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1.0 Executive Summary 

1.1 INTRODUCTION 
The City of Springfield (City) runs an award-winning sewer program.  The City enjoys an excellent 
record of compliance at its two wastewater treatment plants (WWTPs).  It also boasts an efficient 
cleaning and maintenance program that minimizes dry-weather sewer overflows (caused by 
blockages, tree roots, grease, etc.).  However, the City’s sewer collection system is dated and in need 
of rehabilitation and repair.  During wet-weather events and periods of elevated ground water, 
storm water enters the sewer system through defects in the collection system.   

The City has been engaged with local citizen stakeholders for years in planning ongoing sewer 
system improvements.  This is one part of the City’s award-winning education and public outreach 
program and a cornerstone to the Integrated Plan for the Environment (Integrated Plan) initiative. 

One key aspect of the City’s integrated planning is its development of an Overflow Control Plan 
(OCP) to control sanitary sewer overflows (SSO) from its collection system during wet-weather 
events when the sewers can become overwhelmed by surface runoff and ground water intrusion.  
The OCP is a requirement of the City’s Amended Consent Judgment (ACJ) with the Missouri 
Department of Natural Resources (MDNR).  The City is proposing a unique, common sense OCP that 
is right for the Springfield community by investing in critical infrastructure while addressing 
environmental obligations under federal and state laws.   

To assist with the development of the OCP, the City has focused resources toward developing, 
implementing, and evaluating programs and pilot projects that will provide critical information on 
the most affordable and cost-effective way to address wet-weather overflows.  These efforts were 
necessary to gather data on the existing system and understand how the collection system and 
treatment plants respond to wet-weather events.  To date, the following programs and projects 
have been implemented by the City: 

 Collection System Hydraulic Model Development. 

 Treatment Plant Assessment. 

 Sanitary Sewer Evaluation Survey (SSES). 

 Pilot Private Inflow/Infiltration Abatement. 

 Public Sewer Rehabilitation. 

Data and results from evaluations on the above projects were used to identify and compare 
potential solution sets to control SSO as part of the Adequate Wet-Weather Capacity Analysis.  A 
financial capability and affordability analysis was also completed to provide an objective view on 
the City’s residents’ financial ability to construct and operate improvements to the sewer system.  
By evaluating the results of the adequate wet-weather analysis and financial capability analysis 
(FCA) in conjunction with the City’s integrated planning initiative, the City has identified a plan to 
invest $200 million in wastewater-related improvements over a 10 year period.  This approach 
allows the City to implement projects and prioritize resources to reflect the community’s 
environmental priorities.  This plan is presented in detail in this report, entitled City of Springfield 
Environmental Services Overflow Control Plan.   
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1.2 COLLECTION SYSTEM HYDRAULIC MODEL DEVELOPMENT 
The City’s sanitary sewer system model was initially updated and calibrated in 2012, using data 
collected during flow monitoring conducted in the spring of 2012 as part of the City’s OCP.  Spring 
2012 was a relatively dry period that was also preceded by a lengthy dry period and was not 
believed to be representative of the typical rainfall Springfield experiences.  As such, flow 
monitoring was also conducted during the spring of 2013.  During the spring of 2012, flow data 
were collected at 68 monitoring locations.  Based on flow monitoring results from the 2012 
metering period, additional monitoring locations were needed to improve model calibration.  A 
total of 44 additional monitors were included in the spring 2013 monitoring period.  Flow data 
were collected at 112 sites within the collection system during the spring 2013 flow monitoring 
program, and rainfall data were collected from 39 rain gauges located throughout the collection 
system.  The data collected were used to update the calibration of the City’s sanitary sewer system 
model. 

1.2.1 System Description 
The City’s collection system model was developed in InfoWorks CS.  The model contains all 
interceptors and certain smaller pipes that were deemed important for model calibration (e.g., flow 
monitor was located on an 8 inch line or where smaller upstream pipes had a large impact on the 
downstream interceptors) for a total of 1,400,000 linear feet (LF) of pipe.  The north system model  
comprises approximately 300,000 LF of pipe, three pump stations (two of which pump flow from 
customer cities connected to the north system), and a 4 million gallon (MG) holding pond controlled 
by a manually operated gate.  The south system model comprises approximately 1,100,000 LF of 
pipe and five pump stations (one of which pumps flow from a customer city). 

1.2.2 Storm Selection 
A critical storm analysis was performed to select the design storm(s) used for the cost-effectiveness 
and marginal cost analyses.  Five design storms were selected with a combination of rainfall 
distributions and durations for a 5 year recurrence interval to determine which storm placed the 
most stress on different areas of the collection system.   

1.2.2.1 Results 
The design storm for sections of pipe in the sanitary sewer system was determined to be the storm 
that caused the maximum peak flow.  The 5 year, 24 hour, Third Quartile Huff design storm had the 
largest number of pipes with the highest peak flow at 51 percent of the total number of conduits in 
the system.  The 5 year, 6 hour, Third Quartile Huff storm had the second largest number of 
conduits with the highest peak flow at 27 percent of the conduits in the system. 

Because the 5 year, 24 hour, Third Quartile Huff design storm had the highest peak flow and 
volume, it was selected as the storm that would be used to size collection system storage and 
treatment for the adequate wet-weather capacity analysis.  The 5 year, 6 hour, Third Quartile Huff 
storm was selected as the design storm to size the collection system conveyance improvements in 
the adequate wet-weather capacity analysis because it was more representative of the highly 
conservative scenario in the outer extent of the collection system.  
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1.2.3 Model Calibration 
Flow monitoring was performed during the spring of 2013 to collect data to update the existing 
system model calibration initially completed in 2012.  Flow data were collected at 112 strategically 
located sites within the collection system.  This subsection describes the process used for dry-
weather flow (DWF) and wet-weather flow (WWF) calibration. 

1.2.3.1 DWF Calibration 
DWF calibration was achieved by matching simulated responses to one of two dry-weather periods 
occurring during the 2013 flow monitoring period.  The flow monitoring data collected showed 
that, in general, the City’s system experiences relatively long inflow/infiltration (I/I) responses, and 
some meter sites do not return to normal DWF as quickly as others.  Because of this, it was 
necessary to use different time periods for DWF calibration for different metersheds.  Best 
judgment was used to determine which time period best represented typical DWF for each 
metershed. 

In general, the simulated peak flows and volumes are within or very close to generally accepted 
guidelines.  Figure 1-1 shows an example hydrograph of the dry-weather calibration results for 
Metershed SC03. 

 

Figure 1-1 Dry-Weather Calibration Hydrograph for Metershed SC03 

  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Executive Summary 1-4 
 

1.2.3.2 WWF Calibration 
Approximately eight wet-weather events occurred during the spring 2013 flow monitoring period 
depending on the location of the meter and metershed in the collection system.  The two largest 
wet-weather events that occurred during the monitoring period for all meters were selected to be 
calibration events (refer to Table 1-1).  The two events had recurrence intervals ranging from less 
than 1 year to approximately 5 years, respectively.  Model calibration based on the two selected 
events would reasonably predict wet-weather flows for design conditions.   

Table 1-1 Wet-Weather Calibration Events 

INDEX START DATE 

RAINFALL 
DEPTH* 

(INCHES) 
DURATION* 

(HOURS) 

ESTIMATED  
RECURRENCE 

INTERVAL** 

(YEARS) 

1 4/26/2013 1.76 32 <1 

2 5/30/2013 3.20 7.5 ~5 

*Note that the rainfall varies across the system collection area.  The rainfall depths 
and durations listed in the table are based on the weighted rainfall for Metershed 
SC19, located directly upstream of the Southwest Treatment Plant (SWTP), and an 
inter-event time of 5 hours.  A minimum inter-event time of 5 hours means that two 
instances of rainfall occurring within 5 hours or less are classified as a single 
rainfall event, while two instances of rainfall occurring more than 5 hours apart are 
considered two rainfall events. 
**Based on National Oceanic and Atmospheric Administration (NOAA) Atlas 
14 Point Precipitation Frequency Estimates for Springfield, Missouri. 

 
In general, the simulated peak flows and volumes are within or close to generally accepted 
guidelines.  Figure 1-2 shows an example hydrograph of the wet-weather calibration for the 
April 26, 2013, storm for Metershed SC03.  

 

Figure 1-2 Wet-Weather Calibration Hydrograph for Metershed SC03 for 4/26 Calibration Event 
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1.2.4 Future Conditions 
After calibration of the existing system model, as discussed in Subsection 1.2.3, the future growth 
model was developed to evaluate the sewer system under future conditions.  The evaluation was 
conducted for a 20 year planning horizon.  The existing system model was developed from 
infrastructure and usage data from 2011.  Thus, the future model was developed for the year 2031 
because the existing system model was based on the year 2011 (calibrated using 2013 flow data).  
The future growth model was used to evaluate the collection system and treatment plant 
improvements that would be needed as part of the cost-effectiveness analysis and marginal cost 
analysis.  

1.3 TREATMENT PLANT ASSESSMENT 
The Publicly Owned Treatment Works (POTW) consists of the sanitary collection system and two 
treatment facilities:  the Northwest Treatment Plant (NWTP) and the Southwest Treatment Plant 
(SWTP).  Both facilities are located in Greene County, Missouri.  As part of the Overflow Control 
Plan (OCP), the treatment facilities were evaluated and modeled to help predict system response 
during wet-weather events.  These evaluations included assessments of the hydraulic capacity and 
treatment process capacity of the two facilities.  The hydraulic capacity is the volumetric flow rate 
that can be passed through the facility while maintaining hydraulic control through the facility (i.e., 
without submerging weirs, overtopping channels, or exceeding pumping capacity or other 
hydraulic control features); however, flows through a facility are not able to be sustained for even 
short periods of time (hours) at its hydraulic capacity without risking upset to treatment processes 
(and potential noncompliance with permit effluent limits). A biological treatment system’s 
capability to handle peak wet-weather flows is highly site- and event-specific depending upon both 
its design details and operational settings, as well as the actual influent characteristics, settleability 
of the biomass, antecedent conditions prior to the event, and the duration of the particular wet-
weather event in question. Thus, the wet-weather flow capacity of a biological treatment process is 
inherently somewhat variable and less precise than its capacity during normal dry-weather diurnal 
patterns. 

Therefore, treatment process capacity evaluations also consider the pollutant loading rate to the 
facility along with the duration and frequency of the hydraulic and pollutant loading rates. These 
considerations are important for wet-weather evaluations because it is not unusual for a treatment 
facility to be able to “ramp-up” and successfully treat relatively high wet-weather flow rates (up to 
its hydraulic capacity) for relatively short periods of time (minutes to hours) before needing to 
“dial-back” to preserve the integrity and efficiency of its biological treatment system. 

At the NWTP, options for increasing wet-weather treatment capabilities focused on disinfection, 
flow equalization, and auxiliary treatment alternatives.   

At the SWTP, options for increasing wet-weather treatment capabilities focused on auxiliary 
treatment alternatives and flow equalization.   

1.3.1 Northwest Treatment Plant 
The existing NWTP was originally constructed in 1984 and has had several expansions since, most 
recently in 2004.  The NWTP provides preliminary treatment, secondary treatment, disinfection, 
solids handling, and excess flow facilities.   
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1.3.1.1 NWTP Hydraulic Capacity Analysis 
A hydraulic analysis of the NWTP was performed to determine the hydraulic capacity of the existing 
treatment facilities.  Existing record drawings were used to confirm weir and water surface 
elevations.  Additional information related to how the plant currently operates was provided by 
plant staff.   

The hydraulic model was also used to identify hydraulic constraints or bottlenecks through the 
liquid treatment facilities of the plant (refer to Table 4-1).  During high river levels, the plant’s 
design peak instantaneous flow is currently limited by the existing capacity of the effluent pumping 
station, which has a firm capacity of 16.4 million gallons per day (mgd).  During normal river levels, 
the current ultraviolet (UV) disinfection capacity is limited to a firm capacity of 17.0 mgd. If spare 
process units are available, the NWTP appears to be able to hydraulically pass flows up to 
approximately 20 mgd before submerging weirs at the aeration basin effluent box and final clarifier 
effluent splitter box.  However, this should not be confused with the design peak instantaneous flow 
or the treatment process capacity.  Treatment may be compromised if peak flows are sustained for 
a long period of time (generally more than 6 to 72 hours, depending upon influent concentrations, 
biomass settling characteristics, and aeration basin mixed liquor suspended solids [MLSS]).  

During a wet-weather event, if spare units are available for service and process monitoring 
indicates that additional flows can reasonably be expected to be treated in compliance with permit 
limitations, operations staff may elect to treat wet-weather flows above the design peak 
instantaneous flow rating.  Operating records from 2008 to 2013 indicate that this was done 
successfully in the past for short durations of time (approximately 24 hours for most events). 
Operations above 17 mgd would require all four UV disinfection process units to be in service to 
deliver the design UV dosage. Therefore, to take full advantage of the peak hydraulic capacity, the 
UV facility was further evaluated and its firm capacity was found to be able to be increased to 
22.5 mgd (30 mgd total) with minor improvements. 

1.3.1.2 NWTP Disinfection Assessment 
The existing UV disinfection facility was constructed in 2004 in what was then the post-aeration 
structure.   

Two alternatives for increasing the capacity of the existing UV system have been evaluated.  The 
alternatives vary the required dose and number of banks.  Alternative 1 keeps the existing UV 
design dosage of 25 millijoules per square centimeter (mJ/cm2) and installs a second bank of UV 
modules in each of the existing channels.  The second bank would be identical to the existing banks.  
Alternative 2 includes a reduction of the UV design dose, 20 mJ/cm2 at 30 mgd, and installs 
additional UV modules in each of the existing four UV banks.  The 8 inch baffle reduction wall would 
be removed to allow for the installation of two additional modules in each bank of bulbs.  

Present worth costs were developed for each alternative.  Table 1-2 presents capital costs, 
estimated annual operations and maintenance (O&M) costs, and effective present worth costs 
based on a 20 year life cycle for each alternative.  The present worth costs are provided for both a 
2 and 6 percent effective annual interest rate.   
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Table 1-2 20 Year Present Worth Costs 

ITEM 
CAPITAL 
COST ($) 

ANNUAL O&M 
COST ($) 

PRESENT 
WORTH COST 

AT 2% RATE ($) 

PRESENT  
WORTH COST 

AT 6% RATE ($) 

Disinfection Alternative 1 – 
Maintain UV Dose/Two Banks 

800,000 54,100 1,685,000 1,421,000 

Disinfection Alternative 2 – 
Reduce UV Dose/Expanded 
Single Bank 

209,000 49,000 732,000 576,000 

 
Overall, both alternatives are equally feasible and can be accomplished within the existing 
hydraulic profile of the UV facility.  Alternative 1 results in a more robust system, and the design 
provides a configuration that limits the potential for short-circuiting due to loss of bulbs.  This 
alternative allows a bank to be removed for maintenance activities and still maintain some level of 
disinfection treatment in the channel if necessary.  Alternative 2 requires minimal construction and 
provides a reduced capital and O&M cost as compared to Alternative 1.  

A hydraulic analysis of the plant indicated that the maximum hydraulic capacity of the plant is 
currently limited to approximately 20 mgd.  Significant improvements to the upstream facilities at 
the plant would be required to convey 30 mgd to the UV system.  Because of the uncertainty of 
future wet-weather flow rates to the plant, it is recommended that the level to which the UV system 
is expanded be reevaluated once additional flow monitoring data are collected.  At that time, an 
assessment of the level of plantwide hydraulic and process improvements required to coincide with 
the expansion of the UV facility should also be performed.  

1.3.1.3 NWTP Excess Flow Facilities Assessment 
Flow equalization at the NWTP was evaluated to determine the amount of storage capacity needed 
to eliminate the use of Outfall 002 up to the appropriate level of service (LOS).  In addition to a 
storage analysis, the siting of the excess flow facilities, consisting of an equalization (EQ) basin, 
diversion structure, and drainage pump station, and development of the opinion of probable cost 
for each case reviewed were completed. 

A summary of the peak flow, resulting storage requirements, and opinion of probable costs for the 
excess flow facility associated with the I/I reduction scenario and storm recurrence interval is 
presented in Table 1-3. 

As noted previously, the limited footprint and the rock subgrade result in significant capital costs.  
Depending on the recommended LOS, the off-site wet-weather improvements range from 
$42 million to $59 million.  Because of the high estimated capital cost of the EQ basin, it is 
recommended that alternative means of addressing peak flows associated with I/I and peak wet-
weather flow treatment be evaluated to reduce the overall project cost.   
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Table 1-3 Excess Flow Facilities Summary 

DESCRIPTION 

REQUIRED EQ 
BASIN VOLUME 

(MG) 

APPROX  
BASIN DEPTH 

(FT) 

OPINION OF  
PROBABLE COSTS 

($) $/GAL 

1 Year, 24 Hour 
30 Percent I/I Reduction 

21.15 27 42.7 million 2.02 

2 Year, 24 Hour 
30 Percent I/I Reduction 

27.61 35 49.2 million 1.78 

5 Year, 24 Hour 
30% I/I Reduction 

39.57 50 51.2 million 1.29 

10 Year, 24 Hour 
30% I/I Reduction 

50.56 64 59.3 million 1.17 

 

1.3.1.4 NWTP Peak Wet-Weather Flow Treatment Evaluation 
The OCP also evaluates blending and auxiliary treatment alternatives for the management and 
treatment of peak wet-weather flows.  Flows over the maximum hydraulic capacity of 20 mgd were 
either simulated as treated in parallel by auxiliary treatment facilities or stored and then treated by 
existing facilities as influent flow rates receded below 20 mgd.   

Three peak wet-weather treatment alternatives were developed and evaluated for the NWTP: 

 Wet-Weather Treatment Alternative 1 – Peak Flow Equalization.   

Influent flows up to 20 mgd would be handled by the existing activated sludge system, and 
any flows above that rate would be captured in an off-line storage basin.   

 Wet-Weather Treatment Alternative 2 – Auxiliary Treatment Facilities. 

Auxiliary treatment facilities would be operated in parallel with the existing facilities to 
handle peak wet-weather flows.  Influent flows up to 20 mgd would be handled by the 
existing activated sludge facilities.   

 Wet-Weather Treatment Alternative 3 – Auxiliary Treatment with Flow Equalization. 

This alternative is a combination of the two alternatives described above and involves a 
smaller storage basin to reduce the capacity of the auxiliary treatment facilities to 20 mgd.  
As influent flow rates increase, flows above 20 mgd would be split to the auxiliary treatment 
facilities, and flows above 40 mgd would be captured in the storage basin for complete 
treatment and capture of the design wet-weather flows.  A 6.2 MG storage basin would be 
required. 
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All three alternatives evaluated (complete capture, blending with auxiliary treatment facilities, and 
a combination thereof) appear capable of compliance with current National Pollutant Discharge 
Elimination System (NPDES) permit limits for the design wet-weather influent scenario.  All three 
alternatives are predicted to provide similar effluent quality on a long-term basis (i.e., 30 day 
average measurements) for the design wet-weather influent scenario.  

It is recommended that future facility planning and design studies be performed after completion of 
additional I/I reduction projects and collection system flow monitoring as outlined in the Recom-
mended OCP.  The additional data will be used to more accurately determine the performance of 
the existing system and project the required capacity increases to achieve a targeted level of wet-
weather capacity. 

1.3.2 Southwest Treatment Plant 
Liquid stream treatment facilities at the SWTP consist of two separate activated sludge process 
trains (Plant 1 and Plant 2) served by common headworks, influent pump station, and primary 
clarifiers.  A simplified schematic of the existing liquid stream treatment facilities is shown on 
Figure 1-3. 

 

Figure 1-3 SWTP Liquid Treatment Process Schematic 
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1.3.2.1 SWTP Hydraulic Capacity Analysis 
A hydraulic analysis of the SWTP was performed to determine the peak hydraulic capacity of the 
existing dry-weather, liquid treatment facilities.  Existing record drawings as well as survey data 
were used to confirm weir and water surface elevations.   

Based on the hydraulic analysis, the maximum hydraulic capacity of the SWTP is approximately 
101 mgd.     

1.3.2.2 SWTP Peak Wet-Weather Flow Treatment Evaluation 
Process modeling has been completed, and wet-weather flow treatment alternatives have been 
evaluated to treat flows in excess of 100 mgd.  In addition, stress tests of chemically enhanced 
sedimentation (CES) on the existing primary clarifiers and pilot trials of compressible media 
filtration (CMF) for both dry-weather tertiary filtration as well as auxiliary wet-weather peak flow 
clarification were conducted for the SWTP. 

Based on workshops with City staff and conceptual alternatives assessments, it was determined 
that additional wet-weather treatment capacity at the SWTP is most feasible through the addition 
of a wet-weather influent flow control and headworks facility followed by one of the following three 
alternatives for advanced clarification: 

 CES in existing Primary Clarifiers 1 and 2.  
This concept would send wet-weather flow through the primary clarifiers prior to splitting 
flow between Plant 1, Plant 2, and auxiliary treatment.  If this alternative were to be 
developed further, additional evaluations would be recommended to determine if the 
existing primary influent conveyance structures directly to Plant 1 and Plant 2 could be 
used to provide additional wet-weather capacity with lower surface overflow rate (SOR) to 
Primary Clarifiers 1 and 2.  These evaluations would include the gravity bypass and Parshall 
flume to Drop Structure 1 for Plant 1 and the Plant 2 influent screw pump station. 

 CES in the existing peak flow clarifier.  
This concept would treat additional wet-weather flow above 100 mgd in the peak flow 
clarifier.  If this alternative were to be developed further, additional on-site piloting would 
be recommended to evaluate coagulant and flocculent dosing locations (rapid mix and 
flocculation facilities) and to evaluate the settling performance of the peak flow clarifier due 
to its unique geometry and internal features compared to conventional clarification basins. 

 Dual wet-weather filtration facility. 
This concept involves a new filtration facility that could be used for either tertiary or peak 
wet-weather flows.  During dry-weather conditions, the new facility would provide 
filtration of secondary clarifier effluent, whereas during wet-weather conditions it would 
filter primary effluent and/or primary influent.  According to the Design Memorandum for 
the Phase 6 improvements and the Basis of Design Memorandum for the ozone disinfection 
improvements, the existing tertiary filters have a total hydraulic capacity of 72 mgd and a 
total treatment capacity of 50 mgd, which is 28 to 50 mgd less than the 100 mgd total 
hydraulic capacity of the remainder of the Plant 1 and Plant 2 processes.  Plant 1 currently 
uses deep-bed denitrification sand filters with a total hydraulic capacity of 42 mgd and a 
treatment capacity of 20 mgd to prevent washout of the denitrifying biomass in the filter.  
Plant 2 currently uses shallow-bed traveling bridge sand filters with a peak capacity of 
approximately 30 mgd, and flows above 30 mgd overflow to the peak flow clarifier.  These 
capacities are summarized in Table 1-4.  
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Table 1-4 SWTP Tertiary Filtration Capacity 

TERTIARY  
FILTRATION  
PROCESS 

TREATMENT  
CAPACITY (MGD) 

HYDRAULIC  
CAPACITY (MGD) 

Plant 1 20 42 

Plant 2 30* 30* 

Total 50 72 

* Plant 2 flows above 30 mgd overflow to the peak flow clarifier. 

 

Further discussions with plant staff indicate that the maintenance requirements for the existing 
Plant 2 filter have increased significantly in recent years, suggesting that it may be in need of 
rehabilitation or replacement.  Therefore, this alternative contemplates a new filtration facility that 
would replace the Plant 2 sand filters with a smaller footprint high-rate filtration technology such 
as compressible media.  The sizing for this new filtration facility would be further developed in 
future facility planning studies but could be sized to also provide filtration of wet-weather flows. 

It is recommended that future facility planning and design studies be performed after completion of 
additional I/I reduction projects and collection system flow monitoring as outlined in the 
Recommended OCP.  The additional data will be used to more accurately determine the 
performance of the existing system and project the required capacity increases to achieve a 
targeted level of wet-weather capacity. 

1.4 SANITARY SEWER EVALUATION SURVEY 
The City operates a sanitary sewer system containing approximately 1,200 miles of sewer, 
associated pump stations, and two wastewater treatment facilities.  This Phase 2 Sanitary Sewer 
Evaluation Survey (SSES) includes monitoring of wastewater flow, smoke testing, manhole 
inspections, closed circuit television (CCTV) inspections, and plumbing evaluations. 

1.4.1 Flow Monitoring 
Flow monitoring began in the fall of 2011 and continued through 2014 because of the drought 
conditions and to evaluate the results of the pilot private I/I abatement and public sewer 
rehabilitation programs.  It should be noted that I/I responses likely did not reflect typical 
responses seen in the system because of abnormally low ground water caused by extended prior 
drought conditions.  The total number of monitors is shown in Table 1-5. 

Table 1-5 Flow Monitoring Summary 

METER TYPE 

2011 2012 2013 2014 

FALL SPRING FALL SPRING FALL SPRING FALL 

Number of Long-Term Monitors 31 32 32 32 32 32 32 

Number of Short-Term Monitors 27 31 15 80 3 24 NA 

Total Number of Monitors 58 63 47 112 35 56 32 
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1.4.2 Smoke Testing 
The consultant team conducted smoke testing of 697,411 LF of sanitary sewer.  The areas to be 
smoked were basins identified as vitrified clay pipe (VCP) rehabilitation basins, as well as pilot 
private I/I abatement basins.   

Results of the smoke testing were recorded and entered directly into the PipeDream database.  A 
total of 537 line segments out of 3,141 tested had private-sector defects; 408 had public-sector 
defects.  Table 1-6 shows the number of defects by type identified by smoke testing. 

Table 1-6 Defects Identified by Smoke Testing 

DEFECT TYPE NUMBER OF DEFECTS 

Private  814 

Downspout 9 

Uncapped Cleanout 420 

Driveway Drain 7 

Stairwell Drain 4 

Foundation Drain 6 

Area Drain 7 

Defective Service 361 

Window Well 0 

Plumbing Defect 0 

Public 474 

Curb Inlet 4 

Area Drain 2 

Line Defect 139 

Indirect Storm 20 

Manhole Defect 294 

Drainage Crossing 3 

Water Valve 10 

Direct Storm 2 

Total Defects 1,288 
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1.4.3 Manhole Inspections 
During the SSES, the consultant team inspected a total of 1,220 manholes.  Only a portion of the 
manholes within the areas studied were inspected; they were selected based on exhibiting defects 
during smoke testing or were preselected based on construction materials.  

During the inspections, 408 manhole components were rated as “poor” condition.  An additional 
2,133 components were rated as “fair” condition.  Manhole defects identified during inspections are 
being addressed as part of the ongoing public sewer rehabilitation projects, which will continue 
through the Recommended OCP.  Table 1-7 indicates the number of defects by type that were 
found. 

Table 1-7 Manhole Inspection Defects 

DEFECT TYPE 

NUMBER OF DEFECTS 

POOR FAIR 

Vented Cover 124 - 

Below Grade 89 - 

Insert 0 0 

Cover-Frame Fit 2 2 

Frame 8 43 

Frame-Chimney Seal 67 521 

Chimney 32 489 

Corbel 9 190 

Wall 14 237 

Bench 10 183 

Invert 12 74 

Step 16 45 

Pipe Seals 25 349 

Total Defects 408 2,133 
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1.4.4 CCTV Inspections 
One of the best methods of accurately identifying the exact location of I/I entry into pipelines in the 
collection system is through the use of CCTV inspection.  Because smoke may migrate through 
cracks in the soil, the exact defect location may not be possible to determine during smoke testing.  
CCTV inspections were conducted by the City to determine the following: 

 Pipe condition. 

 Lateral count, condition, and location. 

 Determination of laterals to reinstate. 

 Locations requiring spot repairs. 

Group 1 included approximately 105,000 feet of CCTV inspections and was completed in 2012.  
Group 2 included approximately 85,000 feet of CCTV inspections and was completed in 2013.  
Group 3 should include approximately 75,000 feet of CCTV inspections and should be completed in 
2014.   

1.4.5 Plumbing Evaluations  
Not all private-sector defects can be located through a smoke testing program.  Building evaluations 
are conducted in order to locate private-sector defects that may not have been revealed during 
smoke testing and that are contributing I/I into the sewer system.  The purpose of building 
evaluations is to pinpoint unwanted I/I connections that will be addressed as part of the ongoing 
private I/I abatement projects, which will continue through the Recommended OCP.  Table 1-8 
indicates the type and quantity of defects located during the Pilot Private I/I Abatement Program.   

Table 1-8 Summary of Identified I/I Sources 

  FC13 JC15 JC30 PR07 PR13 TOTAL 

Total Buildings Inspected 327 339 157 232 468 1,523 

Area Drain 0 1 0 0 0  

Downspout 7 2 0 0 1  

Driveway Drain 0 0 1 0 1  

Stairwell Drain 1 1 0 1 0  

Uncapped Cleanout 37 64 14 40 105  

Sump Pump 52 23 9 38 76  

Total Potential I/I Sources 97 91 24 79 183 474 
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1.5 PILOT PRIVATE INFLOW/INFILTRATION ABATEMENT  
The Pilot Private I/I Abatement Program undertaken by the City is designed to identify and remove 
sources of I/I on private property.  The ultimate goal of the City is to eliminate sewer overflows and 
basement backups caused by excessive I/I.  The intent of this project is to determine if the 
reduction of I/I on private property is a cost-effective means to reduce excess flows and could be a 
viable option to reduce I/I systemwide. 

In August 2012, the City began to conduct a Pilot Private I/I Abatement Program in the areas of 
JC30, JC15, FC13, PR07, and PR13, which have had a history of being the leakiest basins during wet-
weather events.  The purpose of the Pilot Private I/I Abatement Program was to identify and 
remove sources of I/I from the private sewers by disconnecting or repairing sources of I/I on 
private property.     

1.5.1 Private I/I Source Disconnection 
Efforts were made to transition from the building evaluation and source identification to 
remediation as quickly and efficiently as possible.  In the event that a cost-effective I/I source was 
identified as a part of the building evaluation, the property owner was asked to execute the 
agreement form and select a City-approved plumbing contractor to complete the noted repairs.  In 
most cases, a consultation meeting with the property owner, plumbing contractor, and a member of 
the program management team was held to discuss options and schedule the pending repairs.  All 
repair work was coordinated between the selected plumbing contractor and the property owner.  
Once the work was completed, the City would pay the plumber directly based on the unit pricing 
established through the Request for Quotation (RFQ).  Table 1-9 summarizes the results of source 
type remediation in each of the pilot basins. 

Table 1-9 Summary of Removed I/I Defects 

 
FC13 JC15 JC30 PR07 PR13 TOTAL 

Total Buildings Inspected 327 339 157 232 468 1,523 

Area Drain 0 1 0 0 0 1 

Downspout 3 2 0 0 1 6 

Driveway Drain 0 1 1 0 1 3 

Stairwell Drain 0 1 0 0 0 1 

Uncapped Cleanout 36 64 14 31 93 238 

Sump Pump 41 23 9 30 62 165 

Total I/I Sources 80 92 24 61 157 414 
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1.5.2 Summary of Results 
The City’s Pilot Private I/I Abatement Program was a great success, including high participation 
rates from private property owners, cost effectively and efficiently locating and repairing defects, 
and obtaining encouraging I/I reduction results.  During the program a total of 1,523 buildings 
were inspected and 474 defects were located. 

To estimate I/I reduction, the City conducted pre-rehabilitation flow monitoring in 2011 and 2012 
and post-rehabilitation flow monitoring during the spring of 2013.  Results of the first pilot private 
I/I project were encouraging, with an average I/I reduction of 42 percent across the sub-basins, as 
shown in Table 1-10.  It should be noted that results from sub-basins PR13 and JC30 were not 
included in the calculated average.  Both public and private I/I reduction projects were completed 
in sub-basin JC30.  An I/I reduction estimate for sub-basin PR13 could not be calculated because of 
errors with the flow monitoring data.  

Table 1-10 Estimated Peak I/I Reduction 

PRIVATE I/I PILOT SUB-BASINS -  
ESTIMATED PEAK I/I REDUCTION 

SUB-BASIN 
2012 5 YEAR  

PEAK I/I (MGD) 
2013 5 YEAR 

PEAK I/I (MGD) 
PEAK I/I 

REDUCTION (%) 

FC13 0.545 0.330 39 

JC15 2.716  1.150 58 

PR07 1.743 1.308  28 

JC30* 1.22 0.69 43 

Private I/I Pilot Average ** 42 

*JC30 is considered both a Group 1 and private I/I pilot sub-basin. 
** Does not include JC30. 

 

While the Pilot Private I/I Abatement Program was a great success, it should be noted that the 
results are based on a relatively small sample size.  In addition, I/I reduction estimates are based on 
flow monitoring data collected during a prolonged period of drought.  It is recommended that 
additional pilot projects be completed to further evaluate the effectiveness of private I/I abatement. 

1.5.3 Recommendations 
Based on the results of the Pilot Private I/I Abatement Program, it is recommended that the City 
implement future pilot phases to collect additional data to validate I/I reduction estimates as 
outlined in the Recommended OCP.  To help encourage a high participation rate by private property 
owners in future pilot phases, it was also recommended that the City use the same approach that 
was used for Phase 1.   

During June 2014, the City commenced building evaluations on the Phase 2 pilot private I/I project.  
By quickly moving into the Phase 2 project, the City was able to capitalize on the efforts taken to 
educate the public during the initial project. 
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1.6 PUBLIC SEWER REHABILITATION PROGRAM 
As part of the Early Action Program (EAP) the City implemented a public sewer rehabilitation 
program.  The program will rehabilitate VCP, manholes, and appurtenances to reestablish 
structural integrity and reduce excessive I/I within select sub-basins.  The City’s sewer collection 
system is an aging system with approximately 2.8 million feet of sewer lines that will be more than 
60 years old by the end of the planning period.  The City is increasing efforts with public sewer 
rehabilitation to not only address the aging infrastructure but also reduce the I/I being introduced 
into the system.   

1.6.1 Selection of Rehabilitation Areas 
Public sewer rehabilitation projects were implemented to address aging infrastructure and reduce 
excessive I/I.  To accomplish these goals, public sewer rehabilitation basins were selected based on 
the following criteria: 

 The “leakiness” of the existing sanitary sewer system in each sub-basin. 

 Institutional knowledge of the system based on previous sanitary sewer evaluation studies. 

 Location of pilot private I/I abatement projects. 

 Project size. 

Sub-basins for Groups 1, 2, and 3 are illustrated on Figure 1-4.  

1.6.2 Field Evaluations 
From August 2011 through December 2012, the City reviewed over 185,000 feet of CCTV 
inspection video to identify rehabilitation work to be included in development of the Group 1 and 
Group 2 public sewer rehabilitation projects.  Smoke testing and manhole inspections were also 
conducted by the City as part of its continued SSES program. 
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Figure 1-4 Public Sewer Rehabilitation Projects 
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1.6.2.1 CCTV Inspection 
The main line CCTV inspection focused on identifying areas of needed point repairs, which the 
City repaired with in-house resources prior to advertising the bid for the sewer rehabilitation.  
A summary of point repairs identified through CCTV inspection for Groups 1 and 2 is given in 
Table 1-11.   

Table 1-11 Priority Sub-Basins Main Line Sewer Point Repairs 

SUB-BASINS 
MAIN LINE 
REPAIRS 

Group 1 62 

JC22 25 

JC23 12 

JC30 2 

JC05 22 

UWC10 1 

UWC12 0 

Group 2 80 

FC04 25 

JC15 14 

PR06 3 

PR10 9 

PR15 8 

SC07 21 

 
During CCTV inspection, the number and location of service lateral connections were recorded.  
These service lateral connections were also inspected to identify ones believed to be candidates for 
a trenchless connection repair as well as those more likely requiring an open cut repair, refer to 
Table 1-12. 

Table 1-12 Year Groups Lateral Connection Repairs Summary 

GROUP 

NUMBER OF LATERAL 
CONNECTION FULL WRAP 

CIPP REPAIRS 
NUMBER OF OPEN CUT  

LATERAL CONNECTION REPAIRS 

1 847 410 

2 757 183 

CIPP = Cured in-place pipe. 
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1.6.3 Rehabilitation Methods 
After completing field evaluations to gather data, the City developed rehabilitation schedules for the 
Group 1, 2, and 3 projects.  Rehabilitation schedules were used for bidding purposes and to provide 
guidance on the quantity, location, and type of rehabilitation to be completed.  The Group 1, 2, and 3 
public sewer rehabilitation projects include the following: 

 Pipe rehabilitation. 

 Manhole rehabilitation. 

 Service lateral rehabilitation. 

Rehabilitation methods used on the Group 1, 2, and 3 projects are described in more detail in the 
following subsections. 

1.6.3.1 Pipe Rehabilitation 
Sanitary sewer rehabilitation methods throughout Groups 1, 2, and 3 involved two options; open 
cut point repair and cured in-place pipe (CIPP).  CCTV investigation and smoke testing results were 
used to determine the condition of the system and to determine if the pipe could be rehabilitated 
using the CIPP method or if it needed to be replaced via the open cut point repair method.  For 
Groups 1, 2, and 3, CIPP was the preferred method for rehabilitation, but the open cut point repair 
method was used in cases where the sewer’s structural stability was compromised. 

1.6.3.2 Manhole Rehabilitation 
When selecting a method for manhole rehabilitation there are many factors that should be 
considered.  The condition of the manhole is critical to guiding the selection process.  Current 
defects must be identified and the primary cause of the failure is important to help identify the best 
method of rehabilitation.   

In addition to the condition of the manhole, the presence of hydrogen sulfide (H2S), low oxygen 
levels, constant moisture, live flow or bypass, and traffic control issues are all factors that should be 
considered to provide the contractor with information for his bid. 

There are many systems available for rehabilitation of manholes.  These systems are divided into 
four main categories.  The categories are as follows: 

 Liners – Cured-in-place. 

 Cementitious coatings. 

 Polymer coatings. 

 Mechanical seals/inserts. 

For the Group 1, 2, and 3 projects, the City has focused on cured-in-place liners and cementitious 
coatings for manhole rehabilitation.  Future projects may incorporate additional rehabilitation 
methods.  
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1.6.3.3 Service Lateral Rehabilitation 
Following rehabilitation of the interceptor, the lateral connections to the pipeline were recon-
nected.  Watertight reconnections of the laterals are critical to prevent inflow of ground water into 
the system.  There are several methods to reconnect the laterals to the system.  For the Group 1, 2, 
and 3 projects two options were used; open cut lateral connection repair and lateral connection full 
wrap CIPP. 

1.6.4 Summary of Results 
The City has completed the Group 1 and 2 public sewer rehabilitation projects and is currently 
developing documents for the Group 3 project.  The focus of the public sewer rehabilitation projects 
is to address the City’s aging infrastructure.  The City’s collection system has approximately 2.8 
million feet of pipe that will be more than 60 years old by the end of the planning period.  The 
Group 1, 2, and 3 projects will address approximately 250,000 LF of the system and add decades of 
serviceable life to the pipe. 

In addition to the benefits of extending the life of the pipeline, the City is also able to reduce I/I 
introduced to the system from the public sector.  The public sewer rehabilitation projects are 
coordinated with the flow monitoring program to collect pre- and post- rehabilitation flow data.  
Data collected for the Group 1 project were evaluated, and the I/I reduction as a percentage of peak 
flow was calculated.  Results of the evaluations are shown in Table 1-13. 

Table 1-13 Results for Group 1 VCP Rehabilitation Projects 

SUB-BASIN 

ADJUSTED 2012 
5 YEAR PEAK I/I 

(MGD) 

2013 
5 YEAR PEAK I/I 

(MGD) 

PEAK I/I 
REDUCTION 

(%) 

JC05 16.91 11.76 30 

JC22 12.09 9.24 24 

JC23 5.31 3.39 30 

UWC10 2.87 1.95 32 

JC30* 1.22 0.69 43 

Group 1 Average ** 29 

* JC30 is considered both a Group 1 and private I/I pilot sub-basin. 
** Does not include JC30. 
Note: 
Sub-basin RO2 has an insignificant number of pipes, and UWC23 is entirely made up 
of interceptor sewer.  For that reason, these two sub-basins were not quantified for 
peak I/I reduction. 

 
Results of the evaluation indicate that the City was able to reduce, on average, 29 percent of peak 
I/I flow into the system.  Coupled with the extended service life of the system, this was a successful 
project.  It is noted that the sub-basins selected for this project were some of the leakiest basins in 
the City’s sewer system.  Additional I/I reduction evaluations should be performed throughout the 
system as outlined in the Recommended OCP to better quantify how much I/I can be removed 
systemwide with this program. 
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1.7 ADEQUATE WET-WEATHER CAPACITY ANALYSIS 
The Adequate Wet-Weather Capacity Analysis was performed to identify a range in capital costs 
associated with the implementation of system improvements required for the range of potential 
peak flow recurrence intervals.  The analysis included capacity improvements to reduce SSO and 
surcharge in the sanitary sewer system.  It did not include other environmental components to be 
addressed and included in the Integrated Plan. 

Two scenarios were evaluated as part of this analysis.  Scenario one evaluated pipe capacity and 
treatment improvements to convey and treat all flows entering the collection system at the selected 
LOS.  Scenario two included a preliminary storage analysis to identify the cost-effective storage 
locations.  Based on the preliminary evaluation it was determined that a combination of pipe 
capacity improvements, collection system storage, and treatment improvements provided the best 
solution set to use for the cost-effectiveness analysis.  A cost-effectiveness analysis was used to 
determine an optimal level of relief, I/I reduction, storage, and treatment.  Using the results of the 
cost-effectiveness analysis, a marginal cost analysis was conducted on storm event recurrence in 
1 year, 2 year, 5 year, and 10 year intervals to determine the most cost-effective recurrence 
interval.  Both  present worth and marginal cost curves were developed. 

The model used in this analysis was based upon the sanitary sewer system, built and calibrated 
using flow monitoring data collected at 112 meter sites during the spring of 2013 systemwide flow 
metering program.  Further details on this flow monitoring program are described in Chapter 5.0.  
The model also represents the future condition, including areas of future growth and population, 
projected to the planning horizon year 2031. 

1.7.1 Cost-Effectiveness Analysis 
This subsection describes the process used for the cost-effectiveness analysis and presents the 
results of the analysis.  The cost-effectiveness analysis compares the total cost to reduce surcharge 
and SSO in the collection system assuming a range of I/I reduction levels.  The comparison includes 
the following costs: I/I elimination costs (cost to implement an SSES followed by private- and 
public-sector rehabilitation), relief sewer costs (costs for improvements within the collection 
system including pipe capacity improvements, flow equalization facilities, lift station upgrades, and 
lift station O&M costs), and treatment costs. 

1.7.1.1 Collection System 
The cost-effectiveness analysis was performed using 5 year storm events with the Third Quartile 
Huff distribution.  The collection system was sized using the 5 year, 6 hour event with a total 
rainfall of 3.08 inches, and the collection system storage and treatment plant upgrades were sized 
using the 5 year, 24 hour event with a total rainfall of 4.35 inches.  The analysis was conducted for a 
range of I/I removal rates, including 0 percent, 10 percent, 20 percent, 30 percent, and 39.3 percent 
(maximum estimated potential I/I abatement) removal systemwide, to determine the most cost-
effective level of I/I elimination to be used in the marginal cost analysis.  Collection system 
improvement included increased pipe capacity, storage facilities, and pump station capacity 
improvements. 
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1.7.1.2 Treatment 
In addition to accounting for collection system improvement costs, the cost-effectiveness analysis 
factors in treatment costs.  Capital costs were developed for the NWTP and SWTP to provide 
additional storage or rehabilitate existing storage systems at both facilities in excess of the plant 
capacity.  The design capacities of the SWTP and the NWTP used for the evaluation were 
approximately 100 mgd and 20 mgd, respectively.  O&M costs were also developed for the 
treatment of the stored flows once capacity was available at each plant. 

1.7.1.3 Inflow/Infiltration Reduction 
The third and final major component included in the cost-effectiveness analysis was I/I reduction 
cost.  I/I reduction cost was based on a summation of costs for defect identification, private-sector 
abatement, and public-sector cost-effective rehabilitation.  The cost to implement I/I reduction was 
based, in part, on actual results for the Pilot Private I/I Abatement Program and public-sector sewer 
rehabilitation either completed or in progress by the City. 

1.7.1.4 Cost-Effectiveness Analysis Results 
The cost-effectiveness analysis curve is comprised of three components: I/I reduction costs (cost to 
implement an SSES followed by private- and public-sector rehabilitation), relief sewer costs (costs 
for improvements within the collection system including pipe capacity improvements, flow 
equalization facilities, lift station upgrades, and lift station O&M costs), and treatment costs.  The 
composite cost curve was developed by adding the total cost for each component and is used to 
determine the optimum level of I/I removal. 

Figure 1-5 shows the cost-effectiveness analysis curve for the 5 year storm event.  Typically, when 
evaluating a collection system the conveyance cost curve and I/I reduction cost curve will cross 
helping to identify the percentage of I/I removal that is deemed to be most cost-effective.  The cost 
curves in Figure 1-5 show a fairly large gap between the I/I reduction and conveyance costs even at 
the assumed maximum systemwide I/I reduction of 39.3 percent.  The results of this analysis leave 
open the possibility that additional I/I sources such as private laterals may be cost-effective.  In 
addition, the drought conditions experienced from 2011 to 2013 may be impacting flow monitoring 
data and ultimately the results of the completed I/I reduction projects.  It is recommended that 
additional flow monitoring and I/I reduction projects in the private and public sectors be 
completed to validate results to date. 
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Figure 1-5 Cost-Effectiveness Analysis Curve for 5 Year Event 

 

1.7.2 Marginal Cost Analysis Results 
To determine the optimum LOS, or return interval, for conveyance and treatment, a marginal cost 
analysis is typically completed.  A marginal cost analysis is a method by which the incremental cost 
to prevent an SSO occurrence is determined and evaluated.  This subsection describes the process 
used for the marginal cost analysis and presents subsequent results.   

The marginal cost analysis was performed using the 30 percent I/I elimination level, as selected 
from the results of the cost-effectiveness analysis.  The Third Quartile Huff 1 year, 2 year, 5 year, 
and 10 year storm events were evaluated in the marginal cost analysis.  Similar to the cost-
effectiveness analysis, the 6 hour storm events were used to size the collection system, and the 
24 hour storm events were used to size the collection system storage and clean water plant 
upgrades. 

The total present worth costs for I/I elimination, treatment, and conveyance improvements were 
evaluated for the 1 year, 2 year, 5 year, and 10 year recurrence interval.  Table 1-14 shows a 
summary of present worth costs for the system improvements for each storm recurrence interval.  
Costs provided in the table include pipe capacity improvements for the Lower Wilson Creek 
interceptor, which is discussed in further detail in Chapter 8.0.   
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Table 1-14 Estimated Present Worth of Improvements for Marginal Cost Analysis 

RECURRENCE 
INTERVAL 

I/I  
ELIMINATION 

COST ($) 

COLLECTION 
SYSTEM  

STORAGE 
COST ($) 

COLLECTION 
SYSTEM 

CAPACITY 
IMPROVEMENT 

COST ($) 
TREATMENT 

COST ($) 
TOTAL COST 

($) 

1 year 41,746,000 98,791,000 130,845,000 86,782,000 358,164,000 

2 year 41,746,000 119,026,000 161,108,000 93,317,000 415,197,000 

5 year 41,746,000 154,935,000 203,735,000 95,248,000 495,664,000 

10 year 41,746,000 189,314,000 243,792,000 103,484,000 578,336,000 

 
As noted in Table 1-14, the initial costs developed for the various storm events resulted in 
hundreds of millions of dollars in capacity upgrades to address SSO.  The projects and associated 
costs are in addition to the City’s ongoing daily operations to run and maintain the utility, ongoing 
public sewer rehabilitation projects to address aging pipelines, and ongoing treatment facility 
upgrades to address aging equipment.  With significant costs required to operate and maintain the 
utility outside of the projects identified in the cost-effectiveness and marginal cost analyses and 
with the questions raised during the cost-effectiveness analysis regarding what level of I/I 
reduction is feasible, the City determined the best use of the ratepayers’ time and money was to 
complete an affordability analysis before continuing to fine tune and build out the projects required 
for the marginal cost analysis. 

1.7.3 Results and Recommendations 
The results of the cost-effectiveness and marginal cost analyses helped identify several factors that 
have made it difficult to validate assumptions used to develop the solution sets for the 1 year, 
2 year, 5 year, and 10 year LOS.  Although best engineering practices and industry standards were 
used to evaluate I/I reduction projections and the necessary capacity improvement projects, 
ongoing drought conditions and factors unique to Springfield, Missouri, have limited the data 
available to make critical decisions that will ultimately shape the future financial course for the City.  
Factors that require additional data and evaluations include the following: 

 Because flow monitoring data used to calibrate the collection system hydraulic model were 
obtained in drought conditions, the accuracy of the model during normal or above normal 
rainfall is uncertain.  Flow data from normal and above normal rainfall periods are needed 
to improve the confidence in investment decisions made based on the model. 

 The assessment of pilot I/I abatement projects has been conducted in dry-weather 
conditions.  To be confident in investment decisions, pilot projects need normal and above 
normal rainfall periods during flow monitoring before the pilot project to establish a 
baseline, and after the project, to have confidence in the effectiveness of the controls. 

 The City’s flow hydrographs exhibit unusually long infiltration durations that require 
extraordinary conveyance, storage, and treatment measures to address.  This may be the 
result of underlying geotechnical features unique to the region of southwest Missouri.  
Further investigation is needed to determine the root cause of Springfield’s abnormally long 
periods of high infiltration and to select control methods focused on that cause. 
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Because of the factors listed above and questions raised during the cost-effectiveness and marginal 
cost analyses, the City is unable to recommend a plan to meet a specific, systemwide LOS.  
Developing and implementing such a plan may result in the City spending hundreds of millions of 
dollars on capacity improvement projects that may ultimately be one or more of the following:  

 Undersized due to misleading flow monitoring and pilot work during drought conditions. 

 Oversized due to misleading flow monitoring and pilot work during drought conditions. 

 Unidentified sources contributing to Springfield’s usually long periods of high infiltration. 

Moving forward, it is recommended that a phased approach as outlined in the Recommended OCP 
be utilized to allow the City to adaptively manage the solutions that will be most beneficial for the 
community.  It is also recommended that the OCP be developed along with the Integrated Plan to 
ensure the City’s resources are being used efficiently and effectively and have the greatest 
beneficial impact on the environment.  Using this adaptive management approach will allow the 
City to implement solutions that are known to be cost-effective while continuing to gather data on 
the system to target further controls.   

1.8 FINANCIAL CAPABILITY/AFFORDABILITY STUDY 
The City hereby waives an MDNR affordability review for the Recommended OCP.  However, in 
order to help frame subsequent investments required to be evaluated under the ACJ toward 
addressing wet-weather capacity-related overflows, the City has prepared an FCA.  It has been 
prepared in accordance with Missouri State Code Chapter 644.145, formerly HB 89 (2011), which is 
included in Appendix 9A of this report.  As called for in the ACJ, the analysis is intended to facilitate 
the determination of the affordability of the OCP.  As shown in Table 1-15, there are eight factors to 
be considered: 

Table 1-15 Affordability Factors 

CHAPTER 644.145 
DETERMINATION 

CRITERIA CRITERION DESCRIPTION 

1 Financial capability and ability to raise funding 

2 Affordability of pollution control options  

3 Overall control costs and environmental benefits  

4a Lowering impact by adequate time 

4b Regulatory accommodation in light of economics and benefits 

5 Other community environmental investments 

6 US Environmental Protection Agency (USEPA) Guidance for FCA, use 
attainability, and wet-weather standards 

7 Relevant community economic conditions  
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1.8.1 Alternative Level of Service Cost Impact 
The ACJ calls for a financial evaluation of alternative LOS addressing peak design flows for the 
2 year, 5 year, and 10 year wet-weather events by a default planning period of 2031.  The costs of 
these alternative LOS for City ratepayers are presented in previous sections.   One evaluation factor 
is the cost of each LOS in relation to the median household income (MHI) of the community.   The 
determination of these costs, based upon information presently available, is calculated in 
Appendix 9B of this report and summarized in Table 1-16 as follows:  

Table 1-16 Cost per City Household for Evaluated LOS in 2031 

DESCRIPTION 
1 YEAR  

LOS (%) 
2 YEAR 

LOS (%) 
5 YEAR 

LOS (%) 
10 YEAR 
LOS (%) 

Annual Bill/MHI 3.6 3.8 4.2 4.7 

Annual Bill/Upper Limit of Lowest Quintile 7.9 8.4 9.4 10.3 

 
All the alternative LOS evaluated exceed generally accepted affordability guidelines for City 
ratepayers.  Based on this demonstration that a 1 year LOS is not affordable and the conclusions in 
the following subsection, the City developed the Recommended OCP as presented in Section 1.9 
herein. 

1.8.2 Conclusions – Financial Capability and Ability to Raise Funding 
The evaluation factors of Missouri State Code Chapter 644.145 are summarized in Table 1-17 as 
follows:  

Table 1-17 Summary of Chapter 644.145 Evaluation Factors 

CHAPTER 644.145 
DETERMINATION 

CRITERIA 
CRITERION 
DESCRIPTION SPRINGFIELD OCP AFFORDABILITY ASSESSMENT 

1 Financial capability and 
ability to raise funding 

The City has significant financial challenges but has 
managed to maintain stable financial health; the ability 
to collect service fees is limited by other relevant 
community economic conditions and, in particular, the 
high percentage of households currently under a heavy 
housing burden.  

2 Affordability of 
pollution control 
options  

All of the OCP options evaluated are expensive.  The 
Recommended OCP is financially aggressive, and while it 
will further stress distressed populations in the 
community, it should be affordable. 

3 Overall control costs 
and environmental 
benefits  

Control costs are high; environmental benefits are 
expected together with the City’s Integrated Plan.  
Benefits beyond a 1 year LOS are highly uncertain and 
likely to be limited in themselves, especially in relation to 
other environmental improvements that could be 
implemented for the same community financial 
investment.  
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CHAPTER 644.145 
DETERMINATION 

CRITERIA 
CRITERION 
DESCRIPTION SPRINGFIELD OCP AFFORDABILITY ASSESSMENT 

4a Lowering impact by 
adequate time 

The phased schedule in the Recommended OCP provides 
adequate time to investigate means of lowering 
economic impact and providing higher benefits. 

4b Regulatory 
accommodation in light 
of economics and 
benefits 

The $200 million Recommended OCP appropriately 
balances ratepayer economics and public benefits from 
these water quality-related investments. 

5 Other community 
environmental 
investments 

The community has many other important 
environmental programs and investments that are being 
prioritized and addressed through the City’s Integrated 
Plan. 

6 USEPA guidance for 
FCA, use attainability, 
and wet-weather 
standards 

These factors were used to make informed decisions in 
combination with other relevant community economic 
conditions, leading to the Recommended OCP. 

7 Other relevant 
community economic 
conditions  

Low community MHI, high poverty rate, and other key 
financial stresses limit the City’s ability to implement any 
program beyond the Recommended OCP at this time. 

 

1.9 RECOMMENDED OVERFLOW CONTROL PLAN 
The results of the City’s multiple data collection programs have identified unusual issues some of 
which are unique to Springfield.  During the system evaluation it was determined that rainfall 
induced I/I in Springfield far exceeds system responses identified in other midwestern utilities.  In 
particular, the duration of infiltration experienced in Springfield when compared with other 
midwestern cities is abnormally long, often extending five or more days after a rain event.  As 
illustrated in Figure 1-6, the greatest impact of these abnormally long infiltration periods occurs 
when a second rain event occurs.  A typical system will have returned to normal dry-weather 
volumes and flow rates when the second wet-weather event occurs; however, Springfield’s system 
is still conveying infiltration from the previous event, which reduces the available capacity and 
volume of flow that can be conveyed from the wet-weather event.  The system response after a 
second rainfall event shows a higher peak capacity and greater volume through the system.  

It is possible the unique geologic characteristics of Springfield are impacting infiltration rates.  
Karst geologic features such as springs, losing streams, sinkholes and caves create circumstances 
affecting ground water conditions.  In addition, the Springfield area is also known for fragipan soils, 
which can inhibit ground water migration and result in perched water tables that may result in the 
submergence of shallow sanitary sewer pipe.  Further evaluation of these unique geologic 
formations is necessary to better understand the abnormal system response.  
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Figure 1-6 System Response After Wet-Weather Event 

1.9.1 Recommended OCP Priorities 
Based on extensive evaluations and the unique issues with its system, the City identified key 
priorities required to develop and implement a plan that would focus resources in areas that will 
provide the most environmental benefit in areas of greatest concern to the public.  These priorities 
are also necessary to provide an affordable plan that will work toward meeting the requirements of 
the ACJ while also accounting for other environmental commitments and following the principles 
developed in integrated planning.    

1.9.1.1 Integrated Planning 
Over the past several years the City, with support from the State and USEPA Region 7, has been 
working on an Integrated Plan to help identify and prioritize environmental issues.  The Integrated 
Plan has concentrated on incorporating all environmental concerns and issues with a goal of 
focusing resources in areas that are most important to the public and that make a significant 
environmental impact.  These efforts have been gaining momentum both locally and nationally.  
The City has received written approval from the MDNR and EPA on its efforts.  In addition, the City 
has been asked to present the integrated planning project more than 40 times to municipal, state, 
and national organizations including a Congressional Subcommittee.  The City was also asked to 
make the presentation at the MDNR’s conference to celebrate its 40th anniversary.  Recently, the 
City was one of five communities nationwide to receive a grant from USEPA to facilitate further 
development of its Integrated Plan.  Committing enormous funds to projects that are not well-
defined and not yet proven to be cost-effective would undermine the progress made to date on 
integrated planning.   

  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Executive Summary 1-30 
 

1.9.1.2 I/I Reduction Projects 
Based on the evaluations and results of the EAP, I/I reduction projects have proven to be cost-
effective.  The City is proposing to continue with the success of these projects by implementing I/I 
reduction projects including a continuation of the private I/I program, which received national 
recognition.  In addition to continuing with the proven I/I reduction strategies in both the public 
and private sectors, the City also plans to evaluate and consider additional sources such as private 
laterals and foundation drains.  These pilot projects will help to evaluate and determine if other 
cost-effective solutions can be implemented that would ultimately reduce the necessary funds for 
system capacity improvements.  A continuation of the projects will also provide the City the 
opportunity to gather additional data to validate I/I reduction estimates and the system’s response 
to wet-weather events. 

1.9.1.3 Aging Infrastructure 
Rehabilitating the existing system to minimize I/I and return decades of economic life to the sewers 
and WWTPs is the most cost-effective way to reduce overflows and ensure continued performance.  
As noted on Figure 10-3, at the end of the planning period defined in the ACJ the City will have 
approximately 2.8 million feet of pipe that is more than 60 years old, the majority of which is clay 
pipe.  Addressing this aging pipe will not only renew the system but also reduce I/I into the system.  
The City’s two WWTPs are aging; parts of their systems are more than 50 years old.  Investment in 
upgrades at the WWTPs is needed to ensure that they continue to produce high quality effluent. 

1.9.1.4 Adaptive Management 
Investing in additional I/I removal and the associated monitoring and analyses will allow more data 
to be used in estimating overall I/I reduction percentages in Springfield.  Further, with lower than 
average rainfall during the monitoring period and unusually long infiltration responses, collection 
of more data before committing to a LOS and capacity improvements is warranted.  In addition, the 
Integrated Plan is still under development.  The Recommended OCP should be adaptable to ensure 
consistency with the Integrated Plan by focusing resources in areas that are important to the 
community and that provide proven solutions with multiple benefits. 

1.9.1.5 Summary 
These priorities are addressed in this Recommended OCP where the City will commit $200 million 
to reduce SSO and improve the environment over a 10 year period while deferring the commitment 
to a LOS for the system until more data are collected and system performance is evaluated.  The 
Recommended OCP consists of three phases.  The first phase includes Foundation Projects to be 
completed 2016 to 2020.  These projects continue the significant investment in improving the 
sewer system and reducing overflows and address immediate biosolids digester needs at the SWTP.  
The second phase includes Advanced Action Plan (AAP) projects to be completed 2021 to 2025.  
This phase continues the significant investment in I/I removal and sewer system upgrade, as well 
as providing needed improvements at the two WWTPs.  In both phases, additional data will be 
collected on the sewer system response to rain events with updates to the models and OCP 
provided near the conclusion of the second phase.  The proposed sewershed/systemwide LOS will 
be identified at that time. 

Phase 3 will be for the period beyond 2025.  The City will commit to a long-term, affordable plan to 
continue investing in system maintenance and I/I removal, as well as capacity improvements to 
achieve the proposed LOS. 
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1.9.2 2016 to 2020 Foundation Projects 
As the City continues to complete EAP projects by 2018, it proposes to commit $75 million from 
2016 to 2020 to complete Foundation Projects.  The Foundation Projects will build upon the 
momentum and success of the EAP projects by increasing funding and resources to address public 
and private I/I sources, renewal and upgrade of treatment facilities; increase maintenance 
resources; and work toward Municipal Separate Storm Sewer System (MS4) compliance.  The 
increased funding allows the City to rehabilitate the sewer system, reduce SSO, and improve the 
environment – all while collecting additional data and evaluating system performance.  Proposed 
projects and estimated funding are provided in Table 1-18.  

Table 1-18 2016 to 2020 Foundation Projects 

DESCRIPTION COST ($) 

Pipe Renewal 9,500,000 

Private I/I Abatement 10,800,000 

Digester Improvements 35,800,000 

MS4 Compliance 4,900,000 

Resource and Maintenance Needs 9,000,000 

Program Costs 3,700,000 

Systemwide Flow Monitoring 1,300,000 

Total 75,000,000 

1.9.3 2021 to 2025 Advanced Action Plan Projects  
At the completion of the 2016 to 2020 Foundation Projects the City proposes to commit $125 
million from 2021 to 2025 to complete AAP projects.  The proposed projects will increase funding 
and efforts to address public and private I/I sources, public structural renewal, and MS4 com-
pliance.  The City will also continue to invest in the renewal and upgrade of the treatment facilities.  
The increased funding follows the City’s commitment toward reducing bypasses through 
Outfall 002, SSO, and complying with permit requirements.  Proposed projects in the 2021 to 
2025 time frame are shown in Table 1-19. 
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Table 1-19 2021 to 2025 Advanced Action Plan Projects 

DESCRIPTION COST ($) 

Pipe Renewal 31,900,000 

Private I/I Abatement 5,000,000 

Priority SSO Projects 20,100,000 

Treatment Facility Renewal 40,900,000 

MS4 Compliance 9,500,000 

Resource and Maintenance Needs 11,400,000 

Program Costs 4,700,000 

Systemwide Flow Monitoring 1,500,000 

Total 125,000,000 

1.9.4 Phase 3 Beyond 2025  
By July 1, 2025, the City will submit an updated OCP for MDNR approval.  The updated plan will 
include a summary of work accomplished, lessons learned, and a proposed Recommended OCP and 
schedule for additional controls.  The proposed plan will build upon the successes of the 
Foundation Projects and AAP projects and incorporate the results of the following: 

 Ongoing I/I Reduction Projects. 

 Additional Data Collection. 

 Integrated Planning. 

The updated plan will provide additional detail on proposed additional controls.  The proposed 
plan will build upon the successes of the Foundation Projects and AAP projects and follow the 
principles of the Integrated Plan to focus resources in areas that are important to the community 
and to implement solutions with multiple benefits.  Based on the current available data it is 
anticipated that the following improvements may be included in the proposed plan: 

 Continued private I/I reduction. 

 Continue pipe rehabilitation. 

 Continued treatment facility renewal. 

 Combination of pipe capacity and collection system storage. 

 High rate treatment and blending. 

 Improvements to address future regulations. 
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1.10 IMPLEMENTATION 
The City will commit to spending $200 million over a 10 year period to improve the sewer system, 
reduce SSO, and improve the environment.  The City will subsequently identify a LOS for the system 
once more data are collected and system performance evaluated.  While completing the ongoing 
EAP, the City will invest $75 million from 2016 to 2020 on Foundation Projects.  From 2021 to 2025 
the City will invest $125 million on AAP projects.  The implementation schedule of the Recom-
mended OCP is presented in the following subsections.   

1.10.1 Early Action Program Projects 
As the City has progressed through the EAP, an annual report has been submitted to MDNR 
reporting on the funds spent and the progress and results of the EAP.  As indicated in the 2013 
annual report, the City has invested $35.7 million toward the EAP.  The City continues to work 
toward completing the projects outlined in the EAP work plan to invest the remainder of the $50 
million commitment by 2018. 

Ongoing and future projects are shown in Table 1-20. 

Table 1-20 Remaining EAP Projects 

Description 2014 2015 2016 2017 2018 

Phase 2 Pilot Private I/I Abatement                                         
Group 3 Public Sewer Rehabilitation                                   

  
  

Group 4 Public Sewer Rehabilitation*                                         
System Flow Monitoring                                         
Increased Collection System Staffing                                         
* Group 4 funds may be reallocated to a private lateral program, flow monitoring, or private I/I abatement. 
Funds for the projects listed above may be reallocated between private I/I abatement, public sewer 
rehabilitation, and flow monitoring projects. 

1.10.2 Foundation Projects 
While working to complete the EAP by 2018, the City proposes to commit $75 million from 2016 to 
2020 to complete the Foundation Projects.  The Foundation Projects will build upon the momentum 
and success of the EAP projects by increasing funding and resources to address public and private 
I/I sources, renewal, and upgrade of treatment facilities; increase maintenance resources; and work 
toward MS4 compliance.  The increased funding allows the City to continue system renewal, reduce 
SSO, and improve the environment while collecting additional data and evaluating system perform-
ance to optimize future investments.  Proposed projects in the 2016 to 2020 time frame are shown 
in Table 1-21. 
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Table 1-21 2016 to 2020 Foundation Projects 

Description 2014 2015 2016 2017 2018 2019 2020 

Pipe Renewal                                                         
Private I/I Abatement                                                         
Digester Improvements                                                         
MS4                                                         
Resource and 
Maintenance                                                         
Program Costs                                                         
Systemwide Flow 
Monitoring                                                         

1.10.3 Advanced Action Plan Projects 
At the completion of the 2016 to 2020 Foundation Projects, the City will invest $125 million from 
2021 through 2025 to complete the AAP projects.  The AAP projects will address public and 
private I/I sources, public structural renewal, and MS4 compliance.  The City will also continue to 
invest in the renewal and upgrade of the treatment facilities.  The AAP projects support the City’s 
commitment toward reducing bypasses through Outfall 002, SSO, and complying with permit 
requirements.  The timing of implementation of the AAP projects is shown in Table 1-22. 

Table 1-22 2020 to 2025 Advanced Action Plan Projects 

Description 2021 2022 2023 2024 2025 

Pipe Renewal                                         
Private I/I Abatement                     

 
              

 
  

Priority SSO Projects                                         
Treatment Facility Renewal                                         
MS4 Compliance                                         
Resource and Maintenance                                          
Program Costs                                         
OCP Update                                         
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1.11 PLAN EVALUATION 
The Foundation Projects phase has specific commitments to projects that are certain to be cost-
effective.  These are the low hanging fruit of the plan.  The AAP projects also include investments 
that are expected to be cost-effective.  However, the projects after these first two phases are less 
certain to be optimal.  To focus the AAP projects and provide for a cost-effective long-term plan, the 
following three areas of plan evaluation will begin in the Foundation Projects phase:  

 70 percent of the I/I is from private sources.  Evaluating the most cost-effective locations 
and techniques is the most important priority. 

 High flow in Springfield’s sewers continues for three or more days after rainfall has ended.  
In other cities, high flows caused by rainfall induced I/I typically withdraw after a day.  
Springfield’s long I/I tail drives the need for the exceptionally large sewers and storage 
basins to increase the LOS.   A high priority will be to investigate the reasons for this long 
tail and the means to address it.  

 The current plan is based on a sophisticated model calibrated to dry or drought conditions.  
Normal- and wet-weather conditions are needed to ensure the model is making accurate 
predictions of the effectiveness of controls.  

To address these plan evaluation needs, three categories of investigation are envisioned:  

● Private I/I pilot evaluations. 

● Hydrogeological evaluations. 

● Flow monitoring. 

These evaluation needs will be coordinated and may be adjusted as knowledge is gained from each. 

1.11.1 Flow Monitoring  
As part of the EAP the City installed 32 long-term meters to assist with hydraulic model calibration, 
pump station evaluation, and to assist with determining flows contributed by customer cities.  The 
long-term meters were supplemented by temporary meters, which were used to collect pre- and 
post-rehabilitation flow monitoring data.  Throughout the Recommended OCP the City will continue 
to collect flow monitoring data from strategically located permanent and, as necessary, temporary 
flow monitors.  The additional flow monitoring data will be used to validate model calibration and 
I/I reduction projections.  In addition, one of the major goals of the additional monitoring and 
metering will be to investigate the causes of the unique wet-weather response with extended 
periods of high flows in the sewers following a rainfall event and the most effective I/I reduction 
strategies to address this unique response.     

1.11.2 Pilot Programs 
The Pilot Private I/I Abatement Program completed as part of the EAP was a great success and 
verified that targeting inflow sources on private property is a cost-effective means of reducing I/I.  
In order to develop an affordable plan to reduce SSO, it is crucial to identify and repair cost-
effective solutions located in the private sector.  To build upon the success of the pilot private I/I 
abatement program and to continue to identify private I/I sources, the City commenced the Phase 2 
pilot private I/I project.  As part of the Phase 2 pilot private I/I abatement project the City included 
private lateral investigations and repairs.  The ability to cost effectively identify and repair private 
lateral defects could result in substantial I/I reduction systemwide, which will ultimately decrease 
the dependence on increased pipe capacity, storage, and wet-weather treatment capacity.  
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Throughout the Recommended OCP the City will continue to pilot techniques to identify and repair 
additional I/I sources as a means to find the most cost-effective solutions.  

During the EAP and throughout the Recommended OCP, the City will increase efforts to address 
aging infrastructure in the collection system.  Through the public sewer renewal program, the City 
is able to add decades to the life of the collection system while also eliminating I/I into the system.  
Although critical to the long-term success of the program, the comprehensive public sewer projects 
implemented to address aging pipe, lateral connections, and manholes is an expensive and time-
consuming process.  During the Recommended OCP, the City may include pilot projects to target 
inflow sources in the public sector that can be easily identified and repaired.  These pilot projects 
would not be implemented to replace the structural renewal programs but instead to supplement 
them.  If proven to be cost-effective, these smaller programs would allow the City to move more 
quickly through the system and target large inflow sources while the comprehensive program is 
ongoing.    

1.11.3 Plan Update 
Throughout the Recommended OCP the City will continue to gather additional flow monitoring data 
to validate model calibration and I/I reduction projections.  In addition, the City will continue to 
evaluate methods for identifying and implementing cost-effective solutions for removing I/I from 
the system.  The City will also continue ongoing work to compare sewer sub-basin responses to 
local geologic conditions to determine if correlations can be made to help explain the unique long 
hydrograph tails.  Based on the results of the additional data and evaluations, the City will 
adaptively manage and refine the projects included in the 10 year Recommended OCP.   

The continued projects, evaluations, and data collection will also allow the City to better 
understand the collection system response to wet-weather events and how local geologic features 
impact the system response.  With data collected over an extended period of time and a better 
understanding of the collection system response, the City will be able to more accurately project 
realistic I/I reduction systemwide and better understand the necessary capacity improvements to 
convey, store, and treat wet-weather flow.  The City also believes that with the continued pilot 
projects and evaluations additional cost-effective I/I reduction strategies may be implemented, 
which in turn will decrease the cost of future capacity improvements.    

By July 1, 2025, the City proposes to submit to MDNR for approval an updated OCP.  The updated 
plan would outline future steps and projects to reduce SSO and discharges to Outfall 002 at the 
treatment facilities.  The updated plan will utilize the additional data and conclusions from the 
projects implemented during the 10 year $200 million Recommended OCP to more accurately 
project the scale and cost of future capital improvement projects. 

Submitting the updated OCP in July 2025 will ensure that continued progress will be made for 
months or even years beyond that point so that the regulatory approval process will not cause 
interruption or cessation of system improvements. 



CHAPTER 2.0 
INTRODUCTION 

Chapter 2.0 
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2.0 Introduction 

2.1 BACKGROUND 
Like other cities nationwide, portions of the City of Springfield (City) sewer system overflow during 
significant storm events. In accordance with federal and state laws, as well as the City’s sewer-
related State Consent Judgment with the Missouri Department of Natural Resources (MDNR), the 
City has developed an Overflow Control Plan (OCP) to control sanitary sewer overflows (SSO) from 
its sanitary sewer collection system.  This plan is presented in detail in this report, entitled City of 
Springfield Environmental Services Overflow Control Plan. 

The city of Springfield is located in the southwest region of Missouri with a population of 
approximately 160,000 (United States Census Bureau, 2010).  The Clean Water Services Division 
maintains the sewer system, which comprises approximately 1,200 miles of sanitary sewers and 
two wastewater treatment plants.  The City’s sewer service area spans approximately 148 square 
miles, including the city of Springfield and the communities of Battlefield, Strafford, and Willard.  
The two treatment facilities are the Southwest Treatment Plant (SWTP) and the Northwest 
Treatment Plant (NWTP), both located in Greene County.  

 

Figure 2-1 City of Springfield and Surrounding Area 
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2.2 1995 CONSENT DECREE 
In May 1995, the City entered into a Consent Decree with the MDNR to study sources of 
inflow/infiltration (I/I) and to (1) complete specific rehabilitation projects in the collection system 
to reduce excessive I/I and associated wet-weather capacity-related SSO and (2) upgrade a peak 
flow clarifier at the SWTP.  Pursuant to the 1995 Consent Decree, Phase 1 Sanitary Sewer 
Evaluation Survey (SSES) was performed for each of the 155 sub-basins in the City’s collection 
system.   

The SSES involved inspection of the sewer system using several methods to identify sources of I/I 
including the following: 

 Visual inspection--Public and Private Connections. 

 Smoke testing--Public and Private Sewers. 

 Closed circuit television (CCTV) inspection--Public Sewers. 

 Building inspection--Information was gathered from residents and businesses about any 
history of sewer backup and storm water flooding in their buildings.  Basements were 
inspected for possible illegal plumbing connections, including foundation drains and sump 
pumps connected to the sanitary sewer. 

 Dye testing--Dye was used at suspected I/I sources. The source is confirmed if the dye 
appears in the sewer system. 

This was an extensive and aggressive commitment by the City to characterize the I/I into its system.  
The City invested $21 million to address sources of I/I that were identified through this work.  With 
successful completion of Phase 1, the City then turned to the next phase of its program to further 
reduce wet-weather capacity-related sewer overflows. 

The City successfully satisfied all obligations of the 1995 Consent Decree. 

2.3 AMENDED CONSENT JUDGMENT 
On May 15, 2012, an Amended Consent Judgment (ACJ) was entered which found, in part, that  
“…the City has fulfilled in the injunctive relief obligations of the 1995 Consent Decree, but 
additional work must be performed to achieve compliance with the Missouri Clean Water Law, 
Chapter 644 and the federal Clean Water Act.”  The ACJ amends and extends the 1995 Consent 
Decree and requires that the City develop and implement, following state approval, a sewer system 
OCP, as well as requiring other consistent actions by both parties.  Under the ACJ, the City proposed 
to complete Early Action Program (EAP) projects from 2011 through 2018 to upgrade, rehabilitate, 
and enhance the capacity of its collection system to further address I/I and associated SSO.  The City 
timely submitted an EAP work plan, and it was approved by MDNR on November 14, 2011.  The 
City has allocated $50 million for the EAP for seven project categories, which are summarized in 
Subsection 2.3.1. 
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2.3.1 Early Action Program Projects 
Under the ACJ, the City has initiated and will complete the EAP over a 7 year period to upgrade, 
rehabilitate, and enhance the capacity of its collection treatment systems and to further reduce I/I 
and wet-weather capacity-related SSO.  The City agreed to spend $50 million among each of the 
following seven categories of EAP projects over a 7 year implementation period as shown in the 
Early Action Program Work Plan (August 2013 revision): 

1. Ozone Disinfection System Improvements Project at the SWTP (completed). 

2. Spring Branch Trunk Sewer Project (completed). 

3. Rehabilitation of sewer manholes, vitrified clay sewer pipes, service lateral 
connections, and appurtenances to reduce the amount of I/I entering the collection 
system (ongoing).  

4. Development and implementation of a Pilot Private I/I Abatement Program to 
reduce the amount of private I/I flows entering the collection system (completed 
and moved into Phase 2 Pilot). 

5. Installation of flow monitoring stations in the collection system to increase the City’s 
ability to measure flows and quantify the effectiveness of I/I reduction projects, and 
to provide information for calibration of the hydraulic model (ongoing). 

6. Increased public education and outreach to improve and expand education for 
water quality and other City programs, including the City’s existing Rain Barrel 
Program, Rain Garden Program, Wastewater Education Program, and education 
programs in schools, private I/I abatement, and improved websites for citizen 
access (ongoing).  

7. Increased Sewer Maintenance Department staffing by the City to provide an 
increased level of sewer maintenance with the goal of reducing blockages that cause 
overflows and providing timely response to necessary sewer repairs (ongoing).  

The City has submitted an annual report to MDNR on the amount spent, progress, and results of the 
EAP projects.  As indicated in the 2013 annual report, the City has already invested $35.7 million 
toward the EAP.  The 2014 annual report will be submitted by March 31, 2015.  The City is ahead of 
schedule in its financial investment toward the EAP.  As discussed below, the EAP projects repre-
sent priority investments that will provide the greatest benefit in system operation and overflow 
reduction.  One aspect of this is critical information that will guide future investments of tens if not 
hundreds of millions of dollars on sewer system upgrades. 
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2.3.2 Overflow Control Plan 
Over the past several years the City has been developing its OCP.  The City implemented extensive 
programs to collect data on sanitary sewer collection system and wastewater treatment facilities.  
These data were evaluated and used to develop and calibrate a collection system hydraulic model, 
treatment hydraulic models, and treatment process models.  System performance as predicted by 
the models was used to evaluate various solution sets to reduce SSO at a 1 year, 2 year, 5 year, and 
10 year level of service.  The chapters listed below are included in this report to discuss the 
evaluations and results used to develop the City’s Recommended OCP (Chapter 10.0): 

 Chapter 3.0--Collection System Hydraulic Model Development. 

 Chapter 4.0--Treatment Assessment. 

 Chapter 5.0--Sanitary Sewer Evaluation Survey. 

 Chapter 6.0--Pilot Private Inflow/Infiltration Abatement Program. 

 Chapter 7.0--Public Sewer Rehabilitation Program. 

 Chapter 8.0--Adequate Wet-Weather Capacity Analysis. 

 Chapter 9.0--Financial Capability and Affordability Assessment Study. 

 Chapter 10.0--Recommended Overflow Control Plan. 

 Chapter 11.0--Implementation. 

 Chapter 12.0--Plan Evaluation. 

Chapters 3.0 and 4.0 provide detailed discussions on the procedures and processes used to evaluate 
the existing collection system and treatment facilities.  Evaluation of the City’s existing facilities 
included the development and calibration of models to help predict system response during wet-
weather events.  Once calibrated, these models became a key tool in determining the most 
affordable and cost-effective approach to addressing the city’s wet-weather capacity challenges. 

Chapters 5.0, 6.0, and 7.0 discuss the development and implementation of I/I reduction projects in 
both the public and private sectors.  Chapter 5.0 focuses on the necessary field evaluations to collect 
data on the existing system that was used to develop the overall program and specific projects.  
Chapter 6.0 outlines the development and implementation of the pilot private I/I project, while 
Chapter 7.0 outlines the Group 1 and Group 2 public sewer rehabilitation projects. 

Chapters 8.0 and 9.0 provide details on the cost and affordability evaluation of multiple 
alternatives.  Chapter 8.0 walks through the cost-effectiveness analysis to help determine how 
much I/I can be cost effectively removed from the system.  Chapter 8.0 also discusses the cost of I/I 
reduction and capacity improvement projects to improve the existing system performance during 
wet-weather events.  Chapter 9.0 evaluates the affordability of costs associated with the 
improvements required to maintain a 1 year, 2 year, 5 year, and 10 year level of service with a 
detailed analysis of the 1 year level of service.  The overall cost of the program and potential 
economic impacts on the residential and commercial community are presented in detail. 
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Chapters 10.0, 11.0, and 12.0 discuss the Recommended OCP developed by the City for submittal in 
this OCP report.  Chapter 10.0 details the necessary projects to strategically reduce I/I in key parts 
of the system while continuing to evaluate and maintain the integrity of the overall collection and 
treatment system.  Key components of the Recommended OCP include I/I reduction, pipe and 
treatment renewal, SSO reduction targeted to areas with a high potential of public contact, and an 
increase in operation and maintenance staff and equipment.  Chapter 11.0 lays out the 
implementation schedule of the Recommended OCP, while Chapter 12.0 discusses the evaluation 
process to continue to develop and improve on the OCP.   



CHAPTER 3.0 
COLLECTION SYSTEM HYDRAULIC 
MODEL DEVELOPMENT 

Chapter 3.0 
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3.0 Collection System Hydraulic Model Development 

3.1 EXISTING CONDITIONS 
The City of Springfield’s (City’s) sanitary sewer system model was initially updated and calibrated 
in 2012, using data collected during flow monitoring conducted in spring 2012 as part of the City’s 
Overflow Control Plan (OCP) development.  Spring 2012 was a relatively dry period that was also 
preceded by a lengthy dry period.  As such, flow monitoring was also conducted during spring 2013.  
During spring 2012, flow data were collected at 68 monitoring locations.  Based on flow monitoring 
results from the 2012 metering period, additional monitoring locations were identified to improve 
model calibration.  A total of 44 additional monitors were included in the spring 2013 monitoring 
period.  Flow data were collected at 112 sites within the collection system during the spring 2013 
flow monitoring program, and rainfall data were collected from 39 rain gauges located throughout 
the collection system.  The data collected were used to update the calibration of the City’s sanitary 
sewer system model. 

This section presents a description of the City’s existing collection system and describes the 
processes used to analyze the collected flow data and calibrate the model. 

3.1.1 System Description 
The collection system in Springfield, Missouri, consists of approximately 6,500,000 linear feet (LF) 
of pipe, approximately 1,400,000 LF of which are interceptors (10 inch diameter and larger).  The 
City’s collection system comprises two service areas, the north and south, each served by 
wastewater treatment plants, the Northwest Treatment Plant (NWTP) and Southwest Treatment 
Plant (SWTP), respectively.  There are three interconnections between the two systems where 
overflow lines are connected to divert wet-weather flow during flow backups.  These overflow lines 
rarely experience flow and none were active during the 2013 flow monitoring period.  Therefore, 
the north and south systems were modeled separately during calibration. 

The City’s collection system model was developed in InfoWorks CS.  The model contains all 
interceptors and some smaller pipes that were deemed important for model calibration (e.g., flow 
monitor was located on an 8 inch line or where smaller upstream pipes had a large impact on the 
downstream interceptors) for a total of 1,400,000 LF of pipe.  The North system model is comprised 
of approximately 300,000 LF of pipe, contains three pump stations (two of which pump flow from 
customer cities connected to the North system), and a 4 million gallon (MG) holding pond 
controlled by a manually operated gate.  The South system model is comprised of approximately 
1,100,000 LF of pipe and five pump stations (one of which pumps flow from a customer city). 

3.1.1.1 Service Area 
The City’s collection system contains 15 sewer basins, which are made up of 157 smaller sub-
basins.  The collection system also handles flow from four nearby customer cities: Willard, 
Strafford, Battlefield, and English Village.  Willard and Strafford are connected in the North system 
and Battlefield and English Village are connected in the South system. 

The total area represented by the model is approximately 67,000 acres, 52,000 served by the SWTP 
and 15,000 served by the NWTP.  Model subcatchments were developed to represent the sanitary 
and wet-weather flow into each modeled manhole.  The subcatchments fall within the sewer sub-
basin boundaries and were developed to include all parcels associated with pipe segments 
tributary to the modeled manholes within the sub-basins, so the subcatchments encompass all of 
the study area currently connected to the sanitary sewer system.  Figure 3-1 shows the model 
service area.   
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Figure 3-1 Existing Model Service Area 
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Table 3-1 provides a summary of the existing system area used in the model to generate dry-
weather flow by sewer basin.  The dry weather flow in the model was calibrated to the observed 
dry weather flow collected during the 2013 flow monitoring period. 

Table 3-1 Existing System Area and Population by Sewer Basin 

SEWER BASIN 
AREA  

(ACRE) 

Battlefield 3,651 

Fassnight Creek 3,888 

Galloway 3,859 

James River 3,653 

Jordan Creek 8,472 

Lake Springfield 3,794 

Little Dry Sac 313 

Lower Wilson Creek 2,212 

Pea Ridge 4,508 

Pierson Creek 3,333 

Rainier 2,376 

South Creek 7,546 

South Dry Sac 4,271 

Spring Branch 1,443 

Strafford 963 

Upper Wilson Creek 4,973 

Ward Branch 6,091 

Willard 2,408 

TOTAL 67,755 
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3.1.2 Model Description 
The physical data that forms the basis of the model network are stored in a geodatabase provided 
by the City.  These data include the following: 

 Node coordinates. 

 Rim elevations. 

 Upstream and downstream node references for each pipe. 

 Pipe invert elevations. 

 Pipe sizes and shapes. 

 Pipe material. 

 
Information was imported to InfoWorks CS from the previous SWMM model and was updated, as 
needed, using data stored in the Geographic Information System (GIS) geodatabase.  Data updates 
made during the hydraulic modeling process were made in the InfoWorks CS model. 

In addition, as-built drawings and information collected from the City were used to populate other 
physical data, including pump station information and information about the existing flow 
equalization (EQ) basin. 

3.1.2.1 Manhole Data 
There are 4,831 nodes in the existing system model; two of these nodes are outfalls (representing 
the NWTP and SWTP) and one is a pond (representing the North EQ Basin located just upstream of 
the NWTP).  There also are 28 break nodes/dummy nodes in the model that represent transitions, 
or changes in elevation, along the force mains. 

3.1.2.2 Pipe Inventory Data 
The City’s existing system model consists of approximately 1,400,000 LF of pipe representing the 
collection system interceptors and smaller pipes deemed critical for calibration (e.g., flow monitor 
was located along an 8 inch line).  Table 3-2 summarizes the length of pipe by size. 

Table 3-2 Pipe Inventory Summary 

INVENTORY ITEM 
NUMBER OF 
SEGMENTS 

TOTAL LENGTH 
(FT) 

PERCENT 
(%) 

Pipe Length (≤8” diameter) 151 43,216 3.1 

Pipe Length (10-15” diameter) 2,796 721,479 51.4 

Pipe Length (16-21” diameter) 767 207,020 14.8 

Pipe Length (24-36” diameter) 924 317,686 22.6 

Pipe Length (42-60” diameter) 223 113,591 8.1 

TOTAL 4,861 1,402,992 100.0 

 

  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Collection System Hydraulic Model Development 3-5 
 

3.1.2.3 Pump Stations 
Eight pump stations are represented in the existing system model.  These pump stations are 
summarized in Table 3-3.  For pump stations with two model pumps, the second pump is generally 
the same size as the first, but two pumps cannot pump the same rate as the sum of the two single 
pumps when they are running together.  Therefore, the Pump 2 rates shown in the table represent 
the increase in capacity from one pump operating to both pumps operating.  These rates were 
confirmed through fill/draw tests where possible.  Three of the pump stations convey flow from 
customer cities into the City’s collection system:  Battlefield, Strafford, and Willard. 

Table 3-3 Pump Station Summary 

PUMP 
STATION PUMP 

SWITCH ON 
LEVEL  

(FT AD) 

SWITCH OFF 
LEVEL  

(FT AD) 
DISCHARGE 

(MGD) SYSTEM 

Airport Airport 1042.0 1041.0 0.50 North 

Battlefield Battlefield 1196.0 1190.5 10.00 South 

James River James River 1083.0 1081.0 25.00 South 

Lecompte 
Pump 1 1315.6 1309.0 1.23 South 

Pump 2 1309.0 1308.5 0.57  

Roundtree 
Pump 1 1144.6 1141.5 2.64 South 

Pump 2 1145.6 1142.5 1.84  

Strafford Strafford 1422.33 1420.83 1.50 North 

Thompson 
Branch 

Pump 1 1142.5 1139.5 1.73 South 

Pump 2 1143.0 1139.5 1.25  

Willard Willard 1249.0 1248.0 10.00 North 

 

3.1.2.4 Storage 
There is one existing storage facility in the City’s model.  It is a 4 MG EQ basin located just upstream 
of the NWTP.  It is manually operated by a gate; when the flow at the NWTP approaches 21 million 
gallons per day (mgd), the gate is closed, causing a backup into the EQ basin.  When the flow drops 
below 21 mgd, the gate is opened and the EQ basin is able to drain back to the interceptor. 

3.1.2.5 Orifices 
There are two orifices in the model:  one represents the gate-controlling flow to the NWTP and the 
EQ basin, and the other simulates flow restriction at the James River Pump Station.  The orifice 
simulating flow restriction at the James River Pump Station was used to control the flows to the two 
force mains (SC21A and SC16) during model calibration. 
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3.1.3 Storm Selection 
A critical storm analysis was performed to select the design storm(s) used for the cost-effectiveness 
and marginal cost analyses.  The critical storm analysis evaluated several design storms with a 
combination of rainfall distributions and durations for a 5 year recurrence interval to determine 
which storm placed the most stress on the collection system.   

The five design storms shown in Table 3-4 and on Figure 3-2 were evaluated.  The storms were 
defined by several factors, including rainfall time distribution, recurrence interval, and duration.  
The following apply to the storm analysis: 

 Rainfall time distribution or shape refers to the temporal distribution of the rainfall within 
the specific storm.  If the rain falls evenly throughout the storm, the resultant sewer inflow 
will be different than if it rains gently for the initial period followed by a period of high 
rainfall intensity. 

 The recurrence interval or return period is based on the probability that the given event 
will be matched or exceeded in any given year. 

 Storm duration is the time elapsed between the first and last recorded precipitation in the 
storm event above a given threshold. 

 The peak intensity is the maximum rate of rainfall occurring during the storm event. 

 Storm volume refers to the total amount of precipitation that falls during the storm event. 

 
The storms evaluated in this analysis included the National Resources Conservation Service (NRCS) 
(formerly the Soil Conservation Service) Type II rainfall time distribution and the First, Second, and 
Third Quartile Huff (Huff Q1, Q2, Q3) rainfall time distributions.  The recurrence interval for each 
storm was 5 years with varying durations of 1, 6, and 24 hours.  The peak intensity ranged from 
0.40 to 1.40 inches with total volumes from 1.40 to 4.05 inches. 

Table 3-4 Evaluation Design Storms 

STORM 
RAINFALL TIME 
DISTRIBUTION 

RECURRENCE 
INTERVAL 

(YEARS) 
DURATION 

(HOURS) 
PEAK INTENSITY 
(INCHES/HOUR) 

VOLUME 
(INCHES) 

5 yr, 1 hr, NRCS Type II NRCS Type II 5 1 1.40 1.40 

5 yr, 6 hr, Huff Q3 Huff Q3 5 6 0.87 2.10 

5 yr, 24 hr, Huff Q1 Huff Q1 5 24 0.48 4.05 

5 yr, 24 hr, Huff Q2 Huff Q2 5 24 0.40 4.05 

5 yr, 24 hr, Huff Q3 Huff Q3 5 24 0.40 4.05 
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Figure 3-2 Evaluation Design Storms 
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3.1.3.1 Approach 
In order to select the critical storm, the diameters of the pipes in the model network were increased 
to eliminate bottlenecks for all of the design storms.  Identifying and upsizing bottlenecks was an 
iterative process. 

First, all five design storms were run on the initial model network.  The initial model network 
included future growth with upsized pipes and 40 percent inflow/infiltration (I/I) reduction.  Forty 
percent I/I reduction was used for this analysis because it was selected as the cost-effective I/I 
reduction rate for the initial adequate wet-weather capacity analysis performed using the 2012 
calibrated model.  The pipes causing bottlenecks were identified for each design storm.  These pipes 
were then upsized to the minimum pipe size necessary to convey the maximum downstream flow, 
as determined using Manning’s equation, without surcharging each design storm.  All five design 
storms were run again on the updated network to ensure all bottlenecks were removed.  Once all 
bottlenecks were removed, the peak flow for each pipe was compared for each storm event to 
determine which storm produced the highest peak flow in that pipe. 

3.1.3.2 Results 
The critical storm for each pipe in the sanitary sewer system was determined as the storm causing 
the maximum peak flow.  Figure 3-3 shows the entire system categorized by the critical storm for 
each pipe. 

 

Figure 3-3 Design Storm Causing the Maximum Peak Flow for Each Conduit 
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Figure 3-4 shows the number of pipes with the greatest peak flow in the final network for all five 
design storms.  The 5 year, 24 hour, Huff Q3 design storm had the largest number of pipes with the 
highest peak flow at 51 percent of the total number of conduits in the system.  The 5 year, 6 hour, 
Huff Q3 storm had the second largest number of conduits with the highest peak flow at 27 percent 
of the conduits in the system. 

 

Figure 3-4 Conduits by Design Storm Causing the Maximum Peak Flow 
 
Because the 5 year, 24 hour, Huff Q3 design storm had the largest number of pipes with the highest 
peak flow, it was selected as the storm that would be used to size collection system storage and 
treatment for the adequate wet-weather capacity analysis.  Even though the 5 year, 6 hour, Huff Q3 
design storm had fewer pipes with the highest peak flow, it was selected as the design storm to size 
the collection system conveyance improvements in the adequate wet-weather capacity analysis 
because it was more representative of the worst-case scenario in the outer extent of the collection 
system. 

3.1.4 Model Calibration 
Flow monitoring was performed during spring 2013 to collect data to update the existing system 
model calibration initially completed in 2012.  Flow data were collected at 112 strategically located 
sites within the collection system.  The model protocol developed for the City sanitary sewer 
system model is provided in Appendix 3A.  Some of the methods in the protocol were changed 
during model calibration to better fit the conditions experienced during flow monitoring and to 
provide a better model calibration.  This subsection describes the process used to select the wet-
weather calibration storm events, flow data analysis, dry-weather flow (DWF), and wet-weather 
flow (WWF) calibration. 

3.1.4.1 Flow and Rainfall Data Analysis 
Prior to model calibration, the data collected during the spring 2013 flow monitoring period were 
analyzed to ensure the data were as accurate as possible and to develop the input parameters for 
the model. 
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3.1.4.2 Rainfall Data Analysis 
Rainfall data were collected from 39 rain gauges located throughout the collection system during 
the spring 2013 flow monitoring period.  Figure 3-5 shows a map of the rain gauge locations and 
the rain gauge Thiessen polygons. 

A rain gauge calibration test was performed by the City during the flow monitoring period to 
determine the number of tips per unit of time for each rain gauge.  The results of the test were 
compared to the ideal tipping rate identified by the manufacturer.  The recorded rainfall for the rain 
gauges that deviated from the rate identified by the manufacturer was adjusted based on the ratio 
of the calibration test result rate to the rate identified by the manufacturer. 

After adjustment of the rainfall data based on the tip test results, the rainfall was reviewed to 
determine if there was any missing or poor data recorded during the monitoring period that would 
impact the rainfall analysis.  Examples of poor data could include a gauge exhibiting extremely high 
rainfall during a period where the other gauges showed very little or no rainfall or a gauge that 
showed no rainfall during a relatively wet period of time.  The review of the data showed no gauges 
with missing or anomalous data, so all gauges were used for rainfall analysis and model calibration. 

The rain gauge data represent the rainfall at a single location in the system.  In order to better 
represent the rainfall over a larger area, rain gauge Thiessen polygons were developed.  A Thiessen 
polygon defines an area of influence around its sample point such that any location within the 
polygon is closer to its sample point than any other sample points.  The metersheds were overlaid 
with the rain gauge Thiessen polygons to determine the percentage of the metershed covered by 
each of the Thiessen polygons that overlap it.  A weighted rainfall was then created for each 
metershed based on this information.  The weighted rainfall was used for flow data analysis and 
model calibration. 
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Figure 3-5 Springfield Rain Gauge Locations 
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3.1.4.3 Raw Flow Data Analysis 
The first step in the process was the raw flow data analysis and cleanup.  The raw flow data 
collected during the monitoring period may not always be readily usable without inspection.  
Manual data adjustments based on measurements collected at the monitoring locations during the 
flow monitoring period and best engineering judgment were necessary to correct irregularities in 
the raw flow data.   

Cleanup of the raw data was performed in an Excel spreadsheet tool.  The process included 
adjustment of raw data using field interrogation data, data composing (for meter sites with multiple 
probes), data scrubbing, and cleanup using regression analyses. 

During the flow monitoring period, the flow monitors were physically inspected on a regular basis, 
typically weekly.  Manual measurements of the flow depth and velocity were performed and 
compared with the metered data.  If debris was present or if the meter readings did not match the 
manual measurements, the probes were cleaned to remove debris or adjusted for dislodgement.  
After cleaning, the flow depth and velocity were measured again and compared with the metered 
data after the field adjustments.  All the data collected and activities performed during the field 
visits were recorded on field interrogation sheets.  This information was used to adjust the metered 
data during the flow data cleanup process.  The following example describes the process used for 
depth adjustments for one of the meter sites.  The depth-time series data for Flowmeter SC13 is 
shown on Figure 3-6.  The figure shows the data measured before April 22, 2013 (the blue line 
below the red line) were much lower than the rest of the data.  The depth-velocity scatter plot for 
Flowmeter SC13 is shown on Figure 3-7.  The data group before April 22 (represented by the green 
points) shows a different trend than the data after April 22 (the light blue points).  The field 
interrogation sheets were examined and the record showed that the meter probes were cleaned on 
April 22.  Before cleaning, the metered depth was 4.64 inches, but the ruler measurement showed 
the depth was 6.25 inches.  The velocity data prior to April 22 did not increase accordingly.  It was 
very likely that the depth data prior to April 22 were questionable, while the velocity data were 
reasonable.  Therefore, the depth data prior to April 22 were adjusted higher using the incremental 
adjustment recorded in the field such that they (the red points) followed the same trend as the rest 
of the data (the light blue points) on Figure 3-7. 

If a meter site had two probes with two sets of metered data, both datasets were examined during 
the data analysis.  It was possible that for a single time period, one set of data was good but the 
second set of data was bad or missing, while for another time period, the first set of data was bad or 
missing but the second set of data was good.  Therefore, good data could be extracted from different 
periods of either set of data and combined into a single composed dataset to eliminate bad or 
missing data as much as possible. 
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Figure 3-6 Raw Depth Adjustment Based on Field Interrogation Information, Depth-Time Series, 
Flowmeter SC13 

 

 

 

Figure 3-7 Raw Depth Adjustment Based on Field Interrogation Information, Depth-Velocity 
Scatter Plot, Flowmeter SC13 
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For example, Figure 3-8 shows the measured depth and velocity time series for Flowmeter JC29 
with two meter probes.  For data prior to June 4, the data measured by Probe 1 had better quality 
with fewer dropouts than Probe 2.  On the contrary, for the data after June 4, Probe 2 appeared to 
have better quality data and Probe 1 was missing velocity data for a few days.  Thus, the data prior 
to June 4 from Probe 1 and data after June 4 from Probe 2 were extracted to compose a new dataset 
to minimize bad data points.  It should be noted that not all monitoring locations included two 
probes.  Generally, only monitoring sites selected for long-term installation (32 sites) contained two 
probes. 

 

Figure 3-8 Data Composing Based on Data of Two Meter Probes, Depth and Velocity Time Series, 
Flowmeter JC29 

 
Even after the data adjustments from the field interrogation data and dataset composition 
previously described, some meters still had depth and/or velocity data dropouts because of 
intermittent debris lodging on the probe.  When the dropouts happened for only one or two 
continuous time steps and not during a peak inflow response, the missing data were interpolated 
(scrubbed) using the available data from the adjacent time steps.  Figure 3-9 shows an example of 
data adjustments using the scrubbing method for depth for Flowmeter JC22.  The dropout data 
points are shown as green dashed lines.  After scrubbing, the cleaned-up data were on the red line, 
which followed a similar trend and pattern as the rest of the good data. 

The data scrubbing method was suitable for dropouts for only a few time steps, but it was not 
suitable for adjusting dropouts occurring over longer periods.  These were corrected using the 
regression method. 
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Figure 3-9 Depth Data Scrubbing Time Series, Flowmeter JC22 
 
Using Flowmeter SC05 as an example, Figure 3-10 shows the depth and velocity time series data 
and Figure 3-11 shows the depth-velocity scatter plot.  The depth data from March 10 to March 12, 
from March 17 to March 19, from April 27 to April 30, and from June 1 to June 4 were bad or 
missing, shown as red triangle points on Figure 3-11.  The velocity data were good for the same 
period.  A regression relationship and equation between the depth data and velocity data were 
developed using the good data points with similar velocities.  Then the bad or missing depth data 
were calculated using the velocity data for the same period and the regression equation.  The 
corrected data are shown as green data points on Figure 3-11, following the same trend as the rest 
of the good data points.  The corrected depth data are also shown as black lines on Figure 3-11.  The 
corrected depth data appeared to have similar range and pattern as the rest of the good data.  This 
process was only used during periods of free-flow or nonsurcharge conditions. 

After all the data processing and adjustments, the adjusted flow data were calculated using the 
corrected depth and velocity data.  All the data were plotted and examined for potential 
irregularities.  The final data were then exported to .csv or tabular format for subsequent data 
analysis as part of the calibration process. 
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Figure 3-10 Depth Dropout Data Regression, Depth and Velocity Time Series, Flowmeter SC05 
 

 

Figure 3-11 Depth Dropout Data Regression, Depth-Velocity Scatter Plot, Flowmeter SC05 
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3.1.4.4 Dry-Weather Flow Data Analysis 
The DWF is composed of the base sanitary flow (BSF) and the ground water infiltration (GWI).  The 
BSF is considered to vary daily but with a pattern that is constant over the period of the project; the 
GWI varies seasonally.  The United States Environmental Protection Agency (EPA) Sanitary Sewer 
Overflow Analysis and Planning (SSOAP) Toolbox was used to evaluate the flow data.  

The first step was to import the following three major data inputs: 

1. Flow--For each meter, the cleaned-up flow, velocity, and depth data time series were 
imported for the entire range of data available, which varied by meter.  Flows of zero were 
considered missing data. 

2. Rainfall--For each metershed, the rainfall time series calculated from the Thiessen polygon 
analysis was imported.  The Thiessen polygon analysis was a technique used to calculate the 
average precipitation at a given location based on the relative areas of each measurement 
station in the Thiessen polygon network.  The individual weights were multiplied by the 
station observation, and the values were summed to obtain the areal average precipitation. 

3. Metershed Area--The area contributing to the wet-weather response for each metershed. 

After the data were imported, the DWF analysis was performed.  The SSOAP Toolbox determines 
the average DWF pattern for both the weekdays and weekend days by averaging a set of selected 
DWF days.  These selected DWF exhibited good, typical data and were not directly affected by a 
rainfall event.  The SSOAP Toolbox has the capability to conduct an automatic preliminary 
screening for such days based on user-defined maximum recent rainfall, the allowable percent of 
missing data, and the standard deviation of the flow data.  Up to 10 days without the influence of 
rainfall can be used to develop the dry-weather pattern.  Table 3-5 shows the automatic DWF day 
elimination criteria used for this analysis.  For meters where there were none or only a couple 
eligible DWF days based on the standard criteria, the criteria were relaxed so that days were 
selected based only on recent rainfall, not missing flow data or standard deviation of data. 

Table 3-5 Automatic DWF Day Elimination Criteria 

METRIC STANDARD ELIMINATION CRITERIA RELAXED ELIMINATION CRITERIA 

Missing flow data If any flow data were missing. Not applied. 

Recent rainfall - If it rained on the day or the day prior, or  
- If there was at least 0.1 inch of rain 

2 days prior. 

- If it rained on the day or the day prior, 
or 

- If there was at least 0.1 inch of rain 
2 days prior. 

Standard deviation 
of flow data 

-  If the standard deviation of the flow data 
for that day was greater than or equal to 
one. 

Not applied. 
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The days that met the automatic DWF day screening criteria were reviewed manually so that days 
impacted by rainfall or seasonal variations in ground water and outliers could be removed based on 
visual inspection as follows: 

 For many meters, DWF impacted by rainfall or by seasonal variations in ground water was 
evident.  It is typical in this region for DWF flow to be significantly greater in the spring than 
the summer because of seasonal variations in ground water levels.  To account for seasonal 
variations in ground water separately in the model, high DWF days were removed during 
the visual inspection. 

 Outlier days were also eliminated.  Outlier days occurred when there were large peaks or 
dips in the data that were not anticipated, data flatlines, and during holidays occurring on a 
weekday. 

 
Once the set of DWF days was finalized, the average DWF pattern was determined for both 
weekdays and weekends.  A DWF mass balance was conducted to ground truth the average daily 
DWF values for both weekdays and weekends.  The mass balance showed that the dry-weather flow 
parameters developed in the SSOAP Toolbox closely matched what was observed in the system and 
at the wastewater treatment plants.  Imbalances were investigated and addressed accordingly.  
Meters on overflow lines were excluded from the DWF analysis because they had no DWF. 

3.1.4.5 Wet-Weather Flow Data Analysis 
WWF analysis was comprised of selecting the wet-weather events and simulating the RTKs in the 
SSOAP Toolbox.  Wet-weather simulation was based on the RDII unit hydrograph, or RTK method, 
which is based on fitting three triangular unit hydrographs to an actual RDII hydrograph derived 
from flowmeter data.  The unit hydrograph shown on Figure 3-12 is described by the following 
parameters: 

 R is the percentage of the total rainfall volume that enters the sewer system and equals the 
volume under the hydrograph; 

 T is the time from the onset of rainfall to the peak of the unit hydrograph in hours; 

 K is the ratio of time to recession of the unit hydrograph to the time to peak; 

 A is the sewered area; 

 P is the rainfall depth over one unit time; and 

 Qp is the peak flow of the unit hydrograph. 
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Source:  SSOAP Toolbox Version 1.0.3 Online Help (USEPA, January 2013) 

Figure 3-12 Triangular Unit Hydrograph 
 

Three unit hydrographs are typically used because the shape of an RDII hydrograph is too complex 
to be well represented by a single unit hydrograph.  The three unit hydrograph areas are as follows: 

1. The first unit hydrograph represents the most rapidly responding inflow component and 
has a short T value. 

2. The second unit hydrograph includes both rainfall-derived inflow and infiltration and has a 
longer T value. 

3. The third unit hydrograph includes infiltration that may continue long after the storm event 
has ended and has the longest T value. 

The RTK parameters for each of the three unit hydrographs are defined for each unit rainfall over 
one unit time frame.  The sum of the R values for each of the three unit hydrographs (e.g., R1, R2, 
and R3) must equal the total R value for the rainfall event.  Figure 3-13 depicts a summation of 
three unit hydrographs into a total RDII hydrograph in response to one unit rainfall over one unit 
time frame. 

A total event RDII hydrograph is developed by adding all of the RDII unit hydrographs developed 
for each unit of time within a rainfall event.  For example, if a rainfall event has a duration of 
2  hours with a 15 minute unit timestep, then the hydrograph developed by this method would be 
the summation of the 24 unit hydrographs that resulted from each 15 minute rainfall increment. 
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Source:  SSOAP Toolbox Version 1.0.3 Online Help (USEPA, January 2013) 

Figure 3-13 Summation of Three Unit Hydrographs for a Single Timestep of Rainfall 
 

A representative RTK set for each metershed was developed based on the simulated RTK sets from 
a set of RTK events from each meter. 

The rainfall events listed in Table 3-6 were identified from the analysis period based on the general 
flow response to rainfall events across all metersheds.  These are the rainfall events that were used 
to determine the RTK set for the wet-weather calibration. 

Table 3-6 RTK Events 

RAINFALL  
EVENT ID START DATE 

RAINFALL DEPTH* 
(INCHES) 

DURATION* 
(HOURS) 

1 3/9/2013 1.84 21.25 

2 3/16/2013 1.56 25.5 

3 4/9/2013 0.79 12.25 

4 4/17/2013 1.49 13 

5 4/26/2013 1.76 32 

6 5/19/2013 1.12 5.25 

7 5/30/2013 3.20 7.5 

8 6/15/2013 1.48 4 

*It should be noted that the rainfall varies across the system collection area.  The rainfall depth and 
duration listed in the table are based on the weighted rainfall for Metershed SC19, located directly 
upstream of the SWTP. 
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Each rainfall event was considered in the RTK set selection process for each meter.  Events were 
chosen if their responses were viable.  Small rainfall events that produced little to no response and 
poor quality data are examples of events that were not viable and were not selected as RTK events.  
The number of RTK events varied by meter. 

Once the RTK events were selected for each meter, an RTK analysis was performed in the SSOAP 
Toolbox for each selected event.  The RTK parameter values were simulated for the short-,  
medium-, and long-term responses for each event by matching the total response calculated from 
the simulated RTK parameters to the total observed response.  A single, initial RTK set for each 
meter was developed based on the simulated RTK values from the selected set of RTK events for 
each metershed.  This initial RTK set consisted of the median T and K values with a varying R value 
percentile. 

A percentile resulting in a representative total R value between the total R values of Events 5 and 7 
was used.  The percentile for each meter was adjusted such that the representative total R value 
was approximately the average of Events 5 and 7 with the consideration of the other events.  
Events 5 and 7 were targeted with higher priority because they typically exhibited the largest I/I 
response during the monitoring period.  Figure 3-14 shows an example of the short-, medium-, and 
long-term R values (R1, R2, and R3, respectively) for the RTK events from Metershed JC01 
compared to the total representative R value for the metershed (red line), which was used as a 
starting point for model calibration.   

 
Figure 3-14 Initial Total R Value Determination Example for Metershed JC01 
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There were a few cases where the collection system was comprised of interconnecting parallel 
interceptors, making it difficult to determine and allocate the contributing sewered area.  For these 
cases (e.g., Meters FC06A and FC06B, FC08A and FC08B, and FC09A and FC09B), the sum of the 
flow for the two meters was analyzed. 

The representative short-term, medium-term, long-term, and total R values for metersheds in the 
north and south systems are shown on Figures 3-15 and 3-16, respectively.  Generally, the R1 
inflow is relatively low, the R2 values are typical, and the R3 values are higher than what is typically 
seen, indicating that the City’s sewer system experiences unusually long durations of I/I. 

 

Figure 3-15 North System Metershed Representative R Values 
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Figure 3-16 South System Metershed Representative R Values 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

Ba
tt

le
fie

ld
FC

04
A

FC
05

A
FC

05
B

FC
06

AB
FC

07
FC

08
AB

FC
09

AB
FC

11
FC

13
FC

14
FC

15
FC

16 G0
1

G0
4

G0
5

G0
7

G0
8

G1
0

G1
2

JC
01

JC
02

JC
03

JC
05

JC
08

JC
09

JC
10

JC
11

JC
13

JC
15

JC
17

JC
21

JC
22

JC
22

A
JC

22
-JC

23
A

JC
23

JC
23

A*
JC

25
JC

26
JC

27
JC

29
JC

30
JC

31
JC

32
JR

07
LS

01
LS

03
LS

06
LW

C0
3

LW
C0

4
LW

C0
8

PC
05

PC
06

SC
03

SC
05

SC
07

SC
08

SC
09

SC
10

SC
12

SC
13

SC
15

SC
16

SC
16

 (J
R 

FM
)

SC
17

SC
18

SC
19

SC
21

SC
21

A
SC

21
A-

SC
16

FM
U

W
C0

1
U

W
C0

2
U

W
C0

3
U

W
C0

7
U

W
C0

9
U

W
C1

0
U

W
C1

2
U

W
C1

2A
U

W
C1

2B
**

U
W

C1
3

W
B0

2
W

B0
3

W
B0

5
W

B0
7

W
B0

9
W

B1
0

W
B1

2

R-
Va

lu
e 

(%
 o

f T
ot

al
 R

ai
nf

al
l) 

Notes: 
*JC23A is an area with parallel interceptors.  The cross-connections between the pipes likely effect the tributary areas. 
**UWC12B is a split flow area and the total contributing pipe footage is very small. 

R3

R2

R1



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Collection System Hydraulic Model Development 3-24 
 

3.1.4.6 Model Calibration 
The model was calibrated for DWF and WWF as discussed in the following subsections. 

3.1.4.7 Dry-Weather Flow Calibration 
There are several model parameters used to generate DWF, including population, per capita flow 
rate, industrial flows, and ground water flow.  The base sanitary flow for a given metershed is 
generated in the model by multiplying the population by the per capita flow rate (developed in the 
SSOAP Toolbox) and applying the diurnal multiplier pattern (developed in the SSOAP Toolbox).  
The industrial flows were developed from water usage records and interviews with the large 
industrial users, so their usage and usage pattern were known.  The ground water flow was applied 
to the model as a constant flow, equal to the minimum nighttime flow (developed in the SSOAP 
Toolbox).  This assumes no sanitary flow contribution at the minimum flow in the middle of the 
night. 

DWF calibration was achieved by matching simulated responses to one of two dry-weather periods 
occurring during the 2013 flow monitoring period.  The flow monitoring data collected showed 
that, in general, the City’s system experiences relatively long I/I responses and some meter sites did 
not return to DWF as quickly as others.  Because of this, it was necessary to use different time 
periods for DWF calibration for different metersheds.  Best judgment was used to determine which 
time period best represented typical DWF for each metershed.  Table 3-7 shows the criteria used 
for DWF calibration. 

Table 3-7 Dry-Weather Flow Calibration Criteria 

CRITERION DESCRIPTION 

Peak Flow Rate(a) -10 to +10 percent of observed. 

Flow Volume(b) -10 to +10 percent of observed. 

Maximum, Average, and Minimum Depth ±0.33 foot at nonsurcharged locations. 

(a)±0.1 mgd peak flow rate validation criteria used at the locations with very small flow, rather 
than percentage. 
(b)±0.1 MG flow volume validation criteria used at the locations with very small flow, rather 
than percentage. 

 

One metershed, JC26, was not used for calibration because of flow balance issues.  The flow at this 
meter was higher than the flow at the downstream meter, with no evidence of flow loss.   

Figures 3-17 and 3-18 illustrate the overall dry-weather calibration.  In general, the simulated peak 
flows and volumes are within or very close to the criteria selected for dry-weather calibration.  It 
should be noted that most of the events falling outside the criteria are relatively smaller 
metersheds.  Figures 3-19 and 3-20 show example hydrographs of the dry-weather calibration 
results for Metersheds SC03 and JC31, respectively.
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Figure 3-17 Dry-Weather Calibration Event, Observed and Simulated Volume Comparison 
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Figure 3-18 Dry-Weather Calibration Event, Observed and Simulated Peak Flow Comparison 
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Figure 3-19 Dry-Weather Calibration Hydrograph for Metershed SC03 
 

 

Figure 3-20 Dry-Weather Calibration Hydrograph for Metershed JC31 
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The dry-weather flow at several meters could not be matched closely to the criteria identified.  
These meters are detailed in Table 3-8. 

Table 3-8 Dry-Weather Calibration Meters Not Meeting WaPUG Standards 

METER NOTE 

FC08A Flow split--Calibration upstream and downstream of flow split is good so this will not 
impact planning efforts. 

FC09B Flow split--Calibration upstream and downstream of flow split is good so this will not 
impact planning efforts. 

JC11 Pump station spikes that could not be replicated in the model--Calibration downstream 
of flow split is good so this will not impact planning efforts. 

SC16A Pump station flow split--Calibration upstream and downstream of flow split is good so 
this will not impact planning efforts. 

 

3.1.4.8 Wet-Weather Flow Calibration 
There were approximately eight wet-weather events that occurred during the spring 2013 flow 
monitoring period, depending on the location of the meter and metershed in the collection system.  
Some meters experienced I/I responses for all eight events, while other metersheds did not 
experience I/I responses for all of the rainfall events.  The two largest wet-weather events that 
occurred during the monitoring period for all meters, listed in Table 3-8, were selected to be 
calibration events.  The two events had recurrence intervals ranging from less than 1 year to 
approximately 5 years, respectively.  The design storms evaluated during the subsequent 
alternative analysis ranged from 1 year to 10 years, and it is assumed that the selected design storm 
would be no higher than a 5 year storm.  Therefore, model calibration based on the two selected 
events would reasonably predict wet-weather flows for design conditions.  In order to represent a 
complete I/I response in the sewer system, the wet-weather calibration events were defined as 
beginning on the start date listed in Table 3-9 and extending until the flow returned to dry weather.  
It should be noted that this definition resulted in differing durations for the same event across 
meters; in general, the more upstream metersheds experienced a shorter duration I/I response, 
while the metersheds closer to the plants experienced longer duration I/I responses. 
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Table 3-9 Wet-Weather Calibration Events 

INDEX START DATE 

RAINFALL 
DEPTH(A) 

(INCHES) 
DURATION(A) 

(HOURS) 

ESTIMATED  
RECURRENCE  
INTERVAL(B) 

(YEARS) 

1 4/26/2013 1.76 32 <1 

2 5/30/2013 3.20 7.5 ~5 

(a)It should be noted that the rainfall varies across the system collection area.  The rainfall 
depth and duration listed in the table are based on the weighted rainfall for Metershed 
SC19, located directly upstream of the SWTP.(b)Based on National Oceanic and Atmospheric 
Administration (NOAA) Atlas 14 Point Precipitation Frequency Estimates for Springfield, 
Missouri. 

 

Wet-weather flow calibration was performed in two stages:  first, the initial RTK values from SSOAP 
Toolbox were refined, then the ground water infiltration module (GIM) parameters were adjusted.  
The initial RTK values from the SSOAP Toolbox were refined through a series of model runs with a 
focus on matching the peak, particularly for RTK values that resulted in modeled flow greater than 
the observed flow.  In general, the RTK values for the outermost metersheds were refined first and 
then the more downstream metersheds working towards the plants were refined.  In the case of 
backup and surcharge during storm events, some of the upstream meters had to be refined later 
because of the impact from the downstream metersheds.  Once the RTK values were refined, the 
GIM parameters listed in Table 3-10 were adjusted with a focus on matching the volume, 
particularly for metersheds whose wet-weather responses had an extended tail or were slow to 
return to DWF. 

Table 3-10 GIM Calibration Parameters 

GIM 
CALIBRATION 
PARAMETER DEFINITION 

RECOMMENDED 
VALUE RANGE 

INCREASE 
ADJUSTMENT 
IMPACT 

Percolation 
Coefficient 

A time coefficient, determined by calibration 
from existing data.  This is the speed of 
contribution from the soil store. 

(0.1, 10) Slows down the 
soil store response 
(extends tail of the 
response). 

Percolation 
Threshold 

The percentage saturation level of the soil at 
which water starts to percolate downwards.  
The soil store depth percentage at which there 
is contribution from the soil store.  

(0, 100) Increases the 
initial losses in the 
soil store. 

Percolation 
Percentage 
Infiltrating 

The percentage of percolation flow that 
infiltrates directly into the drainage network.  
This defines the percentage of flow that goes 
into the sewer from the soil store; the 
remainder goes into the ground store (and is 
lost from the system).  

(0, 100) Directly increases 
the volume of 
contribution to the 
sewer from the soil 
store. 

For most meters, adjustment of RTK parameters was sufficient for calibration and to represent the 
high level of infiltration in the City.  The GIM was used for the other meters where the infiltration 
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was too high to be simulated using RTK parameters alone.  For the cases where RTK parameters 
were sufficient to represent the total I/I response, the GIM was not activated.  This was simulated 
by setting the percolation threshold near 100, the percolation percentage infiltrating near 0, and/or 
the soil depth to 5,000 feet as follows.  (It should be noted that InfoWorks CS does not allow the 
percolation threshold and percolation percentage infiltrating to be set to exactly 100 and 0, 
respectively.): 

 Setting the percolation threshold near 100, e.g., 99.9, means that the soil store will not 
contribute to the flow in the sewers until the volume in the soil store is 99.9 percent full. 

 Setting the percolation percentage infiltrating near 0, e.g., 0.001, means that the soil store 
will contribute 0.001 percent of flow that exceeds the percolation threshold. 

 Setting the soil depth to 5,000 feet represents no flow contribution from the soil store to the 
sewer because a contribution is not made until the soil store depth reaches the percolation 
threshold. 

The criteria used for wet-weather calibration is shown in Table 3-11. 

Table 3-11 Wet-Weather Calibration Criteria 

CRITERION DESCRIPTION 

Shape The shape of predicted hydrographs should closely follow the observed one. 

Flooding Predicted flooding locations with large spilled volumes should correlate with 
field observations or other historical records, if available. 

Peak Flow Rate(a) -15 to +25 percent of observed flow. 

Flow Volume(b) -10 to +20 percent of observed flow. 

Maximum, Average, and 
Minimum Depth 

-0.33 foot to +1.67 feet at surcharged locations or ±0.33 foot at non-
surcharged locations. 

(a)±0.1 mgd peak flow rate validation criteria used at locations with very small flow, rather than percentage. 
(b)±0.1 MG flow volume validation criteria used at the locations with very small flow, rather than percentage. 

 

The events listed in Table 3-12, were not used for calibration, in general, because of poor or missing 
data (monitor malfunction), reverse flow, or flow imbalances. 
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Table 3-12 Events Not Used for Calibration 

INDEX SYSTEM METER 

WET-
WEATHER 

CALIBRATION 
EVENT 

WET-WEATHER 
CALIBRATION 
EVENT START 

DATE NOTE 

1 North PR12 2 05/30/2013 Poor or missing data. 

2 North SB02 2 05/30/2013 Poor or missing data. 

3 North SB02A 2 05/30/2013 Poor or missing data. 

4 South FC04B 1 04/26/2013 No flow; overflow line. 

5 South FC04B 2 05/30/2013 Backflow. 

6 South FC06A 1 and 2 04/26/2013 and 
05/30/2013 

Unbalanced metered flow data, suggesting a 
meter issue or overflow that could not be 
verified. 

7 South FC06B 1 and 2 04/26/2013 and 
05/30/2013 

Unbalanced metered flow data, suggesting a 
meter issue or overflow that could not be 
verified. 

8 South FC11 2 05/30/2013 Poor or missing flow data; erratic data 
dropouts. 

9 South JC09  04/26/2013 Data flatlines and dropouts.  Observed flow 
and depth data have abnormal shape. 

10 South JC15 2 05/30/2013 Poor or missing data; data dropout. 

11 South JC23 1 04/26/2013 Data dropout invalidates volume comparison.  
Parallel pipe. 

12 South JC23A 1 04/26/2013 No response to first rainfall.  Cutoffs in 
observed data. 

13 South JC26 1 04/26/2013 Poor or missing, erratic data. 

14 South JC26 2 05/30/2013 Poor or missing, erratic data with dropouts. 

15 South JC29 2 05/30/2013 Data drop up invalidates volume comparison. 

16 South LWC03 1 04/26/2013 Poor or missing flow data.  Overflow line for 
very small metershed. 

17 South LWC03 2 05/30/2013 Poor or missing flow data.  Overflow line for 
very small metershed. 

18 South LWC08 1 04/26/2013 Poor or missing data.  Very small metershed. 

19 South LWC08 2 05/30/2013 Poor or missing data.  Very small metershed. 

21 South UWC09 1 04/26/2013 Reverse flow. 

22 South UWC09 2 05/30/2013 Poor or missing flow data. 

23 South UWC12B 1 04/26/2013 Reverse flow.  Data have many step jumps. 

24 South UWC12B 2 05/30/2013 Reverse flow. 
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Calibration was performed for both wet-weather calibration events at the same time using 
continuous simulation model runs.  In InfoWorks CS, only one set of RTK and GIM parameters can 
be used for each metershed during a model run.  As a result, there were many metersheds where it 
was not possible to meet the wet-weather calibration criteria for both peak flow and volume for 
both calibration events.  Often, meeting the criteria for the April 26 event resulted in modeled peaks 
that were higher than the criteria for the May 30 event and meeting the criteria for the May 30 
event resulted in modeled peaks that were lower than the criteria for the April 26 event.  In these 
cases, the best possible calibration was achieved by placing priority on matching the peak and 
volume of the April 26 event and the volume of the May 30 event.  If that was not possible, 
judgment was used to determine the best possible calibration by splitting the difference between 
high and low modeled peak flow and volume results for both events.  Often, it was possible to 
achieve results with good shape and timing and with peak flow and/or volume close to, but not 
completely within, the stated criteria. 

In addition to matching peak flow and volume at the meter locations during wet-weather 
calibration, the observed and predicted overflows were also compared.  The City provided a list of 
the known overflow locations occurring during the spring 2013 monitoring period.  The locations 
of known overflows were verified during calibration, though the volume of the observed overflows 
was not known. 

Figures 3-21 and 3-22 illustrate the overall model calibration by comparing the simulated and 
observed volume and peak flow, respectively, for each event, with the upper and lower criteria 
bounds.  In general, the simulated peak flows and volumes are within or very close to the stated 
criteria.  Note that most of the calibration events falling outside the calibration criteria are 
relatively smaller events.  It is more difficult to meet the criteria for smaller events because a small 
amount of flow or volume has a larger impact on the percent difference in observed data.  
Figures 3-21 and 3-22 illustrate that the model is well-calibrated for the planning purposes of this 
study.  Figures 3-23 and 3-24 show example hydrographs of the wet-weather calibration for the 
April 26 storm for Metersheds SC03 and JC05, respectively, and Figures 3-25 and 3-26 show 
example hydrographs of the wet-weather calibration for the May 30 storm for Metersheds JC05 and 
SC19, respectively. 
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Figure 3-21 Wet-Weather Calibration Event, Observed and Simulated Volume Comparison 
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Figure 3-22 Wet-Weather Calibration Event, Observed and Simulated Peak Flow Comparison 
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Figure 3-23 Wet-Weather Calibration Hydrograph for Metershed SC03 for April 26 Calibration 
Event 

 

 

 

Figure 3-24 Wet-Weather Calibration Hydrograph for Metershed JC05 for April 26 Calibration 
Event 
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Figure 3-25 Wet-Weather Calibration Hydrograph for Metershed JC05 for May 30 Calibration 
Event 

 

 

 

Figure 3-26 Wet-Weather Calibration Hydrograph for Metershed SC19 for May 30 Calibration 
Event 
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Table 3-13 North Wet-Weather Calibration Events Not Meeting Stated Calibration Criteria 

 

 

Table 3-14 South Wet-Weather Calibration Events Not Meeting Stated Calibration Criteria 

METER EVENT METRIC 
HIGH OR 
LOW NOTE 

FC04B 5/30 Volume High Backflow from an overflow line.  Shape and timing are good. 

FC05A 5/30 Volume High Small metershed. 

FC08A 4/26 and 
5/30 

Volume High Flow split. 

FC09A 5/30 Volume High Flow split. 

FC09B 5/30 Volume High Flow split.  Overflow affected observed depth and volume. 

FC14 4/26 Peak flow 
and 
volume 

Low Irregular metered wet-weather flow data. 

FC15 5/30 Peak flow High Large difference in observed response to the two rainfalls in this 
calibration event. 

FC16 5/30 Volume High Small metershed. 

METER EVENT METRIC 
HIGH OR 
LOW NOTE 

PR07 4/26 Peak flow Low Meter located on most upstream node in model creating 
flow routing challenges. 

PR09 4/26 Peak flow Low Unbalanced metered flow data, suggesting a meter issue or 
overflow that could not be verified.  Believed to be a result 
of excessive flow velocity at monitoring location. 

PR14 4/26 Volume Low Irregularly extended observed response to rainfall. 

PR15 5/30 Volume High Calibration events responding very differently with an 
extended tail for 4/26 event and a quick return to DWF for 
the 5/30 event. 

PR18 4/26 Peak flow 
and 
volume 

Low In addition to being located directly downstream from 
Meter PR09 and the flow mass balance issue, Meter PR18 is 
downstream of a gate that is manually controlled.  Without 
additional data on the gate, it is very challenging to 
simulate the flow.  It should be noted that the treatment 
plant immediately downstream was calibrated within 
standards. 

Strafford 4/26 
and 
5/30 

Volume Low Metered flow data are extremely erratic because of the 
nearby pump station and small flows. 
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METER EVENT METRIC 
HIGH OR 
LOW NOTE 

JC01 4/26 Volume Low Small metershed. Difference in observed response to rainfall 
between calibration events.  Extremely extended tail in the 4/26 
event. 

JC03 4/26 Volume Low Large difference in observed response to rainfall between 
calibration events.  Extremely extended tail in the 4/26 event. 

JC08 4/26 Volume Low Large difference in observed response to rainfall between 
calibration events.  Extremely extended tail in the 4/26 event. 

JC12 4/26 Volume Low Small metershed.  Irregular metered wet-weather flow data; 
appear to be influenced by factors other than rainfall. 

JC23A 5/30 Volume High Flow split. 

JC27 4/26 Volume Low Large difference in observed response to rainfall between 
calibration events.  Extended tail in the 4/26 event. 

JC30 5/30 Peak flow Low Small metershed.  Erratic monitored data. Not calibrated to, but 
adjusted to make reasonable. 

JC31 4/26 Volume Low Large difference in observed response to rainfall between 
calibration events.  Extended tail in the 4/26 event. 

JC32 5/30 Volume High Small metershed.  Balance between two events. 

JR07 5/30 Volume High Small metershed. 

LWC04 5/30 Volume High Erratic observed data. 

PC06 4/26 Peak flow 
and 
volume 

High Very little observed response to rainfall. 

SC16A 4/26 Peak flow Low Erratic flow data. 

SC21 5/30 Volume High Small metershed. 

UWC01 4/26 Volume Low Extremely extended observed response, suggesting influences to 
flow other than rainfall. 

UWC03 5/30 Volume Low Difference in observed response to rainfall between calibration 
events.  Extremely extended tail in the 3/30 event. 

UWC12A 5/30 Volume High Large difference in observed response to rainfall between 
calibration events.  Extended tail in the 4/26 event. 

WB10 4/26 and 
5/30 

Peak flow 
and 
volume 

Peaks high; 
volume 
low 

Small metershed. 
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3.1.4.9 Model Verification 
Model verification was completed by comparing the observed and simulated peak flow and volume 
for an event occurring during the 2013 analysis period that was not a calibration event listed in 
Table 3-15.  Verification events varied by meter because observed data were not always accurate or 
available for the same event for all meters. 

Table 3-15 Verification Events 

EVENT START DATE 
RAINFALL DEPTH(A) 

(INCHES) 
DURATION(A) 

(HOURS) 

ESTIMATED 
RECURRENCE  
INTERVAL(B) 

(YEARS) 

03/09/2013 1.84 21.25 <1 

03/16/2013 1.56 25.5 <1 

04/09/2013 0.79 12.25 <1 

04/17/2013 1.49 13 <1 

05/19/2013 1.12 5.25 <1 

06/15/2013 1.48 4 <1 

(a)It should be noted that the rainfall varies across the system collection area.  The rainfall depth 
and duration listed in the table are based on the weighted rainfall for Metershed SC19, located 
directly upstream of the SWTP. 
(b)Based on NOAA Atlas 14 Point Precipitation Frequency Estimates for Springfield, Missouri. 

 

An event was considered to be successfully verified if it met the wet-weather flow calibration 
criteria shown in Table 3-11.  All meters except one were included in the verification; Meter SC15 
was excluded because data were missing for at least some portion of all verification events. 

Figures 3-27 and 3-28 illustrate the overall model verification by comparing the simulated and 
observed volume and peak flow, respectively, for each meter’s verification event with the upper 
and lower calibration criteria bounds.  In general, the simulated peak flows and volumes are within 
or very close to the guidelines; therefore, the model is adequately verified and suitable for use as a 
planning tool.  It should be noted that most of the events falling outside the stated criteria are 
relatively smaller events.  It is more difficult to meet the criteria for smaller events because a small 
amount of flow or volume has a larger impact on the percent difference in metered data.
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Figure 3-27 Wet-Weather Verification Event, Metered and Modeled Volume Comparison 
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Figure 3-28 Wet-Weather Verification Event, Metered and Modeled Peak Flow Comparison 
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Some meters could not be verified, primarily due to being associated with small metersheds or 
because the response to the larger calibration events varied significantly from the response to the 
smaller verification events.  Tables 3-16 and Table 3-17 list the meters that did not meet 
verification criteria, along with an explanation, for the north and south systems, respectively. 

Table 3-16 North Wet-Weather Events Not Verified 

METER METRIC 

HIGH 
OR 
LOW NOTE 

PR05 Volume High Variation in metershed flow response to this short, intense rainfall in 
verification event compared to the longer less, intense rainfall of the 
calibration events.  The modeled extended tail overestimates volume. 

PR15 Volume High Variation in metershed flow response to this short, intense rainfall in 
verification event compared to the longer less, intense rainfall of the 
calibration events.  The modeled extended tail overestimates volume. 

PR16 Volume High Variation in metershed flow response to this short, intense rainfall in 
verification event compared to the longer less, intense rainfall of the 
calibration events.  The modeled extended tail overestimates volume. 

SDS02 Peak flow High Small basin.  Very little response to verification event rainfall. 
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Table 3-17 South Wet-Weather Events Not Verified or Nearly Verified 

METER METRIC 

HIGH 
OR 
LOW NOTE 

FC04A Volume High Small basin. Variation in flow response to short rainfall in verification event 
compared to the longer rainfall of the calibration events.  The modeled 
extended tail overestimates volume for smaller event. 

FC05A Volume High Difference in DWF before event accounts for volume discrepancy. 

FC07 Volume High Small basin.  Variation in flow response to short rainfall in verification event 
compared to the longer rainfall of the calibration events.  The modeled 
extended tail overestimates volume for smaller event. 

FC08A Volume High Flow split. 

FC09B Volume High Flow split. 

FC13 Peak flow High Small metershed with sudden, erratic response to rainfall. 

FC15 Peak flow; 
volume 

High Variation in metershed flow response to rainfall events. 

FC16 Volume High Small metershed.  Variation in flow response to short rainfall in verification 
event compared to the longer rainfall of the calibration events.  The modeled 
extended tail overestimates volume for smaller event. 

G05 Peak flow; 
volume 

High Variation in flow response to short rainfall in verification event compared to 
the longer rainfall of the calibration events.  The modeled extended tail 
overestimates volume for smaller event. 

G07 Peak flow High Variation in peak flow response to short, intense rainfall in verification event 
compared to the longer, less intense rainfall of the 4/26 calibration event. 

G10 Volume High Variation in flow response to short rainfall in verification event compared to 
the longer rainfall of the calibration events.  The modeled extended tail 
overestimates volume for smaller event. 

JC15 Volume High Small metershed.  Variation in flow response to short rainfall in verification 
event compared to the longer rainfall of the calibration events.  The modeled 
extended tail overestimates volume for smaller event. 

JC23A Volume High Flow split. Poor or missing monitoring data in shed overall. 

JC30 Volume High Small metershed.  Erratic monitored data.  Not calibrated to, but adjusted to 
make reasonable. 

LWC04 Volume High Flow diversion.  Variation in flow response to short rainfall in verification 
event compared to the longer rainfall of the calibration events.  The modeled 
extended tail overestimates volume for smaller event. 

PC05 Peak flow High Small metershed.  Very little response to small rainfall events. 

UWC09 Peak flow Low Reverse flow and flow diversions. 

UWC12A Peak flow; 
volume 

High Flow diversions.  Variation in flow response to short rainfall in verification 
event compared to the longer rainfall of the calibration events.  The modeled 
extended tail overestimates volume for smaller event. 

UWC12B Peak flow Low Reverse flow. Data have many step jumps. 
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3.2 FUTURE CONDITIONS 
After calibration of the existing system model, the future growth model was developed to evaluate 
the sewer system under future conditions.  Springfield’s OCP is being developed for a 20 year 
planning horizon.  The existing system model was developed from infrastructure and usage data 
from 2011.  Thus, the future model was developed for the year 2031 because the existing system 
model was based on the year 2011 (calibrated using 2013 flow data).  The future growth model was 
used to evaluate the collection system and treatment plant improvements that would be needed as 
part of the cost-effectiveness analysis and marginal cost analysis discussed later in Chapter 8.0.  

This section describes the development of the future service area, future population projections, 
and the development of the future flows. 

3.2.1 Future Service Area 
On May 16, 2013, the project team met with the City to discuss future growth conditions.  During 
this meeting, the growth boundary for the sanitary sewer system for year 2031, or the future 
service area, was agreed upon.  In addition, a GIS layer was provided by the City showing locations 
of undeveloped areas within the study area.  This GIS layer was the best indication of where future 
development would likely occur within the system, because no other information on future 
development was available or provided.  The undeveloped areas within the future service area 
were divided up by traffic analysis zones (TAZs) then by sewer basin boundaries.  Finally, they 
were divided up by existing system model subcatchments (or the area tributary to each modeled 
manhole) when they overlapped with existing system subcatchments, as there was some overlap 
between the existing system subcatchments and the undeveloped areas specified in the GIS layer 
obtained from the City.  Because all of the parcels that appeared to be connected to the sanitary 
sewer system were incorporated into the existing system subcatchments, some of the area that was 
shown as undeveloped in the GIS layer provided by the City had already been incorporated into 
these existing system model subcatchments.  Therefore, it was often necessary to create new 
subcatchments for future growth that overlapped with existing system subcatchments, in order to 
load future population growth into the correct sewer basin and model manhole.  The overlapping 
subcatchments were applied to the same manhole as indicated by the existing system 
subcatchment.  These subcatchments added no additional contributing area to the model because 
the area was already accounted for by the existing system subcatchments; rather, they were created 
to represent population increase associated with future development.  The areas that did not 
overlap with existing system subcatchments were located primarily around the edges of the future 
service area, where there is no existing pipe network.  These subcatchments were joined into 
groups of areas that were anticipated to lie along the same branch of the future pipe network and 
drain to similar locations in the sanitary sewer system.  Subcatchments that were grouped together 
in this manner were then applied to the nearest manhole in the existing sewer system model that 
seemed to be a likely branching point in the future pipe network.  The future growth subcatchments 
are shown on Figure 3-29. 

A total of 781 new future growth subcatchments were added to the model to represent currently 
undeveloped areas, with a total area of 22,677 acres.  A total of 3,167 subcatchments that 
overlapped existing system subcatchments (representing future population growth) were added to 
the model. 
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Figure 3-29 Springfield Future Service Areas 
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3.2.2 Future Population Projections 
CH2M HILL obtained residential population projections from the Ozarks Transportation 
Organization (OTO), in addition to 2000 and 2010 census information, for Greene County, Missouri, 
in which Springfield is located. 

The OTO published a report on projected growth in the Ozark region on December 15, 2011, titled, 
“Journey 2035: Long Range Transportation Plan.”  This plan was used to determine the projected 
population for the future service area, using a GIS layer that had been developed by the OTO for the 
report to show the population projections spatially.  The GIS layer contained TAZs which contained 
current and projected populations for both the residential population and employment population, 
for the area represented by each TAZ, for the years 2010, 2030, and 2035.  After reviewing the 
projections for both 2030 and 2035, it was found that the population actually decreased between 
the years 2030 and 2035.  This was likely because the 2030 projections were completed prior to the 
economic downturn in the mid-2000s, while the 2035 projections were completed after the 
economic downturn.  The project team believes that the 2035 projections are more accurate, and 
thus, has used them as the basis for the City’s sewer system future population projections. 

The OTO’s spatial population projections were overlaid with the anticipated future sewer system 
boundary to determine the estimated 2031 population for the future sewer system. 

Using the data described above, the projected 2031 residential population was approximately 
273,000 and the projected 2031 employment population was 269,000.  The total projected 
employment population was multiplied by 0.2 (20 percent) to determine the residential population 
equivalent, approximately 54,000.  “Missouri Population Data Series, Commuter-Adjusted Daytime 
Population, 2006-2010 American Commuter Survey (June 2013),” shows that the employment to 
residence ratio for Greene County, Missouri, is 1.25.  Therefore, approximately 80 percent of the 
residential population within Greene County works within Greene County.  Thus, an employment 
population equivalent of 20 percent is a reasonable assumption because the remaining 80 percent 
of the employment population is accounted for in the residential population projection.  It was 
assumed that the figures for Greene County, Missouri, could be used for the city of Springfield.  The 
total population served by the future service area was estimated to be approximately 327,000. 

The projected future population was allocated to the model using the population densities 
determined by the TAZ population projections and TAZ areas.  Population was added to new, 
undeveloped areas as well as areas that are currently developed but expect to see an increase in 
population and/or development within the 20 year planning horizon.  The areas within existing 
subcatchments will only contribute sanitary flow (population) to the existing system; there will be 
no additional ground water infiltration or wet-weather flow (area) from areas of growth within 
existing subcatchments because the existing subcatchments already account for the entire area. 
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3.2.3 Area and Population Summary 
Table 3-18 shows the estimated area and population for the future service area by sewer basin. 

Table 3-18 Summary of Future System Area and Population by Sewer Basin 

SEWER BASIN AREA (ACRE) POPULATION 

Battlefield 4,215 6,375 

Fassnight Creek 3,890 24,429 

Galloway 4,596 23,574 

James River 5,562 14,232 

Jordan Creek 9,241 50,816 

Lake Springfield 5,592 11,896 

Little Dry Sac 677 90 

Lower Wilson Creek 5,156 9,944 

Pea Ridge 5,298 18,201 

Pierson Creek 6,143 12,234 

Ranier 4,730 913 

South Creek 8,274 65,511 

South Dry Sac 7,169 9,819 

Spring Branch 2,110 2,408 

Strafford 963 2,495 

Upper Wilson Creek 5,204 18,371 

Ward Branch 6,485 48,520 

Willard 5,127 8,118 

TOTAL 90,432 327,946 
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3.2.4 Future Flows Development 
Values from the calibrated model were used to develop the flow requirements for the future growth 
areas of the model.  The following subsections discuss how the future flow values were developed. 

Initially, the values from the entire system were examined to determine the values to use for the 
area of future growth, though it was seen that the values were a lot different than expected when 
looking at the entire system.  Therefore, a smaller subsection of the system believed to be more 
representative of newer development was examined instead and included the Galloway, Pierson 
Creek, Ward Branch, and James River sewer basins as outlined in Figure 3-30. 

3.2.4.1 Base Sanitary Flow 
Base sanitary flow was simulated for each subcatchment in the model by multiplying the population 
for the subcatchment by per capita flow for the metershed where the subcatchment is located.  
Table 3-19 provides a summary of the per capita flow by sewer basin. 

Table 3-19 Summary of Per Capita Flow by Sewer Basin 

SEWER BASIN 
AVERAGE PER CAPITA 

FLOW (GPCD) 

Battlefield 96.6 

Fassnight Creek 123.9 

Galloway 95.2 

James River 22.2 

Jordan Creek 108.7 

Lake Springfield 45.7 

Little Dry Sac 61.1 

Lower Wilson Creek 6.7 

Pea Ridge 104.4 

Pierson Creek 40.7 

Rainier 272.0 

South Creek 93.6 

South Dry Sac 52.1 

Spring Branch 61.1 

Strafford 20.0 

Upper Wilson Creek 169.4 

Ward Branch 73.9 

Willard 61.1 

Overall Average 83.8 
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Figure 3-30 Sewer Basins Included in Future Growth Flow Development 
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For future growth areas that are currently undeveloped (no existing sewer infrastructure and 
existing system model subcatchments), the per capita flow was determined by examining the 
calibrated per capita flow values for metersheds within the Galloway, Pierson Creek, James River, 
and Ward Branch sewer basins.  The calibrated per capita flow values for the sewer metersheds 
ranged from 15 to 175 gpcd.  Figure 3-31 shows a plot of the per capita flows for these metersheds 
ranging from highest to lowest.  The low per capita flows for several basins likely result from an 
overestimation of the population.  The population was held constant during calibration, so in order 
to match observed flows at the flowmeter locations, the per capita flow was adjusted as needed. 

 

Figure 3-31 Existing System, Calibrated Per Capita Flow Values by Metershed 

 

The metershed average per capita flow value for these metersheds was approximately 75 gpcd.  
Typical base sanitary flow values from various sources of design standards and similar systems 
were investigated to determine if this was a reasonable assumption.  Based on the data found, 
75 gpcd is reasonable, assuming it is strictly base sanitary flow and does not account for flow from 
ground water infiltration.   

For infill areas within existing subcatchments, the calibrated per capita flow value for the 
metersheds within which they reside were used to represent population growth. 

  

17
5 

14
0 

13
0 

11
0 

10
0 

90
 

88
 

80
 

66
 

63
 

56
 

50
 

50
 

36
 

22
 

15
 

15
 

0
20
40
60
80

100
120
140
160
180
200

Pe
r C

ap
ita

 F
lo

w
 (g

pc
d)

 



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Collection System Hydraulic Model Development 3-51 
 

3.2.4.2 Ground Water Infiltration 
Ground water infiltration was simulated for each subcatchment in the model by multiplying the 
ground water infiltration contribution for the subcatchment by a monthly ground water multiplier 
pattern.  Table 3-20 provides a summary of the total and average ground water infiltration by 
sewer basin. 

Table 3-20 Summary of Ground Water Infiltration by Metershed 

SEWER BASIN 
TOTAL GWI 

(MGD) 
AVERAGE GWI 

(GPAD) 

Battlefield 0.1 91.6 

Fassnight Creek 3.4 893.8 

Galloway 1.1 284.2 

James River 0.2 41.2 

Jordan Creek 3.2 374.2 

Lake Springfield 0.3 56.0 

Little Dry Sac 0.3 993.4 

Lower Wilson Creek 0.1 21.0 

Pea Ridge 1.6 343.8 

Pierson Creek 0.3 87.5 

Rainier 0.2 77.4 

South Creek 3.0 365.4 

South Dry Sac 0.7 159.1 

Spring Branch 0.0 3.0 

Strafford 0.1 136.0 

Upper Wilson Creek 2.3 482.1 

Ward Branch 1.3 233.0 

Willard 0.2 84.5 

TOTAL 18.3 262.6 
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The calibrated ground water infiltration values for the metersheds within the Galloway, Pierson 
Creek, James River, and Ward Branch sewer basins were examined to determine an estimate for the 
areas that will be added as growth in the future model.  The values for these metersheds ranged 
from 20 gallons per acre per day (gpad) to approximately 730 gpad.  Figure 3-32 shows a plot of the 
ground water infiltration values for these metersheds ranging from highest to lowest in gpad. 

 

Figure 3-32 Existing System, Ground Water Infiltration Values by Metershed 
 
The metershed average ground water infiltration value was approximately 220.0 gpad.  Because 
this value was based on the existing system and existing infrastructure, a value of 150 gpad was 
used for all future growth areas in the model because these areas represent currently undeveloped 
areas and new infrastructure should not allow for as much infiltration as the older, existing 
infrastructure.   

3.2.4.3 Industrial Flow 
The existing industrial flows were retained for the future growth model directly from the large 
users.  No new trade flows were applied to the future growth model because of the lack of land use 
data.  Instead, all of the flows generated by the projected employee growth development were 
distributed amongst the entire area of the subcatchment in which they were located. 

3.2.4.4 Wet-Weather Flow 
Wet-weather flow was simulated in the model using the RTK method, where R is the percentage of 
rainfall that enters the sewer, T is the time to peak for the hydrograph, and K is the ratio of the 
hydrograph falling limb duration to the hydrograph rising limb duration.  An RTK set is comprised 
of short-, medium-, and long-term response values for each of these parameters.  The RTK set 
defines the amount and shape of the rainfall response in the sewer system.  The three calibrated R 
values for each metershed were added together to determine the total percentage of rainfall 
entering the sewer for each metershed.  Table 3-21 summarizes the rainfall contribution by sewer 
basin. 
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Table 3-21 Summary of Rainfall Contribution (R) by Sewer Basin 

SEWER BASIN 
AVERAGE R 

(%) 

Battlefield 0.3 

Fassnight Creek 18.0 

Galloway 6.0 

James River 1.2 

Jordan Creek 11.3 

Lake Springfield 4.1 

Little Dry Sac 2.2 

Lower Wilson Creek 2.4 

Pea Ridge 9.8 

Pierson Creek 1.7 

Rainier 0.6 

South Creek 8.0 

South Dry Sac 2.0 

Spring Branch 2.2 

Strafford 2.3 

Upper Wilson Creek 8.2 

Ward Branch 2.7 

Willard 2.2 

Overall Average 4.7 
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For the Galloway, Pierson Creek, James River, and Ward Branch sewer basins, the total percent of 
rainfall entering the system ranged from 0.5 to 10.3 percent.  Figure 3-33 shows a plot of the 
calibrated R values for these metersheds, ranging from highest to lowest. 

 

Figure 3-33 Existing System, R Values by Metershed 
 

Figure 3-34 shows the total R value broken down by R1, R2, and R3.  Each set of R values is sorted 
in decreasing value.  It should be noted that the sorted order of metersheds for R1 may not be the 
same as R2 and R3.  For each set of R values, the knee of the curve value was selected for the future 
RTK set as follows: R1 = 0.001, R2 = 0.006, R3 = 0.02.  The resulting total future R value is 0.027 or 
2.7 percent.  This value was used for the future growth areas in the model because these areas 
represent currently undeveloped areas and new infrastructure should not allow for as much 
infiltration as the older, existing infrastructure.  For areas of infill, within existing sewer basins but 
not represented by existing subcatchments in the existing model, the calibrated value for the sewer 
basin within which the area is located was used to represent the R value for growth. 
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Figure 3-34 Existing System, R1, R2, R3 Values 
 

3.2.4.5 Future Flows Summary 
The calibrated existing system sanitary sewer model, specifically the representative area including 
the Galloway, Pierson Creek, James River, and Ward Branch sewer basins, was used to develop flow 
values for use in the growth areas of the future system model. 

For dry-weather flow, the future flows were generated based on a per capita flow of 75 gpcd, to 
simulate base sanitary flow, and a ground water infiltration flow of 150 gpad.  Trade flows for the 
existing system will remain in the model and no additional trade flow will be added.  For wet-
weather flow, a total R value of 2.7 percent will be used for future growth areas along the outer 
portion of the system. 

For infill areas in the older, interior portion of the system, the flow values (per capita flow, ground 
water infiltration, and total percent of rainfall) from the metershed within which the area resides 
will be used to represent growth.  This was done because, even though the areas of infill will be 
served by new infrastructure, they will still be impacted by the surrounding areas with older 
infrastructure. 
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The future flows developed using the assumptions discussed above were compared to Missouri 
Department of Natural Resources (MDNR) standards to ensure the criteria selected for future flow 
development in the city of Springfield were not unreasonable.  “Rules of Department of Natural 
Resources, Division 20-Clean Water Commission, Chapter 8-Design Guides,” provides the following 
equation for the ratio of peak hourly flow to design average flow: 

𝑄,𝑃𝑃𝑃𝑃 𝐻𝐻𝐻𝐻𝐻𝐻
𝑄,𝐷𝑃𝐷𝐷𝐷𝐷 𝐴𝐴𝐷

=
18 + √𝑃
4 + √𝑃

 

 
The average peaking factor, calculated from MDNR standards for the metersheds was 3.7, while the 
average peaking factor for the metersheds using the assumptions discussed previously was 3.5.  
Thus, the assumptions discussed previously are considered reasonable because their average 
peaking is very similar to that calculated using MDNR standards. 

3.3 CONCLUSIONS AND RECOMMENDATIONS 
Calibration was completed using the available data from the 2013 flow monitoring period.  The 
calibrated model provides a good tool for use in evaluating the City’s collection system for planning 
purposes and the development of the Recommended OCP.  Because of the drought conditions that 
preceded the 2013 flow monitoring period, it is recommended that flow monitoring continues, to 
provide additional data during both dry- and wet-weather periods.  The additional data will be 
useful in validating the model calibration and providing a better understanding of the collection 
system response to wet-weather events.  This information will greatly assist with future 
evaluations to determine the appropriate collection system capacity, storage requirements, and 
treatment capacity to meet an acceptable LOS. 

Collecting additional data will also be useful in evaluating and providing a better understanding of 
the extended periods of infiltration that occur in the City’s collection system after wet-weather 
events.  Understanding the cause and how to address the extended I/I is needed to develop future 
capacity improvement projects. 
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4.0 Treatment Assessment 

4.1 EXISTING TREATMENT FACILITIES 
The Publicly Owned Treatment Works (POTW) consists of the sanitary collection system and two 
treatment facilities:  the Northwest Treatment Plant (NWTP) and the Southwest Treatment Plant 
(SWTP).  Both facilities are located in Greene County, Missouri.  As part of the Overflow Control 
Plan (OCP), the treatment facilities were evaluated and modeled to help predict system response 
during wet-weather events.  These evaluations included assessments of the hydraulic capacity and 
treatment process capacity of the two facilities.  The hydraulic capacity is the volumetric flow rate 
that can be passed through the facility while maintaining hydraulic control through the facility (i.e., 
without submerging weirs, overtopping channels, or exceeding pumping capacity or other 
hydraulic control features); however, flows through a facility are not able to be sustained for even 
short periods of time (hours) at its hydraulic capacity without risking upset to treatment processes 
(and potential noncompliance with permit effluent limits).  A biological treatment system’s 
capability to handle peak wet-weather flows is highly site- and event-specific depending upon both 
its design details and operational settings, as well as the actual influent characteristics, settleability 
of the biomass, antecedent conditions prior to the event, and the duration of the particular wet-
weather event in question.  Thus, the wet-weather flow capacity of a biological treatment process is 
inherently somewhat variable and less precise than its capacity during normal dry-weather diurnal 
patterns. 

Therefore, treatment process capacity evaluations also consider the pollutant loading rate to the 
facility along with the duration and frequency of the hydraulic and pollutant loading rates.  These 
considerations are important for wet-weather evaluations because it is not unusual for a treatment 
facility to be able to “ramp-up” and successfully treat relatively high wet-weather flow rates (up to 
its hydraulic capacity) for relatively short periods of time (minutes to hours) before needing to 
“dial-back” to preserve the integrity and efficiency of its biological treatment system.   

The following terms are generally used to describe the capacity of treatment facilities: 

 Design Average Flow--As defined in Recommended Standards for Wastewater Facilities 
(commonly referred to as Ten States Standards) (Great Lakes – Upper Mississippi River 
Board of State and Provincial Public Health and Environmental Managers [GLUMRB], 2004), 
the design average flow is the average of the daily volumes to be received for a continuous 
12 month period expressed as a volume per unit time.  This is the “design flow” generally 
used by the Missouri Department of Natural Resources (MDNR) in National Pollutant 
Discharge Elimination System (NPDES) fact sheets and permits.  However, the design 
average flow for facilities having critical seasonal high hydraulic loading periods (e.g., 
recreational areas, campuses, and industrial facilities) shall be based on the daily average 
flow during the seasonal period.  In a similar manner, the design average load is the average 
of the daily mass of a pollutant or pollutant indicator to be received over a 12 month period 
expressed as a mass per unit time. 
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 Maximum Monthly Load--POTW effluent concentration limits are generally written as 
monthly and weekly averages to comply with NPDES permitting rules for POTWs.  Numeric 
effluent limits may be technology-based (such as those from the US Environmental 
Protection Agency’s (USEPA’s) Secondary Treatment Regulation) or water quality-based 
(derived from a specific water quality standard criterion such as in stream dissolved 
oxygen).  Unless the weekly average limits are very stringent, it is common practice to 
design biological processes to achieve monthly average limits under maximum monthly 
average influent loading conditions. 

 Peak Day Flow--The peak day flow is the largest volume of flow to be received during a 
continuous 24 hour period expressed as a volume per unit time.  In a similar manner, the 
maximum day load is the largest mass of a pollutant or pollutant indicator to be received 
during a continuous 24 hour period expressed as a mass per unit time.  For peak wet-
weather flow capacity it is important to understand the relationship between volumetric 
flow and pollutant loads to characterize potential first-flush and low-concentration periods 
of influent flows.  High short-term wet-weather loads may require a short-term maximum 
load design basis and specialized treatment processes. 

 Design Peak Hourly Flow--The design peak hourly flow is the largest volume of flow to be 
received during a 1 hour period, expressed as a volume per unit time. 

 Design Peak Instantaneous Flow--The design peak instantaneous flow is the 
instantaneous maximum flow rate to be received.  This is somewhat analogous to hydraulic 
capacity, and it is common design practice to specify a firm and total hydraulic capacity for 
systems that have multiple units operating in parallel.  The firm capacity is based on the 
largest single unit in the system being out of service, whereas the total capacity assumes 
that all units are in service.  Design peak instantaneous flow is typically established at the 
firm capacity and the point where hydraulic control is compromised.  An example of loss of 
hydraulic control is the flooding of weirs. 

At the NWTP, options for increasing wet weather treatment capabilities focused on disinfection, 
flow equalization, and auxiliary treatment alternatives.   

At the SWTP, options for increasing wet-weather treatment capabilities focused on auxiliary 
treatment alternatives and flow equalization.   

4.2 Northwest Treatment Plant 
The existing NWTP was originally constructed in 1984 and has had several expansions since, most 
recently in 2004.  The NWTP provides preliminary treatment, secondary treatment, disinfection, 
solids handling, and excess flow facilities.  The preliminary treatment includes screening, grit 
removal, raw sewage pumping, and flow metering.  The secondary treatment includes biological 
oxidation in an activated sludge aeration basin equipped with fine bubble diffused aeration and 
submersible mixers, two final clarifiers, and a sludge pump station.  Ultraviolet (UV) facilities 
provide seasonal disinfection; Figure 4-1 illustrates the flow schematic.  Waste activated sludge 
(WAS) is thickened in a gravity thickener and pumped to a covered aerated sludge holding tank.  
The thickened WAS is then hauled to the SWTP for further treatment.  The existing excess flow 
facility consists of a diversion structure, holding basin, chlorine building, and pump building. 
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The plant currently operates at an annual average daily flow of 4.95 million gallons per day (mgd).  
The existing NPDES permit lists a design average flow of 6.8 mgd.  Design documents for the 2004 
expansion listed a peak hour hydraulic capacity of 17 mgd.  Peak wet-weather flows can be diverted 
to the existing holding basin, which has a storage capacity of approximately 4.5 million gallons 
(MG).  Once the treatment facility and holding basin capacity have been reached, excess flow can 
overflow without treatment to the Little Dry Sac Creek through Outfall 002.   

4.2.1 NWTP Hydraulic Capacity Analysis 
A hydraulic analysis of the NWTP was performed to determine the hydraulic capacity of the existing 
treatment facilities.  Existing record drawings were used to confirm weir and water surface 
elevations.  Additional information related to how the plant currently operates was provided by 
plant staff.   

The hydraulic model was also used to identify hydraulic constraints or bottlenecks through the 
liquid treatment facilities of the plant (refer to Table 4-1).  During high river levels, the plant’s 
design peak instantaneous flow is currently limited by the existing capacity of the effluent pumping 
station, which has a firm capacity of 16.4 mgd.  During normal river levels, the current UV 
disinfection capacity is limited to a firm capacity of 17.0 mgd.  If spare process units are available, 
the NWTP appears to be able to hydraulically pass flows up to approximately 20 mgd before 
submerging weirs at the aeration basin effluent box and final clarifier effluent splitter box.  
However, this should not be confused with the design peak instantaneous flow or the treatment 
process capacity (refer to Section 4.1).  Treatment may be compromised if peak flows are sustained 
for a long period of time (generally more than 6 to 72 hours, depending upon influent 
concentrations, biomass settling characteristics, and aeration basin mixed liquor suspended solids 
[MLSS]).  Appendix 4A provides a copy of the complete hydraulic analysis and evaluation of the 
impact of operating at a maximum hydraulic flow of 20 mgd on freeboard and weir submergence. 

During a wet-weather event, if spare units are available for service and process monitoring 
indicates that additional flows can reasonably be expected to be treated in compliance with permit 
limitations, operations staff may elect to treat wet-weather flows above the design peak 
instantaneous flow rating.  Operating records from 2008 to 2013 indicate that this was done 
successfully in the past for short durations of time (approximately 24 hours for most events).  
Operations above 17 mgd would require all four UV disinfection process units to be in service to 
deliver the design UV dosage.  Therefore, to take full advantage of the peak hydraulic capacity, the 
UV facility was further evaluated and its firm capacity was found to be able to be increased to 22.5 
mgd (30 mgd total) with minor improvements; these improvements are discussed in this chapter. 
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Figure 4-1 NWTP Flow Schematic 
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Table 4-1 NWTP Summary of Hydraulic Capacity 

PEAK FLOW CAPACITY AS DETERMINED BY MODEL 
FLOW, MGD (GALLONS  
PER MINUTE [GPM]) 

Effluent Pumping Station (Firm)* (Design Peak 
Instantaneous Flow) 

16.4 (11,400) 

UV Disinfection – Peak Firm Capacity 17.0 (11,800) 

UV Disinfection – Peak Firm Treatment Capacity with 
Additional Lamp Modules  

22.5 (15,600) 

UV Disinfection – Peak Total Treatment Capacity with 
Additional Lamp Modules  

30.0 (20,800) 

Influent Pumping Station (Firm) 23.25 (16,150) 

*Effluent pumps are used when the Little Sac River is at an elevation of approximately 
1,070.0 feet to maintain a maximum water elevation at the effluent wetwell of 1,070.5 feet. 

4.2.2 NWTP Disinfection Assessment 
An assessment of the existing UV disinfection facility located at the NWTP was conducted to 
examine increasing the capacity of the existing UV disinfection facility.  Appendix 4B provides a 
copy of the complete assessment.  The existing UV disinfection facility was constructed in 2004 in 
what was then the existing post-aeration structure.  Four 28 inch wide concrete channels were 
installed in the existing structure, with one bank each of low-pressure, high-intensity UV equipment 
manufactured by Trojan Technologies.  Each channel was provided with an inlet isolation gate and 
inlet baffle to provide plug flow conditions through each channel.  A stop plate was provided to 
isolate the UV channel from the existing post-aeration basin.  Six fiberglass reinforced plastic weir 
troughs are utilized to maintain a continuous water elevation in the UV channel.  Flow overtops the 
weir trough where it is then directed to the effluent pump station wetwell.  Table 4-2 outlines the 
existing design parameters/components of the existing UV equipment. 

Table 4-2 Existing UV Equipment (as designed in 2004) 

MANUFACTURER TROJAN UV 3000 PLUS 

Type Low Pressure, High Intensity 

Disinfection Limit, colonies per 100 milliliter (mL) 400 

Design Flow, mgd  

Peak Hourly 17.0 

Maximum Month Average Day 9.5 

Annual Average Day 6.8 

Minimum Day 3.4 

Design UV Transmittance at 253.7 nanometers (nm) 65 percent 

Design Total Suspended Solids, milligrams per liter (mg/L) 30 

Minimum UV Design Dose, millijoules per square centimeter 
(mJ/cm2) 

25 
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Within each channel, an 8 inch baffle reduction wall was constructed along the length of the UV 
module to accommodate installation of future modules.  The power distribution center was sized to 
allow for the installation of additional modules.  The existing facility was designed to be able to 
treat up to 23.2 mgd of effluent flow with minimal modifications.  The City of Springfield (City) 
requested an evaluation of increasing the treatment capacity of the disinfection system up to 30 
mgd of effluent flow.   

Two alternatives for increasing the capacity of the existing UV system were evaluated.  The 
alternatives varied the required dose and number of banks.  In addition to the assessment of the 
existing system’s capabilities, a review of hydraulics and power requirements have also been 
performed. 

4.2.2.1 Alternative 1 – Maintain UV Dose/Two Bank 
Alternative 1 would keep the existing UV design dosage of 25 mJ/cm2 and install a second bank of 
UV modules in each of the existing channels.  The second banks would be identical to the existing 
banks.  The additional banks will similarly consist of five modules and eight lamps per module, but 
the existing baffle reduction wall would be extended along the length of the second UV bank.  
Additional structural modifications required would include minor modifications in the channel 
grating to allow for the installation of the second UV bank and a second crane for the four channels 
to aid in maintenance activities.  Additional electrical modifications would include installation of a 
new breaker in the existing motor control center (MCC); new cable and conduit (which would feed 
a new isolation transformer); other minor electrical modifications required to add the UV banks; 
relocation of the existing level sensors in each channel; and additional cable and conduit to daisy 
chain the new power distribution centers to the existing communication network.   

4.2.2.2 Alternative 2 – Reduce UV Dose/Expand Single Bank 
Alternative 2 would include a reduction of the UV design dose, 20 mJ/cm2 at 30 mgd, and 
installation of additional UV modules in each of the existing four UV banks.  The 8 inch baffle 
reduction wall would be removed to allow the installation of two additional modules in each bank 
of bulbs.  Expanding the UV banks from five modules to seven modules would require few electrical 
modifications to the existing system.  Each additional UV module would be provided with a power 
cord that could be plugged into a special connector at the power distribution center for each UV 
bank.  The existing UV banks have already been installed with the connectors in place to 
accommodate two additional modules for each UV bank.  Existing information indicates that the 
existing power distribution centers would have enough capacity to power the two additional 
modules.  No other electrical modifications would be required. 

A hydraulic analysis of only UV facilities was conducted for each alternative.  Each alternative 
would result in additional headloss; however, the investigation suggests that the existing UV 
facilities will be able to handle the increase in peak flow with the modifications outlined in 
Alternative 1 and Alternative 2. 

A sampling and testing program was performed to confirm dosing requirements for the proposed 
flow condition of 30 mgd and to verify water quality.  The evaluation included the analysis of 
existing plant data, installation of a UV transmittance (UVT) probe for in-place monitoring of 
secondary effluent UVT, and bench scale UV disinfection testing using collimated beam.  The 
information collected confirmed that the UV system has historically met the disinfection 
requirements, that UVT (both historically and during the monitoring period) was approximately 
65  percent, and that effective disinfection can be achieved at a dose below 25 mJ/cm2. 
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Present worth costs were developed for each alternative.  Table 4-3 presents capital costs, 
estimated annual operation costs, and effective present worth costs based on a 20 year life cycle for 
each alternative.  The present worth costs are provided for both a 2 and 6 percent effective annual 
interest rate. 

Table 4-3 20 Year Present Worth Costs 

ITEM 
CAPITAL 

COST 

ANNUAL 
OPERATIONS & 
MAINTENANCE 
(O&M) COST ($) 

PRESENT 
WORTH COST 

AT 2% RATE ($) 

PRESENT 
WORTH COST AT 

6% RATE ($) 
BALLAST 
POINTS 

Alternative 1 – Maintain 
UV Dose/ Two Bank 

$800,000 54,100 1,685,000 1,421,000  

Alternative 2 –  
Reduce UV Dose/ 
Expand Single Bank 

$209,000 49,000 732,000 576,000  

 
Overall, both alternatives are equally feasible and can be accomplished within the existing 
hydraulic profile of the UV facility.  Alternative 1 results in a more robust system, and the design 
provides a configuration that limits the potential for short-circuiting due to loss of lamps.  This 
alternative allows a bank to be removed for maintenance activities and still maintain some level of 
disinfection treatment in the channel if necessary.  Alternative 2 requires minimal construction and 
provides a reduced capital and O&M cost compared to Alternative 1.   

A hydraulic analysis of the plant indicated that the maximum hydraulic capacity of the plant is 
currently limited to approximately 20 mgd.  Significant improvements to the upstream facilities at 
the plant would be required to convey 30 mgd to the UV system.  Due to the uncertainty of future 
wet-weather flow rates to the plant, it is recommended that the level to which the UV system is 
expanded be revaluated after additional flow monitoring data are collected.  At that time, an 
assessment of the level of plantwide hydraulic and processes improvements required to coincide 
with the expansion of the UV facility should also be performed. 

4.2.3 NWTP Excess Flow Facilities Assessment 
Flow equalization at the NWTP was evaluated to determine the amount of storage capacity needed 
to eliminate the use of Outfall 002 up to the selected level of service.  In addition to a storage 
analysis, the siting of the excess flow facilities (consisting of an equalization [EQ] basin, diversion 
structure, and drainage pump station) and development of the opinion of probable cost for each 
case reviewed were completed. 

A technical memorandum completed in September 2013 summarized the findings of the analysis 
utilizing spring 2012 systemwide flow monitoring data.  Appendix 4C provides a copy of the 
completed excess flow facilities assessment.  Since that time, additional systemwide flow 
monitoring has been completed, and the information from the previous technical memorandum 
was updated, which is discussed in this chapter.  Hydrographs from the spring 2013 systemwide 
flow monitoring program were used to establish flow conditions.  Each of the hydrographs 
provided the anticipated peak flow and overall volume expected for each inflow/infiltration (I/I) 
reduction scenario and storm recurrence intervals.  The following scenarios were investigated: 

 1 year, 24 hour; 30 percent I/I reduction. 

 2 year, 24 hour; 30 percent I/I reduction. 
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 5 year, 24 hour; 0 percent I/I reduction. 

 5 year, 24 hour; 10 percent I/I reduction. 

 5 year, 24 hour; 20 percent I/I reduction. 

 5 year, 24 hour; 30 percent I/I reduction. 

 5 year, 24 hour; 39.3 percent I/I reduction. 

 10 year, 24 hour; 30 percent I/I reduction. 

The investigation focused on siting of the proposed EQ basin, capacity requirements, hydraulics, 
O&M, and the overall opinion of probable cost.  Several locations for placement of the EQ basin 
were reviewed, including an expansion of the existing holding basin in the Fulbright Landfill, 
multiple areas within the Fulbright Landfill, adjacent to the NWTP in the Sac River Landfill, and 
near the South Dry Sac Greenway along Highway 13.  The ability to drain/fill by gravity, proximity 
to floodway/floodplain, type of subsurface materials, and ease of construction were considered.  
The landfill sites provided some hydraulic and access advantages and were initially considered for 
placement of the new facilities.  However, because of the unknowns and risks associated with 
potentially hazardous landfill materials, it was decided that the landfill areas be eliminated as 
options.  Ultimately, the South Dry Sac Greenway site was selected to serve as the basis for the 
sizing and costing efforts, but limited footprint and rock subgrade attributed to an elevated overall 
capital cost. 

The proposed storage requirement for each level of service takes into account the storage available 
in the existing holding basin and the amount of flow that can be treated at the NWTP.  A capacity of 
4.5 MG was used for the existing holding basin.  In accordance with the hydraulic analysis 
conducted for the NWTP, a treatment plant capacity of 20 mgd was assumed.   

A preliminary layout, Figure 4-2, was determined for the excess flow facilities, which consisted of 
an EQ basin, diversion structure, and drainage pump station.  The proposed facility would consist of 
a multicell cast-in-place concrete basin.  A diversion structure with screening would be constructed 
over the existing interceptor to allow flow by gravity to the basin.  Site restrictions and hydraulic 
conditions were evaluated to determine the surface area and depth of basin needed as well as if the 
basin could operate by gravity or if pumping would be required to or from the equalization basin. 

Alternatives, including the use of the land south of the NWTP, were considered but not evaluated 
primarily because of the regulatory concerns associated with the use of the Sac River Landfill.  
However, it is the City’s understanding that during the next site inspection, the landfill area may be 
deemed suitable for use.  If the area is acceptable for use, the option, including an EQ basin located 
south of the treatment facility, should be developed as part of the future OCP update called for in 
the Recommended Overflow Control Plan (Chapter 10.0). 

Quantities were calculated using the preliminary layout, and unit pricing was applied to develop an 
opinion of probable cost.  A graph of cost versus capacity was derived from the 5 year, 24 hour I/I 
reduction scenarios and was used to estimate the 1 year, 24 hour; 2 year, 24 hour; and 10 year, 
24 hour costs.  The opinion of probable cost includes values for construction, engineering, legal, and 
administration, with a 35 percent contingency.   

A summary of the peak flow, resulting storage requirements, and opinion of probable costs for the 
excess flow facility associated with I/I reduction scenario and storm recurrence interval is 
presented in Table 4-4. 
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Figure 4-2 Excess Flow Facility 
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Table 4-4 Excess Flow Facilities Summary 

DESCRIPTION 

REQUIRED EQ 
BASIN VOLUME 

(MG) 

APPROX  
BASIN DEPTH 

(FT) 

OPINION OF 
PROBABLE COSTS 

($) $/GAL 

1 year, 24 hour 
30% I/I Reduction 

21.15 27 42.7 million 2.02 

2 year, 24 hour 
30% I/I Reduction 

27.61 35 49.2 million 1.78 

5 year, 24 hour 
30% I/I Reduction 

39.57 50 51.2 million 1.29 

10 year, 24 hour 
30% I/I Reduction 

50.56 64 59.3 million 1.17 

 
As noted previously, the limited footprint and the rock subgrade result in significant capital costs.  
Depending on the recommended level of service, the off-site wet-weather improvements range 
from $42 million to $59 million.  Because of the high estimated capital cost of the EQ basin, it is 
recommended that alternative means of addressing peak flows associated with I/I and peak wet-
weather flow treatment be evaluated to reduce the overall cost.   

4.2.4 NWTP Peak Wet-Weather Flow Treatment Evaluation 
The OCP also evaluates blending and auxiliary treatment alternatives for the management and 
treatment of peak wet-weather flows.   

Collection system modeling was used to generate a plant influent hydrograph for a 5 year, 24 hour 
storm event with 30 percent I/I reduction.  Historical influent data from 2008-2013 were evaluated 
to determine appropriate pollutant concentrations to associate with peak wet-weather flow rates.  
The dilution curve equations, along with the storm hydrograph, were then used to develop influent 
pollutographs for dynamic modeling input.  These hydrographs and pollutographs were used as 
input into the process model to predict the plant performance. 

For handling peak wet-weather flows, clarification is generally the limiting component of an 
activated sludge system.  Therefore, a series of state-point analyses (SPA) were conducted as a 
preliminary evaluation of the capacity of the existing treatment facilities.  An SPA is a trouble-
shooting and capacity analysis tool in which clarifier overflow and underflow rate operating lines 
are displayed in relation to the solids settling flux curve.  The intersection of the operating lines is 
termed the “state point” of the clarifier. 

A computer-based treatment process model for the plant was also developed using GPS-X software 
(by Hydromantis).  This software is widely used to simulate wastewater treatment operations using 
basin dimensions and operational data specific to the particular facility.  The GPS-X model for the 
existing operations at the NWTP includes a selector basin for simulating anaerobic and anoxic 
zones, three aerobic zones, a final clarifier, and a WAS thickener.  The selector basin and first two 
aerobic basins were configured as plug-flow reactors and divided into multiple zones to match 
existing geometries.  The last aerobic zone was set up as a completely mixed reactor to represent 
the inner section of the concentric basin.   
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Three peak wet-weather treatment alternatives were developed and evaluated for the NWTP.  
Flows over the maximum hydraulic capacity of 20 mgd were either simulated as treated in parallel 
by auxiliary treatment facilities or stored and then treated by existing facilities as influent flow 
rates receded below 20 mgd.  The GPS-X model was used to evaluate these alternatives. 

4.2.4.1 Alternative 1, Peak Flow Equalization 
Influent flows up to 20 mgd would be handled by the existing activated sludge system, and any 
flows above that rate would be captured in an off-line storage basin.  Based on a 5 year, 24 hour 
storm event with 30 percent I/I reduction, a 40 million gallon equalization basin would be required 
to capture wet weather flows exceeding 20 mgd.  A dewatering return flow rate of 10 mgd was 
evaluated for this alternative.  The basin dewatering flows (and captured pollutants) would 
combine with the normal influent for treatment through the existing activated sludge facility. 

4.2.4.2 Alternative 2, Auxiliary Treatment Facilities 
Auxiliary treatment facilities would be operated in parallel with the existing facilities to handle 
peak wet-weather flows.  Influent flows of up to 20 mgd would be handled by the existing activated 
sludge facilities.  Based on a 5 year, 24 hour storm event with 30 percent I/I reduction, auxiliary 
treatment facilities with a peak capacity of approximately 37 mgd will be required for this 
alternative.  Effluents from both the auxiliary treatment train and the activated sludge train would 
be blended and disinfected prior to discharge through the existing outfall.  Solids captured from the 
auxiliary treatment process would be sent to the existing activated sludge facilities for treatment. 

4.2.4.3 Alternative 3, Auxiliary Treatment with Flow Equalization 
This alternative is a combination of the two options described above and involves a smaller storage 
basin to reduce the capacity of the auxiliary treatment facilities to 20 mgd.  As influent flow rates 
increase, flows above 20 mgd would be split to the auxiliary treatment facilities and flows above 
40 mgd would be captured in the storage basin for complete treatment and capture of the design 
wet-weather flows.  A 6.2 MG storage basin would be required. 

Auxiliary treatment for wet-weather flows, particularly those with high peak flow rates and low 
pollutant concentrations, can be most effectively and efficiently treated by physical and chemical 
means.  Many technologies relying on these mechanisms have been adapted and optimized for the 
treatment of wet-weather flows.  Table 4-5 summarizes major processes and technologies that have 
been piloted or used in full-scale applications for wet-weather flows.  For a detailed description of 
these technologies, refer to Appendix 4D, the Peak Wet-Weather Flow Treatment Evaluation for the 
NWTP technical memorandum. 
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Table 4-5 Summary of Wet-Weather Technologies 

SETTLING-BASED CLARIFICATION FILTRATION-BASED CLARIFICATION 

1. Conventional Clarifier 1. Shallow Granular Media (Sand, Anthracite, etc.) 

2. Vortex Separator (Swirl Concentrator)* 2. Deep Granular Media (Sand, Anthracite, etc.) 

3. Lamella Settlers* 3. Microscreen* 

4. Chemically Enhanced Settling** 
a. Conventional Clarifier** 
b. Lamella Settler** 
c. Solids Contact/Recirculation*** 

i. DensaDeg® 
ii. CONTRAFAST® 

d. Microsand Ballasted Flocculation*** 
i. ACTIFLO® 
ii. RapiSand™ 

Magnetite Ballasted Flocculation*** 
i. CoMag™ 

4. Floating Media Bed* 
a. MetaWater High-Speed Filter 
b. BKT BBF-F 

5. Pile Cloth Media*** 
a. Aqua-Aerobic Systems 

6. Compressible Media Bed*** 
a. Fuzzy Filter™ 
b. FlexFilter™ 

5. Suspended Growth Biological Contact 
a. Conventional Clarifier 
b. Ballasted Flocculation 

i. Bio-ACTIFLO® 
ii. BioMag® 

7. Fixed-Film Biological Contact 
a. Biologically Active Filter (BAF)  
b. BioFlex Filter™ 

* High rate treatment (HRT) alternative. 
** Provides enhanced high rate treatment (EHRT) effluent quality, but at hydraulic loading rates between 
conventional and HRT. 
***EHRT alternative. 

 

  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Treatment Assessment 4-13 
 

4.2.5 Conclusions and Recommendations 
Conclusions and recommendations from initial process modeling and evaluation of the auxiliary 
wet-weather treatment alternatives are as follows:   

 The existing activated sludge facilities appear to have a peak treatment flow capacity of 17 
to 23 mgd, depending on the maintenance of biomass health and settling characteristics. 

 All three alternatives evaluated (complete capture through equalization capacity, blending 
with auxiliary treatment facilities, and a combination thereof) appear capable of compliance 
with current NPDES permit limits for the design wet-weather influent scenario. 

 All three alternatives are predicted to provide similar effluent quality on a long-term basis 
(i.e., 30 day average measurements) for the design wet-weather influent scenario.   

 Blending with auxiliary treatment facilities reduces the amount of time that effluent total 
suspended solids (TSS) is elevated compared to storage alternatives that require extended 
operation of activate sludge facilities at elevated flow rates during storage dewatering.  For 
complete capture, weekly average TSS concentrations are predicted to be elevated for a 
2 week period; whereas, blending would elevate the weekly average for only 1 week. 

 It is recommended that future facility planning and design studies include the following 
considerations: 

● Modeling for the auxiliary treatment alternative assuming a TSS removal rate of 
75 percent, which is a reasonably conservative value for a number of chemically 
enhanced sedimentation (CES) and EHRT alternatives. 

● Future evaluations of technology alternatives should consider that the NWTP does 
not have primary clarifiers; therefore, the use of CES in a non-chemically enhanced 
mode during dry-weather conditions may not be a viable alternative unless there is 
a significant increase in dry-weather flows that warrants the addition of primary 
clarifiers and associated primary sludge facilities.  In addition, the NWTP does not 
have coagulant or anionic polymer storage and feed facilities, which would be 
needed for any CES alternative. 

● Expansion of the existing UV disinfection system for both dry- and wet-weather 
flows should be further considered.  The use of UV for disinfection may impact the 
selection and design of clarification alternatives for auxiliary treatment.  For 
instance, aluminum-based coagulants are generally recommended if CES-based 
technologies are used in conjunction with UV.  Furthermore, recent compressible 
media filtration (CMF) piloting at SWTP and elsewhere suggests that filtered 
effluent may be more amenable to UV disinfection than CES effluent.1 

  

                                                           
1 Fitzpatrick J.; Gilpin, D.; Kadava, A.; Kliewer, A.; Pekarek, S.; Schlaman, J.; Tarallo, S. (2010) Wet-Weather Pilot 
Studies Demonstrate Effectiveness of High-Rate Filtration Technologies. Proceedings of the 2010 WEFTEC; New 
Orleans, Louisiana. 
Fitzpatrick, J.; Broz, J.; Eisner S.; George B.; Hunter, G.; Lu, T.; Robinson G.; Shields, A. (2013) Decades of Pathogen 
Protection with Auxiliary High-Rate Treatment Technologies, Proceedings of the 2013 WEFTEC, Chicago, Illinois. 
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● The City should consider a water quality study of the Little Sac River to evaluate the 
potential for flow-tiered WQBEL.  This study may be helpful for future NPDES 
permitting negotiations.  Preliminary results from a similar study being conducted 
for the City of Fort Wayne, Indiana, indicate that there does not appear to be 
reasonable potential to exceed theoretical acute WQBEL during intermittent wet-
weather flows.  These preliminary results are based on historical receiving stream 
data and wastewater treatment plant (WWTP) modeling; therefore, a “monitor and 
report” approach has been proposed for permitting peak wet-weather effluent 
discharges under a flow-tiered framework to demonstrate and gather the necessary 
field data for a more rigorous reasonable potential analysis.  Modeling of the Little 
Sac River watershed should be considered to estimate waste load allocations, 
bacteria loads, and dissolved oxygen concentrations.  More advanced modeling for 
nutrients and algae growth should also be considered as well as dynamic water 
quality modeling. 

● The City should consider conducting clarifier field testing to develop site-specific 
solids flux curves to verify the state point analysis described herein, which used 
generic Sludge Volume Index (SVI) correlations developed from data at other 
facilities. 

● The City should consider special sampling studies for carbon, nitrogen, and 
phosphorus fractionation and additional model calibration prior to using the 
existing GPX-X model for nutrient removal evaluations. 

4.3 SOUTHWEST TREATMENT PLANT 
Liquid stream treatment facilities at the SWTP consist of two separate activated sludge process 
trains (Plant 1 and Plant 2) served by common headworks, influent pump station, and primary 
clarifiers.  A simplified schematic of the existing liquid stream treatment facilities is shown on 
Figure 4-3. 

The headworks facility includes mechanical bar screens and an aerated grit process.  Following grit 
removal, the plant recycle streams coming from the return wastewater pump station are added to 
raw influent, and the total flow is pumped to the two primary clarifiers.  The combined effluent 
from the primary clarifiers is divided between the Plant 1 and Plant 2 activated sludge treatment 
systems. 

Plant 1 employs a two-stage activated sludge process, with carbonaceous biochemical oxygen 
demand (CBOD) removed in the high purity oxygen activated sludge (HPOAS) system and 
nitrification of ammonia to nitrate completed in a separate air activated sludge system.  Each of the 
two activated sludge stages has its own set of clarifiers and sludge pump stations for mixed liquor 
solids separation and return activated sludge (RAS)/WAS control.  Flow from Plant 1 is pumped to 
denitrification filters. 

Plant 2 is a single sludge nitrifying activated sludge process that uses surface aeration and a long 
sludge retention time to provide nitrification.  The first cell of each aeration basin was converted 
into an anaerobic zone to provide biological phosphorus removal.  A separate set of clarifiers and 
sludge pump station are provided for Plant 2 mixed liquor clarification and RAS/WAS control.  Flow 
from Plant 2 flows through traveling bridge sand filters. 

Following filtration, flow from the two plants is combined and ozonated.  Disinfected effluent is 
discharged to Wilson Creek through Outfall 001. 
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Figure 4-3 SWTP Liquid Treatment Process Schematic 
 

A simplified schematic of the existing solids treatment facilities is shown on Figure 4-4.  Primary 
sludge is pumped directly from the primary clarifiers to the anaerobic digesters.  WAS from both 
Plant 1 and Plant 2 is pumped to the undigested sludge wetwell located in the process building.  
From the wetwell, WAS is pumped to gravity belt thickeners.  The thickened sludge flows to the 
thickened sludge wetwell and is pumped on a continuous basis to anaerobic digesters.  In addition, 
hauled wastes are received from commercial haulers at the existing truck unloading facility and 
pumped directly to the digesters.  The plant also receives WAS at the truck unloading facility from 
the City’s NWTP, which is pumped directly to the existing anaerobic digesters. 

The plant has four anaerobic digesters that are operated in parallel for conventional, high rate 
mesophilic digestion.  The sludge is fed automatically and sequentially between the existing 
digesters via motor-operated plug valves.  The digesters are 80 feet in diameter and provide a 
combined operating volume of approximately 4 million gallons.  Each digester is continuously 
mixed using four externally mounted mechanical draft tube mixers.  A sludge recirculation pump 
dedicated to each digester recirculates sludge from the digester and through a spiral type heat 
exchanger before returning it to the digester. 

The digester gas is collected from each digester and cooled to remove condensate moisture before 
being utilized in the boilers.  The gas is also used to fuel an engine-driven blower for aeration of the 
Plant 1 nitrification tanks.  Excess gas is sent to a waste gas burner, where it is flared. 

The digesters are heated by four existing spiral type sludge heat exchangers, one dedicated to each 
digester.  Heat for digester and building heating is provided by a heating water system located in 
the main equipment building.  Heat sources include a boiler installed in 1999 and heat recovered 
from the engine driven blower.  Heating water is supplied to the sludge heat exchangers by buried 
piping between the main equipment building and the digester control building. 
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Figure 4-4 SWTP Solids Treatment Schematic 
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Following digestion, the sludge is pumped to a storage tank for equalization and then to high solids 
centrifuges for dewatering.  The centrifuges are operated 6 days/week, 8 to 9 hours per day to 
handle current solids production.  Dewatered cake is hauled to a land application site. 

4.3.1 SWTP Hydraulic Capacity Analysis 
A hydraulic analysis of the SWTP was performed to determine the maximum hydraulic capacity of 
the existing dry-weather, liquid treatment facilities.  Existing record drawings and survey data were 
used to confirm weir and water surface elevations.   

According to the hydraulic analysis, the maximum hydraulic capacity of the SWTP is approximately 
101 mgd.  A breakdown of the individual plant capacities and other key information is presented on 
Table 4-6 and Figure 4-5. 

Table 4-6 SWTP Summary of Hydraulic Capacity 

SUMMARY OF FINDINGS 

Peak Flow Capacity as Determined by Model Flow, mgd (gpm) 

Influent Pumping Station 107 (74,400)* 

Plant 1 44 (30,500) 

Plant 2 57 (39,600) 

Plant 2 Polishing Filters 30 (20,800) 

Total 101 (70,100) 

*Note – Influent pumping capacity exceeds the total hydraulic capacity of the combined Plants 1 and 2. 

Maximum Downstream Control Elevation Required to Allow 
Discharge of Peak Flow Event (100 mgd) 

Elevation, ft 

Wilson Creek at Outfall 001 1,146.50 

 

The hydraulic model was also used to identify constraints or bottlenecks at each plant that had the 
most impact on hydraulic capacity.  The primary hydraulic constriction in Plant 1 is the treatment 
train that includes Nitrification Tanks 1, 5, and 9 and Final Clarifiers 1 through 5 (square clarifiers).  
At flows above 44 mgd, overflow of the nitrification tanks influent channel could occur.  The 
primary constriction at Plant 2 is the polishing filters.  Flow to the filters is limited to approximately 
30 mgd, with excess flow diverted from the Plant 2 diversion structure to the ozonation tanks.  
Appendix 4E provides the detailed technical analysis, which illustrates the list of facilities for each 
plant and the impact of operating at peak flows on freeboard and weir submergence. 
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Figure 4-5 SWTP Liquid Flow Balance 
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4.3.2 SWTP Peak Wet-Weather Flow Treatment Evaluation 
The OCP also evaluates blending and auxiliary treatment alternatives for treatment of peak wet-
weather flows.  In addition, stress tests of CES on the existing primary clarifiers and pilot trials of 
CMF for both dry-weather tertiary filtration and auxiliary wet-weather peak flow clarification were 
conducted for the SWTP. 

Historical plant operating data from January 1, 2007, through September 3, 2014, were analyzed to 
determine recent flow and pollutant loading trends to develop a basis of evaluation for the SWTP.  
These data are summarized in Appendix 4F in the Peak Wet-Weather Flow Treatment Evaluation 
for the SWTP technical memorandum.  These data were further evaluated and supplemented with 
new data from discrete sampling conducted during actual wet-weather events to better 
characterize the treatment performance of existing facilities during wet-weather events. 

The GPS-X model, similar to the one used for the NWTP, was used to simulate performance at the 
SWTP for existing operations.  The model includes primary clarifiers followed by activated sludge 
systems and tertiary filtration.  The primary clarifier effluent is split to Plant 1 and Plant 2.  Plant 1 
utilizes a two stage sludge system consisting of an HPOAS stage followed by a nitrifying activated 
sludge (NAS) stage with fine bubble diffused air.  Each stage has its own set of clarifiers for mixed 
liquor separation and RAS/WAS control separate from the other stage.  Plant 2 utilizes a single 
sludge NAS system with surface aerators.  One of the surface aerator cells in each train of Plant 2 
has been modified to minimize aeration and provide anaerobic/anoxic conditions.  To treat wet-
weather flows beyond the capacity of the combination of Plant 1 and 2, an auxiliary treatment unit 
was included in the model that could be configured to mimic the existing peak flow clarifier or 
other auxiliary treatment alternatives.  For treating biosolids, the model included a gravity belt 
thickener for WAS thickening, anaerobic digesters for primary sludge and thickened waste 
activated sludge (TWAS), and dewatering centrifuges for digested biosolids. 

The calibrated treatment plant model described above was used to predict the plant performance 
during and after different wet-weather flow events.  For these modeling scenarios, 30 day plant 
influent hydrographs were developed that included transient peak flow events anticipated from 
1 year, 2 year, 5 year, and 10 year storms and assumed a 40 percent I/I reduction in the collection 
system.  Pollutant concentration and loading trends during each scenario were set to match 
patterns determined from the special wet-weather sampling event evaluations. 

The influent hydrographs developed show peak wet-weather event flow rates ranging up to 
approximately 150 to 200 mgd, and the existing Plant 1 and Plant 2 have demonstrated to have a 
combined capacity of 100 mgd, leaving a 50 to 100 mgd capacity deficit (excluding the existing peak 
flow clarifier and holding pond capacity).  Currently, flows exceeding 100 mgd can be stored and/or 
treated by gravity settling in the peak flow clarifier that discharges to holding ponds.  Historically, 
peak flow clarifier effluent exceeding the capacity of the holding ponds was discharged to 
Outfall 002.  However, the current NPDES permit prohibits discharges from Outfall 002.  Therefore, 
such peak flows are anticipated to be disinfected and discharged through Outfall 001, along with 
disinfected effluents from Plant 1 and 2.  The stringent permit limits for Outfall 001, the results of 
the treatment plant modeling described above, and previous ozonation studies at the plant 
suggested that effluent quality better than can be achieved through conventional gravity settling 
would be required.  Treatment technology alternatives that could be considered to upgrade the 
current arrangement and potentially improve effluent quality to be more amenable to the existing 
ozonation process or other effluent disinfection alternatives are similar to those outlined for the 
NWTP and are indicated by double and triple asterisks in Table 4-5.   
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Based on workshops with City staff and conceptual alternatives assessments, it appeared that 
additional wet-weather treatment capacity at SWTP would be most feasible through the addition of 
a wet-weather influent flow control and headworks facility followed by one of the following three 
alternatives for advanced clarification. 

 CES in existing Primary Clarifiers 1 and 2  

This concept would be similar to the “split treatment” configuration illustrated on 
Figure 4-6, except that the wet-weather flow split above 100 mgd might occur with primary 
effluent instead of primary influent.  If this alternative were to be developed further, 
additional evaluations would be recommended to determine whether the existing primary 
influent conveyance structures directly to Plant 1 and 2 could be used to provide additional 
wet-weather capacity with lower SOR to Primary Clarifiers 1 and 2.  These evaluations 
would include the gravity bypass and Parshall flume to Drop Structure 1 for Plant 1 and the 
Plant 2 influent screw pump station. 

 CES in the existing peak flow clarifier 

This concept would be similar to the peak flow clarifier configuration illustrated on 
Figure 4-6.  If this alternative were to be developed further, additional on-site piloting 
would be recommended to evaluate (1) coagulant and flocculant dosing locations, (2) rapid 
mix and flocculation facilities, and (3) performance with the existing settling basin given its 
unique geometry – which is much different from the geometry of the existing primary 
clarifiers. 

 

Figure 4-6 Configuration Alternatives for CES with Existing Facilities 
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 Dual wet-weather filtration facility 

This concept involves a new filtration facility that could be used for either tertiary or peak 
wet-weather flows.  During dry-weather conditions, the new facility would provide 
filtration of secondary clarifier effluent; whereas, during wet-weather conditions, it would 
filter primary effluent and/or primary influent.  According to the Design Memorandum for 
the Phase 6 Improvements and the Basis of Design Memorandum for the Ozone Disinfection 
Improvements, the existing tertiary filters have a total hydraulic capacity of 72 mgd and a 
total treatment capacity of 50 mgd, which is 28 to 50 mgd less than the 100 mgd maximum 
hydraulic capacity of the remainder of the Plant 1 and 2 processes.  Plant 1 currently uses 
deep-bed denitrification sand filters with a maximum hydraulic capacity of 42 mgd and a 
treatment capacity of 20 mgd to prevent washout of the denitrifying biomass in the filter.  
Plant 2 currently uses shallow-bed traveling bridge sand filters with a peak hydraulic 
capacity of approximately 30 mgd, and flows above 30 mgd overflow to the peak flow 
clarifier.  These capacities are summarized in Table 4-7.   

Table 4-7 SWTP Tertiary Filtration Capacity 

TERTIARY FILTRATION 
PROCESS 

TREATMENT CAPACITY 
(MGD) 

HYDRAULIC CAPACITY 
(MGD) 

Plant 1  20  42 

Plant 2  30*  30* 

Total  50  72 

*Plant 2 flows above 30 mgd overflow to peak flow clarifier. 

 
Further discussions with plant staff indicate that the maintenance requirements for the existing 
Plant 2 filter have increased significantly in recent years, suggesting that it may be in need of 
rehabilitation or replacement.  Therefore, this alternative contemplates a new filtration facility that 
would replace the Plant 2 sand filters with a smaller footprint high-rate filtration technology such 
as compressible media.  The sizing for this new filtration facility would be further developed in 
future facility planning studies but could be sized to also provide filtration of wet-weather flows. 

Additional on-site piloting of CES and CMF was conducted to further evaluate potential impacts to 
the existing effluent disinfection process.   

4.3.2.1 Chemically Enhanced Sedimentation  
On-site piloting of the aforementioned EHRT alternatives began with on-site bench-scale jar tests to 
evaluate coagulant and flocculant alternatives in accordance with protocols developed in 
collaboration with SWTP staff.  The results were used to establish initial dosage values for full-scale 
CES demonstration facilities described in separate memoranda (Appendix 4G).  The temporary 
chemical storage and feed facilities for the full-scale CES stress tests on the existing primary 
clarifiers are shown on Figure 4-7. 
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a.  Ferric Chloride Feed b.  Anionic Polymer Feed 

Figure 4-7 Temporary Chemical Feed Facilities for Full-Scale CES Stress Test Trials 
 
From May through November of 2013, eight different trials were conducted with different chemical 
doses and clarifier SOR.  Major findings from these trials included the following: 

 TSS removal rates generally ranged from 50 to 90 percent. 

 No strong correlation to SOR was observed.  However, the existing influent and effluent 
conveyance structures for the test clarifier were hydraulically limited to approximately 
77 mgd, which limited the SOR to about 3,600 gallons per day per square foot (gpd/ft2) 
during these trials.  At this SOR, significant influent turbulence was observed in the energy 
dissipating inlet (EDI) and inlet floc well as pictured on Figure 4-8.  Calculations confirmed 
that the inlet port velocities were higher than generally recommended, which may have 
adversely affected process performance.  It should be noted that these stress tests were 
conducted at flows of up to 154 percent of the existing clarifier design rate of 50 mgd.  Full-
scale CES trials at other plants have found good TSS removal rates at even higher SORs (up 
to approximately 5,500 gpd/ft2).  Therefore, further evaluations of this alternative should 
consider replacing the inlet structures with ones designed for higher peak flow rates and 
modifications to increase influent and effluent conveyance capacity for both clarifiers 
operating in parallel. 

 The first four trials appeared to suffer from excessively high polymer dosages that, along 
with relatively high inlet turbulence, contributed to surface foam and floating floc, as 
pictured on Figure 4-8.  Foam and floating floc was not as bad during later trial runs with 
lower inlet turbulence and lower polymer dosages. 
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a.  Inlet Turbulence at 3,600 gpd/ft2 (77 mgd) b.  Foam and Floating Floc from Excess Polymer  

Figure 4-8 Visual Observations During June 3, 2013, CES Trial on Primary Clarifier 1 
 
The main goal of the last four trial runs was to optimize polymer dosage and effluent turbidity/TSS 
to produce effluent quality that would be most amenable to the existing effluent ozonation process 
as well as potential disinfection alternatives.  Representative results from this phase of the pilot 
study (refer to Figure 4-9) suggested that the CES effluent was readily amenable to hypochlorite for 
reduction of E.  coli below the existing permit limit of 126 lb/100 mL; however, the testing failed to 
demonstrate similar results for ozone doses up to 20 mg/L. 

  

a.  Ozone Disinfection b.  Chlorine Disinfection  

Figure 4-9 Effluent Disinfection Dose Response from November 14, 2013, CES Trial 
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4.3.2.2 Bench Tests of CES and Compressible Media Filtration 
To further evaluate effluent disinfection of the EHRT alternatives, a series of bench-scale tests were 
conducted to simulate effluent characteristics at the following wet-weather flow peaking factors: 

 Peaking factor (PF) = 1.  A sample of primary influent (PI) was collected on March 31, 2014. 

 PF = 2.  A subsample of the primary influent was diluted with an equal volume of distilled 
water. 

 PF = 4.  Distilled water was added to a subsample of the primary influent at a volumetric 
ratio of 3:1 (distilled:PI). 

 PF = 8.  Distilled water was added to a subsample of the primary influent at a volumetric 
ratio of 7:1 (distilled:PI). 

Each of these subsamples was analyzed and then split for bench treatability tests.  One of the split 
samples was jar-tested according to the protocols mentioned earlier herein to simulate CES effluent 
with a coagulant dose of 35 mg/L ferric chloride (FeCl3) and a polymer dose of 0.16 mg/L anionic 
polyacrylamides (aPAM).  The other split sample was filtered through 10 micrometer (µm) filter 
paper to simulate CMF effluent.  Each effluent sample was then tested for ozone dose response and 
collimated beam UV dose response using E. coli as the indicator organism.  Major findings from 
these side-by-side bench tests included the following: 

 As the peaking factor increased, the ozone and UV dose responses became more favorable.  
Both ozone and UV were able to achieve adequate coliform inactivation on both the CES and 
CMF effluent samples at a peaking factor of 4 and above. 

 These data suggest that the CES effluent may have been somewhat more amenable to 
ozonation than the CMF effluent.  On the other hand, the CMF effluent generally tended to be 
more amenable to UV irradiation than the CES effluent.  Because these results are from a 
single sampling/test event, these conclusions are very preliminary and qualitative.  Firmer 
conclusions would require additional testing for repeatability and quantification.  However, 
these trends do seem plausible and tend to agree with observations from other similar 
studies, given the following considerations: 

● The CES alternative used FeCI3, which is known to enhance the removal of naturally 
occurring organic material (NOM), thus potentially lowering the ozone demand and 
increasing its availability for disinfection.  The CES alternative also lowers the 
effluent pH, which tends to increase ozone’s bactericidal properties. 

● The particles in CMF effluent are generally smaller with less flocculent than those in 
CES effluent, thus providing less shielding from UV for microbial inactivation.  Also, 
the CES effluent likely contained colloidal iron particles, which are known to absorb 
UV, thus inhibiting UV disinfection. 

EHRT piloting then proceeded to the next phase, which involved on-site testing of a CMF pilot unit 
as described in the next section. 

  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Treatment Assessment 4-25 
 

4.3.2.3 CMF Piloting 
WesTech provided the City with a pilot unit of the WWETCO FlexFilter™ technology.  It was first set 
up near the Plant 2 traveling bridge sand filters to conduct a trial run for tertiary filtration of 
secondary effluent.  The pilot unit was then relocated near the headworks effluent box to conduct 
wet-weather trials with primary influent.  These CMF pilot facilities are shown on Figure 4-10. 

Initial wet-weather flow testing with the pilot unit used plant nonpotable water mixed with 
primary influent to simulate wet-weather influent characteristics.  Subsequent trial runs used 
primary influent during peak flow conditions from actual wet-weather events.   

  

a.  Tertiary Filtration Trial b.  Wet-Weather Filtration Trials 

Figure 4-10 CMF Pilot Facilities 
 
At the time of this writing, the pilot study was ongoing; however, preliminary findings from the 
results evaluated thus far include the following: 

 Trial run CMF-3 used secondary clarifier effluent from Plant 2.  Effluent turbidity improved 
from 3.1 to 1.2 nephelometric turbidity unit (NTU).  Besides flow rate, no other parameter 
was monitored for this trial run since it was performing tertiary filtration.  The effluent 
quality improvement provided by CMF was deemed to be equal to or better than what was 
being provided by the existing sand filters. 

 Trial run CMF-4 used a surrogate wet-weather influent that was estimated to represent 
influent characteristics with a relatively high I/I component at a peaking factor of approxi-
mately five.  Trial run CMF-8 also used a surrogate wet-weather influent but represented 
feed characteristics at a somewhat lower peaking factor of approximately 2.5 or during the 
dilution “tail” of an extended event.  Trial run CMF-5 used actual wet-weather influent 
during an event when the SWTP was operating at a peaking factor of approximately two. 
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 The disinfection dose response results indicated that at the highest simulated peaking 
factor (Run CMF-4), ozonation of the CMF effluent achieved the permit limit value for 
Outfall 001.  At the lower peaking factors (Runs CMF-8 and CMF-5), ozonation of CMF 
effluent did not achieve the permit limit value.  However, these tests were on CMF effluent 
alone, not in combination with effluent from Plant 1 and 2.  Further evaluation is recom-
mended to estimate ozonation requirements at different ratios of auxiliary CMF effluent 
combined with Plant 1 and 2 effluents. 

 The UV collimated beam results indicated that relatively low UV doses to the CMF effluent 
achieved the permit limit value at all of the peaking factors that were simulated. 

 The influent and effluent data demonstrated excellent TSS removal, with CMF effluent 
values averaging below 20 mg/L.  Biochemical oxygen demand (BOD) removal was also 
significant, with CMF effluent values averaging approximately 46 mg/L.  No removal of 
ammonia was measured, which was expected for the CMF process.  Further evaluation is 
recommended to estimate effluent concentrations at different ratios of auxiliary CMF 
effluent combined with Plant 1 and 2 effluents. 

4.3.3 Conclusions and Recommendations 
Conclusions and recommendations from initial process modeling and evaluation of the auxiliary 
treatment wet-weather treatment alternatives are as follows:   

 The existing Plant 1 and Plant 2 processes appear to be capable of treating peak wet-
weather flows of up to approximately 100 mgd.  However, this flow rating is contingent on 
the influent characteristics having typical first-flush and dilution dynamics as have been 
exhibited in the past.  Further evaluation is recommended to determine whether the recent 
upward trends in influent TSS and BOD loading are anticipated to continue into the future.  
For recent flow rates, total Kjeldahl nitrogen (TKN) and total phosphorus (TP) loading have 
trended downward, suggesting that the upward trend in TSS and BOD loading might not be 
from residential users but perhaps instead from industrial users.  Additional evaluations 
should also be conducted to determine if additional BOD and TSS treatment capacity at 
SWTP is truly needed, if additional industrial pretreatment is a more feasible alternative, or 
if the BOD and TSS ratings of the existing facilities should be adjusted. 

 The historical wet-weather event performance demonstrated the practicality of expressing 
limits for activated sludge facilities as weekly averages and monthly averages instead of 
daily maximum values.  This is especially true for WQBEL that are intended to be protective 
of chronic water quality criteria.  It is recommended that further evaluations be conducted 
to determine the feasibility of replacing the existing daily maximum permit limits for TSS, 
BOD, and ammonia with weekly averages.  For approximately 2.5 days of the modeled 
5 year storm event, the Stage 2 clarifiers for Plant 1 were predicted to operate 
approximately 13 percent higher than the peak SOR recommended by the Ten States 
Standards (GLUMRB, 2004).  Because final clarifiers are typically the process bottleneck for 
handling wet-weather flows through activated sludge systems, more in-depth evaluations of 
the SWTP clarifiers are recommended.  Field testing should include stirred settling tests to 
determine site-specific MLSS settling flux curves SPA, and discrete and flocculated 
suspended solids (DSS/FSS) in accordance with industry standard protocols (WERF/CRTC, 
2001). 
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 Further evaluations and negotiations are recommended for NPDES permitting of wet-
weathers discharges, particularly with regard to ammonia and potentially other parameters 
that have water quality-based effluent limits.  The auxiliary treatment strategy appears to 
be consistent with properly expressed permit limits (i.e., weekly and monthly average/ 
geometric mean [bacteria]).  Notable permitting considerations include the following: 

● Expressing ammonia limits as weekly averages instead of daily maximums. 

● The feasibility of basing intermittent peak wet-weather flow limits on acute water 
quality criteria as opposed to normal dry-weather chronic criteria. 

● The feasibility of flow-tiering concentration limits when flows in Wilson Creek are 
significantly higher than dry-weather low-flow criteria. 

● The feasibility of developing best management practices as an alternate control 
mechanism to numerical effluent limitations during periods of peak wet-weather 
flows. 

● Similar evaluations for other parameters besides ammonia that have WQBEL. 

 CES and CMF both appear to be feasible alternatives for increasing the wet-weather flow 
treatment capacity at SWTP.  It is recommended that these alternatives continue to be 
developed, refined, and evaluated in future facility planning and predesign studies and 
updated as called for in the Recommended OCP. 
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5.0 Sanitary Sewer Evaluation Survey 

5.1 INTRODUCTION 
The City of Springfield (City) operates a sanitary sewer system containing approximately 
1,200 miles of sewer, associated pump stations, and two wastewater treatment facilities.  During 
wet-weather events, the sewer system and treatment facilities experience higher than expected 
flows due primarily to inflow/infiltration (I/I).  Following on the initial (Phase 1) Sanitary Sewer 
Evaluation Survey (SSES) performed pursuant to the 1995 Consent Decree, the City needs to further 
reduce the amount of I/I entering the collection system.   

This Phase 2 SSES included monitoring of wastewater flow, manhole inspections, smoke testing, 
and plumbing evaluations.  Long-term and short-term flow monitors were deployed to determine 
the location and extent of excessive I/I and to provide valuable information necessary to calibrate a 
hydraulic model to be used in the development of the Overflow Control Plan (OCP).  Additional 
information on flow monitors is further described in Section 5.2 of this report. 

It was determined that smoke testing and inspection of selected manholes would be conducted to 
identify I/I sources in a portion of the collection system on a piloting basis.  The areas to be 
inspected represent portions of the collection system determined to be contributing the highest I/I 
rates during previous hydraulic modeling analyses (refer to Section 5.3 for additional information 
on smoke testing).  The City also conducted plumbing evaluations (described in Chapter 6.0), as 
well as closed circuit television (CCTV) inspections of the sewer system (summarized in Chapter 
7.0).  Using the data from these programs, a model was constructed to predict the amount of I/I 
entering the sewer from the defects identified in order to prioritize rehabilitation efforts; the 
calculation methods that were used are further described in Section 5.7. 

5.2 FLOW MONITORING  

5.2.1 Description  
Flow monitoring began in fall 2011.  The consultant assisted the City in monitoring site selection 
and installation of long-term and short-term monitoring equipment.  Fifty-eight meter locations 
were chosen as part of the systemwide monitoring program.  Thirty-one of those meters were to 
remain in place, as necessary, for the duration of the Early Action Program (EAP) through 
December 2018 and were considered long-term meters.  During subsequent flow monitoring 
periods, additional meters were installed, as necessary, including one additional long-term meter.  
This long-term meter information will be used for hydraulic model calibration and pump station 
evaluation and will assist in determining the flows contributed by customer cities.  The remaining 
27 short-term meters were to be used for hydraulic model calibration and were removed and/or 
relocated accordingly.   

It is necessary to capture several adequate rain events for the purpose of the hydraulic model 
calibration.  Events of varying rainfall size, intensity, and frequency are important for the accuracy 
of model calibration.  Throughout the study period in 2011, the City experienced drought 
conditions.  An extension was necessary to extend the monitoring program into spring 2012 in 
order to gather adequate wet-weather data; however, drought conditions persisted.  Following a 
second extension in spring 2013, the monitoring program captured several qualifying storm events.  
During spring 2013, near normal rainfall was recorded.  It should be noted, however, that I/I 
responses likely did not reflect typical responses because of abnormally low ground water caused 
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by extended prior drought conditions.  Pre- and post-rehabilitation flow monitoring was conducted 
in spring 2014.  The total number of monitors is shown in Table 5-1. 

Table 5-1 Flow Monitoring Summary 

METER TYPE 

2011 2012 2013 2014 

FALL SPRING FALL SPRING FALL SPRING FALL 

Number of Long-Term Monitors 31 32 32 32 32 32 32 

Number of Short-Term Monitors 27 31 15 80 3 24 N/A 

Total Number of Monitors 58 63 47 112 35 56 32 

 

Following data evaluation, as defined in Chapter 3.0, peak I/I flow estimates were calculated and 
used in the determination of peak wet-weather related flows.  This process is described in detail in 
Section 5.7.  A complete list of meter locations can be found in Appendices 5A and 5B.   

5.2.2 Meter Units and Installation 
Electronic flow monitors were used to measure flows contributed by the survey basins.  The 
primary flow monitors used in the project were ADS FlowShark Triton models (refer to Figure 5-1).  
Each flow monitoring device has five components: 1) depth of flow and velocity sensors, 2) a 
central processing unit, 3) solid-state memory for data storage, 4) an on-board clock to synchronize 
sensor recordings, and 5) wireless data transfer unit.  The meters were installed with pressure 
depth, ultrasonic depth, and continuous wave velocity sensors.  Flow monitor depth and velocity 
sensors were mounted on an expandable ring and, when possible, installed a distance of 
approximately one to two pipe diameters into the upstream sewer pipe of the chosen manhole.  For 
most long-term monitor locations, a second probe was installed to provide redundancy in flow 
measurement, to enhance reliability.  Each monitor was programmed to acquire and store depth of 
flow and velocity readings at user-defined intervals, typically every 5 or 15 minutes.  Flow rates 
were then calculated from the data collected.  Details about the Triton monitors can be found in the 
ADS FlowShark Triton Data Sheet (Appendix 5C).  For monitoring periods where the number of 
monitors exceeded 60, ISCO 2150 A/V flow monitors were used to augment the program.  The ISCO 
2150 flow monitors contain virtually identical technology as the ADS FlowShark Triton monitors, 
with the exception of wireless data transfer technology. 

All rainfall events were recorded through a system of continuously recording electronic rain 
gauges.  Rain gauge measurement was based on the tipping-bucket principle with an expected 
accuracy to one hundredth (0.01) of an inch.  The main objective of the flow monitoring program 
was to quantify I/I rates for the survey area, establish a correlation between peak flow response 
and rainfall, and prioritize the survey area for further analysis. 
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Figure 5-1 Flowmeter 
 

5.3 SMOKE TESTING 

5.3.1 Description 
The City conducted smoke testing on 697,411 linear feet (LF) of sanitary sewer.  The areas to be 
smoked were basins identified as vitrified day pipe (VCP) rehabilitation basins as well as pilot 
private I/I abatement basins.  It is understood that the sewers in this area may be contributing a 
relatively high level of I/I and are, therefore, a higher priority for I/I reduction.  Smoke testing was 
conducted in accordance with the smoke testing procedures provided in Appendix 5D.  The smoke 
test is often referred to as a rainfall-simulation test.  Smoke testing was performed by injecting 
white smoke into an isolated line segment with high-capacity blowers.  Blowers were placed over 
an isolated line segment and 3 minute smoke candles were inserted into the blower intake to inject 
smoke into the sewer.  A thorough public relations and notification program was implemented to 
minimize public concerns raised by smoke testing.  The notification program included distribution 
of door hanger notifications to every property, special signage placed in the vicinity of work crews 
and on inspection vehicles, and notification through the City’s web site.  Additional information on 
the public outreach program can be found in Chapter 6.0. 

Field sketches of all observed defects were made to facilitate future identification of the source(s).  
Digital photographs were taken of each defect and were annotated in the Pipedream© database. 
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The following itemizes the type of data recorded during the testing of each line: 

 Date--Calendar date of test conducted. 

 Line Segment--Identification of line segment tested. 

 Weather Conditions--General temperatures and presence of precipitation. 

 Private I/I--Type and location (addresses) of sources identified by smoke on service lateral 
or property connections. 

 Public I/I--Type and location (station) of sources identified by smoke in the main line 
sewer system. 

An example smoke testing is included as Figure 5-2. 

Smoke testing defects were segregated into public and private sector defects.  The prevalence of 
certain defects varies between these two categories.  Public sewer defects are typically mainline 
defects and those occurring in laterals on publicly owned property.  Typical public sources of I/I 
can be seen on Figure 5-3.  Common sources in the public system include line defects in service 
mains, as well as manhole defects.  Other common sources include indirect storm connections, 
direct storm connections, and vented manhole covers. 

Typical private sources of I/I can be seen on Figure 5-4.  Private defects are mostly associated with 
service laterals and other structures that exist on a private owner’s property.  Common I/I sources 
in the private sector include service lateral defects and uncapped cleanouts.  Other private sources 
include downspout connections, area drains, and sump pump connections to the sewer system; 
these sources are more typical in locations where the sewer and grey water systems were at one 
time combined. 

As an example, Figure 5-5 shows the results of a positive smoke test.  This particular site is located 
between Manholes N19SE093 and N19SE045 and was contributing a large amount of I/I to Basin 
JC22.  Several lines flowing into this channel lead directly into the sewer line and during rain events, 
large amounts of inflow would enter the sewer.  This site was selected for immediate remediation. 
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Figure 5-2 Example Smoke Testing Form 
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Figure 5-3 Public Sector I/I 
 

 

Figure 5-4 Private Sector I/I 
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Figure 5-5 Positive Smoke Testing Results 
 

5.3.2 Results 
Results of the smoke test were recorded and entered directly into the Pipedream database.  A total 
of 537 line segments out of 3,141 tested had private-sector defects; 408 had public-sector defects.  
The City has previously completed smoke testing of all existing pipe lines during a previous 
rehabilitation program.  The work completed during that phase has been identified as the Phase 1 
SSES.  The Phase 1 SSES began in 1992 and was completed in 1998.  Because all Phase 1 SSES data 
currently resides in a Pipedream database, the Pipedream database was also selected for use in 
Phase 2 for ease of comparison to historical records.   

Table 5-2 shows the number of defects, by type, identified by smoke testing, and Figure 5-6 
summarizes smoke defects by type.  Typically, smoke testing does not reveal all sources of 
excessive I/I because factors such as traps, sags, leaves/deposition, and high water levels may 
restrict smoke migration to the source in question.  Other investigative techniques such as 
plumbing evaluations, CCTV inspections, and dyed water tracing may be used in those 
circumstances in order to find additional I/I sources. 
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Table 5-2 Defects Identified by Smoke Testing 

DEFECT TYPE 
NUMBER OF 

DEFECTS 

Private  814 

Downspout 9 

Uncapped Cleanout 420 

Driveway Drain 7 

Stairwell Drain 4 

Foundation Drain 6 

Area Drain 7 

Defective Service 361 

Window Well 0 

Plumbing Defect 0 

Public 474 

Curb Inlet 4 

Area Drain 2 

Line Defect 139 

Indirect Storm 20 

Manhole Defect 294 

Drainage Crossing 3 

Water Valve 10 

Direct Storm 2 

Total Defects 1,288 

 

  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Sanitary Sewer Evaluation Survey 5-9 
 

 

Figure 5-6 Summary of Smoke Test Defects 
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5.4 MANHOLE INSPECTIONS 

5.4.1 Description 
During the Phase 2 SSES, the consultant team inspected a total of 1,220 manholes.  Only a portion of 
the manholes within the areas studied were inspected.  They were selected on the basis of 
exhibiting defects during smoke testing or preselected on the basis of construction materials.  
During the Phase 1 SSES, it was determined that precast construction of manholes can make it 
difficult to determine condition.  Several were identified during Phase 1 that exhibited active I/I 
defects closely following significant rainfall events.  Further inspection days later indicated little or 
no evidence of active I/I.  For this reason, a random selection of precast construction type manholes 
were identified for inspection.  Manhole inspections were conducted in accordance with the 
inspection standards provided in Appendix 5E.  An example manhole inspection field form is 
included as Figure 5-7.  The following data were collected for each manhole inspected: 

 Date--Calendar date that inspection was made or attempted. 

 Manhole No.--Identification number of manhole correlating to numerical system developed 
by the City and recorded on City sewer atlas maps. 

 Address--Approximate location of manhole to street or building address. 

 Inspection Status--Inspected, not inspected, could not locate, or does not exist. 

 Location--General proximity of manhole to street, easement, curb/gutter, or private 
property. 

 Grade Elevation--Cover elevation in relation to surface elevation. 

 Manhole Diameter--Diameter of main barrel, in feet. 

 Manhole Depth--Vertical distance, in feet, from center of pipe invert to top of frame. 

 Tributary Area--Estimated area of runoff tributary to manhole cover, in square feet; 
ponding condition. 

 Cover--Type and condition, including number and diameter of pick holes and/or vent holes. 

 Cover-to-Rim--General fit of mating surfaces. 

 Frame--Type, size, and condition. 

 Frame-to-Chimney Seal--Condition of seal between frame bottom and top row of the 
adjustment or corbel. 

 Chimney--Type and condition of adjustment. 

 Corbel--Type of material and general condition, if present. 

 Corbel Type--Eccentric or concentric cone. 

 Wall--Type of material and condition of main barrel. 

 Bench--Type of material and general condition of manhole bottom, excluding trough. 

 Invert--Type and condition of trough through manhole. 
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 Steps--Type, general condition, and number of steps--Also evidence of missing or poorly 
placed steps. 

 Pipe Seal--General condition and evidence of infiltration. 

 Evidence of Surcharge--High water marks, grease lines, deposition or sludge on bench, 
tissue or rags on steps, and evidence of overflow through cover. 

 
Each inspection identified potential sources of I/I, structural deficiencies, and other general 
information.  Inspections also allowed creation of a permanent and comprehensive database to 
correct deficiencies associated with normal operation and maintenance of the collection system.  
Diagrams of important manhole features are on Figure 5-8.   
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Figure 5-7 Example Manhole Inspection Form 
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Figure 5-8 Typical Manhole Details 
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Manholes for which no significant defects were located during standard inspection techniques were 
targeted for follow-up vacuum testing.  During vacuum testing, the manhole was sealed using 
pneumatic plugs in all incoming and outgoing pipes.  The interior of the manhole was then sprayed 
with a soap and water solution.  The cover was replaced with a special vacuum testing lid, similar to 
the one shown on Figure 5-9, and tested.  Following the vacuum test, an inspection form was 
completed, documenting locations where bubbling/foaming occurred on the interior of the 
manhole, along with other condition observations.  An example defect can be seen on Figure 5-10.  
A severity code was used to describe the leakage potential for each defect identified.  The inspection 
included the complete manhole structure including all connected pipe seals.  The number of 
additional defects not found in the initial inspection was tallied during vacuum testing. 

 

Figure 5-9 Vacuum Testing 

 

Figure 5-10 Vacuum Testing 
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A total of 1,220 manholes were inspected.  During the inspections, 408 manhole components were 
rated in “poor” condition.  An additional 2,133 components were rated in “fair” condition.  Table 5-3 
and Figure 5-11 describe the number of manhole inspection defects, by type, that were found. 

Table 5-3 Manhole Inspection Defects 

DEFECT TYPE 

NUMBER OF DEFECTS 

POOR FAIR 

Vented Cover 124 -- 

Below Grade 89 -- 

Insert 0 0 

Cover-Frame Fit 2 2 

Frame 8 43 

Frame-Chimney Seal 67 521 

Chimney 32 489 

Corbel 9 190 

Wall 14 237 

Bench 10 183 

Invert 12 74 

Step 16 45 

Pipe Seals 25 349 

Total Defects 408 2,133 
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Figure 5-11 Summary of Manhole I/I Sources 
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Table 5-4 shows the number of defects found through vacuum testing broken down by minor, 
moderate, and major defects.  In the survey basins only 32 major defects were uncovered.  Five 
major defects were found in Basins WB04, WB05, and WB13.  These basins were targeted for 
vacuum testing at the City’s request as they contained a high number of precast manholes.  These 
major defects will be addressed as part of the public sewer rehabilitation program. 

The 32 additional major defects were collectively contributing 21.8 gpm of I/I into the sewer 
system, averaging 0.0179 gpm of I/I discovered for each manhole inspected.  The survey area 
contained approximately 27,000 manholes.  If the program was extended to cover the remaining 
25,780 manholes, an estimated 460.8 gpm of additional I/I could be found.  Vacuum testing of 
manholes is considerably more labor intensive than standard manhole condition inspections and 
adds, on average, $75.00 to the cost of each manhole inspection.  The additional cost to the City 
would be $1.9 million or an average of approximately $4,196 per gpm identified.  The cost to 
rehabilitate the structure would be additional and in most cases, will exceed $500 per manhole.  As 
a general rule, a cost of less than $700.00 per gpm identified is considered cost effective.  This cost 
varies by the size and characteristics of the survey area but rarely exceeds $1000 per gpm.  Given 
the cost and time required to perform vacuum testing, it will not be generally used for future 
manhole inspections in other basins. 

5.5 CCTV INSPECTIONS 
One of the best methods of accurately identifying the exact location of I/I entry into sewer lines in 
the collection system is through the use of CCTV inspection.  Because smoke may migrate through 
cracks in the soil, the exact defect location may not be possible to determine during smoke testing.  
CCTV inspections were conducted by the City to determine the following: 

 Pipe Condition. 

 Lateral Count, Condition, and Location. 

 Determination of Laterals to Reinstate. 

 Locations Requiring Spot Repairs. 

Group 1 included approximately 105,000 feet of CCTV inspections and was completed in 2012.  
Group 2 included approximately 85,000 feet of CCTV inspections and was completed in 2013.  
Group 3 should include approximately 75,000 feet of CCTV inspections and should be completed in 
2014.  For additional CCTV information and results, refer to Chapter 7.0.
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Table 5-4 Vacuum Testing Defects 

SUB-
BASIN 

BENCH CHIMNEY CORBEL FRAME FRAME SEAL INVERT STEPS WALL TOTAL 
VACUUM TEST 

DEFECTS MIN MOD MAJ MIN MOD MAJ MIN MOD MAJ MIN MOD MAJ MIN MOD MAJ MIN MOD MAJ MIN MOD MAJ MIN MOD MAJ 

FC04 1   1         2            4 

FC13 1   3 1  1      3 1     1   1   12 

FC14 12 3  23 8 1 11 1     19 6 2 5 1  1   16  1 110 

JC05    4   1 1     1   3  1  1  1   13 

JC07 6   2   1      2         3   14 

JC08 4   3   2      3         6   18 

JC10 3      3      6 1  1      2   16 

JC15 3   2   1      2         4   12 

JC21 6   5 2  1      10 3  3 1     7 2  40 

JC22 1   2 1  1      4 2  1      2   14 

JC23 2       1    1    1         5 

JC25 2   3   2      6         1   14 

PR06 8   12 2 2 2 1     15 3 2 1   3   17   68 

PR10 4   4 3  2      18 2  17 1  1   10   62 

PR15 1   4   2      2   1   2   4   16 

R02 1   1            3         5 

SC07 6 1 1 16 1  8 1  1   30 2  18 4 3 4 1  32 1  130 

SC12 40   59 9 1 14   3   71 7 3 7   4 1  62 1  282 

UWC01 12 1  32 11 6 11 5  7   30 10 2 9 1  6 1  39 3 2 188 

UWC09 6 1  22 4 2 18 1  10  1 20 2  17 4 1    14   123 

UWC10 23   30 1  11      33 5  7 1  3   12   126 

WB04 2   1 2        1 1 2 1      1  2 13 

WB05    2 1        1 1     2   1   8 

WB13    1           1 1         3 

Total 144 6 1 232 46 12 92 11 0 21 0 2 279 46 12 96 13 5 27 4 0 235 7 5 1296 
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5.6 PLUMBING EVALUATIONS 
Not all private sector defects/sources can be located through a smoke testing program.  Building 
evaluations are conducted in order to locate private sector defects/sources that may not have been 
revealed during smoke testing and that are contributing I/I into the sewer system.  The purpose of 
building evaluations is to pinpoint illegal I/I connections to the municipal sewer system.  These 
connections can contribute significant levels of I/I into the sanitary sewer system.  In addition, 
building evaluations are the only practical means to locate many types of defects/sources such as 
sump pumps that discharge to the sanitary sewer system.  Table 5-5 indicates the type and quantity 
of defects/sources located during the pilot private I/I abatement project.  Additional information on 
plumbing evaluations can be found in Chapter 6.0.   

Table 5-5 Summary of Identified I/I Sources 

  FC13 JC15 JC30 PR07 PR13 TOTAL 

Total Buildings 
Inspected 

327 339 157 232 468 1,523 

Area Drain 0 1 0 0 0  

Downspout 7 2 0 0 1  

Driveway Drain 0 0 1 0 1  

Stairwell Drain 1 1 0 1 0   

Uncapped Cleanout 37 64 14 40 105   

Sump Pump 52 23 9 38 76   

Total Potential I/I 
Sources 

97 91 24 79 183 474 
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5.7 FLOW SUMMARY 

5.7.1 Calculation Methods 
I/I sources were identified through manhole inspection, plumbing evaluations, and smoke testing 
activities described previously and in Chapter 6.0.  Each Field Inspection activity located defects, 
which may or may not contribute I/I to the system depending on their type and/or location.  Based 
on the information gathered in the field, it was possible to estimate which defects/sources will 
contribute I/I flows, and which will not.  Defects, which were determined to be I/I contributors 
were separated into four categories: public sector inflow, public sector infiltration, private sector 
inflow, and private sector infiltration.  Table 5-6 lists 26 typical types of sources of I/I and the 
corresponding tests or inspections that are used by the consultant to locate these sources.  

Table 5-6 Description of Inflow/Infiltration Data 

NO. TEST OR INSPECTION LOCATION CLASSIFICATION SOURCE OF I/I 

1 Manhole Inspection Public Inflow Vented cover (below grade) 

2 Manhole Inspection Public Inflow Pick hole (below grade) 

3 Manhole Inspection Public Inflow Poor cover-frame fit 

4 Manhole Inspection Public Inflow Deteriorated or missing frame seal 

5 Manhole Inspection Public Inflow Poor frame adjustment (chimney) 

6 Smoke Testing Public Inflow Uncapped lamp hole (below grade) 

7 Smoke Testing Public Inflow Directly connected curb inlet 

8 Smoke Testing Public Inflow Storm drainage connection 

9 Manhole/Smoke Testing Public Inflow Mission manhole cover 

10 Smoke Testing Public Inflow Directly connected area inlet 

11 Manhole Inspection Public Inflow/Infiltration Deteriorated/leaking cone (corbel) 

12 Manhole Inspection Public Inflow/Infiltration Deteriorated/leaking manhole wall 

13 Manhole Inspection Public Inflow/Infiltration Deteriorated manhole bench/trough 

14 Manhole Inspection Public Inflow/Infiltration Leaking pipe seal in manhole 

15 Smoke Testing/CCTV Insp. Public Inflow/Infiltration Broken/cracked pipe 

16 Visual Pipe/CCTV Insp. Public Inflow/Infiltration Offset, separated pipe joint 

17 Smoke Testing/CCTV Insp. Public Inflow/Infiltration Protruding tap, unsealed lateral 

18 Smoke/Dyed Water Test Public Inflow/Infiltration Indirect storm sewer connection 

19 Smoke/DW/Plumbing Eval. Private Inflow Downspout, roof drain 

20 Smoke/DW/Plumbing Eval. Private Inflow Driveway drain 

21 Smoke/DW/Plumbing Eval. Private Inflow Exterior stairwell drain 

22 Smoke Test/ Plumbing Eval. Private Inflow Uncapped cleanout (below grade) 

23 Plumbing Eval. Private Inflow/Infiltration Sump w/ or w/o pump 

24 Plumbing Eval./DW Test Private Inflow/Infiltration Foundation drain connection 

25 Smoke Testing Private Inflow/Infiltration Defective service lateral 

26 Smoke Test/ Plumbing Eval. Private Inflow/Infiltration Window well drain 
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Unit I/I rates (gpm) were assigned to each source type based on the surface runoff area tributary to 
the inflow source estimated in the field, maximum hourly design storm rainfall intensity, and runoff 
coefficient.  For the purposes of this survey, a 2.2 inch per hour (approximately 5 year, 1 hour storm 
event) design storm was used.  This method is commonly referred to as the Rational Method for 
storm water runoff.  Runoff coefficients varied based on smoke intensity for defects identified 
during smoke testing.  A summary of surface runoff coefficients is provided in Table 5-7. 

Table 5-7 Summary of Surface Runoff Coefficients 

SOURCE OF I/I 

SURFACE RUNOFF COEFFICIENTS 

SMOKE 
INTENSITY 

LIGHT 

SMOKE 
INTENSITY 

MEDIUM 

SMOKE 
INTENSITY 

HEAVY 

Curb Inlet 0.200 0.400 0.800 

Area Drain 0.350 0.650 0.850 

Pipe Defect 0.150 0.200 0.500 

Indirect Storm Sewer Connection 0.082 0.254 0.338 

Drainage Crossing 0.165 0.232 0.500 

Direct Storm Connection 0.325 0.418 0.500 

Water Valve 0.150 0.200 0.500 

Downspout, roof drain 0.980 0.980 0.980 

Uncapped Cleanout, below grade 0.980 0.980 0.980 

Driveway Drain 0.900 0.900 0.900 

Exterior Stairwell Drain 0.750 0.750 0.900 

Foundation Drain Connection 0.300 0.300 0.300 

Defective Service Lateral 0.150 0.300 0.500 
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Defects/sources identified during plumbing evaluations were also assigned surface runoff 
coefficients.  These coefficients are provided in Table 5-8.  In addition to the defects/sources shown 
in Table 5-8, sump pumps connected to the sanitary sewer were also identified.  Because sump 
pumps may not be directly affected by surface runoff, an average discharge rate of approximately 
4 gpm was used for each instance. 

Table 5-8 Plumbing Evaluation Runoff Coefficients 

FLOW SOURCE RUNOFF COEFFICIENTS 

Downspout 0.955 

Uncapped Cleanout 0.980 

Drive Drain 0.900 

Stairwell Drain 0.750 

Foundation Drain 0.300 

Area Drain 0.950 

Service Lateral 0.500 

Window Well 0.750 

 

A similar process was followed for other defects identified during manhole inspections.  A modified 
version of the Rational Method was used, based on rainfall intensity and a leak coefficient.  Leak 
coefficients vary by construction type and condition rating (fair/poor).  A summary of leak 
coefficients used for manhole inspections is provided in Table 5-9. 
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Table 5-9 Summary of Manhole Defect Leak Coefficients 

COMPONENT CONDITION 

MANHOLE LEAK COEFFICIENTS 

BRICK PRECAST BLOCK VCP RCP POURED MORTAR 
PVC 

COATED OTHER 

Chimney Fair 0.20 0.12 0.12 - - 0.10 0.12 0.12 0.12 

Poor 0.57 0.49 0.49 - - 0.49 0.49 0.49 0.49 

Corbel Fair 0.20 0.10 0.12 - - 0.11 0.12 0.12 0.12 

Poor 0.50 0.40 0.35 - - 0.35 0.35 0.35 0.35 

Wall Fair 0.10 0.07 0.07 - - 0.07 0.07 0.07 0.07 

Poor 0.46 0.29 0.29 - - 0.29 0.29 0.29 0.29 

Bench Fair 0.11 0.03 0.11 - - 0.03 - 0.10 0.10 

Poor 0.26 0.11 0.22 - - 0.09 - 0.20 0.20 

Invert Fair 0.10 0.06 0.09 0.09 0.09 0.05 - 0.05 0.05 

Poor 0.40 0.12 0.24 0.37 0.37 0.12 - 0.06 0.20 

Cover-Rim Fit Fair - - - - - - - - 0.01 

Poor - - - - - - - - 0.30 

Frame Seal Fair - - - - - - - - 0.40 

Poor - - - - - - - - 2.00 

Pipe Seal Fair - - - - - - - - 0.20 

Poor - - - - - - - - 0.50 

 

I/I rates were calculated for each identified defect based on field assessed condition ratings and the 
coefficients described in Tables 5-7, 5-8, and 5-9.  Flow rates for major defects (typically greater 
than 10 gpm) were then compared back to photographs taken of each defect for validation.  If 
necessary, tributary areas were adjusted to reflect estimated flow.  It is common that a defect may 
be subject to a large tributary area that results in a high calculated flow rate using the Rational 
Method.  However, the defect often cannot physically allow all of the surface runoff to enter the 
collection system, which dictates that the initially calculated value must be adjusted.   

5.7.2 Results 
A considerable number of defects were found in the survey area, contributing a total of 9,645 gpm 
of I/I.  A total of 68.0 percent of I/I identified was attributed to private sector defects, and an 
estimated 52 percent of all I/I identified was specifically private sector inflow.  Since more than half 
of all I/I identified is being contributed by private sector sources, private sector evaluations should 
remain a primary target for I/I abatement. 
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Tables 5-10 and 5-11 contain the public and private defect/source I/I estimates, respectively, 
derived from the Pipedream model, broken down by defect.  Table 5-12 and Figure 5-12 summarize 
the total private and public I/I.  A total of 3,781 unique defects were identified, contributing 
approximately 13.9 mgd of I/I.  Defects that were found in both plumbing evaluations and smoke 
testing only had the plumbing evaluation record included in the model.  Defects that were found 
both in manhole inspections and smoke testing only included records from the manhole inspections 
in the model. 

Table 5-10 Public I/I Source Quantification 

PUBLIC SECTOR 

SOURCE COUNT 
FLOW RATE 

(GPM) 

Inflow 1,231 2,289 

Vented Manhole Cover 50 207 

Cover-Frame Fit 3 1 

Cover and Frame 0 0 

Frame Seal 588 693 

Chimney (Fair) 489 122 

Chimney (Poor) 32 31 

Curb Inlet 4 91 

Storm Drainage Crossing 3 85 

Direct Storm Connection 2 34 

Indirect Storm Connection 20 427 

Defective Pipe 28 560 

Water Valve/Defective Pipe 10 25 

Area Drain 2 13 

Manhole Defect-Smoke Test 0 0.0 

Infiltration 1,277 797 

Manhole Corbel (Fair) 190 42 

Manhole Corbel (Poor) 9 8 

Manhole Wall 341 56 

Manhole Bench/Invert 252 30 

Pipe Seals (Fair) 349 148 

Pipe Seals (Poor) 25 26 

Defective Pipe 111 487 

Water Valve/Defective Pipe 0 0.0 

Total I/I 2,508 3,086 
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Table 5-11 Private I/I Source Quantification 

PRIVATE SECTOR 

SOURCE COUNT 
FLOW RATE 

(GPM) 

Inflow 760 5,013 

Downspout 19 102 

Driveway Drain 8 175 

Exterior Stairwell Drain 7 32 

Area/Yard Drain 10 99 

Uncapped Cleanout 658 4,198 

Defective Service Lateral 55 361 

Foundation Drain  3 46 

Window Well Drain 0 0.0 

Infiltration 513 1,546.0 

Sump w/ w/o Pump 201 716 

Foundation Drain  4 16 

Defective Service Lateral 308 814 

Others 0 0.0 

Total I/I 1,273 6,559 

 

 

Table 5-12 Summary of I/I Source Quantification 

SOURCE TYPE 
NUMBER 

OF SOURCES 
FLOW RATE  

(GPM) 
% GPM OF 

TOTAL 

Public-Sector Inflow 1,231 2,288 24% 

Public-Sector Infiltration 1,277 798 8% 

Private-Sector Inflow 760 5,013 52% 

Private-Sector Infiltration 513 1,546 16% 

Total 3,781 9,645 100% 
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Figure 5-12 Summary of I/I Source Quantification 
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5.7.3 Recommendations 
The Pilot Private I/I Abatement Program has been an important component of the City’s I/I 
reduction efforts.  This program has been validated by the I/I source quantification, showing that 
private I/I accounts for 68 percent of total identified I/I through field inspection activities in the 
sewer system.  Of this total, it is estimated that 18.5 percent of private I/I is coming from service 
lateral defects, 63.9 percent from uncapped cleanouts, and 10.7 percent from sump pump 
connections.  Table 5-13 contains estimates of I/I eliminated during the Pilot Private I/I Abatement 
Program calculated from the predicted I/I for each repaired defect.  Sub-basin PR13 did not have a 
projection for pre-rehabilitation peak I/I because of extensive drought conditions during the flow 
monitoring period and, therefore, was not included.  Sub-basin FC13 achieved an estimated 
50.9 percent reduction, which was the highest of any sub-basin.  This percentage is based on 
projections taken from the Springfield I/I Abatement Technical Memorandum located in 
Appendix 5F.  It is clear that proper and thorough inspections are important to successful I/I 
reduction.  Given the current successes in the program and because the majority of I/I is coming 
from the private sector, it is recommended that the Pilot Private I/I Abatement Program be 
continued. 

Table 5-13 Pilot Private I/I Abatement Program Summary 

BASIN 

TOTAL 
ESTIMATED I/I 

IDENTIFIED 
(MGD) 

PROJECTED  
5 YEAR, 1 HOUR 
PEAK I/I (MGD)* 

PERCENT OF 
TOTAL 

IDENTIFIED 
I/I 

ESTIMATED  
I/I REPAIRED 

(MGD) 

PERCENT OF 
TOTAL I/I 
REPAIRED 

FC13 0.44 0.55 81.1% 0.28 50.9% 

JC15 1.14 2.72 41.8% 0.56 20.8% 

PR07 0.79 1.82 64.5% 0.25 20.2% 

JC30 ** 0.11 1.22 6.0% 0.05 2.8% 

Average Estimated Repaired I/I 30.6% 

* Projections are taken from the Springfield I/I Abatement Technical Memorandum (Appendix 5F). 
** JC30 was included in both public and private rehabilitation programs and was not included in the Average 
Estimated Repaired I/I. 

 

Table 5-14 shows the projected I/I contribution from each sub-basin following pre- and post-
rehabilitation flow monitoring.  Further I/I reduction details are provided in the Springfield I/I 
Abatement Technical Memorandum located in Appendix 5F.  As shown in Table 5-14, 42 percent of 
the I/I within the selected sub-basins was successfully removed through the Pilot Private I/I 
Abatement Program, exceeding the 30.6 percent reduction that was estimated on the basis of 
details from field investigations.  It should be noted that determination of I/I reduction was difficult 
because of persistent drought conditions during both pre- and post-rehabilitation flow monitoring 
periods.  Though adjustments were made to I/I reduction calculations to account for the dry 
conditions, it is recommended that the pre- and post-rehabilitation flow monitoring programs be 
continued for future phases of the Pilot Private I/I Abatement Program to help refine I/I reduction 
estimates.  The additional data and I/I reduction calculations will allow the City to adaptively 
manage future projects and adjust resources if necessary. 
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Table 5-14 Pilot Private I/I Abatement Program Peak I/I Reduction 

BASIN 

PRE-REHABILITATION  
5 YEAR, 1 HOUR PEAK I/I 

(MGD)* 

POST-REHABILITATION   
5 YEAR, 1 HOUR PEAK I/I 

(MGD)* 
PEAK I/I 

REDUCTION (%) 

FC13 0.55 0.33 39% 

JC15 2.72 1.15 58% 

PR07 1.82 1.31 28% 

JC30 1.22 0.69 39% 

Private I/I Pilot Average ** 42% 

* Pre-rehabilitation data was collected in 2012; Post rehabilitation was collected in 2013. 
** JC30 contains both private and public rehabilitation data and was not included in the Private I/I 
Pilot Average. 
Note:  Data is taken from the Springfield I/I Abatement Technical Memorandum (Appendix 5F).  

 

Public I/I is estimated to contribute 32.3 percent of identified I/I into the sewer system and should 
remain a target for abatement.  Manhole defects present a good target for future reductions because 
vented manhole covers are estimated to account for 6.5 percent of public I/I with an additional 
22.9 percent coming from frame seal defects.  The City implemented a comprehensive public sector 
rehabilitation program (described in more detail in Chapter 7.0) which included both manholes and 
pipelines.  Following rehabilitation, additional flow monitoring was conducted to determine the 
actual reduction in I/I contribution from each Group 1 sub-basin.  Details are described in the 
Springfield I/I Abatement Technical Memorandum located in Appendix 5F and summarized in 
Table 5-15. 

Table 5-15 Group 1 Sub-Basins - Estimated Public Peak I/I Reduction 

SUB-BASIN 

PRE-REHABILITATION  
5 YEAR, 1 HOUR PEAK I/I 

(MGD) 

POST-REHABILITATION  
5 YEAR, 1 HOUR PEAK I/I 

(MGD) 
I/I REDUCTION 

(%) 

JC05 16.91 11.76 30% 

JC22 12.09 9.24 24% 

JC23 5.31 3.39 36% 

UWC10 2.87 1.95 32% 

JC30* 1.22 0.69 43% 

Group 1 Average ** 31% 

* JC30 was included in both the Group 1 Public Rehabilitation and Pilot Private I/I Abatement Program.   
** JC30 was included in both public and private rehabilitation programs and was not included in the 
Group 1 Average. 
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Based on the successful elimination of 31 percent of the I/I within targeted sub-basins, it is 
recommended that manhole and CCTV inspections continue as a tool for reducing public sector I/I.  
It should be noted that defects found below the water table do not appear during smoke testing and 
require further investigation such as CCTV inspection.  Because of the City’s Karst topography and 
perched ground water table, it is recommended that the CCTV inspection program followed by 
comprehensive rehabilitation should continue. 

 



CHAPTER 6.0 
PILOT PRIVATE INFLOW/INFILTRATION 
ABATEMENT PROGRAM 

Chapter 6.0 
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6.0 Pilot Private Inflow/Infiltration Abatement Program 

6.1 INTRODUCTION 
This report encompasses the Pilot Private Inflow/Infiltration (I/I) Abatement Program undertaken 
by the City of Springfield, Missouri (City) to identify and remove sources of I/I on private property. 
The ultimate goal of the City is to eliminate sewer overflows and basement backups caused by 
excessive I/I up to the approved level of service. The intent of this program was to determine 
whether the reduction of I/I on private property would be a cost-effective means of reducing excess 
flows and, if  that is the case, whether it could be a viable option of reducing I/I systemwide. The 
City obtained the services of a team led by Black & Veatch to provide program management and 
assist with sewer system investigation, recommendations, and system improvements as required 
by the regulatory agency. The Black & Veatch team also included the following firms: CH2M Hill, 
Olsson Associates, Shockey Consulting, and TREKK Design Group. 

The Pilot Private I/I Abatement Program included internal and external building evaluations 
conducted by CH2M Hill and Olsson Associates, which featured dyed water testing of suspect 
sources by the building evaluation crews as a part of the overall sanitary sewer Overflow Control 
Project (OCP) led by Black & Veatch.  Results from these evaluations were used to disconnect 
and/or repair the directly connected sources of private I/I sources from the wastewater system. 

The City wastewater collection system consists of approximately 1,000 miles of sanitary sewer in 
two primary watersheds.  The areas selected for this pilot project were located within the Jordan 
Creek (JC), Fassnight Creek (FC), and Pea Ridge Creek (PR) sub-watersheds.  Sub-watersheds were 
selected on the basis of leakiness, location, and building age. The sub-watersheds selected for this 
project are shown in Figure 6-1. 

In August 2012, the City began to conduct a Pilot Private I/I Abatement Program in the areas of 
JC30, JC15, FC13, PR07, and PR13, which have had a history of being the leakiest basins during wet-
weather events.  The purpose of the Pilot Private I/I Abatement Program was to identify and 
remove sources of I/I from the private sector by disconnecting or repairing sources of I/I on private 
property.   These study areas are shown on Figure 6-1. 

Major program goals included the following: 

 Identify I/I sources from the private sector. 

 Disconnect or repair the identified source. 

 Develop a long-term program from the Pilot Private I/I Abatement Program. 
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Figure 6-1 Study Areas 
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6.2 SELECTION OF PRIVATE I/I PILOT BASINS 
Selection of the private I/I pilot basins was generally based on the following criteria: 

 “Leakiness” of the existing sewer system in the sub-basin and results of the previous 
sanitary sewer evaluation survey (SSES).  

 Configuration of the sub-basin and sewer pipe network. 

 Land use of the sub-basin. 

 Location of the Vitrified Clay Pipe (VCP) Rehabilitation Program sub-basins. 

6.2.1  “Leakiness” of the Existing Sewer System and SSES Results 
SSESs were previously conducted in the 1990s for each of the 157 sub-basins in the City’s collection 
system.  During those surveys, 28 sub-basins were determined to be the “leakiest” in the City or had 
known problems, including sanitary sewer overflows (SSO).  The private I/I pilot basins were 
selected from this group of 28 sub-basins and were primarily prioritized by the leakiness of the 
sub-basin. 

The previous surveys included field investigations that revealed some of the private I/I sources that 
exist in the system.  This information was considered when selecting pilot basins to verify the need 
for private I/I removal in the area. 

6.2.2 Configuration of the Sub-Basins and Sewer Pipe Network 
Flow monitoring data were used to determine the effectiveness of private I/I removal.  Post-
construction flow data were compared to pre-construction flow data to determine results.  The 
most efficient and accurate method of quantifying flow for a specific sub-basin includes the use of 
only one flowmeter.  The configuration of the sewer pipe network in some sub-basins requires the 
use of multiple flowmeters to isolate flow.  To save costs and improve the accuracy of the pilot 
study, sub-basins requiring only one flowmeter were selected.  Sub-basins requiring only one meter 
are generally referred to as “exterior basins.” 

6.2.3 Land Use of the Sub-Basin 
Residential areas generally contain the highest concentration of private I/I sources.  Therefore, 
heavy residential areas were given priority when selecting the pilot basins were selected.  Two of 
the selected pilot basins contain small pockets of commercial area.  These basins were included to 
observe how private I/I removal in residential areas will compare to mixed use areas in the City.   

6.2.4 Location of the VCP Rehabilitation Program 
The City’s VCP Rehabilitation Program included five Group 1 sub-basins completed in conjunction 
with the Pilot Private I/I Abatement Program.  To avoid the VCP rehabilitation work interfering 
with the Pilot Private I/I Abatement Program results, these 5 VCP sub-basins were not selected as 
pilot private I/I basins, with the exception of basin JC30.  This pilot basin was included to determine 
the effectiveness of both private I/I removal and VCP repair.  For this particular pilot basin, flow 
monitoring was completed following the private I/I improvements and VCP rehabilitation to 
determine results.   

Sub-basins selected using the above criteria are presented in Table 6-1. 
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Table 6-1 Pilot Private I/I Sub-Basins  

SUB-BASIN 

TOTAL 
SYSTEM 
LENGTH 

(FT) 

LEAKINESS 
(MILLION 

GALLONS PER 7.5 
DAYS PER 1,000 

LINEAR FEET) 
AREA 

(ACRES) 
BUILDING 

COUNT CRITERIA FOR SELECTION 

FC13 21,819 0.103 132 377 Basin, Primarily Residential, 
Private Defects Previously 
Observed, Adequate Basin Size 

JC15 18,970 0.103 159 355 Basin, Res/Com Mix, Private 
Defects Previously Observed, 
Adequate Basin Size 

PR07 14,939 0.081 105 252 Basin, Primarily Residential, 
Private Defects Previously 
Observed, Adequate Basin Size 

PR13 22,784 0.066 173 514 Basin, Primarily Residential, 
Private Defects Previously 
Observed, Adequate Basin Size 

JC30 8,658 0.284 52 158 Group 1 VCP, Exterior Basin, 
Primarily Res/Com Mix, Private 
Defects Previously Observed, 
Small Basin Size 

6.3 CONTRACTOR PROCUREMENT 
The City issued a Request for Qualifications (RFQ 001-2012) on May 24, 2012, to obtain the services 
of local plumbing contractors to perform the I/I remediation work on private property. The intent 
of the RFQ was to identify and contract with plumbing contractors that had the necessary qualifi-
cations to successfully perform the identified repairs and to appropriately represent the City for 
this project. 

6.3.1 Plumbing Contractor Selection 
The RFQ was distributed to those plumbing contractors who had an existing plumbing license with 
the City, and a preference was given to those who had a business located within the wastewater 
service area of the City. The RFQ was posted in the local newspaper, posted on Springfield Blue 
Print online, and mailed out to 55 plumbing companies who met the above criteria.  A mandatory 
prequalification conference was held on May 31, 2012, to discuss the project in detail and to answer 
any questions before proposals were submitted. Seventeen plumbing companies were represented 
at the prequalification meeting, and 13 of those subsequently submitted a proposal as requested by 
the RFQ. 

The selection committee, composed of three City staff members and one representative from the 
consulting team, reviewed the proposals and identified 11 firms of the 13 that met the qualifica-
tions established.  A scoring system was established (Figure 6-2) to ensure that equal consideration 
was given to each proposal. References were checked and considered as a part of the selection 
process. All plumbing contractors were subsequently notified by mail and informed whether their 
firm was selected or not selected to participate in the program.  
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Figure 6-2 Plumbing Contractor Selection Scoring System 
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6.3.2 Unit Price Establishment 
Those contractors selected were asked to complete Form 6 (Figure 6-3) of the RFQ, which was 
utilized to establish the unit pricing for those repairs that were determined to be cost effective. The 
selection committee evaluated the unit pricing submitted by each contractor and established a fair 
price for each line item. A subsequent meeting was held with the plumbing contractors to discuss 
the pricing and obtain their approval prior to final authorization by the Director of Environmental 
Services.  Each plumbing contractor entered into an agreement with the City in order to proceed 
with the project. 

6.4 FIELD EVALUATIONS AND ABATEMENT ACTIVITIES 
Two key components to consider when developing a successful program to identify and reduce I/I 
from private property are the methods utilized for source identification and providing knowledge-
able personnel who can effectively communicate with the general public. The following paragraphs 
discuss the various phases of work completed to identify the specific sources of I/I in both public 
and private sector sewers. 

6.4.1 I/I Source Identification 
This section describes the work completed to identify the location of I/I sources within the study 
area.  I/I enters the sanitary sewer system from both public and private sewers.  Typical public 
sector sources of I/I are shown on Figure 6-4.  An equally significant amount of I/I can enter from 
private sources such as those illustrated on Figure 6-5.  These sources are generally the responsi-
bility of the property owner.  Typically, they are considered illicit connections to the public sanitary 
sewer system.   Studies show that as much as 50 to 70 percent of I/I can enter into the sanitary 
sewer system from the private sector.  Therefore, the goal of this phase of the study was to locate, 
assess, and quantify the private sector defects through a series of inspections and testing activities 
as summarized in this section. 

6.4.1.1 Smoke Testing  
Line segments within the study area were smoke tested utilizing crews from CH2M Hill and Olsson 
Associates to detect I/I sources in the public and private sewers.  Smoke testing was performed by 
forcing smoke into isolated line segments with high-capacity blowers.  The use of smoke allows 
field crews to canvass the area and conduct a perimeter check of all buildings in proximity for 
evidence of smoke. 

A thorough public relations and notification program was implemented to minimize public 
concerns raised by smoke testing.  The notification program included distribution of door-hanger 
notifications, street signs indicating smoke testing activities within the area, information posted on 
the City’s website, and daily communication with the City’s Fire, Police, and Public Works Depart-
ments.  Smoke testing activities included a minimum of 48 hours advance notification to all 
residents and businesses within the study area.   

Typically, smoke testing does not reveal all sources of excessive I/I since factors such as traps, sags, 
leaves and deposition, and high water levels may restrict smoke migration to the source in 
question.  Other investigative techniques such as building inspections, closed circuit television 
(CCTV) inspections, and dyed-water tracing may be used in those circumstances in order to find 
additional I/I sources.   

Each positively identified source of I/I on private property was documented on pre-approved field 
forms.  Findings from the smoke testing were prepared and provided to crews before they com-
pleted the building evaluations. 
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Figure 6-3 Unit Price Preliminary Fee Schedule 
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Figure 6-4 Typical Public Sector I/I Sources 
 

 

Figure 6-5 Typical Private Sector I/I Sources 
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6.4.1.2 Building Evaluations 
Not all private sector defects can be located through a smoke testing program.  Building evaluations 
are conducted to locate private sector defects that may be contributing I/I in the sewer system from 
private property or other institutional buildings that may not have been revealed during smoke 
testing.  The purpose of building evaluations is to pinpoint illicit I/I connections to the municipal 
sewer system.  Building evaluations are the only practical means of locating sump pumps that 
discharge to the sanitary sewer system.  Building evaluations were conducted by a two-person 
crew. A thorough public relations and notification program was implemented to minimize public 
concerns.  The notification program included public outreach and education, which was led by 
Shockey Consulting, and included education through public media sources and public outreach 
meetings.  Following the public meetings held in the study areas, letters were sent out to the 
property owners and tenants explaining the program and requesting that they call to schedule an 
appointment for the evaluation. Refer to Figure 6-6 for an example of the letter. If a homeowner 
was unresponsive to the letter, a phone call was made by a representative from Olsson Associates 
to schedule the appointment.  A minimum of three separate attempts were made to contact the 
owner or occupant by phone.   If  the phone call efforts were unsuccessful, an evaluation team made 
three additional attempts by knocking on doors. These visits were made on different days and at 
various times to increase the opportunity of contacting the owner or occupant. If no one was home, 
information packets and door hangers were left that provided program information and that 
requested the occupant to call to schedule an appointment. The telephone number of the City’s 
Sanitary Sewer Program was provided on all pamphlets and door hangers, enabling residents to 
contact the City’s Hot Line for more information or to schedule an appointment. Appendix 6A 
includes the door hangers and information provided in conjunction with the door hanger. Special 
provisions were made to ensure that the home owners and occupants of the legitimacy of the 
evaluation and to communicate the importance of the information needed. These provisions 
included City-issued photo ID badges for all evaluators, a letter of introduction from the City, and 
well-identified field vehicles. There were a large number of rental properties within the project 
area, they accounted for the majority of incomplete inspections. Identifying and contacting the 
owners of rental property was a challenge and required extensive efforts, which often proved 
unsuccessful. Those efforts included additional site visits to unresponsive properties at various 
times. In addition, renters were less likely to respond to letters and material left at the door 
requesting access to inspect the property. Even if contact was made with a tenant, the resident was 
not always cooperative in allowing access into the building. Many times, they would provide 
information on how to contact the property owner, and many times, this was information that the 
evaluation crews did not previously have.  This required the evaluation crews to restart the process 
of contacting the property owner to obtain permission to enter the building and then scheduling a 
time with the property owner or the tenant to do the building evaluation.  With a large percentage 
of the homes in the pilot areas being rental properties, this required additional time not originally 
included in the scope of the project to complete the building evaluations. 
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Figure 6-6 Sample Private I/I Program Initial Explanation Letter 
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Steps will be implemented on future projects to assist with identifying the proper point of contact. 
Results of the building evaluation program for the study area are shown in Table 6-2. 

Evaluations were grouped into one of the following four categories: 

1. Inspected--The exterior of the building and the interior plumbing (basement and crawl 
spaces only) were inspected to locate potential I/I sources. 

2. Not-at-Home--The property owner or occupant was not available to allow inspection of the 
basement for potential sump pump connections.  The exterior was inspected in most cases. 

3. Refusal--The owner or occupant refused entry to the inspection team.  No further attempt 
was made. 

4. Not Inspected--Generally, conditions such as a vacant or dilapidated building, locked 
security gate, or unleashed dog prevented an inspection. 

Table 6-2 Building Evaluation Status Summary 

 

BASIN 

TOTAL FC13 JC15 JC30 PR07 PR13 

Inspected 327 339 157 232 468 1,523 

Not at Home 26 3 0 2 14 45 

Refusal 24 13 1 18 32 88 

Not Inspected 0 0 0 0 0 0 

Total 377 355 158 252 514 1,656 

 
As mentioned previously, evaluations of buildings were conducted and recorded on City-approved 
field forms that were tracked by CH2M Hill and also recorded in the TREKK defect database.  An 
example field form is shown on Figures 6-7 and 6-8. The following list describes data that were 
collected, recorded, and input into the computer database for further analysis: 

1. Date--Calendar date that inspection was performed. 

2. Line Segment--Specific line segment to which building service lateral discharges 
wastewater and potential I/I to the City-owned sewer system.  

3. General Information--Address of building, name of owner or occupant, and telephone 
number.  Also present status of inspection and general comments. 

4. History--History of basement flooding as reported by owner or occupant.  Detailed 
information including flood dates, duration, suspected cause, and action taken by owner or 
occupant. 

5. Building Data--General description of building including type, age, layout, and basement 
type. 
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Figure 6-7 Building Evaluation Form Page 1 
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Figure 6-8 Building Evaluation Form Page 2 
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6. Defect Type--Description of type of defect, including downspout, uncapped cleanout, 
driveway drain, stairwell drain, foundation drain, area drain, service lateral, window well 
with drain, and sump. 

7. Tributary Area--Estimate of square footage of runoff tributary to defect used to compute 
theoretical inflow rate to the sewer system based on rainfall intensity. 

All defects identified during building evaluations were cross-checked with defects located during 
smoke testing.  Each evaluation identified potential sources of I/I and other general information. 
Table 6-3 shows the potential sources identified during building inspections.  Basin maps showing 
the properties evaluated and the properties where defects were found, along with an address 
summary of the properties with defects found during the evaluations can be found in Appendix 6B. 

Table 6-3 Summary of Identified I/I Sources 

 
FC13 JC15 JC30 PR07 PR13 TOTAL 

Total Buildings Inspected 327 339 157 232 468 1,523 

Area Drain 0 1 0 0 0  

Downspout 7 2 0 0 1  

Driveway Drain 0 0 1 0 1  

Stairwell Drain 1 1 0 1 0   

Uncapped Cleanout 37 64 14 40 105   

Sump Pump 52 23 9 38 76   

Total Potential I/I Sources 97 91 24 79 183 474 

 

6.4.1.3 Dyed-Water Testing 
If crews were unable to determine the termination point of an outside drain or downspout while 
conducting various testing activities, sources were considered suspect and subsequently dyed-
water tested.  To identify and quantify any I/I from these suspect sources, dyed-water testing was 
performed to confirm connectivity. 

Dyed-water testing is accomplished by having one crew member introduce a fluorescent blue dye 
into the suspected connection and then run clean water to flush the dye through the line.  Another 
crew member is stationed at the downstream manhole to observe the flow to see whether the dye 
appears.  The observation of dye at the downstream manhole confirms a connection to the sanitary 
sewer. 

A total of four dyed-water tests were completed in the basins. One potential defect was unable to be 
dye tested and therefore remains a suspect source. 

Table 6-4 provides a complete summary of building sources that were confirmed in the field 
through dyed water testing. 
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Table 6-4 Summary of Sources Found During Dyed-Water Testing 

  FC13 JC15 JC30 PR07 PR13 TOTAL 

Total Buildings Dyed-Water  
Tested 

1 1 0 0 1 3 

Area Drain 0 0 0 0 0 0 

Downspout 0 0 0 0 0 0 

Driveway Drain 0 0 0 0 0 0 

Stairwell Drain 0 0 0 0 0 0 

Uncapped Cleanout 1 0 0 0 0 1 

Sump Pump 0 1 0 0 1 2 

Total I/I Sources 1 1 0 0 1 3 

6.5 PRIVATE I/I SOURCE DISCONNECTION 
Efforts were made to transition from the building evaluation and source identification to 
remediation as quickly and efficiently as possible. If a cost-effective I/I source was identified as a 
part of the building evaluation, the property owner was asked to execute the agreement form and 
select a City-approved plumbing contractor to complete the noted repairs. The property owner was 
also given the option of deferring the plumbing contractor selection to the I/I abatement city 
representative, who would then make the selection as requested.  In most cases, a consultation 
meeting with the property owner, plumbing contractor, and a member of the program management 
team was held to discuss options and schedule the pending repairs. All repair work was 
coordinated between the selected plumbing contractor and the property owner. After the work was 
completed, the City would pay the plumber directly according to the unit pricing established 
through the RFQ.  All repair work completed through this pilot program was funded by the City.  
Future program funding remains both uncertain and a key concern. Table 6-5 summarizes the 
results of source type remediation in each of the pilot basins. 

Table 6-5 Summary of Removed I/I Defects 

 
FC13 JC15 JC30 PR07 PR13 TOTAL 

Total Buildings Inspected 327 339 157 232 468 1,523 

Area Drain 0 1 0 0 0 1 

Downspout 3 2 0 0 1 6 

Driveway Drain 0 1 1 0 1 3  

Stairwell Drain 0 1 0 0 0 1  

Uncapped Cleanout 36 64 14 31 93 238 

Sump Pump 41 23 9 30 62 165 

Total I/I Sources 80 92 24 61 157 414 
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The plumbing contractors were required to obtain a construction permit from Building Develop-
ment Services and schedule a final inspection upon completion of the requested repairs. The 
construction permit was provided at no cost to the contractors and was required for repairs that 
involved mechanical or electrical components or repair to the building service lateral. Simple 
repairs such as downspouts or service lateral cleanouts did not require a City permit or City 
inspection. A representative from TREKK completed a final inspection of work to ensure that 
modifications met the established specifications and that the property owner was completely 
satisfied with all aspects of the project. The TREKK representative also confirmed that the property 
owner was provided owner’s manuals for the mechanical equipment and contact information for 
the plumbing contractor, City representative, and the program manager. Appendix 6C includes the 
information provided to the property owner upon completion of the requested repairs. Invoicing 
for each repair was submitted directly to the City and included a 12 month written warranty. Final 
payment to the plumbing contractor was processed by the City after approval and authorization by 
the city representative.  

In general, repair efforts went exceptionally well with very few issues. The feedback obtained from 
property owners was valuable and was utilized to make adjustments to the program as needed. The 
plumbing contractors were accommodating and easy to work with and treated the public to the 
standards established by the project team. The only reoccurring issues were with the quality of 
concrete finishing and outside surface restoration. These, and any other issues, were dealt with on a 
case-by-case basis and resolved through communication between the city representative and the 
individual plumbing contractor. Under no circumstance was an invoice approved prior to the 
resolution of issues and the property owner’s satisfaction. Table 6-6 summarizes the work 
completed by each plumber.   

Table 6-6 Summary of Removed I/I Sources by Plumber 

PLUMBERS 

TYPES OF DISCONNECTS 

UNCAPPED 
CLEANOUT SUMP 

AREA 
DRAIN 

DRIVEWAY 
DRAIN 

STAIRWELL 
DRAIN 

DOWN- 
SPOUT TOTAL 

All Services 21 21 0 0 0 0 42 

Arnie’s Plumbing 20 8 0 0 0 0 28 

Connelly Plumbing 29 14 0 0 0 0 43 

DeLong Plumbing 40 32 1 0 0 2 75 

Drussa Plumbing 16 5 0 0 0 0 21 

Farr Better Plumbing 8 3 0 0 0 0 11 

Frank Lorenz Plumbing 14 11 0 1 0 0 26 

Larson Plumbing 3 3 0 0 0 0 6 

Poindexter Mechanical 12 0 0 0 0 2 14 

Reed's Plumbing 56 52 0 0 0 1 109 

RotoRooter 19 16 0 2 1 0 38 
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6.6 SUMMARY AND RECOMMENDATIONS 

6.6.1 Summary of Results 
The City’s Pilot Private I/I Abatement program was a great success:  participation rates from the 
public were high, defects were located and cost-effectively and efficiently repaired, and encourag-
ing I/I reduction results were achieved.  During the City’s Pilot Private I/I Abatement Program a 
total of 1,523 buildings were inspected and 474 defects were located.  Refer to Tables 6-7 and 6-8, 
respectively. 

Table 6-7 Building Evaluation Status Summary 

 

BASIN 

TOTAL FC13 JC15 JC30 PR07 PR13 

Inspected 327 339 157 232 468 1,523 

Not at Home 26 3 0 2 14 45 

Refusal 24 13 1 18 32 88 

Not Inspected 0 0 0 0 0 0 

Total 377 355 158 252 514 1,656 

 

Table 6-8 Summary of Identified I/I Sources 

 
FC13 JC15 JC30 PR07 PR13 TOTAL 

Total Buildings Inspected 327 339 157 232 468 1,523 

Area Drain 0 1 0 0 0  

Downspout 7 2 0 0 1  

Driveway Drain 0 0 1 0 1  

Stairwell Drain 1 1 0 1 0   

Uncapped Cleanout 37 64 14 40 105   

Sump Pump 52 23 9 38 76   

Total Potential I/I Sources 97 91 24 79 183 474 

 
To estimate I/I abatement, the City conducted pre-rehabilitation flow monitoring in 2011 and 2012 
and post-rehabilitation flow monitoring during the spring of 2013.  Results of the first Pilot Private 
I/I Abatement Project were encouraging, with an average I/I reduction of 42 percent across the 
sub-basins.  Refer to Table 6-9.  It should be noted that results from sub-basins PR13 and JC30 were 
not included in the calculated average.  Both public and private I/I reduction projects were 
completed in sub-basin JC30.  An I/I reduction estimate for sub-basin PR13 could not be calculated 
because of errors with the flow monitoring data.  The approach to flow data analysis and I/I 
reduction calculations is provided in Appendix 6D. 
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Table 6-9 Estimated Peak I/I Reduction 

PRIVATE I/I PILOT SUB-BASINS - ESTIMATED PEAK I/I REDUCTION 

 2012 5-YEAR  
PEAK I/I, MGD 

2013 5-YEAR  
PEAK I/I, MGD 

PEAK I/I  
REDUCTION, % 

FC13 0.545 0.330 39 

JC15 2.716 1.150 58 

PR07 1.743 1.308 28 

JC30* 1.22 0.69 43 

Private I/I Pilot Average ** 42 

*JC30 is considered as both a Group 1 and Private I/I Pilot sub-basin. 
** Does not include JC30. 

 
While the Pilot Private I/I Abatement Program was a great success, it should be noted that the 
results (public participation, number of defects identified, and estimated I/I reduction) are based 
on a small sample size.  In addition, I/I reduction estimates are based on flow monitoring data 
collected during a prolonged period of drought.  During 2011 and 2012 when the pre-rehabilitation 
flow monitoring data were collected, rainfall totals were well below normal.  During the spring of 
2013 when post-rehabilitation flow monitoring data were collected, the area received near normal 
rainfall totals.  The higher rainfall totals may have resulted in an increased I/I contribution to the 
system; however, groundwater levels were abnormally low during the spring of 2013, which in turn 
could have reduced I/I contribution into the system.  It is recommended that additional pilot 
projects be completed to further evaluate the effectiveness of private I/I abatement. 

6.6.2 Recommendations 
Based on the results from the Pilot Private I/I Abatement Program, the City will implement future 
pilot phases to collect additional data to validate I/I reduction estimates.  To help encourage the 
high participation rate in future pilot phases, it was also recommended that the City use the same 
procedures discussed in this chapter, utilize the core project team to lead the efforts, and to 
continue to pay for the remediation efforts.   

During June 2014, the City commenced building evaluations on the Phase 2 Pilot Private I/I 
Abatement Project.  By quickly moving into the Phase 2 project, the City was able to capitalize on 
the efforts taken to educate the public during the initial project.   

6.6.2.1 Field Evaluation Modifications 
Slight modifications to the process of how building evaluations and disconnects are completed were 
implemented in the Phase 2 Pilot Private I/I Abatement Project; such modifications included 
(1) cross-training staff to allow the evaluation crews to further assist with the disconnect process 
and (2) providing field staff the tools needed to verify home ownership and obtain a signed 
agreement at the time of the evaluation in order to reduce the time needed to begin the 
disconnection process. 
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As noted in Section 6.4, Field Evaluations and Abatement Activities, additional resources were used 
to contact tenants in rental properties.  It is recommended that these same efforts be continued in 
future phases of the pilot program to continue the high rate of participation. 

6.6.2.2 Staffing Modifications 
During the Phase 2 Pilot Private I/I Abatement Project, City staff will be trained on various aspects 
of the program.  Bringing additional City staff onto the project will help to increase the available 
resources to complete future work; it will also help reduce the overall cost of the program.  For the 
Phase 2 project, the City provided an administrative assistant to assist with developing and mailing 
letters to homeowners, placing and receiving calls from homeowners, scheduling building 
evaluations and disconnect consultations, and transferring data from field evaluation forms into a 
database.  In addition, the City is currently attempting to add staff to complete building evaluations 
and disconnect consultations.  As soon as the field staff is available, the consultant will provide 
training on the program. 

6.6.2.3 Plumber Procurement Modifications 
It is recommended that the plumber procurement process be completed again to obtain additional 
plumbers to help with the disconnect program.  This will also allow for updated unit pricing for the 
repairs, which allows both the City and the plumbers to settle on fair unit pricing for the duration of 
the long-term program and should alleviate changes to the unit pricing during the program.  Rain 
barrels were used during the pilot program to help re-purpose some of the rain water being 
diverted from the sanitary sewers.  Ten rain barrels were provided by the Department of Environ-
mental Services at no cost to the program to evaluate the effectiveness of using these rain barrels 
for both downspout and sump pump discharge repairs.  The plumbers involved with the program 
were willing to install these rain barrels at no additional cost during the pilot program.  It is 
suggested with future phases of the pilot program that a bid sheet and specification drawing(s) for 
rain barrel installations be provided to the plumbers and included in the unit pricing. 

6.6.2.4 Additional I/I Source Evaluation 
For the Phase 2 Pilot Private I/I Abatement Project, the City will expand the types of defects being 
evaluated to locate and determine whether additional cost-effective sources can be identified.  
Private laterals in particular are believed to contribute a significant volume of I/I during wet-
weather events.  The City has undertaken two different approaches to identify properties with 
service lateral defects.   

The first approach is to identify service lateral defects through smoke testing; there are two 
different historical precedents for the Phase 2 Pilot Private I/I Abatement Project (2001 and 2011).  
Service lateral defects identified during smoke testing are noted in the building evaluations that are 
currently being performed, which will allow the City to obtain an agreement to perform any 
necessary repairs.  When those defects are identified in such manner, a recorded CCTV inspection 
is performed by the selected prequalified plumber to confirm the service lateral defect identified 
during smoke testing and to identify any additional defects that may need to be repaired.  The cost 
to repair the qualifying service lateral defects are determined by the unit cost pricing established 
through the plumber procurement process; however, the unit cost also allows the City represen-
tative to negotiate a repair fee with the plumber for additional service lateral repairs.  The 
negotiated fee is then reviewed and approved by the City based on the difficulty, depth, and extent 
of the service lateral repair.  This approach is for pilot project purposes only and does not obligate 
the City to continue to subsidize lateral repair projects going forward. 
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On properties where smoke testing did not expose a service lateral defect, but another qualifying 
private I/I defect was identified, the service lateral for that qualifying property had a recorded 
CCTV inspection performed by the selected prequalified plumber to identify any service lateral 
defects that were a significant source of I/I not found during smoke testing. If a service lateral 
defect was identified, the same process applied to obtain a fair price for the repair based on 
difficulty, depth, and extent of the service lateral repair. If no service lateral defects were identified, 
the recorded CCTV inspection became the record of the service lateral assessment. 

A final recorded CCTV inspection of all service lateral repairs is also performed by the plumber, and  
a copy is provided to the City.  It should also be noted that the unit pricing established for the 
recorded CCTV inspections included up to 1 hour of service lateral root cutting or jetting necessary 
to perform the CCTV inspection.   

6.6.3 Post Phase 2 Pilot Private I/I Abatement Assessment 
Following the completion of the Phase 2 Pilot Private I/I Abatement Project the City will prepare a 
summary report, along with recommendations for future work.  The City will evaluate the available 
results and, as appropriate, focus on those connections of I/I that originate on private property and 
which have been determined by the City to impact areas of chronic wet-weather SSO.  The post-
assessment evaluation will include consideration of additions or modification to the current sewer 
use ordinances, notification and public education planning, enforcement procedures for 
noncompliance, and program incentives to encourage customer compliance. Modifications to the 
Private I/I Disconnect Protocol will be completed according to the results of the Post-Abatement 
Assessment report. 

 



CHAPTER 7.0 
PUBLIC SEWER  
REHABILITATION PROGRAM 
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7.0 Public Sewer Rehabilitation Program 

7.1 INTRODUCTION 
As part of the Early Action Program (EAP) the City of Springfield (City) implemented a public sewer 
rehabilitation program. The program will rehabilitate vitrified clay pipe (VCP), manholes, and 
appurtenances to reestablish structural integrity and reduce excessive inflow/infiltration (I/I) 
within select sub-basins.  The City’s sewer collection system is an aging system with approximately 
45 percent or 2.8 million feet of sewer lines that will be more than 60 years old by the end of the 
planning period.  The City is increasing efforts with public sewer rehabilitation to not only address 
the aging infrastructure but also to reduce the I/I being introduced into the system.  Excess I/I in 
the sanitary sewer collection system can lead to sewer system overload or sewer backups within 
the system. Excessive I/I will also lead to unnecessary funds being spent to convey, store, and treat 
storm and ground water.  I/I can enter the collection system through cracks in the pipes, faulty 
joints, illicit connections, and other byproducts of an aging system.  Sewer rehabilitation will help 
eliminate these avenues where I/I can enter the sewer collection system and extend the life of the 
collection system.  Groups 1, 2, and 3 public sewer rehabilitation projects have been initiated to 
help identify the cost effectiveness of system renewal and I/I reduction within the Springfield 
sewer collection system.  While implementing these projects, the City has continued to televise, 
clean, and make system repairs as outlined in its capacity, management, operations, and 
maintenance (CMOM) program. 

7.2 SELECTION OF REHABILITATION AREAS 
Public sewer rehabilitation projects were accelerated during the EAP to address aging 
infrastructure and reduce excessive I/I. To accomplish these goals public sewer rehabilitation 
basins were selected on the basis of the following criteria: 

 “Leakiness” of the existing sanitary sewer system in each sub-basin. 

 Institutional knowledge of the system based on the previous sanitary sewer evaluation 
survey (SSES). 

 Location of Pilot Private I/I Abatement Projects. 

 Project size. 

7.2.1 “Leakiness” of Existing Sanitary Sewer System 
Based on evaluations of flow monitoring data and evaluations using the collection system hydraulic 
model, sub-basins were ranked on the basis of “leakiness.”  The “leakiness” of a sub-basin is defined 
as the volume of I/I per 1,000 linear feet (LF) of pipe within a sub-basin. As additional data is 
collected and evaluations are completed, the sub-basin priority list is updated. The most recent 
priority basin list is included in Chapter 8.0.  Using the priority list provides a good baseline to 
identify areas contributing significant I/I to the system. 

7.2.2 Institutional Knowledge 
City staff has vast knowledge of the existing collection system based on past closed circuit television 
(CCTV) evaluations, SSES, and known overflows in the system. Areas with historical maintenance 
issues were also taken into consideration. Utilizing the knowledge of existing staff was critical to 
identify areas that may rank lower on the priority basin list but have known structural defects and 
maintenance issues. 
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7.2.3 Location of Pilot Private I/I Abatement Projects 
In addition to addressing I/I contributions and structural issues on the public sector, the City is also 
targeting I/I sources on the private sector. Basin selection on public and private projects is 
coordinated to avoid both projects occurring during the same year. Separating the projects allows 
flow monitoring to be used to evaluate I/I reduction for each program independently. 

7.2.4 Project Size 
The actual number of sub-basins selected during each public sewer rehabilitation group will 
depend on the size of the basins and bid costs. Based on the current bidding environment and 
market conditions, each project will include approximately 80,000 to 100,000 LF of pipe to be lined. 
The anticipated rehabilitation cost will also be dependent on pipe size, lateral connections, and 
manhole repairs. Projects of this size also allow the City to best utilize available resources without 
overloading staff. As other municipalities continue to roll out pipe rehabilitation projects, the 
contractors available to perform work in Springfield may decrease. Competition for contractor 
services may drive up costs and require a reevaluation of the project size. A summary of the sub-
basins and linear footage of pipe rehabilitation for Groups 1, 2, and 3 are shown in Table 7-1. 
Figure 7-1 shows a map of the Groups 1, 2, and 3 sub-basins. 

Table 7-1 Public Sewer Summary for Groups 1, 2, and 3 

GROUP SUB-BASIN 
LINEAR FOOTAGE OF  

PIPE REHABILITATION 

1 JC22 29,578 

1 JC23 11,920 

1 JC30 4,607 

1 JC05 41,178 

1 UWC10 10,639 

1 UWC12 5,180 

1 R02 900 

1 TOTAL 104,002 

2 PR06 10,692 

2 PR10 14,062 

2 PR15 10,078 

2 JC15 16,646 

2 FC04 15,375 

2 SC07 17,234 

2 TOTAL 84,087 
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GROUP SUB-BASIN 
LINEAR FOOTAGE OF  

PIPE REHABILITATION 

3* FC13 10,517 

3* PR07 12,250 

3* PR13 18,403 

3* SC07 0** 

3* JC08 24,213 

3* JC10 7,099 

3* TOTAL 72,482 

* Group 3 linear footage of pipe rehabilitation was estimated.  
The City is currently performing CCTV to develop pipe 
rehabilitation schedules. 
**Includes service lateral connections on previously lined pipe. 

7.3 FIELD EVALUATIONS 
From August 2011 through December 2012, the City reviewed over 185,000 feet of CCTV 
inspection video to identify rehabilitation work to be included in development of Groups 1 and 2 
public sewer rehabilitation projects.  Smoke testing and manhole inspections were also conducted 
by the City as part of its continued SSES program. 

7.3.1 Smoke Testing of Sanitary Sewer 
Smoke testing of the sanitary sewers was implemented to identify defects and illicit connections in 
both private- and public-sector sewers.  Smoke testing was completed in two phases.  The first 
phase commenced in October 2011 (completed in December 2011) and included Group 1 public 
sewer rehabilitation basins. The second phase commenced in June 2012 (completed in October 
2012) and included sewers identified at that time as Groups 2 and 3 public sewer rehabilitation 
basins. Smoke testing included a total of 697,411 LF of sanitary sewer.  A total of 537 line segments 
out of 3,141 segments tested had private-sector defects and 408 had public-sector defects.  
Table 5-2 shows the number of defects, by type, identified by smoke testing.  Refer to Chapter 5.0, 
Sanitary Sewer Evaluation Survey, for more information and details of the smoke testing of sanitary 
sewers. 

7.3.2 Manhole Inspection 
During execution of the prior Consent Decree, the City implemented an extensive manhole 
rehabilitation program.  The majority of manholes rehabilitated during that program were of brick 
construction and a limited number were precast concrete.   It is challenging to determine if precast 
manholes have defective joint seals, since leaks can activate rapidly during a rain event and subside 
shortly following the event.  Unless inspections are completed during this time period, it is difficult 
to determine if active leaks exist.  In an effort to confirm defects, the City implemented a program 
for the current Amended Consent Judgment (ACJ) where precast manholes were randomly targeted 
for inspection.  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Public Sewer Rehabilitation Program 7-4 
 

 

Figure 7-1 Public Sewer Rehabilitation Projects 
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Manhole inspections were conducted following industry standard procedures.  Field crews also 
conducted a vacuum test on the manholes to identify leaks.  In addition to vacuum testing of 
randomly selected precast manholes, manholes with defects identified during smoke testing 
activities were also inspected.   

Manhole inspections were completed in two phases.  The first phase commenced in November 
2011 (completed in March 2012) and included Group 1 public sewer rehabilitation basins.  The 
second phase of manhole inspections commenced in June 2012 (completed in November 2012) and 
included manholes identified at that time as Groups 2 and 3 public sewer rehabilitation basins.  The 
City inspected a total of 1,220 manholes during the SSES.  Table 5-3 describes the number of 
defects, by type, that were found during manhole inspections.  Refer to Chapter 5.0, Sanitary Sewer 
Evaluation Survey, for additional information and details of the manhole inspections of sanitary 
sewers. 

7.3.3 Closed Circuit Television 
The City conducted cleaning and CCTV inspection in support of developing the main line, lateral, 
and manhole schedules for bid packages.  The first phase included Group 1 public sewer rehabili-
tation basins.  This phase of CCTV inspections included approximately 103,000 LF of sewer.  The 
second phase included Group 2 public sewer rehabilitation basins.  This phase of CCTV inspections 
included approximately 84,000 LF of sewer.  The City is currently completing CCTV inspections 
for the Group 3 public sewer rehabilitation sub-basins and it is anticipated that approximately 
72,000 LF of sewer will be inspected. 

The City has completed CCTV cleaning and inspections for Groups 1 and 2 and is in the process of 
completing Group 3.  Table 7-2 shows a summary of the CCTV inspection lengths broken down 
based on sub-basin and sewer diameters. 

Table 7-2 Priority Sub-Basins CCTV Inspection Lengths 

SUB-
BASIN 

LENGTH OF SEWER CCTV BASED ON SEWER DIAMETER 

8" 10" 12" 15" 18" 21" 24" 27" 30" 36" 42" TOTAL 

GROUP 1 

JC22 20,328 2,694 688 0 285 2,948 1,122 0 0 1,513 0 29,578 

JC23 7,839 1,684 1,487 0 0 0 447 0 0 463 0 11,920 

JC30 4,607 0 0 0 0 0 0 0 0 0 0 4,607 

JC05 29,985 2,035 2,124 2,182 1,471 0 1,192 313 0 793 1,083 41,178 

UWC10 3,941 367 0 0 3,333 0 0 1,608 1,390 0 0 10,639 

UWC12 0 0 0 0 0 0 0 0 0 5,180 0 5,180 
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SUB-
BASIN 

LENGTH OF SEWER CCTV BASED ON SEWER DIAMETER 

8" 10" 12" 15" 18" 21" 24" 27" 30" 36" 42" TOTAL 

GROUP 2 

FC04 12,683 976 1,716 0 0 0 0 0 0 0 0 15,375 

JC15 14,341 2,281 24 0 0 0 0 0 0 0 0 16,646 

PR06 9,602 0 0 0 1,090 0 0 0 0 0 0 10,692 

PR10 12,695 0 120 0 1,247 0 0 0 0 0 0 14,062 

PR15 8,902 1,149 0 27 0 0 0 0 0 0 0 10,078 

SC07 11,594 2,685 0 0 0 0 0 0 2,955 0 0 17,234 

 
The main line CCTV focused on identifying areas of necessary point repairs, which the City repaired 
with in-house resources prior to advertising the bid for the sewer rehabilitation.  A summary of 
point repairs, identified through CCTV inspection, for Groups 1 and 2 is given in Table 7-3. 

Table 7-3 Priority Sub-Basins Main Line Sewer Point Repairs 

SUB-BASINS MAIN LINE REPAIRS 

GROUP 1 62 

JC22 25 

JC23 12 

JC30 2 

JC05 22 

UWC10 1 

UWC12 0 

GROUP 2 80 

FC04 25 

JC15 14 

PR06 3 

PR10 9 

PR15 8 

SC07 21 
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During CCTV inspections, the number and location of service lateral connections were recorded.  
These service lateral connections were also inspected to identify ones believed to be candidates for 
a trenchless connection repair as well as those more likely requiring an open cut repairs (refer to 
Table 7-4).  All service lateral connections were planned to be repaired with the exception of 
factory connections observed to have no root intrusion or active I/I. For Groups 2 and 3, the City 
created a 0 to 3 rating system for service lateral connections to supplement the previous rating of 
trenchless versus open cut, with a 0 rating being a factory connection not requiring repair, to a 3 
rating being a highly defective service lateral connection. While the approach in Groups 2 and 3 
continues to be to rehabilitate all services lateral connections, connections requiring open cut 
construction methods in areas with limited access and costly surface restoration were encountered. 
The City’s rating system was helpful in making field decisions on whether to pursue lateral connec-
tion repairs requiring open cut construction methods in areas with access limitations or costly 
restoration.  

Table 7-4 Groups 1 and 2 Lateral Connection Repairs Summary 

GROUP 

NUMBER OF LATERAL 
CONNECTION FULL  

WRAP CIPP REPAIRS 

NUMBER OF  
OPEN CUT LATERAL 

CONNECTION REPAIRS 

1 847 410 

2 757 183 

CIPP = Cured-in-place pipe. 

 
In addition to the City’s CCTV inspections, contractors were required to conduct pre- and post-
construction CCTV investigations.  Pre-construction CCTV data was used for the following: 

1. Cleaning prior to rehabilitation. 

2. Identifying pipeline conditions that make rehabilitation unsuitable and require 
repair of the pipe. 

3. Establishing the size and location of lateral sewers where a connection liner will be 
installed after pipe rehabilitation. 

4. Confirming pipeline diameters, ovality factors, bypass requirements, and other 
information required by the specifications for the contractor to confirm the required 
CIPP liner thickness. 

CCTV investigation photos showing major defects in aging sanitary sewer lines are shown on 
Figure 7-2. 

Post-construction CCTV data were submitted to and reviewed by the City to verify that the work 
was acceptable and all work was completed.  The City also tagged lines in its geographic informa-
tion system to note which sewer lines have been CCTV inspected and when they were inspected. 
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Figure 7-2 CCTV Investigation Photos of Aging Sewer Lines 

7.3.4 Identifying/Evaluating Defects 
Utilizing the field data collected through CCTV inspection, smoke testing, and manhole inspections, 
the City developed rehabilitation schedules and plan sheets for use as bid documents. These 
documents provided the location and quantity of pipe, manhole, and lateral connections included in 
the projects for bidding purposes. An example rehabilitation schedule and plan sheet is provided in 
Appendix 7A. 

As discussed previously, CCTV data was used to evaluate pipe condition and to identify major 
defects, such as collapsed pipe or large joint offsets, that were not conducive to the installation of 
the CIPP liner. The City performed point repairs in these areas ahead of the rehabilitation projects. 
CCTV data was also used to evaluate service lateral connections. The quantity, location, condition, 
and size of the lateral connections were based on CCTV data.  CCTV, along with dyed water testing, 
was also used to make a determination on whether a lateral was active or abandoned.  

Smoke testing and manhole inspection data was used to identify defects on line segments not 
constructed of VCP.  The condition and severity of the defects was evaluated and, if necessary, 
incorporated into the rehabilitation project.  
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7.4 REHABILITATION METHODS 
After completing field evaluations to gather data, the City developed rehabilitation schedules for 
the Groups 1, 2, and 3 projects.  Rehabilitation schedules were used for bidding purposes and to 
provide guidance on the quantity, location, and type of rehabilitation to be completed.  The 
Groups 1, 2, and 3 public sewer rehabilitation projects include the following: 

 Pipe rehabilitation. 

 Manhole rehabilitation. 

 Lateral connection repair. 

Rehabilitation methods used on the Groups 1, 2, and 3 projects are described in more detail in the 
following subsections. 

7.4.1 Pipe Rehabilitation 
Sanitary sewer rehabilitation methods throughout Groups 1, 2, and 3 involved two options: open 
cut point repair and CIPP.  CCTV investigation and smoke testing results were used to determine 
the condition of the system and to determine if the pipe could be rehabilitated using the CIPP 
method, or if it needed to be replaced via the open cut point repair method.  For Groups 1, 2, and 3, 
CIPP was the preferred method for rehabilitation but the open cut point repair method was used in 
cases where the sewer’s structural stability was compromised.   

7.4.1.1 Point Repairs 
During initial CCTV inspections the City identified major defects such as collapsed pipe and large 
offset joints.  These pipe segments were repaired using open cut construction methods where the 
defective pipe was removed from the system and replaced with a new pipe segment.  The point 
repairs were short sections where the new pipe segments were tied into the existing pipe using a 
Fernco type flexible coupling and held in place with stainless steel bands as shown on Figure 7-3.  

  

Figure 7-3 Point Repair Photos Showing a Pipe Replacement 
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With ever-changing technologies, the City will continue to explore and pilot trenchless point repair 
techniques to minimize surface disruption, traffic flow, surface restoration, etc. 

The following are advantages of open cut construction methods: 

 Provides long-term solution. 

 Addresses structural issues. 

 Fixes offset joints. 

The following are disadvantages of open cut construction methods: 

 Requires bypass pumping or flow diversion. 

 Is time consuming. 

 Has higher cost. 

 Is more disruptive to property and the public. 

7.4.1.2 Cured-in-Place Pipe 
The CIPP rehabilitation process is defined and governed by the standard practice ASTM F-1216.  
The process produces a seamless pipe within a pipe that is expanded and cured after inversion once 
inside the host pipe.  This process uses a liquid thermosetting resin impregnated in a matrix of felt 
or woven fibers to produce the finished lining. The resin impregnated tube is cured in place with 
steam, hot water, or heated air.  Selection of the type of resin and the required wall thickness is a 
critical part of the design.  For projects within the City, the minimum wall thickness is based on 
assuming a fully deteriorated pipe with ground water to the ground surface.  As part of the pre-
rehabilitation CCTV and evaluation, the contractor is responsible for verifying the recommended 
minimum liner thickness based on pipe condition and design parameters provided in the contract 
documents.   Refer to Figure 7-4. 

 

Figure 7-4 CIPP Rehabilitation Process 
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A higher strength, fiber reinforced version of CIPP can be used to produce a “sandwich composite” 
lining for medium and large diameter pipe.  The CIPP is reinforced with a high strength fiber that 
provides maximum stiffness which results in thinner CIPP walls.  In the composite approach, wall 
thickness is no longer the only design variable. The design can minimize thickness, cost, or weight 
depending upon the type and density of the fibers utilized.  The high strength and modulus of 
elasticity of the reinforcement results in a thinner wall design with a larger inside diameter.   

The following are advantages of the standard CIPP method: 

 The tight fit of the liner retains a majority of the cross-sectional area. 

 The improved “n” factor of the liner may result in a flow capacity similar to or improved 
from the original pipe. 

 Less cost. 

 Less time. 

 Less disruptive. 

The following are disadvantages of the standard CIPP method: 

 Bypass pumping or flow diversion is required. 

 Areas of high ground water may require additional procedures for lateral reconnection and 
manholes entry/exit points to prevent infiltration. 

 Liner can crack during reconnection of laterals. 

 Structural properties are generally lower than open cut alternatives. 

7.4.2  Manhole Rehabilitation 
When selecting a method for manhole rehabilitation, there are many factors that should be 
considered.  The condition of the manhole is critical to guiding the selection process.  Current 
defects must be identified and the primary cause of the failure is important to help identify the best 
method of rehabilitation.   

In addition to the condition of the manhole, the presence of hydrogen sulfide, low oxygen levels, 
constant moisture, live flow or bypass, and traffic control issues are all factors that should be 
considered to provide the contractor with information for his bid. 

There are many systems available for rehabilitation of manholes.  These systems are divided into 
four main categories as follows: 

 Liners – cured-in-place. 

 Cementitious coatings. 

 Polymer coatings. 

 Mechanical seals/inserts. 

For the Groups 1, 2, and 3 projects, the City has focused on cured-in-place liners and cementitious 
coatings for manhole rehabilitation.  Future projects may incorporate additional rehabilitation 
methods.  
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7.4.2.1 Cured-in-Place Frame and Chimney Liner 
A cured-in-place structural liner is designed to provide a water and chemical barrier to prevent 
deterioration and infiltration from the frame and chimney.  The liner is constructed with polyester 
and impregnated with epoxy, silicate, or polyurethane depending on the application. The liner can 
restore the top portion of the manhole or the entire depth. These coatings require surface 
preparation, including high-pressure surface washing and restoration of the existing wall.  The 
liners are cured under pressure with steam or ambient air depending on the method. 

The design must consider the traffic loading on the structure. The liner becomes an integrated 
composite bonded to the host structure and provides a high level of chemical resistance.  Because of 
the structural properties, this method can be used in extremely deteriorated conditions.  It can also 
be installed in structures with active infiltration. 

Advantages of the cured-in-place frame and chimney liner include the following: 

 Bonds well to existing surfaces. 

 Provides a watertight seal. 

 Cures in a relatively short time. 

Disadvantages of the cured-in-place frame and chimney liner include the following: 

 Must be designed to address freeze/thaw impacts. 

 Requires specialized contractor to install. 

Manufacturers include LMK Technologies and Poly-Triplex  Technologies. 

7.4.2.2 Cementitious Lining 
Cementitious coatings are lightweight, fiber reinforced, cementitious material, which can be used to 
line the manhole. The coatings can be spray applied, pumped and troweled, or spin cast. An 
example spray application is illustrated on Figure 7-5.  The results range from a minimum of 
1/2 inch to a maximum 2 inch thickness depending on the depth, size of pipe, and potential traffic 
loads.  The minimum thickness should restore the manhole wall to the original cross section.  The 
material fills all voids and is an impervious monolithic liner with compressive and flexural 
strengths exceeding that of the original structure. These coatings require surface preparation 
including high-pressure surface washing.  Additives include calcium aluminates to provide pH 
buffering or resistance to microbiological induced corrosion. 

Advantages of cementitious lining include the following: 

 Does not require confined space entry when spray or spin cast installed. 

 Is suitable for damp areas and the presence of moisture. 

 Fills voids in existing wall and does not require surface preparation. 

Disadvantages of cementitious lining include the following: 

 Bypass or flow control is required unless flow can be limited. 

 Requirement of potentially long cure times.  

 Inflow should be sealed prior to installation. 
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Figure 7-5 Application of a Cementitious Liner 
 
Manufacturers include Permacast, SewperCoat, Perma-Liner, Quadex, and Strong Seal. 

7.4.3 Service Lateral Rehabilitation 
Following rehabilitation of the interceptor, the lateral connections to the pipeline were 
reconnected.  Watertight reconnections of the laterals are critical to prevent inflow of ground water 
into the system.  There are several methods to reconnect the laterals to the system.  For the Groups 
1, 2, and 3 projects two options were used:  open cut lateral connection repair or lateral connection 
full wrap CIPP. 

7.4.3.1 Open Cut Lateral Connection Repair 
During CCTV inspection, lateral connections were inspected to determine if they were structurally 
sound and offsets were minimal.  In cases where the lateral connection’s structural stability was 
compromised or the offset between the lateral and sewer main was greater than that specified in 
the contract documents, open cut construction methods were used for the connection repair.  In 
general, 6 inch laterals with an offset greater than two times the lateral pipe thickness and 4 inch 
laterals with an offset greater than one time the lateral pipe thickness were repaired using open cut 
methods. As shown on Figure 7-6, lateral connection repairs using open cut construction methods 
require the installation of a factory tee to provide a watertight connection. 

The following are advantages of open cut construction methods: 

 Provides long-term solution. 

 Addresses structural issues. 

 Fixes offsets between sewer main and lateral.  
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Figure 7-6 Open Cut Lateral Connection Repair 
 
The following are disadvantages of open cut construction methods: 

 Bypass pumping or flow diversion is required. 

 Time consuming. 

 Higher cost. 

 More disruptive to property and the public. 
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7.4.3.2 Lateral Connection Repair System 
Lateral connections identified to be structurally sound and to have an acceptable offset between the 
sewer main and service lateral were repaired using a lateral connection repair system such as the 
LMK Technologies “T-Liner” or the EPROS LCR Liner System.  These processes are similar to CIPP 
but use a short segment of a resin-impregnated flexible tube that is inserted into the lateral, and 
then inverted and inflated to conform to the circumference and profile of the host pipe. When 
cured, the liner provides a strong, one-piece homogenous main line connection as shown on 
Figure 7-7.   

  
Figure 7-7 Before and After Photos of a Lateral Connection Repair 
 
Lateral connection repair systems come in either a top hat or full wrap liner configuration.  For the 
Groups 1, 2, and 3 projects, only the full wrap liner was allowed.  

The following are advantages of the lateral connection repair systems: 

 The tight fit of the liner retains a majority of the cross sectional area. 

 Less cost. 

 Less time. 

 Less disruptive. 

The following are disadvantages of the lateral connection repair systems: 

 Structural properties are generally lower than a factory tee.   

 Curing conditions can be difficult to control. 

7.4.4 Unique Conditions/Circumstances 
In both Groups 1 and 2 rehabilitation projects, main line CIPP contractors faced some of the typical 
challenges encountered with this type of work:  bypass pumping; access and traffic control issues; 
scheduling challenges working around commercial, retail, and industrial facilities; and something 
Springfield is named for – springs.  Multiple locations required the contractor to not only bypass 
pump flow within the sewer lines but also to install temporary pumps in the pipe trench to try and 
reduce direct ground water inflow (springs).  In several locations, the excessive ground water 
caused uplift in the CIPP liner before it could be cured, causing buckling; ultimately, the liner had to 
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be cut out and reinstalled.  The reinstallation was successful using a combination of bypass 
pumping, several clay cutoff walls with ground water pumping stations, and significantly longer 
stream curing time. 

Other locations that posed challenges included sewers that had large storm water conveyance 
reinforced concrete boxes (RCBs) built over the top of them, requiring access points to be cut into 
the top and bottom slabs of the RCBs. Major roadways and buildings built over the sewers in some 
places required the contractor to construct a new manhole to provide access for CIPP liner 
installation.  Industrial facilities that use a lot of process water and have high wastewater discharge 
flows required the main line CIPP contractors to work over the holidays when the factories were 
shut down. 

7.5 SUMMARY AND RECOMMENDATIONS 

7.5.1 Summary of Results 
The City has completed Groups 1 and 2 public sewer rehabilitation projects and is currently 
developing documents for the Group 3 project. The focus of the public sewer rehabilitation projects 
is to address the City’s aging infrastructure. The City’s collection system will have approximately 
2.8 million feet of pipe greater than 60 years old by the end of the planning period. The Group 1, 2, 
and 3 projects will address approximately 250,000 LF of the system and add decades of serviceable 
life to the pipe. 

In addition to the benefits of extending the life of the pipeline the City is also able to reduce I/I 
introduced to the system from the public sector. The public sewer rehabilitation projects are 
coordinated with the flow monitoring program to collect pre- and post- rehabilitation flow data. 
Data collected for the Group 1 project was evaluated and the I/I reduction as a percentage of peak 
flow was calculated. Discussions on the methods to calculate I/I reduction are included in 
Appendix 6D. Results of the evaluations are shown in Table 7-5. 

Table 7-5 Results for Group 1 VCP Rehabilitation Projects 

SUB-BASIN 
ADJUSTED 2012 

5 YEAR PEAK I/I (MGD) 
2013 5 YEAR  

PEAK I/I (MGD) 
PEAK I/I 

REDUCTION (%) 

JC05 16.91 11.76 30 

JC22 12.09 9.24 24 

JC23 5.31 3.39 30 

UWC10 2.87 1.95 32 

JC30* 1.22 0.69 43 

Group 1 Average ** 29 

* JC30 is considered both a Group 1 and private I/I pilot sub-basin. 
** Does not include JC30. 
Note: 
RO2 has an insignificant number of pipes and UWC23 is entirely made up of interceptor sewers.  
For that reason, these two sub-basins were not quantified for peak I/I reduction. 
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Results of the evaluation indicate that the City was able to reduce, on average, 29 percent of peak 
I/I flow into the system. Coupled with the extended service life of the system, this was a very 
successful project. It should be noted that the sub-basins selected for this project were some of the 
leakiest basins in the City. Additional I/I reduction evaluations should be performed throughout the 
system to better quantify how much I/I can be removed systemwide with this program. 

It should also be noted that pre-rehabilitation flow data was collected during the middle of an 
extended drought period. Post-rehabilitation flow data was collected during near normal rainfall 
conditions. Data collected from control basins was used to compare and evaluate the data collected 
during these differing rainfall conditions. 

7.5.2 Recommendations 
It is anticipated that the public sewer rehabilitation project will extend the useful life of the system 
by 50 years.  Based on the available data and system evaluation, the City was also able to reduce I/I 
by an average of 29 percent in the Group 1 project. Because of drought conditions encountered 
during the pre-rehabilitation flow monitoring, it is recommended that additional projects and 
evaluations be completed to verify the I/I reduction results. Validating this information is critical to 
developing systemwide I/I reduction projections. The I/I reduction projections will ultimately drive 
the design of the capacity upgrades to convey, store, and treat flows. 

It is also recommended that the City implement pilot projects on the public sector to explore cost-
effective solutions to reduce I/I. Potential pilot projects would focus on identifying and repairing 
inflow sources into the collection system. If cost-effective, the City could quickly identify and repair 
defects contributing large volumes of I/I into the system. These projects would not replace, but 
work concurrently with full-scale projects, to address the system age and extend the useful life of 
the collection system. 

 



CHAPTER 8.0 
ADEQUATE WET-WEATHER  
CAPACITY ANALYSIS 

Chapter 8.0 
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8.0 Adequate Wet-Weather Capacity Analysis 

8.1 INTRODUCTION 
The Adequate Wet-Weather Capacity Analysis was performed to identify a range in capital costs 
associated with the implementation of system improvements required for the range of potential 
peak flow events.  The analysis included capacity improvements to reduce sanitary sewer overflows 
(SSO) and surcharge in the sanitary sewer system.  It did not include other environmental com-
ponents to be included and addressed in the Integrated Plan for the Environment (Integrated Plan). 

Two scenarios were evaluated as part of this analysis. Scenario one evaluated pipe capacity and 
treatment improvements to convey and treat all flows entering the collection system during a 
defined peak flow event. Scenario two included a preliminary storage analysis to identify the cost-
effective storage locations. Based on the preliminary evaluation, it was determined that a 
combination of pipe capacity improvements, collection system storage, and treatment improve-
ments provided the best solution set to use for the cost-effectiveness analysis (CEA). The CEA 
determined the least-cost combination of relief, rehabilitation, and treatment, from which the 
optimal level of inflow/infiltration (I/I) removal was determined and used for the marginal cost 
analysis (MCA).  The MCA was conducted for peak flow events generated by design storms with 
different recurrence intervals (1 year, 2 year, 5 year, and 10 year) to develop the present worth cost 
and the marginal cost curves. 

The model used in this analysis was based upon the sanitary sewer system and was built and 
calibrated using flow monitoring data collected at 112 meter sites during the spring of 2013 
systemwide flow metering program.  Further details on this flow monitoring program are described 
in Chapter 5.0.  The model also represents the future condition, including areas of future growth 
and population, projected to the planning horizon year 2031. 

8.1.1 Storage Analysis 
Prior to performing the model evaluation for the CEA and the MCA, an evaluation was completed to 
assess the cost-effectiveness of adding storage to the collection system in strategic locations.  
Fourteen potential sites, identified by the City of Springfield (City) and the project team, were 
evaluated and are shown on Figure 8-1. 

For this evaluation, storage was added at the locations identified and evaluated using the 2031 
future growth model.  Because this was a planning level analysis, storage tank design and 
operational parameters were not available; therefore, the simulation of the storage tanks was 
simplified in the model.  Figure 8-2 illustrates the setup of the storage tanks in the model.  The 
storage tanks begin receiving flow (modeled by turning on the influent pump) when the water 
depth in the pipe is higher than the overflow elevation during the wet-weather flow (WWF) event.  
The overflow elevation is determined so that the upstream and downstream pipes under influence 
will not surcharge for the design storm used in the evaluation.  The storage tank begins draining 
(modeled by turning on the effluent pump) when the pipe water depth is lower than the drainage 
elevation after the WWF event.  The drainage elevation and the flow are determined so that the 
upstream and downstream pipes under influence will not surcharge for the design storm.  The 
overflow and drainage elevations remained constant during the simulations and were determined 
by trial and error for each simulation scenario.  This setup represents a typical storage tank 
operation with minimum controls.  
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Figure 8-1 Potential Storage Locations 
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Figure 8-2 Storage Tank Setup in the Model 
Because of time constraints, the results from this storage evaluation were compared to the results 
from the conveyance-only analysis performed using the 2012 future growth model.  Even though 
these two evaluations were completed using different version of the model, it was determined that 
the calibration and flows were similar enough that costs could be compared for these planning-
level analyses.  The simulation conditions used for the 2012 conveyance-only analysis are detailed 
below: 

 Flow: Future condition (growth projection through 2031). 

 Design Storm: 5 year, 24 hour Soil Conservation Service (SCS) Type II. 

 I/I Removal: 40 percent overall, assuming 60 percent, 45 percent, and 15 percent 
reductions for the R1, R2, and R3 unit hydrographs, respectively. 

The same simulation conditions were used for the storage evaluation to provide a more accurate 
comparison. 

The improvement criteria used for both analyses are detailed below: 

 Eliminate SSO up to the design flow condition. 

 Design/cost replacement and parallel pipe to provide design flow capacity with no 
surcharge. 

 Eliminate surcharge for existing pipes with a cover of less than 8 feet. 

 Allow surcharging if the surcharged water level is at least 8 feet below ground for existing 
pipes with a cover of more than 8 feet. 

After each storage site was evaluated, costs were developed for the storage facilities using the 
assumptions below.  The costs for the results of each storage site evaluation were compared to the 
costs for the same impacted areas in the 2012 conveyance-only evaluation for a complete 
comparison.  For example, if a particular storage site eliminated the need for 10,000 linear feet (LF) 
of pipe improvements upstream of the site, the storage costs were compared to the conveyance 
costs determined for the 2012 analysis. 

 Storage Sites 1, 2, 3, 5, 6, 7, 8, 9, 10, 13, and 14 were assumed to be underground, covered 
tanks. The sidewalls were assumed to be 10 to 20 feet tall excluding freeboard. These 
storage tanks included effluent pump stations to drain the tanks. 

      Pipe 

Tank 

In 
O

 

WWF Overflow to 
Storage Elevation 

Dry-Weather Flow 
Storage Tank 

Drain Elevation 
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 Storage Sites 4, 11, and 12 were assumed to be earthen basins without cover. They were 
assumed to be 20 feet deep excluding freeboard. The side slope was assumed to be 1:1. The 
larger basins have multiple modules. These storage tanks included effluent pump stations to 
drain the tanks. 

 The new storage basin at the Southwest Treatment Plant (SWTP) was assumed to be an 
aboveground tank with an influent pump station. 

 The cost for retrofitting the existing 30 million gallon (MG) basin at the plant was assumed 
to be 25 percent of the cost to build a new tank. 

The conclusions from the analysis are summarized in Table 8-1.  In some instances, multiple 
storage sites were evaluated together because the impacts of the multiple storage tanks could not 
be isolated (these were located in proximity to each other and they affected the same interceptors).  
This table is set up accordingly. 

Table 8-1 Summary of Storage Analysis Comparison 

STORAGE SITE 

STORAGE 
VOLUME 
(MG) 

STORAGE 
SOLUTION 
COST ($M) 

STORAGE SOLUTION  
COST NOTES 

2012 
SOLUTION 
COST ($M) CONCLUSION 

Site 1 5.4 8.4 Cost for storage tank 3.2 No storage at Site 1; cost for 
storage tank is higher than 
cost for pipe improvements. 

Sites 2 and 9 

Site 2 2.2 10.7 Cost for storage tank 8.9 No storage at Sites 2 or 9; 
cost for storage tanks is 
higher than cost for pipe 
improvements. 

Site 9 3.4 13.9 Cost for storage tank 

Site 3 2.6 11.8 Cost for storage tank 5.3 No storage at Site 3; cost for 
storage tank is higher than 
cost for pipe improvements. 

Site 4 -- -- -- -- Site was eliminated due to its 
proximity to Site 11. 

Site 5 17.5 51.9 Cost for storage tank 6.9 No storage at Site 5; cost for 
storage tank is higher than 
cost for pipe improvements. 

Sites 8, 13, 14 

Site 8 8.2 26.8 Cost for storage tank 81.2 Eliminate Site 14 due to small 
volume and utilize storage at 
Sites 8 and 13; storage option 
is more cost-effective. 

Site 13 0.5(1)/ 
0.8(2) 

5.6(1)/$6.7(2) Cost for storage tank 

Site 14 0.1(1)/0(2) 4.1(1)/$0(2) Cost for storage tank 
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STORAGE SITE 

STORAGE 
VOLUME 
(MG) 

STORAGE 
SOLUTION 
COST ($M) 

STORAGE SOLUTION  
COST NOTES 

2012 
SOLUTION 
COST ($M) CONCLUSION 

James River Pump Station/Sites 6 and 7 

Site 6 5.1 78.8 Cost for Sites 6 and 7, 
James River Pump 
Station upgrades, Sites 
8 and 13, and pipe 
improvements 

80.4 Utilizing storage at Sites 6 
and 7 is more cost-effective 
than upgrading James River 
Pump Station and adding a 
new force main (note that 
both options include 
upgrades to James River 
Pump Station, but the 
selected option does not 
require as much additional 
pumping capacity). 

Site 7 4.6 

New James 
River PS Force 
Main, No Sites 6 
or 7 

-- 82.4 Cost for James River 
Pump station upgrades, 
new force main, Sites 8 
and 13, and pipe 
improvements 

Sites 11 and 12 

Site 11 (without 
SC(4) interceptor 
improvements) 

13.2 68.8 Cost for Sites 11 and 
12 and rehab of 30 MG 
storage at SWTP(3) 

79.0 Utilizing storage at Sites 11 
and 12 with SC(4) interceptor 
improvements is more cost-
effective. 

Site 12 (without 
SC(4) interceptor 
improvements) 

140.0 

Site 11 (with 
SC(4) interceptor 
improvements) 

13.3 67.9 Cost for Sites 11 and 
12 and rehab of 30 MG 
storage at SWTP 

Site 12 (with 
SC(4) interceptor 
improvements) 

103.8 

(1) Storage volumes and costs for evaluation including Sites 8, 13, and 14. 
(2)Storage volumes and costs for evaluation including Sites 8 and 13 after eliminating Site 14. 
(3)This option only requires approximately 18 MG of storage at the SWTP, but the full cost for rehab of the existing 
30 MG equalization (EQ) basin was considered since it is not possible to rehab only a portion of the basin. 
(4)South Creek (SC) interceptor. 
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8.2 COST-EFFECTIVENESS ANALYSIS 
This section describes the process used for the CEA and presents the results of the analysis.  The 
CEA compared the total cost to reduce surcharge and SSO in the collection system for a range of I/I 
reduction levels.  The comparison includes the following costs:  

 I/I reduction costs (cost to implement an Sanitary Sewer Evaluation Survey [SSES] followed 
by private- and public-sector rehabilitation). 

 Relief sewer costs (costs for improvements within the collection system including pipe 
capacity improvements, flow equalization facilities, lift station upgrades, and lift station 
operation and maintenance [O&M] costs).  

 Treatment costs.   

8.2.1 Collection System 
A critical storm analysis was performed to select the design storm(s) used for the CEA and MCA.  
This analysis, described in detail in Chapter 3.0, evaluated several design storms, with a combina-
tion of rainfall distributions and durations for a 5 year recurrence interval, to determine which 
storm placed the most stress on the system.  The 5 year, 24 hour, Third Quartile Huff design storm 
(total rainfall = 4.35 inches) was determined to be the most critical, or most stress the system.  The 
5 year, 6 hour, Third Quartile Huff storm (total rainfall = 3.08 inches) was the second most critical 
storm.  Based on these results, the collection system was sized using the 5 year, 6 hour event, and 
the collection system storage and treatment plant upgrades were sized using the 5 year, 24 hour 
event.  Even though the 5 year, 6 hour storm did not exhibit the largest number of pipes with the 
highest peak flows, it was selected to size the collection system conveyance improvements because 
it was more representative of the worst-case scenario in the outer extent of the collection system.  
The analysis was conducted for a range of I/I removal rates, including 0 percent, 10 percent, 
20 percent, 30 percent, and 39.3 percent (maximum estimated potential I/I abatement) removal 
systemwide, to determine the most cost-effective level of I/I reduction to be used in the MCA.   

The Springfield sewer basins were ranked according to the peak I/I contribution for each basin per 
1,000 feet of pipe.  The basin prioritization list is shown in Table 8-2.  For modeling purposes, it was 
necessary to estimate the potential for I/I reduction.  As discussed in Chapter 5.0, I/I reduction 
rates for three of the Pilot Private I/I Abatement Program sub-basins ranged from 28 percent to 
58 percent based on actual flow monitoring results, with an average of approximately 42 percent.  
It should be noted that this is based on only three of 157 sub-basins, and the range of actual system 
wide I/I reductions may vary from this value.  Because I/I contribution in the model is defined by 
RTK values as described in Chapter 3.0, I/I reduction was accomplished through reduction of 
R values.  Through discussions with the consultant team, it was assumed that the I/I from the R1 
unit hydrograph could be reduced by 50 percent because it reflected immediate response inflow 
defects that are typically easiest to locate through typical field inspection activities. The team 
concluded that I/I from the R2 unit hydrograph could be reduced by 30 percent because defects 
within this range would likely produce lower I/I rates and be more difficult to locate. The team also 
concluded that I/I from the R3 unit hydrograph could be reduced by 10 percent because these 
would be represented by infiltration defects, which generally yield relatively low I/I reduction 
when rehabilitated.  Based on these assumptions, 39.3 percent of the I/I from the entire system 
could be removed if an SSES and I/I reduction program were successfully implemented.   
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Table 8-2 Sewer Basin I/I Priority Rankings 

RANK BASIN RANK BASIN RANK BASIN RANK BASIN RANK BASIN RANK BASIN 
1 PR15 29 JC24 57 PR19 85 PR11 113 JC21 141 WB06 
2 LWC09 30 JC32 58 JC07 86 PR02 114 SDS02 142 LS06 
3 JC23 31 JC01 59 UWC01 87 UWC10 115 JC30 143 SDS01 
4 JC08 32 SC09 60 JC04 88 R04 116 LWC03 144 SC10 
5 UWC12 33 G04 61 UWC04 89 JC22 117 PC02 145 WB08 
6 STRAFFORD 34 SC08 62 FC06 90 SC11 118 FC16 146 JR03 
7 LWC04 35 G02 63 JC14 91 PR09 119 LS01 147 SC21 
8 BATTLEFIELD 36 FC15 64 FC11 92 PR04 120 JC26 148 LS05 
9 JC11 37 LDS02 65 R02 93 SC02 121 JC25 149 JR02 

10 LWC05 38 FC04 66 FC13 94 R01 122 WB03 150 SC19 
11 JC15 39 FC03 67 SC16 95 UWC11 123 LDS01 151 SC01 
12 LS03 40 JC05 68 JC17 96 SDS03 124 SC17 152 G12 
13 FC07 41 JC18 69 WB13 97 LWC08 125 PC07 153 WB07 
14 PR07 42 FC14 70 FC02 98 PC06 126 WB02 154 UWC07 
15 LWC07 43 JC13 71 SC03 99 UWC03 127 JR04 155 SC18 
16 PR10 44 FC10 72 SDS05 100 JC27 128 PC05 156 WB01 
17 SC07 45 FC09 73 FC12 101 SC12 129 JC09 157 G10 
18 SC05 46 JC03 74 G05 102 FC17 130 SC20 158 LS04 
19 PR13 47 UWC02 75 JC16 103 SDS06 131 PR01 159 SC06 
20 UWC09 48 PR14 76 FC08 104 SB02 132 LS07 160 G06 
21 FC05 49 UWC08 77 SC14 105 PC03 133 JR01 161 WB09 
22 SC04 50 PR06 78 R03 106 PR03 134 JR06 162 WB14 
23 JC02 51 JC31 79 JR07 107 PR08 135 WB12 163 SDS10 
24 PR05 52 G08 80 UWC13 108 UWC06 136 WB10 164 JR13 
25 JC10 53 G01 81 JC12 109 PR16 137 WB04 165 REP01 
26 JC29 54 G13 82 G11 110 SB01 138 SC13 166 REP02 
27 G07 55 G03 83 WILLARD 111 UWC05 139 JR05 167 JR11 
28 PR12 56 WB05 84 PR18 112 SC15 140 WB11 168 JR09 

 
For each level of I/I removal evaluated, the R values were adjusted according to the assumption 
above, starting with the highest ranked basins, until 39.3 percent I/I removal was achieved across 
the entire system.  In Table 8-3, the basins included in the 10 percent I/I removal evaluation are 
highlighted in red; the basins included in the 20 percent I/I removal evaluation are highlighted in 
red and orange; the basins included in the 30 percent I/I removal evaluation are highlighted in red, 
orange, and yellow; and the basins included in the 39.3 percent I/I removal evaluation include all 
basins except those highlighted in gray.  The basins highlighted in gray represent flow contributions 
from the customer cities.  Because Springfield does not control the customer cities’ infrastructure, 
I/I removal was not assumed for these basins. 
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The future growth sanitary sewer model was used to evaluate each I/I reduction level identified 
above.  For the 0 percent I/I reduction analysis, it was assumed that no I/I was removed from the 
system; thus, the I/I levels in the calibrated model were used in addition to the increased flow 
contribution for the future growth areas.   

Table 8-3 Estimated Collection System Improvement Capital and O&M Costs 

I/I 
REMOVAL 
(%) 

TOTAL 
STORAGE 
CAPITAL COST 
ESTIMATE  ($) 

TOTAL 
CONVEYANCE 
CAPITAL COST 
ESTIMATE ($) 1 

TOTAL LENGTH 
OF SEWER 
CONVEYANCE 
REPLACED/ 
REHABILITATED 
(FT) 

LIFT 
STATION 
O&M COST 
ESTIMATE 
($) 

TOTAL PRESENT 
WORTH FOR 
TRANSPORT ($)  

0 195,613,000 263,523,000 370,000 9,779,000 468,915,000 

10 178,754,000 238,031,000 334,000 9,727,000 426,512,000 

20 169,629,000 201,039,000 289,000 9,633,000 380,301,000 

30 154,935,000 176,235,000 252,000 9,509,000 340,679,000 

39.3 141,576,000 152,531,000 221,000 9,400,000 303,507,000 
1 Conveyance costs include costs for pipe replacement, sewer relief, and lift station upgrades. 

 
For the evaluation of each I/I removal, the cost-effective storage tanks, identified during the 
preliminary storage analysis discussed above, were utilized in the model, and the sewer lines were 
upsized until there were no SSO or pipe surcharged to within 8 feet of ground surface throughout 
the system.  All of the upsized pipes for a given I/I removal level were included in the cost analysis 
for that I/I removal level to determine the estimated total capital cost.  Appendix 8A summarizes 
the assumptions used to develop the collection system storage and transport costs for the analysis.  
All upsized pipes were assumed to be replaced, unless they were specifically identified as relief 
sewers or parallel pipes during the previously completed optimization study.  Areas targeted for 
relief sewers were previously based on the known overall good condition of existing pipe.   

The model results for each level of I/I removal were used to determine the capital cost for 
improvements in the collection system and at the wastewater treatment plants.  Table 8-3 shows 
the total estimated capital and O&M costs for the collection system improvements necessary to 
convey flow to the City’s existing treatment plants without incidence of overflows or bypasses for a 
5 year peak flow event.  A more detailed summary of storage requirements is shown in Table 8-4. 
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Table 8-4 Summary of Storage Volumes and Costs 

STORAGE 
SITE PARAMETER 

I/I REMOVAL (%) 

0% 10% 20% 30% 39.3% 

Site 6 Volume (MG) 3.5 4.3 4.1 3.8 2.6 

Cost ($) 14,657,000 16,881,000 16,595,000 15,482,000 12,146,000 

Site 7 Volume (MG) 5.9 5.9 5.88 5.5 4.1 

Cost ($) 21,436,000 21,436,000 21,374,000 20,319,000 16,404,000 

Site 8 Volume (MG) 23.5 18.4 16.3 14.1 13.7 

Cost ($) 70,001,000 54,601,000 48,975,000 42,964,000 41,882,000 

Site 11 Volume (MG) 32.9 31.3 30.7 27.9 25 

Cost ($) 15,784,000 15,153,000 14,876,000 13,809,000 12,642,000 

Site 12 Volume (MG) 167 163 154.7 138.9 133.3 

Cost ($) 63,185,000 61,839,000 58,965,000 53,517,000 51,573,000 

Site 13 Volume (MG) 2 1.4 1.4 1.4 0.8 

Cost ($) 10,550,000 8,844,000 8,844,000 8,844,000 6,929,000 

 
The sanitary sewer system with collection system improvements for the incremental I/I removal 
are shown on Figure 8-3.   

8.2.2 Treatment 
In addition to accounting for collection system improvement costs, the cost-effectiveness analysis 
factors in treatment costs.  The treatment cost is based on using a 5 year, 24 hour event with a total 
rainfall of 4.35 inches.  The analysis was conducted for a range of I/I removal rates, including 
0 percent, 10 percent, 20 percent, 30 percent, and 39.3 percent (maximum estimated potential I/I 
abatement) removal systemwide, to determine the most cost-effective level of I/I elimination to be 
used in the marginal cost analysis. 

Capital costs were developed for the Northwest Treatment Plant (NWTP) and SWTP to provide 
additional storage or rehabilitate existing storage systems at both facilities in excess of the plant 
capacity.  The design capacity of the SWTP and NWTP used for the evaluation was approximately 
100 million gallons per day (mgd) and 20 mgd, respectively.  O&M costs were also developed for 
the treatment of the stored flows once capacity is available at the each plant. 

Initially, several methods of excess flow treatment were evaluated at the SWTP as an alternative 
to on-site storage.  As previously described in Chapter 4.0, these options included chemically 
enhanced sedimentation (CES) using new primary clarifiers, CES utilizing the existing peak flow 
clarifier, and high rate treatment (HRT).  The initial evaluation of these treatment options resulted 
in an estimated present worth (PW) cost from $159 million to $223 million.  After the preliminary 
CEA and MCA evaluations of these treatment options, it was determined that improvements to 
storage within the collection system and storage at the SWTP would be evaluated.  Adding storage 
to the collection system is described in Subsection 8.2.1. 
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Figure 8-3 Collection System Improvements for 5 Year Event with Incremental I/I Removal 
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8.2.2.1 Improvements at the SWTP 
To accommodate WWF in excess of the plant capacity, existing storage facilities would be utilized.  
Storage at the SWTP would be achieved by rehabilitating the existing earthen Holding Basins 1 and 
2 and concrete repair and rehabilitating the existing peak flow clarifier, Figure 8-4.  Use of the 
existing facilities would enable the plant to provide approximately 30 million gallons of storage.  
This level of storage was estimated to be provided for each of the I/I removal rates evaluated.  
Storage required above this amount was assumed to be handled in the collection system.  It has 
been assumed that conveyance capacity of the existing on-site piping is adequate to convey the 
WWF. 

 

Figure 8-4 Southwest Treatment Plant 
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8.2.2.2 Improvements at the NWTP 
Storage at the NWTP would be achieved by the construction of a new equalization (EQ) basin near 
the plant adjacent to the existing interceptor conveying flow from southeast to the plant, Figure 8-5.  
The new EQ basin volume varied with the percent I/I removal rates evaluated, as illustrated in 
Table 8-5.  Major components included a diversion structure, concrete EQ basin, and pumping 
station.  The proposed facility would include a multi-cell cast-in-place concrete basin.  A diversion 
structure with screening would be constructed over the interceptor to allow flow by gravity to the 
basin.  Depending on the depth of the basin, a pump station would be introduced to drain back to 
the interceptor.   

 

Figure 8-5 Equalization Basin NWTP 
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Table 8-5 Estimated Required Volume of Storage at the NWTP 

I/I REMOVAL 
(%) 

STORAGE 
CAPACITY (MG) 

BASIN DEPTH 
(FT) 

PEAK FLOW HANDLED  
BY EQ BASIN (MGD) 

0 45.57 58 45.30 

10 44.29 56 44.34 

20 41.46 52 39.77 

30 39.57 50 37.02 

39.3 35.89 45 28.83 

 

The O&M costs account for O&M of the new facilities introduced as part of the wet-weather 
improvements as well as the treatment costs for processing the excess flows returned to the head 
of the plant.  The costs for treatment of the excess flow were derived using the Comprehensive 
Wastewater Rate Study prepared for the City in the fall of 2013 and the total volume of flow treated 
by each facility for the year 2013 provided by City staff.  The rate study included a forecast of O&M 
expenses for the year 2013 which was divided into several categories.  For the SWTP, costs 
identified for operations, maintenance, lab, and pretreatment categories were utilized to calculate a 
total O&M value.  For the NWTP, costs identified for O&M categories were utilized.  The rate study 
and total volumes treated at each facility were used to calculate a unit price per million gallons for 
treatment.  The unit price was applied to the estimated annual I/I volume to establish the O&M cost 
for the treatment of the stored flows.  In addition to the plant operating costs at the NWTP, power 
costs associated with operation of the new pumping station and estimated costs for routine 
cleaning of the basin were included. 

Table 8-6 shows the total estimated capital and O&M costs for the storage and treatment 
improvements necessary for flows above the plant capacities. 

Table 8-6 Estimated Treatment Improvement Capital and O&M Costs 

I/I 
REMOVAL 

(%) 

SWTP 
PRESENT 

WORTH OF 
O&M COST 

($) 

NWTP 
PRESENT 
WORTH 
OF O&M 
COST ($) 

TOTAL 
PRESENT 

WORTH OF 
O&M COST 

($) 

SWTP 
CAPITAL 

TREATMENT 
COST ($) 

NWTP 
CAPITAL 

TREATMENT 
COST ($) 

TOTAL 
CAPITAL 

TREATMENT 
COST ($) 

TOTAL 
PRESENT 
WORTH 

TREATMENT 
COST ($) 

0 38,793,000 7,529,000 46,322,000 2,788,000 55,714,000 58,502,000 104,824,000 

10 37,936,000 7,420,000 45,355,000 2,788,000 54,761,000 57,549,000 102,904,000 

20 36,448,000 7,185,000 43,634,000 2,788,000 52,595,000 55,383,000 99,017,000 

30 34,274,000 7,028,000 41,302,000 2,788,000 51,158,000 53,946,000 95,248,000 

39.3 32,590,000 6,721,000 39,311,000 2,788,000 48,412,000 51,200,000 90,511,000 
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The capital and O&M costs were based on the current calibrated hydraulic model.  Hydrographs for 
each storm event at the NWTP and SWTP were derived from the hydraulic model to determine the 
volume of excess WWF requiring treatment and/or storage.  Each cost estimate was based on I/I 
removal improvements being implemented to achieve the assumed percentage of removal (i.e., 
0 percent, 10 percent, 20 percent, 30 percent, 39.3 percent).  For the SWTP, the storage amount 
available at the plant is fixed; therefore, excess storage requirements above this amount were 
assumed to be handled in the collection system.   

After the City has completed additional flow monitoring to validate the model calibration (as 
discussed in this Chapter 8.0) and additional I/I abatement projects have been completed to 
validate the I/I reduction assumptions, it is recommended that further evaluation be conducted to 
review the cost-effective treatment options at each treatment plant.  After the model calibration has 
been validated, the updated data may require additional evaluations of the treatment options 
discussed in Chapter 4.0 such as storage, HRT, or CES. 

8.2.3 I/I Reduction 
The third and final major component included in the CEA is I/I abatement cost.  I/I abatement cost 
is based on a summation of cost for defect identification, private-sector abatement, and public-
sector cost-effective rehabilitation.  The cost to implement I/I abatement was based, in part, on 
actual results from the Pilot Private I/I Abatement Program and public-sector sewer rehabilitation 
either completed or in progress by the City. 

The cost to implement a defect identification program was based on the following assumptions: 

1. Smoke Testing--Total footage of pipe within a sub-basin would be smoke tested at 
a unit cost of $0.50/LF of pipe. 

2. Manhole Inspections--Because the City has previously completed public-sector 
rehabilitation that had a primary focus on manhole rehabilitation, only manholes 
found to be defective during smoke testing will receive a follow-up physical 
inspection.  The number of manholes estimated for follow-up inspection was based 
on smoke testing completed prior to the Pilot Private I/I Abatement and Groups 1, 2, 
and 3 public rehabilitation programs.  Previously, approximately 12 percent of all 
manholes smoke tested contained defects.  A typical industry standard unit cost of 
$150/manhole was estimated per inspection. 

3. Closed Circuit Television (CCTV) Inspection--It was assumed that all public 
sector vitrified clay pipe (VCP) would be cleaned and televised through contract 
sources.  This inspection program would be considered a substantial size and could 
be televised at a unit rate of $1.75/LF of pipe.   

4. Building Evaluations--It was assumed that the building evaluation program would 
continue in a fashion similar to the Pilot Private I/I Abatement Program and that 
approximately 1,700 buildings would be inspected to identify downspout 
connections, uncapped cleanouts, driveway drains, stairwell drains, foundation 
drains, area drains, and sump pumps connected to the sanitary sewer.  It was 
assumed that building evaluations would include a visual evaluation of the interior 
and exterior of each building.  No CCTV inspection of the lateral would be included.  
Staffing for the inspection program would be composed of both consulting and City 
staff during the initial phases of the program.  It was assumed that City staff would 
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assume responsibility for all phases of the building evaluation and disconnect 
program upon completion of City staff cross-training.  The estimated unit cost for 
building evaluations was approximately $286/building.  This cost also includes 
implementation of a defect disconnect program. 

5. Data Management, Analysis, and Reporting--It was assumed that typical analyses 
and reporting would be at a unit cost of $0.25/LF of pipe. 

In addition to the unit cost for each activity described above, a contingency of 25 percent was 
added. 

Following completion of field investigations, abatement programs will be required to eliminate 
defects located on private property.  The costs to implement the disconnect program were also 
based on the Pilot Private I/I Abatement Program; these costs are summarized as follows: 

1. During the Pilot Private I/I Abatement Program, the average construction cost to 
disconnect defects at a property was approximately $1,680.  It was assumed that the 
disconnect program will remain the same and will include defects such as down-
spouts, uncapped cleanouts, area drains, driveway drains, stairwell drains, sump 
pumps, and foundation drains.  On the current Phase 2 Pilot Private I/I Abatement 
project, the City is piloting repairs on a limited number of defective service laterals 
identified through smoke testing and CCTV data.  Lateral evaluations and repairs are 
discussed in more detail in Chapter 6.0.  An additional 25 percent was added for 
contingency, raising the total to approximately $2,100/property with defects. 

2. During the Pilot Private I/I Abatement Program, the number of properties identified 
as having significant I/I contributing defects within a given sub-basin ranged from 
13.3 percent to 27.6 percent.  Each sub-basin had previously been identified as 
having a significant I/I contribution through modeling results.  The sub-basin 
exhibiting the highest percentage of defects was also identified as the sub-basin 
with the highest I/I contribution.  It was therefore assumed that the highest 
percentage of properties with defects within a sub-basin would be 27.6 percent.  It 
was also assumed that the sub-basin with the lowest I/I contribution would only 
have approximately 10 percent as many properties with defects as the worst sub-
basin, resulting in approximately 2.8 percent of the properties containing defects for 
the lowest I/I contributing sub-basin.  The estimated number of properties for each 
sub-basin was based on a linear reduction between 27.6 percent and 2.8 percent, 
based on the sub-basin ranking by I/I rate. 

During previous public rehabilitation efforts, as discussed in Chapter 7.0, the City elected to 
implement a comprehensive rehabilitation program that included evaluation and rehabilitation of 
the majority of VCP within targeted sub-basins.  The purpose of this program was twofold.  First, 
comprehensive rehabilitation would serve as a system structural renewal program that would 
improve system maintenance and reliability and help reduce I/I contribution. Ideally, such a 
program would be implemented systemwide; however, it is understood that this is not feasible 
within the time constraints of the Amended Consent Judgment (ACJ) because of the required 
funding and time to complete such a program.  For this reason, rehabilitation funding for defects 
found to be cost effective based on I/I reduction only were included in the CEA. Recognizing the 
importance of structural renewal, programs to address the maintenance and reliability issues of the 
aging infrastructure will need to be addressed concurrently with the Overflow Control Plan (OCP) 
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I/I reduction projects.  The additional costs required to maintain the aging infrastructure will be 
factored into the affordability analysis discussed in Chapter 9.0. 

Second, the extent of public-sector rehabilitation was based on defects found during manhole 
inspections and smoke testing conducted prior to this analysis.  Typical defects identified during 
the inspections are defective manhole components, main sewer pipe defects, storm sewer cross-
connections, area drains, curb inlets, and defective pipe at drainage crossings. It was felt that I/I 
contributing public-sector defects would be considered cost-effective to repair.  General assump-
tions made for this analysis are as follows: 

1. The average rehabilitation cost for public-sector defects was approximately $75/LF 
based on construction bids received for Group 1 and Group 2 rehabilitation pro-
grams.  This cost was increased by 35 percent for legal, administration, design, and 
contingency, raising the total cost to approximately $102/LF of pipe rehabilitated. 

2. Smoke testing identified approximately 2.4 percent of the public sewers having I/I 
contributing defects.  The sub-basins smoke tested were identified as having the 
highest I/I contribution, according to hydraulic modeling results.  Using a method 
similar to that for detecting private-sector defects, it was decided that the highest I/I 
contributing sub-basins would have 2.4 percent of the City-owned collection system 
rehabilitated.  It was also assumed that the lowest I/I contributing sub-basin would 
have 50 percent less defects than the highest I/I contributing sub-basin, resulting in 
1.2 percent of the City-owned collection system targeted for rehabilitation.   

Once each component for I/I reduction was determined, costs were summed for each sub-basin and 
ranked according to peak I/I contribution (mgd) per 1,000 LF of pipe.  A summary of I/I reduction 
costs are shown in Table 8-7. Additional details are included in Appendix 8B. 

Table 8-7 I/I Reduction Cost Summary 

I/I 
REMOVAL 

(%) 

DEFECT 
IDENTIFICATION 

COST ($) 

PRIVATE-SECTOR 
REHABILITATION 

COST ($) 

PUBLIC-SECTOR 
REHABILITATION 

COST ($) 

TOTAL  
INFLOW AND 

INFILTRATION 
PROGRAM COST ($) 

10 2,072,000 2,029,000 1,150,000 5,251,000 

20 8,720,000 8,573,000 2,938,000 20,231,000 

30 19,227,000 16,721,000 5,798,000 41,746,000 

39.3 35,732,000 23,025,000 11,575,000 70,332,000 
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8.2.4 CEA Results 
The CEA curve comprises three components: I/I reduction costs (cost to implement an SSES 
followed by private- and public-sector rehabilitation), relief sewer costs (costs for improvements 
within the collection system including pipe capacity improvements, flow equalization facilities, lift 
station upgrades, and lift station O&M costs), and treatment costs.  The composite cost curve was 
developed by adding the total cost for each component, shown in Table 8-8, and was used to 
determine the optimum level of I/I removal.   

Table 8-8 Total Costs to Develop Cost-Effectiveness Curve 

I/I 
REMOVAL 

(%) 

TOTAL I/I 
ELIMINATION 

COST ($) 

TOTAL 
STORAGE 
COST ($) 

TOTAL 
CONVEYANCE 

COST ($) 

TOTAL 
TREATMENT 

COST ($) 

TOTAL 
PROGRAM 
COST ($) 

0 0 195,613,000 273,302,000 104,824,000 573,701,000  

10 5,251,000 178,754,000 247,758,000 102,904,000 534,667,000  

20 20,231,000 169,629,000 210,672,000 99,017,000 499,549,000  

30 41,746,000 154,935,000 185,744,000 95,248,000 477,673,000  

39.3 70,332,000 141,576,000 161,931,000 90,511,000 464,350,000  

 
Figure 8-6 shows the CEA curve for the 5 year peak flow event.  Typically, when a collection system 
is evaluated, the conveyance cost curve and I/I reduction cost curve will cross, helping to identify 
the percentage of I/I removal that is deemed to be cost-effective.  The cost curves on the figure 
show a fairly large gap between the I/I reduction and conveyance costs, even at the assumed 
maximum systemwide I/I reduction of 39.3 percent.  The results of this analysis leave open the 
possibility that additional I/I sources such as private laterals maybe cost-effective.  In addition, the 
drought conditions experienced from 2011 through 2013 may be affecting flow monitoring data 
and ultimately the results of the completed I/I reduction projects.  It is recommended that 
additional flow monitoring and I/I reduction projects in the private and public sectors be 
completed to validate these results.  
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Figure 8-6 Cost Effectiveness Analysis Curve for 5-Year Event 
The total cost curve shown on Figure 8-6 indicates that all identifiable excessive I/I should be 
removed.  However, many sub-basins provide relatively low I/I contribution based on hydraulic 
modeling results and may not truly be cost-effective to include in an I/I reduction program.  To 
assist with identifying an appropriate level of I/I reduction for this analysis, I/I contribution from 
each sub-basin was compared to design standards included in the Missouri Department of Natural 
Resources (MDNR) Code of State Regulations (CSR), Section 10 CSR 20-8.11, Engineering--Reports, 
Plans, and Specifications.  These criteria establish a ratio of peak hourly flow to average flow rate 
according to the following equation: 

  Q Peak Hourly/Q Design Avg = 
18+ √𝑃 
4+ √𝑃

 

 where: 

  Q Peak Hourly = Maximum rate of wastewater flow (peak hourly flow) 

  Q Design Avg = Design average daily wastewater flow 

  P = Population in thousands 

During dry weather, approximately 46 MG enters the City’s  wastewater treatment plants daily.  
The collection system contains approximately 6.3 million linear feet of sewer, resulting in an 
average daily flow of 7.3 gallons per day per linear foot (gpd)/LF.  To determine the ratio, or 
peaking factor, an average basin population was determined for the existing system.  The existing 
service area has been sub-divided into 157 sub-basins, which contain a total population of 163,540, 
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an average of 1,035 persons per basin.  Inserting the average basin population into the equation 
above results in a ratio or peaking factor of 3.8.  When applied to the average daily flow, any sub-
basin with a peak flow rate of 27.7 gpd/LF (20.3 gpd/LF I/I contribution) or less would meet 
acceptable design standards.  A comparison of Sub-basin I/I contribution to the MDNR design 
standard is shown on Figure 8-7.   

  

Figure 8-7 Sub-Basin I/I Contribution 
Figure 8-7 compares peak I/I flow rates of the City’s sub-basins against systemwide percent I/I 
reduction.  If I/I reduction were to be implemented to reduce the peak flow rate in all sub-basins to 
the design standards discussed above, the result would be systemwide I/I reduction of 30 percent.  
Because of the unusually large gap between conveyance cost and I/I reduction cost illustrated on 
Figure 8-7, this analysis against the design standards was used to help identify the appropriate level 
of I/I reduction that would be cost-effective to target.  Future projects and analysis will provide 
additional information to help reevaluate the CEA curve and better determine the recommended 
level of systemwide I/I reduction.   

8.3 MARGINAL COST ANALYSIS RESULTS 
To determine the optimum level of service, or return interval, for conveyance and treatment, an 
MCA was used.  An MCA is a method by which the incremental cost to eliminate an SSO occurrence 
is determined and evaluated.  This section describes the process used for the MCA and presents 
subsequent results.   

The MCA was performed using the 30 percent I/I reduction level, as selected from the results of the 
CEA.  The Huff 1 year, 2 year, 5 year, and 10 year Q3 storm events were evaluated in the MCA.  
Similar to the CEA, the 6 hour storm events were used to size pipe in the collection system, and the 
24 hour storm events were used to size collection system storage and wastewater treatment plant 
upgrades.  Table 8-9 shows a summary of the total rainfall for the 6 hour and 24 hour storm events 
for each level of service. 
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Table 8-9 Rainfall Total for Marginal Cost Analysis Storm Events 

STORM RECURRENCE  
INTERVAL 

STORM  
DURATION 

TOTAL  
RAINFALL (IN.) 

1 year 
6 hour 2.18 

24 hour 3.17 

2 year 
6 hour 2.51 

24 hour 3.6 

5 year 
6 hour 3.08 

24 hour 4.35 

10 year 
6 hour 3.59 

24 hour 5.01 

NOAA Atlas 14 totals, Precipitation – Frequency Atlas of the United States 
Volume 8 Version 2, 2013. 

 
Similar to the CEA, the future growth sanitary sewer model (with 30 percent I/I reduction) was 
used to evaluate the different storm recurrence intervals.  For each storm event, the cost-effective 
storage tanks were utilized in the model, and the sewer lines were upsized until there were no SSO 
or sewer pipes surcharged to within 8 feet of ground surface throughout the system.  Costs were 
generated for each storm event to determine the estimated total capital and O&M cost for each 
storm recurrence interval.  All upsized pipes were assumed to be replaced, unless they were 
specifically identified as relief sewers, or parallel pipes, during the previously completed 
optimization study.  Table 8-10 shows the total estimated capital and O&M costs for the collection 
system improvements necessary to convey flow to the City’s existing wastewater treatment plants 
without incidence of overflows or bypasses.  A more detailed summary of storage requirements is 
shown in Table 8-11. 

Table 8-10 Estimated Collection System Improvements Capital and O&M Costs 

STORM 
RECURRENCE 

INTERVAL 

TOTAL 
STORAGE 

CAPITAL COST 
ESTIMATE ($) 

TOTAL 
CONVEYANCE 
CAPITAL COST 
ESTIMATE ($) 

TOTAL LENGTH OF 
SEWER CONVEYANCE 

REPLACED/ 
REHABILITATED 

(FT) 

LIFT STATION 
O&M COST 

ESTIMATE ($) 

TOTAL PRESENT 
WORTH FOR 

TRANSPORT ($) 

1 year 98,791,000 103,345,000 159,000 9,509,000 211,645,000 

2 year 119,026,000 133,608,000 195,000 9,509,000 262,143,000 

5 year 154,935,000 176,235,000 252,000 9,509,000 340,679,000 

10 year 189,314,000 216,292,000 307,000 9,509,000 415,115,000 
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Table 8-11 Summary of Storage Volumes and Costs 

STORAGE 
SITE PARAMETER 

STORM RECURRENCE INTERVAL 

1 YEAR 2 YEAR 5 YEAR 10 YEAR 

Site 6 
Volume (MG) 1.3 2.2 3.8 5.5 

Cost ($) 8,530,000 11,044,000 15,482,000 20,218,000 

Site 7 
Volume (MG) 2.7 3.7 5.5 7.3 

Cost ($) 12,491,000 15,286,000 20,319,000 25,349,000 

Site 8 
Volume (MG) 7.9 10.1 14.1 17.9 

Cost ($) 27,027,000 32,134,000 42,964,000 53,253,000 

Site 11 
Volume (MG) 16.1 19.9 27.9 35.5 

Cost ($) 8,009,000 10,621,000 13,809,000 16,808,000 

Site 12 
Volume (MG) 94.0 109.7 138.9 165.3 

Cost ($) 37,671,000 43,285,000 53,517,000 62,589,000 

Site 13 
Volume (MG) 0.3 0.7 1.4 2.2 

Cost ($) 5,063,000 6,656,000 8,844,000 11,097,000 

 
The sanitary sewer system with collection system improvements for the incremental storm 
recurrence intervals are shown on Figure 8-8.   
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Figure 8-8 Collection System Improvements for 30 Percent I/I Removal with Incremental Storm 
Recurrence Intervals 
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Treatment cost estimates were developed for the 1 year, 2 year, 5 year, and 10 year storm events, 
Table 8-12.  The same assumptions used to develop treatment costs for the CEA were applied to the 
various storm events.  Flow through the existing SWTP processes will be maximized, and the 
existing storage basin will be utilized during wet-weather events.  All additional WWF will be 
collected and stored in the collection system prior to reaching the SWTP.  The only capital costs 
included at the SWTP is to rehabilitate and clean the existing storage basin.  Capital costs at the 
NWTP include the construction of a storage basin to store WWF above the capacity of the facility. 

Table 8-12 Estimated Present Worth of Treatment Improvements 

STORM 
RECURRENCE 

INTERVAL 

SWTP 
CAPITAL 

TREATMENT 
COST ($) 

NWTP 
CAPITAL 

TREATMENT 
COST ($) 

PRESENT 
WORTH  

SWTP I/I 
TREATMENT 

O&M COSTS ($) 

PRESENT WORTH 
NWTP I/I 

TREATMENT 
O&M COSTS ($) 

PRESENT 
WORTH 

TREATMENT 
COST ESTIMATE 

($) 

1 year 2,788,000 42,692,000 34,274,000 7,028,000 86,782,000 

2 year 2,788,000 49,227,000 34,274,000 7,028,000 93,317,000 

5 year 2,788,000 51,158,000 34,274,000 7,028,000 95,248,000 

10 year 2,788,000 59,394,000 34,274,000 7,028,000 103,484,000 

 
The total present worth cost for I/I reduction, treatment costs, and conveyance improvements were 
evaluated for the 1 year, 2 year, 5 year, and 10 year storm events.  Table 8-13 shows a summary of 
present worth costs for the system improvements for each storm recurrence interval. 

Table 8-13 Estimated Present Worth of Improvements for MCA Analysis  

STORM 
RECURRENCE 

INTERVAL 
I/I ELIMINATION 

COST ESTIMATE ($) 

PRESENT WORTH 
CONVEYANCE COST 

ESTIMATE ($) 

PRESENT WORTH 
TREATMENT COST 

ESTIMATE ($) 

TOTAL PRESENT 
WORTH 

WASTEWATER 
IMPROVEMENTS  ($) 

1 year 41,746,000 211,645,000 86,782,000 340,173,000  

2 year 41,746,000 262,143,000 93,317,000 397,206,000  

5 year 41,746,000 340,679,000 95,248,000 477,673,000  

10 year 41,746,000 415,115,000 103,484,000 560,345,000  

 
As noted in Table 8-13, the initial costs developed for the various storm events resulted in 
hundreds of millions of dollars in capacity upgrades to address SSO.  The projects and associated 
costs are in addition to the City’s ongoing daily operations to run and maintain the utility, ongoing 
public sewer rehabilitation projects to address aging pipelines, and ongoing treatment facility 
upgrades to address aging equipment.  With significant costs required to operate and maintain the 
utility outside of the projects identified in the CEA and MCA and with the questions raised during 
the CEA regarding what level of I/I reduction is feasible, the City determined that the best use of the 
ratepayers’ time and money was to complete an affordability analysis before continuing to fine tune 
and build out the projects required for the MCA.   
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Results of the affordability analysis are discussed in greater detail in Chapter 9.0, but it was 
determined that all scenarios presented in Table 8-13 are unaffordable when coupled with ongoing 
operating expenses, pipe rehabilitation activities, and treatment equipment replacement projects.  
In lieu of developing a plan that would recommend a level of service less than 1 year, it was 
determined that it would be best to develop a phased approach that would allow the City to move 
forward with aggressive projects such as private I/I abatement that have proven to be cost-effective 
and to continue to invest resources in system renewal projects to address aging pipe and treatment 
equipment.  This approach will allow the City to continue to maintain its award-winning perform-
ance, extend the life of the existing system, reduce I/I, and continue to gather data to validate I/I 
projections and model calibration. All of this will lead up to an updated OCP toward the end of the 
10 year Recommended OCP implementation period. 

Subsequent to the above MCA, the collection system analysis and costs were further refined for the 
5 year storm recurrence interval based on discussions with the City. The refinements included 
combining and relocating Storage Sites 11 and 12 to a new site, 12A, located across US60 from the 
SWTP and increasing sewer capacity along the Lower Wilson Creek interceptor.  The refinements 
also included relocation of Storage Sites 6, 8, and 13.  The estimated costs for the refined MCA 
solution are shown in Table 8-14. 

Table 8-14 Estimated Collection System Improvements Capital and O&M Costs 

STORM 
RECURRENCE 

INTERVAL 

TOTAL 
STORAGE 

CAPITAL COST 
ESTIMATE ($) 

TOTAL 
CONVEYANCE 
CAPITAL COST 
ESTIMATE ($) 

TOTAL LENGTH 
OF SEWER 

CONVEYANCE 
REPLACED/ 

REHABILITATED 
(FT) 

LIFT STATION 
O&M COST 

ESTIMATE ($) 

TOTAL 
PRESENT 

WORTH FOR 
TRANSPORT ($) 

1 year 98,791,000 130,845,000 159,000 9,509,000 239,145,000 

2 year 119,026,000 161,108,000 195,000 9,509,000 289,643,000 

5 year 154,935,000 203,735,000 252,000 9,509,000 368,179,000 

10 year 189,314,000 243,792,000 307,000 9,509,000 442,615,000 

 

  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Adequate Wet-Weather Capacity Analysis 8-25 
 

8.4 RESULTS AND RECOMMENDATIONS 
The results of the CEA and MCA helped bring to light several factors that have made it difficult to 
validate assumptions used to develop the solution sets for the 1 year, 2 year, 5 year, and 10 year 
level of service.  Although best engineering practice and industry standards were used to evaluate 
I/I reduction projections and the necessary capacity improvement projects, ongoing drought 
conditions and factors unique to the City have limited the data available to make critical decisions 
that will ultimately shape the future infrastructure and financial course for the City.  Factors that 
require additional data and evaluations include the following: 

 Because flow monitoring data used to calibrate the collection system hydraulic model was 
obtained in drought conditions, the accuracy of the model during normal or wet rainfall is 
uncertain. Flow data from normal and wet period rainfall periods are needed to improve 
the confidence in investment decisions made based on the model. 

 The assessment of pilot I/I abatement projects and evaluations have been conducted in dry 
weather conditions.  To be confident in investment decisions, pilot projects need wet and 
normal periods of flow monitoring both before the pilot project to establish a baseline, and 
after the project, to have confidence in the effectiveness of the controls. 

 Flow hydrographs exhibit unusually long infiltration durations that require extraordinary 
conveyance storage and treatment measures to address. This may be the result of 
underlying geotechnical features unique to the region of southwest Missouri.  Further 
investigation is needed to determine the root cause of the City’s abnormally long periods 
of high infiltration and to select control methods focused on that cause. 

8.4.1 Flow Monitoring Data 
The City installed flowmeters in the collection system to increase the City’s ability to measure flow 
and quantify I/I.  Flow monitoring results were used for calibration of the hydraulic model and to 
measure the reduction in I/I flow associated with the VCP rehabilitation projects and the Pilot 
Private I/I Abatement Program.  Obtaining reliable flow monitoring data is essential to evaluating 
the VCP rehabilitation and pilot private I/I abatement projects.   

The City began installation of flowmeters in August 2011.  A total of 58 flowmeters were installed to 
accomplish multiple tasks.  Because of insufficient rainfall during the fall of 2011 flow monitoring 
period, meters were left in place throughout the winter months.  An additional four flowmeters 
were installed in March 2012 to quantify pre-rehabilitation I/I for Group 2 VCP rehabilitation and 
Pilot Private I/I Abatement.  An intensive flow monitoring effort continued through the spring 
months of 2012 and was concluded in June 2012.  Again, drought conditions prevailed throughout 
the monitoring period, resulting in insufficient data to adequately evaluate I/I quantification and to 
calibrate the hydraulic model.  Meters were reinstalled for spring flow monitoring in 2013.   

  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Adequate Wet-Weather Capacity Analysis 8-26 
 

The City began installation of flowmeters in March 2013.  A total of 80 temporary flowmeters were 
installed to accomplish multiple tasks.  Flowmeters were installed to obtain pre-rehabilitation flow 
data for Group 2 VCP rehabilitation, pilot private I/I post-rehabilitation I/I reduction quantification, 
Group 1 VCP post-rehabilitation I/I reduction quantification, and hydraulic model calibration data.  
In addition to the temporary flowmeters, the City continued to operate and maintain 32 long-term 
flowmeters installed in 2011 and 2012.   During the spring of 2013, a total of 112 temporary and 
long-term meters were maintained by the City.   An intensive flow monitoring effort continued 
through the spring months and was concluded in June 2013.  At the conclusion of the monitoring 
period, all temporary flowmeters were removed.  The City continued to operate and maintain the 
32 long-term meters throughout 2013.  Near normal rainfall conditions during the spring 2013 flow 
monitoring period were recorded for model calibration and I/I quantification.   

During the 24 month period prior to the initiation of the 2013 flow monitoring program, approxi-
mately 68.7 inches of precipitation were recorded at the Springfield Airport, in comparison to an 
expected total rainfall of approximately 90 inches.  Although near normal precipitation totals were 
recorded during the 60 day monitoring period, it was felt that infiltration rates could be lower than 
normal because of low groundwater conditions following the extended drought period.  In addition, 
pre-rehabilitation flow monitoring for the Pilot Private I/I Abatement Program and Group 1 Public 
Sewer Rehabilitation Project occurred during drought conditions in the spring of 2012.  Post-
rehabilitation flow monitoring occurred during the spring of 2013 with near normal rainfall totals.  
Although best engineering practice and data available from control basins were used to account for 
the varying rainfall totals, it should be noted that the only I/I reduction results available to validate 
and project future I/I reduction quantities were collected during this time period.    

8.4.2 Extended Infiltration Durations 
The usage of multiple unit hydrograph components to define I/I entering a sanitary sewer is a 
common practice for dynamic hydraulic model calibration.  Short-term, intermediate-term, and 
long-term response in a sanitary sewer system for I/I can be defined by using three sets of unit 
hydrographs. These unit hydrographs include R, T, and K parameters.  The unit hydrograph 
parameters can be defined as: 

R = % of rainfall volume that becomes inflow/infiltration. 

T = time to peak. 

K = ratio of time to recession to time to peak. 
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Refer to Figure 8-9 for a graphical representation of this relationship. 

 

Figure 8-9 Three Unit Hydrographs from USEPA SSOAP Toolbox 
 
This R3, T3, K3 defined unit hydrograph representing rainfall dependent infiltration is not the same 
infiltration response found in sanitary sewers from seasonal groundwater infiltration. Figure 8-10 
shows a graphical representation of the relationship between base sanitary flow, groundwater 
infiltration, and rainfall dependent I/I. 

Using recorded flow monitoring data, flow analysis was performed using the United States 
Environmental Protection Agency (USEPA) Sanitary Sewer Overflow Analysis and Planning 
(SSOAP) Toolbox. The complete set of flow parameters were calculated for a range of storms for 
each flowmeter. The complete set of flow parameters are (R1, T1, K1), (R2, T2, K2), and (R3, T3, 
K3).  

Even though flow monitoring occurred following drought conditions, the flow hydrographs and 
SSOAP analysis show an extended rainfall-dependent infiltration (R3, T3, K3) response.  It was felt 
that infiltration recedence times were significantly longer than typically seen in other collection 
systems.  The infiltration response in the City’s system was compared to other sanitary sewer 
modeling conducted for Cincinnati, Ohio, and Pittsburgh, Pennsylvania.  The results of this 
comparison are shown on Figure 8-11.  The values for Cincinnati and Pittsburgh reflect the 
response in the sanitary sewer system.  

As can be seen in Figure 8-11, total duration of rainfall-induced I/I in Springfield far exceeds 
responses identified in other Midwestern utilities.  The median response duration for Springfield 
was 110 hours, while Pittsburgh and Cincinnati were 26 and 30, respectively.   
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Figure 8-10 Graphical Representation of Flow Hydrograph Disaggregation 
 
 

 

Figure 8-11 Midwest System Basin Infiltration Response Comparison 
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Generally speaking, each of these utility’s collection systems is composed of similar construction 
materials following standard construction practices, maintained in a similar fashion, and are 
considered to be separate sanitary sewer systems.  It is believed that local geology may play a major 
role in the variation between utilities.  While each utility is subject to rolling hills with limestone 
formations, the Springfield area limestone formation is more susceptible to erosion, creating karst 
geologic features.  Karst geologic features such as springs, losing streams, sinkholes, and caves each 
create unique circumstances affecting groundwater conditions.  In addition, the Springfield area is 
also known for fragipan soils, which can inhibit groundwater migration and result in perched water 
tables.  Fragipan soils within the region are variable in depth but generally range from approxi-
mately 15 to over 50 inches.  Perched groundwater tables within this depth range could cause 
significant submergence of shallow sanitary sewer pipe.  Since most publicly owned sanitary 
sewers exceed 6 feet in depth, private service laterals, because of their shallow depth, may 
represent a primary component in Springfield’s extraordinarily long infiltration contribution to the 
sanitary sewer system. 

8.4.3 Recommendations 
Because of the questions raised during the cost-effectiveness and marginal cost analyses, it is 
believed that a plan recommending a significant investment in capacity improvement projects to 
meet a recommended level of service is neither appropriate nor warranted.  Developing and 
implementing such a plan may result in the City spending hundreds of millions of dollars on 
capacity improvement projects that may ultimately be undersized or oversized for the City’s needs.  
Moving forward, it is recommended that a phased approach be developed to allow the City to 
adaptively manage the solutions that will be most beneficial for its community.  It is also 
recommended that the OCP be developed toward the end of the Recommended OCP implemen-
tation period in conjunction with the Integrated Plan to ensure that the City’s resources are being 
utilized efficiently and effectively to achieve the biggest improvement to the environment.  Using 
this adaptive management approach will allow the City to implement solutions that are known to 
be cost-effective while continuing to gather data on its system.  It is recommended that the City 
focus its efforts on the following areas: 

 Flow monitoring. 

 I/I abatement projects. 

 System renewal projects. 

 System maintenance. 

 Hydrogeologic evaluations. 

8.4.3.1 Continued Flow Monitoring 
It is recommended that the City continue to operate the 32 long-term flowmeters currently 
installed in the collection system.  Data collected from the long-term flowmeters will be used to 
validate the calibration of the collection system hydraulic model.  If the area continues to 
experience normal rainfall conditions, the additional data will be used to reevaluate infiltration 
rates because of  recharged groundwater.  It is also recommended that additional temporary flow 
monitors be installed in the collection system to help quantify the success of I/I abatement projects. 
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8.4.3.2 Continued I/I Abatement Projects 
The Pilot Private I/I Abatement Program was highly successful and proved to be a cost-effective 
solution for reducing I/I in the collection system.  It is recommended that the City continue to build 
upon this success by initiating additional pilot programs to evaluate the effectiveness in other 
regions of the City and evaluate the cost-effectiveness of identifying and removing additional I/I 
sources.  During June 2014, the City implemented the Phase 2 Pilot Private I/I Abatement Project.  
The results of this project will be used to validate I/I projections of a systemwide program.  In 
addition, the Phase 2 project includes identifying private lateral defects through smoke testing and 
CCTV.  After the private lateral defects are identified, repair costs will be negotiated with local 
plumbers.  More detailed discussions on the Phase 2 Pilot Private I/I Abatement Project are 
included in Chapter 6.0. 

The City continues to identify public I/I sources through smoke testing, manhole inspections, and 
CCTV inspections.  Identified defects are addressed as part of the City’s ongoing public sewer 
rehabilitation program.  Future pilot projects may also be implemented to focus on identifying and 
addressing cost-effective I/I sources outside of the public sewer rehabilitation projects, which focus 
more on system renewal. 

8.4.3.3 Continued System Renewal Projects 
As the City implements new programs to address I/I and reduce SSO, it is important to not lose 
sight of the ongoing projects necessary to maintain the City’s award-winning system.  The City’s 
SWTP has not had a violation in over 8 years, receiving three consecutive National Association of 
Clean Water Agencies (NACWA) platinum awards along the way.  A platinum award is given to 
facilities that have gone 5 years without a violation.  In addition, the City’s NWTP has not had a 
violation in over 4 years, earning 4 consecutive NACWA gold awards.  A gold award is given to 
facilities that have operated without a violation for 1 year.  These achievements are important to 
the City and demonstrate the dedication of the City’s staff.  It is recommended that any future pro-
gram not take away the resources necessary to maintaining the performance of the existing system. 

The City’s existing collection system has approximately 2.8 million feet of pipe that will be more 
than 60 years old by the end of the planning period, the majority of which is clay pipe.  Addressing 
this aging pipe will not only return decades of useful life to the collection system but will also 
reduce I/I.  The City’s two WWTPs are also aging; parts of their systems are more than 50 years old.  
Investment in upgrades at the WWTPs is needed to ensure that they continue to produce high 
quality effluent.  

8.4.3.4 System Maintenance 
As part of the Early Action Projects, the City dedicated funds to increase staff within the sewer 
maintenance department.  The additional staff provided the City with the flexibility to continue 
with normal operations while also assisting with the implementation of the Pilot Private I/I 
Abatement Program and public sewer rehabilitation projects.  The City completed CCTV evaluations 
on over 300,000 LF of pipe to assist with the development of bid documents for the Group 1, 2, and 
3 Projects.  The City also provided resident services and final CCTV review for the public sewer 
rehabilitation projects. 
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It is recommended that the City continue to invest additional funds to increase the resources 
available to increase system maintenance and help implement future projects.  Investing in 
additional equipment and staff to complete CCTV and cleaning operations will help to maximize 
the capacity of the existing system, and similar to what has been seen in other communities, the 
increased maintenance may prove to be the most cost-effective solution to reducing SSO.  In 
addition, providing additional staff and resources to manage and implement treatment plant 
upgrades, private I/I abatement, and public sewer rehabilitation projects will allow the City to take 
on a greater role and ultimately reduce the consulting fees needed to assist with this work.  

Using the recommendations above, a plan will be developed to gather the additional data necessary 
to validate the collection system hydraulic model and to validate I/I projections systemwide.  The 
plan will also continue to invest in solutions proven to be cost-effective, such as private I/I abate-
ment, while continuing to invest in maintenance and system renewal.  The plan will incorporate the 
priorities and recommendations identified through development of the Integrated Plan while also 
providing the flexibility necessary to update solutions as additional data are gathered.  

8.4.3.5 Hydrogeologic Evaluations 
One of the major goals moving forward will be to investigate the causes of the unique wet-weather 
response with very extended periods of high flows in the sewers following a rainfall event and the 
most effective I/I reduction strategies to address this unique response.  Ongoing work includes 
comparison of sewer sub-basin responses to local geologic conditions to determine whether 
correlations can be made.  The sub-basins with the long hydrograph tails are being compared to 
areas of known shallow bedrock and areas of known fragipan soils to determine whether there is a 
clear relationship.  If there are clear indications that such relationships exist, a tailored monitoring 
and metering program will be developed.  The monitoring and metering program may consist of the 
following: 

 Dedicated flowmeters to better establish the sewer system response during more average 
rainfall conditions. 

 Groundwater elevation monitoring to determine water level response to long-term rainfall 
trends as well as specific event response.   

 Monitoring of sub-basins before I/I reduction work and following completion to refine 
estimates of the effectiveness of the I/I reduction work. 

 



CHAPTER 9.0 
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9.0 Financial Capability and Affordability Assessment Study 

9.1 INTRODUCTION 
The City of Springfield (City) hereby waives a Missouri Department of Natural Resources (MDNR) 
affordability review for the Recommended Overflow Control Plan (OCP).  However, in order to help 
frame subsequent investments required to be evaluated under the Amended Consent Judgment 
(ACJ) toward addressing wet-weather capacity-related overflows, the City has prepared this 
Financial Capability Analysis (FCA).  It has been prepared in accordance with Missouri State Code 
Chapter 644.145, formerly HB 89 (2011) (refer to Appendix 9A).  As called for in the ACJ, the 
analysis is intended to facilitate the determination of the affordability of the OCP.  As shown in 
Table 9-1, there are eight factors to be considered. 

Table 9-1 Affordability Factors 

CHAPTER 644.145 
DETERMINATION 

CRITERIA CRITERION DESCRIPTION 

1 Financial capability and ability to raise funding 

2 Affordability of pollution control options  

3 Overall control costs and environmental benefits  

4a Lowering impact by adequate time 

4b Regulatory accommodation in light of economics and benefits 

5 Other community environmental investments 

6 US Environmental Protection Agency (USEPA) guidance for FCA, use 
attainability, wet-weather standards 

7 Relevant community economic conditions  

 
These factors are discussed in reverse order herein after the presentation of the cost impact of 
alternative levels of service (LOS) that address peak design flows. 
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9.2 ALTERNATIVE LEVEL OF SERVICE COST IMPACT 
The ACJ calls for a financial evaluation of alternative LOS addressing peak design flows for the 2, 5, 
and 10 year wet-weather events by a default planning period of 2031.  The cost of these alternative 
LOS for the city of Springfield ratepayers are presented in previous chapters.  One evaluation factor 
is the cost of each LOS in relation to the median household income (MHI) of the community.  The 
determination of these costs, based upon information presently available, is calculated in 
Appendix 9B and summarized in Table 9-2.  

Table 9-2 Cost Per City of Springfield Household for Evaluated Levels of Service in 2031 

DESCRIPTION 
1 YEAR LOS 

($) 
2 YEAR LOS 

($) 
5 YEAR LOS 

($) 
10 YEAR LOS 

($) 

Annual Bill/MHI 3.6 3.8 4.2 4.7 

Annual Bill/Upper Limit of Lowest 
Quintile 

7.9 8.4 9.4 10.3 

 
All the alternative LOS evaluated exceed generally accepted affordability guidelines for the city of 
Springfield ratepayers.   

9.3 RELEVANT CITY OF SPRINGFIELD ECONOMIC CONDITIONS 
This section presents the following: 

 Distribution of income within the city of Springfield. 

 Impact on the elderly. 

 City of Springfield poverty rate. 

 Food stamps and public assistance income. 

 Housing burden. 

 Impact by housing type. 

The analysis that follows is based upon the US Census Bureau’s 2011-2013 American Community 
Survey (ACS) 3 year Estimates.  

9.3.1 Distribution of Income Within the City of Springfield 
The MHI for the city of Springfield community is estimated as $32,322.  This MHI is significantly 
lower than the national MHI of $52,176 and even the statewide MHI of $46,640.  In addition, 
approximately 46 percent of the households in the city of Springfield (over 32,500 households) 
have an MHI below $30,000. 

Table 9-3 summarizes the distribution of income for the city of Springfield by quintile (20 percent 
increment) as compared to the United States.  The values shown are for the upper limit of each of 
the first four quintiles, meaning the highest income for that quintile.  For instance, the upper limit of 
the Lowest Quintile for the city of Springfield is $14,637, indicating that 20 percent of the 
households within the city of Springfield have incomes at or below $14,637.  For the top quintile, 
the value indicated is the lower limit of the top 5 percent of households in that quintile.  
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As shown, income at all levels within the city of Springfield fall below the income levels for the 
United States as a whole.  Therefore, customers within the city of Springfield can expect a greater 
impact from rising utility rates than for the nation on average. 

Table 9-3 Income Distribution 

QUINTILES 

CITY OF 
SPRINGFIELD 

(2013$) 
UNITED STATES 

(2013$) 

Lowest Quintile 14,637 21,304 

Second Quintile 26,307 40,924 

Third Quintile 40,300 65,609 

Fourth Quintile 64,862 105,451 

Lower Limit of Top 5% 118,134 196,328 

 

While the review of income by quintile is meaningful, the distribution of income within the city of 
Springfield is even more apparent when looking at income in greater detail.  Figure 9-1 presents the 
percentage of the population (versus households) by income distribution.  As shown, there is an 
indication that a higher percentage of the population within Springfield is distributed in the lower 
end of the income levels compared to United States as a whole, and conversely, a lower percentage 
of the city of Springfield is located at the higher income levels.  

 

Figure 9-1 Income Distribution for the City of Springfield 
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9.3.2 Impact on the Elderly 
Figure 9-2 presents the distribution of income among the elderly households, as compared to the 
city of Springfield as a whole.  As shown, at many of the lower income brackets there are a larger 
proportion of elderly households relative to the city of Springfield as a whole.  This means that the 
elderly may be more heavily impacted by rising utility rates than the city of Springfield on average.  
In addition, elderly household income tends to be much more fixed than the general population, 
meaning elderly ratepayers will have a much more limited ability to increase their income to offset 
rising utility rates in the future. 

 

Figure 9-2 Income Distribution (Elderly Households) 
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9.3.3 City of Springfield Poverty Rate 
Poverty is another socioeconomic measure that indicates economic need.  Based on the 2011-2013 
ACS 3-Year Estimates, 15.9 percent of the United States population is living below the federal 
poverty line.  As shown in Table 9-4, in the city of Springfield, 25.5 percent of residents are living 
below the poverty level.  This compares to a 2013 Missouri statewide poverty rate of 16.0 percent.  
For households with occupants under 18 years, this percentage is even steeper at 34.1 percent.  
This constitutes a vulnerable population that will be greatly affected by an increase in wastewater 
costs.  

Table 9-4 Springfield Poverty Rate 

RESIDENT BY AGE 

POPULATION FOR 
WHOM POVERTY 

STATUS IS 
DETERMINED 

RESIDENTS LIVING 
BELOW POVERTY 

LEVEL 

PERCENT OF 
RESIDENTS LIVING 
BELOW POVERTY 

LEVEL (%) 

All Residents 151,977 38,814 25.5 

Under 18 Years 28,512 9,734 34.1 

Residents Age 65 or 
Older 

22,454 2,412 10.7 

 

9.3.4 Food Stamps and Public Assistance Income 
In the city of Springfield, there are approximately 18 percent of the population that receive foods 
stamps and/or receive public assistance income.  This is a considerable percentage and indicative 
of a vulnerable population.  

9.3.5 Housing Burden 
As shown in Table 9-5, based on the 2011-2013 ACS 3-Year Estimates, a little over half of 
Springfield households are renter-occupied, with the majority of those households (approximately 
69 percent) having an MHI of less than $35,000.  In addition, 54 percent of renter-occupied 
households have a housing burden of 30 percent or more of their annual income.  

Table 9-5 Owner – Renter Households 

TENURE 

TOTAL  
HOUSEHOLDS 

(%) 

LESS THAN 
$20,000 

(%) 

$20,000–
$34,999 

(%) 

$35,000–
$49,999 

(%) 

$50,000–
$75,999 

(%) 

$75,000–
$99,999 

(%) 

$100,000  
OR MORE 

(%) 

Owner 45.7 14.4 20.7 16.2 22.1 12.5 14.0 

Renter 54.3 40.7 27.8 15.7 11.0 2.7 2.1 
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Of the owner-occupied households, 21 percent have a housing burden of 30 percent or more.  This 
indicates that about 39 percent of Springfield area population is housing burdened, indicating that 
they have significant fixed costs for housing and, therefore, reduced ability to absorb increasing 
wastewater costs.  The graph shown on Figure 9-3 presents a breakdown of the owner- and renter-
occupied households by income level that have a housing burden of 30 percent or more.  As 
expected, the percentage of households that are housing burdened is noticeably higher for income 
levels less than $35,000. 

 

Figure 9-3 Percent of Renter- and Owner-Occupied Households with Greater than 30 Percent 
Housing Burden 

9.3.6 Impact by Housing Type 
Appendix 9B includes the estimated 2031 annual residential bill (ARB) of $1,437 based on 
household type (which includes elderly, renter-occupied, and owner-occupied households), income 
distribution, poverty levels, and housing burden.  This ARB is the estimated bill a customer would 
pay in 2031, after the rate increases needed to fund the 1 year LOS Capital Improvement Program 
(CIP), if it were to be implemented. 

In addition to the evaluation of the ARB for the city of Springfield, the impact on different types of 
households was also evaluated to better understand the economic burden the program could place 
on different types of households.  To identify populations that will be affected most by the 
implementation of the OCP, data were extracted on income levels for different household types, as 
shown in Table 9-6.  
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Table 9-6 Annual Residential Bill as a Percentage of Median Household Income by Household 
Type 

HOUSEHOLD TYPE 
MHI  

(2013$) 

PROJECTED(1) 
MHI  

(2031$) 

AVG RESIDENTIAL  
BILL AS A  

PERCENTAGE OF MHI  
(%) 

All Households 32,322 40,421 3.6 

Elderly Households 32,258 40,341 3.6 

Renter-Occupied 23,990 30,001 4.8 

Owner-Occupied 48,538 60,701 2.4 

(1)MHI is escalated at 1.25 percent annually from the 2013 base year. 

 

As shown in Table 9-6, all household types are in excess of 2.0 percent by 2031, with a substantial 
impact on renter-occupied households. 

9.4 USEPA GUIDANCE FOR FCA, USE ATTAINABILITY, AND WET-WEATHER 
STANDARDS 

9.4.1 USEPA Guidance for FCA 
Missouri State Code Chapter 644.145 calls for the use of USEPA guidance with the following 
direction: 

Prescriptive formulas and measures used in determining financial capability, affordability, and 
thresholds for expenditure, such as median household income, should not be considered to be the only 
indicator of a community's ability to implement control technology and shall be viewed in the context 
of other economic conditions rather than as a threshold to be achieved. 

The Financial Analysis in Appendix 9B generally follows USEPA guidelines related to the provision 
of additional information.  As presented in Section 9.2, the costs projected for a 1 year LOS 
exceeded generally accepted limits of financial capability, including those used in USEPA’s 1997 
Guidance (2 percent threshold).  This is confirmed by the yearly impact analysis presented in 
Table 9-7, which indicates that households within the lowest quintile have an average annual bill 
that is already exceeding the 2 percent threshold, and by 2031, will be at nearly 8 percent of the 
upper limit of income in that quintile.  Even at the MHI level, the average annual bill is projected to 
exceed the 2 percent threshold by 2028.   

As shown, the distressed population of Springfield is already heavily burdened with current rates.  
In the context of other economic conditions presented in Section 9.3, it is uncertain that Springfield 
will be able to raise rates beyond that called for through 2026.     
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Table 9-7 Yearly Impact of One-Year Level of Service for City Ratepayers 

DESCRIPTION 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Estimated Annual Residential Bill ($) 315 327 337 347 377 411 448 483 517 

Estimated MHI ($) 32,726 33,135 33,549 33,969 34,393 34,823 35,258 35,699 36,145 

Annual Bill/MHI (%) 1.0 1.0 1.0 1.0 1.1 1.2 1.3 1.4 1.4 

          

Estimated Upper Limit of Lowest Quintile ($) 14,820 15,005 15,193 15,383 15,575 15,770 15,967 16,166 16,368 

Annual Bill/ Lowest Quintile (%) 2.1 2.2 2.2 2.3 2.4 2.6 2.8 3.0 3.2 

DESCRIPTION 2023 2024 2025 2026 2027 2028 2029 2030 2031 

Estimated Annual Residential Bill ($) 543 570 593 647 705 832 998 1,197 1,437 

Estimated MHI ($) 36,597 37,055 37,518 37,987 38,462 38,943 39,429 39,922 40,421 

Annual Bill/MHI (%) 1.5 1.5 1.6 1.7 1.8 2.1 2.5 3.0 3.6 

           

Estimated Upper Limit of Lowest Quintile ($) 16,573 16,780 16,990 17,202 17,417 17,635 17,856 18,079 18,305 

Annual Bill/ Lowest Quintile (%) 3.3 3.4 3.5 3.8 4.0 4.7 5.6 6.6 7.9 
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9.4.2 Use Attainability and Wet-Weather Standards 
The principal use impaired by sanitary sewer overflows (SSO) is recreation in and on the water.  
Wet-weather standards are typically nonexistent during large rain events simply because the water 
is too high to access the streams, the water current is too fast to safely swim, the water clarity is too 
diminished to safely see in the water, and there is typically a severe concern about debris 
jeopardizing swimmer safety.  In many events of concern, even lesser instream activities than 
swimming are aborted or modified during wet-weather conditions because of safety concerns.  For 
example, the US Geological Survey (USGS) has protocols for when its staff/contractors will take 
water quality samples during wet-weather events.  Often, instead of near-stream sampling, any 
such samples are taken from the safety of a nearby bridge.   There are certainly rainfall events in 
Springfield that render the local waters unsafe for recreation.  Accordingly, the attainability of 
bacteria criteria and the primary contact recreational use during large wet-weather events will 
need to be evaluated over time. 

Section 303(c) of the Clean Water Act requires the MDNR to review the state’s water quality 
standards at least once every 3 years.  This process, called a triennial review, is an opportunity for 
the department, the USEPA, and the public to review and update Missouri’s water quality 
standards, where applicable.  One important part of the triennial review is a determination of 
whether new or revised use designations are required for waters of the state.  Use Attainability 
Analyses (UAAs) are the means the department uses to determine whether designated uses are 
existing or attainable on these waters.  Use attainability includes the assessment of six factors; at a 
minimum, three of these apply to Springfield as follows:  

 Intermittent flow conditions prevent use--This is the case when flows are so high as to 
prevent safe entry into the water for recreation, as well as remaining in the water.  It is 
expected that rain events at the 1 year LOS will make the creeks unsafe for recreation for a 
period of time.  Some communities actually prohibit public recreation in certain streams 
during certain flow levels or weather conditions.  Other communities may require permits 
to be in streams during storm conditions. 

 Use is prevented by human caused conditions that would cause more environmental 
damage to remove than to leave in place--In some cases, urban development results in 
fundamental changes to the environment that cannot be remedied.  An example is the 
presence of impervious surfaces that will result in pollutant loadings and runoff that is not 
controllable during large storm events.   

 The cost of restoring the use would cause widespread social and economic impact--
Evaluating this factor is the purpose of the FCA.  The 1 year LOS cost exceeds the cost that 
would cause widespread social and economic impact on the city of Springfield.  

As the OCP is implemented, wet-weather standards and use attainability analysis must be 
considered by the City and MDNR.  
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9.5 OTHER COMMUNITY ENVIRONMENTAL INVESTMENTS 
Springfield has a long-term commitment to the environment, which is documented in the 2012 
document, “Springfield and Greene County’s Ongoing Efforts in Environmental Protection and 
Sustainability”.  The following categories of programs are in place:  

 Community Plans and Policies.  

 Sustainability.  

 Wastewater.  

 Storm Water.  

 Drinking Water. 

 Air Quality.  

 Solid Waste Management.  

 Brownfields.  

 Community Involvement.  

Selected examples of these programs are described as follows.  

Ozarks GreenScore is a program designed to educate, assist, and recognize area businesses and 
organizations as they adopt environmentally sustainable practices.  To be considered 
environmentally sustainable, organizations must score highly on evaluated criteria such as waste 
management, energy management, policy management, water conservation, and air and water 
quality protection.  Based on their evaluated criteria scores, organizations are awarded a Bronze, 
Silver, Gold, or Green level award.  

In response to a Power Supply Community Task Force recommendation that City Utilities 
implement a more aggressive energy conservation program, since 2006 the utility has implemented 
over 16 programs and has issued nearly 30,000 energy conservation rebates to customers.  After 
the first five full years of implementation, these programs have resulted in saving the equivalent of 
the annual electric consumption of 4,542 homes, the annual natural gas consumption of 2,764 
homes, and the annual water consumption of 1,558 homes. 

The following green buildings/projects have been completed with Leadership in Energy & 
Environmental Design (LEED) certification:  

 Transportation Management Center – LEED Gold. 

 Environmental Resource Center – LEED Silver is minimum target. 

 Greene County Archives/Elections Center – LEED Silver. 

 Watershed Center – LEED Platinum. 

 Police/Fire Training Center – near completion – LEED Silver is minimum target. 

 Greene County Public Safety Center – LEED Silver. 

The City’s Public Works Department and Springfield/Greene County Parks Department have 
adopted a City Tree Canopy Policy for internal projects.  Through a 1/4 cent tax and other special 
funding, the Public Works staff is working to preserve the tree canopy when possible and reforest 
in areas where tree canopy has been removed or presents an optimal growing environment.   
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The City’s floodplain acquisition program was implemented in 1993 to acquire flood-prone 
properties and undeveloped floodplains and riparian corridors.  This program has multiple 
benefits, including reducing flood damages and expensive storm water infrastructure upgrades, 
protecting water quality, and providing green space and recreational opportunities for the 
community.  At a cost of approximately $15 million, the City has preserved over 200 acres of 
undeveloped floodplains and riparian corridors from future disturbance and development, and 
purchased over 150 flood-prone residential and commercial properties that have been converted to 
green space.  This program has helped make possible the construction of the Galloway, South, and 
Jordan Creeks Greenway Trails, which are heavily utilized by the community. 

The City has completed a number of projects demonstrating innovative storm water best 
management practices.  The Jordan Creek North Branch Daylighting Project was the first of its kind 
in this area, removing a concrete tunnel and reconstructing this urban stream with native plants 
and a pedestrian trail.  Projects at Sequiota, Doling, and Fassnight Parks and the Dickerson Park Zoo 
have included stream stabilization, rain gardens, and pervious pavement.   

The City has focused a significant amount of resources on water quality monitoring and studies to 
evaluate a variety of issues relating to stream health.  

The City has also recently committed to spending over $500,000 in matching funds and in-kind 
assistance for the Springfield-Greene County Urban Watershed Stewardship Project (Big Urbie) 
with the Watershed Committee of the Ozarks and other partners.  This project will fund 
approximately $1 million in storm water best management practices to address nonpoint source 
pollution.   

9.6 REGULATORY APPROACH IN LIGHT OF ECONOMICS AND BENEFITS 
The City would like the State to approve the Recommended OCP, which features an investment of 
$200 million over a 10 year period in the Foundation Projects, Advanced Action Plan, and updated 
OCP development.  The City would also like the State to continue to support the City’s development 
of an Integrated Plan for the Environment (Integrated Plan) for the City.  Financial support from the 
MDNR, in the form of below-market loans would be welcomed, especially if such loans can include a 
grant or grant equivalent component. 

9.7 LOWERING IMPACT BY ADEQUATE TIME 
The OCP satisfies the ACJ planning requirement by identifying a plan to meet a LOS by the end of 
the default implementation period (2031).  That plan, however, is clearly unaffordable and unwise 
given the lack of essential planning information for the City’s unique sewer system.  Accordingly, 
the Recommended OCP proposes a staged implementation that commits the City to the first 
10 years of implementation with adaptive management checks along the way.  This 10 year 
program will require at least $200 million in system improvements, leading toward an updated OCP 
toward the end of the 10 year program. 

9.8 AFFORDABILITY OF POLLUTION CONTROL OPTIONS OVERALL CONTROL 
COSTS, AND ENVIRONMENTAL BENEFITS 

As presented herein, the affordability of the pollution control options is limited.  Even the 1 year 
LOS is beyond Springfield’s financial capability at this time.  All the control options are burdensome.  
While there are environmental benefits to the program, particularly when taken together with the 
City’s Integrated Plan, the benefit of going beyond the 1 year LOS is unclear and will definitely have 
to be evaluated with the enhanced information that will be developed over the next 10 years, as 
well as within the context of the City’s evolving Integrated Plan. 
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9.9 CONCLUSION - FINANCIAL CAPABILITY AND ABILITY TO RAISE FUNDING  
The evaluation factors of Missouri State Code Chapter 644.145 are summarized as follows:  

CHAPTER 644.145 
DETERMINATION 

CRITERIA 
CRITERION 
DESCRIPTION SPRINGFIELD OCP AFFORDABILITY ASSESSMENT 

1 Financial capability 
and ability to raise 
funding 

The City has significant financial challenges but has 
managed to maintain stable financial health; the ability to 
collect service fees is limited by other relevant community 
economic conditions and, in particular, the high percentage 
of households currently under a heavy housing burden.  

2 Affordability of 
pollution control 
options  

All the OCP options evaluated are expensive.  The 
Recommended OCP is financially aggressive, and while it 
will further stress distressed populations in the community, 
it should be affordable. 

3 Overall control costs 
and environmental 
benefits  

Control costs are high, environmental benefits are expected 
together with the City’s Integrated Plan.  Benefits beyond a 
1 year LOS are highly uncertain and likely to be limited in 
themselves and especially in relation to other 
environmental improvements that could be implemented 
for the same community financial investment.  

4a Lowering impact by 
adequate time 

The phased schedule in the Recommended OCP provides 
adequate time to investigate means of lowering economic 
impact and providing higher benefits. 

4b Regulatory 
accommodation in 
light of economics and 
benefits 

The $200 million Recommended OCP appropriately 
balances ratepayer economics and public benefits from 
these water quality-related investments. 

5 Other community 
environmental 
investments 

The community has many other important environmental 
programs and investments that are being prioritized and 
addressed through the City’s Integrated Plan. 

6 USEPA guidance for 
FCA, use attainability, 
and wet-weather 
standards 

These factors were used to make informed decisions, in 
combination with other relevant community economic 
conditions, leading to the Recommended OCP. 

7 Relevant community 
economic conditions  

Low community MHI, high poverty rate, and other key 
financial stresses limit the City’s ability to implement any 
program beyond the Recommended OCP at this time.   

 



CHAPTER 10.0 
RECOMMENDED OVERFLOW  
CONTROL PLAN 

Chapter 10.0 
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10.0 Recommended Overflow Control Plan 

10.1 INTRODUCTION 
On May 15, 2012, an Amended Consent Judgment (ACJ) between the City and State was executed 
that extended the existing Consent Decree and required the City to develop and implement a sewer 
system overflow control plan (OCP).  During the fall of 2011 and prior to the execution of the ACJ, 
the City implemented extensive programs to collect data on its system to help evaluate the system’s 
performance and response to wet-weather events.  Programs implemented by the City included 
long- and short-term flow monitoring, smoke testing, manhole inspections, closed circuit television 
(CCTV) inspection, building inspections, surveys, and water quality monitoring at the treatment 
facilities.  Using the collected data, models of the collection system and treatment facilities were 
developed and calibrated to assist with the development of the OCP. 

10.1.1 System Evaluation 
The results of the City’s multiple data collection programs have identified unusual issues, some of 
which are unique to Springfield.  As discussed in greater detail in Chapter 5.0, the City implemented 
a flow monitoring program during the fall of 2011, including systemwide flow monitoring during 
the spring of 2012 (63 meters) and spring of 2013 (112 meters).  During the flow monitoring 
period, the City experienced an extended drought.  In the spring of 2013 near normal rainfall was 
recorded; however, ground water levels were abnormally low, which may have impacted 
inflow/infiltration (I/I) responses to these wet-weather events.  Data collected over this time 
period were used to calibrate the collection system model and evaluate I/I reduction in the system. 

Despite the persistent drought that occurred 
during this time frame, the City’s system still 
experienced a limited number of sanitary 
system overflows (SSO), and surcharging 
occurred because of I/I.  Sections of pipe 
experiencing the highest flow rates are 
located in older portions of the City with high 
I/I contribution and downstream portions of 
the system that convey I/I that has 
accumulated upstream.  In Figure 10-1, pipe 
indicated by modeling with less than a 1 year 
level of service (LOS) is noted in red while 
pipe with a 10 year or greater LOS is shown 
in green.  Pipe capacity upgrades in the older 
areas and downstream portion of the system 
are expensive because of congestion, 
restoration, and large diameter pipe. 

  

Figure 10-1 Pipe Capacity Map 
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During the system evaluation it was also discovered that rainfall induced I/I in Springfield far 
exceeds responses identified in other midwestern utilities.  In particular, the duration of infiltration 
experienced in Springfield when compared with other midwestern cities is abnormally long, often 
extending five or more days after a rain event.  As illustrated on Figure 10-2, the greatest impact of 
these abnormally long infiltration periods occurs when a second rain event occurs.  A typical 
system will have returned to normal dry-weather volumes and flow rates when the second wet-
weather event occurs; however, Springfield’s system is still conveying infiltration from the previous 
event, which reduces the available capacity and volume of flow that can be conveyed from the wet-
weather event.  The system response after a second rainfall event shows a higher peak capacity and 
greater volume through the system.  This is a major challenge that will impose far greater overflow 
control costs on Springfield than on other communities. 

Generally speaking, Springfield’s sanitary sewer collection system is composed of similar 
construction materials, installed using standard construction practices and maintained in a similar 
fashion.  It is possible that the unusual geologic characteristics of Springfield are impacting 
infiltration rates.  Karst geologic features such as springs, losing streams, sinkholes, and caves 
create circumstances affecting ground water conditions.  In addition, the Springfield area is known 
for fragipan soils that can inhibit ground water migration and result in perched water tables that 
may result in the submergence of shallow sanitary sewer pipe.  Further evaluation of these unique 
geologic formations is necessary to better understand the abnormal system response.  

 

Figure 10-2 System Response After Wet-Weather Event 
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10.1.2 Alternative Evaluation 
As required in the ACJ and detailed further in Chapter 8.0, the City completed an alternative 
evaluation of system improvements to reduce overflows up to a 1, 2, 5, and 10 year LOS.  A 
breakdown of the costs to implement the system improvements is provided in Table 10-1.  The 
magnitude of the funds required to implement improvements up to even the 1 year LOS is 
enormous and would place an untenable burden on the ratepayers.  These improvements are not 
only unaffordable to the citizens of Springfield, there is also great concern that implementing the 
necessary rate increases would drive industry out of Springfield, further reducing the City’s ability 
to generate revenue. 

Table 10-1 Long-Term OCP Costs 

STORM 
FREQUENCY 

PRIVATE 
AND  

PUBLIC I/I 
REDUCTION 

($) 

COLLECTION 
SYSTEM 

STORAGE 
($) 

COLLECTION 
SYSTEM 

CAPACITY 
IMPROVEMENT 

($) 

TREATMENT 
PLANT 

CAPACITY 
IMPROVEMENT 

($) 

TOTAL 
PRESENT 

WORTH COST 
CAPACITY 

IMPROVEMENT 
PROJECTS 

($) 

ONGOING 
RENEWAL/ 

MAINTENANCE 
COSTS 

($) 

TOTAL CIP + 
ONGOING 
RENEWAL 

COSTS 
($) 

1 41,700,000 98,800,000 130,800,000 45,500,000 316,800,000 302,800,000 619,600,000 

2 41,700,000 119,000,000 161,100,000 52,000,000 373,800,000 302,800,000 676,600,000 

5 41,700,000 154,900,000 203,700,000 53,900,000 454,200,000 302,800,000 757,000,000 

10 41,700,000 189,314,000 243,800,000 62,200,000 537,000,000 302,800,000 839,800,000 

CIP = Capital improvement program. 

 

10.1.3 Key Elements of the Recommended Plan 
Based on extensive evaluations and the special issues with its system, the City identified key 
priorities required to develop and implement a plan that would focus resources in areas that will 
provide the most benefit to the community while effectively reducing SSO.  These priorities are also 
necessary to provide an affordable plan that will work toward meeting the requirements of the ACJ 
while also accounting for other environmental commitments and following the principles 
developed in integrated planning.    

10.1.3.1 Integrated Planning 
Over the past several years the City, Greene County, and City Utilities, along with support from the 
State and Environmental Protection Agency (EPA) Region 7, has been working on an Integrated 
Plan for the Environment (Integrated Plan) to help identify and prioritize environmental issues.  
The Integrated Plan has concentrated on incorporating all environmental concerns and issues with 
a goal of focusing resources on the most effective solutions − to address the most pressing 
problems − in areas that matter most to the City’s citizens − and in a way that is affordable to the 
community.  These efforts have been gaining momentum both locally and nationally.  The City has 
received written endorsement from the Missouri Department of Natural Resources (MDNR) and the 
EPA on its efforts.  In addition, the City has been asked to present the integrated planning project 
more than 40 times to municipal, state, and national organizations, including a Congressional 
Subcommittee.  The City’s Integrated Plan has the potential to dramatically improve how the region 
addresses its crucial environmental resources.  Wastewater is one part of the big picture when 
looking at potential impacts to its environmental resources.  Requiring the City to commit 
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enormous funds to wastewater projects that are not yet well-defined or proven to be cost-effective 
would undermine the progress made to date on integrated planning.   

10.1.3.2 I/I Reduction Projects 
Based on the evaluations and results of the Early Action Program (EAP), I/I reduction projects have 
proven to be cost-effective.  The City is proposing to continue with the success of these projects by 
implementing I/I reduction projects, including a continuation of the private I/I program, which 
received national recognition from the National Association of Clean Water Agencies (NACWA).  In 
addition to continuing with the proven I/I reduction strategies in both the public and private 
sectors, the City also plans to evaluate and consider additional sources such as private laterals and 
foundation drains.  These pilot projects will help to evaluate and determine if other cost-effective 
solutions can be implemented that would ultimately reduce the necessary funds for system capacity 
improvements.  A continuation of the projects will also provide the City the opportunity to gather 
additional data to validate I/I reduction estimates and the system’s response to wet-weather 
events.  This information will inform subsequent investments beyond this Recommended OCP. 

10.1.3.3 Aging Infrastructure 
Rehabilitating the existing system to minimize I/I and return decades of usable life to the sewers 
and wastewater treatment plants (WWTPs) is essential to the continued performance of the City’s 
wastewater infrastructure.  As noted on Figure 10-3, by the end of the planning period indicated in 
the ACJ (2031), the City will have approximately 2.8 million feet of pipe that is over 60 years old the 
majority of which is clay pipe.  Addressing this aging pipe will not only renew the system but also 
reduce I/I into the system.  The City’s two WWTPs are aging, with parts of their systems being more 
than 50 years old.  Investment in upgrades at the WWTPs is needed to ensure that they continue to 
produce high quality effluent.  In addition, Springfield’s sanitary sewer system is vital for public 
health, economic development, and quality of life.  Rehabbing and maintaining its existing 
infrastructure is critical not only for the reduction in SSO but also for the future of the community. 

 

Figure 10-3 Sanitary Sewer Age 
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10.1.3.4 Adaptive Management  
Investing in additional I/I removal and the associated monitoring and analyses will allow more data 
to be used in estimating overall I/I reduction percentages in the City.  Furthermore, with lower than 
average rainfall during the monitoring period and unusually long infiltration responses, collection 
of more data before committing to a systemwide LOS and capacity improvements is warranted.  In 
addition, the Integrated Plan is still under development.  The Recommended OCP should be 
adaptable to ensure consistency with the Integrated Plan by focusing resources in areas that are 
important to the community and focusing on solutions that are proven to be cost-effective. 

10.1.4 Summary 
These priorities are addressed in the Recommended OCP where the City proposes to commit 
$200 million to reduce SSO and improve the environment over a 10 year period while deferring the 
commitment to a LOS for the system until more data are collected and system performance is 
evaluated.  The Recommended OCP consists of three phases.  Phase 1 includes Foundation Projects 
to be completed from 2016 to 2020.  These projects continue the significant investment in 
improving the sewer system and reducing overflows, and address immediate biosolids digester 
needs at the Southwest Treatment Plant (SWTP).  The second phase includes Advanced Action Plan 
(AAP) projects to be completed 2021 to 2025.  This phase continues the significant investment in 
I/I removal and sewer system upgrades as well as providing needed improvements at the two 
WWTPs.  In both phases, additional data will be collected on the sewer system response to rain 
events, with updates to the models and OCP provided at the conclusion of the second phase.  The 
proposed LOS will be provided toward the conclusion of Phase 2.      

Phase 3 will be for the period beyond 2025.  The City will commit to a long-term, affordable plan to 
continue investing in system maintenance and I/I removal, as well as capacity improvements, to 
achieve the proposed LOS.    

10.2 2016 TO 2020 Foundation Projects  
As the City continues to complete EAP projects by 2018, it proposes to commit $75 million from 
2016 to 2020 to complete Foundation Projects.  The Foundation Projects will build upon the 
momentum and success of the EAP projects by increasing funding and resources to address public 
and private I/I sources, renewal and upgrade of treatment facilities; increase maintenance 
resources; and work toward Municipal Separate Storm Sewer System (MS4) compliance.  The 
increased funding allows the City to reduce SSO and improve the environment while collecting 
additional data and evaluating system performance.  The proposed projects and estimated funding 
are summarized in Table 10-2.  
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Table 10-2 2016 to 2020 Foundation Projects  

DESCRIPTION COST ($) 

Pipe Renewal 9,500,000 

Private I/I Abatement 10,800,000 

Digester Improvements 35,800,000 

MS4 Compliance 4,900,000 

Resource and Maintenance Needs 9,000,000 

Program Costs 3,700,000 

Systemwide Flow Monitoring 1,300,000 

Total 75,000,000 

 

10.2.1 Private I/I Abatement Program  
The City developed and implemented a Pilot Private I/I Abatement Program as part of the EAP to 
identify and remove sources of I/I on private property.  The ultimate goal of the pilot project was to 
determine if it is cost-effective to reduce excess flow in the collection system by removing private 
property I/I sources.   

As discussed in more detail in Chapter 6.0, the preliminary results of the Pilot Private I/I Abatement 
Program prove that removing private I/I sources from the system is cost-effective when compared 
to increased pipe capacity or storage options.  Because of persistent drought conditions that 
occurred during the pre-rehabilitation flow monitoring period, it was difficult to quantify the extent 
of I/I removal.  The City is proposing to move forward with additional private I/I projects during 
the 2016 to 2020 Foundation Projects as a cost-effective solution and to help the City better 
quantify anticipated systemwide I/I reduction. 

10.2.1.1 Sub-Basin Selection 
The selection of private I/I basins for the proposed Foundation Projects was based on the following 
criteria: 

 “Leakiness” of the existing sewer system in the sub-basin and the results of the previous 
sanitary sewer evaluation survey.  

 Land use of the sub-basin. 

 Location of the public sewer rehabilitation sub-basins. 

10.2.1.2 Leakiness of the Existing Sewer System 
During the spring of 2013, the City maintained 112 temporary and long-term flowmeters in the 
collection system to help measure flows and quantify I/I.  The flow monitoring results were used to 
rank the sub-basins throughout the City based on the amount of I/I leakiness entering each sub-
basin’s collection system.  The private I/I basins included in the Foundation Projects were primarily 
prioritized based on leakiness. 
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Flow monitoring data collected during the spring of 2013 indicated the City’s collection system 
experiences unusually long infiltration durations after a wet-weather event has ended.  This is 
explained in Subsection 10.1.1 and on Figure 10-2. 

10.2.1.3 Land Use of the Sub-Basin 
Residential areas generally contain the highest concentration of private I/I sources.  Therefore, 
heavy residential areas were given priority when selecting the pilot basins.  Two of the selected 
sub-basins in the Phase 1 pilot project and one of the selected sub-basins in the Phase 2 pilot 
project contain a higher concentration of commercial/residential buildings.  These sub-basins were 
included to compare private I/I removal in residential versus a mixed use area.  If significant 
sources are found in the mixed use area, the priority sub-basins included in the Foundation Projects 
may need to be reevaluated.    

10.2.1.4 Location of the Public Sewer Rehabilitation Program 
The City is concurrently working on a Public Sewer Rehabilitation Program to rehabilitate aging 
infrastructure and reduce I/I.  To help quantify I/I reduction from public versus private sources and 
to alleviate concerns with the two programs interfering with each other, sub-basins selected for the 
private I/I projects will not undergo public rehabilitation during the same year.   

10.2.1.5 I/I Source Identification 
Results of the pilot program completed as part of the EAP indicate that a significant amount of I/I 
enters the collection system through private sources.  The City will conduct an extensive 
investigation of private properties in the priority sub-basins to help identify I/I sources that are 
cost-effective to disconnect.  The first step of the building evaluations is to smoke test line segments 
in the priority sub-basins.  Typically, smoke testing does not reveal all sources of excessive I/I 
because factors such as traps, sags, leaves and deposition, and high water levels may restrict smoke 
migration.  To help identify additional I/I sources the City will also conduct CCTV, building 
evaluations and dyed-water tracing.  Table 10-3 illustrates the type of defects that may be identified 
with the various investigative techniques.  The City’s Environmental Services Department is also 
exploring cooperative efforts with other City utilities and departments to identify opportunities to 
collect data on I/I sources.  This will provide the City the opportunity to cost effectively use funds to 
leverage on other projects and activities.  In addition to collecting critical data, this will help 
minimize disruption to the public and prevent lengthy lead times to develop and execute contracts. 

Based on the success of the Pilot Private I/I Abatement Program, the City looked to expand on the 
initial efforts by implementing procedures to identify and repair defective service laterals.  Two 
different approaches have been implemented for Phase 2 of the Pilot Private I/I Abatement 
Program to identify properties with service lateral defects.  The first approach is to identify service 
lateral defects through smoke testing in which there are two different historical accounts (2001 and 
2011) available for smoke testing records.  Those service lateral defects are noted in the building 
evaluations that are currently being performed, which will allow the City to obtain an agreement to 
perform any necessary repairs.  When those defects are identified in such manner, a recorded CCTV 
inspection is performed by the selected pre-qualified plumber to confirm the service lateral 
defect(s) identified during smoke testing and to identify additional repairs that may be needed on 
the service lateral.  The cost to repair the qualifying service lateral defects is determined by the unit 
cost pricing established through the plumber procurement process; however, the unit cost also 
allows the City to negotiate a repair fee with the plumber for additional service lateral repairs to 
help achieve a more cost-effective repair based on the difficulty, depth, and extent of the service 
lateral repair.    
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Table 10-3 Defects Identified with Investigative Techniques 

TYPE OF DEFECT 

TESTING METHODS 

SMOKE DYE CCTV 
BUILDING 

EVALUATION 

Uncapped Cleanout     

Downspout     

Area Drain     

Sump Pump     

Foundation Drain     

Stair Well Drain     

Point of Connection     

Private Lateral     

Creek Crossing     

 

On properties where smoke testing did not expose a service lateral defect, however, another 
qualifying private I/I defect was identified – the service lateral for that qualifying property would 
have a recorded CCTV inspection performed by the selected pre-qualified plumber to identify any 
service lateral defects that are a significant source of I/I not found during smoke testing.  If a service 
lateral defect is identified, the same process would apply to obtain a fair price for the repair based 
on the difficulty, depth, and extent of the service lateral repair.   If no service lateral defects are 
identified, the recorded CCTV inspection becomes the record of the service lateral assessment.   

A final recorded CCTV inspection of any service lateral repairs is also performed by the plumber, 
and a copy of the service lateral assessment is recorded by the City.  It should also be noted that the 
unit pricing established for the recorded CCTV inspections includes up to 1 hour of service lateral 
root cutting or jetting necessary to perform the CCTV inspection.   

10.2.1.6 I/I Disconnects 
After completing all evaluations on a building, the City will work with the property owner and an 
approved plumbing contractor to quickly and efficiently repair identified I/I sources.  Plumbing 
contractors will be required to obtain a building permit for repairs involving electrical or 
mechanical components or the repair of a building service lateral.  Simple repairs such as 
downspouts or service lateral cleanouts will not require a building permit.  A representative from 
the City will inspect all disconnects upon completion to verify the work is completed in accordance 
with the specifications. 

Where appropriate, the City will also attempt to incorporate green solutions to repurpose 
rainwater.  Rain barrels and rain gardens will be evaluated for downspout and sump pump repairs 
in areas where ponding of rain water may be an issue and as a means to collect rain water 
otherwise diverted to the storm sewers. 
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10.2.1.7 I&I Reduction Evaluation 
To measure the reduction in I/I flow associated with the private I/I projects the City will collect 
pre-rehabilitation and post-rehabilitation flow monitoring data.  Additional information on the 
collection of flow data is described in more detail in Chapter 5.0 of this report.   

10.2.1.8 Proposed 2016 to 2020 Foundation Projects 
Based on the success and cost-effectiveness of the Pilot Private I/I Abatement Program discussed in 
Chapter 6.0, the City is proposing to continue with projects of similar size and scope on a yearly 
basis during the next 5 year period.  Each Foundation Project will include approximately 1,700 
buildings and will cost approximately $2,000,000 to complete flow monitoring, I/I source 
identification, plumber disconnects, and post-rehabilitation evaluations.  The size and scope of each 
project was selected to work with the City’s resources to complete I/I source identification and the 
availability of qualified plumbers to complete the disconnect work.  The proposed sub-basins and 
timing of each project are presented in Table 10-4.  The proposed sub-basin locations are presented 
on Figure 10-5. 

Table 10-4 Foundation Projects Summary for Private I/I Abatement Projects 

YEAR PROJECT SUB-BASINS 
BUILDING 

COUNT 

ESTIMATED 
COST 

($) 

2016 Phase 3 UWC12, SC05, LS03, FC07 1,583 2,050,000 

2017 Phase 4 SC07, G08 1,689 2,100,000 

2018 Phase 5 UWC09, FC05, SC04 1,740 2,150,000 

2019 Phase 6 JC02, PR05, JC24 1,682 2,200,000 

2020 Phase 7 JC10, JC29, G07, JC32 1,788 2,300,000 

  TOTAL 8,482 10,800,000 

  

The project costs in Table 10-4 are estimates based upon the anticipated number of I/I sources 
identified during the building evaluation process.  The cost and sub-basins included in each project 
may be adjusted if the actual number of identified I/I sources varies from this estimate.  Sub-basins 
may be reprioritized based on continued flow monitoring, results of completed projects, and 
further evaluations on the local geologic conditions and their relationship to the extended 
infiltration periods experienced in Springfield.  At the completion of each project, the cost-
effectiveness of reducing I/I from private sources will be evaluated.  The costs shown in Table 10-4 
may be reallocated to other 2016 to 2020 Foundation Projects.   
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Figure 10-4 2016 to 2020 Private I/I Foundation Projects 
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10.2.2 Public Sewer Rehabilitation Program  
As part of the EAP, the City accelerated an ongoing project to rehabilitate clay pipe, manholes, and 
service lateral connections to reestablish structural integrity and reduce excessive I/I within 
selected sub-basins.  The Group 1 project was completed in 2013, and the Group 2 project was 
completed in 2014.  The City is also scheduled to commence a Group 3 project in 2015.  Each public 
sewer rehabilitation project included in the EAP included the rehabilitation of approximately 
100,000 linear feet (LF) of clay pipe.  More detailed discussion of the implementation and results of 
the public sewer rehabilitation projects are included in Chapter 7.0. 

The City proposes to continue to invest in public sewer rehabilitation as part of the 2016 to 2020 
Foundation Projects.  Discontinuing these projects could result in further deterioration and pipe 
failures of the collection system.  This continued deterioration could offset the progress made in 
both the private and public I/I reduction programs.  As shown on Figure 10-3, by the end of the 
planning period indicated in the ACJ (2031) the City will have nearly 2.8 million LF of pipe which is 
60 or more years old, the majority of which is clay pipe and located in areas with high I/I 
contribution rates. 

10.2.2.1 Sub-Basin Selection   
The initial selection of the priority sub-basins for rehabilitation was based on the projected 
reduction in I/I volume or “leakiness” of the sub-basins.  During the spring of 2013 the City 
maintained 112 temporary and long-term flowmeters in the collection system to help measure 
flows and quantify I/I.  The flow monitoring results were used to rank the sub-basins throughout 
the City based on the amount of I/I leakiness entering each sub-basin’s collection system.  The 
leakiness of the sub-basins was the key factor in selecting each sub-basin; however, historical 
operations and maintenance (O&M) records, age of infrastructure, and staff knowledge of the 
system also played a key role in establishing the basin prioritization.   

10.2.2.2 Collection System Evaluation 
The City will complete an extensive evaluation program to identify structural defects and I/I 
sources in the collection system prior to commencing the rehabilitation program.  Smoke testing of 
the sanitary sewers will also be conducted to identify major I/I sources such as cross connections 
with storm sewers or defective manholes.  On past projects the City has performed manhole 
inspections including vacuum testing to help confirm and identify leaks in manholes.  If it is deemed 
appropriate for future projects, the City will conduct manhole inspections. 

The City will use CCTV to inspect all lines within the selected basins with the exception of lines 
previously rehabilitated or scheduled for replacement or upsizing in the near future.  The City will 
evaluate the pipe and lateral connections and rate the condition.  In areas where higher ground 
water conditions exist, essentially all clay pipe service lateral connections will be repaired.  In areas 
where high ground water conditions do not exist, the City’s condition assessment will be used to 
help determine which pipe and service lateral connections are considered to be cost-effective 
repairs. 
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10.2.2.3 Rehabilitation 
Clay pipe in the selected sub-basins will be rehabilitated using cured-in-place pipe (CIPP).  Point 
repairs will be made on pipe determined not to be a good candidate to be CIPP-lined.  Service 
lateral connections will be repaired using a lateral connection repair (LCR) system to help seal the 
main/lateral interface.  The LCR system used on the projects will extend a minimum of 18 inches 
into the service lateral.  Service lateral connections that are offset or have collapsed will be repaired 
by open-cut rehabilitation methods.  Manholes identified during smoke testing or manhole 
inspections will be repaired using a cementatious liner or cured-in-place frame and chimney seal 
liner. 

10.2.2.4 Proposed 2016 to 2020 Foundation Projects 
Based on the success of public sewer rehabilitation projects discussed in Chapter 7.0, the City 
proposes to continue with projects using a similar approach and scope during the next 5 year 
period.  Each Foundation Project will target areas with high infiltration rates and aging vitrified clay 
pipe infrastructure.  The size and scope of each project will be appropriate to effectively use City 
resources and available contractors to perform the work.  The proposed sub-basins are presented 
in Table 10-5 and on Figure 10-6. 

Table 10-5 Foundation Projects Summary for Public Sewer Rehabilitation Projects 

YEAR PROJECT SUB-BASINS 
ESTIMATED 

COST ($) 

2016-2020 Group 4 JC08, JC05, WB05, WB13, 
SC04, FC07, JC10 

9,500,000 

    TOTAL 9,500,000 

 

The project costs shown in Table 10-5 are estimates based upon the anticipated construction costs.  
The areas and anticipated footage of pipe to be rehabilitated may be adjusted based upon the 
effectiveness of completed work as well as the market conditions and bid prices received.  At the 
completion of each project the cost-effectiveness of structural rehabilitation and I/I reduction from 
public sources will be evaluated.  The sub-basins may be reprioritized based on continued flow 
monitoring, results of completed projects, and further evaluations on the local geologic conditions 
and their relationship to the extended infiltration periods experienced in Springfield.  The costs 
shown in Table 10-5 may be reallocated to other 2016 to 2020 Foundation Projects. 
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Figure 10-5 2016 to 2020 Public Rehabilitation Foundation Projects 
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10.2.3 Municipal Separate Storm Sewer System Compliance 
A 30 member Storm Water Management Task Force, appointed by the City Council and Greene 
County Commission, was charged with studying the long-term needs for the City and County storm 
water programs.  The City and County have ongoing costs to administer the storm water program, 
which include addressing flooding issues, infrastructure needs and clean water mandates.  Those 
costs will increase in the future primarily due to increasing permit requirements. 

The task force discussions focused on three major components of storm water management – water 
quality/unfunded mandates, minimizing flood risk, and replacing aging infrastructure as shown on 
Figure 10-7.  A major storm water funding source for both the City and the County was the 1/8 cent 
Parks/Storm Water Tax, which expired in June 2012.  Since that time, neither the City nor the 
County has a dedicated funding source to address storm water expenses in any of these three areas.  
The remaining funds for storm water management and regulatory compliance will end in 2015. 

 

Figure 10-6 The Major Components of Storm Water Management 
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10.2.3.1 Program Goals and Priorities 
The storm water task force discussed what outcomes are important for the City and the County’s 
storm water management programs.  It also discussed the program priorities that should be used to 
prioritize investments in the program, including capital projects.  The priorities recommended by 
the task force, in order, are listed below: 

1. Reduce the risk of injury/death caused by flooding events. 

2. Protect water quality and help our community comply with federal and state regulations. 

3. Create multiple benefits with storm water investments. 

4. Reduce property damage caused by flooding events. 

5. Make sure the system in place to manage storm water is in good repair by investing in 
proactive infrastructure repair and replacement. 

10.2.3.2 Funding Allocation 
The City’s remaining funds for regulatory MS4 storm water compliance investments will expire in 
2015.  As part of the Foundation Projects, the City proposes to allocate $4.9 million during the 5 
year period.  This corresponds to $750,000 during the first 4 years and $1.5 million during the fifth 
year in 2014 dollars.  The funds allocated over the 5 year period will be used toward meeting 
permit requirements.  Allocation of these funds is contingent upon the City obtaining an adequate 
funding source.  If such a source is not found, $4.9 million in additional sewer-related investments 
will be substituted. 

10.2.4 Resource and Maintenance Needs 
The City will continue the efforts initiated in the EAP to increase equipment and staff resources to 
provide an enhanced level of preventive and reactive maintenance based on the needs of the 
collection system and treatment plants.  The City will also need to bring on additional staff to 
support the projects outlined in the 2016 to 2020 Foundation Projects.  To assist in determining the 
type and level of staffing needed, the City completed an evaluation on the necessary functions to 
maintain and operate the current system.  Other communities have seen dramatic SSO reductions 
with increased system maintenance, and it is believed this could prove to be the most cost-effective 
solution to optimize the existing system.  The staffing needs were categorized as follows: 

 Capital Project Staff. 
 Private I/I Staff. 
 Technical Group. 
 Cleaning and CCTV. 
 Construction Crew. 

10.2.4.1 Additional Maintenance Staff and Equipment 
The City is continually evaluating equipment and staffing needs to assist with the O&M of the 
collection and treatment systems and managing the proposed $200 million capital investment.  It is 
anticipated that the City will need additional project management staff to manage and inspect both 
collection system rehabilitation and treatment projects.  With increased efforts to eliminate private 
I/I, additional staff will be required to coordinate future projects and complete building inspections.  
The volume of projects may also create a need for additional expertise in evaluating and properly 
managing data within the City’s geographic information system (GIS).  The City also intends to 
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strengthen collection system maintenance by investing in additional equipment and staff to support 
its ongoing collection system cleaning and CCTV operations.  Additional construction equipment 
and staff will also be necessary to allow the system to maintain the City’s systems and equipment.  
By investing in additional equipment and staff, the City will be able to reduce long-term 
rehabilitation and maintenance costs of its system when compared to outsourcing.  Investing in 
internal resources will also allow the City to create a sustainable plan to continue to evaluate, 
maintain, and operate the City’s systems. 

10.2.4.2 Fund Allocation 
The City anticipates investing up to $9.0 million in equipment and staffing needs as part of the 2016 
to 2020 Foundation Projects pending the City’s ability to obtain adequate funding.  The results of 
the 2016 to 2020 Foundation Projects evaluations will be used to assist in determining which 
positions and equipment will be most beneficial to assist not only with the ongoing projects but also 
the long-term performance of the system.   

10.2.5 Biosolids Project 
The biosolids management system at the SWTP includes sludge thickening, digestion, gas 
utilization, and dewatering.  Portions of this overall system require improvement and/or 
replacement.     

10.2.5.1 Project Components 
The processes that require attention include the following: 

 Addition of a gravity belt thickener (to address capacity needs as well as improve 
redundancy and reliability). 

 Rehabilitation or replacement of digester mixing system (to address aging equipment, 
minimize short-circuiting, and limit foam formation). 

 Replacement of existing engine driven blower with electric blowers (to address aging 
equipment and to improve overall efficiency and reliability).   

 Because the existing blower currently utilizes biogas for fuel and supplements sludge and 
building heat through heat recovery, the City will likely add dual fuel (digester gas/natural 
gas) boilers (to supply sludge and building heat in the absence of the engine driven blower). 

 Modification to the waste unloading facility, which receives hauled waste from the 
Northwest Treatment Plant (NWTP) and fats, oils, and grease haulers (to optimize digester 
operations and minimize foaming). 

 Replacement of the existing engine generator, which is reaching the end of its expected 
service life.  This generator is essential to converting digester gas to energy and lower 
operating costs for the facility. 

10.2.5.2 Schedule and Funding 
The City is reevaluating the implementation schedule for improvements associated with an 
increase to digester capacity, taking into consideration the potential impacts of future regulations 
on the proposed digester processes.  A phased approach is being evaluated to maximize use of the 
existing digester capacity through the equipment upgrades, to provide flexibility for increased 
capacity, and to address potential future regulations.  The first phase of the upgrades addressing 
immediate needs will be completed as part of the Foundation Projects, and the timing of the second 
phase will be determined over the coming months.  To ensure that the City remains in compliance 
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with its biosolids treatment, the anticipated funding of $35.8 million for both phases of work is 
included in the Foundation Projects.  As the final phasing is fully determined, funds may be 
reallocated if the second phase of work can be postponed into the AAP as discussed in 
Subsection 10.2.6.  If the evaluations on the phased implementation determine portions of the 
biosolids improvements can be deferred, it will allow the City to shift funds to complete additional 
cost-effective collection system rehabilitation as part of the Foundation Projects.  

10.2.6 Program Costs/Flow Monitoring 
Throughout the Foundation Projects, the City will enlist the assistance of outside consultants to 
develop, implement, and manage the ongoing projects.  Tasks will include overall program 
management and public outreach.  The City intends to allocate $3.7 million from 2016 to 2020 for 
consulting services.  As the City is able to increase internal resources and staffing, funds allocated to 
outside consulting services should decrease. 

In the last 2 years of the 5 year period, the City will also initiate a flow monitoring program.  The 
additional data will be used to validate the calibration of the collection system hydraulic model.  
The additional flow data and updates to the collection system hydraulic model will also be used to 
refine the proposed AAP.  Sub-basins will be adjusted if needed to target areas that will provide the 
greatest impact and assist with further evaluations.  The City proposes to allocate $1,300,000 to 
flow monitoring and collection system hydraulic model updates during this period. 

10.3 2021 TO 2025 ADVANCED ACTION PLAN PROJECTS  
At the completion of the 2016 to 2020 Foundation Projects, the City proposes to commit 
$125 million from 2021 to 2025 to complete the AAP.  The proposed projects will increase funding 
and efforts to address public and private I/I sources, public sewer rehabilitation, and MS4 
compliance.  The City will also continue to invest in the renewal and upgrade of the treatment 
facilities.  The increased funding follows the City’s commitment toward reducing bypasses through 
Outfall 002, SSO, and complying with permit requirements.  Proposed projects in the 2021 to 2025 
time frame are shown in Table 10-6. 

Table 10-6 2021 to 2025 Advanced Action Plan Projects 

DESCRIPTION COST ($) 

Pipe Renewal 31,900,000 

Private I/I Abatement 5,000,000 

Priority SSO Projects 20,100,000 

Treatment Facility Renewal 40,900,000 

MS4 Compliance 9,500,000 

Resource and Maintenance Needs 11,400,000 

Program Costs 4,700,000 

Systemwide Flow Monitoring 1,500,000 

Total 125,000,000 
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10.3.1 Private I/I Abatement Program 
The City anticipates a continuation of the private I/I projects initiated as part of the 2016 to 2020 
Foundation Projects.  The private I/I abatement projects will continue to be developed and 
implemented using the procedures in place which include sub-basin selection, I/I source 
identification, and I/I disconnect procedures.  The size and scope of each category of projects has 
been selected to take advantage of the City’s anticipated resources to manage and implement the 
work and the availability of qualified plumbers to complete the disconnects.  Sub-basin selection 
has been coordinated with the priority SSO projects discussed later in this chapter.  Continuation of 
the proposed yearly private I/I abatement projects is contingent upon available funding.  In 
addition, the results of the 2016 to 2020 Foundation Projects evaluation may warrant reallocating 
funds to other projects which are deemed more cost-effective (provide a higher 
public/environmental benefit for the same dollar). 

The proposed sub-basins and timing of each project are noted in Table 10-7 and on Figure 10-8.  
When developing the projects and selecting the associated sub-basins, an effort was made to keep 
the total building counts between 1,600 and 1,900 properties to take advantage of available 
resources, staff, and local plumbers.  Development of the private I/I projects was also coordinated 
with the priority SSO projects discussed later in this chapter to incorporate sub-basins requiring I/I 
reduction.  Sub-basins associated with the priority SSO projects are noted in Table 10-8, and funds 
for private I/I removal in these sub-basins have been allocated to the priority SSO projects.  The 
City proposes to allocate $5 million to sub-basins specifically selected for the private I/I abatement 
program.  An additional $6.5 million has been allocated to sub-basins specifically selected for the 
priority SSO projects. 

Table 10-7 Advanced Action Plan Projects Summary for Private I/I Projects 

YEAR PROJECT SUB-BASINS 
BUILDING 

COUNT 
ESTIMATED COST 

($) 

2021 Phase 8 G03*, G04*, JC05*, UWC08 1,844 2,200,000 

2022 Phase 9 JC01, SC09, PR19*, SC08, G02 1,743 2,300,000 

2023 Phase 10 LDS02, FC03, PR06*, PR14* 1,719 2,300,000 

2024 Phase 11 JC18, FC14, JC13, FC10 1,791 2,400,000 

2025 Phase 12 SDS05*, JC11*, JC07 1,665 2,300,000 

  Subtotal 8,762 11,500,000 

Cost Associated with Priority SSO Projects 6,500,000 

COST ALLOCATED TO PRIVATE I/I ABATEMENT 5,000,000 

* Funds allocated to the priority SSO projects. 

 
The project costs shown in Table 10-7 are estimates based upon the anticipated number of I/I 
sources identified during the building evaluation process.  The cost and sub-basins included in each 
project will be adjusted based upon the actual number of identified I/I sources.  Sub-basins may be 
reprioritized based on continued flow monitoring, results of completed projects, and further 
evaluations on the local geologic conditions and their relationship to the extended infiltration 
periods experienced in Springfield.  At the completion of each project the cost-effectiveness of 
reducing I/I from private sources will be evaluated.  Based upon the updated information, the 
investments shown in Table 10-7 may be reallocated to other 2021 to 2025 AAP projects.  Refer to 
Figure 10-8. 



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Recommended Overflow Control Plan 10-19 
 

 

Figure 10-7 2021 – 2025 Private I/I Advanced Action Plan Projects 
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10.3.2 Public Sewer Rehabilitation Program 
As part of the EAP, the City accelerated an ongoing project to rehabilitate clay pipe, manholes, and 
service lateral connections to reestablish structural integrity and reduce excessive I/I within select 
sub-basins.  The Group 1 project was completed in 2013, and the Group 2 project was completed in 
2014.  The City is also scheduled to commence a Group 3 project in 2015.  Each public sewer 
rehabilitation project included in the EAP included the rehabilitation of approximately 100,000 LF 
of clay pipe.  More detailed discussions on the implementation and results of the public sewer 
rehabilitation projects are discussed in Chapter 7.0. 

The City proposes to continue to invest in public sewer rehabilitation as part of the 2021 AAP.  The 
proposed sub-basins and timing of each project are presented in Table 10-8 and on Figure 10-9. 

Table 10-8 Advanced Action Plan Projects Summary for Public Sewer Rehabilitation Projects 

YEAR PROJECT SUB-BASINS 
ESTIMATED 

COST ($) 

2021 Group 5 JC11, PR19, PR14, WB13, WB05 11,300,000 

2022 Group 6 PR04, JC02, JC14 7,100,000 

2023 Group 7 LWC04, SC03, UWC08 8,100,000 

2025 Group 8 FC07, G07 5,400,000 

  TOTAL 31,900,000 

 

These project costs are estimates that will be adjusted based upon the market conditions and bid 
prices received.  Sub-basins may be reprioritized based on continued flow monitoring, results of 
completed projects, and further evaluations on the local geologic conditions and their relationship 
to the extended infiltration periods experienced in Springfield.  At the completion of each project 
the cost-effectiveness of structural rehabilitation and I/I reduction from public sources will be 
evaluated.  Based upon the updated information, the investments shown in the Table 10-8 may be 
reallocated to other 2021 to 2025 AAP projects.  Refer to Figure 10-9. 
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Figure 10-8 2021 to 2025 Public Rehabilitation Advanced Action Plan Projects 
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10.3.3 Priority SSO Projects 
Following the principles of integrated planning, the City evaluated areas with chronic overflows to 
find cost-effective solutions that will provide an environmental benefit to the citizens of Springfield.  
The evaluation focused resources in areas that are important to the community (SSO reduction in 
high traffic areas such as parks).  The evaluation also focused on solutions that provide multiple 
benefits such as I/I reduction and improving the structural integrity of the system.  The City’s 
collection system hydraulic model was used to evaluate the feasibility of reducing SSO in the 
following highly sensitive areas shown on Figure 10-10: 

1. Galloway 04. 

2. Pea Ridge (PR03/PR04 basins). 

3. Doling Park. 

4. Smith Park. 

 

Figure 10-9 Overflow Investigation Overview Map 
  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Recommended Overflow Control Plan 10-23 
 

The evaluation was based on model flows and I/I reduction projects to achieve 30 percent I/I 
reduction systemwide.  Throughout this section references may be made to the elimination of 
overflows or surcharge conditions; when such statements are made it is implied that those 
conditions should be met for flows resulting from storm events smaller than or equal to the chosen 
storm event.  Larger storm events may still result in system surcharge or overflow conditions.   

For the proposed priority SSO projects, I/I will be reduced for all sub-basins included in the 
30 percent I/I elimination model network upstream of the overflow locations but not downstream 
unless specifically stated in the analysis summary for each location.  The evaluation was performed 
for the existing system infrastructure, and pipe improvements were made to eliminate the 
overflows in question based on the modeled storm, 30 percent I/I elimination assumption, as well 
as taking into account future growth.   

The following subsections discuss each overflow area evaluated.  Each subsection describes the 
baseline overflow and surcharge conditions (the conditions for the calibrated model with future 
growth, no I/I elimination, and no improvements), the conditions with the recommended 
improvements including potential for relocation of an overflow downstream, and cost of 
improvements. 

10.3.3.1 Galloway 04 
Galloway is an area with multiple reported overflow locations.  In the baseline scenario, much of the 
basin is surcharged resulting in multiple overflows.  Most of the overflow and surcharge in the 
Galloway basin cannot be eliminated without major improvements including pipe improvements to 
the Galloway and James River interceptors and/or off-line storage.  There is a residential area in the 
upstream portion of the Galloway basin (Sewersheds G03 and G04) with known overflows that can 
be addressed with I/I reduction and minor pipe improvements.  An overview of the baseline model 
conditions in this area is shown in Figure 10-11.  The pipes shown in pink are surcharged; the light 
yellow circle represents a historical observed overflow location.  

In the solution scenario, I/I was reduced in basins included in the 30 percent I/I elimination 
marginal cost analysis (MCA) scenario (G03 and G04).  I/I reduction eliminated much of the 
surcharge in this area under the design flow/storm event.  To eliminate the remaining pipe 
surcharge near the historical overflows, approximately 200 LF of 12 inch pipe would be replaced 
with 15 inch pipe.  The total capital cost of pipe improvements to eliminate the overflows is 
approximately $56,000, and the total cost of I/I reduction is approximately $1,225,000, for a total 
cost of approximately $1,281,000. 

When these improvements are made, the pipe surcharge near the historical overflow location and 
downstream should be eliminated during the design flow/storm event. 

The overflow and surcharge conditions for the model solution scenario are shown on Figure 10-12.  
The dashed lines indicate the pipe improvements made in the solution.  
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Figure 10-10 G04 Baseline Conditions 
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Figure 10-11 G04 Solution Conditions 
 
  



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Recommended Overflow Control Plan 10-26 
 

10.3.3.2 Pea Ridge (PR03/PR04 Basins) 
Portions of Sewer Basins PR03 and PR04 are dense residential areas with multiple reported 
overflows.  In the baseline scenario, the entire interceptor is surcharged, and the model predicts a 
total of 1.4 million gallons (MG) of overflow along the interceptor near historical overflow locations.  
In addition, several small overflows of approximately 0.1 MG are predicted by the model 
downstream of the historical overflow location.  Overflow volumes are based on model calibration 
using available flow monitoring data.  An overview of the baseline model conditions in this area is 
shown on Figure 10-13.  The pipes shown in pink are surcharged; the green circles indicate model 
overflows; and the light yellow, orange, and red circles indicate historical observed overflow 
locations. 

 

Figure 10-12 PR03/PR04 Baseline Conditions 
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In the solution scenario, I/I will be reduced in Basin PR19 included in the 30 percent I/I reduction 
MCA scenario.  To eliminate the overflows and surcharged pipe for the design flow/storm event 
near the reported overflow locations, approximately 7,100 LF of 12 inch pipe will be replaced with 
15 to 24 inch pipe.  The total capital cost of pipe improvements to eliminate the overflows in 
PR03/PR04 is approximately $1,981,000, and the total cost of I/I reduction is approximately 
$190,000 for a total cost of approximately $2,171,000. 

When these improvements are made, the PR03/PR04 overflows and pipe surcharges near the 
historical overflow location and downstream should be eliminated to the design flow/storm event 
resulting in a total overflow reduction of approximately 1.6 MG. 

The overflow and surcharge conditions for the model solution scenario are shown on Figure 10-14.  
The dashed lines indicate the pipe improvements made in the solution. 

 

Figure 10-13 PR03/PR04 Solution Conditions 
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10.3.3.3 Doling Park 
Doling Park is an area with multiple reported overflows.  In the baseline scenario, nearly the entire 
interceptor is surcharged, and the model predicts a total of 2.9 MG of overflow along the interceptor 
near reported historical overflows.  An overview for baseline model conditions in this area is shown 
on Figure 10-15.  The pipes shown in pink are surcharged; the green circles indicate model 
overflows; and the light yellow, orange, and red circles indicate historical observed overflow 
locations.  Overflow volumes are based on model calibration using the available flow monitoring 
data.  

 

Figure 10-14 Doling Park Baseline Conditions 
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In the solution scenario, I/I will be reduced for basins included in the 30 percent I/I elimination 
MCA scenario (PR06, PR07, PR13, PR14, and PR15).  To eliminate the overflows and surcharged 
pipe to the design flow/storm event near the reported overflow locations, approximately 5,800 LF 
of 10 to 21 inch pipe will be added to parallel portions of the existing interceptor and 
approximately 3,000 LF of 15 to 18 inch pipe will be replaced with 27 and 30 inch pipe.  The 
portions of the interceptor that have been previously CIPP-lined or are polyvinyl chloride (PVC) 
pipe will be paralleled, and the remainder of the interceptor will be replaced.  The total capital cost 
of pipe improvements to eliminate the overflows in and near Doling Park to the design flow/storm 
event is approximately $5,269,000, and the total cost of I/I reduction is approximately $2,817,000, 
for a total cost of approximately $8,086,000. 

When these improvements are made, the Doling Park overflows and pipe surcharge to the design 
flow/storm event near the historical overflow location and downstream should be eliminated. 

The overflow and surcharge conditions for the model solution scenario are shown on Figure 10-16.  
The dashed lines indicate the pipe improvements made in the solution. 

 

Figure 10-15 Doling Park Solution Conditions 
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10.3.3.4 Smith Park Area 
Smith Park is an area with multiple reported overflows in Springfield.  In the modeled baseline 
scenario, nearly the entire interceptor is surcharged and results in a total of 5.4 MG of overflow 
near Smith Park and immediately upstream.  In addition, a small overflow of approximately 0.1 MG 
is located downstream of Smith Park where Basins JC07 and JC21 tie into JC22.  An overview of the 
baseline model conditions in the Smith Park area is shown on Figure 10-17.  The pipes shown in 
pink are surcharged; the green circles indicate model overflows; and the light yellow, orange, and 
red circles indicate historical observed overflow locations. 

 

Figure 10-16 Smith Park Area Baseline Conditions 
 

For this solution scenario, I/I will be reduced upstream of the Smith Park area for sub-basins 
included in the 30 percent I/I reduction MCA scenario (JC08, JC10, JC11, and SDS05).  Additionally, 
I/I will be reduced in JC07, which is located just downstream of Smith Park.  The reduction in I/I 
will help to reduce overflows and surcharging downstream of the existing Smith Park overflow 
locations.  This will also provide additional conveyance capacity for the Smith Park overflow 
volume to be conveyed further downstream. 
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As part of this evaluation, it was determined that overflows in Smith Park could be conveyed 
downstream to Manhole N20NW015.  This manhole is located in a low-lying wooded area near a 
creek, which greatly decreases the risk for public contact when compared to the overflow locations 
in Smith Park.  As an interim measure to eliminate the overflows in Smith Park and prevent 
additional overflows downstream in Silver Springs Park or Drury University, the rim elevation of 
Manhole N20NW015 will be evaluated with an eye toward adjusting its level to allow excess flows 
to leave the system at this less sensitive location.      

In addition to potentially adjusting the elevation of Manhole N20NW015, 3,044 LF of 18 inch pipe 
will need to be replaced with 27 to 30 inch pipe to reduce overflows and surcharging in Smith Park 
along with the reduction of I/I in the 30 percent MCA basins upstream and immediately 
downstream of Smith Park.  The total capital cost for the pipe improvements shown on 
Figure 10-18 is $1,918,000.  Additionally, the I/I reduction cost is $2,006,000, for a total project 
cost of $3,924,000 to convey the Smith Park overflows downstream to an area with a lower risk for 
public contact.  With the addition of these improvements, the existing modeled overflow, up to the 
design flow/storm event, at Drury University will be eliminated and the existing overflows 
immediately upstream of Smith Park will be reduced from 2.1 MG to 0.4 MG.  

 

Figure 10-17 Smith Park Solution Conditions 
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The overflow at Manhole N20NW015 discussed above will be eliminated during future phases of 
the OCP through both I/I reduction and capital improvement projects to increase system capacity.  
The overflow adjustments are an interim solution to reduce the overall overflow volume and to 
convey the remaining volume out of high traffic areas to a less sensitive location. 

10.3.3.5 Summary 
The four priority SSO projects provide the City the opportunity to focus resources in areas such as 
parks and dense residential areas that are important to the community.  The projects also allow the 
City to continue work toward its goal of reducing SSO while enhancing system maintenance and 
permit compliance.  The timing and fund allocation of the four priority SSO projects are shown in 
Table 10-9.  The projects and costs shown are subject to ongoing refinement.  In addition, as part of 
the adaptive management approach, the City may shift funds to other projects deemed to be more 
cost-effective or to provide a better environmental/public health benefit to the community. 

Table 10-9 Priority SSO Project Costs Summary 

YEAR PROJECT 
OVERFLOW REDUCTION, 

MG/DESIGN STORM 
COST 

(2014 $) 
FUTURE COST  

($) 

2021 Galloway 04 Eliminate surcharge 1,281,000 1,500,000 

2022 Pea Ridge 03/04 1.6 2,171,000 2,600,000 

2023 Doling Park 2.9 8,086,000 10,600,000 

2025 Smith Park 2.1 3,924,000 5,400,000 

TOTAL 20,100,000 

 

10.3.4 Municipal Separate Storm Sewer System Compliance 
The City will continue to build on the projects implemented during the Foundation Projects.  The 
program goals and priorities set by the storm water task force will continue to be a focus of the City 
as it strives to develop plans to address future permit requirements.  

Funding Allocation 

The City proposes to increase funding during the AAP.  A total of $9.5 million will be allocated over 
the 5 year period to use toward anticipated permit requirements.  Allocation of these funds is 
contingent upon the City funding.  If, however, such funding is not available, the City will identify 
and implement equivalent wastewater (collection and/or treatment) improvement projects. 
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10.3.5 Resource and Maintenance Needs 
The City will continue the efforts initiated in the EAP and 2016 to 2020 Foundation Projects to 
increase staff and equipment to provide an enhanced level of preventive and reactive maintenance 
based on the needs of the collection system and treatment plants.  The City may also bring on 
additional staff to support the projects outlined in the 2021 to 2025 AAP.  To assist in determining 
the type and level of staffing and equipment needed, the City will continually evaluate the necessary 
functions to maintain and operate the current system.  The staffing needs are anticipated to include 
the following categories: 

 Capital Project Staff. 

 Private I/I Staff. 

 Technical Group. 

 Cleaning and CCTV Construction Crew. 

10.3.5.1 Additional Maintenance Staff and Equipment 
As discussed in Subsection 10.2.4, investing in additional equipment and staff will help the City 
reduce the long-term rehabilitation and maintenance costs compared to outsourcing the work.  
Investing in internal resources will also allow the City to create a sustainable plan to continue to 
evaluate, maintain, and operate the City’s systems. 

10.3.5.2 Fund Allocation 
The City anticipates investing up to $11.4 million in staffing and equipment needs as part of the 
2021 to 2025 AAP, pending the City’s ability to obtain adequate funding.  The exact positions to be 
filled will also depend upon the results of the 2016 to 2020 Foundation Projects evaluations.  As 
part of the adaptive management approach, the City may shift funds to other projects deemed to be 
more cost-effective or to provide a better environmental/public health benefit to the community. 

10.3.6 Treatment Facility Renewal 
The City maintains and operates the SWTP (100 million gallons per day [mgd]) and NWTP (20 
mgd).  These two facilities are aging, with parts of the systems being more than 50 years old.  With a 
combined value of the two facilities ranging between $500 million and $600 million, it is imperative 
that the City dedicate resources and funds to ensure the treatment facilities continue to produce 
high quality effluent. 

The City proposes to continue with its long-standing efforts to maintain these facilities by 
dedicating additional resources and allocating up to $40.9 million in capital improvement projects 
at the treatment facilities.  Anticipated projects included as part of the AAP include the following: 

 SWTP filter replacement. 

 NWTP equalization basin. 

 Additional budget for equipment replacement. 
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10.3.6.1 SWTP Filter Replacement 
The SWTP currently treats approximately 36 mgd on an average daily basis and has a design peak 
capacity of 100 mgd.  The facility consists of two secondary treatment complexes (Plant 1 and 
Plant 2) that are served by common headworks and primary treatment facilities.  Recent hydraulic 
evaluations confirm that Plant 1 has a hydraulic capacity of approximately 44 mgd, and Plant 2 has 
a hydraulic capacity of approximately 57 mgd. 

Plant 1 employs a two-stage treatment process, with carbonaceous biochemical oxygen demand 
(CBOD) removed in the Stage 1 high purity oxygen activated sludge (HPOAS) system and 
nitrification of ammonia to nitrate completed in the Stage 2 air activated sludge system.  After 
aeration, solids are removed in the secondary clarifiers from the Stage 1 units and in the final 
clarifiers from Stage 2.  Plant 2 uses surface aeration and a long sludge retention time (SRT) that 
provides nitrification and biological phosphorus removal followed by final clarification, where 
solids are removed.  Flow from the secondary processes flows through dedicated polishing filters.  
Following filtration, flow from the two plants is combined and disinfected using ozone disinfection.  
Disinfected effluent is discharged to Wilson Creek through Outfall 001.  A simplified schematic of 
the existing liquid stream treatment facilities is shown on Figure 10-19. 

 

Figure 10-18 Schematic of Existing Liquid Stream Treatment Facilities 
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Project Description 

Plant 2 utilizes traveling bridge sand filters after final clarification for final polishing before the 
treated flow is disinfected.  The existing traveling bridge sand filters are approaching the end of 
their useful life and need to be replaced.  The City is evaluating replacing the existing filters with 
cloth media filters.  Prior to filter replacement, additional evaluations will need to be completed to 
determine if it is cost-effective to expand the capacity of the polishing filters.  Currently, Plant 2 can 
treat up to approximately 57 mgd through the final clarifiers, but the capacity of the polishing filters 
is limited to approximately 30 mgd.  Evaluations on the ability to expand the filters beyond 57 mgd 
should also be considered.  Additional capacity beyond 57 mgd will provide flexibility for treating 
peak weather flows and reducing bypasses to Outfall 002.  

Project Cost 

The City has allocated approximately $6.2 million to replace and expand the filters to 57 mgd.  It is 
recommended that the filter capacity be reevaluated after completion of the additional I/I projects 
and systemwide flow monitoring to determine if it is cost-effective to provide additional capacity 
for peak wet-weather flow. 

10.3.6.2 NWTP Equalization Basin 
Facility Background 

The existing NWTP has a rated capacity of 20 mgd and includes excess flow facilities, preliminary 
treatment, secondary treatment, seasonal disinfection, and solids handling.  The existing excess 
flow facility stores peak wet-weather influent flow during times when influent flow exceeds the 
treatment capacity.  It also acts as a peak settling basin when the volume of excess flow exceeds the 
treatment capacity.  This reinforced concrete retention basin has a capacity of approximately 
4.5 MG.  

When the treatment plant is at capacity, raw wastewater is diverted to the retention basin by a 
sluice gate located in the diversion structure and a 30 inch diameter pipe to the retention basin.  
After the peak flow event, the wastewater flows through a manually cleaned bar rack and an 
18 inch diameter pipe to the diversion structure before being returned to the 42 inch trunk sewer.  
Solids that are collected in the basin are periodically removed and hauled to the municipal landfill 
for disposal. 

Project Description 

Because of the location and configuration of the existing excess flow facilities, the City is unable to 
divert flow conveyed from one of its satellite communities (Willard).  To add maintenance flexibility 
in the event of a power outage or plant shutdown, the City proposes to construct an equalization 
basin that can be used to collect flow from Willard.  The project will include a 15 mgd equalization 
basin, pumping station capable of conveying Willard flow to the proposed equalization basin, and a 
backup generator.   

The proposed equalization basin will be located east of the treatment plant, west of Highway 13, 
and the north of the Little Sac River as shown on Figure 10-20.  This site is also located on the 
southeast portion of the old Murray Landfill.   

As an added benefit, the equalization basin will likely be used to store flow during peak wet-
weather events and help reduce the need to bypass flow to Outfall 002. 
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Figure 10-19 Equalization Basin Location 
 

Project Cost 

The City has allocated approximately $16.0 million for the project.  Completion of this project is 
contingent upon the City obtaining adequate funding and the ability to locate the basin within the 
limits of the old Murray Landfill site.  It is also recommended that the volume of the equalization 
basin be reevaluated upon completion of additional I/I reduction projects and systemwide flow 
monitoring to determine if it is cost-effective to provide additional wet-weather storage. 

10.3.6.3 Additional Treatment Facility Renewal 
With parts of the City’s existing treatment processes at 50 years or older, it is important for budget 
to be allocated towards equipment replacement and upgrades.  These future projects are needed to 
maintain the award winning performance and high quality effluent.  Though specific projects are 
not currently specified, the City will continue to monitor the performance of the treatment facilities 
and identify critical equipment that needs to be maintained.  The City has allocated an additional 
$18.7 million to fund additional equipment upgrade projects.   

  

Proposed EQ 
Basin Location 
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10.3.7 OCP Reevaluation:  Phase 3 - Post-AAP Projects 
After implementing the Foundation Projects and AAP, the City will be in a better position to identify 
systemwide performance alternatives.  Accordingly, by July 1, 2025, the City will submit an updated 
plan for MDNR approval.  The updated plan will include a summary of work accomplished, lessons 
learned, and a proposed recommended plan and schedule for additional controls.  The proposed 
plan will build upon the successes of the Foundation and AAP Projects and incorporate the results 
of the following: 

 Ongoing I/I Reduction Projects. 

 Additional Data Collection (Flow Monitoring). 

 Integrated Planning. 

I/I Reduction Projects  

Throughout the Foundation Projects and AAP periods, the City will continue with pilot I/I reduction 
projects to identify cost-effective methods to remove I/I from the collection system.  Based on the 
limited evaluations to date, it was determined that 30 to 40 percent of I/I could be removed 
systemwide.  As shown on Figure 10-21, a $75 million investment in I/I reduction projects would 
reduce projected storage/pipe capacity improvement projects from $475 million to $300 million 
for a net savings of $100 million.  The goal of the ongoing pilot I/I reduction projects is to identify 
additional cost-effective solutions that may bring essential further savings to the overflow 
reduction effort. 

Additional Data Collection 

The City’s collection system hydraulic model has been calibrated using data collected as part of the 
EAP.  Since June 2011, the City has experienced a 27 inch deficit in rainfall.  Collecting additional 
data during the Foundation Projects and AAP periods, will provide the City with the opportunity to 
update the model and verify the system response to rain events.  The updated model will be used to 
determine the necessary pipe capacity/storage and treatment capacity upgrades to reduce SSO. 

Integrated Planning 

For the past 2 years the City has been working diligently to develop an Integrated Plan to address 
environmental concerns.  The City has met with citizen groups and stakeholders to lay the ground 
work for an Integrated Plan, which is currently building momentum at both the local and national 
level.  By the time the updated plan is submitted on July 1, 2025, the City’s Integrated Plan will be 
complete, and the City will better understand how the wastewater issues fit into the context of 
other environmental needs. 
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Figure 10-20 Elimination Cost Curve (5 Year, 24 Hour Storm Event) 
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10.4 PHASE 3 – BEYOND 2025 
The updated plan submitted to the MDNR as part of the reevaluation discussed in the previous 
section will provide additional detail on a proposed recommended plan and schedule for additional 
controls.  The proposed plan will build upon the successes of the Foundation Projects and AAP and 
follow the principles of the Integrated Plan to focus resources in areas that are important to the 
community and to implement solutions with multiple benefits.  Based on the current available data 
it is anticipated that the following improvements may be included in the proposed plan: 

 Continued private I/I abatement reduction. 

 Continued pipe rehabilitation.  

 Continued treatment facility renewal. 

 Combination of pipe capacity and collection system storage. 

 High rate treatment and blending. 

 Improvements to address future regulations. 

10.4.1 Private I/I Abatement Program 
Results of the pilot I/I abatement projects performed between 2016 and 2025 will be used to better 
define cost-effective repairs.  Preliminary results of the Phase 1 Pilot I/I Abatement Program 
performed as part of the EAP proved that targeting repairs such as downspouts, uncapped 
cleanouts, area drains, and sump pumps is cost-effective in reducing I/I into the system.  The 
Phase 2 Pilot I/I Abatement Program will continue to focus on the known cost-effective sources 
while also investigating private laterals and foundation drains.  The results of the ongoing projects 
will also be used to better predict anticipated systemwide I/I removal. 

10.4.2 Public Sewer Rehabilitation Program  
The City will continue to invest in public sewer rehabilitation as part of the future proposed plan to 
prevent further deterioration of the collection system, which could offset progress made in the I/I 
reduction programs.  As discussed earlier in this chapter, the City’s collection system will have 
nearly 2.8 million LF of pipe that is 60 or more years old by the end of the planning period defined 
in the ACJ (2031); the majority of the pipe is clay and is located in areas with high I/I contribution 
rates.  Continuing work in these areas will not only improve the structural integrity of the system 
but also reduce I/I into the system. 

10.4.3 Treatment Facility Renewal 
The City maintains and operates the SWTP and NWTP.  With parts of these systems being more 
than 50 years old, it is imperative that the City continue to dedicate resources and funds to ensure 
the treatment facilities continue to produce high quality effluent.  At the conclusion of the 
Foundation Projects and AAP the City will be able to project the cost and schedule of treatment 
plant renewal projects during the next phase. 

10.4.4 System Capacity Improvements 
As discussed in greater detail in Chapter 8.0, based on current available data, a combination of pipe 
capacity improvements and collection system storage will be needed to reduce SSO to achieve the 
proposed LOS.  The costs to increase pipe capacity and provide collection system storage as 
outlined in Chapter 8.0 is unaffordable during the time frames provided in the ACJ. 
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As shown on Figure 10-22, the City has modeled the current system and understands which areas 
have inadequate capacity.  Pipes shown in green have sufficient capacity to carry flow up to a 
10 year LOS.  Pipes shown in red and orange denote areas of the system with capacity at or below a 
1 year LOS.  The majority of the pipes shown in red and orange correspond to older areas of the City 
or downstream portions of the collection system that are impacted by the accumulation of I/I from 
large areas.   

The work proposed as part of the Foundation and AAP Projects will assist the City with developing 
necessary system capacity improvements to meet the proposed LOS.  As part of the Foundation 
Projects and AAP, the City will continue to collect additional collection system flow monitoring data 
during nondrought conditions to validate model calibration and overall I/I reduction estimates for 
the City.  The additional I/I reduction projects will also investigate I/I sources and methods not 
included in the pilot projects.  The goal is to determine if removal of these additional sources, such 
as private laterals, is a cost-effective method of reducing I/I into the system and reducing the 
resources and funds required for system capacity improvements. 

 

Figure 10-21 Pipe Capacity Map 
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10.4.5 Treatment Capacity Improvements 
As discussed in greater detail in Chapter 4.0, the City completed extensive evaluations for both the 
SWTP and NWTP.  The evaluations included current hydraulic capacity, process capacity, and peak 
wet-weather treatment options to reduce discharges to Outfall 002 up to the proposed LOS.  
Potential peak treatment options could include additional storage, high rate treatment, blending, or 
a combination of methods.  At the conclusion of the Foundation Projects and AAP, the City will be 
able to use the additional flow monitoring data and results of the I/I reduction projects to validate 
the anticipated peak wet-weather flow rates at each treatment facility.  The best peak treatment 
option or combination of treatment options will be included in the future proposed plan to 
eliminate discharges from Outfall 002 up to the proposed LOS. 

10.4.6 Future Regulatory Driven Projects  
It is anticipated that during the course of developing and implementing projects for the OCP, 
additional regulations will be implemented.  These additional regulations may include updated 
ammonia limits and nutrient removal requirements.  Using a phased approach for the 
implementation of the OCP allows the City to work toward meeting the goals of the ACJ without 
sacrificing the City’s ability to implement improvements to meet new regulatory requirements.  It is 
anticipated that the future proposed plan will include projects required to meet regulatory 
requirements that have not yet been implemented. 

10.5 SUMMARY 
Analysis of the City’s sanitary sewer system led to findings that include an aging collection system 
and aging treatment facilities, excessive I/I, and local geology resulting in unusually extended 
infiltration responses.  These findings, coupled with sewer system flow monitoring data collected 
during a 3 year period of below normal rainfall conditions, drive the City to propose a phased 
approach to continue to gather data to better define the necessary controls to identify and achieve a 
systemwide proposed LOS.  Using the phased approach also allows the City to make significant 
investments in infrastructure that ensure the integrity of the system, work toward the goals of the 
ACJ, and allow the City to continue to develop its Integrated Plan while not making undefined 
commitments that could prejudice the integrated planning effort.  The City has gained momentum 
locally and nationally with its efforts in integrated planning.  Proposing a full OCP committing the 
City to spend hundreds of millions of dollars without considering the principles of the Integrated 
Plan would undermine the effort. 

The City proposes to spend $200 million over a 10 year period to repair and rehabilitate its 
collection and treatment systems.  This will reduce SSO and improve the environment.  The City 
further proposes to identify a LOS for the system toward the end of the 10 year period with the 
benefit of additional system data and system performance evaluations.  The Recommended OCP 
consists of three phases.  The first phase includes Foundation Projects to be completed from 2016 
to 2020.  These projects continue the significant investment in improving the sewer system and 
reducing overflows and address immediate biosolids digester needs at the SWTP.  The second 
phase includes AAP projects to be completed 2021 to 2025.  This phase continues the significant 
investment in I/I removal and sewer system upgrade, as well as providing needed improvements at 
the two WWTPs.  In both phases, additional data will be collected on the sewer system response to 
rain events, with updates to the models and OCP provided at the conclusion of Phase 2.   
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The proposed LOS will be identified and submitted for MDNR approval toward the conclusion of 
Phase 2.  Specifically, the City will submit an updated plan by July 1, 2025.  The updated plan will 
include proposed Phase 3 improvements for the period beyond 2025.  The City will commit to a 
long-term, affordable plan to continue investing in system maintenance and I/I removal, as well as 
capacity improvements to achieve the proposed LOS.    

 



CHAPTER 11.0 
IMPLEMENTATION 

Chapter 11.0 
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11.0 Implementation 

11.1 INTRODUCTION 
On May 15, 2012, an Amended Consent Judgment (ACJ) was entered by the Circuit Court of Greene 
County.  As part of the ACJ, the City of Springfield (City) is required to allocate $50 million between 
2011 and 2018 to plan and implement an Early Action Program (EAP).  The City is also required to 
develop and implement, upon state approval, a sewer system overflow control plan (OCP).  The 
Recommended OCP is outlined in Chapter 10.0 and commits the City to investing a further $200 
million over a 10 year period to continue private inflow/infiltration (I/I) abatement and public 
sewer renewal and treatment renewal projects, increase resources for system maintenance, and 
target priority sanitary sewer overflows (SSO) in the system.  The 10 year Recommended OCP is 
broken down into two 5 year periods: 

 2016-2020 Foundation Projects.    

 2021-2025 Advanced Action Plan (AAP). 

11.1.1 Early Action Program  
Under the ACJ, the City has initiated and will complete EAP projects over a 7 year period to upgrade, 
rehabilitate, and enhance the capacity of its collection treatment systems and to further reduce I/I 
and wet-weather capacity-related SSO.  The City agreed to allocate $50 million among each of the 
following seven categories of EAP projects from 2011 to 2018, as shown in the EAP Work Plan 
approved by the Missouri Department of Natural Resources (MDNR) on November 14, 2011, and 
updated in August 2013.   

1. Ozone Disinfection System Improvements Project at the Southwest Treatment Plant (SWTP) 
(completed). 

2. Spring Branch Trunk Sewer Project (completed). 

3. Rehabilitation of sewer manholes, vitrified clay sewer pipes, service lateral connections, and 
appurtenances to reduce the amount of I/I entering the collection system (Group 1 and 2 
Projects complete.  Group 3 scheduled for 2015).  

4. Development and implementation of a Pilot Private I/I Abatement Program to reduce the 
amount of private I/I flows entering the collection system (completed initial pilot project 
and commenced Phase 2 pilot in June 2014). 

5. Installation of flow monitoring stations in the collection system to increase the City’s ability 
to measure flows and quantify the effectiveness of I/I reduction projects, and to provide 
information for calibration of the hydraulic model (ongoing). 

6. Increased public education and outreach to improve and expand education for water quality 
and other City programs, including the City’s existing Rain Barrel Program, Rain Garden 
Program, Wastewater Education Program, and education programs in schools, private I/I 
abatement, and improved websites for citizen access (ongoing).  

7. Increased Sewer Maintenance Department staffing by the City to provide an increased level 
of sewer maintenance with the goal of reducing blockages that cause overflows and timely 
response to necessary sewer repairs (ongoing).  
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11.1.2 Foundation Projects  
As the City continues to complete the EAP by 2018, the City is committing $75 million from 2016 to 
2020 to complete the Foundation Projects.  The Foundation Projects will build upon the momentum 
and success of the EAP by increasing funding and resources to address public and private I/I 
sources and renewal and upgrade of treatment facilities; increase maintenance resources; and work 
toward Municipal Separate Storm Sewer System (MS4) compliance.  The increased funding allows 
the City to reduce SSO and improve the environment while collecting additional data and evaluating 
system performance.  Proposed projects in the 2016 to 2020 time frame include the following: 

 Pipe renewal. 

 Private I/I abatement. 

 Biosolids improvements. 

 MS4 compliance. 

 Resource and maintenance needs. 

 Program costs. 

 Systemwide flow monitoring/model update. 

11.1.3 Advanced Action Plan Projects  
At the completion of the 2016 to 2020 Foundation Projects, the City is committing $125 million 
from 2021 to 2025 to complete AAP projects.  The proposed projects will continue to fund efforts to 
address public and private I/I sources, public structural renewal, and MS4 compliance.  The City 
will also continue to invest in the renewal and upgrade of the treatment facilities.  The increased 
funding will address the City’s commitment toward reducing Outfall 002 discharges, SSO, and 
further enhance compliance with permit requirements.  Proposed projects in the 2021 to 2025 time 
frame include the following: 

 Pipe renewal. 

 Private I/I abatement. 

 Priority SSO projects. 

 Treatment equipment renewal. 

 MS4 compliance. 

 Resource and maintenance needs. 

 Program costs. 

 OCP update. 

The following sections provide details on the implementation of the recommended 10 year 
$200 million plan.  As the City rolls out the specific projects of the Recommended OCP, they will be 
intertwined with the development of the City’s Integrated Plan for the Environment (Integrated 
Plan), public outreach program, and completion of the EAP projects. 
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11.2 INTEGRATED PLAN FOR THE ENVIRONMENT 
Like many other communities across the nation, Springfield is addressing the challenge of 
increasingly stringent environmental regulations from every front.  From wastewater and storm 
water to air quality and drinking water, regulations continue to evolve, and the City is required to 
devote more money and resources to comply.  With the increasing burden being placed on the 
community’s citizens, it is critical to not lose site of the effort being put into the City’s Integrated 
Plan.  The implementation of the recommended 10 year $200 million plan will follow the principles 
and strategies developed through the integrated planning process.  As the City continues to develop 
the Integrated Plan, the Recommended OCP will be refined.   

With the roll out of a large program geared toward protecting the environment, it is crucial that the 
principles and strategies being developed as part of the Integrated Plan are incorporated into the 
approach.  Key components and the steps being taken to develop a comprehensive plan to address 
environmental regulations at a lower cost to the community are discussed in this chapter.  The 
following subsections discuss the implementation of projects specific to the 10 year $200 million 
Recommended OCP.   

In June of 2012, the United States Environmental Protection Agency (USEPA) released its Integrated 
Municipal Stormwater and Wastewater Planning Approach Framework, which emphasized a 
commitment to work with states and communities to implement an integrated planning approach 
to address environmental objectives.  In response to this opportunity, leaders from the City, Greene 
County, and City Utilities developed a local approach to integrated planning titled “A Citizen 
Focused Approach.”  At the heart of this proposal are six guiding principles: 

 Affordability. 

 Effectiveness. 

 Fairness. 

 Attainability. 

 Measurability. 

 Adaptability. 

Furthermore, this holistic approach proposes to use local knowledge to examine environmental 
resources related to wastewater and storm water as well as solid waste, drinking water, and air 
quality.  The plan has received written endorsement from both the MDNR and USEPA, Region 7. 
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11.2.1 Implementation 
Implementation of the plan will use a four-phased approach (Figure 11-1): 

 

Figure 11-1 Phased Approach 
 

11.2.1.1 Phase I:  Assessment 
Phase I is the assessment phase; it answers the question “Where are we now?”  During this phase, 
local stakeholder groups have been gathering data to assess the current status of the City’s 
environmental resources.  The City realizes that success cannot be measured without first 
establishing a baseline from which to measure.  One component of this phase involves creating a 
large, comprehensive geographic information system (GIS) database that includes everything from 
stream sampling data and wastewater infrastructure to land use and geology.  By using a common 
platform to share information, stakeholder groups can better see how each of these environmental 
issues relates.   

11.2.1.2 Phase II:  Vision 
The second phase of the approach is the vision phase; it answers the question “Where do we want 
to be?”  As a community, success will be achieved when the following are accomplished: 

 Community resources are directed towards managing environmental issues using the most 
effective solutions to address the most significant problems in a way that is affordable to 
citizens. 

 The City is in compliance with federal and state regulations while addressing the specific 
needs and priorities of the community. 
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 The City has the ability to address water, air, and solid waste issues holistically, allowing 
both the community and the regulators to operate more efficiently. 

 The City has a community culture that understands and supports the goal of high quality 
environmental resources and supports these efforts through stakeholder involvement.  The 
community has a high level of trust that resources are being used to address environmental 
issues efficiently and effectively. 

 The community has a clear understanding of how funding and other resources will be used 
to improve environmental quality.  

 The community realizes a competitive advantage toward growth and economic 
development and an increase in quality of life as a consequence of this plan. 

 The City has identified specific goals relevant to each environmental resource; for example, 
the City will address water quality at a watershed level. 

11.2.1.3 Phase III:  Tactical  
Phase III is the tactical phase; it answers the question “How will we get there?”  During this phase, 
stakeholder groups will prioritize the community’s environmental needs based on four key 
elements (Figure 11-2): 

1. Identify and prioritize the most significant problems.  

Using a Multiple-Criteria Decision Analysis (MCDA) toolset developed specifically for the 
Integrated Plan, the City is able to take a structured look at how different pollutants impact 
the natural environment and the relative significance of each source.   

2. Identify and prioritize the most significant solutions. 

Using the Sustainable Return on Investment (SROI) approach developed by HDR, Inc., the 
City’s planning team will evaluate the environmental, economic, and social costs and 
benefits for many of the solutions considered by the community.  By finding the “triple 
bottom line,” the City can ensure that the most effective solutions are being targeted toward 
the most serious problems. 

3. Capture the community’s priorities. 

Here in the Ozarks, the quality of life and economic development are tied directly with the 
quality of the natural resources.  The City realizes the importance of protecting these 
resources and the ways in which this community is unique.  With input from a citizen-based 
Environmental Priorities Task Force, the City’s Integrated Plan will work to define the 
issues that this community is focused on.  By proactively addressing the issues that citizens 
find important, rather than simply reacting to the latest regulation, the City will build trust 
and support for these programs. 
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4. Assess the community’s financial capability. 

This community applauds the efforts that the USEPA has made in working with the US 
Council of Mayors, American Water Works Association, Water Environment Federation, and 
others in finding new ways to assess community affordability.  With the help of a Citizen 
Advisory Committee, this community will make an honest assessment of financial capability 
and take a candid look at how community resources should be allocated toward 
environmental stewardship. 

 

Figure 11-2 Allocation of Resources 
 

The essence of our Integrated Plan lies at the nexus of these four key elements.  It’s here that we ask 
the question:  “If we only had one dollar to spend, what is the most effective solution we could 
implement….to address the most pressing problem….that matters most to our community….and 
would be affordable to our citizens?” 

11.2.1.4 Phase IV:  Adaptive Management 
The fourth phase of the approach is the adaptive management phase.  The City realizes that a true 
Integrated Plan will never be complete.  As the City achieves success and learns more, the target 
will continue to move.  This phase requires that the City continue to refine the analysis, check the 
effectiveness of solutions, and constantly reprioritize. 

11.2.2 Summary  
Throughout the Recommended OCP, the City and its partners will continue to develop and refine 
the Integrated Plan.  The City’s goal through the Integrated Plan is to develop a method to prioritize 
environmental investments in a way that maximizes environmental benefits in a way that is 
affordable to our citizens. The principles and priorities identified through the Integrated Plan will 
be incorporated on an ongoing basis into the Recommended OCP. 
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11.3 PUBLIC OUTREACH 
In 2011, the City developed a Public Outreach Plan and Stakeholder List.  As part of that work, the 
City defined desired outcomes, issues, key messages, and key stakeholder groups to involve in the 
development of the OCP.  The purpose of the public outreach program was to inform stakeholders 
about the EAP and gather input into the Integrated Plan and OCP.  The approach was to expand on 
the existing public outreach activities currently under way for water quality and other 
environmental programs.  New outreach and input methods were also used.   

Specific activities are described in the following subsections.   

11.3.1 Basic Information Tools 
Presentation materials and handouts were developed and used for presentations and posting on 
the City’s website.  Three brochures were prepared and distributed during the public outreach 
process.  The brochure topics included the following: 

 Pilot Private I/I Abatement Program.  

 Public Sewer Rehabilitation Program. 

 OCP Overview. 

 Integrated Planning Overview. 

11.3.2 Website 
The Environmental Services Department’s website was revamped (http://www.springfieldmo.gov/ 
141/Clean-Water-Services).  New information regarding the OCP was included.  Citizens were 
directed to the site for more detailed information about the program.  Information about the 
Integrated Plan is posted on www.springfieldintegratedplan.com.  A Facebook site for the 
Department of Environmental Services was launched in 2014.  Information about programs and 
services are referenced there and linked to the departmental website. 

11.3.3 CityView and Videos 
Two videos were developed to support the public outreach efforts.  The videos have been 
duplicated and distributed at public meetings and shared online.  The videos are also shown on the 
City’s government access channel, CityView.  The two 5 minute videos provide a general overview 
of the OCP and another focuses on the Pilot Private I/I Abatement Program and results of that 
program.  The OCP video explained steps citizens can take to reduce excess rainwater from entering 
the sewer system.  The second video on the private I/I issues and how citizens can play a role in 
reducing private I/I flows into the collection system was also developed during the reporting 
period.  The video demonstrates ways that rainwater and ground water can contribute excess 
water to the sewer system and outlines ways that citizens can help.  The video also talks about the 
need for private sewer lateral evaluations and how citizens can sign up to receive an evaluation.  
Mediacom taped a program interviewing the Environmental Services Director in June of 2011 about 
the OCP, and this program has aired numerous times on CityView over the years. 

 

  

http://www.springfieldmo.gov/%20141/Clean-Water-Services
http://www.springfieldmo.gov/%20141/Clean-Water-Services
http://www.springfieldintegratedplan.com/
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11.3.4 Road Show Presentations 
Letters were sent to various stakeholder groups, and presentations were made about the OCP and 
Integrated Plan.  A list of those presentations is included in Appendix 11A.  A comment card was 
distributed during presentations, and participants were asked to provide input into the OCP. 

11.3.5 Utility Bill Inserts 
Utility bill inserts that included information about the OCP were distributed twice during the 
planning process.  Citizens were provided with summary information and directed to the City’s 
website for more detailed program information.  A contact phone number was provided. 

11.3.6 Media Outreach 
A targeted media approach included news releases and individual meetings and interviews with 
local reporters.  Extensive coverage on the proposed plan was included in the daily newspaper and 
two local television stations.  As needed, additional press releases were developed and media 
packets distributed.  A list of press releases issued is included in Appendix 11A. 

11.3.7 Elected Officials Briefings   
Clean Water Services staff members provided updates to the Springfield City Council and other 
elected officials about water quality issues and the development of the OCP.   

A presentation was made to the Springfield City Council regarding the EAP and associated rates.  
Public comment was taken during this meeting. Presentations were given periodically to the 
Springfield City Council updating it on the progress of the EAP and presenting results of the Pilot 
Private I/I Abatement Program.  Staff and plumbers who worked on the program were recognized 
by the City Council.  The draft OCP was presented to the Springfield City Council on November 24 
and approved December 15, 2014.  Public comment was taken during the November 24 meeting.  A 
summary of the public comments and listing of the City Council meetings is included in 
Appendix 11A. 

The City also presented information to Missouri State Legislators.  Each year, the City participates 
in the Salute to Missouri Legislators reception in Jefferson City, Missouri.  At the event, the 
Springfield/Branson region is showcased before a statewide audience of lawmakers and executive 
branch officials.  City staff attended the event in January 2012, 2013, and 2014.  Information was 
presented in a display booth, and a handout was distributed about the Environmental Services 
Program, including the OCP.  Nearly 600 people attend the event each year.  

11.3.8 Water Quality Education Topics 
The City currently conducts a variety of annual water quality public outreach activities.  Those 
activities include the Rain Barrel Program, Rain Garden Program, Wastewater Education Program, 
and educational programs in schools.  From 2011 through 2014, the City participated in or staged 
special events, tours, and presentations.  As part of these efforts tens of thousands of pieces of 
printed information were distributed.  In addition, the City’s website specific to Clean Water 
Services received thousands of hits. 
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The City completed targeted educational and technical assistance activities.  Items specific to the 
City’s Clean Water Services Division included the following:  

 Youth (formal educators)--A credentialed classroom teacher on the City’s sustainability 
staff delivered presentations both in classrooms and in workshop settings for teachers.  
Display models such as the community water cycle were used in the presentations, along 
with printed leave-behind materials.  The presentations also utilized assessment tools and 
interactive activities, some of which included information from the nationally recognized 
Water Education for Teachers (WET) project.  Special programs, including equipment 
demonstrations and speakers, were prepared and delivered for at-risk, gifted, or career 
oriented groups. 

In addition, Erica Cox, who is also a professional teacher, worked with teachers and students to 
deliver Project WET workshops to area teachers and non-formal educators. 

 Youth (non-formal educators)--Activities listed above are tailored for use by Scout 
leaders, church programs, homeschoolers, parents, and other educators not involved with 
public and private schools.  Activities included large, special events specifically tailored to 
homeschool students in partnership with the Discovery Center, Botanical Center, and 
Nature Center. 

 General Audiences--Full displays featuring overall water quality protection and 
information specific to Clean Water Services such as “Fat Free Sewers” visuals, can lids, and 
flyers were utilized at trade shows.  Some of the large audience events included the 
Homebuilders Association Home Show, Remodeling Show, and the Lawn and Garden Show. 

 Homeowner Workshops--In addition to the large audience shows listed above, the City 
provided extensive effort to target smaller groups.  The City provided education to the 
public on low impact lawn care and gardening by setting up booths and participating in the 
Show-Me Yards and Neighborhoods Professionals Workshops, Earth Day activities, 
Naturescaping Symposium (Missouri Department of Conservation and Springfield Nature 
Center), Young Sprouts, Butterfly Festival, and others. 

The City also assisted with the James River Basin Partnership and the Watershed Committee of the 
Ozarks, including the distribution of information about water quality protection, water 
conservation, rain barrels, and rain gardens.  Storm drain awareness is a part of the annual Storm 
Drain Reveal, which utilizes original artwork to call attention to storm drains and where the water 
goes. 

 Internal--The City provided educational information to internal departments such as 
grease education information provided to the Fire Department’s 12 fire stations. 

 Adult/Professional--Hands-on instruction and technical assistance is available to train 
septic tank owners, installers, maintenance companies, and pumping companies working 
with the James River Basin Partnership and the Watershed Committee of the Ozarks. 
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11.3.9 Project-Specific Outreach 

11.3.9.1 Public Sewer Rehabilitation and Pilot Private I/I Abatement Programs 
The City reached out to those who would potentially participate in or be affected by work to reduce 
I/I.  Materials were developed and distributed by door hanger to individual properties.  Letters 
were mailed to property owners and tenants.  Press releases were issued regarding the upcoming 
projects and materials were posted on the City’s website.  For the Pilot Private I/I Abatement 
Program, public meetings were held to explain the program to potential participants and arrange 
plumbing evaluations.  National Association of Clean Water Agencies (NACWA) recognized the 
City’s Pilot Private I/I Abatement Program public involvement program with an Award of 
Excellence in February of 2014.   

11.3.10 Citizen Committees 
Three citizen committees influenced the preparation of the OCP: Wastewater Task Force, 
Environmental Priorities Task Force, and Springfield-Greene County Unfunded Environmental 
Mandates Affordability Task Force.  

11.3.10.1 Wastewater Improvements Task Force 
The Wastewater Improvements Task Force included members from a wide variety of stakeholder 
groups, representing many points of view.  Over a series of eight meetings, members worked 
together to develop a set of recommendations to guide future decisions about the Wastewater 
Improvements Program.  The focus of the conversations was on how to pay for needed 
improvements to the system to meet regulations, protect public health and improve water quality.  
Twenty-four task force members participated in the meeting process, and stakeholder groups were 
informed and invited to listen in on meetings.  Over 40 additional stakeholders attended task force 
meetings and provided input when requested.  A copy of the task force recommendations is 
included in Appendix 11B. 

11.3.10.2 Environmental Priorities Task Force 
In June of 2012, the USEPA released its Integrated Municipal Stormwater and Wastewater Planning 
Approach Framework, which emphasized a commitment to work with states and communities to 
implement an integrated planning approach to address environmental objectives. In response to 
this opportunity, leaders from the City, Greene County, and City Utilities developed a local approach 
to integrated planning titled “A Citizen Focused Approach.”  Furthermore, this holistic approach 
proposes to use local knowledge to examine environmental resources related to wastewater and 
storm water, as well as solid waste, drinking water, and air quality.  The planning approach has 
received written approval from both the MDNR and the USEPA, Region 7.  The Springfield-Greene 
County community intends to move forward with this process as described in the Community 
Planning Process Description document titled “A Citizen Focused Approach.”  The Environmental 
Priorities Task Force was formed to provide guidance into the community environmental vision, 
policies, and goals.  The group met nine times over the period of a year.  Two presentations were 
made about the OCP.  Two major recommendations provided guidance to OCP development.  A 
policy statement was issued recommending that a deeper understanding of the cause and level of 
pollution be ascertained before dollars are invested to protect water quality.  The major water 
bodies were prioritized in terms of use and importance to the community.  That information 
influenced where key SSO reduction work will be initiated. 
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11.3.10.3 Springfield-Greene County Unfunded Environmental Mandates Affordability Task 
Force 

In 2012, Mayor Bob Stephens convened a group of representatives from the Springfield City 
Council, Greene County Commission, and the City Utilities Board to form the Springfield-Greene 
County Environmental Affordability Task Force. The group reviewed and evaluated the MDNR 
current community affordability framework and issued a letter and report to MDNR and the USEPA 
encouraging that issues be addressed in a holistic manner to help increase the chances of 
affordability. 

The report also included an estimate of the total potential cost to comply with anticipated unfunded 
environmental mandates – a sum the task force identified could be $1 billion by the year 2030.    

The following is a list of task force members: 

 Roseann Bentley, Greene County Commission. 

 Bill Bryan, Merrill Lynch. 

 Tim Davis, Water Quality Field Operations Manager, Greene County. 

 Rob Dixon, Springfield Area Chamber of Commerce (chair). 

 Frank Evans, Lathrop & Gage. 

 Skip Jansen, Board of Public Utilities. 

 Steve Meyer, Director of Environmental Services. 

 Jared Rasmussen, Olsson Associates. 

 John Rush, Springfield City Council. 

 Dean Young, City Utilities Citizens Advisory Committee. 

11.3.11 Implementation 
The City will continue with the following outreach during the implementation of the OCP: 

 Post information on the city’s website and Integrated Plan website about projects, progress, 
and rate increases and ask for feedback on community priorities. 

 Make presentations to community groups, neighborhood groups, and elected officials about 
projects, progress, and rate increases and ask for feedback. 

 Show programming on the CityView government access channel. 

 Promote program progress on social media. 

 Hold public meetings to solicit participation in the Pilot Private I/I Abatement Program. 

 Conduct targeted water quality outreach and provide technical assistance. 

 Issue press releases regarding projects, program progress, rate increases, and general 
information about how citizens can improve water quality. 
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11.4 RECOMMENDED PLAN 

11.4.1 Early Action Program  
As the City has progressed through the EAP, an annual report has been submitted to MDNR 
reporting on the funds spent and the progress and results of the EAP. As indicated in the 2013 
annual report, the City has invested $35.7 million toward the EAP.  The City continues to work 
toward completing the projects outlined in the EAP work plan to invest the remaining $50 million 
by 2018. 

Ongoing and future projects are shown in Table 11-1. 

Table 11-1 Remaining EAP Projects 

Early Action Program 2014 2015 2016 2017 2018 

Phase 2 Pilot Private I/I Abatement                                         
Group 3 Public Sewer Rehabilitation                                   

  
  

Group 4 Public Sewer Rehabilitation*                                         
System Flow Monitoring                                         
Increase Collection System Staffing                                         
* Group 4 funds may be reallocated to a private lateral program, flow monitoring, or private I/I 
abatement. 
Funds for the projects listed above may be reallocated between private I/I abatement, public sewer 
rehabilitation, and flow monitoring projects. 

 

11.4.2 Foundation Projects  
While working to complete the EAP by 2018, the City will commit $75 million from 2016 to 2020 to 
complete Foundation Projects.  The Foundation Projects will build upon the momentum and 
success of the EAP by increasing funding and resources to address public and private I/I sources 
and renewal and upgrade of treatment facilities; increase maintenance resources; and work 
towards MS4 compliance.  The increased funding allows the City to reduce SSO and improve the 
environment while collecting additional data and evaluating system performance to optimize future 
investments.  Proposed projects in the 2016 to 2020 time frame are shown in Table 11-2. 

Table 11-2 2016 to 2020 Foundation Projects 

Foundation Projects 2014 2015 2016 2017 2018 2019 2020 

Pipe Renewal                                                         
Private I/I Abatement                                                         
Biosolids Improvements*                                                         
MS4                                                         
Resource and Maintenance                                                         
Program Costs                                                         
System Flow Monitoring                                                         
* Based on the results of ongoing evaluations, the schedule may be revised to reflect a phased implementation of 
the biosolids improvements. 
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11.4.2.1 Pipe Renewal Projects  
As part of the EAP, the City accelerated an ongoing program to rehabilitate clay pipe, manholes, and 
service lateral connections to reestablish structural integrity and reduce excessive I/I within 
selected sub-basins.  The City will continue to invest in public sewer rehabilitation by allocating 
$9.2 million as part of the 2016 to 2020 Foundation Projects.  These projects will prevent further 
deterioration and pipe failures of the collection system.  This continued deterioration could offset 
the progress made in both the private and public I/I reduction programs.  In 2031 at the end of the 
planning period included in the ACJ, the City’s collection system will have nearly 2.8 million linear 
feet of pipe that is 60 or more years old, the majority of which is clay pipe and located in areas with 
high I/I contribution rates.  Table 11-3 shows the implementation schedule of the remaining EAP 
pipe renewal projects and pipe renewal included as part of the Foundation Projects.  Results of the 
remaining EAP projects may support an adjustment of the funds allocated and timing of the Group 5 
projects.  

Table 11-3 Public Sewer Renewal Projects 

Public Sewer Renewal 2015 2016 2017 2018 2019 2020 

Group 3 (EAP)                                                 
Group 4 (EAP)                                   

  
    

  
  

Group 5 (Foundation Projects)                                                 
 

11.4.2.2 Private I/I Abatement Projects  
The City developed and implemented a Pilot Private I/I Abatement Program as part of the EAP to 
identify and remove sources of I/I on private property.  The ultimate goal of the pilot project was to 
determine whether it is cost-effective to reduce excess flow in the collection system by removing 
private property I/I sources.   

As discussed in more detail in Chapter 6.0, the preliminary results of the pilot private I/I project 
proves that removing private I/I sources from the system is cost-effective when compared to 
increased pipe capacity or storage options.  The City will move forward with additional private I/I 
projects by allocating $10 million during the 2016 to 2020 Foundation Projects phase.  The projects 
will help the City reduce I/I and better quantify projected systemwide I/I reduction.  The 
implementation schedule of the private I/I abatement projects is shown in Table 11-4.  The 
schedule includes the necessary time required to complete pre- and post-rehabilitation flow 
monitoring, building inspections, and plumbing disconnects. 

Table 11-4 Private I/I Abatement Projects 

Private I/I Abatement 2016 2017 2018 2019 2020 2021 

Phase 3 – Year 2016                                                 
Phase 4 – Year 2017                                                 
Phase 5 – Year 2018                                                 
Phase 6 – Year 2019                                                 
Phase 7 – Year 2020                                                 
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11.4.2.3 Biosolids Improvements 
The biosolids management system at the SWTP includes sludge thickening, digestion, gas 
utilization, and dewatering.  Portions of this overall system require improvement and/or 
replacement. The City is also reevaluating the implementation schedule for improvements 
associated with an increase in digester capacity, taking into consideration the potential impacts of 
future regulations on the proposed digester processes.  The first phase of the upgrades addressing 
immediate needs will be completed as part of the Foundation Projects, and the timing of the second 
phase will be determined over the coming months.  To ensure that the City remains in compliance 
with its biosolids treatment, the funding for both phases of work is included in the Foundation 
Projects.   As the final phasing is fully determined, funds may be reallocated if the second phase of 
work can be postponed into the AAP as discussed in Subsection 10.2.6.  If the evaluations on the 
phased implementation determine portions of the biosolids improvements can be deferred this will 
allow the City to shift funds to complete additional cost-effective collection system rehabilitation as 
part of the Foundation Projects. 

Although the Foundation Projects period is not slated to commence until 2016, the City has moved 
forward with implementing conceptual and detailed design of the facility improvements.  
Commencing design activities prior to the initiation of the Foundation Projects will allow 
construction of the improvements to begin during 2016.  Table 11-5 reflects a schedule for the 
design and bid, along with a 30 to 36 month construction period for the biosolids project.  At the 
conclusion of ongoing evaluations, the schedule may be updated to reflect a phased implementation 
of the biosolids improvements.   

Table 11-5 Biosolids Project 

MS4 Projects 2014 2015 2016 2017 2018 2019 2020 

Digester Improvements                                                         
 

11.4.2.4 Municipal Separate Storm Sewer System Compliance 
A 30 member Storm Water Management Task Force, appointed by City Council and Greene County 
Commission, was charged with studying the long-term needs for the City and county storm water 
programs.  The City and county have ongoing costs to administer the storm water program, which 
include addressing flooding issues, infrastructure needs, and clean water mandates.  Those costs 
will increase in the future primarily because of stricter environmental regulations and the need for 
infrastructure renewal. 

Task force discussions focused on three major components of storm water – water quality/ 
unfunded mandates, minimizing flood risk, and replacing aging infrastructure.  A major storm 
water funding source for both the City and the county was the 1/8 cent Parks/Storm Water Tax, 
which expired in June 2012.  Since that time, neither the City nor the county has had a dedicated 
funding source to address storm water expenses in any of these three areas.  Securing a dedicated 
source of storm water funding for the City and county is a priority. 

As part of the Foundation Projects, the City proposes to allocate a total of $4.9 million, which 
corresponds to $750,000 during the first 4 years and $1.5 million during the fifth year.  The funds 
allocated over the 5 year period will be used toward meeting existing permitting requirements.  
These funding amounts are a placeholder pending the identification of a funding source and City 
Council appropriations.  Actual amounts could be lower or higher depending on permit compliance 
needs, sources of funds, and other considerations.  Only actual funding levels will count toward the 
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$200 million commitment in the Recommended OCP.  As indicated in Table 11-2, MS4 funding will 
occur over the full duration of the Foundation Projects. 

11.4.2.5 Resource and Maintenance Needs 
The City will continue the efforts initiated in the EAP to increase equipment and staff resources to 
provide an enhanced level of preventive and reactive maintenance based on the needs of the 
collection system and treatment plants.  The City will also need to bring on additional staff to 
support the projects outlined in the 2016 through 2020 Foundation Projects.  To assist in 
determining the type and level of staffing needed, the City completed an evaluation on the 
necessary functions to maintain and operate the current system.  The City anticipates investing up 
to $8.2 million in equipment and staffing needs as part of the 2016 to 2020 Foundation Projects, 
pending the City’s ability to obtain adequate funding.  The staffing needs were categorized as 
follows: 

 Capital project staff. 

 Private I/I staff. 

 Technical group. 

 Cleaning and closed circuit television (CCTV). 

 Construction crew. 

Other communities have seen SSO reductions with increased system maintenance, and it is believed 
this could prove to be the most cost-effective solution to optimize the existing system.  The exact 
positions to be filled will also depend on the results of the 2016 through 2020 Foundation Projects 
evaluations.  As noted in Table 11-2, resource and maintenance needs will be addressed throughout 
the duration of the 5 year Foundation Projects. 

11.4.2.6 Program Costs 
Throughout the implementation of the Foundation Projects, the City will hire consultants to assist 
with the delivery of projects.  Services will include public outreach, program management, and 
evaluations on the cost-effectiveness of the implemented programs.  The City intends to allocate 
$3.7 million over the course of the Foundation Projects for consulting services.  As the City 
progresses through the program and increases available resources, funds allocated for outside 
consulting support may be adjusted.  As noted in Table 11-2, program costs will be ongoing 
throughout the 5 year period for implementing Foundation Projects. 

11.4.2.7 System Flow Monitoring 
As part of the EAP, the City installed 32 long-term flow monitors in the collection system to monitor 
system response during wet-weather events.  Additional temporary meters are installed each 
spring to collect pre- and post-rehabilitation flow monitoring data, which are used to evaluate I/I 
reduction.  Toward the end of the 5 year Foundation Projects implementation period, the City 
intends to install additional temporary flow monitors, as necessary, to facilitate a comprehensive 
system evaluation.  These data will allow the City to better understand the collection system’s 
response to wet-weather events and to validate the calibration of the hydraulic model.  This 
information will allow the City to adaptively manage and fine tune the implementation of the AAPs.  
Implementation of the systemwide flow monitoring plan is anticipated to occur as noted in 
Table 11-6. 
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Table 11-6 Systemwide Flow Monitoring 

Flow Monitoring 2016 2017 2018 2019 2020 

Systemwide                                         

11.4.3 Advanced Action Plan Projects  
At the completion of the 2016 to 2020 Foundation Projects, the City will invest $125 million from 
2021 through 2025 to complete the AAP projects.  The AAP projects will address public and private 
I/I sources, public structural renewal, and MS4 compliance.  The City will also continue to invest in 
the renewal and upgrade of the treatment facilities.  The AAP projects support the City’s 
commitment toward reducing Outflow 002 bypasses, SSO, and complying with permit 
requirements.  The timing of implementation of the AAP projects is shown in Table 11-7. 

Table 11-7 2020 to 2025 Advanced Action Plan Projects 

Advanced Action Projects 2021 2022 2023 2024 2025 

Pipe Renewal                                         
Private I/I Abatement                     

 
              

 
  

Priority SSO Projects                                         
Treatment Facility Renewal                                         
MS4 Compliance                                         
Resource and Maintenance                                          
Program Costs                                         
Long-Term OCP Update                                         

 

11.4.3.1 Public Sewer Structural Renewal Program 
As part of the AAP projects, the City intends to accelerate the ongoing projects to rehabilitate clay 
pipe, manholes, and service lateral connections to reestablish structural integrity and reduce 
excessive I/I within select sub-basins.  These investments will repair and restore key parts of the 
collection system.  The timing of each project group is presented in Table 11-8. 

Table 11-8 Public Sewer Rehabilitation 

Public Sewer Rehabilitation 2021 2022 2023 2024 2025 

Group 6 - Year 2021                                         
Group 7 - Year 2022   

  
                    

  
    

  
  

Group 8 - Year 2023                                         
Group 9 - Year 2025                                         

 
The timing of the projects shown in Table 11-8 will be coordinated with the private I/I abatement 
and priority SSO projects to avoid multiple projects being implemented in the same sub-basins 
during the same year.  Separating the projects will allow for I/I reduction evaluations to be 
performed for each set of projects to better evaluate the cost-effectiveness of the repairs.  As 
necessary, the projects will be adaptively managed to fine tune targeted defects and resource 
allocation to provide the most cost-effective solutions for the City. 
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11.4.3.2 Private I/I Abatement 
The City anticipates a continuation of the private I/I abatement projects initiated as part of the 
2016 through 2020 Foundation Projects.  The private I/I abatement projects will continue to be 
developed and implemented using the procedures in place, which include sub-basin selection, I/I 
source identification, and I/I disconnect procedures.  The size and scope of each project has been 
selected to take advantage of the City’s anticipated resources to manage and implement the work 
and the availability of qualified plumbers to complete the disconnects.  Sub-basin selection has been 
coordinated with the priority SSO projects discussed later in this chapter.  The results of the 2016 
through 2020 Foundation Projects evaluations may indicate a need to reallocate funds to other 
projects or adjust the timing to complete the projects indicated in Table 11-9.   

Table 11-9 Private I/I Abatement 

Private I/I Abatement 2021 2022 2023 2024 2025 

Phase 8 - Year 2021                                         
Phase 9 - Year 2022                                         
Phase 10 - Year 2024                                         

 

11.4.3.3 Priority SSO Reduction Projects 
Following the principles of integrated planning, the City evaluated areas with chronic overflows to 
find cost-effective solutions that will provide an environmental benefit to the citizens of Springfield, 
Missouri.  The evaluation focused resources in areas that are important to the community (SSO 
reduction in high traffic areas such as parks).  The evaluation also focused on solutions that provide 
multiple benefits, such as I/I reduction and improving the structural integrity of the system.  The 
anticipated implementation schedule of the Priority SSO Projects is identified in Table 11-10.  

Table 11-10 Priority SSO Projects 

Priority SSO Projects 2021 2022 2023 2024 2025 

Galloway 04                                         
Pea Ridge 03/04   

  
                    

  
    

  
  

Doling Park (Pea Ridge)                                         
South Park (Jordan Creek)                                         

 

11.4.3.4 Treatment Facility Renewal 
The City maintains and operates the SWTP and Northwest Wastewater Treatment Plant (NWTP).  
These two facilities are aging; parts of the systems are more than 50 years old.  With a combined 
value of the two facilities ranging between $500 million and $600 million, it is imperative that the 
City dedicate resources and funds to ensure the treatment facilities continue to produce high 
quality effluent. 
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The City proposes to continue its long-standing efforts to maintain these facilities by dedicating 
additional resources to replace filters at the SWTP and to install an equalization (EQ) basin at the 
NWTP that will provide additional maintenance and operation flexibility (including wet-weather 
capacity management).  It is anticipated that additional upgrades will be implemented during the 
AAP projects.  Implementation of the proposed projects is indicated in Table 11-11. 

Table 11-11 Treatment Facility Renewal 

Treatment Facility Renewal 2021 2022 2023 2024 2025 

SWTP Filter Replacement                                         
NWTP EQ Basin   

  
    

  
    

  
                  

SWTP Flexibility Projects                                         
NWTP Flexibility Projects                                         

 

11.4.3.5 Ongoing Program Costs 
The City proposes to continue to allocate funds for MS4 compliance, resource and maintenance, and 
program costs.  Funds will be allocated throughout the 5 year AAP implementation period as 
indicated in Table 11-12.  Detailed descriptions of each item can be found in Chapter 10.0. 

Table 11-12 Ongoing Program Costs 

Program Costs 2021 2022 2023 2024 2025 

MS4 Compliance                                         
Resource and Maintenance                                          
Program Costs                                         

 

11.4.3.6 Reevaluation 
By July 1, 2025, the City will submit an updated plan for MDNR approval.  The updated plan will 
include a summary of work accomplished, lessons learned, and a proposed Recommended OCP and 
schedule for additional controls.  The proposed plan will build upon the successes of the 
Foundation Projects and AAP projects and incorporate the results of evaluations to validate the 
collection system hydraulic model calibration and I/I reduction projections.  The updated model 
and I/I projections will be used to more accurately reflect the performance of the existing system 
and project the required capacity increases to achieve a targeted level of wet-weather capacity.  The 
schedule for developing and submitting the updated OCP is provided in Table 11-13. 

Table 11-13 Reevaluation 

Overflow Control Plan 2021 2022 2023 2024 2025 

OCP Update                                         
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Upon approval of the updated OCP, the City will begin to incorporate additional measures and 
controls to reduce SSO to the agreed-upon level of service.  Future improvements to reduce SSO are 
anticipated to include the following: 

 Private I/I abatement. 

 Public sewer renewal and I/I abatement. 

 Treatment facility renewal. 

 Pipe capacity improvements. 

 Combination of storage and wet-weather treatment. 

 
Future regulations such as nutrient removal and more stringent ammonia limits will also have an 
impact on the updated OCP. 

 



CHAPTER 12.0 
PLAN EVALUATION 

Chapter 12.0 
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12.0 Plan Evaluation 

12.1 INTRODUCTION 
The Foundation Projects phase has specific commitments to projects that are certain to be cost-
effective.  These are the low hanging fruit of the plan.  The Advanced Action Plan (AAP) projects 
also include investments that are expected to be cost-effective.  However, the projects after these 
first two phases are less certain to be optimal.  To focus the AAP projects and provide for a cost-
effective long-term plan, the following three areas of plan evaluation will begin in the Foundation 
Projects phase:  

 70 percent of the inflow/infiltration (I/I) is from private sources.  Evaluating the most cost-
effective locations and the most important priority. 

 High flow in Springfield’s sewers continues for three or more days after rainfall has ended.  
In other cities, high flows caused by rainfall induced I/I typically withdraw after a day.  
Springfield’s long I/I tail drives the need for the exceptionally large sewers and storage 
basins to increase the level of service (LOS).  A high priority will be to investigate the 
reasons for this long tail and means to address it.  

 The current plan is based on a sophisticated model calibrated to dry or drought conditions.  
Normal and wet-weather conditions are needed to ensure the model is making accurate 
predictions of the effectiveness of controls.  

To address these plan evaluation needs, three categories of investigation are envisioned: 

● Private I/I pilot evaluations. 

● Hydrogeological evaluations.  

● Flow monitoring. 

These evaluation needs will be coordinated and may be adjusted as knowledge is gained from each. 

12.2 FLOW MONITORING 
As part of the Early Action Program (EAP) projects, the City installed 32 long-term meters to assist 
with hydraulic model calibration and pump station evaluation and to assist in determining flows 
contributed by customer cities.  The long-term meters were supplemented by temporary meters 
that were used to collect pre- and post-rehabilitation flow monitoring data.  Throughout the 
implementation of the Recommended Overflow Control Plan (OCP), the City will continue to collect 
flow monitoring data from the permanent and temporary flow monitors. 

12.2.1 Long-Term Flowmeters 
As part of the EAP projects, the City began collecting flow monitoring data during fall 2011 for the 
hydraulic model calibration.  Events of varying rainfall size, intensity, and frequency are important 
for the accuracy of model calibration.  Throughout the study period in 2011, the City experienced 
drought conditions. An extension was granted to repeat the monitoring program in spring 2012 to 
gather adequate wet-weather data; however, drought conditions persisted. Following a second 
extension in spring 2013, near normal rainfall was recorded, and the monitoring program captured 
several storm events. It should be noted that during the 24 month period heading into spring 2013, 
the rainfall total was approximately 22 inches below average, and I/I responses likely did not 
reflect typical responses seen in the system because of abnormally low ground water. 
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Throughout the Recommended OCP, the City proposes to continue with the long-term flow 
monitoring plan.  Extending the flow monitoring plan over the 10 year period, as warranted, will 
allow the City to collect data more representative of normal conditions.  Long-term flowmeters that 
were installed as part of the flow monitoring program will remain in place for the following 
purposes: 

 Pre- and post-rehabilitation monitoring for private and public I/I programs.   

 Evaluation of extended infiltration response during more normal rainfall patterns. 

 Periodic update of the hydraulic model/OCP. 

 Customer City flow evaluation. 

As the program continues, the location and purpose of each meter will be reevaluated, and the long-
term flow monitoring will be updated as appropriate.   

12.2.2 Temporary Flowmeters 
Throughout the 10 year implementation period for the Recommended OCP, the City will continue to 
supplement the long-term meters with temporary meters.  The temporary meters will be used to 
provide additional data for model calibration, control basin flow data to compare and evaluate data 
over varying monitoring periods, and pre- and post-rehabilitation flow monitoring data.  During the 
EAP, the City completed a pilot private I/I abatement project and multiple years of public sewer 
rehabilitation projects.  Pre-rehabilitation flow data for the Group 1 public sewer rehabilitation 
project and pilot private I/I abatement project were collected during drought conditions, but the 
corresponding post-rehabilitation data were collected during near normal rainfall conditions.  The 
vast difference in rainfall over the two monitoring periods made it difficult to complete I/I 
reduction evaluations.  Despite conditions that were not ideal, the City had to use this data to 
project I/I reductions systemwide as part of the adequate wet-weather analysis.  

As the City moves forward with additional pilot private I/I abatement projects and public sewer 
rehabilitation projects, it will continue to collect pre- and post-rehabilitation flow monitoring data.  
The additional data will be valuable to validate the assumptions used during previous evaluations 
and to verify the projected I/I reduction.  As the City continues to collect data, the projects included 
in the Recommended OCP will be adaptively managed to ensure that the City is utilizing resources 
as efficiently as possible. 

12.2.3 Hydrogeologic Evaluations 
One of the major goals of the additional monitoring and metering will be to investigate the causes of 
the unique wet-weather response with extended periods of high flows in the sewers following a 
rainfall event and the most effective I/I reduction strategies to address this unique response.  
Ongoing work includes comparison of sewer sub-basin responses to local geologic conditions to 
determine whether correlations can be made.  The sub-basins with the long hydrograph tails are 
being compared to areas of known shallow bedrock and areas of known fragipan soils to determine 
if there is a clear relationship.  If there are clear indications that such relationships exist, a tailored 
monitoring and metering program will be developed.  The monitoring and metering program may 
consist of the following: 

 Dedicated flowmeters to better establish the sewer system response during more average 
rainfall conditions. 



City of Springfield, Missouri | ENVIRONMENTAL SERVICES 

BLACK & VEATCH | Plan Evaluation 12-3 
 

 Ground water elevation monitoring to determine water level response to long-term rainfall 
trends as well as specific event response.   

 Monitoring of sub-basins before I/I reduction work and following completion to refine 
estimates of the effectiveness of the I/I reduction work. 

12.3 PILOT PROGRAMS 

12.3.1 Private Inflow/Infiltration Abatement Program 
The Pilot Private I/I Abatement Program completed as part of the EAP was a great success and 
verified that targeting inflow sources on private property is a cost-effective means of reducing I/I.  
As discussed in greater detail in Chapter 8.0 and as noted on Figure 12-1, it is believed that nearly 
70 percent of I/I may originate on private property in the City’s collection system.  In order to 
develop an affordable plan to reduce sanitary sewer overflows (SSO), it is crucial to identify and 
repair cost-effective defects/sources of I/I in private sewers.  To build upon the success of the Pilot 
Private I/I Abatement Program and to continue to identify private I/I sources, the City commenced 
the Phase 2 pilot private I/I abatement project.  As part of the Phase 2 pilot private I/I abatement 
project, the City included private lateral investigations and repairs.  The ability to cost effectively 
identify and repair private lateral defects could result in substantial I/I reduction systemwide, 
which will ultimately decrease the dependence on increased pipe capacity, storage, and wet-
weather treatment capacity.  Throughout the Recommended OCP, the City will continue to pilot 
techniques to identify and repair additional I/I sources as a means to find the most cost-effective 
solutions.  

 

Figure 12-1 Summary of I/I Quantification 
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12.3.2 Public Sewer Inflow/Infiltration Abatement 
During the EAP and throughout the Recommended OCP, the City proposes to increase efforts to 
address aging infrastructure in the collection system.  Through the public sewer renewal program, 
the City is able to add decades to the life of the collection system while also reducing I/I into the 
system.  Though critical to the long-term success of the program, the comprehensive public sewer 
projects implemented to address aging pipe, lateral connections, and manholes is an expensive and 
time-consuming process.  During the implementation of the Recommended OCP, the City may 
include pilot projects to target inflow sources in the public sector that can be easily identified and 
repaired.  These pilot projects would not be implemented to supplement the structural renewal 
programs.  If proven to be cost-effective, these smaller programs would allow the City to move 
more quickly through the system and target large inflow sources while the comprehensive program 
is ongoing.  As noted on Figure 12-1, public inflow sources may account for up to 23 percent of I/I 
in the system. 

12.4 PLAN UPDATE 
Throughout the implementation of the Recommended OCP, the City will continue to gather 
additional flow monitoring data to validate model calibration and I/I reduction projections.  In 
addition, the City will continue to evaluate methods for identifying and implementing cost-effective 
solutions for removing I/I from the system.  The City will also continue ongoing work to compare 
sewer sub-basin responses to local geologic conditions to determine if correlations can be made to 
help explain the unique long hydrograph tails.  Based on the results of the additional data and 
evaluations, the City will adaptively manage and refine the projects included in the 10 year 
Recommended OCP.   

The continued projects, evaluations, and data collection will allow the City to better understand the 
collection system response to wet-weather events and how local geologic features impact the 
system response.  With data collected over an extended period of time and a better understanding 
of the collection system response, the City will be able to more accurately project realistic I/I 
reduction systemwide and better understand the necessary capacity improvements to convey, 
store, and/or treat wet-weather flows.  The City also believes that, with the continued pilot projects 
and evaluations, additional cost-effective I/I reduction strategies may be implemented, which in 
turn will decrease the cost of future capacity improvements.    

By July 1, 2025, the City proposes to submit to the Missouri Department of Natural Resources 
(MDNR) for approval an updated OCP.  The updated plan would outline future steps and projects to 
reduce SSO and discharges to Outfall 002 at the treatment facilities.  The updated plan will utilize 
the additional data and conclusions from the projects implemented during the 10 year $200 million 
Recommended OCP to more accurately project the scale and cost of capital improvement projects. 

Submitting the updated OCP in July 2025 will ensure that continued progress will be made for 
months or even years beyond that point so that the regulatory approval process will not cause 
interruption or cessation of system improvements. 
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) L19SW032.1, Model Location (Pred.) D/S  L19SW032.1, Rainfall Profile: PR13
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) M19NW074.1, Model Location (Pred.) D/S  M19NW074.1, Rainfall Profile: PR14
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) L19SW042.1, Model Location (Pred.) D/S  L19SW042.1, Rainfall Profile: PR15
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) L20SW011.1, Model Location (Pred.) U/S  L20SW011.1, Rainfall Profile: PR16
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) J17SE002.1, Model Location (Pred.) D/S  J17SE002.1, Rainfall Profile: PR18
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) L15SW014.1, Model Location (Pred.) D/S  L15SW014.1, Rainfall Profile: R03
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) K12L3E004.1, Model Location (Pred.) D/S  K12L3E004.1, Rainfall Profile: R04
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) J16NE008.1, Model Location (Pred.) D/S  J16NE008.1, Rainfall Profile: SB02
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) L15SE001.1, Model Location (Pred.) D/S  L15SE001.1, Rainfall Profile: SB02A
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) K21L6E004.1, Model Location (Pred.) D/S  K21L6E004.1, Rainfall Profile: SDS02
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) L23L1W024.1, Model Location (Pred.) D/S  L23L1W024.1, Rainfall Profile: SDS05
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) J18SE005.1, Model Location (Pred.) D/S  J18SE005.1, Rainfall Profile: SDS06
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) L25L2E006.1, Model Location (Pred.) D/S  L25L2E006.1, Rainfall Profile: Strafford
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_North_Final (6/25/2014 5:07:36 PM)

Flow Survey Location (Obs.) J16NE002.1, Model Location (Pred.) D/S  J16NE002.1, Rainfall Profile: NWWTP
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 Observed / Predicted Plot Produced by ecumming (6/25/2014 5:21:25 PM) Page 1 of 91

 Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

 Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

 Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) V15NW001LSAV.1, Model Location (Pred.) U/S  V15NW001LSAV.1, Rainfall Profile: Battlefield
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O20SW024.2, Model Location (Pred.) D/S  O20SW024.2, Rainfall Profile: FC04A
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O20SW025.2, Model Location (Pred.) U/S  O20SW025.2, Rainfall Profile: FC04B
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P20NE062.1, Model Location (Pred.) D/S  P20NE062.1, Rainfall Profile: FC05A

0.0

1.0

2.0

3.0

Rainfall (in/hr)

0.0

1.0

2.0

3.0

4.0

Depth (ft)

0.00

0.50

1.00

1.50

2.00

Flow (MGD)

3/1/2013 4/1/2013 5/1/2013 6/1/2013

   Powered by

      

2013 Results Report



Rain

Obs.

...Final Calibration!>Spring2013

Rainfall

Depth (in)

21.716

Peak (in/hr)

1.934

Average (in/hr)

0.008

Depth (ft)

Min

0.000

0.333

Max

1.041

0.978

Flow (MGD)

Min

0.000

0.676

Max

6.332

7.255

Volume (US Mgal)

102.692

138.369

Observed / Predicted Plot Produced by ecumming (6/25/2014 5:21:25 PM) Page 5 of 91

Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P21SW048.1, Model Location (Pred.) D/S  P21SW048.1, Rainfall Profile: FC05B
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P19SE002.1, Model Location (Pred.) D/S  P19SE002.1, Rainfall Profile: FC06A
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P19SE012.1, Model Location (Pred.) D/S  P19SE012.1, Rainfall Profile: FC06B
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P19SW093.1, Model Location (Pred.) D/S  P19SW093.1, Rainfall Profile: FC07
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P19NW010.1, Model Location (Pred.) D/S  P19NW010.1, Rainfall Profile: FC08A
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P19NW096.1, Model Location (Pred.) D/S  P19NW096.1, Rainfall Profile: FC08B
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P18NE037.1, Model Location (Pred.) D/S  P18NE037.1, Rainfall Profile: FC09A
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P18NE097.1, Model Location (Pred.) D/S  P18NE097.1, Rainfall Profile: FC09B
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P18SW084.1, Model Location (Pred.) D/S  P18SW084.1, Rainfall Profile: FC11
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P18SW013.1, Model Location (Pred.) D/S  P18SW013.1, Rainfall Profile: FC13
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P17NW028.1, Model Location (Pred.) D/S  P17NW028.1, Rainfall Profile: FC14
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P21NE035.1, Model Location (Pred.) D/S  P21NE035.1, Rainfall Profile: FC15
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P22NW023.1, Model Location (Pred.) D/S  P22NW023.1, Rainfall Profile: FC16
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) Q21SW098+.1, Model Location (Pred.) D/S  Q21SW098+.1, Rainfall Profile: G01
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) Q22NW111.1, Model Location (Pred.) D/S  Q22NW111.1, Rainfall Profile: G04
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R22NW081.1, Model Location (Pred.) D/S  R22NW081.1, Rainfall Profile: G05
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R22NW009.1, Model Location (Pred.) D/S  R22NW009.1, Rainfall Profile: G07
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R22NW040.1, Model Location (Pred.) D/S  R22NW040.1, Rainfall Profile: G08
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) S22NW018.1, Model Location (Pred.) D/S  S22NW018.1, Rainfall Profile: G10
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) T22NE038.1, Model Location (Pred.) D/S  T22NE038.1, Rainfall Profile: G12
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N17NE034.1, Model Location (Pred.) D/S  N17NE034.1, Rainfall Profile: JC01
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N18NW042.1, Model Location (Pred.) D/S  N18NW042.1, Rainfall Profile: JC02
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O18NW021.1, Model Location (Pred.) D/S  O18NW021.1, Rainfall Profile: JC03
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O18NW009.1, Model Location (Pred.) D/S  O18NW009.1, Rainfall Profile: JC05
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N20NW008.1, Model Location (Pred.) D/S  N20NW008.1, Rainfall Profile: JC08

0.00

0.50

1.00

1.50

2.00

2.50

Rainfall (in/hr)

-2.0

0.0

2.0

4.0

6.0

Depth (ft)

0.0

2.0

4.0

6.0

8.0

Flow (MGD)

3/1/2013 4/1/2013 5/1/2013 6/1/2013

   Powered by

      

2013 Results Report



Rain

Obs.

...Final Calibration!>Spring2013

Rainfall

Depth (in)

21.719

Peak (in/hr)

2.057

Average (in/hr)

0.008

Depth (ft)

Min

0.000

0.594

Max

8.357

9.265

Flow (MGD)

Min

0.000

1.573

Max

6.104

6.902

Volume (US Mgal)

216.640

243.740

Observed / Predicted Plot Produced by ecumming (6/25/2014 5:21:25 PM) Page 30 of 91

Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N20NE032.1, Model Location (Pred.) D/S  N20NE032.1, Rainfall Profile: JC09
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) M21SW031.1, Model Location (Pred.) D/S  M21SW031.1, Rainfall Profile: JC10
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) M22SE006.1, Model Location (Pred.) D/S  M22SE006.1, Rainfall Profile: JC11
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N22SE027.1, Model Location (Pred.) D/S  N22SE027.1, Rainfall Profile: JC12
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N21SE048.1, Model Location (Pred.) D/S  N21SE048.1, Rainfall Profile: JC13
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N20SW052.1, Model Location (Pred.) D/S  N20SW052.1, Rainfall Profile: JC15
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N20SE063.1, Model Location (Pred.) D/S  N20SE063.1, Rainfall Profile: JC17
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N19SE043.1, Model Location (Pred.) D/S  N19SE043.1, Rainfall Profile: JC21
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O18NE005.2, Model Location (Pred.) D/S  O18NE005.2, Rainfall Profile: JC22
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N19SE065.1, Model Location (Pred.) D/S  N19SE065.1, Rainfall Profile: JC22A
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O18NE091.1, Model Location (Pred.) D/S  O18NE091.1, Rainfall Profile: JC23
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O18NE009.1, Model Location (Pred.) D/S  O18NE009.1, Rainfall Profile: JC23A
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O17SE038.1, Model Location (Pred.) D/S  O17SE038.1, Rainfall Profile: JC25
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O17SE013.1, Model Location (Pred.) D/S  O17SE013.1, Rainfall Profile: JC26
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P17NW023.1, Model Location (Pred.) D/S  P17NW023.1, Rainfall Profile: JC27
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O17SE054.1, Model Location (Pred.) D/S  O17SE054.1, Rainfall Profile: JC29
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O18NE095.1, Model Location (Pred.) U/S  O18NE095.1, Rainfall Profile: JC30
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P17NW036.1, Model Location (Pred.) D/S  P17NW036.1, Rainfall Profile: JC31
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O19SW069.1, Model Location (Pred.) D/S  O19SW069.1, Rainfall Profile: JC32
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) W18NE002.1, Model Location (Pred.) U/S  W18NE002.1, Rainfall Profile: JR07
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) T21NW004.1, Model Location (Pred.) D/S  T21NW004.1, Rainfall Profile: LS01
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) T21SE003.1, Model Location (Pred.) D/S  T21SE003.1, Rainfall Profile: LS03
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) V20SE003.1, Model Location (Pred.) D/S  V20SE003.1, Rainfall Profile: LS06
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) Q15NW014.1, Model Location (Pred.) D/S  Q15NW014.1, Rainfall Profile: LWC03
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R14SE003.1, Model Location (Pred.) D/S  R14SE003.1, Rainfall Profile: LWC04

0.0

1.0

2.0

3.0

Rainfall (in/hr)

0.0

2.0

4.0

6.0

8.0

Depth (ft)

0

10

20

30

Flow (MGD)

3/1/2013 4/1/2013 5/1/2013 6/1/2013

   Powered by

      

2013 Results Report



Rain

Obs.

...Final Calibration!>Spring2013

Rainfall

Depth (in)

22.667

Peak (in/hr)

2.735

Average (in/hr)

0.009

Depth (ft)

Min

0.000

0.084

Max

0.179

0.276

Flow (MGD)

Min

0.000

0.000

Max

0.395

0.314

Volume (US Mgal)

0.074

2.653

Observed / Predicted Plot Produced by ecumming (6/25/2014 5:21:25 PM) Page 55 of 91

Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P15SE037.1, Model Location (Pred.) D/S  P15SE037.1, Rainfall Profile: LWC08
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P24SW004.1, Model Location (Pred.) D/S  P24SW004.1, Rainfall Profile: PC05
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R24NW001.1, Model Location (Pred.) D/S  R24NW001.1, Rainfall Profile: PC06
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) Q17SE005.1, Model Location (Pred.) D/S  Q17SE005.1, Rainfall Profile: SC03
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R18NW005.1, Model Location (Pred.) D/S  R18NW005.1, Rainfall Profile: SC05
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R19NE001.1, Model Location (Pred.) D/S  R19NE001.1, Rainfall Profile: SC07
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R20NW002.1, Model Location (Pred.) D/S  R20NW002.1, Rainfall Profile: SC08
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R20NW007.1, Model Location (Pred.) D/S  R20NW007.1, Rainfall Profile: SC09
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R20NE008.1, Model Location (Pred.) D/S  R20NE008.1, Rainfall Profile: SC10
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R18SW053.1, Model Location (Pred.) D/S  R18SW053.1, Rainfall Profile: SC12

0.0

1.0

2.0

3.0

Rainfall (in/hr)

0.0

1.0

2.0

3.0

Depth (ft)

0.0

1.0

2.0

3.0

Flow (MGD)

3/1/2013 4/1/2013 5/1/2013 6/1/2013

   Powered by

      

2013 Results Report



Rain

Obs.

...Final Calibration!>Spring2013

Rainfall

Depth (in)

23.596

Peak (in/hr)

2.873

Average (in/hr)

0.009

Depth (ft)

Min

0.000

0.296

Max

5.134

6.178

Flow (MGD)

Min

0.000

0.319

Max

2.712

3.051

Volume (US Mgal)

74.104

107.499

Observed / Predicted Plot Produced by ecumming (6/25/2014 5:21:25 PM) Page 65 of 91

Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R17SE004.1, Model Location (Pred.) D/S  R17SE004.1, Rainfall Profile: SC13
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R16NE001.1, Model Location (Pred.) D/S  R16NE001.1, Rainfall Profile: SC15
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R16SE022.1, Model Location (Pred.) D/S  R16SE022.1, Rainfall Profile: SC16
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) SC16OrificeOutlet.1, Model Location (Pred.) D/S  SC16OrificeOutlet.1, Rainfall Profile: SC16FM
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R15SE013.1, Model Location (Pred.) D/S  R15SE013.1, Rainfall Profile: SC17
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) Q18SE079.1, Model Location (Pred.) D/S  Q18SE079.1, Rainfall Profile: SC18
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) R15NE003.1, Model Location (Pred.) D/S  R15NE003.1, Rainfall Profile: SC19
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) S15SW002.1, Model Location (Pred.) D/S  S15SW002.1, Rainfall Profile: SC21
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) V17NW007LSSplit.2, Model Location (Pred.) D/S  V17NW007LSSplit.2, Rainfall Profile: SC21A
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N16NW029.1, Model Location (Pred.) D/S  N16NW029.1, Rainfall Profile: UWC01
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) N17SW018.1, Model Location (Pred.) D/S  N17SW018.1, Rainfall Profile: UWC02
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O15NE066.1, Model Location (Pred.) D/S  O15NE066.1, Rainfall Profile: UWC03
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O15SE021.1, Model Location (Pred.) D/S  O15SE021.1, Rainfall Profile: UWC07

0.00

0.50

1.00

1.50

2.00

Rainfall (in/hr)

0.00

0.50

1.00

1.50

2.00

2.50

Depth (ft)

0.00

0.10

0.20

0.30

Flow (MGD)

3/1/2013 4/1/2013 5/1/2013 6/1/2013

   Powered by

      

2013 Results Report



Rain

Obs.

...Final Calibration!>Spring2013

Rainfall

Depth (in)

22.540

Peak (in/hr)

2.220

Average (in/hr)

0.009

Depth (ft)

Min

0.000

0.705

Max

8.855

10.158

Flow (MGD)

Min

-14.977

-15.108

Max

12.374

4.123

Volume (US Mgal)

247.928

168.525

Observed / Predicted Plot Produced by ecumming (6/25/2014 5:21:25 PM) Page 78 of 91

Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P16SE025.1, Model Location (Pred.) D/S  P16SE025.1, Rainfall Profile: UWC09
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O16NW031.1, Model Location (Pred.) D/S  O16NW031.1, Rainfall Profile: UWC10
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) O16SW070.1, Model Location (Pred.) D/S  O16SW070.1, Rainfall Profile: UWC12
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P15NW018.1, Model Location (Pred.) D/S  P15NW018.1, Rainfall Profile: UWC12A
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P16NW011.1, Model Location (Pred.) D/S  P16NW011.1, Rainfall Profile: UWC12B
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) P16NE024.1, Model Location (Pred.) U/S  P16NE024.1, Rainfall Profile: UWC13
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) T19SW042.1, Model Location (Pred.) D/S  T19SW042.1, Rainfall Profile: WB02
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) T19SW048.1, Model Location (Pred.) D/S  T19SW048.1, Rainfall Profile: WB03
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) S20SE040.1, Model Location (Pred.) D/S  S20SE040.1, Rainfall Profile: WB05
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) U17NE005.1, Model Location (Pred.) D/S  U17NE005.1, Rainfall Profile: WB07
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) T19SW017.1, Model Location (Pred.) D/S  T19SW017.1, Rainfall Profile: WB09
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) U17NW090.1, Model Location (Pred.) D/S  U17NW090.1, Rainfall Profile: WB10
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)

Sim: >Springfield2013_FinalCalibrated>Run Group>Final Calibration!>Spring2013 (3/13/2014 3:27:10 PM)

Graph Template: >Springfield2013_FinalCalibrated>Graph Template Group>2013_South_Final (6/25/2014 5:05:41 PM)

Flow Survey Location (Obs.) U17SW002.1, Model Location (Pred.) D/S  U17SW002.1, Rainfall Profile: WB12
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Flow Survey: >Springfield2013_FinalCalibrated>Observed Flow Meter Data>2013_MeteredData_All_Final (10/23/2013 4:08:58 PM)
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MEMORANDUM 

City of Springfield   B&V Project 174012 
SSO Control Program  B&V File 42.5560 
NWCWP Hydraulic Capacity Evaluation  July 30, 2014 

To: Bruce Hinkston, Plant Supervisor, Northwest Clean Water Plant 
 Errin Kemper, City of Springfield 

From: Dave Bunch, Project Manager, B&V 
 Gina Gansmann, Engineering Manager, B&V 

1. Executive Summary 

 

As a component of the Springfield, Missouri Long-Term Sanitary Sewer Overflow Control 

Program (OCP), a hydraulic analysis of the Northwest Clean Water Plant (NWCWP) was 

performed to determine the peak hydraulic capacity of the existing dry-weather, liquid 

treatment facilities.  This memorandum provides a description of the existing facilities; 

documents assumptions and hydraulic modeling methodologies used in the analysis, and 

summarizes the findings and observations from the modeling efforts.  Existing record drawings 

were used to confirm weir and water surface elevations.  Additional information related to how 

the plant currently operates was provided by plant staff. 

 

Based on the hydraulic analysis, the peak hydraulic capacity of the NWCWP is approximately 20 

mgd.  Where peak hydraulic capacity is defined as the peak flow rate that can be passed without 

submerging weirs and adequately treats the flow to the permitted limits.  A breakdown of the 

individual key plant capacities are presented in the table below. 

 

Summary of Findings 

Peak Flow Capacity as Determined by Model Flow, mgd (gpm) 

Effluent Pumping Station (Firm)* 16.4 (11,400) 

UV Disinfection – Existing Peak Capacity 17.0 (11,800) 

UV Disinfection – With Expansion Peak 

Capacity 

30.0 (20,800) 

Influent Pumping Station (Firm) 23.25 (16,150) 

*Effluent pumps utilized when Little Sac River is at an elevation of 1070.0 +/-. 

*Maximum water elevation maintained at the Effluent Wetwell of 1070.5. 

 

The hydraulic model was also used to identify hydraulic constraints or bottlenecks through the 

liquid treatment facilities of the plant.  The plant is currently limited by the existing capacity of 

Effluent Pumping Station, which has a firm capacity of 16.4 MGD.  In addition, the current UV 

peak hour capacity is limited to 17.0 mgd.  The UV facility has been evaluated and the capacity 
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can be increased to 30 mgd with minor improvements.  Flows above 20 mgd will begin to 

submerge the weirs located at the Final Clarifier Splitter Box.  At a plant flow of 20 mgd, the 

weir at the Aeration Basin Effluent Box will be submerged.  At a plant flow approaching 17 mgd 

the effluent weir of the Selector Basin will be submerged.  Appendix A provides a detailed list of 

facilities for the plant and the impact of operating at a peak flow of 20 mgd on freeboard and 

weir submergence. 

 

The purpose of this initial evaluation was to confirm the peak hydraulic capacity of the NWCWP.  

The results of the hydraulic analysis and the collections system modeling will be used to 

determine:  

1) the flows that will be received by the NWCWP during specific storm events; and 

2) the peak flow that the plant can hydraulically pass without improvement. 

A summary of the evaluation of wet-weather treatment alternatives and the results including 

any additional hydraulic analysis will be compiled into a technical memorandum and submitted 

to the City for consideration. 

 

2. Description of Existing Facilities 

 

The existing NWCWP was originally constructed in 1984 and has had several expansions since, 

most recently in 2004.  The NWCWP provides preliminary and secondary treatment.  

Preliminary treatment includes screening, grit removal, raw sewage pumping and flow 

metering.  Secondary treatment includes biological treatment, final clarifiers and sludge 

pumping.  Disinfection is provided through the use of UV prior to discharging into its receiving 

stream, Little Sac River.  Waste activated sludge is thickened and periodically trucked to the 

Southwest Clean Water Plant.  The plant currently operates at an annual average daily flow of 

4.95 mgd with a design annual average daily flow of 6.9 mgd.  Peak hour design flow of the plant 

is rated at 17 mgd. 

 

3. Methods  

 

The hydraulic calculations completed for the OCP NWCWP Hydraulics Analysis consisted of the 

development of a static model using Microsoft Excel-based spreadsheet.  The static model 

included facilities in the liquid treatment trains.   

 

The calculations used in the Excel spreadsheet include the Hazen-Williams equation for friction 

losses in full-pipe flow, Mannings equation for gravity flow, and minor losses were considered 

proportional to the kinetic energy of the flow.  To be conservative, the Hazen-Williams pipe 

roughness (C-value) was assumed to be 100 throughout, which represents a worn cast-iron 

pipe.  
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The inputs for the Excel-based spreadsheet were taken from record drawings of the plant.   

 

The downstream control elevation is typically based on regulatory guidelines or client 

requirements.  For the purposes of this evaluation, the downstream control elevation in Little 

Sac River of 1070.00 was selected to allow for a maximum gravity flow discharge at the Outfall 

without damaging or overflowing structures within the plant.  Once this elevation is reached the 

Effluent Pumps are utilized to maintain a maximum water level in the Effluent Wetwell of 

1070.50. 

 

Mixed Liquor Return (MLR) and Return activated sludge (RAS) are significant sidestream flows 

that affect hydraulic calculations.  The MLR and RAS rates used for the model are as follows.  

 

Plant Flow (mgd) MLR Flow* RAS Flow** 

mgd % Plant mgd % Plant 

6.8 16 235% 4 59% 

17 28.5 168% 7.92 47% 

20 28.5 143% 7.92 47% 

*MLR is based on 300% of maximum month plant flow. 
**RAS flow is based on the firm capacity of the RAS pumps. 
 

Through an iterative process, peak hydraulic capacity was determined by changing flow rates in 

the model until freeboard downstream of weirs was reduced to nearly zero.  Therefore, “peak 

hydraulic capacity” is defined as the peak flow rate that can be passed without submerging 

weirs but it does not account whether the facilities can adequately treat the flow to the 

permitted limits.  The process capacity will be discussed in a subsequent report. 

 

4. Findings and Observations 

 

The results of the hydraulic model were fairly consistent with previous hydraulic studies.  

Overall, the hydraulic analysis shows that the calculated peak capacity of the plant is 20 mgd 

with a RAS flow of 7.92 mgd and a MLR flow of 28.5 mgd.  Flows approaching 17 mgd will begin 

to submerge the effluent weir at the Selector Basin.  Flows above 20 mgd begin to submerge the 

weirs located at the Final Clarifier Splitter Box.  The forward flow through the plant could be 

increased if RAS and MLR rates were decreased.  For more detailed information, refer to Table 

1 at the end of this memorandum which contains a summary of elevations and freeboard for 

structures.  The green, yellow, and red icons represent acceptable freeboard, insufficient 

freeboard, and overflowing/overtopped respectively.  Therefore, the locations of concern would 

be indicated with a yellow icon, and the flooded locations are indicated with a red icon. 
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A liquid flow balance showing how flow is distributed at the NWCWP during a peak flow of 20 

mgd is included at the end of this memorandum as Figure 1.  Observations about specific 

structures within the plant are discussed in the paragraphs that follow. 

 

a. Influent Pumping Station 

A model of the Influent Pumping Station has not been completed.  The firm capacity of the 

pump station is rated at 23.25 mgd which is above the peak flow modeled at the plant. 

 

b. Screens and Grit Basins 

Two existing bar screens are rated with a maximum capacity of 16.3 mgd each.  The bar 

screens can provide up to a peak capacity of 32.6 mgd.  Two vortex grit chambers are 

utilized, each with a maximum capacity of 12 mgd each.  Flows up to 20 mgd can be 

accommodated through the channels and piping. 

 

c. Selector Basin 

The selector basin requires the capacity to accommodate a combination of plant flow, 

return activated sludge (RAS) flow and the mixed liquor return (MLR) flow.  In the model it 

was assumed that the RAS and plant flow combine in the influent channel of the basin.  To 

be conservative, one hundred percent of the MLR was assumed to enter the first cell of the 

selector basin.  Each wall dividing the cells of the basin were modeled as a submerged wall.  

As plant flows approach a peak flow of 17 mgd the effluent weir at the selector basin 

becomes submerged with RAS and MLR flows as indicated above. 

 

d. Aeration Basin 

Flow between the three zones of the aeration basin were modeled using submerged 

openings between each zone.  Effluent from zone 3 was modeled as though all flow 

discharged through one of the effluent drop boxes located in zone 3.  The drop box was 

modeled as a submerged pipe opening based on input from the plant on how the basin 

operates.  MLR was assumed to be pulled from zone 3 of the aeration basin.  The effluent 

weir at the aeration basin becomes submerged at a plant flow of 20 mgd. 

 

e. Final Clarifiers and Splitter Box 

Plant flows above 20 mgd will submerge the weirs located at the final clarifier splitter box.  

Flow was modeled through final clarifiers 2 and 3.  Consistent with input from plant staff, 

plant flows above 15 mgd were modeled through all three final clarifiers. 

 

f. Effluent Meter Vault and UV Disinfection 

Flows modeled through the parshall flume of the effluent meter vault were within the 

allowable submergence ratio allowing flow to be free flowing.  Flows through the UV 

channels were modeled as though improvements had been made to increase the capacity to 
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30 mgd.  It was assumed that three UV channels would be in service at the 17 and 20 mgd 

conditions. 

 
g. Effluent Pump Station 

Effluent from the plant is by gravity unless the water elevation at the Little Sac River 

reaches 1070.00.  An isolation sluice gate is closed once the river reaches this level and 

flows are pumped from the effluent wetwell.  Flows through the plant were modeled with a 

water level condition of 1070.00 in the Little Sac River, and a maximum wetwell water 

elevation of 1070.50.  The existing effluent pumps are currently only rated with a firm 

capacity of 16.4 mgd. 

 

5. Next Steps 

 

Using the information obtained from the survey and through the hydraulic modeling efforts, the 

next step is to evaluate wet-weather treatment alternatives.  Results from the collection system 

modeling together with the results of this hydraulic analysis of the NWCWP liquid treatment 

trains establish a design wet-weather flow condition that will serve as the basis for the 

evaluation of the wet-weather treatment alternatives.  A summary of the evaluation of wet-

weather treatment alternatives and the results will be compiled into a technical memorandum 

and submitted to the City for consideration. 





Wilson Creek WSE 1078.00 Green Icon - acceptable freeboard

Effluent Wetwell Max Water Level 1070.50 Yellow Icon - insufficient freeboard

Flow 20.00 MGD Red Icon - overflowing/overtopped

Northwest Clean Water Plan

Water 

Surface

Top of 

Wall

Top of 

Weir

Basin 

Freeboard, 

ft

Basin 

Freeboard

Weir 

Submerged?

Weir 

Freeboard, 

ft

Weir 

Freeboard Notes

Effluent

Effluent Box 1078.94 1081.00 2.06 NA NA NA Pumps are activated when river reaches 1070.00.

Effluent Wetwell 1070.50 1073.00 2.50 NA NA NA Wetwell water elevation is limited to 1070.50.

Finger Weirs 1070.50 1073.00 1071.50 2.50 NO 1.00

Post-Aeration Channel 1071.66 1075.00 3.34 NA NA NA

UV Channel

UV Channel 1072.46 1075.00 2.54 NA NA NA

UV Influent Channel 1072.46 1081.00 8.54 NA NA NA

Effluent Meter Vault and Junction Box

Effluent Box of Parshall Flume 1072.56 1076.00 3.44 NA NA NA Top of Grating at Parshall Flume

Upstream of Flume 1074.06 1076.00 1.94 NA NA NA

Influent Box of Parshall Flume 1074.15 1076.00 1.85 NA NA NA

Junction Box 1074.16 1081.00 6.84 NA NA NA

Final Clarifier No. 3

FC No. 3 Effluent Box 1074.97 1081.00 6.03 NA NA NA

FC No. 3 Launder Trough 1076.18 1081.00 1078.00 4.82 NO 1.82

FC No. 3 Floc Well/Center Column 1078.17 1081.00 2.83 NA NA NA

Final Clarifier Splitter Box

Splitter Effluent Box 1078.36 1081.00 1078.38 2.64 NO 0.02

Splitter Influent Box 1078.96 1081.00 2.04 NA NA NA

Aeration Basin

Aeration Basin Effluent Box 1079.85 1083.50 1079.75 3.65 YES -0.10

Aeration Basin Zone 3 1081.15 1083.50 2.35 NA NA NA

Aeration Basin Zone 2 1081.40 1083.50 2.10 NA NA NA

Aeration Basin Zone 1 1081.53 1083.50 1.97 NA NA NA

Selector Basin

Effluent Box of Selector Basin 1082.74 1084.50 1082.00 1.76 YES -0.74

 Selector Basin Zone 4th Cell (2D) 1082.89 1084.50 1081.00 1.61 YES -1.89 Designed to be a Submerged Wall

Selector Basin Zone 3rd Cell (2C) 1082.89 1084.50 1081.00 1.61 YES -1.89 Designed to be a Submerged Wall

Selector Basin Zone 2nd Cell (2B) 1082.98 1084.50 1081.00 1.52 YES -1.98 Designed to be a Submerged Wall

Selector Basin Zone1st Cell (2A) 1083.06 1084.50 1.44 NA NA NA

Selector Basin Influent Channel 1083.22 1084.50 1.28 NA NA NA

Headworks

Effluent Channel of Grit Basin 1085.15 1086.75 1.60 NA NA NA

Influent Channel of Grit Basin 1085.77 1086.75 0.98 NA NA NA Effluent side of Bar Screen

Influent Channel of Bar Screen 1086.02 1086.75 0.73 NA NA NA
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Executive Summary 
As	part	of	the	Sanitary	Sewer	Overflow	Control	Program	for	the	City	of	Springfield,	Missouri,	
options	for	increasing	wet	weather	treatment	capabilities	at	the	Northwest	Wastewater	
Treatment	Plant	(NWTP)	are	being	evaluated.		Evaluations	will	focus	on	disinfection,	
corresponding	with	Stage	3,	Task	7.4;	and	equalization,	corresponding	with	Stage	3	Task	7.5	of	
the	program.		The	UV	Disinfection	analysis	conducted	by	Black	&	Veatch	and	options	for	
increasing	the	capacity	of	the	existing	UV	Disinfection	system	to	30	MGD	is	included	in	this	
technical	memorandum	(TM).		A	second	TM	will	be	developed	under	a	separate	cover	to	review	
estimated	capacity	needs	and	associated	equalization	basin	sizing.		Based	on	discussions	with	
plant	staff,	recent	improvements	to	the	influent	pumping	system	and	modified	operating	
procedures	will	allow	the	plant	to	hydraulically	pass	up	to	30	MGD.		As	requested	by	the	City	of	
Springfield	and	for	the	purposes	of	this	technical	memorandum,	30	MGD	will	serve	as	the	target	
capacity	for	expansion	of	the	existing	UV	facility.		

The	existing	UV	system	was	provided	by	TrojanUV,	has	a	dosage	of	25	mJ/cm2	at	17	MGD,	and	
consists	of	four	individual	channels	with	one	bank	of	UV	bulbs	per	channel.		Each	bank	consists	
of	five	modules	and	eight	lamps	per	module.		Within	each	channel,	an	8‐inch	baffle	reduction	
wall	was	installed	to	allow	for	future	expansion	of	the	system.					
Two	alternatives	for	increasing	the	capacity	of	the	existing	UV	system	have	been	evaluated.	The	
alternatives	vary	the	required	dose	and	number	of	banks.	In	addition	to	the	assessment	of	the	
existing	systems	capabilities,	a	review	of	hydraulics	and	power	requirements	have	also	been	
performed.	

Alternative	1	–	Maintain	UV	Dose	/	Two	Bank	
Alternative	No.	1	keeps	the	existing	UV	design	dosage	of	25	mJ/cm2	and	installs	a	second	bank	
of	UV	modules	in	each	of	the	existing	channels.		The	second	banks	would	be	identical	to	the	
existing	banks.	The	additional	banks	will	similarly	consist	of	five	modules	and	eight	lamps	per	
module,	but	the	existing	baffle	reduction	wall	would	be	extended	along	the	length	of	the	second	
UV	bank.	Additional	structural	modifications	required	include	minor	modifications	in	the	
channel	grating	to	allow	for	the	installation	of	the	second	UV	bank	and	a	second	crane	for	the	
four	channels	to	aid	in	maintenance	activities.		Additional	electrical	modifications	include	
installation	of	a	new	breaker	in	the	existing	MCC,	new	cable	and	conduit	which	would	feed	a	
new	isolation	transformer,	and	other	minor	electrical	modifications	that	would	be	required	to	
add	the	UV	banks;	relocation	of	the	existing	level	sensors	in	each	channel	and	additional	cable	
and	conduit	to	daisy	chain	the	new	power	distribution	centers	to	the	existing	communication	
network.		
	
Alternative	2	–	Reduced	UV	Dose	/	Expanded	Single	Bank	
Alternative	No.	2	includes	a	reduction	of	the	UV	design	dose,	20	mL/cm2	at	30	MGD,	and	installs	
additional	UV	modules	in	each	of	the	existing	four	UV	banks.	The	8‐inch	baffle	reduction	wall	
would	be	removed	to	allow	for	the	installation	of	two	additional	modules	in	each	bank	of	bulbs.	
Expanding	the	UV	banks	from	five	modules	to	seven	modules	would	require	very	little	electrical	
modifications	to	the	existing	system.		Each	UV	module	was	provided	with	a	power	cord	that	is	
plugged	into	a	special	connector	at	the	power	distribution	center	for	each	UV	bank.		The	existing	
UV	banks	have	already	been	installed	with	the	connectors	in	place	to	accommodate	two	
additional	modules	for	each	UV	bank.	Existing	information	indicates	that	the	existing	power	
distribution	centers	would	have	enough	capacity	to	power	the	two	additional	modules.		No	
other	electrical	modifications	would	be	required.		

A	hydraulic	analysis	was	conducted	for	each	alternative.	Each	alternative	will	result	in	
additional	headloss;	however,	our	investigation	suggests	that	the	existing	UV	facilities	will	be	
able	to	handle	the	increase	in	peak	flow	with	the	modifications		outlined	in	Alternative	No.	1	and	
Alternative	No.	2.	
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A	sampling	and	testing	program	was	performed	to	confirm	dosing	requirements	for	the	
proposed	flow	condition	of	30	MGD	and	to	verify	water	quality.		The	evaluation	included	the	
analysis	of	existing	plant	data,	installation	of	a	UV	Transmittance	(UVT)	probe	for	in‐place	
monitoring	of	secondary	effluent	UVT,	and	bench	scale	UV	disinfection	testing	using	collimated	
beam.		The	information	collected	confirmed	that	the	UV	system	has	historically	met	the	
disinfection	requirements,	UVT	both	historically	and	during	the	monitoring	period	is	
approximately	65%,	and	that	effective	disinfection	can	be	achieved	at	a	dose	below	25	mJ/cm2.	

Present	worth	costs	were	developed	for	each	alternative.		Table	1	presents	capital	costs,	
estimated	annual	operation	costs,	and	effective	present	worth	costs	based	on	a	20	year	life	cycle	
for	each	alternative.		The	present	worth	costs	are	provided	for	both	a	2	and	6	percent	effective	
annual	interest	rate.			

Table ES‐1.  20‐yr Present Worth Costs  

Item	 Capital
Cost	

Annual
O&M	Cost	

Present	Worth	
Cost	at	
2%	rate	

	

Present	Worth	
Cost	at	
6%	rate	

	
Alternative	No.	1	–		
Maintain	UV	Dose/	
Two	Bank	

$800,000 $54,100 $1,685,000	 $1,421,000

Alternative	No.	2	–	Reduce	
UV	Dose/	
Expanded	Single	Bank	

$209,000 $49,000 $732,000	 $576,000

	

Overall,	both	alternatives	are	equally	feasible	and	can	be	accomplished	within	the	existing	
hydraulic	profile.		Alternative	No.	1	results	in	a	more	robust	system	and	the	design	provides	a	
configuration	that	limits	the	potential	for	short‐circuiting	due	to	loss	of	lamps.	This	allows	a	
bank	to	be	removed	for	maintenance	activities	and	still	maintain	some	level	of	disinfection	
treatment	in	the	channel	if	necessary.		Alternative	No.	2	requires	minimal	construction	and	
provides	a	reduced	capital	and	O&M	cost	as	compared	to	Alternative	No.	1.		In	comparison	of	
alternatives,	Alternative	No.	1	is	the	recommended	alternative	as	it	significantly	reduces	the	
potential	for	short‐circuiting	and	limits	the	risk	of	exceeding	the	permit	limits.			
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1 Introduction 
1.1 BACKGROUND 

As	part	of	the	Sanitary	Sewer	Overflow	Control	Program	for	the	City	of	Springfield,	Missouri,	
options	for	increasing	wet	weather	treatment	capabilities	at	the	Northwest	Wastewater	
Treatment	Plant	(NWTP)	are	being	evaluated.		Evaluations	will	focus	on	disinfection,	
corresponding	with	Stage	3,	Task	7.4;	and	equalization,	corresponding	with	Stage	3	Task	7.5	of	
the	program.		The	UV	Disinfection	analysis	conducted	by	Black	&	Veatch	and	options	for	
increasing	the	capacity	of	the	existing	UV	Disinfection	system	to	30	MGD	is	included	in	this	
technical	memorandum	(TM).		A	second	TM	will	be	developed	under	a	separate	cover	to	review	
estimated	capacity	needs	and	associated	equalization	basin	sizing.		Based	on	discussions	with	
plant	staff,	recent	improvements	to	the	influent	pumping	system	and	modified	operating	
procedures	will	allow	the	plant	to	hydraulically	pass	up	to	30	MGD.		As	requested	by	the	City	of	
Springfield	and	for	the	purposes	of	this	technical	memorandum,	30	MGD	will	serve	as	the	target	
capacity	for	expansion	of	the	existing	UV	facility.	

This	TM	evaluates	two	alternatives	for	increasing	the	capacity	of	the	existing	UV	system.		The	
alternatives	vary	the	required	dose	and	number	of	banks.		In	addition	to	the	assessment	of	the	
existing	systems	capabilities,	a	review	of	hydraulics	and	power	requirements	have	also	been	
performed.	

1.2 EXISTING FACILITIES 
The	existing	NWTP	facility	consists	of	an	offsite	equalization	basin,	influent	pumping,	bar	
screens	and	grit	removal;	selector	basins,	aeration	basins,	final	clarifiers,	UV	disinfection;	and	
post	aeration	and	effluent	pumping.		A	comparison	of	design	and	historic	flows	are	presented	in	
Table	1‐1.	

Table 1‐1.  Influent Plant Flows 

	
	 Design Actual		

(January	1,	2008	to	
October	31,	2012)	

Annual	Average	Day	(AAD),	MGD 6.8 4.95	
Maximum	Month	Average	Day	(MMAD),	
MGD	

9.5 8.93	

Peak	Hour	Wet	Weather	(PHWW),	MGD1	 17.0 28.01	

			1	Corresponds	with	May	2009	event	

The	plant	currently	operates	at	an	annual	average	daily	flow	of	approximately	5	MGD	and	based	
on	historic	plant	operating	data	has	consistently	achieved	the	disinfection	requirement	of	126	
cfu	/100	mL	E.	coli	with	a	design	dose	of	25	mL/cm2.			

The	existing	UV	Disinfection	Facility	was	constructed	in	2004	in	what	was	then	the	existing	
Post‐Aeration	Structure.		Four	28‐inch	wide	concrete	channels	were	installed	in	the	existing	
structure	with	one	bank	each	of	low	pressure,	high	intensity	UV	equipment	manufactured	by	
Trojan	Technologies.		Each	channel	is	provided	with	an	inlet	isolation	gate	and	inlet	baffle	to	
provide	plug	flow	conditions	through	each	channel.		A	stop	plate	is	provided	to	isolate	the	UV	
channel	from	the	existing	Post‐Aeration	Basin.		Six	FRP	weir	troughs	are	utilized	to	maintain	a	
continuous	water	elevation	in	the	UV	channel.		Flow	overtops	the	weir	trough	where	it	is	then	
directed	to	the	Effluent	Pump	Station	Wetwell.		A	plan	view	of	the	existing	UV	Disinfection	
Facility	is	provided	as	Attachment	A.	
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The	existing	UV	facility	was	designed	with	the	ability	to	increase	the	treatment	capacity	by	
installing	two	additional	UV	modules	in	each	UV	bank.		An	8‐inch	baffle	reduction	wall	was	
constructed	along	the	length	of	the	UV	module	to	accommodate	installation	of	the	future	
modules.		The	Power	Distribution	Center	(PDC)	was	sized	to	allow	for	the	installation	of	
additional	modules.		With	minimal	modifications,	the	existing	facility	was	designed	to	be	able	to	
treat	up	to	23.2	MGD	of	effluent	flow.	

Table	1‐2	outlines	the	existing	design	parameters/components	of	the	existing	UV	equipment.	

Table 1‐2.  Existing UV Equipment (as designed in 2004) 

	
Manufacturer	 Trojan	UV	3000	Plus	
Type	 Low	Pressure,	High	Intensity
Disinfection	Limit,	colonies	per	100mL 400
Design	Flow	(Buildout	Design),	MGD
	 Peak	Hourly	
	 Maximum	Month	Average	Day	
	 Annual	Average	Day	
	 Minimum	Day	

17.0	(23.2)	
9.5	(12.8)	
6.8	(9.3)	
3.4	(4.6)	

Design	UV	Transmittance	at	253.7	nm 65	percent
Design	Total	Suspended	Solids,	mg/L 30
Minimum	UV	Design	Dose,	mJ/cm2 25

1.3 PERMIT REQUIREMENTS 
Current	disinfection	limits	as	indicated	in	the	draft	Missouri	State	Operating	Permit	dated	
August	10,	2012	require	a	monthly	geometric	average	of	126	colonies	per	100mL	and	a	weekly	
geometric	average	of	630	colonies	per	100	mL.		Final	limitations	and	monitoring	requirements	
for	E.	coli	are	applicable	only	during	the	recreational	season	from	April	1	through	October	31.		
The	monthly	geometric	average	limit	for	E.	coli	is	expressed	as	a	geometric	mean.		The	weekly	
geometric	average	for	E.	coli	will	be	expressed	as	a	geometric	mean	if	more	than	one	sample	is	
collected	during	a	calendar	week	(Sunday	through	Saturday).		The	proposed	modifications	to	
the	UV	facilities	will	need	to	meet	the	anticipated	limits	as	outlined	in	the	draft	permit.	

2 Data Collection 
A	sampling	and	testing	program	was	performed	to	confirm	dosing	requirements	for	the	
proposed	flow	condition	of	30	MGD	and	verify	water	quality.		The	evaluation	included	the	
analysis	of	existing	plant	data,	installation	of	a	UVT	probe	for	in‐place	monitoring	of	secondary	
effluent	UVT,	and	bench	scale	UV	disinfection	testing	using	collimated	beam.	

Plant	data	was	provided	by	the	NWTP	staff	from	January	1,	2008	through	October	31,	2012.		
Online	transmittance	data	was	collected	from	November	22,	2011	through	May	11,	2012	by	use	
of	a	HACH	UVAS	Sensor.		Samples	were	collected	by	City	staff	on	June	18	and	June	25	of	2012	
and	sent	to	Black	&	Veatch	for	bench	scale	UV	disinfection	testing.		After	disinfection,	the	
samples	were	sent	to	the	Johnson	County	Wastewater	Laboratory	for	E.	coli	enumeration	using	
approved	methods.				

2.1 HISTORIC DISINFECTION PERFORMANCE 
Plant	operating	data	from	January	1,	2011	through	June	14,	2012	was	analyzed	to	determine	the	
level	of	disinfection	which	is	currently	being	achieved	by	the	NWTP.		In	Figure	2‐1	it	can	be	seen	
that	over	this	period,	the	disinfection	requirement	of	126	cfu	/100	mL	E.	coli	was	obtained	
consistently.		This	is	significant	because	the	plant	is	currently	operating	with	a	UV	disinfection	
system	with	a	design	UVT	of	65	percent	and	a	minimum	dosage	of	25	mJ/cm2.			
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Figure 2‐1.  Historical NWTP Disinfection Performance 

2.2 ONLINE UV TRANSMITTANCE MONITORING 
In	order	to	confirm	the	design	water	quality	parameters	for	the	proposed	disinfection	facilities,	
both	suspended	solids	and	transmittance	data	were	collected	and	analyzed	for	the	secondary	
effluent.		The	transmittance	data	was	collected	with	an	in‐place	UVT	probe	which	took	
continuous	readings	every	5	minutes.		On	January	29,	2012	the	online	UVT	readings	show	a	
sudden	drop	which	is	believed	to	be	due	to	issues	with	the	UVT	sensor.		From	the	UVT	data,	
Figure	2‐2,	it	can	be	seen	that	before	this	day,	the	UVT	data	is	consistently	above	70	percent	
after	which	time	it	is	generally	below	65	percent.	
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Figure 2‐2.  Effluent UV Transmittance Collected versus time  

 

Figure	2‐2	shows	the	cumulative	distribution	of	UVT	both	for	the	entire	study	period	and	
previous	results	prior	to	January	29,	2012.		It	is	apparent	that	the	data	set	prior	to	January	29,	
2012	is	more	normally	distributed	with	less	variability.		Table	2‐3	shows	data	collected	prior	
February	1,	2012	has	a	tenth	percentile	of	69.2%	indicating	this	UVT	value	is	met	or	exceeded	
90	percent	of	the	time,	which	matches	data	typically	collected	by	plant	staff.		Data	after	January	
29,	2012	appears	to	be	somewhat	questionable	due	to	sensor	issues.		Since	the	data	before	
January	29,	2012	appears	to	be	consistent	with	historical	trends,	it	was	used	to	establish	the	
design	criteria	for	the	study.		It	appears	that	the	design	UVT	of	65	percent	represents	the	plant	
effluent	quality	and	will	be	used	as	the	basis	of	design	for	proposed	UV	system	modifications.	

 

Figure 2‐3.  Effluent UV Transmittance Cumulative Distribution 

	

Effluent	UVT	was	also	compared	with	effluent	TSS	as	these	two	parameters	often	show	a	strong	
correlation,	Figure	2‐4.		In	this	case	however,	this	correlation	was	not	observed.		This	is	likely	
due	to	the	relatively	low	values	of	TSS	which	may	be	too	low	to	have	a	significant	impact	on	
UVT.	
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Figure 2‐4.  Effluent UV Transmittance versus Effluent (EFF) TSS    

	

3 Bench Scale Collimated Beam Tests 
Collimated	beam	tests	were	completed	over	a	three	week	period	beginning	June	19,	2012	to	
confirm	the	design	dose	that	would	be	established	for	the	UV	system.		Secondary	effluent	
samples	were	collected	by	Springfield	NWTP	staff	and	delivered	to	Kansas	City	for	analysis	by	
Black	&	Veatch	staff.		UV	transmittance	of	the	samples	was	measured	with	a	Hach	
Spectrophotometer	to	calculate	the	appropriate	exposure	time	to	achieve	the	desired	doses	
which	ranged	from	10	mJ/cm2	to	80	mJ/cm2.		After	exposure	to	the	UV	Collimated	beam	the	
samples	were	transferred	to	a	Colilert	bottle	and	sent	to	the	Johnson	County	Environmental	Lab	
for	bacteriological	analysis.			

Figure	3‐1	shows	the	dose	response	curve	of	the	secondary	effluent	samples.		These	indicate	
that	a	UV	dose	of	10	mJ/cm2	should	be	adequate	to	meet	the	126	cfu	/	100	mL	E.	coli	
disinfection	criteria.			
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Figure 3‐1.  Secondary Effluent UV Dose Response Curve 

	

Review	of	the	historic	performance	and	analytical	data	suggest	that	the	plant	could	achieve	
effective	disinfection	below	the	current	design	dose	of	25	mJ/cm2.		The	ability	to	meet	permit	
requirements	at	a	lower	dose	allows	more	flexibility	in	the	alternatives	considered	for	
expansion.			

4 UV Facility Expansion Alternatives 
Two	alternatives	have	been	developed	for	the	expansion	of	the	UV	Disinfection	Facility	to	treat	a	
peak	flow	of	30	MGD.		The	first	alternative	maintains	the	existing	UV	design	dose	and	includes	
installation	of	a	second	bank	of	UV	modules	in	each	of	the	existing	channels.		The	second	
alternative	includes	a	reduction	of	the	UV	design	dose	and	installing	additional	UV	modules	in	
each	UV	bank.			

4.1 ALTERNATIVE NO. 1 ‐ MAINTAIN UV DOSE / TWO BANK 
The	existing	UV	system	as	provided	by	TrojanUV	consists	of	four	channels	with	one	bank	of	UV	
bulbs	per	channel.		Each	bank	consists	of	five	modules,	and	eight	lamps	per	module.		Within	
each	channel,	an	8‐inch	baffle	reduction	wall	was	installed	to	allow	for	future	expansion	of	the	
system.		In	Alternative	No.	1,	the	existing	UV	system	would	be	expanded	by	adding	a	second	
bank	of	UV	modules	in	each	existing	channel	to	treat	a	peak	flow	of	30	MGD.		The	second	bank	
would	be	identical	to	the	existing	and	consist	of	five	modules,	and	eight	lamps	per	module.		The	
existing	baffle	reduction	wall	would	be	extended	along	the	length	of	the	second	UV	bank.		Table	
4‐1	summarizes	the	existing	and	new	UV	system	components	for	Alternative	No.	1.	
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Table 4‐1.  Alternative No. 1 – Basis of Design 

	
Item	 Existing

UV	Configuration	
Alternative	No.	1
UV	Configuration	

Number	of	Channels 4 4	
Number	of	Banks	per	channel	 1 2	
Channel	width,	in	 20 20	
Total	number	of	
modules/channel	

5 10	

Number	of	lamps/module	 8 8	
Total	number	of	lamps/channel	 40 80	
Dose,	mJ/cm2	 25 25	
	

Figure	4‐1	provides	the	layout	for	Alternative	No.	1.	

	

Figure 4‐1.  Layout for Alternative No. 1 
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The	increase	in	peak	flow	to	30	MGD	as	well	as	the	addition	of	a	second	bank	will	create	
additional	headloss	through	the	existing	UV	channels.		The	existing	FRP	effluent	weirs	at	the	
post	aeration	chamber	have	a	total	length	of	180	feet	and	are	set	at	an	elevation	of	1071.50.		
This	weir	maintains	the	water	depth	in	the	UV	channel.		The	water	elevations	from	the	post	
aeration	chamber	back	to	the	effluent	box	at	the	final	clarifiers	are	summarized	below.	

Table 4‐2.  Alternative No. 1 – Hydraulic Profile 

	
	 Water	Surface	Elevations
Location	 17	MGD

(Existing)	
17	MGD 30	MGD	

Top	of	Effluent	Weir 1071.50 1071.50 1071.50	
Post	Aeration	Channel	 1071.63 1071.63 1071.68	
UV	Influent	Chamber	 1072.00 1072.08 1072.69	
Meter	Vault	–	Effluent	
Chamber	

1072.04 1072.15 1072.90	

Meter	Vault	–	Influent	
Chamber	

1073.86 1073.86 1074.68	

	

The	additional	headloss	in	the	UV	channel	will	cause	the	peak	flow	to	begin	to	backup	at	the	
downstream	end	of	the	Meter	Vault.		The	Meter	Vault	consists	of	a	parshall	flume	with	a	throat	
width	of	2.5	feet.		Reviewing	the	downstream	and	upstream	water	levels,	the	parshall	flume	
submergence	ratios	at	17	and	30	MGD	peak	flows	are	below	the	acceptable	limit	of	70%	in	
order	to	maintain	a	free	flow	condition.		Therefore,	the	existing	UV	facilities	will	be	able	to	
handle	the	increase	in	peak	flow	and	the	addition	of	a	second	UV	bank	in	each	channel.	

To	install	the	second	UV	bank,	each	channel	would	be	taken	out	of	service	one	at	a	time.		The	
baffle	reduction	wall	would	be	extended	along	the	length	of	the	second	UV	bank.		Each	channel	
currently	has	an	effluent	stop	plate	downstream	of	the	existing	UV	bank.		This	stop	plate	will	
need	to	be	relocated	or	a	wall	mounted	slide	gate	installed	at	the	end	of	the	channel	to	allow	for	
the	installation	of	the	second	UV	bank.		Minor	modifications	would	be	required	to	the	channel	
grating	to	allow	for	the	installation	of	the	second	UV	bank.		A	second	Davit	Crane	would	need	to	
be	installed	between	Channels	1	and	2	and	Channels	3	and	4	for	maintenance	activities	of	the	
second	UV	bank.	

Electrical.		The	addition	of	a	second	UV	bank	in	each	channel	will	require	some	modifications	to	
the	existing	electrical	distribution.		For	each	additional	bank	of	UV	lamps,	a	new	30A	breaker	
would	need	to	be	installed	in	MCC‐11/MCC‐12,	and	new	cable	and	conduit	would	need	to	be	
installed	to	the	UV	area,	which	would	feed	a	new	isolation	transformer.		The	isolation	
transformer	would	in	turn	feed	the	power	distribution	center	supplied	by	TrojanUV.		Based	on	
the	existing	drawings	the	existing	MCC‐11/MCC‐12	have	both	the	space	for	new	breakers	and	
capacity	for	the	additional	load.		It	also	appears	that	spare	conduits	exist	in	the	duct	bank	
between	the	MCC’s	and	UV	area	to	accommodate	the	new	power	feeds.		The	existing	120VAC	
HSC	unit	is	approximately	7	years	old.		Other	minor	electrical	modifications	that	would	be	
required	to	add	UV	banks	would	be	additional	cable	and	conduit	to	daisy	chain	the	new	power	
distribution	centers	to	the	existing	communication	network,	as	well	as	the	relocation	of	the	
existing	level	sensors	in	each	channel.	

4.2 ALTERNATIVE NO. 2 – REDUCED UV DOSE / EXPANDED SINGLE BANK 
In	Alternative	No.	2,	the	8‐inch	baffle	reduction	wall	would	be	removed	to	allow	for	the	
installation	of	two	additional	modules	in	each	bank	of	bulbs.		This	new	configuration	would	



City of Springfield, Missouri | Northwest Wastewater Treatment Plant (NWTP) Disinfection Assessment 

 
BLACK & VEATCH | Disinfection Assessment  	 11	

provide	a	design	dose	of	20	mL/cm2	at	30	MGD.			Table	4‐3	summarizes	the	existing	and	new	UV	
system	components	for	Alternative	No.	2.	

Table 4‐3.  Alternative No. 2 – Basis of Design 

	
Item	 Existing

	UV	Configuration	
Alternative	2		

UV	Configuration	
Number	of	Channels 4 4	
Number	of	Banks	per	channel	 1 1	
Channel	width,	in	 20 28	
Total	number	of	modules/channel	 5 7	
Number	of	lamps/module	 8 8	
Total	number	of	lamps/channel	 40 56	
Dose,	mJ/cm2	 25 20	
	

Figure	4‐2	provides	the	layout	for	Alternative	No.	2.	

	

Figure 4‐2.  Alternate No. 2 Layout 
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The	increase	in	peak	flow	to	30	MGD	as	well	as	the	addition	of	two	additional	modules	will	
create	additional	headloss	through	the	existing	UV	channels.		The	existing	FRP	effluent	weirs	at	
the	post	aeration	chamber	have	a	total	length	of	180	feet	and	are	set	at	an	elevation	of	1071.50.		
This	weir	maintains	the	water	depth	in	the	UV	channel.		The	water	elevations	from	the	post	
aeration	chamber	back	to	the	influent	to	the	meter	vault	are	summarized	in	Table	4‐4	below.	

Table 4‐4.  Alternative No. 2 – Hydraulic Profile 

	
	 Water	Surface	Elevations
Location	 17	MGD

(Existing)	
17	MGD 30	MGD	

Top	of	Effluent	Weir 1071.50 1071.50 1071.50	
Post	Aeration	Channel	 1071.63 1071.63 1071.68	
UV	Influent	Chamber	 1072.00 1071.88 1072.39	
Meter	Vault	–	Effluent	
Chamber	

1072.04 1071.95 1072.60	

Meter	Vault	–	Influent	
Chamber	

1073.86 1073.86 1074.68	

	

The	additional	headloss	in	the	UV	channel	will	cause	the	peak	flow	to	begin	to	backup	at	the	
downstream	end	of	the	Meter	Vault.		The	Meter	Vault	consists	of	a	parshall	flume	with	a	throat	
width	of	2.5	feet.		Reviewing	the	downstream	and	upstream	water	levels,	the	parshall	flume	
submergence	ratios	at	17	and	30	MGD	peak	flows	are	below	the	acceptable	limit	of	70%	in	
order	to	maintain	a	free	flow	condition.		Therefore,	the	existing	UV	facilities	will	be	able	to	
handle	the	increase	in	peak	flow	and	the	addition	of	two	modules	in	each	channel.	

Although	the	existing	channels	(with	baffles	removed)	and	hydraulics	can	accommodate	the	
increase	in	peak	flow,	the	UV	dose	would	be	reduced	with	the	increase	in	flow.		At	a	peak	flow	of	
30	MGD,	a	single	bank	with	7	modules	of	bulbs	would	deliver	a	dosage	of	20	mJ/cm2.		Reviewing	
the	collimated	beam	tests	and	the	UV	dose	response	curve	in	Figure	3‐1,	the	disinfection	
requirement	of	126	E	Coli/100	mL	should	be	achieved.	

To	install	the	additional	UV	modules,	each	channel	would	be	taken	out	of	service	one	at	a	time.		
The	baffle	reduction	wall	would	be	removed	from	the	channel	to	allow	for	the	installation	of	two	
additional	UV	modules.		The	existing	Davit	Cranes	would	be	used	for	the	removal	and	placement	
of	the	new	modules	similar	to	the	existing	modules.	

Electrical.		Expanding	the	UV	banks	from	five	modules	to	seven	modules	would	require	very	
little	electrical	modifications	to	the	existing	system.		Each	UV	module	is	provided	with	a	power	
cord	that	is	plugged	into	a	special	connector	at	the	power	distribution	center	for	each	UV	bank.		
The	existing	UV	banks	have	already	been	installed	with	the	connectors	in	place	to	accommodate	
two	additional	modules	for	each	UV	bank.		The	available	existing	information	indicates	that	the	
existing	power	distribution	centers	have	enough	capacity	to	power	the	two	additional	modules.		
No	other	electrical	modifications	would	be	required.	

5 Conclusions 
5.1 COST ESTIMATE AND LIFE CYCLE COST COMPARISON 
Present	worth	costs	were	developed	for	each	alternative.		Table	5‐1	represents	the	annual	O&M	
costs	used	in	the	economic	evaluations.			
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Table 5‐1.  Annual O&M Costs*   

	 Alternative	No.	1 Alternative	No.	2	

Power		 $4,200 $3,000	
Equipment	Replacement
			Lamp	 $6,000 $4,200	
			Ballast	 $6,800 $4,800	
			Sleeve	 $2,000 $2,000	
			Wiper		 $1,100 $1,000	
Labor	 $34,000 $34,000	
Total		 $54,100 $49,000	

	 				*Based	on	seasonal	operation	of	the	entire	system	at	average	flow	conditions	

Table	5‐2	presents	capital	costs,	estimated	annual	operation	costs,	and	effective	present	worth	
costs	based	on	a	20	year	life	cycle	for	each	alternative.		The	present	worth	costs	are	provided	for	
both	a	2	and	6	percent	effective	annual	interest	rate.			

Table 5‐2.  20‐yr Present Worth Costs  

Item	 Capital
Cost	

Annual
O&M	Cost	

Present	Worth	
Cost	(20‐yr)	at	

2%	rate	
	

Present	Worth	Cost	
(20‐yr)	at	
6%	rate	

	
Alternative	No.	1	–		 $800,000 $54,100 $1,685,000	 $1,421,000
Alternative	No.	2	–		 $209,000 $49,000 $1,010,000	 $771,000
	

Alternative	No.	1	results	in	a	higher	present	worth	cost	due	to	larger	capital	investment	
associated	with	the	installation	of	a	second	bank	of	bulbs	and	its	associated	required	electrical	
work.		Annual	O&M	costs	are	based	on	seasonal	operation	of	UV	system	at	average	flows.		
Therefore	they	are	similar	for	each	alternative.		General	maintenance	costs	have	not	been	
included	as	these	activities	would	not	vary	from	the	maintenance	currently	being	conducted	at	
the	facility.	

5.2 FINDINGS AND RECOMMENDATIONS 
Two	alternatives	for	expansion	of	the	existing	UV	facility	were	evaluated	and	are	presented	in	
this	technical	memorandum,	Alternative	No.	1	–	Maintain	UV	Dose	/	Two	Bank	and	Alternative	
No.	2	–	Reduce	UV	Dose	/	Expanded	Single	Bank.		The	alternatives	are	equally	feasible	and	can	
be	accomplished	within	the	existing	hydraulic	profile.		Alternative	No.	1	results	in	a	more	robust	
system.		The	primary	benefit	is	that	the	configuration	limits	the	potential	for	short‐circuiting	
due	to	loss	of	lamps.		As	a	secondary	benefit,	Alternative	No.	1	allows	a	bank	to	removed	for	
maintenance	activities	and	still	maintain	some	level	of	disinfection	treatment	in	the	channel	if	
necessary.		However	Alternative	No.	2	requires	minimal	construction	and	a	reduced	capital	and	
O&M	cost	as	compared	to	Alternative	No.	1.		In	comparison	of	alternatives,	Alternative	No.	1	is	
the	recommended	alternative	as	it	significantly	reduces	the	potential	for	short‐circuiting	and	
limits	the	risk	of	exceeding	the	permit	limits.			

This	was	a	desktop	evaluation	focused	primarily	on	the	capabilities	of	the	existing	UV	system.		
As	mentioned	previously,	a	separate	investigation	will	be	performed	to	determine	the	capacity	
of	equalization	required	to	accommodate	the	design	storm	accepted	by	the	Missouri	
Department	of	Natural	Resources.		It	will	be	important	to	consider	the	flows	associated	with	the	
design	storm,	plant	treatment	and	hydraulic	capacity,	and	future	equalization	capacity	when	
deciding	how	to	proceed	with	UV	disinfection	long	term.	
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APPENDIX F-NWTP EXCESS FLOW FACILITIES ASSESSMENT
CASE 2: 5-YR, 24-HR; 0% I/I REDUCTION

SPRINGFIELD, MO

OPINION OF PROBABLE COST
JUNE 2013

SUMMARY
 
General Requirements 10% $2,050,900
Sitework $1,747,000
Equalization Basin $16,827,000
Diversion Structure $543,000
Drainage Pumping Station $1,392,000
Instrumentation and Controls 8% $1,640,720
Electrical 15% $3,076,350

SUBTOTAL $27,276,970

Contingencies 35% $9,547,000

Engineering, Legal, & Administration 34% $9,274,000

_________ 

TOTAL OPINION OF PROBABLE COST $46,100,000

Copyright Black Veatch 2003. All Rights Reserved

Summary - Page 1 of 1



APPENDIX F-NWTP EXCESS FLOW FACILITIES ASSESSMENT
CASE 3: 5-YR, 24-HR; 10% I/I REDUCTION

SPRINGFIELD, MO

OPINION OF PROBABLE COST
JUNE 2013

SUMMARY
 
General Requirements 10% $1,891,500
Sitework $1,747,000
Equalization Basin $15,255,000
Diversion Structure $543,000
Drainage Pumping Station $1,370,000
Instrumentation and Controls 8% $1,513,200
Electrical 15% $2,837,250

SUBTOTAL $25,156,950

Contingencies 35% $8,805,000

Engineering, Legal, & Administration 34% $8,553,000

_________ 

TOTAL OPINION OF PROBABLE COST $42,500,000

Copyright Black Veatch 2003. All Rights Reserved

Summary - Page 1 of 1



APPENDIX F-NWTP EXCESS FLOW FACILITIES ASSESSMENT
CASE 4: 5-YR, 24-HR; 20% I/I REDUCTION

SPRINGFIELD, MO

OPINION OF PROBABLE COST
JUNE 2013

SUMMARY
 
General Requirements 10% $1,834,800
Sitework $1,747,000
Equalization Basin $14,720,000
Diversion Structure $511,000
Drainage Pumping Station $1,370,000
Instrumentation and Controls 8% $1,467,840
Electrical 15% $2,752,200

SUBTOTAL $24,402,840

Contingencies 35% $8,541,000

Engineering, Legal, & Administration 34% $8,297,000

_________ 

TOTAL OPINION OF PROBABLE COST $41,200,000

Copyright Black Veatch 2003. All Rights Reserved

Summary - Page 1 of 1



APPENDIX F-NWTP EXCESS FLOW FACILITIES ASSESSMENT
CASE 5: 5-YR, 24-HR; 30% I/I REDUCTION

SPRINGFIELD, MO

OPINION OF PROBABLE COST
JUNE 2013

SUMMARY
 
General Requirements 10% $1,752,600
Sitework $1,747,000
Equalization Basin $13,917,000
Diversion Structure $511,000
Drainage Pumping Station $1,351,000
Instrumentation and Controls 8% $1,402,080
Electrical 15% $2,628,900

SUBTOTAL $23,309,580

Contingencies 35% $8,158,000

Engineering, Legal, & Administration 34% $7,925,000

_________ 

TOTAL OPINION OF PROBABLE COST $39,400,000

Copyright Black Veatch 2003. All Rights Reserved

Summary - Page 1 of 1



APPENDIX F-NWTP EXCESS FLOW FACILITIES ASSESSMENT
CASE 6: 5-YR, 24-HR; 40% I/I REDUCTION

SPRINGFIELD, MO

OPINION OF PROBABLE COST
JUNE 2013

SUMMARY
 
General Requirements 10% $1,725,500
Sitework $1,747,000
Equalization Basin $13,649,000
Diversion Structure $511,000
Drainage Pumping Station $1,348,000
Instrumentation and Controls 8% $1,380,400
Electrical 15% $2,588,250

SUBTOTAL $22,949,150

Contingencies 35% $8,032,000

Engineering, Legal, & Administration 34% $7,803,000

_________ 

TOTAL OPINION OF PROBABLE COST $38,800,000

Copyright Black Veatch 2003. All Rights Reserved

Summary - Page 1 of 1



APPENDIX F-NWTP EXCESS FLOW FACILITIES ASSESSMENT
CASE 7: 5-YR, 24-HR; 46.8% I/I REDUCTION

SPRINGFIELD, MO

OPINION OF PROBABLE COST
JUNE 2013

SUMMARY
 
General Requirements 10% $1,638,800
Sitework $1,714,000
Equalization Basin $12,826,000
Diversion Structure $511,000
Drainage Pumping Station $1,337,000
Instrumentation and Controls 8% $1,311,040
Electrical 15% $2,458,200

SUBTOTAL $21,796,040

Contingencies 35% $7,629,000

Engineering, Legal, & Administration 34% $7,411,000

_________ 

TOTAL OPINION OF PROBABLE COST $36,800,000

Copyright Black Veatch 2003. All Rights Reserved

Summary - Page 1 of 1
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ABBREVIATIONS 
BOD	 Biochemical	Oxygen	Demand	
CEPT	 Chemical	Enhanced	Primary	Treatment	
CES	 Chemically	Enhanced	Sedimentation	
cfs	 Cubic	Feet	per	Second	
EHRT	 Enhanced	High	Rate	Treatment	
EPA	 Environmental	Protection	Agency	
oC	 Degrees	Celsius	
oF	 Degrees	Fahrenheit	
FeCl3	 Ferric	Chloride	
ft	 Feet	
GPD	or	gpd	 Gallons	per	Day	
GPH	or	gph	 Gallons	per	Hour	
GPM	or	gpm	 Gallons	per	Minute	
HRT	 High	Rate	Treatment	
LTOCP	 Long‐Term	Overflow	Control	Program	
MDNR	 Missouri	Department	of	Natural	Resources	
MG	 Million	Gallons	
MGD	or	mgd	 Million	Gallons	per	Day	
mg/L	 Milligrams	per	Liter	
NaOCl	 Sodium	Hypochlorite	
NWCWP	 Northwest	Clean	Water	Plant	
O&M	 Operation	&	Maintenance	
POTW	 Publicly	Owned	Treatment	Works	
RAS	 Return	Activated	Sludge	
SOR	 Surface	Overflow	Rate	
sq	ft	or	sf	or	ft2	 Square	Feet	
SWCWP	 Southwest	Clean	Water	Plant	
SWD	 Side	Water	Depth	
TBD	 To	Be	Determined	
TBEL	 Technology‐Based	Effluent	Limits	
TSS	 Total	Suspended	Solids	
WAS	 Waste	Activated	Sludge	
WRRF	 Water	Resource	and	Recovery	Facility	
WQBEL	 Water	Quality‐Based	Effluent	Limits	
WWTP	 Wastewater	Treatment	Plant	
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1 Background and Purpose 
The	City	of	Springfield	is	evaluating	alternatives	to	control	wet‐weather	overflows	from	its	publicly	
owned	treatment	works	(POTW,	herein	used	to	refer	to	the	entire	system	used	to	collect,	convey	
and	treat	used	water).	This	technical	memorandum	focuses	on	the	Northwest	Clean	Water	Plant	
(NWCWP)	and	documents	findings	from	evaluations	of	its	hydraulic	and	process	capacity	for	peak	
wet‐weather	flows.		The	City’s	Long‐Term	Overflow	Control	Program	(LTOCP)	originally	limited	its	
alternatives	for	the	NWCWP	to	increased	storage	capacity	and	increased	UV	disinfection	capacity.	
However,	recent	regulatory	changes	have	made	blending	and	auxiliary	treatment	alternatives	
allowable	once	again.	This	document	is	intended	to	be	a	supplement	to	those	previous	alternative	
evaluations,	aid	in	further	refinement	and	selection	of	alternatives,	and	provide	direction	for	
subsequent	facility	planning	and	conceptual	design	activities.		

1.1 REGULATORY CONSIDERATIONS AND TREATMENT OBJECTIVES 
The	NWCWP	is	regulated	by	the	Missouri	Department	of	Natural	Resources	(MDNR)	under	
Missouri	State	Operating	Permit	MO‐0103039.	Appendix	A	includes	a	copy	of	the	draft	renewal	
permit	(public	comment	period	ended	May	12,	2014).	Numerical	effluent	limitations	relevant	to	
intermittent	wet‐weather	flows	are	summarized	in	Table	1‐1.	

The	current	permit	includes	monitoring	requirements,	technology‐based	effluent	limits	(TBEL),	and	
water	quality‐based	effluent	limits	(WQBEL)	that	were	derived	to	be	protective	during	low‐flow	
conditions	in	the	receiving	stream.	The	derivation	process,	however,	did	not	appear	to	address	non‐
continuous	discharges	during	peak	wet‐weather	flow	conditions.	

Regulatory	policies	on	the	treatment	of	peak	wet‐weather	flows	have	been	in	a	state	of	flux	for	
approximately	the	past	decade,	not	only	in	Missouri,	but	across	the	United	States.	As	illustrated	on	
Figure	1‐1,	EPA’s	policy	on	combined	sewer	overflow	(CSO)	control	was	finalized	in	1994;	however,	
their	policies	on	sanitary	sewer	overflow	(SSO)	control	and	“peak	flow	treatment”	have	yet	to	be	
finalized.	In	2013,	there	were	significant	legal	developments	at	the	federal	level	and	policy	changes	
at	the	state	level.	On	the	federal	level,	the	United	States	Court	of	Appeals	for	the	Eighth	Circuit	
decided	in	the	case	of	Iowa	League	of	Cities	v.	EPA	(Eighth	Circuit,	2013)	that	the	EPA	did	not	have	
statutory	authority	to	prohibit	blending	nor	the	use	of	“non‐biological	peak	flow	secondary	
treatment	processes”.	EPA	decided	not	to	appeal	this	decision	to	the	United	States	Supreme	Court;	
therefore,	the	decision	is	now	considered	to	be	part	of	federal	law	in	the	Eighth	Circuit	(Arkansas,	
Iowa,	Minnesota,	Missouri,	Nebraska,	North	Dakota,	and	South	Dakota).		

Subsequently,	MDNR	issued	a	fact	sheet	showing	their	willingness	to	consider	blending	as	a	viable	
alternative	for	treating	peak	wet‐weather	flows	(MDNR,	2013).	In	light	of	this	change	in	policy,	
evaluations	for	the	NWCWP	were	expanded	to	include	different	blending	and	auxiliary	treatment	
alternatives	as	described	further	herein.		
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Table 1‐1. Summary of Final Effluent Limitations and Monitoring Requirements 

PARAMETER	 UNITS	 FINAL	EFFLUENT	LIMITATIONS	 MONITORING	

Daily	
Average	

Weekly	
Average	

Monthly	
Average	

Frequency	 Type	

TSS	 mg/L	 ‐	 30	 20	 1/wk	 comp	A	

BOD5	 mg/L	 ‐	 30	 20	 1/wk	 comp	A	

pH	 SU	 6.0‐9.0	B	 ‐	 ‐	 1/wk	 grab	

Ammonia	as	N	 	 	 	 	 	 	

					Apr	1	–	Sep	30	 mg/L	 ‐	 ‐	 ‐	 1/wk	 comp	A	

					Oct	1	–	Mar	30	 mg/L	 8.7	 ‐	 2.0	 1/wk	 comp	A	

E.	coli	C	 #/100	mL	 ‐	 630	C	 126	C	 1/wk	 grab	

Dissolved	Oxygen	 mg/L	 5.0	 ‐	 5.0	 2/wk	 grab	
Notes:	

A 24‐hour	composite	sample	composed	of	48	aliquots	collected	at	30	minute	intervals.	
B pH	is	not	to	be	averaged	and	shall	be	within	the	range	shown	at	all	times.	
C Limits	and	monitoring	only	applicable	from	Apr	1	–	Oct	31.	Calculate	monthly	average	and	

weekly	average	as	geometric	means	if	more	than	one	grab	sample	collected	during	period.	

	

	

Figure 1‐1: U.S. EPA Regulatory Activities with Peak Wet‐Weather Flows 
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2 Existing Conditions 
2.1 EXISTING TREATMENT FACILITIES 
Liquid	treatment	facilities	at	the	NWCWP	consist	of	screening;	grit	removal;	activated	sludge	
treatment	with	anaerobic/anoxic	selector	basins,	nitrifying	aerations	basins	and	clarifiers;	UV	
disinfection;	and	post	aeration.	Information	about	these	facilities	is	summarized	in	Table	2‐1.	
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Table 2‐1: NWCWP Summary of Existing Liquid Treatment Processes 

PROCESS	AND	EQUIPMENT	 UNITS QUANTITY	OR	VALUE	

Influent	Pumps	
Number	 each 5	+1	(duty	+	standby	spare)	
Type	 ‐ Submersible	centrifugal	w/	VFD	
Flow	capacity,	each	 mgd 4.65
Head	 ft 44

Bar	Screens	
Number	 each 2
Type	 ‐ Mechanically	cleaned
Channel	width,	each	 ft 4
Clear	opening	 inches 3/8
Number	 each 1
Type	 ‐ Manually	cleaned
Channel	width,	each	 ft 4
Clear	opening	 inches 3/8

Grit	Chambers	
Number	 each 2
Type	 ‐ Induced	vortex
Diameter,	each	 ft 12

Selector	Basins	
Number	 each 2	parallel	single	pass	channels	
Number	of	zones per	channel 4
Side	Water	Depth	 ft 18
Volume,	total	 MG 2.2

Selector	Basin	Mixers	
Number	 each 8
Type	 ‐ Submersible

Aeration	Basins	
Number	 each 1	divided	into	3	concentric	

channels	
Side	Water	Depth	 ft 18.12
Volume	
Outer	Channel	(Zone	1W)	 MG 1.412
Outer	Channel	(Zone	1E)	 MG 1.412
Middle	Channel	(Zone	2)	 MG 1.945



City of Springfield, Missouri | Peak Wet‐Weather Flow Treatment Evaluation for NWCWP   

 
BLACK & VEATCH | Existing Conditions| 16 July 2013                   10	

PROCESS	AND	EQUIPMENT	 UNITS QUANTITY	OR	VALUE	

Inner	Channel	(Zone	3)	 MG 0.986
Aeration	Basin	Mixers	

Number	 each 12
Type	 ‐ Submersible

Mixed	Liquor	Recycle	Pumps	
Number	 each 2+1
Type	 ‐ Submersible	centrifugal	w/	VFD	
Flow	capacity,	each	 mgd 14.25
Head	 ft 20

Aeration	System	
Type	 ‐ Fine	bubble	diffused	air	
Blowers	 ‐ Fine	bubble	diffused	air	
Number	 each 3+1
Type	 ‐ Multistage	centrifugal
Flow	capacity,	each	 scfm 4,800
Discharge	pressure	 psig 9.0

Final	Clarifiers	
Number	 each 3
Diameter	 ft 102
Side	Water	Depth	 ft 12
Feed	inlet	type	 ‐ Center	column	with	feedwell	
Effluent	launder	type	 ‐ Peripheral	with	McKinney	baffle	

and	single	v‐notch	weir	
Sludge	collector	type	 ‐ Suction	riser	pipes
Scum	collector	type	 ‐ Bridge‐supported	stationary	

skimmer	in	rotating	feedwell	
with	beaching	trough	to	RAS	
box.	Tangential	skimmers	in	
settling	basin	with	peripheral	
beaching	trough.	

RAS	Pumps	
Number	 each 3	large	/	1	small
Type	 ‐ Submersible	centrifugal	
Flow	capacity,	each	 gpm	(mgd) 2,200	(3.2)	/	1,100	(1.6)	
Head	 ft 6

WAS	Pumps	
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PROCESS	AND	EQUIPMENT	 UNITS QUANTITY	OR	VALUE	

Number	 each 1
Type	 ‐ Submersible	centrifugal	
Flow	capacity,	each	 gpm	(mgd) 550	(0.8)
Head	 ft 5

UV	Disinfection	System	
Type	 ‐ Low	pressure,	high	output	
Number	of	channels	 each 4
Number	of	banks	 per	channel 1

Post‐aeration	Basins	
Number	 each 2
Volume,	each	 gallons 54,450

Effluent	Pumps	
Number	 each 4
Type	 ‐ Submersible	centrifugal	
Flow	capacity,	each	 gpm	(mgd) 3,800	(5.5)
Head	 ft 19

 

2.2 HISTORICAL INFLUENT CHARACTERISTICS 
The	historical	plant	operating	data	from	January	2008	through	December	2013	was	analyzed	to	
determine	recent	flow	and	pollutant	loading	trends	to	develop	a	basis	of	evaluation	for	the	
NWCWP.	These	data	are	summarized	in	Table	2‐2	and	depicted	graphically	on	Figures	2‐1	through	
2‐10.	The	hollow	diamonds	show	the	daily	measurements	from	the	plant	data,	while	solid	squares	
and	triangles	show	rolling	30‐day	and	365‐day	averages	for	comparison	to	monthly	and	annual	
average	design	criteria,	respectively.	Design	criteria	by	Carollo	from	the	last	plant	expansion	in	
2004	are	also	shown	on	these	figures.	Observations	from	these	data	include:	

 As	shown	on	Figure	2‐1,	the	rolling	annual	average	flow	rate	remained	fairly	steady	over	the	
six‐year	period,	averaging	just	under	5	mgd,	which	is	74%	of	the	annual	average	day	
criterion	used	by	Carollo	for	design	of	the	2004	expansion	(6.8	mgd).	On	three	occasions	
over	the	six	year	period,	the	rolling	monthly	average	flow	rate	exceeded	the	maximum	
monthly	design	criteria	(9.5	mgd),	and	on	12	occasions	the	daily	average	flow	rate	exceeded	
the	peak	hourly	design	criteria	(17	mgd).	Influent	flows	from	June	2011	through	March	
2013	exhibited	abnormally	low	peaking	factors,	which	was	attributed	to	drought	conditions	
experienced	in	the	service	area	during	that	period.	

 As	shown	on	Figure	2‐2,	daily	average	effluent	temperatures	peaked	at	25‐26°C	during	the	
late	summer	months	and	dipped	to	9‐10°C	during	the	late	winter	months.	
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 As	shown	on	Figure	2‐3,	the	influent	TSS	concentration	trended	upward	over	the	past	six	
years.	This	resulted	in	the	upward	trend	in	influent	TSS	loading	shown	on	Figure	2‐4.	For	
2013,	the	TSS	loadings	averaged	14,300	lbs/day,	which	is	75%	of	the	maximum	month	
average	day	criterion	used	by	Carollo	for	design	of	the	2004	expansion	(19,015	lbs/day).	
The	30‐day	rolling	averages	indicate	that	the	maximum	month	average	day	design	criterion	
was	exceeded	on	three	different	occasions.	

 As	shown	on	Figure	2‐5,	the	influent	BOD	concentration	also	trended	upward	over	the	past	
six	years.	This	resulted	in	the	upward	trend	in	influent	BOD	loading	shown	on	Figure	2‐6.	
For	2013,	the	BOD	loadings	averaged	12,600	lbs/day,	which	is	66%	of	the	maximum	month	
average	day	criterion	used	by	Carollo	for	design	of	the	2004	expansion	(19,015	lbs/day).	
The	30‐day	rolling	averages	indicate	that	the	maximum	month	average	day	design	criterion	
was	matched	or	exceeded	on	three	different	occasions.	

 As	shown	on	Figures	2‐7	and	2‐8,	average	influent	nitrogen	loadings	remained	fairly	steady	
over	the	six‐year	period,	perhaps	slightly	declining.	In	2013,	the	TKN	loadings	averaged	
1,040	lbs/day,	which	is	52%	of	the	maximum	month	average	day	criterion	used	by	Carollo	
for	design	of	the	2004	expansion	(1,981	lbs/day).	The	30‐day	rolling	average	TKN	loadings	
exceeded	the	design	criterion	on	a	few	occasions	up	to	2011,	but	were	generally	below	the	
existing	design	criterion	for	the	remainder	of	the	study	period.		

 As	shown	on	Figures	2‐9	and	2‐10,	average	influent	phosphorus	loadings	remained	fairly	
steady	over	the	six‐year	period,	perhaps	slightly	declining.	In	2013,	the	TP	loadings	
averaged	118	lbs/day,	which	is	17%	of	the	maximum	month	average	day	criterion	used	by	
Carollo	for	design	of	the	2004	expansion	(713	lbs/day).	The	rolling	average	TP	loadings	
were	generally	below	the	existing	design	criterion	for	the	entire	study	period.	
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Table 2‐2: Summary Influent Characteristics for NWCWP 

Parameter Units Calendar Year 
2008 2009 2010 2011 2012 2013 

Flow Rate 

Annual Average (AA) mgd 5.2 4.8 4.8 5.1 4.4 5.4 
Max Month Average (MM) mgd 7.6 7.5 7.2 7.9 4.8 7.3 

Month of MM - June May Sept April Oct April 
Peak Daily Average (PD) mgd 18.55 21.298 16.15 22.19 12.72 17.39 

Day of PD - 14-Sep 9-Oct 20-May 25-Apr 14-Oct 27-Apr
MM:AA - 1.46 1.58 1.49 1.55 1.10 1.34 
PD:AA - 3.59 4.47 3.36 4.32 2.92 3.21 

Temperature 

Peak Daily Average (PD) °C 24 23 25 26 25 23 
Max Month Average (MM) °C 22.5 21.7 23.7 24.5 22.9 21.2 

Annual Average (AA) °C 16.7 16.4 16.9 17.2 17.5 16.6 
Min Monthly Average °C 9.9 10.8 11.1 11.1 12.6 11.6 

Min Daily Average °C 8 8 10 9 6 6 

TSS 

Annual Average (AA) ppd 7,032 6,513 10,013 11,645 13,713 14,252
mg/L 163 164 250 272 377 315 

Max Month Average (MM) ppd 9,418 8,614 15,188 19,774 17,629 17,924
Month of MM - Dec March May Jan Sept April 

Peak Daily Average (PD) ppd 26,913 28,864 53,075 75,742 56,980 48,461
Day of PD - 14-Oct 23-Mar 6-May 17-Jan 17-Apr 19-Aug

MM:AA - 1.34 1.32 1.52 1.70 1.29 1.26 
PD:AA - 2.86 3.35 3.49 3.83 3.23 2.70 

BOD5 

Annual Average (AA) ppd 4,469 4,874 7,518 9,457 12,247 12,610
mg/L   123 187 221 337 279 

Max Month Average (MM) ppd 6,567 6,235 11,384 12,495 17,455 17,715
Month of MM - Dec Nov Nov July Nov May 

Peak Daily Average (PD) ppd 21,070 14,605 30,173 24,022 34,506 35,255
Day of PD - 23-Dec 8-Oct 6-May 24-Feb 17-Apr 29-Oct

MM:AA - 1.47 1.28 1.51 1.32 1.43 1.40 
PD:AA - 3.21 2.34 2.65 1.92 1.98 1.99 

TKN 

Annual Average (AA) ppd   1,271 1,209 1,311 1,231 1,035 
mg/L   32 30 31 34 23 

Max Month Average (MM) ppd   2,170 1,603 1,769 1,694 1,305 
Month of MM -   Oct Dec Feb Dec Oct 

Peak Daily Average (PD) ppd   7,145 7,037 4,322 2,968 7,255 
Day of PD -   9-Oct 3-Sep 25-Feb 19-Dec 29-Oct

MM:AA -   1.71 1.33 1.35 1.38 1.26 
PD:AA -   3.29 4.39 2.44 1.75 5.56 

Total 
Phosphorus 

(as P) 

Annual Average (AA) ppd 212 152 169 173 139 118 
mg/L 4.9 3.8 4.2 4.0 3.8 2.6 

Max Month Average (MM) ppd 336 465 320 236 171 158 
Month of MM - Feb Oct Sept Nov Aug April 

Peak Daily Average (PD) ppd 2,563 905 2,951 1,864 374 531 
Day of PD - 6-Feb 13-Oct 3-Sep 22-Nov 25-Jul 18-Apr

MM:AA - 1.59 3.06 1.90 1.37 1.23 1.34 
PD:AA - 7.63 1.94 9.21 7.91 2.18 3.36 
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Figure 2‐1: NWCWP Influent Flow Rates  
	

	
Figure 2‐2: NWCWP Effluent Temperatures 
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Figure 2‐3:NWCWP Influent TSS Concentrations 
	

	
Figure 2‐4: NWCWP Influent TSS Loads 
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Figure 2‐5: NWCWP Influent BOD Concentrations 
	

	
Figure 2‐6: NWCWP Influent BOD Loads 
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Figure 2‐7: NWCWP Influent TKN Concentrations 
	

	
Figure 2‐8: NWCWP Influent TKN Loads 
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Figure 2‐9: NWCWP Influent TP Concentrations 
	

	
Figure 2‐10: NWCWP Influent TP Loads 
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3 Process Capacity Evaluation 
3.1 DESIGN WET WEATHER EVENT INFLUENT FLOWS 
Collection	system	modeling	was	used	to	generate	a	plant	influent	hydrograph	for	a	5‐year,	24‐hr	
storm	event	with	30%	infiltration	and	inflow	(I/I).	Figure	3‐1	illustrates	the	resulting	30‐day	plant	
influent	hydrograph	which	was	used	as	the	basis	of	this	evaluation.	This	design	hydrograph	was	
developed	such	that	the	beginning	of	the	scenario	has	a	normal	dry‐weather	diurnal	pattern	
followed	by	the	wet‐weather	event	itself	which	lasts	approximately	five	days	before	the	influent	
resumes	its	normal	diurnal	pattern	for	the	remainder	of	the	30‐day	period.	

In	addition	to	influent	flow	rates,	influent	concentrations	must	be	determined	to	evaluate	process	
performance.	Therefore,	the	historical	influent	data	from	2008‐2013	were	further	evaluated	to	
determine	appropriate	concentrations	to	associate	with	the	peak	wet‐weather	flow	rates.	Figure	
3‐2	through	Figure	3‐5	illustrate	the	resulting	correlations	that	were	developed	and	used	to	
estimate	the	influent	pollutant	concentrations	that	would	occur	during	peak	wet‐weather	flows	
(after	passage	of	the	first	flush).	

	The	dilution	curve	equations	along	with	the	storm	hydrograph	discussed	above	were	then	used	to	
develop	influent	pollutographs	for	dynamic	process	modeling	input.	The	resulting	pollutographs	
along	with	the	influent	hydrograph	are	illustrated	on	Figure	3‐6.	When	the	plant	influent	flows	on	
the	30‐day	hydrograph	are	under	normal	dry‐weather	conditions,	the	pollutant	concentrations	
follow	a	normal	diurnal	pattern.	As	influent	flows	increase	in	response	to	the	wet‐weather	event,	
first‐flush	concentrations	were	estimated	to	peak	at	20	mgd,	and	the	aforementioned	dilution	
correlation	curves	were	then	used	to	estimate	concentrations	during	the	remainder	of	the	
stormflow	period.	The	pollutograph	curves	were	also	adjusted	slightly	so	that	the	average	loading	
rate	for	each	pollutant	over	the	30‐day	period	matched	the	maximum	month	average	daily	design	
criteria	from	the	2004	expansion	project.	

The	actual	flow	rate	where	peak	first‐flush	concentrations	will	occur	is	dependent	upon	antecedent	
conditions	and	collection	system	operations	and	is	generally	highly	variable	from	event	to	event.	
For	these	conceptual‐level	planning	studies,	the	above	approach	was	deemed	to	provide	a	
reasonably	conservative	estimate	of	first‐flush	and	dilution	dynamics.	Verification	and	refinement	
of	these	estimates	would	require	discrete	sampling	(hourly	composites)	over	multiple	peak	wet‐
weather	flow	events.	

These	30‐day	hydrographs	and	pollutographs	were	used	as	input	into	the	process	model	to	predict	
the	plant	performance,	as	described	later	in	this	memorandum.	
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Figure 3‐1. Design Wet Weather Event Hydrograph 
	

	
Figure 3‐2. Influent TSS Correlated to Influent Flow Rate 
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Figure 3‐3. Influent BOD Correlated to Influent Flow Rate 
 

	
Figure 3‐4. Influent TKN Correlated to Influent Flow Rate 
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Figure 3‐5. Influent TP Correlated to Influent Flow Rate 
	

	
Figure	3‐6.	Design	Wet	Weather	Event	Hydrograph	and	Pollutographs	
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3.2 CLARIFIER STATE‐POINT ANALYSIS 
For	handling	peak	wet‐weather	flows,	clarification	capacity	is	generally	the	limiting	component	of	
an	activated	sludge	system.	Therefore,	a	series	of	state‐point	analyses	(SPA)	were	conducted	as	a	
preliminary	evaluation	of	the	capacity	of	the	existing	treatment	facilities.	A	state	point	analysis	is	a	
troubleshooting	and	capacity	analysis	tool	in	which	clarifier	overflow	and	underflow	rate	operating	
lines	are	displayed	in	relation	to	the	solids	settling	flux	curve.		The	intersection	of	the	operating	
lines	is	termed	the	“state	point”	of	the	clarifier.		To	avoid	overloading,	the	overflow	and	underflow	
rate	operating	lines	up	to	the	state	point	must	be	under	the	settling	flux	curve	at	all	points	of	the	
curve.		For	example,	if	the	underflow	operating	line	crosses	above	the	settling	flux	curve,	then	
additional	return	activated	sludge	(RAS)	pumping	capacity	and/or	thicker	RAS	concentrations	are	
needed	to	avoid	a	clarifier	failure	due	to	inadequate	thickening.	

Besides	clarifier	surface	area	and	RAS	pumping	capacity,	mixed	liquor	suspended	solids	(MLSS)	
concentration	and	sludge	volume	index	(SVI)	are	critical	operating	parameters	evaluated	with	SPA.	
MLSS	and	SVI	data	from	the	plant’s	2008‐2013	monitoring	dataset	are	summarized	on	Figure	3‐7	
and	Figure	3‐8.	An	MLSS	concentration	of	3,000	mg/L	was	used	as	a	design	criterion	for	the	2004	
expansion	project;	however,	recent	operations	have	shown	recent	improvements	in	SVI	which	has	
allowed	for	operations	with	MLSS	above	the	design	criteria	(which	may	provide	a	correspondingly	
higher	nitrification	capacity).	

The	inputs	and	results	of	the	SPA	scenarios	are	summarized	on	Figure	3‐9	through	Figure	3‐11.	
Major	notes	and	observations	from	these	analyses	include:	

 All	scenarios	assume	all	three	clarifiers	are	in	service	and	firm	RAS	pumping	capacity	(total	
capacity	minus	one	large	RAS	pump).	

 The	first	scenario	assumed	clarifier	feed	with	MLSS	=	3,000	mg/L	(Carollo	design	criterion	
from	2004	expansion	project)	and	SVI	=	186	mL/g	(90th	percentile	value	from	2008‐2013	
operations).	This	scenario	suggests	that	the	peak	capacity	would	be	approximately	17	mgd,	
which	is	the	peak	hourly	design	criteria	used	by	Carollo	for	the	2004	expansion	project.	

 The	second	scenario	assumed	MLSS	=	3,360	mg/L	(90th	percentile	of	the	operating	dataset)	
and	SVI	=	134	mL/g	(average	of	the	operating	dataset).	The	results	suggest	that	the	peak	
capacity	would	be	approximately	20	mgd.	

 The	third	scenario	suggested	that	if	the	MLSS	were	reduced	to	3,000	mg/L	and	sludge	
settling	characteristics	did	not	degrade	(SVI	=	134	mL/g),	then	the	clarifier	capacity	would	
increase	to	approximately	23	mgd	(existing	influent	pumping	firm	capacity).	

 The	solids	flux	curve	used	in	these	state‐point	analyses	were	based	on	Vesilind	equation	
parameters	determined	from	a	generalized	SVI	correlation	(Daigger,	1995).	For	these	
conceptual	studies,	these	generic	flux	curves	were	deemed	adequate;	however,	it	is	
recommended	that	subsequent	preliminary	design	studies	include	clarifier	field	tests	to	
develop	site‐specific	solids	flux	curves	(WERF,	2001).	
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Figure 3‐7. NWCWP MLSS Concentrations 
	

	
Figure 3‐8. NWCWP MLSS Sludge Volume Index Values 
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Figure 3‐9. State Point Analysis ‐ Scenario 1 
	

	
Figure 3‐10. State Point Analysis ‐ Scenario 2 
	



City of Springfield, Missouri | Peak Wet‐Weather Flow Treatment Evaluation for NWCWP   

 
BLACK & VEATCH | Process Capacity Evaluation| 16 July 2013                   26	

	
Figure 3‐11. State Point Analysis ‐ Scenario 3 

3.3 DYNAMIC PROCESS MODEL 
A	computer	based	treatment	process	model	for	the	plant	was	developed	using	GPS‐X	software	(by	
Hydromantis).	This	software	is	widely	used	to	simulate	wastewater	treatment	operations	using	
basin	dimensions	and	operational	data	specific	to	the	particular	facility.	One	advantage	of	this	
modeling	software	is	its	ability	to	simulate	responses	to	time‐varying	changes	in	influent	
characteristics	and	operational	settings,	which	is	particularly	helpful	for	evaluating	transient	events	
such	as	wet‐weather	episodes.	Once	a	model	is	built,	it	must	be	calibrated	with	historical	data	
before	it	can	be	used	to	accurately	predict	plant	operating	conditions	and	effluent	quality.		

Figure	3‐12	represents	the	GPS‐X	model	for	existing	operations	at	the	NWCWP.	The	model	includes	
a	selector	basin	for	simulating	anaerobic	and	anoxic	zones,	three	aerobic	zones,	a	final	clarifier	and	
a	WAS	thickener.	The	selector	basin	and	first	two	aerobic	basins	were	configured	as	plug‐flow	
reactors	and	divided	into	multiple	zones	to	match	existing	geometries.	The	last	aerobic	zone	was	
set	up	as	a	completely	mixed	reactor	to	represent	the	inner	section	of	the	concentric	basin.	The	
following	sections	describe	the	development	of	the	plant	process	model.	

3.3.1 Wastewater Fractionation and Model Calibration 

A	critical	element	of	developing	an	accurate	process	model	is	precisely	defining	influent	
wastewater	characteristics	which,	for	the	organic	portion	of	the	waste,	are	based	on	chemical	
oxygen	demand	(COD).		Fractionation	requires	estimating	several	parameters	that	define	the	
portions	of	COD	that	are	soluble	and	biodegradable,	soluble	and	unbiodegradable,	particulate	and	
unbiodegradable,	etc.		These	fractions	determine	the	portion	of	COD	that	will	be	removed	in	the	
primary	clarifiers,	degraded	biologically,	or	accumulated	in	the	MLSS	and	removed	in	the	final	
clarifiers.		It	also	determines	the	portion	that	is	soluble	and	non‐degradable	that	will	pass	through	
the	activated	sludge	process.		Similar	stoichiometric	parameters	and	fractionation	data	were	also	
estimated	for	nitrogen	and	phosphorus.			
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Figure	3‐12.	GPS‐X	Model	Diagram	for	NWCWP	–	Existing	Facilities	
	

No	special	sampling	was	performed	for	the	NWCWP.		Therefore,	fractions	were	estimated	based	on	
Black	&	Veatch	experience	and	industry	standards.	Table	3‐1	lists	the	various	fractions	used	to	set	
up	and	calibrate	the	model.	It	should	be	noted	that	this	calibration	focused	on	TSS	performance,	
which	is	generally	the	primary	indicator	for	the	treatment	of	wet‐weather	flows.	Special	sampling	
and	a	more	rigorous	calibration	effort	is	recommended	before	the	GPS‐X	model	can	be	used	to	
accurately	predict	nutrient	removal	performance.	

Before	the	process	model	could	be	used	to	predict	the	plant	performance	under	a	given	condition,	it	
needs	to	be	“calibrated”	using	the	plant	operational	data.	When	calibrating	a	model,	it	is	important	
to	collect	plant	operational	data,	influent	and	effluent	characteristics	from	a	specific	period	of	time,	
typically	one	month	in	length.		The	month	of	data	used	to	calibrate	the	model	should	indicate	that	
the	plant	was	operating	near	steady	state	conditions.		Nitrification	should	be	well	established	and	
influent	flows	and	loads	should	be	“normal”	for	the	facility.		The	month	of	data	is	then	input	into	the	
model,	and	the	model	output	is	compared	with	the	rest	of	the	plant	data.		If	the	model	predicts	
effluent	quality	and	sludge	production	to	within	10	to	20	percent	of	the	plant	data	(depending	upon	
the	parameter),	the	model	is	considered	to	be	well‐calibrated.	After	consideration	of	the	above,	May	
2013	data	summarized	in	Table	3‐2	were	used	for	model	calibration.	Additional	reasons	for	
selecting	these	calibration	data	were:	

 The	monthly	average	influent	flow	rate	and	BOD	and	TSS	load	for	this	month	approached	
those	used	as	the	design	criteria	for	the	2004	expansion.	
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 The	monthly	average	temperature	for	the	calibration	month	was	16.2°C,	which	is	around	
the	average	temperature	of	16.8°C	for	the	treatment	plant.	

A	steady	state	simulation	run	was	conducted	with	the	calibration	data.	Model	inputs	and	outputs	
are	summarized	in	Table	3‐3	along	with	the	historical	plant	data	for	the	calibration	month.	In	
general	the	model	predicted	values	were	within	10	to	20	percent	of	the	historical	values	except	for	
the	following:	

 RAS	flowrate:	RAS	volumetric	flowrates	is	considered	a	second‐tier	calibration	parameter.	A	
more	essential	modeling	parameter	is	to	check	the	total	mass	of	solids	in	the	system,	which	
is	represented	by	the	MLSS	concentration	and	the	total	quantities	of	RAS	and	WAS.	As	the	
model	predicted	MLSS	concentration	and	pounds	per	day	of	WAS	are	within	10%	of	the	
historical	values,	the	model	can	be	considered	calibrated.	

 Effluent	Ammonia	and	NOx	concentration:	The	model	predicted	effluent	ammonia	and	
nitrite/nitrate	(NOx)	concentration	are	different	from	the	values	reported	in	plant	
operational	data.	Although	the	influent	stoichiometry	in	the	model	was	adjusted	to	match	
the	plant	data,	the	microbial	activity	data	or	the	model	kinetics	were	left	at	default	values.	
Additional	sampling	is	recommended	to	fine‐tune	the	model’s	parameters	for	nitrogen	
fractionation	as	well	as	nitrification	and	denitrification	kinetics;	however,	such	fine‐tuning	
was	not	deemed	necessary	for	these	conceptual	level	planning	studies.	

 Effluent	TP	concentration:	The	model	predicted	effluent	TP	is	more	than	double	the	value	
reported	in	plant	operational	data.	Although	the	percent	difference	is	high,	the	actual	
difference	is	rather	small.	The	assumptions	made	on	the	influent	TP	concentration	and	
phosphorus	fractions	could	be	higher	than	what	NWCWP	actually	experiences.	Similar	to	
the	nitrogen	parameters	discussed	above,	additional	sampling	is	recommended	to	fine‐tune	
the	model’s	parameters	for	phosphorus	fractionation	as	well	as	biological	phosphorus	
removal	kinetics;	however,	such	fine‐tuning	was	not	deemed	necessary	for	these	conceptual	
level	planning	studies.	

3.3.2 Capacity of Existing Facilities 

The	calibrated	process	model	was	used	to	further	evaluate	the	process	capacity	of	the	existing	
facilities	compared	to	the	design	criteria	used	by	Carollo	in	the	2004	plant	expansion.	

 Headworks	‐	The	plant	headworks	include	influent	pumps,	bar	screens	and	grit	chambers.	
Each	of	the	six	influent	pumps	was	rated	at	4.65	mgd	for	an	approximate	firm	pumping	
capacity	of	23	mgd	(one	pump	out	of	service).	There	are	two	mechanically	cleaned	and	one	
manually	cleaned	3/8	inch	bar	screens	that	were	rated	at	16.3	mgd	each	by	Carollo	during	
the	2004	expansion.	This	gives	a	firm	screening	capacity	of	approximately	32	mgd,	but	may	
reduce	to	16	mgd	if	an	operator	is	not	available	or	is	not	able	to	clean	the	manual	bar	screen	
fast	enough.	The	two	vortex	grit	chambers	have	a	manufacturer’s	rating	of	16.3	mgd	each.		

 Activated	Sludge	System	–	The	clarifier	state	point	analysis	described	above	in	Section	3.2,	
suggests	that	the	activated	sludge	system	has	a	peak	capacity	of	17	to	23	mgd	at	the	design	
influent	pollutant	loads	and	MLSS	concentrations,	depending	upon	the	settling	
characteristics	of	the	mixed	liquor	solids.	For	these	planning	purposes,	a	peak	flow	capacity	
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of	20	mgd	was	used	in	the	calibrated	GPS‐X	model	as	a	reasonably	conservative	estimate	for	
the	existing	activated	sludge	facilities	to	prevent	biomass	washout	(i.e.	loss	of	sludge	
blanket	from	the	final	clarifiers)	in	different	blending	and	auxiliary	treatment	scenarios	for	
the	wet‐weather	event	hydrograph	and	pollutographs	summarized	on	Figure	3‐6.	

 Ultraviolet	Disinfection	System‐	The	capacity	of	the	UV	disinfection	system	was	evaluated	
in	further	detail	in	a	previous	technical	memorandum	(Black	&	Veatch,	2012).	The	existing	
system	was	designed	to	provide	a	UV	dosage	of	25	mJ/cm2	for	flows	up	to	17	mgd.	The	
addition	of	another	bank	of	UV	bulbs	in	each	channel	was	recommended	to	raise	the	peak	
capacity	to	30	mgd.	

Table 3‐1. Wastewater Fractionations Estimated for NWCWP Process Modeling 

PARAMETER  CRYPTIC 

NAME 

VALUE  TYPICAL 

VALUE 

COMMENTS 

Soluble substrate/BODultimate Ratio  fss  0.35 0.25 Estimated 

Ammonia/TKN Ratio  fnh  0.54 0.63 Estimated

Part. Org.N/Total Org.N Ratio  fxn  0.9 0.9 Model default 

XCOD/VSS Ratio  Icv  1.9 1.8 Estimated

VSS/TSS Ratio  Ivt  0.80 0.75 Estimated

BOD5/BODultimate Ratio  fbod 0.70 0.66 Estimated

	

Table 3‐2. Calibration Month Influent Characteristics 

PARAMETER  VALUE 

Flow, mgd  6.78 

Total BDO5 

lb/d

mg/l

17,699 

313 

TSS 

lb/d

mg/l

17,812 

315 

Ammonia 

lb/d

mg/l

547 

9.67 

TKN 

lb/d

mg/l

1,012 

17.9 

Temperature, °C  16 
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Table 3‐3. Summary of Model Calibration Results 

LOCATION/PARAMETER  HISTORICAL DATA  MODEL DATA 

RAW INFLUENT 

Flow, mgd  6.78 Model Input

BOD5, mg/l   313 Model Input

TSS, mg/l  315 Model Input

Ammonia, mg/l   9.6 Model Input

TKN, mg/l  17.9 Model Input

PO4, mg/l  1.97 Model Input

TP, mg/l  N/A1 4.0

REACTOR 

SRT, day  10.2 10.4

MLSS, mg/l  3,347 3,419

WAS, mgd  0.28 0.25

WAS, ppd  17,067 15,690

RAS, mgd  2.73 5.0

EFFLUENT 

BOD5, mg/l 

(percent removal) 

3.0

(99.0 %) 

1.82

(99.4 %) 

 TSS, mg/l 

(percent removal) 

2.0

(99.4 %) 

3.22

(99.0 %) 

Ammonia, mg/l 

(percent removal) 

0.1

(99.0 %) 

1.1

(88.5 %) 

TKN, mg/l 

(percent removal) 

1.63

(90.9 %) 

1.84

(89.7 %) 

NO2+NO3, mg/l  2.57 0.02

TP, mg/l 

(percent removal) 

0.13 0.42

(89.5 %) 

1 data not available. 

4 Hydraulic Capacity Evaluation 
A	separate	technical	memorandum	was	developed	to	document	the	evaluation	of	the	hydraulic	
profile	and	hydraulic	capacity	of	the	NWCWP	(Appendix	B).	Major	findings	from	that	evaluation	
include:	

 At	high	river	elevations,	the	plant	is	limited	by	the	existing	capacity	of	its	effluent	pump	
station,	which	has	a	firm	capacity	of	16.4	mgd.	
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 When	the	activated	sludge	facilities	are	operated	with	a	mixed	liquor	return	(MLR)	rate	of	
300%	of	maximum	month	influent	flow	and	RAS	flow	rates	at	the	firm	capacity	of	the	RAS	
pumps,	the	following	hydraulic	limitations	were	found:	

o Flows	above	20	mgd	will	submerge	weirs	in	the	Final	Clarifier	Splitter	Box,	disabling	
its	function	of	providing	equal	flow	distribution	to	the	clarifiers.	

o At	a	plant	flow	of	20	mgd,	the	weir	at	the	Aeration	Basin	Effluent	Box	will	be	
submerged.	

o At	a	plant	flow	approaching	17	mgd,	the	effluent	weir	of	the	Selector	Basin	will	be	
submerged.	

5 Development and Evaluation of Process Alternatives 
Three	peak	wet‐weather	flow	treatment	alternatives	were	developed	and	evaluated	for	the	
NWCWP.	In	all	the	alternatives,	flows	up	to	20	mgd	were	handled	by	the	existing	treatment	
facilities.	Flows	over	20	mgd	were	either	treated	in	parallel	by	auxiliary	treatment	facilities	or	
stored	and	then	treated	by	the	existing	facilities	as	influent	flow	rates	receded	below	20	mgd.	All	
treated	flows	were	blended	with	final	clarifier	effluent	and	disinfected	before	discharging	to	the	
Little	Sac	River.	

The	GPS‐X	model	described	in	Section	3.3	was	modified	to	evaluate	the	alternatives	described	in	the	
following	subsections.	

5.1 ALTERNATIVE 1 – PEAK FLOW EQUALIZATION 
In	this	alternative,	influent	flows	up	to	20	mgd	would	be	handled	by	the	existing	activated	sludge	
system	and	any	flows	above	that	rate	would	be	captured	in	an	offline	storage	basin.	Based	on	the	
storm	hydrograph	presented	in	Figure	3‐1,	a	40	million	gallon	(MG)	equalization	basin	would	be	
required	to	capture	wet	weather	flows	exceeding	20	mgd	during	the	design	storm.	A	dewatering	
return	flow	rate	of	10	mgd	was	evaluated	for	this	alternative.	The	basin	dewatering	flows	(and	
captured	pollutants)	would	combine	with	the	normal	influent	for	treatment	through	the	existing	
activated	sludge	facility.	

The	dynamic	process	model	for	this	alternative	is	depicted	on	Figure	5‐1.	The	wet‐weather	design	
influent	scenario	illustrated	on	Figure	3‐6	was	run	through	this	model,	and	results	are	summarized	
on	Figure	5‐2	through	Figure	5‐7.	Notes	and	observations	from	these	modeling	runs	include:	

 As	illustrated	on	Figure	5‐2,	dewatering	of	the	storage	basin	started	approximately	two	
days	after	it	was	filled	to	allow	flows	to	decrease	to	the	point	where	the	existing	facilities	
could	accommodate	the	dewatering	flow	rate.	Four	days	were	required	to	empty	the	40‐MG	
basin.	Future	design	refinements	should	consider	two	5‐mgd	dewatering	pumps	so	that	
dewatering	can	begin	earlier	to	minimize	storage	durations	and	the	potential	for	septic	
conditions.	Two	pumps	also	provide	redundancy	in	case	one	pump	fails.	

 As	noted	on	Figure	5‐3,	wasting	rates	from	the	final	clarifier	were	decreased	from	an	initial	
setting	of	0.3	mgd	during	the	wet‐weather	event	to	demonstrate	its	impact	on	aeration	
basin	MLSS	and	biomass	sludge	age	[or	solids	retention	time	(SRT)].	Actual	operating	values	
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may	differ	somewhat,	but	WAS	rates	are	sometimes	decreased	temporarily	to	compensate	
for	the	increased	loss	of	biomass	that	typically	occurs	through	the	clarifier	effluent	during	
peak	flow	events.	

 The	model	predictions	on	Figure	5‐4	suggest	that	the	final	clarifier	solids	loading	rate	(SLR)	
and	surface	overflow	rate	(SOR)	will	remain	below	design	criteria	generally	recommended	
by	Black	&	Veatch.	The	predicted	SLR	and	SOR	are	also	below	peak	hourly	criteria	suggested	
by	Ten	States	Standards	(GLUMRB,	2004)	for	single	stage	nitrification	(35	lb/day/ft2	and	
1,000	gpd/ft2,	respectively).	

 The	model	predictions	for	effluent	TSS,	CBOD5	and	NH3‐N	indicate	that	this	alternative	
should	be	able	to	easily	meet	all	applicable	NPDES	permit	effluent	limitations.	The	dynamic	
model	results	depicted	on	Figure	5‐5	through	Figure	5‐7	predict	a	short‐term	increase	in	
effluent	concentrations	during	the	peak	flow	event,	but	a	fairly	quick	return	to	pre‐event	
values	for	the	remainder	of	the	design	month.	

	
Figure 5‐1. GPS‐X Model Diagram for NWCWP with Additions from Alternative 1  
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Figure 5‐2. Alternative 1 ‐ Predicted Flow Rates for Design Month 
	

 
Figure 5‐3. Alternative 1 ‐ Predicted Aeration Basin Parameters for Design Month 
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Figure 5‐4. Alternative 1 – Predicted Final Clarifier Parameters for Design Month 
	

 
Figure 5‐5. Alternative 1 ‐ Predicted Effluent TSS for Design Month 
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Figure 5‐6. Alternative 1 ‐ Predicted Effluent CBOD5 for Design Month 
	

  
Figure 5‐7. Alternative 1 ‐ Predicted Effluent NH3‐N for Design Month 
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5.2 ALTERNATIVE 2 – AUXILIARY TREATMENT FACILITIES 
In	this	alternative,	auxiliary	treatment	facilities	would	be	operated	in	parallel	with	the	existing	
facilities	to	handle	peak	wet‐weather	flows.	Influent	flows	up	to	20	mgd	would	be	handled	by	the	
existing	activated	sludge	facilities.	Based	on	the	storm	hydrograph	presented	in	Figure	3‐1,	
auxiliary	treatment	facilities	with	a	peak	capacity	of	approximately	37	mgd	will	be	required	for	this	
alternative.	Effluents	from	both	the	auxiliary	treatment	train	and	the	activated	sludge	train	would	
be	blended	and	disinfected	prior	to	discharge	through	the	existing	outfall.	Solids	captured	from	the	
auxiliary	treatment	process	would	be	sent	to	the	existing	activated	sludge	facilities	for	treatment.		

The	dynamic	process	model	for	this	alternative	is	depicted	on	Figure	5‐8,	and	results	from	the	wet‐
weather	design	influent	scenario	with	this	alternative	are	summarized	on	Figure	5‐9	through	
Figure	5‐14.	Notes	and	observations	from	these	modeling	runs	include:	

 Compared	to	the	results	for	Alternative	1,	this	alternative	does	not	have	the	delayed	or	
extended	impacts	on	the	existing	facilities	after	the	peak	wet‐weather	flows	have	subsided	
due	to	dewatering	of	storage	facilities.	Peak	wet‐weather	flows	are	treated	and	discharged	
through	the	auxiliary	treatment	train	at	the	same	time	that	peak	wet‐weather	flows	are	
treated	and	discharged	through	the	existing	activated	sludge	train	(compare	Figure	5‐9	to	
Figure	5‐2).	

 As	noted	on	Figure	5‐10,	wasting	rates	from	the	final	clarifier	were	decreased	from	an	initial	
setting	of	0.3	mgd	during	the	wet‐weather	event	to	help	control	MLSS	and	biomass	sludge	
age.	Adjustments	and	response	during	the	peak	event	were	similar	to	Alternative	1;	
however,	biomass	sludge	age	appeared	to	stabilize	a	little	earlier	and	did	not	exhibit	the	
decrease	from	extended	operations	of	the	AS	train	at	peak	flow	rates	from	dewatering.	This	
demonstrates	that	Alternative	2	would	likely	require	fewer	process	adjustments	to	the	AS	
process.	This	agrees	favorably	with	comments	from	operators	at	facilities	with	similar	
auxiliary	treatment	trains	who	have	observed	more	stable	AS	performance	and	have	
attributed	this	to	the	fact	that	the	auxiliary	train	is	capturing	solids	and	“feeding”	them	to	
the	AS	train	whose	biomass	tends	to	become	“starved”	as	peak	flows	become	dilute.	

 The	model	predictions	on	Figure	5‐11	suggest	that	the	final	clarifier	solids	loading	rate	
(SLR)	and	surface	overflow	rate	(SOR)	will	remain	below	design	criteria	generally	
recommended	by	Black	&	Veatch.	The	predicted	SLR	and	SOR	are	also	below	peak	hourly	
criteria	suggested	by	Ten	States	Standards	(GLUMRB,	2004)	for	single	stage	nitrification	(35	
lb/day/ft2	and	1,000	gpd/ft2,	respectively).	Compared	to	Alternative	1,	the	final	clarifiers	
spend	approximately	half	as	much	time	at	their	peak	loading	and	overflow	rates.	

 The	model	predictions	for	effluent	TSS,	CBOD5	and	NH3‐N	indicate	that	this	alternative	
should	also	be	able	to	easily	meet	all	applicable	NPDES	permit	effluent	limitations.	Similar	
to	the	results	for	Alternative	1,	the	dynamic	model	results	depicted	on	Figure	5‐12	through	
Figure	5‐14	predict	a	short‐term	increase	in	effluent	concentrations	during	the	peak	flow	
event,	but	a	fairly	quick	return	to	pre‐event	values	for	the	remainder	of	the	design	month.	
Compared	to	Alternative	1,	there	are	negligible	differences	in	the	monthly	average	results;	
however,	the	weekly	average	TSS	returns	to	pre‐event	values	quicker	in	this	alternative.	
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 These	dynamic	modeling	results	also	help	illustrate	the	importance	of	having	effluent	
NPDES	permit	limits	expressed	in	the	proper	terms	and	derived	from	the	appropriate	water	
quality	criteria.	For	instance:	

o TBEL	for	secondary	treatment	should	be	expressed	as	monthly	and	weekly	average	
values.	

o WQBEL	should	be	expressed	as	monthly	and	weekly	average	values	derived	from	
chronic	water	quality	criteria.	Daily	average	WQBEL	should	be	avoided	unless	they	
are	needed	for	protection	against	acute	toxicity.	If	daily	average	WQBEL	are	deemed	
necessary,	they	should	be	derived	from	acute	water	quality	criteria.	

	
Figure 5‐8. GPS‐X Model Diagram for NWCWP with Additions from Alternative 2  
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Figure 5‐9. Alternative 2 ‐ Predicted Flow Rates for Design Month 
	

 
Figure 5‐10. Alternative 2 ‐ Predicted Aeration Basin Parameters for Design Month 
	

0

10

20

30

40

50

60

0 5 10 15 20 25 30

H
ou

rl
y A

ve
ra

ge
 F

lo
w

 R
at

e 
(M

G
D

)

Day of Design Month

Total Influent AS Influent AUX Influent

0

500

1000

1500

2000

2500

3000

3500

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30

M
LS

S 
C

on
ce

nt
ra

tio
n 

(m
g/

l)

Sl
ud

ge
 A

ge
 (d

)

Day of Design Month

Sludge Age MLSS

WAS= 0.1 MGD WAS= 0.2 MGD



City of Springfield, Missouri | Peak Wet‐Weather Flow Treatment Evaluation for NWCWP   

 
BLACK & VEATCH | Development and Evaluation of Process Alternatives| 16 July 2013                   39	

 
Figure 5‐11. Alternative 2 – Predicted Final Clarifier Parameters for Design Month 
	

 
Figure 5‐12. Alternative 2 ‐ Predicted Effluent TSS for Design Month 
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Figure 5‐13. Alternative 2 ‐ Predicted Effluent CBOD5 for Design Month 
	

  
Figure 5‐14. Alternative 2 ‐ Predicted Effluent NH3‐N for Design Month 
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5.3 ALTERNATIVE 3 –AUXILIARY TREATMENT WITH FLOW EQUALIZATION 
This	alternative	is	a	combination	of	the	two	options	described	above	and	involves	a	smaller	storage	
basin	sized	to	reduce	the	capacity	of	the	auxiliary	treatment	facilities	to	20	mgd.		

The	dynamic	process	model	for	this	alternative	is	depicted	on	Figure	5‐15.	As	influent	flow	rates	
increase,	flows	above	20	mgd	would	be	split	to	the	auxiliary	treatment	facilities	and	flows	above	40	
mgd	would	be	captured	in	the	storage	basin	for	complete	treatment	and	capture	of	design	wet‐
weather	flows.	Based	on	the	storm	hydrograph	presented	in	Figure	3‐1,	a	6.2‐MG	storage	basin	
would	be	required.	Results	from	the	wet‐weather	design	influent	scenario	with	this	alternative	are	
summarized	on	Figure	5‐16	through	Figure	5‐21.	Notes	and	observations	from	these	modeling	runs	
include:	

 A	dewatering	rate	of	6.2	mgd	was	used	in	this	alternative	to	empty	the	EQ	basin	in	one	day.	
Therefore,	this	alternative	only	requires	one	extra	day	of	AS	train	operation	at	peak	flows	
after	the	actual	storm	event	has	passed	instead	of	the	four	days	required	in	Alternative	1.	
Future	design	refinements	should	consider	two	3.1‐mgd	dewatering	pumps	so	that	
dewatering	can	begin	even	earlier	to	further	reduce	storage	durations	and	associated	
potential	for	septic	conditions.	Two	pumps	also	provide	redundancy	in	case	one	pump	fails.	

 As	in	the	other	alternatives	wasting	rates	were	adjusted	during	the	wet‐weather	event	to	
help	control	MLSS	and	biomass	sludge	age	(see	Figure	5‐17).	Adjustments	and	response	
during	the	peak	event	were	similar	to	the	other	alternatives;	however,	MLSS	and	sludge	age	
appeared	to	be	a	little	less	variable	in	this	alternative.	

 As	in	the	other	alternatives,	the	model	predictions	on	Figure	5‐18	suggest	that	the	final	
clarifier	solids	loading	rate	(SLR)	and	surface	overflow	rate	(SOR)	will	remain	below	
recommended	design	criteria.	Compared	to	Alternative	1,	the	final	clarifiers	operate	at	their	
peak	loading	and	overflow	rates	for	only	one	extra	day	instead	of	four.	

 As	with	the	other	alternatives,	the	predicted	effluent	results	depicted	on	Figure	5‐19	
through	Figure	5‐21	indicate	that	this	alternative	should	be	able	to	comfortably	meet	
applicable	NPDES	permit	effluent	limitations.	Effluent	concentrations	were	predicted	to	
experience	a	short‐term	increase	during	the	peak	flow	event,	but	fairly	quickly	return	to	
pre‐event	values	for	the	remainder	of	the	design	month.	Compared	to	the	other	alternatives,	
there	are	negligible	differences	predicted	in	the	monthly	average	results;	however,	the	
weekly	average	TSS	appears	to	return	to	pre‐event	values	quicker	in	this	alternative	than	in	
Alternative	1.	



City of Springfield, Missouri | Peak Wet‐Weather Flow Treatment Evaluation for NWCWP   

 
BLACK & VEATCH | Development and Evaluation of Process Alternatives| 16 July 2013                   42	

	
Figure 5‐15. GPS‐X Model Diagram for NWCWP with Additions from Alternative 3  
	

 
Figure 5‐16. Alternative 3 ‐ Predicted Flow Rates for Design Month 
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Figure 5‐17. Alternative 3 ‐ Predicted Aeration Basin Parameters for Design Month 
	

 
Figure 5‐18. Alternative 3 – Predicted Final Clarifier Parameters for Design Month 
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Figure 5‐19. Alternative 3 ‐ Predicted Effluent TSS for Design Month 
	

 
Figure 5‐20. Alternative 3 ‐ Predicted Effluent CBOD5 for Design Month 
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Figure 5‐21. Alternative 3 ‐ Predicted Effluent NH3‐N for Design Month 
	

6 Overview of Auxiliary Wet‐Weather Treatment 
Technologies 

The	design	influent	hydrograph	on	Figure	3‐1	shows	a	peak	wet‐weather	event	flow	rate	of	
approximately	57	mgd,	whereas	the	evaluations	described	herein	indicate	that	the	existing	facilities	
at	the	NWCWP	have	a	capacity	of	approximately	20	mgd,	or	a	37‐mgd	deficit.	This	section	provides	
an	overview	of	treatment	technology	alternatives	to	increase	the	wet‐weather	treatment	capacity	of	
the	NWCWP	to	eliminate	this	deficit.	

Although	not	evaluated	in	detail	here,	additional	storage	capacity	should	also	be	considered	as	an	
alternative	to	help	reduce	overflows	and	the	peak	flow	rate	to	the	NWCWP.	However,	back‐to‐back	
storms	and	storms	larger	than	the	design	level	of	service	may	still	require	additional	treatment	
capacity	to	handle	storage	dewatering	rates.	Compared	to	auxiliary	treatment,	storing	wet‐weather	
flows	beyond	the	first‐flush	volume	may	be	more	detrimental	to	receiving	water	quality	and	create	
unintended	operational	problems,	such	as:	

 Stored	wastes	tend	to	be	more	difficult	to	treat	than	fresh	wastes	due	to	hydrolysis	and	
septicity	that	occurs	during	storage.	

 The	treatment	of	stored	wastes	may	require	a	longer	duration	of	wet‐weather	flow	
discharges	when	receiving	waters	have	receded	and	recreational	uses	are	more	likely.	
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 Longer	durations	of	treating	dilute	influent	risks	biomass	upset	and	inefficient	biological	
treatment.	This	is	especially	true	for	nitrification,	denitrification	and	enhanced	biological	
phosphorus	removal	processes	which	are	used	at	the	NWCWP.	

Complete	auxiliary	wet‐weather	treatment	facilities	generally	consist	of	a	core	treatment	process	
preceded	by	some	level	of	preliminary	treatment	and	followed	by	effluent	disinfection.	The	
following	sections	describe	treatment	technologies	commonly	used	for	these	facilities.	

6.1 CORE TREATMENT PROCESSES AND TECHNOLOGIES 
In	many	cases,	a	significant	portion	of	the	wet‐weather	flows	in	a	POTW	‐	particularly	those	with	
high	peak	flow	rates	and	low	pollutant	concentrations	‐	can	be	most	effectively	and	efficiently	
treated	by	physical	and	chemical	means.	Physical	and	chemical	clarification	processes	have	been	
used	to	improve	water	quality	since	the	dawn	of	civilization	(Baker	and	Taras,	1981).	Clarification	
processes	(i.e.	sedimentation,	flotation	and	filtration)	are	widely	used	in	POTWs,	and	since	about	
the	1970’s,	many	technologies	relying	on	these	mechanisms	have	been	adapted	and	optimized	for	
the	treatment	of	wet	weather	flows.	

The	water	quality	profession	has	historically	understood	that	excess	wet‐weather	flows	generally	
require	at	least	the	equivalent	of	primary	sedimentation	along	with	effluent	disinfection	to	meet	
Clean	Water	Act	requirements.	This	is	reflected	in	the	“Presumption	Approach”	of	EPA’s	CSO	
Control	Policy	(USEPA,	1994).	This	is	also	reflected	in	wet‐weather	blending	practices	that	have	
been	used	by	some	POTWs	since	biological	treatment	processes	became	widely	used	for	dry‐
weather	flows.	In	the	past	couple	of	decades,	there	has	been	growing	pressure	from	the	regulatory	
community	to	provide	a	higher	level	of	treatment	to	peak	wet‐weather	flows	than	can	be	provided	
by	the	conventional	blending	standard.	The	optimum	choice	depends	on	site‐specific	factors	such	as	
influent	wet‐weather	flow	characteristics,	receiving	stream	water	quality	requirements,	the	type	
and	condition	of	existing	collection	and	treatment	infrastructure,	regulatory	policies,	and	
affordability.	

Table	6‐1	summarizes	major	processes	and	technologies	that	have	been	piloted	or	used	in	full‐scale	
applications	for	wet‐weather	flows.		This	table	could	be	expanded	to	include	alternatives	based	on	
dissolved	air	flotation	(DAF);	however,	no	full‐scale	DAF	facilities	are	known	to	be	operating	in	wet‐
weather	flow	applications.	

The	treatment	profession	has	generally	used	TSS	removal	efficiency	along	with	hydraulic	loading	
rate	to	describe	the	performance	of	clarification	technologies.	The	term	high‐rate	treatment	(HRT)	
will	be	used	herein	to	mean	technologies	that	provide	TSS	removal	equivalent	to	at	least	primary	
clarification,	but	at	significantly	higher	hydraulic	loading	rates	than	typically	practiced	for	
conventional	dry‐weather	applications.	The	influent	fraction	of	non‐settleable	TSS	(TSSnon)	
generally	limits	the	effluent	quality	capable	by	gravimetric	separation	alone.	Thus,	the	effluent	
quality	from	HRT	alternatives	such	as	retention	treatment	basins	(RTBs),	vortex	separators,	and	
lamella	settlers	(without	chemical	enhancements)	would	generally	be	expected	to	be	similar	to	that	
from	conventional	primary	clarifiers.	

Enhanced	high‐rate	treatment	(EHRT)	is	used	to	further	distinguish	those	technologies	that	can	
operate	at	the	high	hydraulic	loading	rates	of	HRT,	but	provide	significantly	higher	TSS	removal.	
These	performance	classifications	are	illustrated	on	Figure	6‐1	showing	typical	ranges	for	HRT	and	
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EHRT	technologies	in	comparison	to	the	ranges	typically	observed	for	conventional	and	chemically	
enhanced	primary	clarifiers.	The	comparatively	higher	TSS	removals	attained	by	EHRT	
technologies	are	generally	ascribed	to	mechanisms	that	either	alter	the	influent	particle	settling	
characteristics	(i.e.	coagulation,	flocculation	and	floc	ballasting)	or	physically	remove	a	larger	
portion	of	TSSnon	(i.e.	filtration).	

Table 6‐1. Summary of Wet‐Weather Clarification Alternatives. 

SETTLING‐BASED	CLARIFICATION	 FILTRATION‐BASED	CLARIFICATION	

1. Conventional	Clarifier	 1. Shallow	Granular	Media	(Sand,	Anthracite,	etc.)

2. Vortex	Separator	(Swirl	Concentrator)* 2. Deep	Granular	Media	(Sand,	Anthracite,	etc.)

3. Lamella	Settlers*	 3. Microscreen*

4. Chemically	Enhanced	Settling**	
a. Conventional	Clarifier**	
b. Lamella	Settler**	
c. Solids	Contact	/	Recirculation***	

i. DensaDeg®,	CONTRAFAST®	
d. Microsand	Ballasted	Flocculation***	

i. ACTIFLO®,	RapiSand™	
e. Magnetite	Ballasted	Flocculation***	

i. CoMag™	

4. Floating	Media	Bed*
‐	MetaWater	High‐Speed	Filter,	BKT	BBF‐F	

5. Pile	Cloth	Media***
‐	Aqua‐Aerobic	Systems	

6. Compressible	Media	Bed***	
‐	Fuzzy	Filter™,	FlexFilter™	

5. Suspended	Growth	Biological	Contact
a. Conventional	Clarifier	
b. Ballasted	Flocculation	

i. bio‐ACTIFLO®,	BioMag®	

7. Fixed‐Film	Biological	Contact	
a. Biologically	Active	Filter	(BAF)	
b. BioFlexFilter™	

*	HRT	alternative.	
**	Provides	EHRT	effluent	quality,	but	at	hydraulic	loading	rates	between	conventional	and	HRT.	
***EHRT	alternative.	
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Figure 6‐1. Typical TSS Removals for Wet‐Weather Flow Clarification Processes	

6.1.1 Equivalent to Primary Clarification 

Figure	6‐2	illustrates	the	range	of	performance	that	is	normally	expected	from	primary	clarification.	
Under	peak	flow	conditions,	TSS	removal	rates	as	low	as	30%	are	not	unusual,	while	under	dry‐
weather	conditions,	TSS	removal	rates	of	45%	to	65%	are	common.	TSS	removal	rates	above	65%	
to	70%	are	rather	unusual	due	to	the	presence	of	very	fine	particles	and	colloidal	material	that	
generally	cannot	be	removed	by	gravity	settling	alone.	

It	is	important	to	understand	that	sedimentation	performance	is	generally	measured	in	terms	of	
suspended	solids.	While	readily	settleable	solids	are	obviously	also	removed	by	sedimentation,	only	
the	suspended	fraction	is	generally	sampled	and	used	for	performance	measurements.	
Conventional	primary	clarification	is	the	technology	standard	that	the	industry	assumed	for	wet‐
weather	flow	treatment	when	the	NPDES	regulatory	definitions	of	“bypass”	and	the	practice	of	
“blending”	were	developed.	The	following	examples	would	generally	be	expected	to	meet	this	
technology	standard:	

 Conventional	sedimentation	basins	in	circular,	rectangular	or	square	geometries.	

 Retention	treatment	basins	(RTBs)	are	generally	sized	based	on	volume	capture	or	
disinfectant	contact	criteria;	however,	they	may	also	provide	some	TSS	removal,	depending	
upon	their	surface	overflow	rate.	
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 Extraneous	flow	basins	function	similar	to	RTBs,	but	are	generally	configured	solely	for	
volume	capture	and	their	construction	tends	to	be	similar	to	ponds.	

 Vortex	separators	(a.k.a.	swirl	concentrators)	provide	excellent	removal	of	readily	
settleable	solids	at	relatively	high	hydraulic	loading	rates	and	are	commonly	specified	for	
grit	removal	in	the	headworks	of	conventional	WWTPs.	Relatively	larger	units	(i.e.	lower	
hydraulic	loading	rates)	may	also	be	designed	to	provide	TSS	removals	similar	to	primary	
clarification	(USEPA,	2007).	

 Lamella	settlers	(plates	or	tubes)	can	provide	the	required	settling	area	in	a	significantly	
smaller	tank	footprint	(10%	to	25%	compared	to	conventional	sedimentation	basins).	
Larger	spacing	and	more	frequent	cleaning	(weekly)	of	the	plates	or	tubes	is	generally	
recommended	for	continuous	wastewater	applications;	however,	intermittent	wet‐weather	
applications	are	much	less	maintenance	intensive.	

 
Figure 6‐2.  Conventional Primary Basin TSS and BOD Removal 
 

In	the	past	couple	of	decades,	there	has	been	growing	pressure	from	the	regulatory	community	to	
provide	a	higher	level	of	treatment	to	peak	wet‐weather	flows	than	can	be	provided	by	
conventional	sedimentation.	Sedimentation	TSS	removal	rates	are	not	only	a	function	of	the	surface	
overflow	rate	(SOR),	but	also	a	function	of	the	influent	wastewater	characteristics	(WEF	and	ASCE,	
2010).	The	effluent	quality	from	conventional	sedimentation	processes	is	limited	by	the	amount	of	
very	fine,	non‐flocculent	particles	(colloidal	material),	sometimes	referred	to	as	non‐settleable	TSS	
(TSSnon)	which	is	defined	as	the	supernatant	TSS	concentration	after	30	minutes	of	flocculation	and	
30	minutes	of	settling	in	a	standard	2‐liter	square	jar	testing	beaker.	

 

Typical design range for municipal primary 
clarification (average to peak hourly loading)

Source: U.S. Environmental Protection Agency (1978) Field Manual for Performance, Evaluation and 
Troubleshooting at Municipal Wastewater Treatment Facilities, EPA 430/9‐78‐001, Figure 17
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The	following	subsections	focus	on	alternate	technologies	that	can	help	meet	these	growing	
regulatory	demands	and	remove	a	larger	portion	of	TSSnon	from	wet‐weather	flows	(and	potentially	
help	with	other	pollutant	parameters).	Many	of	these	technologies	are	discussed	further	in	
guidance	and	technology	transfer	documents	by	USEPA	(2013)	and	WEF	(2013).		

6.1.2 Chemically Enhanced Sedimentation 

Chemically	enhanced	sedimentation	(CES)	has	been	used	for	centuries	in	water	treatment	
applications	to	enhance	the	removal	of	turbidity,	naturally	occurring	organic	material,	colloidal	
material,	certain	metals,	and	phosphorus.	CES	was	commonly	used	in	municipal	wastewater	
applications	prior	to	the	development	and	broad	application	of	biological	processes.	Many	studies	
have	demonstrated	its	ability	to	lower	TSSnon,	thus	significantly	increasing	performance	compared	
to	gravity	settling	alone	(Narayanan	et	al,	2000).	

In	dry‐weather	applications,	CES	is	sometimes	used	to	decrease	the	BOD	load	to	downstream	liquid	
treatment	processes,	and	in	this	application	is	sometimes	referred	to	as	chemically	enhanced	
primary	treatment	(CEPT).	In	wet‐weather	applications	CES	can	be	used	to	provide	parallel	
auxiliary	treatment	of	wet‐weather	flows	that	exceed	the	capacity	of	biological	treatment	processes.		
The	CES	process	is	particularly	well‐suited	for	the	cold,	dilute	influent	flows	that	are	commonly	
encountered	in	wet‐weather	situations.	When	used	in	wet‐weather	applications	the	effluent	quality	
typically	approximates	secondary	treatment	standards.	For	wet‐weather	flows,	CES	can	be	
especially	advantageous	for	water	resource	recovery	facilities	(WRRFs)	that	have	already	invested	
in	the	required	primary	clarifier	capacity.		

The	basic	steps	of	the	CES	process	are	illustrated	on	Figure	6‐3.	Certain	chemicals	are	added	to	the	
influent	under	specific	mixing	regimes	upstream	of	the	settling	basins	to	enhance	the	capture	and	
settling	of	fine	particles	and	colloidal	material.	The	chemicals	can	also	co‐precipitate	certain	soluble	
species,	such	as	orthophosphate	and	some	metals.	

	 	
Figure 6‐3. The Basic Steps of CES 
	

The	chemicals	typically	used	in	CES	are	referred	to	as	coagulants	and	flocculants.	Coagulants	are	
used	to	destabilize	the	surface	charge	on	colloidal	particles	and	co‐precipitate	some	soluble	species.	

Step 1 – Coagulant Addition. Rapid mix. Add metal salt 
and/or cationic polymer.

Step 3 – Flocculation. Medium to low 
turbulence. Build floc and “sweep” small 
particles. Enhance floc settling.

Step 4 – Settling. Quiescent zone. 
Separate solids from liquids.

Turbulence

Step 2 – Flocculant Addition. Rapid mix. Add anionic or 
nonionic polymer.
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Flocculants	can	then	be	used	to	help	agglomerate	the	fine	particles	into	larger	particles	(floc),	
strengthen	the	floc	matrix	and	enhance	the	settleability	of	the	floc	particles.	

 Coagulants	‐	Commonly	used	coagulants	are	iron	or	aluminum	salts,	such	as	ferric	chloride	
or	ferric	sulfate	(ferric),	aluminum	sulfate	(alum),	sodium	aluminate,	or	one	of	the	many	
polyaluminum	chloride	(PACl)	formulations.	Typically,	a	single	coagulant	is	used;	however,	
some	studies	have	shown	using	a	dual	coagulant	process	has	potential	to	further	improve	
settling	performance	for	certain	water	chemistries	(Krugel	et	al.,	2005).	The	pH	buffering	
capacity	of	certain	waters	may	limit	the	practical	coagulant	dosage,	requiring	alkalinity	
supplementation	in	order	to	achieve	further	TSSnon	removal.	

 Flocculants	‐	Anionic	polyacrylamides	(aPAM)	are	the	most	commonly	used	flocculants	in	
this	application.	In	some	applications,	a	cationic	or	nonionic	polymer	alone	can	be	used	
without	a	separate	coagulant;	however,	these	are	more	commonly	used	for	sludge	
dewatering,	filtration	or	dissolved	air	flotation	and	have	been	found	in	some	sedimentation	
applications	to	actually	degrade	sludge	thickening	characteristics	when	used	alone.	

The	mixing	regimes	following	chemical	addition	are	just	as	important	as	the	type	and	dosage	of	
chemicals	(Parker	et	al,	2000).	The	primary	coagulant	should	be	thoroughly	dispersed	prior	to	the	
addition	of	a	secondary	coagulant	or	flocculant.	If	a	polymer	is	used,	it	should	be	added	at	a	point	in	
the	liquid	stream	process	that	has	a	high	amount	of	turbulence	to	quickly	disperse	it	throughout	the	
liquid	stream.	If	the	turbulence	is	too	low,	then	only	a	few	large	floc	particles	will	form	instead	of	a	
large	number	of	smaller	floc	particles	that	are	needed	for	effective	“sweep	flocculation”.	Flash‐mix	
tanks,	static	mixers	and	air‐sparged	chemical	diffusers	are	some	alternatives	that	can	be	used	to	
provide	this	rapid	mixing	turbulence.	

Immediately	following	the	polymer	rapid	mix	step,	a	lower	turbulence	step	(flocculation)	should	be	
provided	to	help	bring	flocculent	particles	in	contact	with	smaller	particles	and	fully	develop	the	
floc.	Additional	solids	contact	can	also	further	enhance	flocculation	and	is	discussed	in	a	later	
section.	Floc	particles	are	somewhat	shear‐sensitive,	but	the	use	of	a	polymer	flocculant	helps	
increase	floc	integrity.	Designs	should	minimize	turbulence	after	floc	formation,	avoiding	
excessively	high	inlet	velocities	or	high‐shear	pumping	between	the	flocculation	and	settling	steps.	
Slow‐mix	tanks	with	variable‐speed	mechanical	flocculators	provide	the	most	flexibility	to	optimize	
the	flocculation	energy	over	a	wide	range	of	flow	rates.	Another	design	alternative	is	to	use	energy	
dissipating	inlets	(EDIs)	and	inlet	baffles	to	enhance	flocculation	hydraulically	within	an	inlet	
feedwell	structure.	

Similar	coagulation	and	flocculation	principles	can	also	be	used	to	enhance	the	solids	removal	
performance	of	other	solids/liquids	separation	processes	such	as	vortex	separators,	filters	or	
dissolved	air	flotation.	The	optimum	chemicals,	dosages	and	mixing	energies	are	highly	specific	for	
each	application	(water	chemistry,	particle	size	distribution,	types	of	particles,	temperature,	
performance	goals,	etc.)	and	site‐specific	jar	testing	is	generally	recommended	as	part	of	the	design	
process	to	help	identify	key	water	chemistry	constraints	and	process	design	criteria.	

When	the	proper	chemicals,	dosages,	mixing	energies	and	contact	times	are	used,	CES	can	
significantly	outperform	conventional	sedimentation.	Its	performance	in	dry‐weather	applications	
at	low	to	moderate	SORs	is	well	documented	(Harleman	and	Murcott,	2001a;	Parker	et	al.,	2001;	
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Harleman	and	Murcott,	2001b);	however,	its	application	at	higher	SORs	with	wet‐weather	flows	has	
been	somewhat	overlooked	by	researchers	and	is	an	area	in	need	of	further	research.	Figure	6‐4	
summarizes	the	testing	results	from	several	full‐scale	CES	trials	that	were	conducted	in	California,	
Oregon	and	Washington	at	relatively	high	SORs.	For	comparison,	this	chart	also	includes	
conventional	sedimentation	curves	from	USEPA’s	1978	Field	Manual	(see	Figure	6‐2	above)	along	
with	a	theoretical	performance	curve	based	on	the	equations	found	in	WEF	MOP	8	(WEF	and	ASCE,	
2010).	As	illustrated	by	this	figure,	CES	has	significantly	higher	performance	capabilities	than	
gravity	settling	alone.	

	
Figure 6‐4. Results from other full‐scale CES trials 
	

In	many	instances	CES	can	be	retrofitted	into	existing	treatment	structures	with	equipment	
addition	limited	to	chemical	storage,	chemical	feed,	instrumentation	and	controls.	In	some	cases,	
supplemental	rapid	mix	and	flocculation	equipment	is	also	needed	to	achieve	optimum	
performance.	Figure	6‐5	illustrates	a	couple	of	different	ways	that	CES	can	be	used	to	treat	wet‐
weather	flows.	In	the	lower	schematic	(“CES	Dedicated	to	Auxiliary	Wet‐Weather	Use”),	one	or	
more	clarifiers	are	dedicated	as	auxiliary	treatment	units	for	wet‐weather	flows	above	the	capacity	
of	the	existing	biological	process.	The	strategy	in	the	upper	schematic	(“Auxiliary	CES	with	Dual	
Dry‐Weather	Facilities”)	recognizes	that	conventional	primary	sedimentation	may	not	be	needed	
for	dilute	wet‐weather	flows	and	temporarily	reconfigures	existing	primary	clarifiers	to	operate	as	
parallel	CES	units	during	the	peak	flow	portion	of	a	wet	weather	event.	This	temporary	
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reconfiguration	can	maximize	flows	through	the	existing	treatment	infrastructure,	potentially	
minimizing	the	need	to	add	infrastructure	solely	dedicated	for	wet‐weather	flows.	

	
Figure 6‐5. Configuration Alternatives for CES with Existing Facilities 

6.1.3 Solids Recirculation and Ballasted Flocculation 

The	solids	contact	process	builds	upon	the	basic	CES	coagulation	and	flocculation	steps,	but	
flocculated	solids	from	the	clarifier	sludge	blanket	are	recirculated	to	the	zone	where	polymer	is	
added	and	floc	formation	begins.	A	generalized	process	flow	diagram	of	these	adaptations	to	the	
basic	CES	process	is	shown	on	Figure	6‐6.	

The	recirculated	solids	act	as	nucleation	sites	and	help	establish	a	“critical	mass”	of	solids	to	
achieve	the	“sweep	flocculation”	thought	to	maximize	the	removal	of	colloidal	material.	The	sludge	
recirculation	also	helps	increase	floc	density	and	integrity.	Some	alternatives	accomplish	this	
additional	solids	contact	in	a	“reactor”	tank	that	is	separate	from	the	settling	tank	itself,	while	
others	incorporate	recirculation	equipment	within	the	clarifier	basin	itself	in	a	solids	contact	zone	
separated	by	baffles	from	the	settling	zone.	

Besides	sludge	recirculation,	some	alternatives	also	incorporate	an	external	ballast	material	as	part	
of	the	flocculation	process.	This	external	ballast	material	helps	to	further	increase	floc	density	and	
settling	velocities,	thus	decreasing	the	required	settling	area.	Coagulation	and	flocculation	are	the	
primary	mechanisms	responsible	for	converting	colloidal	particles	to	larger	particles	that	are	more	
easily	settled;	therefore,	these	basic	CES	steps	are	the	biggest	factors	that	affect	the	ultimate	
effluent	quality.	Increased	floc	density	and	the	use	of	lamella	settlers	are	the	primary	process	
components	that	decrease	settling	basin	footprint	requirements	in	these	high‐rate	clarification	
processes.	Small‐grained	silica	sand	(microsand)	and	magnetite	are	two	external	ballast	
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alternatives	most	commonly	used.	In	the	microsand	option,	the	ballast	is	recovered	through	
hydrocyclones,	in	a	similar	fashion	as	primary	sludge	degritting	practices.	The	hydrocyclone	
underflow	contains	a	vast	majority	of	the	microsand	with	a	small	amount	being	lost	in	the	
hydrocyclone	overflow	with	the	degritted	sludge	wasted	from	the	process.	Fresh	microsand	is	
periodically	added	to	the	process	to	make	up	for	the	hydrocyclone	ballast	losses.	

	
Figure 6‐6. General Process Flow Diagram for Solids Contact and Ballasted Flocculation 
	

Like	microsand,	magnetite	is	a	widely	available,	naturally	occurring	mineral;	but	instead	of	being	
composed	of	silicon	oxides,	it	is	composed	of	iron	oxides.	Large	quantities	of	magnetite	are	
sometimes	found	on	black	sand	beaches.	It	is	denser	than	silica‐based	microsand	(about	twice	the	
specific	gravity)	and	a	smaller	grain‐size	is	generally	used.	Magnetite	itself	is	not	a	magnet,	but	like	
other	iron‐based	materials,	it	is	attracted	to	a	magnetic	field,	which	allows	it	to	be	separated	
magnetically	as	opposed	to	gravimetrically	(i.e.	hydrocyclones).	The	main	differences	with	
magnetite	ballasted	flocculation	compared	to	microsand	ballasted	flocculation	are	that	magnetite	
has	the	potential	to	produce	floc	with	slightly	higher	settling	velocities	(i.e.	slightly	less	settling	area	
is	required),	and	slightly	higher	ballast	recovery	efficiencies	are	feasible	with	magnetic	separation	
as	opposed	to	gravimetric	separation.	The	magnetic	ballast	recovery	equipment	used	in	this	
alternative	was	adapted	from	separation	processes	used	in	the	mining	industry.	

Full‐scale	solids	contact	and	ballasted	flocculation	facilities	have	been	operating	in	Europe,	North	
America	and	Asia	for	over	a	decade.	Their	performance	in	full‐scale	wet	weather	applications	has	
also	been	well	documented	by	many,	including	Fitzpatrick	et	al.	(2010a	and	2013)	and	many	others.	
Several	proprietary	systems	are	now	commercially	available	such	as	those	depicted	on	Figure	6‐7.	
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(a) Sludge Recirculation  (b) Sand Ballast 

(c) Sand Ballast  (d) Magnetite Ballast 

Figure 6‐7. Examples of Solids Contact and Ballasted Flocculation Systems 

6.1.4 High‐Rate Filtration 

Filtration	is	another	alternative	that	has	been	used	on	wet‐weather	flows.	Conventional	sand	filters	
are	somewhat	limited	in	their	feasibility	for	wet‐weather	flows	due	to	their	limited	solids	loading	
capacity.	Deep‐bed	sand	filters	offer	some	advantage	in	that	regard,	but	are	still	limited	by	their	
relatively	high	head‐loss	relationships	and	backwash	requirements.	This	section	focuses	on	
filtration	technologies	[collectively	termed	herein	as	high‐rate	filtration	(HRF)]	that	typically	offer	
lower	head‐loss	relationships	and	higher	backwash	efficiencies	that	conventional	sand	filters.	

6.1.4.1 Compressible Media Filters 

Compressible	media	filtration	(CMF)	has	been	used	for	over	a	decade	in	full‐scale	wet‐weather	
treatment	applications.	CMF	originated	in	Japan	as	a	tertiary	filtration	technology	in	the	mid‐1980s.	
In	the	1990s,	the	technology	was	part	of	a	full‐scale	CSO	technology	demonstration	program	
implemented	by	the	Columbus	Water	Works	(Columbus,	Georgia),	assisted	by	a	$20	million	grant	
from	the	USEPA	with	their	Office	of	Research	and	Development	(ORD)	serving	as	the	Quality	
Assurance	reviewer	and	the	Water	Environment	Research	Foundation	serving	as	peer	reviewer	
(WERF,	2003).	Oij	et	al.	(2010)	describe	stream	health	improvements	since	the	2007	startup	of	a	
CMF‐based	stormwater	treatment	facility	on	Weracoba	Creek,	an	urban	stream	in	Columbus,	
Georgia.	

CMF	uses	a	bed	of	synthetic	fiber	balls	to	capture	influent	suspended	solids	and	is	currently	
available	in	the	United	States	as	either	the	Schreiber	Fuzzy	Filter	or	the	WesTech/WWETCO	
FlexFilter.	In	the	Fuzzy	Filter	the	media	bed	is	compressed	mechanically	in	the	direction	opposite	of	
the	bulk	liquid	flow	(i.e.	countercurrent)	between	a	fixed	perforated	plate	on	the	inlet	side	of	the	
bed	and	a	movable	plate	on	the	outlet	side	of	the	bed.	As	illustrated	on	Figure	6‐8,	the	Fuzzy	Filter	is	
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most	commonly	configured	as	an	up‐flow	filter	with	influent	flowing	up	through	the	media	bed,	but	
it	can	also	be	configured	in	a	down‐flow	arrangement.	The	filter	remains	in	filtration	mode	until	the	
captured	solids	accumulate	to	the	point	that	the	media	must	be	cleaned.	At	that	point	a	wash	cycle	
is	initiated	and	the	movable	plate	of	the	bed	is	moved	to	allow	the	bed	to	expand.	An	air	scouring	
backwash	process	is	used	to	clean	the	media	and	the	solids	are	carried	away	in	the	wash	water	
stream.	At	the	end	of	the	wash	cycle,	the	media	is	recompressed	and	the	unit	is	returned	to	service	
once	the	remaining	solids	are	flushed	from	the	system.	The	Fuzzy	Filter	can	also	be	configured	
without	mechanical	compression.	This	alternate	configuration	has	the	advantage	of	no	moving	
parts,	but	also	does	not	have	any	means	to	increase	bed	compression	beyond	that	provided	in	the	
normal	co‐current	direction	by	fluid	hydraulics.	

The	WWETCO	FlexFilter	also	uses	synthetic	fiber	balls	in	its	media	bed,	but	has	a	slightly	different	
operating	cycle	than	the	Fuzzy	Filter.	It	uses	a	down‐flow	configuration,	and	the	influent	
hydrostatic	head	is	used	to	compress	the	bed	transversely	to	the	direction	of	fluid	flow	between	
flexible,	reinforced	membranes	that	form	a	conically‐shaped	bed	profile.	This	transverse	media	
compression	is	in	addition	to	the	normal	co‐current	compression	provided	by	the	bulk	fluid	flow.	
The	FlexFilter	also	has	a	slightly	different	air	scouring	arrangement.	As	illustrated	on	Figure	6‐9,	
the	lower	portion	of	the	FlexFilter	is	a	reinforced	flexible	membrane	manufactured	from	an	
engineered	fabric	designed	for	the	required	operating	head	of	the	system.	As	influent	fills	the	basin	
around	the	filter	housing,	the	membrane	flexes	inward	and	compresses	the	media.	Influent	
continues	to	rise	until	it	overtops	the	influent	weir	and	flows	onto	the	media	bed.	As	solids	
accumulate	on	and	within	the	filter	bed,	the	influent	level	over	the	media	bed	rises	to	the	point	that	
signals	the	start	of	a	backwash	cycle.	The	basin	is	then	drained	to	release	the	compression	and	the	
media	is	backwashed.	An	air	scour	pipe	along	the	centerline	of	the	filter	housing	cleans	the	media,	
and	the	solids	are	lifted	by	the	air	and	carried	away	in	a	backwash	trough.	

For	continuous‐flow	applications,	multiple	CMF	cells	must	be	provided	so	that	individual	cells	can	
be	cleaned	using	a	backwash	system	while	the	remaining	cells	continue	operating	in	the	filtration	
mode.		The	CMF	system	is	usually	operated	as	a	constant‐rate	filter	system	(i.e.,	flow	rate	relatively	
constant	until	a	backwash	cycle	is	initiated).		The	effective	duration	of	the	filtration	cycle	is	a	
function	of	the	solids	loading	rate	and	the	beginning	of	the	wash	cycle	is	usually	automated	either	
through	the	use	of	timers	or	by	pressure	or	level	instrumentation	monitoring	the	differential	
pressure	across	the	filter	bed.	

One	of	the	advantages	of	most	high‐rate	filtration	technologies,	including	CMF,	is	that	chemicals	are	
generally	not	required	for	wet‐weather	treatment	applications.	High‐rate	filters	have	also	been	
used	for	tertiary	applications,	which	opens	up	the	possibility	of	using	this	process	most	of	the	time	
in	a	tertiary	filtration	mode,	acting	as	a	polishing	step	or	“safety‐net”	downstream	of	secondary	
clarifiers	to	allow	existing	biological	facilities	to	be	maximized	during	dry‐weather	and	smaller	wet‐
weather	events	with	less	risk	of	losing	biomass.	Other	potential	dry‐weather	functions	are	
discussed	elsewhere	in	this	memorandum.	
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Figure 6‐8. Up‐flow compressible media filter 
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Figure 6‐9. Down‐flow compressible media filter 
	

In	addition	to	tertiary	filter	installations,	three	major	CMF	wet	weather	treatment	facilities	have	
been	commissioned	in	North	America	since	completion	of	the	Columbus	demonstration	facilities,	
and	construction	is	almost	complete	on	a	fourth	facility.	The	City	of	Atlanta	(Georgia)	has	an	85‐
mgd	and	20‐mgd	Fuzzy	Filter	system	at	their	West	Side	CSO	Facility	and	Intrenchment	Creek	CSO	
Facility,	respectively.	Columbus	Water	Works	(Georgia)	has	a	10‐mgd	WWETCO	Filter	at	their	
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Weracoba	Creek	Stormwater	BMP	Facility.	Startup	is	planned	in	the	fourth	quarter	of	2014	on	a	
100‐mgd	FlexFilter	for	the	City	of	Springfield,	Ohio.	

6.1.4.2 Cloth Media Filters 

Besides	CMF,	other	high‐rate	filtration	technologies	are	also	available	in	the	wastewater	market.		
Cloth	media	filters	are	becoming	increasingly	common	in	tertiary	filtration	applications	and	offer	
many	of	the	same	advantages	as	compressible	media.	Different	cloth	media	are	generally	classified	
as	being	of	either	woven	construction	(relatively	thin	flat	sheets	like	a	microscreen)	or	fiber	pile	
construction	(comparatively	thicker	profile	similar	to	pile	carpeting).	The	media	is	most	commonly	
mounted	on	disc‐shaped	elements,	which	are	configured	in	either	an	inside‐to‐outside	or	outside‐
to‐inside	flow	arrangement	depending	upon	a	number	of	design	considerations.	At	least	one	
manufacturer	(Aqua‐Aerobic	Systems)	offers	other	geometries	(drum	and	diamond	laterals)	that	
should	also	be	considered,	particularly	for	retrofits	of	existing	drum	and	traveling	bridge	systems.		

Recent	side‐by‐side	wet‐weather	pilot	studies	found	that	the	FlexFilter	CMF	technology	
consistently	produced	effluent	with	lower	TSS	concentrations	than	Parkson’s	DynaDisc	pile	cloth	
media	filter	and	appeared	to	be	less	sensitive	to	influent	hydraulic	and	solids	loading	rates	
(Fitzpatrick	et	al.,	2010b).	However,	proper	design	of	the	cloth	media	is	especially	critical	to	
managing	the	relatively	higher	solids	loading	encountered	in	wet	weather	applications	compared	to	
tertiary	filtration	or	polishing	applications.	Parkson	no	longer	offers	their	DynaDisc	technology;	
however,	Aqua‐Aerobic	Systems	offers	pile	cloth	media	technology	that	has	been	used	in	
conjunction	with	sedimentation	to	treat	peak	wet	weather	flows	at	some	WRRFs	in	the	U.S.	and	
stormwater	runoff	in	Switzerland	(Baumann,	2013).	

Subsequent	piloting	of	the	CMF	technology	over	multiple	wet	weather	events	confirmed	that	the	
CMF	technology	consistently	produced	effluent	TSS	concentrations	meeting	secondary	treatment	
standards,	and	that	the	CMF	effluent	was	consistently	amenable	to	hypochlorite	or	UV	disinfection	
at	doses	and	contact	times	equivalent	to	those	typically	used	for	conventional	secondary	effluents	
(Fitzpatrick	et	al.,	2010b	and	2011).	For	peak	wet‐weather	solids	loadings,	design	hydraulic	rates	of	
8	to	15	gpm/ft2	(11,500	to	22,000	gpd/ft2)	are	generally	achievable	before	the	backwash	frequency	
becomes	unmanageable.	

6.1.4.3 Floating Media Filters 

In	the	early	2000’s,	a	high‐rate	upflow	filter	technology	was	developed	in	Japan	that	features	a	
floating	media	with	a	unique	pinwheel	shape.	This	technology	was	retrofitted	into	conventional	
primary	sedimentation	tanks	and	used	for	treatment	of	both	dry‐weather	and	wet	weather	flows	
(Hattori,	2008	and	Hayashi,	2009).	The	first	installation	was	completed	in	2007	and	as	of	2012	
there	were	25	installations	of	this	technology	with	design	capacities	ranging	up	to	95	mgd.	A	134‐
mgd	facility	is	scheduled	for	startup	in	2014	(Kanaya,	2013).	Thus	far	all	the	installations	of	this	
technology	have	been	in	municipal	treatment	facilities	in	Japan.	There	are	no	known	full‐scale	
installations	in	the	U.S.;	however,	Metawater	is	beginning	to	market	this	technology	outside	of	
Japan.	

BKT	has	developed	another	high‐rate	filtration	technology	that	uses	floating	spheres	constructed	of	
expanded	polypropylene	(instead	of	the	pinwheel‐shaped	media	unique	to	the	Metawater	filter)	
and	has	other	somewhat	different	design	details.	Yoon	et	al.	(2012)	described	demonstration‐scale	
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pilot	testing	of	this	filter	(called	BBF‐F)	that	was	adapted	from	BKT’s	biofilter	technology,	which	
was	first	installed	in	full‐scale	in	2006.	Full‐scale	installations	of	the	BKT	filtration	technology	are	
currently	being	constructed	at	the	184‐mgd	Seonam	and	131‐mgd	Junrang	WWTP	in	Seoul,	South	
Korea.	These	large‐scale	facilities	are	expected	to	be	online	in	2014	(Min,	2013).	

The	concept	of	floating	media	filtration	has	also	been	used	in	other	water	treatment	applications	
besides	wet	weather	flows.	For	example,	buoyant	polyethylene	media	is	used	in	the	WesTech	
Adsorption	Clarifier	for	drinking	water	pretreatment,	and	a	floating	bed	of	polystyrene	beads	is	
used	in	the	Veolia	BIOSTYR	biologically	active	filter.	However,	the	Metawater	and	BKT	works	cited	
herein	are	the	only	known	installations	of	these	technologies	for	wet	weather	flows.		

6.1.4.4 Stormwater Filtration Applications 

Filtration	and	bio‐filtration	have	also	been	used	extensively	for	the	treatment	of	municipal	and	
industrial	stormwater,	an	application	that	has	very	similar	technical	requirements	as	wet‐weather	
flow	treatment.	A	variety	of	different	filtration	media	have	been	used	and	continue	to	be	researched	
(Togawa	et	al.,	2011;	Sileshi	et	al.,	2011).	Examples	include	the	stormwater	treatment	facilities	
pictured	on	Figure	6‐10	which	were	recently	commissioned	at	North	Boeing	Field	in	King	County,	
Washington	and	near	Mar	Vista	Park	in	Santa	Monica,	California.	The	North	Boeing	Field	facility	
uses	chitosan	enhanced	sand	filtration	(USEPA	Region	10,	2012),	while	the	Mar	Vista	Park	facility	
uses	a	cartridge	media	filter	(Magura	and	Shapiro,	2008).	

	
Figure 6‐10. Examples of Stormwater Filtration Systems 

6.1.5 High‐Rate Biological Alternatives 

The	treatment	profession	has	long	understood	that	the	inherent	nature	of	biological	treatment	
mechanisms	limits	their	effectiveness	beyond	relatively	steady‐state	influent	characteristics.	
During	wet	weather	events,	peak	flows	at	many	WRRFs	are	simply	too	high	and	variable	to	be	
sustained	through	the	existing	biological	treatment	processes	without	potential	upset.	There	are	a	
variety	of	site‐specific	operational	practices	and	procedures	that	may	help	maximize	the	wet‐
weather	flow	treatment	capacity	of	a	WRRF,	but	municipal	agencies	must	always	weigh	the	benefits	
of	these	measures	against	the	risks	of	upset	and	inhibition	or	loss	of	biomass	from	their	biological	
treatment	processes.	These	risks	tend	to	be	greater	for	biological	nutrient	removal	(BNR)	facilities	
due	to	the	slower	growth	rates	of	some	of	ammonia	oxidizing	bacteria	(AOB	or	nitrifiers)	and	
phosphate	accumulating	organisms	(PAOs)	required	for	BNR.	Full	recovery	in	such	instances	could	
mean	weeks	of	substandard	treatment	performance.	Even	with	these	risks,	some	municipalities	are	
being	forced	by	regulatory	actions	to	further	consider	measures	to	increase	wet‐weather	flows	
through	the	biological	portions	of	their	secondary	treatment	facilities;	however,	as	mentioned	
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previously,	blending	and	auxiliary	treatment	practices	have	recently	been	upheld	in	the	state	of	
Missouri	by	MDNR	and	the	U.S.	Eighth	Circuit	Court.	Therefore,	there	do	not	appear	to	be	any	
regulatory	drivers	in	the	state	of	Missouri	that	mandate	the	use	of	high‐rate	biological	alternatives.	
Therefore,	alternative	selections	can	be	based	on	the	ability	to	achieve	receiving	stream	water	
quality	requirements	and	the	technical	merits	of	the	alternative	(both	economic	and	non‐economic	
factors).	

During	peak	wet‐weather	flow	conditions,	operators	of	many	activated	sludge	plants	change	their	
configuration	to	some	variation	of	a	“deep	step‐feed”	arrangement,	where	a	portion	of	the	peak	
wet‐weather	flows	are	routed	to	the	end	of	a	plug‐flow	aeration	basin	or	to	a	separate	biocontact	
basin.	This	changes	the	activated	sludge	process	into	an	operating	mode	that	more	closely	
resembles	a	contact‐stabilization	configuration,	which	was	first	developed	and	applied	to	municipal	
wastewater	treatment	in	the	first	half	of	the	20th	century.	This	temporary	mode	change	(illustrated	
on	Figure	6‐11)	preserves	bioflocculation	and	adsorption,	but	its	biggest	benefit	for	wet‐weather	
flows	is	that	it	significantly	reduces	the	solids	loading	rate	to	the	secondary	clarifiers.	The	practice	
is	fairly	widespread	with	Midwestern	examples	including	the	BNR	basins	at	Johnson	County’s	10.5‐
mgd	Blue	River	Main	Wastewater	Treatment	Facility	in	Overland	Park,	Kansas,	and	the	Cedar	Creek	
Wastewater	Treatment	Facility	in	Olathe,	Kansas.	

Some	activated	sludge	facilities	temporarily	shift	a	significant	portion	of	their	biomass	to	off‐line	
storage	basins	to	accomplish	the	same	results.	Once	wet‐weather	flows	decrease	to	acceptable	
rates,	biomass	inventory	is	shifted	back	to	the	normal	aeration	basins.	Off‐line	biomass	storage	
basins	are	used	at	the	14‐mgd	Rogers	Pollution	Control	Facility	in	Rogers,	Arkansas.	

 
Figure 6‐11. Biocontact for Wet‐Weather Flows (MMSD, 2014) 
	

While	this	biocontact	mode	and	other	temporary	operational	changes	can	help	increase	the	wet‐
weather	treatment	capacity	through	existing	structures,	they	are	still	limited	by	the	hydraulic	
capacity	of	those	structures.	Furthermore,	the	wet‐weather	peaking	factors	in	some	POTWs	may	
still	require	additional	clarification	capacity.	As	an	alternative	to	adding	conventional	clarifiers,	the	
smaller	footprint	advanced	physical/chemical	technologies	described	previously	may	be	used	to	
provide	this	extra	solids/liquids	separation	capacity	that	is	only	needed	intermittently.	The	
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application	of	the	Actiflo	system	in	this	biocontact	mode	(bio‐ACTIFLO)	was	first	piloted	in	the	
winter	of	2004/5	at	the	P	Street	WWTP	in	Fort	Smith,	Arkansas	(Sun	et	al.,	2008)	and	a	schematic	
of	the	bio‐ACTIFLO	system	is	shown	on	Figure	6‐12.	

 
Figure 6‐12. Biocontact with Microsand Ballasted Flocculation 
	

One	of	the	major	design	considerations	with	the	bio‐ACTIFLO		alternative	is	that	the	mixed	liquor	in	
the	biocontact	tank	creates	a	higher	solids	loading	rate	to	the	ACTIFLO		system	and	requires	
approximately	twice	the	settling	area	compared	to	wet‐weather	applications	without	biocontact.	In	
a	typical	wet‐weather	ACTIFLO	system,	the	design	hydraulic	loading	rate	(HLR)	of	the	settling	tank	
is	60	gpm/ft2,	compared	to	the	bio‐ACTIFLO	design	criteria	of	30	gpm/ft2.	The	coagulation	and	floc	
maturation	tanks	ahead	of	the	ACTIFLO	settling	tank	add	approximately	another	50%	to	the	system	
footprint,	reducing	the	effective	HLR	of	the	bio‐ACTIFLO	system	to	approximately	20	gpm/ft2.	This	
is	still	a	much	smaller	footprint	option	than	a	conventional	secondary	clarifier	which	is	generally	
limited	to	a	HLR	in	the	range	of	0.5	to	1	gpm/ft2.	The	biocontact	tank	adds	approximately	another	
100%	to	the	system	footprint,	reducing	the	effective	HLR	of	the	complete	bio‐ACTIFLO	system	to	
approximately	10	gpm/ft2.	

Design	of	the	first	full‐scale	bio‐ACTIFLO		facility	was	reported	by	Sandino	et	al.	(2011),	and	this	
facility	was	commissioned	at	the	Wilson	Creek	Regional	WWTP	(McKinney,	Texas)	in	2012.	As	
illustrated	on	Figure	6‐13,	the	Wilson	Creek	bio‐ACTIFLO	facility	was	also	designed	to	be	able	to	
provide	tertiary	phosphorus	removal	during	dry‐weather	conditions	in	a	standard	tertiary	
ACTIFLO	mode	(non‐biological).	Similar	dual	dry‐weather	functions	are	an	important	design	
consideration	that	should	be	carefully	evaluated	for	wet‐weather	treatment	facilities	in	order	to	get	
the	most	value	from	these	infrastructure	investments.	

 

BioACTIFLO
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Figure 6‐13. Bio‐ACTIFLO addition at Wilson Creek RWWTP (Sandino et al., 2011) 
	

Similar	to	the	bio‐ACTIFLO		system,	the	CoMag	technology	described	earlier	has	also	been	adapted	
to	mixed	liquor	applications	as	illustrated	by	the	process	schematic	on	Figure	6‐14.	One	difference	
with	this	alternative	is	that	the	BioMag	process	was	originally	developed	to	operate	during	both	dry	
and	wet‐weather	conditions	on	the	full	liquid	stream;	however,	adapting	it	as	a	parallel	auxiliary	
train	similar	to	bio‐ACTIFLO	appears	feasible.	Most	of	its	full‐scale	applications	have	been	driven	by	
facilities	needing	a	small	footprint	BNR	alternative	and	its	ability	to	significantly	increase	the	
process	capacity	of	existing	clarifiers	(typically	doubling	to	tripling	their	effective	solids	loading	
rates).	The	most	recent	BioMag	pilot	demonstrated	its	performance	in	a	4‐stage	Bardenpho	
configuration	(Andryszak	et	al.,	2011).	It	has	been	successfully	piloted	at	several	other	locations	in	
North	America	and	has	at	least	three	full‐scale	plants	operating	with	the	process	and	at	least	12	
more	in	the	design	phase.	

	
Figure 6‐14. Biocontact with magnetite ballasted flocculation 
	

 

BioMagTM
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The	FlexFilter	piloting	in	Springfield,	Ohio	and	Milwaukee,	Wisconsin	included	periods	of	
continuous	operation,	during	which	time	biofilm	growth	was	observed	on	the	filter	media	along	
with	increased	soluble	BOD	removal.	These	observations	suggest	that	high‐rate	filtration	
alternatives	might	be	able	to	provide	a	fixed‐film	biological	treatment	mechanism	during	wet‐
weather	if	operated	continuously	between	events	as	either	a	tertiary	or	intermediate	filter.	Further	
research	and	development	is	ongoing	in	this	area.	This	alternative	would	essentially	be	a	fixed‐film	
high‐rate	filtration	counterpart	to	the	biocontact	CES	alternatives	discussed	above.	

In	addition	to	wet‐weather	flow	applications,	some	EHRT	alternatives	may	also	be	configured	to	
provide	some	benefits	for	dry‐weather	flows.	As	illustrated	previously	on	Figure	6‐13,	high‐rate	
clarification	(HRC)	technologies	are	also	used	for	tertiary	phosphorus	polishing,	and	HRC	is	also	
currently	being	used	in	some	locations	for	primary	treatment	of	dry‐weather	flows.	High‐rate	
filtration	(HRF)	technologies,	such	as	CMF,	can	be	used	for	tertiary	filtration	of	secondary	effluent	
and	have	many	full‐scale	installations	in	this	application.	Pilot	tests	have	also	demonstrated	the	
ability	of	CMF	to	be	used	as	a	chemical	floc	filter	for	phosphorus	precipitation	and	removal.	Some	of	
the	HRF	technologies	described	previously	have	been	used	for	primary	treatment	instead	of	
conventional	settling	basins.	HRF	technologies	have	also	been	demonstrated	in	pilot	studies	as	an	
intermediate	step	following	primary	clarifiers.	Tchobanoglous	(2011)	suggested	that	primary	
effluent	filtration	should	be	further	considered	by	the	WRRF	industry	as	a	method	to	reduce	the	
particulate	and	BOD	loading	to	downstream	biological	processes,	potentially	increasing	the	energy	
efficiency	of	the	overall	treatment	process,	particularly	if	the	thermal	value	of	primary	solids	is	
recovered	through	incineration	or	digester	gas	production.	Furthermore,	piloting	is	currently	being	
conducted	in	Ithaca,	New	York	of	a	new	enhanced	primary	treatment	technology	that	combines	CES	
with	effluent	microscreening	in	a	sequencing‐batch	operation	to	increase	the	capture	of	primary	
solids	for	increased	biogas	energy	recovery	(NYSERDA,	2014).	Figure	6‐15	illustrates	these	
concepts	of	dual	dry‐weather	uses	for	HRC	or	HRF	alternatives.	
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Figure 6‐15. Dual uses of HRC or HRF for dry‐weather and wet‐weather flows 

6.2 PRELIMINARY TREATMENT CONSIDERATIONS 
The	need	for	additional	screening	and	grit	removal	capacity	should	be	evaluated	for	each	
application.	Furthermore,	screening	and	grit	characteristics	after	the	first‐flush	can	be	significantly	
lower	than	before	the	first‐flush	and	should	be	carefully	considered	during	process	selection	and	
design	of	wet‐weather	headworks	facilities.	Screenings	characteristics	are	somewhat	different	for	
each	application	and	loading	rates	can	vary	tremendously	by	site	and	season.	Fall	leaf	loads	and	
first‐flush	grit	loads	are	generally	the	worst‐case	condition	for	many	combined	or	storm	sewer	
applications,	but	may	be	relatively	minor	for	separately	sewered	POTWs.	There	are	a	wide	variety	
of	screen	alternatives	that	should	be	considered	with	some	technologies	tailored	specifically	for	
wet‐weather	applications	and	remote	sites.	

 Opening	Size	and	Media	Type	–	For	some	auxiliary	treatment	facilities,	a	screen	opening	of	
25	mm	to	80	mm	(1	inch	to	3	inches)	may	be	adequate	to	protect	downstream	processes	
and	equipment;	however,	the	general	trend	in	the	industry	is	to	provide	screens	in	the	
range	of	6	mm	to	25	mm	(¼	inch	to	1	inch).	Screen	media	options	include	trash	racks,	bar	
screens,	perforated	plates	and	wedge	wire.	

 Automatic	Cleaning	‐	Automated	systems	are	commonly	used	to	remove	the	debris	captured	
on	the	screen,	especially	for	openings	of	approximately	25	mm	(1	inch)	and	less.	Options	
include	multi‐raked	horizontal	bar	screens,	catenary	rakes,	chain	and	sprocket	driven	multi‐
rake	vertical	bar	screens,	climber	rakes,	travelling	belt	screens,	and	hydraulically	
backwashed	static	screens.	
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 Screenings	Handling	‐	There	are	also	several	options	for	screenings	conveyance,	dewatering	
and	ultimate	disposal.	In	some	remote	facilities,	screenings	are	simply	sluiced	back	to	the	
collection	system	for	ultimate	removal	at	the	headworks	of	the	dry‐weather	flow	treatment	
trains.	Some	screens	designed	specifically	for	wet‐weather	overflows	don’t	actually	remove	
the	screenings,	but	leave	them	in	the	dry‐weather	sewer	for	conveyance	to	the	dry‐weather	
treatment	facilities.	

As	with	screenings,	grit	characteristics	(i.e.	readily	settleable	solids)	are	somewhat	different	for	
each	application	and	loading	rates	can	vary	tremendously	by	site,	event	and	collection	system	
configuration.	In	some	applications,	the	majority	of	the	grit	load	is	conveyed	to	the	existing	
treatment	facilities	and	wet‐weather	flows	are	“scalped”	from	the	collection	system	without	a	
significant	amount	of	grit.	In	other	applications,	the	wet‐weather	facilities	should	be	designed	to	
receive	heavy	grit	loads.	Depending	upon	the	anticipated	grit	loads	and	the	ability	of	downstream	
processes	and	equipment	to	handle	grit,	there	are	a	wide	variety	of	alternatives	that	should	be	
considered	ranging	from	co‐handling	grit	along	with	suspended	solids	to	simple	“rock‐boxes”	or	
stilling	wells	to	more	complex	grit	removal	basins	(non‐aerated,	aerated,	mechanically‐induced	
vortex	or	hydraulic	vortex).	

Screening	and	grit	removal	requirements	may	also	be	dependent	upon	which	technology	is	selected	
for	the	core	process.	Therefore,	it	is	generally	recommended	that	the	wet‐weather	headworks	
technologies	be	selected	after	selection	of	the	core	process	technology.	Furthermore,	conceptual	
and	preliminary	designs	may	require	some	iteration	to	arrive	at	the	most	optimum	overall	facility	
design	alternative.	

WEF	and	ASCE’s	Design	of	Municipal	Wastewater	Treatment	Plants	(2010)	provides	a	good	
overview	of	conventional	screening	and	grit	removal	technologies.	Furthermore,	WEF	is	publishing	
a	new	design	guide	titled	Wet	Weather	Design	and	Operation	in	Water	Resource	Recovery	Facilities	
(WEF,	2014	in	press)	that	will	have	a	chapter	focused	on	preliminary	treatment.	

6.3 EFFLUENT DISINFECTION CONSIDERATIONS 
In	most	watershed	studies,	pathogens	have	been	identified	as	the	main	pollutant	of	concern	for	
wet‐weather	discharges	from	POTWs;	therefore,	reliable	effluent	disinfection	over	a	wide	range	of	
flow	rates	tends	to	be	the	main	objective	for	auxiliary	treatment	facilities.	In	a	recent	WERF/IWA	
study,	Moffa	et	al.	(2005)	demonstrated	that	wet‐weather	overflows	could	be	effectively	disinfected	
to	meet	applicable	bacterial	standards	with	chlorination,	chlorine	dioxide,	ozonation	or	UV	
irradiation,	albeit	at	doses	significantly	higher	than	required	for	conventional	secondary	effluent	
quality.	In	another	recent	WERF/IWA	study,	Gray	et	al.	(2009)	demonstrated	the	effectiveness	of	
blending	chlorinated	primary	clarifier	effluent	during	wet‐weather	flow	events.	

	In	comparison	to	overflows	or	conventional	primary	clarifier	effluent,	EHRT	effluents	generally	
have	lower	TSS	concentration	and	turbidity	and	tend	to	require	somewhat	lower	doses	of	
disinfectants.	In	most	EHRT	cases,	the	required	disinfectant	dose	approaches	that	for	conventional	
secondary	effluents;	however,	the	dose	response	is	highly	specific	to	the	POTW	and	the	organism	
being	targeted.	EHRT	effluent	disinfection	has	been	fairly	well	demonstrated	using	indicator	
bacteria	after	chlorination	or	UV	irradiation	(Fitzpatrick	et	al.,	2013),	but	much	less	data	is	available	
for	actual	pathogens	and	other	disinfection	technology	alternatives.	
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During	a	recent	forum	(USEPA,	2014),	public	health	and	engineering	experts	discussed	the	public	
health	aspects	of	blended	effluents	from	POTWs,	including	findings	from	the	above	studies	and	
ongoing	research	efforts.	Most	of	the	experts	tended	to	agree	that	auxiliary	treatment	facilities	
could	be	designed	with	currently	available	disinfection	technologies	to	reduce	human	health	risks	
to	levels	that	would	be	indistinguishable	from	disinfected	conventional	secondary	effluents.	

Recent	wet‐weather	piloting	was	conducted	at	the	City’s	Southwest	Clean	Water	Plant	(SWCWP)	
that	include	disinfection	dose	response	testing	of	CES	and	CMF	effluents	with	hypochlorite,	ozone	
and	UV.	Results	from	that	piloting	are	recommended	to	be	used	to	help	guide	disinfection	process	
selections	for	the	development	of	alternatives	for	the	NWCWP	as	well.	

7 Projections for Future Dry‐Weather Needs 
The	original	scope	for	this	task	was	to	evaluate	alternatives	for	handling	peak	wet‐weather	flows.	
Subsequent	discussions	with	the	City	included	requests	to	evaluate	future	dry‐weather	needs.	
Budget	and	schedule	constraints	for	this	task	did	not	allow	for	comprehensive	facility	planning;	
however,	rough	projections	of	capacity	needs	were	made	with	the	available	data.	

	Collection	system	modeling	for	the	NWCWP	included	population	estimates	for	2011	as	well	as	
projections	for	2031	(the	end	of	the	20‐yr	planning	period).	The	influent	loadings	from	2008‐2011	
were	used	along	with	these	populations	to	estimate	future	loadings	to	the	NWCWP	as	summarized	
in	Table	7‐1.	The	following	approach	was	used	to	make	these	estimates:	

 The	annual	average	(AA)	daily	loadings	presented	in	Table	2‐2	for	2011	were	divided	by	the	
population	served	by	NWCWP	for	that	year	(30,452)	to	determine	the	AA	loadings	on	a	per	
capita	basis.	

 The	per	capita	loading	values	were	multiplied	by	the	population	projected	to	be	served	by	
NWCWP	in	the	year	2031	(40,270)	to	estimate	the	projected	AA	loadings.	

 The	ratio	of	maximum	month	(MM)	daily	loadings	and	AA	loadings	presented	in	Table	2‐2	
for	2008‐2013	were	averaged	to	estimate	the	MM:AA	ratio	for	each	pollutant	loading	
parameter.	

 The	projected	AA	loading	for	each	pollutant	loading	parameter	was	multiplied	by	its	
respective	average	MM:AA	ratio	to	estimate	the	MM	daily	loadings	in	the	year	2031.	

These	data	and	evaluation	results	are	also	shown	graphically	on	Figure	7‐1	and	Figure	7‐2.	
Observations	from	these	evaluations	include:	

 These	projections	suggest	that	the	influent	BOD	and	TP	loading	will	not	exceed	the	current	
design	capacity	of	the	NWCWP	within	the	20‐yr	period	of	this	planning	study.	However,	
these	are	very	rough	estimates	made	by	assuming	simple	straight‐line	per	capita	loadings	in	
2011	to	the	projected	population	in	2031.	

 These	projections	suggest	that	the	influent	TSS	loading	may	exceed	the	current	design	
capacity	of	the	NWCWP	approximately	halfway	through	the	20‐yr	planning	period	(2021);	
however,	recent	influent	nutrient	loadings	have	actually	been	trending	downward	(See	
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Figure	2‐8	and	Figure	2‐10),	suggesting	that	the	increasing	trend	in	TSS	and	BOD	loading	
might	be	from	industrial	sources	as	opposed	to	domestic	sources.	The	City	and/or	
industries	may	have	other	options	for	handling	industrial	waste	loads	such	as	conveying	
them	to	the	Southwest	Clean	Water	Plant	or	implementing	pretreatment	alternatives.	
Furthermore,	the	maximum	month	TSS	load	in	2011	appeared	unusually	high	which	may	
have	caused	a	high	bias	in	the	TSS	projections.		It	is	recommended	that	future	planning	
efforts	consider	industrial	loads	separate	from	domestic	loads	to	more	accurately	project	
future	TSS	loading.	

 These	projections	suggest	that	the	influent	TKN	loading	might	exceed	the	current	design	
capacity	of	the	NWCWP	in	2017;	however,	recent	TKN	loadings	have	actually	been	trending	
downward	instead	of	upward	(See	Figure	2‐8).	Also	recent	operations	have	demonstrated	
successful	treatment	at	MLSS	concentrations	slightly	higher	than	the	current	design	criteria	
of	3,000	mg/L,	suggesting	that	the	existing	facilities	may	have	slightly	higher	nitrification	
capacity	than	the	original	design	criteria.	It	is	recommended	that	future	planning	efforts	
consider	industrial	loads	separate	from	domestic	loads	to	more	accurately	project	future	
TKN	loadings.	It	is	also	recommended	that	future	planning	studies	include	special	sampling	
for	influent	fractionation	and	site‐specific	nitrification	and	denitrification	rate	studies	be	
conducted	to	refine	the	nitrification	kinetics	of	the	process	model	for	NWCWP.	

Table 7‐1. Summary of Dry‐Weather Loading Rate Projections for NWCWP 

YEAR	 POPULATION	 TSS	
(LBS/DAY)	

BOD	
(LBS/DAY)	

TKN	
(LBS/DAY)	

TP	
(LBS/DAY)	

2011	 30,452	 	

Annual	Average	(AA)	Loadings	 11,645 9,457 1,311 173

AA	Loadings	Per	Capita	
(lb/cap/d)	

0.382 0.311 0.043 0.006

2031	 40,270	(projected)	 	

Projected	AA	Loadings	 15,399 12,506 1,734 228

Average	MM:AA	ratio	from	
2008‐2013	influent	data	

1.40 1.40 1.39 1.75

Projected	Maximum	Month	
(MM)	Loadings	

21,610 17,538 2,410 399

MM	Design	Criteria	from	2004	
Expansion	Project	

19,015 19,015 1,981 713
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Figure 7‐1. Projected Annual Average Daily Loadings for NWCWP 
	

	
Figure 7‐2. Projected Maximum Month Average Daily Loadings for NWCWP 
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8 Conclusions and Recommendations 
Major	conclusions	and	recommendations	from	initial	process	modeling	and	evaluation	of	wet‐
weather	flow	treatment	alternatives	are	as	follows:	

 The	existing	activated	sludge	facilities	appear	to	have	a	peak	flow	capacity	of	17	to	23	mgd,	
dependent	upon	the	maintenance	of	biomass	health	and	settling	characteristics.	

 All	three	alternatives	evaluated	(complete	capture,	blending	with	auxiliary	treatment	
facilities,	and	a	combination	thereof)	appear	capable	of	compliance	with	current	NPDES	
permit	limits	for	the	design	wet‐weather	influent	scenario.	

 All	three	alternatives	are	predicted	to	provide	similar	effluent	quality	on	a	long‐term	basis	
(i.e.	30‐day	average	measurements)	for	the	design	wet‐weather	influent	scenario.		

 Blending	with	auxiliary	treatment	facilities	reduces	the	amount	of	time	that	effluent	TSS	is	
elevated	compared	to	storage	alternatives	that	require	extended	operation	of	AS	facilities	at	
elevated	flow	rates	during	storage	dewatering.	For	complete	capture,	weekly	average	TSS	
concentrations	are	predicted	to	be	elevated	for	a	two	week	period,	whereas	blending	would	
only	elevate	the	weekly	average	for	one	week.	

 It	is	recommended	that	future	facility	planning	and	design	studies	include	the	following	
considerations:	

o Modeling	for	the	auxiliary	treatment	alternative	assumed	a	TSS	removal	rate	of	
75%,	which	is	a	reasonably	conservative	value	for	a	number	of	CES	and	EHRT	
alternatives.	

o Future	evaluations	of	technology	alternatives	should	consider	that	the	NWCWP	does	
not	have	primary	clarifiers;	therefore,	the	use	of	CES	in	a	non‐chemically	enhanced	
mode	during	dry‐weather	conditions	may	not	be	a	viable	alternative	unless	there	is	
significant	growth	in	dry‐weather	loads	that	warrants	primary	clarifiers	and	
associated	primary	sludge	facilities.	Also	the	NWCWP	does	not	have	coagulant	or	
anionic	polymer	storage	and	feed	facilities	which	would	be	needed	for	any	CES	
alternative.	

o Expansion	of	the	existing	UV	disinfection	system	for	both	dry	and	wet‐weather	
flows	should	be	further	considered.	The	use	of	UV	for	disinfection	may	impact	the	
selection	and	design	of	clarification	alternatives	for	auxiliary	treatment.	For	
instance,	aluminum	based	coagulants	are	generally	recommend	if	CES	based	
technologies	are	used	in	conjunction	with	UV.	Furthermore,	recent	CMF	piloting	at	
SWCWP	and	elsewhere	suggests	that	filtered	effluent	may	be	more	amenable	to	UV	
disinfection	than	CES	effluent	(Fitzpatrick	et	al.,	2010b;	Fitzpatrick	et	al.,	2013).	

o The	City	should	consider	a	water	quality	study	of	the	Little	Sac	River	to	evaluate	the	
potential	for	flow‐tiered	WQBEL.	This	study	may	be	helpful	for	future	NPDES	
permitting	negotiations.	Black	&	Veatch	recently	completed	a	similar	study	for	the	
City	of	Fort	Wayne	and	concluded	that	there	was	no	reasonable	potential	to	exceed	
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theoretical	acute	WQBEL	during	intermittent	wet‐weather	flows	and	recommended	
a	“monitor	and	report”	approach	for	permitting	peak	wet‐weather	effluent	
discharges.	An	HSPF	model	(Hydrologic	Simulation	Program‐FORTRAN)	should	be	
considered	for	bacteria	(E.	coli),	and	a	QUAL2K	model	should	be	considered	for	
dissolved	oxygen	(demands	from	CBOD5	and	NH3‐N).	More	advanced	modeling	for	
nutrients	and	algae	growth	should	also	be	considered	as	well	as	dynamic	water	
quality	modeling.		

o The	City	should	consider	conducting	clarifier	field	testing	to	develop	site‐specific	
solids	flux	curves	to	verify	the	state	point	analysis	described	herein	which	used	
generic	SVI	correlations	developed	from	data	at	other	facilities.	

o The	City	should	consider	special	sampling	studies	for	carbon,	nitrogen	and	
phosphorus	fractionation	and	additional	model	calibration	prior	to	using	the	
existing	GPX‐X	model	for	nutrient	removal	evaluations.	
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MEMORANDUM 

City of Springfield     B&V Project 174012 
SSO Control Program    B&V File 42.5410 
SWTP Hydraulic Capacity Evaluation    May 21, 2013 

To:  Steve Meyer, Director, City of Springfield 
  Kelly Green, SWTP Superintendent, City of Springfield 

From:  Dave Bunch, Project Manager, B&V 
  Isaac Crabtree, Engineering Manager, B&V 

1. Executive Summary 
 
As a component of the Springfield, Missouri Long‐Term Sanitary Sewer Overflow Control 
Program (OCP), a hydraulic analysis of the Southwest Wastewater Treatment Plant (SWTP) was 
performed to determine the peak hydraulic capacity of the existing dry‐weather, liquid 
treatment facilities.  This memorandum provides a description of the existing facilities; 
documents assumptions and hydraulic modeling methodologies used in the analysis, and 
summarizes the findings and observations from the modeling efforts.  Existing record drawings 
as well as survey data was used to confirm weir and water surface elevations.   
 
Based on the hydraulic analysis, the peak hydraulic capacity of the SWTP is approximately 101 
mgd.  A breakdown of the individual plant capacities and other key information is presented in 
the table below. 

 
Summary of Findings 

Peak Flow Capacity as Determined by Model  Flow, mgd (gpm) 
Influent Pumping Station  107 (74,400)* 
Plant 1  44 (30,500) 
Plant 2  57 (39,600) 

Plant 2 Polishing Filters  30 (20,800) 
Total  101 (70,100) 

*Note – Influent pumping capacity exceeds the total hydraulic capacity of the combined 
Plants 1 and 2 

 
Maximum Downstream Control Elevation 
Required to Allow Discharge of Peak Flow Event 
(100 mgd) 

Elevation, ft 

Wilson Creek at Outfall 001  1146.50 
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The hydraulic model was also used to identify constraints or bottlenecks at each plant that had 
the most impact on hydraulic capacity.  The primary hydraulic constriction in Plant 1 is the 
treatment train that includes Nitrification Tanks 1, 5, and 9 and Final Clarifiers 1 
through 5 (square clarifiers).   Above 44 mgd overflow of the Nitrification Tanks 
influent channel could occur.  The primary constriction at Plant 2 is the Polishing 
Filters.  Flow to the filters is limited to approximately 30 mgd with excess flow diverted 
from the Plant 2 Diversion Structure to the Ozonation Tanks.   Appendices B and C 
provide a detailed list of facilities for each plant and the impact of operating at peak 
flows on freeboard and weir submergence. 
 
The purpose of this initial evaluation was to confirm the peak hydraulic capacity of the 
SWTP.  The results of the hydraulic analysis and the collections system modeling will be 
used to determine:  

1) the flows that will be received by the SWTP during specific storm events; 
2) the peak flow that the plant can hydraulically pass without improvement; 

and  
3) the impact to plant hydraulics associated with conveyance and treatment 

improvements required to accommodate the remaining wet weather flow.  

A summary of the evaluation of wet‐weather treatment alternatives and the results 
including any additional hydraulic analysis will be compiled into a technical 
memorandum and submitted to the City for consideration. 

 
2. Description of Existing Facilities 
The SWTP serves approximately 126 square miles in south‐central Greene County and 
is home to approximately 180,000 people and several industries.  The total system 
contains 1,000 miles of gravity pipe and 28 miles of force main ranging in size from 4 to 
72 inches.  The SWTP provides preliminary, primary, and secondary treatment, as well 
as filtration and ozone disinfection prior to discharging into its receiving stream, Wilson 
Creek.  The plant currently treats approximately 36 mgd on an average daily basis.   
 
The SWTP was originally constructed in 1957, and has been expanded multiple times – 
most recently for the Ozone Disinfection Improvements (2012).  The SWTP consists of 
two parallel but dissimilar treatment plants, Plant 1 and Plant 2.  Facilities common to 
both plants include an influent pumping station, headworks building with mechanical 
bar screens and aerated grit removal, two primary clarifiers, ozone disinfection, and a 
72‐inch effluent pipe.  Common wet‐weather facilities include a peak flow clarifier and 
two holding ponds.  Flow can be diverted to wet‐weather facilities downstream of the 
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aerated grit basins or from the Plant 2 Diversion Structure.  Hydraulic complexity is added to 
SWTP facilities through interconnections between Plant 1, Plant 2, and the wet‐weather 
facilities.   
 
Plant 1 is a two‐stage biological nutrient removal (BNR) facility and has an annual average 
design capacity of 20 million gallons per day (mgd).  Plant 1 facilities include four high purity 
oxygen activated sludge (HPOAS)  basins (Stage 1), four intermediate clarifiers, ten nitrification 
tanks (Stage 2), eight final clarifiers, intermediate and final effluent screw pump stations, and 
constant head type sand polishing filters.  Plant 1 has two dissimilar nitrification treatment 
trains.  The flow split occurs upstream of the nitrification tanks in Distribution Chamber No. 1 
where flow is split unevenly between the two trains.  Effluent from three of the nitrification 
tanks flows to the original five square clarifiers and effluent from the remaining seven 
nitrification tanks flows to the three circular secondary clarifiers installed in 1974.  Final 
clarifier effluent ultimately rejoins at the Final Effluent Screw Pumps.  Combined Plant 1 flow 
travels through sand filtration and joins with Plant 2 flow prior to ozone disinfection.  
 
Plant 2 is a single‐stage BNR facility and has an annual average design capacity of 30 mgd.  Plant 
2 facilities include four aeration basins, six final clarifiers, diversion structure to wet‐weather 
facilities, and shallow‐bed traveling bridge sand filtration.  Plant 2 flow joins with Plant 1 flow 
prior to ozone disinfection.  The Plant 2 Diversion Structure allows flow to bypass the filters to 
the ozone disinfection basins.  Flow can also be sent to the peak flow clarifier from this 
diversion structure. 

 
3. Methods  
The hydraulic calculations completed for the OCP SWTP Hydraulics Analysis consisted of the 
development of a static model using Microsoft Excel‐based spreadsheet and a dynamic model of 
the Influent Pumping Station using EPANET.  The static model included facilities in the liquid 
treatment trains for both Plant 1 and Plant 2.  Wet‐weather facilities were not included in the 
modeling efforts. 
 
The calculations used in the Excel spreadsheet include the Hazen‐Williams equation for friction 
losses in full‐pipe flow, Mannings equation for gravity flow, and minor losses were considered 
proportional to the kinetic energy of the flow.  To be conservative, the Hazen‐Williams pipe 
roughness (C‐value) was assumed to be 100 throughout, which represents a worn cast‐iron 
pipe.  
 
The inputs for the Excel‐based spreadsheet and EPANET models were taken from field survey 
(provided by Olsson Associates, 09/2012) and record drawings of the plant.  Since the SWTP 
has been modified multiple times and various record drawings exist, elevations shown on the 
record drawings were compared against surveyed points and adjusted as necessary to make 
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sure a consistent datum was used throughout the model.  The table of survey information is 
included in Appendix A.     
 
The downstream control elevation is typically based on regulatory guidelines or client 
requirements.  For the purposes of this evaluation, the downstream control elevation in Wilson 
Creek of 1146.50 was selected to allow for a maximum flow discharge at Outfall 001 without 
damaging or overflowing structures within the plant.   
 
Return activated sludge (RAS) is a significant sidestream flow that affects hydraulic 
calculations.  The RAS rates provided by the plant staff and used for the model are as follows.  
 

Location  RAS Flow, % of Influent Flow (mgd) 
Plant 1 

Stage 1  UNOX 
Stage 2  
Nitrification  

 
70% (31.5) 
100% (45) 

Plant 2  50% (28) 
  
Through an iterative process, peak hydraulic capacity was determined by changing flow rates in 
the model until freeboard downstream of weirs was reduced to nearly zero.  Therefore, “peak 
hydraulic capacity” is defined as the peak flow rate that can be passed without submerging 
weirs and without regard to whether the process can adequately treat the flow to the permitted 
limits.   
 
4. Model Verification 
It is often the case that hydraulic calculations are based on empirical formulas that do not 
always match perfectly to actual conditions.  Therefore, upon completion the model was 
checked using surveyed water surface elevations (WSEs) and was adjusted if needed to more 
closely match actual conditions.  On April 18th, 2013 B&V and Olsson Associates were notified 
that the plant influent flow was close to 80 mgd, a predetermined trigger point for conducting a 
wet‐weather survey of selected water surface elevations to verify and adjust the model.  Olsson 
Associates performed a survey of WSEs at 4:30 pm on April 18.  At that time, plant staff 
reported that total influent flow to the SWTP was 79 mgd (31.7 mgd to Plant 1 and 47.3 mgd to 
Plant 2).  These are the flows that were used in the model for calibration purposes.  A summary 
of the surveyed elevations and corresponding model elevation is shown in the following table. 
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Location  Survey WSE  Model WSE  Difference, 

in  
(Note 1) 

Primary Clarifier No. 1       

Energy Dissipating Inlet  1189.43  1189.64  ‐2.6 
Launder   1187.89  1187.53  +4.3 

Plant 1 – Nitrification Tank No. 7       
Upstream Weir  1154.03  1154.13  ‐1.2 
Downstream Weir  1152.75  1153.25  ‐6.0 

Plant 2 – Aeration Basins       
AB Splitter Box ‐ Upstream  1173.84  1173.78  +0.7 
AB Splitter Box – Downstream (AB3)  1170.39  1170.32  +0.8 
AB No. 4 Upstream Weir  1168.87  1168.71  +1.9 
AB No. 4 Downstream Weir  1167.21  1167.91  ‐8.4 
FC Splitter Box Upstream Weir   1167.21  1167.11  +1.2 
FC Splitter Box Downstream Weir (FC4)  1165.01  1164.97  +0.5 

Note 1 – Positive value indicates that the survey WSE is higher. 
 
The average difference (absolute value) between the survey and the model WSEs at 79 mgd 
total plant flow is approximately 2.3 inches.  We feel that this is an acceptable tolerance when 
comparing empirical hydraulic calculations with field data due to potential variances in return 
flows and other operational set points.  Therefore, the wet‐weather survey verifies that the 
static hydraulic profile model is representative of the conditions experienced at the plant.  To 
further improve our confidence in the model, it our intent is to perform a second wet‐weather 
survey when plant flow is higher than 100 mgd to be compared against the model.   

      
5. Findings and Observations 
The results of the hydraulic model were fairly consistent with previous hydraulic studies.   
Overall, the hydraulic analysis shows that the calculated peak capacity of the SWTP (through 
Plant 1 and Plant 2) is 101 mgd.  As stated previously, the “peak hydraulic capacity” is defined 
as the peak flow rate that can be passed without submerging weirs and without regard to 
whether the process can adequately treat the flow to the permitted limits.  The forward flow 
through Plants 1 and 2 could be increased if RAS rates were decreased and if weirs were 
allowed to be submerged. However, this is not recommended.  Submerging weirs removes 
water surface control and reduces freeboard in the basins. 
 
A liquid flow balance showing how flow is distributed at the SWTP during peak flows is 
included at the end of this memorandum as Figure 1.  Observations about specific structures 
within the plant are discussed in the paragraphs that follow. 
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a. Influent Pumping Station 

The result of the EPANET dynamic model was consistent with the capacity of the pumping 
station indicated by the plant staff.  The final model assumes that the pumping station wet well 
is at a maximum elevation of 1156.50 (high water level indicated in the Phase 6 Improvements 
documents) and that all four pumps are running at 100 percent speed.  Under these 
assumptions, the model indicated that the pumping station could pump 107.2 mgd (26.8 mgd 
per pump).  Plant staff indicated that generally the pumps are operated closer to 98 percent 
speed due to vibration issues and that the peak flow through the pumping station is 
approximately 105 mgd.  Therefore, it appears that the dynamic model accurately reflects the 
operation of the pumping station. 

 
b. Common Facilities – Ozonation Tanks 

With the 2012 improvements in place, the Ozonation Tanks are currently designed for 100 mgd.  
It is important to note, however, that the water surface elevation in Wilson Creek can influence 
the water level and directly impacts the capacity of the Ozonation Tanks.   
 
Title 10 CSR 20‐8.140 of the Missouri Code of State Regulations states that sewage treatment 
works shall remain fully operational and accessible during the 25‐year flood.  When Wilson 
Creek is at the 25‐year flood elevation (1148.50) the allowable peak flow through the Ozonation 
Tanks is limited to approximately 69 mgd.  The combined peak hydraulic capacity of Plant 1 and 
2 is greater than 69 mgd, so for the purposes of this analysis, it is assumed that the maximum 
water surface elevation of Wilson Creek is 1146.50, which is less than the 25‐year flood 
elevation.  At 1146.50, peak flows of up to 100 mgd can be discharged through Outfall 001 
without adversely impacting upstream facilities. 

 
c. Plant 1 

The calculated peak hydraulic capacity through Plant 1 is 44 mgd.  This flow rate is appropriate 
since the Main Pump Building has Intermediate and Final Screw Pump Stations that are each 
rated for 45 mgd.  Therefore, it is fitting that the installed pump capacity roughly equals the 
maximum capacity of the plant.   
 
The model shows that roughly 24‐percent of the Plant 1 flow goes to Nitrification Tanks 1, 5, 9 
and 76 percent of the flow goes to Nitrification Tanks 2, 3, 4, 6, 7, 8, and 10.  This split occurs at 
Distribution Chamber No. 1, and was calculated by balancing the headloss through each train.  
 
The primary hydraulic constriction in Plant 1 is the treatment train that includes Nitrification 
Tanks 1, 5, and 9 and Final Clarifiers 1 through 5 (square clarifiers).  At 44 mgd, the Nitrification 
Tanks influent channel freeboard is approximately 9‐inches, which is not ideal. 
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For more detailed information, refer to Appendix B which contains a summary of elevations 
and freeboard for structures in Plant 1 at the proposed peak flow of 44 mgd.  The summary 
table in the appendix compares the modeled water surface elevations against surveyed top of 
wall and top of weir points to demonstrate where the water surface is in relation to fixed points.  
The freeboard (distance between the water surface and top of wall/weir) is shown numerically 
and graphically.  The green, yellow, and red icons represent acceptable freeboard, insufficient 
freeboard, and overflowing/overtopped respectively.  Therefore, the locations of concern would 
be indicated with a yellow icon, and the flooded locations are indicated with a red icon. 

 
d. Plant 2 

The calculated peak hydraulic capacity through Plant 2 is 57 mgd.  The primary constriction is 
the Plant 2 Polishing Filters.  Flow to the filters is limited to approximately 30 mgd, and excess 
flow is diverted from the Plant 2 Diversion Structure to the Ozonation Tanks.  The secondary 
constriction occurs at Final Clarifier No. 2.  At 57 mgd, there is no freeboard downstream of the 
weir in Final Clarifier No. 2 and there is also limited freeboard at the aeration basins.  Flow 
above 57 mgd would cause weirs to become submerged.  
 
For more detailed information, refer to Appendix C which contains a summary of elevations 
and freeboard for structures in Plant 2. 

 
6. Next Steps 
Using the information obtained from the survey and through the hydraulic modeling efforts, the 
next step is to evaluate wet‐weather treatment alternatives.  Results from the collection system 
modeling together with the results of this hydraulic analysis of the SWTP liquid treatment 
trains establish a design wet‐weather flow condition that will serve as the basis for the 
evaluation of the wet‐weather treatment alternatives.  A summary of the evaluation of wet‐
weather treatment alternatives and the results will be compiled into a technical memorandum 
and submitted to the City for consideration. 
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Record points with the corresponding number and letter.  For example, for the Heaworks Building operating 
floor elevation, the point code would be 1.B.  If the structure has more than one of the lettered item, add a 
numbered suffix (i.e. 1.B‐1, 1.B‐2, etc.).

Common (Influent) Time stamp all elevations taken for common (influent) structures
1 Headworks 1161.74 1 Last time we shot FF of south door.  Door unlocked this time and measured to floor Contract T‐3, Burns & Mac (1990)

2 Headworks Effluent Box 1165.91 1 Contract T‐3, Burns & Mac (1990)

3 Influent Pumping Station 1167.19 1 Phase 6 Improvements, B&V (2002)

4 Primary Clarifier Influent Distribution Box 1198.25 X X X 4 X No access Phase 6 Improvements, B&V (2002)

5 Primary Clarifier No. 1 1190.69 1189.19 1184.92 X X X 6 0.42 1 3.5 No water, v‐notch weir is 90 degrees, V‐notch depth is correct. Phase 6 Improvements, B&V (2002)

6 Primary Clarifier No. 2 1190.72 1189.18 1184.85 X X X 6 0.43 1 3.5 No water, v‐notch weir is 90 degrees, V‐notch depth is correct. Phase 6 Improvements, B&V (2002)

7 Primary Clarifier Effluent Distribution Box 1187.83 X X X 1177.24 5 X X Upper concrete top, north partial flume Phase 6 Improvements, B&V (2002)

7 Primary Clarifier Effluent Distribution Box 1185.36 X X X 1177.29 5 X X Lower concrete top, south partial flume

Plant 1
8 Drop Structure No. 1 1157.00 1150.69 X 3 X Shot downstream EI as requested Contract T‐3, Burns & Mac (1990), Drawing S38

9 Plant 1 Drop Structure 1168.69 X X X 4 Top shot only Phase 6 Improvements, B&V (2002)

10 Oxygenation Tanks 1157.21 1149.85 X 3 10.F unable to measure due to foam Consoer/Townsend (1974)

11 Intermediate Clarifier Distribution Box 1153.97 1144.69 1144.60 3 No weirs visible Consoer/Townsend (1974), Sheet S4L (214 of 397)

12 Intermediate Clarifier No. 1 1147.57 1144.98 1144.83 1147.36 1147.33 5 0.34 1 3 v‐notch weir is 90 degrees Consoer/Townsend (1974); Phase 6 Improvements, B&V (2002)

13 Intermediate Clarifier No. 2 1153.99 1147.55 1145.02 1144.73 1147.35 1147.39 6 0.34 1 3 v‐notch weir is 90 degrees Consoer/Townsend (1974); Phase 6 Improvements, B&V (2002)

14 Intermediate Clarifier No. 3 1153.96 1147.56 1144.97 1144.81 1147.30 1147.35 6 0.34 1 3 v‐notch weir is 90 degrees Consoer/Townsend (1974); Phase 6 Improvements, B&V (2002)

15 Intermediate Clarifier No. 4 1153.94 1147.54 1145.00 1144.73 1147.28 1147.32 6 0.34 1 3 v‐notch weir is 90 degrees Consoer/Townsend (1974); Phase 6 Improvements, B&V (2002)

16 (Main Pump Building) Int. Effluent Screw Pump Station 1153.48 1144.54 2 Shot TOC and water surface elev at the influent well. Consoer/Townsend (1974)

17 Distribution Chamber No. 1 1157.47 1154.59 2 Consoer/Townsend (1974), Sheet G4F (40 of 397)

18 Junction Chamber 1155.41 1154.10 2 Consoer/Townsend (1974), Sheet G4F (40 of 397)

19 Nitrification Tank 2 1155.52 1153.93 1154.09 1152.39 4 Consoer/Townsend (1974), Sheet G4F (40 of 397)

19 Nitrification Tank 3 1155.5 1153.82 1154.11 1152.3 4

19 Nitrification Tank 4 1155.59 1153.84 1154.15 1152.26 4

19 Nitrification Tank 6 1155.54 1153.91 1154.23 1152.31 4

19 Nitrification Tank 7 1155.55 1153.86 1154.02 1152.35 4

19 Nitrification Tank 8 1155.55 1153.87 1154.16 1152.27 4

19 Nitricicaion Tank 10 1155.49 1153.81 1154317 1152.29 4

20 Nitrification Tank 1 1155.54 1154.03 1154.17 1152.91 4 Matches previous shot. Consoer/Townsend (1974), Sheet G3F (39 of 397)

20 Nitrification Tank 5 1155.51 1154.02 1154.17 1152.96 4

20 Nitrification Tank 9 1155.52 1153.86 1154.04 1153.08 4

21 Nitrification Basin Inf/Eff Channel, Drop Structure No. 2 1155.94 1 Consoer/Townsend (1974), Sheet G4F (40 of 397)

22 Square Final Clarifier No. 1 1153.76 1152.85 1151.67 X 1151.85 5 0.17 0.75 1 v‐notch weir is 90 degrees Consoer/Townsend (1957), Sheet 20

23 Square Final Clarifier No. 2 1153.76 1152.91 1151.74 X 1151.57 5 0.17 0.75 1 v‐notch weir is 90 degrees Consoer/Townsend (1957), Sheet 20

24 Square Final Clarifier No. 3 1153.75 1152.89 1151.68 X 1151.81 5 0.17 0.75 1 v‐notch weir is 90 degrees Consoer/Townsend (1957), Sheet 21

25 Square Final Clarifier No. 4 1153.74 1152.85 1151.63 X 1151.91 5 0.17 0.75 1 v‐notch weir is 90 degrees Consoer/Townsend (1957), Sheet 21

26 Square Final Clarifier No. 5 1153.75 1152.87 1151.69 X 1151.71 5 0.17 0.75 1 v‐notch weir is 90 degrees Consoer/Townsend (1957), Sheet 21

27 Final Clarifiers 6‐8 Distribution Box 1154.91 1148.33 1148.23 3 No weir Consoer/Townsend (1974), Sheet G2M (61 of 397)

28 Final Clarifier No. 6 1153.64 1151.42 1148.68 1148.50 1151.21 1151.26 6 0.33 1 4.33 v‐notch weir is 90 degrees Consoer/Townsend (1974); Phase 6 Improvements, B&V (2002)

29 Final Clarifier No. 7 1153.69 1151.42 1148.67 1148.42 1151.20 1151.22 6 0.33 1 4.33 v‐notch weir is 90 degrees Consoer/Townsend (1974); Phase 6 Improvements, B&V (2002)

30 Final Clarifier No. 8 1153.61 1151.42 1148.70 1148.46 1151.23 1151.22 6 0.33 1 4.33 v‐notch weir is 90 degrees Consoer/Townsend (1974); Phase 6 Improvements, B&V (2002)

31 Drop Structure No. 3 1153.73 1148.55 2 Consoer/Townsend (1974), Sheet S1N (218 of 397)

32 (Main Pump Bldg) Final Effluent Screw Pumps 1153.42 1148.15 2 Shot TOC and water surface elev at the influent well. Consoer/Townsend (1974)

33 Polishing Filters (Plant 1) 1162.98 1 Consoer/Townsend (1974), Sheet S1S (241 of 397)

Plant 2
34 Aeration Basins Splitter Box 1176.84 1173.09 1173.38 1168.73 4 5 Shoot all weirs in box. Contract T‐3, Burns & Mac (1990)

35 Aeration Basin No. 1 1170.66 1168.53 X 1168.60 1166.94 5 X X Unable to get bottom of channel, channel width, weir length Contract T‐3, Burns & Mac (1990)

36 Aeration Basin No. 2 1170.66 1168.53 X 1168.60 1166.94 5 X X Unable to get bottom of channel, channel width, weir length Contract T‐3, Burns & Mac (1990)

37 Aeration Basin No. 3 1170.67 1168.53 X 1168.60 1166.94 5 X X Unable to get bottom of channel, channel width, weir length Contract T‐3, Burns & Mac (1990)

38 Aeration Basin No. 4 1170.69 1168.53 X 1168.60 1166.94 5 X X Unable to get bottom of channel, channel width, weir length Contract T‐3, Burns & Mac (1990)

39 Final Clarifiers Splitter Box 1174.66 1166.46 1166.89 1164.12 4 X Shoot all weirs in box. Contract T‐3, Burns & Mac (1990)

40 Final Clarifier No. 1 1166.49 1164.22 1161.11 X X X 6 0.17 0.5 3 v‐notch weir is 90 degrees, no water Contract T‐3, Burns & Mac (1990)

41 Final Clarifier No. 2 1166.39 1164.17 1161.07 1161.37 1163.60 1164.09 6 0.17 0.5 3 v‐notch weir is 90 degrees Contract T‐3, Burns & Mac (1990)

42 Final Clarifier No. 3 1166.41 1164.17 1161.03 X X X 6 0.17 0.5 3 v‐notch weir is 90 degrees, no water Contract T‐3, Burns & Mac (1990)

43 Final Clarifier No. 4 1166.45 1164.20 1161.05 X X X 6 0.17 0.5 3 v‐notch weir is 90 degrees, no water Contract T‐3, Burns & Mac (1990)

44 Final Clarifier No. 5 1166.38 1164.26 1161.24 1161.18 1164.14 1164.1 6 0.29 1 3 v‐notch weir is 90 degrees Phase 6 Improvements, B&V (2002)

45 Final Clarifier No. 6 1166.35 1164.25 1161.73 1161.4 1163.98 1164.02 6 0.29 1 3 v‐notch weir is 90 degrees Phase 6 Improvements, B&V (2002)

46 Plant 2 Diversion Structure 1164.32 X 2 Unable to open Phase 6 Improvements, B&V (2002)

47 Polishing Filters (Plant 2) 1160.18 1158.16 1158.32 X 4 X Upstream weir Contract T‐3, Burns & Mac (1990)

47 Polishing Filters (Plant 2) X 1155.09 X X X Downstream weir

Common (Effluent)
48 Junction Chamber 1154.44 1 Consoer/Townsend (1974) Sheet S5S (245 of 397)

49 Ozonation Tanks 1153.01 1147.66 1145.79 3 X Consoer/Townsend (1974); and Ozone Improvements, B&V (2009)

50 Effluent Parshall Flume 1152.93 1144.48 X 1143.77 4 7 Shots taken at 10:37 a.m. 09/07/12, unable to get downstream water due to high flow Consoer/Townsend (1974)

51 Outfall 001 Headwall 1129.43 1 6 Consoer/Townsend (1974)

Wet‐weather Flow
52 Junction Structure No. 1 1161.94 1 Contract T‐3, Burns & Mac (1990), Sheet S55
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Record points with the corresponding number and letter.  For example, for the Heaworks Building operating 
floor elevation, the point code would be 1.B.  If the structure has more than one of the lettered item, add a 
numbered suffix (i.e. 1.B‐1, 1.B‐2, etc.).

53 Junction Structure No. 2 1157.59 1 Contract T‐3, Burns & Mac (1990), Sheet S56

54 Junction Structure No. 3 1157.28 1 Contract T‐3, Burns & Mac (1990), Sheet S57

55 Junction Structure No. 4 1155.50 1 Contract T‐3, Burns & Mac (1990), Sheet S57

56 Junction Structure No. 5 1155.18 1 Consoer/Townsend (1974), Sheet G2U (96 of 397)

57 Peak Flow Clarifier 1151.98 1149.18 1146.19 3 0.17 0.5 3 Shoot trough weirs and overflow structure weirs Consoer/Townsend (1974); Contract T‐3, Burns & Mac (1990), Drawing S58; and Larkin (1996)

57 Peak Flow Clarifier overflow weir 1150.3 19.5

58 Holding Pond No. 1 1147.45 1144.97 2 X Shoot effluent structure weir Consoer/Townsend (1974), Sheet G3U (97 of 397)

59 Holding Pond No. 2 1147.24 1 Consoer/Townsend (1974), Sheet G5U (99 of 397)

60 Outfall 002 1138.58 X 2 X Flap on pipe.  Unable to get pipe elevation or size. Contract T‐3, Burns & Mac (1990), Sheet S65

Total Points 255

General Notes:

1. Document all weir shots with a photo record.

2. Take photos of anything that is inaccessible or doesn't match the drawings.

3. Verify datum used.



 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 
Plant 1 Elevations Summary 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SWTP Plant 1 Hydraulic Maximum Calculation B&V PN 174012
5/3/2013

Wilson Creek WSE 1146.50 24% 76%

Ozonation Tank WSE 1152.20 Sq Cl 1‐5 Cir Cl 6‐7

Flow  44.00 MGD 10.56 33.44 MGD

Plant 1 Summary

Water 

Surface

Top of 

Wall

Top of 

Weir

Basin 

Freeboard, 

ft

Basin 

Freeboard

Weir 

Submerged?

Weir 

Freeboard, 

ft

Weir 

Freeboard

Effluent

Ozonation Tank Influent 1152.20 1153.01 0.81 NA NA NA

Plant 1 Polishing Filters

Influent Channel 1162.13 1162.98 0.85 NA NA NA

Circular Clarifiers

Final Effluent Screw Pumps  1163.39 1166.17 2.78 NA NA NA

Final Clarifier Distribution Box ‐ DS 1150.51 1154.91 4.40 NA NA NA

Final Clarifier 6, 7, 8 Effluent Launder 1150.87 1153.64 1151.09 2.77 NO 0.22

Final Clarifier Distribution Box ‐ US 1152.22 1154.91 2.69 NA NA NA

Drop Structure 2 1153.33 1155.94 2.61 NA NA NA

Nitrification Tanks

Effluent 1153.77 1155.53 1153.84 1.76 NO 0.07

Influent 1154.74 1155.53 0.79 NA NA NA

Junction Chamber 1154.74 1155.41 0.67 NA NA NA

Distribution Chamber No. 1 1155.88 1157.47 1.59 NA NA NA

Secondary Effluent Screw Pumps 1156.37 1159.48 3.11 NA NA NA

Int Clarifier Distribution Box ‐ DS 1146.43 1153.97 7.54 NA NA NA

Int Clarifier 1, 2, 3, 4 Effluent Launder 1146.75 1153.96 1147.23 7.21 NO 0.48

Int Clarifier Distribution Box ‐ US 1148.18 1153.97 5.79 NA NA NA

Oxygenation Tanks

Effluent  1149.40 1157.21 7.81 NA NA NA

Influent 1150.83 1157.21 6.38 NA NA NA

Drop Structure  No. 1 1152.82 1157.00 4.18 NA NA NA

Parshall Flume 1153.01 1157.00 3.99 NA NA NA

Primary Clarifier Effluent Distribution Box

Downstream Flume 1169.38 1185.36 15.98 NA NA NA
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SWTP Plant 1 Hydraulic Maximum Calculation B&V PN 174012
5/3/2013

Wilson Creek WSE 1146.50 24% 76%

Ozonation Tank WSE 1152.20 Sq Cl 1‐5 Cir Cl 6‐7

Flow  44.00 MGD 10.56 33.44 MGD

Plant 1 Summary

Water 

Surface

Top of 

Wall

Top of 

Weir

Basin 

Freeboard, 

ft

Basin 

Freeboard

Weir 

Submerged?

Weir 

Freeboard, 

ft

Weir 

Freeboard

Parshall Flume 1179.16 1185.36 6.20 NA NA NA

Downstream Weir 1179.31 1187.83 1181.33 8.52 NO 2.02

Upstream 1182.18 1187.83 5.65 NA NA NA

Primary Clarifier No. 1, 2 Effluent Launder 1188.14 1190.70 1189.16 2.56 NO 1.01

Primary Clarifier Influent Distribution Box

Downstream 1191.58 1198.25 1192.75 6.67 NO 1.17

Upstream 1194.76 1198.25 3.49 NA NA NA

Square Clarifiers

Drop Structure 3 1150.32 1153.73 3.41 NA NA NA

Square Clarifiers 1, 2, 3, 4, 5

Effluent 1152.28 1153.75 1152.90 1.47 NO 0.62

Influent 1152.80 1153.75 0.95 NA NA NA

Nitrification Tanks

Effluent 1153.70 1155.53 1153.86 1.83 NO 0.16

Influent 1155.28 1156.03 0.75 NA NA NA

Flow  110.0 MGD

Headworks

Effluent Box 1158.21 1165.91 7.70 NA NA NA

Grit Basins Downstream 1158.75 1161.91 1158.91 3.16 NO 0.16

Grit Basins Upstream 1159.72 1161.91 2.19 NA NA NA

Upstream Screens 1160.89 1161.91 1.02 NA NA NA
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APPENDIX C 
Plant 2 Elevations Summary 

 
 



SWTP Plant 2 Hydraulic Maximum Calculation B&V PN 174012
5/3/2013

Wilson Creek WSE 1146.50 52% 48%

Ozonation Tank WSE 1152.20 Plant 2 Diversion Flow Filter Flow

Plant 2 Flow  57.00 MGD 57.00 27.50 29.50 MGD

Plant 2 Summary

Water 

Surface

Top of 

Wall

Top of 

Weir

Basin 

Freeboard, 

ft

Basin 

Freeboard

Weir 

Submerged?

Weir 

Freeboard, 

ft

Weir 

Freeboard

Effluent

Ozonation Tank Influent 1152.20 1153.01 0.81 NA NA NA

Plant 2

Plant 2 Polishing Filters

Effluent Channel 1155.01 1160.18 1155.09 5.17 NO 0.08

Filter 1157.68 1160.18 1158.16 2.50 NO 0.48

Influent Channel 1158.52 1160.18 1.66 NA NA NA

Plant 2 Diversion Structure

Downstream 1159.84 1164.32 1160.33 4.48 NO 0.49

Upstream 1160.86 1164.32 3.46 NA NA NA

Final Clarifiers

FC1 Effluent 1163.67 1166.49 1164.05 2.82 NO 0.38

FC2 Effluent 1164.00 1166.39 1164.00 2.39 NO 0.00

FC3 Effluent 1162.28 1166.41 1164.00 4.13 NO 1.72

FC4 Effluent 1162.49 1166.45 1164.03 3.96 NO 1.54

FC5 Effluent 1163.00 1166.38 1163.97 3.38 NO 0.97

FC6 Effluent 1163.49 1166.35 1163.96 2.86 NO 0.47

Final Clarifier Splitter Box

FC1 Influent DS 1165.76 1174.66 1166.46 8.90 NO 0.70

FC1 Influent US 1167.16 1174.66 7.50 NA NA NA

FC2 Influent DS 1165.04 1174.66 1166.46 9.62 NO 1.42

FC2 Influent US 1167.16 1174.66 7.50 NA NA NA

FC3 Influent DS 1165.71 1174.66 1166.46 8.95 NO 0.75

FC3 Influent US 1167.16 1174.66 7.50 NA NA NA

FC4 Influent DS 1165.07 1174.66 1166.46 9.59 NO 1.39

FC4 Influent US 1167.16 1174.66 7.50 NA NA NA
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SWTP Plant 2 Hydraulic Maximum Calculation B&V PN 174012
5/3/2013

Wilson Creek WSE 1146.50 52% 48%

Ozonation Tank WSE 1152.20 Plant 2 Diversion Flow Filter Flow

Plant 2 Flow  57.00 MGD 57.00 27.50 29.50 MGD

Plant 2 Summary

Water 

Surface

Top of 

Wall

Top of 

Weir

Basin 

Freeboard, 

ft

Basin 

Freeboard

Weir 

Submerged?

Weir 

Freeboard, 

ft

Weir 

Freeboard

FC5 Influent DS 1165.65 1174.66 1166.46 9.01 NO 0.81

FC5 Influent US 1167.16 1174.66 7.50 NA NA NA

FC6 Influent DS 1165.65 1174.66 1166.46 9.01 NO 0.81

FC6 Influent US 1167.16 1174.66 7.50 NA NA NA

Aeration Basins

3 Downstream 1167.98 1170.67 1168.53 2.69 NO 0.55

Upstream 1168.55 1170.67 2.12 NA NA NA

4 Downstream 1168.07 1170.69 1168.53 2.62 NO 0.46

Upstream 1168.83 1170.69 1.86 NA NA NA

Aeration Basins Splitter Box

AB3 Influent DS 1171.13 1176.84 1173.09 5.71 NO 1.96

AB3 Influent US 1173.88 1176.84 2.96 NA NA NA

AB4 Influent DS 1170.69 1176.84 1173.09 6.15 NO 2.40

AB4 Influent US 1173.88 1176.84 2.96 NA NA NA

Common Structures

Primary Clarifier Effluent Distribution Box

Downstream Flume 1175.34 1185.36 10.02 NA NA NA

Parshall Flume 1179.55 1185.36 5.81 NA NA NA

Downstream Weir 1179.74 1187.83 1181.33 8.09 NO 1.59

Upstream 1182.35 1187.83 5.48 NA NA NA
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ABBREVIATIONS 
BOD	 Biochemical	Oxygen	Demand	
CEPT	 Chemical	Enhanced	Primary	Treatment	
CES	 Chemically	Enhanced	Sedimentation	
cfs	 Cubic	Feet	per	Second	
EHRT	 Enhanced	High	Rate	Treatment	
EPA	 Environmental	Protection	Agency	
oC	 Degrees	Celsius	
oF	 Degrees	Fahrenheit	
FeCl3	 Ferric	Chloride	
ft	 Feet	
GPD	or	gpd	 Gallons	per	Day	
GPH	or	gph	 Gallons	per	Hour	
GPM	or	gpm	 Gallons	per	Minute	
HRT	 High	Rate	Treatment	
LTOCP	 Long‐Term	Overflow	Control	Program	
MDNR	 Missouri	Department	of	Natural	Resources	
MG	 Million	Gallons	
MGD	or	mgd	 Million	Gallons	per	Day	
mg/L	 Milligrams	per	Liter	
NaOCl	 Sodium	Hypochlorite	
NWCWP	 Northwest	Clean	Water	Plant	
O&M	 Operation	&	Maintenance	
POTW	 Publicly	Owned	Treatment	Works	
RAS	 Return	Activated	Sludge	
SOR	 Surface	Overflow	Rate	
sq	ft	or	sf	or	ft2	 Square	Feet	
SWCWP	 Southwest	Clean	Water	Plant	
SWD	 Side	Water	Depth	
TBD	 To	Be	Determined	
TBEL	 Technology‐Based	Effluent	Limits	
TSS	 Total	Suspended	Solids	
WAS	 Waste	Activated	Sludge	
WRRF	 Water	Resource	and	Recovery	Facility	
WQBEL	 Water	Quality‐Based	Effluent	Limits	
WWTP	 Wastewater	Treatment	Plant	
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1 Background and Purpose 
Under	its	Long‐Term	Overflow	Control	Program	(LTOCP),	the	City	of	Springfield	is	evaluating	many	
alternatives	to	control	wet‐weather	overflows	from	its	publicly	owned	treatment	works	(POTW,	
herein	used	to	refer	to	the	entire	system	used	to	collect,	convey	and	treat	used	water).	These	
include	various	different	methods	for	reducing	inflow	and	infiltration	(I/I)	or	increasing	the	
capacity	of	the	POTW’s	storage,	conveyance	or	treatment	facilities	or	combinations	thereof.	This	
technical	memorandum	focuses	on	the	Southwest	Clean	Water	Plant	(SWCWP)	and	documents	
findings	from	evaluations	of	its	hydraulic	and	process	capacity	for	peak	wet‐weather	flows.		The	
memorandum	also	summarizes	results	from	stress	tests	of	chemically	enhanced	settling	(CES)	on	
the	existing	primary	clarifiers	and	pilot	trials	of	compressible	media	filtration	(CMF)	for	both	dry‐
weather	tertiary	filtration	as	well	as	auxiliary	wet‐weather	peak	flow	clarification.	

1.1 REGULATORY CONSIDERATIONS AND TREATMENT OBJECTIVES 
The	SWCWP	is	regulated	by	the	Missouri	Department	of	Natural	Resources	(MDNR)	under	Missouri	
State	Operating	Permit	MO‐0049522.	Appendix	A	includes	a	copy	of	the	current	permit	(expires	on	
June	30,	2016).	The	current	permit	includes	monitoring	requirements,	technology‐based	effluent	
limits	(TBEL),	and	water	quality‐based	effluent	limits	(WQBEL)	for	Outfall	#001	that	were	derived	
to	be	protective	during	low‐flow	conditions	in	the	receiving	stream.	The	derivation	process,	
however,	did	not	appear	to	address	non‐continuous	discharges	during	peak	wet‐weather	flow	
conditions.	Numerical	effluent	limitations	relevant	to	intermittent	wet‐weather	flows	are	
summarized	in	Table	1‐1.	

Regulatory	policies	on	the	treatment	of	peak	wet‐weather	flows	have	been	in	a	state	of	flux	for	
approximately	the	past	decade,	not	only	in	Missouri,	but	across	the	United	States.	As	illustrated	on	
Figure	1‐1,	EPA’s	policy	on	combined	sewer	overflow	(CSO)	control	was	finalized	in	1994;	however,	
their	policies	on	sanitary	sewer	overflow	(SSO)	control	and	“peak	flow	treatment”	have	yet	to	be	
finalized.	In	2013,	there	were	significant	legal	developments	at	the	federal	level	and	policy	changes	
at	the	state	level.	On	the	federal	level,	the	United	States	Court	of	Appeals	for	the	Eighth	Circuit	
decided	in	the	case	of	Iowa	League	of	Cities	v.	EPA	(Eighth	Circuit,	2013)	that	the	EPA	did	not	have	
statutory	authority	to	prohibit	blending	nor	the	use	of	“non‐biological	peak	flow	secondary	
treatment	processes”.	EPA	decided	not	to	appeal	this	decision	to	the	United	States	Supreme	Court;	
therefore,	the	decision	is	now	considered	to	be	part	of	federal	law	in	the	Eighth	Circuit	(Arkansas,	
Iowa,	Minnesota,	Missouri,	Nebraska,	North	Dakota,	and	South	Dakota).		

Subsequently,	MDNR	issued	a	fact	sheet	showing	their	willingness	to	consider	blending	as	a	viable	
alternative	for	treating	peak	wet‐weather	flows	(MDNR,	2013).	The	City	currently	has	a	peak	flow	
clarifier	which	can	provide	the	equivalent	of	primary	clarification	prior	to	discharge	through	a	
separate	outfall	(#002);	however,	effluent	from	the	peak	flow	clarifier	is	not	further	disinfected	nor	
is	it	blended	with	effluent	from	the	plant’s	other	treatment	trains	that	discharge	through	Outfall	
#001.	In	light	of	these	recent	regulatory	changes	at	the	federal	and	state	level,	this	technical	
memorandum	describes	various	blending	and	auxiliary	treatment	alternatives.	
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Table 1‐1. Summary of Final Effluent Limitations and Monitoring Requirements 

PARAMETER	 UNITS	 FINAL	EFFLUENT	LIMITATIONS	 MONITORING	

Daily	
Average	

Weekly	
Average	

Monthly	
Average	

Frequency	 Type	

TSS	 mg/L	 ‐	 20	 15	 1/wk	 comp	A	

BOD5	 mg/L	 ‐	 15	 10	 1/wk	 comp	A	

pH	 SU	 6.5‐9.0	B	 ‐	 ‐	 1/wk	 grab	

Ammonia	as	N	 	 	 	 	 	 	

					Apr	1	–	Sep	30	 mg/L	 5.4	 ‐	 1.3	 1/wk	 comp	A	

					Oct	1	–	Mar	30	 mg/L	 monitor	 ‐	 monitor	 1/wk	 comp	A	

E.	coli	 #/100	mL	 126	C	 ‐	 126	D	 1/wk	 grab	
Notes:	

A 24‐hour	composite	sample	composed	of	48	aliquots	collected	at	30	minute	intervals.	
B pH	is	not	to	be	averaged	and	shall	be	within	the	range	shown	at	all	times.	
C Although	not	mentioned	in	the	current	permit,	state	rules	recently	added	an	excursion	

allowance	that	permits	up	10%	of	measurements	to	exceed	this	value	and	still	be	considered	in	
compliance	so	long	as	monthly	geometric	mean	limit	is	met.	

D Calculated	as	geometric	mean.	

	

	

Figure 1‐1: U.S. EPA Regulatory Activities with Peak Wet‐Weather Flows 
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2 Existing Conditions 
2.1 EXISTING TREATMENT FACILITIES 
Liquid	stream	treatment	facilities	at	the	SWCWP	consist	of	two	separate	activated	sludge	process	
trains	(Plant	1	and	Plant	2)	served	by	common	headworks,	influent	pump	station	and	primary	
clarifiers.	A	simplified	schematic	of	the	existing	liquid	stream	treatment	facilities	is	shown	on	
Figure	2‐1.	

The	headworks	facility	includes	mechanical	bar	screens	and	an	aerated	grit	process.	Following	grit	
removal,	the	plant	recycle	streams	coming	from	the	Return	Wastewater	Pump	Station	are	added	to	
raw	influent	and	the	total	flow	is	pumped	to	the	two	primary	clarifiers.	The	combined	effluent	from	
the	primary	clarifiers	is	divided	between	the	Plant	1	and	Plant	2	activated	sludge	treatment	
systems.	

Plant	1	employs	a	two‐stage	activated	sludge	process,	with	carbonaceous	biochemical	oxygen	
demand	(CBOD)	removed	in	the	high	purity	oxygen	activated	sludge	(HPOAS)	system	and	
nitrification	of	ammonia	to	nitrate	then	completed	in	a	separate	air	activated	sludge	system.	Each	of	
the	two	activated	sludge	stages	has	its	own	set	of	clarifiers	and	sludge	pump	stations	for	mixed	
liquor	solids	separation	and	RAS/WAS	control.	Flow	from	Plant	1	is	pumped	to	denitrification	
filters.	

Plant	2	is	a	single	sludge	nitrifying	activated	sludge	process	that	uses	surface	aeration	and	a	long	
sludge	retention	time	(SRT)	to	provide	nitrification.	The	first	cell	of	each	aeration	basin	was	
converted	into	an	anaerobic	zone	to	provide	biological	phosphorus	removal.		A	separate	set	of	
clarifiers	and	sludge	pump	station	are	provided	for	Plant	2	mixed	liquor	clarification	and	RAS/WAS	
control.	Flow	from	Plant	2	flows	through	travelling	bridge	sand	filters.	

Following	filtration,	flow	from	the	two	plants	is	combined	and	ozonated.	Disinfected	effluent	is	
discharged	to	Wilson	Creek	through	Outfall	001.	

A	simplified	schematic	of	the	existing	solids	treatment	facilities	is	shown	in	Figure	2‐2.	Primary	
sludge	is	pumped	directly	from	the	primary	clarifiers	to	the	anaerobic	digesters.	Waste	activated	
sludge	from	both	Plant	1	and	Plant	2	is	pumped	to	the	undigested	sludge	wetwell	located	in	the	
Process	Building.	From	the	wetwell,	WAS	is	pumped	to	gravity	belt	thickeners.	The	thickened	
sludge	flows	to	the	thickened	sludge	wetwell	and	is	pumped	on	a	continuous	basis	to	anaerobic	
digesters.	In	addition,	hauled	waste	are	received	from	commercial	haulers	at	the	existing	Truck	
Unloading	Facility	and	pumped	directly	to	the	digesters.	The	plant	also	receives	WAS	at	the	Truck	
Unloading	Facility	from	the	City’s	Northwest	Clean	Water	Plant	which	is	pumped	directly	to	the	
existing	anaerobic	digesters.	

The	plant	has	four	anaerobic	digesters	which	are	operated	in	parallel	for	conventional,	high	rate	
mesophilic	digestion.	The	sludge	is	fed	automatically	and	sequentially	between	the	existing	
digesters	via	motor	operated	plug	valves.	The	digesters	are	80	feet	in	diameter	and	provide	a	
combined	operating	volume	of	approximately	4	million	gallons.	Each	digester	is	continuously	mixed	
using	four	externally	mounted	mechanical	draft	tube	mixers.	A	sludge	recirculation	pump	dedicated	
to	each	digester	recirculates	sludge	from	the	digester,	through	a	spiral	type	heat	exchanger,	prior	to	
returning	to	the	digester.	
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The	digester	gas	is	collected	from	each	digester	and	cooled	to	remove	condensate	moisture	before	
being	utilized	in	the	boilers.	The	gas	is	also	used	to	fuel	an	engine‐driven	blower	for	aeration	of	the	
Plant	1	nitrification	tanks.	Excess	gas	is	sent	to	a	waste	gas	burner	where	it	is	flared.	

The	digesters	are	heated	by	four	existing	spiral	type	sludge	heat	exchangers,	one	dedicated	to	each	
digester.	Heat	for	digester	and	building	heating	is	provided	by	a	heating	water	system	located	in	the	
Main	Equipment	Building.	Heat	sources	include	a	boiler	installed	in	1999	and	heat	recovered	from	
the	engine	driven	blower.	Heating	water	is	supplied	to	the	sludge	heat	exchangers	by	buried	piping	
between	the	Main	Equipment	Building	and	the	Digester	Control	Building.	

Following	digestion,	the	sludge	is	pumped	to	a	storage	tank	for	equalization	and	then	to	high	solids	
centrifuges	for	dewatering.	The	centrifuges	are	operated	6	days/week,	8	to	9	hours	per	day	to	
handle	current	solids	production.	Dewatered	cake	is	hauled	to	land	application	sites.	

Additional	information	about	these	facilities	is	summarized	in	Table	2‐1.	

	
Figure 2‐1. SWCWP Liquid Treatment Process Schematic 
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Figure 2‐2. SWCWP Solids Treatment Schematic	
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Table 2‐1: SWCWP Summary of Existing Liquid Treatment Processes 

PROCESS	AND	EQUIPMENT	 UNITS QUANTITY	OR	VALUE	

Headworks	
Coarse	screens	 Number 4
Type	 ‐ Bar	rack	with	climber	rake	

Aerated	Grit/Scum	Basins	
Number	 each 4
Length,	each	 ft 85
Width,	each	 ft 17.5
Side	Water	Depth	 ft 16.25

Influent	Pumps	
Number	 each 3+1 (duty	+	standby)
Type	 ‐ Vertical	turbine	solids	handling	
Flow	capacity,	each	 mgd 25
Rated	head	 ft 46

Primary	Influent	Rapid	Mixing	Chambers
Number	 each 2
Length,	each	 ft 17
Width,	each	 ft 17
Side	Water	Depth	 ft 15.25

Rapid	Mixers	
Number	 each 2
Type	 ‐ Top	entry
Velocity	Gradient	 1/sec 500

Primary	Clarifiers	
Number	 each 2
Diameter	 ft 165
Side	Water	Depth	 ft 14
Feed	inlet	type	 ‐ Center	column	with	tangential	

scoop	EDI	and	flocwell	
Effluent	launder	type	 ‐ Peripheral,	interior	with	single	

v‐notch	weir	
Sludge	collector	type	 ‐ Spiral	rakes	and	sludge	hopper	
Scum	collector	type	 ‐ Ducking	skimmers	with	rotating	

scum	pipe	
Primary	Sludge	and	Scum	Pumps	
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PROCESS	AND	EQUIPMENT	 UNITS QUANTITY	OR	VALUE	

Number	 each 3	large	/	1	small
Flow	capacity,	each	 gpm 325

Plant	1	Stage	1	High	Purity	Oxygenation	Basins
Number	of	cells	 each 16
Side	Water	Depth	 ft 10.3
Volume	 ft3,	each 20,860

Plant	1	Stage	1	Secondary	Clarifiers	
Number	 each 4
Diameter	 ft 110
Side	Water	Depth	 ft 12

Plant	1	Stage	1	Secondary	Effluent	Pumps
Number	 each 3
Type	 ‐ Screw
Flow	capacity,	each	 mgd 22.5
Rated	lift	 ft 10.25

Plant	1	Stage	1	RAS	Pumps	
Number	 each 3	
Type	 ‐ Vertical centrifugal
Flow	capacity,	each	 gpm	(mgd) 7,300	(10.5)

Plant	1	Stage	1	WAS	Pumps	
Number	 each 2
Flow	capacity,	each	 gpm	(mgd) 1,050	(1.5)

Plant	1	Stage	2	Nitrification	Basins	
Number	of	basins	 each 10
Volume	 ft3,	each 45,500
Side	Water	Depth	 ft 13
Diffuser	Submergence	 ft 12
Diffuser	Type	 ‐ Wyss	tubular	fine	bubble	

membrane	
Number	of	diffusers	 per	basin 834

Plant	1	Stage	2	Final	Clarifiers	‐	Circular
Number	 each 3	
Diameter	 ft 122
Side	Water	Depth	 ft 12

Plant	1	Stage	2	Final	Clarifiers	–	Square
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PROCESS	AND	EQUIPMENT	 UNITS QUANTITY	OR	VALUE	

Number	 each 5
Length	x	Width	 ft	x	ft 51.75	x	51.75

Plant	1	Stage	2	RNS	Pumps	
Firm	capacity	 gpm	(mgd) 14,600	(21)

Plant	1	Stage	2	WNS	Pumps	
Firm	capacity	 gpm	(mgd) 500 (0.72)

Plant	1	Stage	2	Final	Effluent	Pumps
Number	 each 3
Type	 ‐ Screw
Flow	capacity,	each	 mgd 22.5
Rated	lift	 ft 13.25

Plant	1	Tertiary	Filters
Type	 ‐ Denitrifying,	deep‐bed,	sand	
Number	of	cells	 each 8	
Denitrification	capacity	 mgd 20
Hydraulic	capacity	 mgd 42

Plant	2	Aeration	Basins	
Number	of	basins	 each 4
Number	of	cells	 per	basin 4	(one	shrouded	

anaerobic/anoxic	cell)	
Side	Water	Depth	 ft 16.2
Length	x	Width	 ft	x	ft 132	x	132

Plant	2	Surface	Aerators	
Number	 per	basin 4 (one	shrouded	for	

anaerobic/anoxic	cell)	
Power	 Hp	each 100

Plant	2	Final	Clarifiers	1‐4	
Number	 each 4	
Diameter	 ft 110
Side	Water	Depth	 ft 12

Plant	2	Clarifier	1‐4	RAS	Pumps	
Number	 each 2+1	(duty	+	standby)
Type	 ‐ Screw
Flow	capacity,	each	 gpm	(mgd) 5,800	(8.35)
Rated	lift	 ft 11
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PROCESS	AND	EQUIPMENT	 UNITS QUANTITY	OR	VALUE	

Plant	2	Final	Clarifiers	–	5&6	
Number	 each 2	
Diameter	 ft 135
Side	Water	Depth	 ft 14

Plant	2	Clarifier	5&6	RAS	Pumps	
Number	 each 2+1	(duty	+	standby)
Type	 ‐ Submersible	centrifugal	
Flow	capacity,	each	 gpm 1,300	– 5,500	(AFD)
Rated	lift	 ft 31.8	@	4000	gpm

Plant	2	Clarifier	5&6	WAS	Pumps	
Number	 each 1	(+1	stored	spare)
Type	 ‐ Submersible	centrifugal	
Flow	capacity,	each	 gpm 410
Rated	lift	 ft 16.5

Plant	2	Tertiary	Filters
Type	 ‐ Traveling	bridge,	shallow‐bed,	

sand	
Number	of	cells	 each 4	
Hydraulic	capacity	 mgd 30

Effluent	Ozonation	Basins	
Number	of	basins	 each 3
Number	of	cells	 per	basins 3
Cell	length	x	width	 ft	x	ft 34	x	34
Side	Water	Depth	 ft 7	to	9.8	(average	to	peak	flow)	

Peak	Flow	Clarifier	
Number	 each 1
Length	 ft 214
Width	 ft 134
Side	Water	Depth	 ft 14.8

 

2.2 INFLUENT CHARACTERISTICS 
Historical	plant	operating	data	from	January	1,	2007	through	September	3,	2014	was	analyzed	to	
determine	recent	flow	and	pollutant	loading	trends	to	develop	a	basis	of	evaluation	for	the	SWCWP.	
These	data	are	summarized	in	Table	2‐2	and	depicted	graphically	on	Figure	2‐3	through	Figure	
2‐12.	The	hollow	diamonds	show	the	daily	measurements	from	the	plant	data,	while	solid	squares	
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and	triangles	show	rolling	30‐day	and	365‐day	averages	for	comparison	to	monthly	and	annual	
average	design	criteria,	respectively.	Design	criteria	from	the	last	plant	expansion	(Phase	6	
Improvements)	are	also	shown	on	these	figures.	Observations	from	these	data	include:	

 As	shown	on	Figure	2‐1,	the	rolling	annual	average	flow	rate	declined	slightly	over	the	
period	of	evaluation.	During	the	most	recent	12	months	of	the	study	period	(September	3,	
2013	through	September	2,	2014),	the	flow	rate	averaged	29	mgd,	which	is	69%	of	the	
annual	average	day	criterion	used	for	design	of	the	Phase	6	Improvements	(42	mgd).	The	
monthly	average	flow	rate	exceeded	the	combined	maximum	monthly	average	design	
criteria	for	Plant	1	and	2	(64	mgd)	on	4	out	of	the	92	months	over	the	study	period.	The	
daily	average	flow	rate	exceeded	the	combined	peak	hourly	design	criteria	for	Plant	1	and	2	
(100	mgd)	on	55	days	during	the	7.68	year	period.	This	suggests	that	peak	wet	weather	
flows	exceeded	the	capacity	of	Plant	1	and	2	an	average	of	7	times	per	year	during	that	
period.	It	should	be	noted	that	this	period	of	study	included	extended	drought	conditions	
across	the	service	area	from	approximately	June	2011	through	March	2013.	

 As	shown	on	Figure	2‐2,	daily	average	effluent	temperatures	peaked	at	25‐28°C	during	the	
late	summer	months	and	dipped	to	8‐12°C	during	the	late	winter	months.	

 As	shown	on	Figure	2‐3,	the	influent	TSS	concentration	trended	slightly	downward	over	the	
first	half	of	the	study	period	and	then	rebounded	during	the	second	half.	This	resulted	in	the	
relatively	steady	trend	in	influent	TSS	loading	shown	on	Figure	2‐4.	During	the	most	recent	
12	months,	the	TSS	loadings	averaged	69,700	lbs/day,	which	is	76%	of	the	maximum	month	
average	day	criterion	used	for	design	of	the	Phase	6	Improvements	(91,300	lbs/day).	
Further	evaluation	of	the	data	suggested	that	the	maximum	monthly	average	design	
criterion	was	exceeded	in	21	of	the	92	months	of	TSS	measurements.	

 As	shown	on	Figure	2‐5,	the	influent	BOD	concentration	also	trended	downward	over	the	
first	half	of	the	study	period	and	then	rebounded	during	the	second	half.	The	calculated	BOD	
loads	had	a	slightly	downward	trend	as	shown	on	Figure	2‐6.	During	the	most	recent	12	
months,	the	BOD	loadings	averaged	62,000	lbs/day,	which	is	67%	of	the	maximum	month	
average	day	criterion	used	for	design	of	the	Phase	6	Improvements	(93,100	lbs/day).	
Further	evaluation	of	the	data	suggested	that	that	the	maximum	month	average	day	design	
criterion	was	exceeded	in	13	of	the	92	months	of	BOD	measurements.	

 As	shown	on	Figures	2‐7	and	2‐8,	average	influent	nitrogen	loadings	also	trended	
downward	over	the	period	of	study.	During	the	most	recent	12	months,	the	TKN	loadings	
averaged	4,760	lbs/day,	which	is	39%	of	the	maximum	month	average	day	criterion	used	
for	design	of	the	Phase	6	Improvements	(12,200	lbs/day).	Further	evaluation	of	the	data	
suggested	that	that	the	maximum	month	average	day	design	criterion	was	exceeded	in	2	of	
the	80	months	of	TKN	measurements.	

 As	shown	on	Figures	2‐9	and	2‐10,	average	influent	phosphorus	loadings	also	trended	
downward	over	the	period	of	study.	During	the	most	recent	12	months	of	the	study	period,	
the	TP	loadings	averaged	595	lbs/day,	which	is	24%	of	the	maximum	month	average	day	
criterion	used	for	design	of	the	Phase	6	Improvements	(2,510	lbs/day).	Further	evaluation	
of	the	data	suggested	that	that	the	maximum	month	average	day	design	criterion	was	
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exceeded	in	2	of	the	92	months	of	TP	measurements.	It	is	not	clear	what	caused	these	
excursions,	but	it	is	recommended	that	anaerobic	release	of	phosphorus	during	biosolids	
digestion	and	dewatering	be	investigated.	 	
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Table 2‐2: Historical Influent Characteristics for SWCWP 

Parameter Units Calendar Year 
2007 2008 2009 2010 2011 2012 2013 

Flow Rate 

Annual Average (AA) mgd 35.4 45.8 39.2 37.2 33.4 25.9 36.2 
Max Month Average (MM) mgd 53.0 80.6 71.6 63.4 55.0 33.6 47.3 

Month of MM - June June May Sept April March August 
Peak Daily Average (PD) mgd 166.47 160.43 175.57 157.2 168.908 73.3 111.9 

Day of PD - 12-Jun 14-Sep 9-Oct 3-Sep 27-Apr October March 
MM:AA - 1.50 1.76 1.83 1.71 1.64 1.30 1.31 
PD:AA - 3.14 1.99 2.45 2.48 3.07 2.18 2.37 

Temperature 

Peak Daily Average (PD) °C 27.0 26.0 25.5 28.0 28.5 27.8 25.9 
Max Month Average (MM) °C 26.3 24.9 24.3 26.4 26.9 26.5 24.1 

Annual Average (AA) °C 19.9 18.9 18.8 20.0 20.0 19.8 20.0 
Min Monthly Average °C 13.4 13.4 12.2 12.7 13.2 15.1 15.3 

Min Daily Average °C 12.0 11.5 11.0 12.0 11.5 14.0 11.4 

TSS 

Annual Average (AA) ppd 117,835 109,491 87,627 74,646 72,496 92,440 101,297 
mg/L 398 286 268 240 260 427 335 

Max Month Average (MM) ppd 210,687 178,389 161,103 114,038 93,581 156,863 160,997 
Month of MM - Sept Aug May Apr Sept Nov June 

Peak Daily Average (PD) ppd 299,506 374,879 358,768 244,174 572,733 660,834 526,189 
Day of PD - 19-Sep 14-Sep 12-May 8-Apr 29-Sep 28-Oct 5-Jun 

MM:AA - 1.79 1.63 1.84 1.53 1.29 1.70 1.59 
PD:AA - 1.42 2.10 2.23 2.14 6.12 4.21 3.27 

BOD5 

Annual Average (AA) ppd 85,923 95,712 69,002 61,576 63,494 66,627 74,562 
mg/L 291 250 211 198 228 308 247 

Max Month Average (MM) ppd 129,284 129,175 112,283 96,390 81,338 101,961 102,143 
Month of MM - Oct June May Apr June April March 

Peak Daily Average (PD) ppd 194,652 301,429 220,164 159,936 145,561 139,844 233,494 
Day of PD - 10-Oct 27-Feb 5-May 22-Dec 20-Dec 1-Mar 26-Mar 

MM:AA - 1.50 1.35 1.63 1.57 1.28 1.53 1.37 
PD:AA - 1.51 2.33 1.96 1.66 1.79 1.37 2.29 
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Table 2‐2: Historical Influent Characteristics for SWCWP (cont’d) 

Parameter Units Calendar Year 
2007 2008 2009 2010 2011 2012 2013 

TKN 

Annual Average (AA) ppd n/a 9,803 6,892 6,488 6,148 6,203 5,118 
mg/L n/a 26 21 21 22 29 17 

Max Month Average (MM) ppd n/a 16,280 10,269 9,566 7,508 12,019 7,173 
Month of MM - n/a July Nov May November December July 

Peak Daily Average (PD) ppd n/a 37,218 15,230 12,518 13,866 24,770 14,219 
Day of PD - n/a 28-Jul 9-Nov 8-Feb 16-May 17-Dec 8-Jul 

MM:AA - n/a 1.66 1.49 1.47 1.22 1.94 1.40 
PD:AA - n/a 2.29 1.48 1.31 1.85 2.06 1.98 

Total 
Phosphorus 

(as P) 

Annual Average (AA) ppd 1,066 1,331 867 764 863 764 705 
mg/L 3.6 3.5 2.7 2.5 3.1 3.5 2.3 

Max Month Average (MM) ppd 1,501 4,418 2,802 1,350 1,831 1,652 1,518 
Month of MM - Nov July Nov Nov May April April 

Peak Daily Average (PD) ppd 2,153 10,210 5,342 3,546 6,975 4,246 6,042 
Day of PD - 1-Oct 28-Jul 9-Nov 15-Nov 16-May 16-Apr 15-Apr 

MM:AA - 1.41 3.32 3.23 1.77 2.12 2.16 2.15 
PD:AA - 1.43 2.31 1.91 2.63 3.81 2.57 3.98 
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Figure 2‐3: SWCWP Influent Flow Rates  
	

	
Figure 2‐4: SWCWP Effluent Temperatures 
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Figure 2‐5: SWCWP Influent TSS Concentrations 
	

 
Figure 2‐6: SWCWP Influent TSS Loads 
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Figure 2‐7: SWCWP Influent BOD Concentrations 
	

	
Figure 2‐8: SWCWP Influent BOD Loads 
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Figure 2‐9: SWCWP Influent TKN Concentrations 
	

		
Figure 2‐10: SWCWP Influent TKN Loads 
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Figure 2‐11: SWCWP Influent TP Concentrations 
	

			
Figure 2‐12: SWCWP Influent TP Loads 
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2.3 HISTORICAL WET WEATHER EVENT PERFORMANCE 
The	data	described	in	the	previous	section	were	further	evaluated	and	supplemented	with	new	
data	from	discrete	sampling	conducted	during	actual	wet	weather	events	to	better	characterize	the	
treatment	performance	of	the	existing	facilities	during	wet‐weather	events.	

2.3.1 Historical Effluent Characteristics 

Historical	wet‐weather	effluent	flows	and	concentrations	from	Outfall	#002	are	depicted	
graphically	on	Figure	2‐13	and	Figure	2‐15.	Historical	effluent	flows	and	concentrations	from	
Outfall	#001	are	depicted	graphically	on	Figure	2‐16	through	Figure	2‐19	for	the	same	time	
period.	Observations	from	these	data	include:	

 As	noted	on	Figure	2‐13	and	Figure	2‐15,	no	discharges	have	been	recorded	from	Outfall	
#002	since	April	2011.	The	current	NPDES	permit	revoked	discharge	authorization	from	
this	outfall,	which	is	one	of	the	main	reasons	for	this	evaluation	of	alternatives	for	peak	wet‐
weather	flow	treatment.		

 Since	it	was	a	wet‐weather	outfall,	discharges	from	Outfall	#002	were	not	continuous.	
Discharges	were	recorded	on	123	of	the	1,566	days	from	January	15,	2007	to	April	30,	2011,	
suggesting	that	the	average	discharge	frequency	from	Outfall	#002	was	approximately	29	
days	per	year.	

 Discharges	from	Outfall	#002	were	recorded	at	rates	of	up	to	100	million	gallons	per	day.	It	
should	be	noted	that	this	value	is	a	daily	discharge	volume,	not	an	instantaneous	flow	rate	
measurement.	

 Effluent	concentrations	from	Outfall	#002	were	highly	variable,	but	generally	relatively	
dilute	–	as	would	be	expected	for	settled	wet‐weather	effluent.	Peak	TSS	and	BOD5	
concentrations	measured	in	the	range	of	25‐30	mg/L	and	peak	ammonia	concentration	
measured	in	the	range	of	2.5	to	3.0	mg/L.	

 Prior	to	2013,	Plant	1	and	Plant	2	together	handled	peak	flows	up	to	approximately	82	mgd.	
As	illustrated	on	Figure	2‐16,	the	two	parallel	plants	together	treated	wet‐weather	flows	
on	several	occasions	in	2013	with	daily	peaks	in	the	range	of	90‐100	mgd	and	up	to	111	
mgd	on	one	day	(March	12,	2013).	

 As	shown	on	Figure	2‐17	through	Figure	2‐19,	the	effluent	7‐day	and	30‐day	average	TSS	
and	ammonia	concentrations	appeared	to	be	very	stable	throughout	the	study	period.	The	
corresponding	BOD5	averages	were	still	under	the	weekly	and	monthly	permit	limit	values	
(15	and	10	mg/L,	respectively),	but	appeared	to	be	somewhat	more	variable,	particularly	in	
the	most	recent	two	years.	This	increase	in	effluent	BOD5	variability	appeared	to	coincide	
with	the	period	of	discontinued	use	of	Outfall	#002;	however,	further	evaluation	would	be	
needed	to	determine	if	this	was	merely	coincidental	or	if	a	causal	linkage	truly	exists.	

 The	results	on	Figure	2‐17	through	Figure	2‐19	demonstrate	the	practicality	of	expressing	
limits	for	activated	sludge	facilities	as	weekly	averages	and	monthly	averages	instead	of	
daily	maximum	values.	This	is	especially	true	for	WQBEL	that	are	intended	to	be	protective	
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of	chronic	water	quality	criteria.	It	is	recommended	that	further	evaluations	be	conducted	
to	determine	the	feasibility	of	replacing	the	existing	daily	maximum	permit	limits	with	
weekly	averages.	

 As	shown	on	Figure	2‐20,	the	effluent	TSS	and	BOD5	concentrations	from	Outfall	#001	did	
not	appear	to	have	a	strong	correlation	with	the	flow	rate	being	treated	through	Plant	1	and	
Plant	2.	Only	four	out	of	the	1,919	daily	TSS	measurements	were	above	15	mg/L	(monthly	
average	limit)	and	those	occurred	at	daily	flow	rates	below	70	mgd.	Only	five	of	the	1,219	
daily	BOD5	measurements	were	above	10	mg/L	(monthly	average	limit);	four	of	the	five	
occurred	at	daily	flow	rates	below	70	mgd	and	one	occurred	at	a	daily	flow	rate	of	90	mgd.	

 As	shown	on	Figure	2‐21,	the	effluent	ammonia	concentrations	from	Outfall	#001	also	did	
not	appear	to	have	a	strong	correlation	with	the	flow	rate	being	treated	through	Plant	1	and	
Plant	2.	If	anything,	the	concentrations	appeared	to	generally	decrease	as	flow	rates	
increased.	

			
Figure 2‐13: SWCWP Outfall #002 Flows 
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Figure 2‐14: SWCWP Outfall #002 TSS and BOD5 Concentrations 
	

			
Figure 2‐15: SWCWP Outfall #002 Ammonia Concentrations 
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Figure 2‐16: SWCWP Outfall #001 Flow Rates 
	

			
Figure 2‐17: SWCWP Outfall #001 TSS Concentrations 
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Figure 2‐18: SWCWP Outfall #001 BOD5 Concentrations 
 
	

			
Figure 2‐19: SWCWP Outfall #001 Ammonia Concentrations 
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Figure 2‐20: SWCWP Outfall #001 TSS and BOD5 vs. Flow Rate 
	

			
Figure 2‐21: SWCWP Outfall #001 Ammonia vs. Flow Rate 
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2.3.2 Event Influent Characteristics 

Automatic	discrete	samplers	(24‐bottle)	were	used	to	characterize	the	variability	of	influent	
characteristics	at	the	SWCWP	during	four	different	wet	weather	events	from	November	2011	
through	January	2013.	Results	for	TSS	and	alkalinity	during	these	events	are	summarized	on	Figure	
2‐22	through	Figure	2‐25.	Results	were	also	obtained	for	pH,	BOD5,	TKN,	NH3‐N,	and	other	
parameters.	Observations	and	findings	from	these	events	included:	

 The	November	2011	event	was	a	“back‐to‐back”	event	where	flow	quickly	peaked	to	100‐
150	mgd,	tapered	off	fairly	quickly	to	35	mgd,	then	peaked	again	to	100‐150	mgd,	before	
resuming	a	normal	diurnal	pattern	of	35‐40	mgd.	TSS	concentrations	peaked	at	
approximately	800	mg/L	during	the	initial	first‐flush	and	then	decreased	to	approximately	
100	mg/L	for	the	remainder	of	the	event.	

 The	March	2012	event	had	an	extended	“tail”.	First‐flush	TSS	concentrations	topped	out	at	
approximately	400	mg/L	and	then	decreased	to	50‐100	mg/L	for	the	latter	half	of	the	event.	

 The	May	2012	event	had	a	short	duration	and	only	peaked	at	80	mgd	compared	to	the	first	
two	events	that	peaked	at	100‐150	mgd.	

 The	January	2013	event	occurred	after	an	extended	period	of	dry	weather.	First‐flush	TSS	
concentrations	measured	approximately	1,150	mg/L	and	quickly	decreased	to	60‐200	mg/L	
before	resuming	a	normal	diurnal	pattern	at	the	end	of	the	event.	

 Alkalinity	concentrations	remained	fairly	stable	and	relatively	high	throughout	each	event	
and	did	not	exhibit	first‐flush	or	dilution	behavior.	

 BOD5	trended	similarly	to	TSS,	but	first‐flush	concentrations	were	not	quite	as	high	in	
magnitude.	This	was	expected	since	most	of	the	first‐flush	pollutant	load	was	expected	to	be	
inert	TSS	with	a	relatively	low	volatile	fraction	to	contribute	to	the	BOD.	

 TKN	trended	similarly	to	BOD,	but	exhibited	even	less	first‐flush	increase.	This	was	also	
expected	since	most	TKN	is	hydrolyzed	to	ammonia	which	is	completely	soluble	and	
therefore	doesn’t	accumulate	in	the	collection	system	during	low‐flow	periods	as	
significantly	as	TSS	does.	

The	TSS,	BOD5,	and	TKN	data	from	the	four	events	were	compiled	and	plotted	against	the	
cumulative	volume	for	each	event.	These	plots	are	shown	on	Figure	2‐26	through	Figure	2‐28	along	
with	a	curve	that	was	fitted	through	the	data	using	the	following	equation:	

	
where:	

C	=	Concentration,	mg/L	
a	=	Conversion	factor	constant	
V	=	Cumulative	event	volume,	MG	
b	=	Power	factor	constant	
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Values	for	each	constant	for	TSS,	BOD5	and	TKN	were	determined	and	are	shown	on	the	
aforementioned	figures.	These	equations	were	used	to	estimate	influent	concentrations	during	the	
wet	weather	flow	portions	of	the	storm	event	scenarios	that	were	simulated	with	the	dynamic	
process	model	described	elsewhere	in	this	memorandum.	

	
Figure	2‐22.	Discrete	Sampling	Results	from	November	2011	Wet	Weather	Event	
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Figure	2‐23.	Discrete	Sampling	Results	from	March	2012	Wet	Weather	Event	

	

	
Figure	2‐24.	Discrete	Sampling	Results	from	May	2012	Wet	Weather	Event	
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Figure	2‐25.	Discrete	Sampling	Results	from	January	2013	Wet	Weather	Event	
	

	
Figure	2‐26.	Influent	TSS	Correlation	to	Wet	Weather	Event	Cumulative	Volume	
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Figure	2‐27.	Influent	BOD5	Correlation	to	Wet	Weather	Event	Cumulative	Volume	
	

	
Figure	2‐28.	Influent	TKN	Correlation	to	Wet	Weather	Event	Cumulative	Volume	
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3 Dynamic Treatment Process Modeling 
A	computer	based	treatment	process	model	for	the	plant	was	developed	using	GPS‐X	software	
(Hydromantis).	This	software	is	widely	used	to	simulate	wastewater	treatment	operations	using	
basin	dimensions	and	operational	data	specific	to	the	particular	facility.	One	advantage	of	this	
modeling	software	is	its	ability	to	simulate	responses	to	time‐varying	changes	in	influent	
characteristics	and	operational	settings,	which	is	particularly	helpful	for	evaluating	transient	events	
such	as	wet‐weather	episodes.	Once	a	model	is	built,	it	must	be	calibrated	with	historical	data	
before	it	can	be	used	to	accurately	predict	plant	operating	conditions	and	effluent	quality.		

3.1 MODEL DEVELOPMENT 
Figure	3‐1	represents	the	GPS‐X	model	for	existing	operations	at	the	SWCWP.	The	model	includes	
primary	clarifiers	followed	by	activated	sludge	systems	and	tertiary	filtration.	Primary	clarifier	
effluent	is	split	to	Plant	1	and	Plant	2.	Plant	1	is	a	two	sludge	system	consisting	of	the	following	two	
stages:	a	high	purity	oxygen	activated	sludge	(HPOAS)	stage	followed	by	a	nitrifying	activated	
sludge	(NAS)	stage	with	fine	bubble	diffused	air.	Each	stage	has	its	own	set	of	clarifiers	for	mixed	
liquor	separation	and	RAS/WAS	control	separate	from	the	other	stage.	Plant	2	is	a	single	sludge	
NAS	system	with	surface	aerators.	One	of	the	surface	aerator	cells	in	each	train	of	Plant	2	has	been	
modified	to	minimize	aeration	and	provide	anaerobic/anoxic	conditions.	To	treat	wet‐weather	
flows	beyond	the	capacity	of	the	combination	of	Plant	1	and	2,	an	auxiliary	treatment	unit	was	
included	in	the	model	that	could	be	configured	to	mimic	the	existing	Peak	Flow	Clarifier	or	other	
auxiliary	treatment	alternatives.	For	treating	biosolids,	the	model	included	a	gravity	belt	thickener	
for	WAS	thickening,	anaerobic	digesters	for	primary	sludge	and	TWAS,	and	dewatering	centrifuges	
for	digested	biosolids.	
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Figure	3‐1.	GPS‐X	Model	Diagram	for	SWCWP	

3.1.1 Wastewater Fractionation and Model Calibration 

A	critical	element	of	developing	an	accurate	process	model	is	precisely	defining	influent	
wastewater	characteristics,	which	for	the	organic	(or	carbonaceous)	portion	of	the	waste	are	based	
on	chemical	oxygen	demand	(COD).		Fractionation	requires	estimating	several	parameters	that	
define	the	portions	of	COD	that	are	soluble	and	biodegradable,	soluble	and	unbiodegradable,	
unbiodegradable	and	particulate,	etc.		These	fractions	determine	the	portion	of	COD	that	will	be	
removed	in	the	primary	clarifiers,	degraded	biologically,	or	accumulated	in	the	MLSS	and	removed	
in	intermediate,	secondary,	or	tertiary	clarification	processes.	It	also	determines	the	portion	that	is	
soluble	and	non‐degradable	that	will	pass	through	biological	treatment	processes.	

	Dry	weather	sampling	and	analysis	performed	by	SWCWP	staff	starting	July	22,	2012	was	used	to	
estimate	some	of	the	influent	fractions	used	in	the	process	model.	However,	some	of	the	parameters	
had	to	be	assumed	based	on	Black	&	Veatch	experience	and	industry	standards.	Table	3‐1	lists	the	
resulting	fractions	that	were	used	in	the	model.	

Before	a	process	model	can	used	to	predict	plant	performance	under	a	certain	influent	loading	or	
operational	scenario,	it	should	be	calibrated	using	plant	operational	data.	When	calibrating	a	model,	
it	is	important	to	select	performance	data	over	a	period	of	time	(typically	one	month)	when	the	
plant	was	operating	near	steady	state	conditions.	Nitrification	should	be	well	established	and	
influent	flows	and	loads	should	be	“normal”	for	the	facility.		The	month	of	data	is	then	input	into	the	
model,	and	the	model	output	is	compared	with	the	recorded	plant	data.		If	the	model	predictions	
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are	within	10	to	20	percent	of	the	measured	observations,	the	model	is	generally	considered	to	be	
well‐calibrated.	This	rule	of	thumb	is	somewhat	dependent	upon	the	particular	parameter	being	
modeled	(for	example,	collecting	representative	sludge	or	dewatering	return	samples	can	be	
difficult	if	a	plant	does	not	waste	solids	or	dewater	continuously).		For	the	SWCWP,	the	May	2009	
dataset	was	used	for	initial	model	calibration,	and	the	June	2009	dataset	was	used	for	validation.		
The	reasons	for	selecting	May	2009	as	the	calibration	month	included	the	following:	

 Plant	Influent	Data:	The	monthly	average	flow	and	loads	for	this	month	were	near	
maximum	month	conditions	shown	in	Table	2‐2.	

 Primary	Clarifier	Performance:	The	TSS	and	BOD	removal	efficiencies	in	the	primary	
clarifiers	were	65	percent	and	55	percent,	which	is	near	typical	values.	

Table	3‐2	summarizes	the	influent	flow	and	concentration	of	various	pollutants	for	the	calibration	
month.	A	steady	state	scenario	was	then	run	to	simulate	the	calibration	month.	The	inputs	to	this	
model	and	the	model	outputs	are	presented	in	Table	3‐3.	The	table	also	compares	the	model	
results	with	the	historical	plant	data.	For	most	parameters	the	model	predicated	values	were	within	
10	to	20	percent	of	the	historical	values	except	for	the	following:	

 Primary	Clarifier	Effluent	BOD:	Even	with	similar	TSS	removal	across	the	primary	clarifiers,	
the	model	predicted	primary	effluent	BOD	approximately	25%	higher	than	the	plant	data.	
This	could	either	be	because	of	sampling	inaccuracies	in	the	historical	data,	a	lower	than	
normal	soluble	BOD	fraction	during	the	calibration	month,	or	inaccuracies	in	influent	
fractionation	sampling.	When	the	model	was	validated	using	June	2009	data,	the	primary	
clarifier	effluent	concentration	matched	more	closely,	suggesting	that	the	model	influent	
fractionation	was	probably	accurate;	therefore,	the	model	was	considered	calibrated.	If	
anything,	the	model	appeared	to	provide	a	conservative	bias	for	primary	effluent	BOD	
during	periods	when	the	soluble	BOD	fraction	is	lower	than	normal.	

 Plant	1	Final	Clarifier	Effluent	Ammonia:	The	model	predicted	Plant	1	effluent	ammonia	was	
more	than	double	the	value	reported	in	plant	operational	data.	Although	the	percent	
difference	is	high,	the	absolute	values	are	very	small.	Additionally,	plant	staff	indicated	that	
the	effluent	samples	were	collected	as	grabs	whereas	composites	might	be	more	
representative	and	perhaps	closer	to	the	model	predictions.	For	purposes	of	modeling	wet‐
weather	events,	the	model	was	deemed	to	be	adequately	calibrated,	but	may	have	a	slightly	
high	bias	for	effluent	ammonia.	

With	the	above	issues	regarding	model	outputs	resolved,	the	process	model	for	the	treatment	plant	
was	considered	calibrated	for	the	purposes	of	modeling	impacts	from	wet‐weather	flows.	This	
model	was	then	used	for	scenario	evaluations,	which	are	described	in	the	following	section.	

Table 3‐1: Wastewater Fractionation Data 

PARAMETER  CRYPTIC 

NAME 

VALUE  TYPICAL 

VALUE 

COMMENTS 

Soluble substrate/BODultimate Ratio  fss  0.3 0.25 Estimated from sampling data 
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Ammonia/TKN Ratio  fnh  0.45 0.63 Estimated from sampling data

Part. Org.N/Total Org.N Ratio  fxn  0.9 0.9 Model default value 

XCOD/VSS Ratio  Icv  1.8 1.8 Estimated from sampling data

VSS/TSS Ratio  Ivt  0.75 0.75 Model default value 

BOD5/BODultimate Ratio  fbod 0.66 0.66 Model default value 

 

Table 3‐2: Plant Influent Flow and Loads for Calibration Month 

PARAMETER  VALUE 

Flow, mgd  71.6 

Total BDO5 

lb/d

mg/l

112,283 

118 

TSS 

lb/d

mg/l

161,103 

269 

Ammonia 

lb/d

mg/l

3,246 

5.0 

TKN 

lb/d

mg/l

7,200 

12.0 

Temperature, °C  17.7 

 

Table 3‐3: Summary of Model Calibration Results 

LOCATION/PARAMETER  HISTORICAL DATA  MODEL DATA  PERCENT DIFFERENCE 

RAW INFLUENT 

Flow, mgd  50.9 Model Input  

TSS, mg/l  269 Model Input  

BOD, mg/l  188 Model Input  

TKN, mg/l  12.0 Model Input  

Ammonia, mg/l  5.4 Model Input  

PRIMARY CLARIFIER EFFLUENT 

TSS, mg/l  96.7 91.62 5.2%

BOD, mg/l  79.6 99.7 25.2%
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Ammonia, mg/l  7.37  

Sludge, ppd  73,300 77,700 6.0%

PLANT 1 – Stage 1 HPOAS System 

Flow, mgd  22.2 22.15 0%

MLSS, mg/l  2,606 2,737 5%

Sludge Age, days  2.84 2.84 0%

WAS, ppd  18,601 17,000 8.6%

PLANT 1 – Stage 2 NAS System 

MLSS, mg/l  2,800 2,900 3.6%

PLANT 2 – Single Sludge NAS System 

Flow, mgd  28.74 28.65 0%

MLSS, mg/l  2,438 2,422 0.65%

PLANT 1 Final Clarifier Effluent 

TSS, mg/l  6.11 5.32 12.9%

 BOD, mg/l  Outfall #001 Reported 

<2.5 

1.88 ‐ 

Ammonia, mg/l  0.18 0.4 100%

	

3.2 WET WEATHER STRESS‐TEST SCENARIOS 
The	calibrated	treatment	plant	model	described	above	was	used	to	predict	the	plant	performance	
during	and	after	different	wet‐weather	flow	events.	For	these	modeling	scenarios,	plant	influent	
hydrographs	for	a	30‐day	period	were	selected	for	1‐year,	2‐year,	5‐year	and	10‐year	storm	events	
that	assumed	a	forty	percent	I/I	reduction	in	the	collection	system.	Pollutant	concentrations	and	
loadings	during	each	scenario	were	set	to	match	patterns	and	trends	determined	from	the	special	
wet‐weather	sampling	events	evaluations	described	in	Section	2.3	above.	

The	resulting	plant	influent	hydrographs	and	pollutographs	are	illustrated	on	Figure	3‐2	through	
Figure	3‐5.	Each	of	the	30‐day	influent	scenarios	were	set	such	that	the	first	one	to	two	days	of	the	
scenario	had	normal	diurnal	flows,	then	a	first‐flush	during	the	beginning	of	the	peak	flow	event,	
then	five	to	seven	days	of	dilute	storm	flows	during	the	“tail”	of	the	event,	then	the	remainder	of	the	
scenario	at	normal	diurnal	flows.	Concentrations	were	adjusted	so	that	the	30‐day	average	
pollutant	loads	matched	the	historical	maximum	monthly	average	loads	to	the	plant	in	order	to	
assess	performance	against	30‐day	average	effluent	limits	in	the	existing	NPDES	permit.	

Each	of	these	scenarios	was	run	through	the	process	model	as	a	dynamic	simulation	to	understand	
the	plant	performance.	Major	modeling	assumptions	for	these	scenarios	are	listed	below:	

 The	existing	Plant	1	and	Plant	2	were	assumed	to	handle	flows	up	to	100	mgd.	Any	flows	
above	100	mgd	were	routed	through	the	auxiliary	treatment	processes.	
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 Downstream	of	the	primary	clarifiers,	the	flows	were	split	60:40	between	Plants	1	and	2,	
respectively.	

 Three	different	TSS	capture	rates	were	assumed	in	the	auxiliary	treatment	facilities:	50%,	
70%	and	90%.	These	percent	removals	roughly	correspond	with	various	levels	of	treatment	
that	are	capable	with	different	auxiliary	treatment	alternatives	discussed	in	Section	4.	

The	results	from	the	process	modeling	indicated	that	the	plant’s	clarifiers	were	the	critical	process	
units	for	overall	facility	performance	during	wet‐weather	events.	Predicted	clarifier	loading	rates	
and	sludge	blanket	heights	from	the	5‐year	storm	scenario	are	depicted	graphically	on	Figure	3‐6	
through	Figure	3‐9.	In	all	the	cases	the	solids	loading	rate	(SLR)	on	the	activated	sludge	clarifiers	
were	below	the	peak	SLR	recommended	by	Ten	States	Standards	(50	ppd/ft2	for	Plant	1‐Stage	1	or	
35	ppd/ft2	for	Plant	1‐Stage	2	or	Plant	2).	The	SLR	during	normal	flow	conditions	was	below	20	
ppd/ft2.	

The	surface	overflow	rate	(SOR)	of	the	clarifiers	for	Plant	1‐Stage	1	and	Plant	2	were	below	the	
peak	SOR	recommended	by	Ten	States	Standards	(1,200	gpd/ft2	and	1,000	gpd/ft2,	respectively);	
however,	for	approximately	2.5	days	during	the	event,	the	clarifiers	for	Plant	1‐Stage	2	were	
predicted	to	top	out	at	900	gpd/ft2,	which	is	12.5%	higher	than	the	peak	SOR	recommended	by	Ten	
States	Standards	for	separate	stage	nitrification	(800	gpd/ft2).	The	plots	also	present	the	height	of	
the	sludge	blanket	in	various	clarifiers.	The	model	predicted	that	the	sludge	blanket	height	
remained	fairly	constant	throughout	the	event,	suggesting	that	the	sludge	blankets	were	not	
predicted	to	wash	out	during	the	event.	

The	model	was	also	used	to	predict	the	final	effluent	concentrations	during	the	30‐day	period,	
which	are	summarized	on	Figure	3‐10	through	Figure	3‐12	for	the	scenario	with	the	1‐year	storm	
event	and	50%	TSS	removal	in	the	future	auxiliary	treatment	train.	The	markers	on	these	figures	
represent	the	predicted	hourly	average	concentrations	from	the	existing	treatment	trains,	the	
future	auxiliary	treatment	train	and	the	combined	final	effluent.	The	solid	red	and	green	lines	
display	the	24‐hr	and	7‐day	moving	averages,	while	the	black	dash	shows	the	30‐day	average.	
These	averages	were	plotted	for	comparison	to	potential	daily,	weekly	or	monthly	average	limits.	
Similar	outputs	from	the	model	were	generated	with	70%	and	90%	TSS	removal	as	well	as	for	the	
2‐year,	5‐year	and	10‐year	storm	scenarios.	The	results	from	these	different	permutations	are	
summarized	in	Table	3‐4.	These	results	indicate	that	the	combined	effluent	was	predicted	to	meet	
the	weekly	and	monthly	average	TSS	and	BOD5	limits	in	all	cases,	but	raised	some	concerns	about	
the	daily	average	effluent	ammonia	limit	as	follows:	

 The	model	predicted	that	the	combined	effluent	should	be	able	to	meet	the	monthly	average	
ammonia	limit	(1.3	mg/L)	under	all	the	scenarios	that	were	modeled.	Note	that	only	one	
storm	event	was	assumed	for	the	30‐day	period.	

 The	model	predicted	that	the	combined	effluent	should	be	able	to	meet	the	daily	average	
ammonia	limit	(5.4	mg/L)	under	the	1‐year	design	storm	scenario;	however,	the	combined	
effluent	would	likely	fail	to	meet	the	existing	limit	in	the	2‐year,	5‐year	and	10‐year	storm	
scenarios.	
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	If	MDNR	replaces	the	existing	NPDES	permits	with	new	ones	developed	from	USEPA’s	new	water	
quality	criteria	for	ammonia,	the	effluent	limits	may	decrease	further.	Further	evaluation	of	the	new	
ammonia	criteria	and	future	permit	limits	for	wet‐weather	flows	are	recommended	to	better	
understand	the	potential	impacts	to	the	SWCWP.	These	evaluations	should	include:	

 Determining	the	feasibility	of	expressing	ammonia	limits	as	weekly	averages	instead	of	
daily	maximums.	40	CFR	122.45(d)	requires	that	all	permit	limits	for	POTWs	be	expressed	
as	average	weekly	and	average	monthly	limits,	unless	impracticable.	At	the	AMCA	meeting	
on	January	7,	2014,	MDNR	conceded	that	the	development	of	average	weekly	limits	in	lieu	
of	maximum	daily	limits	might	be	possible	for	in	cases	where	POTWs	measure	ammonia	
more	than	once	per	week.	

 Determining	the	feasibility	of	flow‐tiered	concentration	limits	for	wet‐weather	flows	that	
are	significantly	above	dry‐weather	low‐flow	criteria.	

 Determining	the	feasibility	of	basing	WQBEL	for	intermittent	peak	wet‐weather	flows	on	
acute	water	quality	criteria	as	opposed	to	the	normal	dry‐weather	approach	that	uses	
chronic	criteria.	As	explained	in	EPA’s	Technical	Support	Document	for	Water	Quality‐based	
Toxics	Control	(USEPA,	1991),	protection	of	potential	acute	toxicity	impacts	is	the	driver	
behind	EPA’s	recommendation	for	establishing	max	daily	limits.	Therefore,	if	a	max	daily	
WQBEL	is	desired,	then	it	should	be	based	on	acute	toxicity	criteria,	not	chronic.	

 Similar	evaluations	should	be	considered	for	any	other	parameters	that	have	water	quality	
based	effluent	limits	(WQBEL),	such	as	bacteria.	
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Figure	3‐2.	1‐year	Storm	Inputs	for	Dynamic	Process	Modeling	
	

	
Figure	3‐3.	2‐year	Storm	Inputs	for	Dynamic	Process	Modeling	
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Figure	3‐4.	5‐year	Storm	Inputs	for	Dynamic	Process	Modeling	
	

		
Figure	3‐5.	10‐year	Storm	Inputs	for	Dynamic	Process	Modeling	
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Figure	3‐6.	Model	Predictions	for	Primary	Clarifier	from	5‐year	Storm	Scenario 
	

		
Figure	3‐7.	Model	Predictions	for	Plant	1	Stage	1	Clarifiers	from	5‐year	Storm	Scenario 
	

0

500

1000

1500

2000

2500

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30

Su
rf

ac
e 

O
ve

rf
lo

w
 R

at
e 

(g
pd

/s
f)

Sl
ud

ge
 B

la
nk

et
 (f

t)

Event Days

Sludge Blanket Height Surface Overflow Rate

EXISITING PRIMARY
CLARIFIERS

0

200

400

600

800

1000

1200

0

5

10

15

20

25

30

35

40

0 5 10 15 20 25 30

Su
rf

ac
e 

O
ve

rf
lo

w
 R

at
e 

(g
pd

/s
f)

Sl
ud

ge
 B

la
nk

et
 (f

t),
 S

ol
id

s 
Lo

ad
in

g 
R

at
e 

(lb
/d

/s
f)

Event Days

SLR- Intermediate Clarifier
Sludge Blanket Height-Intermediate
SOR-Intermediate Clarifier



City of Springfield, Missouri | Peak Wet‐Weather Flow Treatment Evaluation for SWCWP  

 
BLACK & VEATCH | References| 30 September 2014                   78	

		
Figure	3‐8.	Model	Predictions	for	Plant	1	Stage	2	Clarifiers	from	5‐year	Storm	Scenario 
	

		
Figure	3‐9.	Model	Predictions	for	Plant	2	Final	Clarifiers	from	5‐year	Storm	Scenario 
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Figure	3‐10.	Predicted	Blended	Effluent	TSS	for	1‐yr	Storm	at	50%	Auxiliary	TSS	Removal 
	

		
Figure	3‐11.	Predicted	Blended	Effluent	BOD5	for	1‐yr	Storm	at	50%	Auxiliary	TSS	Removal 
	

0

20

40

60

80

100

120

140

160

180

200

0 5 10 15 20 25 30

Ef
flu

en
t C

on
ce

nt
ra

tio
n 

(m
g/

l)

Event Days

Existing Plant Effluent TSS AUX Effluent TSS Final Effluent TSS

24-hr mov avg 7-day mov avg 30-day avg

50% TSS Removal in Auxillary 
Treatment

0

20

40

60

80

100

120

140

160

180

0 5 10 15 20 25 30

Ef
flu

en
t C

on
ce

nt
ra

tio
n 

(m
g/

l)

Event Days

Existing Plant Effluent BOD AUX Effluent BOD Final Effluent BOD

24-hr mov avg 7-day mov avg 30-day avg

50% TSS Removal in Auxillary 
Treatment



City of Springfield, Missouri | Peak Wet‐Weather Flow Treatment Evaluation for SWCWP  

 
BLACK & VEATCH | References| 30 September 2014                   78	

		
Figure	3‐12.	Predicted	Blended	Effluent	Ammonia	for	1‐yr	Storm	at	50%	Auxiliary	TSS	Removal	
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Table 3‐4: Predicted Maximum Effluent Concentrations with Auxiliary Treatment A 

	 TSS	
(mg/L)	

BOD5	
(mg/L)	

NH3‐N	
(mg/L)	

	 Auxiliary	Treatment	TSS	Removal	

	 50%	 70%	 90%	 50%	 70%	 90%	 50%	 70%	 90%	

1‐Year	Storm	

24‐hr	Average	 24	 16	 7	 25	 20	 15	 4.1	 4.1	 4.1	

7‐day	Average	 5	 3.4	 2.2	 5	 4	 3	 1.4	 1.4	 1.4	

30‐day	Average	 1.3	 1	 0.7	 1.8	 1.6	 1.5	 0.5	 0.5	 0.5	

2‐Year	Storm	

24‐hr	Average	 33	 21	 9	 35	 28	 21	 5.9	 5.9	 5.9	

7‐day	Average	 6	 4.5	 2.7	 6	 4	 3	 2.5	 2.5	 2.5	

30‐day	Average	 1.6	 1.2	 0.8	 2.1	 1.9	 1.7	 0.8	 0.8	 0.8	

5‐Year	Storm	

24‐hr	Average	 44	 27	 11	 46	 37	 27	 6.7	 6.7	 6.7	

7‐day	Average	 9	 6	 3.5	 9	 7	 6	 2.5	 2.5	 2.5	

30‐day	Average	 2.3	 1.6	 1	 2.7	 2.4	 2.0	 0.8	 0.8	 0.8	

10‐Year	Storm	

24‐hr	Average	 48	 30	 11	 51	 41	 30	 6.6	 6.6	 6.6	

7‐day	Average	 9	 7	 4	 9	 8	 6	 2.2	 2.2	 2.2	

30‐day	Average	 2.4	 1.8	 1.1	 2.9	 2.5	 2.1	 0.7	 0.7	 0.7	

Notes:	
A. Effluent	from	Auxiliary	Treatment	combined	with	effluent	from	Plant	1	and	Plant	2	

prior	to	disinfection.	One	storm	event	during	30‐day	period.	
	

4 Overview of Auxiliary Treatment Technologies 
The	influent	hydrographs	on	Figure	3‐2	through	Figure	3‐5	show	peak	wet‐weather	event	flow	
rates	ranging	from	approximately	150	to	200	mgd,	and	the	existing	Plant	1	and	Plant	have	
demonstrated	to	have	a	capacity	of	approximately	100	mgd,	or	a	50	to	100‐mgd	deficit.	Currently	
flows	exceeding	100	mgd	can	be	stored	and/or	treated	by	gravity	settling	in	the	Peak	Flow	Clarifier	
that	discharges	to	holding	ponds	or	Outfall	#002	when	the	ponds	are	full.	This	section	provides	an	
overview	of	treatment	technology	alternatives	that	could	be	considered	to	upgrade	the	current	
arrangement	and	potentially	improve	effluent	quality	to	be	more	amenable	to	the	existing	
ozonation	process	or	other	effluent	disinfection	alternatives.	
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Complete	auxiliary	wet‐weather	treatment	facilities	generally	consist	of	a	core	treatment	process	
preceded	by	some	level	of	preliminary	treatment	and	followed	by	effluent	disinfection.	The	
following	sections	describe	treatment	technologies	commonly	used	for	these	facilities.	

4.1 CORE TREATMENT PROCESSES AND TECHNOLOGIES 
In	many	cases,	a	significant	portion	of	the	wet‐weather	flows	in	a	POTW	‐	particularly	those	with	
high	peak	flow	rates	and	low	pollutant	concentrations	‐	can	be	most	effectively	and	efficiently	
treated	by	physical	and	chemical	means.	Physical	and	chemical	clarification	processes	have	been	
used	to	improve	water	quality	since	the	dawn	of	civilization	(Baker	and	Taras,	1981).	Clarification	
processes	(i.e.	sedimentation,	flotation	and	filtration)	are	widely	used	in	POTWs,	and	since	about	
the	1970’s,	many	technologies	relying	on	these	mechanisms	have	been	adapted	and	optimized	for	
the	treatment	of	wet	weather	flows.	

The	water	quality	profession	has	historically	understood	that	excess	wet‐weather	flows	generally	
require	at	least	the	equivalent	of	primary	sedimentation	along	with	effluent	disinfection	to	meet	
Clean	Water	Act	requirements.	This	is	reflected	in	the	“Presumption	Approach”	of	EPA’s	CSO	
Control	Policy	(USEPA,	1994).	This	is	also	reflected	in	wet‐weather	blending	practices	that	have	
been	used	by	some	POTWs	since	biological	treatment	processes	became	widely	used	for	dry‐
weather	flows.	In	the	past	couple	of	decades,	there	has	been	growing	pressure	from	the	regulatory	
community	to	provide	a	higher	level	of	treatment	to	peak	wet‐weather	flows	than	can	be	provided	
by	the	conventional	blending	standard.	The	optimum	choice	depends	on	site‐specific	factors	such	as	
influent	wet‐weather	flow	characteristics,	receiving	stream	water	quality	requirements,	the	type	
and	condition	of	existing	collection	and	treatment	infrastructure,	regulatory	policies,	and	
affordability.	

Table	4‐1	summarizes	major	processes	and	technologies	that	have	been	piloted	or	used	in	full‐scale	
applications	for	wet‐weather	flows.		This	table	could	be	expanded	to	include	alternatives	based	on	
dissolved	air	flotation	(DAF);	however,	no	full‐scale	DAF	facilities	are	known	to	be	operating	in	wet‐
weather	flow	applications.	

The	treatment	profession	has	generally	used	TSS	removal	efficiency	along	with	hydraulic	loading	
rate	to	describe	the	performance	of	clarification	technologies.	The	term	high‐rate	treatment	(HRT)	
will	be	used	herein	to	mean	technologies	that	provide	TSS	removal	equivalent	to	at	least	primary	
clarification,	but	at	significantly	higher	hydraulic	loading	rates	than	typically	practiced	for	
conventional	dry‐weather	applications.	The	influent	fraction	of	non‐settleable	TSS	(TSSnon)	
generally	limits	the	effluent	quality	capable	by	gravimetric	separation	alone.	Thus,	the	effluent	
quality	from	HRT	alternatives	such	as	retention	treatment	basins	(RTBs),	vortex	separators,	and	
lamella	settlers	(without	chemical	enhancements)	would	generally	be	expected	to	be	similar	to	that	
from	conventional	primary	clarifiers.	

Enhanced	high‐rate	treatment	(EHRT)	is	used	to	further	distinguish	those	technologies	that	can	
operate	at	the	high	hydraulic	loading	rates	of	HRT,	but	provide	significantly	higher	TSS	removal.	
These	performance	classifications	are	illustrated	on	Figure	4‐1	showing	typical	ranges	for	HRT	and	
EHRT	technologies	in	comparison	to	the	ranges	typically	observed	for	conventional	and	chemically	
enhanced	primary	clarifiers.	The	comparatively	higher	TSS	removals	attained	by	EHRT	
technologies	are	generally	ascribed	to	mechanisms	that	either	alter	the	influent	particle	settling	
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characteristics	(i.e.	coagulation,	flocculation	and	floc	ballasting)	or	physically	remove	a	larger	
portion	of	TSSnon	(i.e.	filtration).	

Table 4‐1. Summary of Wet‐Weather Clarification Alternatives. 

SETTLING‐BASED	CLARIFICATION	 FILTRATION‐BASED	CLARIFICATION	

1. Conventional	Clarifier	 1. Shallow	Granular	Media	(Sand,	Anthracite,	etc.)

2. Vortex	Separator	(Swirl	Concentrator)* 2. Deep	Granular	Media	(Sand,	Anthracite,	etc.)

3. Lamella	Settlers*	 3. Microscreen*

4. Chemically	Enhanced	Settling	
a. Conventional	Clarifier**	
b. Lamella	Settler**	
c. Solids	Contact	/	Recirculation***	

i. DensaDeg®,	CONTRAFAST®	
d. Microsand	Ballasted	Flocculation***	

i. ACTIFLO®,	RapiSand™	
e. Magnetite	Ballasted	Flocculation***	

i. CoMag™	

4. Floating	Media	Bed*
‐	MetaWater	High‐Speed	Filter,	BKT	BBF‐F	

5. Pile	Cloth	Media***
‐	Aqua‐Aerobic	Systems	

6. Compressible	Media	Bed***	
‐	Fuzzy	Filter™,	FlexFilter™	

5. Suspended	Growth	Biological	Contact
a. Conventional	Clarifier	
b. Ballasted	Flocculation	

i. bio‐ACTIFLO®,	BioMag®	

7. Fixed‐Film	Biological	Contact	
a. Biologically	Active	Filter	(BAF)	
b. BioFlexFilter™	

*	HRT	alternative.	
**	Provides	EHRT	effluent	quality,	but	at	hydraulic	loading	rates	between	conventional	and	HRT.	
***EHRT	alternative.	
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Figure 4‐1. Typical TSS Removals for Wet‐Weather Flow Clarification Processes	

4.1.1 Equivalent to Primary Clarification 

Figure	4‐2	illustrates	the	range	of	performance	that	is	normally	expected	from	primary	clarification.	
Under	peak	flow	conditions,	TSS	removal	rates	30%	or	lower	are	not	unusual,	while	under	dry‐
weather	conditions,	TSS	removal	rates	of	45%	to	65%	are	common.	TSS	removal	rates	above	70%	
are	rather	unusual	due	to	the	presence	of	very	fine	particles	and	colloidal	material	that	generally	
cannot	be	removed	by	gravity	settling	alone.	

It	is	important	to	understand	that	sedimentation	performance	is	generally	measured	in	terms	of	
suspended	solids.	While	readily	settleable	solids	(i.e.	grit)	are	obviously	also	removed	by	
sedimentation,	only	the	suspended	fraction	is	generally	sampled	and	used	for	performance	
measurements.	Conventional	primary	clarification	is	the	technology	standard	that	the	industry	
assumed	for	wet‐weather	flow	treatment	when	the	NPDES	regulatory	definitions	of	“bypass”	and	
the	practice	of	“blending”	were	developed.	The	following	examples	would	generally	be	expected	to	
meet	this	technology	standard:	

 Conventional	sedimentation	basins	in	circular,	rectangular	or	square	geometries.	

 Retention	treatment	basins	(RTBs)	are	generally	sized	based	on	volume	capture	or	
disinfectant	contact	criteria;	however,	they	may	also	provide	some	TSS	removal,	depending	
upon	their	surface	overflow	rate.	
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 Extraneous	flow	basins	function	similar	to	RTBs,	but	are	generally	configured	solely	for	
volume	capture	and	their	construction	tends	to	be	similar	to	ponds.	

 Vortex	separators	(a.k.a.	swirl	concentrators)	provide	excellent	removal	of	readily	
settleable	solids	at	relatively	high	hydraulic	loading	rates	and	are	commonly	specified	for	
grit	removal	in	the	headworks	of	conventional	WWTPs.	Relatively	larger	units	(i.e.	lower	
hydraulic	loading	rates)	may	also	be	designed	to	provide	TSS	removals	similar	to	primary	
clarification	(USEPA,	2007).	

 Lamella	settlers	(plates	or	tubes)	can	provide	the	required	settling	area	in	a	significantly	
smaller	tank	footprint	(10%	to	25%	compared	to	conventional	sedimentation	basins).	
Larger	spacing	and	more	frequent	cleaning	(weekly)	of	the	plates	or	tubes	is	generally	
recommended	for	continuous	wastewater	applications;	however,	intermittent	wet‐weather	
applications	are	much	less	maintenance	intensive.	

 
Figure 4‐2.  Conventional Primary Basin TSS and BOD Removal 
 

In	the	past	couple	of	decades,	there	has	been	growing	pressure	from	the	regulatory	community	to	
provide	a	higher	level	of	treatment	to	peak	wet‐weather	flows	than	can	be	provided	by	
conventional	sedimentation.	Sedimentation	TSS	removal	rates	are	not	only	a	function	of	the	surface	
overflow	rate	(SOR),	but	also	a	function	of	the	influent	wastewater	characteristics	(WEF	and	ASCE,	
2010).	The	effluent	quality	from	conventional	sedimentation	processes	is	limited	by	the	amount	of	
very	fine,	non‐flocculent	particles	(colloidal	material),	sometimes	referred	to	as	non‐settleable	TSS	
(TSSnon)	which	is	defined	as	the	supernatant	TSS	concentration	after	30	minutes	of	flocculation	and	
30	minutes	of	settling	in	a	standard	2‐liter	square	jar	testing	beaker.	

 

Typical design range for municipal primary 
clarification (average to peak hourly loading)

Source: U.S. Environmental Protection Agency (1978) Field Manual for Performance, Evaluation and 
Troubleshooting at Municipal Wastewater Treatment Facilities, EPA 430/9‐78‐001, Figure 17
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The	following	subsections	focus	on	alternate	technologies	that	can	help	meet	these	growing	
regulatory	demands	and	remove	a	larger	portion	of	TSSnon	from	wet‐weather	flows	(and	potentially	
help	with	other	pollutant	parameters).	Many	of	these	technologies	are	discussed	further	in	
guidance	and	technology	transfer	documents	by	USEPA	(2013)	and	WEF	(2013).		

4.1.2 Chemically Enhanced Sedimentation 

Chemically	enhanced	sedimentation	(CES)	has	been	used	for	centuries	in	water	treatment	
applications	to	enhance	the	removal	of	turbidity,	naturally	occurring	organic	material,	colloidal	
material,	certain	metals,	and	phosphorus.	CES	was	commonly	used	in	municipal	wastewater	
applications	prior	to	the	development	and	broad	application	of	biological	processes.	Many	studies	
have	demonstrated	its	ability	to	lower	TSSnon,	thus	significantly	increasing	performance	compared	
to	gravity	settling	alone	(Narayanan	et	al,	2000).	

In	dry‐weather	applications,	CES	is	sometimes	used	to	decrease	the	BOD	load	to	downstream	liquid	
treatment	processes,	and	in	this	application	is	sometimes	referred	to	as	chemically	enhanced	
primary	treatment	(CEPT).	In	wet‐weather	applications	CES	can	be	used	to	provide	parallel	
auxiliary	treatment	of	wet‐weather	flows	that	exceed	the	capacity	of	biological	treatment	processes.		
The	CES	process	is	particularly	well‐suited	for	the	cold,	dilute	influent	flows	that	are	commonly	
encountered	in	wet‐weather	situations.	When	used	in	wet‐weather	applications	the	effluent	quality	
typically	approximates	secondary	treatment	standards.	For	wet‐weather	flows,	CES	can	be	
especially	advantageous	for	water	resource	recovery	facilities	(WRRFs)	that	have	already	invested	
in	the	required	primary	clarifier	capacity.		

The	basic	steps	of	the	CES	process	are	illustrated	on	Figure	4‐3.	Certain	chemicals	are	added	to	the	
influent	under	specific	mixing	regimes	upstream	of	the	settling	basins	to	enhance	the	capture	and	
settling	of	fine	particles	and	colloidal	material.	The	chemicals	can	also	co‐precipitate	certain	soluble	
species,	such	as	orthophosphate	and	some	metals.	

	 	
Figure 4‐3. The Basic Steps of CES 
	

The	chemicals	typically	used	in	CES	are	referred	to	as	coagulants	and	flocculants.	Coagulants	are	
used	to	destabilize	the	surface	charge	on	colloidal	particles	and	co‐precipitate	some	soluble	species.	

Step 1 – Coagulant Addition. Rapid mix. Add metal salt 
and/or cationic polymer.

Step 3 – Flocculation. Medium to low 
turbulence. Build floc and “sweep” small 
particles. Enhance floc settling.

Step 4 – Settling. Quiescent zone. 
Separate solids from liquids.

Turbulence

Step 2 – Flocculant Addition. Rapid mix. Add anionic or 
nonionic polymer.
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Flocculants	can	then	be	used	to	help	agglomerate	the	fine	particles	into	larger	particles	(floc),	
strengthen	the	floc	matrix	and	enhance	the	settleability	of	the	floc	particles.	

 Coagulants	‐	Commonly	used	coagulants	are	iron	or	aluminum	salts,	such	as	ferric	chloride	
or	ferric	sulfate	(ferric),	aluminum	sulfate	(alum),	sodium	aluminate,	or	one	of	the	many	
polyaluminum	chloride	(PACl)	formulations.	Typically,	a	single	coagulant	is	used;	however,	
some	studies	have	shown	using	a	dual	coagulant	process	has	potential	to	further	improve	
settling	performance	for	certain	water	chemistries	(Krugel	et	al.,	2005).	The	pH	buffering	
capacity	of	certain	waters	may	limit	the	practical	coagulant	dosage,	requiring	alkalinity	
supplementation	in	order	to	achieve	further	TSSnon	removal.	

 Flocculants	‐	Anionic	polyacrylamides	(aPAM)	are	the	most	commonly	used	flocculants	in	
this	application.	In	some	applications,	a	cationic	or	nonionic	polymer	alone	can	be	used	
without	a	separate	coagulant;	however,	these	are	more	commonly	used	for	sludge	
dewatering,	filtration	or	dissolved	air	flotation	and	have	been	found	in	some	sedimentation	
applications	to	actually	degrade	sludge	thickening	characteristics	when	used	alone.	

The	mixing	regimes	following	chemical	addition	are	just	as	important	as	the	type	and	dosage	of	
chemicals	(Parker	et	al,	2000).	The	primary	coagulant	should	be	thoroughly	dispersed	prior	to	the	
addition	of	a	secondary	coagulant	or	flocculant.	If	a	polymer	is	used,	it	should	be	added	at	a	point	in	
the	liquid	stream	process	that	has	a	high	amount	of	turbulence	to	quickly	disperse	it	throughout	the	
liquid	stream.	If	the	turbulence	is	too	low,	then	only	a	few	large	floc	particles	will	form	instead	of	a	
large	number	of	smaller	floc	particles	that	are	needed	for	effective	“sweep	flocculation”.	Flash‐mix	
tanks,	static	mixers	and	air‐sparged	chemical	diffusers	are	some	alternatives	that	can	be	used	to	
provide	this	rapid	mixing	turbulence.	

Immediately	following	the	polymer	rapid	mix	step,	a	lower	turbulence	step	(flocculation)	should	be	
provided	to	help	bring	flocculent	particles	in	contact	with	smaller	particles	and	fully	develop	the	
floc.	Additional	solids	contact	can	also	further	enhance	flocculation	and	is	discussed	in	a	later	
section.	Floc	particles	are	somewhat	shear‐sensitive,	but	the	use	of	a	polymer	flocculant	helps	
increase	floc	integrity.	Designs	should	minimize	turbulence	after	floc	formation,	avoiding	
excessively	high	inlet	velocities	or	high‐shear	pumping	between	the	flocculation	and	settling	steps.	
Slow‐mix	tanks	with	variable‐speed	mechanical	flocculators	provide	the	most	flexibility	to	optimize	
the	flocculation	energy	over	a	wide	range	of	flow	rates.	Another	design	alternative	is	to	use	energy	
dissipating	inlets	(EDIs)	and	inlet	baffles	to	enhance	flocculation	hydraulically	within	an	inlet	
feedwell	structure.	

Similar	coagulation	and	flocculation	principles	can	also	be	used	to	enhance	the	solids	removal	
performance	of	other	solids/liquids	separation	processes	such	as	vortex	separators,	filters	or	
dissolved	air	flotation.	The	optimum	chemicals,	dosages	and	mixing	energies	are	highly	specific	for	
each	application	(water	chemistry,	particle	size	distribution,	types	of	particles,	temperature,	
performance	goals,	etc.)	and	site‐specific	jar	testing	is	generally	recommended	as	part	of	the	design	
process	to	help	identify	key	water	chemistry	constraints	and	process	design	criteria.	

When	the	proper	chemicals,	dosages,	mixing	energies	and	contact	times	are	used,	CES	can	
significantly	outperform	conventional	sedimentation.	Its	performance	in	dry‐weather	applications	
at	low	to	moderate	SORs	is	well	documented	(Harleman	and	Murcott,	2001a;	Parker	et	al.,	2001;	
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Harleman	and	Murcott,	2001b);	however,	its	application	at	higher	SORs	with	wet‐weather	flows	has	
been	somewhat	overlooked	by	researchers	and	is	an	area	in	need	of	further	research.	Figure	4‐4	
summarizes	the	testing	results	from	several	full‐scale	CES	trials	that	were	conducted	in	California,	
Oregon	and	Washington	at	relatively	high	SORs.	For	comparison,	this	chart	also	includes	
conventional	sedimentation	curves	from	USEPA’s	1978	Field	Manual	(see	Figure	4‐2	above)	along	
with	a	theoretical	performance	curve	based	on	the	equations	found	in	WEF	MOP	8	(WEF	and	ASCE,	
2010).	As	illustrated	by	this	figure,	CES	has	significantly	higher	performance	capabilities	than	
gravity	settling	alone.	

	
Figure 4‐4. Results from other full‐scale CES trials 
	

In	many	instances	CES	can	be	retrofitted	into	existing	treatment	structures	with	equipment	
addition	limited	to	chemical	storage,	chemical	feed,	instrumentation	and	controls.	In	some	cases,	
supplemental	rapid	mix	and	flocculation	equipment	is	also	needed	to	achieve	optimum	
performance.	Figure	4‐5	illustrates	a	couple	of	different	ways	that	CES	can	be	used	to	treat	wet‐
weather	flows.	In	the	lower	schematic	(“CES	Dedicated	to	Auxiliary	Wet‐Weather	Use”),	one	or	
more	clarifiers	are	dedicated	as	auxiliary	treatment	units	for	wet‐weather	flows	above	the	capacity	
of	the	existing	biological	process.	The	strategy	in	the	upper	schematic	(“Auxiliary	CES	with	Dual	
Dry‐Weather	Facilities”)	recognizes	that	conventional	primary	sedimentation	may	not	be	needed	
for	dilute	wet‐weather	flows	and	temporarily	reconfigures	existing	primary	clarifiers	to	operate	as	
parallel	CES	units	during	the	peak	flow	portion	of	a	wet	weather	event.	This	temporary	
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reconfiguration	can	maximize	flows	through	the	existing	treatment	infrastructure,	potentially	
minimizing	the	need	to	add	infrastructure	solely	dedicated	for	wet‐weather	flows.	

	
Figure 4‐5. Configuration Alternatives for CES with Existing Facilities 

4.1.3 Solids Recirculation and Ballasted Flocculation 

The	solids	contact	process	builds	upon	the	basic	CES	coagulation	and	flocculation	steps,	but	
flocculated	solids	from	the	clarifier	sludge	blanket	are	recirculated	to	the	zone	where	polymer	is	
added	and	floc	formation	begins.	A	generalized	process	flow	diagram	of	these	adaptations	to	the	
basic	CES	process	is	shown	on	Figure	4‐6.	

The	recirculated	solids	act	as	nucleation	sites	and	help	establish	a	“critical	mass”	of	solids	to	
achieve	the	“sweep	flocculation”	thought	to	maximize	the	removal	of	colloidal	material.	The	sludge	
recirculation	also	helps	increase	floc	density	and	integrity.	Some	alternatives	accomplish	this	
additional	solids	contact	in	a	“reactor”	tank	that	is	separate	from	the	settling	tank	itself,	while	
others	incorporate	recirculation	equipment	within	the	clarifier	basin	itself	in	a	solids	contact	zone	
separated	by	baffles	from	the	settling	zone.	

Besides	sludge	recirculation,	some	alternatives	also	incorporate	an	external	ballast	material	as	part	
of	the	flocculation	process.	This	external	ballast	material	helps	to	further	increase	floc	density	and	
settling	velocities,	thus	decreasing	the	required	settling	area.	Coagulation	and	flocculation	are	the	
primary	mechanisms	responsible	for	converting	colloidal	particles	to	larger	particles	that	are	more	
easily	settled;	therefore,	these	basic	CES	steps	are	the	biggest	factors	that	affect	the	ultimate	
effluent	quality.	Increased	floc	density	and	the	use	of	lamella	settlers	are	the	primary	process	
components	that	decrease	settling	basin	footprint	requirements	in	these	high‐rate	clarification	
processes.	Small‐grained	silica	sand	(microsand)	and	magnetite	are	two	external	ballast	

 

2°
Peak 

Q

R
iver

2 – 2.5 Avg Q

DisinfectHead-
works

Coagulant

DisinfectCEPT

Flocculant

1°

CES Dedicated to Auxiliary Wet‐Weather Use

Auxiliary CES with Dual Dry‐Weather Facilities

2°
Peak 

Q

R
iver

2 – 2.5 Avg Q

1° DisinfectHead-
works

Coagulant

Flocculant

“Split Treatment” 
Configuration

Potential enhancement for 
existing peak flow clarifiers

PC

PC

Biological 
Process

Biological 
Process

PC



City of Springfield, Missouri | Peak Wet‐Weather Flow Treatment Evaluation for SWCWP  

 
BLACK & VEATCH | References| 30 September 2014                   78	

alternatives	most	commonly	used.	In	the	microsand	option,	the	ballast	is	recovered	through	
hydrocyclones,	in	a	similar	fashion	as	primary	sludge	degritting	practices.	The	hydrocyclone	
underflow	contains	a	vast	majority	of	the	microsand	with	a	small	amount	being	lost	in	the	
hydrocyclone	overflow	with	the	degritted	sludge	wasted	from	the	process.	Fresh	microsand	is	
periodically	added	to	the	process	to	make	up	for	the	hydrocyclone	ballast	losses.	

	
Figure 4‐6. General Process Flow Diagram for Solids Contact and Ballasted Flocculation 
	

Like	microsand,	magnetite	is	a	widely	available,	naturally	occurring	mineral;	but	instead	of	being	
composed	of	silicon	oxides,	it	is	composed	of	iron	oxides.	Large	quantities	of	magnetite	are	
sometimes	found	on	black	sand	beaches.	It	is	denser	than	silica‐based	microsand	(about	twice	the	
specific	gravity)	and	a	smaller	grain‐size	is	generally	used.	Magnetite	itself	is	not	a	magnet,	but	like	
other	iron‐based	materials,	it	is	attracted	to	a	magnetic	field,	which	allows	it	to	be	separated	
magnetically	as	opposed	to	gravimetrically	(i.e.	hydrocyclones).	The	main	differences	with	
magnetite	ballasted	flocculation	compared	to	microsand	ballasted	flocculation	are	that	magnetite	
has	the	potential	to	produce	floc	with	slightly	higher	settling	velocities	(i.e.	slightly	less	settling	area	
is	required),	and	slightly	higher	ballast	recovery	efficiencies	are	feasible	with	magnetic	separation	
as	opposed	to	gravimetric	separation.	The	magnetic	ballast	recovery	equipment	used	in	this	
alternative	was	adapted	from	separation	processes	used	in	the	mining	industry.	

Full‐scale	solids	contact	and	ballasted	flocculation	facilities	have	been	operating	in	Europe,	North	
America	and	Asia	for	over	a	decade.	Their	performance	in	full‐scale	wet	weather	applications	has	
also	been	well	documented	by	many,	including	Fitzpatrick	et	al.	(2010a	and	2013)	and	many	others.	
Several	proprietary	systems	are	now	commercially	available	such	as	those	depicted	on	Figure	4‐7.	
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(a) Sludge Recirculation  (b) Sand Ballast 

(c) Sand Ballast  (d) Magnetite Ballast 

Figure 4‐7. Examples of Solids Contact and Ballasted Flocculation Systems 

4.1.4 High‐Rate Filtration 

Filtration	is	another	alternative	that	has	been	used	on	wet‐weather	flows.	Conventional	sand	filters	
are	somewhat	limited	in	their	feasibility	for	wet‐weather	flows	due	to	their	limited	solids	loading	
capacity.	Deep‐bed	sand	filters	offer	some	advantage	in	that	regard,	but	are	still	limited	by	their	
relatively	high	head‐loss	relationships	and	backwash	requirements.	This	section	focuses	on	
filtration	technologies	[collectively	termed	herein	as	high‐rate	filtration	(HRF)]	that	typically	offer	
lower	head‐loss	relationships	and	higher	backwash	efficiencies	that	conventional	sand	filters.	

4.1.4.1 Compressible Media Filters 

Compressible	media	filtration	(CMF)	has	been	used	for	over	a	decade	in	full‐scale	wet‐weather	
treatment	applications.	CMF	originated	in	Japan	as	a	tertiary	filtration	technology	in	the	mid‐1980s.	
In	the	1990s,	the	technology	was	part	of	a	full‐scale	CSO	technology	demonstration	program	
implemented	by	the	Columbus	Water	Works	(Columbus,	Georgia),	assisted	by	a	$20	million	grant	
from	the	USEPA	with	their	Office	of	Research	and	Development	(ORD)	serving	as	the	Quality	
Assurance	reviewer	and	the	Water	Environment	Research	Foundation	serving	as	peer	reviewer	
(WERF,	2003).	Oij	et	al.	(2010)	describe	stream	health	improvements	since	the	2007	startup	of	a	
CMF‐based	stormwater	treatment	facility	on	Weracoba	Creek,	an	urban	stream	in	Columbus,	
Georgia.	

CMF	uses	a	bed	of	synthetic	fiber	balls	to	capture	influent	suspended	solids	and	is	currently	
available	in	the	United	States	as	either	the	Schreiber	Fuzzy	Filter	or	the	WesTech/WWETCO	
FlexFilter.	In	the	Fuzzy	Filter	the	media	bed	is	compressed	mechanically	in	the	direction	opposite	of	
the	bulk	liquid	flow	(i.e.	countercurrent)	between	a	fixed	perforated	plate	on	the	inlet	side	of	the	
bed	and	a	movable	plate	on	the	outlet	side	of	the	bed.	As	illustrated	on	Figure	4‐8,	the	Fuzzy	Filter	is	
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most	commonly	configured	as	an	up‐flow	filter	with	influent	flowing	up	through	the	media	bed,	but	
it	can	also	be	configured	in	a	down‐flow	arrangement.	The	filter	remains	in	filtration	mode	until	the	
captured	solids	accumulate	to	the	point	that	the	media	must	be	cleaned.	At	that	point	a	wash	cycle	
is	initiated	and	the	movable	plate	of	the	bed	is	moved	to	allow	the	bed	to	expand.	An	air	scouring	
backwash	process	is	used	to	clean	the	media	and	the	solids	are	carried	away	in	the	wash	water	
stream.	At	the	end	of	the	wash	cycle,	the	media	is	recompressed	and	the	unit	is	returned	to	service	
once	the	remaining	solids	are	flushed	from	the	system.	The	Fuzzy	Filter	can	also	be	configured	
without	mechanical	compression.	This	alternate	configuration	has	the	advantage	of	no	moving	
parts,	but	also	does	not	have	any	means	to	increase	bed	compression	beyond	that	provided	in	the	
normal	co‐current	direction	by	fluid	hydraulics.	

The	WWETCO	FlexFilter	also	uses	synthetic	fiber	balls	in	its	media	bed,	but	has	a	slightly	different	
operating	cycle	than	the	Fuzzy	Filter.	It	uses	a	down‐flow	configuration,	and	the	influent	
hydrostatic	head	is	used	to	compress	the	bed	transversely	to	the	direction	of	fluid	flow	between	
flexible,	reinforced	membranes	that	form	a	conically‐shaped	bed	profile.	This	transverse	media	
compression	is	in	addition	to	the	normal	co‐current	compression	provided	by	the	bulk	fluid	flow.	
The	FlexFilter	also	has	a	slightly	different	air	scouring	arrangement.	As	illustrated	on	Figure	4‐9,	
the	lower	portion	of	the	FlexFilter	is	a	reinforced	flexible	membrane	manufactured	from	an	
engineered	fabric	designed	for	the	required	operating	head	of	the	system.	As	influent	fills	the	basin	
around	the	filter	housing,	the	membrane	flexes	inward	and	compresses	the	media.	Influent	
continues	to	rise	until	it	overtops	the	influent	weir	and	flows	onto	the	media	bed.	As	solids	
accumulate	on	and	within	the	filter	bed,	the	influent	level	over	the	media	bed	rises	to	the	point	that	
signals	the	start	of	a	backwash	cycle.	The	basin	is	then	drained	to	release	the	compression	and	the	
media	is	backwashed.	An	air	scour	pipe	along	the	centerline	of	the	filter	housing	cleans	the	media,	
and	the	solids	are	lifted	by	the	air	and	carried	away	in	a	backwash	trough.	

For	continuous‐flow	applications,	multiple	CMF	cells	must	be	provided	so	that	individual	cells	can	
be	cleaned	using	a	backwash	system	while	the	remaining	cells	continue	operating	in	the	filtration	
mode.		The	CMF	system	is	usually	operated	as	a	constant‐rate	filter	system	(i.e.,	flow	rate	relatively	
constant	until	a	backwash	cycle	is	initiated).		The	effective	duration	of	the	filtration	cycle	is	a	
function	of	the	solids	loading	rate	and	the	beginning	of	the	wash	cycle	is	usually	automated	either	
through	the	use	of	timers	or	by	pressure	or	level	instrumentation	monitoring	the	differential	
pressure	across	the	filter	bed.	

One	of	the	advantages	of	most	high‐rate	filtration	technologies,	including	CMF,	is	that	chemicals	are	
generally	not	required	for	wet‐weather	treatment	applications.	High‐rate	filters	have	also	been	
used	for	tertiary	applications,	which	opens	up	the	possibility	of	using	this	process	most	of	the	time	
in	a	tertiary	filtration	mode,	acting	as	a	polishing	step	or	“safety‐net”	downstream	of	secondary	
clarifiers	to	allow	existing	biological	facilities	to	be	maximized	during	dry‐weather	and	smaller	wet‐
weather	events	with	less	risk	of	losing	biomass.	Other	potential	dry‐weather	functions	are	
discussed	elsewhere	in	this	memorandum.	
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Figure 4‐8. Up‐flow compressible media filter 
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Figure 4‐9. Down‐flow compressible media filter 
	

In	addition	to	tertiary	filter	installations,	three	major	CMF	wet	weather	treatment	facilities	have	
been	commissioned	in	North	America	since	completion	of	the	Columbus	demonstration	facilities,	
and	construction	is	almost	complete	on	a	fourth	facility.	The	City	of	Atlanta	(Georgia)	has	an	85‐
mgd	and	20‐mgd	Fuzzy	Filter	system	at	their	West	Side	CSO	Facility	and	Intrenchment	Creek	CSO	
Facility,	respectively.	Columbus	Water	Works	(Georgia)	has	a	10‐mgd	WWETCO	Filter	at	their	
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Weracoba	Creek	Stormwater	BMP	Facility.	Startup	is	planned	in	the	fourth	quarter	of	2014	on	a	
100‐mgd	FlexFilter	for	the	City	of	Springfield,	Ohio.	

4.1.4.2 Cloth Media Filters 

Besides	CMF,	other	high‐rate	filtration	technologies	are	also	available	in	the	wastewater	market.		
Cloth	media	filters	are	becoming	increasingly	common	in	tertiary	filtration	applications	and	offer	
many	of	the	same	advantages	as	compressible	media.	Different	cloth	media	are	generally	classified	
as	being	of	either	woven	construction	(relatively	thin	flat	sheets	like	a	microscreen)	or	fiber	pile	
construction	(comparatively	thicker	profile	similar	to	pile	carpeting).	The	media	is	most	commonly	
mounted	on	disc‐shaped	elements,	which	are	configured	in	either	an	inside‐to‐outside	or	outside‐
to‐inside	flow	arrangement	depending	upon	a	number	of	design	considerations.	At	least	one	
manufacturer	(Aqua‐Aerobic	Systems)	offers	other	geometries	(drum	and	diamond	laterals)	that	
should	also	be	considered,	particularly	for	retrofits	of	existing	drum	and	traveling	bridge	systems.		

Recent	side‐by‐side	wet‐weather	pilot	studies	found	that	the	FlexFilter	CMF	technology	
consistently	produced	effluent	with	lower	TSS	concentrations	than	Parkson’s	DynaDisc	pile	cloth	
media	filter	and	appeared	to	be	less	sensitive	to	influent	hydraulic	and	solids	loading	rates	
(Fitzpatrick	et	al.,	2010b).	However,	proper	design	of	the	cloth	media	is	especially	critical	to	
managing	the	relatively	higher	solids	loading	encountered	in	wet	weather	applications	compared	to	
tertiary	filtration	or	polishing	applications.	Parkson	no	longer	offers	their	DynaDisc	technology;	
however,	Aqua‐Aerobic	Systems	offers	pile	cloth	media	technology	that	has	been	used	in	
conjunction	with	sedimentation	to	treat	peak	wet	weather	flows	at	some	WRRFs	in	the	U.S.	and	
stormwater	runoff	in	Switzerland	(Baumann,	2013).	

Subsequent	piloting	of	the	CMF	technology	over	multiple	wet	weather	events	confirmed	that	the	
CMF	technology	consistently	produced	effluent	TSS	concentrations	meeting	secondary	treatment	
standards,	and	that	the	CMF	effluent	was	consistently	amenable	to	hypochlorite	or	UV	disinfection	
at	doses	and	contact	times	equivalent	to	those	typically	used	for	conventional	secondary	effluents	
(Fitzpatrick	et	al.,	2010b	and	Fitzapatrick	et	al.,	2011).	For	peak	wet‐weather	solids	loadings,	design	
hydraulic	rates	of	8	to	15	gpm/ft2	(11,500	to	22,000	gpd/ft2)	are	generally	achievable	before	the	
backwash	frequency	becomes	unmanageable.	

4.1.4.3 Floating Media Filters 

In	the	early	2000’s,	a	high‐rate	upflow	filter	technology	was	developed	in	Japan	that	features	a	
floating	media	with	a	unique	pinwheel	shape.	This	technology	was	retrofitted	into	conventional	
primary	sedimentation	tanks	and	used	for	treatment	of	both	dry‐weather	and	wet	weather	flows	
(Hattori,	2008	and	Hayashi,	2009).	The	first	installation	was	completed	in	2007	and	as	of	2012	
there	were	25	installations	of	this	technology	with	design	capacities	ranging	up	to	95	mgd.	A	134‐
mgd	facility	is	scheduled	for	startup	in	2014	(Kanaya,	2013).	Thus	far	all	the	installations	of	this	
technology	have	been	in	municipal	treatment	facilities	in	Japan.	There	are	no	known	full‐scale	
installations	in	the	U.S.;	however,	Metawater	is	beginning	to	market	this	technology	outside	of	
Japan.	

BKT	has	developed	another	high‐rate	filtration	technology	that	uses	floating	spheres	constructed	of	
expanded	polypropylene	(instead	of	the	pinwheel‐shaped	media	unique	to	the	Metawater	filter)	
and	has	other	somewhat	different	design	details.	Yoon	et	al.	(2012)	described	demonstration‐scale	
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pilot	testing	of	this	filter	(called	BBF‐F)	that	was	adapted	from	BKT’s	biofilter	technology,	which	
was	first	installed	in	full‐scale	in	2006.	Full‐scale	installations	of	the	BKT	filtration	technology	are	
currently	being	constructed	at	the	184‐mgd	Seonam	and	131‐mgd	Junrang	WWTP	in	Seoul,	South	
Korea.	These	large‐scale	facilities	are	expected	to	be	online	in	2014	(Min,	2013).	

The	concept	of	floating	media	filtration	has	also	been	used	in	other	water	treatment	applications	
besides	wet	weather	flows.	For	example,	buoyant	polyethylene	media	is	used	in	the	WesTech	
Adsorption	Clarifier	for	drinking	water	pretreatment,	and	a	floating	bed	of	polystyrene	beads	is	
used	in	the	Veolia	BIOSTYR	biologically	active	filter.	However,	the	Metawater	and	BKT	works	cited	
herein	are	the	only	known	installations	of	these	technologies	for	wet	weather	flows.		

4.1.4.4 Stormwater Filtration Applications 

Filtration	and	bio‐filtration	have	also	been	used	extensively	for	the	treatment	of	municipal	and	
industrial	stormwater,	an	application	that	has	very	similar	technical	requirements	as	wet‐weather	
flow	treatment.	A	variety	of	different	filtration	media	have	been	used	and	continue	to	be	researched	
(Togawa	et	al.,	2011;	Sileshi	et	al.,	2011).	Examples	include	the	stormwater	treatment	facilities	
pictured	on	Figure	4‐10	which	were	recently	commissioned	at	North	Boeing	Field	in	King	County,	
Washington	and	near	Mar	Vista	Park	in	Santa	Monica,	California.	The	North	Boeing	Field	facility	
uses	chitosan	enhanced	sand	filtration	(USEPA	Region	10,	2012),	while	the	Mar	Vista	Park	facility	
uses	a	cartridge	media	filter	(Magura	and	Shapiro,	2008).	

	
Figure 4‐10. Examples of Stormwater Filtration Systems 

4.1.5 High‐Rate Biological Alternatives 

The	treatment	profession	has	long	understood	that	the	inherent	nature	of	biological	treatment	
mechanisms	limits	their	effectiveness	beyond	relatively	steady‐state	influent	characteristics.	
During	wet	weather	events,	peak	flows	at	many	WRRFs	are	simply	too	high	and	variable	to	be	
sustained	through	the	existing	biological	treatment	processes	without	potential	upset.	There	are	a	
variety	of	site‐specific	operational	practices	and	procedures	that	may	help	maximize	the	wet‐
weather	flow	treatment	capacity	of	a	WRRF,	but	municipal	agencies	must	always	weigh	the	benefits	
of	these	measures	against	the	risks	of	upset	and	inhibition	or	loss	of	biomass	from	their	biological	
treatment	processes.	These	risks	tend	to	be	greater	for	biological	nutrient	removal	(BNR)	facilities	
due	to	the	slower	growth	rates	of	some	of	ammonia	oxidizing	bacteria	(AOB	or	nitrifiers)	and	
phosphate	accumulating	organisms	(PAOs)	required	for	BNR.	Full	recovery	in	such	instances	could	
mean	weeks	of	substandard	treatment	performance.	Even	with	these	risks,	some	municipalities	are	
being	forced	by	regulatory	actions	to	further	consider	measures	to	increase	wet‐weather	flows	
through	the	biological	portions	of	their	secondary	treatment	facilities;	however,	as	mentioned	
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previously,	blending	and	auxiliary	treatment	practices	have	recently	been	upheld	in	the	state	of	
Missouri	by	MDNR	and	the	U.S.	Eighth	Circuit	Court.	Therefore,	there	do	not	appear	to	be	any	
regulatory	drivers	in	the	state	of	Missouri	that	mandate	the	use	of	high‐rate	biological	alternatives.	
Therefore,	alternative	selections	can	be	based	on	the	ability	to	achieve	receiving	stream	water	
quality	requirements	and	the	technical	merits	of	the	alternative	(both	economic	and	non‐economic	
factors).	

During	peak	wet‐weather	flow	conditions,	operators	of	many	activated	sludge	plants	change	their	
configuration	to	some	variation	of	a	“deep	step‐feed”	arrangement,	where	a	portion	of	the	peak	
wet‐weather	flows	are	routed	to	the	end	of	a	plug‐flow	aeration	basin	or	to	a	separate	biocontact	
basin.	This	changes	the	activated	sludge	process	into	an	operating	mode	that	more	closely	
resembles	a	contact‐stabilization	configuration,	which	was	first	developed	and	applied	to	municipal	
wastewater	treatment	in	the	first	half	of	the	20th	century.	This	temporary	mode	change	(illustrated	
on	Figure	4‐11)	preserves	bioflocculation	and	adsorption,	but	its	biggest	benefit	for	wet‐weather	
flows	is	that	it	significantly	reduces	the	solids	loading	rate	to	the	secondary	clarifiers.	The	practice	
is	fairly	widespread	with	Midwestern	examples	including	the	BNR	basins	at	Johnson	County’s	10.5‐
mgd	Blue	River	Main	Wastewater	Treatment	Facility	in	Overland	Park,	Kansas,	and	the	Cedar	Creek	
Wastewater	Treatment	Facility	in	Olathe,	Kansas.	

Some	activated	sludge	facilities	temporarily	shift	a	significant	portion	of	their	biomass	to	off‐line	
storage	basins	to	accomplish	the	same	results.	Once	wet‐weather	flows	decrease	to	acceptable	
rates,	biomass	inventory	is	shifted	back	to	the	normal	aeration	basins.	Off‐line	biomass	storage	
basins	are	used	at	the	14‐mgd	Rogers	Pollution	Control	Facility	in	Rogers,	Arkansas.	

 
Figure 4‐11. Biocontact for Wet‐Weather Flows (MMSD, 2014) 
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application	of	the	Actiflo	system	in	this	biocontact	mode	(bio‐ACTIFLO)	was	first	piloted	in	the	
winter	of	2004/5	at	the	P	Street	WWTP	in	Fort	Smith,	Arkansas	(Sun	et	al.,	2008)	and	a	schematic	
of	the	bio‐ACTIFLO	system	is	shown	on	Figure	4‐12.	

 
Figure 4‐12. Biocontact with Microsand Ballasted Flocculation 
	

One	of	the	major	design	considerations	with	the	bio‐ACTIFLO		alternative	is	that	the	mixed	liquor	in	
the	biocontact	tank	creates	a	higher	solids	loading	rate	to	the	ACTIFLO		system	and	requires	
approximately	twice	the	settling	area	compared	to	wet‐weather	applications	without	biocontact.	In	
a	typical	wet‐weather	ACTIFLO	system,	the	design	hydraulic	loading	rate	(HLR)	of	the	settling	tank	
is	60	gpm/ft2,	compared	to	the	bio‐ACTIFLO	design	criteria	of	30	gpm/ft2.	The	coagulation	and	floc	
maturation	tanks	ahead	of	the	ACTIFLO	settling	tank	add	approximately	another	50%	to	the	system	
footprint,	reducing	the	effective	HLR	of	the	bio‐ACTIFLO	system	to	approximately	20	gpm/ft2.	This	
is	still	a	much	smaller	footprint	option	than	a	conventional	secondary	clarifier	which	is	generally	
limited	to	a	HLR	in	the	range	of	0.5	to	1	gpm/ft2.	The	biocontact	tank	adds	approximately	another	
100%	to	the	system	footprint,	reducing	the	effective	HLR	of	the	complete	bio‐ACTIFLO	system	to	
approximately	10	gpm/ft2.	

Design	of	the	first	full‐scale	bio‐ACTIFLO		facility	was	reported	by	Sandino	et	al.	(2011),	and	this	
facility	was	commissioned	at	the	Wilson	Creek	Regional	WWTP	(McKinney,	Texas)	in	2012.	As	
illustrated	on	Figure	4‐13,	the	Wilson	Creek	bio‐ACTIFLO	facility	was	also	designed	to	be	able	to	
provide	tertiary	phosphorus	removal	during	dry‐weather	conditions	in	a	standard	tertiary	
ACTIFLO	mode	(non‐biological).	Similar	dual	dry‐weather	functions	are	an	important	design	
consideration	that	should	be	carefully	evaluated	for	wet‐weather	treatment	facilities	in	order	to	get	
the	most	value	from	these	infrastructure	investments.	

 

BioACTIFLO
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Figure 4‐13. Bio‐ACTIFLO addition at Wilson Creek RWWTP (Sandino et al., 2011) 
	

Similar	to	the	bio‐ACTIFLO		system,	the	CoMag	technology	described	earlier	has	also	been	adapted	
to	mixed	liquor	applications	as	illustrated	by	the	process	schematic	on	Figure	4‐14.	One	difference	
with	this	alternative	is	that	the	BioMag	process	was	originally	developed	to	operate	during	both	dry	
and	wet‐weather	conditions	on	the	full	liquid	stream;	however,	adapting	it	as	a	parallel	auxiliary	
train	similar	to	bio‐ACTIFLO	appears	feasible.	Most	of	its	full‐scale	applications	have	been	driven	by	
facilities	needing	a	small	footprint	BNR	alternative	and	its	ability	to	significantly	increase	the	
process	capacity	of	existing	clarifiers	(typically	doubling	to	tripling	their	effective	solids	loading	
rates).	The	most	recent	BioMag	pilot	demonstrated	its	performance	in	a	4‐stage	Bardenpho	
configuration	(Andryszak	et	al.,	2011).	It	has	been	successfully	piloted	at	several	other	locations	in	
North	America	and	has	at	least	three	full‐scale	plants	operating	with	the	process	and	at	least	12	
more	in	the	design	phase.	

	
Figure 4‐14. Biocontact with magnetite ballasted flocculation 
	

 

BioMagTM
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The	FlexFilter	piloting	in	Springfield,	Ohio	and	Milwaukee,	Wisconsin	included	periods	of	
continuous	operation,	during	which	time	biofilm	growth	was	observed	on	the	filter	media	along	
with	increased	soluble	BOD	removal.	These	observations	suggest	that	high‐rate	filtration	
alternatives	might	be	able	to	provide	a	fixed‐film	biological	treatment	mechanism	during	wet‐
weather	if	operated	continuously	between	events	as	either	a	tertiary	or	intermediate	filter.	Further	
research	and	development	is	ongoing	in	this	area.	This	alternative	would	essentially	be	a	fixed‐film	
high‐rate	filtration	counterpart	to	the	biocontact	CES	alternatives	discussed	above.	

In	addition	to	wet‐weather	flow	applications,	some	EHRT	alternatives	may	also	be	configured	to	
provide	some	benefits	for	dry‐weather	flows.	As	illustrated	previously	on	Figure	4‐13,	high‐rate	
clarification	(HRC)	technologies	are	also	used	for	tertiary	phosphorus	polishing,	and	HRC	is	also	
currently	being	used	in	some	locations	for	primary	treatment	of	dry‐weather	flows.	High‐rate	
filtration	(HRF)	technologies,	such	as	CMF,	can	be	used	for	tertiary	filtration	of	secondary	effluent	
and	have	many	full‐scale	installations	in	this	application.	Pilot	tests	have	also	demonstrated	the	
ability	of	CMF	to	be	used	as	a	chemical	floc	filter	for	phosphorus	precipitation	and	removal.	Some	of	
the	HRF	technologies	described	previously	have	been	used	for	primary	treatment	instead	of	
conventional	settling	basins.	HRF	technologies	have	also	been	demonstrated	in	pilot	studies	as	an	
intermediate	step	following	primary	clarifiers.	Tchobanoglous	(2011)	suggested	that	primary	
effluent	filtration	should	be	further	considered	by	the	WRRF	industry	as	a	method	to	reduce	the	
particulate	and	BOD	loading	to	downstream	biological	processes,	potentially	increasing	the	energy	
efficiency	of	the	overall	treatment	process,	particularly	if	the	thermal	value	of	primary	solids	is	
recovered	through	incineration	or	digester	gas	production.	Furthermore,	piloting	is	currently	being	
conducted	in	Ithaca,	New	York	of	a	new	enhanced	primary	treatment	technology	that	combines	CES	
with	effluent	microscreening	in	a	sequencing‐batch	operation	to	increase	the	capture	of	primary	
solids	for	increased	biogas	energy	recovery	(NYSERDA,	2014).	Figure	4‐15	illustrates	these	
concepts	of	dual	dry‐weather	uses	for	HRC	or	HRF	alternatives.	
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Figure 4‐15. Dual uses of HRC or HRF for dry‐weather and wet‐weather flows 

4.2 PRELIMINARY TREATMENT CONSIDERATIONS 
The	need	for	additional	screening	and	grit	removal	capacity	should	be	evaluated	for	each	
application.	Furthermore,	screening	and	grit	characteristics	after	the	first‐flush	can	be	significantly	
lower	than	before	the	first‐flush	and	should	be	carefully	considered	during	process	selection	and	
design	of	wet‐weather	headworks	facilities.	Screenings	characteristics	are	somewhat	different	for	
each	application	and	loading	rates	can	vary	tremendously	by	site	and	season.	Fall	leaf	loads	and	
first‐flush	grit	loads	are	generally	the	worst‐case	condition	for	many	combined	or	storm	sewer	
applications,	but	may	be	relatively	minor	for	separately	sewered	POTWs.	There	are	a	wide	variety	
of	screen	alternatives	that	should	be	considered	with	some	technologies	tailored	specifically	for	
wet‐weather	applications	and	remote	sites.	

 Opening	Size	and	Media	Type	–	For	some	auxiliary	treatment	facilities,	a	screen	opening	of	
25	mm	to	80	mm	(1	inch	to	3	inches)	may	be	adequate	to	protect	downstream	processes	
and	equipment;	however,	the	general	trend	in	the	industry	is	to	provide	screens	in	the	
range	of	6	mm	to	25	mm	(¼	inch	to	1	inch).	Screen	media	options	include	trash	racks,	bar	
screens,	perforated	plates	and	wedge	wire.	

 Automatic	Cleaning	‐	Automated	systems	are	commonly	used	to	remove	the	debris	captured	
on	the	screen,	especially	for	openings	of	approximately	25	mm	(1	inch)	and	less.	Options	
include	multi‐raked	horizontal	bar	screens,	catenary	rakes,	chain	and	sprocket	driven	multi‐
rake	vertical	bar	screens,	climber	rakes,	travelling	belt	screens,	and	hydraulically	
backwashed	static	screens.	
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 Screenings	Handling	‐	There	are	also	several	options	for	screenings	conveyance,	dewatering	
and	ultimate	disposal.	In	some	remote	facilities,	screenings	are	simply	sluiced	back	to	the	
collection	system	for	ultimate	removal	at	the	headworks	of	the	dry‐weather	flow	treatment	
trains.	Some	screens	designed	specifically	for	wet‐weather	overflows	don’t	actually	remove	
the	screenings,	but	leave	them	in	the	dry‐weather	sewer	for	conveyance	to	the	dry‐weather	
treatment	facilities.	

As	with	screenings,	grit	characteristics	(i.e.	readily	settleable	solids)	are	somewhat	different	for	
each	application	and	loading	rates	can	vary	tremendously	by	site,	event	and	collection	system	
configuration.	In	some	applications,	the	majority	of	the	grit	load	is	conveyed	to	the	existing	
treatment	facilities	and	wet‐weather	flows	are	“scalped”	from	the	collection	system	without	a	
significant	amount	of	grit.	In	other	applications,	the	wet‐weather	facilities	should	be	designed	to	
receive	heavy	grit	loads.	Depending	upon	the	anticipated	grit	loads	and	the	ability	of	downstream	
processes	and	equipment	to	handle	grit,	there	are	a	wide	variety	of	alternatives	that	should	be	
considered	ranging	from	co‐handling	grit	along	with	suspended	solids	to	simple	“rock‐boxes”	or	
stilling	wells	to	more	complex	grit	removal	basins	(non‐aerated,	aerated,	mechanically‐induced	
vortex	or	hydraulic	vortex).	

Screening	and	grit	removal	requirements	may	also	be	dependent	upon	which	technology	is	selected	
for	the	core	process.	Therefore,	it	is	generally	recommended	that	the	wet‐weather	headworks	
technologies	be	selected	after	selection	of	the	core	process	technology.	Furthermore,	conceptual	
and	preliminary	designs	may	require	some	iteration	to	arrive	at	the	most	optimum	overall	facility	
design	alternative.	

WEF	and	ASCE’s	Design	of	Municipal	Wastewater	Treatment	Plants	(2010)	provides	a	good	
overview	of	conventional	screening	and	grit	removal	technologies,	and	WEF’s	Wet	Weather	Design	
and	Operation	in	Water	Resource	Recovery	Facilities	(WEF,	2014)	provides	design	and	operational	
considerations	specifically	for	wet	weather	flows.	

4.3 EFFLUENT DISINFECTION CONSIDERATIONS 
In	most	watershed	studies,	pathogens	have	been	identified	as	the	main	pollutant	of	concern	for	
wet‐weather	discharges	from	POTWs;	therefore,	reliable	effluent	disinfection	over	a	wide	range	of	
flow	rates	tends	to	be	the	main	objective	for	auxiliary	treatment	facilities.	In	a	recent	WERF/IWA	
study,	Moffa	et	al.	(2005)	demonstrated	that	wet‐weather	overflows	could	be	effectively	disinfected	
to	meet	applicable	bacterial	standards	with	chlorination,	chlorine	dioxide,	ozonation	or	UV	
irradiation,	albeit	at	doses	significantly	higher	than	required	for	conventional	secondary	effluent	
quality.	In	another	recent	WERF/IWA	study,	Gray	et	al.	(2009)	demonstrated	the	effectiveness	of	
blending	chlorinated	primary	clarifier	effluent	during	wet‐weather	flow	events.	

	In	comparison	to	overflows	or	conventional	primary	clarifier	effluent,	EHRT	effluents	generally	
have	lower	TSS	concentration	and	turbidity	and	tend	to	require	somewhat	lower	doses	of	
disinfectants.	In	most	EHRT	cases,	the	required	disinfectant	dose	approaches	that	for	conventional	
secondary	effluents;	however,	the	dose	response	is	highly	specific	to	the	POTW	and	the	organism	
being	targeted.	EHRT	effluent	disinfection	has	been	fairly	well	demonstrated	using	indicator	
bacteria	after	chlorination	or	UV	irradiation	(Fitzpatrick	et	al.,	2013),	but	much	less	data	is	available	
for	actual	pathogens	and	other	disinfection	technology	alternatives.	
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During	a	recent	forum	(USEPA,	2014),	public	health	and	engineering	experts	discussed	the	public	
health	aspects	of	blended	effluents	from	POTWs,	including	findings	from	the	above	studies	and	
ongoing	research	efforts.	Most	of	the	experts	tended	to	agree	that	auxiliary	treatment	facilities	
could	be	designed	with	currently	available	disinfection	technologies	to	reduce	human	health	risks	
to	levels	that	would	be	indistinguishable	from	disinfected	conventional	secondary	effluents.	

Recent	wet‐weather	piloting	was	conducted	at	the	SWCWP	that	included	disinfection	dose	response	
testing	of	CES	and	CMF	effluents	with	hypochlorite,	ozone	and	UV.	These	piloting	efforts	along	with	
initial	findings	are	described	further	in	the	following	sections.	

5 Onsite Piloting of Auxiliary EHRT Alternatives 
Based	on	workshops	with	City	staff	and	conceptual	alternatives	assessments,	it	appeared	that	
additional	wet‐weather	treatment	capacity	at	SWCWP	would	be	most	feasible	through	the	addition	
of	a	wet‐weather	influent	flow	control	and	headworks	facility	followed	by	one	of	the	following	three	
alternatives	for	advanced	clarification.	

 CES	in	existing	Primary	Clarifier	No.	1	and	2.	This	concept	would	be	similar	to	the	“split	
treatment”	configuration	illustrated	on	Figure	4‐5,	except	that	the	wet‐weather	flow	split	
above	100	mgd	might	occur	with	primary	effluent	instead	of	primary	influent.	If	this	
alternative	were	to	be	developed	further,	additional	evaluations	would	be	recommended	to	
determine	if	the	existing	primary	influent	conveyance	structures	directly	to	Plant	1	and	2	
could	be	used	to	provide	additional	wet‐weather	capacity	with	lower	SOR	to	Primary	
Clarifier	No.	1	and	2.	These	evaluations	would	include	the	gravity	bypass	and	Parshall	flume	
to	Drop	Structure	No.	1	for	Plant	1	and	the	Plant	2	influent	screw	pump	station.	

 CES	in	the	existing	Peak	Flow	Clarifier.	This	concept	would	be	similar	to	the	peak	flow	
clarifier	configuration	illustrated	on	Figure	4‐5.	If	this	alternative	were	to	be	developed	
further,	additional	onsite	piloting	would	be	recommended	to	evaluate	coagulant	and	
flocculant	dosing	locations,	rapid	mix	and	flocculation	facilities,	and	performance	with	the	
existing	settling	basin	has	a	unique	geometry	much	different	than	the	existing	primary	
clarifiers.	

 Dual	wet‐weather	filtration	facility.	This	concept	would	install	a	new	filtration	facility	
that	would	supplement	the	existing	tertiary	filtration	capacity.	During	dry‐weather	
conditions,	the	new	facility	would	provide	filtration	of	secondary	clarifier	effluent,	whereas	
during	wet‐weather	conditions	it	would	filter	primary	effluent	and/or	primary	influent.	
Plant	1	currently	uses	deep‐bed	denitrification	sand	filters	with	a	capacity	ranging	from	20‐
40	mgd	depending	upon	the	duration	of	the	peak	flows.	Plant	2	currently	uses	shallow‐bed	
traveling	bridge	sand	filters	with	a	peak	capacity	of	approximately	30	mgd.	Thus	the	
existing	tertiary	filtration	capacity	is	approximately	50‐70	mgd,	which	is	approximately	30‐
50	mgd	less	than	the	100‐mgd	peak	flow	rating	of	the	remainder	of	the	Plant	1	and	2	
processes.	The	new	facilities	would	need	to	have	significantly	higher	solids	loading	capacity	
than	the	existing	sand	filtration		

Additional	onsite	piloting	of	CES	and	compressible	media	filtration	(CMF)	was	conducted	to	further	
evaluate	potential	impacts	to	the	existing	effluent	disinfection	process.	
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5.1 CHEMICALLY ENHANCED SEDIMENTATION (CES) 
Onsite	piloting	of	the	aforementioned	EHRT	alternatives	began	with	onsite	bench‐scale	jar	tests	to	
evaluate	coagulant	and	flocculant	alternatives	in	accordance	with	protocols	developed	in	
collaboration	with	SWCWP	staff	(Black	&	Veatch,	2012a).	The	results	were	used	to	establish	initial	
dosage	values	for	full‐scale	CES	demonstration	facilities	described	in	separate	memoranda	(Black	&	
Veatch,	2012b	and	2013).	The	temporary	chemical	storage	and	feed	facilities	for	the	full‐scale	CES	
stress	tests	on	the	existing	primary	clarifiers	are	shown	on	Figure	5‐1.	

a. Ferric Chloride Feed  b. Anionic Polymer Feed 

Figure 5‐1. Temporary Chemical Feed Facilities for Full‐Scale CES Stress Test Trials 
	

From	May	through	November	of	2013,	eight	different	trials	were	conducted	with	different	chemical	
doses	and	clarifier	surface	overflow	rates	(SOR)	as	summarized	in	Table	5‐1.	Major	findings	from	
these	trials	included	the	following:	

 TSS	removal	rates	generally	ranged	from	50	to	90%.	

 No	strong	correlation	to	SOR	was	observed.	However,	the	existing	influent	and	effluent	
conveyance	structures	for	the	test	clarifier	were	hydraulically	limited	to	approximately	77	
mgd,	which	limited	the	SOR	to	about	3,600	gpd/ft2	during	these	trials.	At	this	SOR,	
significant	influent	turbulence	was	observed	in	the	EDI	and	inlet	floc	well	as	pictured	on	
Figure	5‐2.	Calculations	confirmed	that	the	inlet	port	velocities	were	higher	than	generally	
recommended	which	may	have	adversely	impacted	process	performance.	It	should	be	noted	
that	these	stress‐tests	were	conducted	at	flows	up	to	154%	of	the	existing	clarifier	design	
rate	of	50	mgd.	As	shown	on	Figure	4‐4,	full‐scale	CES	trials	at	other	plants	have	found	
good	TSS	removal	rates	at	even	higher	SORs	(up	to	approximately	5,500	gpd/ft2).	Therefore,	
further	evaluations	of	this	alternative	should	consider	replacing	the	inlet	structures	with	
ones	designed	for	higher	peak	flow	rates	and	modifications	to	increase	influent	and	effluent	
conveyance	capacity	for	both	clarifiers	operating	in	parallel.	

 The	first	four	trials	appeared	to	suffer	from	excessively	high	polymer	dosages	that	–	along	
with	relatively	high	inlet	turbulence	‐	contributed	to	surface	foam	and	floating	floc	as	
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pictured	on	Figure	5‐2.	Foam	and	floating	floc	was	not	as	bad	during	later	trial	runs	with	
lower	inlet	turbulence	and	lower	polymer	dosages.	

Table 5‐1: Summary of Full‐Scale CES Trials at SWCWP 

Event	 Start	 Clarifier	SOR
	(gpd/ft2)	

Ferric	Dose	
(mg/L	as	FeCl3)

Polymer	dose	
(mg/L	as	active	aPAM)

1	 20	May	2013	22:00	 2,000	–	3,200	 70	– 80	 4	– 5	

2	 31	May	2013	07:00	 3,200	–	3,600 60	– 70	 Polymer	pump	failure		

3	 3	June	2013	12:00	 3,200	–	3,600 60	– 65	 4	– 5

4	 15	June	2013	13:00	 2,800	–	3,600	 30	– 32	 2	– 2.5	

5	 20	June	2013	05:00	 1,600	–	2,400	 15	– 20	 1	– 1.2	

6	 31	July	2013	09:30	 2,400	–	2,800	 16‐20 0.8

7	 28	Aug	2013	06:00	 1,000	–	1,200 33‐35 1.1

8	 12	Nov	2013	05:00	 1,000	–	1,200 30‐34 0.1

	

a. Inlet Turbulence at 3,600 gpd/ft2 (77 mgd)  b. Foam and Floating Floc from Excess Polymer  

Figure 5‐2. Visual Observations during June 3, 2013 CES Trial on Primary Clarifier No. 1 
	

The	main	goal	of	the	last	four	trial	runs	was	to	optimize	polymer	dosage	and	effluent	turbidity/TSS	
to	produce	effluent	quality	that	would	be	most	amenable	to	the	existing	effluent	ozonation	process	
as	well	as	potential	disinfection	alternatives.	Representative	results	from	this	phase	of	the	pilot	
study	(see	Figure	5‐3)	suggested	that	the	CES	effluent	was	readily	amenable	to	hypochlorite	for	
reduction	of	E.	coli	below	the	existing	permit	limit	of	126	#/100	mL;	however,	the	testing	failed	to	
demonstrate	similar	results	for	ozone	doses	up	to	20	mg/L.	Additional	effluent	disinfection	testing	
was	conducted	to	further	evaluate	disinfection	alternatives	as	described	elsewhere	in	this	report.	
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a. Ozone Disinfection  b. Chlorine Disinfection  

Figure 5‐3. Effluent Disinfection Dose Response from November 14, 2013 CES Trial 
	

5.2 BENCH TESTS OF CES AND COMPRESSIBLE MEDIA FILTRATION (CMF) 
To	further	evaluate	effluent	disinfection	of	the	EHRT	alternatives,	a	series	of	bench‐scale	tests	were	
conducted	to	simulate	effluent	characteristics	at	the	following	wet‐weather	flow	peaking	factors:	

 Peaking	factor	(PF)	=	1.	A	sample	of	primary	influent	(PI)	was	collected	on	March	31,	2014.	

 PF	=	2.	A	subsample	of	the	primary	influent	was	diluted	with	an	equal	volume	of	distilled	
water.	

 PF	=	4.	Distilled	water	was	added	to	a	subsample	of	the	primary	influent	at	a	volumetric	
ratio	of	3:1	(distilled:PI).	

 PF	=	8.	Distilled	water	was	added	to	a	subsample	of	the	primary	influent	at	a	volumetric	
ratio	of	7:1	(distilled:PI).	

Each	of	these	subsamples	were	analyzed	and	then	split	for	bench	treatability	tests.	One	of	the	split	
samples	was	jar	tested	according	to	the	protocols	mentioned	earlier	herein	(Black	&	Veatch,	2012a)	
to	simulate	CES	effluent	with	a	coagulant	dose	of	35	mg/L	FeCl3	and	a	polymer	dose	of	0.16	mg/L	
aPAM.	The	other	split	sample	was	filtered	through	10‐µm	filter	paper	to	simulate	CMF	effluent.	
Each	effluent	sample	was	then	tested	for	ozone	dose	response	and	collimated	beam	UV	dose	
response	using	E.	coli	as	the	indicator	organism.	The	results	from	these	bench	tests	are	summarized	
on	Figure	5‐4	and	Figure	5‐5.	Major	findings	from	these	side‐by‐side	bench	tests	included	the	
following:	

 As	the	peaking	factor	increased,	the	ozone	and	UV	dose	responses	became	more	favorable.	
Both	ozone	and	UV	were	able	to	achieve	adequate	coliform	inactivation	on	both	the	CES	and	
CMF	effluent	samples	at	a	peaking	factor	of	4	and	above.	

 These	data	suggest	that	the	CES	effluent	may	have	been	somewhat	more	amenable	to	
ozonation	than	the	CMF	effluent.	On	the	other	hand,	the	CMF	effluent	generally	tended	to	be	
more	amenable	to	UV	irradiation	than	the	CES	effluent.	Since	these	results	are	from	a	single	
sampling/test	event,	these	conclusions	are	very	preliminary	and	qualitative.	Firmer	
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conclusions	would	require	additional	testing	for	repeatability	and	quantification.	However,	
these	trends	do	seem	plausible	and	tend	to	agree	with	observations	from	other	similar	
studies	given	the	following	considerations:	

o The	CES	alternative	used	ferric	chloride,	which	is	known	to	enhance	the	removal	of	
naturally	occurring	organic	material	(NOM),	thus	potentially	lowering	the	ozone	
demand	and	increasing	its	availability	for	disinfection.	The	CES	alternative	also	
lowers	the	effluent	pH	which	tends	to	increase	ozone’s	bactericidal	properties.	

o The	particles	in	CMF	effluent	are	generally	smaller	and	less	flocculent	than	those	in	
CES	effluent,	thus	providing	less	shielding	from	UV	for	microbial	inactivation.	Also,	
the	CES	effluent	likely	contained	colloidal	iron	particles	which	are	known	to	absorb	
UV,	thus	inhibiting	UV	disinfection.	

EHRT	piloting	then	proceeded	to	the	next	phase	which	involved	onsite	testing	of	a	CMF	pilot	unit	as	
described	in	the	following	section.	

		
Figure 5‐4. Dose Response of CES and CMF Effluents to Ozonation 
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Figure 5‐5. Dose Response of CES and CMF Effluents to UV Disinfection  
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Initial	wet‐weather	flow	testing	with	the	pilot	unit	used	plant	non‐potable	water	(NPW)	mixed	with	
primary	influent	to	simulate	wet‐weather	influent	characteristics.	Subsequent	trial	runs	used	
primary	influent	during	peak	flow	conditions	from	actual	wet‐weather	events.	Feed	conditions	are	
summarized	in	Table	5‐2.	

Results	from	effluent	disinfection	dose	response	testing	are	summarized	on	Figure	5‐7	and	other	
relevant	effluent	permit	parameters	are	summarized	on	Figure	5‐8	through	Figure	5‐10.	At	the	time	
of	this	writing,	the	pilot	study	was	ongoing;	however,	preliminary	findings	from	the	results	
evaluated	thus	far	include:	

 Trial	run	CMF‐3	used	secondary	clarifier	effluent	from	Plant	2.	Effluent	turbidity	improved	
from	3.1	to	1.2	NTU.	Besides	flow	rate,	no	other	parameter	was	monitored	for	this	trial	run	
since	it	was	performing	tertiary	filtration.	The	effluent	quality	improvement	provided	by	
CMF	was	deemed	to	be	equal	or	better	than	what	was	being	provided	by	the	existing	sand	
filters.	
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 Trial	run	CMF‐4	used	a	surrogate	wet‐weather	influent	that	was	estimated	to	represent	
influent	characteristics	with	a	relatively	high	I/I	component	at	a	peaking	factor	of	
approximately	five	(5).	Trial	run	CMF‐8	also	used	a	surrogate	wet‐weather	influent	but	
represented	feed	characteristics	at	a	somewhat	lower	peaking	factor	of	approximately	2.5	
or	during	the	dilution	“tail”	of	an	extended	event.	Trial	run	CMF‐5	used	actual	wet‐weather	
influent	during	an	event	when	the	SWCWP	was	operating	at	a	peaking	factor	of	
approximately	two	(2).	

 The	disinfection	dose	response	results	indicated	that	at	the	highest	simulated	peaking	
factor	(Run	CMF‐4),	ozonation	of	the	CMF	effluent	achieved	the	permit	limit	value	for	
Outfall	#001.	At	the	lower	peaking	factors	(Run	CMF‐8	and	CMF‐5),	ozonation	of	CMF	
effluent	did	not	achieve	the	permit	limit	value.	However,	these	tests	were	on	CMF	effluent	
alone,	not	in	combination	with	effluent	from	Plant	1	and	2.	Further	evaluation	is	
recommended	to	estimate	ozonation	requirements	at	different	ratios	of	auxiliary	CMF	
effluent	combined	with	Plant	1	and	2	effluents.	

 The	UV	collimated	beam	results	indicated	that	relatively	low	UV	doses	to	the	CMF	effluent	
achieved	the	permit	limit	value	at	all	of	the	peaking	factors	that	were	simulated.	

 The	influent	and	effluent	data	demonstrated	excellent	TSS	removal	with	CMF	effluent	values	
averaging	below	20	mg/L.	BOD	removal	was	also	significant	with	CMF	effluent	values	
averaging	approximately	46	mg/L.	No	removal	of	ammonia	was	measured	which	was	
expected	for	the	CMF	process.	Further	evaluation	is	recommended	to	estimate	effluent	
concentrations	at	different	ratios	of	auxiliary	CMF	effluent	combined	with	Plant	1	and	2	
effluents.	
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a. Tertiary Filtration Trial  b. Wet‐Weather Filtration Trials 

Figure 5‐6. CMF Pilot Facilities 
	 	

Table 5‐2: Summary of CMF Pilot Unit Runs at SWCWP 

Event	 Trial	
Run	
ID	

Start	Date	and	
Time	

Filter	
HLR		
(gpm/ft2)	

Secondary	
Effluent	
Feed	Rate	
(gpm)	

Primary	
Influent	
Feed	Rate	
(gpm)	

NPW	
Feed	Rate	
(gpm)	

1	 CMF‐3	 14	May	2014	09:30	 13.6 277 0 0	

2	 CMF‐4	 20	May	2014	12:07	 8.9 0 33 147	

3	 CMF‐8	 9	June	2014	11:45	 9.1 0 154 30	

4	 CMF‐5	 8	July	2014	12:17	 9.8 0 199 0	

5	 CMF‐6	 14	Oct	2014	hh:mm TBD TBD TBD TBD	
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Pending Results from CMF‐6  Pending Results from CMF‐6 

a. Ozone Disinfection  b. UV Disinfection  

Figure 5‐7. Effluent Disinfection Dose Response from Wet‐Weather CMF Trials 
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Figure 5‐8. CMF Pilot Unit Influent and Effluent TSS 
	

		
Figure 5‐9. CMF Pilot Influent and Effluent BOD5 
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Figure 5‐10. CMF Pilot Influent and Effluent NH3‐N 
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 The	projected	AA	loading	for	each	pollutant	loading	parameter	was	multiplied	by	its	
respective	average	MM:AA	ratio	to	estimate	the	MM	daily	loadings	in	the	year	2031.	

These	data	and	evaluation	results	are	also	shown	graphically	on	Figure	6‐1	and	Figure	6‐2.	
Observations	from	these	evaluations	include:	

 The	current	influent	TSS	loadings	are	at	the	design	loadings	used	for	the	basis	of	design	for	
the	last	upgrade	project.	Table	I‐8	of	the	Phase	6	Improvements	Design	Memorandum	
(Black	&	Veatch,	2002)	indicates	that	the	existing	facilities	were	designed	based	on	influent	
TSS	loadings	of	69,800	lbs/day	under	AA	conditions	and	91,300	lbs/day	for	MM	conditions.	
Further	review	of	Table	2‐2	indicates	that	TSS	loads	were	at	or	above	the	Phase	6	design	
criteria	for	each	of	the	past	seven	years	for	both	AA	and	MM	conditions.	

 The	current	influent	BOD	loadings	are	near	the	design	loadings	used	for	the	basis	of	design	
for	the	last	upgrade	project.	Table	I‐8	of	the	Phase	6	Improvements	Design	Memorandum	
(Black	&	Veatch,	2002)	indicates	that	the	existing	facilities	were	designed	based	on	influent	
BOD	loadings	of	77,000	lbs/day	under	AA	conditions	and	93,100	lbs/day	for	MM	conditions.	
Further	review	of	Table	2‐2	indicates	that	the	AA	BOD	loads	were	at	or	above	the	Phase	6	
design	criteria	in	2007	and	2008	and	approached	the	criteria	in	2013.	The	MM	BOD	loads	
were	at	or	above	the	Phase	6	design	criteria	each	of	the	past	seven	years	except	for	2011.	

 The	current	influent	TKN	loadings	are	at	approximately	50%	of	the	design	loadings	used	for	
the	basis	of	design	for	the	last	upgrade	project.	Table	I‐8	of	the	Phase	6	Improvements	
Design	Memorandum	(Black	&	Veatch,	2002)	indicates	that	the	existing	facilities	were	
designed	based	on	influent	TKN	loadings	of	10,200	lbs/day	under	AA	conditions	and	12,200	
lbs/day	for	MM	conditions.	Further	review	of	Table	2‐2	indicates	that	the	AA	TKN	loads	
were	all	below	the	Phase	6	design	criteria	for	each	of	the	past	seven	years,	and	the	MM	TKN	
loads	only	exceeded	the	Phase	6	design	criteria	in	2008.	TKN	loadings	have	generally	been	
trending	downward	over	the	last	seven	years.	

 The	current	influent	TP	loadings	are	below	50%	of	the	design	loadings	used	for	the	basis	of	
design	for	the	last	upgrade	project.	Table	I‐8	of	the	Phase	6	Improvements	Design	
Memorandum	(Black	&	Veatch,	2002)	indicates	that	the	existing	facilities	were	designed	
based	on	influent	TP	loadings	of	2,150	lbs/day	under	AA	conditions	and	2,510	lbs/day	for	
MM	conditions.	Further	review	of	Table	2‐2	indicates	that	the	TP	loads	were	all	below	the	
Phase	6	design	criteria	for	each	of	the	past	seven	years,	and	the	MM	TP	loads	only	exceeded	
the	Phase	6	design	criteria	in	2008	and	2009.	TP	loadings	have	generally	been	trending	
downward	over	the	last	seven	years.	

 Further	evaluation	is	recommended	to	determine	if	the	recent	loading	trends	are	
anticipated	to	continue	into	the	future.	Additional	evaluations	should	also	be	conducted	to	
determine	if	additional	BOD	and	TSS	treatment	capacity	is	truly	needed	or	if	the	BOD	and	
TSS	rating	of	the	existing	facilities	should	be	adjusted.	

Table 6‐1. Summary of Dry‐Weather Loading Rate Projections for SWCWP 

YEAR	 POPULATION	 TSS	 BOD	 TKN	 TP	
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(LBS/DAY)	 (LBS/DAY)	 (LBS/DAY)	 (LBS/DAY)	

2011	 174,447	 	

Annual	Average	(AA)	Loadings	 72,496 63,494 6,148 863

AA	Loadings	Per	Capita	
(lb/cap/d)	

0.416 0.364 0.035 0.005

2031	 224,930	(projected)	 	

Projected	AA	Loadings	 93,476 81,868 7,927 1,113

Average	MM:AA	ratio	from	
2008‐2013	influent	data	

1.60 1.45 1.53 2.46

Projected	Maximum	Month	
(MM)	Loadings	

149,134 119,030 12,136	 2,737

MM	Design	Criteria	from	
Phase	6	Improvements	Project	

91,300 93,100 12,200	 2,510

	

	
Figure 6‐1. Projected Annual Average Daily Loadings for SWCWP 
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Figure 6‐2. Projected Maximum Month Daily Loadings for SWCWP 
	

7 Conclusions and Recommendations 
Major	conclusions	and	recommendations	from	these	evaluations	of	wet‐weather	flow	treatment	
alternatives	are	as	follows:	

 The	existing	Plant	1	and	Plant	2	processes	appear	to	be	capable	of	treating	wet‐weather	
flows	up	to	approximately	100	mgd.	However,	this	flow	rating	is	contingent	on	the	influent	
characteristics	having	typical	first‐flush	and	dilution	dynamics	as	have	been	exhibited	in	the	
past.	Further	evaluation	is	recommended	to	determine	if	the	recent	upward	trends	in	
influent	loading	are	anticipated	to	continue	into	the	future.	Additional	evaluations	should	
also	be	conducted	to	determine	if	additional	BOD	and	TSS	treatment	capacity	is	needed	or	if	
the	BOD	and	TSS	ratings	of	the	existing	facilities	should	be	adjusted.	

 The	results	on	Figure	2‐17	through	Figure	2‐19	demonstrate	the	practicality	of	expressing	
limits	for	activated	sludge	facilities	as	weekly	averages	and	monthly	averages	instead	of	
daily	maximum	values.	This	is	especially	true	for	WQBEL	that	are	intended	to	be	protective	
of	chronic	water	quality	criteria.	It	is	recommended	that	further	evaluations	be	conducted	
to	determine	the	feasibility	of	replacing	the	existing	daily	maximum	permit	limits	with	
weekly	averages.	

 For	approximately	2.5	days	of	the	modeled	5‐year	storm	event,	the	Stage	2	clarifiers	for	
Plant	1	were	predicted	to	operate	approximately	13%	higher	than	the	peak	SOR	
recommended	by	Ten	States	Standards	(GLUMRB,	2004).	Since	final	clarifiers	are	typically	
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the	process	bottleneck	for	handling	wet‐weather	flows	through	activated	sludge	systems,	
more	in‐depth	evaluations	of	the	SWCWP	clarifiers	are	recommended.	Field	testing	should	
include	stirred	settling	tests	to	determine	site‐specific	MLSS	settling	flux	curves,	state	point	
analyses	(SPA),	and	discrete	and	flocculated	suspended	solids	(DSS/FSS)	in	accordance	with	
industry	standard	protocols	(WERF/CRTC,	2001).	

 Further	evaluations	and	negotiations	are	recommended	for	NPDES	permitting	of	wet‐
weathers	discharges,	particularly	with	regards	to	ammonia	and	potentially	other	
parameters	that	have	water	quality‐based	effluent	limits	(WQBEL).	The	auxiliary	treatment	
strategy	does	not	appear	to	violate	water	quality	criteria,	but	even	with	state‐of‐the‐art	
EHRT	technologies,	those	criteria	must	be	properly	translated	into	effluent	permit	limits	to	
avoid	“on	paper”	compliance	risks.	Considerations	should	include:	

o The	feasibility	of	expressing	ammonia	limits	as	weekly	averages	instead	of	daily	
maximums.	

o The	feasibility	of	basing	intermittent	peak	wet‐weather	flow	limits	on	acute	water	
quality	criteria	as	opposed	to	normal	dry‐weather	chronic	criteria.	

o The	feasibility	of	flow‐tiering	concentration	limits	when	flows	in	Wilson	Creek	are	
significantly	higher	than	dry‐weather	low‐flow	criteria.	

o The	feasibility	of	developing	site‐specific	technology‐based	effluent	limits	(TBEL)	to	
be	used	during	periods	of	peak	wet‐weather	flows	as	an	alternate	to	WQBEL.	

o The	feasibility	of	developing	best	management	practices	(BMPs)	as	an	alternate	
control	mechanism	to	numerical	effluent	limitations	during	periods	of	peak	wet‐
weather	flows.	

o Similar	evaluations	for	other	parameters	besides	ammonia	that	have	WQBEL.	

 CES	and	CMF	both	appear	to	be	feasible	alternatives	for	increasing	the	wet‐weather	flow	
treatment	capacity	at	SWCWP.	It	is	recommended	that	these	alternatives	continue	to	be	
developed,	refined	and	evaluated	in	future	facility	planning	and	pre‐design	studies.	
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BLACK & VEATCH CORPORATION  8400 Ward Parkway  Kansas City, MO 64114 USA  Telephone: 913.458.2000 
 

 
City of Springfield, Missouri  B&V Project 174012.0720 
Sanitary Sewer Overflow Control Program  B&V File 42.5320 
Southwest WWTP Process Analysis August 16, 2012 
CES Jar Testing   
 
Prepared by: Jim Fitzpatrick and Anjana Kadava 
 
Reviewed by: Dave Bunch 
 

1. EXECUTIVE SUMMARY 
Jar testing of chemically enhanced sedimentation (CES) alternatives was conducted at the 
Southwest Wastewater Treatment Plant (SWTP) on May 22, 2012 as an initial step in the wet-
weather stress testing that is to be conducted at the facility as part of the Sanitary Sewer 
Overflow Control Program (OCP). 
 
Major conclusions and recommendations from these tests include the following: 

 
 Further evaluation of the full-scale facilities and confirmation of the chemical unit costs 

assumed herein are recommended to select between the two following chemical 
alternatives for the initial full-scale CES trials: 
 

o Alternative 1 = Sedimentation enhanced with alum as a primary coagulant and an 
anionic polyacrylamide as a flocculant. Design of this alternative should be based 
on an alum dose of 90 mg/L (as Al2(SO4)3·14H2O) and an anionic polyacrylamide 
dose of 0.6 mg/L (as active polymer). 
 

o Alternative 2 = Sedimentation enhanced with ferric as a primary coagulant and 
an anionic polyacrylamide as a flocculant. Design of this alternative should be 
based on a ferric dose of 64 mg/L (as FeCl3) and an anionic polyacrylamide dose 
of 0.6 mg/L (as active polymer). 

 
 Jar testing and CES modeling indicated that sufficient alkalinity was present to buffer 

coagulant doses up to the values mentioned above. Should future testing suggest the 
need for additional pH buffering, then a caustic (NaOH) or magnesium hydroxide 
(Mg(OH)2) storage and feed system should be considered. Alternatively, a polyaluminum 
chloride (PACl) with high basicity should be considered as a primary or secondary 
coagulant. 

 
 Further evaluations are recommended to determine whether the full-scale CES trials 

should be conducted at one or both of the following sedimentation facilities: 
 

o Alternative A = Primary Clarifiers No. 1 & 2 
 

o Alternative B = Peak Flow Clarifier 
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A preliminary review of the “as built” drawings from the Phase 6 Improvements suggests 
that optimal coagulation and flocculation facilities for Alternative A already exist; 
however, significant modifications appear necessary to optimize these processes for 
Alternative B. However, Alternative B may be the preferred alternative for permanent 
implementation of CES for wet-weather flows. 
 

 As is the nature of jar tests, settling was conducted under ideal conditions. Therefore, it 
is recommended that these jar tests be followed by full-scale stress testing trials to 
evaluate the hydrodynamic performance of the existing clarifiers with chemical 
enhancements. These trials should be aimed primarily at developing a relationship 
between effluent TSS concentration (or TSS removal rate) as a function of surface 
overflow rate (SOR). Recent full-scale CES trials elsewhere have demonstrated 
successful performance on wet-weather flows at SORs up to 5,300 gpd/ft2 (Krugel et al., 
2005). Effluent samples should be collected during these trials for disinfection testing 
(anticipated to be bench-scale ozonation tests, unless the full-scale CES trials also 
involve full-scale trials with the existing ozonation system). The full-scale trials should 
also evaluate sludge quantity, quality and handling operations. After development of the 
SOR performance curves, subsequent trial runs should be conducted to further optimize 
the dosages of each chemical and, if needed, evaluate alternate feed locations for the 
coagulant and flocculant. Field testing of dispersed suspended solids and flocculated 
suspended solids (DSS/FSS Testing) in accordance with procedures similar to those 
outlined by WERF in their Protocols for Evaluating Secondary Clarifier Performance 
(2001) should also be considered. 

 
Protocols should be developed for the full-scale stress tests that outline CES operating 
conditions, monitoring requirements, sampling and analysis and other procedures. A 
generic protocol document can be developed, but the significant differences in the 
design of Primary Clarifier No. 1 and 2 compared to the Peak Flow Clarifier are likely to 
require that certain details be different in the operating and test procedures for these two 
alternatives.  

2. INTRODUCTION 
The City of Springfield’s Sanitary Sewer Overflow Control Program (OCP) includes wet-weather 
stress tests of chemical enhancements to the two existing165-ft diameter primary clarifiers at 
the Southwest Wastewater Treatment Plant (SWTP). Hydraulic profile drawings from the Phase 
6 Improvements suggest that the clarifier designs were based on average and peak hydraulic 
flow rates of 50 and 100 mgd, respectively. With both clarifiers in service, these flow rates 
translate to SORs of 1,170 gpd/ft2 and 2,340 gpd/ft2, both of which are slightly higher than 
criteria suggested by Ten States Standards (2004) for conventional primary sedimentation, but 
well below the values typically found to be acceptable for CES applications. 

In preparation for full-scale stress tests, jar testing of different CES chemical regimes was 
conducted to help determine the dosages of coagulant(s) and flocculant(s) that will be used in 
the full-scale tests and also help identify potential water chemistry issues that might become 
problematic. 
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The purpose of this Technical Memorandum (TM) is to document the jar testing that was 
conducted at the SWTP on May 22, 2012. These results will be used in further evaluations of 
alternatives for full-scale CES stress testing that will be addressed in a separate protocol 
document for that testing. 

3. INFLUENT SAMPLE COLLECTION 
At 10:20 a.m. on Tuesday, May 22, 2012, approximately 30 gallons of primary influent was 
collected from the flocculating feedwell of Primary Clarifier No. 1 (see Figure 1). The SWTP 
appeared to be operating at normal dry-weather flow rates and the turbidity of the primary 
influent sample measured approximately 200 NTU. To better represent wet-weather influent 
characteristics, 10 gallons of the primary influent sample was diluted with 10 gallons of distilled 
water (from the SWTP laboratory) to provide the “untreated” sample subjected to the jar testing 
described herein. Figure 2 shows the equipment used for preparation, mixing and storage of the 
untreated sample. 

4. JAR TESTING  
Jar testing was conducted in the laboratory at the SWTP. Figure 3 shows the six-place gang 
stirrer that was used for the jar testing along with the equipment listed in Table 1. Samples of 
the coagulants and flocculants listed in Table 2 were provided by the City for this testing. 
 
Testing was conducted in accordance with the protocols developed and submitted earlier in the 
project (see Appendix A). The summary spreadsheets provided in Appendix B document the 
test conditions (mixing speeds and times) that were used in the series of jar tests to simulate the 
mixing energies and contact times that are currently anticipated for wet-weather flows (assumed 
to occur when influent flows are in the range of 50 to 140 mgd), which generally consisted of the 
following steps: 
 

 Coagulant Mixing – The SWTP currently has facilities for dosing a coagulant into the 
Headworks Effluent Box which discharges through 285 feet of 84-in pipe to the Influent 
Pump Station which discharges through 485 feet of 72-in pipe to the Primary Influent 
Distribution Box. To approximate the mixing energy and coagulant contact time 
anticipated from these facilities, this step of the jar tests used 5 seconds at 300 rpm (to 
simulate influent pump impeller and discharge column) followed by 216 seconds at 50 
rpm (to simulate the influent force main and Primary Influent Distribution Box). 
 

 Flocculant Mixing – The Primary Influent Distribution Box overflows into Rapid Mixing 
Chambers, each equipped with a chemical diffuser pipe and 60-hp top-entry mechanical 
mixer for dilute polymer solution feed and dispersion. This step of the jar tests used 85 
seconds at 300 rpm to simulate the mixing turbulence and contact time from these 
facilities. 
 

 Flocculation – Each primary clarifier has 175 feet of 54-in influent pipe, a center 
column, energy dissipating inlet (EDI) and flocculating feedwell baffle. To approximate 
the mixing energy and contact time anticipated from these facilities, the jar testing used 
142 seconds at 35 rpm for this step. 
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 Settling – Each jar test used a settling time of 3 minutes. For the particular jars used in 

these tests, a 3 minute settling time theoretically equates to a surface overflow rate 
(SOR) of approximately 1,200 gpd/ft2. 

 
 Decant  - Collect supernatant for laboratory analysis. 

 
Turbidity and pH of untreated and treated samples were measured and used to optimize the 
dosage of coagulants and flocculants. Temperature and UV transmittance measurements of 
untreated and treated samples were also measured to monitor the raw water quality over the 
testing period. Samples of the untreated water and treated supernatants were given to the City 
for additional laboratory analyses. 

4.1 Coagulant and Flocculant Dose Optimization 
Round 1 included a series of jars with different coagulant doses but the same flocculant dose in 
each jar. As shown on Figure 4, the first five jars had increasing doses of ferric chloride (ferric) 
all with the same dose of flocculant. The sixth jar contained no chemicals and was used for test 
control purposes. Figure 5 shows a similar series that was conducted with aluminum sulfate 
(alum) instead of ferric. 
 
Figure 6 and 7 graphically present the turbidity and pH data that were used to determine the 
optimum doses of ferric and alum. The optimum dose was primarily selected based on the 
lowest supernatant turbidity; however, pH was also measured to help identify potential buffering 
issues that might cause problems in downstream processes or for effluent discharge. As 
demonstrated by the data on Figure 7, increasing coagulant doses consumed alkalinity and 
depressed the effluent pH. This alkalinity consumption is one of the reasons that further 
chemical optimization trials are recommended during later rounds of the full-scale wet-weather 
stress tests. In some wet-weather CES applications, alkalinity has been found to be a limiting 
factor for the coagulant dose and process performance. From these data, a ferric dose of 70 
mg/L (as FeCl3) or an alum dose of 90 mg/L (as Al2(SO4)3·14H2O) were selected for further 
consideration. 
 
Following the coagulant optimization rounds, another round was conducted to optimize the 
polymer dose. As shown on Figure 8, the first three jars had the same ferric dose with 
increasing doses of polymer. The second series of three jars were treated identical to the first 
three, except that the optimum alum dose was used instead of ferric. 
 
Turbidity measurements from the polymer optimization series are summarized on Figure 9. 
From these data, a polymer dosage of 0.6 mg/L (as 100% active polymer) was selected for 
further evaluation. 
 
After determining the optimum chemical doses, jars were treated side-by-side with each of the 
following alternative CES regimens for laboratory analyses (see Figure 10). 

 Jar 1 = No chemicals. Control jar representative of conventional sedimentation. 
 Jar 2 = Sedimentation enhanced with 70 mg/L FeCl3. Coagulant only. 
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 Jar 3 = Sedimentation enhanced with 90 mg/L Al2(SO4)3·14H2O. Coagulant only. 
 Jar 4 = Sedimentation enhanced with 0.6 mg/L Polydyne Clarifloc A-210P. Flocculant 

only. 
 Jar 5 = Sedimentation enhanced with 70 mg/L FeCl3 and 0.6 mg/L Polydyne Clarifloc A-

210P. Coagulant and flocculant. 
 Jar 6 = Sedimentation enhanced with 90 mg/L Al2(SO4)3·14H2O and 0.6 mg/L Polydyne 

Clarifloc A-210P. Coagulant and flocculant. 
 

Untreated and treated samples were analyzed by the City laboratory. 

4.2 Laboratory Results of Different CES Regimens 
Figures 11 through 22 present water quality characteristics of the untreated and treated 
samples from the various CES regimens that were jar tested. Observations from these data 
include the following: 

 
 Turbidity – The results on Figure 11 suggests that CES Regimen 5 (ferric + polymer) and 

6 (alum + polymer) both provided very high levels of turbidity removal. The coagulants 
alone appeared to provide some improvements in turbidity removal (particularly ferric), 
but particle flocculation and settling was observed to be more consistent and complete 
when the coagulant was paired with the anionic polymer. Although not quantified, the 
anionic polymer also appeared to form slightly denser floc particles and sludge blankets 
that were slightly less susceptible to resuspension from disturbances. 
 

 pH – The results on Figure 12 demonstrate that the metal salt coagulants also depress 
the pH (alkalinity co-precipitation is a side-reaction with coagulation). It should be noted 
that distilled water from the SWTP laboratory was used to dilute the primary influent 
samples for these jar tests to try to simulate dilute wet-weather flow characteristics. As 
discussed further below, the alkalinity measurements appeared to be abnormally high for 
the jar test samples. This dilution phenomenon is site specific (presence of acid rain, 
types of rocks or soils in the service area, collection system characteristics, alkalinity of 
domestic and industrial wastewaters, etc.), and a sampling program is currently ongoing 
to further evaluate and quantify influent characteristics during actual wet-weather flows 
into the SWTP. Alkalinity consumption is one of the reasons that further chemical 
optimization trials are recommended as part of the full-scale wet-weather stress tests. 
Alkalinity is particularly important for WWTPs that must nitrify, such as SWTP. 
 

 UV Transmittance – Although UV disinfection is currently not anticipated to be used in 
this application, the UV transmittance (UVt) was measured for general comparisons to 
the effluents from conventional wastewater treatment processes. , The results on Figure 
13 demonstrate that CES Regimens 5 and 6 both produced supernatant with similar UV 
transmittance well within the range generally found in the effluents from conventional 
secondary treatment processes. Note that UVt values greater than approximately 60 to 
65 are generally considered to be very amenable to UV disinfection mechanisms. Also 
note that these jar tests did not include disinfection dose response testing; however, it is 
recommended that the full-scale trials include disinfection testing of the CES effluent 



BLACK & VEATCH DRAFT 
 
City of Springfield, Missouri  B&V Project 174012.0720 
Sanitary Sewer Overflow Control Program  B&V File 42.5320 
Southwest WWTP Process Analysis August 16, 2012 
CES Jar Testing Page 6 
 
 

(anticipated to be bench-scale ozonation tests unless the full-scale CES trials will also 
include full-scale ozonation trials). 
 

 Total Suspended Solids – The total suspended solids (TSS) results shown on Figure 14 
followed the same general trends as those for turbidity (see above discussion).  
 

 Alkalinity – The alkalinity results shown on Figure 15 display the consumption that is 
typical for iron or aluminum based coagulants. However, the alkalinity of the untreated 
samples was unusually high for domestic wastewaters. A review of recent sampling data 
from SWTP indicated that the alkalinity of the untreated jar test sample was 
approximately two to three times higher than samples collected during wet-weather flow 
events. The unusually high alkalinity values were discussed with City laboratory staff, but 
the underlying cause could not be determined. The pH results discussed previously 
provided a cross-check to the alkalinity results and did not uncover any significant 
concerns other than to limit the ferric chloride dosage to a maximum value of 
approximately 70 mg/L, which is a relatively high dosage for CES applications. It is 
recommended that subsequent full-scale trial runs be conducted to determine if 
acceptable effluent quality can be achieved with lower coagulant dosages. 
 

 Biochemical Oxygen Demand – Figure 16 suggests that both Regimen 5 and 6 were 
able to significantly reduce the influent BOD5 concentration. Full-scale stress testing, 
dynamic influent characterization and dynamic wet-weather event process modeling are 
recommended as part of these planning studies to help better quantify the performance 
for the full-scale system and determine the event magnitudes, durations and frequencies 
that are likely to be able to be treated by the existing facilities while meeting monthly and 
weekly average NPDES permit limits. 
 

 Phosphorus – The data on Figure 17 indicate that both CES Regimen 5 and 6 provided 
significant amounts of TP removal with effluent concentrations consistently less than 1 
mg/l. This agrees favorably with the facility’s current practice of occasionally dosing alum 
upstream of the primary clarifiers to remove additional phosphorus as necessary to meet 
effluent permit limits. 
 

 Nitrogen – The data on Figures 18 and 19 suggest no ammonia removal and only 
perhaps a slight reduction of TKN, which would be expected for a physicochemical 
process such as CES. Since ammonia is completely soluble, any of its removal would 
require adsorption and/or oxidation. It is not unusual for wet-weather flows to display a 
lower ratio of soluble to particulate pollutants than dry-weather flows due to lower levels 
of hydrolysis during periods of higher flow rates. Therefore, it would be reasonable to 
expect slightly higher TKN reduction with actual wet-weather flows than demonstrated by 
this jar testing, which was conducted on surrogate samples of diluted dry-weather flows. 
 

 Metals – Total iron, manganese and copper were measured in the untreated and treated 
samples. Figures 20 and 21 indicate that the wastewater treated by ferric chloride may 
be expected to have higher concentrations of iron and manganese due to carryover of 
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ferric precipitates compared to other alternatives. Figure 22 indicates that there was 
some copper in the untreated wastewater sample that was reduced to near or below the 
detection limit (< 5 mg/l) with the addition of coagulant and polymer. These data will be 
considered in subsequent evaluations of disinfection alternatives. 

5. CONCLUSIONS AND RECOMMENDATIONS FROM JAR TESTS 
Conclusions and recommendations from these evaluations include the following: 
 

 As is the nature of jar tests, settling was conducted under ideal conditions. Therefore, it 
is recommended that these jar tests be followed by full-scale trials to evaluate the 
hydrodynamic performance of the existing primary clarifiers with chemical 
enhancements. These trials should be aimed at developing a relationship between 
effluent TSS concentration (or TSS removal rate) as a function of surface overflow rate 
(SOR). Recent full-scale CES trials elsewhere have demonstrated successful 
performance on wet-weather flows at SORs up to 5,300 gpd/ft2 (Krugel et al., 2005). The 
full-scale trials should also evaluate sludge quantity, quality and handling operations. 
After development of the SOR performance curves, subsequent trial runs should be 
conducted to further optimize the dosages of each chemical and, if needed, evaluate 
alternate feed locations for the coagulant and flocculant. Testing of dispersed suspended 
solids and flocculated suspended solids (DSS/FSS Testing) is also recommended in 
accordance with procedures similar to those outlined by WERF in their Protocols for 
Evaluating Secondary Clarifier Performance (2001). 

 
 It is recommended that designs for the full-scale trial facilities include further evaluations 

of the existing coagulant storage and feed facilities to determine if they are adequate or 
if modifications are recommended (including probable cost opinions) for the following 
coagulant alternatives: 

o Alum – Assume a dose of 90 mg/L (as Al2(SO4)3·14H2O).  
o Ferric chloride – Assume a dose of 64 mg/L (as FeCl3). 
o Jar testing and CES modeling indicated that sufficient alkalinity was present to 

buffer doses up to the values mentioned above. Should future testing suggest the 
need for additional pH buffering, then a caustic (NaOH) or magnesium hydroxide 
(Mg(OH)2) storage and feed system should be considered. Alternatively, a 
polyaluminum chloride (PACl) with high basicity should be considered as a 
primary or secondary coagulant. 

 
 It is recommended that designs for the full-scale trial facilities move forward with a 

flocculant system based on an anionic emulsion polyacrylamide product equivalent to 
Clarifloc A-210P at a dosage of 0.6 mg/l (as active polymer). The existing polymer tank 
and feeder/blender system should be further evaluated to determine if it is adequate or if 
modifications are recommended. For a permanent polymer system, the following 
alternatives should be further developed and evaluated: 

o A liquid, emulsion tote-based system without aging tanks should be considered 
for intermittent and infrequent applications. The simplicity (low maintenance) and 
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low capital cost of this system may outweigh the slightly higher polymer doses 
that are theoretically required without aging.  

o For longer duration applications, aging tanks and feed pumps should be 
considered to potentially increase polymer efficiency (i.e. lower dosage 
requirements). A dry polymer system should also be considered to potentially 
lower the polymer raw material costs (100% active product would be delivered 
vs. a 30% to 50% formulation with an emulsion product). Potential polymer usage 
savings will need to be compared to higher capital and maintenance costs 
associated with the additional equipment. 

6. RECOMMENDED NEXT STEPS TOWARD FULL-SCALE STRESS TESTS 
Collection system models are currently being developed to help determine design event influent 
hydrographs, which will ultimately be used as part of the basis of design for potential wet-
weather improvements under the OCP. Previous planning studies have suggested that the peak 
wet-weather flow capacity of the SWTP may need to be increased to as much as 140 mgd. In 
order to meet the OCP schedule constraints, it is proposed that the following preliminary 
evaluations and planning activities proceed at this time based upon 140 mgd as the peak hourly 
flow rate: 

 Further evaluation and selection of the coagulant to be initially tested at full-scale. 

 Evaluation of full-scale alternatives for CES. 

 Develop and establish protocols for full-scale CES stress tests. 

Following the completion of the collection system modeling and establishment of the design 
level of service and event influent hydrographs, the results of the preliminary planning and 
studies will be reviewed to determine whether additional evaluations would be recommended. 
The following subsections further describe these next steps. 

6.1 Evaluation and Selection of Coagulant and Flocculant 
The following chemical alternatives are recommended for further consideration: 

 
 Alternative 1 = Sedimentation enhanced with 90 mg/L Al2(SO4)3·14H2O and 0.6 mg/L 

Polydyne Clarifloc A-210P. Regimen 6 from the jar testing described above. 
 

 Alternative 2 = Sedimentation enhanced with 64 mg/L FeCl3 and 0.6 mg/L Polydyne 
Clarifloc A-210P. Jar Test Regimen 5, except with a slightly lower ferric dose for reasons 
explained further below. 
 

The plant currently has facilities for dosing alum into the Headworks Effluent Box on an as 
needed basis for phosphorus trimming. The flow schematic from the Phase 6 Improvements 
(B&V Project 62646, Drawing P1) also indicates that the plant has existing facilities for dosing 
alum into Junction Structure No. 1 upstream of the Peak Flow Clarifier. The existing storage and 
feed facilities should be evaluated to see if they are adequately sized for the range of alum 
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doses recommended by these jar tests and the range of influent flow rates anticipated for the 
full-scale stress tests. 
 
The existing storage and feed facilities should also be evaluated to determine if their materials 
of construction are appropriate for ferric chloride and if the facilities are sized adequately for the 
range of ferric doses recommended by these jar tests. The results of these evaluations should 
be documented in a separate technical memorandum for the full-scale stress tests along with 
any recommended changes (if needed) for those trials. 
 
The plant currently has an existing polymer tank and feeder/blender system for dosing a dilute 
polymer solution into each Rapid Mixing Chamber upstream of each Primary Clarifier. Flow 
schematics also indicate that the plant has existing facilities for dosing a diluted polymer 
solution into Junction Structure No. 1 at roughly the same location where alum can be dosed. 
These existing storage and feed facilities should be evaluated and any recommended changes 
(if needed) documented in the separate technical memorandum mentioned previously. 
 
Table 3 summarizes the unit costs and assumptions that were used in a preliminary evaluation 
of potential operating cost differences between these alternatives. The results of these 
evaluations are summarized on Figures 23 and 24. Notes and observations include the 
following:  

 
 Sensitivity to Number of Hours of Operation and Flow Rate – The additional annual 

operating costs for CES will be highly dependent upon the total volume of wet-weather 
flows treated in a given year, which can be highly variable. However, the wet-weather 
influent design hydrographs for this project are currently being developed as part of the 
ongoing collection system modeling efforts. Therefore, design criteria for the magnitude, 
duration and frequency of wet-weather flows have not been established at this time. For 
the purposes of this evaluation, the two CES alternatives were assumed to operate for 
the same number of hours at an average flow rate of 50 mgd above the base influent 
flow rate (when wet-weather CES was assumed to not operate). 

 
 Sensitivity to Coagulant Dose – As illustrated on Figure 23, the CES operating cost is 

most sensitive to the coagulant cost which is dependent upon its unit cost and dose. 
Further evaluations indicated that the doses recommended from the jar testing resulted 
in Alternative 2 having a slightly higher trivalent cation molar equivalency (Al3+ or Fe3+, 
which are theoretically the “active ingredient” for coagulation and co-precipitation 
reactions). Black & Veatch’s CES model predicted that the ferric dose assumed in 
Alternative 2 would consume slightly more alkalinity than the alum dose used in 
Alternative 1. This theoretical prediction is further supported by the jar test results on 
Figure 15. Dosing caustic at approximately 2 mg NaOH/L should compensate for this 
alkalinity consumption; however, for this intermittent application it would be more 
practical to simply lower the coagulant dose to match the alkalinity already available in 
the influent. Slightly lowering the ferric dose from 70 mg/L to 64 mg/L should alleviate 
the need to supplement alkalinity. Figure 24 illustrates that this lower dose would result 
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in the two alternatives having the same operating costs. For Alternative 2, it is 
recommended that the ferric dose be changed from 70 to 64 mg/L. 

 
 Sensitivity to Coagulant Unit Cost – Besides coagulant dose, the coagulant costs shown 

on Figure 23 also depend upon the coagulant unit costs. In the case of Alternative 1, the 
alum unit cost was based on recent bid data specific to the Southwest plant. However, 
site-specific data was not available for ferric; therefore, recent bid data from the City of 
Lawrence, KS was assumed for Alternative 2. Chemical costs are highly site-specific (for 
instance, 2009 bid costs for 33% FeCl3 in Charlotte, NC was $0.77/gallon). It is 
recommended that further evaluations be conducted to determine if the actual cost of 
ferric is likely to be significantly lower than the value assumed here. This could have a 
significant impact on the coagulant alternative recommended for full-scale operations. 
 

 Odor Control – One potential advantage with ferric is that it precipitates sulfides to help 
control sulfide-based odors, whereas alum does not. 
 

 Sludge Blanket Height – One potential disadvantage with alum is that the sludge it 
generates tends to thicken and dewater to a lesser degree than sludges generated from 
ferric use. This tends to translate to deeper sludge blankets in clarifiers when CES is 
operated with alum vs ferric and can also have a negative impact on sludge thickening 
and dewatering operations. Alum laden sludges tend to thicken and dewater similar to 
WAS, whereas ferric laden sludges tend to thicken and dewater similar to primary 
sludge. 

 

6.2 Evaluation of Full-scale CES Alternatives 
As mentioned above, the SWTP currently has facilities to dose alum and polymer upstream of 
the Primary Clarifiers as well as upstream of the Peak Flow Clarifiers. However, there appear to 
be significant differences in the mixing facilities that are available for coagulation and 
flocculation in these two alternatives. 

6.2.1  CES with Primary Clarifiers No. 1 & 2 
This alternative would involve treating the additional peak wet-weather flows through 
existing Primary Clarifiers No. 1 & 2. As mentioned above, these clarifiers were originally 
designed based on a total peak flow of 100 mgd (50 mgd each). Increasing the peak 
flow to 140 mgd (70 mgd each) would translate to an SOR of 3,270 gpd/ft2 for the two 
existing primary clarifiers, which is well within the range that has been demonstrated 
elsewhere to be acceptable for wet-weather CES applications. However, further 
evaluations are recommended to determine what additional upgrades would be needed 
to handle the additional peak flows through these two clarifiers. These evaluations would 
need to consider the following items: 

1. Hydraulic capacity of the influent conveyance infrastructure to the clarifiers. What 
(if any) changes would be needed to increase the peak flow capacity? For 
intermittent wet-weather applications, firm capacity requirements are generally 
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not affected and the total number of pieces of equipment and process units is 
commonly assumed to be available. 

2. Chemical feed locations and mixing facilities for coagulation and flocculation. 
Preliminary calculations indicate that the existing feed locations and mixing 
equipment should provide adequate contact times and energies for coagulation 
and flocculation. These calculations are further supported by the jar test results 
reported herein. 

3. Chemical storage and feed equipment, The original basis of design was for 
primary phosphorus removal and a peak flow rate of 100 mgd. Besides 
increasing the hydraulic peak design to 140 mgd, CES generally requires higher 
doses than primary phosphorus removal. 

4. Clarifier performance with CES enhancements. Full-scale stress tests are 
recommended for further evaluation of this item. The development of protocols 
for these full-scale tests is discussed further below. 

5. Effluent conveyance infrastructure. The Primary Clarifiers currently discharge to 
the Primary Effluent Distribution Box, which splits the flow to Plant 1 or 2. Further 
evaluations are recommended to determine how best to handle the additional 
peak wet-weather flows. There is concern that additional peak flows may upset 
the biological processes of Plant 1 and Plant 2. Based on wet-weather CES 
operations at other facilities, there appears to be good potential for the CES 
effluent quality to approach that of secondary effluent standards and be 
amenable to the existing effluent disinfection process at SWTP. It is 
recommended that the full-scale trials include the collection of effluent samples 
for ozonation jar testing and other related evaluations. 

6.2.2  CES with Peak Flow Clarifier 
Another full-scale CES alternative that appears to warrant further consideration would be 
to provide CES enhancements to the existing Peak Flow clarifier to handle the additional 
peak wet-weather flows. Further evaluations are recommended to determine the 
additional upgrades that might be needed to provide CES with these alternate facilities. 
These evaluations would need to consider the following items: 

1. Hydraulic capacity of the influent conveyance infrastructure to the Peak Flow 
Clarifier. What (if any) changes would be needed to increase the peak flow 
capacity? 

2. Chemical feed locations and mixing facilities for coagulation and flocculation. The 
flow schematic from the Phase 6 Improvements (B&V Project 62646, Drawing 
P1) indicates that Junction Structure No. 1 is the feed location for both polymer 
and alum. For CES applications it is generally recommended that the alum be 
thoroughly dispersed throughout the influent prior to the addition of the polymer 
flocculant. It is also not uncommon for supplemental mixing to be recommended 
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at the point of polymer addition to provide rapid dispersal throughout the influent 
stream. Further investigation of the existing facilities is needed to determine what 
modifications may be needed to provide more optimal coagulation and 
flocculation, which are vital to CES performance. 

3. Chemical storage and feed equipment, The evaluation described above would 
also apply to this alternative since both share the same storage and feed 
equipment. The only difference in this case would be the feed piping delivering 
the chemicals to the points of application. 

4. Clarifier performance with CES enhancements. The Peak Flow Clarifier has a 
significantly different design than Primary Clarifier No. 1 and 2 (geometry, inlet 
structure, effluent structure, solids handling mechanisms, etc.). Therefore, 
separate full-scale stress testing is recommended for the Peak Flow Clarifier as 
opposed to Primary Clarifier No. 1 and 2. 

5. Effluent conveyance infrastructure. The Peak Flow Clarifier currently discharges 
to Holding Pond No. 1 and 2 and/or Outfall 002. A preliminary goal of the OCP 
was to eliminate discharges of Peak Flow Clarifier effluent through Outfall 002. It 
is recommended that this goal be further clarified and confirmed with City staff to 
determine acceptable alternatives, which might include the following: 

a. If CES upgrades are made to the Peak Flow Clarifier, will CES effluent be 
allowed to be discharged through Outfall 002 under peak wet-weather 
flow conditions? 

b. Will Outfall 002 still be available for unanticipated emergency conditions? 
If so, will Peak Flow Clarifier discharges through Outfall 002 be 
considered an unanticipated emergency situation? 

c. Will CES effluent be allowed to be discharged through the existing 
Ozonation Tanks to Outfall 001? 

Answers to the above questions (and similar related regulatory policy issues) will 
need to be determined to evaluate this item. 

6.3 Develop Protocols for Full-Scale CES Stress Tests 
Protocols should be developed for the full-scale stress tests that outline CES operating 
conditions, monitoring requirements, sampling and analysis and other procedures. A generic 
protocol document can be developed, but the significant differences in the design of Primary 
Clarifier No. 1 and 2 compared to the Peak Flow Clarifier are likely to require that certain details 
be different in the operating and test procedures for these two alternatives. 
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Table 1 
Jar Testing Equipment 

Item Make Model Notes 
Gang Stirrer Phipps & Bird PB-900 Programmable, 6-place 
Turbidimeter Hach 2100P  

pH and Temperature Meter Used City’s bench meter in laboratory 
UVt Meter Trojan  254 nm wavelength 

 
Table 2 

Jar Testing Reagents
Chemical Function Supplied Form Supplier Notes 

Ferric Chloride Coagulant 33-36% FeCl3 
solution Kemira Water Solutions Trivalent cation (Fe3+)

Aluminum Sulfate Coagulant 48% Al2(SO4)3·14H2O 
solution 

Chameleon Industries 
Inc. Trivalent cation (Al3+) 

Clarifloc A-210P Flocculant 

Liquid emulsion 
34-41 wt% active 
High anionic charge 
and high MW 

SNF Polydyne Anionic 
polyacrylamide 
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Table 3 
Operating Assumptions for CES Cost Comparisons 

Assumption Alternative 1 
(Alum) 

Alternative 2 
(Ferric) Notes 

Influent Flow Rate 50 mgd  

Coagulant Dose 90 mg/L as 
Al2(SO4)3·14H2O 70 mg/L as FeCl3 Maximum recommended dosage from jar testing 

Coagulant Unit Costs 
$0.92 per gallon 
of 48 wt% 
Al2(SO4)3·14H2O 

$1.40 per gallon 
of 38 wt% FeCl3 

Alum costs based on current bid of $343.22 per 
dry ton for 48% Al2(SO4)3·14H2O solution provided 
by City of Springfield WWTP staff. Ferric costs 
based on 2010 bid for Lawrence, Kansas from 
Kemira for 38% FeCl3 solution 

Influent Alkalinity 227 mg/L as CaCO3 
Average from wet-weather sampling events in 
November 2011 and March 2012. 

Sodium Hydroxide $1.35 per gallon 

Cost basis for 50% NaOH solution used in 2009 
study for Dayton, Ohio. Provides a slight negative 
bias to ferric alternative in this case since 
coagulant dosing would likely be lowered instead 
of supplementing alkalinity in this application. 

Anionic Polymer 
Dose 0.6 mg/L as active polymer Recommended dosage from jar testing 

Anionic Polymer Unit 
Costs $2.06 per lb active polymer 

2010 bid costs for Lawrence, Kansas from BASF 
for Magnafloc 110L (an anionic emulsion polymer 
similar to Clarifloc A-210P) 

Dewatered Cake 
Quality 18% TS 23% TS Ferric-laden sludges tend to dewater better than 

alum-laden sludges.  

Sludge Disposal Cost $23 per wet ton of cake 
Assumes $100 per dry ton at 23% TS cake quality 
based on information provided by City of 
Springfield WWTP staff. 
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Figure 1. Primary Influent Sample Location  
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Figure 2. Untreated Sample Preparation and Mixing 



BLACK & VEATCH DRAFT 
 
City of Springfield, Missouri  B&V Project 174012.0720 
Sanitary Sewer Overflow Control Program  B&V File 42.5320 
Southwest WWTP Process Analysis August 16, 2012 
CES Jar Testing Page 18 
 
 
 

 
Figure 3. Jar Testing Equipment 
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Figure 4. Optimizing Ferric Dose (Polymer Rapid Mix Step) 

Control (No 
Chemicals)
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Figure 5. Optimizing Alum Dose (Flocculation Mix Step) 

Control (No 
Chemicals)
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Figure 6. Turbidity Data Used to Optimize Coagulant Doses  
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Figure 7. pH Data Used to Optimize Coagulant Doses 
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Figure 8. Optimizing Polymer Dose (Flocculation Mix Step) 

Increasing Polymer Dose with 
70 mg/L FeCl3

Increasing Polymer Dose with 
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Figure 9. Turbidity Data Use to Optimize Polymer Dose 
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Figure 10. Side-by-Side Jars with Selected Coagulant and Flocculant Doses 
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Figure 11. Turbidity Results from Different CES Regimens 
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Figure 12. pH Results from Different CES Regimens 
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Figure 13. UV Transmittance Results from Different CES Regimens 
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Figure 14. Suspended Solids Results from Different CES Regimens 
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Figure 15. Alkalinity Results from Different CES Regimens  
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Figure 16. Biochemical Oxygen Demand Results from Different CES Regimens  
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Figure 17. Total Phosphorus Results from Different CES Regimens  
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Figure 18. Total Kjeldahl Nitrogen Results from Different CES Regimens  

24.8 24.7

22.5 22.7
24.1

21.2 21.0

0

10

20

30

40

Untreated Regimen 1 
(Control):

No chemicals, 
just mixing and 

settling

Regimen 2:
70 mg/L FeCl3

Regimen 3:
90 mg/L Alum

Regimen 4:
0.6 mg/L A‐210P

Regimen 5:
70 mg/L FeCl3 + 
0.6 mg/L A‐210P

Regimen 6:
90 mg/L Alum + 
0.6 mg/L A‐210P

Su
p
e
rn
at
an

t T
o
ta
l K
je
ld
ah

l N
it
ro
ge
n
 (m

g
/L
)



BLACK & VEATCH DRAFT 
 
City of Springfield, Missouri  B&V Project 174012.0720 
Sanitary Sewer Overflow Control Program  B&V File 42.5320 
Southwest WWTP Process Analysis August 16, 2012 
CES Jar Testing Page 34 
 
 
 

 
Figure 19. Ammonia Results from Different CES Regimens  
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Figure 20. Iron Results from Different CES Regimens  
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Figure 21. Manganese Results from Different CES Regimens  
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Figure 22. Copper Results from Different CES Regimens 
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Figure 23. Breakdown of Additional Operating Costs for 50-mgd CES Treatment 
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 Figure 24. Potential Optimization of Ferric Dosage Based on Theoretical Alkalinity Constraint 
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1. BACKGROUND AND PURPOSE 

Chemically enhanced sedimentation (CES) has been used for centuries in drinking water 

treatment applications to enhance the removal of turbidity and naturally occurring 

organic material.  In wastewater treatment applications, CES is used to either decrease 

biological oxygen demand (BOD) loading to downstream liquid treatment processes or 

provide parallel auxiliary treatment of wet-weather flows that exceed the capacity of 

biological treatment processes.  When used in the former application, CES is sometimes 

referred to as chemically enhanced primary treatment (CEPT). When used in the latter 

application the effluent quality typically approaches secondary treatment standards and 

generally requires additional disinfection facilities to meet bacterial water quality 

standards. 

In the CES process, certain chemicals are added to the influent under specific mixing 

regimes upstream of the settling basins to promote coagulation and flocculation in 

order to enhance conventional gravity settling of colloidal material.   The added 

chemicals are referred to as coagulants and flocculants.  Commonly used coagulants are 

iron or aluminum salts, such as ferric chloride or ferric sulfate (ferric), aluminum sulfate 

(alum), sodium aluminate, or polyaluminum chloride (PACl).  Typically, a single 

coagulant is used; however, some studies have shown using a dual coagulant process 

has potential to improve settling.  Anionic polyacrylamides (aPAM) are the most 

commonly used flocculant in this application.  A cationic polymer may also be used to 

function as both a coagulant and flocculant; however, cationic polymers are more 

commonly used as dewatering or filter aids and have been found in most sedimentation 

applications to degrade sludge thickening characteristics, contributing to sludge blanket 

washout. 

Black & Veatch (B&V) has developed this protocol for conducting onsite jar testing at 

the Southwest Wastewater Treatment Plant (SWTP) to evaluate various coagulants and 

polymers to enhance the total suspended solids (TSS) removal in the existing primary 

clarifiers.  The goals of the jar testing study include: 

• Generation of dose response curves to estimate optimum doses for various 

coagulants and flocculants. 
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• Recommendation of optimized chemical dosing for full-scale wet weather 

stress testing.  

This protocol describes the roles and responsibilities for study participants and the 

protocols and procedures to be used for jar testing. 

2. STUDY PARTICIPANTS 

In order to successfully complete this study, a collaborative effort between B&V and the 

City of Springfield (City) will be necessary.  The detailed scope of supply in Section 5.2 

provides a more detailed list of items to be supplied for the jar testing study. In general, 

B&V will be responsible for conducting the jar testing and evaluating the lab results, 

while, the City is requested to provide the following items: 

• Access to the treatment facilities as needed for sample collection and testing 

activities including providing a location for conducting the testing 

• Coagulants and polymers for the jar testing 

• Laboratory analytical services  

Contact information for study participants is provided in Table 1.  Additional contact 

information can be found in the project management plan for this project. 

Table 1 
Contact Information 

Organization Contact Phone E-mail 

B&V 
Suzenne 

Carpenter 
913-458-3137 CarpenterS@BV.com  

B&V Jim Fitzpatrick 913-458-3695 FitzpatrickJD@BV.com  

B&V Anjana Kadava 913-458-3467 KadavaA@BV.com  

City  Karyn Highfill 
417-891-1600 

x140 
KHighfill@springfieldmo.gov  

City  Jim Burks 417-891-1600 JBurks@springfieldmo.gov  

mailto:CarpenterS@BV.com�
mailto:FitzpatrickJD@BV.com�
mailto:KadavaA@BV.com�
mailto:KHighfill@springfieldmo.gov�
mailto:JBurks@springfieldmo.gov�
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3. SAMPLE COLLECTION AND LABORATORY ANALYSIS 

Sample collection and laboratory analyses shall be in accordance with the general 

guidelines outlined in Standard Methods (2005).  The additional descriptions provided 

herein are intended to clarify site-specific procedures that may be unique to this study, 

not supersede any sampling and laboratory procedures or methods generally accepted 

for National Pollutant Discharge Elimination System (NPDES) activities.  The analytical 

methods that will be used for this study are summarized in Table 2. 

Table 2 
Summary of Analytical Methods 

Analyte 
Acceptable 
Methods 

Sample 
PreservationA 

Maximum 
Sample Hold 

Time 
Comments 

pH 

• Standard Method  
(SM) 4500-H+ B 

• Environmental 
Protection 
Agency (EPA) 
150.2 

None 15 minutes Measure during jar testing. 

Temperature - None 
Analyze 

immediately 

Measure during jar testing. 
Use separate thermometer 
or temperature sensor on 
pH meter. 

Turbidity • SM 2130 B Cool, ≤6°C 48 hours 
Measure during jar testing 
with Hach 2100P 
Turbidimeter. 

UV 
Transmittance 

Spectrophotometry 
(254 nm) 

None 
Analyze 

immediately 
Measure during jar testing.  

Total 
Suspended 
Solids (TSS) 

• SM 2540 D  
• EPA 160.2 

Cool, ≤6°C 7 days Laboratory analysis 

Carbonaceous 
Biochemical 
Oxygen 
Demand, 5-
day (BOD5) 

• SM 5210 B Cool, ≤6°C 48 hours Laboratory analysis 

Alkalinity 
(ALK) 

• SM 2320B Cool, ≤6°C 14 days Laboratory analysis 
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Table 2 (continued) 
Summary of Analytical Methods 

Analyte 
Acceptable 
Methods 

Sample 
PreservationA 

Maximum 
Sample Hold 

Time 
Comments 

Total 
Phosphorus 
(TP) 

• SM 4500-P B.5 
and E or F 

• EPA 365.3, 365.1 
Rev 2.0, or 365.4 

Cool, ≤6°C, 
H2SO4 to 

pH<2 
28 days 

Laboratory analysis. 
Persulfate digestion prior to 
analysis. 

Ammonia-
Nitrogen (as 
NH3-N) 

• SM 4500-NH3-B, 
C, D, E or G 

• EPA 350.2 Rev 2.0 

Cool, ≤6°C, 
H2SO4 to 

pH<2 
28 days Laboratory analysis 

Total Kjeldahl 
Nitrogen 
(TKN) 

• SM 4500-NorgB 
or C and 4500-
NH3B followed by 
4500-NH3C and 
E, or 4500-NH3F 
or G and D or E 

• EPA 351.1 or 
351.2 Rev 2.0 

Cool, ≤6°C, 
H2SO4 to 

pH<2 
28 days 

Laboratory analysis. 
Digestion and distillation 
prior to analysis. 

Total Copper 
(Cu) 

• SM 3111 B, 3113 
B, or 3120 B 

• EPA 200.9 Rev 
2.2, 200.7 Rev 
4.4, or 200.8 Rev 
5.4 

HNO3 to pH<2 6 months 
Laboratory analysis. 
Digestion prior to analysis. 

Total Iron (Fe) 

Total 
Manganese 
(Mn) 
A   Preserve sample within 15 minutes of collection unless sample will be analyzed within 15 minutes. 

4. RECORD-KEEPING 

Proper record-keeping and labeling are essential to this study.  Personnel involved shall 

keep records of samples collected and ancillary information pertaining to their 

collection, preservation, and delivery to the laboratory.  Data and information regarding 

jar testing shall be recorded on forms provided by B&V. 

Each sample or group of samples sent to the laboratory shall be accompanied by a 

chain-of-custody record or similar such documentation.  As a minimum, the record shall 

include:  sample identification number; signature of collector; date, time and location of 
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collection; sample type; sample preservation method; signatures of persons involved in 

the chain of possession (i.e. relinquished by and received by); and inclusive dates and 

times of possession.   

5. JAR TESTING 

Multiple jar tests will be conducted to help determine design dosages for the coagulant 

and flocculant to be used at the SWTP.  The anticipated process conditions (chemical 

doses, mix times, etc.) and monitoring parameters (analytical measurements) for these 

jar tests are summarized in following sections. 

5.1. JAR TEST SAMPLING 

Samples for the jar testing portion of this study are divided into two categories; 

• Untreated - Untreated wastewater samples shall be collected at appropriate 

points in the treatment plant.  The samples shall be representative of 

primary clarifier influent during wet-weather flow events but should not 

contain ferric chloride or abnormal amounts of centrate or other solids 

dewatering return flows.  If actual wet-weather flows are not available at the 

time of jar testing, primary clarifier influent shall be diluted with distilled 

water to match the influent turbidity unit (NTU) values anticipated for actual 

wet-weather flows. 

• Treated – Treated samples shall be decanted from the jar testing apparatus 

after the appropriate treatment procedure has been followed.   

Fresh untreated wastewater (less than 8 hours old) shall be used for jar testing.  

Approximately 30 gallons of untreated wastewater shall be collected using large plastic 

trash cans.  This amount of wastewater should be sufficient for both the treated and 

untreated samples in this protocol.    

The untreated influent will be divided into “untreated wastewater”, which will serve as 

the control sample, and “wastewater for bench-scale treatment”.  After bench-scale 

treatment, samples of the treated wastewater and the untreated wastewater will be 

collected and analyzed.  Parameters to be analyzed, quantity, required sample volumes 
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and containers are summarized in Table 3.  Sample quantities indicated in Table 3 

include both untreated and treated samples for one set of tests.  

Table 3 
Jar Testing Sample Analysis Summary 

Test/Analyte Quantity 
Sample 
Volume 

(ml) 

Container 
Material 

Notes 

pH 21 50 
glass or 
polyethylene 

Field analyze during testing. 

Temperature 3 - 
glass or 
polyethylene 

Field analyze during testing.  
Use temperature sensor on pH 
meter. 

Turbidity 34 20 glass cuvette Field analyze during testing. 
UVT 13 10 glass cuvette Field analyze during testing. 
Total Suspended 
Solids (TSS) 

13 1000 
glass or 
polyethylene 

Send to lab for analysis. 

Alkalinity (ALK) 13 
Subsample 
from TSS 

glass or 
polyethylene 

Send to lab for analysis. 

Total 
Phosphorus (TP) 

13 
Coordinate 
with lab 

polyethylene Send to lab for analysis. 

Ammonia (NH3 
as N) 

13 
Coordinate 
with lab 

polyethylene Send to lab for analysis. 

Total Kjeldahl 
Nitrogen (TKN) 

13 
Coordinate 
with lab 

polyethylene Send to lab for analysis. 

Biochemical 
Oxygen Demand, 
5-day (BOD5) 

13 
Coordinate 
with lab 

polyethylene Send to lab for analysis. 

Total Iron (Fe) 13 
Coordinate 
with lab 

polyethylene Send to lab for analysis. 

Iron (Fe) in TSS 
Filtrate 

13 
Coordinate 
with lab 

polyethylene Send to lab for analysis. 

Total Copper 
(Cu) 

13 
Coordinate 
with lab 

polyethylene Send to lab for analysis. 

Total Manganese 
(Mn) 

13 
Coordinate 
with lab 

polyethylene Send to lab for analysis. 

Sample preservation and hold times shall be in accordance with Table 2.  Other sample 

collection procedures and details shall be in accordance with good practices typically 
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recommended for wastewater sampling in conjunction with NPDES activities and in 

accordance with general guidelines outlined in Standard Methods (2005). 

5.2. TESTING EQUIPMENT 

Equipment required for field testing is summarized in Table 4.  The table also indicates 

the party responsible for providing each item.  The gang stirrer will be equipped with a 

variable speed controller capable of controlling the mixing speed between 0 and 300 

revolutions per minute (rpm).  Since jar testing requires simultaneous mixing speed 

changes and chemical dosing, the variable speed controller shall be programmable.  One 

person for every two places used on the gang stirrer will be necessary during 

disinfectant dose response testing.  Figure 1 and Figure 2 show the typical facilities that 

are used for the jar testing described in this protocol. 
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Table 4 
Jar Testing Equipment List 

Description Quantity B&V City 
Jar Testing Apparatus    
4 or 6-place gang stirrer (Phipps & Bird or equal) with 
programmable, variable speed controller. 

1   

Case w/foam insert for transporting gang stirrer 1   
Paddle/shaft assemblies for gang stirrer 1 per place   
Square beakers w/ decant valve and tube ( Phipps & Bird B-
KER2® or equal) 

1 per place   

Extension cord (25’, 14 ga, 3 wire) 1   
Rachet tie-downs for securing equipment in transit 4   
Sampling and Field Analytical Equipment    
Turbidimeter (Hach 2100P or equal) 1   
Cuvettes for turbidimeter 1 per place   
pH & temperature meter 1   

UVT meter (Trojan or equal) 1   
Cuvettes for turbidimeter 1   
Magnetic stir plate 2   
Magnetic stirrer bar 2   
Stopwatch 1   
5 gallon plastic buckets  6 A   
Lids for 5 gallon buckets 6 A   
Rope, 1/2" x 50' 1   
Large plastic container for storing sufficient amount of 
untreated water for all jar tests.  Clean trash cans work 
well. 

2   

Stirrer for large plastic container (boat paddle, 1x4, etc.). 1   
1 gallon plastic pitcher for transferring untreated water to 
jar tester. 

1   

250 ml plastic beakers/cups 12   
Assorted glassware (beakers, graduated cylinders, flasks, 
etc.) 

lot   

Sample containers, preservatives, labels, chains of custody, 
etc. 

TBD B   

Sample coolers and frozen gel packs TBD B   
Consumables    
Disposable syringes, 1 ml capacity, 0.1 ml increments 18   
Disposable syringes, 3 ml capacity, 0.1 ml increments 18   
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Disposable syringes, 5 ml capacity, 0.2 ml increments 18   
Disposable syringes, 10 ml capacity, 0.5 ml increments 18   
Disposable syringes, 30 ml capacity, 1.0 ml increments 18   

Table 4 (continued) 
Jar Testing Equipment List 

Description Quantity B&V City 
Coagulant A, ferric chloride (FeCl3), 30 to 40% solution 200 ml   
Coagulant B, alum (Al2(SO4)3•14H2O), 48 to 50% solution  200 ml   
Flocculant A, anionic polyacrylamide, 29% emulsion, 
Clarifloc A-210P, or equal  

25 ml   

Flocculant B, anionic polyacrylamide, 50% emulsion, 
BASF/Ciba Magnafloc 110L, or equal 

25 ml   

Sampling gloves (puncture resistant vinyl, nitrile or latex) 4 pair   
Disposable lab gloves (vinyl, nitrile or latex) 50 pair   
Miscellaneous    
Vehicle for transporting samples, if necessary (golf cart, 
pick-up truck, etc.) 

1   

Shelf for elevating gang stirrer ~12 inches above bench top. 
Allows simultaneous decanting of multiple jars. Gang stirrer 
shipping case may also work.   

1   

PPE (safety glasses or goggles, lab coat or coveralls) 3 sets   
Permanent marker 2   
Ballpoint pen, blue 2   
Pad of paper 2   
Distilled or DI water 2 gal   
Masking tape 1 roll   
Duct tape 1 roll   
A  Fewer may be required depending upon sample point location, jar testing location, means of sample 

transportation, and other site-specific factors. 
B  Provided by laboratory as part of their analytical services. Exact type (size, concentration, etc.) and 

quantity to be coordinated with laboratory.  
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Figure 1.  Containers for Sample Collection and Storage 

 
Figure 2.  Six-Place Gang Stirrer and Jar Testing Equipment 

Wastewater Sample Collection Containers

“Stirrer” Used To Keep The Sample Well Mixed 
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5.3. CHEMICALLY ENHANCED SEDIMENTATION TEST PROCEDURE 

The following procedures shall be used for CES jar testing: 

A. If syringes will be used for coagulant dosing, dilute reagent stock as needed so 

that jar test doses are within the syringe measurement range. Alternatively, the 

coagulant can be dosed as a concentrated liquid solution, if appropriate dosing 

equipment is used.  

B. If using a dry polymer, prepare a 0.1% (w/v) polymer solution by mixing 100 mg 

of dry polymer (or other polymer to be tested) to 100 ml of water.  The polymer 

should be added in a flask under vigorous mixing with a magnetic stirrer.  

Continue mixing for another 60 minutes until the polymer is completely 

dissolved and “aged”.  The aged polymer solution should not be used if it is older 

than 48 hours. 

C. If using an emulsion polymer, dilute it to 0.1% prior to application similar to the 

above procedure. The volume of neat emulsion polymer that is needed is 

dependent upon the supplied concentration of the product to be tested. 

D. Completely mix untreated wastewater and collect sample(s) for analyses. 

Perform field analyses as appropriate and prepare samples as needed for lab 

analyses. Refer to Table 3 for the particular analytes required for the particular 

study being conducted. 

E. Collect two (2) liters of untreated wastewater in a clean, square beaker equipped 

with decant valve and tubing (Phipps & Bird B-KER2 or equal). Repeat with other 

beakers until gang stirrer has all the beakers to be tested. Keep untreated 

wastewater well mixed during sample transfer to each beaker so that all beakers 

contain untreated water with the same representative sample characteristics. 
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F. Coagulant addition -  At time = 0 seconds, add coagulant dose and mix the 

sample at a mixing intensity that approximates full-scale conditions (use a 

default value of 100 rpm if full-scale conditions are unknown or if application is 

for a newly engineered design) for A seconds.  

• Select a value for A that provides complete mixing of the coagulant.  Use 

a value of 60 seconds, unless the following evaluation indicates that the 

mix time should be adjusted. 

 If application is a CES retrofit, calculate the full-scale contact 

time between the proposed coagulant feed point and the 

proposed polymer feed point.  If the full-scale contact time is 

less than 120 seconds, then decrease the value of A to 50% of 

the full-scale contact time. 

• Coagulant shall be from the solution prepared as described above in Step 

A.  Using a 5% w/v solution, a 10 mg/l dose equates to 0.4 ml to treat a 

two (2) liter sample. 

G. Polymer addition - At time = A seconds, add polymer and continue mixing at 100 

rpm for B seconds. 

• Select a value for B that provides complete mixing of the polymer.  Use a 

value of 15 seconds, unless the following evaluation indicates that the 

mix time should be adjusted. 

 If application is a CES retrofit, calculate the full-scale contact 

time between the proposed polymer feed point and the 

settling zone.  If the full-scale contact time is less than 30 

seconds, then decrease the value of B to 50% of the full-scale 

contact time. 

• Polymer shall be from the polymer solution prepared as described above 

in Step B.  Using a 0.1% w/v solution, a 1.5 mg/l dose equates to 3 ml to 

treat a two (2) liter sample. 
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H. Flocculation - At time = A+B seconds, reduce the mixing intensity and continue 

mixing for C seconds.  Mixing intensity should be such that there is just enough 

energy to keep the floc in suspension, but not enough to shear the floc.  A mixing 

speed of 35 rpm is generally adequate for CES applications. 

• If application is a CES retrofit or flocculation volume has already been 

fixed, determine C based on some percentage (use 50% unless other 

analyses indicate a more appropriate percentage) of the amount of 

contact time anticipated in the “flocculation zone” of the full-scale 

clarifier.  Otherwise, use a value of 180 seconds for C. 

I. Settling - At time = A+B+C seconds, stop all mixing and allow floc to settle for D 

seconds. 

• Use a value of 180 seconds for D unless other analyses indicate a more 

appropriate value. 

J. Decant - At time = A+B+C+D seconds, decant and dispose a small portion of 

treated wastewater through the beaker stopcock to clear the solids from the 

stopcock.  After disposing this initial portion, decant samples of treated 

wastewater into sample container(s) for field and/or laboratory analysis. 

K. Perform field analyses as appropriate and prepare samples as needed for lab 

analyses.  Refer to Table 3 for the particular analytes required for the particular 

study being conducted. 

L. Repeat Steps D through K for each different combination of coagulant and 

polymer dose.  If a gang stirrer jar tester is used, multiple doses can be jar tested 

simultaneously.  A suggested range of coagulant doses is 0, 15, 30, 60 and 120 

mg/L.  A suggested range of polymer doses is 0, 0.25, 0.5, 1, and 2 mg/L. 

M. If field turbidity is being used to determine optimal chemical dose, then 

determine the optimal coagulant and polymer dose.  Repeat Steps E through J 

with multiple jars, each with the same optimal chemical doses.  Decant and 

combine the effluent from the multiple jars to produce a single composite 

sample representative of treatment at the optimal chemical doses.  Repeat as 



City of Springfield 
Southwest Wastewater Treatment Plant 
Jar Testing Protocol for Chemically Enhanced Sedimentation 
  
 

 
  174012.0720 

 Page 15 DRAFT 

necessary to produce enough treated effluent to support the needed field and 

lab analyses.  If optimization is not being based on field turbidity, then enough 

treated effluent must be collected from each jar test to support lab analyses 

which will be used to determine optimal chemical doses.  Refer to Table 3 for the 

particular analytes required for the particular study being conducted.  

N. Repeat Steps A through M for each different type of coagulant being tested (e.g. 

ferric, alum, etc.). 

O. Repeat Steps A through M for each different type of polymer being tested (e.g. 

dry, emulsion, etc.).  

6. REFERENCES 

Standard Methods for the Examination of Water and Wastewater, 21st Edition (2005). 

American Public Health Association (APHA), American Water Works Association 

(AWWA), Water Environment Federation (WEF). 
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Jar test beaker volume = 2 liters

Untreated sample prepared by diluting Coagulants: A type = FeCl3 concentration = 34.5 %w/w = 472,650 mg/L sol'n

10 gallons of primary influent from PRCL No. 1 add 100 ml and adjust volume to 200 ml for 236,325 mg/L sol'n

with 10 gallons of distilled water from City laboratory B type = Al2(SO4)3·14H2O concentration = 48.1 %w/w = 639,237 mg/L sol'n

to try to mimic wet-weather influent add 100 ml and adjust volume to 200 ml for 319,619 mg/L sol'n

Flocculants: A type = A-210P concentration = 37.5 %w/w = 393,750

Anionic Acrylamide copolymer add 2 ml and adjust volume to 500 ml for 1,575 mg/L sol'n

Chemically Enhanced Sedimentation Test Conditions Field Measurements

Dose Volume
Mix1 

Intensity

Mix1 

Time

Mix2 

Intensity
Mix2 Time Dose Volume Mix Intensity Mix Time

Mix 

Intensity

Mix 

Time
Value accuracy Value accuracy Value accuracy Removal Value accuracy

mm/dd/yy hh:mm mg (Fe3+ 

or Al3+)/L
mg/L mL RPM sec RPM sec mg/L mL RPM sec RPM sec sec min SU SU °C °C NTU NTU % % %

Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3

1 5 - CES-1 22-May-2012 10:28
Surrogate Wet-Weather 

Primary Influent (see above)
Untreated - - - - - - - - - - - - - - 7.38 0.01 19.6 0.1 108 1 - - -

2 1 CES-2 22-May-2012
Surrogate Wet-Weather 

Primary Influent (see above)
FeCl3 + A210P 1 4.06 11.8163 0.1 300 5 50 216 0.315 0.4 300 85 35 142 180 7.06 0.01 - - 9.24 1 91% - -

3 1 CES-3 22-May-2012
Surrogate Wet-Weather 

Primary Influent (see above)
FeCl3 + A210P 2 8.13 23.6325 0.2 300 5 50 216 0.315 0.4 300 85 35 142 180 7.04 0.01 - - 10.1 1 91% - -

4 1 CES-4 22-May-2012
Surrogate Wet-Weather 

Primary Influent (see above)
FeCl3 + A210P 3 16.26 47.265 0.4 300 5 50 216 0.315 0.4 300 85 35 142 180 6.8 0.01 - - 2.61 1 98% - -

5 1 CES-5 22-May-2012
Surrogate Wet-Weather 

Primary Influent (see above)
FeCl3 + A210P 4 32.52 94.53 0.8 300 5 50 216 0.315 0.4 300 85 35 142 180 6.48 0.01 - - 2.16 1 98% - -

6 1 CES-6 22-May-2012
Surrogate Wet-Weather 

Primary Influent (see above)
FeCl3 + A210P 5 65.04 189.06 1.6 300 5 50 216 0.315 0.4 300 85 35 142 180 6.08 0.01 - - 17.2 1 84% - -

7 2 CES-7 22-May-2012
Surrogate Wet-Weather 

Primary Influent (see above)
Alum + A210P 1 1.4517362 15.98 0.1 300 5 50 216 0.315 0.4 300 85 35 142 180 6.72 0.01 - - 22.5 1 79% - -

8 2 CES-8 22-May-2012
Surrogate Wet-Weather 

Primary Influent (see above)
Alum + A210P 2 2.9034724 31.96 0.2 300 5 50 216 0.315 0.4 300 85 35 142 180 7.04 0.01 - - 14.2 1 87% - -

9 2 CES-9 22-May-2012
Surrogate Wet-Weather 

Primary Influent (see above)
Alum + A210P 3 5.8069449 63.92 0.4 300 5 50 216 0.315 0.4 300 85 35 142 180 7.02 0.01 - - 3.38 1 97% - -

10 2 CES-10 22-May-2012
Surrogate Wet-Weather 

Primary Influent (see above)
Alum + A210P 4 11.61389 127.85 0.8 300 5 50 216 0.315 0.4 300 85 35 142 180 6.81 0.01 - - 3.72 1 97% - -

11 2 CES-11 22-May-2012
Surrogate Wet-Weather 

Primary Influent (see above)
Alum + A210P 5 23.22778 255.69 1.6 300 5 50 216 0.315 0.4 300 85 35 142 180 6.48 0.01 - - 25.3 1 77% - -

12 3 CES-12 22-May-2012 11:49
Surrogate Wet-Weather 

Primary Influent (see above)
 70 mg/L FeCl3 + A210P 1 69.7159 0.59 300 5 50 216 0.1575 0.2 300 85 35 142 180 - - - - 7.03 1 93% - -

13 3 CES-13 22-May-2012 11:49
Surrogate Wet-Weather 

Primary Influent (see above)
 70 mg/L FeCl3 + A210P 2 69.7159 0.59 300 5 50 216 0.63 0.8 300 85 35 142 180 - - - - 2.97 1 97% - -

14 3 CES-14 22-May-2012 11:49
Surrogate Wet-Weather 

Primary Influent (see above)
 70 mg/L FeCl3 + A210P 3 69.7159 0.59 300 5 50 216 1.26 1.6 300 85 35 142 180 - - - - 3.31 1 97% - -

15 3 CES-15 22-May-2012 11:49
Surrogate Wet-Weather 

Primary Influent (see above)
90 mg/L Alum + A210P 4 89.4932 0.56 300 5 50 216 0.1575 0.2 300 85 35 142 180 6.09 1 94%

16 3 CES-16 22-May-2012 11:49
Surrogate Wet-Weather 

Primary Influent (see above)
90 mg/L Alum + A210P 5 89.4932 0.56 300 5 50 216 0.63 0.8 300 85 35 142 180 2.04 1 98%

17 3 CES-17 22-May-2012 11:49
Surrogate Wet-Weather 

Primary Influent (see above)
90 mg/L Alum + A210P 6 89.4932 0.56 300 5 50 216 1.26 1.6 300 85 35 142 180 3.91 1 96%

Side-by-side jars with for comparisons with optimal chemical doses. Side-by-side jars with for comparisons with optimal chemical doses. Side-by-side jars with for comparisons with optimal chemical doses. Side-by-side jars with for comparisons with optimal chemical doses. Side-by-side jars with for comparis     Side-by-side jars with for comparisons with optimal chemical dose

18 5 - CES-18 22-May-2012 12:15
Surrogate Wet-Weather 

Primary Influent (see above)
Untreated - - - - - - - - - - - - - - 7.22 0.01 18.9 0.1 92.5 1 - 32 1

19 CES-19 22-May-2012 12:30
Surrogate Wet-Weather 

Primary Influent (see above)
No chemicals, just mixing and settling 1 - 0 300 5 50 216 0 0 300 85 35 142 180 3 7.04 0.01 - - 81 1 12% 39 1

20 CES-20 22-May-2012 12:30
Surrogate Wet-Weather 

Primary Influent (see above)
70 mg/L FeCl3 2 69.7159 0.59 300 5 50 216 0 0 300 85 35 142 180 3 6.66 0.01 - - 13.4 1 86% 59 1

21 CES-21 22-May-2012 12:30
Surrogate Wet-Weather 

Primary Influent (see above)
90 mg/L Alum 3 89.4932 0.56 300 5 50 216 0 0 300 85 35 142 180 3 6.93 0.01 - - 33.5 1 64% 51 1

22 CES-22 22-May-2012 12:30
Surrogate Wet-Weather 

Primary Influent (see above)
0.6 mg/L A-210P 4 0 0 300 5 50 216 0.63 0.8 300 85 35 142 180 3 7.41 0.01 - - 48.7 1 47% 41 1

23 CES-23 22-May-2012 12:30
Surrogate Wet-Weather 

Primary Influent (see above)
70 mg/L FeCl3 + 0.6 mg/L A-210P 5 69.7159 0.59 300 5 50 216 0.63 0.8 300 85 35 142 180 3 6.8 0.01 - - 1.51 1 98% 73 1

24 CES-24 22-May-2012 12:30
Surrogate Wet-Weather 

Primary Influent (see above)
90 mg/L Alum + 0.6 mg/L A-210P 6 89.4932 0.56 300 5 50 216 0.63 0.8 300 85 35 142 180 3 6.99 0.01 - - 1.68 1 98% 73 1
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Value RL Removal Value RL Removal RL
Removal 

Efficiency
RL

Removal 

Efficiency
Value RL

Removal 

Efficiency
Value RL

Removal 

Efficiency
RL

Removal 

Efficiency
RL

Removal 

Efficiency
Value RL

Removal 

Efficiency
RL

Removal 

Efficiency

mg/L mg/L % mg/L as 
CaCO3

mg/L as 
CaCO3 % mg/L % mg/L % mg/L mg/L % mg/L mg/L % µg/L % µg/L % µg/L µg/L % µg/L %

Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3 Optimization rounds 1 to 3

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

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

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

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

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

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

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

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

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

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

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

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

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

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

        es. Side-by-side jars with for compariso     Side-by-side jars with for compariso     Side-by-side jars with for comparisons with   Side-by-side jars with for compar     Side-by-side jars with for comparisons with optim   Side-by-side jars with for comparison     Side-by-side jars with for comparisons with optimal chemical doses.

138 1 - 800 2.5 - 96 2 - 3.73 0.01 - 24.8 0.03 - 28.5 0.1 - 1900 20 - 1220 20 - 97.1 10 - 26.7 5 -

91 1 34% 680 2.5 15% 76 2 21% 3.17 0.01 15% 24.7 0.03 0% 30 0.1 -5% 1660 20 13% 1080 20 11% 87.7 10 10% 27.3 5 -2%

17 1 88% 460 2.5 43% 19 2 80% 0.37 0.01 90% 22.5 0.03 9% 29.8 0.1 -5% 2670 20 -41% 2540 20 -108% 181 10 -86% 7.3 5 73%

43 1 69% 560 2.5 30% 30 2 69% 0.96 0.01 74% 22.7 0.03 8% 30.1 0.1 -6% 607 20 68% 426 20 65% 69.5 10 28% 8.5 5 68%

76 1 45% 640 2.5 20% 53 2 45% 2.75 0.01 26% 24.1 0.03 3% 29.8 0.1 -5% 1310 20 31% 838 20 31% 80 10 18% 19 5 29%

2 1 99% 460 2.5 43% 18 2 81% 0.11 0.01 97% 21.2 0.03 15% 30.9 0.1 -8% 622 20 67% 582 20 52% 175 10 -80% 5.7 5 79%

2 1 99% 540 2.5 33% 17 2 82% 0.12 0.01 97% 21 0.03 15% 29.6 0.1 -4% 105 20 94% 106 20 91% 60.4 10 38% < 5 5 81%

Iron in TSS Filtrate

Value

µg/L

Value

BOD5

Value

mg/L

Total Phosphorus (TP)

µg/Lmg/L

Value

µg/L

Value

Ammonia Nitrogen (NH3-N)

Laboratory Measurements

TSS Total Manganese Total CopperTotal IronAlkalinity Total Kjeldahl Nitrogen (TKN)
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Basin Manhole Number Diameter (in) Customer Meter

Battlefield V15NW001LS 11.50 Battlefield

FC06 "A" P19SE001 36.00

FC06 "B" P19SE013 24.00

FC14 P17NW029 36.75

G12 T22SE004 24.00

JC11 M22SE007 15.00

JC22 O18NE025 35.00

JC23"A" O18NE010 24.00

JC27 P17NW024 30.00

JC31 P17NW034 42.00

JR07 W18NE002 8.00 English Village

LS03 T21SE002 18.00

LWC04 R14SE004 42.00

PC06 R24NW002 36.00

PR02 K18L4E034 36.00

PR18 J17SE001 42.00

R03 L15SW013 30.00 Willard - Upstream of FM Discharge

R04 K12L3E005 21.00 Willard - Upstream of Airport West LS

SB02 J16NE009 35.50

SB02"A" L15L1E004 30.00 Willard - Downstream of FM Discharge

SC05 R18NW006 36.00

SC16 R17SW080 24.00

SC17 R15SE014 30.00

SC19 R15SW003 60.00

SC21 S15SW001 18.00

SC21 "A" S15NW001AV 36.00

SDS05 L23L1W025 18.00

Strafford K25L3E001 14.25 Strafford

UWC09 P16SE026 36.00

UWC12 "A" P15NW019 35.50

UWC12 "B" P16NE039 36.00

WB12 U17SW001 24.00

Appendix 5A - Long Term Meters
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Basin Manhole Number
Diameter 

(in)

2011 

Fall

2012 

Spring

2012 

Fall

2013 

Spring

2013 

Fall

2014 

Spring

FC04A (FC06) O20SW045 12.00 X X

FC04B (FC06) O20SW025 12.00 X X

FC05A (FC06) P20NE061 24.00 X

FC05B (FC06) P20NE076 36.00 X

FC07 (FC08) P19SW092 9.75 X X

FC08A P19NW009 36.00 X

FC08B (FC09) P19NW006 24.00 X

FC09A P18NE038 27.00 X

FC09B  P18NE096 36.00 X

FC11 P18SW002 12.00 X

FC13 P18SW011 21.00 X X X

FC15 P21NE034 27.00 X X X

FC16 (FC15) P22NW022 21.00 X

G01 (G08) Q21SW024 12.00 X

G04 (G06) Q22SW002 15.00 X

G05 (G10) R22NW0101 18.00 X

G07 (G10) R22NW010 15.00 X

G08 R22NW117 15.00 X X X

G10 (G12) S22NW003 24.00 X

G13 R21NE032 12.00 X

JC01 (JC02) N17NE035 12.00 X

JC02 N18NW043 15.00 X X X

JC03 O18NW023 30.00 X

JC05 O18NW011 42.00 X X X X

JC08 N20NW014 18.00 X X X X

JC09 (JC08) N20NE035 18.00 X X

JC10 M21SW029 18.00 X X X

JC12 (JC13) N22SE028 12.00 X

JC13 N21SE049 18.00 X

JC15 N19SE034 10.00 X X X X

JC17 N20SW034 21.00 X X X X

JC21 N19SE044 24.00 X X X

JC22 "A" N19SE067 21.00 X X X X

JC23 O18NE094 30.00 X X X X

JC25 O17SE037 42.00 X X

JC26 P17NE003A 30.00 X

JC29 O17SE055 24.00 X X X

JC30 O18NE095 8.00 X X X

JC32 (JC29) O19SW070 18.00 X

LS01 (LS03) T21NW003 15.00 X

LS06 V20SE001 48.00 X X X

LWC03 (LWC04) Q15NW014 8.00 X

LWC07 P14SE005 24.00 X

LWC08 (LWC08) P15SE001 10.00 X

PC05 P24SW005 24.00 X X X

Appendix 5B - Short Term Meters



PR03 K19L3W011 12.00 X X X

PR05 L19L2E012 15.00 X X X

PR06 L18L2E012 16.00 X X X X X

PR07 L19SW022 8.00 X X X X X

PR09 K17L5E029 36.00 X X

PR09A K18L4W022 36.00 X

PR10 L18L2W015 17.50 X X X X X

PR11 L17SE017 10.00 X X X X X

PR12 L18SW007 18.00 X X X X X

PR13 L19SW031 18.00 X X X X X

PR14 M19NW072 12.00 X X X

PR15 L19SW069 15.00 X X X

PR16 (PR05) L20SW011 15.00 X

SC03 (SC15) Q17SE004 36.00 X

SC07 R19NW008 30.00 X X X X

SC08 R20NW002 30.00 X X

SC09 (SC08) R20NW006 30.00 X

SC10 (SC10) R20NE006 30.00 X

SC12 R17SE009 12.00 X X X

SC13 (SC16) R17SE004 18.00 X

SC15 (SC01) R16NE014 60.00 X

SC16 (SC17) R16SE023 27.00 X

SC18 (SC05) Q18SE076 36.00 X

SDS02 K21L6E003 18.00 X

SDS06 (PR18) JA18L7W005 42.00 X

UWC01 N16NW030 18.00 X X X X

UWC02 (UWC05) N17SW020 18.00 X

UWC03 O15NE002 17.00 X X X

UWC07 O15SE022 10.00 X X X

UWC10 O16NW030 29.00 X X X

UWC12 O16SW069 36.00 X X X

UWC13 P16NE035 10.00 X X X

WB02 (WB12) T19SW007 12.00 X

WB03 T19SW004 18.00 X X X

WB05 (WB05) S20SE001 10.00 X

WB07 (WB12) U17NE004 15.00 X

WB09 (WB12) T19SW014 11.75 X

WB10 (WB12) U17NW009 12.00 X
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H A R D W A R E

This multiple technology flow monitor will power almost every available sensor technology that is used in  
wastewater applications today.  It is the most versatile and competitively-priced, multiple-technology flow monitor 
on the market.  The three multiple technology sensor options  
available in the FlowShark Triton include a Peak Combo Sensor, 
a Surface Combo Sensor, and an Ultrasonic Level Sensor (see in-
side for technology and specifications).  This array of monitoring 
technologies provides a fit-for-purpose monitoring platform. 

The FlowShark Triton is also adaptable to a wide range of 
customer applications and budgets.  It can be configured as an 
economical single sensor monitor or dual sensor monitor.  It 
offers a longer battery life and fewer parts for a more reliable 
system.  This provides a lower purchase price and a lower  
lifetime ownership cost.  The FlowShark Triton has the lowest 
power cost per data sample of any Intrinsically Safe flow  
monitor available.

FlowShark Triton

The new FlowShark® Triton from ADS is a “Fit-for-Purpose” open 
channel flow monitor for use in sanitary, combined, and storm 
sewers. It is designed to be the most adaptable and versatile flow 
monitoring device available for collection systems. It is a single 
pipe or dual pipe flow measurement system and is certified to the 
highest level of Intrinsic Safety. 

FlowShark Triton Features

About

A leading technology 

and service provider, ADS 

Environmental Services® 

has established the industry 

standard for open channel flow 

monitoring and has the only 

ETV-verified flow monitoring 

technology for wastewater 

collection systems.  These 

battery-powered monitors are 

specially designed to operate 

with reliability, durability, and 

accuracy in sewer environments.

A Division of ADS LLC

© 2014 ADS LLC.  All Rights Reserved.                              Specifications subject to change without notice.                                                                                                      DS-TRIT-03-26-14

•   Versatile and durable multiple technology sensors
•   Two sensor ports supporting 3 interchangeable sensors providing up to 6 sensor readings  
    at a time 
•   Single or dual pipe/monitoring point measurement capabilities
•   Wireless or serial communication for field versatility
•   Industry-leading battery life with a GSM/GPRS wireless connection providing up to 15 

months at the standard 15-minute sample rate (varies with sensor configuration)
•   External power option available with an ADS External Modem Unit (EMU) or External Modem Unit/Multiplexer (EMUX) and 12-

volt DC power supply

•   Modbus protocol enabling Telog® RU-33 units and RTUs, such as those supporting SCADA systems, to obtain available data
•   Monitor-Level Intelligence (MLI®) to improve accuracy and allow the FlowShark Triton to operate in a wide range of hydraulic   

conditions
•   Superior noise reduction design for maximizing acoustic signal detection from depth and velocity sensors
•   Five software packages for accessing flow information: Qstart™ (configuration and activation); Profile® (configuration, data  
     collection, analysis, and reporting); IntelliServe® (web-based alarming); Sliicer.com® (I/I analysis); and FlowView Portal® (online  
     data presentation and reporting)
•   Intrinsically-Safe (IS) certification by IECEx for use in Zone 0/Class I, Division 1, Groups C & D, ATEX Zone 0, and CSA Class 2258 03
•   Thick, seamless, high-impact, ABS plastic canister with aluminum end cap (meets IP68 standard)  
•   Protective dome for circuit board to limit exposure of electronics when opening the canister or changing the battery1300 Meridian Street, Suite 3000 - Huntsville, AL 35801 

Phone:  256.430.3366/ Fax:  256.430.6633
Toll Free:  1.800.633.7246

A Division of ADS LLC

ADS. An IDEX Water & Wastewater Business.

www.adsenv.com

Comprehensive flow monitoring involves subdividing a sewershed into small and uniformly-sized meter basins to 
facilitate RDII volume and sewer operational capacity measurement at each metering point.  This allows for distinguish-
ing the causes from the symptoms.  If the basin size is small enough, RDII in collection systems can follow Pareto’s 80/20 
principle.  This principle indicates that 80% of the total volume of RDII entering a collection system will enter into just 
20% of the system.  Therefore, rehabilitation can be performed on a smaller portion of the system, saving time and 
expense.

ADS Flow Monitoring Software

IntelliServe is web-hosted software providing real-time operational intelligence on the status of flow activity throughout 
the wastewater collection system. IntelliServe utilizes dynamic (or smart) alarming to inform clients about the occurrence 
of rain events, flow performance abnormalities, and data anomalies at the flow monitoring locations. 

Sliicer.com is web-hosted software providing a powerful set of engineering tools de-
signed for both the consulting and municipal engineer. Sliicer.com’s inflow and infiltration 
tools examine wastewater collection system dry and wet weather flow data and provide 
rigorous performance measurements in one-tenth the time of other analysis tools. 

FlowView Portal is web-hosted software providing robust report delivery, enabling the 
user to manage data, customize reports, and select viewing parameters. FlowView Portal 
has a virtually unlimited database for storing and accessing historical data, using data for 
comparison and trend analysis purposes, and sharing information electronically. 

Profile is desktop software providing the industry’s best data analysis tools, from basic flow monitoring data to complex 
hydraulic analysis. Profile is intuitive software that saves time and improves data quality by compiling project data into 
one location for analysis and reporting. 

Qstart is desktop software providing field crews with a simple, easy-to-use tool for 
quickly activating and configuring ADS flow monitors. Qstart enables the user to  
collect and review the monitor’s depth and velocity data in hydrograph and tabular 
views simultaneously.

All ADS sensors are mounted within the pipe section where depth and velocity are 
uniform as the flow passes the sensors.  This ensures accurate flow quantification.

FLOW

INSTALLATION
RING

ULTRASONIC DEPTH SENSOR
OR

SURFACE COMBO SENSOR

PEAK COMBO SENSOR

FLOWSHARK 
TRITON

FLOW MONITOR

Comprehensive Flow Monitoring from ADS



Multiple Technology Sensors
The FlowShark Triton features three depths and two velocities with three sensor options.  Each sensor provides          
multiple technologies for continuous running of comparisons. 

Dimensions:  10.61 inches (269 mm) long x 2.03 inches (52 mm) wide x 2.45 inches (62 mm) high
This revolutionary new sensor features four technologies including surface velocity, ultrasonic depth,  
surcharge continuous wave velocity, and pressure depth.

Surface Velocity  *
Minimum air range:  3 inches (76 mm) from the bottom of the rear, descended portion of the sensor
Maximum air range:  42 inches (107 cm)
Range:  1.00 to 15 feet per second (0.30 to 4.57 m/s)
Resolution:  0.01 feet per second (0.003 m/s)
Accuracy:  +/-0.25 feet per second (0.08 m/s) or 5% of actual reading (whichever is greater) in flow velocities between 1.00 and 15 ft/sec (0.30 and 4.57 m/s)

* The flow conditions existing in some applications may prevent the surface velocity technology from being used.

Ultrasonic Depth 
(Does not require electronic offsets)
Minimum dead band:  1.0 inches (25.4 mm) from the face of the sensor or 5% of the maximum range, whichever is greater
Maximum operating air range:  10 feet (3.05 m)
Resolution:  0.01 inches (0.25 mm) 
Accuracy:  +/- 0.125 inches (3.2 mm) with 0.0 inches (0 mm) drift, compensating for variations in air temperature

Surcharge Continuous Wave Velocity  (Under submerged conditions, this technology provides the same accuracy and range as Continuous Wave 
Velocity for Peak Combo Sensors)

Surcharge Pressure Depth  (Under submerged conditions, this technology provides the same accuracy and range as Pressure Depth for Peak 
Combo Sensors)

Surface Combo Sensor 

Dimensions:  6.76 inches (172 mm) long x 1.23 inches (31 mm) wide x 0.83 inches (21 mm) high

This versatile and economical sensor includes three measurement technologies in a single housing:  ADS-patented continuous wave peak velocity, uplooking 
ultrasonic depth, and pressure depth. 

Continuous Wave Velocity 
Range: -30 feet per second (-9.1 m/s) to +30 ft/sec (9.1 m/s) 
Resolution: 0.01 feet per second (0.003 m/s) 
Accuracy: +/- 0.2 feet per second (0.06 m/s) or 4% of actual peak velocity (whichever is greater) in flow velocities between -5 and 20 ft/sec (-1.52 and 6.10 m/s)

Uplooking Ultrasonic Depth
Performs with rotation of up to 15 degrees from the center of the invert; up to 30 degrees rotation with Silt Mount Adapter
Operating Range:  1.0 inch (25 mm) to 5 feet (152 cm)
Resolution:  0.01 inches (0.254 mm)
Accuracy:  0.5% of reading or 0.125 inches (3.2 mm), whichever is greater

Pressure Depth
Range:  0-5 PSI up to 11.5 feet (3.5 m); 0-15 PSI up to 34.5 feet (10.5 m); or 0-30 PSI up to 69 feet (21.0 m)
Accuracy:  +/-1.0% of full scale
Resolution:  0.01 inches (0.25 mm)

Peak Combo Sensor 

Investing approximately $650,000 in flow monitoring and $1 million in rehabilitation saved India-
napolis over $7 million in proposed relief line construction costs.  This also reduced the contract 
period by 3 years and virtually eliminated basement floodings.

Saved $7 million in proposed relief line construction costs

Belmont North, Indianapolis, Indiana

Investing $5.5 million in an updated strategic plan based on comprehensive flow and rainfall monitor-
ing saved OCSD $46.5 million, a net savings of $41 million.  The savings resulted from an improved 
flow monitoring plan that, acknowledging the impact of RDII, involved locating 150 flow monitors in 
equivalent-sized basins with proper hydraulic isolation.

Orange County, California

Investing $4.5 million calibrating its hydraulic model during wet weather and then recali-
brating during dry weather flow conditions saved the city $498 million in capital project 
eliminations and deferments, generating a 100-fold return on investment.

Saved $498 million in capital project 
eliminations and deferments costs

City of Los Angeles, California

Dimensions:  10.61 inches (269 mm) long x 2.03 inches (52 mm) wide x 2.45 inches (62 mm) high

This non-intrusive, zero-drift sensing method results in a stable, accurate, and reliable flow depth  
calculation.  Two independent ultrasonic transducers allow for independent cross-checking.

Ultrasonic Depth  (See Ultrasonic Depth Specifications Above)

Ultrasonic Level Sensor 

Examples of Return on Investment Using ADS Products and Services

Connectors
U.S. Military specification MIL-C 26482 series 1, for
environmental sealing, with gold-plated contacts

Communications Options
-  Quad band GSM/GPRS wireless modem
-  Direct connection to PC using serial communication cable 

Monitor Interfaces
Supports simultaneous interfaces with up to two combo sen-
sors 

Power
Internal - Battery life with a GPRS modem:
-  Over 15 months at a 15-minute sample rate* 
-  Over 6 months at a 5-minute sample rate*
External - Optional external power available with ADS  
External Modem Unit (EMU) or External Multiplexer (EMUX) 
with an ADS- or customer-supplied 12-volt DC power supply

* Rate based on collecting data once a day and varies  
according to sensor configuration

Connectivity
-  Modbus ASCII
-  Modbus RTU
-  Telog RU-33

Intrinsic Safety Certification
-  Certified under the ATEX European Intrinsic Safety       
   standards for Zone 0 rated hazardous areas
-  Certified under IECEx (International Electrotechnical       
   Commission Explosion Proof) Intrinsic Safety standards       
   for use in Zone 0/Class I, Division 1, Groups C&D rated       
   hazardous areas
- CSA Certified to CLASS 2258 03 - Process Control Equipment,  
   Intrinsically Safe and Non-Incendive Systems - For Hazardous  
   Locations, Ex ia IIB T4 Ga

Other Certifications/Compliances
-  FCC Part 15 and Part 68 compliant
-  Carries the EU CE mark
-  ROHS (lead-free) compliant
-  Canada IC CS-03 compliant

Product Specifications

Saved $41 million using a strategic monitoring plan

ADS FLOW MONITORING APPLICATIONS
• Combined Sewer Overflows (CSOs)
• Stormwater Monitoring
• Capacity Analysis

• Billing  
• Inflow/Infiltration
• Model Calibration

• Spill Notification

Operating and Storage Temperature
-4 degrees to 140 degrees F (-20 degrees to 60 degrees C)
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SMOKE TESTING 

 

1. INTRODUCTION 

 

Cities often experience problems with overflows (called sanitary sewer overflow or “SSO”) and 

backups during periods of either short, high intensity storm events or prolonged rainfall events.  

Blockages in the collection system also cause dry weather overflows.  Another type of problem 

frequently encountered within collection systems include structural deterioration of pipes and 

manholes, which increase the frequency of unscheduled maintenance and associated capital 

expenditures.  Evaluation of the collection system may include smoke testing the sewer system 

to identify any defects that may exist.  Smoke testing is the process of injecting white smoke into 

an isolated sewer lateral with high-capacity blowers in order to detect sources of I/I in the 

sanitary sewer system.  This is sometimes referred to as “rainfall simulation testing.”  Using 

state-of-the-art equipment to conduct smoke 

testing allows us to identify many of the 

inflow sources that cause sewer systems to 

overflow and bypass during rainfall events.  

“Public sources” of I/I that can be identified 

during smoke testing include main sewer 

defects, catch basins and manhole frame seals.  

Examples of “private sources” are uncapped 

cleanouts and service connections.  These 

guidelines for smoke testing are intended to 

ensure consistency of testing activities, which 

improves the accuracy and validity of the data 

collected.  

 

2.  SAFETY 

 

A project-specific field safety instruction (FSI) document shall be prepared by a smoke and dye 

testing responsible party and be on site during pre-testing and testing activities. The FSI 

identifies the major hazards associated with working in the project area and provides procedures 

to follow for safe working conditions.  

 

The following general safety procedures shall be followed for physical inspection work but are 

not meant to be inclusive or negate good judgment about actions necessary to respond to actual 

conditions not addressed by the following procedures: 

 All staff shall review the FSI documentation and keep a copy in the field at all times. 

 Confined space training shall be required before anyone can enter a manhole or pipe. 
 Always be aware of traffic conditions in the immediate work area. 
 Use caution when working at open manholes. 

 Maintain equipment in good working order. 
 Open the manhole with the appropriate cover lifter suitable for the weight and the shape of 

the cover.  
 

3. NOTIFICATION/PUBLIC RELATIONS PLAN 
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An extensive public relations and notification program must be implemented to minimize public 

concerns raised by smoke testing.  Such activities include the distribution of notifications (door 

hangers) to every property within the area to be smoke tested and daily communication with the 

local utility and Fire Departments.  At a minimum, we notify the fire department of the locations 

to be smoke tested each day. We also provide a map or describe the approximate street 

boundaries.  We notify dispatch daily. They typically notify all other pertinent staff.  Some 

projects require us to notify the fire, police, sewer maintenance, and engineering departments. 

 

Door hangers are distributed at least 48 hours prior to smoke testing and no more than 7 days. 

Bilingual door hangers are occasionally used, depending on the ethniticity of the neighborhood. 

A sample door hanger can be found at the end of this section.  As noted on the door hangers, the 

notification is good for the several days.  If, after several days, smoke testing has not started, 

door hangers may have to be re-distributed in the area.  Special notification shall be planned for 

institutions such as schools, hospitals or health clinics.  They must be notified in person by the 

field manager in advance and immediately before smoke testing begins.  Documentation of 

conversations with these special customers is very important including the date of the 

conversation, the contact person’s name and phone number, and the nature of the conversations.   

 

Special circumstances may be required to adjust the smoke testing schedules in order to 

accommodate critical facilities such as hospitals and schools.  For instance, evenings and 

weekends may be preferable.  Also, facilities may wish to have their own personnel present 

during testing so that testing may be stopped quickly, if necessary. 

 

ALWAYS be polite and courteous to residents and business owners.  They are the client’s 

customers and have the right to ask questions.  They are generally pleased to see that the CITY is 

working in their neighborhoods.  Do not become defensive when they approach you.  Always 

have some type of identification with you. It is also typical to carry a letter from a public official 

or a copy of a press release explaining what exactly smoke testing involves. An example of both 

letters from a public official and press release can be found at the end of this section.  If 

necessary, refer them to the Field Manager or a CITY contact person.  If residents come running 

out of their houses, it generally means that smoke has entered the house, and they are panicking.  

The first thing you need to do is calm them down and explain to them that their home is not on 

fire.  Let them know what you are doing and how to stop the smoke from entering the house.  A 

wet towel over a drain, around the base of a toilet, or wherever the smoke is entering can stop the 

smoke from entering the house.  It is generally not necessary to enter the house, especially if you 

feel uncomfortable doing so.  Show them a copy of the door hanger distributed and do your best 

to answer any questions they may have regarding the testing.  Material Safety Data Sheets 

(MSDS) for smoke bombs should be available at all times and provided to anyone that asks.  A 

sample MSDS for smoke bombs is located in the Appendix of this procedure manual.  

Remember that dealing with residents can be a positive public relations experience for everyone.   
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4. PROCEDURE 

 

The first step in smoke testing is to read over the checklist and verifying that all items are 

accounted for.  The next step is to provide traffic control, if necessary.   Finally, the manholes 

where the smoke blowers will be located need to be accessed.   

 

For optimum results, smoke testing shall be conducted during periods of relatively dry weather 

conditions.  Following a period of rain, two to three lines should be re-smoked as sample test 

lines.  The results from the test are compared to the results of the original smoke test.  

Occasionally, after a rainfall event, less defects may be encountered than during dry weather 

because smoke is less able to maneuver through moist soil conditions.  If this is the case, smoke 

testing should be delayed further.  If it were to begin raining during smoke testing, testing must 

cease if the soil conditions become adverse, since smoke does not travel well through moist soil.  

Therefore, when the ground becomes muddy, smoke testing should be discontinued. 

 

Smoke testing is performed by injecting white smoke into an isolated sewer with high-capacity 

blowers.  The blowers are placed at opposite ends of a sewer line, which is isolated by placing 

sandbags at the openings of the other sewer lines in the manholes.  Three-minute smoke bombs 

are inserted into the blower intake and smoke is injected into the line.  During this time, smoke 

testing crews survey the area surrounding the sewer line and around all buildings likely 

connected to the line being tested to record any defects they find.  Note that when using sandbags 

to isolate sewer laterals, care should be taken when lowering the sandbags into the manhole and 

removing them from the manholes.  At the completion of the smoke test, the bags and their 

contents must be removed from the sewer system to prevent a backup within the system.  Since 

large diameter pipe is more difficult to isolate, it is not necessary to isolate the sewer line before 

smoke testing.  Instead, it may be more feasible to extend the length of time the blowers are on 

or to use additional smoke bombs while testing those lines. 

 

Blowers are generally placed on consecutive manholes for manholes that are no more than 600 

feet apart.  However, when the distance between manholes is less than 600 feet, blowers may be 

placed on alternate manholes instead, as long as the distance between the blowers does not 

exceed the maximum 600 feet.  When smoke testing subsequent lines, rather than moving both 

blowers for each test, crews may “leap frog” the line to save time and be more productive.  This 

involves leaving a blower on the manhole that sits between the first line and the next line, and 

moving the blower on the outer manhole to the manhole on the other end of the next segment of 

pipe to be tested.   

 

Prior to injecting smoke into the sewer line, the 

blowers shall be placed over the manholes in order 

to properly ventilate the system.  Once the smoke 

bombs are inserted into the blowers, crews need to 

monitor nearby building vent stacks to determine 

if there are obstructions in the line, which would 

prevent smoke from moving through the system.  

When smoke can be seen exiting the vent stacks, 

crews can begin surveying the area.  Crew 
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members should always check the rear of buildings and backyards and should take separate 

routes when surveying for smoke defects.  For instance, if the sewer line is located in an alley, 

one crew member should survey the alley, and the other three should survey the streets on either 

side of the alley.  This allows for better coverage of the area and less overlap.   

 

When a defect is found to be smoking, a 2” x 2” orange plastic square survey flag is used to 

mark the defect.  Each flagged defect must be photographed, whether by Polaroid camera, 35mm 

camera, digital camera or other device that can capture the location of the defect and the intensity 

of smoke so that it can be traced back at a later time for follow-up repair or removal.  

Photographs must show smoke coming from the defect as well as a permanent landmark such as 

a building, tree or power pole for reference. While the blowers are on, defects shall be flagged 

and photographed as they are encountered. When the smoke has been completed, crews must 

circle back around the area to find the flagged defects.  Field sketches must be drawn up and all 

photographs must be labeled with the line segment ID, smoke defect number, street address, if 

known, smoke intensity, type of defect, and estimated drainage area to the defect. In addition, all 

defects shall be measured from at least two permanent points on the field sketches.     

 

All smoke test data must be recorded on standard smoke testing field forms.  Each line smoke 

tested must be recorded on a separate form (even though multiple segments maybe tested 

together).  A sample smoke test field form can be found at the end of this chapter.  One person 

should be responsible for collecting photographs and notepad sketches from all crew members 

and consolidating the information onto a single field form.  Field sketches showing all defects 

encountered must be drawn on the Smoke Test Diagram Form showing adjacent streets, 

locations and distances of all defects with respect to the upstream or downstream manhole, and 

measured distances from permanent structures to facilitate easier future identification of the 

source.   

 

Immediately following each smoke test, while one person is recording the data on the field form, 

other crew members should collect all equipment such as survey flags, picks, blowers, used 

smoke bombs and other debris.  The manhole insert and lid must be properly replaced.  Smoke 

blowers need to be loaded into the field vehicle to be transported to the next site or to the storage 

facility.  At the end of the day, crews should take a full inventory of all items in the field vehicle 

and verify that there is an adequate supply of all items on the checklist so that testing can begin 

immediately the following day without interruptions or unnecessary delays.   

 

The general production goal for each smoke test crew is approximately 8,000 feet of line per day.  

This may vary depending upon circumstances such as the number of defects encountered, the 

type of neighborhood or area being tested, or the accessibility of manholes in the study area.  

Crew leaders are responsible for reviewing all field forms at the end of each test.  At the end of 

the day, the field manager also must review all of the completed forms.  They determine if the 

daily production goal has been met.  They review the forms for completeness and accuracy and 

they ensure that the field diagrams have all necessary dimensions labeled.  They also review the 

photos to verify that they are labeled and cross-referenced with the defects listed on the forms.  

All of this information must be reviewed and completed before data entry can begin. 
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Special circumstances that may be encountered during smoke testing include a house or 

basement being filled with smoke.  When this occurs, if the fire department is called, crews 

should confirm that the testing is the likely cause of the 

alarm. The fire department should be informed in the 

morning prior to beginning testing, so when the call 

comes in, the fire department already knows about the 

testing in the area.  The fire department will generally 

assist the property owner to ventilate the property.  If the 

property owner does not summon the fire department, 

smoke crews should instruct the property owners to open 

all windows and doors and use fans to force the smoke 

out of the house.  They should be given another copy of 

the notification that explains why smoke is entering the house. Crew leaders are responsible for 

assisting with property owners before proceeding with the testing.  They should emphasize to the 

property owner that if smoke is able to enter their home, toxic sewer gases might also be entering 

the house.  If a property owner requires more time and attention, crew leaders should call the 

field manager for further assistance.  This will help avoid any unnecessary delays in their daily 

production goals.  Crew leaders shall stay with the property owner until the field manager 

arrives. 

 

Typical hours for smoke testing are from 8 a.m. to 5 p.m., Monday through Friday unless 

otherwise requested by the property owner, client or the CITY.  When testing in a downtown 

area or a hospital district, every opportunity is taken to coordinate days and times for the 

convenience of the businesses and institutions involved.  For certain locations, Ozone Alerts may 

impact smoke testing. For those locations, smoke testing must be postponed until after 10 a.m. 

unless otherwise specified by the CITY or local governing agency. 

 

5. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) 

 

Wade’s efforts to achieve consistency during smoke testing activities can be accomplished in the 

following QA/QC program.  Smoke testing crews should retest at least one sewer lateral that has 

been previously inspected.  Crews should smoke a line that they did not test previously.  If the 

same crew re-smokes the line, crew members must be rotated so they do not cover the same area 

as they did during the initial testing.  The field manager is responsible for comparing the results 

of the smoke test and the quality control test.  Upon completing the second (quality control) 

smoke test, the crews discuss the results.  This process of re-testing and comparing results leads 

to greater consistency and accuracy of testing results.  Re-testing also ensures that all defects 

confirmed by smoke testing are accounted for and properly logged and recorded.  QA/QC of the 

field forms is very important for smoke testing and is typically done by the field crew manager.  

Errors and omissions shall be revisited by the field crews so that they will learn from their past 

errors. 
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6. COMPLETING THE SMOKE TESTING FORM 

 

Note:  A copy of the Smoke Testing Form may be found at the end of this section for reference.  

Also included is the Smoke Diagram Form for documenting the defects encountered during 

smoke testing including locations with reference to permanent structures in the area.   

 

The smoke testing form is divided into three separate sections.  The top portion of the form 

includes general information about the inspection including the date, sewer line being tested, and 

weather conditions.  The middle section provides specific information about private sector 

defects located during smoke testing.  Private sector defects found during building inspections 

can be cross-referenced with private sector smoke defects.  Finally, the bottom portion of the 

form provides specific information about public sector defects detected during smoke testing.  

Included in the public sector portion of the sheet is a section that cross-references smoke defects 

with dye test results. 

 

The top portion of the Smoke Testing Form: 

 

 
 

Date:  Enter the date on which the smoke test was completed. 

 

Crew:  Enter the initials of the smoke test crew, beginning with the crew leader. 

 

Crew No.:  Enter the crew number. 

 

City of :  Enter the City where the smoke test is being conducted. 

 

Project No.:  Enter the Wade Project Number. 

 

Line Segment:  Enter the upstream basin number in the parentheses and the upstream manhole 

number on the first line.  Enter the downstream basin number in the parentheses and the 

downstream manhole number on the next line.  Manhole numbers should have the same 

convention as the Manhole Inspection Form (Section B).   

 

Weather Conditions:  Enter the code that describes the current temperature. 

 

Ground Conditions:  Enter the current ground conditions. 

 

Precipitation:  Enter current weather conditions. 
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Last Rain Event:  Enter the estimated date of the last measurable rain event in the area, generally 

greater than 0.2”. 

 

Pipe Length:  Enter the length of the pipe as measured on the ground from the upstream manhole 

to the downstream manhole.  Measurement is normally recorded using a measuring wheel.  It 

is approximate. 

 

Pipe Diameter:  Enter the insides diameter of the pipe. 

 

Status Code:  Enter the number code that describes the status of the line and/or manhole being 
smoke tested. 

 1 = C.N.L.:  Cannot Locate 

 2 = D.N.E.: Does Not Exist 

 3 = Buried 

 4 = Line too long 

 5 = Diameter too large 

 6 = Complete 

 

Measure Code:  Enter the number code that describes the method used to measure the pipe 
length.   

 1 = Scaled from Map 

 2 = Walking Wheel 

 3 = Tape Measure 

 4 = Survey 

 5 = Estimated 

 

The middle portion of the Smoke Testing Form: 

 

 
 

PART A:  PRIVATE SECTOR 

 

Bldg. Defect No.:  Enter the building defect number that corresponds with the defect located 

during smoke testing. Omit filling out this section in the field. Wait till the results can be 

crossed referenced with the Building Inspection record. 
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 Address:  Enter the street address of the property where the smoke defect was located. 

 

Defect Type (DT):  Enter the code number that corresponds with the type of private sector defect 
located.  

   1 = Downspout    6 = Area Drain 

   2 = Uncapped Cleanout  7 = Service Lateral 

   3 = Driveway Drain   8 = Window Well 

   4 = Stairwell Drain   9 = Plumbing Defect 

   5 = Foundation Drain 

 

Optional: 

 

Footage:  Enter the distance measured from the downstream manhole to the defect located 

(and flagged). 

 

Offset (L/R):  Direction (left or right) 

of the defect from the downstream 

manhole, looking upstream. 

 

Offset Footage:  The perpendicular 

distance from the defect to the sewer 

line. 

 

Tributary Area (TA):  Estimated area 

draining to the defect. 

 

Smoke Intensity (SI):  Enter the code 

number that best describes the intensity 

of smoke coming from the defect. 

 

Comments:  Write any comments about the manholes or the sewer line being smoke tested. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A      DT=

          SI=

          TA=

104 N. Main



CH2M HILL  Attachment F – Smoke Testing 

Smoke Testing Procedures  Page  9 

The bottom portion of the Smoke Testing Form: 

 

 
 

PART B:  PUBLIC SECTOR 

 

Defect Type (DT):  Enter the code number that corresponds with the type of public sector defect 

located.  

  1 = Curb Inlet     6 = Drainage Crossing 

  2 = Area Drain    7 = Water Valve 

  3 = Line Defect    8 = Direct Storm 

  4 = Indirect Storm 
  5 = Manhole Defect (always write as upstream defects) 

Optional: 

 

Footage:  Enter the distance measured from the downstream manhole to the defect located 

(and flagged). 

 

Offset (L/R):  Direction (left or right) of 

the defect from the downstream manhole, 

looking upstream. 

 

Offset Footage:  The perpendicular 

distance from the defect to the sewer line. 

 

Tributary Area (TA):  Estimated area draining 

to the defect. 

 

Smoke Intensity (SI):  Enter the code number 

that best describes the intensity of smoke 

emanating from the defect.  

 

 

 

S   DT=

      SI=

      TA=
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Dyed Water Test:  (refer to Section G for more details) 

 

Dyed:  Put a check mark in the box if the line was dye tested. 

 

Result:  Put a check mark in the box that describes the result of the dye test. (Positive, Negative, 

or Suspect) 

 

Date:  Enter the date on which the dye test was completed. 

 

Comments:  Write any comments about the manholes or the sewer line being smoke tested. 

 

Additional Comments:  Write any general comments about the manholes or the sewer line being 

smoke tested. 

 

Smoke Test Diagram:  Field sketches of all observed sources must be drawn on the Smoke Test 

Diagram form showing adjacent streets, location and distance of defect with respect to the 

upstream or downstream manholes, and measured distances from permanent structures to 

facilitate easier future identification of the source. The field sketch should be drawn such that 

the top of the page is always north. A sample completed diagram can be found at the of this 

section. 

 

Smoke Photo:  All observed defects must be photographed, whether by Polaroid cameras, 35mm 

cameras, digital cameras or another device that can capture a permanent record of the 

location of the defect and the intensity of smoke so that it may be traced back at a later time 

for follow-up rehabilitation.  Photographs must show smoke coming from the defect and a 

permanent landmark such as a building, tree or power pole for reference.  Each Polaroid 

photograph shall be labeled with the line ID smoke defect number, street address, if known, 

smoke intensity, type of defect, and estimated drainage area to the defect.  Photographs shall 

be mounted on the Smoke Photo Form labeled with the corresponding sewer line segment. 

When using a 35mm or digital cameras, a log sheet must be created to track all photographs 

taken. All data required for Polaroid shall also be included on the log sheet in addition to the 

photograph and film roll number. 
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7. SMOKE TESTING CHECKLIST 
 

SAFETY 

 

 Traffic Cones 

 Orange Vests (for each crew member) 

 Flashing Beam (mounted on the vehicle) 

 Fire Extinguisher 

 Traffic Signs 

 Arrow Bar/Board (for heavy traffic areas, only) 

 First-Aid Kit (fully stocked) and Safety Manual 

 Cellular Telephone/2-way Radio 

 Drinking Water and Disposable Cups 

 Hand Cleaner – Alcohol, waterless, towel-less cleaner, paper towels 

 

CLERICAL 

 

 Supply of Smoke Test Forms 

 Supply of Field Photo Forms 

 Supply of Smoke Test Notices (Door Hangers) 

 Notification Letter (from client on letterhead) 

 Clipboards 

 Scotch Tape 

 Maps – Street and Sanitary Sewer 

 Small Note Pads (for each crew member) 

 Pencils and Pens (for each crew member) 

 Name Badges (for each crew member) 

 Carpenter’s Aprons (for each crew member) 

 

WORKING 

 

 Smoke Blowers 

 Full Gas Cans for Smoke Blowers 

 2 Cycle Engine Oil 

 30 Weight Motor Oil  

 Carburetor Cleaner/WD-40 

 Extra Spark Plugs for Smoke Blowers 

 Sand Bags (4-5 per vehicle) with 15’- 20’ Ropes 

 Extra Rope 

 Supply of Smoke Bombs 

 Lighters for Smoke Bombs 

 50’ or 100’ Measuring Tape 

 J-Hook or Hay Hook 

 Pick 

 Shovels 

 Sledge Hammers 
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SMOKE TESTING CHECKLIST (cont’d) 
 

 Polaroid, 35mm, or Digital Camera, (as required by the client) 

 Film Supply (for each crew member) 

 Metal Locator/Probe 

 Flashlights 

 Measuring Wheels 

 Marking Paint 

 Pin Flags 

 Tool Box with spark plug, wrench and large socket set with breaker bar, bucket for used 

bombs 

 

 



APPENDIX 5E 
MANHOLE INSPECTION INSTRUCTIONS 

Appendix 5E 
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MANHOLE INSPECTION 

 

1. INTRODUCTION 

 

Historically, deteriorated or improperly constructed manholes have been a major source 

of inflow and infiltration (commonly referred to as I/I) in wastewater collection systems.  

Therefore, manhole inspections are generally performed in areas where excessive I/I is 

suspected.  The purpose of manhole inspections is 

to identify sources of I/I and to determine the 

structural condition of the manhole.  Since 50% or 

more of inflow potentially enter into a municipal 

sewer system through manhole structures, this is 

an excellent place to start.  There are two types of 

manhole inspections:  “top side inspections” and 

“internal inspections”.  A top side inspection 

involves the examination of a manhole from the 

ground surface without entering the manhole.  Top 

side inspections can normally be performed by a single inspector.  Internal inspections 

require entering the manhole and are more thorough inspections.  Manholes are 

“Confined Spaces” and require extra care and planning to prevent accidents.  Always 

remember, SAFETY FIRST. 

 

2. SAFETY 

 

A project specific Field Safety Instruction (FSI) will be issued prior to the start of any 

field work.  The FSI is a document that contains fundamental health and safety 

information that must be followed for employees involved in low-risk field actives or 

projects.  Reading the FSI is mandatory before beginning manhole inspections to 

familiarize yourself with the safety measures you may need to take if an emergency 

should arise as well as to prevent accidents.   

 

3. NOTIFICATION 

 

Typically, manhole inspections take place within the right-of-way and in alleys.  

However, when manholes are located within private property, notification is required.  A 

sample notification can be found at the end of this section.  

 

4. PROCEDURE 

 

The first step in manhole inspections is reading over the inspection equipment checklist 

and verifying that all items are accounted for. A sample checklist can be found at the end 

of this section.    

 

The third step in manhole inspections, and often times the most difficult, is locating the 

existing manhole using sewer atlas maps or other documents. Additional manholes found 

(or existing manholes that are shown on the map but not found in the field) must be 
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documented on inspection forms and field maps, one set of which must be established for 

project control.  City master sewer maps must be revised to show these additions or 

deletions.  City staff must be notified of the 

discrepancies with the map so that they may send 

field personnel to locate the manholes or confirm 

that the manholes do not exist.  When manholes 

have been detected using a metal locator/probe, 

and crews have determined that the manhole is 

buried over 1 inch in asphalt or approximately 1 

foot in an unpaved area, a report must be 

submitted to the City so that they may send out 

crews to uncover any buried manholes.  For manholes that are partially paved over, or 

that are easy to uncover, crews may uncover those manholes and proceed with their 

inspection. 

 

 When working in high traffic areas, try to schedule the inspection for a time that traffic is 

minimal.  For example, early in the mornings (6 a.m.) before everyone leaves for work or 

mid-morning (10 a.m.) after the rush hour.  Always use caution and common sense in 

these situations. Always remember, safety comes first.     

 

The next step is removing the manhole cover.    If there is an insert (often referred to as a 

“salad bowl”) in the manhole, be careful not to allow it to fall into the manhole. Using a 

pick or your hands, lift the insert out by grabbing the loop handle and pulling up.  A 

sample manhole inspection form may be found in this section.  Go to the chapter 

“COMPLETING THE MANHOLE INSPECTION FORM” for details on the type of data 

collected during manhole inspections.  Typical defects include active leaks, vented 

manhole covers, failed frame seals and deposition.  Included at the end of this section is a 

list of typical manhole inspection observation codes. 

 

Special circumstances that may occur during manhole inspections include dealing with 

angry or aggressive property owners, animal control, buried manholes and high traffic 

areas.  When faced with an angry property owner, explain the purpose of the manhole 

inspection and let them know how they will benefit from the improved sewer system.  

Provide them with a letter from the City or client describing the reason for the inspection 

and permission to enter onto private property.  When access to a backyard is required and 

there is a dog in the yard, crew members should try knocking on the door and asking the 

owner for assistance.  If the animal appears to be harmless, proceed with the inspection.  

However, if the owner is not available and crew members do not feel comfortable 

entering the yard with the dog, they need to leave a notification on the door (see sample 

notification at the end of this section), which asks the property owner to call and schedule 

a time for their inspection.  In either of these circumstances, if after 2–3 attempts to 

conduct the inspection and/or contact the property owner, the crew is unable to proceed 

with the inspection, the City should be notified so that they may decide on the best course 

of action – whether it be trying to contact the property owner themselves, or deciding not 

to inspect the particular manhole.  Another situation may be where the manhole to be 

inspected is accessible but happens to be located in a flowerbed. Crews should knock on 
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the door to notify the property owner in advance of the inspection.  If no one is home, 

crews should take great care in their inspection, and try to leave the flowerbed in the 

same condition that they found it in.  Any repairs are generally the responsibility of 

CH2M HILL, unless the client partner is actively engaged in the field work. If any of 

these or other similar circumstances should arise, always remember common sense, good 

judgment, and customer service when dealing with the public.    

    

5. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) 

 

Quality control for manhole inspections involves re-inspecting up to 5% of the total 

number of manholes previously inspected.  The project field manager or a different field 

person should re-inspect the manhole the second time.  The QA/QC inspection crew 

should not have access to the original inspection form 

prior to the QA/QC inspection.  If discrepancies exist, 

crews should go back to the manhole with the field 

manager and review the inspection data in order to 

resolve problems.  Field managers are responsible for 

reviewing all field forms at the end of each day.  They 

review the forms for completeness and accuracy.  All 

of the information must be reviewed and completed 

before the data is entered into Pipedream©. 

 

As the project progresses, fewer QA/QC inspections 

are normally required.  It is good procedure to rotate 

field crews within study basins.  Generally, older areas 

with major problems will have far more defects than newer areas.  If a crew continues to 

inspect newer areas with fewer defects, when they do encounter defects, they tend to 

grade them more severely.  QA/QC is usually scheduled for the end of the week when an 

entire day can be dedicated to re-inspecting manholes.   

 

 

6. CONFINED SPACE ENTRY 

 

All employees who enter permit confined spaces must comply with the CH2M HILL 

enterprise permit required confined space entry standard operating procedure HSE&Q-

203.  
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7. COMPLETING THE MANHOLE INSPECTION FORM 

 

Note:  Copies of the Manhole Inspection Form and the Manhole Inspection General 

Observation Form may be found at the end of this section for reference.   

 

The manhole inspection form is divided into three separate sections.  The top portion of 

the form includes inspection information such as the date, location of manhole and 

weather conditions.  The left-hand section of the form contains structural information 

about the manhole.  Finally, the last comment of the form includes detailed information 

describing the condition of the manhole. 

 

The top portion of the manhole inspection form: 
 

 
 

Date:  Enter the date on which the inspection was completed. 

 

Crew:  Enter the initials of each inspection crew member.  The crew member responsible 

for completing the form should input their initials first. 

 

Project No: Enter the project number. 

 

Manhole No.: Enter the basin number of the manhole inside the parentheses.  Enter the 

manhole number on the line.  If a manhole is located in the field but is not shown on the 

atlas sheet or sewer map, assign a new manhole number consisting of the downstream 

manhole number with an “A” on the end.  If more than one new manhole is located, the 

second would have a “B” at the end, the third a “C” and so on.  If a new manhole is 

located, it is important to fill in the “Downstream Pipe Length” and show the correct 

location on sewer atlas maps.  An example of new manhole numbering might be: DS 

MH-0050255, new manhole number: 0050255A.  If a lamp hole is found, the manhole 

number should be given an “L” at the end: 0050255L. 

 

Address:  Enter the street number and street name of the property address nearest to the 

manhole.  If the manhole is in an intersection stand on the manhole, face north and rotate 

clockwise to the first address. 

 

Locality:  Enter the general location of the manhole, such as street intersections, open 

field, etc. This space only needs to be filled out if no street address is available. 

 

Map No.: Enter the grid number of the sewer book page used to determine the location of 

the manhole. 
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Precipitation:  Enter current weather conditions.  

 

Ground Conditions: Enter the current ground conditions. 

 

Downstream Pipe Length: Enter the length of pipe from the observation manhole to the 

downstream manhole in feet.  This information also appears on the smoke test form. Only 

one form needs to include this data, but should be consistent throughout the project. 
 

The left column of the manhole inspection form: 
 

Inspected:  Put a check mark in the box if the manhole 

inspection was completed.  If the inspection was not completed, 

leave the box unmarked and proceed to “Reason Not Inspected”. 

 

Reason Not Inspected: Enter the reason for not completing the 

inspection. 

1. C.N.L.:  Could Not Locate 

2. D.N.E.: Does Not Exist 

3. Buried (>1” in asphalt or >1’ for non-paved areas) 

4. Haz/Atmos.: Hazardous Atmosphere 

5. Unsafe: Any unsafe condition other than hazardous 

atmosphere 

6. Sealed Lid: Unable to remove lid/cover 

7. Traffic:  Unable to inspect due to heavy traffic 

8. Dog:  Unable to inspect due to unmanageable dog 

9. Other: Specify in comment section 

 

Location Code: Enter the type of surrounding conditions. 

Manhole Diameter: Enter the diameter of the manhole at the 

wall section. 

Manhole Depth: Enter the depth of the manhole from the rim to 

the center of the manhole invert. 

Subject to Ponding: Put a check mark in the box if storm water is able to cover the 

manhole.  Keep in mind that even though a manhole may be above grade, it may still be 

subject to ponding.  

Ponding Depth:  Enter the depth that standing or moving water would be able to cover the 

manhole at the selected level of protection. 

Tributary Area: Enter the estimated drainage area to the manhole in square feet. The 

tributary area should be estimated for the selected level of protection and should only be 

filled out if the manhole is subject to ponding. 
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Grade Elevation Code:  Enter the code which indicates whether the manhole cover is 

flush with the surrounding surface (grade) or above or below the surrounding surface.  If 

the manhole is above or below grade, enter the height or depth of the cover in inches. 

GENERAL EVALUATION OF MANHOLE COMPONENTS 

 

Type: Enter the material type for each component.  A list of structure types is located 

at the bottom left corner of the form.  For manhole components which have been 

previously rehabilitated, input the type of the original structure if possible and 

describe the coating with the “General Observations”. 

Condition: G: Good, no visible I/I or structural defects. 

F: Fair, evidence of minor I/I staining, minor missing grout or mortar, 

light cracking (manhole still structurally sound). 

P: Poor, major I/I defects, missing or broken structure material such as 

bricks, blocks or seals, major structural damage, major cracking. 

I/I (gpm):  Enter the amount of ACTIVE I/I for each manhole component.  If no 

active I/I is present, leave blank. 

General Observations: Enter up to four (4) codes from Attachment “A” which best 

describe each component. Any manhole component given a rating of “Fair” or 

“Poor” should be described using the “General Observation Codes” or 

“Comments” at the end of this section. 

Comments:  Enter any comments needed to explain observations not defined in the 

general observations for each component. 

 

The middle portion of the manhole inspection form: 
 

Cover:   

a) Diameter: Enter the diameter of the 

cover to the nearest 1/8 inch 

(expressed as a decimal, see table 

below). 
1/8 0.125 

2/8 0.250 

3/8 0.375 

4/8 0.500 

5/8 0.625 

6/8 0.750 

7/8 0.875 

b) Thickness: Enter the thickness of the 

cover to the nearest 1/8 inch 

(expressed as a decimal).  Cover 

thickness should be measured at the 

bearing surface (outer edge). 

c) Type Code: Enter the type of cover.  

Locking covers have protrusions 
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along the outside edge of the cover that fit into notches in the manhole frame.  By 

rotating the manhole cover it will lock into place. 

d) Vented: Put a check mark in the box if the manhole is vented or has a pick hole.   

e) No. of Vents:  Indicate the number of holes on the cover. 

f) Vent Dia.: Enter the average diameter of holes to the nearest 1/8-inch (expressed as a 

decimal). 

 

Cover-to-Frame Fit: Enter data describing the way the cover fits the manhole frame.  

Look for gaps greater than 1/4”, rocking covers, or covers larger than frame opening.  A 

good indication of poor cover fit is silt or sand on the frame bearing surface. 

 

Frame:  Enter data that describes the condition and size of the manhole frame.  Look for 

cracked or broken frames.  Watch for frames with severe rust deterioration.  All frame 

dimensions should be expressed as inches in decimals.   For frame dimensions see the 

following sketch: 

a:  Inside diameter 

b:  Outside diameter 

c:  Dwell 

d:  Height  

 

 

Frame-to-Chimney Seal:  Enter data 

describing the type and condition of the 

frame seal.  Frame seals typically will 

be grout, bitumastic or none.  Some 

frames appear to be setting directly on 

the chimney with no gap for a seal, but 

with no evidence of leaking.  The frame-

to-chimney seal should be called 

“good.”   Some manhole frames extend 

downward along the chimney making it 

virtually impossible to inspect the frame 

seal.  For this type of frame pay close 

attention to I/I staining. 

 

Chimney:  Enter data describing the 

type and condition of the chimney.  

Enter the height of the chimney in 

inches.  The chimney extends from the 

frame seal down to the corbel or cone 

and is typically the same diameter as the 

clear frame opening. 

 

COVER

FRAME
FRAME SEAL
CHIMNEY

CORBEL

WALL

PIPE SEAL

INVERT

BENCH
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Corbel(Cone):  Enter data describing the type and condition of the corbel.  The corbel is 

the tapered portion of the manhole connecting the chimney to the manhole wall.  

Occasionally, new manholes do not have a cone section.  In this case, the frame is set into 

a “flat top” which then sits directly on the wall. 

 

Wall:  Enter data describing the type and condition of the wall.  The wall is the portion of 

the manhole starting below the corbel and extending down to the bench.  Typical 

locations for I/I defects are around steps, at joints between precast sections (usually the 

first joint above the bench), or at lift holes.  The walls may have severe cracking due to 

settlement, causing the manhole to be structurally unsound. 

 

Bench:  Enter data describing the type and condition of the bench.  The bench is the 

bottom portion of the manhole, excluding the invert.  Common areas for leaks are where 

the bench and the wall meet.  Often times the seal (where the bench meets the invert) will 

be cracked.  Some manholes may have no bench at all.  These should be considered 

“poor.” 

 

Invert:  Enter data describing the type and condition of the invert.  The invert is the 

portion in the bottom of the manhole which carries the flow through the manhole.  The 

invert in older manholes is usually constructed of the pipe material used in the main lines. 

 

Steps:  Enter data describing the type and condition of the steps.  Steps are not, in 

themselves, I/I contributors.  The wall, corbel or chimney should be considered defective 

if there are leaks around steps.  Enter the number of steps that are missing from the 

manhole.  Consider steps which would not support a person’s weight as missing. 

 

Pipe Seal: Evaluate each pipe seal in the manhole.  

The downstream (outlet) line is considered No. 1. 

The first incoming line in a clockwise rotation from 

the downstream line is No. 2, and so on. Numbers 

increase in a clockwise rotation.   

 

Evidence of Surcharge: Put a check mark in the box 

if the manhole shows signs of surcharge.  Debris on the steps or staining due to standing 

water usually are a good indication of surcharge. 

 

Surcharge Depth: Enter the depth of surcharge.  Surcharge depths should be measured 

from the invert at the center of the manhole. 

 

Diagram: Show all incoming and outgoing lines on 

the diagram.  Indicate the pipe sizes and connecting 

manhole numbers.  The diagram is a very 

important part of the form.  Always include it!  If 

errors or omissions are made while completing the 

form, a good diagram may prevent returning to the 

manhole to gather missing or incorrect data.  The 
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top of the sketch should always be north. 
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8. MANHOLE AND VISUAL PIPE INSPECTION CHECKLIST 
 

SAFETY 

 

� Traffic Cones 

� Orange Vests (for each crew member) 

� Traffic Signs 

� Flashing Beacon (mounted on the vehicle) 

� First-Aid Kit (fully stocked) and Safety Manual 

� Cellular Telephone/2-way Radio 

� Drinking Water and Disposable Cups 

� Hand Cleaner (alcohol, waterless, towel-less cleaner); Paper Towels 

 

CLERICAL 

 

� SSES Manual 

� Supply of Manhole Inspection Forms 

� Supply of Manhole Inspection General Observation Forms 

� Clipboards 

� Scotch Tape 

� Maps – Street and Sanitary Sewer 

� Small Note Pads (for each crew member) 

� Pencils and Pens (for each crew member) 

� Name Badges (for each crew member) 

� Carpenter’s Aprons (for each crew member) 

 

WORKING 

 

� Tripod 

� Winch 

� S.R.L./Fall Protector 

� Harness 

� Gas Detector (calibrated) with Extra Batteries 

� Fresh Air Blower with Gas (or electric with hose) 

� J-Hook or Manhole Hook 

� Picks 

� Shovels 

� Sledge Hammers 

� Flashlights 

� Level Rods 

� Hand-held Mirrors (extras for crew members) 

� Steel Rule 

� Spotlight 

� Lanyard 

� Tool Box (with tools including a large socket set and breaker bar) 

� Marking Paint 
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MANHOLE AND VISUAL PIPE INSPECTION CHECKLIST (cont’d) 
 

� Metal Locator/Probe 

� Rubber Boots 

� Safety Glasses  

� Tyvek Coveralls 

� Rain suit 

� Probe 

� Folding Ruler 

� Pipe Plug for Services 

� Compressed Air (if pipe plugs are used) 

� Gloves – leather and rubber 

� Retractable Rod with Mirror Attached 

� Small Bucket for Tools 

� Rope for Tool Bucket (for deep manholes) 

� Camera, film 

� Clipboard 

� Water Jug 

� Arrow Board – for high traffic areas (if required) 

� Optional for comfort during hot summer days – sunscreen, hats, gloves, light 

colored clothing (CH2M HILL T-shirts) 
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City of ______________ 

ATTENTION 
 

On behalf of ____________ Public Works Department,  

CH2M HILL is conducting inspections of the sanitary 

sewer system in your area.  An inspection team was unable 

to complete a sewer inspection at this location for the 

following reason(s): 

 

�  Not at Home 

�  Locked Gate 

�  Unchained Dog 

�  Obstruction Over Sewer Manhole 

�  Other _______________________________ 

 

Please provide access by: 

 

�  Unlocking Gate 

�  Chaining Dog 

�  Removing Obstruction off Sewer Manhole 

�  Other _______________________________ 

 

Please contact us at ____-______ to schedule a time 

In which we can come to complete the sanitary sewer 

inspection. 

 

  

Your cooperation is greatly appreciated 
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T E C H N I C A L  M E M O R A N D U M  

 

Springfield Flow Monitoring Program 

PREPARED FOR: City of Springfield, MO 

Black & Veatch 

PREPARED BY: Brett Paige/Dan Hegwald/ CH2M HILL 

DATE: 1/3/2013 

The purpose of this Technical Memorandum (TM) is to summarize the estimated 5-year peak inflow reductions for 

the Group 1 and Private Inflow and Infiltration (I/I) Pilot sub-basins based on the pre- and post-rehabilitation flow 

data analysis. 

Introduction 

The City initiated a system-wide flow monitoring program as defined in the Long-Term Overflow Control Program 

(LTOCP) which began in August of 2011.  The LTOCP is focused on two categories of flow monitoring; 1) long-term 

flow monitoring to be used for continuous tracking of the program’s successful reduction of I/I and compliance 

monitoring, and 2) short-term flow monitoring to quantify pre- and post-rehabilitation I/I responses on a sub-

basin level and to provide additional control points for model calibration.  This TM considers the short-term flow 

monitoring for I/I reduction quantification category.  To evaluate the effectiveness of I/I reduction, sub-basins 

were selected and further separated into two groups; Group 1 sub-basins and Private I/I Pilot sub-basins which 

are shown in Figure 1.  The rehabilitation performed in the Group 1 sub-basins focused on the removal of public 

I/I sources and the Private I/I Pilot sub-basins focused on the removal of private I/I sources.  Group 1 sub-basins 

include JC05, JC22, JC23, JC30, R02, UWC10 and UWC12.  Private I/I Pilot sub-basins include FC13, JC15, JC30, 

PR07, and PR13.  Basin JC30 was included in both rehabilitation programs. 

This TM summarizes changes in I/I responses of these two sub-basin groups based on the pre- and post-

rehabilitation flow data analysis.  The pre-rehabilitation flow data was collected during 2011-2012 and the post-

rehabilitation flow data was collected during the spring and fall 2013 monitoring periods. 
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Figure 1  
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Methodology 

Wastewater flow is made up of the following three types of sources: 

• Average Daily Dry Weather Flow (ADDF) – flow measured during dry weather/low ground water 

conditions. Typically includes domestic contribution plus permanent groundwater infiltration. 

• Infiltration – flow measured during wet weather/high groundwater conditions which typically occur 

following a storm event. 

• Inflow – flow measured during wet weather/high groundwater conditions which generally causes a rapid 

spike in flow within the wastewater collection system and is typically recorded immediately following a 

rainfall event. 

To assess pre- and post-rehabilitation conditions, flow data analysis was conducted to evaluate the excess flow 

being contributed to the sanitary sewer system influenced by rainfall activity which is referred to as I/I.  Storm 

events that generated adequate system reactions were selected for evaluation.  A peak I/I response was 

determined by comparing the spike in flow caused by each selected storm to the corresponding peak 60-minute 

rainfall intensity.  The difference between the peak response achieved on the hydrograph and the dry weather 

flow is defined as the peak I/I response.  An example of a hydrograph used to determine peak I/I response is 

shown in Figure 2.   

The breakdown of excess flow entering a sanitary sewer system, or I/I, is largely made up of inflow type sources.  

Therefore for the purposes of this TM, I/I reduction estimates consider the inflow component of I/I only.  

Determinations of peak infiltration will later be used in the calibration of the hydraulic model. 

Figure 2 
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Flow Data Analysis Approach 

An approach to flow analysis referred to as the “average k” method was used to evaluate the pre- and post-

rehabilitation flow data for the Group 1 and Private I/I Pilot sub-basin meters.   The following paragraphs describe 

the process used in the average k method: 

Instead of using the raw peak I/I response values obtained from the hydrograph for each selected storm, a k-value 

was calculated for each storm event.   The formula to determine the k-value for a storm event is as follows: 

� =
� ∗ �

�
 

The k-values for the metered storms were averaged to determine an average k.  The peak I/I response for each 

storm was then calculated using the following formula: 

� = ���	 ∗ � ∗ � 

The peak I/I responses calculated from the above formula were plotted against their associated peak 60-minute 

rainfall intensities on a log-log QvsI graph.  Using these established points, the 5-year peak I/I response, which has 

a peak 60-minute rainfall intensity of 2.2 in/hr, was projected.  This process was used to determine the projected 

5-year peak I/I response for both pre- and post-rehabilitation periods.  These projections were compared to 

determine the achieved peak I/I reduction within each sub-basin.   An example of the QvsI used to compare pre- 

and post-rehabilitation flow conditions is shown in Figure 3.   

Figure 3 

QvsI Example 
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Results/Findings 

The pre-rehabilitation flow data (2011-2012) was collected during periods experiencing excessive drought 

conditions.  This resulted in very low peak I/I reduction estimates and in some cases the 2013 projections were 

higher than the 2012 projections.  To normalize this deficit in rainfall, five flow meter sites at various points 

throughout the Springfield sanitary sewer system that did not have any rehabilitation performed upstream were 

selected for additional evaluation.  The five selected meters include JC02, JC17, SC07, SC12, and PR10.  For these 

five meters the 2013 flow data, on average, was 35% higher than the 2012 flow data.  To account for dry 

conditions, the 2012 flow data for the Group 1 and Private I/I Pilot meters was increased by a factor of 1.35.  

Summaries of the peak I/I reduction estimates for the Group 1 and Private I/I Pilot sub-basins are listed in Table 1 

and Table 2.   

Table 1 

Group 1 Sub-Basins - Estimated Peak I/I Reduction  

Sub-

Basin 

Adjusted 2012 5-

Year Peak I/I, mgd 

2013 5-Year Peak 

I/I, mgd 

Peak I/I 

Reduction, 

% 

JC05 16.91 11.76 30% 

JC22 12.09 9.24 24% 

JC23 5.31 3.39 36% 

UWC10 2.87 1.95 32% 

JC30* 1.22 0.69 43% 

Group 1 Average ** 31% 

* JC30 is considered as both a Group 1 and Private I/I Pilot sub-basin.   

** Does not include JC30. 

Additional Notes: 

(1) R02 has an insignificant number of pipes and UWC12 is entirely made 

up of interceptor sewer.  For that reason, these two sub-basins were not 

quantified for peak I/I reduction. 

 

Table 2 

Private I/I Pilot Sub-Basins - Estimated Peak I/I Reduction 

Sub-

Basin 

2012 5-Year Peak 

I/I, mgd 

2013 5-Year Peak 

I/I, mgd 

Peak I/I 

Reduction, 

% 

FC13  0.545 0.330 39% 

JC15 2.716 1.150  58% 

PR07 1.822 1.308  28% 

JC30* 1.22 0.69 43% 

Private I/I Pilot Average ** 42% 

*JC30 is considered as both a Group 1 and Private I/I Pilot sub-basin. 

** Does not include JC30. 
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An acceptable pre- and post-rehabilitation comparison was not achieved for PR13.  Even with the additional flow 

monitoring conducted in the fall of 2013, peak I/I responses were still shown to be higher in 2013 than in 2012.  A 

comparison of the flow monitoring conducted in 2012, spring 2013, and fall 2013 is shown in Figure 4.  As can be 

seen in Figure 4, flow rates in sub-basin PR13 have significantly increased following near normal rainfall conditions 

occurring in 2013. 

Figure 4 

Hydrograph Comparison of Flow Monitoring Periods 

 

 

In addition to the dry conditions that occurred during pre-rehabilitation flow monitoring, PR13 had 24 service 

lateral defects, equal to the number of uncapped cleanouts, discovered during field inspection activities.  Service 

lateral rehabilitation was not implemented as a part of the rehabilitation efforts conducted within the Private I/I 

basins.  This, along with the potential of building perimeter drains directly connected to services or public sector 

defects could be another factor causing the peak I/I responses in PR13 to increase during higher groundwater 

conditions.   
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Pilot Private I/I Repair Program City of Springfield, Missouri 

 

TREKK Design Group, LLC        Final: 1/3/2014 
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Pilot Private I/I Repair Program City of Springfield, Missouri 

 

TREKK Design Group, LLC        Final: 1/3/2014 
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Address           Source        Map Location 

1035 W WALNUT ST SPRINGFIELD MO 65806 SP Major Location 1A 

1037 W WALNUT ST SPRINGFIELD MO 65806 SP Major Location 16A 

1041 W WALNUT ST SPRINGFIELD MO 65806 CLO Location 17A 

416 S 8TH AVE SPRINGFIELD MO 65806 CLO Location 5A 

733 W PERSHING ST SPRINGFIELD MO 65806 SP Minor Location 8A 

736 W WALNUT ST SPRINGFIELD MO 65806 SP Major Location 24A 

736 W WALNUT ST SPRINGFIELD MO 65806 CLO Location 24A 

800 W COLLEGE ST SPRINGFIELD MO 65806 CLO Location 19A 

801 W PERSHING ST SPRINGFIELD MO 65806 CLO Location 21A 

806 W COLLEGE ST SPRINGFIELD MO 65806 CLO Location 3A 

806 W WALNUT ST SPRINGFIELD MO 65806 SP Major Location 11A 

807 W PERSHING ST SPRINGFIELD MO 65806 SP Major Location 9A 

810 W WALNUT ST SPRINGFIELD MO 65806 CLO Location 10A 

816 W COLLEGE ST SPRINGFIELD MO 65806 CLO Location 4A 

817 W PERSHING ST SPRINGFIELD MO 65806 CLO Location 6A 

817 W WALNUT ST SPRINGFIELD MO 65806 SP Major Location 20A 

823 W PERSHING ST SPRINGFIELD MO 65806 SP Major Location 7A 

838 W WALNUT ST SPRINGFIELD MO 65806 CLO Location 12A 

900 W OLIVE ST SPRINGFIELD MO 65806 CLO Location 14A 

900 W OLIVE ST SPRINGFIELD MO 65806 DD Location 14A 

907 W WALNUT ST SPRINGFIELD MO 65806 CLO Location 15A 

911 W COLLEGE ST SPRINGFIELD MO 65806 CLO Location 18A 

935 W COLLEGE ST SPRINGFIELD MO 65806 CLO Location 2A 

936 W WALNUT ST SPRINGFIELD MO 65806 SP Major Location 13A 
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Address                       Source                 Map Location 

1014 S BROADWAY AVE SPRINGFIELD MO 65807 CLO Location 17A 

1016 S WEAVER AVE SPRINGFIELD MO 65807 SP Minor Location 8A 

1018 S NEW AVE SPRINGFIELD MO 65807 SP Major Location 36A 

1024 S BROADWAY AVE SPRINGFIELD MO 65807 SP Major Location 16B 

1025 S BROADWAY AVE SPRINGFIELD MO 65807 CLO Location 41A 

1029 S WEAVER AVE SPRINGFIELD MO 65807 CLO Location 20B 

1036 S THELMA AVE SPRINGFIELD MO 65807 CLO Location 21A 

1038 S NEW AVE SPRINGFIELD MO 65807 SP Minor Location 1B 

1044 S NEW AVE SPRINGFIELD MO 65807 CLO Location 34A 

1045 S WEAVER AVE SPRINGFIELD MO 65807 SP Major Location 9A 

1047 S BROADWAY AVE SPRINGFIELD MO 65807 CLO Location 11A 

1048 S BROADWAY AVE SPRINGFIELD MO 65803 SP Major Location 19A 

1048 S THELMA AVE SPRINGFIELD MO 65807 CLO Location 22A 

1051 S NEW AVE SPRINGFIELD MO 65807 SP Major Location 14B 

1055 S BROADWAY AVE SPRINGFIELD MO 65807 SP Major Location 10A 

1055 S NEW AVE SPRINGFIELD MO 65807 CLO Location 27A 

1056 S FERGUSON AVE SPRINGFIELD MO 65807 SP Minor Location 24A 

1058 S BROADWAY AVE SPRINGFIELD MO 65807 SP Major Location 20A 

1058 S WEAVER AVE SPRINGFIELD MO 65807 SP Minor Location 12A 

1059 S WEAVER AVE SPRINGFIELD MO 65807 CLO Location 35A 

1060 S FORT AVE SPRINGFIELD MO 65807 CLO Location 2A 

1060 S FORT AVE SPRINGFIELD MO 65807 SP Major Location 2A 

1061 S NEW AVE SPRINGFIELD MO 65807 SP Minor Location 39A 

1062 S NEW AVE SPRINGFIELD MO 65807 SP Major Location 44A 

1065 S WEAVER AVE SPRINGFIELD MO 65807 SP Major Location 2B 

1066 S FERGUSON AVE SPRINGFIELD MO 65807 CLO Location 25A 

1068 S NEW AVE SPRINGFIELD MO 65807 SP Minor Location 40A 

1068 S WEAVER AVE SPRINGFIELD MO 65807 CLO Location 13A 

1070 S FORT AVE SPRINGFIELD MO 65807 CLO Location 3A 

1075 S WEAVER AVE SPRINGFIELD MO 65807 CLO Location 15B 

1077 S NEW AVE SPRINGFIELD MO 65807 SP Major Location 26A 

1078 S FERGUSON AVE SPRINGFIELD MO 65807 SP Major Location 29A 

1078 S WEAVER AVE SPRINGFIELD MO 65807 SP Major Location 3B 

1083 S FERGUSON AVE SPRINGFIELD MO 65807 CLO Location 5A 

1100 S FERGUSON AVE SPRINGFIELD MO 65807 CLO Location 17B 

1100 S FERGUSON AVE SPRINGFIELD MO 65807 SP Minor Location 17B 

1100 S WEAVER AVE SPRINGFIELD MO 65807 CLO Location 15A 

1101 S BROADWAY AVE SPRINGFIELD MO 65807 SP Major Location 14A 

1101 S BROADWAY AVE SPRINGFIELD MO 65807 SP Minor Location 14A 

1101 S NEW AVE SPRINGFIELD MO 65807 SP Minor Location 50A 
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1106 S FERGUSON AVE SPRINGFIELD MO 65807 SP Major Location 23A 

1107 S BROADWAY AVE SPRINGFIELD MO 65807 SP Major Location 18A 

1110 S BROADWAY AVE SPRINGFIELD MO 65807 CLO Location 49A 

1116 S FERGUSON AVE SPRINGFIELD MO 65807 SP Major Location 30A 

1117 S BROADWAY AVE SPRINGFIELD MO 65803 SP Major Location 45A 

1119 S NEW AVE SPRINGFIELD MO 65807 SP Major Location 43A 

1127 S BROADWAY AVE SPRINGFIELD MO 65807 CLO Location 16A 

1127 S WEAVER AVE SPRINGFIELD MO 65807 SP Major Location 21B 

1130 S THELMA AVE SPRINGFIELD MO 65807 SP Major Location 42A 

1134 S NEW AVE SPRINGFIELD MO 65807 CLO Location 7A 

1135 S FERGUSON AVE SPRINGFIELD MO 65807 SP Major Location 1A 

1138 S FORT AVE SPRINGFIELD MO 65807 SP Major Location 6A 

1143 S NEW AVE SPRINGFIELD MO 65807 CLO Location 33A 

1147 S FORT AVE SPRINGFIELD MO 65807 SP Minor Location 4A 

1221 S KANSAS AVE SPRINGFIELD MO 65807 CLO Location 28A 

1226 S FERGUSON AVE SPRINGFIELD MO 65807 CLO Location 31A 

1228 S FORT AVE SPRINGFIELD MO 65807 CLO Location 9B 

1237 S NEW AVE SPRINGFIELD MO 65807 SP Major Location 8B 

1241 S FERGUSON AVE SPRINGFIELD MO 65807 CLO 13Location B 

1245 S FERGUSON AVE SPRINGFIELD MO 65807 CLO Location 12B 

1251 S FERGUSON AVE SPRINGFIELD MO 65807 SP Major Location 11B 

1251 S FERGUSON AVE SPRINGFIELD MO 65807 DS Location 11B 

1252 S FERGUSON AVE SPRINGFIELD MO 65807 CLO Location 46A 

1252 S NEW AVE SPRINGFIELD MO 65807 CLO Location 18B 

1255 S FERGUSON AVE SPRINGFIELD MO 65807 DS Location 48A 

1258 S FERGUSON AVE SPRINGFIELD MO 65807 SP Major Location 47A 

1259 S FERGUSON AVE SPRINGFIELD MO 65807 SP Major Location 10B 

1301 S KANSAS AVE SPRINGFIELD MO 65807 CLO Location 38A 

1301 S KANSAS AVE SPRINGFIELD MO 65807 SP Major Location 38A 

1309 W CATALPA ST SPRINGFIELD MO 65807 CLO Location 37A 

1336 S FORT AVE SPRINGFIELD MO 65807 SP Major Location 22B 

1337 W CATALPA ST SPRINGFIELD MO 65807 CLO Location 19B 

1345 S FORT AVE SPRINGFIELD MO 65807 SP Minor Location 6B 

1345 S FORT AVE SPRINGFIELD MO 65807 CLO Location 6B 

1347 S FORT AVE SPRINGFIELD MO 65807 SP Major Location 5B 

1347 S FORT AVE SPRINGFIELD MO 65807 CLO Location 5B 

1347 S FORT AVE SPRINGFIELD MO 65807 DS Location 5B 

1433 W CATALPA ST SPRINGFIELD MO 65807 CLO Location 32A 

1437 W CATALPA ST SPRINGFIELD MO 65807 CLO Location 4B 

1501 W MEADOWMERE ST SPRINGFIELD MO 65807 CLO Location 7B 
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Address                       Source                 Map Location 

1001 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 13B 

1001 N PROSPECT AVE SPRINGFIELD MO 65802 ED Location 14A 

1002 N ROGERS AVE SPRINGFIELD MO 65802 SP Major Location 11B 

1004 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 10B 

1005 N ROGERS AVE SPRINGFIELD MO 65802 SP Major Location 10A 

1005 N ROGERS AVE SPRINGFIELD MO 65802 DS Location 10A 

1006 N NATIONAL AVE SPRINGFIELD MO 65802 SP Major Location 13A 

1007 N FREMONT AVE SPRINGFIELD MO 65803 SP Major Location 17B 

1011 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 44A 

1015 N FREMONT AVE SPRINGFIELD MO 65807 CLO Location 45A 

1015 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 45A 

1015 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 43A 

1017 1/2 N PROSPECT AVE SPRINGFIELD MO 65802- CLO Location 33B 

1023 N ROGERS AVE SPRINGFIELD MO 65802 SP Major Location 7A 

1027 N FREMONT AVE SPRINGFIELD MO 65802 SP Major Location 46A 

1027 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 46A 

1030 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 8A 

1031 N ROGERS AVE SPRINGFIELD MO 65802 SP Major Location 28B 

1032 N NATIONAL AVE SPRINGFIELD MO 65802- SP Minor Location 21B 

1105 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 47A 

1105 N PROSPECT AVE SPRINGFIELD MO 65802 CLO Location 6A 

1107 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 18B 

1110 N PROSPECT AVE SPRINGFIELD MO 65802 CLO Location 12A 

1116 N NATIONAL AVE SPRINGFIELD MO 65802 CLO Location 42A 

1117 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 5A 

1122 N NATIONAL AVE SPRINGFIELD MO 65802 CLO Location 20B 

1126 N NATIONAL AVE SPRINGFIELD MO 65802 CLO Location 41A 

1126 N NATIONAL AVE SPRINGFIELD MO 65802 SP Minor Location 42A 

1127 N PROSPECT AVE SPRINGFIELD MO 65802 CLO Location 4A 

1130 N NATIONAL AVE SPRINGFIELD MO 65802 CLO Location 12B 

1132 N PROSPECT AVE SPRINGFIELD MO 65802 SP Minor Location 15A 

1200 N ROGERS AVE SPRINGFIELD MO 65802 SP Major Location 9A 

1220 N PROSPECT AVE SPRINGFIELD MO 65802 SP Major Location 11A 

1224 E CENTRAL ST SPRINGFIELD MO 65802 CLO Location 17A 

1226 E SCOTT ST SPRINGFIELD MO 65802 SP Minor Location 27B 

1327 E CENTRAL ST SPRINGFIELD MO 65802 CLO Location 5B 

1327 E CENTRAL ST SPRINGFIELD MO 65802 SP Major Location 5B 

1360 E BROWER ST SPRINGFIELD MO 65803 CLO Location 34A 

1360 E CHESTNUT EXPY SPRINGFIELD MO 65802- CLO Location 32B 

1360 E PYTHIAN ST SPRINGFIELD MO 65802 CLO Location 48A 



Pilot Private I/I Repair Program City of Springfield, Missouri 

 

TREKK Design Group, LLC        Final: 1/3/2014 

1425 E CHESTNUT ST SPRINGFIELD MO 65802 CLO Location 26A 

1450 E PYTHIAN ST SPRINGFIELD MO 65802 SP Minor Location 27A 

1452 E CENTRAL ST SPRINGFIELD MO 65802 CLO Location 39A 

1455 E CENTRAL ST SPRINGFIELD MO 65802 SP Minor Location 26B 

1478 E CENTRAL ST SPRINGFIELD MO 65802 CLO Location 15B 

1479 E CENTRAL ST SPRINGFIELD MO 65802 CLO Location 30B 

1508 E CENTRAL ST SPRINGFIELD MO 65802 CLO Location 25B 

1511 E CENTRAL ST SPRINGFIELD MO 65802 SP Major Location 2A 

700 N PROSPECT AVE SPRINGFIELD MO 65802 CLO Location 30A 

701 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 40A 

703 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 24B 

707 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 31A 

715 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 32A 

732 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 33A 

734 N PROSPECT AVE SPRINGFIELD MO 65802 CLO Location 35A 

800 N NATIONAL AVE SPRINGFIELD MO 65802 CLO Location 9B 

802 N PICKWICK AVE SPRINGFIELD MO 65802 CLO Location 29B 

807 N PICKWICK AVE SPRINGFIELD MO 65082 SP Major Location 14B 

807 N PICKWICK AVE SPRINGFIELD MO 65082 CLO Location 14B 

810 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 22B 

811 N PROSPECT AVE SPRINGFIELD MO 65802 CLO Location 20A 

816 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 23A 

817 N PROSPECT AVE SPRINGFIELD MO 65803 CLO Location 19A 

821 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 16A 

823 N PROSPECT AVE SPRINGFIELD MO 65802 SP Major Location 18A 

825 N ROGERS AVE SPRINGFIELD MO 65802 SP Minor Location 19B 

826 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 23B 

831 N PICKWICK AVE SPRINGFIELD MO 65802 CLO Location 1A 

900 N NATIONAL AVE SPRINGFIELD MO 65802 CLO Location 4B 

901 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 6B 

907 N FREMONT AVE SPRINGFIELD MO 65802 ED Location 24A 

910 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 28A 

910 N PROSPECT AVE SPRINGFIELD MO 65803 CLO Location 21A 

910 N PROSPECT AVE SPRINGFIELD MO 65803 DD Location 21A 

914 N NATIONAL AVE SPRINGFIELD MO 65802 CLO Location 3B 

916 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 29A 

916 N ROGERS AVE SPRINGFIELD MO 65802 CLO Location 22A 

917 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 25A 

917 N WELLER AVE SPRINGFIELD MO 65802 CLO Location 38A 

920 N NATIONAL AVE SPRINGFIELD MO 65802 SP Major Location 2B 

920 N NATIONAL AVE SPRINGFIELD MO 65802 DDS Location 2B 
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920 N PICKWICK AVE SPRINGFIELD MO 65802 CLO Location 36A 

921 N WELLER AVE SPRINGFIELD MO 65802 CLO Location 37A 

922 N PROSPECT AVE SPRINGFIELD MO 65802 CLO Location 16B 

926 N NATIONAL AVE SPRINGFIELD MO 65802 CLO Location 1B 

927 N DELAWARE AVE SPRINGFIELD MO 65802- CLO Location 3A 

927 N FREMONT AVE SPRINGFIELD MO 65802 CLO Location 31B 

927 N FREMONT AVE SPRINGFIELD MO 65802 SP Minor Location 31B 

933 N PROSPECT AVE SPRINGFIELD MO 65802 CLO Location 8B 

934 N NATIONAL AVE SPRINGFIELD MO 65802 CLO Location 50A 

936 N PROSPECT AVE SPRINGFIELD MO 65802 CLO Location 7B 

939 N FREMONT AVE SPRINGFIELD MO 65802 SP Major Location 49A 
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Address                Source                 Map Location 

215 W KEARNEY ST SPRINGFIELD MO 65803 CLO Location 13A 

2405 N LYON AVE SPRINGFIELD MO 65803- CLO Location 9B 

2410 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 12A 

2410 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 46A 

2420 N GRANT AVE SPRINGFIELD MO 65803 CLO Location 11A 

2420 N MAIN AVE SPRINGFIELD MO 65803 SP Major Location 17A 

2424 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 18A 

2427 N BOONVILLE AVE SPRINGFIELD MO 65807 CLO Location 14A 

2428 N LYON AVE SPRINGFIELD MO 65803 CLO Location 25A 

2435 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 16A 

2439 N CAMPBELL AVE SPRINGFIELD MO 65803 ED Location 34A 

2446 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 19A 

2447 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 33A 

2453 N CAMPBELL AVE SPRINGFIELD MO 65803 CLO Location 32A 

2456 N MAIN AVE SPRINGFIELD MO 65805 CLO Location 22A 

2457 N MAIN AVE SPRINGFIELD MO 65803 SP Major Location 43A 

2500 N LYON AVE SPRINGFIELD MO 65803 CLO Location 27A 

2501 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 31A 

2505 N GRANT AVE SPRINGFIELD MO 65803 SP Major Location 3A 

2506 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 28A 

2510 N GRANT AVE SPRINGFIELD MO 65805 CLO Location 1B 

2511 N LYON AVE SPRINFIELD MO 65803 CLO Location 37A 

2511 N MAIN AVE SPRINGFIELD MO 65803 SP Minor Location 20A 

2513 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 15A 

2517 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 8B 

2517 N CAMPBELL AVE SPRINGFIELD MO 65803 CLO Location 8B 

2518 N GRANT AVE SPRINGFIELD MO 65803 CLO Location 2A 

2518 N MAIN AVE SPRINGFIELD MO 65807 SP Major Location 47A 

2521 N GRANT AVE SPRINGFIELD MO 65803 SP Minor Location 49A 

2521 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 45A 

2522 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 30A 

2525 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 41A 

2527 N GRANT AVE SPRINGFIELD MO 65807 CLO Location 4A 

2527 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 23A 

2528 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 42A 

2528 N MAIN AVE SPRINGFIELD MO 65803 SP Major Location 42A 

2532 N GRANT AVE SPRINGFIELD MO 65803 CLO Location 1S 

2536 N BOONVILLE AVE SPRINGFIELDS MO 65803 CLO Location 40A 

2538 N GRANT AVE SPRINGFIELD MO 65803 CLO Location 50A 

2539 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 6B 
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2540 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 35A 

2543 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 24A 

2543 N GRANT AVE SPRINGFIELD MO 65803 CLO Location 5A 

2545 N MAIN AVE SPRINGFIELD MO 65803 SP Major Location 3B 

2546 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 44A 

2548 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 6A 

2552 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 7A 

2554 N CAMPBELL AVE SPRINGFIELD MO 65803 CLO Location 2B 

2555 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 21A 

2555 N MAIN AVE SPRINGFIELD MO 65803 SP Minor Location 5B 

2601 N GRANT AVE SPRINGFIELD MO 65803 SP Major Location 48A 

2648 N LYON AVE SPRINGFIELD MO 65803 CLO Location 10A 

2755 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Minor Location 12B 

2755 N CAMPBELL AVE SPRINGFIELD MO 65803 CLO Location 12B 

2808 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Minor Location 29A 

2822 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Minor Location 26A 

419 W LIVINGSTON ST SPRINGFIELD MO 65803 SP Major Location 7B 

430 W WOODRIDGE ST SPRINGFIELD MO 65803 CLO Location 9A 

437 W WOODRIDGE ST SPRINGFIELD MO 65803 SP Major Location 39A 

501 W KEARNEY ST SPRINGFIELD MO 65803 CLO Location 4B 

510 W BELL ST SPRINGFIELD MO 65803 SP Major Location 8A 

513 W KEARNEY ST SPRINGFIELD MO 65803 CLO Location 36A 
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Address                     Source                 Map Location 

2012 N GRANT AVE SPRINGFIELD MO 65807 SP Minor Location 50B 

2012 N GRANT AVE SPRINGFIELD MO 65807 CLO Location 50B 

2012 N MAIN AVE SPRINGFIELD MO 65803 SP Major Location1C 

2018 N GRANT AVE SPRINGFIELD MO 65803 SP Major Location 49B 

2018 N GRANT AVE SPRINGFIELD MO 65803 CLO Location 49B 

2024 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 2C 

2030 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 3C 

2031 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 7C 

2034 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 25C 

2035 N BOONVILLE AVE SPRINGFIELD MO 65803- CLO Location 7B 

2044 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 4C 

2045 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Major Location 18B 

2045 N LYON AVE SPRINGFIELD MO 65802 CLO Location 6C 

2048 N GRANT AVE SPRINGFIELD MO 65803 SP Major Location 48B 

2048 N LYON AVE SPRINGFIELD MO 65802 SP Major Location 1B 

2050 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Minor Location 26B 

2054 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 5C 

2055 N LYON AVE SPRINGFIELD MO 65802 DS Location 38B 

2100 N GRANT AVE SPRINGFIELD MO 65803 SP Minor Location 5B 

2100 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 43A 

2100 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 15A 

2101 N GRANT AVE SPRINGFIELD MO 65803 SP Minor Location 46A 

2108 N LYON AVE SPRINGFIELD MO 65803 CLO Location 35C 

2110 N CAMPBELL AVE SPRINGFIELD MO 65803 CLO Location 28C 

2110 N MAIN AVE SPRINGFIELD MO 65803 SP Major Location 44A 

2111 N LYON AVE SPRINGFIELD MO 65803 CLO Location 45A 

2111 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 11C 

2114 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Minor Location 8B 

2114 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 8B 

2114 N BOONVILLE AVE SPRINGFIELD MO 65803- CLO Location 8B 

2114 N BOONVILLE AVE SPRINGFIELD MO 65803- SP Minor Location 8B 

2114 N LYON AVE SPRINGFIELD MO 65803 CLO Location 18A 

2115 N LYON AVE SPRINGFIELD MO 65803 CLO Location 19A 

2119 N GRANT AVE SPRINGFIELD MO 65803 SP Major Location 14A 

2121 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Major Location 34C 

2126 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 16A 

2127 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Minor Location 20C 

2127 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 20C 

2127 N GRANT AVE SPRINGFIELD MO 65803 SP Major Location 11A 

2127 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 33A 
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2128 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 19C 

2131 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Major Location 25B 

2131 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 25B 

2136 N GRANT AVE SPRINGFIELD MO 65803 SP Major Location 13A 

2138 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 12A 

2139 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 3B 

2139 N ROBBERSON AVE SPRINGFIELD MO 65803- CLO Location 39B 

2140 N MAIN AVE SPRINGFIELD MO 65803 SP Major Location 17A 

2141 N MAIN AVE SPRINGFIELD MO 65803 SP Minor Location 31A 

2157 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 17B 

2159 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 30A 

2160 N CAMPBELL AVE SPRINGFIELD MO 65802 CLO Location 18C 

219 W ATLANTIC ST SPRINGFIELD MO 65803 CLO Location 37B 

2200 N JEFFERSON AVE SPRINGFIELD MO 65803 SP Major Location 47B 

2200 N ROBBERSON AVE SPRINGFIELD MO 65803 CLO Location 38A 

2202 N ROBBERSON AVE SPRINGFIELD MO 65803 SP Major Location 10C 

2205 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Major Location 16B 

2206 N JEFFERSON AVE SPRINGFIELD MO 65803 CLO Location 46B 

2209 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 15B 

2210 N ROBBERSON AVE SPRINGFIELD MO 65803 SP Major Location 9C 

2211 N JEFFERSON AVE SPRINGFIELD MO 65803 CLO Location 12C 

2211 N JEFFERSON AVE SPRINGFIELD MO 65803 SP Major Location 12C 

2214 N JEFFERSON AVE SPRINGFIELD MO 65803 SP Major Location 45B 

2215 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Major Location 33C 

2215 N ROBBERSON AVE SPRINGFIELD MO 65803 SP Major Location 40B 

2216 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Major Location 32C 

2217 N LYON AVE SPRINGFIELD MO 65803 CLO Location 4A 

2218 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 11B 

2218 N CAMPBELL AVE SPRINGFIELD MO 65803 CLO Location 17C 

2218 N ROBBERSON AVE SPRINGFIELD MO 65803 CLO Location 8C 

2220 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 7A 

2221 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 14B 

2221 N LYON AVE SPRINGFIELD MO 65803 CLO Location 3A 

2222 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 16C 

2222 N JEFFERSON AVE SPRINGFIELD MO 65803 CLO Location 44B 

2222 N LYON AVE SPRINGFIELD MO 65803 CLO Location 6B 

2223 N CONCORD AVE SPRINGFIELD MO 65803 CLO Location 2A 

2225 N JEFFERSON AVE SPRINGFIELD MO 65803 CLO Location 13C 

2226 N JEFFERSON AVE SPRINGFIELD MO 65803 SP Major Location 43B 

2226 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 8A 

2227 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Minor Location 13B 
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2227 N ROBBERSON AVE SPRINGFIELD MO 65803 CLO Location 41B 

2228 N LYON AVE SPRINGFIELD MO 65803 CLO Location 6A 

2230 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 38C 

2230 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Major Location 38C 

2233 N JEFFERSON AVE SPRINGFIELD MO 65803 CLO Location 14C 

2233 N JEFFERSON AVE SPRINGFIELD MO 65803 SP Major Location 14C 

2234 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 12B 

2235 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 26C 

2239 N JEFFERSON AVE SPRINGFIELD MO 60502 SP Minor Location 15C 

2240 N GRANT AVE SPRINGFIELD MO 65803 CLO Location 34A 

2240 N JEFFERSON AVE SPRINGFIELD MO 65803 SP Minor Location 42B 

2240 N JEFFERSON AVE SPRINGFIELD MO 65803 CLO Location 42B 

2240 N ROBBERSON AVE SPRINGFIELD MO 65803 CLO Location 37C 

2245 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 42A 

2245 N ROBBERSON AVE SPRINGFIELD MO 65803 SP Minor Location 31B 

2246 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 21C 

2246 N MAIN AVE SPRINGFIELD MO 65807 CLO Location 36C 

2251 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Minor Location 36A 

2251 N MAIN AVE SPRINGFIELD MO 65803 SP Major Location 31C 

2252 N MAIN AVE SPRINGFIELD MO 65803- CLO Location 9A 

2252 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 9A 

2254 N JEFFERSON AVE SPRINGFIELD MO 65803 CLO Location 40A 

2254 N JEFFERSON AVE SPRINGFIELD MO 65803 SP Major Location 40A 

2257 N CONCORD AVE SPRINGFIELD MO 65803 CLO Location 5A 

2259 N JEFFERSON AVE SPRINGFIELD MO 65803 CLO Location 33B 

2260 N ROBBERSON AVE SPRINGFIELD MO 65803 CLO Location 24B 

2301 N CAMPBELL AVE SPRINGFIELD MO 65803 CLO Location 47A 

2301 N CONCORD AVE SPRINGFIELD MO 65803 CLO Location 22A 

2301 N LYON AVE SPRINGFIELD MO 65803 CLO Location 49A 

2305 N CAMPBELL AVE SPRINGFIELD MO 65803 CLO Location 35A 

2308 N CONCORD AVE SPRINGFIELD MO 65803 CLO Location 21A 

2308 N JEFFERSON AVE SPRINGFIELD MO 65803 CLO Location 30B 

2309 N CONCORD AVE SPRINGFIELD MO 65803 CLO Location 24A 

2309 N CONCORD AVE SPRINGFIELD MO 65803 DS Location 24A 

2311 N BENTON AVE SPRINGFIELD MO 65803- CLO Location 34B 

2311 N ROBBERSON AVE SPRINGFIELD MO 65803 CLO Location 2B 

2315 N LYON AVE SPRINGFIELD MO 65803 DD Location 27A 

2315 N MAIN AVE SPRINGFIELD MO 65803 CLO Location 48A 

2316 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 40C 

2316 N CONCORD AVE SPRINGFIELD MO 65803 CLO Location 27C 

2316 N MAIN AVE SPRINGFIELD MO 65803 SP Major Location 50A 
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2319 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 19B 

2319 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Major Location 19B 

2320 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 21B 

2321 N CAMPBELL AVE SPRINGFIELD MO 6580. CLO Location 37A 

2321 N CONCORD AVE SPRINGFIELD MO 65803 CLO Location 21B 

2324 N CONCORD AVE SPRINGFIELD MO 65803 CLO Location 30C 

2324 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 10B 

2327 N LYON AVE SPRINGFIELD MO 65803 CLO Location 29A 

2327 N MAIN AVE SPRINGFIELD MO 65803 SP Major Location 9B 

2327 N ROBBERSON AVE SPRINGFIED MO 65803 CLO Location 32B 

2328 N CONCORD AVE SPRINGFIELD MO 65803 CLO Location 29C 

2330 N JEFFERSON AVE SPRINGFIELD MO 65803 CLO Location 24C 

2336 N BOONVILLE AVE SPRINGFIELD MO 65803 SP Major Location 39C 

2336 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 39C 

2337 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 26A 

2339 N LYON AVE SPRINGFIELD MO 65803 SP Major Location 28A 

2342 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 20B 

2345 N CAMPBELL AVE SPRINGFIELD MO 65803 SP Major Location 25A 

2346 N BOONVILLE AVE SPRINGFIELD MO 65803 CLO Location 4B 

2348 N CAMPBELL AVE SPRINGFIELD MO 65803 CLO Location 22C 

2351 N ROBBERSON AVE SPRINGFIELD MO 65803 SP Major Location 28B 

2351 N ROBBERSON AVE SPRINGFIELD MO 65803 CLO Location 28B 

301 W DALE ST SPRINGFIELD MO 65803 SP Major Location 41A 

315 E HIGH ST SPRINGFIELD MO 65803 SP Major Location 39A 

315 E TURNER ST SPRINGFIELD MO 65803 CLO Location 23B 

316 W KEARNEY ST SPRINGFIELD MO 65803 CLO Location 27B 

329 E KEARNEY ST SPRINGFIELD MO 65803 CLO Location 1A 

330 E KEARNEY ST SPRINGFIELD MO 65803 CLO Location 22B 

330 E TURNER ST SPRINGFIELD MO 65803 CLO Location 23C 

407 E TURNER ST SPRINGFIELD MO 65803 CLO Location 35B 

411 E TURNER ST SPRINGFIELD MO 65803 SP Major Location 36B 

422 E TURNER ST SPRINGFIELD MO 65803 SP Major Location 29B 

609 W DALE ST SPRINGFIELD MO 65803 SP Major Location 32A 

635 W HIGH ST SPRINGFIELD MO 65803 SP Minor Location 10A 

650 W KEARNEY ST SPRINGFIELD MO 65803 CLO Location 20A 
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Example of Homeowners Agreement 
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T E C H N I C A L  M E M O R A N D U M  
 

City of Springfield Marginal Cost Analysis Estimating 
Methodology Summary 
PREPARED FOR: Springfield, Missouri 

COPY TO: Black & Veatch 

PREPARED BY: CH2M HILL 

 
The 2013 Program Alternative Cost Calculator (PACC) Tool developed by CH2M HILL and adjusted for the City of 
Springfield, Missouri was used in the Cost Effective Analysis (CEA) and the Marginal Cost Analysis (MCA) for 
sanitary sewer improvements involving various inflow and infiltration (I/I) removal rates and various storm 
frequency intervals. The PACC Tool is intended to provide planning‐level cost estimates for coarse level screening 
during sanitary, storm, and combined sewer programs.  

These planning‐level estimates range between Class 4 and Class 5 with an expected accuracy of +50 percent to 
‐30 percent based on the estimating methodology, level of project definition and the intended usage per 
standards set by the Association for the Advancement of Cost Engineering International(AACE). While unit costs 
are based on a range of sources, all costs are adjusted to reflect January 2014 dollars for Springfield, MO. 

The estimating procedure includes construction costs and capital costs. In general, the construction costs include 
the direct costs for building plus necessary contractor‐based markups. The capital costs are the construction cost 
plus all the additional costs to the utility to get the facility completed and running.  The CEA and MCA include 
estimates for four different types of technologies: open‐cut sewers, tunneled sewers, offline storage facilities, and 
pump stations. The primary characteristics of each technology – such as tank volume, pump station peak flow 
rate, and sewer length, pipe size, and average depth – are based on the results from the sanitary sewer model. 
This memorandum provides an overview of the assumptions made outside of the PACC Tool for each technology 
and for the capital cost markups. 

Open‐cut sewer construction is assumed for the majority of the sewers being estimated. Upsized sewer sections 
were assumed to have the same average depth and alignment of those sewers being replaced. For new 
construction, the manhole spacing is determined based on guidance in Design Standards for Public Improvements 
(City of Springfield, 2002). Flow control devices, modeled as orifices were estimated as Junction boxes. Estimates 
are calculated differently depending on if the sewer is constructed in or out of the street, which, like a number of 
site dependent characteristics, is determined using GIS. For open‐cut sewers in the street, pavement replacement 
is assumed to be 12 feet wide. An additional cost for creek crossings is applied for smaller streams where 
appropriate based on GIS. Exhibit 1‐1 presents additional open‐cut sewer markups included based on site and 
construction conditions. 
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EXHIBIT 1‐1 
Open‐cut Sewer Markups 

Description  Application Assumption  Multiplier 

Subsurface conditions in rock  
20 percent to 25 percent of the total length of each open‐cut sewer 
project. 

25% 

Dewatering  Open‐cut sewer segments with depths greater than 15 feet.  4% 

Maintenance of flow  
All replaced sewer segments to account for pumping or other necessary 
diversion requirements. 

5% 

Clearing and grubbing 
All off road sewer installations where the GIS indicated, to account for the 
cost of clearing vegetation from the sewer route. 

$5,026 per acre  

Traffic maintenance 
All on road sewer installations to account for the cost of a single‐lane 
traffic closure. 

1% 

Urban alignment 

Open‐cut sewer segments in very congested areas that are assumed to 
require additional costs for storage of materials and equipment, tight 
sheeting, reduced productivity from additional utility interferences, and 
higher risk of restitution costs to mitigate settlement damage. 

35% 

Small job multiplier   This multiplier was not used for the current estimates. 
Varies by construction 

cost 

 

Exhibit 1‐2 shows the average unit costs developed during this project for the various pipe sizes and installation 
depths listed. 

EXHIBIT 1‐2 
Average Open Cut Installation Unit Costs 

 

Pipe Depth (ft)  5‐10  10‐15  15‐20  20‐25 

Pipe Size (in)  Cost per Unit Length of Pipe* 

10  $171  $205     

12  $234  $307     

15  $214  $311  $520  $718 

18  $245  $374  $525  $788 

21  $200  $297     

24  $270  $334     

27  $241  $367  $619   

30  $284  $557  $488   

36  $248  $415  $566   

42  $350  $475  $578  $784 

48  $654  $582  $775  $796 

54    $498     

108    $1,135     
*Includes both in and out of street pipe lengths. 

Sewer installation is estimated using tunneling techniques when the sewer must pass below a freeway, railroad, 
or larger stream visible on the GIS, or if the excavation would be greater than 25 feet in depth. Auger bore 
construction is used for tunneled pipes up to 54 inches in diameter, microtunneled construction is used for pipes 
ranging from 60 to 78 inches in diameter, and TBM tunneled construction is used for pipes greater than or equal 
to 84 inches in diameter. The number of shafts are determined based on the number of manholes within the 
section being tunneled. Additionally, several multipliers are added to account for site specific conditions, as 
shown in Exhibit 1‐3. 
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EXHIBIT 1‐3 
Tunneled Sewer Markups 

Description  Application Assumption  Multiplier 

Mixed face tunneling  
Applied to all tunneled sewer segments. 50% for Auger Bore and 
30% for Microtunnel or TBM. 

50%/30% 

Dewatering  Tunneled sewer segments with depths greater than 15 feet.  10% 

Railroad or freeway crossings   Tunneled segments crossing railroad or freeway crossings.  2% 

Small job multiplier   This multiplier was not used for the current estimates.  Varies by construction cost 

 

This project includes six potential storage facilities in the south system, locations shown in Exhibit 1‐4. 

EXHIBIT 1-4 
Potential Storage Locations 
 

 

Sites 6, 7, 8, and 13 were assumed to be underground, concrete EQ basins requiring odor control and dewatering.  
Sites 11 and 12 were assumed to be open, earthen EQ basins.  A 2 percent multiplier is applied to the construction 
cost to account for odor control at the facilities requiring odor control and a fixed cost of $492,461 is applied to 
the construction cost to account for dewatering during construction at the below ground facilities.  

There is one pump station upgrade in the south in addition to the effluent pump stations at the storage facilities. 
Pump stations of less than 10 mgd were assumed to be submersible pump stations while those 10 mgd and 
greater were estimated as wet well/dry well pump stations. For the pump stations at the storage locations, 
additional fixed costs of $421,500 are included to account for dewatering during construction.  These pump 
stations are sized assuming a 48‐hour pump out time to prevent the stored flow from going septic.  Additionally, a 
2 percent multiplier is applied to the construction cost to upgrade the existing pump station to account for odor 
control. This multiplier is not applied to the pump stations at the covered EQ basins since they are being built in 
conjunction with the storage facilities and odor control is accounted for in the storage facility estimates. 

The capital cost markups presented in Exhibit 1‐5 are based on similar values used from other medium sized US 
cities that have utilized the PACC Tool, and are applied to all construction costs. 
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EXHIBIT 1‐5 
Capital Cost Multipliers by Construction Cost 

Description  Multiplier 

Program and Preliminary Design  5% 

Detail Design Services  15% 

Administrative Costs  0% 

Capitalized Interest  3% 

Field Engineering and Inspection  5% 

Miscellaneous  0% 

Project Contingency*  25%, 30% or 35% 

Performance Bond  1% 

Total  54%, 59% or 64% 

*Project contingency varies by construction cost, decreasing in percentage as the construction cost increases. 
A 35 percent multiplier is applied for projects with constructions costs up to $1,000,000, a 30 percent 
multiplier is applied for projects with construction costs from $1,000,000 to $20,000,000, and a 25 percent 
multiplier is applied to projects with construction costs over $20,000,000. 

 



APPENDIX 8B 
I/I REDUCTION COST SUMMARY 

Appendix 8B 
 



Priority 

Rank Sub-Basin
Total System 

Length (ft)

VCP Pipe 

Length (ft)

Peak Flow 

(mgd/

1000lf 

Pipe)

Defective 

Services 

Located 

During Smoke 

Testing

Building 

Count

SSES Inspection 

Cost

Cumulative SSES 

Inspection Cost

Private Sector 

Rehabilitation 

Percent of Total 

Buildings

Private Sector 

Disconnect Cost

Cumulative Private 

Sector Disconnect 

Cost

Public Sector 

Rehabilitation 

Percent of Total 

Footage

Public Sector 

Rehabilitation 

Cost

Cumulative Public 

Sector 

Rehabilitation 

Cost

Total I/I 

Elimination Cost

Cumulative I/I 

Elimination Cost

Cumulative I/I 

Removal 

Percentage

Totals 6,457,970 2,356,395 359 66,954  $    35,731,945  $         23,024,639  $   11,575,142  $        70,331,726 

1 PR15 17,043 10,705 0.152       15                   238 126,000$          126,000$                    27.5% 146,000$               146,000$                 2.4% 42,000$            42,000$                314,000$               314,000$              

2 LWC09 13,854 0 0.130       -                  0 14,000$             140,000$                    27.3% -$                        146,000$                 2.4% 34,000$            76,000$                48,000$                 363,000$              

3 JC23 15,301 12,523 0.127       26                   161 101,000$          241,000$                    27.2% 107,000$               254,000$                 2.4% 37,000$            113,000$             245,000$               608,000$              

4 JC08 32,019 23,891 0.123       25                   572 290,000$          531,000$                    27.0% 339,000$               593,000$                 2.4% 78,000$            192,000$             707,000$               1,315,000$          

5 UWC12 8,113 0 0.123       -                  1 9,000$               539,000$                    26.9% 1,000$                    594,000$                 2.4% 20,000$            211,000$             29,000$                 1,344,000$          

6 Strafford 0 0 0.116       -                  0 -$                   539,000$                    26.7% -$                        594,000$                 2.4% -$                  211,000$             -$                       1,344,000$          

7 LWC04 103,286 250 0.082       -                  0 107,000$          646,000$                    26.6% -$                        594,000$                 2.4% 250,000$          461,000$             356,000$               1,700,000$          

8 Battlefield 0 0 0.072       -                  0 -$                   646,000$                    26.4% -$                        594,000$                 2.4% -$                  461,000$             -$                       1,700,000$          

9 JC11 62,758 31,115 0.063       -                  740 397,000$          1,043,000$                26.2% 424,000$               1,017,000$              2.4% 151,000$          612,000$             972,000$               2,672,000$          

10 LWC05 24,566 116 0.060       -                  113 66,000$             1,109,000$                26.1% 64,000$                 1,082,000$              2.4% 59,000$            671,000$             189,000$               2,861,000$          

11 JC15 18,478 17,647 0.058       15                   373 191,000$          1,300,000$                25.9% 212,000$               1,294,000$              2.3% 44,000$            715,000$             447,000$               3,309,000$          

12 LS03 38,117 8,972 0.057       -                  314 171,000$          1,471,000$                25.8% 177,000$               1,471,000$              2.3% 91,000$            805,000$             439,000$               3,747,000$          

13 FC07 23,988 14,084 0.057       -                  441 213,000$          1,684,000$                25.6% 247,000$               1,718,000$              2.3% 57,000$            862,000$             517,000$               4,264,000$          

14 PR07 14,446 12,346 0.056       13                   233 125,000$          1,809,000$                25.5% 132,000$               1,850,000$              2.3% 34,000$            897,000$             292,000$               4,556,000$          

15 LWC07 74,828 0 0.055       -                  0 77,000$             1,886,000$                25.3% -$                        1,850,000$              2.3% 176,000$          1,073,000$          253,000$               4,809,000$          

16 PR10 32,663 16,721 0.055       13                   323 186,000$          2,072,000$                25.2% 179,000$               2,029,000$              2.3% 77,000$            1,150,000$          441,000$               5,250,000$          10%

17 SC07 51,954 46,268 0.053       19                   1060 534,000$          2,605,000$                25.0% 568,000$               2,597,000$              2.3% 122,000$          1,271,000$          1,224,000$           6,474,000$          

18 SC05 51,949 32,785 0.053       -                  827 421,000$          3,026,000$                24.9% 450,000$               3,047,000$              2.3% 121,000$          1,392,000$          992,000$               7,466,000$          

19 PR13 22,269 19,134 0.053       24                   497 242,000$          3,269,000$                24.7% 272,000$               3,319,000$              2.3% 52,000$            1,444,000$          567,000$               8,032,000$          

20 UWC09 29,329 11,246 0.053       8                     427 207,000$          3,476,000$                24.6% 225,000$               3,544,000$              2.3% 68,000$            1,512,000$          501,000$               8,533,000$          

21 FC05 49,674 36,939 0.052       -                  861 440,000$          3,916,000$                24.4% 460,000$               4,004,000$              2.3% 115,000$          1,627,000$          1,014,000$           9,547,000$          

22 SC04 22,997 9,143 0.047       -                  452 205,000$          4,121,000$                24.2% 240,000$               4,244,000$              2.3% 53,000$            1,680,000$          498,000$               10,046,000$        

23 JC02 25,421 21,998 0.047       -                  475 244,000$          4,365,000$                24.1% 251,000$               4,495,000$              2.3% 58,000$            1,738,000$          553,000$               10,599,000$        

24 PR05 28,992 22,950 0.047       -                  456 243,000$          4,609,000$                23.9% 239,000$               4,734,000$              2.2% 66,000$            1,805,000$          549,000$               11,147,000$        

25 JC10 10,105 7,419 0.044       0                     69 51,000$             4,660,000$                23.8% 34,000$                 4,769,000$              2.2% 23,000$            1,828,000$          109,000$               11,256,000$        

26 JC29 49,519 37,354 0.043       -                  998 490,000$          5,149,000$                23.6% 517,000$               5,286,000$              2.2% 113,000$          1,940,000$          1,119,000$           12,375,000$        

27 G07 30,339 26,029 0.042       -                  353 214,000$          5,364,000$                23.5% 182,000$               5,467,000$              2.2% 69,000$            2,009,000$          465,000$               12,840,000$        

28 PR12 63,273 51,667 0.040       -                  1155 591,000$          5,955,000$                23.3% 591,000$               6,058,000$              2.2% 143,000$          2,152,000$          1,325,000$           14,165,000$        

29 JC24 27,422 22,381 0.040       -                  751 346,000$          6,301,000$                23.2% 382,000$               6,440,000$              2.2% 62,000$            2,214,000$          789,000$               14,954,000$        

30 JC32 30,973 23,045 0.039       -                  368 214,000$          6,514,000$                23.0% 186,000$               6,626,000$              2.2% 69,000$            2,283,000$          469,000$               15,423,000$        

31 JC01 17,950 11,824 0.039       -                  217 122,000$          6,636,000$                22.9% 109,000$               6,735,000$              2.2% 40,000$            2,323,000$          271,000$               15,694,000$        

32 SC09 14,295 7,297 0.038       -                  171 92,000$             6,728,000$                22.7% 85,000$                 6,820,000$              2.2% 32,000$            2,355,000$          209,000$               15,903,000$        

33 G04 44,407 33,487 0.038       -                  631 345,000$          7,073,000$                22.6% 313,000$               7,133,000$              2.2% 99,000$            2,453,000$          756,000$               16,659,000$        

34 SC08 62,510 52,843 0.037       -                  1015 543,000$          7,615,000$                22.4% 500,000$               7,632,000$              2.2% 138,000$          2,592,000$          1,181,000$           17,840,000$        

35 G02 16,444 14,632 0.037       -                  207 123,000$          7,738,000$                22.3% 101,000$               7,734,000$              2.2% 36,000$            2,628,000$          260,000$               18,100,000$        

36 FC15 40,785 28,667 0.036       -                  514 288,000$          8,027,000$                22.1% 250,000$               7,983,000$              2.2% 90,000$            2,718,000$          628,000$               18,728,000$        

37 LDS02 10,651 0 0.033       -                  0 11,000$             8,038,000$                21.9% -$                        7,983,000$              2.2% 23,000$            2,741,000$          34,000$                 18,762,000$        

38 FC04 19,467 15,644 0.033       2                     402 198,000$          8,236,000$                21.8% 185,000$               8,169,000$              2.1% 42,000$            2,783,000$          426,000$               19,188,000$        

39 FC03 10,824 4,319 0.033       -                  205 94,000$             8,330,000$                21.6% 98,000$                 8,266,000$              2.1% 24,000$            2,807,000$          215,000$               19,403,000$        

40 JC05 60,426 46,586 0.032       36                   633 390,000$          8,720,000$                21.5% 307,000$               8,573,000$              2.1% 131,000$          2,938,000$          828,000$               20,231,000$        20%

41 JC18 26,472 19,878 0.032       -                  324 187,000$          8,907,000$                21.3% 152,000$               8,725,000$              2.1% 57,000$            2,995,000$          396,000$               20,627,000$        

42 FC14 32,640 7,490 0.031       10                   358 178,000$          9,085,000$                21.2% 165,000$               8,891,000$              2.1% 70,000$            3,065,000$          413,000$               21,040,000$        

43 JC13 46,403 38,979 0.031       -                  701 384,000$          9,468,000$                21.0% 325,000$               9,215,000$              2.1% 99,000$            3,165,000$          808,000$               21,848,000$        

44 FC10 22,770 18,867 0.031       -                  408 211,000$          9,679,000$                20.9% 188,000$               9,403,000$              2.1% 49,000$            3,213,000$          447,000$               22,295,000$        

45 FC09 24,819 15,809 0.030       -                  170 121,000$          9,800,000$                20.7% 78,000$                 9,481,000$              2.1% 53,000$            3,266,000$          251,000$               22,546,000$        

46 JC03 98,457 86,849 0.030       -                  1808 938,000$          10,737,000$              20.6% 820,000$               10,301,000$            2.1% 209,000$          3,475,000$          1,967,000$           24,513,000$        

47 UWC02 49,427 40,393 0.030       -                  868 450,000$          11,187,000$              20.4% 391,000$               10,692,000$            2.1% 104,000$          3,579,000$          945,000$               25,458,000$        

48 PR14 61,806 53,790 0.029       -                  1193 608,000$          11,795,000$              20.3% 533,000$               11,225,000$            2.1% 130,000$          3,709,000$          1,271,000$           26,729,000$        

49 UWC08 45,250 4,735 0.029       -                  124 101,000$          11,896,000$              20.1% 55,000$                 11,280,000$            2.1% 95,000$            3,804,000$          251,000$               26,980,000$        

50 PR06 28,079 14,802 0.029       7                     321 176,000$          12,072,000$              20.0% 139,000$               11,419,000$            2.1% 59,000$            3,863,000$          373,000$               27,354,000$        

51 JC31 14,620 2,423 0.029       -                  141 71,000$             12,143,000$              19.8% 62,000$                 11,481,000$            2.0% 30,000$            3,893,000$          163,000$               27,516,000$        

52 G08 48,989 48,468 0.029       -                  629 381,000$          12,524,000$              19.6% 273,000$               11,754,000$            2.0% 102,000$          3,995,000$          756,000$               28,273,000$        

53 G01 58,987 54,073 0.028       -                  947 518,000$          13,042,000$              19.5% 408,000$               12,162,000$            2.0% 122,000$          4,117,000$          1,048,000$           29,320,000$        

54 G13 28,649 27,530 0.028       -                  463 255,000$          13,297,000$              19.3% 198,000$               12,360,000$            2.0% 59,000$            4,176,000$          512,000$               29,832,000$        

55 G03 22,273 20,320 0.027       -                  456 230,000$          13,527,000$              19.2% 194,000$               12,553,000$            2.0% 46,000$            4,221,000$          470,000$               30,302,000$        

56 WB05 16,190 370 0.027       -                  408 163,000$          13,691,000$              19.0% 172,000$               12,725,000$            2.0% 33,000$            4,255,000$          368,000$               30,670,000$        

57 PR19 18,384 13,789 0.027       -                  133 97,000$             13,787,000$              18.9% 56,000$                 12,781,000$            2.0% 37,000$            4,292,000$          190,000$               30,860,000$        
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58 JC07 53,698 41,949 0.027       1                     888 465,000$          14,252,000$              18.7% 350,000$               13,131,000$            2.0% 109,000$          4,401,000$          923,000$               31,784,000$        

59 UWC01 42,892 16,434 0.027       4                     426 232,000$          14,484,000$              18.6% 169,000$               13,299,000$            2.0% 87,000$            4,488,000$          488,000$               32,271,000$        

60 JC04 10,340 9,464 0.027       -                  232 114,000$          14,598,000$              18.4% 95,000$                 13,394,000$            2.0% 21,000$            4,508,000$          230,000$               32,501,000$        

61 UWC04 35,347 27,665 0.027       -                  639 325,000$          14,924,000$              18.3% 259,000$               13,653,000$            2.0% 71,000$            4,579,000$          655,000$               33,156,000$        

62 FC06 154,164 119,995 0.026       -                  2385 1,274,000$       16,198,000$              18.1% 959,000$               14,612,000$            2.0% 308,000$          4,887,000$          2,541,000$           35,697,000$        

63 JC14 22,142 17,642 0.026       -                  227 143,000$          16,340,000$              18.0% 91,000$                 14,702,000$            2.0% 44,000$            4,931,000$          277,000$               35,974,000$        

64 FC11 34,559 30,762 0.025       -                  567 306,000$          16,646,000$              17.8% 224,000$               14,927,000$            1.9% 69,000$            5,000,000$          598,000$               36,572,000$        

65 R02 6,166 860 0.024       -                  1 9,000$               16,654,000$              17.7% -$                        14,927,000$            1.9% 12,000$            5,012,000$          21,000$                 36,593,000$        

66 FC13 19,932 10,910 0.023       14                   294 149,000$          16,804,000$              17.5% 116,000$               15,043,000$            1.9% 39,000$            5,051,000$          305,000$               36,898,000$        

67 SC16 32,066 2,683 0.022       -                  151 93,000$             16,897,000$              17.3% 58,000$                 15,102,000$            1.9% 63,000$            5,114,000$          214,000$               37,112,000$        

68 JC17 108,811 73,541 0.022       -                  1368 762,000$          17,658,000$              17.2% 523,000$               15,625,000$            1.9% 212,000$          5,327,000$          1,498,000$           38,610,000$        

69 WB13 17,869 1934 0.021       -                  210 98,000$             17,756,000$              17.0% 80,000$                 15,705,000$            1.9% 35,000$            5,361,000$          212,000$               38,822,000$        

70 FC02 14,396 10,621 0.021       -                  280 138,000$          17,894,000$              16.9% 105,000$               15,810,000$            1.9% 28,000$            5,389,000$          271,000$               39,094,000$        

71 SC03 28,334 9,904 0.020       -                  367 182,000$          18,076,000$              16.7% 137,000$               15,947,000$            1.9% 55,000$            5,444,000$          374,000$               39,467,000$        

72 SDS05 58,497 8,512 0.020       -                  37 92,000$             18,168,000$              16.6% 14,000$                 15,960,000$            1.9% 112,000$          5,556,000$          218,000$               39,685,000$        

73 FC12 28,028 22,385 0.019       -                  477 248,000$          18,417,000$              16.4% 175,000$               16,135,000$            1.9% 54,000$            5,610,000$          477,000$               40,162,000$        

74 G05 42,281 19,324 0.019       -                  643 316,000$          18,732,000$              16.3% 234,000$               16,369,000$            1.9% 81,000$            5,691,000$          630,000$               40,792,000$        

75 JC16 25,050 22,332 0.019       -                  487 249,000$          18,981,000$              16.1% 175,000$               16,544,000$            1.9% 48,000$            5,738,000$          472,000$               41,263,000$        

76 FC08 31,416 16,811 0.019       -                  496 246,000$          19,227,000$              16.0% 177,000$               16,721,000$            1.9% 59,000$            5,798,000$          483,000$               41,746,000$        30%

77 SC14 41,167 3,078 0.019       -                  390 188,000$          19,416,000$              15.8% 138,000$               16,859,000$            1.9% 78,000$            5,875,000$          404,000$               42,150,000$        

78 R03 51,906 300 0.019       -                  51 72,000$             19,488,000$              15.7% 18,000$                 16,877,000$            1.8% 97,000$            5,973,000$          187,000$               42,338,000$        

79 JR07 18,666 0 0.019       -                  0 19,000$             19,507,000$              15.5% -$                        16,877,000$            1.8% 35,000$            6,007,000$          54,000$                 42,392,000$        

80 UWC13 19,170 15877.8 0.018       -                  281 155,000$          19,662,000$              15.3% 97,000$                 16,974,000$            1.8% 36,000$            6,043,000$          287,000$               42,679,000$        

81 JC12 18,002 8,012 0.018       -                  171 97,000$             19,759,000$              15.2% 58,000$                 17,032,000$            1.8% 33,000$            6,077,000$          189,000$               42,868,000$        

82 G11 25,180 14,381 0.018       -                  283 159,000$          19,918,000$              15.0% 95,000$                 17,127,000$            1.8% 46,000$            6,123,000$          300,000$               43,168,000$        

83 Willard 0 0 0.018       -                  0 -$                   19,918,000$              14.9% -$                        17,127,000$            1.8% -$                  6,123,000$          -$                       43,168,000$        

84 PR18 14,947 550 0.018       -                  36 29,000$             19,947,000$              14.7% 12,000$                 17,139,000$            1.8% 27,000$            6,150,000$          69,000$                 43,237,000$        

85 PR11 31,287 16,219 0.017       -                  607 285,000$          20,232,000$              14.6% 199,000$               17,338,000$            1.8% 57,000$            6,207,000$          541,000$               43,778,000$        

86 PR02 28,179 5,524 0.016       -                  64 64,000$             20,296,000$              14.4% 21,000$                 17,359,000$            1.8% 51,000$            6,259,000$          136,000$               43,913,000$        

87 UWC10 47,837 10,081 0.015       16                   244 158,000$          20,454,000$              14.3% 83,000$                 17,442,000$            1.8% 86,000$            6,345,000$          328,000$               44,241,000$        

88 R04 9,821 0 0.015       -                  0 10,000$             20,464,000$              14.1% -$                        17,442,000$            1.8% 18,000$            6,363,000$          28,000$                 44,269,000$        

89 JC22 52,094 36,826 0.014       36                   367 265,000$          20,730,000$              14.0% 129,000$               17,570,000$            1.8% 93,000$            6,456,000$          488,000$               44,756,000$        

90 SC11 27,454 3,037 0.014       -                  443 193,000$          20,923,000$              13.8% 138,000$               17,709,000$            1.8% 49,000$            6,505,000$          380,000$               45,137,000$        

91 PR09 22,441 19,081 0.014       -                  134 113,000$          21,036,000$              13.7% 41,000$                 17,750,000$            1.7% 40,000$            6,545,000$          194,000$               45,330,000$        

92 PR04 33,559 18,732 0.014       -                  399 218,000$          21,254,000$              13.5% 122,000$               17,872,000$            1.7% 59,000$            6,604,000$          399,000$               45,730,000$        

93 SC02 21,408 8,305 0.014       -                  413 188,000$          21,442,000$              13.4% 125,000$               17,996,000$            1.7% 38,000$            6,642,000$          350,000$               46,080,000$        

94 R01 24,590 400 0.013       -                  10 30,000$             21,471,000$              13.2% 3,000$                    17,999,000$            1.7% 43,000$            6,685,000$          76,000$                 46,156,000$        

95 UWC11 28,835 3754.5 0.013       -                  406 183,000$          21,654,000$              13.0% 120,000$               18,119,000$            1.7% 50,000$            6,736,000$          353,000$               46,509,000$        

96 SDS03 33,696 450 0.013       -                  333 155,000$          21,809,000$              12.9% 97,000$                 18,217,000$            1.7% 59,000$            6,794,000$          311,000$               46,820,000$        

97 LWC08 12,252 0 0.013       -                  0 13,000$             21,822,000$              12.7% -$                        18,217,000$            1.7% 21,000$            6,815,000$          34,000$                 46,854,000$        

98 PC06 48,721 340 0.013       -                  279 151,000$          21,972,000$              12.6% 80,000$                 18,296,000$            1.7% 84,000$            6,899,000$          314,000$               47,168,000$        

99 UWC03 83,997 19,687 0.013       -                  485 303,000$          22,275,000$              12.4% 137,000$               18,433,000$            1.7% 144,000$          7,043,000$          584,000$               47,752,000$        

100 JC27 12,081 10,774 0.012       -                  161 94,000$             22,369,000$              12.3% 45,000$                 18,478,000$            1.7% 21,000$            7,064,000$          159,000$               47,911,000$        

101 SC12 67,488 7,328 0.012       11                   1083 473,000$          22,841,000$              12.1% 282,000$               18,761,000$            1.7% 115,000$          7,179,000$          870,000$               48,781,000$        

102 FC17 19,449 8,444 0.012       -                  466 205,000$          23,046,000$              12.0% 127,000$               18,888,000$            1.7% 33,000$            7,212,000$          365,000$               49,146,000$        

103 SDS06 119,595 0 0.012       -                  0 123,000$          23,169,000$              11.8% -$                        18,888,000$            1.7% 202,000$          7,413,000$          324,000$               49,470,000$        

104 SB02 110,513 490 0.012       -                  346 238,000$          23,407,000$              11.7% 92,000$                 18,980,000$            1.6% 185,000$          7,599,000$          516,000$               49,986,000$        

105 PC03 9,119 0 0.012       -                  110 49,000$             23,456,000$              11.5% 29,000$                 19,009,000$            1.6% 15,000$            7,614,000$          93,000$                 50,079,000$        

106 PR03 18,322 4,616 0.012       -                  134 77,000$             23,533,000$              11.4% 35,000$                 19,044,000$            1.6% 30,000$            7,644,000$          142,000$               50,221,000$        

107 PR08 11,137 10,846 0.012       -                  152 90,000$             23,622,000$              11.2% 39,000$                 19,083,000$            1.6% 18,000$            7,663,000$          147,000$               50,368,000$        

108 UWC06 19,127 3,059 0.012       -                  182 91,000$             23,714,000$              11.1% 46,000$                 19,129,000$            1.6% 32,000$            7,694,000$          169,000$               50,537,000$        

109 PR16 55,567 39,777 0.011       -                  671 384,000$          24,098,000$              10.9% 168,000$               19,297,000$            1.6% 91,000$            7,786,000$          643,000$               51,181,000$        

110 SB01 35,183 3,380 0.011       -                  439 201,000$          24,298,000$              10.7% 108,000$               19,406,000$            1.6% 57,000$            7,843,000$          366,000$               51,547,000$        

111 UWC05 53,762 34,731 0.011       -                  845 433,000$          24,732,000$              10.6% 206,000$               19,612,000$            1.6% 87,000$            7,930,000$          727,000$               52,274,000$        

112 SC15 61,751 20,511 0.011       -                  291 212,000$          24,944,000$              10.4% 70,000$                 19,682,000$            1.6% 100,000$          8,030,000$          382,000$               52,656,000$        

113 JC21 54,871 39,735 0.010       26                   726 403,000$          25,347,000$              10.3% 172,000$               19,854,000$            1.6% 88,000$            8,118,000$          663,000$               53,320,000$        

114 SDS02 29,783 3,823 0.010       -                  347 163,000$          25,510,000$              10.1% 81,000$                 19,935,000$            1.6% 48,000$            8,166,000$          292,000$               53,612,000$        

115 JC30 6,656 4,195 0.010       25                   145 68,000$             25,578,000$              10.0% 45,000$                 19,981,000$            1.6% 11,000$            8,177,000$          124,000$               53,735,000$        

116 LWC03 8,475 706 0.010       -                  219 89,000$             25,667,000$              9.8% 50,000$                 20,030,000$            1.6% 13,000$            8,190,000$          152,000$               53,887,000$        

117 PC02 38,650 3,528 0.010       -                  381 184,000$          25,850,000$              9.7% 86,000$                 20,116,000$            1.6% 61,000$            8,251,000$          330,000$               54,217,000$        
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118 FC16 30,589 26,669 0.010       -                  508 271,000$          26,122,000$              9.5% 112,000$               20,228,000$            1.5% 48,000$            8,299,000$          432,000$               54,649,000$        

119 LS01 57,818 15,630 0.010       -                  924 424,000$          26,546,000$              9.4% 202,000$               20,430,000$            1.5% 90,000$            8,390,000$          716,000$               55,365,000$        

120 JC26 57,891 45,173 0.009       -                  953 499,000$          27,045,000$              9.2% 205,000$               20,635,000$            1.5% 90,000$            8,480,000$          794,000$               56,159,000$        

121 JC25 9,321 3,305 0.009       13                   77 44,000$             27,089,000$              9.1% 22,000$                 20,657,000$            1.5% 14,000$            8,494,000$          81,000$                 56,240,000$        

122 WB03 108,614 6344 0.009       -                  910 451,000$          27,540,000$              8.9% 190,000$               20,847,000$            1.5% 167,000$          8,661,000$          808,000$               57,048,000$        

123 LDS01 12,461 0 0.008       -                  5 15,000$             27,555,000$              8.7% 1,000$                    20,848,000$            1.5% 19,000$            8,681,000$          35,000$                 57,083,000$        

124 SC17 64,682 141 0.008       -                  368 198,000$          27,753,000$              8.6% 74,000$                 20,922,000$            1.5% 99,000$            8,779,000$          371,000$               57,454,000$        

125 PC07 100,493 0 0.008       -                  0 103,000$          27,856,000$              8.4% -$                        20,922,000$            1.5% 153,000$          8,932,000$          256,000$               57,710,000$        

126 WB02 67,491 8712.4 0.008       -                  1003 447,000$          28,303,000$              8.3% 196,000$               21,118,000$            1.5% 102,000$          9,034,000$          745,000$               58,455,000$        

127 JR04 33,193 0 0.008       -                  451 195,000$          28,499,000$              8.1% 87,000$                 21,205,000$            1.5% 50,000$            9,084,000$          332,000$               58,787,000$        

128 PC05 142,552 7,095 0.008       -                  554 360,000$          28,858,000$              8.0% 105,000$               21,310,000$            1.5% 213,000$          9,297,000$          678,000$               59,465,000$        

129 JC09 53,492 42,531 0.008       -                  658 383,000$          29,242,000$              7.8% 122,000$               21,432,000$            1.5% 80,000$            9,376,000$          585,000$               60,050,000$        

130 SC20 46,595 8,826 0.008       -                  927 399,000$          29,641,000$              7.7% 169,000$               21,601,000$            1.5% 69,000$            9,445,000$          637,000$               60,687,000$        

131 PR01 25,045 8,539 0.007       -                  212 120,000$          29,761,000$              7.5% 38,000$                 21,639,000$            1.4% 37,000$            9,482,000$          195,000$               60,882,000$        

132 LS07 60,112 0 0.007       -                  36 75,000$             29,835,000$              7.4% 6,000$                    21,646,000$            1.4% 88,000$            9,570,000$          169,000$               61,051,000$        

133 JR01 16,962 0 0.007       -                  70 42,000$             29,878,000$              7.2% 12,000$                 21,658,000$            1.4% 25,000$            9,595,000$          79,000$                 61,130,000$        

134 JR06 156,677 149 0.007       -                  78 189,000$          30,067,000$              7.1% 13,000$                 21,671,000$            1.4% 227,000$          9,822,000$          429,000$               61,559,000$        

135 WB12 92,397 0 0.007       -                  176 158,000$          30,224,000$              6.9% 29,000$                 21,700,000$            1.4% 133,000$          9,955,000$          320,000$               61,880,000$        

136 WB10 65,085 194 0.007       -                  1017 431,000$          30,655,000$              6.8% 166,000$               21,866,000$            1.4% 93,000$            10,048,000$        690,000$               62,570,000$        

137 WB04 29,422 16363 0.007       -                  447 226,000$          30,881,000$              6.6% 72,000$                 21,938,000$            1.4% 42,000$            10,090,000$        339,000$               62,909,000$        

138 SC13 25,306 8,777 0.006       -                  341 167,000$          31,048,000$              6.4% 53,000$                 21,991,000$            1.4% 36,000$            10,126,000$        257,000$               63,166,000$        

139 JR05 63,533 0 0.006       -                  106 103,000$          31,152,000$              6.3% 16,000$                 22,008,000$            1.4% 90,000$            10,216,000$        209,000$               63,375,000$        

140 WB11 23,490 0 0.005       -                  326 141,000$          31,292,000$              6.1% 49,000$                 22,057,000$            1.4% 33,000$            10,249,000$        223,000$               63,598,000$        

141 WB06 16,506 0 0.005       -                  228 98,000$             31,391,000$              6.0% 34,000$                 22,090,000$            1.4% 23,000$            10,272,000$        155,000$               63,753,000$        

142 LS06 76,579 168 0.005       -                  5 81,000$             31,472,000$              5.8% 1,000$                    22,091,000$            1.4% 106,000$          10,378,000$        188,000$               63,940,000$        

143 SDS01 20,556 0 0.005       -                  187 88,000$             31,559,000$              5.7% 26,000$                 22,117,000$            1.4% 28,000$            10,406,000$        143,000$               64,083,000$        

144 SC10 11,645 10,240 0.005       -                  115 75,000$             31,635,000$              5.5% 16,000$                 22,133,000$            1.3% 16,000$            10,422,000$        107,000$               64,190,000$        

145 WB08 31,197 0 0.005       -                  468 199,000$          31,834,000$              5.4% 63,000$                 22,196,000$            1.3% 43,000$            10,465,000$        305,000$               64,495,000$        

146 JR03 22,516 0 0.005       -                  474 193,000$          32,027,000$              5.2% 62,000$                 22,258,000$            1.3% 31,000$            10,496,000$        285,000$               64,781,000$        

147 SC21 132,806 0 0.005       -                  432 291,000$          32,318,000$              5.1% 55,000$                 22,313,000$            1.3% 179,000$          10,675,000$        525,000$               65,306,000$        

148 LS05 71,058 0 0.005       -                  96 107,000$          32,425,000$              4.9% 12,000$                 22,325,000$            1.3% 95,000$            10,770,000$        215,000$               65,520,000$        

149 JR02 21,250 0 0.005       -                  184 88,000$             32,513,000$              4.8% 22,000$                 22,347,000$            1.3% 28,000$            10,799,000$        138,000$               65,659,000$        

150 SC19 28,893 229 0.004       -                  324 146,000$          32,659,000$              4.6% 38,000$                 22,386,000$            1.3% 38,000$            10,837,000$        223,000$               65,881,000$        

151 SC01 98,512 6,422 0.004       -                  1041 488,000$          33,146,000$              4.5% 120,000$               22,505,000$            1.3% 130,000$          10,967,000$        737,000$               66,618,000$        

152 G12 80,051 14,802 0.004       -                  937 450,000$          33,596,000$              4.3% 105,000$               22,610,000$            1.3% 105,000$          11,072,000$        659,000$               67,278,000$        

153 WB07 77,098 308 0.004       -                  489 255,000$          33,851,000$              4.1% 53,000$                 22,663,000$            1.3% 101,000$          11,172,000$        408,000$               67,686,000$        

154 UWC07 25,978 0 0.004       -                  345 150,000$          34,001,000$              4.0% 36,000$                 22,699,000$            1.3% 34,000$            11,206,000$        220,000$               67,906,000$        

155 SC18 36,766 26,428 0.003       -                  647 327,000$          34,328,000$              3.8% 66,000$                 22,765,000$            1.3% 47,000$            11,254,000$        440,000$               68,347,000$        

156 WB01 27,762 0 0.003       -                  500 207,000$          34,535,000$              3.7% 49,000$                 22,815,000$            1.3% 36,000$            11,289,000$        292,000$               68,639,000$        

157 G10 65,822 11,846 0.003       -                  538 286,000$          34,821,000$              3.5% 51,000$                 22,866,000$            1.3% 84,000$            11,373,000$        421,000$               69,060,000$        

158 LS04 49,310 1,736 0.003       -                  534 245,000$          35,066,000$              3.4% 49,000$                 22,915,000$            1.2% 62,000$            11,435,000$        357,000$               69,417,000$        

159 SC06 28,740 27,806 0.003       -                  476 261,000$          35,327,000$              3.2% 42,000$                 22,958,000$            1.2% 36,000$            11,472,000$        339,000$               69,756,000$        

160 G06 24,546 11,759 0.003       -                  209 126,000$          35,453,000$              3.1% 18,000$                 22,976,000$            1.2% 31,000$            11,502,000$        174,000$               69,931,000$        

161 WB09 36,919 0 0.002       -                  321 153,000$          35,605,000$              2.9% 27,000$                 23,002,000$            1.2% 46,000$            11,548,000$        225,000$               70,156,000$        

162 WB14 21,866 1308 0.002       -                  283 127,000$          35,732,000$              2.8% 22,000$                 23,025,000$            1.2% 27,000$            11,575,000$        176,000$               70,332,000$        39.3%

Smoke Testing 4,036,231$                11%

Manhole Inspection 570,774$                    2%

Building inspection 23,952,212$              67%

CCTV Inspection 5,154,613$                14%

Reporting/Analysis/Engineering 2,018,115$                6%

Total 35,731,945$              100%

Page 3 of 3
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Appendix 9A. Missouri State Code Chapter 644.145 

644.145. 1. When issuing permits under this chapter for discharges from combined or separate 
sanitary sewer systems or publicly owned treatment works, or when enforcing provisions of this 
chapter or the Federal Water Pollution Control Act, 33 U.S.C. 1251 et seq., pertaining to any 
portion of a combined or separate sanitary sewer system or publicly owned treatment works, the 
department of natural resources shall make a finding of affordability upon which to base such 
permits and decisions, to the extent allowable under this chapter and the Federal Water Pollution 
Control Act. 

2. When used in this chapter and in standards, rules and regulations promulgated pursuant to this 
chapter, the following words and phrases mean: 

(1) "Affordability", with respect to payment of a utility bill, a measure of whether an individual 
customer or household can pay the bill without undue hardship or unreasonable sacrifice in the 
essential lifestyle or spending patterns of the individual or household, taking into consideration 
the criteria described in subsection 3 of this section; 

(2) "Financial capability", the financial capability of a community to make investments necessary 
to make water quality-related improvements. 

3. The department of natural resources shall adopt procedures by which it will determine whether 
a permit or decision is affordable. Such determination shall be based upon reasonably available 
empirical data and shall include an assessment of the affordability of the permit or decision to 
any private or public person or entity affected by such permit. The determination shall be based 
upon the following criteria: 

(1) A community's financial capability and ability to raise or secure necessary funding; 

(2) Affordability of pollution control options for the individuals or households of the community; 

(3) An evaluation of the overall costs and environmental benefits of the control technologies; 

(4) An inclusion of ways to reduce economic impacts on distressed populations in the 
community, including but not limited to low- and fixed-income populations. This requirement 
includes but is not limited to: 

(a) Allowing adequate time in implementation schedules to mitigate potential adverse impacts on 
distressed populations resulting from the costs of the improvements and taking into consideration 
local community economic considerations; and 

(b) Allowing for reasonable accommodations for regulated entities when inflexible standards and 
fines would impose a disproportionate financial hardship in light of the environmental benefits to 
be gained; 

(5) An assessment of other community investments relating to environmental improvements; 
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(6) An assessment of factors set forth in the United States Environmental Protection Agency's 
guidance, including but not limited to the "Combined Sewer Overflow Guidance for Financial 
Capability Assessment and Schedule Development" that may ease the cost burdens of 
implementing wet weather control plans, including but not limited to small system 
considerations, the attainability of water quality standards, and the development of wet weather 
standards; and 

(7) An assessment of any other relevant local community economic condition. 

4. Prescriptive formulas and measures used in determining financial capability, affordability, and 
thresholds for expenditure, such as median household income, should not be considered to be the 
only indicator of a community's ability to implement control technology and shall be viewed in 
the context of other economic conditions rather than as a threshold to be achieved. 

5. If the department of natural resources fails to make a finding of affordability as indicated in 
this section, the proposed permit or decision shall be null, void and unenforceable. 

6. The department of natural resources' findings under this section may be appealed to the 
commission pursuant to subsection 6 of section 644.051. 
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Appendix 9B Financial Analysis by Black and Veatch 

METHODOLOGY    

Any evaluation of affordability for a public utility’s mandated improvements must be conducted 
in a manner that produces the most comprehensive and realistic projection of financial impacts 
on ratepayers.  The primary tool used to evaluate the affordability of the OCP is the development 
of a long-term financial planning model to determine average rate increases that would be 
necessary to finance the OCP and provides funding for all other on-going costs of the utility.  
This long term evaluation of the impacts of the OCP was done to ensure the utility maintains a 
strong financial position and is able to meet regulations, maintain existing infrastructure, 
minimize financing costs, and provide reliable service to customers.  Using the projection of rate 
increases resulting from the long-term forecast, we calculated the average annual residential bill 
(“ARB”) as a percent of median household income (“MHI”).  This rate impact forecast was used 
to help evaluate affordability and to develop a capital program that is achievable within those 
limits.  Finally, the program seeks to deliver public benefits which are commensurate with the 
public financial investments proposed. 

 

LONG-TERM FINANCIAL ANALYSIS 

Long-term financial planning is an important step in evaluating a large capital plan for any 
utility.  It is especially critical when the capital plan being evaluated is orders of magnitude 
greater than any in the utility’s history.   The goal of this type of analysis is to forecast how the 
capital projects will be executed, looking at sequences of events and overall schedule and 
develop a plan to finance the projects. This results in a long term financial forecast of utility 
operations that provides a realistic estimate of annual rate impacts on ratepayers.   

Black & Veatch developed a long-term financial planning model to determine average rate 
increases that would be necessary to finance the OCP and provide funding for all other on-going 
costs of the utility.  This long term evaluation of the impacts of the OCP was done to ensure the 
utility maintains a stable financial position and is able to meet regulations, maintain existing 
infrastructure, minimize financing costs, and provide reliable service to customers.  Using the 
results of the long term forecast and projection of rate increases, we calculate the average annual 
residential bill as a percent of income to get a more realistic view of the impacts on customers.  
This rate impact forecast was used to help define an affordability limit and develop a capital 
program that is achievable within those limits that achieves impactful return on mandated 
projects without unreasonable burden on the ratepayers of the City. 

It is vitally important for the utility to remain financially sound in order to minimize costs on 
customers over the long-term. A key component of this is maintaining adequate cash operating 
reserves and adequate debt service coverage.  The City has defined targets for the key metrics of 
1.50 times for debt service coverage (net revenues available for debt service divided by debt 
service payment > 1.50) and maintaining a minimum cash balance of $20 million.  This supports 
adequate reinvestment in the system to help ensure the long-term financial viability of the utility.  
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Annual rate increases are projected to finance the 1-year LOS CIP while still maintaining these 
two metrics on an annual basis. 

Financial Forecast Model 

The financial forecast model (“Model”) developed in this analysis was based on the most recent 
Rate Study prepared for the City.  The operating expenses were updated to the 2014 approved 
budget and the escalation rates were kept the same as those underlying the City’s rate forecast 
supporting the current rates.  The Model provides both a forecast of future revenues under 
existing rates and annual revenue requirements to be recovered in rates.  Revenue under existing 
rates includes City approved rate increases for future years as well as miscellaneous revenue 
sources such as connection fees and interest income.  The forecast of revenue requirements 
include operation and maintenance (O&M) expenses, debt service on existing and proposed bond 
issues, transfers to the general fund, routine capital expenditures, and capital projects that are 
funded with annual revenues. 

The forecast assumptions used in the Model are summarized in the following two tables.  We 
note that the City increased rates by 26% in 2012, 28% in 2013, and 4% in 2014 to fund the EAP 
and to begin funding for the Recommended Plan.  These are significant rate increases during an 
extremely challenging economic time period. 

Table 9B-1 Revenue Forecast Growth Assumptions 
DESCRIPTION 2014 2015 2016 2017-2031 

Customer Growth (Annual Change)
    Residential 
        Customers 0.8% 0.8% 0.8% 0.8%
        Use Per Customer -1.0% -1.0% -1.0% -1.0%
    Commercial/Industrial  
        Customers 0.5% 0.5% 0.5% 0.5%
        Use Per Customer -10.0% -1.0% -1.0% -1.0%
   Wholesale  
        Use Per Customer 0.0% -1.0% -1.0% -1.0%

 
 

Table 9B-2 Revenue Requirement Forecast Assumptions 
DESCRIPTION 2014 2015 2016 2017-2031 

O&M Escalation 3.0% 3.0% 3.0% 3.0%
Capital Cost Escalation 4.0% 4.0% 4.0% 4.0%
Debt Service Assumptions  
    Interest Rate 4.50% 4.75% 5.00% 5.00%
    Term 20 20 20 20
    Issuance Costs 1.31% 1.31% 1.31% 1.31%
    Bond Reserve Yes Yes Yes Yes
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As a general rule, bonds were forecast to be issued every two years in an amount equal to the 
CIP for the two years that could not be cash financed with annual revenues (Retained Earnings 
funded in the City’s vernacular).   

A summary of the financial forecast is shown in the following two tables.  The rate increases 
indicated to finance the 1-year LOS CIP range from 3% to 20% in the study period. The rate 
increases through 2017 have already been approved by City Council.   
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Table 9B-3 Summary of Financial Forecast (2014-2022) 
DESCRIPTION 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Rate Increase 4.0% 4.0% 3.0% 3.0% 8.5% 9.0% 9.0% 8.0% 7.0%
1-year LOS CIP ($000) $5,576 $19,545 $40,353 $5,554 $6,412 $6,467 $16,213 $24,496 $23,770

Amount Debt Financed $3,300 $13,460 $36,000 $3,000 $4,000 $4,000 $13,000 $20,000 $21,000
Amount Cash Financed $1,526 $5,585 $4,353 $2,554 $2,412 $2,467 $3,213 $4,496 $2,770

Debt Service Coverage 
 

1.97 
 

1.91 
 

1.55 
 

1.59 
  

1.67  
 

1.60 
 

1.51 
 

1.69 
  

1.51 
Operating Cash Balance 
($000) $23,539 $23,295 $21,313 $21,070 $21,970 $21,753 $20,547 $20,710 $21,090 

 
 

Table 9B-4 Summary of Financial Forecast (2023-2031) 
DESCRIPTION 2023 2024 2025 2026 2027 2028 2029 2030 2031 

Rate Increase 5.0% 5.0% 4.0% 9.0% 9.0% 18.0% 20.0% 20.0% 20.0%
1-year LOS CIP ($000) $22,777 $30,846 $23,111 $33,677 $51,089 $53,133 $111,582 $187,170 $276,922

Amount Debt Financed $20,000 $25,000 $15,000 $26,000 $42,000 $44,000 $90,000 $155,000 $250,000
Amount Cash Financed $2,777 $5,846 $8,111 $7,677 $9,089 $9,133 $21,582 $32,170 $26,922

Debt Service Coverage 
 

1.60 
 

1.73 
 

1.79 
 

1.53 
  

1.72  
 

1.50 
 

1.95 
 

1.78 
  

1.54 
Operating Cash Balance 
($000) $22,997 $23,924 $23,626 $21,340 $22,067 $21,813 $24,721 $20,522 $21,654
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Affordability Analysis of Financial Forecast 

A key step in evaluating the financial forecast is to translate the results of the forecast into an 
affordability measure that is similar to the EPA’s affordability measures.  To accomplish this, a 
measure of affordability that is similar to the Residential Indicator (RI) is calculated by dividing 
the estimated annual residential bill by income (MHI). 
 
The estimated annual bill has been calculated for each year by first calculating a typical bill for a 
residential customer using the 2014 rates and a typical usage of 6 Ccf per month.  This results in 
a monthly bill of $26.27, which translates to an annual bill of $315.24.  For the estimate of future 
annual bills, the bill was increased by that year’s rate increase.   
 
The annual bill is compared to two income levels.  First, to approximate the EPA RI, the annual 
bill is divided by the MHI.  The MHI is escalated each year by 1.25%, based on a trend analysis 
of the annual change in Missouri’s MHI.  Second, the annual bill is divided by the estimated 
income at the upper limit of the lowest quintile of Springfield’s service area.  This is done to 
evaluate the impact on the City’s most vulnerable ratepayers. 
 
As shown in Tables 9B-6 and 9B-7, by the end of the OCP analysis period, the annual bill as a 
percentage of MHI is well in excess of affordability.  By 2031, the measure is 3.6% of MHI for 
the 1-year LOS.  The upper limit of the lowest quintile already exceeds  2.0% and ends with a 
customer paying an estimated 7.9% of their annual income towards wastewater bills alone. 
 
What this demonstrates is that even at a 1-year LOS CIP, the plan becomes significantly 
unaffordable in the evaluation period.  This is especially true for the lower income residents, who 
comprise a large and significant segment of the service area’s population, as is presented in more 
detail in the following section. 
 
As would be expected, the rate impacts are even more staggering when evaluating a 2-, 5- , or 
10-year LOS capital plan.  A comparison of the 2031 estimated residential bill as a percentage of 
MHI is shown below. 
 

Table 9B-5 Affordability of Alternative Capital Plans in 2031 

DESCRIPTION 
1-YR 
LOS 

2-YR 
LOS

5-YR 
LOS

10-YR 
LOS 

Annual Bill/MHI 3.6% 3.8% 4.2%  4.7%

Annual Bill/Upper Limit of 
Lowest Quintile 7.9% 8.4% 9.4%  10.3% 
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Table 9B-6 Affordability Impact by Year – 1-Year LOS (2014-2022) 
DESCRIPTION 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Estimated Annual 
Residential Bill $315 $327 $337 $347 $377 $411 $448 $483 $517 

Estimated MHI $32,726 $33,135 $33,549 $33,969 $34,393 $34,823 $35,258 $35,699 $36,145
Annual Bill/MHI 1.0% 1.0% 1.0% 1.0% 1.1% 1.2% 1.3% 1.4% 1.4%

  
Estimated Upper Limit of 
Lowest Quintile $14,820 $15,005 $15,193 $15,383 $15,575 $15,770 $15,967 $16,166 $16,368 

Annual Bill/ Lowest    
Quintile 2.1% 2.2% 2.2% 2.3% 2.4% 2.6% 2.8% 3.0% 3.2% 

 
 

Table 9B-7 Affordability Impact by Year – 1-Year LOS (2023-2031) 
DESCRIPTION 2023 2024 2025 2026 2027 2028 2029 2030 2031 

Estimated Annual 
Residential Bill $543 $570 $593 $647 $705 $832 $998 $1,197 $1,437 

Estimated MHI $36,597 $37,055 $37,518 $37,987 $38,462 $38,943 $39,429 $39,922 $40,421
Annual Bill/MHI 1.5% 1.5% 1.6% 1.7% 1.8% 2.1% 2.5% 3.0% 3.6%

  
Estimated Upper Limit of 
Lowest Quintile $16,573 $16,780 $16,990 $17,202 $17,417 $17,635 $17,856 $18,079 $18,305 

Annual Bill/ Lowest 
Quintile 3.3% 3.4% 3.5% 3.8% 4.0% 4.7% 5.6% 6.6% 7.9% 
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Springfield, Missouri 
Presentations Made Regarding  
Integrated Plan & Overflow Control Plan 
 
Date  Speaker(s)  Audience 

9/9/10  S Meyer  City of Battlefield, Missouri 

9/10/10  S Meyer  City of Willard, Missouri 

9/22/10  S Meyer  City of Republic, Missouri 

9/22/10  S Meyer  City of Strafford, Missouri 

9/22/10  S Meyer  Springfield Convention & 
Visitors Bureau 

10/13/10  S Meyer  City Manager/Leadership 
Team Presentations 

11/5/10  S Meyer  Watershed Committee 

11/15/10  S Meyer  Bradford Park 
Neighborhood 

12/8/10  S Meyer  Missouri Society 
Professional Engineers 

6/18/2013 
E Kemper  Hammons Field – Sara 

Parker Pauley, Karl 
Brookes, et. al. 

9/5/2013  E Kemper  REGFORM Conference 

10/2/2013 
E Kemper  Watershed Committee of 

the Ozarks 

10/7/13  E Kemper  WEFTEC Conference 

11/13/13 
S Meyer  4‐States Gov Affairs 

Meeting – EPA Region 7 

11/26/13 
E Kemper  City of Springfield – 

Leadership Meeting 

12/18/13  E Kemper  ES Leadership Team 

1/14/13  E Kemper  City, Council, and CU Staff 

2/13/14  HDR  SROI Presentation 

2/18/14  E Kemper  MoDNR 

2/20/14 
E Kemper  Joint City/County Task 

Force 

2/25/14  E Kemper  City Council Luncheon 

3/12/14 
E Kemper  Springfield/Greene County 

Environmental Advisory 
Board 

3/18/14  E Kemper  AMCA Meeting w/ EPA 



Region 7 

4/1/14 
E Kemper  Missouri Water 

Environment Association 
(MWEA) 

4/3/14  E Kemper  MSPE – Ozarks Chapter 

4/16/14 
T Stober (HDR)  Nebraska Water 

Environment Association 

5/2/14 
E Kemper  Watershed Committee of 

the Ozarks 

5/9/14  E Kemper  ASCE – St. Louis Chapter 

5/21/14 
E Kemper  Wet Weather Partnership 

Workshop 

6/4/14 
T Stober (HDR)  Iowa Water Environment 

Association (IAWEA) 
Annual Meeting 

6/13/14  E Kemper  Ozarks Clean Air Alliance 

7/8/14  E Kemper  City Utilities Lunch & Learn 

7/24/14 

S Meyer  US House of 
Representatives – 
Subcommittee on Water 
Resources and 
Environment 

7/29/2014  E Kemper  Executive Session to MDNR 

8/26/2014  E Kemper  Open Session to MDNR 

10/17/14 
S Meyer  Community Partnership of 

the Ozarks Environmental 
Collaborative 

10/22/14 
S Meyer  Community Partnership of 

the Ozarks Council of 
Collaboratives 

11/7/2014  Barbara Lucks  Watershed Committee of 
the Ozarks 

11/12/2014  Barbara Lucks  Environmental Advisory 
Board 

11/12/2014  Greg Burris  Governor’s Conference on 
Natural Resources 

11/24/2014  E Kemper  City Council – Public 
Hearing on 1st Reading 

12/15/2014  No presentation  City Council – Public 
Hearing on 2nd Reading 

    League of Women Voters 

    Drury Mature Leaners Class 

     

     

 



Notes:  
City Council – Public Hearing on 1st Reading 
The following citizens spoke in favor of the draft Overflow Control Plan at the public hearing on 
November 24, 2014. 
 
Joe Pitts has 30 years of experience in the field, with 22 years’ experience with MDNR and some 
experience working with Water Pollution enforcement.  He also serves on IP citizens 
committee.  He thinks it is great to see interaction with the regulators and a staff with 
knowledge about issues. The teamwork is the reason Springfield is an environmental leader. 
The discharges from overflows can make way to James River and have negative impacts on 
water quality. His only concern is about the cost – it is an investment. Plan JRB creates $900 
million a year in economic activity.  He looks forward to engaging in the process.  
 
Fred Palmerton worked on projects in Springfield as a consultant over the years.  He serves as 
Co‐Chair with the Stormwater Committee in 1992, which provided the present day stormwater 
regulations. In 2013, he served as the Stormwater Committee Co‐Chair. In 2014, he served as 
Co‐Chair of the Environmental Priorities Task Force. He says the Environmental Priorities Task 
Force wants to spend money where the problem is and that public health is always the top 
priority. He believes that the Overflow Control Plan meets the goal of protecting public health 
and the plan is adaptive. He thinks the City has prepared the right plan for the community. He 
said the City should be commended for a job well done.  This is the best Public Works unit he 
has worked with over the years. 
 
Mike Pessina commends the staff and team for working together and demonstrating good 
stewardship of the infrastructure and environment. He believes the plan is predictable in terms 
of compliance, a long‐term agreement guarantees that compliance. It is essential to improve 
aging infrastructure. The plan doesn’t over commit the City on areas where there is no priority.  
 
Mike Kromry, with the Watershed Committee of the Ozarks, said their goal is to protect water 
resources and protect our financial resources.  This plan achieves that goal. 

 
 
 
 
 
 
 
 
 
 
 



Springfield, Missouri 
Public Meetings Regarding  
Integrated Plan & Overflow Control Plan 
Date  Topic 

09/20/2013  Private Sewer Repair Program 
& OCP 

09/27/2013  Private Sewer Repair Program 
& OCP 

06/09/2014  Private Sewer Repair Program 
& OCP 

10/22/2014  Private Sewer Repair Program 
& OCP 

12/08/2014  Private Sewer Repair Program 
& OCP 

 
Springfield, Missouri 
Public Outreach Efforts Made Regarding  
Integrated Plan & Overflow Control Plan 
 
Date  Type  Topic 

2/19/2010  City News Release  Sewer Work on East Sunshine Postponed 

4/27/2010  City News Release  Multiple Road Closures for Sewer Work 

10/01/2010  Elected Officials Briefings  OCP 

1/11/2011  Elected Officials Briefings  OCP 

3/02/2011  Elected Officials Briefings  OCP 

3/10/2011  City News Release  Road Closures March 15 and 16 for Sewer Maintenance 

4/26/2011  Elected Officials Briefings  OCP 

5/16/2011  Elected Officials Briefings  OCP 

6/2011  Mediacom TV Channel Programming  OCP 

7/20/2011  Elected Officials Briefings  OCP 

7/27/2011  Elected Officials Briefings  OCP 

9/20/2011  Elected Officials Briefings  OCP 

10/2011  Utility Bill Stuffer  OCP 

10/07/2011  City News Release  City to Test Sewers Using Smoke 

10/28/2011  City News Release  North Robberson Closed for Sewer Maintenance 

11/02/2011  Elected Officials Briefings  OCP 

11/09/2011  City News Release  Elm Street Closed for Sewer Maintenance 

11/22/2011  Elected Officials Briefings  OCP 

1/24/2012  City News Release  South Kimbrough Lane Closures for Sewer Repair 

3/20/2012  Elected Officials Briefings  OCP 

4/04/2012  City News Release  Lone Pine Section to Close for Sewer Installation 

6/20/2012  City News Release  Planned Sewer Rate Increase Takes Effect July 1 

6/26/2012  Elected Officials Briefings  OCP 



7/06/2012  City News Release  Sanitary Sewer Smoke Testing Continues 

7/10/2012  City News Release  Sanitary Sewer Smoke Testing Continues 

7/16/2012  City News Release  Sanitary Sewer Smoke Testing Continues 

7/18/2012  City News Release  Sanitary Sewer Smoke Testing Continues 

7/18/2012  City News Release  Sanitary Sewer Smoke Testing Continues (2) 

7/19/2012  City News Release  Sanitary Sewer Smoke Testing Continues 

8/08/2012  City News Release  Sanitary Sewer Smoke Testing Continues 

9/26/2012  City News Release  Sewer Repair Program Identifies 100 Homes Needing Fix 

10/17/2012  City News Release  Street Closures for Sewer Repair 

11/20/2012  City News Release  Sewer Insurance Program Not Sanctioned by City 

1/28/2013  Press Release  Environmental Affordability Task Force Takes on $1 
Billion Question 

2/26/2013  Press Release  EPA/City Jointly Revise Water Quality Mandates 

4/26/2013  Press Release  Painted Storm Drains Highlight Pollution Prevention 

6/17/2013  Press Release  Rain Barrel Sale Goal Increased Water Harvesting 

6/18/2013  Press Release  Sewer Rate Increase Takes Effect 

6/18/2013  City News Release  Planned Sewer Rate Increase Takes Effect July 1 

7/23/2013  Press Release  Stormwater Citizens Task Force Makes 
Recommendations 

10/15/2013  Elected Officials Briefings   

11/4/2013  Press Release  Big Urbie – Funded Robberson Elementary Greenspace 
Project 

11/26/2013  Press Release  Community Service Seeks Input on Health & Quality of 
Life 

1/13/2014  City News Release  Kansas Expressway Closure January 14 and 15 for Sewer 
Repair 

4/07/2014  City News Release  Sewer Insurance Program Not Sanctioned by the City 

6/05/2014  City News Release   Sewer Insurance Program Not Sanctioned by the City 

6/25/2014  City News Release  City Conducting Smoke Testing Today 

6/27/2014  City News Release  City Conducting Smoke Testing Today 

6/30/2014  City News Release  Planned Sewer Rate Increase Takes Effect July 1 

8/26/2014  City News Release  City Prepares to Submit Latest Overflow Control Plans to 
Regulators 

10/2014  Utility Bill Stuffer  OCP 

10/09/2014  City News Release   City Identifies Source of Milky Substance in Jordan Creek 

10/14/2014  City News Release   City, County, and CU to Receive $67,000 from EPA in 
Technical Assistance for Integrated Planning  

11/24/2014  City News Release  City’s plan for continued sewer upgrades a sound 
investment 

11/25/2014  Springfield Business Journal  City unveils $200m integrated sewer plan 

11/27/2014  Springfield News‐Leader  City continues to invest in sewer upgrades 

 
 
 
 
 



Springfield Overflow Control Program: Online Survey 
The City of Springfield, Missouri developed an online survey that was posted to the website: 
springfieldmo.gov/cleanwater and can be found under the “Overflow Control Program” tab. 
The survey was created to allow the citizens of Springfield, Missouri to indicate preferred 
methods of contact and provide input on the purpose of the program.  
 
Contact Information:  
Name 
(First, Middle, Last) 

Address  Email Address 

Brandon Casey 
Freeman 

1900 W. Sunset, Suite C‐
106 Springfield, Mo 65807 

bfreeman@trekkdesigngroup.com 

Steve John Prange  1631 Elfindale Springfield, 
Mo 65807 

sprange@cmtengr.com 

 

Would you like to receive future updates on the 
Springfield Overflow Control Program? 

Yes  No Thanks 

2   

 
How do you generally receive information about City activities and plans? (check all that apply): 

City website  1 

Social media   

Cityview TV Channel   

Public meetings  1 

Presentations at community organizations   

Printed materials at public facilities   

Neighborhood meetings   

Newspaper  2 

Radio   

Television news   

Other   

 



 

 

Please indicate your level 
of agreement with the 
following statements: 

Strongly 
Agree 

Agree  Disagree 
Strongly 
Disagree 

Don’t Know 

Springfield’s proposed 
Overflow Control Plan is 
on the right track to 
improve water quality.  

1  1       

Water quality is 
important to the region’s 
quality of life and 
economy. 

2         

Investing in overflow 
control is needed to 
sustain the community’s 
aging infrastructure. 

2         

Additional Comments: 
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Recommendations from the Environmental Priorities Task Force 

 
The Environment Priorities Task Force developed a vision statement, goals, policy statements, and 
identified priorities to guide Springfield, Greene County, and City Utilities in their Integrated Planning work.  
The recommendations are listed below. 
 
Vision Statement   

A vision states what you want to do in idealistic terms.  It is future-oriented and creates a vivid mental 
picture of where you are headed.  The environmental vision for Springfield-Greene County is as follows: 

Our community is committed to clean water, air, and land through  
responsible stewardship  

of our natural and economic resources  
for ourselves and future generations. 

 

Goals 

Goal statements are long-term and define what you intend to do to fulfill the beliefs and values expressed in 
your vision statement.  More measurable goals with targeted outcomes will be developed once more 
baseline environmental data is available.  The environmental goals for Springfield-Greene County are listed 
below. 

 Protect and improve human health and the environment.  
 Protect our watersheds so that people can use them for drinking water supply, fishing, swimming, 

boating, and wading.  
 Sustain the quality of the environment for future generations. Protect air, water, and land resources 

as they support high quality food production. 
 Protect the environment to attract/retain business and maintain our high quality of life. 
 Maintain compliance with regulatory regulations. 

 
 
Policy Statements 

The following are the recommended environmental policies that are statements of intention to influence and 
guide future decision-making. 

 Focus our resources on activities that result in the most benefit to the environment and our citizens. 
Making environmental protection investments locally will also improve the environment regionally 
and globally. 

 Work together on a watershed/airshed basis when making plans and taking actions to protect 
environmental resources.  



 Engage and educate the public in pollution awareness and prevention. 
 Understand the sources of pollution and invest in best available technologies to solve pollution 

problems effectively. 
 Align resources with investments that achieve multiple benefits. Air, water, and land resources are 

connected. Target investment to improve air, water, and land resources in priority places. 
 We are all responsible for environmental protection as generators of pollution and users of the 

environment. 
 
Watershed Priorities 

The following lists the water quality objectives in priority order and describes the watersheds were these 
objectives are most important. 

1. Protect our drinking water sources: McDaniel Lake, Fellows Lake, Upper James River, Fulbright 
Spring Recharge Area, and Upper Little Sac.   
 

2. Support aquatic life in waterways where people fish and consume fish they catch: Lower James 
River, Sac River, Little Sac River, and McDaniel/Fellows Lake. 

 
3. Protect water from pollution in Lower James River, Upper James River, Sac River, and Little Sac 

River in areas where people swim.    
 

4. Protect waterways used for irrigation and that support livestock and wildlife.   
 

5. Protect Lower James, Wilson's Creek, and Little Sac so people can wade and boat in these 
waterways.    

 
6. Improve the aesthetics of Wilson's Creek. There is an important trail system in this watershed and 

it is positioned upstream of important recreational uses. 

(Insert Map) 
 
Air Quality Priorities 

The following lists the air quality objectives in priority order.  Human health protection should be the top 
priority. 

1. Maintain air quality standards attainment to protect human health. 
 

2. Protect our food supply through air quality initiatives. 
 

3. Maintain air quality standards attainment creating an environment that attracts/retains businesses 
and supports the economy.  

 



4. Reduce greenhouse gas emissions. 
 

5. Protect air quality to maintain visibility and reduce the degradation of building. 
 
Land Resource Priorities 

The following lists the land resource protection objectives in priority order.   

1. Continue to monitor existing sites that are required by law with potential risk to human health & 
priority waterways. 
 

2. Invest in environmental clean-up of sites in priority locations: 
2.1. Clean & protect sites that have the greatest risk of human exposure to pollutants.  
2.2. Clean & protect sites upstream of our highest priority streams and groundwater. 
2.3. Clean & protect sites with the highest economic re/development potential. 
2.4. Clean & protect sites that provide the greatest aesthetic and/or community benefit. 

 

Overall Priorities 

The following outcomes desired are listed in priority order by tiers.  Tier I is the most important outcome.  
Tier II desired outcomes are the second most important.  Tier III outcomes are third most important and 
Tier IV outcomes are fourth most important.  These outcomes will be used to develop Sustainable Return 
on Investment (SROI) work to evaluate potential solutions to environmental issues.  In general, those 
outcomes that are protective of human health are most important. 

Tier I 

 Clean and healthy drinking water supply  
 
Tier II 

 Reduction in health related air quality issues  
 Protected fish and other aquatic life 
 Streams or lakes that are clean enough to swim in  
 Attainment of air quality standards to attract and retain businesses  

 
 Tier III 

 Reduction in greenhouse gas emissions  
 Reduction of air quality impacts on food supply  
 Clean water from streams and lakes for crop irrigation, livestock and wildlife watering  

 
Tier IV 



 Fish are safe to eat 
 Streams and lakes clean enough to boat and wade in  
 Aesthetic beauty of our lakes and streams  
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