishment and rehabilitation would not provide the required capacity.  As such, the status quo 
scenario is not a viable option and presented herein as a baseline for comparative purposes only. 
 
Capital Improvements Expenditures– Status Quo 
 
In addition to future Capital Expenditures forecast based on historic trends, the following Capital 
Expenditures need to be included with the Status Quo Baseline.  The timing for each reflects 
current age and condition along with input from CRWPCF staff. 

• MHI Refurbishment and Rehabilitation 
o $12.6 million total engineering split between 2022 and 2023 
o $70.0 million total construction split 2024 through 2028 

• LPO Refurbishment and Rehabilitation 
o $4.5 million total engineering split between 2022 and 2023 
o $25.0 million total construction split 2024 through 2028 

• Roughing Filters Refurbishment and Rehabilitation 
o $6.3 million total engineering split 2026 through 2029 
o $35.0 million total construction split 2029 through 2030 

• CRYO Refurbishment and Rehabilitation 
o $1.8 million total engineering in 2019 
o $10.0 million total construction in 2020 
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O&M Expenditures – Status Quo 
 
In addition to future O&M Expenditures forecast based on historic trends, the following O&M 
Expenditures need to be added for the Status Quo Baseline.  The timing for each reflects the timing 
of the associated capital expenditures described previously for the Status Quo Baseline. 

• Increased solids Lime Stabilization and contract disposal costs due to MHI capacity 
limitations and continued increasing sludge quantities.  These are estimated assuming a 2 
percent annual increase in the 2014 through 2017 actual annual average offsite solids 
disposal cost of $42,538.   

• Lime Stabilization and contract disposal costs for all biosolids in 2024 and 2025 when the 
MHI is out of service for refurbishment and rehabilitation. 

 
Additional Expenditures – Status Quo 
 
There are additional future capital and O&M expenditures that have not been quantified or included 
in the analysis presented in this TM.  These additional expenditures are related to future Headworks 
expansion, a future fourth Primary Clarifier, and future facilities for Wet Weather Treatment.  
Quantification of the associated capital and O&M costs was beyond the scope of this Nutrient 
Reduction and Solids Facility Plan.  As such, actual revenue and debt requirements will need to be 
higher than those forecast herein. 
 

Recommended Alternative 
This section provides information on the Recommended Alternative as documented in TM 9.0 
Nutrient Reduction and Solids Processing Recommendations.  The Recommended Alternative 
includes the following.  

• Industrial Pretreatment improvements to maximize processing on high strength industrial 
wastewater 

• Sidestream Treatment and Granular Activated Sludge for nutrient reduction 
• Thermal Processing, Anaerobic Digestion, and Fluidized Bed Incineration for solids 

processing. 
• Pipeline Injection of processed Biogas to produce a revenue stream. 

 
Phase I-A consists of Anaerobic Digestion (AD), Pipeline Injection (Gas), and Nitrogen Sidestream 
Treatment (N Sidestream) constructed in the 2022 through 2025 timeframe. 
 
Phase I-B consists of Thermal Processing (THP), Fluidized Bed Incineration (FBI), Industrial 
Pretreatment (IP), and Phosphorus Sidestream (P Sidestream) Treatment constructed in the 2025 
through 2028 timeframe.  
 
Phases II through IV consists of Granular Activated Sludge (GrAS) constructed incrementally in the 
2031 through 2037 timeframe. 
 
Capital Improvements Plan – Recommended Alternative 
 
In addition to future Capital Expenditures forecast based on historic trends, the following Capital 
Expenditures are part of the Recommended Alternative.  The timing for each reflects the need 
based priorities along with input from CRWPCF staff. 

• Phase I-A: AD, Gas, N Sidestream 
o $14.3 million total engineering split between 2021 and 2025 
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o $96.3 million total construction split 2022 through 2025 (note: this construction cost does 
not include $350,000 subsequently identified by MidAmerican for conveyance of biogas 
to the identified injection point) 

• Phase I-B: THP, FBI, IP, P Sidestream  
o $20.6 million total engineering split between 2024 and 2028 
o $139.2 million total construction split 2025 through 2028 

• Phase II GrAS 
o $7.1 million total engineering split 2028 through 2031 
o $48.0 million total construction split 2029 through 2031 

• Phase III GrAS 
o $3.0 million total engineering split 2031 through 2033 
o $20.6 million total construction split 2032 through 2033 

• Phase III GrAS 
o $10.2 million total engineering split 2033 through 2037 
o $68.5 million total construction in split 2034 through 2037 

 
O&M Expenditures – Recommended Alternative 
 
In addition to future O&M Expenditures forecast based on historic trends, the following O&M 
Expenditures need to be included with the Recommended Alternative.  The timing for each reflects 
phased implementation of the Recommended Alternative as described above. 
 
At the end of Phase I-A 

• Increased annual O&M for Anaerobic Digestion prorated back at 0.25 percent per year from 
an estimated $126,000 per year in 2040 

• Increased annual O&M for Biogas cleaning and injection prorated back at 0.25 percent per 
year from an estimated $129,000 per year in 2040 

• Increased annual O&M for Sidestream Nitrogen treatment prorated back at 0.25 percent per 
year from an estimated $35,000 per year in 2040 

• Annual revenue increase from the value of Anaerobic Digestion biogas prorated back at 1.0 
percent per year from an estimated revenue of $850,000 per year in 2040. 

• Annual RINs revenue from Anaerobic Digestion biogas prorated back at 1.0 percent per 
year from an estimated revenue of $5,480,000 per year in 2040. 

• Reduced annual O&M from discontinued Low Pressure Oxidation operation prorated back at 
0.25 per year from an estimated $127,000 per year in 2040. 

• Reduced annual O&M from discontinued Lime Stabilization operation prorated back at 0.25 
per year from an estimated $35,000 per year in 2040. 

• Reduction in annual natural gas consumption from discontinued Low Pressure Oxidation 
operation prorated forward at 1.0 percent per year from a current estimated $664,000 per 
year. 

• Reduction in annual electricity consumption from discontinued Low Pressure Oxidation 
operation prorated forward at 1.0 percent per year from a current estimated $72,000 per 
year. 

• Reduction in annual cost for lime portion of offsite biosolids land application prorated 
forward at 1.0 percent per year from a current estimated $17,000 per year. 

• Reduction in annual cost of lime from discontinued Lime Stabilization operation prorated 
forward at 1.0 percent per year from a current estimated $91,000 per year. 

 
At the end of Phase I-B 

• Increased annual O&M for Thermal Hydrolysis Process prorated back at 0.25 percent per 
year from an estimated $766,000 per year in 2040 
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• Increased annual O&M for Fluidized Bed Incineration prorated back at 0.25 percent per year 
from an estimated $580,000 per year in 2040 

• Increased annual O&M for Sidestream Phosphorus treatment prorated back at 0.25 percent 
per year from an estimated $232,000 per year in 2040 

• Increased annual O&M for Industrial Pretreatment improvements prorated back at 0.25 
percent per year from an estimated $103,000 per year in 2040 

• Annual revenue increase from the value of Anaerobic Pretreatment biogas prorated back at 
1.0 percent per year from an estimated revenue of $850,000 per year in 2040. 

• Annual RINs revenue from Anaerobic Pretreatment biogas prorated back at 1.0 percent per 
year from an estimated revenue of $5,480,000 per year in 2040. 

• Reduced annual O&M from discontinued Multiple Hearth Incineration operation prorated 
back at 0.25 per year from an estimated $464,000 per year in 2040. 

• Reduction in annual natural gas consumption for incineration from conversion to Multiple 
Hearth to Fluidized Bed Incinerator operation prorated forward at 1.0 percent per year from 
a current estimated $205,000 per year. 

• Increase in annual natural gas consumption for switch from biogas to natural gas for 
supplemental fuel for Fluidized Bed Incineration prorated forward at 1.0 percent per year 
from a current estimated $110,000 per year. 

 
At the end of Phase 2  

• Increased annual O&M for first phase of Granular Activated Sludge prorated back at 0.25 
percent per year from an estimated $535,000 per year in 2040 

• Reduction in annual electricity consumption from reduced flow to Roughing Filters prorated 
forward at 1.0 percent per year from a current estimated $78,000 per year. 

• Reduction in annual electricity consumption from reduced flow to Carbonaceous Activated 
Sludge prorated forward at 1.0 percent per year from a current estimated $215,000 per year. 

 
At the end of Phase 3  

• Increased annual O&M for second phase of Granular Activated Sludge prorated back at 
0.25 percent per year from an estimated $535,000 per year in 2040 

• Reduction in annual electricity consumption from reduced flow to Roughing Filters prorated 
forward at 1.0 percent per year from a current estimated $78,000 per year. 

• Reduction in annual electricity consumption from reduced flow to Carbonaceous Activated 
Sludge prorated forward at 1.0 percent per year from a current estimated $215,000 per year. 

 
At the end of Phase IV  

• Increased annual O&M for third phase of Granular Activated Sludge prorated back at 0.25 
percent per year from an estimated $1,071,000 per year in 2040 

• Reduced annual O&M from discontinued Roughing Filter (and Bioscrubber) operation 
prorated forward at 0.25 per year from an estimated $115,000 per year currently. 

• Reduced annual O&M from discontinued Carbonaceous Activated Sludge operation 
prorated back at 0.25 per year from an estimated $967,000 per year in 2040. 

• Reduced annual O&M from discontinued Cryogenic Oxygen Generation operation prorated 
back at 0.25 per year from an estimated $129,000 per year in 2040. 

• Reduced annual O&M from discontinued Nitrification Activated Sludge operation prorated 
back at 0.25 per year from an estimated $580,000 per year in 2040. 

• Reduction in annual electricity consumption from discontinued Roughing Filters operation 
prorated forward at 1.0 percent per year from a current estimated $155,000 per year. 

• Reduction in annual electricity consumption from reduced flow to Carbonaceous Activated 
Sludge prorated forward at 1.0 percent per year from a current estimated $502,000 per year. 
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• Reduction in annual electricity consumption from discontinued Nitrification Activated Sludge 
operation prorated forward at 1.0 percent per year from a current estimated $310,000 per 
year.  

 
Additional Expenditures – Recommended Alternative 
 
There are additional future capital and O&M expenditures that have not been quantified or included 
in the analysis presented in this TM.  These additional expenditures are related to future Headworks 
expansion, a future fourth Primary Clarifier, and future facilities for Wet Weather Treatment.  
Quantification of the associated capital and O&M costs was beyond the scope of this Nutrient 
Reduction and Solids Facility Plan.  As such, actual revenue and debt requirements will need to be 
higher than those forecast herein. 
 

Comparative Revenue and Debt Implications 
A simplified analysis was initially conducted to compare and bracket approximate annual revenue 
increases and debt issuance requirements for both the Status Quo and Recommended Alternative 
options.  Tables 1 and 2 present the results.  The simplified analysis was prepared for comparative 
purposes and without consideration of the City’s reserve ratios or debt service coverage 
requirements.  In each case, two options are presented to bracket a nearly infinite number of 
possibilities. 

• Option 1 includes more aggressive debt issuance to minimize annual revenue increases.   
• Option 2 includes more aggressive annual revenue increases to minimize debt issuance. 

 
Both options assume the following: 

• An annual WPC fund balance on the order of $30 million dollars. 
• WPC revenue is maintained above WPC O&M costs.  
• The same percent annual revenue increase is applied for residential / commercial and 

industrial customers without consideration of existing biochemical demand (BOD), total 
suspended solids (TSS), and total kjeldahl nitrogen (TKN) surcharges or potential future 
total nitrogen or total phosphorus surcharges. 

• 23.3 percent of the rate revenue will be allocated to Public Works based on the fiscal year 
2018 split. 

• New debt will be issued at 4.5 percent interest and 20 year term with debt repayment 
commencing in the year following issuance consistent with sewer revenue bond financing. 

 
It is also important to note that costs used in the analysis do not include future capital and O&M 
costs for Headworks expansion, a potential fourth Primary Clarifier, or wet weather treatment 
facilities for either the Status Quo or Recommended Alternative.  
 
Regardless of the mix of revenue and debt financing, the simplified comparative analysis indicates 
the significant impact on revenue requirements and debt for both the Status Quo and 
Recommended Alternative, with the latter being even more significant.  
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Table 1 – Revenue and Debt Requirements – Status Quo Options  

Revenue 
Bonds or 

SRF

Res/Comm 
Revenue 
Increase

Industrial 
Revenue 
Increase

WPC Fund 
Balance

Revenue 
Bonds or 

SRF

Res/Comm 
Revenue 
Increase

Industrial 
Revenue 
Increase

WPC Fund 
Balance

2019 $5,000,000 2.0% 2.0% $29,392,363 $5,000,000 3.0% 3.0% $29,737,419
2020 $4,000,000 2.0% 2.0% $30,743,765 $0 8.0% 8.0% $29,904,884
2021 $16,000,000 3.0% 3.0% $30,439,890 $10,000,000 8.0% 8.0% $28,934,451
2022 $16,000,000 4.0% 4.0% $30,009,032 $10,000,000 8.0% 8.0% $30,231,963
2023 $26,000,000 4.0% 4.0% $30,572,474 $16,000,000 4.0% 4.0% $29,617,455
2024 $42,000,000 5.0% 5.0% $30,747,382 $33,000,000 4.0% 4.0% $30,227,726
2025 $44,000,000 5.0% 5.0% $29,822,928 $36,000,000 1.0% 1.0% $29,708,856
2026 $33,000,000 5.0% 5.0% $30,541,018 $26,000,000 1.0% 1.0% $30,586,202
2027 $14,000,000 4.0% 4.0% $31,110,597 $7,000,000 1.0% 1.0% $30,419,740
2028 $14,000,000 3.0% 3.0% $29,904,746 $8,000,000 1.0% 1.0% $28,926,931
2029 $15,000,000 2.0% 2.0% $30,858,734 $8,000,000 1.0% 1.0% $28,603,585
2030 $4,000,000 2.0% 2.0% $30,111,264 $0 1.0% 1.0% $29,330,832
2031 $4,000,000 1.0% 1.0% $29,379,667 $0 0.0% 0.0% $29,800,165
2032 $5,000,000 1.0% 1.0% $29,606,027 $0 0.0% 0.0% $30,013,149
2033 $6,000,000 1.0% 1.0% $30,732,809 $0 0.0% 0.0% $29,971,325
2034 $4,000,000 1.0% 1.0% $29,933,497 $0 0.0% 0.0% $29,676,205
2035 $5,000,000 1.0% 1.0% $30,151,339 $1,000,000 0.0% 0.0% $30,052,401
2036 $5,000,000 1.0% 1.0% $30,406,865 $1,000,000 0.0% 0.0% $30,101,372
2037 $5,000,000 0.0% 0.0% $30,068,803 $1,000,000 0.0% 0.0% $29,824,548

Option 1

Fiscal 
Year

Option 2

 
 
Table 2 – Revenue and Debt Requirements – Recommended Alternative Options1 

Revenue 
Bonds or SRF

Res/Comm 
Revenue 
Increase

Industrial 
Revenue 
Increase

WPC Fund 
Balance

Revenue 
Bonds or 

SRF

Res/Comm 
Revenue 
Increase

Industrial 
Revenue 
Increase

WPC Fund 
Balance

2019 $8,000,000 3.0% 3.0% $27,620,918 $5,000,000 3.0% 3.0% $29,738,696
2020 $4,000,000 3.0% 3.0% $31,406,887 $0 10.0% 10.0% $32,574,808
2021 $6,000,000 4.0% 4.0% $29,926,465 $0 10.0% 10.0% $31,121,382
2022 $20,000,000 5.0% 5.0% $30,454,069 $10,000,000 10.0% 10.0% $30,957,148
2023 $40,000,000 5.0% 5.0% $30,699,924 $27,000,000 6.0% 6.0% $29,453,742
2024 $52,000,000 6.0% 5.0% $29,142,430 $42,000,000 5.0% 5.0% $29,984,431
2025 $50,000,000 6.0% 6.0% $31,420,217 $36,000,000 2.0% 2.0% $29,798,701
2026 $56,000,000 6.0% 6.0% $29,476,956 $47,000,000 2.0% 2.0% $29,275,087
2027 $60,000,000 5.0% 5.0% $29,402,747 $51,000,000 2.0% 2.0% $29,847,673
2028 $34,000,000 4.0% 4.0% $30,632,083 $24,000,000 2.0% 2.0% $30,458,557
2029 $18,000,000 3.0% 3.0% $29,344,780 $10,000,000 2.0% 2.0% $30,645,955
2030 $26,000,000 3.0% 3.0% $29,793,456 $16,000,000 2.0% 2.0% $30,776,568
2031 $24,000,000 2.0% 2.0% $30,515,400 $12,000,000 2.0% 2.0% $30,148,954
2032 $16,000,000 2.0% 2.0% $30,443,865 $4,000,000 3.0% 3.0% $30,382,356
2033 $24,000,000 2.0% 2.0% $30,662,812 $10,000,000 3.0% 3.0% $30,763,830
2034 $20,000,000 3.0% 3.0% $30,295,031 $5,000,000 2.0% 2.0% $30,094,939
2035 $38,000,000 3.0% 3.0% $30,057,192 $23,000,000 2.0% 2.0% $30,045,470
2036 $40,000,000 2.0% 2.0% $30,199,830 $24,000,000 1.0% 1.0% $29,875,286
2037 $20,000,000 1.0% 1.0% $30,887,559 $3,000,000 1.0% 1.0% $30,578,702

Fiscal 
Year

Option 1 Option 2

 
1Does not include $350,000 subsequently identified by MidAmerican for conveyance of biogas to the identified injection 
point 
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For the Status Quo summarized in Table 1, annual revenue increases, exclusive of forecast growth, 
ranging from as little as two to as much as eight percent will be required over the next ten years in 
conjunction with annual debt issuance of as little as $4 million to as much as $44 million. 
 
For the Recommended Alternative summarized in Table 2, annual revenue increases, exclusive of 
forecast growth, ranging from as little as two to as much as ten percent will be required over the 
next ten years in conjunction with annual debt issuance of as little as $4 million to as much as $60 
million. 
 
More refined analysis for the Recommended Alternative is presented in the following section of this 
TM 10.0 Capital Improvements Plan. 

Funding Impact on Revenue and Debt Implications 
This section presents further refinement of the simplified comparative analysis of the Status Quo 
and Recommended Alternative presented in the previous section of this TM 10.0 Capital 
Improvements Plan.  It is focused on the Recommended Alternative only and includes the following 
refinements. 

• Various funding sources, notably revenue bond, State Revolving Fund (SRF), and Water 
Infrastructure Finance and Innovation Act (WIFIA). 

• Revenue bond financing at 4.5 percent, 20 years, and 1.75 or 1.50 debt service coverage 
ratio as noted. 

• SRF loan financing at 1.75 percent, 20 or 30 years as noted, 1.10 debt service coverage 
ratio, and debt service delayed 1 year. 

• WIFIA loan financing at 3.1 percent, 30 years, 1.10 debt service coverage ratio, and debt 
service delayed 5 years.  

• 2% cost of issuance and amortized reserve for all funding sources. 
• Transfers and capital outlay not included in debt service coverage ratio. 
• Consideration of biogas as a revenue component of debt service coverage in only two of the 

scenarios 
 
Table 3 summarizes the multiple funding scenarios evaluated using HDR’s ECONH2O model 
populated with historic capital and O&M costs, historic revenue and debt service, and forecast 
capital and O&M costs. It also identifies the associated revenue requirements and duration for each 
scenario.  Notable changes from scenario to scenario are noted in red.  Graphics depicting a) 
revenue requirements broken down into expenses, new debt service, existing debt service, and 
coverage, and b) estimated annual versus smoothed annual revenue increases for each Scenario 
are included in Attachment B. 
 
Each scenario projects revenue increases for 10 years or more with the result that small changes in 
revenue requirements have a significant compounding effect.  The compounding effect means that 
slightly larger increases generate more revenue sooner and a higher overall increase over the 10 
years that is more significant than the seemingly small increase indicates. 
 
Results of the analysis can be summarized as follows. 

• Depending on funding, the Recommended Alternative requires annual revenue increases 
ranging from approximately 4- to 11-percent for 9 to 16 years. 

• The Scenario 11 combination of 20 year SRF/WIFIA financing for all phases has the least 
significant impact requiring annual revenue increases of approximately 5 percent over 11 
years.  Including biogas revenue in the debt service coverage calculation may make this 
slightly less impactful.    

• The Scenario 9 combination of 30 year SRF/WIFIA for Phase 1a and 30 year SRF for 
subsequent phases has a comparably favorable impact requiring annual revenue increases 
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of approximately 5 percent over 12 years.  Likewise, including biogas revenue in the debt 
service coverage calculation may make this slightly less impactful.    

• Exclusive revenue bond funding scenarios 1 and 4 have the most significant impacts 
requiring estimated annual revenue increases of over 10 percent for 10 years and 
approximately 9.75 percent for 9 years with debt service coverage ratios of 1.75 and 1.50, 
respectively. 

 
Other takeaways from the analysis include the following, again in the context that relatively small 
changes in annual revenue increases over 10 years or more result in a significant compounding 
effect more significant than the small difference in increases indicates. 

• The differences between revenue bond, SRF, and SRF/WIFIA funding is demonstrated by 
comparing Scenarios 1, 2, and 3.   

• The impact of debt service coverage ratio on revenue bond financing is demonstrating by 
comparing scenarios 1 and 4 which contrast a 1.75 and 1.50 debt service coverage ratio. 

• The impact of loan duration on SRF funding is demonstrated by comparing scenarios 2 and 
5 which contrast 20- and 30-year loan durations. 

• The difference between WIFIA funding for Phases I-A and I-B, Phase I-A only, and Phase I-
B only is demonstrated by comparing scenarios 3, 6, and 7. 

• The impact of SRF versus revenue bond funding is demonstrated by comparing Scenarios 6 
and 8. 

• The difference between 20- and 30-year SRF funding to supplement SRF/WIFIA funding in 
Phase I-A Scenarios 8 and 9.  

• The impact of using forecast biogas revenue in the debt service coverage ratio for 
WIFIA/SRF funding is demonstrated in Scenarios 9 and 10. 

• The difference between using SRF/WIFIA funding for all phases versus SRF/WIFIA funding 
for phase I-A only with 20- or 30-year SRF funding for phases I-B through IV is 
demonstrated in Scenarios 8, 9 and 11. 

• The impact of using forecast biogas revenue in the debt service coverage ratio for 
WIFIA/SRF funding for all phases is demonstrated in Scenarios 11 and 12. 

 
This analysis has established that the Recommended Alternative will require significant annual 
revenue increases ranging from approximately 4- to 11-percent for 9 to 16 years. Further 
consideration and refinement of the assumptions herein should be part of a subsequent cost of 
service sewer rate study that refines the funding strategy and revenue requirements, allocates costs 
to identify cost of service by customer class, translates revenue requirements and cost of service 
into a specific rate structure and implementation plan.  The cost of service rate study should also 
include the following. 

• Capital and O&M costs for Headworks Expansion, a fourth Primary Clarifier, and Wet 
Weather Treatment Facilities once the need and associated costs are identified. 

• Capital, O&M, and debt service for the sanitary sewer system. 
• Consideration of the appropriate revenue split between Water Pollution Control and Public 

Works. 

Capital Improvements Plan 
Table 4 identifies Recommended Alternative specific costs to be incorporated into the City’s 10 year 
Capital Improvements Plan.  These capital needs include ongoing baseline capital needs forecast 
at the historic non-flood 10 year average of $8,300,000 with a 2 percent annual increase for other 
age and condition related capital replacement and refurbishment needs not specifically associated 
with the Recommended Alternative. 
 
 
   



 
HDR Engineering, Inc. 
TM 10.0 -Capital Improvements Plan FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA  52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 12 of 13 

 

 
 
Table 3. CRWPCF Funding Scenarios Comparison 
  Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8 Scenario 9 Scenario 10 Scenario 11 Scenario 12 
Phase IA Bonds SRF SRF/WIFIA Bonds SRF SRF/WIFIA SRF SRF/WIFIA SRF/WIFIA SRF/WIFIA SRF/WIFIA SRF/WIFIA 
Phase IB Bonds SRF SRF/WIFIA Bonds SRF SRF SRF/WIFIA SRF SRF SRF SRF/WIFIA SRF/WIFIA 
Phase II Bonds Bonds Bonds Bonds Bonds Bonds Bonds SRF SRF SRF SRF/WIFIA SRF/WIFIA 
Phase III Bonds Bonds Bonds Bonds Bonds Bonds Bonds SRF SRF SRF SRF/WIFIA SRF/WIFIA 
Phase IV Bonds Bonds Bonds Bonds Bonds Bonds Bonds SRF SRF SRF SRF/WIFIA SRF/WIFIA 
Bonds 1.75, 4.5%, 

20 yrs 
1.75, 4.5%, 
20 yrs 

1.75, 4.5%, 
20 yrs 

1.50, 4.5%, 
20 yrs 

1.75, 4.5%, 
20 yrs 

1.75, 4.5%, 
20 yrs 

1.75, 4.5%, 
20 yrs 

N/A N/A N/A     

SRF N/A 1.10, 1.75%, 
20 yrs 

1.10, 1.75%, 
20 yrs 

N/A 1.10, 2.75%, 
30 yrs 

1.10, 1.75%, 
20 yrs 

1.10, 1.75%, 
20 yrs 

1.10, 1.75%, 
20 yrs 

1.10, 2.75%, 
30 yrs 

1.10, 2.75%, 
30 yrs 

1.10, 1.75%, 
20 yrs 

1.10, 2.75%, 
30 yrs 

WIFIA N/A N/A 1.10, 3.1%, 
30 yrs 

N/A N/A 1.10, 3.1%, 
30 yrs 

1.10, 3.1%, 
30 yrs 

1.10, 3.1%, 
30 yrs 

1.10, 3.1%, 
30 yrs 

1.10, 3.1%, 
30 yrs 

1.10, 3.1%, 
30 yrs 

1.10, 3.1%, 
30 yrs 

Biogas 
Revenue w/ 
DSC 

No No No No No No No No No Yes No Yes 

Revenue 
Impact 

~11% ~7% ~6% ~9.75% ~6.5% ~6.25% ~6% ~5.5% ~5% ~4.5% ~5% ~4% 

Duration 10 yrs 11 yrs 15 yrs 9 yrs 11 yrs 11 yrs 11 yrs 12 yrs 12 yrs 12 yrs 11 yrs 16 yrs 
All options assume 2% cost of issuance, amortized reserve, and debt issue on cash flow basis 
SRF debt service delayed 1 year 
WIFIA debt service delayed 5 years 
Graphics depicting a) revenue requirements broken down into expenses, new debt service, existing debt service, and coverage and b) estimated annual versus smoothed annual revenue increase for 
each Scenario are included in Attachment B. 
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Table 4 – Recommended Alternative Capital Improvements Plan by Fiscal Yeara 
Capital Expenditure 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Historic Non Flood Trend $10,600,000 $8,300,000 $8,500,000 $8,600,000 $8,800,000 $9,000,000 $9,200,000 $9,300,000 $9,500,000 $9,700,000
Phase 1a Anaerobic Digestion $0 $0 $6,200,000 $15,800,000 $30,700,000 $30,700,000 $13,300,000 $0 $0 $0
Phase 1a Gas $0 $0 $1,000,000 $2,500,000 $4,900,000 $4,900,000 $2,100,000 $0 $0 $0
Phase 1a N Sidestream $0 $0 $600,000 $1,600,000 $3,100,000 $3,100,000 $1,300,000 $0 $0 $0
Phase 1b THP $0 $0 $0 $0 $0 $4,900,000 $12,400,000 $24,100,000 $24,100,000 $10,400,000
Phase 1b FBI $0 $0 $0 $0 $0 $5,800,000 $14,600,000 $28,500,000 $28,500,000 $12,300,000
Phase 1b Industrial Pretreatment $0 $0 $0 $0 $0 $900,000 $2,300,000 $4,500,000 $4,500,000 $1,900,000
Phase 1b P Sidestream $0 $0 $0 $0 $0 $500,000 $1,200,000 $2,400,000 $2,400,000 $1,000,000
Phase 2 GrAS first phase $0 $0 $0 $0 $0 $0 $0 $0 $0 $6,200,000
Phase 3 GrAS second phase $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Phase 4 GrAS third phase $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Total Capital Expenditures $10,600,000 $8,300,000 $16,300,000 $28,500,000 $47,500,000 $59,800,000 $56,400,000 $68,800,000 $69,000,000 $41,500,000  
 
Capital Expenditure 2029 2030 2031 2032 2033 2034 2035 2036 2037 Total
Historic Non Flood Trend $9,900,000 $10,100,000 $10,300,000 $10,500,000 $10,700,000 $10,900,000 $11,200,000 $11,400,000 $11,600,000 $188,100,000
Phase 1a Anaerobic Digestion $0 $0 $0 $0 $0 $0 $0 $0 $0 $96,700,000
Phase 1a Gas $0 $0 $0 $0 $0 $0 $0 $0 $0 $15,400,000
Phase 1a N Sidestream $0 $0 $0 $0 $0 $0 $0 $0 $0 $9,700,000
Phase 1b THP $0 $0 $0 $0 $0 $0 $0 $0 $0 $75,900,000
Phase 1b FBI $0 $0 $0 $0 $0 $0 $0 $0 $0 $89,700,000
Phase 1b Industrial Pretreatment $0 $0 $0 $0 $0 $0 $0 $0 $0 $14,100,000
Phase 1b P Sidestream $0 $0 $0 $0 $0 $0 $0 $0 $0 $7,500,000
Phase 2 GrAS first phase $18,800,000 $24,700,000 $18,800,000 $0 $0 $0 $0 $0 $0 $68,500,000
Phase 3 GrAS second phase $0 $0 $2,800,000 $14,200,000 $14,200,000 $0 $0 $0 $0 $31,200,000
Phase 4 GrAS third phase $0 $0 $0 $0 $7,100,000 $17,900,000 $35,000,000 $35,000,000 $15,100,000 $110,100,000
Total Capital Expenditures $28,700,000 $34,800,000 $31,900,000 $24,700,000 $32,000,000 $28,800,000 $46,200,000 $46,400,000 $26,700,000 $706,900,000  
 
aDoes not include $350,000 subsequently identified by MidAmerican for conveyance of biogas to the identified injection point, nor does it include headworks expansion, primary clarifier, and wet weather related 
capacity needs yet to be identified.
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Attachment A – Revenue and Debt Template 
 
A Revenue and Debt Template was developed to provide a simplified analysis of the revenue and 
debt requirements associated with the recommended nutrient reduction and solids handling facility 
improvements at the Cedar Rapids Water Pollution Control Facility.  The template was built on ten 
years of historic Water Pollution Control financial data, as summarized in Table A-1.  Future 
forecasts, exclusive of nutrient reduction and solids handling facility improvements, were based on 
the following key assumptions. 
 
O&M Expenditure Assumptions 

• Personal Services, Purchased Services, Supplies & Materials, Other, and Capital Outlay 
expenditures are forecast to continue to increase at the 10 year historic trend. 

• Transfer Out – Inter is forecast based on $200,000 CCB plus $250,000 Economic 
Development plus $1,000,000 for Prairie Creek or similar collection system need plus 1 
percent overall annual increase. 

• Transfer Out – Intra is forecast based on $2,000,000 to CIP plus Current Debt Service 
Obligations including 2018 issuance 
 

Capital Expenditure Assumptions 
• Baseline Capital Expenditures are forecast at $10,600,000 for FY 19 and then at the historic 

non-flood 10 year average of $8,300,000 with a 2 percent annual increase. 
• Historic flood related Capital Expenditures are not reflected in the Baseline Capital 

Expenditure forecast. 
• Capital expenditures to rehabilitate or replace major processes such as Low Pressure 

Oxidation, Multiple Hearth Incineration, Cryogenic Oxygen Generation, and Roughing Filters 
will be in addition to the forecast historic trend.  

 
Revenue Assumptions 

• Total revenue is forecast at 2018 levels plus the 5 year historic customer growth trend of 
1.02 percent. 

• The Public Works portion of revenue is forecast at the 2018 equivalent of 23.3 percent of 
total revenue. 

 
The template was set up to simulate various improvement scenarios as follows. 

• Adding scenario specific impacts on O&M Expenditures, whether a net increase or a net 
decrease. 

• Adding scenario specific Capital Expenditures.  
• Adjusting the Public Works allocation of the total Revenue initially set at 23.3 percent as 

desired. 
• Adjusting the rate and term for debt initially set at 4.5 percent and 20 years if desired  
• Incorporating various combinations of annual debt issuance and annual revenue increases 

with the objective of maintaining a total WPC Fund Balance of approximately $30,000,000.   
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The template was color coded to differentiate the following. 
• Cells that should not be changed 
• Cells that can and should be changed to simulate various combinations of Public Works 

allocation, annual debt issuance, and annual revenue increases. 
• Cells that are auto calculated based on the aforementioned changes.It is important to note 

that the template is intended to be a general planning tool to identify the order of magnitude 
revenue and debt requirements for various improvement scenarios.  The template does not 
consider the following, both of which are beyond the scope of study and warrant subsequent 
effort in developing a specific financial plan for the Recommended Alternative. 

• Coverage requirements on debt. 
• Cost of service allocations of the required revenue by customer class or surcharge 

parameter. 
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Cedar Rapids Water Pollution Control 
Historic Cost Information 
           

 
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

O&M Expenditures - Historic Trend $22,719,445  $22,499,168  $25,937,870  $30,283,301  $29,793,080  $31,221,791  $28,342,286  $37,091,548  $45,008,626  $37,792,100  
O&M Expenditures - Not Included Above 

          Total O&M Expenditures $22,719,445  $22,499,168  $25,937,870  $30,283,301  $29,793,080  $31,221,791  $28,342,286  $37,091,548  $45,008,626  $37,792,100  

           Capital Expenditures - Historic Non Flood $2,569,604  $12,332,295  $6,542,108  $5,096,631  $8,005,748  $6,527,930  $8,184,631  $5,036,769  $6,570,234  $8,014,845  
Capital Expenditures - Historic Flood $109,585  $2,275,986  $1,187,916  $6,971,110  $936,562  $6,507,202  $19,912,041  $4,150,415  $0  $0  
Total Capital Expenditures $2,679,189  $14,608,281  $7,730,024  $12,067,741  $8,942,310  $13,035,132  $28,096,672  $9,187,184  $6,570,234  $8,014,845  

           Total Debt Service 20,823,556 14,610,786 12,098,824 13,466,329 7,394,016 7,420,486 7,492,058 8,800,555 21,674,431 14,685,707 

           Total Rate Revenue $22,105,190  $31,230,024  $36,754,259  $37,702,302  $38,741,670  $37,415,235  $39,281,249  $40,037,992  $42,513,883  $45,123,480  
   WPC Revenue Portion $22,107,578  $24,784,519  $29,541,994  $30,151,973  $31,193,134  $29,866,699  $31,859,708  $32,423,984  $34,462,185  $35,832,935  
    PW Revenue Portion ($2,388) $6,445,505  $7,212,264  $7,550,329  $7,548,536  $7,548,536  $7,421,541  $7,614,008  $8,051,698  $9,290,545  
    PW Revenue Portion % 

 
20.60% 19.60% 20.00% 19.50% 20.20% 18.90% 19.00% 18.90% 20.60% 

           Revenue Bonds or SRF 7,810,232 8,879,560 19,338,919 322,144 2,366,546 5,049,311 7,642,448 5,776,920 7,187,080 4,460,000 

           WPC Net $4,519,175  ($3,443,369) $15,213,019  ($11,876,925) ($5,175,709) ($9,340,913) ($16,936,803) ($8,077,828) ($9,929,595) ($5,514,009) 
Fund Balance 

        
$30,918,631  $34,820,273  

           Res/Comm Revenue Increase 8.50% 12.20% 11.20% 3.50% 0.70% 4.40% 3.00% 2.30% 2.70% 7.50% 
Industrial Revenue Increases 4.00% 15.00% 8.80% 3.00% 1.00% 2.00% 3.00% 2.00% 

  Typical Residential revenue $17.65  $19.81  $22.03  $22.80  $22.95  $23.96  $24.68  $25.24  $25.92  $27.87  
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Attachment B – Funding Scenarios 
 
 

Scenario 1
Phase IA Bonds
Phase IB Bonds
Phase II Bonds
Phase III Bonds
Phase IV Bonds

Bonds
1.75, 4.5%, 

20 yrs

SRF N/A

WIFIA N/A

Biogas 
Revenue 
w/ DSC

No

Revenue 
Impact

>10%

Duration 10 yrs   
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Scenario 2
Phase IA SRF
Phase IB SRF
Phase II Bonds
Phase III Bonds
Phase IV Bonds

Bonds
1.75, 4.5%, 

20 yrs

SRF
1.10, 1.75%, 

20 yrs

WIFIA N/A

Biogas 
Revenue 
w/ DSC

No

Revenue 
Impact

~7%

Duration 11 yrs    
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Scenario 3
Phase IA SRF/WIFIA
Phase IB SRF/WIFIA
Phase II Bonds
Phase III Bonds
Phase IV Bonds

Bonds
1.75, 4.5%, 

20 yrs

SRF
1.10, 1.75%, 

20 yrs

WIFIA
1.10, 3.1%, 

30 yrs
Biogas 
Revenue 
w/ DSC

No

Revenue 
Impact

~6%

Duration 15 yrs    
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Scenario 4
Phase IA Bonds
Phase IB Bonds
Phase II Bonds
Phase III Bonds
Phase IV Bonds

Bonds
1.50, 4.5%, 

20 yrs

SRF N/A

WIFIA N/A

Biogas 
Revenue 
w/ DSC

No

Revenue 
Impact

~9.75%

Duration 9 yrs    
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Scenario 5
Phase IA SRF
Phase IB SRF
Phase II Bonds
Phase III Bonds
Phase IV Bonds

Bonds
1.75, 4.5%, 

20 yrs

SRF
1.10, 2.75%, 

30 yrs

WIFIA N/A

Biogas 
Revenue 
w/ DSC

No

Revenue 
Impact

~6.25%

Duration 11 yrs    
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Scenario 6
Phase IA SRF/WIFIA
Phase IB SRF
Phase II Bonds
Phase III Bonds
Phase IV Bonds

Bonds
1.75, 4.5%, 

20 yrs

SRF
1.10, 1.75%, 

20 yrs

WIFIA
1.10, 3.1%, 

30 yrs
Biogas 
Revenue 
w/ DSC

No

Revenue 
Impact

~6.5%

Duration 11 yrs    
 

 
 



 
HDR Engineering, Inc. 
TM 10.0 -Capital Improvements Plan FINAL 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Attachment B-7 

 

Scenario 7
Phase IA SRF
Phase IB SRF/WIFIA
Phase II Bonds
Phase III Bonds
Phase IV Bonds

Bonds
1.75, 4.5%, 

20 yrs

SRF
1.10, 1.75%, 

20 yrs

WIFIA
1.10, 3.1%, 

30 yrs
Biogas 
Revenue 
w/ DSC

No

Revenue 
Impact

~6%

Duration 11 yrs    
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Scenario 8
Phase IA SRF/WIFIA
Phase IB SRF
Phase II SRF
Phase III SRF
Phase IV SRF

Bonds N/A

SRF
1.10, 1.75%, 

20 yrs

WIFIA
1.10, 3.1%, 

30 yrs
Biogas 
Revenue 
w/ DSC

No

Revenue 
Impact

~5.5%

Duration 12 yrs    
 
 

 
 



 
HDR Engineering, Inc. 
TM 10.0 -Capital Improvements Plan FINAL 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Attachment B-9 

 

Scenario 9
Phase IA SRF/WIFIA
Phase IB SRF
Phase II SRF
Phase III SRF
Phase IV SRF

Bonds N/A

SRF
1.10, 2.75%, 

30 yrs

WIFIA
1.10, 3.1%, 

30 yrs
Biogas 
Revenue 
w/ DSC

No

Revenue 
Impact

~5%

Duration 12 yrs    
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Scenario 10
Phase IA SRF/WIFIA
Phase IB SRF
Phase II SRF
Phase III SRF
Phase IV SRF

Bonds N/A

SRF
1.10, 2.75%, 

30 yrs

WIFIA
1.10, 3.1%, 

30 yrs
Biogas 
Revenue 
w/ DSC

Yes

Revenue 
Impact

~4.5%

Duration 12    
 
 

 
 
 



 
HDR Engineering, Inc. 
TM 10.0 -Capital Improvements Plan FINAL 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Attachment B-11 

 

Scenario 11
Phase IA SRF/WIFIA
Phase IB SRF/WIFIA
Phase II SRF/WIFIA
Phase III SRF/WIFIA
Phase IV SRF/WIFIA

Bonds

SRF
1.10, 1.75%, 

20 yrs

WIFIA
1.10, 3.1%, 

30 yrs
Biogas 
Revenue 
w/ DSC

No

Revenue 
Impact

~5%

Duration 11 yrs    
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Scenario 12
Phase IA SRF/WIFIA
Phase IB SRF/WIFIA
Phase II SRF/WIFIA
Phase III SRF/WIFIA
Phase IV SRF/WIFIA

Bonds

SRF
1.10, 2.75%, 

30 yrs

WIFIA
1.10, 3.1%, 

30 yrs
Biogas 
Revenue 
w/ DSC

Yes

Revenue 
Impact

~4%

Duration 16 yrs    
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Technical 
Memorandum  

 
To:  City of Cedar Rapids 

From:  DelRon Peters/Dave Dechant/Nick VanWyhe, 
HDR 

Project:  Cedar Rapids Nutrient Removal and 
Solids Facilities Plan 

CC:  File 

Date:  March 15, 2018 (Rev August 2018) Job No:  City – 6150011 
HDR – 270628 

Re: TM 11.0 – Dissolved Air Flotation Thickener Assessment 
 
Description 
Dissolved Air Flotation Thickeners (DAFTs) A, B, and C were originally designed and put into 
operation in the late 1970’s to provide dissolved air flotation thickening of solids removed from 
the Primary (A) Clarifiers, Intermediate (B) Clarifiers, and Final (C) Clarifiers. The B Clarifiers 
have since been taken out of service and separate gravity belt thickeners have been installed to 
thicken solids removed from the C Clarifiers. All three DAFTs have since been converted to 
provide dissolved air flotation thickening of solids removed from the (A) primary clarifiers only. 

In the DAFTs, polymer is added, air is injected, float solids are skimmed off the top, and 
remaining heavy solids are raked off the bottom. Other technologies, notably gravity thickeners, 
have more conventionally been used elsewhere for thickening of primary sludge.   

DAF A and DAF B were refurbished in 2013, but are in need of additional repairs. DAF C is 
currently out of service, and in need of extensive mechanical repairs. As currently operated, the 
DAFTs represent between 3 and 5 percent of plant wide energy consumption, approximately 30 
percent of plant polymer, and approximately 4 percent of plant wide greenhouse gas production. 
In addition, the DAFTs are significant contributors to odorous gas production and associated 
safety concerns and corrosion damage at the WPCF. 

Objective 
Before investing in additional DAF repairs, this evaluation includes a condition assessment of 
DAFTs A, B, and C; reviews the potential for gravity settling of primary sludge, and provides 
recommendations with respect to long term use of the DAFTs and associated capital 
improvements needs. 

To accomplish this, HDR will assess the existing DAFTs from both an initial capital investment 
and a 20-year life cycle analysis and work with the WPCF to perform testing as the basis to 
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provide recommendations regarding their long-term function and associated capital 
improvement needs. 
Impacted Solids Processes 
The primary clarifier scum and sludge is combined, and after being degritted and screened, is 
sent to the two (2) DAFTs. The float and bottom sludges from the DAFTs are pumped to Blend 
Tank No. 2 or the Sludge Storage Tank. Recirculation pumps along with high pressure air 
provide fine bubbles to float the solids. Two (2) Belt Filter Presses are then used to dewater the 
primary solids. This evaluation includes evaluation of recommended capital improvements and 
operation and maintenance costs for the following: 

• DAFT Polymer Feed: The average cost of DAFT polymer over the last 2 years was over 
$125,000. Polymer is normally not needed for gravity thickening of primary sludge but 
can enhance thickening.   

• Recirculation Pumping (not required for gravity thickeners). 
• DAFT Air Compressors (not required for gravity thickeners). 
• DAFT Thickened Sludge Pumping (additional flow may be required for gravity 

thickeners). 
• Belt Filter Press Feed Pumping (additional flow may be required for gravity thickeners). 
• Belt Filter Press Operation (additional hours may be required for gravity thickeners). 

The relevant portion of the solids handling flow schematic is highlighted in Figure 00G-002 and 
equipment specifications are presented in Table 1.
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Table 1. Primary Sludge Handling Major Equipment 

Parameter Value Year 
Installed Comments 

Dissolved Air Flotation 
Dissolved Air Flotation Thickeners  1979 DAFTS A and B modified in 

2013. DAFT C out of 
service. 

 Number 3  
 DAFT A   
 Diameter, ft. 69  
 Side water depth, ft. 12  
 Design flow, mgd 1.83  
 Design loading, lb./day 44,870  
 Loading rate, lb./hr./sf 0.50  
 Capture rate @ 4.5 percent 

concentration, percent 
85  

 DAFT B   
 Diameter, ft. 85  
 Side water depth, ft. 12  
 Design flow, mgd 4.9  
 Design loading, lb./day 68,094  
 Loading rate, lb./hr./sf 0.50  
 Capture rate @ 4.5 percent 

concentration, percent 
85  

 DAFT C   
 Diameter, ft. 69  
 Side water depth, ft. 12  
 Design flow, mgd 1  
 Design loading, lb./day 44,870   
 Loading rate, lb./hr./sf 0.50   
 Capture rate @ 4.5 percent 

concentration, percent 
85   

DAFT Pressurization System  1979  
 Pressure Tanks    
 Number 3   
 Pressurization/Recirculation Pumps   

The pressurization / 
recirculation pumps were 
refurbished in 2013. 
Secondary effluent is now 
used as the pressurization 
water supply. 

 Manufacturer Fairbanks-
Morse 

 

 Number 2  
 Capacity, gpm 2000  
 Head, ft. 196  
 Horsepower 150  
 Compressors   

 
 Number 2  
 Capacity, cfm 571  
 Pressure, psig 125  
 Horsepower 125  
Thickened Sludge Transfer Pumps  1979  
 Manufacturer Netzsch   
 Number 6   
 Capacity, gpm 340, 690, 450   
 Head, ft. 70   
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Table 1. Primary Sludge Handling Major Equipment 

Parameter Value Year 
Installed Comments 

Type Progressive 
cavity 

Sludge Storage Tank  1979  
 Diameter, ft. 110   
 Type Pre-stressed 

concrete 
  

 Volume, MG 2.7   
Blend Tanks  1979  
 Diameter, ft. 110   
 Type Pre-stressed 

concrete 
  

 Volume, MG 2.7   

Belt Filter Press System 
Belt Filter Press Feed Pumps  1988 Wilden Model M20 
 Number 4  
 Manufacturer Wilden   
 Type 4-inch air 

diaphragm 
pump 

  

Belt Filter Presses  2004  
 Number 2  
 Manufacturers Ashbrook  
 Width, m, each 2  
 Dry solids throughput, lbs./hr., each 2400  
 Flow, gpm, each 96  

Condition Assessments 
The condition assessments, conducted by engineers with expertise in process equipment, 
structural, mechanical, electrical, and instrumentation, focused on the physical condition of the 
existing DAFTs as a basis for estimating remaining useful life of its components. The DAFT 
condition assessment focused on the following: 

• Reliability issues 
• Maintenance issues 
• Condition evaluation 
• Remaining useful life 
• Failure mode 

The following condition assessment sections include information summarized from the following 
inspection visits: 

• January and February 2016 - Structural, Mechanical, Electrical, Instrumentation and 
Controls Assessments. 

• August 2017 – Process Assessments. 
• December 2017 – Structural Non-destructive Testing by Team Services Inc. and 

Additional Process Assessments. 
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Resulting recommended improvements are summarized in the DAFT Rehabilitation 
Recommendations section. 

Process Equipment Performance & Condition Assessment 
DAFT A, B AND C UNITS 

Two (2) DAFT units (A) and (B) are currently available for thickening the combined primary 
sludge and primary scum. Both DAFT units were experiencing minor problems at the time of the 
plant tour. DAFTs A and B were recently upgraded but problems with launders, insufficient air 
and ventilation have limited their effectiveness. Thickened solids concentration from DAFTs A & 
B has averaged 3.74%, with the goal being closer to 5%. There are limited benchmarking data 
on the performance of DAFT units thickening only primary sludge since this is rarely the 
preferred thickening process for primary sludge. When dissolved air floatation is used, normally 
the primary sludge is blended with secondary sludges.  
DAFT C is out of service and complete mechanism replacement is required future upgrading. 

CONDITION -DAFT UNITS: 
A summary of the recommended process improvements is as follows: 

• Replace valves and gates that are in poor condition and overflow wetwell flap gates as 
they are nonfunctional.  

• Replace existing strap-on type meters with magnetic flow meters. 
• Replace Gorman Rupp Pump control system, as it is a problem area. 
• Replace both compressor units with larger units. Option may be to add an additional unit 

as additional air is required. 
• DAFT-A  - 69’ Diameter 

• Replace FRP Effluent Weirs & Baffles 
• Replace FRP Effluent Launder 

• DAFT-B  - 86’ Diameter 
• Replace Center Column and walkway platform complete with Back Pressure 

Piping. 
• Replace Scum Skimmer Assembly 
• Replace FRP Effluent Weirs & Baffles 
• Replace FRP Effluent Launder 

• DAFT-C  - 69’ Diameter 
• Refurbish pressure tank complete with new accessories and tank coatings. 
• Remove and replace existing mechanism complete with recycle distribution 

piping. 
• Replace Center Column with Back Pressure Piping 
• Replace Scum Skimmer Assembly 
• Replace FRP Effluent Weirs & Baffles 
• Replace FRP Effluent Launder 
• Replace Recirculation Distribution 
• Dome needs repair… costs were not included at this time as this is common 

to both alternatives. 

POLYMER SYSTEM  

Polymer is added to the DAFT influent to improve the thickening performance. Polydyne 
Clarifloc C-321 is used for the DAFT units. The polymer has a density of 8.41 pounds per gallon 
and activity of 4.5%–5.3%. The polymer dosage to the DAFT units averaged 3.1 pounds active 
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polymer per dry ton of solids. Typical polymer dosage for dissolved air flotation thickeners 
ranges from 4 to 10 pounds per dry ton. However, this range is based on a blend of primary and 
secondary sludges. Solids capture for the DAFT units was 86%. 
CONDITION -POLYMER SYSTEM: 

The polymer system is in good condition and will continue to be maintained by the Owner. 

PUMPING SYSTEMS 

DAFT thickened sludge pumps collect the top and bottom sludge from the DAFT units and 
convey the sludge to either Sludge Blending Tank No.2 (normal practice) or the sludge storage 
tank. Liquid sodium permanganate can be fed to the thickened primary sludge in the pipe 
leading to the blend tank to control hydrogen sulfide. A recirculation pump, with local controls 
only, can be used to mix the contents of Blend Tank No. 2.  

CONDITION -PUMPING SYSTEMS: 

Future instrumentation work should provide SCADA control of the recirculation pump. The 
thickened sludge and recirculation pumps are in good condition and will continue to be 
maintained by the Owner. 

Structural Condition Assessment 
Schmidt Hammer Testing was conducted on DAFTs B and C to nondestructively determine the 
condition of the concrete tankage. Based on Team Services Inc. Schmitt hammer testing, the 
DAFT tanks still appear to be structurally adequate. As presented in Table 2, testing indicates 
the quality of concrete is in the “Fair” to “Good” Layer; as test rebound results were between 20 
and 40. 

Table 2. Quality of Concrete According to Rebound Number 

Average rebound number Quality of concrete 
>40  Very good hard layer 

30 – 40  Good layer 
20 – 30  Fair 

< 20  Poor 
0 Delaminated 

However, based on our observations, certain remedial work should be performed to ensure 
long-term performance and provide safer access.   The influent and effluent control structures 
have been exposed to hydrogen sulfide gas (H2S) causing significant deterioration of the 
concrete. Reinforcing steel rebar supports are exposed and corroding. In order to ensure long-
term performance of the influent and effluent boxes, a new wall needs to be poured adjacent to 
the existing with a high performance chemical resistant coating applied to protect the surface of 
the concrete from future deterioration. 
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Electrical Condition Assessment 
 
Sub 4 – Transformer and Primary and Secondary Switch 

Sub 4 is a Cutler-Hammer transformer and primary and secondary switch. The original was 
replaced in early 2000. The exterior switchboard by Square D. 

CONDITION:  
Sub 4 has corrosion of exterior enclosure and unknown corrosion on interior. Sub 4 (if not done) 
should have some preventative maintenance testing so see if the H2S environment is effecting 
its performance and health. H2S turns copper black but generally does not affect the equipment 
performance (mostly found at cable terminations). Tinned plated bus is recommended and silver 
plated bus or other components should be avoided as it can produce carbon fingers resulting in 
faults. Conformal coating of electronics is recommended for VFDs and other equipment when 
H2S is present to achieve expected life of equipment. 

Conduit & Fittings: 
Conduit material: Mixture of original rigid galvanized (RGS) and PVC coated RGS with recent 
projects using aluminum. 
 
CONDITION: 
Original RGS conduit system shows some corrosion due to H2S especially in Tunnel level and 
exterior near DAF. 
 
Conduit Support Brackets & Hardware: 
Conduit support system is galvanized with recent projects using aluminum.  
 
CONDITION: 
Some areas of corrosion on galvanized material. 
 
Junction Boxes: 
Galvanized sheet metal boxes are typically showing corrosion, especially in the lower level, with 
recent projects using cast aluminum outlet boxes.  
 
CONDITION: 
DAF area used stainless steel, painted steel and non-metallic where painted steel boxes are 
showing corrosion. Several boxes in Tunnel level are missing covers exposing the wiring. 
 
Safety Switches and Process Equipment Control Panels: 
Lower level material mostly stainless steel with some non-metallic control panels. 
Main level material mostly painted steel with some non-metallic safety switches and control 
panels. 
DAF material included stainless steel, painted steel and non-metallic.  
 
CONDITION: 
Some deterioration observed on painted steel items. 
 
Equipment Support Brackets & Hardware: 
Original galvanize or painted galvanized struts were used with aluminum for recent projects.  
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CONDITION: 
Lower level and exterior around DAF shows some corrosion on galvanized and painted items. 
Exterior conduit support brackets used the wrong hardware and are corroding. 
 
Receptacle and Toggle Switches: 
Mixture of original and new in recent projects.  
 
CONDITION: 
Original devices are showing age and corrosion. 

Conductors: 
Original has been replaced in recent upgrade projects since the flood, mostly in the lower level. 

CONDITION: GOOD. 
 
Luminaires, Emergency Lighting and Lighting Control: 
There is a mixture of original HID and newer LED. The exterior consists of LED wall pack and 
stanchion HID area type at DAF controlled by photocell. The interior consists of HID wall packs 
and LED wall packs and low bay and T8 fluorescent in electrical room and restroom controlled 
by toggle switches. The emergency lighting is a battery powered “bug eye”. 
 
CONDITION: 
Area luminaires are typically good. Emergency lights are in failing condition, especially on main 
level. 

Instrumentation Condition Assessment 
Instrumentation for the DAFT units includes the following: 

• DAFTs A& B Pressurization Tanks pressure and level instruments 
• Westech Valve Control Panel rotameters  
• DAF polymer magnetic flow meters (Foxboro I/A) 
• Blend tank bubbler level measurement system with Rosemount pressure transmitters 
• Sludge Storage Tank bubbler level measurement system with Rosemount pressure 

transmitter 
• Sludge storage transfer pump discharge ultrasonic flow meters with strap-on sensors 

(Siemens Sitrans F/Controlotron) 
• Thickened sludge transfer pump discharge flow meters with strap-on sensors (Siemens 

Sitrans F) 
DAF Recirculation/Pressurization pump discharge flow meters with strap-on sensors 
(Siemens Sitrans F). 

  
       Solids Pump D-1-1 and Backup Panels  
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Solids Pump Building – Backup Panel 
• Type: painted steel, free standing 
• Major components: 

o Primary Floatation Thickeners A, B, C 
o Pressure mode switches 
o Top and bottom valve control switches 
o Transfer Pump control switches and status lights 
o Thickener vault level alarm lights 
o DAF Pressurization wetwell level readout 
o Primary Grit Pump control switches 
o Overflow pumps selector switch 
o Overflow wetwell level controller 
o Remote I/O rack 

CONDITION: POOR. 
• Panels show signs of age and corrosion; many stainless steel plates cover old 

mounting holes in panel front.  
• Very dirty interior and many cables in disorder and laying on floor  
• Open hole in panel front where instrument once was located. 

DAF Gear Pumps 1&2 Local Control Panels (2) 
• Type: fiberglass, rack mount 
• Major components: 

o Gear Pump selector switch 
o HOA selector switches 
o Internal variable speed controls 

CONDITION: GOOD 

DAF Polymer Pump Local Control Panels (typical for pumps 1, 2 &3) 
• Type: fiberglass, wall mount 
• Major components: 

o Local/Remote control switch 
o Potentiometer 
o Pushbutton controls 

CONDITION: GOOD 

Local Thickened Sludge Transfer Pump Control Panels (Typical Each): 
• Type: fiberglass, wall/column mount 
• Major components: 

o Stroke/cycle rate control 
o Discharge time control 
o Suction/discharge pressure gages 
o Pump stroke readout 
o Suction/discharge pressure regulators 
o DRC Controller selector switches 
o Power status light 

CONDITION: GOOD 
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DAFT Rehabilitation Recommendations 

Table 3 contains a summary of recommended improvements for the DAFTs.  The recommended improvements are used to compare 
DAFT rehabilitation costs to a conversion of all three units to gravity thickening. 

Table 3.  Summary of Dissolved Air Flotation Thickener Systems Condition 

 Item Recommendation Photos 
DAF Pumping System 
 

Piping, 
Valving & 
Gates 

Replace valves and gates as are in poor condition 
and overflow wetwell flap gates as they are 
nonfunctional.  

 
Control Gate 

Meters Replace existing strap-on type meters with 
magnetic flow meters. 

 

Top Transfer 
Pump 

Replace G-R control system, as it is a problem 
area. 

 

Bottom 
Transfer 
Pump 

Netzch pumps have been good pumps and will 
continue to be maintained and replaced as 
required by the Owner.  

 

Pressurization 
Pump 

Refurbished in 2012 with permanent repairs; 
discharge valves are manually throttled because 
there is not enough air. 

 

Air 
Compressors 

Replace both units with larger units. Option may 
be to add an additional unit as additional air is 
required. 

 

Thickener 
Dewatering 
Pump 

Pumps have been good pumps and will continue 
to be maintained and replaced as required by the 
Owner. 
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Polymer System 

 
 

New poly-injection rings in basement. Auto-dosing 
system never worked well. System will continue 
to be maintained and replaced as required by the 
Owner. 

 

Mixer Polyblend system temporarily used for BFP, did 
not work well. Have not considered skid system for 
DAF. System will continue to be maintained and 
replaced as required by the Owner. 

 

Piping & Valving To remain.  
Tanks/Day & Storage To remain. Old but in good condition. Floats on 

day tanks have been reliable. 
 

Polymer Pumps Old but fully functional and will continue to be 
maintained and replaced as required by the 
Owner. 

 

Process Assessment - DAFT C 

 DAFT-C  - 69’ Diameter 
• Refurbish pressure tank complete with new 

accessories and tank coatings. 
• Remove and replace existing mechanism 

complete with recycle distribution piping. 
• Replace Center Column with Back Pressure 

Piping 
• Replace Scum Skimmer Assembly 
• Replace FRP Effluent Weirs & Baffles 
• Replace FRP Effluent Launder 
• Replace Recirculation Distribution  

Pressure Tank – Unit C 
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Mechanism Unit C 

 
Mechanism Unit C – Recirculation Distribution in Poor 
Condition 
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Process Assessment DAFTs A & B 

Drive & Mechanism DAFT A - 69’ Diameter  
• Replace FRP Effluent Weirs & Baffles 
• Replace FRP Effluent Launder 

 
DAFT B - 86’ Diameter 

• Replace FRP Effluent Weirs & Baffles 
• Replace FRP Effluent Launder 
• Replace Walkway/Platform 
• Replace Center Column with Back 

Pressure Piping 
• Replace Skimmer Arm  

Launders in Poor Condition 

 

 
Pressure Tank and Controls in Good Condition 
(Typical DAFT A and B) 
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Structural Assessment 
Structures • Based on Team Services Inc. 

observations, the DAFT tanks still appear 
to be structurally adequate based on the 
Schmitt hammer report. Testing indicates 
the quality of concrete is in the “Fair” to 
“Good” Layer; as test rebound results are 
between 20 and 40.  

 
• The influent and effluent control structures 

have been exposed to hydrogen sulfide 
gas causing significant deterioration of the 
concrete. Reinforcing steel rebar supports 
are exposed and corroding. In order to 
ensure long-term performance of the 
influent and effluent boxes, a new wall 
needs to be poured adjacent to the 
existing with a high performance chemical 
resistant coating applied to protect the 
surface of the concrete from future 
deterioration. 

  
Effluent Box (Pict. 1) 

 
Effluent Box (Pict. 2) 

 
Schmitt Hammer Testing 
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Electrical Assessment 
 • Sub 4 should have some preventative 

maintenance testing so see if the H2S 
environment is affecting its performance 
and health. 

   

 

Sub 4: New section on left.                                               
MCCs 
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Panel boards and transformers                                         
VFDs 
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Design Loading Criteria for Thickening Type Evaluation 
Historical Loading 
The design criteria for primary solids thickening equipment is typically the maximum week or 
maximum month flow and load with average flows and loads used for calculating annual 
operation and maintenance costs.  

A review of existing plant data indicates some issues with the solids data when used in 
performance analysis calculations. For example, plant data provides an average primary sludge 
quantity of 67,305 pounds per day while a mass balance on the A Clarifiers indicates the 
primary sludge production should be closer to 113,000 pounds per day. This discrepancy is 
typical of the sludge data and indicates there may be an issue with sludge sample locations, 
measurement of sludge quantity/volume, and/or sampling technique. Therefore, mass balance 
numbers were used for this assessment. 
The primary sludge and thickened sludge quantities are summarized in Table 4. 

Primary Sludge 
A review of historical records indicates that the daily average flow is 1,090,000 gallons per day. 
The average solids loading are calculated to 113,000 pounds per day. The maximum week 
averaged 1,960,000 gallons per day. The maximum solids loading calculated to be 204,000 
pounds per day in a maximum week. 

Thickened Primary Sludge 
A review of historical records indicates that the daily average flow is 270,000 gallons per day. 
The average solids loading are calculated to 113,000 pounds per day. The maximum week 
averaged 450,000 gallons per day. The maximum solids loading are calculated to 204,000 
pounds per day in a maximum week. 

Projected Loading 
Primary Sludge 
The projected 2036 daily average flow is 1,230,000 gallons per day with an average solids 
loading calculated to 129,000 pounds per day. The 2036 daily flow for the maximum week 
averaged 2,220,000 gallons per day with solids loading calculated to be 232,000 pounds per 
day. 

Thickened Primary Sludge 
The projected 2036 daily average flow is 129,000 gallons per day with a calculated solids 
loading of 129,000 pounds per day. The 2036 maximum week thickened flow averaged 514,000 
gallons per day with solids loading calculated to be 232,000 pounds per day in a maximum 
week. 
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Table 4. Projected Sludge Production and Loading to Storage and Dewatering 
Solids Production   2016 2016 2036 2036 2036 

  
AA Max week AA MM Max week 

Primary Sludge gpd 1,090,000 1,960,000 1,230,000 1,839,712 2,222,471 
Thickened Primary Sludge lbs/day 113,000* 203,905 128,718 191,790 231,693 
Thickened Primary Sludge gpd 270,000 450,000 308,725 460,000 514,461 
Total Sludge to dewatering % Solids 5.0% 5.4% 5.0% 5.0% 5.4% 

Polymer Activity 4.5% - 5.3%. % 4.9% 4.9% 4.9% 4.9% 4.9% 
Polymer Density lbs/gal. 8.41% 8.41% 8.41% 8.41% 8.41% 
Polymer Feed Rate lbs 

active/dry 
ton 

3.1 3.1 3.1 3.1 3.1 

Polymer Feed Rate lbs active/d 176 316 200 297 359 
*Ranges from 135-210 lbs per day 
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Evaluation Primary Sludge Thickening Alternatives 
Gravity thickening is assessed as an option to the existing DAFTs from both an initial capital 
investment and a 20-year life cycle analysis. Second, the goal is to work with the City to perform 
testing as the basis to provide recommendations regarding their long-term function and 
associated capital improvement needs. 

Development of Costs 
Capital costs are expressed in 2018 dollars. The accuracy of all costs is order of magnitude. 
These estimates are approximations made for comprehensive planning purposes without 
detailed engineering data. Estimates of this type can be expected to vary from 30 percent less 
than to 50 percent more than actual final project costs. 

Accuracy and Need for Future Analysis 

This report is based on plant data received from WPCF personnel and observations during the 
site visits. It is a planning level document, and the measures recommended should be 
implemented after conducting pre-design and design level analysis. This document uses 
equipment and construction cost estimates consistent with a level of accuracy corresponding to 
a Class 3 as presented in the Association for the Advancement of Cost Engineering (AACE) 
International Recommended Practices and Standards, No 18R-97, Table 5. 

The sources of construction cost data are:  

• Construction cost data for the recent Cedar Rapids WPCF improvements, adjusted 
to 2018 dollars.  

• Recent construction costs for other, similar facilities, adjusted to regional market 
conditions and 2018 dollars. 

• Equipment pricing from manufacturers, including installation, structure, and housing 
costs. 

All capital costs include allowances for site work and yard piping; contractor mark-up; 
contingencies; and engineering, legal and administration costs. Present worth costs are 
calculated using a 3.0% discount rate. Present worth O&M costs are based on 20 years of 
operation. 

Capital Costs 
DAFT rehabilitation costs are summarized in Table 5 which reflect the improvement items noted 
in the assessment summary. The total construction cost is $3.49 million with the project cost 
estimated at $3.69 million. 
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Table 5.  Dissolved Air Flotation Thickener Rehabilitation Costs 

  
Equipment 

Cost Installation 
Markup / 

Taxes Total 
  $ $ $ $ 

Mobilization/Insurance       $59,500  
Demolition       $50,000  
Structural Rehabilitation       $110,000  
69’ Diameter DAFT A         

A-1 FRP Effluent Weirs & Baffles $122,000  $37,000  $25,000  $184,000  
A-1 FRP Effluent Launder $99,000  $30,000  $20,000  $149,000  

86’ Diameter DAFT B         
B-1 FRP Effluent Weirs & Baffles $217,000  $66,000  $44,000  $327,000  
B-1 FRP Effluent Launder $155,000  $47,000  $31,000  $233,000  
Walkway/Platform $49,000  $15,000  $10,000  $74,000  
Center Column w/ Back Pressure $49,000  $15,000  $10,000  $74,000  
Skimmer Arm $77,000  $24,000  $16,000  $117,000  

69’ Diameter DAFT C     
Mechanism $270,000  $81,000  $54,000  $405,000  
C - Center Column w/ Back Pressure  $37,000  $12,000  $8,000  $57,000  
Scum Skimmer Assembly $64,000  $20,000  $13,000  $97,000  
C-1 FRP Effluent Weirs & Baffles $122,000  $37,000  $25,000  $184,000  
C-1 FRP Effluent Launder $99,000  $30,000  $20,000  $149,000  

Common Items     
Coatings $57,000  $18,000  $12,000  $87,000  
Piping and Valve Replacements $37,000  $12,000  $8,000  $57,000  
Replace Air Compressors $80,000  $24,000  $16,000  $120,000  
Electrical and Instrumentation $85,000  $43,000  $17,000  $145,000  

Subtotal       $2,680,000  
Undeveloped Design Cost Estimate , 30%       $810,000  

Construction Cost Subtotal       $3,490,000  
Engineering        $200,000  

Total Project Cost Estimate       $3,690,000  

The cost to convert the DAFTs to gravity thickeners are summarized in Table 6 which reflect the 
structural improvement items noted in the assessment summary along complete with weirs, 
baffles and effluent launders. The total construction cost is $2.83 million with the project cost 
estimated at $3.02 million. 
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Table 6.  Cost to Convert DAFTs to Gravity Thickeners 

  
Equipment 

Cost Installation 
Markup / 

Taxes Total 
  $ $ $ $ 

Mobilization/Insurance       $171,500  
Demolition       $50,000  
Structural Rehabilitation       $110,000  
69’ Diameter Thickener A         

A  (1) 69’ Diameter Thickener 
Mechanism Model THC10B $147,000  $45,000  $30,000  $222,000  

A-1 FRP Effluent Weirs & Baffles $30,000  $9,000  $6,000  $45,000  
A-1 FRP Effluent Launder $99,000  $30,000  $20,000  $149,000  

86’ Diameter Thickener B         
B  (1) 86’ Diameter Thickener 

Mechanism Model THC10B $170,000  $51,000  $34,000  $255,000  
B-1 FRP Effluent Weirs & Baffles $18,000  $6,000  $4,000  $28,000  
B-1 FRP Effluent Launder $155,000  $47,000  $31,000  $233,000  

69’ Diameter Thickener C         
C  (1) 69’ Diameter Thickener 

Mechanism Model THC10B $147,000  $45,000  $30,000  $222,000  
C-1 FRP Effluent Weirs & Baffles $30,000  $9,000  $6,000  $45,000  
C-1 FRP Effluent Launder $99,000  $30,000  $20,000  $149,000  

Dilution Water Service Pumps - 
Secondary Effluent $35,000  $11,000  $7,000  $53,000  

Coatings $47,000  $15,000  $10,000  $72,000  
Piping/Valve Modifications $114,000  $35,000  $23,000  $172,000  
Electrical and Instrumentation $65,000  $33,000  $13,000  $111,000  

Subtotal       $2,090,000  
Undeveloped Design Cost Estimate, 35%       $740,000  

Construction Cost Subtotal       $2,830,000  
Engineering        $190,000  

Total Cost Estimate       $3,020,000  

Life Cycle Analyses 

A life cycle cost analysis is an evaluation of the monetary and non-monetary costs, which will 
result in the minimum total resource costs over the life of the project.  Monetary costs include an 
assessment of initial construction costs, costs for replacement of equipment during the project 
life, and annual operation and maintenance costs.  Non-monetary considerations include 
environmental impacts, implementation capability, energy and resource utilization, and reliability 
of the proposed facilities. 

The monetary evaluation of alternatives was completed using present worth/equivalent annual 
cost methods.  Present worth is the sum which, if invested now at a given interest rate, would 
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provide the funds required to pay all present and future costs. The present worth value can also 
be represented in terms of a uniform annual cost, or equivalent annual cost.  The calculations 
require the selection of a project “period”, an interest rate, a breakdown of project components 
by anticipated service life, and annual operation and maintenance costs.  For this study, the 
parameters in Table 7 were utilized: 

Table 7. Basis for Life Cycle Cost Analysis 
 

Parameter 
 

Criteria 
 
Project Period 

 
20 Years 

 
Interest Rate 

 
  3 Percent 

 
Component Service Life 

Piping, Structures 
Process Equipment 
Electrical, Instrumentation 

 
 

50 Years 
20 Years 
10 Years 

Table 8 presents a comparison of DAFT and gravity thickener operations parameters which are 
used to calculate operations cost over a 20-year life cycle. 

Table 8.  DAFT versus Gravity Thickener Operations Parameters 

Operation and Maintenance Item DAF Thickener Gravity Thickener 

Polymer Feed Required Not Required 

Recirculation Pumping Required Not Required 

Air Compressors Required Not Required 

Thickened Sludge Pumping Required at 5% 
thickened concentration 

Required at 3% thickened 
concentration 

Belt Filter Press Feed Pumping Required at 5% 
thickened concentration 

Required at 3% thickened 
concentration 

Belt Filter Press Operation  
Additional Operation Hours 
Required at 3% thickened 

concentration 

Table 9 includes the operation maintenance costs for the DAFTs and gravity thickener options, 
on an annual basis. The total annual operation and maintenance cost for the DAFTs is 
$298,000 while the gravity thickeners are less than half at $144,100.
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Table 9.  Life Cycle Analyses -DAFT versus Gravity Thickener  

  Alt 1: Refurbish DAFTs Alt 2: Convert to Gravity Thickeners 
Number of Units Three Units (A, B and C) Three Units (A, B and C) 

Capital Costs 

Construction $3,490,000 Construction $2,830,000 
Engineering, Admin, Legal, 
Permitting (24%) $200,000 

Engineering, Admin, Legal, 
Permitting (24%) $190,000 

Total Project $3,690,000 Total Project $3,020,000 

2025 O&M Costs 

Recirculation Pumping Cost $40,000  Recirculation Pumping Cost $0  
Compressor Cost $82,000  Compressor Cost $0  

Thickened Sludge Pumping Cost $6,000  
Thickened Sludge Pumping 
Cost $11,000  

Polymer $125,000  Polymer $62,500  
Belt Press Pumping Cost @ 4.5% $3,000  Belt Press Pumping Cost @ 3% $5,000  

  Baseline 
Additional Belt Press Operations 
Cost @ 3% $41,600  

Equipment Replacement & 
Maintenance $42,000  

Equipment Replacement & 
Maintenance $24,000  

Total Annual O&M $298,000  Total Annual O&M $144,100  
Interest Rate 3% 

 
3%   

Years for Life Cycle 20 
 

20   

Life Cycle Costs Life Cycle (PV) $8,120,000  Life Cycle (PV) $5,160,000  
Equivalent Annual (EAC) $546,000  Equivalent Annual $347,000  

The resulting 20-year life cycle present value (PV) is $8.12 million for the DAFT and $5.16 million for the gravity thickeners.  This is a 
$2.96 million savings over a 20-year period.  On an equivalent annual cost (EAC) basis, the DAFTs are $546,000 versus $347,000 
for the gravity thickeners.  This is an annual savings for gravity thickening of just over $200,000.  The present value and equivalent 
annual costs are illustrated in Figures 1 and 2. 

 



 

HDR Engineering, Inc. 
TM 11 DAFT Facilities Assessment FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 25 of 27 

 

 

Figure 1. Life Cycle Present Value -DAFT versus Gravity Thickener Comparison 

 

 

Figure 2. Life Cycle Equivalent Annual Cost -DAFT versus Gravity Thickener Comparison 

$0
$1,000,000
$2,000,000
$3,000,000
$4,000,000
$5,000,000
$6,000,000
$7,000,000
$8,000,000
$9,000,000

Alt 1: Refurbish
DAFTs

Alt 2: Convert to
Gravity

Thickeners

Life Cycle (PV)

Life Cycle (PV)

$0

$100,000

$200,000

$300,000

$400,000

$500,000

$600,000

Alt 1: Refurbish DAFTs Alt 2: Convert to Gravity
Thickeners

Equivalent Annual



 

HDR Engineering, Inc. 
TM 11 DAFT Facilities Assessment FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Page 26 of 27 

 

Pilot Testing 
Additional testing has being performed to get a better understanding of gravity thickening performance.  
The additional testing includes a testing settling in a deeper column (6-feet, as illustrated below) with 
additional test conditions and samples. Details of the bench scale analyses are presented in Technical 
Memorandum 12: DAF and GT Testing. 

The test approach is summarized as follows: 

• Set up column test outside in an appropriate location that does not interrupt staff but provides a 
convenient location near primary solids and effluent samples and offers a way to dispose column 
contents after each test. 

• Run the testing for multiple conditions (varying dilution water contents; 0, 25, 50%). 
• Use current polymer dose to match DAF polymer feed rate. 
• Use five gallon buckets to bring primary solids and final effluent (dilution water to increase DO 

content). 
• Record the solids depth versus time during the thickening test. 
• Run TSS tests on primary solids and supernatant, estimate thickened solids concentration and 

removal efficiency by mass balance. 
• Evaluate the settling velocities, thickened solids concentration, and the solids capture efficiency. 

    

Settling Test Column Photos 

Pilot Testing Summary of Results 
Overall, the results support continued investigation of gravity thickening as an option for Cedar 
Rapids WPCF. Detailed discussions of the analysis are contained in TM 12. The testing showed 
that a reasonable thickened solids concentration, between 3 and 4%, is achieved with gravity 
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thickening. The thickened solids concentration for the GT tests is slightly higher than the DAF 
control columns but less than the full-scale DAF thickened solids concentrations (4 to 6%). No 
appreciable benefit to polymer addition was achieved with the GT testing. The dilution water 
content negatively impacted the thickened solids concentration; however, dilution water would 
normally be made available to and adjusted as needed by operations to attain the best 
thickened solids content (balance negative impacts of low DO concentration against negative 
impacts of dilution). 

Recommendations 
Additional investigation and bench scale pilot testing was completed and as outlined above and 
detailed in Technical Memorandum 12: DAF and GT Testing; the results indicate that the gravity 
thickening will produce between 3% and 4% sludge with no conditioning.  Additionally, DAFT 
records were reviewed during periods when the units were being operated in “Gravity Thickener 
Mode” and the results correlate well with the bench scale pilot testing.   

Given the fact that the units performed similar to the bench testing in gravity mode, it would be 
prudent to run the units as gravity thickeners so that operations personnel are able to recognize 
any impacts to dewatering process performance. Note, however, that there will be poor quality 
supernatant as the deeper baffles in DAFTs are not designed for operating in a gravity mode. 

Recognizing that the DAFTS also meet the thickening performance goals, the gravity thickening 
alternative is the recommended alternative moving forward as it will save the WPCF an 
equivalent annual cost of $200,000 and a 20-year life cycle savings of $2.96 million.   
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Technical 
Memorandum  

 

To:  City of Cedar Rapids 

From:  Eric Evans/HDR 
DelRon Peters/HDR 
David Dechant/HDR 

Project:      Cedar Rapids Nutrient Removal and 
Solids Facilities Plan 

CC:  File 

Date:  January 2018 (Rev August 2018) Job No:  City – 6150011 
HDR – 270628 

Re: Technical Memorandum 12: DAF and GT Testing 
As part of Cedar Rapids nutrient reduction and solids handling planning work, optimization 

evaluations are being conducted. One such optimization involves the possible conversion of the 

existing Dissolved Air Flotation (DAF) thickeners to gravity thickeners (GTs), which offers the 

potential to simplify operations and reduce costs.  

A historical issue with the use of GTs at Cedar Rapids revolved around primary solids that 

inherently floated rather than thickening. The bench testing is meant to help investigate whether 

that remains an issue and to start to determine whether the primary solids can effectively 

thicken. Therefore, Cedar Rapids and HDR staff worked to develop and follow an appropriate 

protocol in order to conceptually determine if there are observed hindrances to converting the 

DAF thickeners to GTs.  

This Technical Memorandum (TM) discusses results for bench testing conducted by Cedar 

Rapids to evaluate and compare primary solids thickening with dissolved air flotation (DAF) 

thickening and gravity thickening. 

Objective 
The objective of this TM is to summarize and discuss the results of the bench testing conducted 

by Cedar Rapids staff. An initial summary of the raw results has previously been prepared and 

distributed by the Cedar Rapids intern that conducted the test (Attachment B). This TM provides 

additional interpretation of results and recommendations moving forward. 

This TM is organized as follows: 

 Objective  

 Bench Test Results 

 Recommendations 
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The following Attachments provide supporting information: 

 A – DAF and Gravity Thickening Test Protocol 

 B – Internship Experience at Water Pollution Control Facility, Cedar Rapids 

Bench Test Results 
A protocol was previously developed and distributed (Attachment A). The protocol outlines the 

detailed methods that are often used for DAF and GT testing. For DAF thickening tests, the 

basic approach relied on mixing primary solids with polymer and then adding pressurized 

recirculation water in order to verify that thickening in the full-scale DAF could be approximately 

mimicked in bench tests. For GT tests, primary solids were added with polymer to a settling and 

thickening column to test, at small scale, the approximate effect of further thickening the solids 

in a column. In addition, any off-gasses that could be collected were tested for hydrogen sulfide.  

DAF Thickening Test Results 

Results from DAF thickening support that the test provided a reasonable imitation of the overall 

DAF thickening processes. Figure 1 shows a photo of the test column during one of the DAF 

thickening tests conducted by the Cedar Rapids intern. As expected, the solids concentrate in 

the float at the top of the column. One challenge depicted is the poor clarity of the recycle, which 

remains high in suspended solids. Figure 2 shows the profile of the float volumes as a function 

of time for all three tests conducted. The range of the curves is wide, possibly reflecting 

changing conditions during tests. The initial concentration of the primary solids seems to have 

shifted from test to test based on the initial float volumes measured. 

Table 1 summarizes the final float concentrations and the hydrogen sulfide concentrations 

measured in the headspaces of the columns. For these tests, a float concentration from 2 to 3% 

was achieved based on the last two tests (no measurement was conducted for the first test). 

The hydrogen sulfide concentration in the headspace was approximately 80 ppmv. Hydrogen 

sulfide was generated passively during the test with the air release from the DAF column 

serving to displace the dissolved gases into the headspace. 

 
Figure 1. Photo of DAF test 
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Figure 2. Float solids volumes from three DAF thickening tests 

 

Table 1. Results from DAF thickening tests 

Test Date TSS, mg/L H2S, ppm 

11/27/2017 None 70 

12/1/2017 23,275 100 

12/6/2017 35,685 80 

Average 29,480 83 

St. Dev. 8,775 15 

 

Due to the variability of the curves generated (Figure 2) and the lack of concentration data, the 

solids flux rates have not been evaluated. 

Gravity Thickening Test Results 

Results from gravity thickening provide a range of observed responses that lead to a few 

observations and recommendations for possible follow-up work. Figure 3 depicts photos from 

the three gravity thickening tests. As can be seen by the photos, the three tests showed mixed 

results. The first test represented a relatively typical thickening response. No suspended solids 

concentration measurements were made during this test, however, the solids appear to have 

roughly doubled in thickness during the test period based on the final solids volume measured.  

During the second test, a fraction of the solids floated. This typically results from oxygen 

deprived conditions resulting in the formation and accumulation of gases that float the solids. 

When solids flotation becomes an issue during gravity thickening, effluent dilution water is often 

used to oxygenate the solids. Dilution water was not used during the three tests conducted 

since the simplest approach would avoid dilution water. 

For the third test, the solids volume reduction was relatively small suggesting possible 

constraints to the test device; i.e. sidewall effects (narrow diameter) and lack of depth for the 

solids to compress and compact. The final solids concentration during the last test was around 

2%. Insufficient off-gases were produced during any of the tests to measure the hydrogen 

sulfide concentration in the headspace during the test periods. Based on the testing, over the 
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course of the 60 minute tests, insignificant offgassing occurred, and apparently less hydrogen 

sulfide was released compared to the DAF thickening bench test. The GT test was noted to be 

odorous, however, suggesting it was not entirely free of off-gases.  

In all, the gravity thickening tests lead to the following observations: 

 The historical float solids issue does not appear as strong of a constraint to gravity 

thickening (though this should continue to be monitored); 

 Flotation during the second test suggests a potential for low oxygen conditions, which 

can be countered with recycled effluent used as dilution water for gravity thickening; 

 The test column may have been limiting in depth and diameter leading to possible 

thickening compression limits and sidewall effects.  

 Additional testing with a deeper and wider column along with effluent dilution water (0-

100%) may provide useful additional data with regard to gravity thickening capabilities 

for Cedar Rapids primary solids. 

As with the DAF thickening test, due to the variability of the curves generated (Figure 4) and the 

lack of concentration data, the gravity thickening solids flux rates have not been evaluated. 

 
Figure 3. Photos from the three gravity thickening conducted 

 

 
Figure 4. Solids volume profiles from the gravity thickening tests 
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Thickening Test – Round 2 Results 

Additional follow-up testing was conducted with larger settling columns in response to the 

inconclusive gravity thickening test results initially obtained. The follow-up tests were conducted 

with test columns better suited to the goal of evaluating gravity thickening by using taller 

columns (approximately 120 cm of water depth) and a slow speed stirrer that mimics 

mechanism motion and minimizes sidewall impacts (Figure 5). As part of the follow-up testing, 

13 test runs were conducted with both test columns used for each run to give 26 total tests 

conducted; runs 1-8 were conducted on Day 1 of testing and runs 9-13 were conducted on Day 

2 of testing. Of the 26 tests conducted, 24 represent GT test runs, and two additional DAF 

thickening test runs were conducted.  

The test run curves (Figure 6) showed primary solids settled and thickened effectively during 

most of the runs; however, several of the initial runs (1-5) also included a build-up of float on top 

(Figure 7).  Figure 6 shows the settling curves in the background with the average settling 

response in the red bold curve in front. Based on the curves, a peak settling rate of 12.1 cm/min 

occurs at the beginning with an overall average settling rate of 2.8 cm/min, which translates to 

990 gpd/ft2. The typical design 300-400 gpd/ft2 gives safety factor between about two and three. 

The average solids flux calculated based on the smoothed curve is 36 lb/(ft2•d). A typical design 

solids flux is between 5 and 15 lb/(ft2•d) giving a safety factor between about two and seven. 

Table 2 summarizes all of the results of the runs including the conditions applied including 

polymer dose applied, the dilution used, the initial primary solids TS1 concentration, the initial 

VS/TS ratio, the initial PS fats, oils, and grease concentration. Then, the results of the settling 

tests are shown based on the thickened TSS concentration, the supernatant TSS/VSS ratio, the 

float depth, and the hydrogen sulfide content in the off-gas (Table 2 and Figure 8). The 

thickened TSS concentration is calculated by performing a mass balance on solids for the 

column in each test run; i.e. the sum of supernatant solids and thickened solids masses are 

assumed to equal the initial primary solids total solids mass. 

The bottom of Table 2 gives the overall median, average and standard deviation of the test for 

all runs followed by the average and standard deviation of the gravity thickening test runs only 

and the average and standard deviation of the DAF test runs only. Based on the results, an 

overall average thickened TSS concentration of 38,418 mg/L was achieved with GT giving an 

average thickened TSS concentration of 39,802 mg/L and DAF thickening giving an average 

thickened TSS concentration of 21,804 mg/L; typical full-scale DAF thickening results in an 

average thickened solids concentration of 4.2% based on DAF top solids data from 2013 to 

2015. The hydrogen sulfide released on average around 27 ppmv with GT thickening giving 

                                                

1 Due to the solids content of the primary solids and to facilitate lab analysis, total solids (TS) and volatile 

solids (VS) were measured in the primary solids and TSS and VSS were measured in the supernatant. 

For the analysis, TS and VS are assumed to approximate TSS and VSS; however, dissolved solids 

contribute to the primary solids TS and VS measurement. This impacts the results by giving a slightly 

higher calculation for thickened solids content. Additionally, the primary solids VS/TS ratio may not be in 

alignment with the primary solids VSS/TSS ratio if there is a significant dissolved salt concentration. 
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about 27 ppmv and DAF thickening giving about 24 ppmv. The FOG content of the primary 

solids varied from 7 to 223 mg/L with the first eight runs (Day 1) having the highest FOG 

content. The initial VS/TS ratio averaged 0.60 while the supernatant VSS/TSS ratio averaged 

0.89 suggesting a higher volatility in the supernatant solids. This means that the thickened 

solids likely contained a higher inert content for both GT and DAF thickening. 

 
Figure 5. Round 2 Testing – Test Columns 

 

 
Figure 6. Settling Test Run Curves 
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Figure 7. Float Depth at the end of the Test Runs 

 

Table 2. Summary of Results 
Type Run Column Test Polymer Dose Dilution Initial PS TS Initial PS VS Initial PS FOG (HEM) Thickened TSS Supernatant VSS/TSS Float Depth, cm H2S, ppmv

GT Run 1 A Run 1 A 5.18 0.5 5,860 0.54 103 35,567 0.89 2 #N/A

GT Run 1 B Run 1 B 3.45 0.25 5,860 0.54 103 39,049 0.85 4 39

GT Run 2 A Run 2 A 0.00 0.5 4,995 0.50 #N/A 12,797 0.80 14 91

GT Run 2 B Run 2 B 0.00 0.25 4,995 0.50 #N/A 24,431 0.80 5 17

GT Run 3 A Run 3 A 7.35 0.5 4,130 0.46 67 27,738 0.91 1 2

GT Run 3 B Run 3 B 4.90 0.25 4,130 0.46 67 38,425 0.83 1 3

GT Run 4 A Run 4 A 4.22 0 3,600 0.42 58 48,335 0.89 3 4

GT Run 4 B Run 4 B 5.62 0.25 3,600 0.42 58 18,427 0.85 8 7

GT Run 5 A Run 5 A 0.00 0 4,760 0.57 80 40,416 0.86 11 7

GT Run 5 B Run 5 B 0.00 0.25 4,760 0.57 80 37,608 0.86 6 9

GT Run 6 A Run 6 A 0.00 0.25 4,520 0.64 173 34,278 0.80 0 55

GT Run 6 B Run 6 B 0.00 0.25 4,520 0.64 173 30,268 0.90 0 54

GT Run 7 A Run 7 A 3.10 0.25 6,520 0.67 173 38,143 0.90 1 40

GT Run 7 B Run 7 B 3.10 0.25 6,520 0.67 173 35,530 0.94 1 21

GT Run 8 A Run 8 A 0.00 0 8,650 0.57 223 104,313 0.90 0 78

GT Run 8 B Run 8 B 0.00 0.5 8,650 0.57 223 48,639 0.97 0 22

GT Run 9 A Run 9 A 0.00 0 11,700 0.64 7 34,697 0.94 1 22

GT Run 9 B Run 9 B 1.30 0 11,700 0.64 7 31,311 0.84 1 46

DAFT Run 10 A Run 10 A 5.02 0.5 6,050 0.60 37 24,537 0.94 5 7

GT Run 10 B Run 10 B 4.86 0.4918 6,050 0.60 37 34,004 0.90 0 11

GT Run 11 A Run 11 A 0.00 0.25 11,100 0.92 7 63,019 0.94 0 25

GT Run 11 B Run 11 B 1.81 0.25 11,100 0.92 7 57,639 0.91 1 37

GT Run 12 A Run 12 A 1.81 0 8,300 0.59 15 44,328 0.91 1 10

GT Run 12 B Run 12 B 0.00 0 8,300 0.59 15 42,213 0.90 1 18

DAFT Run 13 A Run 13 A 3.69 0.4959 8,100 0.68 9 19,070 0.86 14 40

GT Run 13 B Run 13 B 3.69 0.4918 8,100 0.68 9 34,075 0.97 0 9

Median 1.81 0.25 6,050.00 0.59 62.60 35,549 0.90 1.00 21.00

Average 2.27 0.26 6,791.15 0.60 79.43 38,418 0.89 2.99 26.96

Standard Deviation 2.33 0.19 2,551.44 0.12 72.58 17,561 0.05 4.24 23.76

GT Average 2.10 0.24 6,767.50 0.60 84.53 39,802 0.89 2.45 27.26

GT Standard Deviation 2.33 0.19 2,641.39 0.12 73.64 17,566 0.05 3.71 24.29

DAFT Average 4.35 0.50 7,075.00 0.64 23.30 21,804 0.90 9.50 23.50

DAFT Standard Deviation 0.94 0.00 1,449.57 0.05 19.80 3,866 0.06 6.36 23.33  



Technical Memorandum DAF and GT Testing  8 of 10  

 
Figure 8. Hydrogen Sulfide measurement in off-gas 

 

Figures 9 through 11 show the relationships between the polymer dose, the dilution ratio, and 

the initial primary solids TS concentration with the thickened solids concentration. Based on the 

results, there does not seem to be a benefit to polymer addition for the GT tests. Additionally, a 

higher dilution water ratio tended to give slightly less concentrated thickened solids; this is likely 

due to a need for additional thickening to overcome the initial dilution effect on the solids. A 

higher initial primary solids concentration does have a slight benefit in the thickened solids 

concentration. Figure 12 shows the relationship between the polymer dose and the supernatant 

TSS concentration. While the figure does not show a benefit to using polymer, the supernatant 

TSS and capture efficiency typically improve with polymer addition. Other column test variables 

may have had a stronger impact on supernatant TSS thus overshadowing polymer benefits.  

 
Figure 9. Relationship between polymer dose and thickened PS solids concentration 
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Figure 10. Relationship between dilution and thickened PS solids concentration 

 

 
Figure 11. Relationship between initial PS TS concentration and thickened PS solids 

concentration 
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Figure 12. Relationship between polymer dose and supernatant TSS concentration 

 

Overall, the results support continued investigation of gravity thickening as an option for Cedar 

Rapids WPCF. The testing showed that a reasonable thickened solids concentration, between 3 

and 4%, is achieved with gravity thickening. The thickened solids concentration for the GT tests 

is slightly higher than the DAF control columns but less than the full-scale DAF thickened solids 

concentrations (4 to 6%). No appreciable benefit to polymer addition was achieved with the GT 

testing. The dilution water content negatively impacted the thickened solids concentration; 

however, dilution water would normally be made available to and adjusted as needed by 

operations to attain the best thickened solids content (balance negative impacts of low DO 

concentration against negative impacts of dilution).  
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Attachment A – DAF and Gravity Thickening Test Protocol 
Test Objectives 
Bench testing is needed to determine whether gravity thickening may be used as an equivalent 
to the current DAF thickening approach for primary solids. Using bench testing, a comparative 
analysis of DAF thickening and gravity thickening is planned. Additionally, bench testing offers 
an opportunity to better refine the optimum operating conditions for both DAF and gravity 
thickening approaches. Therefore, the objectives of the bench tests are as follows: 

• Compare solids thickening capability of DAF and gravity thickening 
• Compare solids capture efficiencies of DAF and gravity thickening 
• Evaluate potential solids load of DAF and gravity thickening 

Test Method 
Tests will be performed with bench units using 1-2 L test apparatus. The bench tests will be 
performed with side by side gravity and DAF thickening units from a common primary solids 
sample source with the same dilutions and polymer dosages. The tests should be performed 
using screened and degritted primary solids, and fresh samples are recommended for each test. 

Gravity Thickening 
The performance of gravity thickening units will be evaluated in bench-scale testing using 
common labware. The comparison and evaluation solids recovery will be evaluated by varying 
test conditions. 

The first step is to procure fresh samples of screened, degritted primary solids. It is highly 
recommended to begin testing within two hours of collection. Provide a means for continuously 
agitate solids samples after collection. The gravity thickening experiments are to be carried out 
with the following general procedure: 

• Extract and pour a well-mixed, sample of a primary solids into a 2 L graduated 
settlometer (Figure 1) or a 2,000 mL graduated cylinder.   

• Stir the solids gently around the edge of the cylinder to release from the cylinder wall. 
• Begin timing after stirring is complete.  
• Measure and record the volume of the settled solids with respect to time for 4 to 8 hours 

with higher frequency readings at the beginning of the test; see sample log below 
(Table 1).  

• Decant and preserve supernatant at the end of the thickening period in order to analyze 
and characterize both the supernatant and the settled solids. Replicate the procedure for 
each primary solids test condition. 
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Figure 1. Settlometers 

 
Table 1. Gravity Thickening Example Test Log 
Time, 
minutes 

Position of 
Solids Interface, 
mL/L 

Change in 
Interface, mL/L 

0   
15   
30   
60   
90   
120   
150   
180   
210   
240   

 

Once the test is complete, the solids levels are plotted against time to support the evaluation of 
peak and average slopes. The slope of the test represents the thickening rate, and by applying 
an appropriate safety factor can be used to determine the design hydraulic loading rate. The 
thickening rate can be expressed in ft/minute and converted to gallons per minute/ft2 (gpm/ft2) in 
order to determine the target hydraulic loading rate. 
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In order to determine thickening efficiency, the next step is to evaluate the primary solids (raw 
sample), supernatant and thickened solids samples for the following: 

• TS, VS – TSS and TSS for supernatant 
• COD, BOD5  
• TKN, TP 
• Total Sulfide 

With these test results, thickened solids concentrations, solids capture rates, nutrient balance, 
and sulfide potential will be assessed. 

Replicates of each test condition are performed and averaged as part of the comparative 
analyses. Recovery and thickened solids concentrations will be plotted against polymer dose, 
hydraulic loading rate, and solids loading rate. 

Dissolved Air Flotation Thickening 
The performance of DAF units will be evaluated with bench-scale testing side by side with 
gravity thickening. A comparison of solids characteristics and recovery in the DAF thickened 
solids will then be compared to gravity thickening for similar conditions. Bench testing will be 
performed using a DAF apparatus (Figure 2), which typically includes a vacuum pump, a 
pressure vessel, and a graduated cylinder.  

The DAF procedure uses an effluent recycle method of aeration. Clean effluent is pressurized 
with air and released into a flotation cell containing the screened, degritted primary solids. When 
possible, the full-scale DAF operating conditions will act as a reference point for bench testing; 
i.e. the recycle rate is the percentage of the pressurized effluent that is to be applied to the test. 
By applying full-scale conditions; temperature, air pressure, and suspended solids; the bench-
test air to solids ratio will match the full-scale conditions. Additional conditions, or different 
air:solids ratios, may be tested as desired. 

 
Figure 2. Example of DAF Thickening Test Apparatus 
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At the beginning of the test, record the primary solids temperature, the primary solids pH, the 
DAF recycle operating pressure, the DAF recycle rate, and the DAF recycle pressure tank 
detention time in the full scale unit?. The use of polymers helps reduce turbidity and serve as a 
flotation aid, and different polymer doses may be tested. For the comparison and optimization 
testing, various polymer dosages (including a no polymer control) are proposed. 

The general test procedure for DAF bench-scale thickening is as follows: 

• Prepare polymer in accordance with the manufacturer’s recommendations or preparation 
procedure. 

• Add recycle water to the pressure chamber and pressurize with air source (e.g. vacuum 
pump) for the target pressurization tank holding time. 

• Add to the graduated cylinder the target primary solids sample needed to match or test 
the full-scale conditions for the appropriate recycle and air:solids ratio. 

• During the test, a liquid-solid interface will form where the bottom boundary of the solids 
meets the top boundary of the dissolved air-fluid phase. Record the level of this interface 
using the appropriate graduation marks on the cylinder as shown in the example below 
(Table 2). Continue recording this height periodically for 30 to 90 minutes (or until float 
level reaches maximum) to match the full-scale detention time. Make note of any settling 
of solids. 

Table 2. DAF Thickening Test Log 
Time, 
minutes 

Position of Interface, 
mL/L 

Increase, mL/L Settled Solids, 
mL/L 

0    

5    

10    

20    

30    

45    

60    

90    

 

The next step is to plot the time position of the solids interface in order to evaluate the peak and 
average slopes of the plot. These slopes from the test represent the rise rates, or hydraulic 
loading rates. The hydraulic loading rate can be expressed in ft/minute or gallons per minute/ft2 
(GPM/ft2). 
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In order to determine thickened solids concentrations, solids capture efficiencies, nutrient 
balances, and sulfide potential, the primary solids (raw sample), float solids and subnatant 
samples are to be tested for the following: 

• TS, VS 
• COD, BOD5  
• TKN, TP 
• Total Sulfide 

Each test condition is replicated and averaged as part of the optimization and comparative 
analyses. Recovery and thickened solids concentrations will be plotted against polymer dose, 
hydraulic loading rate, and solids loading rate. 

Test Conditions 
In addition to the test acting as a way to compare DAF thickening against gravity thickening, two 
main test variables are proposed to evaluate optimization potential and compare DAF thickening 
to gravity thickening. The first test condition is the evaluation of solids loading rate impacts. 
Different solids loading rates are tested at bench-scale by applying dilution to the primary solids 
samples. Therefore, the test should be performed at different dilutions. Initially, a no dilution and 
a 50% dilution is proposed. Pending the results of the no dilution and 50% dilution tests, 
additional dilution test may be warranted.  

The second test condition is polymer aided thickening. In order to evaluate the benefit of 
polymer, the tests are proposed to be conducted with and without polymer. Additionally, 
different polymer dosages should be tested. Initially, the current polymer dose in the full-scale 
DAF is proposed to be tested. Pending the results of the no polymer and current polymer 
dosages, additional polymer dosages may be tested. Further, it may be useful to test different 
polymer types. Polymer optimization testing should be performed routinely at WPCF. 

Proposed test conditions and example record logs are presented in Tables 3 and 4. For DAF 
Thickening, the air:solids ratio is identified and should be evaluated, but the target is assumed 
to be the existing full-scale air:solids ratio. Expanded testing may include varying the air:solids 
ratio to verify the optimum ratio is being used. 
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Table 3. Gravity Thickening Proposed Test Conditions 
Test 
Number Replicate Condition 1 Condition 2 

Solids Volume, 
mL/L 

Primary Solids, 
mg/L 

Thickened Solids, 
% 

Effluent TSS, 
mg/L Capture Eff., % 

Test 1 1 No Dilution No Polymer           
Test 1 2 No Dilution No Polymer           

Test 2 1 50% Dilution No Polymer           
Test 2 2 50% Dilution No Polymer           
Test 3 1 No Dilution Existing Polymer           
Test 3 2 No Dilution Existing Polymer           
Test 4 1 50% Dilution Existing Polymer           
Test 4 2 50% Dilution Existing Polymer           

 

Table 4. DAF Thickening Proposed Test Conditions 
Test 
Number Replicate 

Condition 
1 Condition 2 Condition 2 

Float Solids 
Volume, mL/L 

Primary Solids, 
mg/L 

Float TSS, 
% 

Bottom Solids 
TSS, mg/L 

Underflow TSS, 
mg/L Capture Eff., % 

Test 1 1 A:S = No Dilution No Polymer             
Test 1 2 A:S = No Dilution No Polymer             
Test 2 1 A:S = 50% Dilution No Polymer             
Test 2 2 A:S = 50% Dilution No Polymer             

Test 3 1 A:S = No Dilution Existing Polymer             
Test 3 2 A:S = No Dilution Existing Polymer             
Test 4 1 A:S = 50% Dilution Existing Polymer             
Test 4 2 A:S = 50% Dilution Existing Polymer             
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Pertinent Calculations 
 
Rise Rate in GPM/ft2 = (Average Slope / 3,785) / 0.06705 whereby 0.06705 is a conversion 
factor specific to the DAF test apparatus 

%R = CK (CO - CF) / CO (CK - CF) × 100 

Where: 

%R = Percent Solids Recovery 

CK = Total Solids in Concentrated Sludge (Float, Floating Solids, or Cake) 

CO = Total Solids in the Raw Sludge Influent (Sludge sample prior to using DAF) 

CF = Total Solids in Subnatant 

 

Air to Solids Ratio (A/S) = 1.3sa (fP-1)R / SS Qs 

Where: 

sa = Air Solubility (mL/L) 

f = Fraction of Air Dissolved at Pressure (P); usually 0.5 

P =  Pressure (atm) = (Gauge Pressure + 14.7) / 14.7 (convert PSI to ATM) 

   =  (Gauge Pressure + 101.35) / 101.35 (convert kPa to ATM) 

SS = Primary Solids Concentration (mg/L) 

Qs = Primary Solids Flow (MGD) 

R = Pressurized Recycle Rate (Million Gallons / Day) 

Table 5. Air Solubility 
Temperature, °C Air Solubility, mL/L 
0 29.2 
5 25.5 
10 22.6 
15 20.2 
20 18.2 
25 16.5 
30 15.1 
35 13.9 
40 12.8 
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Attachment B – Internship Experience at Water Pollution 
Control Facility, Cedar Rapids 
 

SUMMARY 

The purpose of my Intern IV (Utilities Lab) position was to evaluate two different sludge 

thickening methods. Currently, dissolved air flotation (DAF) thickening of solids is 

implemented. The DAF process includes adding polymer to primary sludge and injection of air 

to cause the solids to float. The float solids are skimmed off the top and the heavy solids on the 

bottom are raked off.  However, this method results in the emission of odorous, corrosive, and 

toxic H2S. Gravity thickening has been proposed as a more conventional, equivalent way to 

thicken primary sludge.  

In order to evaluate the operation of gravity thickening in comparison to DAF, a 

benchtop study was performed. The original protocol proposed had to be modified because of 

limitations in laboratory equipment and sample points available at WPCF. It took about a month 

to figure out testing methods that would mimic the full scale DAF using a 1 L settleometer. After 

several conversations with operations, lab analysts, and supervisors, the following protocol for 

DAF thickening was achieved. It was designed based on a 1:1 ratio of the recycle flow and 

primary sludge flow, each at a 1,000 GPM rate. 

METHODS 

1. Add 500 mL of primary solids 



 
HDR Engineering, Inc. 
TM 12 DAF and GT Testing FINAL 

5815 Council Street, Suite B 
Cedar Rapids, IA 52402 

Phone (319) 373-2536 
Fax (319) 373-6106 
www.hdrinc.com 

Attachment B-2 

 

Notes: Let the primary solids line run for about one minute before a sample is 

collected. Make sure tubes attached to the settleometer are closed to prevent loss of 

sample. 

2. Add 1.3 mL of polymer and stir for 30-60 seconds 

Notes: A stir bar was placed in the settleometer before collection of sample. A stir 

plate was used to stir in the polymer. The polymer added to the sample was sampled 

from the polymer storage tank that supplies the full scale DAF system with polymer 

and kept as a stock of polymer used for each of the tests. 

3. Open the valve of the Tedlar sample bag and add 500 mL of pressurized recycle. 

Notes: The long, flexible tube was attached directly to the recycle pressurization tank 

through a coupler attachment engineered by the operations team at WPC. It was 

equipped with a lever to control the amount of pressurized recycle added directly to 

the sample in the settleometer. Once filled to the 1 L mark, the lever was closed, and 

the tube was closed off by a clamp. Caution had to be taken to not open the container 

or disturb the sample. 

Observations during each trial: Upon addition of the recycle, the Tedlar bag instantly 

filled up with gas. The primary solids floated to the top right away. 

4. Observe thickening volumes. 

Notes: Observations were on-site. Transporting the sample to the lab would disturb 

the sample and alter the results. 

5. Samples of float solids were taken for TSS analysis. 
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6. Gas collected in the Tedlar bag was analyzed for the concentration of H2S using a 20-

200 ppm detection Draeger tube. 

The gravity thickening test protocol was the following: 

Note: Little to no gas was collected in the Tedlar sample bag, so H2S concentration could not be 

calculated. 

1. Add 1,000 mL of primary solids. 

Notes: Let the primary solids line run for about one minute before a sample is collected. 

Make sure tubes attached to the settleometer are closed to prevent loss of sample. 

2. Add 1.3 mL of polymer and stir for 30-60 seconds 

Notes: A stir bar was placed in the settleometer before collection of sample. A stir plate 

was used to stir in the polymer. The polymer added to the sample was sampled from the 

polymer storage tank that supplies the full scale DAF system with polymer and kept as a 

stock of polymer used for each of the tests. 

3. Observe thickening volumes. 

Note: Observations were on-site to prevent disturbance of the sample. 

Observations: Results varied. Samples taken on 11/17 thickening to a smaller volume as 

bottom solids compared to thickening on 12/4, and 12/7. Results from 12/1 were 

unexpected. On 12/1 a DAF thickening trial was performed, the settleometer was rinsed 

with DI water, and then gravity thickening was performed. Gravity thickening on that day 

resulted in both float and bottom solids thickening.  

4. Samples of float and bottoms solids (when applicable) were taken for TSS analysis. 
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RESULTS 

DAF Thickening 
Date Time (mins) Float Solids (mL/L) TSS (g) H2S conc. (ppm) 
11/27/2017 1 200 Did not collect a sample 70 

2 180 

3 170 

4 160 

5 150 

6 150 

7 150 

8 145 

9 140 

10 135 

15 140 

20 135 

30 125 

45 120 

60 110 

The following pictures were taken at times 5, 20, and 60 minutes, respectively. 
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Attachment B-5 

 

Date Time (mins) Float Solids (mL/L) TSS (g) 

 (1) 4 
mL 
sample 
taken 

H2S conc. 
(ppm) 

12/1/2017 1 50 0.0931 – 
23,275 
mg/L 

100 

2 45 

3 40 

4 40 

5 40 

6 40 

7 40 

8 40 

9 40 

10 35 

15 30 

30 30 
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Attachment B-6 

 

Date Time (mins) Float Solids (mL/L) TSS (g) 

 (2) 10 mL samples taken 

H2S conc. (ppm) 

12/6/2017 

 

Note: Only filled to the 970 mL mark 

1 600 0.3666 – 36,660 mg/L 

0.3471 – 34,710 mg/L 

 

80 

2 520 

3 480 

4 450 

5 430 

6 410 

7 400 

8 380 

9 370 

10 360 

15 330 

30 290 
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Attachment B-7 

 

Gravity Thickening 

Date Time 
(mins) 

Float solids 
(mL/L) 

Bottom solids 
(mL/L) 

TSS Float 
(g) 

TSS Bottom (g) 

11/17/2017 1 N/A 970 N/A Did not collect a 
sample 

2 950 

3 930 

4 920 

5 900 

6 880 

7 870 

8 850 

9 840 

10 820 

15 750 

20 680 

30 580 

 
The following pictures were taken at 6, and 30 minutes, respectively. 
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Attachment B-8 

 

Date Time (mins) Float solids 
(mL/L) 

Bottom solids 
(mL/L) 

TSS Float (g) 

(1) 4 mL 
sample was 
collected 

TSS Bottom (g) 

(1) 4 mL sample 
was collected 

12/1/2017 

 

1  950 0.0873 – 
21,825 mg/L 

0.0543 – 13,575 
mg/L 

2  940 

3  920 

4  900 

5 - - 

6 - - 

7 600 200 

8 700 150 

9 720 70 

10 - - 

15 500 70 

35 450 70 

 
The following pictures were taken at 5, 10, and 35 minutes, respectively. 
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Attachment B-9 

 

 
Date Time 

(mins) 
Float solids 
(mL/L) 

Bottom solids 
(mL/L) 

TSS 
Float (g) 

TSS Bottom (g) 

(2) 10 mL samples 
were collected 

12/4/2017 1 N/A N/A N/A 0.1821 – 18,210 mg/L 

0.2028 – 20,280 mg/L 2 995 

3 990 

4 990 

5 985 

6 980 

7 980 

8 980 

9 978 

10 975 

15 965 

30 935 

60 890 

 
The following pictures were taken at 5, and 30 minutes. 
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Attachment B-10 

 

Date Time 
(mins) 

Float solids 
(mL/L) 

Bottom solids 
(mL/L) 

TSS Float 
(g) 

TSS Bottom (g) 
(2) 10 mL samples were 
collected 

12/7/2017 1 N/A 0 N/A 0.2067 – 20,670 mg/L 

0.1657 – 16,570 mg/L 2 0 

3 0 

4 990 

5 990 

6 990 

7 990 

8 985 

9 985 

10 985 

15 980 

30 970 

 
The following picture was taken at 15 minutes. 
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