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Purpose 
The City of Omaha (City) is comprised of over 1,950 miles of sanitary sewers. In the eastern 
portion of the City, most of the storm and sanitary sewers are combined. This combined 
sewer system (CSS) area encompasses approximately 51 square miles in two watersheds: 1) 
Missouri River and 2) Papillion Creek. The entire CSS area has been divided into ten basins 
for evaluation as part of the Omaha Combined Sewer Overflow (CSO) Control Program. 
The Cole Creek (CC) basin includes about 640 acres of combined sewer area and is located 
in the Papillion Creek watershed. The CC basin contains three CSOs. According to the 
InfoWorks Model (Model), CSO 202 has 17 overflows with a total overflow volume of 6.8 
million gallons (MG) annually, CSO 203 has 20 overflows with a total overflow volume of 5 
MG annually, and CSO 204 has 33 overflows with a total overflow volume of 54MG 
annually. 

The overall purpose of the Omaha CSO Control Program is to develop a Long Term Control 
Plan (LTCP) to minimize or eliminate CSOs. The CC basin is one of the basins being 
evaluated simultaneously by various engineering firms. The overall goal of the CC CSO 
Basin Study is to develop a CC Basin Plan that will be combined with the other basin plans 
to form the basis for the LTCP for the City’s CSS. The substantively complete LTCP is due to 
the Nebraska Department of Environmental Quality (NDEQ) by October 1, 2007, and the 
final LTCP is due October 1, 2009.  

During the CC Basin Study, necessary background information was compiled. This 
information was utilized to develop and evaluate various alternatives that could be used to 
control and/or eliminate CSOs in the CC basin. Several technical memoranda (TMs) were 
written as part of the CC Basin Study. The CC Basin Study included the identification and 
analysis of background information, development and evaluation of various control 
alternatives, and providing future refinement activities for refining the substantively 
complete document into a final LTCP in October 2009.  
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The purpose of this TM is to provide a brief summary of all completed TMs for the CC 
basin. A brief overview and key findings from each TM are included. Individual TMs are 
attached to this Executive Summary and should be consulted for more detailed information.  

Summary of Technical Memoranda 
Basin Schematic TM 
In the Cole Creek Basin Schematic TM (November 14, 2006), a general description of the CC 
basin is provided. Specifically, detailed information regarding basin delineation, surface 
flow patterns, surface ponding, CSO diversions, CSO outfalls, grit structures, and major 
trunk sewers are included. The CC basin contains portions of area with separated sewers. 
These areas are referred to as “extended study areas.” Key points summarized in the TM are 
listed below: 

• Basin Delineation – The CC sewer system contains both combined and separate 
sanitary sewers and includes diversion structures (DSs), grit structures, weirs and 
siphons. The CC basin is approximately 4,400 acres and is drained by Cole Creek, which 
is a tributary of the Little Papillion Creek. The confluence with Little Papillion Creek is 
north of Dodge at approximately 77th Street, just west of Cross Roads Mall. The limits of 
the basin are generally from North 52nd Street on the east to around North 79th Street on 
the west, north past Girade Street and south to Dodge Street. The CC basin is primarily 
residential within the combined sewer area. The overall basin, including the extended 
area and CSO area, consists of residential, commercial, light industrial and some open 
space (parks). 

• Surface Flow Patterns – The surface flow for the portion of the CC basin west of Cole 
Creek generally flows northwest to southeast. While the surface flow in the portion of 
the CC basin east of Cole Creek generally flows east to west. In both cases, surface flow 
eventually drains to Cole Creek and then into Little Papillion Creek, southeast of 
Roberts Park.  

• Surface Ponding – There are some surface ponding areas in the extended non-combined 
CC basin. The major ponding features are three small ponds in Benson Park. 

• CSO Outfalls – The CC basin includes three outfalls to Cole Creek. The outfalls are 
identified as CSOs 202, 203 and 204 and are located at 72nd and Bedford, 69th and Evans, 
and 63rd and Ames, respectively. During a wet weather event, all three CSO outfalls can 
discharge overflows into Cole Creek. 

• CSO Diversions – There are four DSs in the CC basin. CSO 202 has one DS just 
upstream of the outfall. CSO 203 has one DS about two blocks upstream of the outfall. 
CSO 204 has two DSs, each located some distance from the outfall. The DSs serve to 
divert overflows from the combined sewer system into the storm sewer system during 
wet weather flow (WWF). The DSs are all similar in design, construction, and flow 
control. They each include a fixed weir and a variable sluice gate. The structures are 
reinforced concrete boxes constructed on the main combined trunk sewer. 

• Grit Structure – The TM summarizes six grit structures in the CC basin that provide 
designed locations for grit to accumulate. Grit structures are located downstream of the 
DSs on the dry weather flow (DWF) trunk sewers and before the 60th and Taylor siphon 
and the 63rd and Pratt siphon.  
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• Sewer System (Combined and Separated) – The CC basin has a combination of 
sanitary, combined, and storm sewers. There are numerous sections of combined sewer 
that have parallel lines or multiple routes. Frequently the parallel lines are 
interconnected at manholes to provide pressure relief during wet weather. There are two 
parallel sanitary sewer interceptors, known as the CC east and west interceptor lines. 
The west line is a 24-inch sewer that conveys primarily DWF from the northwest, and 
any flow from the east that transfers through the siphons. The east line is an 18-inch 
sewer that conveys DWF from the east and northeast, which includes the combined 
sewer area.  

• Siphons – The CC east and CC west lines are connected by two siphon structures to 
divert flows from the east interceptor to the west interceptor during high flows. The two 
siphons are located at 68th and Ames, in Benson Park, and at 72nd and Bedford. A third 
siphon conveys the west interceptor under Cole Creek before Dodge Street. 

 

Data Gap Analysis TM 
In the Cole Creek Basin Data Gap Analysis TM (January 24, 2007), data collection efforts 
conducted as part of the CC Basin Study are summarized. Data gaps identified during data 
collection, and information pertaining to why this data was required and how the data was 
to be obtained are included. The data that was reviewed includes sewer maps, geographic 
information system (GIS) layers, maintenance records, utility capital improvement plans, 
and other similar items.  

Recommendations were provided for addressing all known data gaps, which included field 
data collection, review of record drawings, and other items. Field work was the primary 
recommendation for addressing data gaps and included inspection of siphons, DS 
inspections, and manhole surveys to verify connectivity, depth, pipe sizes and elevations, 
and closed circuit television (CCTV) inspection. 

Data Gap Analysis Supplement TM 
A significant amount of data was collected and received after the submittal of the Cole Creek 
Basin Data Gap Analysis TM (January 24, 2007). In the Cole Creek Basin Data Gap Analysis 
Supplement TM (December 4, 2007), all study data compiled to date, insight that was 
obtained by closing data gaps discussed in the Cole Creek Basin Data Gap Analysis TM 
(January 24, 2007), and remaining data gaps that need to be addressed prior to study 
completion are summarized. Several outstanding data gaps that remained were requested 
including updates to the GIS database, geotechnical information, and the review of field 
reports and recommendations for incorporating the field work into the Model. Additional 
field work for remaining data gaps were recommended to confirm manholes existed, flow 
direction and connectivity. The City is completing manhole inspections and dye testing to 
close the data gaps south of Western Avenue on the east side of Cole Creek. The remaining 
data gaps in Table 2 of this TM may also be investigated by the City, or may be included for 
investigation during the refinement stage.  

Field Data Collection for Model Refinement TM 
In the Cole Creek Basin Field Data Collection for Model Refinement TM (January 30, 2007), the 
proposed field data collection plan for refinement of the Model is summarized. The Model 
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was developed from numerous sources, some of which are more reliable than others. Field 
data collected includes GPS coordinates, photos, dimensions, field sketches and confirming 
pipe sizes and material types from manhole and CCTV inspections. The information 
obtained from the field data collection effort will be used to update the Model after 
submission of the October 2007 substantively complete LTCP.  

Flow Monitoring and Water Quality Sampling TM 
In the Cole Creek Basin Flow Metering Request TM (May 4, 2007), in-basin flow metering was 
requested in order to more accurately characterize the flows within the CC basin. Requested 
flow monitoring locations and the need for these meters are presented in this TM. Flow 
monitoring was requested at two locations within the CSO area and 11 locations in the 
extended area for the inflow and infiltration (I&I) study of the CC basin. The flow meter 
originally recommended in the twin outfall pipes to CSO 204 was moved upstream to MH 
0200015, a single 90-inch diameter pipe because of site conditions and to eliminate the need 
for two meters. See Table 1 and 2 below for a listing of the approved flow meters and their 
locations. 

Table 1 – Flow Monitoring Locations Summary 
MH Installed Approx. Location Recommendations 

0175113 Alley north of Sahler 
Street and 59th Street 

• Measure total combined flow to verify percent impervious for 
possible model improvement. Understand the hydraulic 
conditions to find out the causes of frequent upstream flooding. 

0200015 Ames Avenue and 
North. 65th Street 

• Outfall monitoring is critical for model refinement and to 
determine the amount of available in-line storage. 

 
Table 2 – Flow Monitoring Locations for I&I Study 

Meter ID MH Number Address Pipe Size (in) Site Quality 

1 0240074 7604 Dodge Street 30 Good 

2 0265113 7777 Cass Street 24 Fair 

3 0268054 7750 Charles Street 18 Fair 

4 0270023 2147 Brason Gardens Boulevard 10 Fair 

5 0246042 7522 Corby Circle 24 Good 

6 0247046 7314 Maple Street 18 Good 

7 0223076 3514 72nd Street 8 Good 

8 0226001 Ames Avenue and 66th Street 21 Fair 

9 0202021 6015 Park Lane Drive 10 Fair 

10 0203019 Parkview Lane and N 65th Street  18 Fair 

11 0205028 6401 Sorensen Parkway 15 Fair 

 
Currently, the United States Geological Survey is conducting an on-going water quality 
sampling program for Cole Creek. Monitoring takes place at the following three 
approximate locations along Cole Creek: Hillside Drive and 78th Avenue, 69th and Evans 
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Street, and Parkview Lane and 65th Street. Because of these existing monitoring locations, no 
additional water quality sampling was requested for the CC basin. 

I&I Study Plan TM 
In the Cole Creek Basin I&I Study Plan (June 11, 2007), a phased approach for the CC extended 
basin I&I study was presented. Phase I included temporary flow monitoring and evaluation 
of the flow monitoring and rainfall data to recommend areas for Phase II sewer system 
evaluation activities. Phase I also included a pilot area for Phase II sewer system evaluation 
survey (SSES) to collect information regarding the types and magnitude of I&I sources 
within the pilot area. The SSES activities include manhole inspections, smoke testing, and 
CCTV. Phase I results will be provided in the Cole Creek Basin I&I Evaluation TM (June 5, 
2008). Phase II activities will include SSES of recommended sewershed areas, smoke testing 
and surface manhole inspections of areas with sewer backup (SB) complaints, and possibly 
extending the existing Model further upstream into the extended area of the basin.  

Baseline Improvements TM 
Recommended baseline improvement projects were developed based on protocols provided 
by the Program Management Team (PMT), interviews with City Staff, review of available 
information and InfoWorks modeling. In the Cole Creek Basin Baseline Improvements TM 
(February 23, 2007), specific details regarding each of these projects are discussed.  

For the CC basin, the City did not commit to any baseline projects except for the completed 
sewer separation (RNC) projects. The RNC projects in the CC Basin provide local WWF 
relief by constructing new storm sewers that connect back into the existing CSS. These 
projects have addressed localized SBs throughout the basin. 

Technology Screening TM 
The Cole Creek Basin CSO 204 Technology Screening TM (March 30, 2007) summarized the 
screening process of CSO control technologies for CSO 204. Cole Creek is a less complex 
basin. For CSO 202 and 203 (due to the small flows, small magnitudes and how relatively 
straightforward the projects are) it is likely that sewer separation would be the optimum 
approach. CSO 204 drains a much larger area with larger flows and magnitudes that created 
circumstances where it would be difficult to separate. Therefore, consideration of other 
potential viable control alternatives was reviewed for CSO 204 in this TM.  

The CC Basin Team screened out control technologies for CSO 204 that did not control 
pollutants of concern or had other clear fatal flaws with respect to the screening criteria. As 
a result of the technology screening process, the following technologies were determined to 
be viable for CSO 204:

• Variable Flow Control 
• Stormwater Management 
• Inflow Reduction 
• Infiltration Reduction (as it is incorporated in full sewer separation) 
• Sewer Separation 
• Closed Storage Tanks 
• Gross Solids Removal 
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During the Sewer Separation Confirmation TM, closed storage tanks were moved forward 
as the most viable alternative in combination with separation. 

Sewer Backup and Street Flooding Existing Conditions TM 
The purpose of the Cole Creek Basin Sewer Backup and Street Flooding Existing Conditions TM 
(June 22, 2007) was to document the current records and knowledge of combined sewer 
backups and street and surface flooding problem areas within the CC basin. The referenced 
data sources in this TM used to identify SB problems include the City’s GIS database, 
previous sewer reports, Federal Emergency Management Agency (FEMA) Flood Insurance 
Study, Model results, the City’s past sewer separation projects, and visual field inspections 
of sites. Visual field inspections were completed at approximately 50 locations throughout 
the basin. The information was compiled and various figures created that detailed 
problematic areas in the CC basin. Recommendations on how to resolve SB and street 
flooding problems that are not otherwise resolved by CSO controls will be identified and 
reviewed with the City and summarized in the Sewer Backup and Street Flooding Recommended 
Approach TM to be submitted in February 2008.  

Sewer Separation Confirmation TM  
The Cole Creek Basin Sewer Separation Confirmation TM (May 31, 2007) and Cole Creek Basin 
Sewer Separation Confirmation – Addendum 1A (October 4, 2007) identified and developed 
alternatives for CSO control as defined in Protocol No. 4. The initial alternative evaluation 
for the CC Basin included full sewer separation, full sewer separation for CSO 202 and 203 
plus storage for CSO 204 only, or public separation. The main intent of the initial TM was to 
evaluate the feasibility of sewer separation for the CC Basin, but during the compilation 
process the PMT and the City were attracted by how good public separation alone looked 
for CSO 204 and directed the CC Basin Team to develop a “hybrid” alternative for CC basin. 
The hybrid alternative was evaluated at all four levels of control (9, 4, 1 and 0 overflows), 
while the full separation and storage-only alternatives were evaluated at control level 4 (i.e., 
no overflows during the representative year).  

Table 3 summarizes the alternatives that were identified, developed, and evaluated for the 
CC Basin.  

Table 3 – Basin Alternative Summary 
Alternative Level of 

Control 
Summary 

Alternative 1 (CL4)* 4 • Full sewer separation of CSO 202, CSO 203 and 
CSO 204 subbasins. 

Alternative 2 (CL4) 4 • Full sewer separation of CSO 202 and CSO 203 
subbasins  

• 7.3 million gallons (MG) storage for the CSO 204 
subbasin 

Hybrid Alternative (HA-CL1)** 1 • Public Separation of all subbasins 
• Raising the weir 6-inches in CSO 202  
• 0.06 MG storage at CSO 203  
• 0.53 MG storage at CSO 204 
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Table 3 (continued) 
Alternative Level of 

Control 
Summary 

Hybrid Alternative (HA-CL2) 2 • Public Separation of all subbasins 
• Raising the weir 6-inches in CSO 202  
• 0.13 MG storage at CSO 203  
• 0.78 MG storage at CSO 204 

Hybrid Alternative (HA-CL3) 3 • Public Separation of all subbasins 
• Raising the weir 6-inches in CSO 202  
• 0.38 MG storage at CSO 202 
• 0.54 MG storage at CSO 203  
• 1.93 MG storage at CSO 204 

Hybrid Alternative (HA-CL4) 4 • Public Separation of all subbasins 
• Raising the weir 6-inches in CSO 202  
• 0.65 MG storage at CSO 202 
• 0.61 MG storage at CSO 203  
• 2.11 MG storage at CSO 204 

*CL = Control Level 
**HA = Hybrid Alternative 

 
Benefit-cost ratios, overall costs, volumes captured and incremental percents captured for 
each alternative and associated level of control were analyzed to determine a preferred 
alternative for each level of control. A spreadsheet decision tool was utilized to arrive at a 
benefit-cost ratio for each alternative. This decision tool included the criteria and respective 
weights assigned by the CC Basin Advisory Panel (BAP) during public process meetings 
shown in Table 4.  

Table 4 – CC Basin Decision Tool Analysis Criteria Weighting 

Decision Tool Analysis Criteria 
BAP 

Weight 

Water Quality Improvement 0.20 

Reduction of Basement Backups and Odors 0.20 

Reduction of Street Flooding 0.09 

Minimizing Community Disruption 0.13 

Simplicity of Solutions 0.03 

Opportunities for Infrastructure/Utility Improvements 0.16 

Compatibility with Community 0.09 

Opportunities for Community Enhancements 0.10 

Total 1.00 

 
These criteria and weights reflected the community concerns and priorities for the CC Basin. 
Benefit scores were assigned to each of the non-monetary criteria based on a scoring 
methodology developed by the PMT. The product of the benefit ranking and the weightings 
of the criteria resulted in a benefit score comparison of how each of the alternatives 
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compared in addressing the non-monetary criteria. The resultant benefit scores for all 
alternatives for each level of control are listed in Table 5. 

Table 5 – CC Basin Alternatives Benefit Scores 
Criteria Alternative 1 

(CL4)* 
Alternative 2 

(CL4) 
HA**- 
CL1 

HA- 
CL2 

HA- 
CL3 

HA- 
CL4 

Water Quality Improvement 0.70 0.80 0.40 0.60 0.70 0.80 

Reduction of Basement Backups 
and Odors 1.00 0.50 0.80 0.80 0.80 0.80 

Reduction of Street Flooding 0.45 0.27 0.36 0.36 0.36 0.36 

Minimizing Community Disruption 0.13 0.33 0.20 0.20 0.20 0.20 

Simplicity of Solutions 0.15 0.12 0.14 0.14 0.14 0.14 

Opportunities for 
Infrastructure/Utility Improvements 0.80 0.56 0.72 0.72 0.72 0.72 

Compatibility with Community 0.45 0.36 0.41 0.41 0.41 0.41 

Opportunities for Community 
Enhancements 0.50 0.35 0.40 0.40 0.40 0.40 

Total 4.18 3.29 3.42 3.62 3.72 3.82 
*CL = Control Level 
**HA = Hybrid Alternative 

The alternatives for the CC basin were also evaluated based on overflow volume captured, 
capital cost, operation and maintenance (O&M) cost, 50-year present worth (PW) cost, and 
cost per gallon of CSO eliminated. Table 6 provides a summary of these volumes and costs 
for each of the alternatives evaluated.  

Table 6 – Control Alternatives Cost Summary  
 
 
 
 
 
 
 
 
 
 
 

 
*CL = Control Level 
**HA = Hybrid Alternative 
Calculated as total project capital cost plus the O&M 50-year PW at 6 percent. 

 
The benefit score and costs were then used to determine a benefit-cost ratio for each 
evaluated alternative. Table 7 summarizes the benefit score, 50-year PW, and benefit-cost 
ratio for the alternatives. 

Alternative Volume 
Removed or 
Stored (MG) 

Capital 
Costs 

(Million) 

Total 
O&M 
Cost 

50-year  
PW Costs 
(Million) 

Cost Per Gallon 

Alternative 1 
(CL4)* 65.15 $ 116.1 $ 82,877 $ 117.4 $ 1.80 

Alternative 2 (CL4) 65.27 $ 75.7 $ 98,033 $ 77.3 $ 1.18 

HA-CL1** 58.55 $ 78.4 $ 162,908 $ 80.9 $ 1.38 

HA-CL2 60.28 $ 79.5 $ 164,102 $ 82.1 $ 1.36 

HA-CL3 65.33 $ 89.0 $ 198,105 $ 92.2 $ 1.41 

HA-CL4 65.81 $ 90.7 $ 198,435 $ 93.8 $ 1.43 
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Table 7– Summary of Benefit-Cost Results 
Alternative Benefit 50-year PW Cost Benefit-Cost Ratio 

Alternative 1  4.18 $ 117.4 2.75 

Alternative 2  3.29 $ 77.3 3.29 

HA-CL1 3.42 $ 80.9 3.26 

HA-CL2 3.62 $ 82.1 3.40 

HA-CL3 3.72 $ 92.2 3.11 

HA-CL4 3.82 $ 93.8 3.14 
*CL = Control Level 
**HA = Hybrid Alternative 
   Calculated as total project capital cost plus the O&M 50-year PW at 6 percent. 
   HA-CL2 is highlighted as it is the recommended alternative. 

 
Based on this benefit-cost ratio, the hybrid alternative at control level 2 (HA-CL2) was 
determined to be the preferred alternative as long as this particular level is acceptable to the 
NDEQ.  

Model Review TM 
The Model was developed from numerous data sources, some of which are more reliable 
than others. The CC portion of the Model was reviewed thoroughly to determine 
modifications to further refine the selected alternative (after October 1, 2007). In the Cole 
Creek Basin Model Review TM (November 27, 2007), the results of this review are summarized 
and future Model refinements are suggested. 

The CC Basin Study Team reviewed the Model extensively during the CSO basin study 
phase summarized in the previous TMs. The City’s GIS database, scanned and rectified 
sewer maps, record drawings, supporting manhole survey data, and field inspections were 
used and compared to data in the Model. Various discrepancies were found and 
summarized in the Cole Creek Basin Model Review TM (November 27, 2007). The CC Basin 
Team did not make suggestions on the hydrologic and hydraulic variables as some of them 
are very sensitive and should be selected for further model calibration parameters.  

Implementation Plan TM 
The Cole Creek Basin Implementation Plan TM (October 8, 2007) summarizes the steps to 
implement the recommended control alternative projects within the CC basin at CL2.  

The City and PMT compiled in-basin alternatives from each basin and all cross-basin 
alternatives and evaluated the alternatives to identify watershed alternatives for the 
Substantively Complete LTCP. As a result of this analysis process, the City and PMT 
identified alternatives for each basin in the Papillion Creek Watershed. The identified 
alternative for the CC Basin includes the following recommended projects required for the 
control alternative at CL2: 

• Project 1: CSO 204 – Public Separation and 0.78 MG storage tank at the outfall 
• Project 2: CSO 203 – Public Separation and 0.13 MG storage tank at the outfall 
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• Project 3: CSO 202 - Public Separation and raising the weir 6-inches in the diversion 
structure 

 
As part of the Substantively Complete LTCP that was submitted to NDEQ on October 1, 
2007, an Implementation Schedule identifying basin projects to be completed by October 1, 
2024 was developed. The schedule is based on a logical process that ensures downstream 
controls are in place before upstream controls are implemented, adequate time is available 
for design and construction, and that the construction can be properly funded. The 
Implementation Plan TM summarizes the steps to implement the recommended hybrid 
alternative at control level 2 (HA-CL2). 

Field Reconnaissance Summary TM 
The Cole Creek Field Reconnaissance Summary TM (January 9, 2008) summarizes the review of 
existing data, the requested field work, procedures for manhole and CCTV inspections, and 
the results of the CC field investigations. Table 8 summarizes the manhole and structure 
inspections for the CC basin. 

Table 8: Summary of Manhole Inspections 
Type of Manhole Inspection  Number of Manholes  

Manholes - Surface Inspection  45 

Manholes – Confined Space Entry (CSE) Internal Inspection 16 

DSs – CSE Inspection 4 

Siphon Boxes – CSE Inspection 6 

Flow Splitter – CSE Inspection (MH 0223029) 1 

Total Completed Structure Inspections 72 

Manholes Not Inspected - Not Found  8 

Manholes Not Inspected – Buried 1 

Manholes Not Inspected – “I” suffix, change in pipe size without a manhole 6 

Total Not Inspected 15 

 
CCTV inspections were completed on approximately 5,900 linear feet of 8-inch to 54-inch 
diameter sewer pipe. Inspections found that the CC Basin sewers are in need of 
rehabilitation to address mineral deposits, cracked pipes, offset joints, root protrusions and 
numerous break-in service connections which have caused cracks and missing pipe sections 
around the break-in connection points. The field data has been entered into InfoNet via an 
Access database and will be used to update the Model during the refinement stage.  

Inflow and Infiltration Evaluation TM 
The Cole Creek Inflow and Infiltration Evaluation TM (June 5, 2008) summarizes the CC sewer 
system, presents the approach, data collection, data evaluation and conclusions and 
recommendations related to the I&I evaluation and pilot area SSES activities. Within each 
main section, the TM addresses the sanitary sewer system areas, the main trunk sewers 
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which are influenced by the upstream CSS area, confirmation of no additional CSOs, and 
the pilot SSES area.  

Six rain gauges and eleven flow monitors were installed for the I&I evaluation. After 
evaluation of the data quality, eight rainfall events during the monitoring period were used 
for analysis. The quality of the flow monitoring data was evaluated using plots of flow, 
velocity and depth versus time and scatter plots of depth versus velocity at each monitoring 
location. DWF values were determined with separate weekday and weekend dry weather 
hydrographs. WWF values in the extended area, not influenced by the CSS area, were 
developed using the Sewer Hydrograph Analysis Program (SHAPE) tool. This computer 
program was also used to determine the rainfall dependent inflow and infiltration (RDI&I) 
in the subbasin areas. Using the R values, peak WWF to average dry weather flow values, 
and the RDI&I volumes, it was recommended that was future SSES investigation be 
performed in the contributing areas to Flow Monitors No. 4 and 7  

The pilot area SSES activities included manhole inspections, digital pipe photographs and 
smoke testing of all of the sanitary manholes and sewers within the pilot area. Based on the 
results of these activities, areas were selected for CCTV inspection. A cost-effective analysis 
was performed comparing relief sewers, treatment and rehabilitation to handle RDI&I. A 
brief tabletop analysis indicated that no relief sewers are necessary to convey the pilot SSES 
area flow. When treatment costs were compared with the spot RDI&I rehabilitation costs, it 
was determined that it is not cost-effective to rehabilitate the pilot SSES area sewers for 
RDI&I removal. Recommendations for repair and rehabilitation were made to address 
operation and maintenance issues, and structural condition concerns. Sewer backup 
complaints were also reviewed in the pilot area, and two clusters were identified. It was 
recommended that any sewers not CCTV inspected in these cluster areas be televised. 

The trunk sewer hydraulic performance was evaluated during a 10-year, 24-hour storm 
event. The Model predicted significant surcharging within the trunk sewer and more than 
13 MG per day of overflow diverted to Cole Creek from the three CSO outfalls. The effect of 
public separation was also modeled, but the Model predicted that the trunk sewers were 
still undersized for significant storm events. The revised Model should be used to re-
evaluate the trunk sewer capacity. It was recommended that this Model be further refined 
using the trunk sewer flow monitoring data and the calculated R values from the extended 
area flow monitoring data. 
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Acronym/Term  Definition 
BAP Basin Advisory Panel 

CC Cole Creek 

CCTV Closed Circuit Television 

City City of Omaha 

CSE Confined Space Entry 

CSO Combined Sewer Overflow 

CSS Combined Sewer System 

DS Diversion Structure 

DWF Dry Weather Flow 

FEMA Federal Emergency Management Agency 

GIS Geographic Information System 

I&I Inflow and Infiltration 

LTCP Long Term Control Plan 

MG Million Gallons 

Model InfoWorks Model 

NDEQ Nebraska Department of Environmental Quality 

O&M Operations and Maintenance 

PMT Program Management Team 

PW Present Worth 

RDI&I Rainfall Dependent Inflow and Infiltration 

RNC Sewer Separation Project 

SSES Sewer System Evaluation Survey 

SB Sewer Backup 

TM Technical Memorandum 

WWF Wet Weather Flow 
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Cole Creek Basin Schematic TM 

Cole Creek Basin Data Gap Analysis TM 

Cole Creek Basin Data Gap Analysis Supplement TM 

Cole Creek Basin Field Data Collection for Model Refinement TM 

Cole Creek Basin Flow Monitoring and Water Quality Sampling TM 

Cole Creek Basin I&I Study Plan 

Cole Creek Basin I&I Evaluation TM 

Cole Creek Basin Baseline Improvements TM 

Cole Creek Basin Technology Screening TM 

Cole Creek Basin Sewer Backup and Street Flooding Existing Conditions TM 

Cole Creek Basin Sewer Separation Confirmation TM 

Cole Creek Basin Sewer Separation Confirmation – Addendum 1A 

Cole Creek Basin Field Reconnaissance Summary TM (Attachment 5 & 7 Separate Discs)

Cole Creek Basin Model Review TM 
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T E C H N I C A L  M E M O R A N D U M  O M A H A  C S O  C O N T R O L  P R O G R A M  
 
Cole Creek Basin Narrative TM
TO: Tom Heinemann, Program Manager, CH2M Hill 

Wayne Miller, Basin Consultant Manager, CH2M Hill 

FROM: Patrick O’Neill, Project Manager, CDM 

DATE: November 14, 2006 

 

Purpose 
The basin schematic, map and narrative are provided as specified in Protocol No. 3. This 
submittal is to demonstrate the BC’s understanding of the Cole Creek Basin. This narrative 
accompanies the enclosed basin schematic and basin map. The narrative includes a general 
description of the basin schematic, basin map, Cole Creek Basin, surface flow patterns, 
surface ponding, CSO outfalls, CSO DS, grit structures, sewer system and siphons. 

Basin Schematic  
The basin schematic depicts the general features of the CSO area within Cole Creek with 
diagrams of each DS inserted. Arrows indicate the general flow pattern of the sewers. The 
IW modeled sanitary sewers are shown in light green and the combined sewers are shown 
in dark green. DWF from the combined sewers is conveyed into the light green separated 
sewers at the DS. The DS, grit chambers, and DWF and WWF are shown in more detail in 
the inserts on the schematic. The CSO area of the Cole Creek basin is delineated by the red 
outline labeled “Combined Sewer Area”. The remaining area of Cole Creek basin, as 
outlined in green on the legend insert, is the separated sewer area, and is also sometimes 
called the Cole Creek extended study area. The schematic is discussed in more detail in the 
remaining narrative. The basin schematic is included as Attachment 2 – Basin Schematic to 
this narrative. 

The Cole Creek basin schematic includes the following subcatchment information from the 
IW model: 

1. Subcatchment ID  
2. Node number where the subcatchment flow is loaded into the IW model 
3. Total area of the subcatchment 
4. Contributing area used in the IW model. For the combined portions of the Cole Creek 

Basin the IW model assumes 50 percent of the total area contributes to WWF. Where 
sewer separation projects have been completed, the model uses smaller percentages for 
contributing area. 

5. Arrow pointing to the load node used in IW model 
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Basin Map 
The basin map is provided to supplement the basin schematic. It shows most of the system 
features shown on the basin schematic as well as other key features such as parks, ponds, 
streets and the aerial photo. The basin map also shows sewer conduits beyond the modeled 
system. As on the schematic, combined sewers are dark green and separated sewers are 
light green. The basin map is included as Attachment 3 – Basin Map to this narrative. 

Cole Creek Basin Delineation 
The Cole Creek sewer system contains both combined and separate sanitary sewers and 
includes DS, grit structures, weirs and siphons. Cole Creek Basin is drained by Cole Creek, 
which is a tributary of the Little Papillion Creek. The confluence with Little Papillion Creek 
is north of Dodge at approximately 77th Street, just west of Cross Roads Mall. The extents of 
the basin are generally from North 52nd Street on the east to around North 79th Street on the 
west, north past Girade Street and south to Dodge Street. The basin limits from the 
InfoWorks model are shown in red and green on the schematic’s legend insert. The basin is 
irregularly shaped, as seen on the basin schematic and basin map. 

Cole Creek basin is primarily residential within the combined sewer area and is fully 
developed.  

Surface Flow Patterns 
The basin map includes overland flow patterns in light blue. In general, surface flow in the 
basin is from north to southwest, eventually draining Cole Creek into Little Papillion Creek, 
southeast of Roberts Park. A drainage analysis was performed on the basin using the two-
foot contours and GIS Spatial Analysis. The western portion of the basin generally flows 
northwest to southeast, while the eastern portion of the basin flows east to west. The largest 
tributary entering Cole Creek occurs along the south side of Benson Park Golf Course, north 
of Ames Avenue. This tributary drains approximately one square mile south of Grand 
Avenue and east of North 66th Street, which enters Cole Creek 200 feet upstream of the 63rd 
and Ames CSO outfall. The drainage analysis also shows approximately 2.5 tributary acres 
of the Cole Creek basin south of Girard Street and east of North 72nd Street flows west out of 
the basin.  

Surface Ponding 
There are some surface ponding and drainage areas in the extended Cole Creek basin which 
may be important later in the study. 

CSO Outfalls 
The Cole Creek basin includes three CSO outfalls with discharge to Cole Creek as shown on 
the basin schematic and the basin map. The outfalls are identified as 202, 203 and 204 and 
are located at 72nd and Bedford, 69th and Evans, and 63rd and Ames, respectively. WWF from 
all three outfalls discharges into Cole Creek. IW model information for each outfall is 
provided in Attachment 1 – Table 2.  
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CSO 202 discharges at IW model outfall node 0247066F through a 54-inch circular pipe. The 
CSO discharge invert elevation of 1070.93 feet is assumed based on the IW data flag. CSO 
202 receives flow from subcatchment number 108 which covers 101 acres. The IW model 
estimated contributing area as 50.5 acres. The subcatchment is loaded in the IW model at 
69th Street and Maple Street, which is node 0222036. 

CSO 203 discharges through a 66-inch diameter RCP with a discharge invert elevation of 
1075.68 feet from the previous Hydra Model. The discharge, just south of Pratt at Cole 
Creek, is at IW outfall node 0223075F and is identified as 69th and Evans, which is the 
location of the DS. CSO 203 receives flow from two subcatchments, 100 and 110, with a total 
area of 126 acres. The contributing area to CSO 203 is simulated in the IW model as 30 
percent of the total area because the City has completed sewer separation projects in 
subcatchments 100 and 110. The separation projects constructed a separate storm sewer (not 
in IW model) that collects stormwater flows and discharges them to Cole Creek just 
downstream of Pinkney Street (See Basin Map). Therefore, Subcatchment 100 has a total 
area of 94 acres but a contributing flow area in the IW model of only 31.5 acres, or 33 percent 
of the total area. Similarly, Subcatchment 110 has a total area of 31 acres but a contributing 
flow area of only 5 acres, or 16 percent of the total area.  The contributing flows from 
Subcatchment 100 and 110 are loaded at 67th Street and Bedford (IW node 0223067) and at 
65th Street and Maple (IW node 0223067), respectively. Combined sewer flows from 
Subcatchment 110 into Subcatchment 100. 

CSO 204 is the most significant CSO in the Cole Creek basin. The CSO receives flow from 
ten subcatchments covering 522 acres. CSO 204 discharges into Cole Creek at Ames at the 
IW outfall node 0225028F. Two parallel 6-foot by 6-foot RCBs convey combined flow from 
the combined sewer area to the creek. The combined sewer area is located east of the outfall, 
as shown outlined in red on the basin schematic. Two DS, as shown on the basin schematic, 
are located at the western edges of the combined sewer area. Separated sewer area exists 
between the DS and Cole Creek. The discharge elevation of the 6-foot boxes into the creek is 
1090.04 from the quarter section maps.  

CSO Diversions 
There are four DS in the Cole Creek basin, as shown on the basin schematic with inserts. 
CSO 202 has one DS just upstream of the outfall. CSO 203 has one DS about two blocks 
upstream of the outfall. CSO 204 has two DS each located some distance from the outfall. 
The DS serve to divert flows out of the combined sewer system into the storm-sewer system 
during WWF. The IW model represents the structures as a manhole with default values for 
level and base area and a user text note that it is a DS.  

According to the Wells 1986 report, the DS are all similar in design, construction and flow 
control. They each include a fixed weir and a variable sluice gate. The structures are RCBs 
constructed on the main combined trunk sewer. A grouted channel in the invert turns a 90 
degree angle and diverts DWF to the sanitary interceptor sewer. The invert channel serves 
as the fixed weir. The inlet to the interceptor sewer is protected by a sluice gate that is 
normally open. After the sluice gate, DWFs go through a grit chamber to protect the 
downstream interceptor.  
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The variable sluice gates have real time control and are set up in the IW model with 
openings of 1.0 or 1.25 feet, as noted as the sluice gate size in Attachment 1 – Table 1. During 
wet weather, the sluice gates close (most of the way; see below), flow backs up and overtops 
the fixed weir diverting WWF to the outfalls. When flows subside, the sluice gates open and 
DWFs are returned to the collection system. The Wells report, which is twenty years old, 
indicated that the bubbler control systems had some operational issues. At that time, the 
City placed small pieces of wood under the sluice gates to prevent complete closure for the 
system to operate correctly. This will result in combined flow entering the grit structures 
and trunk sewer during wet weather. City staff indicates that the sluice gates are still kept 
slightly open because they become inoperable if grit accumulates against a closed gate.  

The weirs are represented in the IW model as broad crested weirs with the width value 
equal to the width of the crest perpendicular to the flow and the length value equal to the 
length of the weir parallel to the flow. Based on the IW model data flags, each weir has an 
assumed length of 0.67 feet parallel to the direction of flow, which is also the default value 
for a broad crested weir and is equivalent to flowing over an 8-inch wall. The weir is 
actually the top edge of the poured DWF invert. The model accurately portrays these 
structures. 

The first DS upstream of CSO 204 is identified as 6139 Pratt. Subcatchments 97 and 99 
contribute flow to the 6139 Pratt DS. The total area in the two subcatchments is 128 acres 
with 64 acres estimated as contributing area. Subcatchment 97 is loaded at Evans between 
60th and 61st Streets into IW node 0198050. Subcatchment 99 is loaded at 61st and Radial 
Street into IW node 0197032. The second DS upstream of CSO 204, identified as 63rd and 
Ames, is located near 60th Street and Taylor. Ten subcatchments flow to the 63rd and Ames 
DS: 66, 338, 81, 83, 88, 92, 97, 99, 102, and 106. The subcatchments have a total area of 520 
acres with 50 percent contributing area used in the IW model.  

Attachment 1 – Table 1 summarizes the known information for each DS. The majority of the 
information is from the DS sketches completed in 2004 that were used to develop the IW 
model.  

Grit Structures 
The Cole Creek grit structures provide a designed location for grit to accumulate. Grit 
structures are installed after DS on the DWF trunk sewers or before siphons. The known grit 
structures’ physical characteristics are provided in Attachment 1 – Table 3. Since the Wells 
report of 1986, it appears that two grit chambers, which are not in the IW model, have been 
removed from service. The project team will confirm the current grit structure locations and 
maintenance operations with City staff. 

Sewer System: Combined and Separated 
The Cole Creek basin has a combination of sanitary, combined, and storm sewers. The 
combined sewers are shown on the basin schematic and basin map with dark green lines. 
The DS divert the combined flow during storm events to the WWF sewers and subsequently 
to the permitted outfalls. The condition of the DS and how effective the structures are at 
diverting WWF is unknown. Current operating practice is to keep the sluice gates from 
closing completely, which allows a small amount of combined flow into the sanitary system 
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and could result in downstream problems with grit chamber and capacity issues. As shown 
on the basin map, there are numerous sections of combined sewer that have parallel lines or 
multiple routes. Frequently the parallel lines are interconnected at manholes to provide 
pressure relief during wet weather.  

The separated sewers included in the IW model are shown on the schematic and map with 
light green lines. There are two parallel sanitary sewer interceptors, known as the Cole 
Creek East and West lines, on either side of Cole Creek. The West line is a 24-inch sewer and 
the East is an 18-inch sewer.  

Major trunk sewers and sewers 24 inches and larger are included in the IW model. The 
Basin Map includes additional sewers down to less than 8 inches in diameter. 

Siphons 
The Cole Creek East and Cole Creek West lines are connected by two siphon structures to 
divert flows from the East interceptor to the West interceptor during high flows. The two 
siphons are located at 68th and Ames, in Benson Park, and at 72nd and Bedford.  

After review of the quarter section maps and the 1986 Wells report, the northern siphon at 
68th and Ames consists of two 5.33 foot square reinforced concrete structures on each bank 
of Cole Creek and three interconnecting 12-inch siphon pipes. The IW model has only one of 
the 12-inch pipes in the model and the siphons are input with smaller structures than in the 
Wells report. The 72nd and Bedford siphon consists of two 5-foot by 4-foot reinforced 
structures on each side of Cole Creek and two 12-inch interconnecting pipes. The IW model 
has two smaller siphon structures at nodes 0247063 and 0247064 and one 24-inch pipe 
entered as the siphon pipe. Including 24-inch pipe where two 12-inch pipes are installed 
would more than triple the flow estimate across the siphon. The Wells report indicated the 
length of the two 12-inch lines between the inlet and outlet is approximately 107 feet and the 
pipes dip approximately 10-feet below bank level. Long sections of the siphons do not 
include the 10-foot elevation dip. Further investigation will be required to determine exactly 
how the siphons function.  

Cole Creek basin includes two additional siphons according to the 1986 Wells report. 
Conflicting information is available for the siphons at 77th and Cass and 77th and Burt. The 
InfoWorks model for the 77th and Cass siphon inputs 5.5-foot diameter manholes, nodes 
0265110 and 0265111, where the Wells report lists 4.4-foot (53-inch) manholes as the siphon 
structures. The Wells report indicates there are two 6-inch interconnecting siphon pipes; the 
quarter section maps and the InfoWorks model indicate one 12 and two 18-inch DIP siphon 
pipes. GIS data shows two pipes, not three, and the data indicates the two pipes are 
abandoned. Long sections of the three pipes in the InfoWorks model do not show the 
siphons inverted or the creek centerline. Clarification of this siphon, including whether or 
not it is abandoned, is required. The 77th and Burt siphon is shown on the quarter section 
map (14-15-12SE) and is discussed in the Wells report. However, the InfoWorks model does 
not include the siphon. GIS data shows the siphon as abandoned.  

The siphon issues have been discussed with the IW modelers, Perrin Neimann and Emily 
Holtzclaw, CH2M HILL. BC provided a summary, included in Attachment 4, of the 
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available information on the three siphons currently in the IW model. The PMT has 
indicated that updates to the siphons will be in the baseline IW model. 

Sewer Separation Projects 
R.N.C. 5318 separated four blocks of combined sewers from 66th Street and Emmet to 
Pinkney and Cole Creek. This project added a storm water outfall to Cole Creek just 
downstream of Pinkney Street.  

R.N.C. 5116 separated four blocks of combined sewer from 68th Street and Wirt to 67th 
Avenue and Emmet.  

R.N.C. 4998 separated about 400 feet of a one block section of Sprague, from 55th Avenue to 
the alley between 56th Street and Sahler Street. 
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Acronyms 

BC Basin Consultant 

City City of Omaha 

CSO Combined Sewer Overflow 

DIP Ductile Iron Pipe 

DS Diversion Structure(s) 

DWF Dry Weather Flow 

IW InfoWorks 

LTCP Long Term Control Plan 

MRWWTP Missouri River Wastewater Treatment Plant 

RCB Reinforced Concrete Box 

RCP Reinforced Concrete Pipe 

RNC Renovation Project 

WWF Wet Weather Flow 
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Table 1: Cole Creek Diversion Structures Summary 
Item CSO 202 DS CSO 203 DS CSO 204 DS CSO 204 DS 

Location 72nd and Bedford 69th and Evans 6139 Pratt  
(63rd and Pratt in 
Wells)  

60th Ave. and Taylor 
(63rd and Ames on DS 
Sketch) 

IW Node No. 0247075 0223027 0198057 0200083 

Sluice Gate Close, ft. 1072.97 1090.27 1048.97 1122.22 

Sluice Gate Open, ft. 1072.47 1089.77 1048.47 1121.72 

Sluice Gate Size, in. 15 12 12 15 

Weir Width, ft. 4.18 4.5 3.94 5.625 

Weir Crest Elevation, ft. 1072.81 1090.11 1148.81 1122.06 

Grit Chamber Invert, ft. 1067.00 1083.94 1141.90 1115.29  

Grit Chamber Rim, ft. 1082.05 1099.34 1054.94 1133.29 

DWF Pipe, in. 15 12 12 15 to 18 

Subcatchment(s) 108 100 and 110 97 and 99 66, 338, 81, 83, 88, 
92, 97, 99, 102, and 
106 

 
Table 2: Combined Sewer Outfalls in the Cole Creek Basin 
Outfall 202 203 204 

Lat/Long 41.28863 
-96.02482 

41.29222 
-96.02139 

41.29931 
-96.01801 

Location 72nd and Bedford 69th and Evans 
(outfall is at Pratt and Cole 

Creek) 

63rd and Ames 

IW Node ID 0247066F 0223075F 0225028F 

Subcatchments 108 100 and 110 66, 338, 81, 83, 88, 92, 
97, 99, 102, and 106 

Total Area / Contributing 
Area, Acres* 

101 / 50.5 94/ 31.5 (100) 31/5 (110) 520 / 260 

Data taken from IW model which may or may not reflect the actual physical condition. 

 



 

 

Table 3: Cole Creek Grit Structures Summary 
Item Location 

 72nd and 
Bedford Grit 
Chamber #1 

72nd and 
Bedford Grit 
Chamber #2 

69th and 
Evans 

6139 Pratt 
(63rd and 
Pratt in 
Wells) 

68th and 
Ames 
Benson Park 
(Wells) 

60th Ave. and 
Taylor (63rd and 
Ames on DS 
Sketch) 

IW Node No. 0247076 0247077 
 

0223025 (IW) 
0223027 
(Wells) 
 

0198056  
 

0225009 
(Wells) Not 
Grit in IW 

0200071 

Location After DS Before 
Bedford 
Siphon 

After DS After DS Before 
Benson Park 
Siphon 

After DS 

Size  
(Wells) 

7-ft x 4-ft 
(28 ft2) 

6-ft Dia.  
(28 ft2)  

7-ft x 4-ft 7-ft x 4-ft  
(28 ft2) 

6-ft Dia.  
(28 ft2) 

7-ft x 5-ft (35 ft2) 

Base Area (IW) 44.44 ft2 15 ft2 44.44 ft2 44.44 ft2 15 ft2 35 ft2 

Type Reinforced 
Flat 
Bottomed 
Pit 

MH Reinforced 
Flat Bottomed 
Pit 

Reinforced 
Flat 
Bottomed Pit 

MH  Reinforced Flat 
Bottomed Pit 

Invert, ft (IW) 1067.00 1070.19 1083.94 1141.90 1093.04 1115.29  

Rim, ft (IW) 1082.05 1079.12  1099.34 1054.94 1111.92 1133.29 

Total Depth, ft 
(Wells) 

 15.33 16  13  12.33  18  

Depth to 
inverts, ft 
(Wells) 

 13.75 12  9  9.67  13  

       

Pipe in, inches 15  18 12 (W) 12 (from DS) 
8 (sanitary)  

 15 (combined, E) 
8 (sanitary, S) 

Pipe out, 
inches 

15 18  12 (E)   18 (N) 

N = north 
S = south 
W = west 
E = east 
IW = InfoWorks 
Wells = Cole Creek Watershed Study, August 1986, Wells Engineers, Inc.  

 



 

 

Attachment 2 – Basin Schematic 






