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I. Project Description 

 

As a result of repeated flooding and property damage within localized areas, the City of 

Elgin contracted Carroll Engineering and Associates to complete, and subsequently 

summarize, an analysis of the storm and sanitary sewers within the problematic areas.  

The Study Area is located mainly along Cooper Avenue and Preston Avenue and is 

bounded on the north by Hartwell Ave., Polly Court on the east, Chester Ave. on the south 

and Dundee Avenue on the west.  An additional area with a history of flooding lies along 

Bellevue Avenue between River Bluff Road and Cooper Avenue. 

 

The study area is not located within a combined sewer area, although the sanitary sewer 

drains to the Fox River Water Reclamation district through combined sewers south of the 

study area.  The storm sewer in the vicinity drains into the Fox River at the north end of 

Bellevue Avenue. 

 

In order to gather the necessary information to analyze the system and complete the study, 

a land surveying crew obtained elevations on the major components of the sewer systems.  

The survey results (manhole rim and invert elevations) were then combined with records 

made from onsite inspections to compile an accurate picture of how the systems function.   

 

 

II. Existing Conditions 
 

As is commonly the case in older neighborhoods, parts of the sewer system are aging 

while other sections have been replaced more recently.  The field inspections and sewer 

televising information revealed many deficiencies that would restrict the efficiency of the 

sewer systems.  However, there was no individual problem (such as an illicit connection 

between storm and sanitary sewers) serious enough to be labeled a direct cause of the 

flooding. 

 

In addition to the field inspections completed as part of the study, the City provided 

Carroll Engineering with records and documented instances when flooding occurred.  

From these existing records, which were composed mainly of resident contacts, it appears 

that the most critical area is near the intersection of Preston and Cooper Avenues.  The 

information obtained from these contacts focus not only on the severity of the flooding 

but also their frequency. 

 

It is clear that the intersection of Cooper and Preston does indeed flood during a moderate 

to heavy rain events.  According to the documented records, the flooding occurs soon 

after a high-intensity rain begins but dissipates within a reasonable amount of time after 

the rain ceases.  It does appear that street flooding, if significant enough, will cause 

property damage to adjacent homes and buildings.  The records are quite clear in stating 

that the most significant property damage is due to surcharging into the basement floor 

drains via the sanitary services.   
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III. Analysis Method 
 

In order to analyze the flooding problem within the study area, enough field information 

was gathered to create an accurate model of the City’s sewer systems.  This model was 

created within the SWMM software, a program respected within the industry and 

specifically designed to dynamically depict a sewer system.   

 

In order to model the sanitary system, the as-built information from the survey was 

compiled and entered into the software.  Also factored into the hydraulic model were any 

pertinent details recorded in the field inspections.  These details included, for the most 

part, deficiencies noted in the sanitary structures.  As there are three main components 

that comprise the flow within a sanitary sewer; flow values were added for wastewater, 

inflow and infiltration.  The three components are summarized below: 

 

Waste Water flows were based upon the number of properties (house, restaurants, etc.) 

that connect to each section of the sanitary sewer system.   To provide a model of actual 

wastewater usage, the flow was varied over the hours of the day.  This varied usage, or 

Diurnal Flow Variation, is based on the amount of wastewater entering the system over a 

24-hour period. 

 

Infiltration is caused by groundwater, and is based on defects such as cracks in the sewer 

as well as “allowable” flow amounts that are bound to enter any sewer system.  The 

allowable infiltration rates and flow rates per defect are both based on accepted industry 

standards.  However, these rates were increased at locations where previous soil borings  

indicated that the water table is above the sanitary sewer.  In the critical flooding area near 

the intersection of Preston and Cooper, past soil borings indicate that the groundwater 

ranges from 4 feet to 8 feet below the ground surface.  However, the sewer in the area 

ranges from 8 to 12 feet deep.  This area is obviously prone to abnormally high amounts 

of infiltration, since the soil surrounding the pipe and most of the manhole structures is 

completely saturated.  Since groundwater is a relatively constant presence, the infiltration 

rates were not varied over the 24-hour analysis period.   

 

Inflow is based solely on defects observed in individual manholes that will allow storm 

water to enter the sanitary system.  The flow amounts for each defect are based upon an 

accepted industry standard.  However, the runoff amounts were varied over the 24-hour 

period to simulate the effect of an actual rain event.  

 

In order to simulate a “worst-case” scenario, the model was constructed so that the peak 

storm water runoff coincides with the peak hour of wastewater flow (common times for 

showering, doing laundry, dishwashing, etc).  Therefore, the model was established to 

simulate a storm that begins just before the peak hours of water usage.  After the model 

was constructed, the data for each section of sanitary sewer was examined to determine 

critical factors such as flow rate, velocity and evidence of surcharging. 

 

Similar to the sanitary sewer system, as-built information for the storm sewer was 

collected and entered into the SWMM software.  Unlike the sanitary, however, the flow 

consisted entirely of storm water runoff rather than a compilation of wastewater flow, 

inflow/infiltration, etc.  The runoff volumes were generated from data collected from past 

rainfall events within the City of Elgin.  For the purposes of the system model, a 10 year 
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storm was chosen as the critical event.  This choice was based on common current design 

standards for storm sewer within local communities.  To further understand the existing 

capacity of the storm sewer, critical locations (i.e. multiple accounts of flooding) were 

analyzed.  Paramount on the list of critical flooding areas is the intersection of Cooper 

Ave. and Preston Ave.  The capacity of the storm sewer exiting this intersection was 

compared with the volume of downstream runoff generated from various storm events.  

For this evaluation, the flow was calculated using the formula Q = CIA, where Q is the 

flow, C is the runoff coefficient, I is the intensity and A is the drainage area in acres.  The 

results are summarized below: 

 

Time of Concentration: 

 total distance of 1330 feet /(0.5 ft/sec X 60s/min) + 10 min = 54 min 

where 0.5 feet per seconds is the average speed of the runoff and 10 minutes is 

added for saturation time 

 Conservative Tc = 50 minutes 

 A = 47.4 acres (area upstream of the Cooper and Preston intersection) 

 C = 0.35 (assumed for typical residential areas) 

 

2 Year Storm:  (using conservative Tc of 50 min), I = 1.7 in/hr 

   Q = 0.35 x 1.7 x 47.4 = 28 cfs 

 

5 Year Storm: I = 2.1 in.hr 

   Q = 0.35 x 2.1 x 47.4 = 35 cfs 

 

10 Year Storm: I = 2.5 in/hr 

   Q = 0.35 x 2.5 x 47.4 = 41 cfs 

 

Storm Sewer Capacity:  24” diameter at 0.1% = 7.15 cfs 

 

Obviously, the existing storm sewer is extremely inadequate to carry the runoff from even 

a 2 year storm event.  For this reason, the storm sewer will surcharge and eventually flood 

the intersection entirely during a heavy storm. 

  

 

IV.  Evaluation Results  
 

Based on the age of the sanitary and storm sewer systems, the condition of the pipe and 

structure materials display all of the defects that one would expect.  In other words, it is 

no surprise brick manholes are leaking, that the pipe has cracked in certain locations or 

that debris has accumulated within the pipes and structures.   

 

Included with the documentation furnished by the City were televising tapes for the storm 

sewer.  These tapes revealed many instances where a dip is present along a sewer run.  

Many of these dips were significant, and resulted in water standing at a depth greater than 

one-half of the pipe diameter.  In three separate instances, the dips in the storm sewer 

were severe enough that sections of the pipe were completely full during dry weather 

conditions.  Unsurprisingly, these dips were centralized on Cooper Avenue, a short 

distance downstream from the critical flooding area.  Since the sewer does not run 

downstream at a constant slope, water cannot pass through without surcharging of the 



 

4 

upstream manholes and sewer.  When the surcharging actually extends out of the 

structures and into the street, flooding is the result.  Additionally, the sediment and other 

debris that accumulates wherever standing water is present will further constrict water 

flow. 

 

More significant than the structural deficiencies within the system, however, is the 

undersized and slightly sloped storm sewer that runs west down Cooper Avenue.  From 

Preston to Bellevue, the survey information consistently indicates slopes less 0.5%.  

Although the pipe increases to 27 inches in diameter, the hydraulic capacity is not nearly 

sufficient to handle storm water runoff from significant rain events.  In essence, the 

undersize pipe is restricting flow to the point where the roadway is acting as a quasi-

detention pond.  Additionally, the storm sewer running north on Bellevue from Cooper to 

River Bluff has equally minimal slopes, although the diameter has been increased to 36 

inches. 

 

The majority of the deficiencies, however, are located within the sanitary system.  Aside 

from the expected defects that increase water from inflow and infiltration, the capacity in 

certain areas of the system appears to be significantly inadequate.  Once again, the critical 

area is the intersection of Cooper and Preston.  The manhole (MH 015340) in this 

intersection receives flow from the north, south and east and discharges flow to the west.  

While the westerly pipe is greater in size than the three sewers flowing into the manhole, 

its slope is too minimal to carry the flow downstream (see Appendix E).  Additionally, 

survey elevations from two sewer lengths downstream of the MH 015340 indicate that the 

pipe is back-pitched.  In short, the sanitary sewer running in Cooper Avenue lacks 

capacity because it is under-sized and laid too flat.  As the sewer backs up, the manholes 

begin to surcharge.  The hydraulic pressure then forces sewage up the sewer services and 

into basement floor drains. The SWMM model indicates moderate to severe surcharging 

in the pipe both upstream and downstream of MH 015340.  This surcharging is certainly 

significant enough not only to cause flooding through basement floor drains but also 

within the street itself. 

 

 

V.   Recommendations 
 

While analysis of the sanitary sewer within the study area indicates that the system has 

adequate capacity for the expected wastewater usage, standards require that the sewer be 

designed to accept some of the inflow/infiltration (I/I) that will inevitably occur.  

However, when additional flows are added by I/I experienced in an aging system, the 

system capacity is not sufficient.  However, it is simply not economically feasible to 

reconstruct the majority of the sanitary system within a short period of time.  Corrective 

measures that will alleviate surcharging and reduce flooding while remaining 

economically viable are as follows: 

 

a) Upsize sanitary sewer on Cooper Avenue from Cedar Street to Preston Avenue.  

This option would not only provide a larger pipe to carry the sanitary flow, but would 

eliminate the pipe sections with a slope well under the minimum (as defined by the 

Illinois Recommended Standard for Sewer Works).  Using the current invert 

elevations for MH 015340 and 015389, there is an adequate elevation difference to 

install the pipe at a constant slope of 0.25%.  At this slope a 15” diameter would 
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provide sufficient capacity for the anticipated flow.  The increased capacity would not 

only alleviate flooding upstream near Preston, but also on Bellevue Avenue as well.   

 

b) Connect the sanitary sewer from the intersection of Preston and Congdon to the 

intersection of Bellevue and Congdon.  This option would divert a large portion of 

the sanitary flow away from the critical area of Cooper and Preston.  Using the current 

invert elevations of MH 015358 and MH 015392, there is an adequate elevation 

difference to install the pipe at a constant slope of 0.70%.   

 

c) Install overhead sewers.  Installation of overhead sewers would eliminate the need 

for basement floor drains within the flood-prone areas.  In this manner, the sanitary 

system could surcharge without flooding private property.  This solution could be 

implemented on a house-by-house basis so that corrective measures can be 

immediately implemented in the most critical areas.   

 

d) Eliminate sources of I/I throughout the system.  Using a combination of pipe 

lining, manhole repair and removal and replacement of manhole lids, inflow and 

infiltration within the system can be greatly reduced.  If the sanitary sewer would be 

utilized to carry wastewater with small amounts of I/I only, flooding would be greatly 

reduced if not eliminated entirely.  This option has the advantage of being 

implemented in stages, in which the most deteriorated areas could be addressed first.    

Of course, any downstream areas would obviously benefit from the reduction of I/I. 

 

With respect to the storm sewer, there is no quick and easy method to remedy the lack of 

capacity within the existing system.  However, there are solutions that can certainly be 

implemented to alleviate the flooding issues. 

 

a) Upsizing sewer capacity on Cooper Ave.  This can be accomplished by removing 

and replacing the existing sewer, or (more simply) by constructing a parallel sewer to 

act as an overflow route when surcharging occurs.  The upsized sewer will not only 

carry more runoff, but will also provide a storage volume to allow surcharging without 

street flooding.  To make this option truly effective, the storm sewer capacity on 

Bellevue would have to be increased as discussed below.  

 

b) Upsizing sewer capacity on Bellevue Ave.  In the existing system, the storm sewer 

slope is minimal from Cooper to Storm Manhole 0018 (approx. 600 feet north of 

River Bluff), and then increases sharply from River Bluff to the river.  If the existing 

36 inch pipe could be upsized or supplemented with a parallel overflow sewer, the 

runoff could easily be carried to the river even during significant rain events.   

 

c) Divert portions of the drainage basin to detention areas.  The existing detention 

pond just west of Hiawatha is fairly large and could be upgraded to contain a greater 

storage volume.  After a brief analysis, it was determined that the elevations simply do 

not allow for gravity sewer to be installed from the intersection of Cooper and Preston 

to the detention area.  However, the elevations are sufficient to install a storm sewer 

from the intersection of Preston and Page directly east to the pond.  This would 

redirect some runoff from the flood prone areas, and would provide an overflow route 

when the intersection of Cooper and Preston is flooded.  It should be noted, however, 
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that a full topographic survey would be required to determine the extent of the pond 

upgrading necessary to handle the additional runoff.   

  

 

As with any system of significant size, both the sanitary and storm sewers within the 

Study Area are complex.  For this reason, the best option to alleviate flooding is not one 

solution but a combination of work efforts.  Our recommendations have been outlined 

below. 

 

Sanitary Sewer: 

Due to the toxins and bacteria found in sewage, sanitary flow flooding into private 

residences and/or business presents obvious health concerns.  Therefore, addressing the 

inadequacies of the sanitary sewer should be a priority for the City.     

 

The first step to be taken would be further inspection of the sanitary sewer, focusing on 

the pipes themselves.  This could be done with sewer televising and/or smoke testing.  

These investigations would allow major sources of I/I to be located and demarcated for 

repair.  Also, it is very possible that an improper connection with the storm sewer and/or 

basement sump would be identified.  The inspection could be done at a relatively low 

cost, especially if City forces were utilized.  Reducing I/I would benefit the entire 

downstream sanitary system.   

 

The second option we recommend is the implementation of a cost sharing plan for the 

installation of overhead sewer lines.  Most importantly, this option puts responsibility into 

the resident’s hand, and allows them to take an active role in eliminating their flooding 

problem.  Typically, each resident would have to contract the work (to be completed in 

accordance with City Specifications) and would make a formal application for the cost 

sharing.   

 

Of course, the long-term solution to the problem would be upsizing sewer capacity along 

Cooper Avenue.  By increasing the pipe size and slope, the sewer would become be able 

to carry the necessary amount of flow through the Study Area.   

 

 

Storm Sewer: 

Similar to the sanitary sewer, the problem within the storm sewer system are a direct 

result of insufficient pipe capacity.  Unlike the sanitary system, however, there are no 

localized solution options such as the elimination of I/I or the installation of overhead 

sewers.  The City cannot utilize the existing detention area to the immediate west of 

Hiawatha since the elevations prevent a direct connection from the storm manhole at 

Cooper and Preston to the detention area. 

 

The most effective solution would be upsizing the sewer capacity along Cooper and 

Bellevue.  The existing grade drops significantly from the intersection of Preston and 

Cooper to the river outfall along Cooper and Bellevue Avenues.  The topography should 

be utilized to increase pipe slopes exiting the Study Area.  These increased slopes, in 

conjunction with greater pipe sizes, will make the storm sewer capacity adequate for a 10 

year storm event. 
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Conclusion: 

While the street flooding occurs regularly during significant rain events, it is our 

understanding that the flood duration is relatively short.  It appears that the majority of the 

actual property damage is caused by sanitary sewer backup into the basement floor drains 

and less by the street flooding.   For this reason, we believe that the sanitary sewer should 

be addressed first and foremost.   The first action item recommended would be the 

location and elimination of Inflow and Infiltration (I/I). 

 

However, the fact remains that the permanent solution to the flooding problem will be 

increasing the capacity of the storm and sanitary sewers along Cooper and Bellevue 

Avenues.  Again, increasing capacity can be accomplished by rerouting flow currently in 

the system around the bottleneck.   The construction of new or additional sewers will be 

costly, as the improvements to the underground sewer will entail reconstruction of these 

streets and other utilities that cannot be safetly supported during the excavations.    It is 

very important to note that a full scale reconstruction would allow work simultaneously 

on the storm and sanitary sewer, reducing flooding in both systems.   

  

 

   

Prepared by: 

 

 

 

 

____________________________ 

Nicholas Becker, P.E. 
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SUMMARY OF APPENDICES 
 

 

A. EXISTING CONDITIONS 

Sanitary Sewer Defect Summary 

Storm Sewer Defect Summary 

Sanitary Sewer As-Built Information 

Storm Sewer As-Built Information 

Typical I/I Rates (MWRD Standard) 

Soil Boring Log (indicative of groundwater conditions) 

 

B. SANITARY SEWER  WASTEWATER FLOW 

 Daily Diurnal Flow Variation (distributed over 24 hour period) 

 Wastewater Flow Break Down  

 

C. SANITARY SEWER - INFILTRATION 

 Infiltration Summary 

 

D. SANITARY SEWER  INFLOW 

Inflow Distribution (based on a 24 hour period) 

Inflow Summary 

 

E. SANITARY SEWER  CAPACITY ANALYSIS 

 Calculation of Maximum Sewer Capacity 

 

F. STORM SEWER DRAINAGE AREAS 

 Drainage Basin Summary 

 

G. SWMM Modeling 

 Cooper and Preston Sanitary Sewer Hydraulic Model 

 Aerial View  Sanitary Sewer 

 Cooper and Preston Storm Sewer Hydraulic Model 

 Aerial View  Storm Sewer 

 Bellevue and Cooper Sanitary Sewer Hydraulic Model 

 Aerial View  Sanitary Sewer 

 Bellevue and Cooper Storm Sewer Hydraulic Model 

 Aerial View  Storm Sewer 

  

H. EXHIBITS 

 Sanitary Sewer Study Area 

 Storm Sewer Study Area 

 Storm Sewer Drainage Basins 
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