
 

Technical Memorandum 
Date: Friday, April 28, 2017 

Project: CR Automated Flow and Rainfall Monitoring 

To: Loren Snell 

From: Dave Dechant, Stephanie Fleckenstein 

Subject: Implementation Plan, Schedule, and Cost Estimate 

1 Purpose 
This memorandum expands upon the automated flow and rainfall monitoring program to provide a 
plan, estimated cost and schedule focused on implementing the recommendations in TM 300. 

The recommendation to continue with battery powered meters does not require any immediate 
changes.  

Wireless communication will require upgrades to equipment in flow meters and rain gauges. The 
process will begin with a signal strength test and be complete when the new equipment is installed 
and operational in the field.  

The hosting and reporting recommendation using FlowWorks begins with a trial demonstration 
period and is complete when all meters have been set-up and incorporated to the online platform.  

Ongoing support for data interpreting and consulting is recommended to increase the value of the 
flow monitoring program. It is recommended the City request proposals for this service. Information 
detailing the desired services is presented in Section 2.4 

2 Plan 
The process required for flow monitoring automation includes a site investigation for each monitoring 
location, equipment procurement and installation, data platform configuration, platform training, and 
contracting ongoing data analysis consultation. The following sections detail each step.  

2.1 Site Investigation  
While nearly all of the meter locations to be automated have existing flow monitors in place, the 
value of the data collected increases if the site can be reviewed for a preferred flow regime. The 
majority of sites to be automated are existing meter locations where ample historical data is 
available. For validation of the flow regime, it is recommended scattergraphs are prepared and 
reviewed by a Consultant for existing meter locations. The City has historical knowledge of each 
location after various site visits to replace batteries and collect data. It is recommended that Steve 
Salyer confirm existing or absent flow regime anomalies (side stream, irregular flow, etc.) for all 
existing sites. The two step process of reviewing historical scattergraphs and Steve Salyer’s review 
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of physical conditions will be sufficient to confirm absence of manhole hydraulic interferences and 
confirm a good flow regime. 

The exact location of the new sites locations of Bowman Woods, Kenwood, McCloud, Wiley Blvd, 
and Hawkeye will be identified and field validated by Steve Salyer.  

In addition to reviewing the hydraulics, the signal strength for wireless communication will be tested. 
Appendix A shows example forms to be used for the site investigation. This field visit is intended to 
focus on signal strength, however if more information is needed to verify the flow regime of the new 
sites, a flow regime inspection could be performed at this time as well.  

2.1.1 Suitability for Metering Location 
The suitability of the selected metering location impacts the value of the program. If there is 
interference either upstream or downstream of the determined manhole the data will not yield useful 
results in increased understanding of the system performance as is a desired outcome of the 
automation project. This condition may also create issues during data analysis causing one to 
misinterpret the influence of infiltration and inflow due to a poor monitoring site selection. An 
acceptable hydraulic flow regime should have: 

• No rapid changes in slope across manhole 
• Straight-through horizontal alignment 
• No entering side streams 
• Minimal grit accumulations normal velocities preferably in the 1 to 5 feet per second range 
• Good invert shape 
• Pipe smoothness with no standing waves 

New metering locations will also require site investigation for a review of the access and condition of 
the manhole for instance if it is in a high traffic area or has been buried.  

2.1.2 Signal strength 
During the refine the concept workshop, the City’s relationship with their service provider, Verizon 
was discussed. To evaluate the two way signal strength at each location, the forms shown in 
Appendix A should be used. Both CDMA and 1xRTT protocols (two-way communications and the 
ability to push-out data) are needed in all areas. Manhole coordinates from the City’s infrastructure 
viewer can be provided to the cellular provider, Verizon, prior to the site survey to verify strength. To 
verify signal strength at each of the specific locations, Verizon recommends utilizing an Android 
smartphone and recording the signal strength surrounding the manhole.  An Android smartphone will 
report signal strength for all service netowrks (LTE, 4g, CDMA, 1xRTT, etc.).  

Existing City contracts with Verizon should be reviewed for the limitations on data package size to 
verify that the existing contract can accommodate the monthly volume of data anticipated to be 
generated from each site.  

The rating (number of bars) available will dictate which type of antennae is most appropriate in each 
location. Cellular signal strength significantly changes by the placement of the antenna, both 
vertically and horizontally.  For buried type antennas, signal strength should be directly measured on 
top of the ground with the antenna in placed at differing distances from the manhole and at least four 
different directions from the manhole at 90 degrees apart.  HDR will note proximity to interferences, 



such as power lines and confined areas next to tall buildings and trees. If a buried antenna is not 
possible, the Consultant will determine if pole mounting or above-grade panels could be used 
instead. If the signal strength is prohibitively low, it may be best to move the flow meter to an 
adjacent location. While in the field the team will also confirm locations of buried utilities. 

2.2 Platform Set-up 
The FlowWorks platform has standard layout sections but also has a potential for custom reports or 
applications. To be sure the FlowWorks platform is best fit to address the needs of the City, there is 
a questionnaire to determine which tools will be used on the City’s FlowWorks platform.  

The City has gathered and provided historic data for a representative number of locations to be used 
for a temporary demonstration of how data could be presented real time. A list of users (City staff) 
has been provided by the City to FlowWorks.  

The initial demonstration is valid for 90 days. Users for the Demonstration are shown in Appendix C.  

Appendix B provides the template needed to incorporate each of the 44 sites to the FlowWorks 
platform. FlowWorks receives data through the wireless modem and will display that data throughout 
the platform. The platform setup will occur in 2 stages. The first will include the 7 wireless ready 
locations. The remaining 37 locations will be incorporated once field work is complete.  

2.3 Equipment Procurement 
The equipment to be updated includes 25 flow meters and 7 new rain gauges to be upgraded to 
wireless communication. Seven existing meters are already wireless ready and 5 new wireless ready 
ADS flow meters have already been acquired for the future locations.  

HDR will prepare a bidding package for flow monitoring equipment procurement and installation.  
Once that document is prepared, the City will advertise for bids, receive bids on a defined date and 
time, review those bids, and award a contract for equipment purchase and installation.  Contractor in 
turn will purchase and install the equipment.  

The schedule shown in Figure 4.1 shows the required time for the equipment installation. The 
schedule will allow all of the automated meters to be online for the wet season of 2018.  

Following installation, the contractor will confirm the functionality of all of the new equipment.  

Table 2.1 Equipment Cost Details 

     Unit 
 

$/Unit Cost 
 7 No Change - Wireless Ready  $           -     $               -    
 12 ADS Conversion  $    1,850   $       22,200  
 13 Telogers (Keep 13 existing sensors)  $    2,210   $       28,730 
 5 ADS New  $    5,620   $       28,100  
    $       79,030  

     
7 RG-32 Rain Gauge  $    2,000  $       14,000  



       $       14,000 
  Contingency (30%)  28,000  

 Total Equipment Cost  121,000  
     
 Furnish and Install Equipment, complete   $    5,000  $        220,000  
   $        220,000  

 Total    $341,000  

     
 

 

2.4 Ongoing Data Interpreting and Consulting 
The most significant outcome of the automated flow monitoring project is an increased 
understanding of the system’s performance. In order to extract the greatest value from the data 
collected, it is recommended to have an expert on-call that has a well-established understanding of 
the system and can review, analyze, and interpret the data. There will be questionable data collected 
and if the associated scattergraph is not clearly defined, further analysis, interpretation, and 
refinement of the data can be directed by an expert. With time, the City may develop such expertise, 
but initially it is recommended that an experienced third party be on-call for this purpose. The third 
party will review and process the raw data, identify and adjust questionable data, identify calibration 
or other needs in response to questionable data, and be on-call for interpretation of data. 

The following sections detail the services to be provided for data interpreting and consulting.  

2.4.1 Services Desired  
• Raw Data  
• Processing 
• Interpretation and consulting 
• Tech support 

Raw data analysis will identify basic issues like when data is not be collected properly but will also 
identify other situations where data may not be usable such as drift or zeroed values. Post 
processing of the data will include trending and seeking to identify anomalies. The post processing 
scrub verifies how the data collected relates to historical data and current conditions (impacts of wet-
weather). At times where the trending or graphed data is not clearly, an expert may be able to make 
suggested adjustments to improve the quality of the data collected or interpreted what structures 
may be impacting the given manhole. Scattergraphs are one such tool to understand conditions in 
the manhole through displaying depth and velocity data. If the data is not clearly defined, the City 
would benefit from expertise on-call to figure out why and how to improve for the next wet weather 
event.  

2.4.2 Potential Providers 
FlowWorks does provide standard tech support for issues with the data platform support, but does 
not provide raw data review, processing, or interpretation. In short, FlowWorks does not provide 



support for engineering decisions. They often communicate with utilities and public works 
departments but only as it relates to manipulating and displaying data. They do not provide the 
support described in Section 2.4.1. The City will need to establish a contract with a sewer-specific 
data analyst.  

Service providers have described the data analyst and consultant role as one customized to the 
needs of the City. For that reason, it is recommended that HDR work with the City to solicit 
proposals from ADS, RJN, and potentially others for raw data review, processing, and interpretation. 
Both providers have previous experience and are interested in presenting their services to the City.  

3 Estimated Costs 
3.1 Site Investigation 
The estimates presented in TM 900 include one week in the field, tabular summary of findings and a 
meeting for discussion at $18,000.  

3.2 Equipment 
The estimates presented in TM 900 include preparation of a bidding package, assistance with 
bidding and administration of a contract for equipment procurement and installation at $33,000.  This 
is in addition to the $121,000 to purchase equipment and $220,000 identified to install the equipment 
noted in Section 2.3. 

3.3 FlowWorks Platform Set-up 
The FlowWorks initial set up will incorporate the seven wireless ready locations. The remaining sites 
will not be available to be incorporated until the following wet season. Therefore, the anticipated 
costs for the first year are $3,220. The costs will be $19,540 the second year when all of the meter 
locations are available on the FlowWorks platform. Unit costs per location based on costs provided 
by FlowWorks. 

Table 3.1 FlowWorks Platform Cost Details 

  
 

   
 

Wireless Ready 
 

 
Unit 

 
$/Unit Cost 

 
 

7 Setup Fee  $      100   $             700  
 

 
7 Ongoing Subscription  $      360  $          2,520  

 

 
   $       3,220 

 
   

 

   
 

Full System (Wireless Read + Remaining Locations) 
 

 
Unit 

 
$/Unit Cost 

 
 

37 Setup Fee  $      100     $         3,700    
 

 
44 Ongoing Subscription  $      360  $       15,840  

 

 
   $       19,540 

 
 



3.4 Ongoing Data Interpreting and Consulting  
The estimated need for ongoing data support is greater at than beginning of the project than the 
subsequent years of the program. For the initial scattergraph review and installation troubleshooting 
a estimated $30,000. After this initial high demand for data support the program will taper down and 
have regular demand for reviewing problem areas at approximately half of the time required for the 
years following. Estimated costs provided by ADS and RJN ranged from $90,000 to $180,000 for all 
meters. Due to the range in pricing, it is highly recommended to have the scope of work reflect the 
exact activities desired by the City. This will allow for the service and corresponding costs to be 
comparable as they will only included the services desired by the City.  

HDR will prepare documents soliciting proposals for the services described in Section 2.4.  

3.5 Project Costs 
Task Cost ($) 
Site Investigation   18,000 
Flow Regime Review (Scattergraphs) 15,000 
Bidding Package & Equipment Procurement   33,000 
Equipment Furnish and Install 341,000 
Platform Set-up- Year 1 (7 locations)   3,220 
Platform Set-up – Year 2 (37 locations) 19,540 
Initial Data Analysis and Management  30,000 

Initial Program Costs 460,000  
 

Task Cost ($) 
Ongoing Platform Cost    15,840 
Operation Costs (Data and Battery) 11,220 
Ongoing Data Analysis and Management 15,000 

Annual Cost  45,000 
 

4 Implementation Schedule 
The implementation schedule is expected to begin immediately. To streamline implementation, one 
consultant will be selected to perform site investigation, equipment installation, and on-going data 
analysis. HDR will assist with preparation of request for proposals and solicit proposals for third party 
site investigation, equipment installation, and on-call consulting, and assist with award of contract for 
these services. Site investigation is to be arranged and performed immediately following the 
selection of the Consultant. After the signal strength is verified and the types of antennas needed are 
confirmed, installation can begin. Platform development and customization can begin as soon as a 
trial agreement with FlowWorks is completed. 



 

Figure 4.1 Implementation Schedule 
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The schedule reflects the following activities and responsibilities. 

1. HDR prepares request for and solicits proposals for third party site investigation, equipment 
installation, and on-call consulting, and assist with award of contract for these services. 

2. HDR prepares procurement document, and assists with administration of equipment 
procurement and installation.  

3. City works with FlowWorks to demonstrate platform using historic data. 
4. City provides FlowWorks site setup information for existing wireless capable sites 
5. City contracts with FlowWorks to develop platform, provide training, and begin displaying 

data for existing wireless capable flow meters. 
6. City provides FlowWorks site setup information for additional flow and rainfall sites  
7. City contracts with FlowWorks for platform expansion to include additional flow and rainfall 

meters when wireless capable. 
8. Consultant works with City to review representative historic flow meter data and validate flow 

regime and accuracy of current flow meter locations and to identify and install flow meters in 
new locations. 

9. Consultant works with Verizon to conduct signal strength survey and identify antenna 
requirements at each location. 

10. Consultant procures, installs, and demonstrates functionality of equipment. 
11. Consultant provides data review, processing, and interpretation, and on-call consulting for 

wireless ready flow meters. 
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Appendix A – Flow Metering Site Inspection Form
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Appendix B – FlowWorks Site Setup Sheet 
Table B.1 Example of Necessary Data 

Site Names Internal Site Name RG05342 
Displayed Site Name City Hall Rain Gauge 

Required Site Details 

Client Number 0100 
Billing Type Standard/Permanent 
Site Status Active 
Site Type Rainfall 

Collection Method FTP 

Data Source 
Data Source None 

Database Leave blank 
FTP Import ftpfsdata-Custom Format 

Optional Site Information 

Call in Frequency 1440 
Time Zone -8 
Latitude 47.597284 
Longitude -122.324922 
Street Address (Optional) 606 Main Street, Seattle, WA 
Default Units US Standard 

Custom Permissions & Resources 

Enable Rainfall Tools Yes 
Default IDF Curve Client Specific 
Enable I&I Tools No 
Units for I&I Tool gpm 

Enable Photo/Visual Tools No 
Enable Custom Screen 

Link No 
Enable Apps Link No 

Channel Details 

Channel 1 Name Rainfall 
Channel 1 Units in 
Channel 2 Name Temp 
Channel 2 Units °C 
Channel 3 Name   
Channel 3 Units   
Channel 4 Name   
Channel 4 Units   
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Appendix C – Demo Details 
Users for FlowWorks Demo Site 

• DavidW@cedar-rapids.org 
• l.snell@cedar-rapids.org 
• j.koller@cedar-rapids.org 
• r.hesemann@cedar-rapids.org 
• MikeK2@cedar-rapids.org 
• s.salyer@cedar-rapids.org 
• jimv@cedar-rapids.org 
• a.kinnear@cedar-rapids.org 
• s.pumphrey@cedar-rapids.org 
• m.feuerhelm@cedar-rapids.org 
• j.suchan@cedar-rapids.org 
• r.bemrich@cedar-rapids.org 
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