CHAPTER 16

CSO Management Study: Inline Storage vs.
Basement Flood Protection in Combined
Sewer Systems

G. J. Steiss, R. J. Gladding and E. J. Sharp

Combined sewers service the older, central portion of the City of Winnipeg. This
area comprises approximately 40% of the City’s developed area, and covers
approximately 10,500 hectares. This service area is partitioned into 42 individual
combined sewer districts. Typically, each district has a trunk sewer to convey
flows to a diversion facility where dry weather flows are diverted to the
interceptor sewers, and wet weather flows in excess of the diversion capacity are
discharged to the river system. The relatively flat topography and the shallow
rivers provide limited hydraulic gradient for the sewer system. This has resulted
in the installation of large trunk sewers at relatively mild slopes.

The City of Winnipeg is conducting two major programs associated with the
combined sewer system. The combined sewer relief program continues to
upgrade the level of basement flood protection in the individual sewer districts.
The ongoing combined sewer overflow (CSO) management study is a planning
study on the effects of combined sewer overflows on river water quality, and will
result in a control strategy to mitigate these impacts. These programs have
conflicting objectives: the relief program enhances and upgrades the conveyance
capacity of the combined sewer system, while combined sewer overflow control
seeks to reduce the number and frequency of overflows.
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Basement flood relief works have been implemented in seventeen of the
combined sewer districts. This typically has been accomplished through the
installation of relief sewers. The combined sewer overflow study has determined
that, in many districts, the trunk sewers represent significant potential for
developing inline storage. This was particularly the case in those districts in
which alarge diameter relief trunk sewer had been constructed. The question was
how much, if any, of the available storage could be utilized without affecting the
current level of basement flood protection.

An analysis was conducted to assess the inline storage potential in the
Clifton combined sewer district. The analysis was carried out with the XPSWMM
model. The model was developed, calibrated and used to test various inline
storage alternatives under a number of rainfall and operational scenarios. The
results indicated that a substantial volume of inline storage could be accessed
without compromising basement flood protection in the district. In turn, this

would result in a significant reduction in the number and volume of CSOs to the
river.

16.1 Introduction

This chapter presents the results of an investigation into the potential for inline
storage implementation in the City of Winnipeg combined sewer system. The
focus is on determining the potential storage that can be accessed without
compromising the existing level of basement flood protection.

16.1.1 Combined Sewer System

The older combined sewer (CS) systems in the City of Winnipeg were con-
structed during the period from 1880 to 1930. The sewers were designed to
collect wastewater and surface runoff and discharge directly to the river system.
In the 1930s, interceptor sewers were constructed to convey sanitary, or dry
weather flows, to the treatment facilities. Figure 16.1 shows the extent of the
combined sewer area, the individual combined sewer districts, a portion of the
interceptor sewer system, and the North End water pollution control centre
(NEWPCC). Weirs were constructed in the combined sewers to divert dry
weather and nominal wet weather flows to the interceptor system. Typically, the
maximum rate of interception is 2.75 times dry weather flow (Wardrop and
Tetres, 1994), with excess flow overtopping the weir and discharging to the
rivers.

The combined sewer design (Girling and Sharp, 1986) was based on the
prevalent conditions at the time of implementation. However in the intervening
years great changes in the City’s hydrology have taken place. This was mainly
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Figure 16.1 Winnipeg’s combined sewer service area.

due to the increase in impervious area from the paving of streets, driveways and
parking areas. The increased impervious area translated into less infiltration of
stormwater and resulted in increased peak flows and volumes of runoff. As a
result, the runoff from high intensity, short duration summer storms routinely
exceeded the capacity of the sewer system and resulted in severe surcharge in the
system. This in turn caused backup from the sewer system into basements and

results in property damage and a potential health risk to the residents.
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16.1.2 Basement Flood Relief Programs

The Winnipeg CSO Districts have a long history of basement flooding from
intense summer storms. This has been a major concern to the City for many years,
and steps have been taken to improve the situation. The City of Winnipeg has
initiated two programs to reduce the incidence of basement flooding in the
combined sewer districts.

The first program was initiated in 1965 and ran until 1977. This program
resulted in the implementation of relief sewers in seven of the inner-city districts.
The relief works were designed using the rational method. The current program
started in 1977. Since its inception the relief works have been completed in ten
districts, with ongoing relief works in four additional districts. The relief works
of this program have been designed with various versions of the US EPA’s
stormwater management model (SWMM).

The intent of the current program is to provide basement flood protection
from a storm with a five-year return frequency in all combined sewer districts.
This has typically been accomplished through the implementation of storm relief
sewers (SRS) to augment the capacity of the combined sewer system. Dry
weather flows are maintained in the combined sewers which overflow to the
relief sewers during periods of wet weather flow. In addition, the relief works are
intended to provide a ten-year level of service with supplemental relief measures
(typically catchbasin inlet controls).

16.1.3 Combined Sewer Overflow Management Study

The City of Winnipeg is in the process of developing a CSO management
strategy. This is a comprehensive study of the City’s combined sewer system in
terms of the effects of overflows on river water quality and related river uses. The
key product of the study will be the recommendation of a cost-effective
prioritized plan for remedial work based on costs and benefits of practicable
alternatives.

A logical first step in CSO control is optimizing the existing infrastructure
to handle wet weather flows. This optimization typically includes the efficient
use of available inline storage. Such storage would be conveyed by the existing
interceptor system to the water pollution control centres after the wet weather
event has passed. This optimization would have the potential to reduce both the
number and volume of overflow to the rivers. Winnipeg’s flat terrain and
relatively shallow river system has dictated that trunk sewers be installed at as flat
a grade as practicable. Accordingly, the trunk sewers can be easily adapted for

inline storage through the use of a regulating device, such as a gate or inflatable

dam, at the outlet to the rivers (Wardrop and Tetres, 1995). Regardless of the ease
of implementation, it is fundamentally important that inline storage not impact
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the level of basement flood protection. Further analysis was required to properly
assess the potential benefits and effects of implementing inline storage. This
could best be accomplished by detailed hydraulic modeling of the system to
determine the response to wet weather flows (WWFs) in conjunction with system
modifications for inline storage works. Modeling was recommended for the
following reasons:

s to maintain the current basement flooding level of service;

»  toassess WWF conditions in the combined and relief sewers; and,

»  if required, to set operating protocols for an inline storage pilot.

16.2 Model Selection and Development

The XPSWMM model had been previously selected for modeling the combined
sewer and interceptor sewer system for the CSO management study. Therefore,
since the study team was familiar with the model, and the model met the
requirements for the inline storage analysis, it was an obvious choice for the
analysis.

Modeling all 42 of the combined sewer districts would have been an
expensive and time consuming exercise and well beyond the requirements for a
planning level study. Selecting and modeling one representative district was
considered reasonable to make a preliminary assessment of the extent to which
inline storage could be implemented without affecting the level of basement
flood protection. A screening exercise of the combined sewer districts was
carried out, and as a result of this process, the Clifton District was selected for
detailed modeling. This district met the following selection criteria:

o it had been previously modeled with SWMM,;

o relief sewers, including a major relief trunk sewer had been con-
structed;

e ithad two major outfalls, the original combined sewer and the storm
relief sewer for testing control technologies in the event of pilot
testing; and,

preliminary calculations indicated a significant amount of potential
storage in the system.

The Clifton District is located in the west central portion of the combined
sewer area and is identified on Figure 16.1. The combined trunk sewer is a 2.30
x 2.97 m high egg-shape sewer at the outlet. Dry weather flow interception is
effected with a weir that diverts the flow to a pumping station, which in turn
pumps to the interceptor system. The diversion capacity is 236 litres per second,
oranominal 3.1 times average dry weather flow. The major relief trunk consists
of a 2700 mm diameter sewer which discharges directly to the river.



288 Inline Storage vs Basement Flood Protection in Combined Systems

16.2.1 Original Clifton Model

The Clifton District was previously modeled as part of the basement flood relief
(BFR) program. The analysis was carried out in 1978, using an earlier version of
SWMM (MacLaren, 1978). The model was calibrated to existing and historical
conditions and used for the analysis of the existing level of basement flood
protection in the district and the design of the relief works to upgrade the district
to a five year level of basement flood protection.

Land use in the District consists of approximately 70% single-family
residential and 30% commercial and industrial. The original Runoff model
partitioned the 415 ha. contributing area into 400 subcatchment areas. The
subcatchment areas ranged in size from 0.4 to 9.3 hectares, but were typically
around 1 hectare in size. The overall district imperviousness was calculated at
44%. This relatively high value was attributed to the high percentage (77%) of
residential rooftops discharging to the combined sewer system through directly
connected downspouts and large paved commercial lots. The EXTRAN model
of the combined sewer network consisted of 459 conduits and 440 nodes.

16.2.2 XPSWMM Model Development

The XPSWMM model development, based as closely as possible on the original
model, was hampered by alack of detailed input data. A digital copy ofthe model
could not be located. Therefore the XPSWMM model was created based on hard
copy information contained in the District’s predesign report (Maclaren, 1978).

The RUNOFF data consisted of an output listing from the model. This
provided specific data on the subcatchment runoff parameters with the exception
that each subcatchment area was rounded to the nearest 0.43 hectare (1 acre). This
was not considered to be accurate enough for a detailed analysis. Fortunately a
small scale drawing of the catchment areas was available. This information was
transposed onto a CAD drawing and the individual areas calculated. This
provided a very good comparison to the individual catchment sizes as well as the
overall contributing area of the Clifton District.

As noted previously, the original model was developed in 1978. The
District was reviewed to determine if any significant changes had occurred which
would impact the district hydrology. This was accomplished by a visual exami-
nation of the district and a review of the available construction drawings. This
resulted in two changes to the original data.

Over the years the City of Winnipeg has carried out a program to inform and
educate the residents of the benefits of downspout disconnection. The benefits of
this program are evident. The number of connected downspouts has dramatically
decreased from 77% in 1978 to less than 5% in 1996. The residential area
subcatchments were revised to reflect this change. In addition, subcatchments
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were revised, or removed from the model to account for minor stormwater
separation, which had been implemented in the interim.

The available EXTRAN data consisted of an output listing of the combined
sewer system that did not include the storm relief sewers installed for basement
flood relief. The latter information was obtained from the as-constructed draw-
ings of the relief works. The relief sewers, and the associated interconnections to

the combined sewer system, were added to the model. The model was checked
for errors and deemed ready for calibration.

16.2.3 XPSWMM Model Calibration

Calibration of the model was seen as a prerequisite to the analysis to ensure
confidence in the results. The original model had been calibrated, however, the
changes in the district hydrology necessitated another calibration effort.

The XPSWMM model was calibrated to monitoring data collected during
the summer of 1996. Sewer monitoring records were collected from four
locations: three locations on the combined trunk sewer and one location on the
storm relief sewer. Figure 16.2 shows the location of the trunk sewers and the
monitoring locations. Rainfall records were obtained from the City’s network of
continuous recording rainfall stations.

The first step in the calibration was to review the City’s isohyetal maps,
(accumulated rainfall contours) prepared for each significant rainfall event from
the City’s network ofrecording rain gages. This was done to identify storm events
with as consistent a pattern of rainfall over the district as possible. Storms that did
not appear to have a consistent rainfall pattern over the district were rejected.
Rainfall data (from the selected rain events) from the three recording stations
adjacent to the district were then reviewed to select the most representative data
for the calibration effort. This extensive screening provided a great deal of
confidence that the selected rainfall was representative of the actual rainfall
pattern over the district.

The sewer monitoring program provided depth versus time data. The depths
were input to a spreadsheet and converted to geodetic elevations. These records
were compared to the rainfall data in an initial screening process. Any question-
able or obviously corrupt data from the sewer monitors that did not match the
rainfall pattern was discarded, thereby saving time at the calibration stage. The
results of this initial screening process provided seven separate events with
representative rainfall and sewer level data for model calibration. The events
ranged from low-intensity long-duration (12.2 mm over 11 hours) to short-
duration high-intensity (48 mm over 1.25 hours) events.

In the initial calibration stage, the XPSWMM model consistently
overpredicted the volume of runoff from both small and large storm events.
Adjustment of the usual calibration parameters (i.e. width, infiltration, detention
storage) within reasonable limits did not noticeably improve the calibration
results.
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In estimating the volume of runoff, the model is most sensitive to, in order

of importance, rainfall and percent imperviousness. The initial screening process
provided confidence that the rainfall data being used was representative of the
observed rainfall on the district, therefore, it was concluded that the discrepancy
in runoff volume was a function of subcatchment imperviousness. Unfortu-
nately, it was not known how imperviousness had been calculated in the original
model; if this parameter had been adjusted in the original calibration; or how the
connected downspouts had been considered. In any event, the calibration effort
continued by resetting the remainder of the subcatchment parameters to the
original values and adjusting the percent imperviousness.

The impervious area of each subcatchment was initially reduced by 5% (e.g.
a subcatchment with 40% impervious area was reduced to 38%, not 35%) and
then in 5% increments. The subsequent analysis indicated that the best match to
the monitored data occurred with a 10% reduction in the impervious area, or an
overall district imperviousness of 40%. Figure 16.3 shows a sample comparison
of measured levels and the computations for two different events. On the basis
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Figure 16.3 Comparison of level monitoring and model predictions.
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of the results from the calibration exercise, it was concluded that the model was
representative of wet weather flow conditions in the Clifton district and could be
used with confidence for the inline storage analysis.

16.3 Inline Storage Analysis

The first step in the analysis was to determine the amount of storage in the
combined and storm relief sewers that would be available at various elevations.
The results of this analysis are shown on Figure 16.4 and indicate the available
storage volume below a given elevation (for reference the average ground
elevation in the district is approximately 233.0 and the lowest ground elevation
is 231.2). This indicates the benefits from increasing the storage depth, however
it was also understood that increasing the depth increases the risk of basement
flooding.

Clifton District - Inline Storage Volumes

40,000
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20,000
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Storage Voiume

Storage Elevation

Figure 16.4 Available inline storage under a given elevation.

The next step was to route the City of Winnipeg 5-year design storm through
the model using the existing conditions. The latter was done to provide a
benchmark condition for comparison to later runs with inline storage. The
comparison would include the trunk sewer, but would mainly focus on the
upstream lateral sewers. It was felt that not only should the inline storage not
cause basement flooding, it should not raise levels in the lateral sewer systems
higher than they would originally have been.

The inline storage analysis was conceptualized with regulator gates on the
combined sewer and storm relief sewer outfails. These gates were modeled with
the regulator link option in XPSWMM, which controls the flow through the link
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or conduit. The regulator link uses the depth of water at a given control node as
the protocol for operating the gate. The user is required to select the node that
controls the flow and to enter a table of data. The table contains a depth and a
corresponding multiplier that is applied to the link with the regulator. A multiplier
of zero represents zero flow through the conduit and is consistent with a regulator
gate in the fully closed position. A multiplier of 1.0 would correspond to a wide

open condition with no artificial control on the flow through the conduit. In this
manner the gate opening and closing protocol was approximated.

The analysis continued with routing the design storm event through the
model with controls on the CS and SRS outlets to the river. The control node data
were adjusted for each simulation to allow the levels to reach a certain elevation
before starting to open the gate. The initial analysis was set up for the gate to start
to open when levels reached 228.0 at the control node. The results from that
simulation indicated the potential for basement flooding and higher levels in the
lateral sewers. In subsequent simulations the gate opening elevation was reduced
in 0.25 metre increments. This continued until the gates were set to open at
elevation 227.0. At this setting the peak levels in the lateral sewers closely
matched the levels from the benchmark run and no basement flooding was
calculated. A comparison of the calculated levels to the levels from the bench-
mark run for selected locations is shown on Figure 16.5. This graphic indicates
that, for the lateral sewers, the peak flow passes through the lateral sewer before
the peak levels are attained in the trunk sewers. A static water level 0f 227.0 in
the Clifton sewer system represents approximately 31,000 cubic metres of inline
storage.

The above analysis was based on the design event occurring when the
system was empty. However, given the large volume of storage and the relatively
low interception rate of 236 litres per second (Wardrop and Tetres, 1995), it
would take an extended period of time to fully dewater the system. This raised
a concern as to how the system would react to back-to-back storm events and
whether this type of event would have a negative impact on basement flooding.
(As noted earlier, the primary concern with implementing inline storage was the
impact on basement flood protection.) Therefore, to ensure that the level of
protection would not be compromised, the system was analyzed under the most
extreme condition possible. This entailed having the design event occur when the
system was full.

The latter analysis indicated that the system could not safely discharge the
design storm with an initial water level in the system equal to 227.0. It was
apparent from the model results that the sewer system could not be emptied fast
enough to handle the peak flows entering the system. Additional computer
simulations with the XPSWMM model indicated that the storage level in the
system had to be reduced to 226.0 to convey runoff from the design event and a
full system and not compromise the existing level of basement flood protection.
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Figure 16.5 Comparison of levels with and without inline storage.

This represents approximately 17,000 cubic metres of inline storage in the sewer

system. While this is still a significant amount, it amounts to 45% less than the
31,000 cubic metres available at elevation 227.0.

16.4 Benefits of Inlet Controls

As noted previously, the long-term goal of the basement flood relief program is
to upgrade the sewer system to a ten-year level of service through the implemen-
tation of catchbasin inlet controls (Figure 16.6). Such controls restrict flow to the

sewer system. Flows in excess of the capacity of the inlet control are temporarily
stored on the surface.
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Figure 16.6 Typical catchbasin inlet control.

The inlet control analysis was based on the assumption that flows to the
sewer system would be restricted to 28 litres per second per inlet (Wardrop,
1985). The allowable peak flow from each subcatchment was determined by
counting the number of inlets within the area and multiplying by the peak flow
rate. The restricted flows were modeled by adding channel pipes to the Runoff
Block (Huber and Dickinson, 1988) of the XPSWMM model. The effect of this
restriction on flows for the 5-year design event from a typical residential
subcatchment in the Clifton District is shown in Figure 16.7.
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Figure 16.7 Effect of flow restriction to runoff from typical residential
subcatchment.
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The XPSWMM model was then used to assess the impact of inlet controls
in conjunction with inline storage. The initial conditions for the simulation were
identical to the initial trial to review the back-to-back event, i.e. the system full
and the gate set to open at elevation 227.0. The 5-yr design storm was then routed
through the model.

The results of the latter analysis indicated that inlet controls have a
significant impact on reducing levels in the sewer system. Restricting the peak
flows to the system results in less flow in the upstream sewers and allows the
accumulated storage to be discharged from the trunk sewers. In fact, the inlet
controls resulted in lower levels in the system than were predicted for the S-yr
event in conjunction with an empty system. Figure 16.8 shows peak hydraulic
grade line plots for the following conditions:

*  System empty, gates start to open at 227.0;
*  System full, gates start to open at 226.0;
¢ System full, inlet controls included and gates start to open at 227.0.

The inlet control analysis was purely conceptual in nature and no attempt
was made to determine if the required volume of surface storage was available
in any of the subcatchments. It is anticipated that the restricted flows would have

CLIFTON COMBINED TRUNK SEWER

234.0 234.0
o GROUND ELEVATION
» \‘ ‘/I\< rs
~= 1
. ! H
| \\ INTUL LEVEL AT 227.00 [\”
230.0 i 230.0
2300 I 2300
[ s ety ‘ .
N
i Leve, 4] 227.00, e, \
2280 e oo T\\\ " 228.0
S, =, 1 il
I :ﬁ ~ i
.
i ~
\,\ ! S
H
226.0 l ! l 226.0
\‘
1
|

224.0 224.0

[ 500 1000

SCALE 1N METRES

Figure 16.8 Hydraulic grade line comparison.
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to be increased in many areas, particularly in the highly impervious commercial
areas to prevent exceeding the available surface storage. It is recognized that inlet
controls must be designed on a site-specific basis to account for the site
topography and the conveyance capacity of the local sewer system. Accordingly,
the analysis represents a best-case scenario and the benefits of inlet controls may
not be nearly as impressive. It is clear, however, that inlet controls are an

important method of maintaining basement flood protection in conjunction with

inline storage in combined sewer systems and should be an integral part of any
Winnipeg CSO control system using inline storage.

16.5 Conclusions

The calibrated XPSWMM model of the Clifton District combined sewer system
provided a valuable analytical tool for the analysis of inline storage. The regulator
link facility allows the approximation of control devices such as gates or
inflatable dams. This facility allowed the review of inline storage and defined the
amount of in-system storage that could be accessed without compromising the
existing level of basement flood protection.

The results of this study indicate that there is significant potential for inline
storage inthe City of Winnipeg sewer systems as aresult of the area’s topography.
This is particularly the case in areas such as the Clifton District where storm relief
sewers have been constructed to upgrade the level of basement flood protection.
Implementing inline storage would have a significant impact on CSO control by
reducing the number and volume of overflows to Winnipeg’s rivers.

While the impact of inlet controls was not reviewed in detail, the conceptual
analysis indicated that these controls can help mitigate basement flooding in
sewer systems modified for inline storage. Furthermore, inlet controls can
increase the amount of allowable storage in the sewer system, thereby further
reducing CSO’s to the rivers. On this basis it is recommended that inlet controls
also be considered for any potential inline storage project to increase the pollution
control benefits and help maintain basement flood protection.
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