Tanks full of
Value engineering saves St. Louis millions on SSO management
Tim Tappendorf

The Metropolitan St. Louis Sewer District used
an exterior-insulation finishing system to create
faux windows and other aesthetic features on
the outside of its overflow storage tank. This
addition cost less than applying brick or stone
to the tank and enabled it to visually fit into the
neighborhood. Peaks View Photography and Video
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savings

W

hen it rains too hard and too long,
separate sanitary sewer systems
often can’t handle the extra water
that enters through cracks and leaks
in the pipes and manholes. Illegal
stormwater connections, such as

downspouts, sump pumps, or driveway drains, further compound the
problem. When this rain mixes with wastewater, it can result in sanitary
sewer overflows (SSOs) into creeks and basements.
The conventional defense typically has been to provide relief
sewers, which are simply larger sewers with more capacity to “relieve”
existing sewers. These relief sewers transport the increased flows
downstream to the treatment facility to prevent the extra water from
backing up into basements.
In a 130-km2 (50-mi2) watershed in the northwest suburbs of St.
Louis, Mo. — an area including Bridgeton, Hazelwood, and Florissant —
the challenge to the Metropolitan St. Louis Sewer District (MSD) was
to provide a cost-effective solution to eliminate SSOs and basement
backups. Instead of building the traditional relief tunnel — an expensive
and time-consuming proposition — MSD chose to pump the wastewater
overflow into giant tanks at two sites. The excess flow remains in the tanks
until it can be released gradually and safely back to the existing sewer.
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The first of St. Louis’ two aboveground overflow storage tanks is 55 m (180 ft) in diameter and 14 m (45 ft) tall at the center of its domed roof and
can hold 22.7 million L (6 million gal). As soon as this tank and the diversion structures were completed, the district was able to begin capturing
some sanitary sewer overflows. With a traditional relief sewer approach, the reductions would not begin until the entire project was complete.
Crawford, Murphy & Tilly Inc.

This storage tank/flow equalization solution requires minimal
sewer improvements. The first storage tank site was completed in
2013. This approach has worked better than a conventional deep
tunnel relief sewer, and it saved the district more than $80 million.
MSD is now applying this design to other parts of the district’s
overall SSO removal program.

How the big tank works
The conventional relief sewer alternative for MSD would have
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required approximately 8230 m (27,000 ft) of 2400-mm-diameter
(96-in.-diameter) deep tunnel sewer, installed 18 to 24 m (60 to
80 ft) underground using tunneling. Instead MSD built a diversion
structure within the existing sewer, a pump station, and two
aboveground storage tanks.
The diversion structure is situated along 12 m (40 ft) of weir
length on the existing 1200-mm (48-in.) sewer with the weir
elevation set at the top of the pipe. A slide gate is used to control
how much water flows into the downstream sewer. Any excess
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monitors the wastewater levels in real-time at several locations in
the trunk sewer and uses this information to control the diversion
of flow into the tank as well as the draining of flow out of the tank.

Complex modeling
Computer modeling was used to analyze alternatives and
demonstrate the effectiveness of the storage concept. MSD
used modeling throughout the design phase to value-engineer
and optimize the solution. The first tank completed, Tank A, is
the first phase of a plan to address SSOs from the 14.5-km (9mi) Coldwater Creek trunk sewer. The predesign study included
hydraulic modeling to determine the best alternative to SSOs and
basement backups.
MSD originally planned to dig a deep tunnel relief sewer with
a preliminary estimated cost of $120 million to $160 million, but a
flow equalization/storage tank solution proved to be more optimal.
When combined with minimal relief sewers and existing sewer
rehabilitation, the storage plan saved the district more than $80
million.
When complete, the two wet-weather storage tank systems
will be able to accommodate a wide range of flows with a firm
capacity of 113,600 L/min (30,000 gal/min). Furthermore, a
SCADA system will perform real-time monitoring of water levels in
the trunk sewer and also control the diversion of flow into and out
of the wet-weather storage tank.
The design incorporated such green features as a unique
rainwater harvesting design for the tank’s spray wash system. In an
application designed for the maintenance of the tank, four geared
nozzles were installed in the tank that use harvested rainwater to
clean the tanks after each storage event. Another green feature
was a nearby rain garden that provided infiltration of stormwater
runoff from the paved areas of the site.
The City of St. Ann, the Missouri Department of Transportation,
the Federal Aviation Administration, and Lambert St. Louis
International Airport all engaged in the project. Minority or women
business enterprise (MWBE) firms completed 32% of the project
services, exceeding 10% diversity goal.

Automation keeps storage volume to a minimum

flow spills over the weirs and flows by gravity to a pump station
located about 15 m (50 ft) away.
This pump station has six submersible pumps that cycle on
and off as necessary to accommodate a wide range of flows up to
its firm capacity of 113,600 L/min (30,000 gal/min). The pumps
discharge into the adjacent aboveground concrete storage tank
that has a capacity of 22.7 million L (6 million gal). The tank is
55 m (180 ft) in diameter and 14 m (45 ft) tall at the center of its
domed roof. The tank is drained by gravity through a 600-mmdiameter (24-in.-diameter) line that has a motor-actuated plug
valve that controls the rate of return flow to the sewer.
A supervisory control and data acquisition (SCADA) system
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Automation allows maximum use of the existing sewers and
keeps the amount of overflow wastewater stored in the tank to a
minimum. The flow equalization scheme in the storage facilities
depends on levels in the trunk sewer system near the tank site
and at a manhole approximately 6 km (4 mi) downstream. When
the wastewater level reaches the top of the pipe at either of these
monitoring locations, the slide gate in the diversion structure
begins to close, causing more flow to be diverted to storage. This
uses the full pipe capacity of the existing sewers but keeps the
wastewater level from rising much above the top of the pipe, thus
limiting the possibility of basement backups.
Once the rainfall is over and wastewater flows recede to a level
that is approximately 60% of a full pipe, the valve on the storage
tank drain line begins to open and drains the tank at a rate that
does not exceed the trunk sewer capacity. For most rainfall events,
the wastewater will be stored in the tank for less than 2 days. The
design team of Crawford, Murphy, and Tilly Inc. (Springfield, Ill.),
which was the prime consultant for both the predesign study and
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for the final design of the first tank, determined that with the realtime control system, only two storage tank sites would be needed
instead of four tank sites if fixed diversion weirs were used. This
optimization resulted in another major cost savings for MSD.

Reducing the footprint
Building storage tank facilities on two sites created a much
smaller community and environmental impact than building relief
sewers along the more than 14 km (9 mi) of the sewer that
parallels Coldwater Creek. A large portion of the overflows to
the creek was prevented as soon as the first storage tank was
completed. Building the traditional relief sewer alternative would
have taken many more years to design and construct, and the
entire project would need to be completed before any overflows
would be prevented.

Future value
Today, U.S. Environmental Protection Agency mandates
are placing substantial financial requirements on communities
to address problems with sewer infrastructure. Engineering
professionals can help communities save money when faced by
infrastructure challenges. With the $4.7 billion consent decree
program that MSD is implementing, a savings of $80 million can
make funds available for other program elements.
Before this project, MSD never had used a storage tank
concept of this type and size. This partly was because of
an anticipated “not in my backyard” rejection from nearby
neighborhoods. In this case, however, the design team reduced
the impact of the project and returned benefits to the community.
The project also helped to change perceptions that wastewater
facilities have to be located in remote locations.

Converting marginal land to a win–win solution
The project built the tank on land that previously had been
prone to flooding. The district purchased 11 houses through a
voluntary buyout program and used the remaining cul-de-sac road
to grant access to a part of a local park.

From an unsightly to an unobtrusive exterior
The designers and MSD worked with the City of St. Ann
through a citizens’ committee, which was concerned that the
tank would be obtrusive and unsightly and have problems with
odor. Because the project was located across from Lambert St.
Louis International Airport, there was a ready-made context for
a structure that would look like an office building. An exteriorinsulation finishing system created faux windows and other
aesthetic features on the tank surface. This proved to be a more
cost-effective solution than applying a brick or stone exterior.

Optimizing a complex design
Hydraulic modeling was used first to evaluate the SSO
mitigation alternatives that resulted in the tank strategy. Three
hydraulic-modeling software programs, along with a spreadsheet
model, were used to model different aspects of the project. Using
flow limits, the spreadsheet model determined the number of
rainfall events during a 54-year period of rainfall data that would
have caused diversions into the flow equalization storage tanks
and the volume of storage needed for each of those events.
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Building two aboveground storage tanks, diversion structures, and
a real-time control system instead of an underground relief tunnel
saved the Metropolitan St. Louis Sewer District more than $80 million.
Crawford, Murphy & Tilly Inc.

Yet another program helped to determine water level set points
and timing and rate of change for the control gates that cause
diversion of wastewater to the storage tank.

Site considerations
The construction site needed to be raised above the 100-year
flood level. Because the site contained 18 m (60 ft) of soft alluvial
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soils over bedrock, the soils could be expected to settle to an
unacceptable degree under the weight of the full storage tank.
Instead of replacing the soft soils or supporting the foundations
with piles driven to bedrock, the team preloaded the site to induce
most of the settlement before beginning to build the tank. Soil
was piled approximately 7.6 m (25 ft) high at the location. After 9
months, the geotechnical subconsultant indicated that the soil had
consolidated adequately to allow construction of the tank.

district of more than $80 million. Enhanced performance achieved
by continued design optimization (or value engineering) and
collaborations with the owner reduced the overall estimated
project cost for the first phase of this solution from $15.5 million to
final actual construction costs of $9.8 million — a 37% savings.
Tim Tappendorf is water resources group manager in the St.
Louis office of Crawford, Murphy & Tilly Inc. (Springfield, Ill.).

How much was saved through value engineering
The tank solution will result in an estimated savings to the
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