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Technical Memorandum 
Date: Friday, October 04, 2019 

Project: Sanitary Sewer Master Plan FY19 Update 

To: City of Cedar Rapids 

From: HDR  

Subject: TM 3.2 Prairie Creek Hydraulic Model Study (Version 1)  

This Technical Memorandum (TM) documents the development and calibration of a model of 

the Prairie Creek sewers within the City of Cedar Rapids, Iowa, (City) sanitary sewer system. 

Model results are intended to provide the City with an overview of performance of the sanitary 

sewer system in these areas and to inform the potential need for major interceptor 

improvements. Subsequent phases of the Sanitary Sewer Master Plan Update will include 

modeling efforts aimed at refining the existing macro-scale model in the remaining portions of 

the City’s sanitary sewer system. 

This TM is organized as follows. 

 Objective 

 Summary 

 Modeling Data Sources 

 Model Refinement 

 Model Calibration 

 System Capacity Analysis 

 Potential System Improvements 

 Study Recommendations 

 Appendices 

o A – Model Results, Existing Condition Scenario  

o B – Model Results, Intermediate Future Condition Scenario  

o C – Model Results, Future (EnvisionCR) Condition Scenario  

o D – Model Results, Intermediate Future Condition, with Recommended 

Improvements  

o E – Model Results Future (EnvisionCR) Condition, with Recommended 

Improvements 

Objective 
Development and calibration of the macro-scale model of the City’s sanitary sewer system 

during the initial Sanitary Sewer Master Plan provided a broad overview of performance under 

existing and projected future conditions. Refinement and additional calibration of this model in 

the Prairie Creek basin is intended to provide a more detailed evaluation of the capacity of those 

sewers under existing and projected future conditions. Results from this refined model inform 
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the planning process of potential needs for major improvements to the Prairie Creek basin and 

build on the foundation established by the initial Sanitary Sewer Master Plan. 

The refined model includes the same major components of the sanitary sewer system that were 

included in the original macro-scale model. These components include the Main Interceptor 

sewer, portions of the Indian Creek, 44th Street, C Street, Prairie Creek, East and West 

Interceptor sewers, and associated Main Lift, Indian Creek, Morgan Creek, Hoosier Creek, and 

South Hoosier Creek lift stations. The model was refined in the Prairie Creek basin by adding 

smaller diameter sewers to the modeled sanitary sewer network. These additional sewers allow 

the model to be calibrated by additional flow metering data 

Summary 
Figure 1 identifies major components of the City’s sanitary sewer system. Line weight is 

proportional to size so that the largest sewers are shown more prominently than the smaller 

system. A macro-scale model for sanitary sewers 18 inches in diameter and larger was 

developed based on geographic information systems (GIS) data provided by the City, including 

topography, soil type, land use, pipe network data, and additional field survey data. These same 

data sources were used to refine the model network in the Prairie Creek basin by adding sewers 

as small as 10 inches in diameter. Gaps in data (that is, pipes without data and pipes that are 

missing) were resolved by inferring 

geometric data based on upstream 

and downstream reaches.  

Macro-scale model simulated flows 

were validated with available dry 

weather and wet weather flow 

metering data at five primary flow 

meters and the Cedar Rapids 

Water Pollution Control Facility 

(CRWPCF) influent flow meter. 

After refining the model, flows in 

the Prairie Creek basin were 

validated to an additional 6 

secondary flow meters. The refined 

validated model was used to 

evaluate system capacity for 2- 

and 5-year, 24-hour nested 

frequency storm events over the 

entire city for both existing and 

projected future conditions.  

Model results for existing 

conditions and the forecasted 

future development conditions identify potential deficiencies throughout the Prairie Creek basin 

sanitary sewer system. Several assumptions had to be made for how the system would respond 

 
Figure 1: Existing Sanitary Sewer System 
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in the future to wet weather events; particularly how much GWI and RDII would enter the 

system. In general, the initial assumptions are conservative and assume the system would 

respond in the future the same way as the existing system responds now. More particularly, the 

following assumptions were used to model future flows:   

 Future land use was based on EnvisionCR  

 Future population and employees were based on 2040 TAZ population projections with 

existing per capita and per employee flows.  

 No additional significant industrial users were added. 

 GWI for future growth areas was simulated based on an existing average GWI of 0.38 

gallons per minute per acre. 

 RDII for future growth areas was simulated based on the existing RDII response 

calibrated for that area   

 Flows generated from areas outside of the City’s sanitary service area (EnvisionCR 

northwest and west areas) were assumed to be the constant daily peak flow estimated in 

TM 7.2 and 7.4, respectively and therefore do not include RDII. 

Additionally, industrial flows are very difficult to predict and will depend on the specific industries 

occupying future industrial tracts. As indicated by about 19 million gallons per day of existing 

industrial flow, future industrial flows could have an effect not currently reflected in the model. 

Future GWI and RDII response will also depend on multiple factors. These include future sewer 

construction materials and methods, policy enforcement to preventing roof drains, sump pumps 

and other sources from connecting to the sanitary sewer, and the effectiveness of ongoing 

rehabilitation and replacements programs.  

The need to be diligent in reducing infiltration and inflow from existing conditions and preventing 

infiltration and inflow from future sources is evidenced by both the numbers of potential 

deficiencies in the existing 5-year storm event results and the significantly increased number of 

deficiencies in the future 5-year storm events. The associated improvements, which are sized 

for forecasted future development conditions include the following: 

 $760,000 in Tier 1 capacity improvements identified by the potential for backups and 

overflows in the Prairie Creek basin during the 2-year storm event in intermediate  

future conditions. 

 $10.31 million in Tier 2 capacity improvements identified by the potential for backups 

and overflows in the Prairie Creek basin during the EnvisionCR build-out dry weather 

flow conditions.  

 $18.03 million in Tier 3 improvements identified by areas with high potential for inflow 

and infiltration.  

Furthermore, the hydraulic model cannot identify blockages, or other maintenance related 

issues, that are responsible for SSOs. Purchasing the appropriate equipment to inspect and 

maintain the collection system is an additional capital need. That equipment includes flow 

metering, video inspection by CCTV, root removal, and cleaning.  
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Modeling Data Sources 
Refinements to the Prairie Creek basin from the macro-scale model were developed from the 

same data sources outlined in TM 3.0 Hydraulic Modeling. These sources include data provided 

by the City from its GIS database, field survey manhole reports, and additional data related to 

population planning and land use. 

Population 

Population density data from Traffic Analysis Zones (TAZs) were provided by the City as a GIS 

shapefile. The TAZ data detailed, by census block, households in residential areas and 

employment in commercial areas. The number of people per household was derived from the 

American Community Survey 5-Year Estimates. The population per household estimate varies 

by census block in the dataset. Population and employment data was used to allocate dry 

weather loading to the sanitary collection system.  

EnvisionCR was used in the Prairie Creek basin refinements for future population data as it 

provided a more conservative result than TAZ 2040 population data. The TAZ 2040 population 

shown in   
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Table 1 corresponds to approximately a 0.61 percent growth rate from 2010 to 2040 within the 

City, and a 0.77 percent growth rate within the entire sanitary sewer service area. This growth 

rate is consistent with the City’s historic annual population growth rate of 0.64 percent reported 

in EnvisionCR. The resulting overall 2040 population is within EnvisionCR’s low to moderate 

range of 142,062 to 161,073 for 2035 population as well. 

Additional growth in the South and Southwest areas in accordance with EnvisionCR were 

included for the Prairie Creek basin. The growth in these areas, and the estimated flow 

generated at full development as outlined in TM 7.3 and TM 7.5 of the Sanitary Sewer Master 

Plan, were included in the refined model to better represent population growth in areas that are 

currently outside of the City’s sanitary sewer service area. 
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Table 1: Cedar Rapids Metro Area Population 

City 
Projected Population 

1900 1950 1990 2000 2010 2040 

Cedar Rapids 25,656 72,296 108,772 120,758 126,326 151,713 

Marion 4,102 5,916 20,403 26,294 34,768 42,750 

Hiawatha   4,986 6,480 7,024 7,863 

Robins  272 875 1,806 3,142 4,744 

Palo  285 514 614 1,026  

Total 29,758 78,769 135,550 155,952 172,286 207,124 

Service Area1  78,212 114,633 129,044 172,286 216,618 
Source: US Census Data 
1 Values shaded in blue are the estimated populations within the City’s sanitary sewer service area 

Land Use 

The City provided land use data as a GIS shapefile. The data identified several different land 

use types, such as residential, commercial, and industrial. This land use data was used in 

conjunction with population and employment data to allocate base sanitary flows and wet 

weather flows to the model. 

Future land use data, developed as part of EnvisionCR, was also provided. This data was used 

in the model to account for future land use modifications and allow for consideration of future 

growth. 

As provided by the City, the GIS land use shapefiles required some processing to adapt the 

data for use in the sanitary sewer model. These adaptations included: 

 Adding assumed land use to service areas outside of the provided land use boundaries 

including the City of Marion, Iowa 

 Removing overlapping areas of the existing land use 

 Re-defining civic land use as residential, commercial, or open space 

 Converting golf courses from commercial to open space 

Collection System Network GIS 

Pipe and manhole data for the sanitary sewer system were provided by the City in 2018 as a 

GIS database. The geodatabase features contain the location, connectivity, size, and invert 

elevations of sanitary sewers and manholes throughout the City. Newly and upcoming 

constructed sewer pipes for Prairie Creek Trunk Phase 2 and Waconia Street were incorporated 

into the model using as-built plan documents since the City’s GIS database had not yet been 

updated. These features were used to represent the majority of sanitary sewer pipes in the 1D 

pipe network in the model. The pipes and connecting manholes included in the existing macro-

system model are main interceptor sewers and major trunk sewers (18 inches in diameter and 

larger).  

In the Prairie Creek basin the modeled sanitary sewer network was refined by including smaller 

sewers down to 10 inches in diameter. Not all 10-inch-diameter sewers in the Prairie Creek 

basin were included in the model due to the size of some sub-sewersheds. Smaller pipes were 

included if necessary to maintain hydraulic connectivity of the system. 
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DATA GAP RESOLUTION 

The data related to the smaller sewers added to the Prairie Creek basin for this modeling study 

included several minor data gaps. As outlined in the original modeling study, the City’s GIS 

database includes pipe sections with missing diameter and invert data. For this study, all data 

gaps were resolved using a set of simple assumptions to infer pipe diameters and inverts based 

on upstream and downstream pipes. 

After making this initial inference, pipe profiles were reviewed to correct unrealistic invert data. 

This review revealed several pipe sections with negative slopes and inverts near, or above, 

ground level. First, light detection and ranging (LiDAR) data was used to update manhole rim 

elevations for each manhole with a missing rim elevation. Next, each pipe section with an 

inferred negative slope was manually adjusted to have a positive slope. Pipe inverts were 

manually adjusted to ensure that the top of pipe was below the estimated ground elevation. 

Each location with inferred or manually adjusted data was flagged in the model so that it can be 

verified in the field later. 

Flow Meters 

Flow meter data was provided by the City at 59 unique sites around the City. Of the 59 

monitors, 29 of the flow monitors were located in the interceptor and trunk sewer system 

included in the model as shown in Figure 2. The data included flow, velocity, and depth 

measurements at a 15-minute interval for each site. The sites are classified into two different 

categories, primary and secondary sites for analysis.  

The five primary sites (Table 2) at the downstream end of the major interceptor and trunk 

sewers were used to validate the original macro-scale model and evaluate groundwater 

infiltration differences between the dry and wet weather seasons. Data was provided at all of the 

primary sites for May 2014 through September 2015.  

Table 2: Primary Flow Metering Sites 

# Interceptor NTG_ID 
Pipe Diameter 

(inches) Manhole ID 

1 East Side Interceptor 6823 48 25231W-021 

2 West Side Interceptor 15574 60 25234W-009 

3 Prairie Creek Interceptor 2215 60 28222W-001 

4 Indian Creek 48 
Interceptor 1111 

48 25161W-008 

5 44th Street Interceptor 369 18 26181W-001 

The secondary sites (  



City of Cedar Rapids | Prairie Creek Hydraulic Model Study 
Technical Memorandum 

 
 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

hdrinc.com 
 

8 

Table 3Table 3) were only used for comparison purposes in the development of the original 

macro-scale model, but were not used for model flow allocation or calibration. After refining the 

model in the Prairie Creek basin, secondary sites in those areas were used to further validate 

the model and evaluate groundwater infiltration differences between the dry and wet weather 

seasons. Data was provided for May 2014 through September 2016.  
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Table 3: Secondary Flow Metering Sites 

# Interceptor NTG_ID 
Pipe Diameter 

(inches) Manhole ID 

1 13th Street 5399 24 24271W-018 

2 1523 E Avenue 4494 24 23273W-010 

3 21st and Bowling Street 3711 18 26241W-001 

4 2nd Street 7220 22x27 25232W-005 

5 33rd Avenue1 18930 24 28273W-005 

6 Bowling Street SW1 2357 18 29232W-003 

7 C Avenue 18343 42 24271W-034 

8 Dry Run  1850 27 16191W-003 

9 E Avenue 4975 21 24291W-010 

10 Ellis 54 6385 54 20292W-008 

11 Hawk 421 2301 42 30261W-002 

12 Hoosier1 14704 24 38251W-003 

13 Indian 36 19173 36 18194W-004 

14 J Street1 2377 21 29243W-004 

15 Jones 481 2189 48 28234W-001 

16 J Street 48 2269 48 29242W-002 

17 Lennox 11 10371 24 20231W-002 

18 Lennox 3 10538 21 20231W-002 

19 Lennox 5 10758 24 18234W-001 

20 Morgan 36 10607 36 19231W-011 

21 Nixon Park 11508 21 20291W-003 

22 Robins 18649 18 12243W-001 

23 Squaw Creek 1458 33 21133W-001 

24 Tucker Park  1669 21 15244W-021 

25 Grande Avenue 7790 12 22222W-013 

26 Burch Avenue 9767 15 24283W-001 

27 17th and 10th 1882 10 25273W-025 

28 8th Avenue 1485 36 24142W-003 
1 Within the Prairie Creek basin 
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Figure 2: Sanitary Sewer Flow Meter Sites 

Hawkeye 
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Water Pollution Control Facility Influent Flow 

The Cedar Rapids Water Pollution Control Facility (CRWPCF) influent flow was approximated 

using data provided for the Main Lift Station, including pump run times, wet well levels, and 

discharge out of the lift station. This information was used to model the Main Lift Station and 

validate the flow into the lift station from the interceptor sewer system.  

On completion of the proposed CRWPCF influent flow measurement project, more accurate 

influent flow measurement would be available for wet weather flow and should be used to refine 

and validate macro-model predicted influent flows.  

Precipitation 

HDR used National Climatic Data Center (NCDC) archived Doppler radar data to reconstruct 

the spatial and temporal distribution of rainfall over Cedar Rapids during August 11-12, 2016. 

This recent and significant event was used as the rainfall input in the model to validate model 

results against flow meter data. This data was analyzed in distinct waves of precipitation during 

this period, sampled to 5-minute increments distributed spatially on a grid with 0.25-kilometer by 

0.25-kilometer cells covering the City’s sanitary sewer service area.  

During this August 2016 event, rainfall totals ranged from 3.0 to 6.0 inches and caused sanitary 

sewer overflows (SSOs) within the sanitary sewer system. The event, which fell in two waves 

over a total of 9 hours (including intense rainfall for 1 hour during the first wave and for 0.5 

hours during the second wave), has been approximated as a 10-year event. In the Prairie Creek 

basin, most of the rainfall occurred during the second wave. The total precipitation calculated 

from the event over each sewershed and rain gauge locations used for model calibration are 

shown in Figure 3. 

Nested event hyetographs were developed and used for system capacity analysis and 

improvement planning based on National Oceanic Atmospheric Administration (NOAA) Atlas 14 

rainfall depths for recurrence intervals of 2- and 5-years. A nested event hyetograph embeds 

the rainfall totals for multiple durations (5 minutes, 15 minutes, 1 hour, 2 hours, 3 hours, 6 

hours, 12 hours, and 24 hours), creating an event with a single steep curve (that is, the most 

intense 1 hour in the nested event would generate the rainfall depth entered for the 1-hour 

duration). The resulting hyetographs for the 2- and 5-year, 24-hour events are shown in Figure 

4. The 2-year, 24-hour event produces a total of 3.0 inches of rain with a peak intensity of 5.3 

inches per hour. The 5-year, 24-hour event produces a total of 3.8 inches of rain with a peak 

intensity of 6.5 inches per hour.  

With a non-nested hydrograph, the maximum flow rates are generated when the event duration 

matches the time of concentration for a location in the model based on upstream sewersheds 

and flow routing. A short-duration event would be required to generate the high-intensity rainfall 

periods observed in the historical events, but may not create the rainfall depths of a longer 

event, which would create higher flow rates at some locations. Using a nested event pattern 

eliminates the need to run multiple simulations of different durations, producing a short, 

high-intensity period with the appropriate 24-hour event rainfall depth. For these reasons, the 

nested 24-hour distribution was used in this sanitary sewer capacity analysis for the 2- and 5-

year reoccurrence interval. 
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Figure 3: Gauge Adjusted Average Total Rainfall by Catchment, August 11-12, 2016 
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Figure 4: Rainfall Hyetographs for 2- and 5-year, 24 hour Nested Event Rainfall Intensities 

Other Data Sources 

Additional data gaps were filled in based on the following plans and reports: 

 1998 Cedar Rapids Sanitary Sewer Master Plan 

 CRWPCF Anaerobic Pretreatment System Conveyance Facilities As-Built plans 

 Prairie Creek Trunk Sewer Improvements Phase 2 plans 

 Waconia Street sewer As-Built plan 

 2014 Collection System Infiltration & Inflow Analysis 

 2015 Cedar Rapids Lift Station Evaluations 

Model Refinement 
The macro-scale model was refined in the Prairie Creek basin to better assess the capacity of 

the existing collection system and identify potential deficiencies in those systems. This section 

discusses the methods used to refine the existing macro-scale hydraulic model. 

Model Software 

InfoWorks ICM software was selected for the Sanitary Sewer Master Plan Update modeling 

effort. InfoWorks ICM, from Innovyze, provides a comprehensive, GIS-based, computational 

engine to model that is both stable and efficient. The capabilities and HDR’s experience with 
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this software make this selection a good and fitting platform to model the City’s stormwater and 

sanitary collection systems. The software selection process is documented in TM 3.0 Hydraulic 

Modeling. 

Modeling Methodology 

The InfoWorks ICM model of the City’s sanitary sewer collection system is composed of sanitary 

sewer with diameters of 10 inches or larger in the Prairie Creek basin and East and West 

Interceptor basins, and 18 inches in diameter or larger in the other portions of the network. This 

includes both gravity sewer and force mains within this category. In addition, other elements of 

the collection system such as lift stations and flow splits were included in the model to the level 

of detail of the available data.  

The pipe network in the Prairie Creek basin is loaded at 73 locations, each representing the 

sewershed area that adds flow to a key location of the interceptor and major trunk network. 

Loading from each sewershed is composed of base sanitary, dry weather, and wet weather 

loadings as follows.  

 Base sanitary flow (BSF) is composed of residential, commercial, and industrial 

wastewater calculated on per-person residential and employment (commercial) loading, 

and metered loadings for major industrial sources.  

 Base Flow loading is composed of the BSF plus groundwater infiltration (GWI). 

 Wet weather loading consists of BSF plus GWI plus infiltration and inflow (I/I) related to 

rainfall also known as rainfall dependent infiltration and inflow (RDII).  

Calibration to primary meter flows was used to develop approximations for BSF, GWI, and RDII 

in the macro-scale model. For locations within the Prairie Creek basin, additional model 

calibration to secondary meter flows was used to refine these approximations. The 2-year and 

5-year nested storm events were then evaluated to determine which segments of the sanitary 

sewer collection system are providing adequate conveyance or are capacity deficient. 

Refined Model Network 

The refined model one-dimensional (1D) sewer network includes the existing macro-scale 

model with the addition of smaller sewers in the Prairie Creek basin (10 inches in diameter and 

larger), and smaller pipes necessary for connectivity (see Figure 5). A total of 3,838 pipe 

segments were modeled, accounting for 201 miles of sewer or 28 percent of the total system. 

This represents an increase from 16 percent of the total sanitary sewer system modeled in the 

initial macro-scale model and an increase from 22 percent of the total sanitary sewer system 

modeled in the East and West Interceptor Study (TM 3.1). Industry standard Manning’s n values 

were used for all modeled pipe materials to represent pipe roughness for open channel flow. 
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Figure 5: Modeled 1D Sanitary Sewer Flow Network 

The model loading is conveyed from the sewersheds to the 1D sewer network as time-varying 

flows and is routed dynamically through the system accounting for attenuation until it outfalls at 

the CRWPCF. InfoWorks ICM applies the Saint-Venant’s equations to conserve mass and 

momentum through the collection system. This results in precise flow routing across the system 

and a smooth transition between free surface and surcharged flow conditions. Where pipe is 

capacity limited due to a segment or downstream bottleneck, they will pressurize and the model 

will eventually indicate an SSO occurrence if the hydraulic grade line rises high enough. There 

are no two-dimensional surface flows modeled for SSO locations in the macro-scale model.  
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INTERCEPTORS 

Refinements to the macro-scale model will progress through each of the five primary interceptor 

basins shown in Figure 5. Each of these basins discharge to the Main Interceptor running along 

the west and south side of the Cedar River discharging to the Main Lift Station at the CRWPCF. 

This TM focuses on refinements to the macro-scale model within the Prairie Creek basin. 

Prairie Creek Basin 

The Prairie Creek Trunk collects flow from the south and southwest limits of the City of Cedar 

Rapids. The Prairie Creek basin is located south of the West Interceptor and west of the C 

Street Trunk. The Prairie Creek Trunk collects flow from the Hoosier and South Hoosier Lift 

Stations, which are both included in the model. The land use is primarily commercial with 

undeveloped/open space and residential areas interspersed throughout the watershed.  

The Prairie Creek basin includes flow splits near the Cedar River C Street basin. Flow split 

locations include 

 Manhole ID: 29212W-010, located on C Street SW north of Genencor International Inc. 

 Manhole ID: 29223W-008, located south of 41st Avenue Drive SW near JRS PHARMA 

LP 

 Manhole ID: 29222W-036, located on 41st Avenue Drive SW north of JRS PHARMA LP 

None of the flow split locations (manhole or structures with two or more downstream pipes) 

within the model were assumed to have diversion structures with weirs or other flow controls. 

Instead, the flow split calculations within the model are determined simply based on the 

hydraulic properties, primarily the upstream inverts, or the downstream pipes at the flow split 

locations.  

LIFT STATIONS 

The refined model network includes the same five lift stations as the macro-scale model. These 

lift stations include Hoosier Creek, South Hoosier, Indian Creek, Morgan Creek, and the Main 

Lift Station. Additional detail regarding how these lift stations were incorporated in the model, 

and why other lift stations were excluded from the model, can be found in TM 3.0 Hydraulic 

Modeling. No additional lift stations were added for this study. Future model refinements in other 

basins may require modeling additional lift stations. Loads from non-modeled lift stations are still 

incorporated into the model based on the dry weather and wet weather loading from 

sewersheds that include the lift station’s service area. 

SIPHONS 

Siphons were included in the GIS data provided by the City. Most of the City’s siphons are small 

and located along the West Side Interceptor. All of the siphons were modeled in the macro-

scale model by allowing the upstream water level to increase, to push the water through the 

siphon. The largest siphon is located along the East Side Interceptor at the Cedar River 

crossing. This river crossing was replaced in 2014 and the model includes the 800-linear-foot 

twin 30-inch-diameter and 36-inch-diameter inverted siphon. 
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Sewersheds 

The macro-scale model divided the Prairie Creek basin into 130 unique sewersheds to allocate 

dry and wet weather loading to the interceptors and trunk sewers in more detail. The average 

size of the sewersheds is 425 acres. Refinements to the model network in Fiscal Year 2018 

(FY18) for the East and West Interceptor basins required that two sewersheds near the Grande 

Avenue and Park Avenue neighborhood be split into 40 new sewersheds to better allocate dry 

and wet weather loading in order to provide additional detail at this known problem area. No 

additional sewersheds were subdivided as part of the Prairie Creek basin Study, instead the 

model was refined by splitting the loading to multiple locations within the existing sewershed.  

An example of the Prairie Creek sewersheds are shown in Figure 6.  

  

Figure 6: Example Sewersheds in the Prairie Creek Basin 

Base Flow Allocation 

Base flow in the refined model was allocated to the system by dividing the flow into the same 

three components outlined in the development of the macro-scale model, base residential and 

commercial sanitary flow, significant industrial flows, and groundwater infiltration.  
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BASE SANITARY FLOW 

In the development of the original macro-scale model, the residential and commercial 

components of BSF were allocated using TAZ polygons provided by the City. As previously 

described, TAZ data was used to calculate the population and number of employees within each 

sewershed. The resulting population was multiplied by an industry average value of 66 gallons 

per capita per day (gpcd) to convert the population to a flow. The resulting number of 

employees was multiplied by an industry average value of 30 gallons per employee per day 

(gped) to convert the number of employees to a flow. Both values are based on averages 

provided in American Society of Civil Engineering (ASCE) Engineering Practice No. 60, Gravity 

Sewer Design and Construction. 

The residential and commercial components of BSF for projected future flows were calculated 

based on EnvisionCR development growth for both areas that are within the existing sanitary 

service area and for areas that outside of the City’s sanitary service area, such as the south and 

southwest areas that would tie into the Prairie Creek basin. Projected population for the south 

and southwest growth areas are discussed in TM 7.3 and TM 7.5 of the Sanitary Sewer Master 

Plan. Previous basin-scale models (East and West Interceptor basins) used the 2040 TAZ 

population projections for areas within the City’s existing sanitary service area; however, this 

method was not used for the Prairie Creek basin because much of the basin is currently 

undeveloped and the City’s EnvisionCR development plan provided a more conservative results 

when compared to 2040 TAZ projected populations.   

The City provided daily flow data from November 2014 through February 2015 for 14 significant 

industrial users. The significant industrial users and corresponding flow used in the modeling is 

summarized in Table 4. Their locations are shown in Figure 7. ADM Dry Grind, JRS, ADM Co-

Gen, ADM, Red Star, Biospringer, PMX, and General Mills are located in the Prairie Creek 

basin. These industrial flows used in the development of the macro-scale model were also used 

in the refined model outline in this TM. 

Table 4: Significant Industrial Users 

Significant Industrial User Average BSF (million gallons per day [MGD]) 

Penford 2.3 

Quaker Oats 0.3 

Cargill 1.6 

Genencor 0.9 

Jrs 0.4 

Adm 6.4 

Pmx 0.3 

Adm Co-Gen 0.1 

General Mills 0.3 

Adm Dry Grind 2.9 

International Paper 2.1 

Red Star Yeast 0.9 

Biospringer 0.3 

Sunopta 0.2 

Total Flow 19.0 
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Figure 7: Industrial Sanitary Sewer Users in Cedar Rapids 
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The diurnal patterns developed for the macro-scale model were used for the refined Prairie 

Creek basin model. The diurnal patterns were initially developed by calculating a pattern from 

flow monitors representing predominantly residential and commercial flows and then adjusted 

as part of the calibration process. The commercial and residential diurnal patterns are shown in 

Figure 8. Industrial flows were assumed to be constant at the average flow rates identified in 

Table 4. 

 

Figure 8: Residential and Commercial Diurnal Patterns 

GROUNDWATER INFILTRATION 

GWI was estimated in the macro-scale model by allocating the difference in flow at each of the 

primary meters to the upstream sewersheds based on contributing areas as a constant GWI. To 

better account for local differences in GWI within the Prairie Creek basin, GWI was allocated 

using secondary flow meters. 

RDII FLOW ALLOCATION 

The wet weather flow was allocated based on land use within each sewershed. Land use was 

split into four groups (Residential, Commercial, Open Space, and Other) and established as 

runoff surfaces within InfoWorks ICM. Each runoff surface is treated separately within the model 

and runoff parameters can be adjusted for each surface independent of the other surfaces. Both 

the Open Space and Other (large parks and other unsewered areas) land uses were set to have 

zero contribution to the wet weather flow allocation as the collection system is not in the vicinity 

of these land uses to affect the system’s RDII. 

The existing wet weather flow was allocated as described in TM 3.0 Hydraulic Modeling based 

on existing land use categories (see Figure 9). These land use categories are used to estimate 
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runoff and percent captured by the sanitary sewer network. For the macro-scale model, RDII 

was adjusted on a basin wide basis to validate to the downstream primary meters. In the refined 

Prairie Creek basin, the RDII was further adjusted to refine the model calibration to secondary 

meters in each basin. The future wet weather flow was allocated based on future land use 

categories (see Figure 10) provided within EnvisionCR. This future land use was used to create 

runoff surfaces within the existing sewersheds to estimate a future RDII response using the 

same parameters as the existing conditions.  

Model Refinement Assumptions 

NETWORK REFINEMENT 

The refinement of the 1D flow network in the Prairie Creek basin was developed using the best 

available information from GIS and several other sources. In some cases, the data sources 

conflicted and in other cases multiple sources seemed questionable. In multiple locations, the 

model inverts needed to be corrected to maintain positive sewer slopes. Engineering judgment 

was used to identify the likely physical situation. 

Eastern Iowa Airport 

Since no flow meter data was available, sanitary flows from the Eastern Iowa Airport (CID) were 

represented using standard values for airport passengers and employees. The CID Airport 

deicing waste is pumped through the sanitary sewer system from the airport to a sanitary sewer 

line located near 18th Street SW and 76th Avenue SW. The pumping season for deicing waste is 

typically from October 1 through May 31 and the 3 year average (2016-2018) waste flow for the 

deicing pump station is 0.08 MGD. Deicing waste flow from the CID Airport deicing pump station 

was not represented in the model because the pumps are not used year-round and the average 

deicing waste flow is small compared to daily passenger and employee sanitary flow estimates.  
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Figure 9: Existing Land Use 

 

Figure 10: Future Land Use 
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ENERGY LOSSES 

Major losses in gravity sewers were represented using Manning’s n values and a roughness 

coefficient value unique to each pipe material. Major losses in force mains were represented 

using Hazen-Williams roughness coefficients. Energy losses at manholes are calculated using 

the InfoWorks ICM built-in normal head loss relationship. This method calculates energy losses 

based on the velocity and depth in the pipes upstream or downstream of the manhole. The 

method used does not account for losses due to pipe entry or exit angles. This method was 

developed assuming that manholes are well-constructed and was selected for this analysis for 

its applicability to the variety of manhole junction types present in the City’s GIS database. 

DOWNSTREAM BOUNDARY CONDITION 

The downstream boundary condition for the model was set as a free outfall at the end of the 

Anaerobic Conveyance Sewer at the Indian Creek Lift Station and the outfall of the Main 

Interceptor at the Main Lift Station at CRWPCF. Hydraulics within the CRWPCF was not 

modeled. 

Further Refinements 

Modeling efforts were focused on using available data from the City’s GIS database and 

secondary flow metering for refining the macro-scale model 1D hydraulic network within the 

Prairie Creek basin. BSF is based on per capita residential and per employee commercial flows. 

Industrial flows were based on metered flows near the outlets from major industries. GWI and 

RDII were both input based secondary flow meter calibration in the Prairie Creek basin and 

macro-scale major trunk sewersheds for the remaining basins. Refinements in these two basins 

improve confidence in model results in upstream portions of the network as well as in the major 

interceptors and trunk sewers. 

Model Calibration 
Macro-scale model results at the five primary sewer meters and the CRWPCF were generally 

calibrated to primary meter flow data by modifying dry weather and wet weather loading 

parameters in the upstream catchment areas. Figures showing the RDII wet weather flow data 

and macro-scale model results for all secondary meters are provided in TM 3.0 Hydraulic 

Modeling, Attachment C.  

Refined model results were generated and calibrated to secondary flow meter data within the 

Prairie Creek basin. Figures showing the RDII wet weather flow data and model results for 

relevant secondary meters are outlined in the following sections.  

Base Flow Calibration 

The refined model was validated to primary and secondary meter flows during an extended 

period without precipitation to determine GWI and a base sanitary flow. Basins calibrated to 

primary meter data during development of the macro-scale model were not modified or updated 

as part of this study. The following periods were selected for calibration to represent a flow 

condition during a period with no rainfall but prior to a rainfall event; February 20-22, 2017, May 

12-14, 2017, November 11-13, 2018, November 16-18, 2018, and December 16-18, 2018. This 

flow condition is representative of a condition with higher GWI than during the winter when flows 

in the system are at a minimum. 
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The objective of this base flow calibration was to replicate the diurnal patterns and peak flow at 

primary and secondary meter locations within the Prairie Creek basin that had accurate data 

collected during the calibration period chosen as part of the original model development effort. 

The model was run for the calibration periods, and was compared to the flow meters. A 

comparison of model results with measured flow at primary and secondary meters is 

summarized in Table 5 and shown in Figure 11 through Figure 17. Primary and secondary 

meters within the Prairie Creek basin validated well to flow volumes and fairly well to peak flows. 

Additionally, diurnal patterns generally matched for each of the meters.  

RDII Calibration  

The refined model’s RDII response was validated to the August 12-13, 2016 storm event. The 

Prairie Creek basin model results were validated against event flows in the same primary and 

secondary meters used to validate these basins for base flow. The model calibration involved 

adjusting the percentage of rainfall on each runoff surface contributing to the sewersheds and 

adjusting parameters that determine the shape of the runoff response and RDII volume entering 

the sanitary sewer network. A comparison of model results with measured flow at primary and 

secondary meters is summarized in Table 6 and shown in Figure 18 through Figure 21. 

For the four meters that had data during the calibration storm event, model flow validated well 

against meter data, especially until the meters experienced surcharged conditions. Three 

meters either did not have data available for the selected storm event or recorded a flow a zero 

MGD during the event. It is assumed that a recording of zero MGD indicated a malfunction in 

the meter. 

Table 5: Base Flow Calibration Summary 

Meter 
Location 

Calibration 
Period 

Meter 
Volume 

(MG) 

Model 
Volume 

(MG) 
% 

Difference 

Meter 
Peak 
Flow 

(MGD) 

Model 
Peak 
Flow 

(MGD) 
% 

Difference 

33rd Ave 
February 

20-22, 2017 
3.86 4.07 5 1.691 1.48 -12 

Hawkeye 
November 

11-13, 2018 
3.84 3.83 0 1.55 1.47 -5 

Hawk 42 
November 

16-18, 2018 
35.61 36.52 3 15.44 13.93 -10 

J Street 
November 

16-18, 2018 
43.66 42.04 4 16.00 15.48 -3 

Bowling 
Street SW 

May 12-14, 
2017 

3.25 2.93 -10 2.201 1.00 -54 

Jones 
December 

16-18, 2018 
50.98 48.38 -5 18.77 17.34 -8 

Prairie 
Creek 

December 
16-18, 2018 

53.80 51.22 -5 19.40 18.21 -6 

1 Erroneous meter peak flow 
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Table 6: RDII Flow Calibration Summary 

Meter 
Location 

Calibration 
Period 

Meter 
Volume 

(MG) 

Model 
Volume 

(MG) 
% 

Difference 

Meter 
Peak 
Flow 

(MGD) 

Model 
Peak 
Flow 

(MGD) 
% 

Difference 

33rd Ave 
August 12-
13, 2016  

5.93 5.29 -11 4.29 4.33 1 

Hawkeye2 August 12-
13, 2016  

-- -- -- -- -- -- 

Hawk 422 August 12-
13, 2016  

-- -- -- -- -- -- 

J Street 
August 12-
13, 2016  

5.10 4.78 -6 6.29 5.40 -14 

Bowling 
Street SW 

August 12-
13, 2016  

3.88 3.21 -17 3.531 3.12 -12 

Jones2 August 12-
13, 2016  

-- -- -- -- -- -- 

Prairie 
Creek 

August 12-
13, 2016  

59.89 59.9 0 30.75 31.69 3 

1 Erroneous meter peak flow 
2 No data available or assumed meter malfunction  

 

 



City of Cedar Rapids | Prairie Creek Hydraulic Model Study 
Technical Memorandum 

 
 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

hdrinc.com 
 

26 

 

Figure 11: Base Flow Calibration Results – 33rd Ave 

 

Figure 12: Base Flow Calibration Results – Hawkeye 
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Figure 13: Base Flow Calibration Results – Hawk 42 

 

Figure 14: Base Flow Calibration Results – J Street 
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Figure 15: Base Flow Calibration Results – Bowling Street SW 

 

Figure 16: Base Flow Calibration Results – Jones 
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Figure 17: Base Flow Calibration Results – Prairie Creek 

 

Figure 18: RDII Calibration Results – 33rd Ave 
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Figure 19: RDII Calibration Results – J Street 

 

Figure 20: RDII Calibration Results – Bowling Street SW 
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Figure 21: RDII Calibration Results – Prairie Creek 
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Historical Problem Areas 

As further discussed in TM 1.0 Existing Sanitary Sewer System, the City’s sanitary sewer 

system has experienced SSOs, due to blockages and/or wet weather capacity bottlenecks due 

to RDII. Those caused by blockages such as fats, oils, and grease, debris, and root intrusions 

are the targets of preventive maintenance through the City’s maintenance program as captured 

in the 2010 CMOM Report. Those caused by wet weather capacity bottlenecks due to RDII are 

the targets of the City’s rehabilitation and replacement programs. In both cases, the numbers of 

SSOs are trending downward and are below national averages.  

Figure 22 shows SSO locations from 2008 to 2015 differentiating those related to extreme 

events (wet weather and flooding) from those related to other issues. Figure 35 shows reported 

sewer overflow and basement backup incidents associated with the June 29–30, 2014, extreme 

wet weather event. Both figures show several locations with clusters indicating locations of 

potential capacity deficiencies.  

The largest clusters of SSOs occurred within the Prairie Creek basin indicating the greatest 

quantities of RDII and/or the largest potential system capacity deficiencies are in these areas. 

Smaller clusters of SSOs occurred within the Indian Creek and Prairie Creek Interceptor basins 

where recent and planned improvements to both interceptors could reduce the potential for 

SSOs in these locations in the future. 
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Figure 22: SSO Incident Map, 2008–2015, with Macro-scale Model Results 
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Figure 23: Summary of Reported Sewer Overflow and Basement Backup Incidents, June 29–30, 2014 
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System Capacity Analysis 
The validated refined model was run under the DWF conditions and the 2-year and 5-year 

nested storm event conditions to assess potential capacity deficiencies and potential overflows 

under existing and projected future conditions within the Prairie Creek basin. The model was 

also used to assess potential improvements to enhance the performance of the collection 

system in these basins. 

Because this is a dynamic model that simulates time variable flows, backwater as well as 

capacity limitations can cause a surcharge condition, and a pipe may show up as surcharged 

when the real cause is a capacity restriction further downstream. Surcharging and backwater 

conditions for short periods of time are typical in many Midwest sanitary sewer systems and 

acceptable under more extreme events as long as there are not basement backups and / or 

SSOs. In this sense, the model is used primarily to locate areas with the potential to cause 

SSOs and compare those locations to locations that have experienced SSOs in the past, and 

then to identify improvements to remove the cause of the potential SSOs. 

Capacity Analysis Criteria 

Two different criteria were used to assess potential deficiencies related to limited capacity 

and/or excessive infiltration and inflow.  

The first criteria used to assess which pipe segments are capacity deficient is evaluating the 

ratio of the model predicted maximum water depth to the pipe diameter (d/D). Typically, a d/D 

greater than 0.8 in an interceptor is considered deficient as there is not much remaining 

capacity after this level in a circular pipe (only 6 percent additional capacity from 0.8 d/D to near 

full). InfoWorks ICM reports this ratio as the surcharge state and additionally reports whether a 

pipe segment is full due to backwater condition or the pipe segment flow is greater than the pipe 

capacity.  

A model predicted surcharge state that is greater than 0.8 d/D and the slope of the hydraulic 

grade line (HGL) is greater than the pipe slope indicates that the pipe is a possible bottleneck. A 

surcharge state that is greater than 0.8 d/D but the slope of the HGL is less than the slope of the 

pipe indicates that the pipe is surcharged due to 

backwater caused by a downstream bottleneck. 

To identify potential deficiencies, the d/D was 

categorized based on the criteria in Table 7. 

The second criteria used to assess potential 

deficiencies is to evaluate the potential risk of 

sanitary overflows or basement backups. 

Manholes were categorized based on the 

distance between the model predicted 

maximum water level in a manhole and the 

manhole rim elevation. The smaller the 

difference, the more likely the potential for 

backup into a basement or a sewer overflow. 

Table 7: Surcharge States  

Surcharge 
State  

Category 

d/D < 0.8 No Restriction 

d/D > 0.8 Potential Restriction 

d/D > 0.8 & 

 HGL slope < 
pipe slope 

Bottleneck 
Downstream 

d/D > 0.8 & 

 HGL slope > 
pipe slope 

Bottleneck Pipe 

 



City of Cedar Rapids | Prairie Creek Hydraulic Model Study 
Technical Memorandum 

 
 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

hdrinc.com 
 

36 

The distance from ground to the 

maximum water surface elevation was 

categorized based on the criteria in 

Table 8 for this analysis.  

The refined model results are intended 

to represent the general locations 

where the potential for basement 

backups and overflows exists. Most of 

the sewers in the model are 

constructed at a lower elevation than 

the local sewers and do not have direct service connections. 

Model Scenarios 

The following scenarios were simulated to initially assess deficiencies. All scenarios include the 

new and upcoming construction for the Prairie Creek Trunk Phase 2 and Waconia Street 

sewers as described in the Collection System Network GIS section of this TM. Additional 

scenarios were simulated to assess the feasibility and effectiveness of potential improvements. 

The additional potential improvement scenarios and model results are described in the Potential 

System Improvements section of this TM.  

 Existing DWF 

 Existing 2-year storm event 

 Existing 5-year storm event 

 Immediate Future DWF 

 Immediate Future 2-year storm event 

 Immediate Future 5-year storm event 

 Future (EnvisionCR) DWF 

Model results for the Prairie Creek basin for each scenario can be found in Appendices A, B, 

and C. 

EXISTING DWF CONDITION 

The refined model was run using the DWF conditions to initially assess the capacity of the 

sewer relative to existing conditions. The results of the existing DWF condition scenario are 

shown in Appendix A. No system deficiencies in the Prairie Creek basin were identified for this 

condition.  

EXISTING 2-YEAR STORM EVENT 

The refined model was run using the 2-year 24-hour nested storm event discussed in the 

Precipitation section to initially assess the capacity of the sewer relative to existing conditions. 

The results of the existing 2-year storm event model scenario are shown in Appendix A. No 

system deficiencies in the Prairie Creek basin were identified for this condition. 

EXISTING 5-YEAR STORM EVENT 

The refined model was run using the 5-year 24-hour nested storm event discussed in the 

Precipitation section to initially assess the capacity of the sewer relative to existing conditions. 

Table 8: Criteria for Classifying SSO Risk 

Max Depth to Rim Criteria 

> 3 feet 
Basement Backup 

Potential Not Predicted 

< 3 feet 
Potential Basement 

Backup Potential Predicted 

< 0 feet 
Overflow Potential 

Predicted 
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The results of the existing 5-year storm event model scenario are shown in Appendix A and the 

identified deficiencies are discussed in the System Deficient Areas section of this TM. 

IMMEDIATE FUTURE DWF CONDITION 

The immediate future condition includes the existing condition sanitary sewer service area plus 

the following potentially new developments in the Prairie Creek basin. 

 Bellwood Meadow Estates: northwest of Edgewood Road SW and Highway 30, near 

Banar Drive SW. The estimated population for this residential development is 165 

people. 

 American Prairie Addition: southeast of Wright Brothers Boulevard and Interstate 380. 

The estimated population for this residential development is 1,600 people. 

 JOCO 50 Addition: between 6th Street SW and Interstate 380. Estimated flow for this 

industrial development is 0.46 MGD.  

The refined model was run using the DWF conditions to initially assess the capacity of the 

sewer relative to immediate future conditions. The results of the existing DWF condition 

scenario are shown in Appendix B. No system deficiencies in the Prairie Creek basin were 

identified for this condition. 

IMMEDIATE FUTURE 2-YEAR STORM EVENT 

The refined model was run using the 2-year 24-hour nested storm event discussed in the 

Precipitation section over to initially assess the capacity of the sewer relative to immediate 

future conditions. The results of the immediate future 2-year storm event model scenario are 

shown in Appendix B and the identified deficiencies are discussed in the System Deficient 

Areas section of this TM. 

IMMEDIATE FUTURE 5-YEAR STORM EVENT 

The Immediate Future scenario is described in the previous section (Immediate Future DWF 

Condition). The refined model was run using the 5-year 24-hour nested storm event discussed 

in the Precipitation section to initially assess the capacity of the sewer relative to existing 

conditions. The results of the immediate future 5-year storm event model scenario are shown in 

Appendix B and discussed in the System Deficient Areas section of this TM. 

FUTURE DWF CONDITIONS 

The refined model was run to assess potential deficiencies under future conditions. The results 

of the future DWF condition scenario are shown in Appendix C and discussed in the following 

narrative as well as in the System Deficient Areas section of this TM.  

Several assumptions had to be made for how the system would respond in the future to events; 

particularly how much GWI and RDII would enter the system in the future. In general, the initial 

assumptions are conservative and assume the system would respond in the future the same 

way as the existing system responds now. More particularly, the following assumptions were 

used to model future flows:   

 Future land use was based on EnvisionCR  
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 Future population and employees were based on 2040 TAZ population projections with 

existing per capita and per employee flows.  

 No additional significant industrial users were added. 

 GWI for future growth areas was simulated based on an existing average GWI of 0.38 

gallons per minute per acre. 

 RDII for future growth areas was simulated based on the existing RDII response 

calibrated for that area   

 Flows generated from areas outside of the City’s sanitary service area (EnvisionCR 

northwest and west areas) were assumed to be the constant daily peak flow estimated in 

TM 7.2 and 7.4, respectively and therefore do not include RDII. 

Industrial flows are very difficult to predict and will depend on the specific industries occupying 

future industrial tracts. As indicated by about 19 million gallons per day of existing industrial 

flow, future industrial flows could have an effect not currently reflected in the model. 

Future GWI and RDII response will depend on multiple factors. These include future sewer 

construction materials and methods, policy enforcement to preventing roof drains, sump pumps 

and other sources from connecting to the sanitary sewer, and the effectiveness of ongoing 

rehabilitation and replacements programs.  

The need to be diligent in reducing infiltration and inflow from existing conditions and preventing 

infiltration and inflow from future sources is evidenced by both the numbers of potential 

deficiencies in the existing 5-year storm event results and the significantly increased number of 

deficiencies in the future 5-year storm events.  

System Deficient Areas 

Potential deficiencies in the Prairie Creek basin build on and refine the initial deficiencies 

identified in the original macro-scale modeling effort. By refining this model and validating 

results to secondary flow meters in each basin, these deficiencies can better inform the sanitary 

sewer system CIP. Capacity deficiencies are classified in three categories as described below; 

with Tier 1 deficiencies being the most critical. 

 Tier 1 Category Deficiency: Existing and immediate future 2-year storm events results in 

a potential overflow or backup at a sanitary manhole. 

 Tier 2 Category Deficiency: Existing and immediate future 5-year storm event results in a 

potential overflow or backup at a sanitary manhole. Future dry weather flow results in a 

potential overflow or backup at a sanitary manhole.  

 Tier 3 Category Deficiency: Existing 5-year storm event results in a peaking factor 

greater than 6. 

TIER 1 CATERGORY DEFICIENCIES 

No potential deficiencies associated with the existing 2-year storm event were identified. One 

potential deficiency, the South Hoosier lift station, was identified for the immediate future 2-year 

storm event. The deficiency, shown in Figure 24 is located near Interstate 380 and Walford 

Road. The South Hoosier lift station is undersized for the immediate future, which could 
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contribute to sanitary sewer backups. The additional sanitary flows estimated for the American 

Prairie Addition development are the cause of this deficiency. 

 

Figure 24. South Hoosier Lift Station Deficiency for Intermediate Future, 2-year Storm Event 

TIER 2 CATERGORY DEFICIENCIES 

Current Deficiency  

There is one potential deficiency identified for the existing conditions 5-year event. The existing 

condition 5-year storm event deficiency, shown in Figure 25, is located at the Jones Park Golf 

Course, east of Bowling Street SW. The regional trunk sewer that the Prairie Creek Trunk sewer 

drains to is over capacity, which causes a tailwater backup into Prairie Creek basin. The 

tailwater backup leads to potential sanitary sewer backups in the Jones Park Golf Course.  

There are no additional deficiencies identified for the intermediate future 5-year storm event 

conditions. 
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Figure 25. Jones Park Golf Course Deficiency for Existing, 5-year Storm Event 

Future Deficiency 

There are several deficiencies identified for the Future (EnvisionCR) DWF conditions. One 

deficiency, Shown in Figure 26, is located south of Waconia Avenue SW and near Willow Creek 

Drive SW. This deficiency is caused by the 21-inch sewer pipe being over capacity, which could 

cause sanitary sewer backups in the surrounding industrial developments.   



City of Cedar Rapids | Prairie Creek Hydraulic Model Study 
Technical Memorandum 

 
 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

hdrinc.com 
 

41 

 

Figure 26. Waconia Avenue SW Deficiency for Future (EnvisionCR) Dry Weather Flow Condition  

Several other deficiencies, shown in Figure 27 are located between 6th Street SW and Kirkwood 

Boulevard SW, and between 76th Avenue Drive SW and Walford Road SW. The primary cause 

of these deficiencies is Hoosier and South Hoosier lift stations being undersized. The 

undersized lift stations cause widespread backups and overflows in the commercial and 

residential developments in this area.  
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Figure 27. 6th Street SW and Kirkwood Boulevard SW Deficiency for Future (EnvisionCR) Dry Weather Flow 
Condition 

TIER 3 CATEGORY DEFICIENCIES 

There are two areas (subcatchments) that are identified as Tier 3 deficiencies for the existing 5-

year storm event. Model results indicate the two areas, shown in Figure 28, have a peaking 

factor greater than 6 for the existing 5-year storm event. A peaking factor greater than 6 

indicates a potential for high I&I in these areas.  
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Figure 28. Areas with a Peaking Factor greater than 6 for Existing, 5-year Storm Event 

Potential System Improvements 
There are three primary improvement strategies that can be employed to address the identified 

deficiencies and associated pipe surcharging, backwater conditions, and potential for SSOs: 

 Infiltration and inflow reduction through rehabilitation, repair or replacement, and 

disconnections. 

 Capacity improvements through infrastructure retrofits or additions 

 Storage improvements through infrastructure retrofits or additions 

Infiltration and inflow reduction includes cured-in-place lining of mains and manholes; sewer 

main and manhole defect repairs; service lateral rehabilitation or replacement; and foundation 

drain, roof drain, and sump pump disconnections. Capacity improvements include sewer 

replacement and upsizing; parallel relief sewers; lift station and force main expansion; and 

sewer extensions to support development. Storage improvements include lift station wet well 

expansions and equalization storage basins to capture and store rather than convey peak flows. 

The hydraulic model cannot identify blockages, or other maintenance related issues, that are 

responsible for SSOs. Purchasing the appropriate equipment to inspect and maintain the 



City of Cedar Rapids | Prairie Creek Hydraulic Model Study 
Technical Memorandum 

 
 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

hdrinc.com 
 

44 

collection system is an additional capital need. That equipment includes flow metering, video 

inspection by CCTV, root removal, and cleaning.  

Recommended Improvements 

Lift station deficiencies were evaluated in the refined model to approximate the pump size 

required to pass existing and future flows. In some cases, the downstream pipes do not have 

the capacity to convey the additional flows from the increased lift station capacity. Where this 

occurs, additional pipe capacity evaluation is required.  

Capacity deficiencies were evaluated in the refined model to approximate the improvements 

that would be required to remove the bottlenecks that cause backwater conditions and potential 

SSOs in the Prairie Creek basin for the existing 2- and 5-year storm event scenarios. Pipe 

upsizing for EnvisionCR projected flows was considered at all locations as the base 

improvement alternative. For simplicity, it was assumed that segments between bottleneck 

segments would be replaced as well as the bottleneck segments. 

Upstream infiltration and inflow reduction should be a priority for consideration, particularly for 

bottlenecks that are borderline deficiencies, do not have a significant future flow increase, and 

are in good condition. Similar to what was done with the parallel new and old West Side 

Interceptor sewers, relief sewers that parallel the existing sewer should be considered in some 

areas, particularly if the bottleneck is a relatively small portion of a longer stretch of sewer that is 

still in good condition and future flows do not exceed the capacity of adjacent segments of 

sewer.  

The recommended improvements are shown in Figure 29 and estimated cost for each 

improvement in described in the following sections. All improvements are focused on areas with 

a significant grouping of bottleneck pipe segments, backwater conditions and SSO and backup 

potential in the model results. Model results for the Prairie Creek basin with recommended 

improvements is included in Appendix D (Intermediate Future Conditions) and Appendix E 

(Future [EnvisionCR] Conditions). 

TIER 1 CATEGORY IMPROVEMENTS 

A summary of Tier 1 recommended improvements to address existing and intermediate future 

2-year storm event deficiencies is shown in Table 9. These improvements are considered high 

priority because the refined model showed potential for backups and overflows in the 

intermediate future 2-year storm event scenario. The total estimated cost for the Tier 1 Category 

Deficiency improvement is $760,000.  

Table 9. Tier 1 Category Deficiency Recommended Improvements 

Project Name 

Existing 
Capacity 

(MGD) 

Recommended 
Capacity 

(MGD) 

Order of 
Magnitude Cost, 

$millions 

South Hoosier Lift Station 0.86 2.60 0.76 

Total $0.76 



City of Cedar Rapids | Prairie Creek Hydraulic Model Study 
Technical Memorandum 

 
 

5815 Council Street NE, Suite B 
Cedar Rapids, IA 52402 

hdrinc.com 
 

45 

TIER 2 CATEGORY IMPROVEMENTS 

A summary of Tier 2 recommended improvements to address existing and intermediate future 

5-year storm event deficiencies and future (EnvisionCR) DWF deficiencies is shown in Table 10. 

These improvements are lower priority than the Tier 1 recommended improvements because 

the model showed potential for backups and overflows in the existing and intermediate future 5-

year event scenario, but not the 2-year event scenario. The total estimated cost for the Tier 2 

Category Deficiency improvement is $10,310,000.  

Table 10: Tier 2 Category Deficiency Recommended Improvements 

Project Name 

Existing 
Diameter 
(inches) 

Approximate 
Replacement 

Diameter 
(inches) 

Approximate 
Length  

(feet) 

Order of 
Magnitude 

Cost, 
$millions 

South of Waconia St 21 24 1,545 0.65 

West of 6th St SW 24-27 30 5,610 2.95  

6th St SW 1 18 27 410 0.19  

6th St SW 2 18 24 4,850 2.04  

South of Hoosier LS 18 21 4,340 1.60  

Prairie View 12 15 1,600 0.42  

South of Prairie View 10 15 2,080 0.55  

Total 10-27 15-30 20,440 8.40 

Project Name Existing Capacity 
(MGD) 

Recommended 
Capacity  

(MGD) 

Order of 
Magnitude 

Cost, 
$millions 

South Hoosier LS 3.0 12.0 1.91 

Total 3.0 12.0 1.91 

Total $10.31 

TIER 3 CATEGORY IMPROVEMENTS 

A summary of Tier 3 recommended improvements to address areas in existing 5-year storm 

event resulting in a peaking factor greater than 6 is shown in Table 11. These improvements are 

lower priority than the Tier 1 recommended improvements because the model showed potential 

for I&I in the existing 5-year event scenario, but not the 2-year event scenario. The total 

estimated cost for the Tier 3 Category Deficiency improvement is $18,030,000. 

Table 11: Tier 3 Category Deficiency Recommended Improvements 

Project Name 

Area  

(acres) 

Order of Magnitude Cost,  

$millions 

Wright Brothers Blvd W 1,540 15.42 

Walford Rd 260 2.61 

Total $18.03 
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Study Recommendations 
This refined model identifies the potential need for significant capital improvements that are 

sized for forecast future development conditions. This includes the potential need for $0.76 

million of Tier 1 recommended improvements based on existing and intermediate future 

conditions during a 2-year, 24-hour nested wet weather event. The potential need for Tier 2 

recommended improvements is $10.31 million. The Tier 2 recommended improvements 

address deficiencies in existing and intermediate future conditions 5-year, 24-hour nested event 

wet weather event and future (EnvisionCR) dry weather flow conditions. The potential need for 

Tier 3 recommended improvements is $18.03 million. The Tier 3 recommended improvements 

address I&I reduction in areas where the peaking factor is greater than 6 during the existing 5-

year, 24-hour nested event wet weather event. The total cost for the recommended 

improvements is $29.10 million. 

For budgetary reasons, it is anticipated that the remaining macro-scale model refinements and 

basin-scale models will be developed over the next few years through annual model updates for 

capital improvements planning and as warranted for specific project needs.  

Good flow metering data, particularly during wet weather, is critical to model calibration and 

calibration. As noted in the Collection System Infiltration Analysis/Pilot Program and WPC Main 

Lift Capacity Assessment, the timely availability and accuracy of flow metering data is an 

ongoing challenge, particularly during wet weather. Only limited data was available from the 

Prairie Creek, Indian Creek, and CRWPCF Influent flow meters during the wet weather period 

selected to validate the initial macro-scale model.  

The following recommendations apply to flow metering to aid in future modeling, planning and 

design efforts. 

 Increase efforts to address equipment issues, maintain, and calibrate flow meters to 

improve capture of accurate flow metering data during significant events. 

 Incorporate pre- and post-rehabilitation flow monitoring into rehabilitation projects to 

determine the effectiveness with respect to infiltration and inflow. 

 Provide new or modified CRWPCF influent flow metering facilities to enable all of the 

flow into the CRWPCF to be metered and recorded. 


