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8.01 GENERAL 
 

A. Alternatives Analysis Overview 
 

This section discusses alternatives analyzed to address existing surcharging and sanitary sewer 
capacity issues in the Forest Park area. Each alternative presented includes a description of the 
alternative and the planning-level Opinion of Probable Construction Cost (OPCC). OPCCs presented 
were estimated using historical bid costs, where available, and supplemented by other reference 
sources. All OPCCs include allowances for engineering and project contingencies. The goal of this 
report is to provide City personnel with the information required to initiate the budgeting and planning 
phase for facilities improvements. All costs are presented in 2nd quarter 2010 dollars. Future 
construction costs should be adjusted for inflation when final project schedules are determined. OPCC 
estimates should be updated during the design phase. 
 

In general, three types of conveyance system improvements were considered. These included 
gravity conveyance alternatives (i.e., new sewers to convey the projected peak flows), wet 
weather pumping station alternatives, and wet weather storage alternatives. In most instances, the 
pumping station and storage alternatives also required new gravity sewers to achieve the intended 
system operational conditions following implementation of the improvement. The gravity 
conveyance improvements were modeled to eliminate surcharging in the Forest Park Basin, 
although some minor surcharging was considered acceptable. The pumping station and storage 
options were modeled to reduce surcharging to levels that were believed to be below basement 
drain elevations. The pumping station and storage options also required new minimum 15-inch 
gravity sewers in Pershing Boulevard, as will be discussed below.  
 

B. Conveyance Improvements 
 

The hydraulic model was used to evaluate conveyance improvements for the north and south basin wet 
weather response to different rainfall intensities (refer to Table 6.01-1). 
 

The results of the north basin modeling are shown on Figures 8.01-1 through 8.01-8. The results of the 
south basin modeling are shown on Figures 8.01-9 through 8.01-16. Additional modeling information 
and details at all manholes and pipes modeled are located in Appendix F. Additional detail regarding 
the OPCC is located in Appendix G.  
 

The gravity conveyance improvements were modeled to eliminate the majority of surcharging in the 
sewer system. For some recurrence intervals minor surcharging was considered acceptable. For 
example, for the 5-year recurrence interval in the north basin surcharging of 0.09 feet occurred in 
MH-354. Refer to Appendix F for additional details. Note that the model predicts that surcharging may 
occur in the 18-inch interceptor sewers in 60th Street.  
 

Present worth costs along with the potential improvements for the gravity conveyance alternatives for 
5-year through 100-year recurrence intervals are tabulated in Table 8.01-1 (it was assumed that no 
consideration would be given to improvements that did not convey at least the 5-year recurrence 
interval event). The 50-year recurrence interval approximates the June 19, 2009 storm event and 
requires replacing 660 LF of 10-inch sanitary sewer in Pershing Boulevard and 1,430 LF of 10-inch 
sanitary sewer in 61st Street with 15-inch sanitary sewer. Refer to Figure 8.01-7 for additional detail. 
The 100-year recurrence interval requires the most extensive improvements and has the highest net 
present worth cost.  
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C. Pumping Station Improvements–Pumping Alternatives 
 

The hydraulic model was used to evaluate pumping station improvements for the north basin wet 
weather response to the design storm events. Following a review of the existing utilities and open 
space, it was determined that pumping alternatives would not be evaluated for the south basin because 
of the lack of available land.  
 

For the 5- and 10-year recurrence interval events, modeled surcharging does not indicate a need for 
wet weather pumping facilities for these recurrence interval events. The gravity conveyance 
improvements presented in Table 8.01-1 adequately reduce surcharging in the study area. 
 

The pumping station alternative includes construction of a new pumping station with a portable 
generator connection located in Forest Park between 47th and 48th Avenue. Approximately 600 LF of 
gravity sewer would be installed to convey flow from a diversion structure at the location of MH-879 
(located at the intersection of 61st Street and 49th Avenue) to the pumping station. Approximately 
900 LF of force main would be installed to convey pumped flow from the pumping station to the 18-inch 
interceptor in 60th Street. The pumping station improvements are shown in Figure 8.01-17. The weir 
elevation in the diversion structure establishes surcharge levels upstream of MH-879, sewage flows 

 
 

Table 8.01-1 Summary of Gravity Conveyance Improvements and Net Present Worth Costs 
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downstream of MH-879, and sewage flows to the pumping station. The weir elevation was set at 2 feet 
above the lowest pipe invert in MH-879. The pumping station model does not eliminate surcharge from 
the system, but it reduces the surcharge to levels that are believed to be below basement drains. In 
addition to the pumping station improvements, it is recommended the existing deteriorated 10-inch pipe 
in Pershing Boulevard (aka 45th Avenue) be replaced with a minimum 15-inch pipe to reduce 
surcharging downstream of MH-879. An alternative to replacing the 10-inch pipe in Pershing Boulevard 
is to install additional gravity sewer from MH-374 (located at the intersection of 61st Street and 46th 
Avenue) back to the pumping station to convey additional flow. This alternative was not evaluated any 
further because of the condition of the existing 10-inch pipe in Pershing Boulevard.  
 

Table 8.01-2 lists the potential improvements and associated present worth value. Note that the OPCC 
for the 5- and 10-year recurrence interval events reflect the fact that a pumping station is not required 
for these scenarios. Therefore, the OPCC values presented reflect gravity sewer improvements as 
presented in Table 8.01-1, which would be required. Additional modeling information at all manholes 
and pipes modeled are located in Appendix F. Additional detail regarding the OPCC is located in 
Appendix G.  
 

 
 

 

Table 8.01-2 Summary of Pumping Station Improvements and Net Present Worth Costs 
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D. Underground Storage Improvements 

 

The hydraulic model was used to evaluate underground storage improvements for the north basin wet 

weather response to the design storm events. Following a review of the existing utilities and open 

space, it was determined that underground storage alternatives would not be evaluated for the south 

basin because of the lack of available land.  

 

For the 5- and 10-year recurrence interval events, modeled surcharging does not indicate a need for 

wet weather pumping facilities for these recurrence interval events. The gravity conveyance 

improvements presented in Table 8.01-1 adequately reduce surcharging in the study area. 

 

The underground storage alternative includes construction of an underground storage tank and 

adjacent pumping station with portable generator connection located in Forest Park between 47th and 

48th Avenue. The pumping station would be used to pump the sewage back to the sanitary sewer after 

the event. Approximately 600 LF of gravity sewer would be installed to convey flow from a diversion 

structure at the location of MH-879 to the pumping station. Approximately 200 LF of force main would 

be installed to convey pumped flow from the pumping station to MH-983 (located at the intersection of 

46th Avenue and 61st Street) after the event. The underground storage improvements are shown in 

Figure 8.01-18. The weir elevation in the diversion structure dictates surcharge levels upstream of 

MH-879, sewage flows downstream of MH-879, and sewage flows to the storage tank. The weir 

elevation was set at 2 feet above the lowest pipe invert in MH-879. The storage tank model does not 

completely eliminate surcharge from the system, but it reduces the surcharge to levels that are believed 

to be below basement drains. In addition to the storage tank improvements, it is recommended that the 

existing deteriorated 10-inch pipe in Pershing Boulevard (aka 45th Avenue) be replaced with a 15-inch 

pipe to reduce surcharging downstream of MH-879.  

 

Table 8.01-3 lists the potential improvements and associated net present worth costs. Note that the 

OPCC for the 5- and 10-year recurrence interval events reflect the fact that underground storage is not 

required for these scenarios. Therefore, the OPCC values presented reflect gravity sewer 

improvements as presented in Table 8.01-1, which would be required in Pershing Boulevard (45th 

Avenue). Additional modeling information at all manholes and pipes modeled are located in 

Appendix F. Additional detail regarding the OPCC is located in Appendix G.  
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E. I/I Removal 
 
Tables 6.02-1 and 6.02-2 presented earlier include a summary of model results for the 
June  19, 2009 rainfall event, which served as the base event for the sanitary sewer analysis. 
Table 6.02-1 presents information pertaining to the north basin while Table 6.02-2 presents 
information pertaining to the south basin. 
 
Pipes P-197 and P-198 are existing sewers that represent the segments of sewer that convey flow 
out of the north study area (refer to Figures 6.01-1 through 6.01-3). The peak dry weather flow 
predicted for these locations is 0.259 cfs (116 gpm). The June 19 model results predict a peak flow 
in P-197 of 4.275 cfs (1,919 gpm). Therefore, the estimated I/I at this location, as predicted by the 
model for the June 19 event is, 4.016 cfs (1,803) gpm. 
 
Pipe P-1056 is an existing 21-inch sewer that represents the last segment of sewer on the 
downstream end of the south study area (refer to Figures 6.01-1 through 6.01-3). The peak dry 
weather flow predicted for this location is 0.118 cfs (53 gpm). The June 19 model results predict 

  
 

Table 8.01-3 Underground Storage Improvements and Net Present Worth Costs 
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peak wet weather flow in P-1056 of 4.616 cfs (2,073 gpm). Therefore, the estimated I/I at this 
location, as predicted by the model for the June 19 event, is 4.498 cfs (2,020 gpm).  
 
The total estimated I/I from both basins is approximately 8.514 cfs (3,823 gpm). This represents a 
significant amount of flow in these two basins. 
 
Sources of clear water in the sanitary sewer system, as described in Section 3, included open pick 
holes in manhole covers and other manhole defects. A 1976 Neenah Foundry Company report 
titled A Report on Inflow of Surface Water Through Manhole Covers offers the following I/I 
estimates for various sources (assumes 1 inch of ponded water over manhole surface): 
 

1. One 1.5-inch open pick hole ≈ 26 gpm 
2. Two 1-inch open pick holes ≈ 25 gpm 
3. Bearing Surface Only–Concealed Pick holes ≈ 17 gpm 

 
Open pick holes can represent a significant source of I/I in a sanitary sewer system. Other defects 
typically found in manholes, such as leaking cracks, and defective pipe connections typically 
contribute less than 5 gpm of I/I. 
 
To provide the City with an estimate of the I/I flow that may be coming from manholes, the storm 
sewer model output was reviewed to determine which manholes would be submerged during 
various rainfall events (2-, 5-, 10-, 25-, 50- and 100-year recurrence interval events). City data was 
also used to determine which manholes had open pick holes during the June 19, 2009 
(approximately a 50-year RI event). Using the Neenah Foundry study previously referenced, an 
estimate of potential I/I flows through manhole covers was made. For the June 19, 2009 event, it 
was determined that an I/I rate of approximately 125 gpm was possible from various manhole 
sources within the north basin, and another 125 gpm was possible in the south basin. 
 
Section 3 also documents properties that are discharging clear water directly to the sanitary 
sewer. These discharges included 29 homes where the foundation is drained to the sanitary 
sewer, and 3 homes where the sump pump discharges directly to the sanitary sewer via the floor 
drain. This represents approximately 22 percent of the homes that responded. If the assumption is 
made that the nonrespondent homes are connected to the sanitary sewer in a similar percentage, 
then the total number of connected homes would be 122 homes (63 north basin and 59 south 
basin). 
 
Foundation drain discharge rates can vary widely depending on the size of the footing drains, 
groundwater height, and lateral diameter. Similarly, sump pump discharge rates can vary 
depending on the size of the pump, as well as the run times associated with pumping. Typical 
sump pump discharge rates are in the 25 to 30 gpm range and are usually intermittent discharges. 
On rare occasions sump pump discharge rates may be as high as 50 gpm and run continuously. 
 
Again, to provide the City with an estimate of the potential I/I coming from foundation drain/sump 
pump sources, the following assumptions were made: 
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 Sump Pump Discharge Rate ≈ Foundation Drain Discharge Rate ≈ 25 gpm  
(A review of available sump pump information (University of Illinois Extension) indicates this 
is a reasonable assumption.) 

 63 homes connected in the north basin. 
 63 homes times 25 gpm per home = 1,575 gpm estimated I/I rate in North Basin. 
 59 homes connected in the south basin. 
 59 homes times 25 gpm per home = 1,475 gpm estimated I/I rate in South Basin. 

 

As previously stated, the estimated I/I within the North Basin for the June 19th event was 
1,803 gpm. Manhole sources may have contributed approximately 125 gpm to this total. 
Foundation drain/sump pumps may have contributed another 1,575 gpm, for a total of 1,700 gpm. 
 

As previously stated, the estimated I/I within the South Basin for the June 19th event was 
2,020 gpm. Manhole sources may have contributed approximately 125 gpm to this total. 
Foundation drain/sump pumps may have contributed another 1,475 gpm, for a total of 1,600 gpm. 
 

In both basins, it can be seen that foundation drains and/or sump pump connections to the 
sanitary sewer likely represent a significant portion of the I/I in the sanitary sewer. 
 

Historically, hundreds of communities across the United States have attempted to identify and remove 
sources of I/I, with limited success. Identification and removal of I/I sources is an ongoing process. 
However, successful programs continue to maintain and improve collection systems as part of the 
routine Operation and Maintenance (O&M) program. In some instances, significant reductions in peak 
flow have been achieved. However, this is not necessarily the “norm,” and to rely solely on I/I removal 
and identification as a means to forego the necessary capacity upgrades is often unsuccessful. 
 

For purposes of this evaluation, it has been assumed that City staff will continue to locate and remove 
sources of I/I in the collection system. The net result of this may possibly be the maintenance of 
existing peak flow rates in the collection system but not necessarily a significant decrease in peak flow 
rates. This type of an assumption is supported by years of actual experience by communities across 
the country. It is very unlikely that enough I/I can be located and removed to eliminate the need for 
capacity upgrades. 
 

8.02 SUMMARY 
 

Table 8.02-1 presents a summary of net present worth costs associated with the gravity 

conveyance, wet weather pumping station, and underground storage alternatives evaluated. 
 

 

Recurrence 
Interval 

Gravity 
Conveyance 

Wet Weather 
Pumping Station 

Underground 
Storage 

5-Year $870,000 $870,000 $870,000 

10-Year $960,000 $960,000 $960,000 

25-Year $960,000 $1,585,000 $1,620,000 

50-Year $1,040,000 $1,803,000 $1,860,000 

100-Year $1,200,000 $2,017,000 $2,240,000 
 

Table 8.02-1 Summary of Net Present Worth Costs 
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In addition to the overall net present worth comparison, each of the alternatives evaluated has certain 

nonmonetary advantages and disadvantages associated with it. Table 8.02-2 presents an overview of 

these advantages and disadvantages. 

 

 

Conveyance 
Option 

Advantages Disadvantages 

Gravity  Minimized parkland impacts. 
 Requires no electrical or emergency 

power. 
 No new structures required–only 

replacement of existing structures. 

 Maximum disruption of existing 
roadways. 

Pumping Station  Requires less roadway disruption as 
compared to gravity option. 

 Overall smaller footprint than gravity 
option. 

 Redirects peak flows out of study area 
(vs. routing through study area). 

 

 Impacts existing parkland 
 Requires routine O&M associated with 

pumping station facilities. 
 Requires construction of new bypass 

facilities to direct wet weather flows to 
new pumping station. 

 Requires electrical and emergency 
power source (portable generator for 
standby power). 

Underground 
Storage 

 Requires less roadway disruption as 
compared to gravity option. 

 Redirects peak flows out of study area 
(vs. routing through study area). 

 

 Impacts existing parkland. 
 Requires routine O&M (cleaning, etc.) 

following wet weather event–may require 
confined space entry to maintain. 

 Requires construction of new bypass 
facilities to direct wet weather flows to 
new storage facilities. 

 Requires electrical and emergency 
power source (portable generator for 
standby power). 

 

Table 8.02-2 Nonmonetary Comparison of Conveyance Alternatives 
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	There are 205 manholes and inlets in the study area. The compiled data shows that 178 structures (87 percent) are in good condition and twenty-five (12 percent) have either minor or severe defects. Only two structures (1 percent) are noted as total fa...
	It is recommended the City use this information to generate a priority list of problem areas and develop a plan to rectify. Some areas have the potential to be completed within the alternatives suggested within this report.
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	Our modeling has included incorporation of nine existing detention basins in the modeled watersheds. The available storage volume at each existing detention facility for a 100-year storm event and a summary is included in Table 9.01-1.
	C.  Alternatives Analysis Design Criteria Goals
	At the onset of this project, the City established the following design goals for the alternatives analysis in the Forest Park Area.
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	TABLE 9.11-4
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	TABLE 9.11-5
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	TABLE 9.14-1
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	*Further investigation is needed at 6116 49th Avenue that shows a window elevation of 678.49 and an adjacent ground elevation of 679.20. If the ground elevation is used as the low entry point, then the low entry point would not flood during the 10-yea...
	TABLE 9.14-2
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	S10-Education,Enforcement&PublicInvolvement 2014
	According to documentation in the 2009 WDNR municipal separate storm sewer system (MS4) Annual Report, the City has already developed a public education and outreach program for purposes of stormwater permit compliance. This program is geared mainly t...
	The Stormwater Utility Web site is currently being updated and has an expected completion date of September 2010. This Web site will be an important tool for providing residents with information about the utility, contact information, resources, and w...
	Pamphlets can be distributed regarding such topics as rain barrels, downspout disconnection and compost piles. Preprinted materials may be available from sources such as University of Wisconsin-Extension, WDNR, or the Milwaukee Metropolitan Sewerage D...
	Outdoor message boards could be installed in parks or public recreation areas educating residents on watersheds and importance of keeping drains clean. Educational displays/booths could be provided within municipal facilities (museum, municipal buildi...
	In late 2008, the Stormwater Utility purchased “Watershed, Nonpoint Source, Stormwater Pollution and Prevention” Enviroscape®, a portable stormwater model, to assist in education throughout the community. This interactive tool can be used in a classro...
	Storm drains can be stenciled to remind residents to keep inlets clear and discourage dumping of oil and other pollutants. A cost-effective approach may be to work with the Boy Scouts and other groups and school organizations to promote this activity ...
	An annual meeting could be held to update City officials, residents, regulatory agencies, local contractors, and interested stakeholders on the progress of the City’s stormwater program.
	A policy should be established for receiving and addressing stormwater management issues. This would include providing a standard form to residents with stormwater concerns (see Appendix I), performing a stormwater review based on the submitted form, ...
	Currently, spring and fall yard waste must be placed in City-approved, biodegradable yard waste bags available from local retail stores. The City could consider potential modifications to its yard waste collection procedures by considering street side...
	10.02  ORDINANCE REVIEW AND ENFORCEMENT OPTIONS
	Section 1.05 presented a summary of applicable standards and design criteria, including a summary of the applicable City ordinances. These ordinances were reviewed to recommend updates and additions that will be beneficial in reducing long-term clear ...
	The City ordinances listed in Section 1.05 were reviewed with this stated goal in mind. All ordinances stress the requirement that discharge of clear water into the sanitary sewer system is prohibited. The following minor modifications may be considered:
	a. Chapter IX–Building Code
	(2) Section 9.17–Razing of Buildings–Consider adding text to provide guidance with regard to abandoning building laterals.
	(4) Section 9.25–Downspout Discharge–Consider adding text to specifically prohibit downspout connection to the sanitary sewer (This prohibition is included in Chapter XXXII–Kenosha Water Utility–Rule 05-04.)
	b. Chapter XVI–Property Maintenance Code
	(1) Section 16.18–Exterior of Structure–Consider adding text to specifically prohibit downspout connection to the sanitary sewer (This prohibition is included in Chapter XXXII–Kenosha Water Utility–Rule 05-04.)
	In general, the ordinances appear to achieve the goal of minimizing the potential for introduction of clear water into the sanitary sewer system.
	The City may want to consider adding a “point-of-sale” (POS) ordinance. A POS ordinance spells out inspection and repair procedures to be followed when a property is sold. Many communities use this as a mechanism to identify and correct inappropriate ...
	10.03 PUBLIC INVOLVEMENT PROCESS
	Two main objectives for the public involvement process include providing a sense of community ownership in the solutions and obtaining needed information for effective stormwater and sanitary design. The interactive workshops provide a setting where r...
	Two public meetings have been held with residents from the Forest Park area thus far. Residents received a public meeting notice before each meeting with details regarding the upcoming meeting (Appendix K).
	Workshop 1 was held on Thursday, September 24, 2009, from 6 to 7 p.m. Approximately 20 residents were in attendance. After a short presentation to explain the Forest Park area project, residents were then engaged in a hopes and fears whiteboard exerci...
	The two hopes that received the most votes were:
	The two fears that received the most votes were:
	The complete list of hopes and fears can be found in Appendix K.
	Workshop 2 was held on Tuesday, January 26, 2010, from 6 to 7 p.m. Approximately 20 residents were in attendance. The intent of this meeting was to present responses form the resident surveys, inform residents about field work that has been performed,...

	S11-Conclusions and Recommendations 2014 with ESP comments
	municipal back inside back cover
	Report (Volume 1 of 2) for
	City of Kenosha, Wisconsin

