Final Report

City of Wheaton, Illinois

200 West Front Sreet •Wheaton, Illinois 60187 • 630.682.4700 • www.rjn.com

TABLE OF CONTENTS

1. EXECUTIVE SUMMARY
Primary Objectives .................................................................................................................1-2
Results ...................................................................................................................................1-2
Recommended Plan ...............................................................................................................1-5

2. PROJECT BACKGROUND
Background ............................................................................................................................ 2-1
Rehabilitation Approach
Approach ........................................................................................................2-4
Study Area Description...........................................................................................................2-5
Project Deliverables................................................................................................................2-6

3. ACTIVITIES AND FINDINGS
INDINGS
Flow Monitoring .....................................................................................................................3-1
Field Investigations .................................................................................................................3-4
Sanitary Sewer Rehabilitati
Rehabilitation
on ................................................................................................ 3-8

4. ANALYSIS
Flow Analysis .......................................................................................................................... 4-1
Hydraulic Modeling ..............................................................................................................4-11

5. CONCLUSIONS AND RECO
ECOMMENDATIONS
Conclusions............................................................................................................................. 5-1
Recommendations ...............................................................................................................5-14

LIST OF TABLES
Table 1-A:
Table 2-A:
Table 2-B:
Table 3-A:
Table 3-B:
Table 3-C:
Table 3-D:
Table 4-A:
Table 4-B:

Basin 4 – Co
Cost Estimate .......................................................................................1-7
Study Timeline
Timeline ....................................................................................................2-5
Pilot Area Charact
Characteristics
eristics ....................................................................................2-6
Meter Site
Site Summ
Summary
ary ........................................................................................... 3-2
Lateral Lining TTotals
otals ............................................................................................ 3-9
Abandoned
Abandoned (Now Capped) Lateral Summary ...................................................3-10
Sump Pump
Pump Disconnects ..................................................................................3-11
Cumulative
Cumulative Average Dry Weather Flow Summary .............................................4-1
Weighted A
Average
verage Rainfall Summary .................................................................4-4
i

Table 4-C:
Table 4-D:
Table 4-E:
Table 4-F:
Table 4-G:
Table 5-A:
Table 5-B:

Surcharged Conditions........................................................................................4-6 �
Results of Percent Rainfall Capture Analysis ...................................................... 4-9 �
Model RTK Values .............................................................................................4-12 �
Number of Basin 4 Properties at Risk of Potential Basement Backup.............. 4-16 �
Basin 4 Potential Basement Backups Per Annum ............................................. 4-16 �
Number of Basin 4 Properties at Risk of Potential Basement Backup.............. 5-10 �
Basin 4 – Cost Estimates ...................................................................................5-16 �

LIST OF FIGURES
Figure 1-A:
Figure 1-B:
Figure 1-C:
Figure 2-A:
Figure 2-B:
Figure 2-B:
Figure 3-A:
Figure 3-B:
Figure 4-A:
Figure 4-B:
Figure 4-C:
Figure 4-D:
Figure 4-E:
Figure 4-F:
Figure 4-G:
Figure 4-H:
Figure 4-I:
Figure 4-J:
Figure 4-K:
Figure 5-A:
Figure 5-B:
Figure 5-C:
Figure 5-D:

Estimated Flows from System Recommendation Report...................................1-1 �
Basin 4 – Pilot Study Area ...................................................................................1-3 �
Percent of Basin 4 Properties at Risk of Potential Basement Backup ................1-5 �
Basin 4-6 .............................................................................................................2-2 �
Basin 4-1 ............................................................................................................. 2-3 �
Basin 4 Defect Flow Distribution from System Recommendation Report .........2-4 �
Flow Meter Schematic ........................................................................................3-3 �
Lateral Defects in GIS..........................................................................................3-6 �
WHE 4-1 Diurnal Curve .......................................................................................4-2 �
Peak Hour Rainfall...............................................................................................4-3 �
Sample Regression Plot.......................................................................................4-6 �
Unrestricted Flow Regression Plot......................................................................4-7 �
Q v I 1-Hour Flow Error Bars ...............................................................................4-8 �
Percent Rainfall Capture Sample Graph .............................................................4-9 �
RTK Model Comparison Sample Graph.............................................................4-11 �
Basin 3 and 4 Sustainable Peaking Factors - Existing........................................4-13 �
Level of Protection Example, Deep Manhole ................................................... 4-15 �
Level of Protection Example, Shallow Manhole ............................................... 4-15 �
Percentage of Basin 4 Parcels at Risk of Potential Basement Backup..............4-17 �
Q v I 1-Hour Flow Error Bars ...............................................................................5-2 �
RTK Model Comparison Sample Graph...............................................................5-3 �
Basin 3 and 4 and the WSD South Side Interceptor ...........................................5-8 �
Percentage of Basin 4 Parcels at Risk of Potential Basement Backups ............5-10 �

LIST OF APPENDICES
Appendix A – Exhibits
o Exhibit 1 – Basin 4 Map
o Exhibit 2 – Lined Laterals
o Exhibit 3 – Abandoned Laterals
o Exhibit 4 – Flow Meter & Rain Gauge Locations
o Exhibit 5 – Manhole Rehab
o Exhibit 6 – LOP Map – Existing
o Exhibit 7 – LOP Map – 40% I/I Reduction
o Exhibit 8 – LOP Map – Capital Improvements
o Exhibit 9 – LOP Map – Capital Improvements + 40% I/I Reduction

ii

Appendix B – Site Sheets
Appendix C – Rain Gauge Data
Appendix D – Diurnal Curves
Appendix E– Hydrographs
Appendix F – Scattergraphs
Appendix G – Pre- Post-Rehabilitation Analysis
o QvI Analysis
o Percent Capture Analysis
o RTK Analysis
o Q = KiA Analysis
Appendix H – Model Profiles
Appendix I – LMK Brochures
Appendix J – Capital Recommendations
o Basin 3 and 4 Capital Improvement Recommendations
o 2009 Indiana Street Siphon Study and Recommendation Exhibits

iii

DEFINITIONS AND ABBREVIATIONS
DEFINITIONS
Average Dry Weather Flow (ADWF) – average daily flow during dry weather. Includes base
flow and base infiltration only.
Base Flow – wastewater flow generated by domestic, commercial, and industrial water use,
exclusive of inflow and infiltration.
Base Infiltration - extraneous flow that enters the sewer system through the ground during
periods of dry-weather.
Elevated Groundwater Table – A raising of the groundwater table, due to unusually wet
weather, that typically causes higher infiltration rates.
Infiltration (as defined by USEPA) - the water entering a sewer system and service
connections from the ground through such means as, but not limited to, defective pipes, pipe
joints, service connections, service laterals, or manhole walls.
Inflow (as defined by USEPA) - the water discharge into a sewer system, including service
connections, from such sources as downspouts; sump pumps; cellar, yard and area drains;
foundation drains; cooling water discharges; drains from springs and swampy areas; manhole
covers; cross connections from storm sewers, combined sewers, or catch basins; storm
waters; surface runoff; or drainage.
Inch-diameter mile - The product of sewer pipe diameter in inches and length of sewer in feet
divided by 5,280 feet.
Hydraulic Grade Line (HGL) – The elevation to which the water would rise if open to
atmospheric pressure. It is generally equivalent to a line drawn between the top of water in
each manhole.
Peak Infiltration - the maximum extraneous flow that enters the wastewater collection
system during high-groundwater conditions after the inflow effects of a rain event have
ended.
Peaking Factor - The ratio of the peak wet-weather flow to the average daily dry-weather
flow.
RTK – the method recommended by the EPA for projecting I/I utilizing the three empirically
derived variables – R, T and K.
1-Year, 60-Minute Storm - As an example of the standard nomenclature for qualification of
rainfall intensity, a storm event that produces 1.18 inches of rain per hour and is expected to
vi

occur once in any given year (Illinois State Water Survey Bulletin 70, excerpted in Appendix
D). The rule applies to any variant of the nomenclature, with the latter time period
representing the duration of rainfall and the former time period representing the average
recurrence interval for a storm event of equivalent or greater intensity.
10-Year Storm - The storm having a ten percent (10%) probability of being equaled or
exceeded in any given year.
100-Year Storm - The storm having a one percent (1%) probability of being equaled or
exceeded in any given year.
500-Year Storm - The storm having a one-fifth of one percent (0.2%) probability of being
equaled or exceeded in any given year.

ABBREVIATIONS/ACRONYMS
cfs - cubic feet per second
fps - feet per second
GIS – Geographic Information System
gpcd - gallons per capita per day
gpd - gallons per day
gpd/idm - gallons per day per inch-diameter-mile
GPS – Global Positioning System
I/I - infiltration and inflow
idm - inch-diameter mile
LACP - Lateral Assessment and Certification Program
mgd - million gallons per day
NASSCO - National Association of Sewer Service Companies
PACP - Pipeline Assessment and Certification Program
RDII – Rainfall induced I/I
WWFP – Wet Weather Facility Plan

vii
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EXECUTIVE SUMMARY
The City of Wheaton has experienced high levels of inflow and infiltration
infiltration in the City’s sanitary
sewer system. This has been evidenced by frequent basement backups and sanitary sewer
overflows in parts of the City. In 2006 the City, with the Wheaton Sanitary District (WSD),
created a Wet Weather
Weather Facility Plan (WWFP) that identified priority ar
areas
eas in the portion of the
City tributary to WSD. Flow reduction targets and capital improvement projects
projects were identified.
However, the WWFP to
took
took a very high level view and did not have details on how to reach the
flow reduction targets.
targets. The City contracted with RJN Group to identify a more
more specific roadmap
for the City to follow fo
for
for achieving the goal of reduced basement backups
backups and sewer
sewer overflows.
The initial phase of this process was presented to the City in the SSyst
ystem
em Recommendation
Report, January 2012. The System Recommendation Report document
documented
ed the results of prerehabilitation flow meterin
metering
meteringg and system investigations in sewer Basin 4 used to determine the
sources of excess clear
clear wat
water
er present in the basin. The results of th
this
is study confirmed
confirmed high levels
of excess flow in the system, with the maj
majority
ority of this flow determ
determined
ined to be from private
sources as shown in Figure 1-A.
FIGURE 1-A
ESTIMATED
ESTIMA
ESTIMATED
TED FLOWS FROM SYSTEM RECOMMENDATION R
REPORT
REPOR
EPORTT
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The recommendations in the System Recommendation Report included definition of a smaller,
“pilot” area within the basin to apply specific public and private sector rehabilitation techniques,
including sump pump disconnection and lateral lining, followed by flow metering, to determine
the resulting level of flow reduction, with the goal being 40% reduction. In addition, the system
hydraulic model was created and used to determine system pipe upsizing that may be required
in addition to the flow reduction.

PRIMARY OBJECTIVES
The objectives of this phase of the project were to 1) implement the sewer system
rehabilitations as defined in the System Recommendation Report in the sanitary sewer Basin 4
pilot area, 2) to assess the effect that this rehabilitation had on levels of excess flow in that area
and 3) to provide a plan to achieve the needed flow reduction that, combined with a capital
improvement program, will reduce basement backups and overflows in the City.

RESULTS
Previous Recommendations
The pilot area, shown in Figure 1-B, originally was comprised of sub basins 4-1, 4-4 and 4-6. This
was later reduced to just sub basins 4-1 and 4-6 for the implementation of lateral lining. The
implementation of the System Recommendation Report rehabilitation recommendations for the
pilot area was partially completed. To achieve the WWFP 40% flow reduction goal, the report
recommended completing any of the public sector source removal identified by smoke testing
and manhole inspection that has not already been done, to remove any remaining broken
cleanout and illegal downspouts, to remove all private sector illegal sump pumps and to
rehabilitate selected laterals. It was estimated that the public sector work would provide about
2.5% flow reduction, the cleanouts and downspouts about 1.5% and removal of illegal sump
pumps would reduce flow by about 11%. The remaining 25% was expected to come from
rehabilitation of all the laterals on selected segments in the pilot area.
While most of the recommended rehabilitation in the basin has been completed, some critical
items haven’t yet been resolved, such as removal of the remainder of private sector sump
pumps illegally hooked to the sanitary sewer, as well as some sewer main lining. Based on the
rehabilitation that had been completed the estimated peak flow reduction was expected to be
31%. Of that 31%, approximately 25% was projected to come from lateral lining, approximately
4% from sump pump disconnection and the remaining 2% from all other rehabilitation.
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FIGURE 1-B �
BASIN 4 - PILOT STUDY AREA �
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Flow Reduction Assessment
Assessment of the flow reduction in the sanitary sewer due to the rehabilitations performed
was accomplished utilizing the pre-rehabilitation and post-rehabilitation flow monitoring data.
This approach contained some inherent limitations because of the system capacity limitations
and the resulting flow restrictions in the system, as well as the inherent level of uncertainty in
metering sanitary sewers. With these limitations in mind, the flow data was analyzed in multiple
different ways to ensure a high level of confidence in the conclusions.
These comparisons indicate that the flow in the pilot area was reduced by an estimated 28%.
Ongoing flow monitoring and data analysis will reduce the level of uncertainty as the hydraulics
in the system are improved through the implementation of the recommended sewer capital
plan in conjunction with continuing flow reduction.
City-Wide Application
The flow reduction strategy applied to the Basin 4 pilot area is meant to serve as a model for
implementing the strategy in other areas of the City. The City now has in place the legal
framework to implement further sump pump removal enforcement and to proceed with
additional service lateral rehabilitation.
While the implementation of the flow removal worked in the pilot area and applying the
strategy to the remainder of the City would reduce flows, there were some logistical difficulties
with the lateral lining that would bear further investigation prior to full City-wide
implementation. These recommendations, detailed in Section 5 of this report, include evaluating
shorter lateral liners, lining a higher percentage of laterals in a basin, lining laterals from a
cleanout to the building and lining storm sewers.
However, what has become very clear through the analysis of the flow data is that the City will
not begin to reduce basement backups and overflows without the implementation of both flow
reduction and the capital improvement recommendations for the basin. The level of protection
analysis results, shown in Figure 1-C, and detailed in Section 4, indicates that approximately 40%
of Basin 4 is at risk of a basement backup in a 10-year storm. Implementing only flow reduction
brings that number down to 27%, implementing only the capital improvement improves that
percentage to 14%. Only by applying ongoing flow reduction with the capital improvement
recommendations will the City bring the number of at risk properties down to 5%, or
approximately 100. This is a number that can be dealt with by installation of an individual
remedy, such as an overhead sewer, on a much more cost effective basis.
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FIGURE 1-C 
PERCENT OF BASIN 4 PROPERTIES AT RISK OF POTENTIAL BASEMENT BACKUP AT DIFFERENT
STORM RECURRENCE LEVELS

The first step in the implementation of the recommended capital plan, discussions with the
Wheaton Sanitary District, need to happen in early 2015 so that preliminary design of those
recommendations can get underway. Details of the preliminary capital improvement plan
recommendations are contained in Section 5 and Appendix J of this report.
A plan, with both capital improvement and flow reduction efforts implemented in parallel, is
listed below.

RECOMMENDED PLAN
The recommended plan for the City involves both near term actions as well as taking a longer
term view. The near term, or “next steps”, are listed below.
Next Steps
•

Coordination with Wheaton Sanitary District
It is recommended that the City meet with WSD to discuss moving forward with needed
capital improvements in Basin 4. These capital improvements are necessary to reduce
the risk of basement backups for City residents and the risk of overflow.
1-5

•

Additional Lateral Lining
Implement a modified approach of shorter lateral rehabilitation, only to the right-ofway, on a higher percentage of laterals in a sub basin. Sub basin 4-8 is a location that
should be considered for this work, since the level of investigation already completed in
that sub basin is high, and the metering to date has not shown a high level of
downstream control present.

•

Continue Flow Metering
Ongoing flow metering is necessary for understanding and monitoring the sewer system
response to rain events. It is recommended that the City continue with maintaining the
permanent meters for Basins 3 and 4. In addition, it is recommended that City continue
with maintenance, data collection and analysis of up to 5 meters in local area within
Basin 4. Likely locations would be sub basin 4-1, 4-2, 4-3, 4-7 and 4-8.

•

Continue Investigations
The City should continue with ongoing investigations of the sanitary sewer system. In
particular this includes completion of manhole inspections in Basin 4 as well as
completion of building inspections in the basin. It is recommended that sub basins 4-2,
4-3, 4-7 and 4-8 are addressed first.

•

Begin Capital Improvement Design
Begin to define phasing in the capital improvement design, assess conflicts and
buildability, complete preliminary design for initial phases and final design for first
phase, working from the WSD south side interceptor north.

•

Continue Enforcement
The City should continue enforcement of removal of any identified illegal sources that
are contributing clear water to the sanitary sewer.

•

Implement Property Transfer Ordinance

Future Recommendations
The longer term recommendations for the City action involve starting the capital improvement
needed in the system and working from south to north, completing system investigation for all
of Basin 4, ongoing flow monitoring of Basin 4, and continuing flow removal and system
rehabilitation working from north to south.
The details of these recommendations are contained in Section 5 of this report.
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PROJECT BACKGROUND

BACKGROUND
The City of Wheaton, along with the Wheaton Sanitary District, devel
develo
oped a Wet Weather
Facility Plan (WWFP) in 2006. The driving force behind the Plan’s crea
creatio
tion
n was the history of
repeated basement bac
backups
kups and sanitary sewer overflows th
throughout
roughout the City. The WWFP
identified capacity restricti
restrictions
ons in Basins 4, 3 and 1, recommended excess flow
flow reduction in each
basin, and capital improv
improvements
ements to increase design capacity in Basin 4.

RJN Group was then co
contracted
ntracted by the City to focus on Basin 4. Wo
Work
rk conducted included
metering the flows in the basin, identifying the sources of excess flows, identifying
identifying a strategy for
the City to reduce those
those excess flows, and then re-metering to verify the flow reduction in the
basin. The flow reductio
reduction
n strategy involved identification of a “pilot area”
area” within Basin 4, to
serve as a model for im
implementing the strategy in other areas of the City. Basin 4-6 and Basin 41 are shown in Figures 2-A and 2-B, respectively. In order to reach the 4
40%
0% flow reduction goal,
the types of flow redu
reduction recommended involved both public secto
sectorr rehabilitation–sewer
main and manhole rehabili
rehabilitation
tation—and private sector rehabilitation–sum
sump
p pump disconnection
and service lateral lining. The pre-rehabilitation metering and flow reduction strategy are
documented in the 2012
2012 System Recommendation Report.
The purpose of this repo
report
rt is to document the rehabilitation that was performed
performed by the City in
the pilot area and the resul
results
ts that rehabilitation had on sanitary sewer wet-weather flows.
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FIGURE 2-A 
BASIN 4-6 
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FIGURE 2-B 
BASIN 4-1 
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REHABILITATION APPROACH

The City of Wheaton has been proactive in their investigation and maintenance of the sanitary
sewer system. They have used traditional Sanitary Sewer Evaluation Study (SSES) methods such
as smoke testing, manhole inspection, televising, and dye testing for many years to investigate
the sanitary sewer system to identify structural issues and sources of clear water. Wheaton has
also been an early adopter of different sewer system rehabilitation techniques including
mainline lining, manhole lining, and rehabilitation. As a result, many of the sewer mains in the
City have been lined using Cured-in-Place Pipe (CIPP). Several manholes have been rehabilitated
using various methods including lining, grouting, and internal and external chimney seals. There
were a number of manholes which needed to be completely replaced. Within the private
sector, efforts implemented include a lateral connection rehabilitation program combined with
the City road program, building inspections, and dye testing of private homes and businesses.
However, even with these improvements to the system, the City was still experiencing high I/I,
resulting in frequent occurrences of overflows and basement backups during rain events.
Mainline lining, while thought to be an I/I reduction technique when first introduced in the
1980’s, is now known to be primarily a structural rehabilitation and only provide minimal I/I
reduction in most cases. Manhole rehabilitation and private sector efforts in the City had not
been implemented in a large or systematic way to a targeted area, therefore the effect was not
readily apparent. The analysis of the flows and the condition of the sewer system (public and
private) in Basin 4 indicated that a majority of the excess flow in the City’s sewer system was
coming from private sector sources. The primary contributors were sump pumps, service
laterals, and foundation drains. This distribution is shown in Figure 2-C.
Because of the City’s proactive rehabilitation of
public sector defects, most of the remaining
clear water flowing into the system comes from
the private sector, especially from foundation
drains and lateral defects. The System
Recommendation report estimated the flow
balance at 98% private sector defects and only
2% public sector. The System Recommendation
Report laid out an approach to remove
approximately 40% of the remaining I/I in the
system.

FIGURE 2-C
BASIN 4 DEFECT FLOW DISTRIBUTION FROM
SYSTEM RECOMMENDATION REPORT

The approach implemented in the pilot area
involved
complete
field
investigations, 
aggressive rehabilitation on the public side, and significant rehabilitation on the private side. 
Any sewer mains that had not been lined or were not PVC would be incorporated into the City’s 
ongoing lining program. Manholes were to be inspected by City staff and rehabilitation was 
2-4

performed on approximately 25 structures. In the pilot area the estimated 490 remaining
uninspected buildings would be inspected for illegal sump pump discharges, downspouts, etc.
Any illegal connections would be removed. (Approximately 80 buildings had already been
inspected as part of an earlier project.)
Lateral lining is a much less intrusive process than foundation drain removal for a building
owner, since much of the work can be performed from the main. The decision was therefore
made to implement a lateral rehabilitation program and not address foundation drains in the
City at this time. The lateral rehabilitation method chosen was the LMK T-Liner®. This is a
trenchless cured in-place pipe lining system for laterals (see Appendix I for a product brochure).
Work would involve televising all laterals in the priority area by dye flooding the surface and
determining which laterals leaked. The approach from the SSR was based on the estimation that
about 60% of the laterals are defective and that only about 60% of the leaking laterals needed
to be rehabilitated to achieve the desired 25% flow reduction. Pre- and post- rehabilitation flow
monitoring would be used to determine the effectiveness of the approach.
Throughout this report, there will be reference to “Pre-Rehabilitation” and “Post-Rehabilitation”
monitoring periods. This refers to the period of time before and after the lateral T-lining was
taking place. For the flow analysis these periods will be designated as summarized in Table 2-A.
TABLE 2-A
STUDY TIMELINE
Study Period
Dates
Pre-Rehabilitation
Before 05/01/2013
Post-Rehabilitation
After 04/15/2014

STUDY AREA DESCRIPTION

Basin 4 (Hubble Basin) is located in the northeast part of the City of Wheaton. It is composed of
approximately 1750 occupied properties, mainly residential, single family homes. Most of the
non-residential portion of Basin 4 is occupied by Wheaton College with the remainder being a
small number of commercial buildings.
The pilot area chosen for more in-depth study within Basin 4 was composed of three sub-basins,
Basin 4-6, Basin 4-1, and Basin 4-4, located in the northwest part of Basin 4. The characteristics
of these three sub-basins are shown in Table 2-B.
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TABLE 2-B 
PILOT AREA CHARACTERISTICS
Basin
4-6
4-1
4-4
Total

No. of Occupied
Buildings
198
221
153
572

Census Population
480
710
2,500
3,690

Total Approx. Feet
Sewer Main
9,200
11,400
16,000
36,600

Number of
Manholes
37
35
77
149

The boundaries of the pilot area are shown in Figure 1-B. Initially, after it was determined that
more than 60% of service laterals leaked, the number of laterals was increased. However, after
the project got underway and quotes were received from contractors the number of laterals to
be lined was reduced to keep the project within budget, then further reduced due to time and
sewer main issues on President St, Howard St, and Cherry St.

PROJECT DELIVERABLES

Deliverables to the City of Wheaton are listed below.
The electronic deliverables are contained on a separate electronic media. 
� Hard Copies of Final Report – 4 copies
� Electronic Deliverables
• GIS
• Final Report (pdf)
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ACTIVITIES AND FINDINGS

llaboration
n with City of Wheaton staff, performed flow metering and field
RJN Group, Inc., in collaboratio
investigations and gav
gave
e recommendations for improvement of the sy
syste
stem
m to the City in the
System Recommendatio
Recommendation
n Report, dated January 2012. The City implemented these
recommendations in a pilot area including Basins 4-6 and 4-1 to reduce I/I into the system by
approximately 40%. Po
Post
st-rehabilitation flow metering and analysis was then performed, again
by both RJN and City staff, to evaluate the effect that sewer system rehabilitation
rehabilitation in the Basin 4
pilot area had on the flows
flows in the system.

FLOW MONITORING
Flow monitoring is an em
empirical
pirical method for determining average
dry-weather flow (ADWF), wet-weather excess flow, and pipe
capacity. The City of Whe
Wheaton
aton has owned and maintained flow
meters for many years. Wheaton also maintains four rain gauges
located throughout the City. The 2011 flow monitoring
performed for the Sys
System
tem Recommendation Report utilized
primarily Sigma 950 met
meters.
ers. The City also, as part of that project,
purchased a Sigma 930T
930T meter to install in a permanent location
near the end Basin 4.

ADS Triton Flow Meter

Because the Sigma 950
950 flow meters were old and experienced some issues
issues during the original
metering time frame, the City replaced the majority of the 950 meters with new ADS Triton flow
meters. Five ADS Tritons
Tritons were purchased in 2012 and six
ADS Tritons were purchas
purchased
ed in 2013. The ADS meters
were phased in and were installed in the same meter
locations used previousl
previouslyy in Basin 3 and Basin 4. The
meter basins are shown
shown in Exhibit 1.

The System Recommenda
Recommendattion Report contained a flow
analysis of the sewer
sewer system flow based on data
collected with the Sigm
Sigmaa 950 meters. The ADS Triton
meters are equipped with dual depth sensors, making
them more robust in pipes that tend to surcharge. It was
determined if they were installed with sufficient
anticipation this data could be used for both pre- and
post-rehabilitation
rehabilitation anal
analysis.
ysis.

Installed Meter (WHE 4-1)
4
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The flow metering was a joint effort between RJN staff and City staff:
City staff
Installed flow meters
Maintained flow meters
Collected flow meter data
Provided meter data to RJN for analysis
Provided RJN access to rain data

•
•
•
•
•
RJN
•
•
•
•
•
•

Provided guidance on installation locations
Provided training on maintenance for the new ADS Triton meters
Assisted with troubleshooting problems
Collected rain data from the City’s web accessible rain gauges
Performed quality control and calibrated the data for consistency.
Analyzed data, using dry-weather and wet-weather analyses to compare system responses
pre- and post-rehabilitation.

Meter Site Selection
Flow meters were installed in the pilot area in the same three locations used for the System
Recommendation Report. In addition, the City’s long term meter, 4-9, remained in place
metering the entire basin and the City installed a meter, 4-10, on Webster Avenue, metering just
two line segments. The flow data analyzed was taken from three (3) existing flow meters – WHE4-6, WHE-4-1, and WHE-4-4.
Locations of flow meters can be seen in Exhibit 4 in Appendix A and in Table 3-A. The meters
shown in bold in Table 3-A are the main meters in the pilot area.
TABLE 3-A 
METER SITE SUMMARY 
Meter

Manhole
Pipe
Number Diameter (in)

Pipe
Direction

WHE 4-10

4F25

8

N-In

WHE 4-6

4F2

8

E-In

WHE 4-1
WHE4-4
WHE 4-9

4E56
4A56
4A8

10
10
21

N-In
N-In
E-In

Address

Meter Type

Webster north of Harrison
Cherry Street & Harrison
Avenue
Fisher Hall
Chase Street & RR Tracks
Illinois at Mariano's

Sigma 950
ADS Triton
ADS Triton
Sigma 920
Sigma 930T
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The flow meter schematic showing dependencies of flow in the pilot area is shown in Figure 3-A. 

FIGURE 3-A 
FLOW METER SCHEMATIC 

Rain Data Collection
Data from three city-owned and maintained rain gauges were used for this study: Blockhouse
Station, Willow Rain Station, and Countryside. The Blockhouse Station rain gauge is located at
the intersection of Lorraine Road and Taft Avenue. The Willow Rain Station rain gauge is located
near the intersection of Willow Avenue and Washington Street. The Countryside rain gauge is
located at the intersection of Countryside Drive and Driving Park Road. These locations are
shown in Exhibit 4 in Appendix A.
Rainfall for each basin was derived by the inverse squared distance method. The distance
between the centroid of each basin to the location of each rain gauge was calculated in order to
calculate a percent weighting for each rain gauge by basin. Invalid data at a rain gauge for a
given period was eliminated from the equation and the remaining rain gauges were
automatically re-proportioned.
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FIELD INVESTIGATIONS

Building Inspection / Dye Testing
Building inspections are conducted to identify private sector sources that may be illegally
contributing clear water flow into the sanitary sewer collection system. Building inspections
were performed in 538 of 572 homes in the pilot area, as well as for businesses and some
Wheaton College buildings and properties. During these inspections, illegal connections such as
storm sumps discharging to the sanitary sewer, combination sumps discharging to the sanitary
sewer and sump setups with diverter valves were identified. In addition, RJN inspectors
identified homes with downspouts or area drains discharging to the sanitary sewer. In many
cases, building inspection alone is not sufficient to confirm an illegal connection and dye testing
was required. When dye testing was needed, RJN inspectors along with City staff placed dye in
the potential illegal source (e.g. sump pump or downspout) with enough water for the location
of the discharge to be observed. Building inspection was performed by two RJN inspectors. The
dye testing was performed by one RJN crew member and City Public Works staff.

Dye test of Storm Sump and Positive Discharge to Sanitary

Thirty two illegal connections were reported to the City. Of these, 1 was a connected
downspout, 15 were storm sumps connected to the sanitary sewer, 4 were combination sumps
connected to the sanitary sewer, 1 was a combination sump connected to the storm sewer, 2
were unsealed sanitary sumps, and 9 were diverter valves. Two violations for storm sumps going
to the sanitary were retracted (One turned out to not be a direct connection the sanitary.
Another had piping but no pump and agreed to have the piping disconnected.) Additional detail
about the building inspection and dye testing performed in the study is contained in the
Technical Memorandum: Building Inspection and Dye Testing Status in the Basin 4 Pilot Program
Area dated July 2013.

3-4

Manhole Inspections
Inspections of approximately 150 manholes in the pilot area were performed by the City of
Wheaton public works staff. Data was collected using RJN electronic inspection forms and
delivered to RJN for analysis.
Sewer Lateral TV Inspection with Dye Flooding
The private sanitary sewer lateral is the sewer pipe that connects buildings with the publicly
owned sewer main. For this project, televising of all sewer laterals in the pilot area was
attempted. This televising, performed by National Power Rodding Coproration (NPR), was
accomplished from the sewer main. The camera used was a main line TV camera that was
equipped with a lateral
launcher, a second
camera on a push cable
that can be pushed up
the sewer laterals from
the main. The lateral
camera was color and
was capable of pan and
tilt viewing within the
lateral for clearer
determination
of
defects
and
observations.
Televising from the
main meant that a
cleanout
was
not
Sewer TV Camera with Lateral Launch Camera
necessary on the line.

All of the sewer laterals in the pilot area were
televised. These inspections were performed to
NASSCO LACP standards and were to provide
the data needed to rank the laterals in terms of
I/I defects. In total, 558 laterals were televised
in the study area during the summer of 2012.

Dyed Water Flooding

In conjunction with the lateral televising, the
City conducted dyed-water flooding, where the
land above the sanitary lateral was flooded
with dyed water to simulate a large storm
event which would saturate the soil.
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Approximately 80% of the laterals were televised with dye flooding. The TV camera, in the
service lateral, identified where dyed water was able to enter the sewer lateral. This approach
provided a strong foundation for selecting which laterals would be recommended for lining.

Dyed Water Flooding – Leaking Laterals

The use of LACP compliant TV data collection by NPR allowed the data to be imported into the
City GIS and mapped as defects along the lateral as shown in Figure 3- B.
FIGURE 3-B 
LATERAL DEFECTS IN GIS
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SANITARY SEWER REHABILITATION
In addition to system investigations the City also implemented many of the recommended
rehabilitation within the Basin 4 pilot area. These included both public and private sector work.
Sanitary Mainline Lining
The City of Wheaton has been progressively lining sanitary sewer mainlines since 1989. As of the
time of the System Recommendation Report 73% of the meter basins 4-1 and 4-4 was either
PVC or had been lined. In the intervening years the City has lined the remaining sanitary sewers
so that 100% of the 20,272 ft of sanitary sewer in 4-1 and 4-4 is either PVC or has been lined.
Manhole Rehabilitation
The major recommendations for rehabilitation of the inspected manholes included installation
of internal chimney seals. City staff installed 21 internal
LMK T-Liner ®
chimney seals, replaced 13 covers and grouted four manholes
in the pilot area. The locations of these manholes are shown in
Exhibit 5 in Appendix A.
Lateral Lining
Lateral lining was recommended in the 2011 Basin 4 Sanitary
Sewer System Rehabilitation Report. It was recommended
that the City install LMK’s T-Liner® in laterals to eliminate clear
water from entering the system at the connection, where the
service lateral ties into the sewer main. Often the connections
are a large source of flow due to flow between the original
host pipe and the pipe liner, the interstitial space, or an offset
joint.
Findings during the televising and dye flooding work indicated
that many of the laterals leaked when exposed to simulated
rain events. It was therefore recommended that the City line
as far up the lateral as possible. The length of lateral liners
installed in the study area ranged from 7 feet to 127 feet, with
the average length of the liners approximately 61 feet.
The process of lining the lateral is very similar to the method
used in mainline sewer lining, using a CIPP liner. The liner
material is a felt cloth that is impregnated with resin. The liner
is inverted into the lateral and is then cured to harden. During
the inversion process excess resin is often squeezed out the
end. This “slug” of resin hardens and can cause a blockage if it is not removed.
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Because of the possibility of introducing a resin slug into the lateral and potentially causing a
backup, T-Liners ® longer than 3 feet in length require a cleanout to allow an access point for the
removal any resin remaining in the lateral after the install. The City of Wheaton does not require
exterior cleanouts on service laterals and in the pilot area only about 20% of homes had exterior
cleanouts in the yard. As a result, part of the lining process for those homes without cleanouts
involved the installation of a cleanout.
LMK Technologies Vac-A-Tee® cleanouts were
installed on the existing service lateral to allow for
access to the pipe. The Vac-A-Tee® installation is a
less invasive way to install new cleanouts on an
existing service lateral. The process involves first,
locating the service lateral using a camera and a
sonde, and then vacuum excavating a hole down
to the buried lateral. A PVC saddle and riser
assembly, with adhesive applied to the saddle, is
snapped onto the outside of the pipe. Following
the curing of the adhesive a pressure test is
performed and, if the test is passed, a hole is
drilled into the lateral from the top. Details are
shown in a brochure in Appendix I.
The flow reduction goal in the pilot area was 40%.
Per
the
assessment
in
the
System
Recommendation Report it was estimated that
25% of the total flow reduction would need to come from service laterals. It was projected that
to reach that 25% flow reduction, approximately 36% of the laterals in the pilot area would need
to be lined.
LMK Technologies Vac-A-Tee®
Cleanout Installation

RJN recommended that the City approach the
lateral lining on a segment basis rather than a
lateral basis. That is, to select which sewer
segments were to be addressed and then line all
the laterals on that segment (except PVC
laterals), rather than selecting single laterals
scattered throughout the pilot area. The
determination of which line segments were to be
rehabilitated was based on assessing the sewer at
a segment level and also at the lateral level. The
Lateral Lining Preparation
segment level assessment considered whether
the lateral ran under a storm ditch or if there was a high level of flow in the sewer during dye
testing. At the lateral level, observation of visible flow entering the lateral during televising such
as large offset joints, holes, fractures, high level of clear water, roots, mineral deposits or
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capped laterals were potential sources of water entering the lateral. The in-pipe observations of
water level, visible I/I, holes, roots, etc were made during the LACP televising of the laterals by
National Power Rodding Corporation (NPR).
The total numbers of laterals lined in the pilot area is shown in Table 3-B. The quantity of
laterals shown in the table contains standard T-Liner® installations, liners from the cleanout to
the house and short T-Liners®. The short liner is meant to just seal the connection at the main
and is typically used when the service lateral is PVC. (No laterals were lined in Basin 4-4, to
reduce cost.)
TABLE 3-B 
LATERAL LINING TOTALS

Basin
4-1
4-6
Total

Total Homes in Basin Rehabilitated Laterals
221
75
198
85
419
160

% of Laterals Lined
34
43
38

Service laterals which have been lined are shown on Exhibit 2 in Appendix A.
Plugging Abandoned Services
One of the findings of sewer televising was that approximately 25% of the sanitary sewer service
lateral connections were no longer in service. These sanitary sewer services had not been
properly plugged at the time of their abandonment. Some of these laterals appeared to be
active from the main, but were plugged over 50 feet up from the main. Because there was no
requirement to confirm whether a service was active when these sewer main liners were
installed, the connections to these inactive laterals were reinstated. Inactive and unplugged
services can be a very large contributor of inflow and infiltration into the sanitary sewer
collection system. RJN recommended that the abandoned service laterals be plugged. This was
done on the line segments where laterals were being rehabilitated by installing a short, 3 foot
liner in the main over the abandoned connection. Hydrophilic seals were used to prevent
leakage between the short liner and the original liner. Thirty-one (31) laterals were
rehabilitated in this manner.
Abandoned service laterals which have been plugged are shown on Exhibit 3 in Appendix A and
summarized in Table 3-C.
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TABLE 3-C 
ABANDONED (NOW CAPPED) LATERAL
SUMMARY 

Sanitary
Segment
4E12:4E11
4E13:4E12
4E42:4E41
4E43:4E40
4E46:4E45
4F13:4F2
4F16:4F50
4F21:4F20
4F25:4F3
4F26:4F25
4F27:4F26
4F35:4F34
4F41:4F5
4F42:4F41
4F43:4F32
4F50:4F15
Total

Number of
Abandoned Laterals
Capped On
Segment
2
5
2
4
3
2
2
1
1
1
3
2
1
3
1
1
34

Private Sector Defects
From 2002 to 2012, RJN group had performed multiple rounds of building inspections
throughout the City of Wheaton. Approximately 95% of the buildings in the pilot area were
inspected. From these inspections, 32 illegal connections – 31 sump pumps and one downspout
- were identified on 31 unique properties. One property has a permit to discharge storm water
into the sanitary sewer due to a contaminated site issue. Two other properties were “vacated”
or removed from the violation list. One had illegal pipes but no sump pump and the other
turned out to not be a direct connection. The result is 28 illegal sump pumps in the pilot area
that need to be removed. The removal of these sources will contribute to the flow reduction in
the pilot area. At the present time, the City has successfully removed 11 of the 28 illegal sump
pump connections (approximately 40%).
The number of illegal sump pumps found, and the number that were able to be disconnected
are summarized in Table 3-D.
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TABLE 3-D 
SUMP PUMP DISCONNECTS
Basin
4-6
4-1*
4-4**
Total

Total Illegal Sump
Pumps
9
13

Sump Pumps
Disconnected
3
6

6

2

28

11

*Total identified illegal sumps was 14, but one violation was
removed
**Total identified illegal sumps was 8, but one violation was
removed and one is permitted.
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ANALYSIS AND MODELING

FLOW ANALYSIS
Dry-Weather Analysis
Flow data collected during dry-weather/low-groundwater periods was analyzed
analyzed to determine
the average dry-weather
weather flow (ADWF) for each of the three basins being studied.
Diurnal curves show the predicted wastewater flows to each basin, excluding any base
infiltration that may find its way into the system. Diurnal curves were computed from the
metering data for both weekdays and weekends. The diurnal curve fo
forr WHE4-1 is shown in
Figure 4-A as an example.
example. TThe
he solid line shows the average flow
flow during weekdays
weekdays and the dotted
line shows
shows the slightly diffe
different
rent flow on weekends. The diurnal curves fo
forr all basins can be found
found
in Appendix D.

Table 4-A shows the ADW
ADWFF during different periods of dry weather thro
througho
ughout
ut the monitoring
period. Flow monitoring
monitoring during August 17-25, 2012 occurred pre-rehabilitation,
ilitation, October 8-29,
2013 took place while rehabilitation was on-going, and July-August, 2014 measured flow
response post-rehabilita
ilitattion. Generally, the ADWF for all meters was sim
similar
ilar or slightly lower in
2014 than in 2012. Ho
However,
wever, dry weather flow depends heavily on
on long-term weather
conditions. Periods of greater rainfall can saturate the soil and raise the groundwater table,
increasing infiltration int
into
o the sewer system
system.. Therefore it can be difficult to know what should
be attributed to changes in weather and what to changes in the system
sys
syste
tem
m when determining
whether or not rehabilitati
rehabilitation
on has decreased the amount of base infiltratio
infiltration
n into the system.
TABLE 4-A
CUM
CUMULATIVE
ULATIVE AVERAGE DRY-WEATHER FLOW SU
SUMMARY
MMARY

Meter

August 17-25, 2012 July - August, 2014
2014*
(Pre-Rehab)
(Post-Rehab)

WHE4-6
0.029
0.023
WHE4-1
0.057
0.070
0.260
0.200
WHE4-4
* Co
Composite
mposite from Jul. 28 - Aug. 1 and Aug. 14 - Aug. 2
21
1
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FIGURE 4-A 
WHE4-1 DIURNAL CURVE 

Rainfall and Storm Events
Because of the length of time for rainfall monitoring, there was a wide variety of rainfall, from
very dry months to record storms. Figure 4-B shows the peak 1-hour rainfall each day during the
monitoring period, from August 2012 to August 2014. Rainfalls for each recurrence interval are
underlaid for comparison. Table 4-B summarizes the peak hourly rainfalls and daily totals for
each day substantial rainfall was recorded. A detailed table of all rain events for each rain gauge
is shown in Appendix C.
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FIGURE 4-B
PEAK HOUR RAINFALL �

TABLE 3-E

FLOW PER PARCEL
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TABLE 4-B 
WEIGHTED AVERAGE RAINFALL SUMMARY 
Weighted Average Rainfall
(Pre-Rehabilitation)
Date
1-hr Peak 24-hr Total
7/26/2012
0.16
0.17
7/31/2012
0.10
0.11
8/4/2012
0.37
0.38
8/9/2012
0.31
0.35
8/16/2012
0.19
0.22
8/26/2012
0.55
1.52
9/4/2012
0.18
0.39
9/7/2012
0.12
0.18
9/8/2012
0.21
0.24
9/17/2012
0.19
0.36
10/9/2012
0.11
0.22
10/13/2012
0.15
0.87
10/14/2012
0.27
0.03
10/17/2012
0.29
0.72
10/22/2012
0.19
0.25
10/23/2012
0.12
0.14
10/25/2012
0.10
0.17
11/10/2012
0.20
0.20
11/11/2012
0.10
0.40
11/22/2012
0.12
0.19
12/15/2012
0.12
0.39
12/19/2012
0.06
1.05
12/20/2012
0.25
0.18
1/10/2013
0.37
0.91
1/11/2013
0.16
0.00
1/15/2013
0.16
0.16
1/27/2013
0.13
0.52
1/28/2013
0.03
1.07
1/29/2013
0.41
0.50
2/7/2013
0.13
0.78
2/10/2013
0.11
0.38
2/18/2013
0.17
0.32
2/26/2013
0.10
0.41
3/5/2013
0.07
0.55
3/9/2013
0.04
0.56
3/10/2013
0.20
0.60
4/8/2013
0.40
0.72
4/9/2013
0.49
0.64
4/10/2013
0.35
0.88
4/15/2013
0.09
0.32
4/17/2013
0.70
6.09
4/18/2013
1.32
0.06
4/23/2013
0.15
0.67

Weighted Average Rainfall
(Post-Rehabilitation)
Date
1-hr Peak 24-hr Total
4/18/2014
0.31
0.47
4/24/2014
0.02
0.31
4/25/2014
0.15
0.00
4/27/2014
0.10
0.69
4/28/2014
0.21
0.00
4/29/2014
0.31
0.44
5/7/2014
0.44
0.44
5/8/2014
0.09
0.59
5/9/2014
0.20
0.00
5/11/2014
0.71
0.91
5/12/2014
0.57
1.07
5/13/2014
0.14
0.00
5/14/2014
0.12
0.52
5/20/2014
0.28
0.34
5/27/2014
0.51
0.95
6/2/2014
0.17
0.07
6/4/2014
0.12
0.27
6/7/2014
0.19
0.46
6/10/2014
0.25
1.61
6/11/2014
0.14
0.00
6/18/2014
0.85
2.16
6/19/2014
0.37
0.64
6/21/2014
0.68
0.69
6/29/2014
0.13
0.11
6/30/2014
0.61
1.30
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Wet Weather Analysis
There are two ways in which excess water enters the sewer system—inflow and infiltration (I/I).
Inflow is the water that is a direct result of storm water runoff. Infiltration is the water entering
a sewer system from the ground, from sources such as defective pipes, pipe joints, service
laterals, and manhole walls. The primary concern of most sewer systems is usually inflow, which
causes larger peaks than infiltration and can more severely limit capacity during rainfall.
However, severe infiltration can also cause significant issues when these increased levels are
compounded with incoming inflow.
The effect of the rehabilitation performed in the Wheaton Basin 4 Pilot area on wet weather
flows was examined using four different methods –Traditional Q vs. i, Inflow Coefficient (KiA),
Percent Capture, and model comparison using RTK methodology. Multiple methods with
statistical significance testing were used due to the fact that the system in Basin 4 has multiple
locations of downstream control, limiting the ability to analyze the wet-weather data set by any
single, traditional method.
Downstream control is any condition downstream of the metering point that restricts flow from
reaching the potential capacity of the pipe. Debris, silt, off-grade pipes, offset joints, or pump
stations or treatment facilities that run on a pump cycle and do not allow continuous flow, can
all restrict flow and cause downstream control.
A summary of the surcharged conditions at each site are given in Table 4-C. Three types of
restriction are represented in this summary. The following three levels of restriction are
described in ascending order of severity:
•

No Restriction: No flow restriction and little to no surcharging were observed during the
monitoring period. The pipe never reached capacity. This could be due to “Upstream
Control” where flow is restricted upstream causing attenuated flow peaks at the
monitoring location.

•

Flow Exceeds Capacity: In this condition the pipe reaches full capacity and surcharges,
(the flow depth surpasses the crown of the pipe). As the flow depth rises, a pressure
flow condition occurs, and flow continues to increase with depth. No apparent flow
limit is observed.

•

Downstream Control/Backwater Effect:
This condition almost always assumes
surcharging. The flow never increases beyond a fixed limit, regardless of how much the
flow depth increases. This is the most severe of the three hydraulic conditions and is
most likely caused by the physical layout of the downstream conveyance system, such
as a back-pitched pipe, a blockage, or an intentionally placed flow restriction.
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Hydraulic restrictions are important to note because they affect downstream flow peaks. The
restrictions prevent the flow in the pipe from reaching a true peak, because the flow simply
cannot get through. System restrictions influencing flows complicate the comparison between
the pre-rehabilitation and post-rehabilitation condition. Thus, the use of multiple evaluation
methods were required to evaluate the effect of system rehabilitation on wet weather flows.
TABLE 4-C
SURCHARGED CONDITIONS
Meter
WHE 4-6
WHE 4-1
WHE 4-4

Restriction Type
Downstream Control
Flow Exceeds Capacity
Downstream Control

Q vs i Analysis
The first approach to evaluating the effect of different storms on peak flows is the standard Q vs
i, or excess flow versus rain intensity. With this method the peak flow is plotted against rainfall
collected during a specified duration. This relationship is often approximately linear when
plotted on a log-log graph. Figure 4-C shows a typical plot.
FIGURE 4-C 
SAMPLE REGRESSION PLOT 

The difficulty with using the Q vs i method in a system with downstream control like Wheaton
Basin 4 is that for larger rain events downstream control can limit the excess flow through the
meter, underestimating the impact of the rain event. The approach used in Wheaton to deal
with this effect was to remove from the plot any points that caused the system to exhibit
downstream control. This resulted in roughly the following maximum rainfall intensities that did
not produce a restricted flow condition and could therefore be included in regression analysis:
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Meter 4-6 – 0.65 in./hr (2 month – 1 hour storm)
Meter 4-1 – 0.96 in./hr (6 month – 1 hour storm)
Meter 4-4 – 0.84 in./hr (4 month – 1 hour storm)

Rainfall intensities less than 0.15 inches per hour were also excluded in the analysis. This is a
typical minimum rain intensity used in a regression analysis, as smaller rain events can produce
widely varying effects.
For the purposes of this analysis, evaluating whether there has been a change in the flow
response, it is convenient to assume the slope of the lines are not likely to change, but only the
intercept. Figure 4-D shows the regression analysis for Basin 4-1. The gray line shows the
regression for all data, including mid-rehab data. The green and purple lines are then
constrained to the same slope and fit to pre-rehab and post-rehab storm events, respectively.
The restricted Q vs i plots for Basins 4-4 and 4-6 are shown in Appendix G.
FIGURE 4-D
UNRESTRICTED FLOW REGRESSION PLOT

Looking at the pre- and post-rehabilitation regression for Basin 4-1 it is apparent that the postrehabilitation flow peaks are, on aggregate, lower than the pre-rehabilitation flow peaks. Upon
evaluating the ranges for these regression lines, Figure 4-E shows lower post-rehabilitation
peaks. However, the uncertainty in the numbers is depicted by the error bars. In effect, the flow
reduction at meter 4-1 is 28% +/- 16% at a 75% confidence level. At the 95% confidence level,
this uncertainty is increased to +/- 23%. Similar plots for the other meter basins are contained in
Appendix G.
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FIGURE 4-E 
Q vs i 1-Hr FLOW ERROR BARS 

Percent Rainfall Capture Analysis
Percent rainfall capture analysis evaluates the volume of rainfall that enters the sanitary sewer
system as I/I expressed as a percentage of the total volume of rainfall that falls within the
basin’s land area. It takes into account direct inflow from rain as well as the slow infiltration
after the rain and even long-term infiltration from an elevated groundwater table. After system
rehabilitation, it would be expected that the percentage of rainfall capture in the system would
be less as many of the deficiencies have been addressed.
For the analysis, two similar periods were chosen, one before system rehabilitation and one
after. The pre rehabilitation period spanned 94 days from January 28, 2013 to June 23, 2013.
The post rehabilitation period spanned 146 days, from March 26, 2014 to June 28, 2014. Both
periods were chosen for their similar climatic conditions. Even though one period started in
January and the other in March, the January was very mild and the March very harsh, so
temperatures were not as different as it would seem. Both periods were relatively rainy. The pre
rehabilitation period tended to have larger storms (including the infamous April 18, 2013 storm)
while the post rehabilitation period tended to have smaller, more frequent storms, but the total
quantities were similar. The pre rehabilitation period received an average of 0.15 in/day and the
post rehabilitation period 0.17 in/day of rain during the analyzed period. Both selections
showed high groundwater tables during the majority of the analysis period.
Generally, for a typical storm and a typical sanitary system, less than 10% of rainfall would find
its way into the sanitary sewer in the following 48 hours, with the remainder draining into storm
inlets, evaporating, or percolating into the ground. However, during long periods such as the
ones chosen, this figure may be much higher due to infiltration from elevated groundwater
tables between rain events. In the periods chosen rain capture percentages of up to 30% were
observed, relatively high for long-term percent capture. Figure 4-F shows the period chosen
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before rehab to calculate the percent rainfall capture. The green curve along the bottom is the
base flow, which is what would normally be present if there was no rainfall.

FIGURE 4-F 
PERCENT RAINFALL CAPTURE SAMPLE GRAPH 

Table 4-D shows the results of the analysis for meter Basins 4-6 and 4-1.
TABLE 4-D
RESULTS OF PERCENT RAINFALL CAPTURE ANALYSIS
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Reductions were observed in Basin 4-6 and Basin 4-1. The calculation depends highly on the dry
weather benchmark chosen, which can cause some uncertainty. Albeit with uncertainty, the
data indicates a reduction in rainfall capture after rehabilitation.
Additional percent capture plots are shown in Appendix G.

RTK Assessment
The final method of comparing the pre- and post-rehabilitation flows involved comparing the
RTK values that were created for the 2011 System Recommendation Report. An RTK unit
hydrograph had been developed for each location and calibrated to the system flow response in
the pre-rehabilitation state. The RTK values can then be applied in the hydraulic model to
simulate the I/I response to any rainfall distribution. The RTK unit hydrograph method is
recommended by the Environmental Protection Agency (EPA) for projecting inflow and
infiltration. (This method is named for the three empirically-determined variables - R, T, and K used in the projection. The R component is defined as the percentage of rainfall capture, or the
volume of rainfall that enters the sanitary sewer system as I/I expressed as a percentage of the
total volume of rainfall that falls within the basin’s land area. The T and K variables define the
time to peak flow and the total duration of excess flow, respectively.)
To compare any changes in I/I response, the pre-rehabilitation RTK parameters were applied to
two post-rehabilitation rain events. The predicted response (pre-rehabilitation) was generally
higher than the actual response (post-rehabilitation). In addition, the infiltration falloff after the
peak in the post-rehabilitation system appears to occur more rapidly than shown in the prerehabilitation prediction. These effects can be seen in Figure 4-G. In this sample plot, the green
line shows the metered flow and the dark blue line shows the results of the RTK analysis (the
estimated flow response pre-rehab). The three stacked blue bands show the three components
of the RTK analysis—fast, medium, and slow response to the rain input. It can be seen that the
measured response to the storm was lower than the predicted response using pre-rehabilitation
data.
These effects are consistent with what would be expected with a reduction in the inflow from
the removal of sump pumps and manhole frame seal defects, and the reduction in infiltration
resulting from the lateral lining.
Plots for all 3 pilot area meter basins and the two rain events are contained in Appendix G.
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FIGURE 4-G 
RTK MODEL COMPARISON SAMPLE GRAPH 

KiA – Inflow Coefficient Analysis
The final method of examining the inflow and infiltration into the sanitary sewer is through the
determination of a K coefficient. This method is similar to the Q vs. i analysis and the details of
the analysis and results are included in Appendix G.
HYDRAULIC MODEL
A hydraulic model was used to evaluate existing levels of protection for Basin 4, to revise
proposed capital improvements, and to evaluate the effects of these recommendations on the
basins. The previously existing hydraulic model comprising both Basins 3 and 4 was recalibrated
using the newest metering data and was used to evaluate alternatives. All modeling was done
using the Bentley SewerGEMS software.
For recalibration of the model, new dry weather flows and RTK parameters were computed
using the most recent data from the model. Two calibration periods were chosen from 2014—
June 9 to July 7 and August 19 to August 25. Initial RTK values were taken from the System
Recommendation Report as a starting point, but were then adjusted to better fit current data.
RTK values were fit to best match all storms, but with a slight leaning toward larger storms
(slightly conservative). The RTK values used in the model are shown in Table 4-E.
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The model was then calibrated to ensure conditions in the model accurately represent reality.
Downstream control shown by metering data at WHE3-3, WHE3-5, and WHE4-9 needed to be
recreated in the model. This was accomplished by adding fill to the pipes downstream of meters
in the model, which can simulate the accumulation of silt, a downstream blockage, or a
troublesome offset joint. Particularly WHE 4-9 required a large downstream fill to replicate
meter data. The 30” connection to the Southside interceptor was modeled with 13” of fill depth.

TABLE 4-E 
MODEL RTK VALUES

SUSTAINABLE PEAKING FACTOR ANALYSIS
One important method of evaluating the capacity of a sanitary system is to look at the
sustainable peaking factor (SPF) for a pipe. This is the ratio between the maximum capacity of
the pipe predicted by Manning’s equation and the average dry weather flow (ADWF) through
the pipe. As the name implies, the SPF is an estimate of the peaking factor a pipe can capably
convey before surcharging. SPFs are generally characterized as follows:
• Less than 4—Sewer has insufficient capacity and even small storm events may surcharge
the system. Capacity improvements are necessary and I/I reduction and storage are also
likely components of a full solution.
• Between 4 and 8—Wet weather capacity is limited. Moderate I/I during major rain
events may surcharge the system. Capacity improvements may be desirable, as may I/I
reduction.
• Between 8 and 15—Sewer should have sufficient wet-weather capacity up to a 5-year
storm for wet-weather flow with moderate I/I. However, systems with significant I/I
may still surcharge the system in major rain events. Capacity improvements are
generally not justified and I/I reduction improvements are the recommended way of
addressing any issues.
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• More than 15—Sewer should have sufficient wet weather capacity through a 10-year
storm event unless I/I is severe.
Sewers with large sustainable peaking factors may still be subject to surcharging, particularly in
far upstream reaches with low hydraulic capacities. A localized, concentrated I/I response in
such an area may exceed sewer capacity, even though tributary dry-weather flow may be very
small. Small-diameter upstream reaches are also often prone to surcharging caused by
backwater effects of larger downstream sewers, or what is called downstream control.
High peaking factors from regression analysis (how much I/I enters the system; see Section 3)
combine with low SPFs (how capable the system is of carrying this I/I) to cause surcharging and
ultimately backups and flooding. If peaking factors are unusually high the recommended
solution is often flow reduction investigations; if SPFs are unusually low the recommended
solution may also include increases in capacity.
Figure 4-H shows the currently existing SPFs for Basins 3 and 4. Most of the system appears to
have sufficient capacity to carry dry weather flow. However, because of the high peaking factors
from Basin 4, many of the main lines ought to have a larger capacity to carry wet weather flows.

FIGURE 4-H 
BASIN 3 AND 4 SUSTAINABLE PEAKING FACTORS - EXISTING
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Level of Protection Analysis
For any given property served by the system, the level of protection (LOP) is the storm with the
largest recurrence interval that would not subject the property to a potential sewer backup. In
this analysis, a property was considered subject to backup if the peak HGL was within 6 feet of
the rim elevation at the nearest manhole. For manholes less than 8 feet deep, a potential
backup condition was assumed when the HGL was more than 2 feet above the manhole invert.
This is illustrated in Figures 4-I and 4-J. Both property A and property B have a LOP of 5 years,
because at a 5 year storm the HGL has not risen to a potential backup level.
The results of the existing level of protection analysis are shown on Exhibits 6 through 9. These
results are quantified in Tables 4-F and 4-G and shown in Figure 4-K.
DEVELOPMENT OF ALTERNATIVES
According to the level of protection analysis, approximately 14% of residents may be at risk of
basement backups during a 6-month storm. (This analysis does not take into account any
overhead sewer connections or individual backup protection measures at properties.) The City’s
goal is to make the system capable of handling a 10-year storm with no potential basement
backups or overflows. In order to meet this goal, some combination of capacity increases, flow
reduction, and storage will be necessary. System improvement alternatives were developed and
modeled to gauge the impacts of I/I reduction and capital improvements on the level of
protection in the basins.
In order to create a set of capital improvement recommendations, the design benchmark used
was an allowable 1 foot of surcharge in all pipes during a 10-year storm after 40% flow
reduction. Using the new calibration of the model, the capital improvements for Basin 4 from
the System Recommendation Report were evaluated. These improvements still resulted in a
little surcharging in some stretches in the system. As such, these capital improvement
recommendations were slightly revised—two segments were resized from 8” to 10" on the far
east side of Basin 4, a stretch south of the railroad tracks north of Hill Ave from 12" to 15", and
the western part of Crescent St. from 24" to 27".
Alternative A from the Indiana Street Siphon Study and Recommendation was used to model the
connection to the Southside Interceptor. The exhibits showing this recommendation are
included in Appendix J for reference. This plan involves rerouting the connection to the
Southside Interceptor as a 30” pipe at a 0.23% slope using trenchless methods for minimal
disruption.
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FIGURE 4-I 
LEVEL OF PROTECTION EXAMPLE, DEEP MANHOLE 

FIGURE 4-J 
LEVEL OF PROTECTION EXAMPLE, SHALLOW MANHOLE
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Details of the capital improvement recommendations for Basin 4 as well as a construction cost
estimate are included in Appendix J.
Both capital improvements and flow reduction are likely parts of a full solution. Four alternatives
have been modeled to compare results: the existing condition, a 40% I/I reduction only,
recommended capital improvements only, and capital improvements with a 40% I/I reduction.
Tables 4-F and 4-G, Figure 4-K, and the LOP Exhibits in Appendix A show the results of modeling
these different alternatives to the system. In Basin 4, the impact of the proposed capital
improvement has a major impact on reducing the risk of potential basement backups. Additional
flow reduction would increase the level of protection for residents to larger storms. The
remaining properties at risk could be evaluated on a case by case basis and could be strong
candidates for overhead sewer installation.

TABLE 4-F 
NUMBER OF BASIN 4 PROPERTIES AT RISK OF POTENTIAL BASEMENT BACKUP

Storm Event
6-Month
1-Year
2-Year
5-Year
10-Year
25-Year

Existing
Conditions

40% I/I
Reduction

299
494
600
739
814
887

211
285
407
481
565
646

Cap. Improv. +
0% I/I
Reduction
40
65
123
280
355
488

Cap. Improv. +
40% I/I
Reduction
7
12
40
44
98
172

TABLE 4-G 
BASIN 4 POTENTIAL BASEMENT BACKUPS PER ANNUM

Existing Conditions
Events Per Potential
Year
Backups
Storm Event
6-Month
2
299
1-Year
1
195
2-Year
0.5
106
5-Year
0.2
139
10-Year
0.1
75
25-Year
0.04
73
Avg. Total Backups/Yr:

Backups
Per
598
195
53
28
8
3
884

40% I/I Reduction
Potential
Backups
211
74
122
74
84
81

Backups
Per
422
74
61
15
8
3
583

Cap. Improv. + 0% I/I Cap. Improv. + 40% I/I
Reduction
Reduction
Potential Backups Potential Backups
Backups
Per
Backups
Per
40
80
7
14
25
25
5
5
58
29
28
14
157
31
4
1
75
8
54
5
133
5
74
3
178
42
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FIGURE 4-K 
PERCENTAGE OF BASIN 4 PARCELS AT RISK OF POTENTIAL BASEMENT BACKUP
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CONCLUSIONS AND
RECOMMENDATIONS
recommendations
commendations from the System Recommendatio
Recommendation
n Report were applied
Sewer rehabilitation re
to remove clear water sources in the pilot area, both the public sector and the private sector.
Flow monitoring was used to evaluate the effectiveness of the flow removal
removal effort. Previous
capacity improvement recommendations from the Sewer Recomm
Recommendati
endation
on Report were reevaluated to ensure the
theyy were effective. An analysis of the risk of a basement backup for
individual properties
properties under different modeling scenarios was also perfor
perform
med.

CONCLUSIONS
The original flow reductio
reduction
reduction
n goal from the WWFP for Wheaton’s Basin 4 was 40%. To achieve this
multiple types of rehabilita
rehabilitation
tion in both the public and private sector were recommended. While
most of the recommended
recommended rehabilitation in the basin was completed, some critical items have
not yet been completed
completed,, such as removal of all private sector sump pumps
pumps illegally hooked to
the sanitary sewer as well as some sewer main lining. Based on the rrehabilitation
reh
ehabilitation
abilitation that was
completed the estimated
estimated flow reduction expected was 31%. Of that 31%, approximately 25%
was expected to come
come from lateral lining, approximately 4% from sump
sump pump disconnection
and the remaining 2%
2% fr
from
om all other rehabilitation.
Flow Reduction Assess
Assessment
ment
Flows in the sanitary sewer were assessed utilizing pre-rehabilitation and post-rehabilitation
flow monitoring data. This approach contained some inherent limitations because of the system
capacity limitations
limitations and th
the
e resulting flow restrictions in the system, as well as the
the inherent level
of uncertainty in metering sanitary sewers.
The capacity limitations
limitations resulted in “downstream control”, a situation where the flow level in
the pipe rises but the velocity slows down due to a restriction in the pipe downstream of the
meter. Downstream co
control
ntrol can be ca
caused
used by debris or a blockage in the pipe, or by a section of
pipe with insufficient capacity to convey the flow adequately. In much o
off Basin 4, including the
pilot area, because of
of the combination of excess flow and un
undersized
dersized sewers, downstream
control was a significant factor, and it appeared at different storm levels for
for different meters. In
situations with downstream
downstream control, the metered flows will show as artificially
artificially lower than they
would be without the downstream control. Using the metered vvalues
alues directly in a Q vs. i
regression analysis would
would have the result of flattening the regression cur
curve
ve used to project the
excess
excess flow at higher st
storm
orm levels and would result in under-predicting the flows at higher storm
levels.
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The approach used in Wheaton to deal with this effect was to remove from the regression any
points where the system exhibited downstream control and only incorporate the events with
unrestricted flow. In addition, rain events less than 0.15 inches were removed from the analysis.
This resulted in the usable rain events being between 0.15 inches and 0.96, as shown listed
below:
•
•
•

4-6 – 0.15 in up to 0.65 in (2 month – 1 hour storm)
4-1 – 0.15 in up to 0.96 in (6 month – 1 hour storm)
4-4 – 0.15 in up to 0.84 in (4 month – 1 hour storm)

With these limitations in mind, the flow data was analyzed in multiple different ways to ensure a
high level of confidence in the conclusions. The primary method used to evaluate the pre- and
post-rehabilitation flows was Q vs i regression. The results from the Q vs i analysis indicates that
a flow reduction of approximately 28% was observed, as shown in Figure 5-A.

FIGURE 5-A
Q vs i 1-Hour FLOW ERROR BARS

To provide independent confirmation of the reduction seen from the Q vs I, a percent rainfall
capture approach was applied to the data. This method provided some conflicting results when
looking at the smaller time windows, but in looking at the overall data there was an estimated
drop in flow of 10%. The other confirmation method utilized was an RTK analysis that compared
the pre-rehabilitation model – calibrated to the pre-rehabilitation system – and the response of
the post-rehabilitation system. In Figure 5-B it can be seen that for the specific rain events
shown the actual system peak response is between approximately 25 - 45% less than the
predicted values using the pre-rehabilitation model. (The three stacked blue bands show the
three components of the RTK analysis—fast, medium, and slow response to the rain input.)
Details of the additional analyses are contained in Appendix G.
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In addition, the actual flow falls off from the peak faster than the predicted flow. This
phenomenon of faster flow drop has also been documented by RJN in Villa Park where lateral
lining has also been performed. Taking all of these together, the rainfall capture method and the
RTK analysis confirm that a reduction took place, and that the 28% is a reasonable estimate of
the percentage of that reduction.
FIGURE 5-B
RTK MODEL COMPARISON SAMPLE GRAPH

In addition to the empirical evaluation of the system, anecdotal evidence as well as some limited
post-rehabilitation dye flooding indicates a reduction in flow getting into the sanitary sewer.
Comments made to City staff indicate that surface water in drainage ditches and yards in the
area along Prairie Ave east of President St is not dissipating as quickly since the lining of service
laterals in that area. This could indicate that rainwater, which was previously entering the
service laterals and then the sewer main, now is not.
In this same area, City staff performed dye flooding over the same laterals that prior to lining
had significant leakage. During this post-rehabilitation dye flooding there was no dyed water
that entered the sanitary sewer through the laterals.
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Pre Lateral Lining

Post Lateral Lining

Considerations for City-Wide Application – Public Sector Flow Removal
Sewer Main Rehabilitation

The City has historically been proactive about maintenance of the public sector of the sanitary
sewer system. As a result, many of the City sewers are lined. And while it is now understood that
mainline lining does not provide significant flow reduction in most cases, the structural
condition of the system has certainly been enhanced due to this effort. Sewers in the Basin 4
pilot area that were not already lined were included in the City’s lining programs in 2013 and
2014, with the exception of sewers that were expected to be in the capital plan for the basin.
The sewers in the capital plan were not lined since they were going to be replaced as part of
that effort.
RJN recommends continuing to include hydrophilic seals be included in the specifications for all
future mainline lining projects to slow down flow migration between the sewer host pipe and
the liner. Based on the experience during the lateral lining on this project, RJN also recommends
that the mainline lining specification includes strong language about the lateral connection
cutout being complete (or slightly oversized) and with smooth edges. This is especially
important as the City considers continuing with lateral lining in Basin 4 and other parts of the
City.
Another aspect of the mainline lining effort that could be improved became clear during the
lateral televising in the pilot area where as many as 25% of the reinstated laterals along a sewer
main were abandoned or not active. These not only cost the City money to reinstate, but they
also reduce any potential for I/I reduction that can come from the mainline liner. In this project
the City also paid to once again plug them. Several sewers lined following the lateral televising
had abandoned laterals that were lined over, reducing excess flow into the sanitary sewer.
Moving forward it is recommended that the City confirm all lateral connections prior to
reinstatement. This confirmation can be included in future specifications requiring the lining
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contractor televise and/or dye test, however most contractors will require the City to make the
decision on any laterals not reinstated.
Manhole Rehabilitation

The City has an ongoing program to replace any pick hole covers that may remain in the system.
The use of gasketed covers is a benefit from an I/I perspective. City staff have also implemented
an ongoing program to install external chimney seals when possible and internal urethane
rubber chimney seals in the system in lieu of an external seal. Large quantities of inflow can
enter the sewer system through the cover and chimney area of the manhole. These efforts are
beneficial to the system and should be continued.
Flow Metering

The City currently has 2 permanent flow meters (Basin 4 and Basin 3) and approximately 12
additional meters that can be moved to various locations in the City. The permanent meters are
an important way to understand the flow characteristics in the basins they meter and it is
recommended that they continue to be maintained to monitor flows in Basins 3 and 4. The short
term meters are an effective tool for providing more detailed understanding of flows in the
system and for targeting rehabilitation – where and how much are needed. The fact that the
City owns its own meters saves the City on meter rental charges for answering the where and
how much rehabilitation questions.
This flow metering is especially critical due to the significant downsteam control issues in the
basins. As the downstream controls begin to be lifted with Phase 1 of the capital program,
starting at the interceptor, more of the metered data will become usable. This will provide a
more accurate quantification of the system response to storm events, with less extrapolation
needed to predict storm events over 1 inch.
Summary •

Continue to include hydrophilic seals in mainline lining specification

•

Continue to require 100%+ lateral reinstatement cutouts in mainline lining specification

•

Continue to confirm active/abandoned status of all laterals on a line segment prior to
mainline lining (either City or lining contractor)

•

Continue manhole rehabilitation efforts

•

Continue with long-term and short-term metering in Basin 4
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Considerations for City-Wide Application – Private Sector Flow Removal
Ordinances and Enforcement

As this project took shape and it became clear that the City was venturing into some new areas
with respect to private sector flow removal, City staff did an internal review and modifications of
some City ordinances were made. These modifications gave the City the ability to require
compliance with a building inspection for identification of illegal clear water connections to the
sanitary sewer. These changes also provided the City the right to televise and rehabilitate
private sanitary sewer laterals without getting individual owner permission.
One area of private sector enforcement that was not included in these modifications was the
establishment of a property transfer or point of sale clear water inspection ordinance. This
ordinance will be crucial moving forward with flow reduction in the City. It is recommended that
Wheaton continue with building inspections in Basin 4 and continue with the enforcement
program established through the building department. This ordinance is needed to find and
remove illegal clear water connections in other parts of the City and to ensure compliance for
the long term. Performing a large number of building inspections in a targeted area is an
expensive and time consuming way to address illegal private connections. While this approach is
necessary in some portions of the City, such as Basins 3 and 4, the City can slowly, over time,
remove illegal connections City-wide with the implementation of a property transfer ordinance.
In addition to the cost benefits, this ordinance ensures that the requirement for clear water
compliance is applied fairly to the entire City and that buildings in the City, once corrected,
remain compliant.
The City has chosen to reduce flows in the priority basins by addressing sump pumps and
laterals, and not require removal of all foundation drains at this time. However, in any
circumstance where there is cost sharing for protecting a building, such as installation of an
overhead sewer discharge, the property should be required to become fully clear water
compliant. In addition, all teardowns or additions should be required to become clear water
compliant.
Summary •

Property Transfer or Point of Sale Ordinance implementation

•

Enforce complete clear water compliance on properties receiving cost sharing support
for overhead sewer and all teardowns or additions

Lateral Rehabilitation

The recommendation from the System Recommendation Report was to reduce flow primarily
through lateral lining and removal of illegal private sump pump discharges to the sanitary sewer.
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While the City has lined many of the sewer mains, lateral lining has only recently become more
established as a flow reduction methodology and was new to the City.
While the results of the flow monitoring analysis indicate that the flow reduction achieved
during this project, approximately 28%, was close to that expected. it is worth reviewing some
issues that came up during the installation for implementation of a larger program in the City.
At the present time T-liners® longer than 10 feet require the presence of a cleanout, and many
of the homes in the basin did not have external cleanouts. The decision to line the service
laterals as close to the house as possible, within 5 feet of the building service if possible,
required the installation of a cleanout very close to the house for those homes that did not have
one. While the cleanouts were installed using vacuum excavation, reducing the size of the hole
footprint, the nearness to homes with established landscaping, walls, sidewalks, etc. increased
the level of difficulty of the installation. Some homes in the basin did not even have internal
cleanouts, necessitating roof access to locate the lateral via the roof stack. In these cases,
locating of the laterals was even more problematic.
Another occurrence was the presence of either multiple laterals for a single home or two homes
that shared a single lateral. Both of these situations can make maintenance more difficult and
made the locating of the laterals more difficult as well. The City should ensure that ordinances
and building codes do not allow this situation on any new construction or any significant
building modifications.
As a way to both reduce cost and reduce difficulty of installation the City should assess other
possible approaches to lateral rehabilitation:
•
•
•
•
•

Shorter lateral lining - MUST LINE PAST STORM SEWER
Lining a larger percentage of laterals in a basin
Lining storm sewers instead of, or in addition to, lateral lining
Lateral grouting
Structural grout for plugging abandoned lateral

Summary •

Require installation of sanitary lateral cleanout for all new or rehabilitated laterals.
Require that the cleanout is a ‘T’ connection or a swept ‘T’.

•

Require plugging of old service lateral when new lateral is installed with new
connection.

•

Evaluate other lateral rehabilitation approaches
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Building Inspections

Because of the flow reduction needed in Basin 4 and Basin 3 the City needs to continue with
focused building inspections, dye testing and enforcement in those basins. The City has
developed a workable program for enforcement of illegal clear water source removal through
the building department. This program has successfully removed approximately 40% of the
identified illegal sump connections in the pilot area. This work will need to continue and be
expanded to the rest of Basin 4 and Basin 3.
Summary •

Continue with building inspections in Basin 4 and implement in Basin 3

Capital Plan Review
The original hydraulic model of Basin 4 was calibrated with flow meter data from 2011 metering
period. Following that study, but prior to any of the rehabilitation taking place, the City
purchased new ADS Triton flow meters.
FIGURE 5-C
These meters were installed in the
BASINS 3 AND 4 AND THE WSD SOUTH SIDE
same locations and began collecting
INTERCEPTOR
data in 2012. The new meters had more
redundancy and provided more reliable
data, were able to provide both the preand post-rehabilitation flow data and
the hydraulic model was recalibrated
using the new metering data. The newly
recalibrated model was used to
evaluate
the
previous
capital
recommendations for Basin 4.
One of the major considerations in the
study of Basin 4 was the presence since
2011 of the new Wheaton Sanitary
District (WSD) south side interceptor.
The flow from Basin 4 discharges to the
south side interceptor, as does the flow
from sewer Basin 3 as shown in Figure
5-C. Because these two basins come
together and then flow to the south
side interceptor it was logical to model
them together and to run the various
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scenarios with both basins together. RJN has a full model of Basin 3 and the City had installed
ADS Triton flow meters at multiple locations in the basin as part of this project. This data was
used to calibrate the Basin 3 model. All of the scenarios discussed from this point on will refer to
both Basin 3 and Basin 4. The model was run with the same goal from previous studies of
reducing surcharging to 1 foot or less in all pipes for a 10-year storm through a combination of
flow reduction and capital improvements. The 2012 recommendation for Basin 4 in the SRR
were determined to be largely still appropriate based on the flow reduction observed and the
newer calibration. A few size changes and additional segments at the outer reaches of the main
model profiles are changes to the recommendations for Basin 4 included in this document.
In the original Wet Weather Facility Plan a 60% flow reduction target was identified. However,
60% flow reduction is a very aggressive, and also costly, level. Beyond 40% flow reduction a
sewer system owner should consider the option of storage as an alternative to flow reduction.
Because of this the model of both basins was run only with a 40% flow reduction.
It is known that the sewers between Indiana St and Main St, where Basin 3 and Basin 4 combine,
south to Roosevelt Rd restrict flow out of the two basins because of shallow slopes and
inadequate capacity. This required the inclusion of new sewer segments from Indiana and Main
to the south side interceptor at Park and Main in this model.
The segments recommended for upsizing in Basin 4 are shown in Appendix J, along with a
preliminary routing of the sewer down to the south side interceptor.
Level of Protection Analysis
The hydraulic model was run for the existing condition and proposed alternatives to determine
the Hydraulic Grade Line (HGL) for each case throughout the Basin 3 and Basin 4 sanitary
system. These scenarios were evaluated for the level of sewer backup protection provided by
the modeled conditions. For any given property served by the system, the level of protection
(LOP) is the storm with the smallest recurrence interval that would subject the property to a
potential sewer backup.
The results of the LOP analysis on Basin 4, shown in Table 5-A and Figure 5-D, indicate that
either the recommended sewer capacity increases alone or 40% I/I reduction alone would lower
the number of properties in the basin at risk for basement backup, but would still leave over
15% of the basin at risk during a 10-year storm. Implementing both a 40% flow reduction and
the capital improvement plan would reduce the number of properties subject to basement
backup to approximately 5% of the homes, or around 100 properties. The properties identified
at risk would need to be looked at on an individual basis to determine if they do, in fact, have a
basement, or are they already on overhead sewer, and if not would they be a candidate to put
on overhead sewer. The City could evaluate if homes in these situations would receive more
monetary assistance for installation of an overhead sewer.
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TABLE 5-A
NUMBER OF BASIN 4 PROPERTIES AT RISK OF POTENTIAL BASEMENT BACKUP

Storm Event
6-Month
1-Year
2-Year
5-Year
10-Year
25-Year

Existing
Conditions
299
494
600
739
814
887

40% I/I
Reduction
211
285
407
481
565
646

Cap. Improv. +
0% I/I
40
65
123
280
355
488

Cap. Improv. +
40% I/I
7
12
40
44
98
172

FIGURE 5-D
PERCENTAGE OF BASIN 4 PROPERTIES AT RISK OF POTENTIAL BASEMENT BACKUP AT DIFFERENT STORM
RECURRENCE LEVELS
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Roadmap for Basin 4
As discussed, the current effort appeared to show a reduction in peak flows similar to the 31%
reduction predicted with the rehabilitation that was performed, indicating that the approach of
lateral lining and sump pump removal can work to remove excess flow from the system. The
recalibration of the model with the most recent flow data also reaffirmed the need for
increasing pipe capacities through capital improvements in Basin 4. The level of protection
analysis indicated that the capital improvements and flow reduction must be implemented
together to successfully remediate the number of basement backups in the basins, but that
even with that the City may need to increase the overhead sewer program and perhaps target
certain areas to receive additional incentives for participation.
Following confirmation that the flow reduction approach was effective, one of the goals of the
project was to identify a “Roadmap” for the City to move forward with implementation of a
program for the remainder of Basin 4. The presence of the new south side interceptor provides
Wheaton with the opportunity to implement significant improvement in the sewer in Basin 4.
Thus the first step in the program must be meetings with WSD to determine the volume of flow
that the District will allow the City to discharge into the south side interceptor. This value will
drive the design of the sewer that the City can install between Indiana St and Park Ave near
Main St. The current flow capacity of the proposed 30” sanitary sewer between Indiana St and
Park Ave is approximately 16.5 mgd. The District interceptor capacity is estimated to be
approximately 27 mgd at the upstream end. During a 10-year storm, assuming both capital
improvement and 40% I/I reduction, the estimated flow from Basin 4 is 10 mgd and the flow
from Basin 3 is approximately 6 mgd. If WSD allows more flow to be discharged into the south
side interceptor then the City may be able to reduce the level of I/I reduction or keep the same
I/I reduction but increase the level of protection of the basin to a larger storm event. If the
District requires that the discharge be reduced to less than 16.5 mgd, the City will need to
consider more flow reduction or storage.
It is recommended that the City implement the capital improvements in Basin 4 from the south
to the north in a phased manner. Appendix J contains details of the capital plan along with the
phasing.
Phase 1 – WSD south side interceptor to 4A12
Phase 2 – 4A12 to 4D1 and 4A58 to 4A60
Phase 3 – 4D1 to 4G12
Phase 4 – 4A58 to 4E7 along with 3A11 to 3A5 in Basin 3
Phase 5 – 4E7 to 4F4 and 4G12 to 4H16
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It is recommended that the City implement the flow reduction efforts from the upper end of the
system, starting with Basins 4-2 and 4-7. Appendix A, Exhibit 1 shows the proposed phasing of
the flow removal effort.
The downstream control present in the system results in an increased level of uncertainty
regarding the flows at the further reaches of the sewer in Basin 4. It is therefore recommended
that during this time the City continues to flow monitor. As the flow restrictions are lessened
and the downstream control situations are reduced through the combination of flow reduction
and capacity improvement, the metering data will be more usable for a wider range of storm
events and better projections of system performance can be made. This may lead to the
conclusion that some of the recommended sewer upsizing at the far reaches of the sewer are
not necessary.
The flow reduction efforts would be comprised of continuing work in both the public and private
sector.
•

Public Sector Rehabilitation – lining sanitary mains that are not targeted for upsizing,
rehabilitating manholes, confirmation and removal of any sources identified during
smoke testing, repairing of identified cross connections and lining selected storm sewers

•

Private Sector Rehabilitation – sump pump removal and lateral rehabilitation

RECOMMENDATIONS
The recommended plan for the City involves both near term actions as well as taking a longer
term view. The near term steps are listed below.
Near Term – 2015 - 2016
•

Coordinate with Wheaton Sanitary District - March 2015
It is recommended that the City meet with WSD to discuss moving forward with needed
capital improvements in Basin 4. These capital improvements are necessary to reduce
the risk of basement backups for City residents and the risk of overflow. This is a
necessary first step since only after WSD is on board with the City approach can work
begin on the preliminary phases of the capital improvement design.

•

Begin Capital Improvement Design - May 2015 – April 2016
Begin to define phasing in the capital improvement design, assess conflicts and
buildability, complete preliminary design for initial phases and final design for first
phase, working from the WSD south side interceptor north.
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•

Continue Investigations - May 2015 – December 2015
The City should continue its proactive approach to investigation of the sanitary sewer.
This would involve complete inspections of those manholes in Basin 4 that have not yet
been inspected, and rehabilitations that are needed should be implemented. In
addition, continuation of building inspections and dye tests in the basin is necessary to
ensure that private sector connections are legal. It is recommended that sub basins 4-2,
4-3, 4-7 and 4-8 are addressed first.

•

Additional Lateral Lining - March 2015 – October 2015
The analyses performed during this study indicated that the lining of sewer laterals
reduced flows of clear water into the sewer system. However, the level of interaction
with residents and thus the level of City staff involvement required for the approach
taken was high. While it is generally recommended that the City perform system
rehabilitation from north to south in Basin 4, for the lateral rehabilitation sub basin 4-8
provides an opportunity for testing another approach to lateral lining. Sub basin 4-8 has
the advantage that a high level of investigation has already been completed and the
metering to date has not shown a high level of downstream control. The City can
implement a modified approach of shorter lateral rehabilitation, only to the right-ofway, on a higher percentage of laterals in that sub basin. Following this work postrehabilitation flow metering would be performed.

•

Continue Flow Metering - March 2015 – April 2016
Ongoing flow metering is necessary for understanding and monitoring the sewer system
response to rain events. It is recommended that the City continue with maintaining the
permanent meters for both Basins 3 and 4. In addition, it is recommended that City
continue with maintenance, data collection and analysis of up to 5 meters on a shorter
term basis in sub basins within Basin 4. Recommended locations would be sub basins

•

o

4-1, 4-2, 4-3, 4-7 - March 2015-August 2015

o

4-8 - March 2016-August 2016

Continue Enforcement - Ongoing
The City should continue enforcement of removal of any identified illegal sources that
are contributing clear water to the sanitary sewer.

•

Implement Property Transfer Ordinance
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Future Recommendations
The longer term recommendations for City action involve implementing the capital
improvement needed in the system and working from south to north, completing system
investigation for all of Basin 4, ongoing flow monitoring of Basin 4, and continuing flow removal
and system rehabilitation working from north to south.
The following detailed recommended plan for the City is intended to implement both capital
improvement and flow reduction in Basin 4 with estimated costs. Table 5-B lists the estimated
annual cost summary.
2015-16
Capital Improvement
Meet with Council and WSD
3/2015
Define Plan and Phasing
4/2015
Preliminary Design (Phases 1, 2, 3)
10/2015
Phase 1 Final Design
2/2016
Flow Reduction
Building inspections/dye test
4-2, 4-3, 4-7, 4-8
Manhole Inspection
4-2, 4-3, 4-5, 4-7, 4-8, 4-9
Lateral Lining
4-8
Continue long term flow metering support
2 meters
Short Term Flow metering support
5 meters (4-1, 4-2, 4-3, 4-7, 4-8)
Assist with Ongoing Public Sector Rehabilitation
MH, lining, dye flood
Implement Property Transfer Ordinance
City
Review/Update Overhead Sewer Assistance Prog
City
Continue sump pump removal enforcement
City
2016-17
Capital Improvement
Phase 1 Construction / RE
Phase 2 Final Design
Flow Reduction
Building inspections/dye test
Lateral Lining
Assist with Ongoing Public Sector Rehabilitation
Continue flow metering support contract
Continue sump pump removal enforcement

Summer 2016
2/2017
4-5, 4-9
4-2
MH, lining, dye flood
2 Perm, 5 Temp
City

$
$
$
$

3,000
20,000
150,000
150,000

$
140,000
$
25,000
$ 1,000,000
$
12,000
$
15,000
$
10,000
$
$
$
$ 1,525,000

$
$

1,300,000
150,000

$
110,000
$ 1,000,000
$
10,000
$
27,000
$
$ 2,597,000

5 - 14

2017-18 �
Capital Improvement
Phase 2 Construction / RE
Phase 3 Final Design
Flow Reduction
Lateral Lining
Assist with Ongoing Public Sector Rehabilitation
Continue flow metering support contract
Continue sump pump removal enforcement
2018-19
Capital Improvement
Phase 3 Construction / RE
Flow Reduction
Lateral Lining
Assist with Ongoing Public Sector Rehabilitation
Continue flow metering support contract
Continue sump pump removal enforcement
2019-20
Capital Improvement
Pause
Analyze flow data, Review plans
Flow Reduction
Lateral Lining
Assist with Ongoing Public Sector Rehabilitation
Continue flow metering support contract
Continue sump pump removal enforcement
2020-21
Capital Improvement
Preliminary Design (Phases 4, 5)
Phase 4 Final Design
Phase 4 Construction / RE
Flow Reduction
Lateral Lining
Assist with Ongoing Public Sector Rehabilitation
Continue flow metering support contract
Continue sump pump removal enforcement

Summer 2017
2/2018
4-7
MH, lining, dye flood
2 Perm, 5 Temp
City

Summer 2018
4-3
MH, lining, dye flood
2 Perm, 5 Temp
City

$
$

$ 1,000,000
$
10,000
$
27,000
$
$ 3,597,000

$

10/2020
2/2021
Summer 2021
4-5
MH, lining, dye flood
2 Perm, 5 Temp
City

2,000,000

$ 1,000,000
$
10,000
$
42,000
$
$ 3,052,000

$
4-4
MH, lining, dye flood
2 Perm, 5 Long Term
City

2,400,000
160,000

25,000

$ 1,000,000
$
10,000
$
42,000
$
$ 1,077,000

$
$
$

150,000
150,000
1,800,000

$ 1,000,000
$
10,000
$
27,000
$
$ 3,137,000
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2021-22
Capital Improvement
Phase 5 Final Design
Phase 5 Construction / RE
Flow Reduction
Lateral Lining
Assist with Ongoing Public Sector Rehabilitation
Continue flow metering support contract
Continue sump pump removal enforcement

2/2022
Summer 2022

4-9
MH, lining, dye flood
2 Perm, 5 Temp
City

$
$

150,000
1,200,000

$ 1,000,000
$
10,000
$
27,000
$
$ 2,387,000

TABLE 5-B �
BASIN 4 – COST ESTIMATES �
FY 2015-16 FY 2016-17 FY 2017-18 FY 2018-19 FY 2019-20
323,000 1,450,000 2,560,000 2,000,000
25,000
Capital Cost
Flow Reduction Cost 1,202,000 1,147,000 1,037,000 1,037,000 1,052,000
Total 1,525,000 2,597,000 3,597,000 3,037,000 1,077,000

FY 2020-21 FY 2021-22
2,100,000 1,350,000
1,037,000 1,037,000
3,137,000 2,387,000

7-Yr Total
9,808,000
7,549,000
17,357,000
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