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ABSTRACT

The 12,000-foot long, 11-foot diameter North Dorchester Bay consolidation conduit will provide complete
capture of overflows from seven combined sewer overflow (CSO) outfalls tributary to Dorchester Bay and the
bathing beaches of South Boston (Figure 1). The conduit will be sized to capture the peak flow hydraulically
feasible at the seven CSOs and convey the flow to a dedicated CSO facility at its downstream end. The CSO
facility will provide coarse screening, effluent pumping, fine screening, disinfection, and dewatering for flows
collected by the consolidation conduit. Flow up to the available storage capacity in the conduit will be pumped
back to the interceptor system at the end of each storm, and flow above the storage capacity will be treated by
the CSO facility pnor to discharge into the Reserved Channel.

Even with the complete elimination of CSO discharges, water quality violations were still predicted along the
South Boston bathing beaches. it was determined that the North Dorchester Bay consolidation conduit and the
Reserved Channel CSO facility could be sized to capture separate stormwater tributary to the CSO outfalils
downstream of the CSO regulators without significantly affecting the project cost. The capture of separate
stormwater was determined to cost-effectively increase the water quaiity benefits of the project.

INTRODUCTION

In July 1997, the Massachusetts Water Resources Authority (MWRA) completed faciiities planning for
controlling CSOs in the Greater Boston area in accordance with state and federal CSO policies and in
compliance with a federal court schedule. MWRA’s CSO control plan consists of 25 projects, including the
North Dorchester Bay consolidation conduit. This project will eliminate seven CSOs which currently discharge
to North Dorchester Bay, along the most extensive bathing beaches in Boston. The North Dorchester Bay
receiving water segment supports both swimming and shellfishing, which are considered critical uses under
the Massachusetts Department of Environmental Protection (DEP) CSO control policy. This policy requires
that CSOs be eliminated from critical use areas unless it is infeasible to do so. The North Dorchester Bay CSO
reiocation project will eliminate CSOs without creating the increase in stormwater discharge and the continued
violations of bactenal water quality standards that would be associated with sewer separation. Instead, this
project will also provide the means to control pollution from separate stormwater that is currently tributary to
the CSO outfalls downstream of the CSO regulators without a substantial increase in project cost.

Implementation of the MWRA’'s CSO control plan is currently underway, with projects now in design or in
construction. Several smaller projects have aiready been completed. Design of the North Dorchester Bay
consolidation conduit began in August, 1997. Construction is currentty scheduled to begin in February, 2000,
about seven months ahead of the court-mandated construction start date. Construction is scheduled to be
completed in earty 2003. The estimated capital cost of the North Dorchester Bay consolidation conduit,
including the downstream CSO facility and other related features, is $140 million. The MWRA'’s financial
commitment to this project and aggressive project schedule clearly demonstrate the Authority’s dedication to
fulfilling court-ordered requirements for CSO control in accordance with appiicable regulatory requirements
and in an environmentaliy responsible manner.

This paper presents pertinent project background, identifies the CSO control altematives considered, and

focuses on the development of the recommended altemative for elimination of CSO discharges from North
Dorchester Bay.
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PROJECT BACKGROUND

The North Dorchester Bay CSO relocation project was developed based on an understanding of the features
and uses of the receiving water segment, an in-depth understanding of the wet weather operation of the
combined sewer system in the project area, and the regulatory framework established by the Massachusetts
and national CSO control policies.

Receiving Water Segment

The North Dorchester Bay receiving water segment extends from the mouth of the Reserved Channel to
Columbia Point in Dorchester. This area is classified as SB-Fishable/Swimmable with restricted shellfishing
in approved areas. Massachusetts DEP-designated critical uses for this receiving water segment include
swimming and sheilfishing. Existing water-based uses within this area are primarily recreational and include
power boating and sailboarding, swimming, and fishing. Although the Division of Marine Fisheries has identified
a significant shellfish resource in the Carson Beach area, shellfishing is currently prohibited due to the fecal
coliform levels in the overlying waters and the proximity of the CSOs. Pleasure Bay also contains shellfish
beds, which are currently closed for management reasons.

Many of the land uses along the shore of this receiving water segment support water-based recreational uses.
The Metropolitan District Commission, a state agency, controls much of the waterfront in this area, aithough
certain parcels are controlled by the city of Boston or by private water-based interests. Much of the waterfront
is used for passive recreation, and a number of separate beach areas, some including bathhouse facilities, are
located in this area. Immediately inland is the densely developed residential neighborhood of South Boston.

The seven CSOs which currently discharge to North Dorchester Bay are the predominant source of fecal
coliform bacteria during larger storms, such as the 1-year, 24-hour storm event. Although the average
concentration of fecal coliform bacteria in stormwater is substantially less than the concentration in CSO, the
total annual volume of stormwater discharged to North Dorchester Bay is substantially greater than the annual
volume of CSO. Approximately 85 percent of the storms that occur in a typical year do not cause CSO
discharges to North Dorchester Bay, but do generate stormwater discharges. in terms of other pollutants, such
as biochemical oxygen demand (BOD), total suspended solids ( TSS), nutrients, and toxics, pollutant loadings
from stormwater appear to be substantially greater than the loads from CSOs.

System Understanding

Several methods were appiied to gain an understanding of the configuration and performance of the combined
sewer system. These included a careful review of system plans and record drawings, field inspections, flow
monitoring, and detaiiled sewer system modeling. For this project, the EXTRAN block of the U.S. EPA
Stormwater Management Model (SWMM) was used to predict system response to specific design storm events
and to assess a range of CSO control altemnatives.

A total of 11 CSO regulators provide relief of the local combined sewer system and interceptors through the
seven CSO outfails tributary to North Dorchester Bay. On an annual basis, the CSOs discharge about
34,000 m* (9 million gallons) of combined sewage. Activation frequencies among the seven outfalls range from
a low of four discharges per year to a high of 15 per year.

The interceptor network serving the 11 North Dorchester Bay CSO regulators is presented schematically in
Figure 2. All of the interceptors associated with the regulators, the South Boston Interceptor (SBI) South and
Main Branches, the Dorchester Interceptor, and the Boston Main Interceptor (BMI), are tributary to the
Columbus Park Headworks. This headworks directs flow into a deep rock tunnel for conveyance to the MWRA
Deer Island wastewater treatment facility. The headworks capacity is 8.1 m¥sec (185 mgd), and typical dry
weather flows are about 2.2 m¥sec (50 mgd), indicating that substantial capacity is available for conveyance
of wet weather flows to Deer Island. Since the headworks capacity matches available capacity in the deep rock
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FIGURE 2. SCHEMATIC OF INTERCEPTORS TRIBUTARY
TO THE COLUMBUS PARK HEADWORKS

tunnel and at the Deer Island treatment facility, increasing the wet weather capacity of the headworks would
not be possible without construction of a new deep rock tunnel and increased treatment capacity at Deer Island.

In smaller storms, much of the combined sewage is captured and conveyed to Deer Isiand for secondary
treatment. During a 3-month, 24-hour storm, the capacity of the Columbus Park Headworks is exceeded, and
the headworks must be choked to limit its influent flow to 8.1 m¥sec (185 mgd). This choking causes
surcharging in the South Branch of the SBI, but not in the other interceptors serving the North Dorchester Bay
CSO0s. In larger storms, such as the 1-year, 24-hour storm, choking at the headworks causes substantiai
surcharging in all of the interceptors, affecting all of the area CSOs.

This system understanding enabled the following conclusions to be drawn:

. North Dorchester Bay CSOs that activate infrequently (e.g., 4 to 6 times per year) are most
likely influenced by interceptor surcharging which results from relatively large storm events.

. North Dorchester Bay CSOs that activate more frequently (e.g, 11 to 15 times per year) are
likely affected by local hydraulic restrictions.

. Altematives based on interceptor relief would not control the North Dorchester Bay CSOs in
storm events greater than the 3-month to 1-year, 24-hour storm, due to capacity limitations at
the Columbus Park Headworks, the deep rock tunnel to Deer Island, and the Deer Island
treatment facility.

This system understanding was necessary to define and evaluate CSO control aitematives for the North
Dorchester Bay CSOs, as discussed below.

Regulatory Framework

In addition to understanding the features and uses of the receiving water segment and the wet weather
operation of the combined sewer system, an understanding of the regulatory framework established by the

R0024768



Massachusetts and national CSO control policies was important in developing appropriate cortrol altematives
for the North Dorchester Bay CSOs.

Under the Massachusetts policy, CSO elimination must be considered during the development of CSO contro!
plans for all receiving waters, and CSO elimination is stressed for critical use receiving waters that support
swimming and shellfishing, such as North Dorchester Bay. The policy identifies both sewer separation and
CSO0 relocation as technologies for eliminating CSO discharges from critical use areas.

The national CSO control policy also emphasizes CSO elimination in sensitive areas, which inciude waters that
support primary contact recreation. Similar to the Massachusetts policy, the national CSO controi policy
requires that overflows to sensitive areas be controiled by elimination or relocation wherever physically possible
and economically achievable, except where elimination or relocation would provide less environmental
protection than additional treatment.

ALTERNATIVES EVALUATION

A broad range of altematives was considered for the elimination or control of CSO discharges to North
Dorchester Bay. The evaluation of CSO controi alternatives invoived a series of screening steps. Using
preliminary hydraulic evaluations, system knowiedge, and knowledge of the on-shore and water-based uses
of the receiving water segment, certain altematives were eiiminated from further consideration without
developing detailed cost and performance data. These included the foliowing:

. Local sewer separation. Sewer separation upstream of only the seven North Dorchester Bay
CSO outfalls did not eliminate CSO discharges during the 1-year, 24-hour storm, due to
interceptor surcharging and backwater from choking at the Columbus Park Headworks.

. individual treatment or storage facilities for each outfail. It did not appear to be cost-effective
or feasible to site and construct seven separate facilities in a densely popuiated area featuring
heavily used parks and beaches.

. Qutfall consolidation to treatment. All of the outfall consolidation alternatives had sufficient
storage volume in the conduit to capture the 1-year, 24-hour storm volume, suggesting that
treatment processes would operate very infrequently.

For altematives that passed the initial screening step, information on cost, performance, construction risk, public
acceptance, water quality, construction-related impacts, and long-term environmental impacts was developed
and assessed. This information was developed for the following altematives:

. Consoiidated near-surface storage conduit. This alternative involved constructing a
consolidation conduit, sized for the 1-year or 3-month, 24-hour storms to capture North
Dorchester Bay CSOs up to the available conduit storage volume. Captured CSOs wouid be
pumped back to the interceptor system following each storm event. CSOs in excess of the
conduit volume would discharge untreated via the seven existing North Dorchester Bay CSOs.

. Interceptor relief with local controls at three CSO outfalls. This alternative invoived
constructing a new interceptor parallel to the South Branch of the SBI. The relief interceptor
was predicted to eliminate CSO discharges at all but three North Dorchester Bay CSO outtalls
in the 1-year, 24-hour storm, and local storage and/or system optimization measures would
be implemented to control the relatively minor discharges at the three outfails remaining
active. CSOs in larger storm events would continue to be discharged untreated via the seven
existing North Dorchester Bay CSOs.

. CSO elimination by system-wide sewer separation. Sewer separation of all combined sewer

areas tributary to the Columbus Park Headworks was predicted to eliminate CSO discharges
trom the seven North Dorchester Bay CSOs.
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. CSO relocation to Reserved Channel. This altemnative involved a consolidation conduit
running along the South Boston beaches to a CSO facility located along the Reserved
Channel. The conduit and CSO facility wouid be sized to convey the maximum peak flow
hydraulically capable of reaching the conduit from the CSO regulators tributary to the seven
North Dorchester Bay CSOs. The CSO wolume stored in the conduit would be returned to the
interceptor system by pumping following each storm event.

The aiternative to relocate CSOs from North Dorchester Bay to the less-sensitive Reserved Channel was
determined to be in compliance with the Massachusetts and national CSO control policies based on the
characteristics and land-based uses of the Reserved Channel. The Reserved Channel supports deep water
container shipping and cruise ship access into the Port of Boston. in addition, it supports a bulk fuel delivery,
storage and distribution operation. These uses preciude the use of the Reserved Channe! for primary contact
recreation and shellfishing, and limit opportunities for passive recreation. On this basis, the Reserved Channel
was considered to be less sensitive than North Dorchester Bay, and CSO relocation was considered to be an
appropriate option for eliminating CSO discharges to North Dorchester Bay.

Based on cost-performance evaluations, the initially preferred altemnative was interceptor relief with local
controls at three CSO outfalls. This altemnative. would not, however, achieve the goal of CSO elimination in the
critical use area of North Dorchester Bay. Of the two altematives that would eliminate CSO discharges, CSO
relocation was determined to be preferable as compared to system-wide sewer separation. Sewer separation
would have involved extensive construction impacts in densely populated, residential areas, and the area
required to undergo sewer separation would have extended beyond the area tributary to the North Dorchester
Bay CSOs. Sewer separation would also have significantly increased the fecal coliform bacteria load to North
Dorchester Bay due to the increased stormwater volume. This result would be inconsistent with the national
CSO policy, which requires CSO elimination in sensitive areas except where elimination would provide less
environmental protection than other altematives. While the relative impacts and health risks associated with
fecal coliform bacteria from stormwater versus CSO ongins can be debated, it is clear that as long as fecal
coliform bacteria remains the indicator species used to measure compliance with the swimming standard, the
standard woulid continue to be violated if sewer separation were implemented. in contrast, CSO relocation
would capture all of the overflow from the 11 North Dorchester Bay CSO regulators and either store it or
relocate it to the less sensitive Reserved Channel. For these reasons, CSO relocation was selected as the
preferred altemative.

DEVELOPMENT OF PREFERRED ALTERNATIVE

Following selection of the preferred altemative, the CSO relocation concept was further developed. This
process involved establishing peak design fiows, evaluating conduit construction and lining alternatives,
developing technologies for conduit ventilation and odor control, and determining appropnate pumping and
treatment technologies for the CSO facility. In addition, a formal process was followed to evaluate and
compare aftemative routes for the consolidation conduit and altemative sites for the CSO facility.

Design Fiows

The peak design flow for the consolidation conduit and CSO facility was assessed by determining the peak flow
hydraulically feasible at each of the 11 regulators associated with the seven North Dorchester Bay CSO outfalls.
Curves of peak flow versus storm recurrence interval were plotted for each regulator to establish the flow rate
at which increasing the storm size did not substantially increase the peak flow. The peak flows, representing
the ultimate delivery capacity of the tributary combined sewer system, were generally attained for the 25-year,
24-hour storm, although peak flow was essentially reached at some regulators by the 10-year, 24-hour storm.

To establish the maximum rate of flow in the consolidation condutt, the relationships among timing of peak flows
at the indMdual regulators, travel time in the conduit, and volume of flow in the conduit were evaluated. Since
the peak flow into the condutt would occur after the conduit had filled, minimal attenuation of peak flows would
occur. The peak flows in the consolidation conduit over a range of storm recurrence intervals are presented
in Figure 3. Based on the peak flow of approximately 22.3 m%/sec (510 mgd) derived from this analysis, an 11-
foot diameter conduit at a slope of 0.001 was selected.
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FIGURE 3. PEAK FLOW VS, DESIGN STORM IN THE DOWNSTREAM REACH
OF THE NORTH DORCHESTER BAY CONSOLIDATION CONDUIT

With the exception of approximately 24 hectares (60 acres) of separate storm drainage tributary upstream of
certain CSO regulators, storm drainage tributary to the seven North Dorchester Bay CSO outfalls enters
downstream of the regulators and would continue to be discharged following project completion. Receiving
water analyses determined that the continued discharge of separate stormwater would result in violations of
the bacteria standard for swimming on a regular basis. Given the critical uses in this receiving water segment,
an assessment of the impact of capturing stormwater tributary to the North Dorchester Bay CSO outfalls
downstream of the CSO regulators was conducted. Using the same type of analysis described above for
assessing peak CSO-only flows, the peak flow of CSO plus separate stormwater tributary to the consolidation
conduit was determined to be about 26.3 m*¥/sec (600 mgd). This flow rate represented an increase of about
4 m¥sec (90 mgd) as compared to the CSO-only peak flow, and it was determined that the 11 foot diameter
conduit at a slope of 0.001 would be adequate to convey the 26.3 m¥sec (600 mgd) peak flow. it was aiso
determined that the increase in firm pumping capacity at the CSO facility could be achieved by changing the
pump impeller. Based on these assessments, a relatively minor incremental increase in project cost and
complexty would be associated with capturing separate storm drainage tributary to the North Dorchester Bay
CSO outfalls. Given the critical uses of this receiving water segment, these changes appeared to be justified
and the capture of separate stormwater was incorporated into the project.

Conduit Construction Alternatives

Based on hydraulic requirements of the project and available information on local geology, the consolidation
conduit was recommended to be constructed in soft ground, as opposed to being constructed in bedrock. The
CSO outfalls to be connected to the consolidation conduit are located at relatively shallow depths, and can be
readily intercepted by a soft ground tunnel. In the project area, the approximate depth to competent bedrock
is greater than 30.5 m (100 ft). A deep rock tunnel would have increased the cost and complexity of
appurtenant features such as dropshafts and the pumping components of the CSO facility.

The presence of both soft clays and relatively ciean sand and gravel deposits along portions of the conduit

alignment, and proximity to North Dorchester Bay dictated that a closed-face tunnel boring machine (TBM) be
used to avoid groundwater-related instability. In addition, groundwater contamination involving floating product
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was encountered along a portion of the alignment. A closed-face TBM represented an effective approach to
prevent the drawdown of contaminated groundwater into the tunnel horizon. Open cut construction was not
considered to be feasible due to existing development in the project area, as well as construction-related
difficulties of maintaining a trench at depths of 7.6 to 18 m (25 to 60 ft) through the soil and groundwater
conditions described above. Open face mining techniques were also considered to be infeasible due to the
anticipated soil and groundwater conditions.

Conduit Lining Alternatives

A precast concrete bolted and gasketed segmental lining system was recommended for the North Dorchester
Bay consoiidation conduit over other lining technologies. The anticipated soil and groundwater conditions
necessitated the installation of a water-tight liner both for construction and long-term operation. During
construction, a water-tight liner was deemed necessary to prevent tunnel instability and groundwater inflow.
Since CSO storage in the consolidation conduit is an important project feature, a water-tight liner, which would
enable the conduit to remain empty between storm events, was a key project requirement. Other lining
technologies considered did not offer the advantages of a precast segmental lining system. A jacked pipe lining
was considered, but wouid have required the installation of shafts at all changes in direction and at distances
as required to prevent excessive jacking loads. The precast segmental lining system could be installed along
horizontal radii, and would not require intermediate shafts. These features were advantageous given the
densely developed character of the project area, where sites for shafts are extremely limited. A cost
comparison indicated that the precast segmental liner would be about $10 million iess expensive than jacked
pipe. This cost comparison also supported selection of the precast segmental liner system.

Conduit Ventilation and Odor Control

An activated carbon odor control system and exhaust fans at the upstream end of the consolidation conduit
were recommended to provide conduit ventilation and odor control. The system would consist of two dual-bed

carbon adsorption units, centrifugal fans, ductwork, and isolation dampers. This equipment would be housed
within an above ground visual screen. The visual screen would be attached to a small above-ground building
housing mechanical and electrical equipment.

Conduit Route Alternatives

The first step in the route selection process was to identify a wide corridor through which the consolidation
conduit could pass. Since the purpose of the conduit is to intercept overflows from the seven CSOs tributary
to North Dorchester Bay, the corridor was defined by the distance between each CSO regulator and the
downstream terminus of each CSO outfall. This corridor was divided into an upstream, middie, and
downstream reach, and specific route altematives were then defined for each reach. Route altemnatives were
generally confined to public rights-of-way or open areas such as park land and the beach. Routes under
buildings or other structures were avoided because of the potential for ground settiement or heave during
conduit construction and to reduce the need for taking easements or acquiring properties. Three to five route
alternatives were initially identified along each reach of the consolidation conduit. In most cases, any route
altemative from an upstream reach could connect to any route altemative in the next downstream reach.
Through an evaluation process that compared each route altemnative based on engineering, environmental,
community, and economic factors, and an extensive public participation program, the number of route
altematives to undergo additional evaluation was reduced. As a result of this evaluation process, three route
aiternatives were selected for additional evaluation for two of the reaches, and two route altematives were
selected for the third.

A planning-level subsurface exploration program was conducted to obtain necessary information on ground
conditions and to define top of rock for the route altematives undergoing additional evaluation. Soil profiles and
rock contours from existing borings and geophysical programs were obtained and reviewed, and additional
borings and geophysics were performed. Borings were spaced from 150 to 610 m (500 to 2,000 ft) apart,
depending on the availability of existing information. A seismic refraction survey along two of the three reaches
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of the conduit was performed to determine top of rock in areas where there was concern that rock could rise
to the depth of the invert of the soft-ground conduit.

Route alternatives within each conduit reach were compared based on cost and construction risk factors,
including soil conditions, groundwater flows, the potential to encounter obstructions, and the potential for soil
and groundwater contamination. Environmentai impacts were also evaluated and compared. The preferred
routes within each reach were combined to create the overall preferred alternative for the North Dorchester Bay
consolidation conduit. in general, the selection of preferred routes reflected a balance between cost and
construction risk. For the upstream reach of the conduit, the second-lowest-cost route aiternative was
preferred. The cost for the preferred route aiternative was seven percent higher than the low-cost alterative
and presented the lowest construction risk of the three alternatives. In the middle reach, cost varied by oniy
five percent among the route alternatives, and the alternative with the lowest construction risk was chosen. For
the downstream reach, the higher-cost route alternative was preferred. Even though the preferred aiternative
had an approximately 15 percent higher cost, the lower-cost route represented an unacceptable construction
risk. The lower-cost route would follow a narrow residential street, while the higher-cost, preferred alternative
would run through a park. if the TBM were to encounter an obstruction and require recovery by excavation from
the surface, the impacts of the excavation on the residentiai area would be substantially greater than the
impacts on the park. Since the potential level of disruption to the residential area was judged to be
unacceptable, the higher cost atternative was selected. The overall preferred route for the North Dorchester
Bay consolidation conduit was shown in Figure 1.

CSO Facility Treatment and Pumping Technologies

A CSO facility at the downstream end of the North Dorchester Bay consolidation conduit was recommended
to provide the necessary treatment, effluent pumping, and dewatering functions for flow conveyed and captured
in the consolidation conduit. When the storage capacity of the conduit is exceeded, the facility would provide
coarse screening and pump the excess flow to the Reserved Channel. Prior to discharge, flow would be
treated by sodium hypochlorite disinfection and sodium bisuifite dechlorination. Flowrates up to the peak which
would occur in a typical year would also receive fine screening prior to discharge. At the end of each storm,
when interceptor capacity is available, the facility would dewater the consolidation conduit to the locali
interceptor system.

The CSO facility would consist of an approximately 150-foot diameter circular below-grade structure with five
above-grade structures. The following major equipment and features would be included:

. Five 6.6 m¥sec (150 mgd) wet well / dry well centrifugal effluent pumps instailed below grade

. Two 0.44 m¥/sec (10 mgd) wet well / dry well céntrifugal dewatering pumps installed below
grade

. Two mechanically-cleaned trash racks with 64-mm (2.5-inch) bar spacing installed below
grade

. Three mechanically-cleaned fine screens with 6.4-mm (0.25-inch) bar spacing installed in an
above-grade building

. Sodium hypochlorite disinfection and sodium bisulfate dechiorination storage and feed
equipment housed in an above-grade building

. 222 m¥sec (47,000 cfm) wet scrubber odor control system housed in the same above-grade
building as the disinfection and dechlorination equipment

. Above-grade electrical substation

. Personnel spaces, electrical and mechanical equipment, and an area for the removal of

coarse screenings housed in an above-grade building
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. Above-grade effiuent channel around one half of the perimeter of the circular pumping station
. Dual barrel 3,050 mm (10-foot) diameter effiuent conduit and subaqueous outfall

Technology evaluations were performed to compare alternative types of effluent pumps, fine screens, and
disinfection and dechlorination processes. Alternatives were compared based on capitai and O&M costs and
non-monetary factors such as effectiveness, operational complexity, and track record for similar prior
applications. '

In addition to technology evaluations, a total of four altemnative CSO facility sites were evaluated and compared.
Smilar to the process foilowed to dentify altemative routes for the consolidation conduit, the first step in the site
selection process was to identify a wide area within which the facility could be located. This area was defined
by establishing an optimum location for the facility, based on tunnel route and outfall discharge location, and
defining the boundary of the altemative site area based on incremental cost. Moving the facility away from the
optimum location would incur additional cost for the consolidation conduit and/or the facility outfall. An
increment of 10 percent of the total facility cost was chosen to estabiish the altemative site area boundary.

A planning-level subsurface exploration program was conducted to obtain necessary information on ground
conditions. Site alternatives were compared based on cost, performance, construction risk factors, and
environmental impacts. In general, the differences among the sites based on these factors were not
pronounced. Cost varied by less than two percent. While the environmental impacts associated with the
altemnative sites were different, none of the sites was clearly preferred over the others based on environmental
mpacts. The lowest cost site was determined to offer the greatest performance and the lowest construction
risk, and was selected as the preferred CSO facility site.

CONCLUSIONS, RECOMMENDATIONS, AND FUTURE ACTIONS

Based on experience gained on the North Dorchester Bay CSO relocation project, the following conclusions
and recommendations are presented:

. CSO relocation should be considered whenever CSO discharges are present in two adjacent
or nearby receiving waters, one of which supports critical uses such as swimming or
shellfishing while the other does not. The two key factors that made CSO relocation a viable
solution for the seven North Dorchester Bay CSOs were proximity of North Dorchester Bay to
the Reserved Channel and the bathing and shelffishing uses in North Dorchester Bay as
compared to the commercial shipping use of the Reserved Channel.

. In addition to understanding the characteristics and uses of affected receiving waters, it is
important to gain an understanding of the configuration and wet weather operating
characteristics of the combined sewer system in order to properly size and evaluate CSO
control altematives. A detailed understanding of system hydraulics is necessary to assure that
CSOs can be pemanently closed by relocating these discharges to another receiving water
segment.

. Compared to sewer separation, CSO relocation offers water quality advantages to the
receiving water from which CSOs are eliminated. Poliutants in the additional stormwater
discharges that result from sewer separation can partially or even completely offset the benefit
gained by eliminating CSO. In addition, CSO relocation offers the potential to control existing
stormwater discharges in conjunction with relocating the CSOs.

Pumping technologies for the CSO faciity are being refined. Additional hydraulic evaluations and modeling are
underway to refine the sizing of both the conduit and CSO facility. These steps, along with other aspects of the

design process, will lead to the successful implementation of this project to eliminate CSO discharges to North
Dorchester Bay.
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ABSTRACT

The Environmental Protection Agency’s (EPA’'s) combined sewer overflow (CSO) Control Policy
encourages municipalities, as part of their long-term CSO control planning, to maximize treatment of wet
weather flow at existing POTWSs. EPA points out the benefit of this action inciudes:

. Minimizes wet weather overflows.

. Ensures that wet weather flows receive primary treatment.

This paper illustrates another important benefit of maximizing wet weather flow to the POTW, its cost
effectiveness. This is demonstrated using data from New York City’s (NYC's) Inner Harbor CSO Facility
Planning Project, which has shown that this control strategy can lead to a 74 to 88% capture of CSO.

NYC's Inner Harbor CSO project area is served by three (3) wastewater treatment plants with a totai CSO
drainage area of 20,000 acres. The Inner Harbor has 165 CSO iocations and a residential population of
1.7 million people.

The Inner Harbor treatment piants have the capacity to treat up to twice their design flow during wet
weather. Calculations were performed during CSO facilities planning using a rainfaii runoff modet to
simulate the annual average capture of combined sewage at each of the three POTWs. The analysis
indicated that a significant portion (74 to 88%) of the potential CSO could be captured and treated to
primary treatment levels maximizing wet weather flows to the treatment plant.

This CSO control strategy has been shown to be the most cost-effective method of addressing CSO in
NYC'’s Inner Harbor since it makes use of existing treatment and conveyance capacities.

INTRODUCTION

In April 1994, the EPA finalized and signed its CSO Controi Policy in the Federal Register (EPA, 1994).
The Policy set a comprehensive national framework for CSO control planning and provided guidance to
municipalities and permitting authorities in their CSO planning. With almost 1,000 communities nationally
with CSO systems and a projected cost of over $40 billion to control CSO discharges, the Policy has a
significant national impact.

This paper addresses one of the required control strategies in EPA's CSO Policy, maximizing wet
weather flow to the treatment plant, and demonstrates its cost-effectiveness based on New York City’s
Department of Environmental Protection’s (NYCDEP) impiementation of this strategy. Maximizing wet
weather flow is beneficial since it: 1) reduces the magnitude, frequency, and duration of CSO events; and
2) provides the required minimum treatment of CSOs, which includes screening, settling and disinfection.
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The EPA’'s CSO Control Policy requires CSO communities, as part of their planning efforts, to maximize
treatment of wet weather flow at the treatment piant. Specifically, both the nine minimum controls section
and the long-term control plan section of the Policy require that wet weather flows be maximized to the
wastewater treatment plant. The “Guidance Document for Nine Minimum Controls” (EPA, 1995) in its
description of this controi strategy, calls for an analysis of piant flow capacity on evaluation of treatment
performance for both dry and wet weather periods, and states that municipalities should further evaluate
this control during the development of the long-term control plan.

In addition to the CSO Policy requirements, POTW discharge permits generally require that the existing
plant capacity be maximized during wet weather conditions. This is a requirement of NYC’s State
Pollution Discharge Elimination System (SPDES) permits for its 13 treatment plants that serve combined
sewer areas. In NYC, the treatment plants primary facilities (i.e., screens, primary tanks, and chlorine
contact tanks) are designed to treat up to twice their design dry weather fiow capacity during wet weather.
The use of this treatment capacity is required by the EPA CSO Policy and plant discharge permit.

NYC'’s Program

The NYCDEP is currently developing and implementing its City-Wide CSO Facility Planning Program.
This $1.5 billion program is addressing CSO pollution in New York City. With over 4,800 miles of
combined sewers and approximately 400 CSO discharge locations, New York City has the largest and
most extensive CSO system in the nation.

To make city-wide CSO planning manageable, the City has been broken down into four area-wide
planning areas (see Figure 1). One of the four facility planning areas is the Inner Harbor. The Inner
Harbor study area contains a population of approximately 1.7 million people, encompasses over 20,000
acres of land, has approximately 160 CSO locations, and includes the drainage area of three major
wastewater treatment plants: North River, Newtown Creek and Red Hook as shown in Table 1.

Table 1

Inner Harbor - Existing Conditions

Dry Weather | Wet Weather | Combined l

Flow Flow Sewer

Capacity Capacity "Drainage No. Poputation
Treatment Plant {mgd) (mgd) Area (acres) | of CSOs (Thousands)
North River 170 340 5,600 61 560
Newtown Creek 310 700" 12,000 78 970
Red Hook 60 120 3,400 28 195

(1) Currently be upgraded from 620 to 700 mgd wet weather capacity

METHODOLOGY

To estimate the CSO volume capture of the Inner Harbor treatment plants, a rainfall-runoff computer
model was developed. The model was deveioped to have the ability to quickly run long-term hourly
rainfall records which was found to be time consuming and cumbersome with the SWMM EXTRAN
models developed for this project. A one-year hourly rainfall record can be analyzed in minutes with the
rainfall-runoff models, as compared to SWMM EXTRAN, which requires several days to perform a similar
caicuiation.

The rainfall-runoff model can be used to calcuiate CSO capture for a given treatment plant drainage area
based on the following input parameters:

» Regulator Drainage Area
¢ Regulator Dry Weather Flow
* Regulator Hydraulic Capacity
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Regulator Drainage Area Runoff Coefficient
Treatment Plant Diurnal Fiow Pattemn
Treatment Plant Hydraulic Capacity

Hourly Rainfall

For the three treatment piant drainage areas in the Inner Harbor, the above listed input parameters were
collected and developed. The model was executed with over 30 years of historical hourly rainfall from a
National Weather Service rain gauge located in Manhattan's Central Park. The results of the model runs
are described in the next section.

RESULTS

The resuilts of the rainfall-runoff mode! runs are presented in Figure 2 and Table 2. Figure 2 graphically
presents the resuiting total CSO capture from maximizing wet weather flow to the Inner Harbor treatrment
plants. The hydrographs show that by using the available wet weather treatment capacity (i.e., twice the
design dry weather design flow) a significant portion of the potential CSO volume is captured at the plant.
CSO capture at the piants ranges between 69 to 83% with an additional 2 to 5% capture due to in-line
storage, mainly in the interceptor sewers. The total CSO capture at the plants ranges between 74 to 88%
by maximizing the use of existing facilities.

Table 2 summarizes the resuits of the rainfall-runoff mode! for the three treatment plant drainage areas.
Annual average voiumes and percent capture are presented and are based on the 33-year rainfall recorac.

Table 2
Annual Average CSO Capture i
Annual Average O
Wet Weather Captured
Treatment Plant at Treatment piant (mgq) CSO Volume (mg) % CSO Capture

North River 8,570 1220 88
Newtown Creek 15,750 5,430 74
Red Hook 3,220 1,110 74

The volume captures presented have been calculated based on the “Guidance for Long-Term Controi
Plan™ (EPA, 1995) which states that volume capture is based on “the total volume of flow collected in the
combined sewer system during precipitation events on a system-wide, annual average basis”.

DISCUSSION

The analysis of wet weather capture at the Inner Harbor plants indicates that a significant portion of the
wet weather fiow generated can be captured and treated to primary treatment levels. By using the
existing regulator, interceptors, and wastewater treatment plant capacities resuits in a cost-effective
method of CSO reduction.

The Inner Harbor long-term CSO facility plan (NYCDEP, 1993) recommended the capture of wet weather
flows at the treatment plants to address CSO poliution. It was demonstrated during the facility planning
process that Inner Harbor CSOs have a minimal impact on dissolved oxygen and coliform levels in the
open waters of the study area. This is due to the fact that the open waters (i.e., Hudson River, East
River, and Upper Bay) are large waterbodies with substantiaily mixing and dilution capabilities. No water
quality violations of DO or coliforms in the Inner Harbor are attributable to CSO discharges.

CONCLUSION

By maximizing wet weather flow and using existing facilities, traditional capital intensive CSO solutions
such as off-line storage tanks, tunnels, and swirl concentrators, were avoided resuiting in significant cost
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savings. EPA's CSO Needs Survey projected a CSO control costs of approximately $630 million for the
Inner Harbor area based on area and population. However, the recommended pian, which relies on
maximizing wet weather flow to the treatment plant , is estimated to cost $15 million.

Thus, this control strategy is cost-effective and results in a significant reduction in CSO voiume.
REFERENCES

1. US Environmental Protection Agency, “Combined Sewer Overflow Control Poiicy,” EPA 830-B-
94-001, Washington, D.C, April 1994.

2. US Environmental Protec'tion Agency, “Guidance Document for Nine Minimum Controis”, EPA
832-B-95-003, Washington, D.C., September 1995.

3. US Environmental Protection Agency, “Guidance Document for Long-Term Control Plan”, EPA
832-B-95—002, Washington, D.C., September 1995.

4. New York City Department of Environmental Protection, “Inner Harbor CSO Facility Pian”,
prepared by Hazen and Sawyer, P.C., January 1993.

6 R0024780



IN-LINE STORAGE WITH AND WITHOUT REAL TIME CONTROL

George. Rempel, P. Eng., TetrES Consultants Inc.*
E. Sharp, P. Eng., City of Winnipeg, Water and Waste Dept.
Dr. D. M. Morgan, P. Eng., TetrES Consuitants Inc.”
N. T. Szoke, P. Eng., TetrES Consultants Inc.”

*TetrES Consultants Inc., 603-386 Broadway, Winnipeg, MB, R3C 3R6, CA

ABSTRACT

The City of Winnipeg initiated a major Combined Sewer Overflow (CSO) Management study in 1884 to
“establish a cost-effective prioritized implementation pian for remedial works based on assessment of
costs and benefits of practicable aiternatives”. Results from phase 3 of the 4-phase study strongly
indicate that use of available in-line storage in the 43 individual combined sewer districts (total area about
10,000 ha) is the most effective and logical first step in the emerging wet weather poliution control plan. A
“demonstration approach” was used to assess whether or not a proposed controi plan couid effectively
achieve specific water quality objectives. As well.. it was deemed important to asses options that were
consistent with the EPA “presumptive approach” goals of 4 overfiows and 85% capture.

A detailed review of Winnipeg's combined sewer systems confirmed that the volume of available in-line
storage was substantial but unevenly distributed. Planning level modeis were developed to assess the
use of existing in-line storage, identify strategic locations for additional storage/district transfers, optimize
dewatering and conveyance rates, evaluate wastewater treatment plant limitation/upgrade requirements,
and assess receiving stream water quality improvements. Real-time control and non-RTC strategies were
evaluated to identify practicable control options which could maximize the use of availabie in-line storage
without increasing the risk of basement fiooding. It was found that strategies involiving local RTC were
less costly and could fully utilize availabie storage but contained a small element of risk. A non-RTC
option involving “finger” weirs was found to be effective, contained no risk, but could not fully utilize
storage.

This paper will present the analyses and the descnption of trade-offs between cost, risk, and performance
measures of the range of storage options.

KEYWORDS

combined sewer overflows, in-line storage, real time control

INTRODUCTION

Winnipeg is the capital city of the Province of Manitoba, Canada, and is situated on the confiuence of two
major rivers, the Red and the Assiniboine rivers. Winnipeg's current popuiation is about 650,000 and
comprises a developed area of about 28,000 ha. The older central portion of the City is about 10,000 ha
in size, and is serviced by a combined sewer system. The combined sewer serviced area is divided into
43 combined sewer districts, each of which overflow from 7 to 37 times during the recreation season (May
to September, inclusive). During dry weather, the flow is diverted into interceptors and brought to three
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water pollution control centers (WPCCs) for complete secondary treatment. Plans are underway to
disinfect the dry weather effluent from one of the treatment plants and the other two plants are under
study.

The City is currently working on a combined sewer overflow (CSO) management strategy to deveiop
various plans to control CSOs in the future. The CSO controt strategy plan development involved an
extensive technology review. This included:

» Best Management Practices (BMP);
» Separation (either full or partial) of the combined system;
» Storage (with and without district transfers)
- off-line
-~ tunnel/transport
- in-line
e High rate treatment
- Retention Treatment Basins (RTB)
- Vortex Solid Separators (VSS)
e Floatables capture.

An integrated modeling approach was used to determine how each of the various candidate options for
CSO control would perform. The integrated modeling approach invoived three types of models which
were sequentially linked:

* anurban hydrology modei to estimate the runoff from a wide-variety of rainstorms over the year;

* a sewer system/control alternative model to simulate behaviour of the hydraulic system and thus
determine when and where overflows would occur, the volume of interception, the volume of overflow,
and the benefits of various control measures; and

* areceiving stream model was used to assess the hydrodynamics and biokinetics of the river water
quality, i.e., transport, mixing, fecal coliform die-off, etc., in response to dry and wet weather loadings
from the full range of urban discharges.

The various alternatives were assessed in terms of their performance with respect to various performance
measures such as number of overfiows, volume of overflows and compliance with surface water quality
objectives for the receiving streams.

SEWER SYSTEM CHARACTERISTICS

Winnipeg is a very flat prairie city located in the Red River Valley. Generally, the elevation difference
throughout the City is about 3to 4 m (10 to 13 ft.). The Red and Assiniboine rivers water level is only 3 to
4 m below street level along the riverbanks. In addition, the hydrology of the prairie region, which may be
relatively dry compared to the East Coast cities, creates large and intensive thunderstorms at least once a
year. These geographical factors resulted in the design of existing sewer systems for protection of
basement flooding with very flat grades and large diameters.

During dry weather flow, all wastewater is diverted into an interceptor and subsequently conveyed by a
gravity to one of three wastewater pollution control centers (WPCC) for full secondary treatment
processing before it is discharged to the rivers. However, during wet weather conditions, flow into the
system is significantly greater than dry weather flow (DWF) and resuits in combined sewage overtopping
the diversion weir and spiliing into the river.
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A typical sewer in one of the 43 districts has a 3 m diameter pipe extending 2 to 3 km perpendicular to one
of the rivers. During typical operation, the dry weather flow in the combined sewer occupies only a smali
depth in the bottom of the sewer. A low weir, 0.3 to 0.6 m in height, typically diverts dry weather flow
(DWF) either directly into an interceptor or to a pump station where it is delivered to the interceptor.
During severe rainstorms, these same sewers are often surcharged, however, significant sewer storage
volume is available for more routine rainstorms and could be potentially accessed for use as in-line
storage.

The original sewer designs in the city allowed for flood protection of up to a storm of a 1-in-2 year
occurrence. Over the past three decades, the City has been upgrading the combined sewer system to
allow protection from basement flooding for a storm of up to a 5-year occurrence. These sewer relief
programs have often resulted in the addition of a second major sewer pipe in each combined sewer
district of comparable size to the main combined sewer trunk (e.g., 3 metres). These relief pipes offers
the potential for increasing the volume available for in-line storage in each district.

DEVELOPMENT OF IN-LINE STORAGE ESTIMATES

In-line storage is the latent volume contained within the existing sewer pipe network that can be safely
accessed through the use of a control device. Specifically, the control device is intended to cause
excessive flows in a the sewer system to be stored in the pipes up to a safe level that does not decrease
the existing level of the basement of flood protection. Figure 1 illustrates a typical profile of a combined
sewer trunk found in Winnipeg.

Preliminary analysis of Winnipeg's combined sewer system found that large volumes of in-line storage
may be available and could significantly reduce the number and volume of CSOs in a cost-effective
manner. Accordingly, it was necessary to conduct a detailed review of the combined sewer systems to
assemble the data needed on pipe geometry and critical elevations (invert and ground) to improve the
accuracy of in-line storage volume calculations for all 43 combined sewer districts in Winnipeg. Once this
information was assembled, it was possible to calculate the volume of storage available in each pipe for a
specified weir or control elevation.

During the course of the CSO study, the need to investigate the different in-line storage concepts and
control technologies evolved. The following three control concepts are the most relevant to the Winnipeg
situation.

e Automated gate control

o Fixed finger weirs

e Accessing existing passive / latent storage.

The following discussion elaborates on these three control concepts as they relate to Winnipeg's CSO
study and relevant local circumstances.

Real Time Control Gate Option

A review of rainfail history (recent 35 years) was conducted to understand the number and size of
rainfallrunoff events that Winnipeg typically experiences during the open water recreation season (May 1
to Sept 30 inclusive). It was found that most rainfall events are well below the hydraulic capacity of the
combined sewer and could be stored within the system. The use of an automated gate system to access
available in-line storage by temporanily hoiding wet weather flows (WWF) within the system during and
after small rainfall events is one option under consideration. Runoff from these small rainfall events couid
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be completely stored within the combined sewer system and then dewatered during and after the storm
event (see Figure 2b).

The gate control option was assessed to estimate receiving stream impacts. The gate, initially open and
in the "home position”, wouid shut during the start of a wet weather event and remain shut until the event
was completely over and the sewer was dewatered uniess the water level in the sewer rose to a specified
critical condition.  If the water ieve!l or the rate of rise met a predefined trigger condition at seiected
strategic locations within the sewer system, the gate could be operated in the following two different
modes.

 continuous modulation of the automated gate to fully utilized in-system storage while maintaining the
existing level of basement flood protection; or

* opening the gate fully and leaving it open to assure that levels in the sewer would not threaten
basement flooding.

In the first method, the maintenance of the level in the sewer at an elevation that would not threaten
basement flooding would maximize the volume of in-line storage. It requires accurate hydraulic
representation of the sewer system under the range of gate operating procedures to achieve this available
storage without a threat to basement flooding.

Other operating concerns related to repeated surcharging of the systems presented serious design
considerations. There was concern that the modulating method may lead to waterhammer, air surges,
weakening of structural integrity, and increased the formation of sinkholes in or along the sewer system
due to repeated surcharging.

An alternative gate protocol was developed involving the release of all of the stored combined sewage
whenever the water level reached the specified critical elevation. This operation would cause more
volume of combined sewage to be released to the river. Since even a smali overflow would likely cause a
violation of the microbiological water quality objective (i.e., fecal coliforms) designated to protect recreation
(either 200 fc/100 mL or 1,000 /100 mL), the number of overflow events throughout the recreation
season would be the same regardiess of the operating protocol used. It should be noted that the
automatic gate operation can be accomplished by local, i.e., district-specific RTC, since each district acts
as a relatively discrete watershed to the interceptor. The dewatering of the various in-line storage
elements in the different districts may require a system-wide or gliobal RTC.

A second consideration used in the development of the gate operation strategy was the selection of the
specified target elevation below which the combined sewage could be safely stored without affecting the
existing ievel of basement flood protection. The water level and/or its rate of rise would be ciosely
monitored and used to initiate gate opening to maintain the existing level of service with respect to
basement fiood protection. A key factor in gate automation is the speed at which it couid be opened to
permit system hydraulics to react quickly enough to keep pace with changes in a storm intensity and
associated runoff and inflows. The gate operation is considered to have a fully automated real-time
control system. Selection of these “trigger” conditions would have to be developed using sophisticated
computer modeling.

A Workshop invoiving North American and European experts was heid on the operations of in-line storage
systems to review and assess its practicability to local conditions. The session identified that, due to the
very flat sewer grades found in Winnipeg, there was the potential that air could be trapped in pockets at
the top of the sewer and result in a air surges dunng wet weather operation of the gates. These air
pockets couid cause air surges to develop in response to the rapid filling of the combined sewer system
under close gate conditions and could transiate into pressure surges in service connections of homes and
businesses at various locations along the sewer system. To prevent this conditioned from forming, it was
determined that in-system storage levels should not exceed the obvert elevation of the sewer pipe at the
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selected location for automated gate control. Due to the relatively fiat grades of the sewers, limiting levels
to this control elevation would still allow for substantiai realization of available in-line storage in each
combined sewer district.

A second constraint was placed on the water surface profile to maintaining existing basement flood
protection levels. A minimum depth of 3.0 m (approximately 10 ft) below minimum ground level was used
as the maximum elevation the water surface profile would be allowed to reach in order to protect against
basement flooding under in-line storage conditions, i.e., depths greater than 3.0 m below minimum ground
elevation were considered adequate to protect against basement flooding for the current level of service.
Accordingly, the minimum elevation of either the obvert or minimum ground elevation less 3.0 m was used
as the control elevation to estimate available in-line storage.

One of the primary concems associated with the use of real-time control for an automated gate to access
available in-line storage is the potential increase in basement fiood threatening risk . In order to minimize
basement-flooding risk associated with gate control to a "virtually fail-safe” condition, additional design
factors were considered:

e iniet restriction on catchbasins should be utilized to reduce the rate of inflow into the combined sewer
system and resuit in system flow hydraulics no worse than that generated by a one in five year
synthetic design storm;

» the logic of gate control systems (with redundancy) have to be developed to open the gate if there is a
malfunction or failure in any of the water level sensing monitors;

+ gates would have to be designed to open automatically in case of power failures or interruptions (e.g.,
an air-accumulator connected to a hydraulic operator or an air-driven motor); and

» utilization of the existing flood pumping stations to initiate emergency dewatering of the combined
sewer system if the gate fails to open, (e.g., shaft breakage or mechanical maifunction).

Fixed Weir Option

The control concept described above was considered to be 'virtually fail-safe”. Given a history of
basement fiooding, there was still concern about added risk of basement flooding to the citizens of
Winnipeg under extreme contingencies. Accordingly, other alternatives, which were inherently fail-safe,
were considered. A fixed weir utilizing long weir lengths to minimize flow depth over the weir was
considered both fail-safe and practicable (see Figure 2c). This option requires the construction of a large
weir chamber utilizing finger weirs in the sewer system to achieve the lengths of weir needed (60 m in
some cases) to access available in-line storage. The weir chamber would be 13 metres wide, and fit
within the roadway right-of-way. A design condition of 150 mm (6 inches) depth of flow over the weir to
safely pass a 1-in-5 year design storm was selected. The existing hydraulic gradeline (HGL) for each
sewer system under the design event was reviewed to establish the top elevation of the weir (i.e. each
HGL-0.15 m).

To maintaining existing basement flood protection levels under this option, a minimum depth of 3.2 m
(approximately 10.5 ft) below minimum ground level was used to protect against basement flooding.
Accordingly, the minimum elevation of either (HGL less 0.15 m or minimum ground less 3.2 m) was used
as the control elevation to calculate available in-line storage.

A fixed finger-weir system to utilize available in-line storage has the advantage of little need for operational
attention relative to an automated gate control system and is inherently more fail-safe. However, it is more
costly to construct and will only utilize about 80% of the in-line storage that could be achieved through the
use of an automated gate control system.
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Passive and Latent Storage

Many of the underground combined sewer districts have relief sewers to reduce basement flooding. The
primary purpose of the relief systems in Winnipeg is to improve the hydraulic conveyance of wet weather
flows (WWF)so as to protect basements from flooding for a given design level of service (e.g. 1-in-5 year
return frequency storm). The relief systems are designed to be active (i.e., overflow to the rivers) only
during rainfall conditions. As described eariier, a low-ievel weir was historically installed in the combined
sewer trunk and used to redirect DWF through an off-take system to the interceptor system. The
diversion structures were originally designed to divert about 2.75 times DWF. To avoid dry weather
overflows from occurring in the relief systems, careful attention was placed on the hydraulic modeling and
design of relief overflow activation levels. Specifically, hydraulics in both systems (combined sewers and
relief piping) were synchronized such that overflow from the relief system did not occur prior to overflows
from the combined sewer system. The storage of combined sewage contained in the combined sewer
system up to this activation level represents existing passive in-line storage volume.

Currently, many of the relief sewer pipes that are part of the combined sewer systems are below normal
river water level (see Figure 2d). Each relief system outfall has a flap-gate installed to prevent river water
from entering the sewer system. The majority of these relief pipes do not have a dewatering system and
remain partially full under normai river water level conditions. As such, the combined sewage will remain in
the relief pipe between storms until it is displaced by flows resulting from the next rainfall event. If this
combined sewage could be dewatered to the interceptor, a significant amount of storage wouid be
available to store smali storms, and accordingly is considered latent storage.

COMPARISON OF IN-LINE STORAGE AVAILABLE

In-line storage calculations were performed for each of the 43 combined sewer districts to quantify the
potential volume of storage available for each of the 3 control concepts previously discussed (i.e., gate,
weir, and latent storage). The results are summarized on Figure 3. The automated gate option allows for
the greatest volume of storage to be utilized, about 360,000 m®. The fixed-weir option achieves about
300,000 m* of storage. Accessing existing passive and latent storage would provide in the order of
130,000 m* of storage. The cost of the automated-gate option is about $ 50 Million compared to the
higher cost for the fixed weir of $ 100 Million. The risk of failure associated with the automated-gate option
must be considered and the economic penalty of failure accounted for in the decision-making process. in
order to safely access in-line storage, (i.e., reassure the public that there is no increase in the risk to
basement flooding), the fixed weir option may be the only option the public will support. Existing latent
storage couid be accessed now but would require dewatering facilities to be instailed and ensuring flap
gates are operating correctly. This cost associated with accessing latent storage would be significantly
lower than either of the other two options.

INTEGRATION WITH FUTURE BASEMENT RELIEF PROJECTS

The City of Winnipeg has an ongoing program to improve basement flood protection on a prioritized basis.
The most flood-prone combined sewer districts are ranked and given highest priority for installation of
relief sewers. Figure 4 shows the combined sewer districts that have been relieved and the remaining
districts that require some degree of relief to improve basement flood protection. An estimate of potential
increase in the in-line storage that could result from new relief pipes, for each of the in-line storage control
concepts considered is shown on Figure 3. The analysis indicates that latent storage could be significant
if it were possible to instalil all new relief pipes at a depth that the normal river level would controi (i.e.,
below river ievel and held back by flap-gates). Specifically, future relief projects could potentially achieve
as much in-iine storage as the existing system with an automated gate control scheme, although the
distribution of the storage in the system may not be optimal. New relief projects represents a very
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important opportunity with respect to supplemental in-line storage volumes that could significantly reduce
the need for more expensive and complicated control technologies. Clearly, the addition of new relief
pipes can provide improved basement flood protection while reducing the number and volume of CSO.
The need for CSO control provides the opportunity to expand the design criteria of proposed relief projects
tc include consideration of cost-effectively maximizing in-line storage and minimize wet weather impacts.

CONCLUSION

in-line storage can be a cost-effective method of reducing combined sewer overflows. The use of
automated gate controis is one method of -maximizing the use of the available in-line storage at a
reasonable cost Concems from the public that this automated system may increase the risk of basement
flooding under worst-case contingency events, even if the risk is very low, may preempt its use.
Alternative methods such as use of fixed weirs and using latent storage may access significant in-line
storage for CSO control

Designing future basement relief projects with due consideration for increasing latent storage may prove
to be a very effective integrated long term CSO control solution.
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ASSESSMENT OF THE EFFECTIVENESS OF A WET WEATHER STORAGE/TREATMENT FACILITY

Foster McMasters, Metcalf & Eddy, Inc.*
David Bingham, Metcalf & Eddy, Inc.
Frank Greenland, Northeast Ohio Regional Sewer District
Tina Wolff, Metcalf & Eddy, Inc.

* Metcalf & Eddy, Inc., 1300 E. Ninth Street, Suite 1215, Cleveland, OH 44114 U.S.A.
ABSTRACT

Performance data and treatment effectiveness at a CSO treatment facility are presented and discussed.
During the spring and summer of 1997, extensive flow monitoring and sampling of the influent and effluent
of the facility was conducted. Six storm events of various rainfall depths and duration were monitored for
influent and effluent activity. Data were analyzed to assess poilutant load removal effectiveness for
various parameters, including biochemical oxygen demand (BOD), suspended solids, bacteria, ammonia,
and seven metals.

KEYWORDS
combined sewer overflow, treatment effectiveness, wet weather flow, combined sewer overflow storage
INTRODUCTION

A study was undertaken as part of the Westerly CSO Phase Il Facilities Plan to evaiuate the treatment
effectiveness of the Northeast Ohio Regional Sewer District's (District) Westerly Combined Sewer
Overflow Treatment Facility (CSOTF). Flows and pollutant loads were measured and the level of
treatment determined for the varying storm events evaluated.

The District owns and operates three wastewater treatment plants (WWTP) that serve the Greater
Cleveland area: Westerly, Easterly and Southerly. The Westerly District consists of approximately 40.47
km? (10,000 acres) on the west side of the City of Cleveland, 75 percent of which are served by combined
sewers. Four interceptors—Westerly, Walworth Run, Northwest and Low Level—convey fiows to the
treatment piant. The Westerly WWTP is currently designed for 1.5 m%s (35 mgd) of dry weather fiow.
Wet weather flows up to 3.1 m%s (75 mgd) currently receive full treatment. Additional improvements
planned at the plant will increase future wet weather capacity to 4.38 m*/s (100 mgd). Flows above 3.1
m?/s (75 mgd) are currently directed to the CSOTF.

The CSOTF was constructed for storage and treatment of combined sewer overflows collected from
various locations across the service area. The Northwest Interceptor (NWI) functions with CSOTF to
collect combined sewer overflows from the Lake Erie beach areas and Rocky River area and convey them
to the CSOTF for storage and treatment.

Description of Facility and Operation

The facility is designed to provide storage for up to 47 300 m® (12.5 MG), sedimentation for up to 13.1
m®/s (300 mgd), coarse screening for up to 39.4 m®/s (720 mgd), and to hydraulically convey a peak flow
rate of 78.9 m%/s (1,800 mgd). Gates at the northerly end of the CSOTF influent channel open when flow
rates exceed 13.1 m*/s (300 mgd) and excess flow is transported to Lake Erie.

Fiow to the CSOTF is controlled by a combination of static and automated reguiators in the upstream
interceptor system. During wet weather, excess flows from combined sewers and the Westerly
Interceptor are routed to the NWI. A sluice gate diverts the Westerly interceptor flow from the treatment
plant to the NWI during high water level conditions at the Westerty weir diversion structure. All flow
entering the 6.1 m by 2.74 m (20 ft x 9 ft) rectangular NWI is sent directly to CSOTF. The NWI operates
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only during overflow conditions. The control strategy during overflow conditions preferentially accepts flow
from Walworth Run at the WWTP while diverting the Westerly Interceptor flow to the NWI and CSOTF.

Figure 1 is a site layout of CSOTF. Overflow from the Westerly system passes through 50.8-mm (2-inch)
openings in two coarse bar screens into a 6.1 m x 6.71 m (20 ft x 22 ft) concrete center channel. The
center channel is lined with 16 sluice gates which control the flow into four quadrants {(quads). Each 30.78
m (101 ft) wide by 33.53 m (110 ft) long quad is comprised of four bays. At the entrance to each bay is a
1.22 m by 1.22 m (3 ft x 3 ft) sluice gate. Just past the gates is a 1.68 m (5.5 ft) pocket to collect the
settled solids. As the water level climbs above 5.73 m (18.8 ft), a settled overflow begins and wastewater
discharges over the weir opposite the siuice gate. The settled flow is collected in an open effluent channe!
and is directed through the outfall conduit to Lake Erie.

Bypassing the CSOTF is accomplished through the center channel using three downward operating sluice
gates at the downstream end of the center channel. The 2.13 m x 3.05 m (7 ft x 10 ft) center gate and the
two 3.05 m x 3.05 m (10 ft x 10 ft) outer gates are 2.9 m (9.5 ft) above the center channel floor. The gates
are operated independently of each other based on water surface levels in the quads and the center
channel. Operation of the various bypass gates is controlled by level rise rates in the center channel.
When flow to the quads exceeds 13.1 m%/s (300 mgd), the sluice gates are opened to allow discharge
directly to the outfall. If flow entering CSOTF exceeds the bar screens’ capacity, the bar screen bypass
gates are opened and the sluice gates to the CSOTF quadrants are closed. All flow then bypasses
treatment and travels through the center channel.

The storage volume in the CSOTF is about 22 710 m® (6 MG). The NW! provides an estimated 22 710 m®
(6 MG) of additional storage. Storage of 1892 m® (0.5 MG) is also estimated to be available in the
downstream portions of Walworth Run and Westerly Interceptors. Mass balancing using the flow
monitoring data agreed with this estimates. After high flows subside, the stored volume is pumped back
to the Westerly WWTP for full treatment.

After an overflow event ends and influent flows to Westerly WWTP decrease, the retum flow volume and
settled solids are pumped to the headworks for full treatment. High-rate dewatering pumps, capable of
flow rates up to 0.11 m¥s (18,000 gpm), deliver the return fiow to the screen building. Siudge pumps
remove the solids and discharge them upstream of either the screen building or the aerated grit tanks.

Recent improvements at Westerly WWTP allow Quad B of CSOTF to be used for primary treatment
during short-term maintenance at the headworks and primary clarifiers. During these conditions, influent
flow is directed to.the CSOTF for primary treatment and is returned to the Westerty WWTP for secondary
treatment. The retum pipe from CSOTF to the piant has a hydraulic capacity of about 1.3 m¥/s (30 mgd).

METHODOLOGY

CSOTF operations were evaluated based on flow monitoring and water quality sampling results from six
rainfall events, each of which resulted in overflows at CSOTF. The flow monitoring and sampling effort to
collect data for the CSOTF effectiveness evaluation is described in this section. Water quality sampling
resuits and their use in evaluating poliutant removal effectiveness are presented later in this paper.

Flow Monitoring and Water Quality Sampling Program Description

CSOTF effectiveness was assessed based on monitored flows and water quality samples collected at
selected locations on both the influent and effiuent sides of the facility. These locations are identified on
Figure 2. System-wide flow monitoring in the Westerty WWTP district began in mid-March and extended
through mid-June, 1997. Eleven flow monitors—three at CSOTF, two at the Westerly WWTP influent and
the six most downstream interceptor monitors—remained in service until mid-August.

Influent water quality sampling occurred at a concrete access chamber, located on the line entering
CSOTF (Location 1). Each influent sample consisted of three grab samples colliected from three different
depths within the channel and composited to account for possible vertical variability in influent quality.
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Surcharging of the line, combined with restricted space, prohibited the installation of a flow meter.
Therefore, the infiuent flows into CSOTF are based on the effluent flow meters.

Effluent sampling and flow monitoring occurred in the two settled wastewater discharge channels exiting
CSOTF (Locations 2 and 3). Flow meters were instailed in each of these two channels. Locations 2 and
3 were also equipped with automatic samplers which were operated manually to retrieve samples at one-
hour intervals during overflow events.

Three groups of depth sensor gauges were placed in the center channel near the bypass gates. The
depth readings were used to estimate the volume of flow through the center channel bypass gates during
a CSOTF overflow. Water quality samples are routinely taken at this location and from the Quadrant B
settled overflow by WWTP personnel for compliance reporting. Results from suspended solids and BOD
tests of these samples were used in this evaluation.

Water Quality Samplihg Parameters

Samples were collected and tested in the laboratory for the following parameters: Total suspended solids
(TSS), BOD, COD, ammonia, hardness, oil-& grease, E. coli, fecal coliform and metals (Cd, Cr, Cu, Pb,
Hg, Ni, Zn, Fe). Field analysis of the samples included pH, DO, temperature and conductivity. All
parameters were analyzed on the first storm event. Based on the sampling results that tested below
detection limits, the decision was made to eliminate cadmium, lead, nickel and oil & grease parameters
from analysis for subsequent events.

Overflow Events Monitored

Overall, six events were sampled for the CSOTF evaluation. A summary of these events, based on the
rain gauge located at the WWTP, is provided in Table 1.

Table 1. CSOTF Evaluation Events

Rainfall
Date Depth Duration Peak 15-min. Days Since Facility
Influent Flow Last Used
(mm) (in) (hn) mm/hr in/hr
4/12/87 | 24.38 | 0.96 7.5 7.11 0.28 0"
5/19/97 | 11.94 | 0.47 0.25 28.44 1.12 4
5/25/97 | 18.03 | 0.71 10.83 5.08 0.20 4
5/31/87 | 19.81 | 0.78 12.0 6.09 0.24 4
6/2/97 2261 | 0.89 4.75 1625 0.64 0
8/13/37 | 10.16 | 0.40 4.0 9.14 0.36 0
" CSOTF used for Westerly WWTP primary settling

RESULTS

The results of the monitoring and sampling programs were used in the caiculation of removal efficiencies.
Tables 2 and 3 present CSOTF removal efficiency for TSS, BOD, chromium, copper, iron and zinc for
each of the sampling events. All April 12th field data for the listed parameters and the associated flows is
shown in Tables 4 and 5, as an example of the data analysis used to caiculate removal efficiencies.
Ammonia removais were negligible for all events monitored.

R0024794
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Table 2. CSOTF Removal Efficlencles for TSS, BOD and Metals during 6 Sampled Events (Metric)

Comment Sample| Peak Flow | Incremental |Peak CSOTF| TSS (kg) | BOD (kg) | Chrom|Copper}iron (kg)| Zinc
Site | Rate (m¥s) | Volume (m*) | Loading (kg) | (kg) (kg)
(m*/day/m?)
Event 1 [CSOTF Influent 1 12.4] 1294002 22340.1| 63156] 81| 138| 7378 578
4112/97 [CSOTF Quads C&D Effluent | 2 54| 552610 2266 7145.1| 31098 19 29[ 2009 148
CSOTF Quads A&B Effiuent | 3 70| 741482 2912| 70408 20490, 18] 33| 2208 16.0
Removal Efficiencies 36% 18%| 55%| 55% 42%| 47%
Event 2 {CSOTF influent 1 13.0 33 989.3 22 108.9] 26549 1.0 23| 2049} 101
5/19/97 {CSOTF Quads C&D Effluent | 2 62| 158213 261.3| 21129 3778 03] 07| 678] 32
CSOTF Quads A&B Effiuent | 3 67 18168.0 0824 27234| 4159] 04 10[ 889 4.1
Removal Efficiencies 78% 70%]| 35%] 30% 23%] 28%
Event 3 [CSOTF Influent 1 68| 490158 20522] 21016 13 11| 550 127
5/25/97 [CSOTF Quads C&D Effluent | 2 31| 22104.4 1202] 0687|2821 o8] 03] 151 89
CSOTF Quads A&B Efiluent | 3 | 37l 269114 1539 10363 2005 10| os| 288 103
R ] ] o B B e By Bt
Event 4 [CSOTF Influent 1 103] 1240723 68535 23156 32 11| 1568 143
5/31/97 |CSOTF Quads C&D Effluent | 2 46| 56018.0 1925| 31410 8045 25 15 1205 9.1
CSOTF Quads A&B Effiuent | 3 57 680543 2368 32222 5061 19 18] 960/ 93
Removal Eficiencies | | | | 7% 43%| -40%| -206%| -38%| -29%
Event 5 |CSOTF Influent 1 132] 218545.9 176154] 24032 77] 82l 4109 563
6/1/97 |CSOTF Quads C&D Effluent | 2 | 6.9 1040497 288.4| 73937 o465 13| 27| 1285 196
CSOTF Quads AGB Effluent | 3 | 75| 1144963 3129 93719 10023 23 34 1551] 205
Removal Efficiencies | ' 5% 10%| 54%| 39%| 31%| 29%
Event 6 [CSOTF influent 1 2.0 5 526.1 0.3 0.2 02| * 75 1.0
8/13/97 |CSOTF Quads C8D Effluent | 2 | 10 23846 425| 0.2 03 o2 | 57| 07
CSOTF Quads A&B Effluent | 3 | 1.0 ERRAL] 448 0.1 . 01..04 . .28 04
Removal Efficiencies T 70 10%|  -182%| -76%| 13%|  -4%

* All values below detection limit.
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Table 3. CSOTF Removal Efficlencies for TSS, BOD and Metals during 6 Sampled Events (U.S. Customary)

Comment Sample| Peak Flow | Incremental | Peak CSOTF | TSS BOD [ Chrom |Copper| Iron (Ib) |Zinc (Ib)
Site | Rate (mgd) | Volume (MG) Loading (Ib) (Ib) (Ib) (Ib)
(gpd/st)
Event 1|CSOTF Influent 1 282.36 34.19 49,260 (13,926 | 17.87 | 30.38 [1,625.12 | 127.28
4/12/97|CSOTF Quads C&D Effiuent | 2 123.55 14.6 5,560 15,755 | 6,857 | 4.23 | 6.45| 462.42 | 32.69
CSOTF Quads A&B Effluent | 3 158.81 19.59 7.147 15525 | 4,518 | 389 | 7.93| 48641 | 3518
Removal Efficiencies 36% | 18% | 55% | 55% | 42% | 47%
Event 2|CSOTF Influent 1 296.49 8.98 48,750 | 5854 | 22 | 513| 451.41 | 22.28
5/19/97|CSOTF Quads C&D Effiuent| 2 142.47 4.18 6,412 4659 | 833 | 061 | 1.44| 14961 | 7.03
CSOTF Quads A&B Effluent | 3 154.02 4.8 6,931 6005| 917 | 082 | 213| 19585 | 8.97
Removal Efficiencies | 78% | 70% | 35% | 30% | 23% | 28%
Event 3|CSOTF Influent 1 154.36 12.95 4525 |'4634 | 276 | 242 12115 | 27.00
5/25/97|CSOTF Quads C&D Effiuent] 2 | 7043 5.84 3,170 2136 | 622 | 182 | 071| 3334 | 1961
CSOTF Quads A&B Effluent | 3 83.93 7.11 3777 | 2285 442 | 23 | 11 635 | 227
Removal Efficiencies | | 2% | 35% | -49% | 24% | 16% | 5%
Event 4|CSOTF Influent 1 234.06 32.78 15112 | 5106 | 695 | 241| 34532 | 3148
5/31/97 |CSOTF Quads C&D Effluent | 2 104.95 14.8 4,723 6,926 | 1,774 | 5.44 | 341| 26538 | 20.15
CSOTF Quads A&B Effluent | 3 129.11 17.98 5,810 7105 | 1,116 | 428 | 397| 21138 | 2049
Removal Efficiencies | | | 7% | 43% | -40% |-206%| -38% | 29%
Event 5[CSOTF Influent 1 300.73 57.74 38,842 | 5299 | 17.01 | 17.98| 90500 [ 124.04
6/1/97 [CSOTF Quads C&D Effluent| 2 157.26 27.49 7,077 16,303 | 2,087 | 2.89 | 5.84| 28295 | 4307
CSOTF Quads A&B Effiuent | 3 170.62 30.25 7,679 20,665 | 2,210 | 5 6.81| 34171 | 4516
Removal Efficiencies | | | e | 5% | 19% | 54% | 30% | 319 | 20%
Event 6/CSOTF Influent ! 45.73 1.46 4 ! 01.9036) 7 ] 16583 219
8/13/97|CSOTF Quads C&D Effluent| 2 2315 0.63 1002 | 0 1| 036 -+ 12.5 1.46
CSOTF Quads A&B Effluent | 3 | 2258 0.83 1,100 0 o o8| 7 62 | 081,
ot S o SO OB IO R et Rk S o
* All values below detection limit
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CSOTF Sampling Events

Overflow Event #1 occurred on April 12. The rainfall amounted to 27.94 mm (1.1 in) over a 9-hour-and-
20-minute period. CSOTF experienced an 8%2-hour settled overflow and about a 134-hour CSOTF
overflow. Approximately 22.36 tonnes (24.63 tons) of TSS entered CSOTF and 14.20 tonnes (15.64 tons)
left it. CSOTF removed an average of 50 percent of the metals that entered the system.

The second overflow event happened on May 13. Rainfall was intense though highly variable and widely
scattered. A CSOTF overflow occurred at the beginning of the settied overflow and lasted one-half hour.
Over 21.79 tonnes (24 tons) of TSS entered the system during this event and only 4.54 tonnes (5 tons) left
it. Removal efficiency was high as the high-intensity storm flushed the sewer system. The short duration
of the overflows allowed the majority of the TSS to be captured in CSOTF. This event showed good
removal efficiencies for both TSS and BOD. Metals removal efficiency averaged just under 30 percent.

The May 25 rain event produced 21.08 mm of rain (0.83 in) in over 11 hours. CSOTF reacted with a
settled overflow lasting 7% hours. A CSOTF overflow did not occur. The low flows were apparently not
high enough to flush out the system, as only 2.04 tonnes (2.5 tons) of TSS entered the system. The
CSOTF removal efficiency of TSS for this event was 2 percent. Removal efficiencies were highly variable.

The fourth CSOTF overflow event happened on May 31. 25.4 mm (1.0 in) of rain fell in just over 12 hours.
CSOTF expenenced a 33%2-hour settied overflow and a 1%2-hour CSOTF overflow. The influent loadings
of all parameters were low compared to Events 1 & 2. The TSS removal efficiency was 7 percent. A
pattern similar to May 25 was observed where settled TSS appears to be resuspended and washed out.
The removal efficiencies of the metals are negative, indicating the previously settled metals may have
been re-suspended and washed out of the system.

The fifth event closely followed the fourth event. About 21.84 mm (0.86 in) of rain fell in 43 hours on June
2. CSOTF was already full. The settled overflow which ended at 2:35 a.m. was restarted at 8:45 a.m. A
CSOTF overflow occurred from 8:58 a.m. until 11:44 am. The settled overflow continued until 12:55 a.m.
on June 3. The sampling analysis shows 5-percent TSS removal. The effluent TSS increased during the
event while the influent TSS continually decreased.

The sixth and final sampied event occurred on August 13. Roughly 10.16 mm (0.40 in) of rain fell in 4
hours. CSOTF had a settled overflow event that began at 2:40 a.m. and lasted until 4:00 a.m. The
sampling analysis showed 10 percent of TSS was removed. The removal efficiencies of BOD and the
metals were all negative, possibly reflecting the use of CSOTF earlier on August 12.

The pattems of CSOTF reactions to the various rain events indicate that the facility removed total
suspended solids significantly more efficientty when the loading was greater than 20.43 tonnes (45,000
Ibs). For the very low TSS loadings, CSOTF was ineffective. A correlation between low removal
percentages and timing of quality sampling does not appear to exist. Flows during the initial portion of an
event are generally not sufficient to flush the system. CSOTF removai efficiencies for metals generally
were 30- to 50-percent. '

DISCUSSION

The six studied events had a total rainfall of 117.09 mm (4.61 in) and a total volume of 872 212 m® (230.5
MG). Of the total volume, 558 140 m® 2147.5 MG) was settled flow through CSOTF, 118 060 m° (31.2
MG) overflowed CSOTF, and 238 013 m" (62.9 MG) was retumed flow to the WWTP. Retum flow for the
May 31 event was recorded as zero since the WWTP flows did not allow retum of stored flow from the
May 31 to June 2 rainfall events until after June 2.

Overall, CSOTF removed approximately 35.6 percent of both total BOD and suspended solids load (see

Tables 6 and 7). As a combined sewer overflow storage facility, approximately 22 percent of the total
CSOTF flow and its associated BOD and suspended solids load was stored and retumed to the WWTP.

35 R0024799
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Table 6. CSOTF Performance Summary - TSS & BOD (Metric)

TSS BOD
Date JRainfall] Flows tem In (kg) | Out (kg)| Removed| % In (kg) | Out (kg) | Removed %
1997 | (mm) | (m3 (kg) {kg) _

4/12 27.94| 129,447 | Settled Overflow | 22 358] 14 195 8 163] 36.5%] 6 304 5170 1134} 18.0%
47,691 | Return 4671 0 4 6711 100.0%} 1587 0 1 587} 100.0%
10,220 | CSOTF Overflow] 2902 2902 0] 0.0% 862 862 0 0.0%
187,358 | Event Subtotal 29 9321 17098 12834] 42.9%| 8753] 6032 2721} 31.1%
5/19 | 10.922f 34,065 | Settled Overflow | 22 132 4 853 17 279] 78.1%| 2630 816 1814] 69.0%
47,691 | Return 10 295 0 10 295] 100.0%| 1 224 0 12241 100.0%
38,607 | CSOTF Overflow] 32 653] 32 653 0 0.0%] 4036 4 036 0 0.0%
120,363 | Event Subtotai 65 079] 37506] 27574] 42.4%| 7891 4853 3039] 38.5%
5/25 | 21.082] 49,205 | Settled Overflow 2 041 1995 451 2.2% 726 499 2271 31.3%
49584 | Return 2 086 0 2 086} 100.0% 726 0 726] 100.0%
0] CSOTF Overflow 0 0 0 nfaj] * 0 0 0 n/a
98,789 | Event Subtotal 4127 1 995 2132] 51.6%] 1451 499 9521 65.6%
5/31 n/a n/a} Settled Overflow 6848 6349 499 7.3% n/a n/a n/a n/a
n/a] Return 0 0 0 n/a n/a n/a n/a n/a
n/al CSOTF Ovedfiow| 1497] 1497 0l 0.0% n/a n/a n/a n/a
n/a] Event Subtotal 8345 7846 499 6.0% n/a n/a n/a n/a
6/2 | 21.844] 218,395 | Settled Overflow | 17 596| 16 780 816 4.6%] 2404 1 950 454] 18.9%
47,691 | Return 3 855 0 3 855} 100.0% 544 0 544] 100.0%
54,126 | CSOTF Overflow 4 898 4 898 0 0.0% 590 590 0 0.0%
320,211 | Event Subtotal 26 349] 21678 4671} 17.7%] 3537 2 540 998] 28.2%
813 | 10.16] _ 5678 | Settled Overflow | 0.29 | 0.26 0.03| 10.8%] 0.16] 0.51 (0.35)] -213.9%
48,448 | Return 0.22 0 0.22 1 100.0%| 0.12 0 0.12 | 100.0%
0] CSOTF Overflow 0 0 0 n/a 0 0 0 n/a
54,126 | Event Subtotal 0.52 0.26 0.25] 49.1%| 0.29 0 (0.23)] -79.4%
Total | 91.948] 436,789 | Settled Overflow | 70975] 44 173] 26 803 37.8%| 12 064] 8 435 3628] 30.1%
241,105 | Beturn 20 907 0 20 907} 100.0%{ 4 082 0 4 082 100.0%
102,952 | CSOTF Overflow] 41 950] 41 950 0 0.0%] 5 488 5 488 0 0.0%
780,846 | Event Subtotal 133 833] 86 123 47 710] 35.6%]21633| 13923 77101 35.6%
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Table 7. CSOTF Performance Summary - TSS & BOD (U.S. Customary)

TSS BOD
Date | Rainfall Flows Item In(lbs) | Out (lbs) | Removed| % in (Ibs) | Out (Ibs) | Removed %
1997 (in) (MG) (Ibs) (Ibs)

412 1.1 34.2] Settled Overflow 49,300 31 300 18 000] 36.5% 13,900 11 400 2500 18.0%
12.6] Return 10,300 0 10 300} 100.0% 3,500 0 3 500 100.0%
2.7] CSOTF Overflow 6,400 6 400 0f 0.0% 1,900 1 900 0 0.0%
49.5] Event Subtotal 66,000 37 700 28 300] 42.9%} 19,300 13 300 6000} 31.1%
519 0.43 9] Settled Overflow 48,800 10 700 38 100] 78.1% 5,800 1 800 4 000] 69.0%
12.6] Return 22,700 0 22 7001 100.0% 2,700 0 2 700] 100.0%
10.2} CSOTF Overflow 72,000 72 000 0 0.0% 8,900 8 900 0 0.0%
31.8] Event Subtotal 143,500 82 700 60 800] 42.4% 17,400 10 700 6 7001 38.5%
5/25 0.83 13] Settied Overflow 4,500 4 400 100 2.2% 1,600 1100 500] 31.3%
13.1] Return 4,600 0 4 600} 100.0% 1,600 0 1 600] 100.0%
0] CSOTF Overtlow - 0 0 nal -~ - 0 0 n/a
26.1] Event Subtotal 9,100 4 400 4 700] 51.6% 3,200 1100 2100 65.6%
5/31 n/a n/a| Settled Overflow 15,100 14 000 1100} 7.3% n/a n/a n/a n/a
n/aj Return - 0 0 n/a n/a n/a n/a n/a
n/a] CSOTF Overflow 3,300 3 300 0] 0.0% n/a n/a n/a n/a
n/al Event Subtotal 18,400 17 300 1100} 6.0% n/a n/a n/a n/a
6/2 0.86 57.7] Settled Overflow 38,800 37 000 1800] 4.6% 5,300 4 300 1000] 18.9%
12.6] Return . 8,500 0 8 500§ 100.0% 1,200 0 1 200] 100.0%
14.3] CSOTF Overflow 10,800 10 800 0 0.0% 1,300 1300 0 0.0%
84.6] Event Subtotal 58,100 47 800 10 300§ 17.7% 7,800 5 600 2200| 28.2%
8/13 0.4 1.5] Settled Overflow 0.65 0.58 0.07] 10.8% 0.36 1.13 -0.77] -213.9%
12.8] Return 0.49 - 0.49 | 100.0% 0.27 0.00 0.27] 100.0%
0] CSOTF Overtflow - 0 0 n/a - 0 0 n/a
14.3] Event Subtotal 1.1 0.6 0.56 | 49.1% 0.63 0 -0.5} -79.4%
Total 3.62 115.4 ]| Setlled Overflow | 156,501 97 401 59 100] 37.8%] 26,600 18 600 8 000] 30.1%
63.7 | Return 46,100 0 46 100] 100.0% 9,000 0 9 000]{ 100.0%
27.2 | CSOTF Overflow 92,500 92 500 0f 0.0% 12,100 12 100 0 0.0%
206.3 | Event Subtotal 295,101 189 901} 105 201} 35.6% 47,701 30 700 17 000] 35.6%

* BOD concentrations for this storm were mostly below detection limit (12 mg/l); thus, calculations could not be performed.




As a primary treatment facility, the CSOTF tanks provided 37.8 percent suspended solids removal and an
associated 30.1 percent BOD removal.

Comparing the quantity of solids from the May 19, 1997, storm relative to the other storms is important in
evaluating CSOTF performance. The higher peak flows in the May 18, 1997, storm (10.92 mm [0.43 in] of
rain) generated more than two times the solids in one quarter the flow compared to the sustained storms
of May 31 and June 2 (46.99 mm [1.85 in] of rain). CSOTF solids removal performance at these higher
suspended solids loadings was significantly better (78.1 percent) than at the lower suspended solids
loadings (4.6 percent). The authors’ opinion is that the performance difference relates to a higher
concentration of inert materials at the higher loadings but this has not been verified by testing.

CSOTF Loading and Performance Characteristics

A distinct peak loading characteristic was documented for the Westerly District collection system. Peak
flows in excess of the CSOTF 13.1 m%s (300 mgd) design flow rate appeared to mobilize and convey
solids stored in the collection system to the Westerly WWTP. Peak flows of 13.1 m*/s (300 mgd) and
33.3 m¥s (760 mgd) for the April 12 and May 19 storms produced peak concentrations of 628 mg/l and
980 mg/l suspended solids and 208 mg/l and 120 mg/l BOD respectively. Over 50 percent of the pollutant
loads recorded for these storms were during peak flow conditions.

The May 19 storm was a relatively short duration, widely scattered storm with areas of high rainfall
intensity. Rainfall averaged 10.92 mm (0.43 in) with a peak intensity of 70.61 mm (2.78 in) per hour at
one rain gauge. The storm produced both the highest peak flow rate through CSOTF of approximately
33.3 m¥/s (760 mgd) and the highest total suspended solids loading of the storms evaiuated. This storm

generated over 48 percent of the total suspended solids recorded duning the evaluation period.

Foliowing peak suspended solids loading conditions, a period of solids carry-out was noted. Effluent
concentrations were elevated for 2 to 4 hours following a peak influent loading condition. A shorter period
of solids carry-out was also noted when flows increased later in a storm event.

CONCLUSIONS

As a result of the CSOTF performance evaluation, future CSO treatment options should consider
improving inlet hydraulic conditions and using lower peak design loading rates. In-system options should
be considered to minimize the peak flow/peak loading condition impacts. In-system options should
include identification of low-velocity sewers and areas that may accumulate suspended solids during dry
weather conditions for replacement or periodic flushing and optimizing treatment piant influent fiow control.
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GLOSSARY
Settled Overflow: A CSOTF event in which settled flow goes over the quadrant weirs to Lake Erie.

CSOTF Overtlow: The portion of flow that passes through the center channel bypass gates directly to
Lake Erie.

Return Flow: The guantity of combined sewer system overtlow retained in the CSOTF and NWI and
returned to the Westerly WWTP for full treatment.
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STORAGE/SEDIMENTATION FACILITIES FOR CONTROL OF
STORM AND COMBINED SEWER OVERFLOWS:
DESIGN MANUAL

Joyce M. Perdek, Richard Fieid, and Mary Stinson, U.S. Environmental Protection Agency*
Shih-Long Liao, Oak Ridge Institute for Science and Education '

*U.S. Environmental Protection Agency, 2890 Woodbridge Avenue, Edison, New Jersey 08837-3679
ABSTRACT

This paper summarizes a report of the same title (Stallard et al., 1998), which describes applications of
storage facilities for wet-weather flow (WWF) control and also presents step-by-step procedures for the
analysis and design of storage-treatment facilities. In both the report and this paper, retention and
detention storage, and sedimentation treatment are classified and described. Retention storage facilities
capture and dispose of stormwater runoff through infiltration, percolation, and evaporation. Detention
storage is temporary storage for stormwater runoff or combined sewer overflow (CSO). Stored flows are
subsequently retumned to the sewerage system at a reduced rate of flow when downstream capacity is
available, or the flows are discharged to the receiving water with or without further treatment.
Sedimentation in storage basins aiters the WWF stream by gravity separation. The stormwater runoff
and CSO must be characterized to estimate the efficiency of any sedimentation basin. internationai as
well as national state-of-the-art technologies related to storage and sedimentation treatment are
discussed.

KEY WORDS

wet weather flow, sedimentation, detention storage, retention storage, combined sewer overflow,
stormwater

INTRODUCTION

Among the earliest exampies of public works are urban drainage systems designed to convey urban
storm flow or WWF away from populated areas to receiving waters. WWF may consist of stormwater
alone, or it may consist of both stormwater and sanitary or domestic wastewater in combined sewer
systems, which is known as CSO when it overflows. Discharges from WWF conveyance systems have
significant impacts on receiving-water quality. Recognition of their significance has increased as the
quality of effluents from municipal wastewater treatment plants has improved as a resuit of the Clean
Water Act. National cost estimates for controlling poilution from WWFs are substantial. As reported by
the U.S. Environmental Protection Agency (EPA) (Field et al., 1996), the cost of meeting water quality
standards for stormwater discharges has been projected to be as high as $400 billion in capital costs and
$540 billion/year in operation and maintenance (O&M) costs. Capital costs for CSO abatement are
estimated to be more than $50 billion for eleven hundred communities served by combined sewer
systems.

The variable nature of WWFs makes controliing them difficult. Transport and treatment facilities for
controlling excess WWF, which generally are designed to handle medium-intensity, medium-duration
storm-flow volumes, are frequently idle during dry periods and overflow during large storms. Temporary
storage of excess WWF can be an effective and economical method of controlling flooding and poliution.
Excess WWF stored during iarge storms or during more intense rainfail periods can be released siowly
when capacity in the drainage and treatment system is available. As a resuit, overflows occur less often
than they would without this storage.
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PLANNING METHODOLOGY

The solution to WWF problems is most often a combination of various best management practices (i.e.,
nonstructural and low-structurally-intensive altematives) and unit process applications (i.e., physical
treatment for removal of settleable and suspended solids and floatable material). Storage and/or
sedimentation facilities are and should be the backbone of such an integrated WWF management plan.
The following are the elements of planning a storage or sedimentation facility:

. general planning conditions,
. establishment of treatment goalis,

. planning methodoiogy,

. cost optimization methodologies,

. storage-volume determination methods,

. effect of storage and/or sedimentation, and
. integration with existing system.

General planning conditions include determining whether storage or sedimentation is the best solution
for dealing with the probiems invoived in terms of the type of WWF and the treatment goals. The
feasibility of locating such a facility must be examined. Treatment goals include, but are not limited to,
the maximum number of yearly overfiow events, maximum overflow volume, and desired detention time.

Figure 1 illustrates the planning methodology for source control options. The basic planning
methodology includes the following steps:

identify functional requirements,

identify site constraints,

establish basis of design,

select storage and/or treatment option,

estimate costs and cost sensitivities,

evaluate option for compliance with treatment goals, and
refine and complete or modify and repeat.

The cost optimization methodologies used for storage or sedimentation facilities depends on the
purpose of the facility: flow control only, or a combination of flow control and poilutant reduction. The
Mass-Diagram Method should be used for flow control facilities, and the Production Theory Method
should be used for flow controf and poliutant reduction facilities. Both of these methods are described in
the report.

Storage-volume determination methods demonstrate the effect of different possible combinations of
storage and/or sedimentation design parameters (e.g., seftling time and facility size) on flow control.
Methodologies for approaching these caiculations include the following: desktop hand computations:
statistical analysis of rainfall and flow data; simple, continuous simulation of WWF systems; and

detailed, continuous or single event simulation of WWF systems. Deciding on the approach to be used
depends on the size and complexity of the drainage area and/or sewerage system. For small and simple
systems, hand computations can be used. For large and complex systems, computerized continuous
simuiated models can be used.

To evaluate the effect of storage/sedimentation altematives being considered, the degree to which
they achieve the goals developed must be compared. Cost and performance of each should be
considered. Thus, the best apparent alternative should be the most cost-effective one meeting the
technical goals established.

Integration of a storage or sedimentation facility with an existing sewerage or drainage system involves
selecting control methods that are both applicable to and compatible with the existing facilities and goais.
The following steps should be taken: identify existing components and function, establish system needs,
identify applicabie controf altematives, and determine control methog compatibility.
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design procedures and operation considerations for the most common retention storage facility types —
dry and wet ponds.

Size and location are important design considerations for both types of ponds. Size requirements
include not only volumetric capacity but also surface area and soil interface area requirements. The
pond configuration depends on:

. the runoff storage voiume needed,

. the surface area, configuration, and weir length required to assure adequate settling during
sedimentation operation,

. the surface area needed for adequate transfer of oxygen into the pond water to allow aerobic
decomposition of organic pollutants,

. the soil-water interface area needed for adequate percolation of stored runoff between storm
events, and

. the area needed to serve whatever multiple uses the basin may have.

The suitability of a site within a drainage area for locating a retention pond facility depends on:

. site availability,

. compatibility of surrounding land uses with a stormwater retention facility and its other functions,
. the area required,

. soil permeability,

. tributary catchment size, and

. the site’s relationship to other sewer or drainage facilities.

The procedure presented for design of retention facilities consists of the following steps:

quantify functional requirements,
identify waste load and flow reduction,
determine prefiminary basin size,
identify feasible pond sites,
investigate most promising sites,
establish basin sizes,

design solids removal facilities, and
determine pond configuration.

The approach, which should make use of existing experience, known concepts, or developed theories,
must be integrated to insure that the desired functions of the ponds (sediment removal, infiltration and
percolation, flood control, or flow reduction) are compatible with the type of flow reaching the pond
(stormwater runoff or CSO) and any other muiti-use aspects (recreation, imgation, aesthetics, etc.). In
actual practice, retention ponds are very seidom used for CSOs because the organic solids tend to seal
the pond bottom and reduce the soil infiltration capacity.

The efficiency of retention ponds in reducing stormwater poliutant loadings depends heavily on the
underlying soil as a treatment medium. The mechanisms of removal include settling, filtering, biological
activity, coagulation, adsorption, and chemicai reaction. The major operational problems with ponds
center around handling captured solids. Other operational concems are the iniet and outlet structures,
maintenance of vegetative cover through alternating wetting and drying periods, insect control, odor
control, and maximizing availability of the pond for aitemnative uses. Pond construction costs can be
estimated from graphs that show the costs for either area or storage capacity required such as the 1979
and 1980 figures presented in the report. Operational costs must be estimated on a site by site basis.

Design of Detention Storage Facilities Detention storage delays excess runoff and attenuates peak
flows in the surface drainage system. During peak flows, detention storage holds excess water until the
inflow decreases and releases it during low-flow periods. Because of sedimentation that occurs during
detention, detention storage in tanks or basins can also be considered a treatment process for high storm
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flow volumes that create tank or basin overflow. Site constraints to be considered for detention storage
facilities include tributary area, topography, locai land use, and area available for the structure or basin.

The types of detention storage include onsite and in-system. Onsite detention is the detention of
stormwater or CSO at the source before it reaches a sewer network or receiving water. Onsite detention
occurs in natural ditches, open ponds or basins, rooftops, parking lots, or recreational facilities. in-
system detention storage holds storm flow either in series or in parallel within the collection system. In-
system detention storage includes inline storage and offline storage. Inline storage can be accomplished
by using the available volume in trunk sewers, interceptors, wet wells, and tunnels to store excess WWF.
Excess flows are stored off line in open or covered basins, cavemns, mined labyrinths, and lined or
unifined tunnels. Functionally, the application of onsite detention differs littie from in-system storage
other than the location where the storage occurs. However, while onsite detention is used prnmarily to
minimize the cost of constructing new storm sewers to serve a developing area, in-system storage is
generally used to decrease the frequency and volume of overflows from combined sewer systems.

Factors to be considered in the design of onsite detention storage facilities are:

. tributary area,

. storage area and volume,
. structural integrity, and

. responsibility of the owner.

Factors to be considered in the design of in-system detention storage facilities are:

. size and slope of sewers,

. peak flow rates,

. controls required for system operation, and
. resuspension of sediment.

The design methodologies for onsite storage and in-system storage are very similar and consist of
the following steps:

identify functional requirements,
identify site constraints,

establish basis of design,

select storage options and iocations,
estimate costs, and

complete design.

e o o s o o

The construction costs for in-system storage have been reported for selected demonstration sites. Since
construction costs are highly site specific, they are not very useful as a basis for estimating costs. These
costs also vary considerably depending on the compiexity of the flow reguiators and control systems.
Detailed O&M cost data are limited. O&M costs must be estimated for specific facilities from the
operation pian and maintenance schedule.

Design of Sedimentation Facilities Sedimentation in storage basins, commonly referred to as
storage/sedimentation, alters the WWF stream by gravity separation. Storage/sedimentation is the most
commonly and, perhaps, most effectively practiced method of urban CSO and stormwater runoff control
in terms of the number of operating installations and length of service. Conversely, storage/

sedimentation is frequently criticized for lack of innovation because of its simplicity and high cost due to
size and structural requirements.

Functionally, the applications of downstream storage/sedimentation facilities vary from essentially total
containment, experiencing only a few overflows per year, to flow-through treatment systems where total
containment is the exception rather than the rule. For total containment, the major concerns are the
large storage volumne, the provisions of dewatering, and post-storm cleanup. For flow-through treatment
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systems, performance hinges on treatment effectiveness and design considerations inciuding loading
rates, inlet and outlet controls, short circuiting, and sludge and scum removal systems. In the case of
offline facilities, the option exists to selectively capture the portion of storm flow with the highest poilutant
load, referred to as the first flush, and bypass the balance of the flow to avoid the discharge of much of
the poliution.

Factors to be evaluated in the design of storage/sedimentation facilities include the following:

. storage volume,

. treatment efficiency,

. need for disinfection. and
. site constraints.

The following are storage/sedimentation facility design procedures:

. identify functional requirements,

. identify site constraints,

. establish basis of design, :

select sedimentation facility configuration,

identify and select pretreatment,

determine auxiliary systems needed,

estimate costs and conduct cost-effectiveness analysis, and
complete design.

The major O&M goal of downstream storage/sedimentation basins is to provide a facility that is available
to its full design capacity as long as needed. Secondary goals include ciear, prompt, and complete
records of performance, reliability to provide for real location of personnel and facilities in non-storm
periods, and duai-use operations, such as, backup treatment and/or flow equalization for dry-weather
plants. The O&M requirements and procedures should be developed from the operational plan; there are
no industry-wide standards.

The report presents detailed design considerations and procedures for downstream storage/
sedimentation basins, which are illustrated by example and through references of designed and operated
faciliies. Cost information is also provided. Examples of representative CSO storage/sedimentation
basins and auxiliary support facilities are shown in Figure 2.

INTERNATIONAL PERSPECTIVE

The application of storage/sedimentation controls for urban WWF problems is not unique to the United
States. In this era of excellent communications and increasing technology-sharing on an international
scale, similar approaches are found in many areas of the world. Several technologies developed
inteationally are introduced including flow-control devices deveioped in Sweden, Denmark, and
Germany; an in-receiving water flow balancing system developed and applied in Sweden: and an
innovative seif-cleaning storage/sedimentation basin used in Zurich, Switzerland.

For certain cases, the flow from storage/sedimentation facilities can be controlied by means of specially-
designed flow-control devices, which provide more effective fiow control than can be accompiished with
conventional static devices. An advanced static device, the Steinscruv flow regulator, developed in
Sweden in the 1970s by Stein Bendixsen, consists of a stationary, anchored, screw-shaped plate that is
installed in a pipe. In that part of the plate which fits against the bottom of the pipe, there is a bottom
opening to release a specified base dry-weather flow. The Hydrobrake, deveioped in Denmark in the
mid-1960s, is used to control outflows from storage structures. Hydrostatic pressure associated with the
water level controis the rate of flow through this device. A device with a similar operating principle, the
Wirbeldrosse! or turbuient throttie, developed in Germany in the mid-1970s, aiso regulates flow from a
storage faciiity. Another flow regulator vaive, developed in Sweden in the late 1970s, is a central outlet
pipe surrounded by a pressure chamber filled with air. Water pressure on the upper portion of the device
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Figure 2
Representative CSO Storage/Sedimentation Basins and Auxiliary Support Facilities
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displaces the fabric at the outlet, which controls the discharge volume.

The Fiow Balance Method, an innovative approach to urban WWF treatment for the protection of lakes,
has been developed and applied at several locations in Sweden by Karl Dunkers. Also being used in
other locations, the Flow Balance Method uses a portion of receiving-water volume within a hanging
curtain to store runoff, while allowing for suspended solids sedimentation, before discharge.

Typically, removal of settied solids from an inline storage facility has been a probiem that requires an
auxiliary flushing system of some sort. An innovative approach to eliminating this problem has been
implemented in Zurich, Switzeriand. A continuous dry-weather channel, which is an extension of the
tank’s combined sewer inlet, is formed by a number of parallel grooves connected at their end points.
Any solids that have settled in the basin during its storage operation are resuspended by the channelized
high-velocity flow during the drawdown following a storm event.
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Combined Sewer Overflow Abatement Program - Monroe County, New York
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Sean P. Murphy, P. E., Monroe County Department of Environmental Services

* LaBella Associates, P.C. 300 State Street, Rochester, New York 14614
INTRODUCTION

Monroe County has a long standing history of being at the forefront of protecting water quality and
enhancing the recreational use of area surface waters. In the early 1970’s, Monroe County had begun
developing one of the first Combined Sewer Overflow Abatement Programs in the nation. During the
planning phases of the program, several abatement technologies were evaluated with a deep-rock tunnel
storage and treatment system being selected for construction. Continuing Mcnroe County’s philosophy of
improving the protection of water quality, enhanced methods of operation and maintenance of the storage
and treatment system are being developed:

Monroe County and its consuitants recognized the value of the mathematical models used during the
planning and design phases of the program. The huge modeling effort put forth during the early 1970's is
being brought forward to the 1990’s to assist in the development of an operations model. This work
increases the value of the initial modeling efforts by facilitating the development of an operation and
maintenance model to enhance the day-to-day operation of the system.

HISTORY OF THE SYSTEM

in December 1976, the Wastewater Facilities Plan for the Rochester Pure Waters District's Combined
Sewer Overflow Abatement Program (CSOAP) was completed by a joint venture of Erdman Anthony
Associates; Lozier Engineers, Inc.; and Seelye Stevenson Value & Knecht, inc. This plan contained
recommendations for a deep-rock tunnel storage system for storing and conveying combined sewage
overflowing from various points in the surface sewer system.

The final plan inciuded the design and construction of @ 33 mile network of deep-rock tunnels, 54 drop
shafts, five control/relief structures, a bridge, and wastewater treatment facility upgrades. The service
area for Monroe County’s Rochester Pure Waters District encompassed more than 10,000 urban acres.

The design basis for determining the amount of storage volume and level of pollution abatement for the
tunnel system included an analysis of the quantity and quality of overflows from the surface sewer
system. This analysis was based on historical rainfall events and their effect on established water quality
standards for the local receiving waters. The volumes of overflow from each rainfall event were
calculated through the use of the Hydrograph-Volume Method (HVM) Model and the Quantity-Quality
Simuiation (QQS) Modei developed by Dorsch Consult Ltd. of Munich, Germany.

The effective storage volume recommended in the 1976 Facilities Plan was approximately 10 million
cubic feet. This related to approximately 2 water quality contraventions per year.

Subsequent to the review of this methodology by the United States Environmentai Protection Agency (US
EPA) and New York State Department of Environmental Conservation (NYS DEC), the size of the project
was reduced by establishing an effective target volume of 6.3 million cubic feet of storage. This volume
related to approximately 3.5 water quality contraventions per year. This target volume was contingent
upon the results of hydraulic analyses of the tunnel system to determine the sensitivity of the tunnel
volume on the dynamic performance of the system and the effect on water quality.

The study report for the 1976 Facilities Plan was published in eight volumes. Each of the volumes
presented the data, methodology, results, conclusions, and recommendations of its respective study task.
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The subject of each volume were Volume | - Planning Analysis; Volume Il - Network Analysis; Volume Il -
Overflow Quantity-Quality Analysis; Volume iV - Receiving Water Quality Study; Volume V - Geotechnical
Report; Volume VI - Infiltration/Inflow Study; Volume VIi - Environmental Assessment Statement; and
Voilume VIli - Network Analysis Data. The study conducted for the 1976 Facilities Plan represented a
huge planning effort where extensive hydrogeometric data (land surface characteristics) and hydraulic
data (sewer network characteristics) for the vast majority of the Rochester Pure Waters District's surface
sewer system were deveioped.

During the design. technical questions had to be resoived involving the behavior of flows in the proposed
tunnel system. The tunne! system would be receiving substantial inflows at various points within the
system. Depending on the path of any given storm, these inflows would be proceeding both upstream
and downstream within the tunnel system. Also, at any given point in time, some portions of the tunne!
system could be partially full while other portions of the system are pressurized. These conditions could
induce severe pressures in the system that could cause damage to the tunnel or cause geysering of flows
back up the drop shafts.

The St. Anthony Falls Hydraulic Laboratory (SAFHL) of the University of Minnesota and Dr. Charles C. S.
Song were retained to develop a mathematical mixed flow hydraulic transient model for the tunnel
system. The model could accurately simulate the actual process of pressurization and depressurization
during the filling and emptying periods of the tunnels. It traced the pressurization surges and calculated
flow and pressure at every node along the system continuously throughout a simulation.

The purpose of Dr. Song’s model was to assist in the preliminary geomefric design and to analyze
hydraulic transient effects on the proposed tunnel system. Larger diameters were recommended in
certain tunnel sections to reduce the potential for hydraulic transients such as geysering, column
consolidation, water hammer, excessive backflows, and to attenuate peak hydraulic pressures generated
in the system. From a hydraulic stability standpoint, the anaiysis indicated that 11.3 million cubic feet of
static storage was required for proper hydraulic performance of the proposed tunnel system and to meet
the water quality goals set for the program.

The federal grant programs of the 1980’s made the construction of the CSOAP Tunne! System possible.
To date, the wastewater treatment facility upgrades and 30 miles of the originally planned 33 miles of the
tunnel system with associated dropshafts and control structures have been constructed and are in
operation. All combined sewer overflow discharge points to local receiving waters have been redirected
to the tunnel system. A schematic plan of the CSOAP Tunnel System is presented in Figure 1.

THE DISCOVERY

A condition of the federal grant required Monroe County to complete the estimated $750 million project
regardiess of the status of the availability of federal funds in future years. By the early 1990’s, the federal
grant program had essentially ended, leaving three segments of the tunnel system unconstructed. These
three segments represented approximately 15 percent of the originally planned volume for the tunnel
system. Monroe County was facing the financial issue of locally financing approximately $75 million of
additional tunnels.

Monroe County suspected that the portion of the tunnel system which was already constructed, coutd
meet the water quaiity goals originally set for the program. These suspicions were based on the
following: constrictions in the surface collection system were attenuating the design peak inflows to the
tunnel system; portions of the tunnel system were constructed to diameters larger than designed due to
favorable competitive bidding; and operational strategies were refined as operators gained experience
with the system.

The hydraulic stability of the tunnel system is related to the conveyance capacity of the tributary sewer
network and the resulting rate of fiow entering the tunnel system. Dr. Song’s original modeling work was
based on flow rates for a long-range future condition where the entire tributary system would be upgraded
to eliminate in-system flow restrictions. The implementation of these surface improvements was not part
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Figure 1. Schematic Plan of CSOAP Tunnel System

LAKE
N ONTARIO
S
A
LEGEND : TREATMENT FACILITIES
&
14°g . ~
. CROSS- ~JRONDECUOIT
Tunnel Showing Size and Flow Disection @ & §ROSS IRONDE
Drop Shatt ﬁ
—_— Overfiow From Tunnet b River

CONMTROL STRUCTURE 48
e Access Shatt ST. PAW BLVD.

T Funure Tunnet and Shatt TUNNEL SYSTEM

~o

CENKSRE

CONTROL STRUCTURE <S

WEST SIDE TUNNEL SYSTEM

encense.
o eenstetaetanae,, oay

o
o

o :
o 9
:
s TXGER-CARL!S LAKE _ AVENUE H
,° TUNNEL™ SYST 'EE &#EE%,OS"STE“ :
5 N > CONTROL STRUCTURE 243
s \ CONTROL STRUCTURE 44

: \

H

: \

: -
LEXINGTOR AVE. \‘ DENEY-EASTMAN -~ \‘
{Fuma. SYSTEN TUNNEL SYSTEN

t} ye) P }
LAKE AVENUE CA - NORTON
J ° TUNNEL SYSTEM L SYSTEN ,/
[ S—

L

"-,..\———-——— U

\\EBT SIDE TUNNEL SYSTEM

SURGE_ OYERFLOW
STRUCTURE 41

LYELL AVENUE
TUNNEL SYSTEM

Q\ 12°¢ 12°g

SAXTON - COLVIN
™ TUNNEL SYSTEM
(=]

STATE - WT. HOPE

JAY <« ARNETT TUNNEL SYSTEM

TUNNEL SYSTEM

st
oeseemttnaaa,
PO o )
s o.-."‘-.... ...-.---o“'o..-u
s & GENESEE RIVER :
% H INTERCEPTOR \\ ? H
) F; SOUTHNEST ~2 et
'0 : b ..
2 . o
“teen. %, NT. MOPE ~ ROSEDALE __...°
S, TUNMEL SYSTEM ¢ Sees
~ FUTURD K
Q.’ '.'
Q" ‘.’
SR

51

R0024815



of the program and was to be accomplished over an extended period of time. Some improvements have
been made, but most have not. Therefore, the rates of inflow to the tunnel system for which the effective
storage was designed have not yet been achieved. and ali the effective volume may not be required untii
those improvements are made.

Proving Monroe County’s theory required development of revised inflow hydrographs, representing the
existing tributary sewer network, for selected drop shafts. It aiso required the development of a model to
simulate the hydraulic performance of the existing tunnei system.

The original model of the tributary sewer network was completed using the HVM and QQS models on a
mainframe computer. This work was well documented in hard copy format, with the majority of the design
variables and calculations detailed in the study report. Almost twenty years later, the original HVM and
QQS models used in the 1976 Facilities Plan were unavailable. The original model was recreated on a
PC platform using the US EPA’s Storm Water Management Model (SWMM) to develop the revised inflow
hydrographs. The superior documentation and verification of the original mocleling work greatly facilitated
the recreation in a fraction of the time. The subsequent modeling work using SWMM was again well
documented, this time in electronic format.

The effective storage volume and hydraulic performance of the constructed portions of the tunnel system
were analyzed using an improved version of Dr. Song’s mixed flow hydraulic transient modei based on
the revised inflow hydrographs.

A revised water quality contravention analysis, similar to that presented in the 1976 Facilities Plan, was
conducted to assess the performance of the existing tunnel system in abating combined sewage
overflows. The analysis indicated that the constructed tunnel system volume and configuration meets the
water quality goals (3.5 contraventions per year) associated with the target volume set by the US EPA
and NYS DEC for the program. The unconstructed portions of the tunnel system are not presently
needed provided the water quality classification of the receiving waters remains unchanged and until
extensive improvements are made to the tributary sewer network.

A secondary goal of the program was to minimize surface flooding and reduce the frequency of basement
backups. The performance of the tunnel system, as constructed, has reduced the occurrence of flooding
and backups. Currently, there are no plans to make additional major improvements to the tributary sewer
network. However, over an extended period of time, -the tributary sewer network wiil undoubtedly be
upgraded and inflows to the tunnel system will increase. Larger inflows will eventually result in increased
hydraulic pressures generated in the tunnel system and increase the potential for adverse hydraulic
transients. The need for additional facilities will be evaluated when significant changes to the tributary
sewer network are proposed, when additional inflows are directed to the tunnel system, or when changes
are made to the water quality classification of the local receiving waters. Hence, the analysis models
originally developed in the 1970’s and recreated in the early 1990’s, will be used again at some point in
the future.

WHAT WAS LEARNED

Monroe County’s Combined Sewer Overflow Abatement System consists of a network of deep-rock
tunnels. These storage-conveyance tunneis are an extension of the wastewater treatment system. The
operational objectives of the total system can be expressed as follows:

* Provide the maximum level of treatment for all flows through the treatment system prior to discharge
to the local receiving waters.

* Minimize both the number of combined sewage overflow events and the volume of combined sewage
discharged into the more sensitive local receiving waters.

* Minimize the cost of operating and upgrading the system to meet future needs.
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The studies of the early 1990’s highlighted the interdependence between the surface sewer system,
storage tunnels, and treatment system. A more in-depth understanding of the relationship between the
surface sewer system efficiency, storage voiume, treatment rate, and impact on water quality will improve
Monroe County’s ability to maintain the objectives of the combined sewer overflow abatement system.

These studies have also brought to light the importance of the real-time operation and control strategies
which are currently being employed, and their potential effect on water quality. There are two systems
which aid in the operation of the tunnel and treatment systems, the Supervisory Control System (SCS),
and the Data Acquisition System (DAS). These systems combine to form a supervisory control and data
acquisition (SCADA) system and provide operational recommendations as flow rates and levels are
detected. The various set points defined in the SCS can then be modified, but this modification is made
after the flow rates or levels have aiready been observed. These systems do not provide forecasting of
anticipated storm flows for the specific event to ailow operators to make modifications which would enable
them to better utilize the treatment plant and tunnel system, maximize the levei of treatment, and
minimize overflows.

The flow regime in the tunnel system can be very dynamic. Pressurization surges can move both
upstream and downstream within the system. Some portions of the tunnel system can be partially full
while other portions of the system are pressurnized. During the course of the studies of the earty 1990’s. it
was revealed that only five sensors measuring water depth, in a 30 mile tunnel system, were used by the
operators to indicate the tunne! system’s storage status. Four of the sensors were located at the
downstream end of tunnel subsystems.

A real-time model which integrates the tunnel system operations with the treatment plant's ability to
accept flows would help in the evaluation of a multitude of storm flow conditions.

REAL-TIME APPROACH

Monroe County is currently in the process of the phased deveiopment of a real-time Operations/System
Management Model. This operations tool will: show the current status of the system based on reai-time
data measured within the system; forecast the status of various portions of the system into the near future
duning a rain event, based on current status and current rainfall; and suggest operational strategies to
reduce the frequency and magnitude of overflows and maximize the degree of treatment for all
wastewater discharged to the local receiving waters.

The first phase of the Operations/System Management Model development consisted of the refinement of
a storage volume model for the tunnel system, giving real-time tunnel storage status and the
instantaneous rate of filling or emptying. The storage and rate of increase or decrease of storage data for
each tunne! subsystem is provided by sensors measuring water depth at various locations. Because the
filling process is very dynamic, characterized by the existence of surges, a single depth measuring device
is not sufficient to provide the knowledge of storage in a tunnel subsystem. Depth information at two or
three locations in a tunnel subsystem with an associated empirical equation, relating the multipie depth
data with storage volume, was necessary. These empirical equations were derived from the output of Dr.
Song’s mixed flow hydraulic transient model operating under a range of storm inflow conditions.

The real-time data obtained from the depth sensing devices will be conveyed to a central control room via
a combination of telephone lease-lines, radio, and a fiber network. The empirical equations will be
incorporated into a graphical user interface where the operators will be abie to monitor the status of the
tunnel system throughout the course of a rain event. The first phase of development is nearly compiete
and is scheduled to be operational in 1998.

WHAT'S NEXT
The second phase of the Operations/System Management Mode! development will incorporate a network

of rain gauges into the modei. This will give the model the capability to predict what the tunnel storage
status will be in the near future during a rain event, thus giving operators additional response time to
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make adjustments to the system. The relationship between rainfall intensity versus measured tunnel
inflow at key locations, and tunnel inflow versus near future tunnel storage status will be developed. This
will improve the model's accuracy in predicting storage status and an estimated time to overflow/empty,
based on rainfail.

This phase will aiso include the development of objective functions specific to the tunnel system. The
goal of the objective functions will be to optimize the storage capabilities of the existing system. Key
control issues that the objective functions will address include simultaneous operation of control
structures, diversion of flows within the tunnel system, and diversion of flows within the surface system.

The third phase will involve the development of the treatment portion of the Operations/System
Management Modei and incorporating the model developed in phase two, into the framework of the
overall model. This framework will consist of a model composed of several algorithms and subroutines
representing the treatment piant, the tunnel system, major pump stations, and interceptors. It is
envisioned that the treatment portion of the model will include each liquid treatment unit process within
the plant and their associated treatment efficiencies versus hydraulic capacities. An objective function will
be developed for the storage/treatment/overflow decisions tc minimize the impact of overflows on the
most sensitive receiving waters. ’

CONCLUSIONS

Modeling of wastewater collection systems began as a way to analyze and design the hydraulic
performance of systems. When these models are correlated with actual flow data and modified to
compute in real-time, they are very useful operational and maintenance tools. Modeling to improve
operation and maintenance is seen as a growth area.

Monroe County has demonstrated that design models can be modified to compute in reai-time to be
effective operational and maintenance tools. This effort was greatly facilitated through the use of well
documented planning studies and record drawings.

Modeling completed for the Monroe County system is growing from predicting what has happened to
being able to predict what will happen. This will improve the operational and maintenance function, and
the quality of the receiving waters. it is the way of the future.
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ABSTRACT

The most recent reiease of the City of Detroit’s regional sewerage collection system model includes
refinements and improved characterizations of various mode! parameters such as rainfall dependent
inflow and infiltration (RDI/l) and dry weather flow (DWF). After these improvements to the model were
impiemented, the Michigan Department of Environmental Quality (MDEQ) requested that the parameter
uncertainty impacts on model results be evaluated. As part of this evaiuation, the seasonally varying
parameters were evaiuated to assess the impacts of temporal distribution. A simplified approach for
evaluating the temporal distribution in seasonally varying parameters was used by comparing modeli
results of annually averaged vaiue conditions and seasonally varying value conditions. The
characterization of RDI/l, DWF, and evaporation are discussed followed by an evaluation of the impacts of
these seasonally varying parameters on model results with respect to the annual averaged values.

KEYWORDS
dry weather flow, rainfali dependent inflow and infiltration, evaporation, seasonal variation, modeling,
combined sewer overflow

INTRODUCTION

The Detroit Water and Sewerage Department (DWSD) developed a Greater Detroit Regional Sewer
System (GDRSS) model using a modified United States Environmental Protection Agency (EPA)
Stormwater Management Mode! (SWMM) to assist in developing the best approach to reduce combined
sewer overflow discharges. The GDRSS collects flows from the City of Detroit and ali or part of 76
surrounding communities covering nearly 2,300 square kilometers and serving approximately three million
people. The hydrologic model consists of 337 distinct subbasin drainage areas, and the hydraulic model
consists of more than 1,400 explicitty modeled conduits with over 140 combined sewer overflow (CSO)
locations. The model has been used to predict system response to various storm events under various
CSO controi altematives. At the request of the MDEQ, the variability in model results due to uncertainty in
parameters' values was evaiuated. As part of this evaluation, the impacts of seasonal vanation in certain
parameters were investigated.

To address this issue, an approach was developed to investigate seasonal varying parameter impacts on
continuous model resuits. The parameters that were investigated included: DWF, evaporation, and RDI/!
volume. The seasonal variation was evaluated to determine the impacts on model resuits relative to
annually averaged values of dry weather flow, evaporation and RDI/l volume parameters. Seasonal
variation impacts were evaluated for the continuous mode! using both an annual and a seasonal extreme
period (representing a wetter period of the year in Detroit, March through May).

Model simulations were performed and the results compared to that of the baseline model. The parameter
values were input as either seasonally varying or annually averaged. The extent of the model parameter
impacts depends on the model's sensitivity to the given parameter, the degree of difference between
annual average values and the seasonaily varying values, and the period of the year evaluated.

The results of six model simulations (five continuous and one baseline simulation) were evaiuated to
quantify discharge to the Detroit collection system from suburban districts as well as overflow occurring
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before entry into the Detroit system. Within Detroit, the flow to the wastewater treatment plant (WWTP)
and upstream overflows were evaluated. All results were compared to the baseline model conditions with
a detailed accounting of continuity error impacts. Conclusions are presented in terms of the relative
impacts of these parameters relative to the baseline model.

METHODOLOGY

Parameter Selection

The parameters selected for these analyses were based on the experience of GDRSS model users. This
experience includes model development, sensitivity analyses, calibration and validation of the continuous
and event models. Furthermore, parameters were chosen for which new methodology was developed or
for which substantially increased detail was added throughout the project. During the GDRSS project,
new methodology was developed for parameter spatial distribution such as RDI/I C factors that vary as a
function of sewer construction age. Furthermore, more detail was added to model seasonal variation in
DWF. Seasonal variation in evaporation is not a new methodology; however, it was considered to provide
a reference to which the other results could be compared.

Dry Weather Fiow -

DWF was varied using monthly multiplication factors of the base DWF value. The TRANSPORT monthly
flow factor parameters were added to the SWMM model by Camp Dresser and McKee (CDM) to facilitate
Phase Il GDRSS project needs. The DWF factors were developed using a correlation of district (billing
regions) flows to WWTP flows for each district. An example of this is shown in Figure 1 for Westermn
Wayne County. Seasonal DWF factors for each region could then be determined for any year, within
reason, based on observed flows at the WWTP. For the GDRSS model, these factors are input as
monthly vaiues to account for seasonal vanation in these fiows. Figure 2 shows the flow factors for
Western Wayne County. All district factors are listed in Tabie 1. Different sets of vaiues are used
depending on the location within the system as determined from the source data. Areas of the system
with large DWF factor variation throughout the year are typical of older, leakier systems. Whereas,
regions of the system with minor variation in DWF factors throughout the year are typical of newer
systems. To evaluate the impacts of seasonal variability in DWF, the monthly factors were averaged to
obtain an annual value for each region.
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Figure 1 DWF Correlation Plot of Western Wayne to the WWTP
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Figure 2 DWF Factors for Western Wayne County

Table 1 DWF Factors by District

District JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Detroit 118 114 129 133 115 109 1.06 1.07 1.15 1.00 111 104
Allen Park, Melvindale 1143 109 120 123 110 106 104 105 1.10 100 107 1.03
Centerline 116 112 125 128 113 108 105 106 1.13 1.00 1.09 1.03
Fox Creek/East Side 122 116 135 140 1.18 111 107 108 1.18 100 1.13 1.05
Clinton - Oakland 103 1.02 105 106 1.03 102 101 101 1.03 1.00 102 1.01
East Dearbon 109 106 114 1.15 1.07 104 1.03 103 1.07 1.00 105 1.02
West Dearbom 128 121 14 150 123 114 1.09 111 123 1.00 1.16 1.06
Evergreen - Farmington | 1.15 111 123 126 1.12 107 105 106 1.12 1.00 1.08 1.03
Farmington 125 119 140 146 121 113 108 110 121 100 1.15 1.06
Macomb 111 108 117 119 1.09 1.05 103 104 1.09 1.00 1.06 1.02
Westemn Wayne 116 112 125 129 113 1.08 105 106 1.13 100 109 1.03
S. E. Oakiand 116 112 125 129 1.13 108 105 106 113 100 1.09 1.03
Evaporation

The SWMM RUNOFF block allows monthly evaporation values for input. The evaporation parameter
ranges were determined from the relative difference of the local variation obtained from a hydrology
textbook (Viessman et al.). The relative difference was applied by month to the model’s baseline annual
distribution. This yielded the ranges shown in Figure 3. The monthly values were averaged to obtain an
annual value. The average value is also shown in Figure 3 as a horizontal line. All values for evaporation
were applied globally to the model.
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Figure 3 Global Evaporation Parameter

Rainfall Dependent Inflow and Infiltration Volume

RDW/I response volume consists of four parameters. The initial abstraction, V,, represents the availabie
storage at the beginning of a rainfall event. If the rainfall is beiow V., then no response will occur.
However, V, depends on antecedant moisture and ranges anywhere between zero and the second
parameter, maximum V,. Rainfall causes V, to reduce and the third RDI/! volume parameter, V, recovery
rate, allows increases in V, up to the maximum during interevent time periods. When rainfall exceeds V.,
the response volume depends on the fourth parameter, the RDI/I C factor. Each of these parameters is
varied seasonally. The V, parameter is dependent on the maximum V, and the recovery rate, and is used
as model input only in the form of an initial condition.

The model characterization of RDI/I volume is shown in Figure 4. Further information regarding the
characterization of RDI/I can be found in the papers by Sherman et al. The four parameters used to
characterize RDI/| are varied by season as shown in Figure 5. The bottom chart shown in Figure 5
depicts V, and maximum V, as being equal. For initial condition input to the model, V, was assigned the
same value as the maximum V,. Once the simulation begins, V, is varied throughout the simulation based
on rainfail and interevent recovery. The seasons are defined as dormant (December through April),
growth (June through September) or transition (May and November). To address seasonal variability in
RDI/i volume, the monthly parameters for maximum initial abstraction, initial storage, recovery rate for
storage, and the total response voiume originally defined for the dormant, growth, and transition seasons
were time weighted averaged to obtain an annual vaiue. The individual parameters were not evaluated
independently. That is the four RDI/I volume parameters were aggregated for simulation, either all four
parameters treated as seasonally varying or all four parameters treated as annual averages. The

seasonal variation in the RDI/l C factors was correlated to housing unit age as a surrogate for sewer
construction age and is shown in Figure 6.
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Accounting of Continuity Error on Resuits

The EPA SWMM model calculations produce a certain levei of continuity error when baiancing flows into,
out of, and stored in the system. This error is relatively smail. However, for simulations in which the
seasonal variation impacts are small relative to the baseline simulation, continuity error may be significant.
This is because the simulation results may represent either the parameter variation or the differences in
the continuity error. This problem is further exacerbated because muitiple submodels are used and
hydrologic and hydraulic models are coupled i.e., each submodel and each model type had continuity
error during the simulations. The use of submodeis simplifies debugging and simulation.

An approach was developed to account for the impact of the continuity error on the resuits. For each
RUNOFF submodel, it is assumed that all the continuity error is due to the calculation of RUNOFF outfiow
volume i.e., assumes all modeled volumes are calculated without error except the RUNOFF outflow. This
gives a worst case evaluation of continuity error impact on the resutting objective statistics, toward
treatment and fo overflow volumes. This RUNOFF outflow volume is that which is used as input to the
TRANSPORT model.

By assuming all continuity error is due to the calculation of RUNOFF outflow, a worst case outfiow volume
is calculated by setting the continuity equation equal to zero. The worst case ciassification applies,
provided the assumption that the other flow components of the mass balance are calculated without error.
This new RUNOFF outflow volume is then substituted into the TRANSPORT continuity equation and a
composite continuity error is calculated. A similar approach is used for the continuity error in
TRANSPORT outflow points from submodels to the central, downstream-most, submodel. The various
submodels’ output are combined using the SWMM COMBINE block. It was not necessary to consider the
effects of combined submodels on continuity error for districts within a given submodel, except that due to
the coupling of RUNOFF with TRANSPORT. In either case, a composite continuity error value was
obtained for each district. This composite continuity error was compared to the TRANSPORT continuity
errors for each district From this comparison, the largest magnitude continuity error was used to
calculate a modified relative difference as follows in Equation 1:
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Difference = Ve (U4 ) =V (4800 100 (1)
I/ba.se ) (1 + gbase)

Where, Vis the output volume and ¢ is the composite continuity error for the simulation in question and the
baseline. The results of Equation 1 and 2 are compared to ascertain the impacts of continuity error on the
resuits. The continuity error has a significant contribution to the change observed in the mode! response
to the perturbation of a parameter if the relative differences calculated using Equations 1 and 2 are
markedly different.
V. -V
Difference = -2tz . 1()() (2)

base

For every simuiation these two equations are evaluated and compared. Results are discussed in a
qualitative context and have not been used to correct model output for continuity error. The continuity
error evaluation resulits are indicators of potential impacts due to numerical error.

Each submodel simulation had continuity error and it was assumed that the error could be uniformly
distributed throughout the submodel. This assumption was used to apply the continuity error to the district
level. Furthermore, the City of Detroit district is unique because it spans two submodels of the
TRANSPORT simulations. Consequently, the continuity error was weighted by total outflow from each of
the submodels before applying to the relative difference calculation. Likewise, for the result totals, the
continuity error was weighted for each submodel and applied per Equation 1.

Model Configuration of Precipitation

The continuous model (RUNOFF/TRANSPORT) simulations were each evaluated as coupled hydrologic
and hydraulic models. A three-year (1984 through 1986) precipitation record was used for all
RUNOFF/TRANSPORT simulations. The three-year period was chosen because its data has similar
statistics to long-term rainfall averages. The spatial and temporal variation in the rainfall record is
assumed uniform throughout the system i.e., no moving front and the same rainfall distribution over ail
modeled areas. It should be noted that precipitation is a model input that may have significant seasonal
impacts on model resuits, particularly in regions of the country with pronounced rainy seasons, snow
accumuiation/melt, and year to year changes. The results discussed below could be significantly different
if another precipitation record were chosen. '

RESULTS

The seasonal variation impacts are discussed in terms of overall model totals and for one of the
predominately separate sewered districts, Western Wayne County. It should be noted that the results for
other districts that are not discussed and that are either predominately separate or combined sewers will
differ significantly from these system-wide resuits. The system is comprised of approximately 75 percent
separate and 25 percent combined sewers. Slightly more than haif of the dry weather flow onginates from
the combined sewer areas. RDI/ is not modeled in the combined sewer areas of the system since the
directly connected impervious area runoff dominates any RDI/I components observed for these regions.
Therefore, when reviewing the resuits for the entire system, it is clear that RDI/I yieids relatively small
impacts. And, when reviewing the resuits for the separate sewer regions of the system, RDI/! yields
significant impacts.

The seasonal variation impacts primarily yield insight to the significance of modeling these parameters
seasonally versus modeling these parameters as average annual values. Seasonal variation results for
the continuous simulations were expected to have little difference on an annual basis. Consequently, the
continuous model was aiso evaluated for a three-month period (March - May, 1884). This period was
considered a seasonal extreme for two of the three parameters. Evaporation was not at the extrerne
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during this period, but was slightly above its annual average as shown in Figure 3. Therefore, a second
seasonal extreme period was selected (November 1984 through January 1985) that corresponded to the
seasonal extreme for evaporation. The seasonal extreme for each parameter is considered as the period
with the wettest response. This is because the overall modeling project is focused on overflows, with peak
flows being the most important. One couid, however, also evaiuate the opposite or driest response
extreme.

Table 2 summarizes all RUNOFF/TRANSPORT seasonal variation impacts for the three-year continuous
simulation and a three-month subset. The three-year simulations yielded similar results regardless of
whether seasonal variation or average annual values are used. Since there tends to be a predominance
of larger or higher intensity storms during the three-month seasonal extreme period the annual resuits do
exhibit a slight reduction in flows toward treatment and to overfiow when annual averages are in place,
with the exception of evaporation discussed below. This observation was expected for annual distribution
of rainfall for this three-year period.
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Figure 5 RDUI Volume Parameters — Seasonal Variation
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Table 2 Seasonal Variation Impacts Continuous Simulation Results - Entire System

Finnhﬁon ID [Ressit Baseline AnnuaiAvg. | Reiative Baseline Extreme Relative
Type 1,000x(m’yr) | 1,000x(m’/yr) | Difference (%) | 1,000x(m’yr) 1,000x(m’/yr) | Difference (%)

Non Seasonal Toward Treatment 996,019 990213 0.6 90,773 83273 33
all as Avg. Annual {To Overflow 72,890 72,508 0.5 4,895 4,619 5.6
w [Toward Ireaunent| 996,019 955,501 01 90,773 83,787 7.7
as Avg. Anmual  |To Overflow 72,890 72,825 0.1 4,895 4,714 37
UT Volume  |Toward Ireammem]| 996,019 | 43 02 90,773 90,202 26
as Avg. Anmual  [To Overflow 72,890 72,965 0.1 4,895 4,835 -12
vaporation Toward Treatment] 996,019 | 992375 04 90,773 90,833 0.1
as Avg. Annual  |To Overflow 72.890 72,436 0.6 4,895 4,854 0.8

The results in Table 2 indicate that the DWF seasonal representation is quite significant during the
seasonal extreme period. The seasonal variation in the RDV/I representation yields significantly less
impact. Although still dominated by DWF, the districts with primarily separate sewers yielded a
significantly greater impact from RDIN. See Table 3 for results for Western Wayne County, a
predominately separately sewered district.

The RDV/I results are important. Without having performed the parameter analyses regarding the
seasonal variation of RDI/I, incorrect annual average values would have been obtained in most cases for
these parameters. For example, if one assumed that RDI/I parameters could be obtained from data
coliected during the summer months and used as a single annual average value in the model, the model
would grossly underpredict the dormant season flows. The importance of correctly defining annual
average RDl/I parameters cannot be overemphasized. Since many modelers will not go through the
detailed model characterization as done herein for the seasonal variation in RDI/I, an appropriate annual
average must be used to account for the seasonal variation on the annual basis. Regardless of whether
or not a reasonable annual average is chosen, one who uses the annuai averaged values will still run the
risk of inaccurately predicting flows for seasonal extreme periods relative to the average.
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Table 3 Seasonal Variation Impacts Results for Western Wayne _County (Predominately Separate)

Simulation ID  |Result Baseline Annual Avg, Relative Baseline Extreme Relative
Type 1,000x(m*/yr) | 1,000x(m’/yr) | Difference (%) | 1,000x(m’/yr) | 1,000x(m’/vr) | Difference (%)

Non Seasonal Toward {reatment 29,140 29,060 0.5 2,706 3,430 T10.2

all as Avg. Annual |To Overflow 892 885 -0.8 62 59 438

Dry Weather Flow | Towara 1 reatment 29,140 39239 0.3 2,706 3,492 7.9

as Avg. Annual  |To Overflow 892 892 0.0 62 61 -1.6
RDUI Volume  |1oward 1 reatment 39,140 38987 0.5 2,706 2,645 25

as Avg. Annual  |To Overflow 892 892 0.0 62 60 3.2
Evaporaton Toward 1reatment 73,140 29117 201 2,706 2,706 0.0

as Avg Anmual  |To Overflow 892 884 0.9 62 62 0.0

The seasonal extreme period evaporation values were slightly above the annual average; consequently,
the evaporation only simulation yields even greater difference than when all seasonal variation is
converted to annual averages. Evaporation was evaluated at the seasonal extreme for DWF and RDI/I as
shown in Tables 2 and 3. However, this period is not the seasonal extreme for evaporation. The
seasonal extreme for evaporation is the November to February period, as shown in Figure 3. This time
period is a seasonal extreme because lower evaporation can contribute to greater system responses.
The evaporation only simulation and the baseline were reanalyzed for a seasonal extreme more relevant
to evaporation impacts, November 1984 through January 1985. Table 4 shows the results of this
additional analysis, and indicates significant impacts for evaporation during this seasonal extreme.

Table 4 Evaporation Re-evaluated (Nov. — Jan. Extreme)

[Simulation ID _ |Resalt Baseline Annual Avg. Relative Baseline Extreme Reutive
Type 1,000x(m’/yr) | 1,000x(m’/yr) | Differeace (%) | 1,000x(m’/yr) | 1,000x(m’/yr) | Difference (%)

Evaporation Toward Treatment| 996,019 592375 0.4 $2.506 31572 1.4

as Avg. Annual  |To Overfiow 72,890 72,436 0.6 2,650 2,563 33

The continuity error influence was negligible for all the RUNOFF/TRANSPORT seasonal variation impacts
simulation results. That is Equations 1 and 2 produced the same value. This is not always the case in
modeiing; therefore, it is important to mention only to show that there are no expected impacts due to
continuity error. The three-month seasonal extreme period results were extracted from the three-year
continuous simulation results; therefore, continuity error checks during that period may not be
representative although assumed accurate. Even though the observed change is minimal between the
relative difference calculations, the period considered for the continuity error may be important. Improved
confidence in the continuity error impact estimates would be possible if additional simulations for the three-
month period were performed; however, additional simuiations were not warranted.

DISCUSSION

The resuits give some insight into model sensitivity to seasonal variation in parameter vaiues. However,
some other EPA SWMM seasonally varying parameters were not included in the analysis. For example,
these analyses did not include parameters such as precipitation, temperature, snow meit, or RDI/I shape.
RDI/I shape parameters define the response hydrograph shape by three component hydrographs, an
early direct response (infiow), an intermediate response, and a delayed response (infilttration). For
Southeastern Michigan, the seasonal vanation in precipitation was not expected to be significant;
however, for other systems for which a rainy season is more pronounced, seasonal variation in
precipitation is likely to yield significant impacts since precipitation is the parameter for which RUNOFF is
most sensitive.

Furthermore, a simplification was made when aggregating the parameters included in the characterization
of RDI/l volume. These four RDVI volume parameters were aggregated and not evaluated individually. If
each aggregated parameter was evaluated individually, more insight would be gained as to which of the
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four parameters were of the greatest importance to accurately quantify if the modeler chooses to use
annual average values instead. Of the RDI/I volume parameters, the most important parameter to
quantify for the GDRSS was the RDI/I C factor. RDI/I volume parameter importance was evaiuated
through continuous simulation sensitivity analysis by Sherman et al. (1998).

CONCLUSIONS

This work represents an effort to provide a basis for the users of the model to understand how seasonal
variation impacts model! resuits. The seasonal variation versus annual average values for DWF, RDI/|
volume, and evaporation were considered. From these results, DWF produces the greatest impacts due
to seasonal variation throughout the system. RDI/I produced smalil impacts to the entire system; however,
for predominately separate sewer districts the RDI/I yielded significant impacts. The seasonal extreme for
evaporation did not occur during the same period as for DWF and RDV/I. Therefore, another period was
considered between the months of November and January to better understand the seasonal variation
impacts due to the evaporation parameter. Evaporation did exhibit a significant impact during the second
seasonal extreme period chosen when compared to the annual average.

The most important conclusion is that when any seasonally varying parameter is modeled as annually
averaged values, the data used to generate the average value must account for seasonai variation.
Figures 2, 3, and 5 can be used in conjunction with the results to support this claim. For example, if July
through December data were used to estimate DWF as shown in Figure 2, the vaiue used as an annual
average would be significantly lower than that determined using a full 12 months of data. The seasonal
extreme impact during March through May would then be far more significant than that elucidated by the
simulations herein. As a result, it is important to base annual averages on an appropriate weighting of
data spanning the entire year. If limited data is available for single periods, such as growth or dormant
periods, an attempt should be made to make estimates of annuai performance values and apply these for
long-term simulations. For simulations less than one year, the parameter vaiues chosen should represent
the seasons evaluated using either seasonally varying vaiues or an appropriately derived average for the
period in question.
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DEVELOPMENT OF A COMPLEX INTEGRATED MODEL OF THE BATON ROUGE
CITY/PARISH PRESSURIZED AND GRAVITY WASTEWATER COLLECTION
SYSTEM

Neil R. Moody, Supervising Professional, Montgomery Watson
Clinton J. Cantrell, P.E., Supervising Professional, Montgomery Watson

ABSTRACT

The City/Parish of Baton Rouge operates a highly complex wastewater collection system that
includes a combination of gravity sewers, lift stations, and a very large manifold force main
system with in-line booster pumps. In September of 1995, the City/Parish embarked on a
comprehensive SSO Corrective Action Plan (SSO CAP) that required an analysis of the
wastewater collection system, including the assessment of I/I impacts and the requirements to
accommodate future growth. In order to achieve the objectives outlined in the SSO CAP, it was
necessary to construct detailed hydraulic models of the collection system that could accurately
simulate the dynamics of wet weather impacts and could be used to assess and design cost
effective overflow control measures.

Due to the nature and complexity of the collection system, it was necessary to develop a mode!
that is highly robust and can handle both long pressure force main and gravity sewer hydraulics
simultaneously, as well as incorporate the real time control mechanisms currently used to operate
the in-line booster stations on the pressurized system.

This paper details the steps taken to construct the calibrated model of the South Suburban
Transport Network (STN) sewerage system which integrates the large manifolded pressurized
trunk system with the gravity collector pipe network. This paper discusses the development of
this model, including the data management and GIS system, model calibration, observations and
discoveries made during the modeling process and finally application for the model to develop
cost-effective improvement schemes for the Baton Rouge City/Parish.

KEYWORDS

hydraulic modeling, real time control (RTC), pressurized sewer modeling, sewer, hydraulic,
hydrologic, model calibration, booster stations

INTRODUCTION

Baton Rouge is the capital of Louisiana with a population nearing 400,000 people and is situated
along the east bank of the Mississippi River in southen Louisiana. The land generally falls
gently away from the river with a difference in elevation of less than 16m (50ft) between the 3
and 95 percentile manhole. The Baton Rouge sewerage collection system consists of over
36,000 manholes, approximately 2516 km (1564 miles) of gravity sewer, over 400 pumping
stations, two major pressurized collection systems containing approxirnately 307 km (191 miles)
of forced mains and three major waste water treatment facilities which discharge to the
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Mississippi. Due to rapid growth in development and excessive levels of inflow and infiltration,
parts of the system have reached full design capacity 10 vears ahead of expectation.

In September of 1995, Phase 1 of the Baton Rouge City/Parish (C/P) SSO Corrective Action
Plan was initiated. The objective of this effort was to develop a detailed strategy and scope for a
system-wide sewerage master plan that addresses both future growth and the reduction of SSO’s.
The result of this effort was a strategy for a Phase 2 effort that focused on the detailed analysis of
the complex wastewater collection system using sophisticated hydrologic/hydraulic models.

For the Phase 2 effort the collection system has been divided into five discrete catchment
models. Three of these catchments consist primarily of older gravity sewers and common lift
stations. The other two catchments are comprised of multiple discrete gravity systems that pump
into two complex manifolded force main systems, referred to herein as the Suburban
Transportation Networks (STN), North and South.

Many other municipalities that operate similar pressurized trunk sewer systems, particularly in
the South East United States, have grappled with how to best analyze these complex type of
system. This paper will focus on the analysis of the South STN system, discuss in detail how
this system has been modeled and analyzed using a state of the art computer model and describe
the benefits that this type of tool can provide to a collection system manager. It is intended that
this paper will serve as a guideline for wastewater collection managers as to the steps required to
develop such a tool and provide an insight into the technology currently available in this field.

BACKGROUND TO SOUTH STN SYSTEM

The South STN sewer system serves the rapidly developing south-east of Baton Rouge and
consists of relatively small catchments of 20 to 200 hectares (50 to 500 acres) which drain by
gravity pipes and 20 gravity lift stations into 90 pumping stations which inject directly into a
manifolded pressurized trunk system. Figure 1 illustrates the extent of the modeled pipe network
for the South STN model. Flows within the pressurized trunk system are conveyed to the
treatment works via 7 major in-line booster pumping stations and 2 mini-booster stations.
Average daily dry weather flows at the South treatment works from the STN are in the order of
0.43 m’/s (10 MGD) with recorded peak wet weather flows in excess of 2.63 m/s (60 MGD).

The in-line booster stations are designed to activate when flows exceed 30% of peak capacity
and the pressure in the force main at the booster exceeds a predetermined set point. The
objective of each booster station when operating is to maintain a steady pressure on the suction
side of the pumping station. During periods of high flow the booster pumps are controlled with
variable speed drives to fix the pressure on the suction side which enables the injection pumping
stations upstream of the booster to discharge into the system.

Static KY-Pipe models of the trunk system have been historically used to analyze the effect of
additional peak flows from proposed developments connecting into the STN system. These
models are however unable to simulate the complex dynamic interaction between the gravity
sewers, njection pumping stations and booster pumping stations. Furthermore, these static
models do not allow analysis of potential optimization schemes that could significantly improve
system performance and reduce operation costs.
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MODEL DEVELOPMENT

The following provides a summary of the key tasks undertaken during the development of the

South STN model:

* A physical inspection and survey program of approximately 700 manholes (out of 5,000
manholes system wide) which included all pipes 250mm (10 in.) in diameter and larger as
well as selected 200mm (8 in.) pipes in critical locations such as known SSO’s or where
there 1s a potential hydraulic throttle.

 Development of a state of the art GIS / daia management system capable of storing all sewer
and catchment attribute information, producing model input files and processing and
displaying results.

 Sub-basin delineation and geoprocessing within the GIS to distribute Census data, water

- usage data and land use information to the modeled sub-basins.

» Physical inspection and pump testing of major gravity lift stations to construct “actual” pump
curves for use in the model. )

e Collation of physical artribute data for the pumping stations, booster pumping stations and
force mains in the STN systems from "as built" records and input into the GIS.

 Collation of pump curves for each STN pumping station and determination of booster station
operation rationale from O&M manuals. discussions with operators and system designers,
observations during wet weather, development of real time conwol (RTC) logic to mimic
booster pumping station operation and input of data into the GIS.

~e Simplification of the model within the GIS by aggregating pipes of the same size and

hydraulic characteristics.

The final model contains;

7 in-line booster stations,

7 RTC actuated sluice gates,

20 lift stations,

90 pumping stations injecting into the manifolded force main network,

a manifolded pressurized network containing 243 pipes, and

522 gravity pipes ranging from 200mm (8 inches) to 450mm (18 inches)

The modeling software selected for this project was HydroWorks™ V2.2 as it was the only
commercially available dynamic modeling software capable of dealing with pressurized pipes
and the real time control (RTC) functionality necessary to model the booster pumping stations.

MODEL CALIBRATION

The models were calibrated with data from the following sources:

* Flow monitoring and rainfall data from a comprehensive 60 day temporary flow monitoring
survey of the gravity sewers conducted from August to October 1996.

» Flow records from the influent meter ar the treatment works.

® Weekly chart records of flow rates and pressures from the 7 booster pumping stations.

A challenging aspect of the model calibration effort was the development of RTC logic to mimic
the complex operation rationale of the booster pumping stations in the STN system. Each station
has either 2 or 3 variable speed pumps whose operation and speed is governed by a series of
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algorithms with inputs from the pressure sensors located upstrearn and downstream of the
booster stations as well as the flow rate recorded by in-line flow meters downstream of each
booster.

The models were first calibrated to accurately simulate the weekday and weekend diurnal dry
weather flow patterns using an integrated facility within the HydroWorks modeling software
called the “Waste Water Generator” (WWG). Model files produced from the GIS included
residential and equivalent commercial populations, diurnal profile indices and ground water
infiltration. When conducting simulations the WWG used this information to develop dry
weather inflows “on the fly”. Key advantages of developing dry weather flows using this tool
include:

e Differentiation between sanitary flows and ground water infiltration.

e An internal clock which references the actual dates and times of the simulation event. By this
means the appropriate weekday or weekend diurnal dry weather profile is automatically
applied to a simulation trial.

e The model is constructed such that it can be readily migrated for use in Water Quality
simulations in the future.

e Using the GIS to store attribute and catchment information facilitates an effective audit trail
and efficient model updating for assessing the effects of future development.

Following dry weather calibration the model was calibrated against a range of recorded wet

weather events. Wet weather calibration was achieved using a run-off and routing algorithm

within the model well suited for the simulation of I/I response characteristics. Interesting aspects
of the wet weather calibration process undertaken include:

e The model calculated pump rate for each injection pump station was constantly updated
depending upon the level in the wet well and the HGL in the pressurized system.

e The process for producing wet weather response hydrographs is internal to the model as
opposed to the traditional method applied in the U.S. where the wet weather hydrographs are
generated external to the model.

e The sewerage system and topography of Baton Rouge is particularly flat and susceptible to
high levels of surcharge during wet weather. Routines were developed to calculate and apply
the additional surcharge storage volume available from the unmodeled pipes and manholes
and applied to the modeled manholes.

e During calibration the model results were compared to both the recorded flow and depth to
enable differentiation between hydrologic processes and the hydraulic attenuation of flows.

e During the flow monitoring survey a selection of storms were recorded ranging from short
intense bursts of just over an hour duration to soaking rains of over 2 days duration and 2
year return period. With the model's integrated hydrologic and hydraulic routines it was
possible to calibrate the model to adequately simulate both flow and surcharge depth for both
extreme events involving extensive surcharge as well for lesser storm events.

e The model was able to simulate the complex interdependency between the booster pumping
station operation in the STN trunk system, the pumping rate delivered by the smaller
injection pumping stations and the surcharge levels in the gravity components of the STN.
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APPLICATION OF THE CALIBRATED MODEL

The calibrated model can now be readily used to simulate individual storms, a batch of historical

storms or conduct long term rainfall simulations. Providing the rainfall file has a start date and

time, the model will automatically synchronize and apply the appropriate diurnal dry weather

flows for the duration of the simulation as well as the calculated wet weather flows to the model.

With this high level of functionality the model can be readily used for the following:

e Optimization of system operation by batch simulating a storm series, analyzing the results to
identify any non-optimal practices, deveioping and simulating revised operational sequences.

e Identifying and simulating the application of proposed SCADA control systems to maximize
the utilization of existing in-system surcharge storage.

* Analyzing the effect of future development on the whole of the inter-dependent system to
assess optimal augmentation strategies.

e Identifying the cause of flooding from historical rainfall events.

e Analyzing the long term cost benefit of I/l mitigation works versus transfer system
augmentation, installation of storage facilities and or treatment plant upgrade.

DISCUSSION

The Baton Rouge south STN model is possibly the largest hybrid pressure / gravity sewer model
constructed to date. As the pressurized pipe solution is a relatively new feature in
HydroWorks™ a number of “traps for young players” were encountered along the way before
coming up with the final model solution. Prior to embarking on a similar modeling effort it is
advisable that modelers first become familiar with the nuances of such systems, both in the field
and from a modeling viewpoint.

Due to the complexity of the system, calculations required to come up with a stable solution
during a simulation tend to require a fairly short time step. A 48 hour dry weather simulation on
a Pentium 266-64Mb RAM computer took approximately 6.5 hours. The positive aspect is that
major wet weather simulations run for 32 hours on the same computer take approximately 4.5
hours. Thus there is no noticeable time penalty due to heavy surcharge in the gravity pipe
system during wet weather events.

As a by-product of the investigative process undertaken from data collection through to model
calibration and storm analysis, a number of system characteristics have become evident which
were not readily identified from the traditional static analysis. The following examples illustrate
some of the observations made to date:

* Inefficient Dry Weather Pump Operation - during dry weather operation, which accounts for
90-95% of the run time for each pump, many of the injection pumps, sized primarily for peak
wet weather, operate a long way out on their curves. This results in inefficient operation for
most of their run hours and in some cases indicates the onset of cavitation and high impeller
wear due 10 low net positive suction head (NPSH).

* Erratic Booster Station Operarion - during the early stages of modeling a great deal of
difficulty was encountered when trying to mimic the speed control algorithm for the booster
pumps using RTC logic. With flows near maximum capacity the modeled booster pumps
performed in a reasonable manner, however when flows were lower the modeled pumps
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would behave in a manner which appeared to indicate instability. Subsequent site
investigations revealed that the booster pumps did in fact continually speed up and slow
down following milder storms in accord with the logic programmed into the PLC controllers.
A revised logic was tested on the model to stabilize booster operation and has successfully
been installed at 4 of the booster stations and is soon to be installed in the remaining sites.

Identification of Cavitation Conditions - since its commissioning in the early 1990°s, booster
station 514 had suffered from problematic operation in near all conditions other than dry
weather or extreme wet weather. Due to excessive vibration, the impellers from two out of
the three pumps at the station had wom loose and were out of action for some months while
repairs took place. As this booster station pumps directly to the treatment works the
discharge pressure or back pressure on the pumps is directly related to the amount of flow
through the station. Through the review of model simulations it became apparent that the
differential pressure across the pump station was insufficient for the pumps to remain on their
curves at medium to low flows and hence cavitation through insufficient NPSH was the
likely source of the vibration. ‘A reasonably successful temporary solution has been to
partially close the gate valves downstream of each pump to increase the backpressure.

Pumps Exceeding Design Flows — the static model used to design the injection pumping
stations assumed that the water level in the wet well remained at the pump switch on level
and conservative friction factors to make allowance for future pipe deterioration. In many of
the pumping station basins the peak wet weather flows exceed the pump capacity. As a result
the water level in the wet well can rise up to 12 fi above the pump switch on level thus
reducing the static head to pump against. Combined with the less than estimated pipe friction
loss (from relatively new pipe) this has resulted in some pumps operating further out on their
curves than designed and in some cases pumping up to 50% above their design capacity.
The down side is that within each “cell” of the system, as defined by an upstream and
downstream booster station, there is a finite rate of flow which can be injected into the
system. For each pump exceeding its design capacity there is another pump which is
restricted from injecting into the trunk system.
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CONCLUSIONS

The development of an integrated gravity and pressurized pipe model provides waste water
system managers and engineers with a powerful tool to analyze and manage these complex sewer
systems. Key features of the Baton Rouge South STN model are:

A powerful GIS-data management system, which can readily produce model, input files.

The model is capable of simulating the hydraulics in both gravity sewers and long
pressurized force mains.

The model includes all pipes 10 inches and larger (with some 8 inch sewer included in
chronic flooding areas), and includes an allowance for the unmodeled storage to enable
differentiation between hydrologic and hydraulic effects in the calibrated model. The
inclusion of the unmodeled system storage has been found to be critical in terms of
successful calibration efforts.

By calibrating the model with both surcharge and non-surcharge storm events a greater level
of confidence can be attributed to simulation results.

The ability to simulate the wet weather I/I response to rainfall internal to the model lends to
the efficient simulation of multiple storm events with different scenarios.

A robust integrated hydraulic model combining both the gravity and pressurized components of a
manifolded sewerage system is a powerful tool to achieve the holistic level of understanding
necessary for the operation and optimization of such interdependent systems.
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COMBINED SEWER SYSTEM: TO SEPARATE...OR...NOT TO SEPARATE

Taymour El-Hosseiny, Ph.D., Project Manager, EMH&T, Inc.”
Laurie A. Mehl, P.E., CM, Project Engineer, City of Columbus, OH, DPU
Gary W. Gilbert, P.E., Project Engineer, City of Columbus, OH, DPU

* EMH&T, Inc. 170 Mill Street, Gahanna, OH 43230 U.S.A.

ABSTRACT

The City of Columbus, OH has implemented the minimum control of maximizing coilection system storage
as part of the Combined Sewer System Operational Plan. Due to the successful implementation of the
storage procedure as designed and the current water quality of the receiving streams, no Long Term Control
Plan programs or facilities are required. However, the City is planning to implement previously recommended
separation projects to increase collection system capacity. The Chestnut Street Regulator Relief Project was
one recommendation which urged separation of a large storm sewer from the combined system.

Concurrently, the City developed a program (Columbus Sewer Capacity Study) to study the hydrauiic
performance of its sanitary and combined sewerage systems in a comprehensive approach. One purpose
of the study is to increase the City's knowledge of real time system hydraulics using medeling techniques and
to provide tools to assess system capacity aiternatives. Preliminary investigations of the Chestnut Street
Regulator project indicate implementing system separation may not reduce the number and duration of
overflows from the combined system. This separation project may have a negative impact on the receiving
stream and the main intercepting sewer due to the time of concentration change effect on peak flows, and
the potential increase in the hydraulic grade line of the combined interceptor.

This paper describes the analysis of a combined sewer system separation project in a global and local
approach. It provides insight to the feasibility of utilizing current modeling techniques to offset the expense
of a rigorous water quality sampling effort. Results may significantly reduce capital expenditures.

Keywords: Sewer system management, modeling, computer applications, database, wastewater,
Permanent Flow Monitors, CSOs

INTRODUCTION

The City of Columbus, Ohio has impiemented the minimum control of maximizing collection system storage
as part of the Combined Sewer System Operational Plan. Due to the successful impiementation of the
storage procedure as designed and the current water quality of the receiving streams, no Long Term Control
Plan programs or facilities are required. However, the City is planning to implement previously recommended
separation projects to increase collection system capacity. The Chestnut Street Regulator Relief Project is
one recommendation which urged separation of a large storm sewer from the combined system.

Concurrently, the City developed a program (Columbus Sewer Capacity Study) to study the hydraulic
performance of its sanitary and combined sewerage systems in a comprehensive approach. One purpose
of the study is to increase the City’s knowledge of real time system hydraulics using modeling techniques and
to provide tools to assess system capacity altematives. Preliminary investigations of the Chestnut Street
Regulator project indicate implementing system separation may not reduce the number and duration of
overflows from the combined system. This separation project may have a negative impact on the receiving
stream and the main intercepting sewer due to the time of concentration change effect on peak flows, and
the potential increase in the hydraulic grade line of the combined interceptor after bulkheading the storm
sewer.
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BACKGROUND

The city of Columbus, Division of Sewerage and Drainage services a total area of approximately 100,000
acres (40,470 hectare) and designs its facilities for ultimate service area of 564 square miles (1,460 square
kilometer). The current (1996) service area includes 5,286 acres (2,133 hectare) of combined sewerage
drainage, which represents 5.2% of the current service area. There are approximately 2,016 miles (1,857 km)
of sanitary sewers. 1,216 miles (1,957 km) of storm sewer, and 202 miles (325 km) of combined sewers within
the service area. Of these sewers, approximately 550 miles (885 km) are major interceptors. There are two
wastewater treatment plants (WWTP) with total capacity of 150 million gailons a day (mgd) (6.57 m¥sec)
during dry weather flow (DWF) and 252 mgd (11.03 m¥sec) during wet weather. In addition, the city operates
two primary treatment facilities for wet weather flow. The Whittier Street Storm Tanks (WSST), which were
built in Columbus in 1832, are the first combined sewage holding facility built in the United States.

During the mid-1880s, the Division of Sewerage and Drainage (DOSD) determined that knowledge of the
operations and flow pattems within the main interceptor system was lacking. The Division raised concems
regarding the physical condition of the system and the adequacy of the hydraulic capacity of the interceptors
and trunk sewer segments. A program was developed to increase the city’s knowiedge of the characteristics
of the interceptor system and to provide the tools with which to study possibie changes to the system.

The program included the development of a coilection system hydrauiic model based upon an accurately
developed sewer system physical description and caiibrated against observed field flow data at key locations.
The DOSD uses the model to accurately establish pertinent variables and to conduct statistical analysis for
assistance in the decision making process.

Objectives of the program, now known as the “Columbus Sewer Capacity Study”, include the following:
understanding the sanitary and combined sewer system performance under various flow conditions; identifying
the need for additional interceptor sewers; investigating the impact of, and possible solutions for identified
problems, zoning variations, and/or development; and to estabiish the best method to controf and manage
the combined sewer system (CSS).

In 1889, the city of Columbus undertook a Combined Sewer Overflow (CSO) Study to determine the extent
of the pollutant ioad in the receiving stream caused by combined sewer overfiows. One finding of the study
was suppressed aquatic life in the Scioto River between the WSST discharge point and the Jackson Pike
WWTP (JPWWTP) outfall. The suppressed aquatic life in the Scioto River is attributed largely to the frequent
activation of the WSST discharge.

Recommendations of the CSO Study included elimination of the storm discharge from a 108-inch (2700 mm)
diameter sewer to the Olentangy Scioto Interceptor Sewer (OSIS), which is the primary interceptor to the
JPWWTP. This connection is just upstream of the Chestnut Street Regulator. As shown in Figure 1, the
existing system also has a 72-inch (1800 mm) diameter pipe from the 108-inch (2700 mm) diameter into the
regulator. The tributary area to this 108-inch (2700 mm) diameter pipe includes highway drainage from
interstate 71 (I-71), Interstate 670 and from their interchange area. The Chestnut Street Regulator aiso has
a 117-inch (2925 mm) diameter combined sewer discharging to it which also carries storm runoff from I-71.
The CSO Study recommended that this separate storm sewer from I-71 be diverted to the 108-inch (2700
mm) pipe and then separated from the remaining flow to the regulator.

The CSO Study also recommended that the effluent from JPWWTP be diverted to the vicinity of the WSST
outfall during low flow periods to provide dilution (with high quaiity effluent) for CSO discharges and storm
water discharges in this stream section. These recommendations were made as a means of reducing CSOs
from the WSST and to reduce the impacts to aquatic life in this river segment.

The DOSD did not immediately proceed with the Chestnut Street Regulator separation work due to other
higher priority projects. in addition, the Division put all separation projects on hold due to uncertainties
associated with the City’s Stormwater NPDES permit.
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SEPARATION MODEL APPLICATION OBJECTIVES

During the development of the city’'s Combined Sewer System Operational Plan, the CSCS hydraulic model
was used to determine remaining capacity within the city’s interceptors. Prompted by questionable record plan
information, unknown field conditions (are bulkheads in place, level of debris in chamber, etc.), and
unexpected frequency of simulated reverse flow conditions through an upstream regulator, further
investigation into the proposed Chestnut Street Separation Project was undertaken. An application of the
model was developed to answer the following guestions and verify the CSO Study recommendations:

1) Wil the proposed separation improve collection system performance?
2) Will the proposed separation negatively impact the streams?

FLOW MONITORING AND RAINFALL DATA

A comprehensive Fiow Monitoring and Rain Gauge Program was developed in conjunction with the CSCS
hydraulic mode! development. This program's objectives are to provide the CSCS team with information on
the collection systems hydraulics during dry and wet weather. A network of sixty four (64) flow monitors and
thirty nine (39) rain gauges are owned and maintained by the DOSD. The model application was run using
flow monitoring data captured dunng a 2-year storm event as recorded during the July 26, 1995 rain event.

During the initial model application runs, flow data was provided by monitors located within the combined
sewer system upstream and downstream of the Chestnut Street Reguiator. An additional flow monitor was
placed in the OSIS interceptor at a location between the WSST and the Chestnut Street Regulator following
the initial model application runs.

HYDRAULIC MODELING EXERCISE

The Columbus Sewer Capacity Study uses historical rainfall events and measured flow data to calibrate the
EPA Storm Water Management Model (SWMM) developed for the city of Columbus service area. This model
is used to incorporate the collection system’s physical description and meteorological data to determine the
related hydraulic/hydrologic process. Original design reports were reviewed to determine basis of design
criteria to compare to existing system conditions. The collection system is divided into smaller components
based on the collection system drainage starting from service connections continuing to the point of
interceptor discharge. The same procedure is followed in the runoff catchments (RC) based on topography
of streets combined with linkage order of the CSS. All interceptors, including the Olentangy Scioto Intercepter
Sewer (OSIS) are modeled using the SWMM EXTRAN block to consider the impact of surcharged conditions.

Initial modei runs that were undertaken to evaluate remaining capacity in the OSIS shows that the Hydraulic
Grade Line (H.G.L) inside the OSIS is higher than the weir crest elevation of a certain group of reguilators.
This indicates there may be reverse flow from the OSIS between this group of regulators. In addition, the
H.G.L. in the OSIS is found to be below the overfiow crest elevation of another group of reguiators. This
indicates that there may be no reverse flow to this group. To verify the model results, a fiow meter was
installed at Henry Street Regulator to record water depth and velocity at the intercepting connection. Figure
2 illustrates recorded water depth and velocity during the storm event on July 18, 1996. The recorded data
shows that at the beginning of the storm, velocity pattem increases while water depth increases up to a certain
time. When the water elevation rose above the weir crest elevation, the velocity pattern dropped and became
negative, which indicates reverse flow and confirms the model resulits.

As shown in Figure 1, the Chestnut Street Regulator tributary area includes 563 acres (227 hectare) within
sanitary sewershed (SS) 18, which includes 214 acres (86 hectare) of runoff catchments (RC). The initial
proposed separation of 97 acres (39 hectare) of storm and combined sewers from RC 18 (as described in
the 19839 CSO Study) would reduce the total RC area to 117 acres (47 hectare). The 108-inch (2700 mm)
storm sewer to be removed from the OSIS, the subject of this modeling, has the design capacity to provide
gravity storm sewer services to the runoff catchment in both SS 18 (RC = 375 acres) and SS 17 (RC = 214
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acres). The second phase in this effort, would provide immediate removal of the 46 acres of interstate
roadway drainage from the tributary flow to the regulator.

The analysis included flow estimates of DWF and wet weather flow (WWF), and were entered as point
sources at certain nodes in the collection system. The combined flow was routed in the SWMM EXTRAN.
The Chestnut Street Regulator was described in the model as depicted in Figure 3, where a 66 x 66 inch
sluice gate controls the flow from the regulator. The gate settings is 33 inches above floor level to allow a 66
x 33 inch opening. The overflow weir crest is set at elevation 717.88.

To investigate the impact of the separation, the RC is reduced to 117 acres in the SWMM RUNQFF model
using the same historical rainfall data (7/26/1995- 2 year storm), and using the same parameters for current
conditions.

MODELING RESULTS

The modeling results of the proposed initial separation of storm sewers (97 acres) indicate that the maximum
computed flow rate in the 108 inch (2700 mm) sewer has dropped from 247 mgd (10.8 m*/sec) to 200 mgd
(8.76 m¥sec). However, the computed maximum H.G.L. in the OSIS does not show significant change before
and after the separation. Figure 4 illustrates a hydraulic profile of the OSIS showing computed maximum
water depth and regulator eievations (i.e., weir crest level and floor level).

Table 1 lists all regulators that have been impacted by the separation showing computed overflow volume at
each regulator before and after the separation.

The modeling results indicate the total reduction in overflow volume is approximately 0.52 MG (1,968 m®) (0.42
at WSST and 0.11 at Henry Street Regulator).

Based on these results, the proposed separation is not expected to have a significant reduction in either
overflow volume or overflow frequency at WSST for the 2 year storm level.

Table 1. Combined Sewer Overflow Reduction: 2-Year Storm Event

Volume of Overflow Reduction in
- Overflow Volume
Node Overflow Location Before After 2 Year Event
Number Separation Separation
I Lo | o) | we) | ) §| e | o | %) |

1201 Whittier Street Storm Tanks 164.3 621,876 | 163.9 | 620362 || 0.419 | 1,586 0.3
12101 Rich Street Regulator O/F 0.029 110 0.024 91§ 0.005 19 17.0
13101 Town Street Regulator O/F 0.013 49 0.013 49 0.000 0 0.0
15101 Long Street Regulator OfF 0.085 32 0.072 273 0.013 49 15.0
16101 Spring Street Regulator OFF 0.915 3463 0.839 3,176 0.022 83 20
1703 Chestnut Street Regulator O/F || 0.000 0 0.000 0 0.000 0 0.0
20101 Henry Street Reguiator O/F 2.821 10,677 2710 | 10,257 || o.111 420 4.0
21201 First Avenue Regulator O/F 0.082 310 0.076 288 0.006 23 7.0
23101 King Avenue Regulator O/F 0.082 348 0.085 322 0.007 26 8.0
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FIELD VERIFICATION

Verification of actual field conditions is recommended when the level of certainty of modeling resulits is critical.
During the detailed modeling of the Chestnut Street Regulator, questions were raised as to whether or not the
record plans reflected as-built conditions. Specifically, there were two bulkheads shown on the record plans
that were to be installed during the final stages of construction. Verification that these bulkheads are in place
was performed by the CSCS field crew who aiso noted the following:

a. Substantial debris was observed within the Chestnut Street Regulator structure during a December,
1996 CSCS field crew site visit. This regulator is extremely difficult for maintenance crews to clean due to
location, chamber design, and depth of deposits. During a May, 1997 field crew site visit, it was noted that
the regulator structure had been cleaned, with little deposition built up.

b. Deposition was observed to be clogging the 72-inch (1800 mm) diameter storm sewer pipe entering
the OSIS within the Chestnut Street Regulator structure during the December, 1996 site visit. During the May,
1897 site visit, this pipe is open and flowing into the OSIS.

c. Recommended locations for ﬂO\.N monitor installations were investigated. Installation and
maintenance of proposed flow monitors within the 72-inch by 84-inch (1800 by 2100 mm) connection between
the OSIS and the regulator gate may be difficult due to the hazardous flow conditions.

These observations provide very useful information that can support the prediction of reverse flow through
the Chestnut Street Regulator and infrequent activation of the overflow weir dunng high intensity storm events.

In addition to the site visits performed by the CSCS field crew, the Stormwater Management Program currently
monitors overflows at all regulators within the CSS. The location of a wooden block initially placed on the weir
wall in each regulator is checked on a periodic basis. Historical data collected by the stormwater group do
not indicate block movement at the regulators not expected to activate, further supporting the confirmation
of mode! application findings.

FURTHER RECOMMENDATIONS

Based upon the resuits of the CSCS model application described in this paper, the following recommendations
were identified as beneficial to undertake prior to the DOSD proceeding with the proposed Chestnut Street
Separation project

1. Continue the use of the CSCS hydraulic modef and flow monitoring program to optimize the
performance of all of the regulators by simulating modifications to weir elevations and gate settings.
Assuming negligible spatial varation of rainfall, discharge of combined flows during wet weather should occur
at the storm tanks until the regulators simultaneously crest their weir eievations.

2. Continue use of the CSCS model to analyze incremental levels of rainfall to determine the receiving
stream’s level of protection from combined sewer overflows presently provided by the combined sewer
system. In addition, determine the level of stream protection at Chestnut Street following separations and
optimization of the combined sewer system.

Findings of these two exercises can be used to aid in determining whether or not to proceed with the
separation project.

3. If the DOSD proceeds with separation work, implement a flow monitoring program of the Olentangy
Scioto Interceptor Sewer, WSST, and Chestnut Street Regulator before and after the construction of
separation work to determine separation efficiency.
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CONCLUSIONS

The application of the Columbus Sewer Capacity Study hydraulic model, supported by the use of flow
monitoring data and field verifications obtained by the CSCS field crew proved to be a very valuable exercise.
It successfully demonstrated that it is crucial to consider global impacts as well as local impacts during the
decision making process of whether to separate or not separate combined sewer flows. Not only did the
preliminary results as stated in this paper indicate that the impact of separation work may provide insignificant
improvements in water quality, the results indicate that there may be other improvements that can be made
to the system to more effectively spend capital improvement program funds to realize greater benefits to the
receiving stream.
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ABSTRACT

Creating effective plans to address sanitary sewer overflows requires good understanding of collection
system response under a variety of operating conditions. To extend the usefuiness of measured data, the
Greater Vancouver Sewerage and Drainage District modified SWMM RUNOFF to improve simulation of
wet weather flows in sanitary sewers through computer modelling. The addition of an effective infiltration
area factor and improvements to tracking head differences between the groundwater stage and pipe
tailwater level produced calibrated results that were typically +15% of reasurement. This level of
accuracy in simulating immediate and seasonal infiltration and inflow response provides the basis for
evaluating a wide range of options that address wet weather issues.

KEYWORDS
SWMM, RUNOFF, infiltration, inflow, sanitary sewer, overflow, computer simulation.

INTRODUCTION

Rainfall-induced infiltration and inflow (I/1) is described as the seepage of percolating rainwater that finds
its way into the sanitary sewer system through pipe defects. While rainfall-induced I/ occurs during and
some time after the rainfall event, it can result in peak flows that exceed sewer design capacities
culminating in sanitary sewer overflows (SSOs). Reactive measures to eliminate SSOs by up-sizing flow
conveyance and treatment capacities will often lead to a path of high-cost solutions. Improving one’s
understanding of I/l and engaging in a thorough assessment of improvement options can provide a set of
cost-effective solutions to address SSOs. Computer simulation of /] is one of several program steps the
Greater Vancouver Sewerage and Drainage District (GVS&DD) is undertaking to identify, quantify, and
evaluate system improvements. -

Objectives of this computer modelling effort included:

* Minimizing discrepancies between measured and simulated I/l under a wide variety of rainfall pattems
and antecedent moisture conditions.

» Extrapolation of I/l response to unmonitored areas and to extended durations that cover seasonal
variations.

» Overall assessment of existing sewer system performance for light and heavy rainfail years.

» Performance evaluation of options such as increased conveyance, treatment capacity, I/l source
reduction, and peak flow storage.

This phase of work focuses on modelling the hydrological process of rainfail, groundwater percolation, and
infiltration to sanitary sewers.

Previous 1 Modelling Methods

Various methods of estimating /I can be categorized as follows:
(i) direct measurement;

(i) application of unit infiltration rates;

(iii) the multiple unit hydrograph approach; and

(iv) the physically-based approach.
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Direct measurement of Ul is required in any program aimed at identifying and quantifying a realistic flow
response to rainfall. It is generally the first step to defining the extent of the problem. However,
measurement devices generally can not be located everywhere in the collection system and maintained
indefinitely given the cost implications. Direct measurement’s ability to assess existing response wiil
provide a means of checking indirect methods, but it will not provide estimation of future response or
under “what-if” scenarios.

Unit infiltration rates empirically derived from measured data are widely used for design purposes. Its use
precludes modelling of a system’s hourly or minute-by-minute response to actual rainfall. Unit infiltration
rates are typically not correlated to retumn period storms, but rather represent rules-of-thumb.

Because of its simpilicity, the multiple unit hydrograph approach is by far the most often used method to
estimate I/l response. For example, the City of Edmonton applied a three unit hydrograph model that
describes: fast inflow; fast infiltration; and slow infiltration (Christopher et al., 1996). The City of Alexandria
in Virginia applied a two unit hydrograph model to simulate fast and siow /I components (Oakley and
Warren, 1995). The main drawbacks of the muitiple unit hydrograph approach are: (i) it does not provide
a physical insight to the hydrologic processes, but treats it as a “black-box™; (i) it generally does not
consider the effect of antecedent moisture.conditions; and (jii) it assumes processes are linear.

in comparison to multiple unit hydrograph models, there has been limited development in physically-based
VI estimation models. One notable example was the CEMGREF model developed in France for
application in rural watersheds (Belhadi et al., 1995). While the CEMGREF model provides a physically-
based approach that accounts for hydroclimatic conditions, as well as, surface and subsurface
characteristics, the developers have indicated that it does not simuiate urban sanitary sewer systems to
desirable levels of accuracy.

METHODOLOGY

highlighted weaknesses in RUNOFF's ability to adequately describe the physical process. While peak
flows could be made to match field measurements, simulated storm recessions and nightty low flows

On the basis of these observations, it appeared that sanitary discharges can effectively ‘regulate’
groundwater VI via diumal fluctuations in the tailwater depth in the sewer. Given that the difference in
elevation between the groundwater table and the tailwater depth provides the driving head for infittration,
diumal variations in the tailwater depth would tend to decrease infiltration potential during sanitary peaks
and conversely increase infiltration potential during nightly low flow penods (see Figure 1). To property
account for this physical process, the RUNOFF module would need to deal with dry weather flow inputs for
regulating groundwater flow in its subroutines.

Recognizing that sanitary sewers and storm drains typically share the same catchment area in an urban
environment, one can describe the area of I/l contribution to the sanitary sewer as a fraction of the total
catchment area. Many other factors such as pipe depth, material, age, condition, existing quality of joints,
and number of connections also influence the effective area of I/ contribution (see Figure 2). Hence, the
idea of introducing an effective 111 contributing area factor, a, a user-defined value as a fraction of the total
catchment surface area.
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Modifications

Version 4.31 of RUNOFF provided the basis of implementing concepts surrcunding input of dry weather
flows and application of an effective area factor. The modified version of RUNOFF named v4.31d now
provides the option of:

« including 24-hourly, 7-day, or long-term dry weather flows to any given subcatchment

« applying an effective area factor for I/l contributions to any given subcatchment.

g Groundwater (GW) Percolation

VYV WetWeather GW Table (GWT)

I/i Head

Earty / Recession GWT
\V; rly / Recession Saniary
Peak Flow v
Tailwater (TW)

Peak
—>»{ Sanitary [€—

W  Dry Weather GWT

Minimum
€ ganitary —— ™
#/t Head

Nightly Low N/
Flow TW

Figure 1.  Conceptualization of tailwater effects that tend to decrease I/l
potential during sanitary peaks and increase /1 potential during nightly low flows.

—_—— -

Figure 2.  Conceptualization of a user-defined effective I/ contributing area
factor as a fraction of the total catchment surface.
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In addition, the functional form of the groundwater flow equation (GWFLW) was modified slightly to better
describe the head difference concept.

The standard version of SWMM RUNOFF uses a groundwater equation to calculate infiltration flow at any
given time-step using equation (1) given by the following:

1/1=a,(GWT -PI)> - a,(TW - P)** + a,(GWT)(TW) (1)

where GWT = the water table elevation; Pl = pipe invert elevation; TW = the tail water elevation; and a,,
az, ag, by, and b, = discharge coefficients.

Note that the standard equation does not directly represent the driving head for groundwater infiltration
flow given by the difference (GWT - TW). Only in the event if a, = a, b, = b, would equation (1) provide
the (GWT - TW) head potential.

The revised groundwater equation is given by equation (2).

1/1= a,(GWT - TW)* —a,(TW -PI)* + a,(GWT)(TW) )

GVS&DD staff tested modifications to RUNOFF v4.31 on dozens of catchment models which calibrated
with generally good results. Figure 3 shows a schematic of the calibration process and revised data flow
paths.

Flow Data Subsuriace Data Data

/ Catchment Data
Dry Weather Surface & Sawer System Measured Fiow
Parameters ’

/\

Hydrologic Model .

Measured Sewer Hydraulic PO . T

Rain Data l swu'“‘ g:’:OFF Mode! _—\/>" Cafibration Complste

Figure 3.  Schematic of the calibration process and data flow paths.

Notes on the Calibration Process

* As shown in Figure 3, dry weather flow data is now an input to the hydrologic model, RUNOFF, rather
than its input traditionally into the sewer hydraulic model. All calibrations included hourly dry weather
flow patterns for each catchment over a 7-day period.

e Sewer catchments were typically discretized into 50 ha areas. Physical catchment data such as area,
average slope, width, capillary suction, hydraulic conductivity, and porosity were estimated either by
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» Historical rain data from 20 tipping bucket gauges distributed over the study area at a density of about
one gauge per 2000 ha were used. Recent flow data were available at 44 upper catchment sites to
calibrate the hydrologic and hydraulic models.

» RUNOFF's simple hydraulic model was used to calculate the tailwater elevation for each catchment.
Only the subsurface flow component was considered in simulating I/l flows. Surface runoff was
assumed to discharge into appropriate drainage systems.

« Simulation start-times were set to weil anead of the comparison period to ensure stabilization of ground
conditions (e.g., soil moisture; groundwater table) from initial values.

RESULTS

Figure 4 (a) shows an example of simulation results using the standard version of RUNOFF v4.31. It
appears that without the modifications, low flows, peak flows, and time to peak flows are not well
simulated. The poor fit is likely a function of not correctly balancing the fast and siow I/l responses. In this
particuiar case, there appears to be over-storage of percolated flows resulting in overestimation of /1 as
the groundwater equation continues to release water well after the rain storm has ended.

Figure 4 (b) shows the results of including the effective area factor. The prediction of low flows after the
storm is improves somewhat, but at the expense of poor fit during peak storm flows.

Adjustment of groundwater equation coefficients, the subsurface hydraulic conductivity, and the field
capacity produced the final calibrated result shown in Figure 4 (c). The subsurface hydraulic conductivity
was increased to accelerate I/l response so that the time to peak could be better simulated. The overall fit
is substantially improved, but with some loss in accuracy during the storm of 27-Dec.

Calibration of the first few catchments took significant effort as parameter sensitivities were expiored.
Experience grew with each catchment calibrated, providing insight on how to accelerate the calibration
process. One simplification made to nearly all models involved reducing the groundwater equation to only
the first term with starting coefficients as follows:

Table 1. Default coefficient values in Equation 2.

Parameter a, b, az b,
Default value 20 0.001 0.0 0.0 0.0

The calibrated value of the effective area factor varied significantly from 5% to 20%.

Once calibrated, the hydrologic model can extend its appiication to:

e continuous simulations

» estimation of 11 response to any storm (e.g., historical high, low, new data, return-penod design
storms)

» extrapolation to unmonitored areas (via parameter transference).

As an example, Figure 5 shows two snapshots of a 12-month continuous simulation run, to which only 4
months of measured data exists over the simulation period. Total flows as well as rainfall-induced
infiltration and inflow can be determined by year, by season, or by day to assess wet weather performance
of the upstream coilection system. A review of such statistics for the dozens of calibration points or
hundreds of extrapolated and interpolated points will help to identify areas with particularly excessive V.
The areas can then be prioritized for targeted I/l reduction programs.
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DISCUSSION

In general terms, RUNOFF's subsurface routines can be conceptualized as flow movement in and out of a
non-linear reservoir. For the most part, the effective /] contributing area, the depth of pipe, fieid capacity
and porosity define dimensions of the reservoir. The percolation process and associated parameters such
as hydraulic conductivity and moisture content determine the inflow rate into the reservoir. The
groundwater equation and its discharge coefficients describe the release rate out of the reservoir.

Catchments characterized by significant I/, even days after the storm event, can be represented by a
large reservoir volume and small discharge coefficients at its outlet. Conversely, catchments with quick Vi
response can be represented by a small reservoir volume, large discharge coefficients, and high
percolation rates. Using this physically-based conceptualization helps to better understand the U/l process
and often leads to highly satisfactory results. As with any other physically-based approach, RUNOFF
v4.31d can be readily applied to other geographic areas with starting parameters from known values set
for the new study area before calibration begins.

The modifications to RUNOFF have substantially improved its ability to successfully simulate wet weather
conditions for a sanitary sewer system. However, simulated resuits still show some discrepancy from
measurement. While there couid be a variety of reasons for this, a few are suggested:

e The I/l process is much more complex than can be described by reservoir concepts. RUNOFF is a
deterministic one-dimensional model that averages I/l processes over a relatively large catchment. In
reality, there exists a wide variation of conditions that can not be described by the simple concepts
used in RUNOFF. For example, sewers within a catchment are located at different elevations; the I/l
contributing area varies; there are other sources of drainage such as storm sewers, ditches, deep
percolation, and evapotranspiration.

» To offer a means of balancing inflow versus infiltration, the original intent was to implement a separate

effective area factor for surface and subsurface flow components in RUNOFF. Programming

. difficulties forced compromise to a single effective area factor for both the surface and subsurface
components.

* RUNOFF v4.31d is able to deal with infiltration when the groundwater table is at a higher elevation
than the tailwater level in the sewer. However, exfiltration is currently not modeiled, shouid the
groundwater tabie drop below the tailwater elevation.

e In some cases, sewer backwatering occurs which could significantly impact the actual tailwater
elevation. RUNOFF's simple hydraulic model is not able to model such effects.

CONCLUSIONS

This paper presents a new approach to infiltration and inflow analysis in separated system. The approach
uses a modified version of the SWMM RUNOFF model, which includes the following: (i) addition of an
effective area factor to control the Vi contributing area, and (i) consideration of sanitary discharge
influences on the tailwater depth in estimating 1.

The effective area factor provides a means to control the I/1 contributing area and thus the 11 volume. It
appears that the rate of I/l release can be adequately controlled using 2 of 5 coefficients in RUNOFF
v4.31d's groundwater equation.

Sanitary flow can have a significant influence on I contributions through taiiwater effects. The presence
of sanitary flow increases the tailwater elevation, reducing the driving head differential with respect to the
groundwater stage. RUNOFF v4.31d accounts for tailwater fluctuations due to sanitary discharges and
rainfall-induced flow components.
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Calibrated hydrologic models using the modified version of RUNOFF produced very good results when
applied to sanitary sewer systems spanning some 36,000 ha. The GVS&DD uses RUNOFF v4.31d to
investigate sewer overflows, address operating and maintenance issues, extrapolate I/l response to
unmonitored areas, supplement measured flow data, and evaiuate sewer improvement options under a
variety of rainfall patterns.
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HISTORICAL PERSPECTIVE

Kenneth A. Pew

Northeast Ohio Regional Sewer District, 3826 Euclid Avenue, Cleveland, Ohio 44115-2504 U.S.A.

ABSTRACT

This presentation provides the historical perspective and background for the nine following presentations
regarding various aspects of the Northeast Ohio Regional Sewer District wet weather programs.

KEYWORDS
wastewater, treatment, sewer, combined, overflow, Erie, Cuyahoga
CONDITIONS IN THE LATE 1960s AND EARLY 1970s

Water quality during the iate 1960s and early 1970s was definitely impaired. The Cuyahoga River and Lake
Erie were poliuted by sanitary and industrial wastewater. Numerous oil spills occurred at combined sewer
overflows. The Cuyahoga River “burned” in 1969. Beaches were routinely closed. “Help - I'm dying” was
painted on a break wall on Lake Erie.

There was also tension among all levels of government. Federal agencies filed litigation against the City of
Cleveland for poliuting the Cuyahoga River and Lake Erie. State agencies placed a building ban on Cleveland
and other communities connected to the Cleveland sewer system. The communities filed litigation against
Cleveland over sewer rate inequities. All litigations were consolidated into one case.

NORTHEAST OHIO REGIONAL SEWER DISTRICT

The Northeast Ohio Regional Sewer District was created by the court order ending this case in July, 1972.
The District was made responsible for wastewater treatment, interceptor sewers, combined sewer overflow
control, industrial waste control, and development of a plan for regional management of wastewater collection
and storm drainage.

The court order defined Subdistrict 1 to be Cleveland and Subdistrict 2 to be ail other communities. The order
then specified that the District would be governed by a seven-member Board of Trustees, appointed as
foliows:

@ Two by the Mayor of Cleveland

@ Two by a Suburban Council of Govemments

@ One by the Commissioners of the County of Cuyahoga

@ One by the Subdistrict with the greatest wastewater flow (currently Subdistrict 1)

@ One by the Subdistrict with the greatest population (originally Subdistrict 1, but now Subdistrict 2)

The District currently has a 285 square-mile service area, which includes 75 square miles served by combined
sewers. The service area encompasses all or part of 53 communities, each responsible for their own local
sewer system. The District serves over one million people and treats over 330 million gallons of wastewater
per day on average.
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The District owns and Operates three wastewater treatment plants, six pump stations, 207 miles of interceptor
sewers, 467 static combined sewer regulators, and 29 automated combined sewer regulators. The 496
combined sewer regulators discharge to the environment at 126 locations permitted by the National Pollutant
Discharge Elimination System. Discharges at these 126 locations impact many receiving waters:
® Lake Erie

® Four streams tributary to Lake Erie

® The Cuyahoga River

@ Four streams tributary to the Cuyahoga River

@ The Ohio Canai
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WET WEATHER PLANT OPERATION

Lewis Debevec Jr.
NORTHEAST OHIO REGIONAL SEWER DISTRICT
3826 Euclid Avenue
Cleveland, OH 44115

ABSTRACT

The creation of the Northeast Ohio Regional Sewer District by court order in 1972 was done to
resolve water quality problems that existed in the greater Cleveland area. These problems were
due in part to the inability of treatment facilities to treat wet weather flows. Today, the three
award winning treatment plants have been exemplary in their day to day operation. Beyond that,
they have maintained their permit conditions utilizing strategies to deal with high flows during wet
weather conditions. Each plant is unique and this paper explores their uniqueness in handiing
wet weather operations.

KEYWORDS
wastewater, treatment, wet weather, process, flow
INTRODUCTION

The Northeast Ohio Regional Sewer District operates three-wastewater treatment plants in the
Cleveland area. The oldest facility is the Easterly Wastewater Treatment Plant that is located on
the east side of Cleveland and discharges into Lake Erie. The largest facility is the Southerly
Wastewater Treatment Center located on the south side of the City of Cleveland in Cuyahoga
Heights. This facility discharges its treated effluent into the Cuyahoga River. The smallest of the
three plants is the Westerly Wastewater Treatment Plant located on the west side of City of
Cleveland and discharges its treated effluent into Lake Enie.

EASTERLY WASTEWATER TREATMENT PLANT

The Easterly Treatment Plant is a conventional activated sludge plant with a design dry weather
flow of 155 MGD and a wet weather flow of 330 MGD. The plant has no conventional solids
handling facilities. The plant pumps it solids through a thirteen- mile pipeline to the Southerly
Treatment Plant. The plant's National Pollutant Discharge Elimination System (NPDES) Permit
has thirty day limits of 15 milligrams/iter (mg/) carbonaceous biochemical oxygen demand, 20
mg/ suspended solids and 1.0 mgA total phosphorus in the effluent.

Process Flow Scheme

The flow enters the plant, as show in Figure 1, through one of three interceptors-Collingwood,
Heights-Hilltop or Easterly. When the flow is within the design criteria it receives preliminary
treatment consisting of screening, grit removal and comminution. Flow is then measured and
given primary treatment. After primary treatment, the flow goes into the activated sludge
process in the step feed mode. From the final clarifiers the effluent is disinfected with sodium
hypochlorite and dechiorinated with sodium bisulfite. The water elevation in the final clarifiers is

95
R0024859



lower than the present lake level; therefore, the effluent is pumped by screw pumps up to the
lake level.

Wet Weather Flow

In wet weather, when the total plant flow is less than 330 MGD the Collingwood pumps lift all
flows less than 100 MGD into the plant and the Heights-Hilltop and Easterly interceptors will flow
by gravity into the plant.

When the total plant flow exceeds 330 MGD and the Collingwood flow is greater than 100 MGD
the excess flow in the Collingwood interceptor overflows a fixed weir and automatically bypasses
the treatment process. This plant receives approximately 0.250 MGD of water plant sludges.
When the plant flow is near the bypass level, the wastewater plant has an automatic telephone
dialer that sends a call to the water plant and informs them of the impending bypass. The water
plants take the necessary action to shutdown their siudge pumping operation.

When the total plant flow exceeds 330 MGD and the Coilingwood flow is less than 100 MGD the
flow in the Collingwood interceptor. is throttled. This is done by shutting down the Collingwood
pumps to allow an overflow of the fixed weir and automatically bypass the treatment process.
Again, when this occurs, the wastewater plant’s automatic telephone diaier sends a call to the
water plant and informs them of the impending bypass. The water plants take the necessary
action to shutdown their sludge pumping operation.

The wet weather-operating scheme for this plant is to accept the more concentrated sanitary
flows and to allow the more dilute sewage to be bypassed. Therefore, the plant will allow the
flow from the Collingwood Interceptor to overflow first and then bypass from the Easterly
Interceptor. As a last resort, if the flow from the Heights-Hilltop Interceptor exceeds the 330-
MGD it will be allowed to bypass.

SOUTHERLY WASTEWATER TREATMENT PLANT

The Southerly Treatment Plant is a conventional two-stage activated sludge plant with a design
dry weather flow of 200 MGD and a wet weather flow of 735 MGD. The piant's National
Poliutant Discharge Elimination System Permit (NPDES) has thirty day limits of 16
milligrams/liter (mg/) carbonaceous biochemical oxygen demand, 16 mgA suspended solids and
1.0 mg# total phosphorus in the effluent.

Process Flow Scheme

As shown in Figure 2, the flow enters the plant through one of five interceptors-Big Creek, Mill
Creek, Cuyahoga Valley, Southwest or Southerly. In addition, sludge from the Easterly
treatment plant is pumped into the influent of Southerly. When the flow is within the design
criteria it receives preliminary treatment consisting of screening, grit removal. Flow is then
measured and given primary treatment. After primary treatment the flow goes into the first-stage
activated sludge process currently operated in the step-feed mode. After the first-stage treatment
the flow is pumped to the second-stage activated siudge process for nitrogen removal. From the
final clarifiers the effluent flows through gravity sand filters. It is then disinfected with sodium
hypochlorite and dechlorinated with sodium bisulfite. The plant discharges its treated effluent by
gravity to the Cuyahoga River.

Solids handling consists of primary sludge cycione degritting, gravity thickeners and gravity beit
thickeners. A medium-pressure thermal conditioning process to prepare the sludge for
dewatering. Centrifuges and vacuum filters dewater the thermally conditioned sludge and
incinerators to reduce the volume of siudge. Since the plant receives sludge from the Easterty
treatment piant, it must process about twice the amount of sludge that a plant with the same flow
would process.
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Wet Weather Flow

In wet weather, when the flow to Southerly is less than 175 MGD, the total piant flow will receive
preliminary, primary, first-stage, second-stage treatment and filtration. The full flow is
disinfected with sodium hypochiorite, dechiorinated with sodium bisulfite, and discharged to the
river.

When the flow exceeds 175 MGD, but is less that 400 MGD, the flow receives preliminary and
primary treatment. Only 175 MGD of this flow receives first-stage treatment. However, the full
flow up to 400 MGD goes to the second-stage and receives secondary treatment. The flow up to
400 MGD can be filtered. The full flow is disinfected with sodium hypochiorite, dechlorinated
with sodium bisulfite, and discharged to the river.

When the flow exceeds 400 MGD, but is less than 735 MGD, the flow receives preliminary and
primary treatment. The flow exceeding 400 MGD, up to 335 MGD, will receive this degree of
treatment. Of the remaining flow, only 175 MGD of this flow receives first-stage treatment.
However, the full flow of 400 MGD goes to the second-stage and receives secondary treatment.
The flow up to 400 MGD can be filtered. The 400-MGD flow is disinfected with sodium
hypochiorite, dechlorinated with sodium bisulfite, and discharged to the niver. The portion of the
flow above the 400-MGD is discharged to the river.

The wet weather operating scheme for this plant is to provide maximum treatment to the
concentrated sanitary flows and reduce the amount of treatment wher: the flows becomes diluted
with rain water. All available tankage in the primary and secondary is used for storm flow
retention or flow through.

WESTERLY WASTEWATER TREATMENT PLANT

The Westerly Treatment Plant is a trickling filter/solids contact (TF/SC) biological process plant
with a design dry weather flow of 33 MGD and a wet weather flow of 100 MGD. The plant's
National Pollutant Discharge Elimination System Permit (NPDES) has thirty day limits of 15
milligrams/iter (mg/) carbonaceous biochemical oxygen demand, 20 mg/l suspended solids and
1.0 mgA total phosphorus in the effluent.

Process Flow Scheme

The flow enters the plant through one of two interceptors-Westerly and Northwest. Flows within
the design critena receive preliminary treatment consisting of screening, grit removal and
comminution, as shown in Figure 3. Flow is then measured and given pnmary treatment. After
primary treatment, the flow pumped up to one of three trickling fiiters. Then the flow goes to
through the solids contact tanks and to the final clarifiers. From the finai clarnifiers the effluent is
dis’i(nfeeited with sodium hypochiorite. dechlorinated with sodium bisuifite, and discharged into
Lake Erie.

Tr_le plant processes all biosolids collected from the wastewater. The plant uses gravity
thickeners to thicken the solids. The plants centrifuges dewater the solids for the incineration
process or in an emergency to transport the solids to an approved landfill.

Wet Weather Fiow

in wet weather, when the flow to Westerly is less than 70 MGD the flow receives preliminary,
pimary and secondary treatment. The full flow is disinfected with sodium hypochiorite,
dechlorinated with sodium bisulfite, and discharged to the lake.
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When the flow exceeds 70 MGD, but is less that 100 MGD, the flow receives preliminary and
primary treatment. Only 70 MGD of this flow receives full secondary treatment. The remainder
of the flow up to 100-MGD flows to blend with the secondary treated flow. The full flow is
disinfected with sodium hypochlorite, dechiorinated with sodium bisulfite, and discharged to the
lake.

When the flow exceeds 100 MGD, but is less than 400 MGD, the flow up to 70 MGD receives
preliminary, primary and secondary treatment. The piant will control the flow into the treatment
facility by valves in the headworks so that the piant treats 100 MGD. The flow exceeding 100
MGD, up to 300 MGD, will receive prefiminary and primary treatment utilizing the Combined
Sewer Overflow Treatment Facility (CSOTF). The CSOTF is old imhoff tanks converted to
primary settling tanks with sludge withdrawal provisions. Oniy the treatment plant flow of 100
MGD is disinfected with sodium hypochlorite, dechlorinated with sodiurn bisulfite, and discharged

to the lake. The portion of the flow above the 100-MGD is also discharged to the lake.

When the flow exceeds 400 MGD, but is less than 1,800 MGD, only 70 MGD of the flow receives
preliminary, primary and secondary treatment. Again, the piant controls the flow into the
treatment facility by valves in the headworks so that the plant provides preliminary and primary
treatment to 100 MGD. The flow exceeding 100 MGD, up to 1,800 MGD, will utilize the
Combined Sewer Overflow Treatment Facility (CSOTF). Fiows above 300 MGD are bypassed
through the center channel to avoid tank flooding. As an added precaution, gates in the CSOTF
pump building will aiso open to protect the catenary bar screens in conjunction with and effluent
sluice gates on the influent center channel also open to regulate the flow. At this point, the plant
is receiving higher flow rates than can be treated and the system bypasses the process. Only
the treatment plant flow of 100 MGD is disinfected with sodium hypochlorite, dechlorinated with
sodium bisulfite, and discharged to the lake. The portion of the flow above the 100-MGD is aiso
discharged to the lake.

The wet weather operating scheme for this plant is to provide maximum treatment to the
concentrated sanitary flows and reduce the amount of treatment when the flows becomes highly
diluted with rain water.

CONCLUSIONS

During wet weather, the three plants are operated to take advantage of all available tankage in
the primary and secondary process stream to be used for storm flow retention or flow through.
This is evident in the peak wet weather event of February 27, 1997. The design wet weather
capacity of the three plants is 1,365 MGD. Table 1 shows the flows handled by each plant on
Thursday, February 27, 1997, when heavy rains and snow melt run-off taxed each plant to near
capacity. The result was that 86 percent of the total capacity was utilized.
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PLANT FLOW WW CAPACITY % of CAPACITY

Easterly - 240 MGD 330 MGD 73%
Southerty - 708 MGD 735 MGD 6%
Westerly - 60.3 MGD 100 MGD 60%
CSOTF - 338.6 MGD 300 MGD 113%
Total = 1,347.9 MGD 1,365 MGD 86%

TABLE 1. Wet Weather Flow on Thursday, February 27, 1997
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Advances in Urban Wet Weather Pollution Reduction — Cleveland 1998
Conference
The Northeast Ohio Regional Sewer District Wet Weather Programs
Session 4 (9:00 am - 12:00 pm)

Daniel M. Hudson
Manager of Systems Operation and Maintenance

In-line Storage of Wet Weather by Real-Time Control (9:30 am - 9:45 am)

Early on the Northeast Ohio Regional Sewer District (District) recognized the need
for combined sewer overflow abatement. As early as 1972 the District constructed
in-line storage devices that regulated the flow through three combined sewer
regulators. The system included twelve rain gauges and twelve sewer level
gauges. Monitoring and control was performed with a centrally located
minicomputer. Control algorithms were calculated with one central computer and
transmitted over dedicated data lines for remote control. The reliability of this
system depended on the telephone lines, power service, and computer
trustworthiness. By 1990, the District constructed 29 automated regulator, 25 rain
gauges, 37 remote level monitors, and 50 remote flow monitors. Majority of the
equipment was designed for distributed control with programmable logic
controllers (PLC). Personal computers distribute information on a local area
network (LAN) through a Supervisory Control and Data Acquisition (SCADA)
system. Collection system information, such as wet weather flows, rain intensities,
and systems levels, are delivered to the treatment plants in real-time. Plant
operators make process control decisions based upon the sewer system data.

Each automated regulator has been constructed at an existing overflow regulator
chamber or at a newly constructed chamber that was created by consolidation of
several regulators. At each site a hydraulically operated knife gate, plug valve, or
in-sewer timber gate controls the amount of flow in the dry weather pipe. Where
possible, the size of the dry weather outlet pipe was increased to allow greater flow
to be delivered to the interceptor. Fixed weirs were replaced with either an
inflatable dam or a hydraulically operated bascule gate. Sewer levels upstream
and downstream of the automated regulator are measured with bubbler level
sensors. At some autornated regulators, interceptor levels remote to the site are
telemetered to the local controller. All control equipment is typically contained in
a prefabricated underground control vault. The vaults contain support equipment
for the automated regulators, including level and flow sensing systems, hydraulic
systems, pneumatic systems, motor control panels, uninterruptibal power supplies,
and a programmable logic controller.
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During the design and construction of the real time control system, consideration
was given to controlling the largest amount of combined sewage with the smallest
number of automated regulators. The 29 automated regulators eliminated
approximately 80 fixed weir regulators. Pipes were constructed that collect water
from several regulators and direct the flow to one point where flow could be
controlled and storage in the system. The 29 automated regulators control nearly
one-quarter of the total flow from the 500 regulators in the Cleveland area. This is
equivalent to preventing about 2 MGD of flow from entering the environment
untreated every day.

The District’s experiences in real time operation and maintenance of a CSO
facility are not unusual when compared to other organization with similar systems.
Problems with inflatable dams started with the original construction over 20 years
ago. Most problems stemmed from the original design and construction. The
failure rate of the dams is currently approaching 50 percent total. The majority of
the problems with the dam revolves around substandard design and installation.
Most of the dams are manufactured with seams. Seam separation is the most
common failure mode. Incomplete vulcanization from the original manufacturing
process appears to be the major factor for seam separation. The original anchor
design was a complicated system of rods, anchors and fabric. Improper
installation of anchor bolts and placement of the fabric under the clamping rods
has also led to some of the dam failures.

The District has currently replaced six of the original seam-type dams with a
seamless design. The new design has proven to be reliable. The seamless dams
have been in-service for about five years with no failures. The anchors for the
seamless dams are a simple clamp that is mounted to the sewer walls by anchors
imbedded in epoxy adhesive.

The annual operating and maintenance cost for each automated regulator annual
cost is about $11,000. This includes all of the labor and material expenses
required for preventive and breakdown maintenance. Capital cost and the original
design and construction cost are not included. Each rain gauge costs about $2,600
per year to operate and maintain. The flow and level monitors cost about $3,000
each per year.
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Less then one percent of the total capital expenditures for the District was used for
the construction of the in-line storage system. Even with such small capital
expenditures, in-line storage of CSO’s has proven important in the reduction of
overflows and resultant pollution loads to Lake Erie. Experiences at the District
have shown that with intelligent design and construction, deliberate management,
and maintenance, in-line storage can be environmentally effective and cost
efficient.
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COMBINED SEWER SYSTEM BEST MANAGEMENT PRACTICES

Robert Gow, Northeast Ohio Regional Sewer District

The Northeast Ohio Regional Sewer District’s (District) Wastewater collection System is
as diverse as the people who populate the District’s two-hundred ninety-five (295) square
mile service area.

The District currently owns and/maintains two-hundred and seven (207) miles of
intercepting sewers. These interceptors are located primarily within the boundaries of
Cuyahoga County. One-hundred fifty-two (152) miles of these sewers are greater than
forty-eight (48) inches in diameter, many of which were constructed in deep tunnels. The
remaining fifty-five (55) miles of sewers are less than forty-eight (48) inches in diameter
and were primarily open trench construction. One-hundred and two (102) miles of
interceptors are less than thirty (30) vears old and fabricated with reinforced concrete
pipe. Brick sewers comprise the remaining one-hundred and five (105) miles of
interceptors. These brick sewers range from fifty (50) to over one-hundred (100) years
old. The average manhole depth of the old existing interceptors is twenty (20) feet.
Whereas, some of the new deep tunnel interceptors exceed two-hundred (200) feet in
depth.

The District also maintains four-hundred sixty-seven (467) Combined Sewer Overflows
throughout Greater Cleveland. These are the fixed weir-type regulators of which there
are four (4) styles in the Cleveland area:

. Perpendicular Weir
Side Channel Weir
. Leaping Weir
Relief Pipe

The leaping weir regulator is uncommon throughout the United States and seems to be
unique to Cleveland. Historical data also reveals an increased susceptibility for
maintenance problems at this type of regulator.

In addition to interceptors and regulators, the District assumes maintenance responsibility
for nineteen (19) bar racks, twenty-eight (28) drop pipes, one-hundred twenty-five (125)
permitted outfalls, twenty-four (24) miles of storm water outlets from regulators, and
other sewer related appurtenances.
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The District differs from other sewer authorities in the United States. Unlike other
agencies, the District does not maintain the small local sewers. Each community
maintains their own sewer system or has entered into a maintenance agreement with the
Cuyahoga County Sanitary Engineers.

Inspection and maintenance of the District’s Collection System is the responsibility of the
Sewer Maintenance and Repair Section. This group includes eight (8) Field Technician
Operators, who normally operate the sewer cleaning and inspection equipment, and
routinely function as crew leaders also. The operators are supported by sixteen (16) Field
Technicians who aide with equipment set-up, traffic control, and assist with actual
cleaning and inspection activities. Two (2) supervisors and a manager complement the
group. An additional supervisor is slated for later in 1998 (see Table 1).

The Sewer Maintenance Department employs a variety of equipment and vehicles. The
following is a list of inspection and cleaning equipment routinely used by the group:

. Three (3) Combination Machines (Jet Vacs)
. One (1) Jet Truck

. Two (2) C.C.T.V. Trucks

. One (1) Easement Machine

. One (1) Manlift System

. Twelve (12) Inspection/Companion Vehicles
. One (1) Set Bucket Machines
. Miscellaneous gas/electric/air/hydraulic power tools

The Sewer Maintenance and Repair Section’s goals and priorities are to maintain an
unrestricted flow of wastewater to the District’s Wastewater Treatment Plants, and to
ensure against any dry weather discharges to the environment. These tasks are
accomplished through the implementation of an aggressive inspection and maintenance
program by skilled and dedicated District personnel.

Regulator maintenance is a priority item at the District. The four-hundred sixty-seven
(467) regulators have been compiled into a set of inspection route books based on
drainage area, eight by receiving waters or interceptors. The regulators are inspected at
least twice per month. Regulators that exhibit a history of maintenance problems have
been collected into a set of four (4) trouble-spot route books and are inspected weekly. A
routine inspection crew consists of two (2) or three (3) technicians, depending upon the
route book being inspected. Normally, three (3) inspection crews are in the field on a
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daily basis. To further enhance our inspection/maintenance program, a straight jet truck
with a two (2) man crew inspects troublesome regulators on a daily basis. Preventive
maintenance is performed at each site as necessary.

During the course of the work day, should an inspection crew encounter a blocked
regulator, it is immediately reported to a Sewer Maintenance supervisor via two-way
radio. The supervisor will then dispatch a jet vac to the site to relieve the blockage. This
process has dramatically reduced response time to clean a blocked regulator. Anytime a
blocked regulator is discovered by District personnel, the Ohio Environmental Protection
Agency is also notified of the dry weather upset condition via fax. A status report follows
when the regulator has been cleaned.

During 1997, District personnel inspected sixteen-thousand one-hundred and ninety-eight
(16,198) fixed weir regulators (see Table 2). Total and partial blockages were removed at
one-thousand six-hundred and forty-nine (1,649) sites (see Table 2). This intensive
inspection/maintenance program reduced the number of chronic regulators, those that are
blocked more than three (3) times per year, to four (4) (see Table 2). Further, the number
of inspections it requires to locate a blockage increased to 265, compared to 87 in 1992
(see Table 2). Response time, the actual time to relieve a blocked regulator from the time
it was reported to supervision, has been reduced to a little over an hour. Only a few years
ago, a twenty-four (24) hour turnaround was the norm.

Looking to the future, the District will continue to pursue its goal to reduce dry weather
overflows by incorporating new technology into the daily routine of sewer maintenance
operations. Bar codes, commonly used in grocery/department stores, are now being used
by District Sewer Maintenance personnel to inspect regulators. The District initiated a
pilot program in early 1998 by which seventy-one (71) regulators are being inspected
with the use of bar codes. The bar code system eliminates handwritten
inspection/maintenance reports currently being used by the field crews. Bar code readers
are downloaded into a computer at the end of each work day. The computer, in turn, logs
each inspection and generates an inspection and maintenance report. Thus, increasing the
number of yearly regulator inspections.

By years’ end, the maintenance department intends to inspect the remaining regulators

with the bar code system. Eventually, this program will be expanded to include bar racks,
drop pipes and other general sewer maintenance activities.
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FIXED WFEIR REGULATOR STATISTICS

Total Number el Inspections
1992: 10,867
1993: 14,270
1994, 14,330
1995: | 7.686
1996: 19,725
1997 16,189

Tatal Number of Preventive Mainicnance Aclivities
1992: 1698
1993 18D+
1993: 2380
1983 2103
1996: 2208
1987: 1649

Number of Inspections 10 identify a Dry Weather Grverflow
1992: &~

1993: 134

1984 138

1995 236

1986: 23%

1997: 263

Time to Unblock 2 Regulater

1993: Approximately 24 hours

1994: 40% in 24 hrs: 60% less than 2 hours

1995: 3% in 2 hours

1996: 87% less than 2 hours: nonc cxceeds 24 hours.
1997. | .52 hours
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INTERCEPTORS & BIOFILTERS

RICHARD J. SWITALSKI

NORTHEAST OHIO REGIONAL SEWER DISTRICT
3826 Euclid Avenue
Cleveland, OH 44115

INTRODUCTION
Like many of the older Metropolitan areas in the country, the wastewater collection system for Greater
Cleveland is comprised of both separate sanitary sewers and combined sewers. A master sanitary interceptor

plan was initiated in 1966 to minimize pollutant overflows into Lake Erie and tributary streams.

One of the primary goals of the master plan was to intercept separate sanitary sewer flow for priority treatment
at the wastewater treatment plants, thereby:

. Reducing separate sanitary overflow (SSOs) into environmentally sensitive urban streams
and lakes.
. Reducing flows to the combined sewer areas thereby reducing the volume and frequency

of combined sewer overflows (CSOs).

Two interceptor systems were eventually designed and constructed as a result of the master plan. They are
the Southwest Interceptor and the Heights/Hilltop Interceptor. Together these two projects consist of 50 miles
of interceptor sewers which service over 500,000 people at a cost of $242 million. The first part of this paper
will focus on one segment of the aforementioned interceptors, Hilltop Interceptor Contract G, from design
through construction.

DESIGN

The design of the Contract G was based on a five year, one hour storm event. Initial design concepts included
the consideration of a new surface storage facility consisting of a concrete lined detention tank. However, the
concept of a storage-conveyance tunnel proved to be more economical. However, due to the depth of the
tunnel, it is feasible to construct additional detention tanks next to the interceptor shouid the need for
expansion be identified in future studies.

RFLOW STR RE

The concept for the overflow structure was based on characteristics of a typical detention basin's outfail
structures used for surface drainage systems:

1. Control outlet discharge rate by an orifice device.
2. Provide an overfiow weir to allow for controlied discharge of flows exceeding the design rate.

However, early in the design stage, it was recognized that to design an outlet control device operating under
105 ft. of a hydrostatic head and discharging into the existing tunne! would require hydraulic modeling. An
empirical design approach was considered too risky without guaranteed performance resuits for the $750,000
structure. The critical issue was to assure stable overflow conditions and still provide acceptable flow
characteristics in the shaft and the downstream tunnei.

The design was initiated on a system that wouid detain incoming fiows in the tunnel by controlling the outlet
rate through a smail diameter pipe (the throttle pipe) at the overflow structure. When the incoming flows
exceed the outlet discharge, the water level continues to rise, utilizing the tunnel as a detention tank, until the
outlet rate exceeds the inflow rate, at which time the storage in the tunnel is depleted.
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From the flow monitoring data which was incorporated into the SWMM program, a hydrograph of the design
storm was developed to caiculate the size, depth and profile of the tunnel, length and size of the throttle pipe
and the volume of the desired storage capacity. Once the system was sized, the data, along with conceptual
construction details were sent to the lowa Institute of Hydraulic Research (IIHR) for modeling. As a result of
the IIHR modeling, a smaller diameter throttle pipe was incorporated into the system to decrease its length.
A reducer was added to the end of the throttle pipe, in the opposite direction of the fiow, with a short larger
diameter pipe at the terminus of the throttle pipe to reduce the existing flow velocities.

The IHR also studied the shape and width of the overflow weir to produce stable flow conditions in the event
that the design storm runoff rate is exceeded or the throttie pipe becomes clogged. The modeling concluded
that duning the worse case conditions, about 4 ft. of flow would over top the weir within the overflow structure
shaft The study also concluded that baffles to control the existing velocities were not needed. The findings
from the IIHR modeling were incorporated to finalize the geometry of the full scale structure.

c CT G SYSTEM

When the design of the interceptor was completed, the Contract G system comprised of approximately 11,750
ft. of 132 in diameter storage conveyance tunnel at a slope of 1.00% with 174 . of 33 in. diameter throttle
piping with reducer and 10 ft. of 36 in. diameter outlet pipe. The system has a peak discharge rate of 145
mgd. (reduced from 285 mgd.) and a storage capacity of 6.5 million gal. The discharge from the throttle pipes
and the overflow weir is directly into a downstream tunnel completed under previous contracts. Three access
shafts, one deaeration chamber, two work shafts, drop pipe and access adit complete the Contract G system.

ACCESS AND WORK SHAFTS

The NEORSD Maintenance Department has a preference that for large diameter interceptors, the spacing
between the access shafts or manholes shouid not exceed 3,000 ft. This distance is set by the safety
equipment reach capacity, such as winches, cables and emergency breathing air packs. Also, at this
spacing, ventilation of the system can be accomplished in reasonable time prior to the entry of personnel into
the tunnel.

This spacing requirement, at imes, positions an access shaft in an area where available land is limited, not
available or the surface access shaft covers are in the street and/or roadway with heavy traffic. This was the
case on the Contract G requiring the designers to utilize an offset access shaft arrangement. In addition,
maintenance access to the tunnel is provided by the NEORSD through the use of a Maintenance Trailer
operating from the surface. The trailer has a man-cage which allows personnel to be lowered and picked up
directly form the shatt inverts (at tunnel level) and allows for air testing equipment to be lowereg to the tunnel
level prior to the entry of personnel. The cage can also be used to lower air testing monitors any other safety
or support equipment.

CONSTRUCTION

The final bid package consisted of detailed design for shafts and tunnel (final and initial excavation supports),
shaft sites, site restorations, details, geotechnical report and other information necessary to complete the
package. The contract was bid on in November of 1990 with KM&M, Joint Venture as the successful
contractor. The low bid amount was $16,084,517.00.

Shaft excavation utilized a vertical boring machine (VBM) and drill and blast methods. The VBM was
developed by the Kassouf Company of Cleveland, Ohio based on designs used in previous NEORSD projects.
The machine was capable of excavating downward into the shales and other soft rocks. The two stage cutter
head moved rock cuttings toward the center, where they were lifted by a vertical auger to a skip for hoisting

to the surface. As the machine excavates downward, the shaft's initial supports were installed from the
VBM's platform.
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The tunnel boring machine (TBM) selected was built by Lovat Tunnel Equipment, inc. and came equipped with
drag cutters and a rear thrust ring requiring ribs and lagging as thrust reaction. The excavation of the main
tunnel started on September 6, 1991 and was completed on February 11, 1992. This resulted in a total of 158
calendar mining days (or 162 mining shifts). The following is the summary of the TBM mining record for the
project:

Average feet per shift (beginning 9/6/91) 71.60
Average sets of ribs and lagging instalied per shaft 17.30
Total footage mined 11,671.96
Total calendar days 158

Total mining shifts 163
Highest footage mined - one shift 11/11/91 (1st shift) 115.70
Highest footage mined - one work day 12/20/91 223.50
Highest footage mined - one work week 12/02/91 thru 12/06/91 931.60

The adits for the access shaft and the deaeration chamber were excavated by a smaller TBM without any
trailing gear to avoid drilling and biasting. After the excavation, reinforcing steel was placed in the adits and
dearation chamber, followed by the piacement of concrete.

The final lining in the tunnel was cast utilizing a 210 ft long form. The average daily placement was 180 ft
utilizing with 300 cy. of concrete. The piacement started at the upper limit of the tunnel profile. Cleaning of
the invert, reinforcement placement and rail removal was performed ahead of the concreting operation. Forms
were stripped when concrete lining reached 1,000 psi. After the concrete reached its full strength, contact
grouted was employed in the crown area.

For the overflow structure, shaft, and outfall sections of the tunnel (throttie pipe), the final lining concrete
mixture contained microsillica. The microsilica additive produced concrete with an average strength of 7,500
psi that was of a higher density and resistant to abrasion.

The throttle pipe consisted of DIP piping, anchored down with reinforcing steel to the final lining and was
completely encased in concrete.

CONCLUSIONS

The Contract G proved to be a very successful tunnel project The geotechnical conditions and initial support
type requirements were predicted during the design stage. The construction on the project was authorized
to proceed on January 9, 1991 with the completion deadline of June 22, 1993. The actual completion was
on December 1, 1993. The detay resulted from a change order requiring the Contractor to dispose of the rock
muck saturated with natural oil in the same manner as hazardous waste. The muck was tested and the
disposal locations were documented.

The original bid price was $16,084,517. The final cost of the project was $16,225,741. Total extra work on
the contract amounted to $905,039 and the total deductions were $763,814, this resulted in a net increase
to the contract bid price of 0.88 percent.
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BIOFILTERS

INTRODUCTION

Initial flow into portions of the HH! and the SWI began in 1991. When these minor (10 percent of design) flows
were diverted into the tunnels several years ago, the District immediately began to receive odor complaints.
At first, the problems were relatively minor and were attributed to low flow conditions. District personnel
corked certain manhole lids to alleviate local odor problems and the odor complaint issue was considered
solved. However, during the summer of 1995, when more flow was introduced into the upstream portion of
the system, odors became much more prominent and widespread.

When it was recognized that the odor problems were a direct result of increased flow and that the problem
could not be solved by corking manhole lids, the District immediately moved forward to investigate the problem
and find a solution. The goal of the investigation was to understand the cause and extent of the tunnel odor
release problem, evaluate alternatives to solve the probiem, select the appropriate technology and retrofit the
system with the most reliable odor controi facility possible. Because the probable locations of any odor control
faciliies would be remote sites in the collection system, the District recognized that one of the most important
aspects of the selected treatment system would be operation with minimal operator intervention.

INVESTIGATION

The investigation found that both the HHI and SWI tunnel systems were being pressurized by the eduction
of air through the drop shafts. The amount of air educted vaned with the quantity of wastewater being
dropped and the size and shape of the drop structure. When the wastewater flow down the drop pipe is low,
surface tension hoids most of the water against the wall of the pipe creating a large central air core . Little air
is educted in this case. In fact, if the pressure in the tunnel is high enough, air will overcome the force of the
downward draft in the vortex pipe and vent to the atmosphere through the large central air core. However, as
the wastewater flow down the vortex shaft increases, friction increases, the central air core becomes smalier
and the educted air pressure overrides the pressure in the tunnel. Therefore, as the wastewater flow down
the vortex shaft increases, the amount of air being educted also increases.

The surface tension of water is another reason why increased wastewater flow down the vortex shafts causes
greater air eduction forces. Under low fiow, most of the wastewater falling down a vortex hugs the wall of the
pipe. This is the effect of the surface tension of water. The wetted surface of the pipe acts as an anchor and
the surface tension between the individual molecules of water act to keep the water from shearing and forming
individual droplets.

As the volume of wastewater increases, surface tension forces are not strong enough to hoid the water
against the surface of the pipe and shear distorts the water surface in the form of wave fronts which travel
down the pipe. This wave is the first indication that shear forces, induced by gravity, are overcoming the
surface tension because the wave front travels faster down the pipe than the water next to the pipe wall.

When the flow down the vortex Pipe becomes large, surface tension forces are only exerted for a short
distance from the pipe wall and the rest of the water is in full hydraulic shear. As the droplets shear from the
wall they fall like “rain” down whatever may remain of the central air core causing increased surface area upon
which friction with the air can act. Under this condition maximum air is being educted down the vortex pipe.

EVALUATION OF ODOR CONT ROL ALTERNATIVES

All feasible aitenatives were considered for odor treatment or control on the HH! and SWI deep tunnel
coliection systems. The final recommendation was to employ biofilters.
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Biofilters are a type of odor control system that adsorbs/absorbs and oxidizes odorous compounds using
microorganisms growing in a soil or compost substrate. Biofilters are successful in treating hydrogen sulfide,
ammonia, organic odors and volatile organic compounds from municipal wastewater treatment plants and
pump stations, composting facilities, rendering plants, and other solids processing facilities. Odors are
absorbed into a thin water film surrounding the substrate particles and also adsorbed directly on to the
particles. The sorbed compounds are then metabolized by bacteria and converted to sulfite or suffate, carbon
dioxide, ammonia and water. This oxidation step frees the sorptive sites for additional odorous compounds,
thereby continuously regenerating the biofilter.

Biofiiters have been used to treat hydrogen sulfide in wastewater collection and treatment systems in the
United States since 1959. Their increasing popularity is due to the simplicity of the system, lack of intensive
mechanical equipment, and the use of no treatment chemicals. Biofilters have gained acceptance in recent
years with more research and full-scale operating experience. The major components of a biofilter system
include a fan for transfer of odorous air to the biofilter, a distribution system consisting of a header/lateral
piping network and distribution plenum, and the substrate. Usually, biofilters also require an irrigation system
and a humidifying system to maintain moisture content of the substrate.

Influent air must be evenly distributed across the entire area of the biofilter for optimal treatment. Failure to
achieve uniform distribution may resuit-in localized channeling through the substrate, unequal contaminant
loading, odor breakthrough, and development of high headloss with a corresponding drop in airflow. The
most basic and commonly used distribution system consists of PVC headers with perforated laterals in a silica
stone gravel bed. Some installations have used manufactured biocks to achieve uniform distribution,
however, these systems are proprietary and not commonly used.

The biofilters will be conservatively sized using a loading rate of 3 to 4 cfm/sf and a headloss of 6 inches. The
depth of the biofilter will be 3 ft and will consist of yard and sludge compost and shredded bark. The treatment
bed will be about 85 feet long and 25 feet wide. Maintenance costs will include periodic replacement of the
substrate. Capital and O&M will be relatively low, approximately $0.6 million, for one biofilter. Six biofilters
are the projected need for the HH! and 5 biofilters on the SWI.
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BRICK MASONRY SEWER REHABILITATION
USING SLIP LINE METHOD

RODNEY J. DELL'ANDREA, P.E.
THE NORTHEAST OHIO REGIONAL SEWER DISTRICT, CLEVELAND, OH
ABSTRACT

Slip lining circular brick sewers involves inserting a slightly smaller pipe section inside the existing sewer.
The annular space left between the new liner pipe and the host sewer is filled with grout. Lateral and side
sewer connections generally must be excavated and reconnected to the new liner from the exterior of the
existing sewer. The method is most practical for sewers of circular cross section in reaches where there are
few existing lateral connections. Slip lining can maintain the structural integrity of the existing brick sewer and
improve the hydraulic capacity of the sewer even though the finished diameter has been reduced.

INTRODUCTION

All sewer collection systems require constant maintenance. With time, all structures detericrate, and circular
brick masonry sewers are no exception. The objective of all sewer rehabilitation is to maintain the viability
of the conveyance conduit and this is accomplished by (1) ensuring its structural capability, (2) reducing
infiltration and inflow (I/f), and (3) controlling exfiltration. The selected rehabilitation method will depend on
the rehabilitation objectives and a cost vs. benefits analysis. Most structural rehabilitation methods provide
for a reduction in rates of U1, however, most infiltration control rehabilitation measures have very little impact
on enhancing structural integrity. A proper and thorough evaiuation of sewer defects is paramount in
determining the appropriateness of a given repair method. The selected rehabilitation measure shouid be
chosen for its ability to best correct the cited defects.

CRITERIA FOR REHABILITATION

The structural integrity of a circular brick masonry sewer relies on the support of the surrounding soil.
Regardless of its cross section, the crown of a brick masonry sewer is a semicircular arch. This arch behaves
as a compression ring supporting vertical loading from above and the Iateral loading of the backfill scils at the
sides of the sewer. If voids in the backfill material develop near the sewer’s springline, lateral support is lost
and the sides of the arch can move outward under the weight of the soils above the crown. Void development
is associated with soil displacement due to groundwater. Fine granular backfills can be “piped” inside the
sewer through cracks, open mortar joints, or poorly made lateral connections. This mechanism will cause the
crown to flatten and crack. When vertical deflections of the crown develop and achieve at least a 10%
reduction in height, the sewer is considered to be at risk of structural failure. Mortar loss through erosion or
sulfite attack from sewer atmospheres can resuit in displaced or missing bricks which can eventually lead to
collapse. Infiltration probiems can develop into mineral deposits, deposition of debris in the invert, dropped
inverts, and loss of hydraulic capacity. Invert debris can alter flow velocities causing excessive wearing of
the invert surface. Cracks, fractures, and hoies can allow the undesirable development of exfiltration of
sanitary flows to the environment.

THE WESTERLY INTERCEPTOR: A CASE HISTORY

The advance of time has not been kind to the old brick masonry combined sewer known as the Westerly
Interceptor owned by the Northeast Ohio Regional Sewer District. The age of the sewer is estimated to be
approximately 80 to 100 years old. Several existing conditions, such as periodic surcharging and the proximity
ofits alignment to a heavily used rail line , have lead to advancing its deteriorated condition beyond its years.
In August of 1994, after an unusually heavy rainfall event, a twenty foot long section of 87-inch diameter sewer
collapsed forcing emergency cast-in-place concrete repairs totaling upwards of two hundred thousand dollars.
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In September of 1995, the District once again paid a contractor to mobilize on an emergency basis to replace
a 150 foot long reach of 90-inch brick sewer with reinforced concrete pipe of similar size. This effort resulted
in costs totaling more than six hundred thousand dollars. While replacement of damaged or severely
deteriorated sewer sections is totally effective in meeting the objectives of sewer rehabilitation, the cost of
performing work utilizing replacement methods is staggering. The District's recent experiences with the
Westerly Interceptor focused its attention on adopting a preventive maintenance approach. Consultants were
hired to study and assess the structural condition of the Westerly Interceptor. The reach of sewer to be
evaluated is approximately a 4,000 foot long section iocated along and paraile! to the Conrail railroad tracks
beginning at Lake Avenue and continuing in a northeasterly direction to W. 65th Street and Father Caruso
Drive on the near west side of the City of Cleveland. Its size ranges from five foot in diameter at the western
end to eight foot in diameter at the eastern end.

A sewer stability assessment report prepared by Woodward-Clyde Consuitants in July of 1995 arrived at
several conclusions after observing defects evident in visual inspections performed specifically for the study,
and these are listed as follows:

. Inner brick ring mortar matrix has deteriorated to a point that will promote more rapid nng
delamination ’

. Delamination of the crown brick is decreasing sewer cross section

. Brick loss indicates deterioration of middle brick ring

. Structural integrity of the sewer is being compromised as a resutt of further mortar matrix deterioration

In May of 1997, the consulting engineering firm, Brown & Caldwell , released the findings of their localized
geophysical investigation on the same reach of sewer. Seismic resonance testing (SRT) indicated potential
areas of void in the backfill soils surrounding the sewer. Identifying areas containing significant amounts of
void within the surrounding backfill provides information about confining earth pressures and the ability of the
sewer to capably support or resist the stresses imposed by existing service loadings. Their findings and
recommendations are listed as follows:

. The proximity of the interceptor to the railroad tracks and the associated high levels of ground
vibration increases the potential for soil migration through existing defects in the sewer and the
potentiai for future collapses

. The general area of the sewer in the region of the 1994 coilapse should be strengthened using grout
piles or other soil grouting techniques

. Cracks, fractures, and deformations in the sewer reach between manhole(MH)65 to MHS0 should be
corrected and the soil surrounding the sewer in this region should be strengthened with grout

. Brick sewers with cracks, fractures, and other physical defects are under obvious distress and are
subject to catastrophic collapse, especially sewers where surcharging can occur

. Rehabilitation of the sewer only ( i.e. relining without adding structure) is insufficient in these areas

since the surrounding soils lack the required strength to support the brick sewer

Loss of confining soil pressure, surcharging flows and extemal vibration loadings (due to heavy rail traffic)
continue to add to the distress of the Westerly Interceptor. Loss of mortar due to aggressive sewer

SELECTION OF SLIP LINING AS THE REHABILITATION MEASURE

if elimination of significant void development in the backfill soils around the outside of the sewer is a pnmary
Objective, then lateral support of the crown arch can be maintained, thus preventing the flattening and cracking
of the arch due to vertical loading from the weight of soil above the sewer's crown. Ancther objective in
maintaining the strength of the section would be to mitigate surcharge conditions that occur due to wet

120 R0024884



weather events. This is significant in areas where voids in the backfill have aiready developed due to piping
diminishing the compressive stress developed within the arch. Steadily increasing intemal pressures during
surcharging can counteract the dead load compressive stress and cause the brick/mortar matrix of the arch
to develop tensile stresses which is very undesirable. The reality is that certain storm events will produce
some surcharge conditions somewhere within the system. The practical approach to meet the objective of
maintaining strength during these events would be to minimize the internal pressures distributed to the
bnck/mortar matrix by installing a lining capable of supporting these stresses.

The current Westerly/Walworth Interceptor Rehabilitation project designed by Brown & Caldwell specified the
use of a glass fiber reinforced thermosetting resin pipe material to be installed as a slip line within a 1,700
lineal foot reach of the Westerly interceptor along the Conirail easement. The use of slip fine pipe satisfied
all project objectives by providing the necessary strength (for both external and intemal loading), reduction
of inflow and infiltrations, and mitigation of exfiltration of sanitary flow to the environment.

CONSTRUCTION PHASE SLIP LINE ACTIVITIES

To gain access to the sewer for slip lining, two access pits had to be excavated along the alignment.
Coordination with the railroad was required during the design of the braced cofferdams and their instailation.
Within the pits, the crown of the sewer required careful removal from springline to springline for approximately
a 21 foot length. Approximately 1150 linear feet of slip line pipe was installed by the contractor from the
western most access pit by pulling the pipe material into position from each direction. Approximately 550
linear feet of slip line pipe was pulled into position utilizing the access pit at the eastemn end of the project.
The contractor, following an approved confined space entry and safety plan of his own development, accessed
the sewer to assess existing conditions and make field verifications prior to ordering the slip line materiai for
the project. All dry weather flow was diverted to another combined sewer on a paraliel alignment and
provisions were made to overpump flows from local side sewer connections.

The sewer was prepared for the installation by pressure washing the existing brick interior surface to remove
slime, obstructions, and loose debris and also to enhance bond between the brick and the annular space grout
to be pumped in behind the slip line pipe at a iater stage. The contractor also took the opportunity to conduct
the necessary pre-installation checks and verify cross-sectional tolerances. Two lines of light pipe rails were
instalied in the invert of the existing brick sewer to a tolerance established by the contractor's survey crews.
The rail system was established to hold grade and assist in skidding the slip line pipe along the invert as it was
puiled into place. Each twenty foot length of slip line pipe was winched into piace by a crawler crane using
a special pull ring with the cable running through the barrel of the pipe segment pulling the pipe back toward
the cable drum of the crane. As pipe sections were pushed home, each piece was blocked with timber at the
springline and crown and one intermediate point each side of crown center. The biocking was positioned to
extend across the joint between pipe segments. The installed siip line sections were bulkheaded with concrete
at manholes prior to grouting. Al existing side sewer connections were reconnected from inside the existing
Westerty interceptor.

Slip line pipe does not require extraordinary strength to withstand external pressure from soil and
groundwater, due to its structurally efficient circular shape. The condition critical to the design of the liner
segment is the effect of the annular space grouting operation. if blocking is not properly placed, and the liner
segment is buoyed upward by the grout, a concentrated load will develop along the crown of the segment,
distorting the segment out of round. Additionally, the hydrostatic pressure exerted by the grouting procedure
is likely to be greater than the hydrostatic pressure from groundwater, and will be acting on the liner pipe
segment before the slip fine has the circumferential support of the fully set grout. The contractor elected to
use a light weight grout so as to minimize the buoyant force on the pipe segments. He also elected to grout
in lifts to control the development of uplift forces. Displaced air and water venting, grout pressure monitoring
and grout volume monitoring helped to provide for a successful installation. Grout coverage was verified
through hammer soundings and discretionary driliing through the liner into the annular space. Patching was
performed with fiberglass resin two-part mix.
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CONCLUSIONS

The slip line pipe installed on the Districts Westerly Interceptor project was done so under what could be
termed very favorable conditions. Costs were kept in line due to readily accessible sites, a minimum number
of existing side sewer or lateral reconnections, and fairly straight reaches of sewer alignment. Unit prices bid
for the slip lining of 1,142 L.F. of 84-inch and 87-inch diameter brick sewer with 66-inch inside diameter Hobas
Pipe and 572 L.F. of 90-inch and 96-inch diameter brick sewer with 77-inch inside diameter Hobas Pipe were
approximately $955.00 per L.F. and $1200.00 per L.F. respectively. These prices compared very favorably
to open cut total replacement costs which could have approached severai thousand dollars per foot of the
same alignment due to the additional braced excavation costs required for work on raiiroad property.
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NORTHEAST OHIO REGIONAL SEWER DISTRICT CSO/WATERSHED PLANNING

Frank P. Greenland, P.E.

Northeast Ohio Regional Sewer District, 3826 Euclid Avenue, Cleveland, Ohio 44115

INTRODUCTION

The Northeast Ohio Regional Sewer District (District) service area comntains both combined and
separate sewered areas. Facilities planning in the separate sewered areas during the early 1980s
resulted in a major separate sanitary interceptor construction program which is nearing completion.
Essentially, this construction program has removed the separate sanitary sewer area's contribution to
the downstream combined sewer area. Although substantial combined sewer overflow (CSO)
reductions have occurred from this effort, significant CSO volumes remain uncontrolled.

The combined sewer system in the District’s service area covers the majority of the City of Cleveland
and a number of suburban communities. The combined sewer area covers approximately 50,000
acres and contains 125 CSOs. Each of the District’s three wastewater treatment plants WWTP),
Easterly, Westerly and Southerly, have tributary combined and separate sewered areas. The District
has an NPDES Pemnit for its CSOs which requires the completion of CSO control plans before 2002
To satisfy this permit requirement, the District has chosen to complete its CSO facilities pians in
several phases. The following areas are being addressed:

Mill Creek Watershed
Westerly CSO District
Easterty CSO District
Doan Brook Watershed
Southerty CSO District

Figure 1 outlines each of these planning areas.
FACILITIES PLANNING TASKS

In conjunction with or during each facilities planning project, the following tasks have been/are being
performed:

o DryWeather Outfall Surveys: Every outfall within each study area is being located and
sampled (f flowing) during dry weather. Outfalls showing appreciable bacteriai contamination are
being investigated for illicit connections.

o Interceptor Inspection: All District interceptors are being televised and intemally inspected to
assess condition, identify rehabilitation/cleaning needs and to verify flow conneclivity.

o WWTP Wet Weather Capacity Evaluation: The wet weather capabilities of both the Easterly
and Westerty WWTPs have been assessed prior to each applicable CSO facilities plan.

e« Community Sewer Flooding: An assessment of community sewer flooding areas is being
performed during CSO facilities planning. Where possible, coordination of community sewer
flooding alleviation projects with CSO control projects is being sought.

e Stream Flooding: During both the Mill Creek and Doan Brook Watershed Studies, an analysis
of stream flooding was incorporated into each project.
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* Macroinvertebrate Sampling: Macroinvertebrate sampling prograrns are being performed to
gauge the biological heaith of various receiving streams.

FACILITIES PLANNING AREAS - OVERVIEW
Mill Creek Watershed

In 1896, the District completed the first of its CSO planning projects in the Mill Creek Watershed area.
Mill Creek is a small tributary to the Cuyahoga River and is located within the District's Southerly
WWTP service area. The Mill Creek Watershed area contains separate, combined and common
trench sewers. Twenty-eight (28) CSOs are located within the watershed and basement flooding is a
problem throughout much of the watershed. Common trench separate sewer Systems_across the
District's service area are in the over/under, separate manhole or common manhole/dividing wall
arangement, as shown on Figure 2. The common trench sewer system is particulariy troublesome,
as study results indicated that bacteria levels from the common trench storm sewers were comparable
to CSO bacteria levels. Mill Creek currently does not meet Ohio EPA's primary contract recreation
standard during dry and wet weather conditions.

A watershed approach was utilized to identify key dry and wet weather impacts in the study area. Key
recommendations or findings of the study were:

o Construction of a storage/conveyance tunnel would serve as the backbone of an integrated
approach to solve basin-wide issues, such as basement flooding reduction and CSO control.

» Community projects were needed to relieve wet weather sewer fiooding problems.
 Elimination of illicit sanitary connections to storm sewers is needed.

e The high level of impervious area within the watershed (30%) appears to be the primary cause for
non-attainment of the Creek’s biological use designation.

Construction of the 20 foot diameter Mill Creek tunnel is ongoing. Once completed, CSO volume
basin-wide will be reduced by over 90%, CSO frequency will be less than 5 CSOs/year at each Mill
Creek CSO location and increased capacity (up to a 5-year storm) will be available to convey separate
sanitary sewer flows. -

Westerly CSO District

The second CSO planning project is currently ongoing in the Westerty CSO District. This pianning
area covers approximately 10,000 acres on Cleveland’s west side, with 75% of the area served by
combined sewers. Common trench sewers serve a large part of the remaining 25% of the service
area. A number of the common trench sewer manhoies have a removable plate in the invert of the
storm sewer. This plate is removed to provide access for maintenance of the sanitary sewer which
runs paralle! to, but below, the storm sewer. Twenty-six (26) CSOs are located across this service
area. Previous CSO controi efforts in this area included the installation of 8 hydrobrakes and 8
automated regulators (inflatable rubber dams or hydraulic gates) for indine storage of combined
sewage. A storage/conveyance tunnel, known as the Northwest interceptor, has been in operation
since the 1980s. This tunnel stores CSO flows and releases these fiows to a combined sewer
overflow treatment facility (CSOTF) located adjacent to the District's Westerly WWTP.

CSOs in the Westerly planning area discharge to Lake Erie, Big Creek, Rocky River and the
Cuyahoga River. A public swimming beach is located along Lake Erie within the project area. Due to
melargesizeofmedrainageareasofmsereceivingwaters(bomme Rocky and Cuyahoga Rivers
have significant drainage areas outside of the District’s service area), the level of detail in “watershed
mem‘isnotasgmatasthatemployedduﬁngme Mill Creek project. The Westerly CSO study
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is scheduled for completion near the end of 1998. Cumently, computer modeling and altemative
evaiuation activities are ongoing. Key findings of the study to date are:

e Rising Lake Erie levels (near all-time records) have caused backflow of the Cuyahoga River into
the District’s interceptor system. River inflow controi facilitates are under design.

e Numerous invert plates in the common trench system were eilher missing or misaligned.
Computer modeling activities will determine the benefits of invert plate cormrection.

Easterly CSO District

In early 1998, two CSO facilities planning projects were initiated in the District's Eastedy WWTP
combined sewer area. The first, known as the Easterty District CSO Studly, covers the entire Easterly
CSO area. This study area covers approximately 15,000 acres of combined sewer service area and
contains forty-six (46) CSOs. CSOs discharge to Lake Erie, the Cuyahoga River and numerous
smaller urban streams and culverts. A public swimming beach is located along Lake Erie within the
project area. Although the construction of the District's Heights/Hilltop Interceptor will reduce system
CSO volumes by a projected 500 million gallons annually, significant CSO volumes will remain. As in
other CSO pilanning areas, a mix of combined, separate and common trench sewers exist in the study
area. Project compietion is scheduled for 2000.

Doan Brook Watershed

Within the overall Easterly CSO Study area boundary lies the Doan Brook Watershed. The Doan
Brook Watershed encompasses a total area of approximately 8,000 acres, with 4100 acres served by
combined sewers. Sixeen (16) CSOs are located along Doan Brook. The Doan Brook Watershed
Study was initiated in early 1998 and is expected to be compieted by 2000. In addition to traditional
facilities planning tasks, a comprehensive assessment of watershed probiems and pollutant sources
will be performed. Analysis of stream flooding characteristics will occur, as flooding exists in the lower
portion of the Doan Brook Watershed. A U.S. EPA demonstration grant is funding a portion of this
watershed project.

Southerly CSO District

The final District CSO facilities planning study is scheduled to begin in 1999 in the Southerly WWTP
combined sewer area. This planning area encompasses approximately 17,000 acres of combined
sewer area and contains twenty-five (25) CSOs. The Cuyahoga River and Big Creek receive CSO
discharges from the Southerly study area, athough each of these receiving waters have large
upstream tributary areas.

SUMMARY

The development of CSO control facilities plans across the District's combined sewer service area is
an ongoing task scheduled for completion in 2002. A total of five separate studies are being
performed to complete the District's long-term planning for CSO control. In certain urban watersheds
within the District's service area, detailed watershed assessments are being performed.  Each
facilities plan will result in the identification of recommended CSO control projects (which is the
District's responsibility to implement) and recommended community-based projects (o alleviate
flooding). Currently, the District does not have direct jurisdiction over separate storm drainage within
its service area. Therefore, required projects to alleviate storm flooding or quality (illicit connections)
problems are the responsibility of the applicable affected community. A District program known as the
Community Discharge Pemmit Program is used {0 manage community-based projects. Details
regarding this program can be obtained by referting to the discussion provided by Jeffrey E. Duke.
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COMMUNITY DISCHARGE PERMIT PROGRAM

Jeffrey E. Duke, P.E.

Northeast Ohio Regional Sewer District, 3826 Euclid Avenue, Cleveland, Ohio 44115

ABSTRACT

The Community Discharge Permit Program was estabiished as a result of grant conditions for the
District's Heights-Hilltop (HHI) and Southwest (SWI) Interceptors. The Community Discharge
Permit system is applied to communities serviced by separate sewers areas in the District
service area. Two important aspects of the Community Discharge Permit Program are the
Performance Objectives, which includes the controi of separate sanitary sewer overflows (SSOs)
and the establishment of peak flow limitations at designated design storms, and the Community
Compliance Plan, which includes required Technical Program projects and reporting on
community best management practices.

INTRODUCTION

The Northeast Ohio Regional Sewer District (District) received significant grants from the EPA for
the construction of the Southwest interceptor and Heights-Hilltop Interceptor. Conditions of the
grant included the adoption of regulations to monitor flows entering the interceptor sewers,
essentially providing protection of the investment of grant funds into the District's interceptor
system. In response to these grant conditions, the District developed Title ill - Separate Sanitary
Sewer Code of its Code of Regulations. Title lli provides a procedure by which the District and
each member community served by District facilities can cooperate to control SSOs and peak
flows from community sewer systems at the point of connection into sewers owned by the District
or another community.

COMMUNITY DISCHARGE PERMIT PROGRAM ITEMS

In 1986, the Community Discharge Permit Program was established to implement Titie Il and
issue Permits to communities serviced by separate sewers. Forty-five (45) communities have
been issued Community Discharge Permits. The Community Discharge Permits consist of the
following attachments:

e Attachment A - General Conditions
= No Improper Connections
= Identify SSOs
= No new SSOs
= Implement sewer maintenance program (Best Management Practices - BMP)
+ Attachment B - Performance Obijectives
= Control SSOs to the applicable design storm
= Estabiish Peak Flow Limitations at design storm
e Attachment C - Community Compliance Plan
= Annual Compliance Report Checklist
= Technical Program Projects
Attachment D - Outline for Best Management Practice (BMP) Fact Sheet
Attachment E - Approved Community Compliance Plan
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TECHNICAL PROGRAM

Communities that have been issued Permits have been divided into two categonies: Priority 1
communities and Priority 2 communities. Priority 1 communities are communities that face
mandatory expenditures to construct relief sewer or rehabilitation projects need to achieve
Performance Objectives as stated within Attachment B of the Community Discharge Permits.
Communities are required to meet established Peak Fiow Limitations at points of connection into
sewers owned by the District or another community and control SSOs to specified design storms.
However, previous sewer system evaluation survey (SSES) studies have found that many
existing sewer systems lack the necessary capacity to meet the performance objectives.
Therefore, the SSES recommended rehabilitation and relief sewer projects necessary for the
communities to meet the established peak fiow limitations.

The recommended projects are included in the community's Permit Technical Program. Fourteen
communities have been identified as Priority 1 communities with required Technical Program
projects. A summary of the completion status of the Technical Program Projects is included in
Table 1.

Tabie 1 Technical Program Project Statistics

Total Number of Community Projects 91

SWI Tributary Area Communities 35

HHI Tributary Area Communities 56

Total Number of Community Projects Compiete 86  (60.5%)
SW Tributary Area Communities 23

HHI Tributary Area Communities 32

SEPARATE SANITARY SEWER OVERFLOWS

The construction of many of the community technical program projects have resuited in the
alleviation of many of the SSOs in the member community sewer system. The Technical
Program projects include relief sewers which provide needed capacity to convey the wastewater
flows, and rehabilitation projects to reduce infiltration and inflow (I11) in the sewer system, thus
freeing capacity to convey wastewater fiows. The District has completed the construction of the
SWI and is nearing the compietion of the HHI, thus providing capacity for the local sewer system
improvement projects. The District is also construction a series of intercommunity relief sewers,
to assist in the conveyance of intercommunity flow (flow from 2 or more communities) to District
interceptors.

As a resuit of the completion of several projects, both District and comimunity, several SSOs have
been alleviated. A summary of the operational status (alleviated or uncontrolled) status of the
SSOs is inciuded in Table 2.
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Table 2 Status of Sanitary Sewer Overflows

Total Number of Sanitary Sewer Overflows in Permits 187

SWI Tributary Area Communities 74

HHI Tributary Area Communities 113

SSO's Alleviated 39% (73 out of 187)
SSO's Uncontrolled 61% (113 out of 187)
SSO's Alleviated in SWI Tributary Area Communities 51

SSO's Alleviated in HH! Tributary Area Communities 22

A breakdown by community of SSOs in the Community Discharge Permits and the number of
required Technical Program projects is included in Tabile 3.

Table 3 SSO and Technical Prigram Project Breakdown by Community

Community SSOs in Permits # Technical Program Projects
Beachwood - 2 7
Berea 19 3
Brook Park . 17 19
Brookiyn 4
Cleveland 2 2
Cleveiland Heights 42 21
East Cleveland 4 2
Gates Milis 2
Highland Heights 2
Lyndhurst 3 8
Maple Heights 2
Mayfield Heights 7 9
Mayfield Village 3
Northfield 5
Oakwood 1
Parma 16 9
Parma Heights 2
Richmond Heights 4
Sagamore Hills 1
Seven Hills 1
Shaker Heights 8 2
South Euclid 33 4
Strongsville 7 1
University Heights 2 2
BEST MANAGEMENT PRACTICES

The alleviation of SSOs in community sewer systems has been an ongoing, and sometimes
difficult process. Communities perform Best Management Practices (typically sewer inspection
and cleaning) to optimize the performance of the sewer system. Attachment D of the Community
Discharge Permit contains a fact sheet outline for community Best Management Practices. The
communities are required to identify their community BMP programs.

Table 4 contains a summary of information communities are required to provide regarding their
Best Management Practices.
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Table 4 Best Management Practices Fact Sheet Outline

Section Topic Subtopic
A.  Cleaning Sewers Frequency
Method Empioyed
Additional information
Overflows Frequency
Additional Information
B. Inspection Sewers Frequency

Additional Information

- Manholes Frequency
Additional Information

C. Emerggncy Contract and Repair Procedures

The general conditions of the Community Compliance Plan require that each community submit
an Annual Compliance Report to provide information on the operation and maintenance of the
community’s sewer system. An Annual Compliance Report Checkiist is sent to the communities
to assist in submitting the necessary sewer system information (see Table 5 for additional
information). :

Table 5 Typical Questions in the Annual Compliance Report Checklist _
* Has the community met its Technical Program milestone dates for the reporting year?
e Has the community complied with their Best Management Practices for the reporting
year?
e Has the community performed any sewer system studies, investigations or
monitoring?
Is the community aware of any new SSOs within the boundaries of the community?
How much has the community spent on capital improvements to comply with the
Permit?
Have any extensions of service been completed in the last 12 months?
Are any extensions of service anticipated in the next 12 months?
¢ Has the community updated is sanitary sewer map during the reporting year?

CONCLUSION

The Community Discharge Permit Program was established to reguiate flows from member
communities to the environment through SSOs and into facilities owned by the District or another
community. Member communities have made significant expenditures to control I/ and alleviate
SSOs. As a result, the Permit Program has increased community awareness on the need for
BMP to meet the Performance Objectives stated in the Permit.
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Current Water Quality Conditions in the Greater Cleveland Area

James F. Weber
Superintendent, EMSC
Northeast Ohio Regional Sewer District

Abstract

The quality of the waters of the Cuyahoga River and Lake Erie in the vicinity of Cleveland, Ohio
have been substantiaily improved over the last two decades. The naturai conditions of the river
system, with its low seasonal flow and high suspended solids, has contributed to many of its
problems. Efforts of the Northeast Ohio Regional Sewer District and other point source
dischargers to the river have eliminated virtually ail water quality standard violations. Several
water quality problems remain. The Northeast Ohio Regional Sewer District will attempt to
address the remaining issues in its future planning activities.

KEYWORDS
Cuyahoga River, Lake Erie, wastewater, treatment, water quality

GEOLOGY OF THE GREATER CLEVELAND AREA

The water quality conditions of the Greater Cleveland area may be better understood with some
background information of its geoiogy and history. Lake Erie was formed about 20,000 years ago
during the last ice age, known as the Wisconsin Stage, when glaciers dug out the Great Lakes. As
the glaciers receded, the ground-up rocks, boulders, pebbles, sand and clay; collectively known
as glacial till, formed hilis to the south of where Cleveland is now located. To the east, the area
now known as the Heights are on the westemmost foothills of the Appalachian Mountains. The
land to the west is a flat terrain scrapped by the glaciers and covered with a thick layer of clay laid
down by glacial lakes as the glaciers receded. A deep river vailey separated the Appalachian
escarpment (to the east) from the flatland (to the west). This ancient, deep, preglaciai valley, filled
in with glacial debris, is the current alignment of the main stem of the Cuyahoga River.

The source of the Cuyahoga River is on the Appalachian escarpment. The headwaters of the
Cuyahoga River have an elevation of 1,300 feet above sea level and the river has an average fail
of about 4 feet per mile. As the river moves southward, from its source towards Akron, it falls at a
rate of about 25 feet per mile. This 71 mile-iong river drops off the escarpment at the Cuyahoga
gorge in a series of waterfalls then tums northward cutting through the aforementioned glacial
deposits and carving out the wide, deep Cuyahoga River valley. Borings done in conduction with
sewer interceptor projects indicate that clay and silt layers can be as deep as 41 feet below the
bed of the river. Sediment transport studies conducted by Heidelberg University state that the
Cuyahoga River has the greatest concentrations (time weighted mean concentration) of
suspended solids among the eight Lake Erie tributary rivers studied. With rain, the river
transports large concentrations of mud and silt. During dry weather the river is remarkably clear, a
tribute to the fact that during low flow periods, and about 80% of the river is from sewage
treatment piants.

The river and its tributanes drain a small area as far as rivers with big reputations go. The river
drains 813 mi’ (1,300 kilometers?), which includes over 100 cities and townships with two major
urban areas; Akron and Cleveland, before its relatively small volume empties into Lake Erie. The
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average flow of the Cuyahoga Riveris 1,200 ft'sec (36 m>/s), which is 17% of the flow of
Toledo’s Maumee River and 0.5% of the flow coming down the Detroit River. Because of this
relative small flow and high sediment yield, it did not need much human intervention to cause
major pollution problems. Early explorers noted that the river was naturaily contaminated, emitting
a noxious odor.

HISTORY OF THE CUYAHOGA RIVER

The Cuyahoga River was known to the founding fathers of our Country. Upon a recommendation
from Benjamin Frankliin in 1765, Thomas Jefferson authorized a fort to be buiit at the mouth of the
Cuyahoga River. As this location was strategically located between the iron ore field of the West
and coal mines in the East, the Greater Cleveland area became an early manufacturing center.
Major pollution problems of the river can be traced back to the mid 1800’s when the City of
Cleveland had 20 oil refineries, including the largest refinery in the world. A brochure produced by
the Standard Oil Company boasted that its Cleveiand refinery used more water than the entire city
of Cincinnati. Cleveland also had the world’s iargest iron-ore receiving port and numerous iron
mills along the river. For over a century, the Cuyahoga River was a working river providing both
transportation and waste disposal functions.

FIRES ON THE CUYAHOGA RIVER

The first report of a Cuyahoga River fire was in 1902. The river was so polluted with oil and debris
that, in 1936, river debris caught fire by a welder's torch and burned for five days! The river
burned again in 1952. Even so, the river was not perceived by the public to be polluted. Poilution
had another meaning for people in times past. The oii-laden river and dirty smoke emitted by
smokestacks were symbols of prosperity. The river was a working river and Lake Ene was
thought to provide an infinite source of dilution of the oils and chemicals that were discharged to
the river.

By the 1960s, however, Lake Erie and other Great Lakes were showing signs that they could no
longer assimilate the massive amount of sanitary and industrial wastewater that was being
discharged by the 45 million people living and working around the Great Lakes area. Lake Erie,
being the smallest in volume of the Great Lakes, was eutrifying at an alarming rate. It was
estimated that haif of the bottom of Lake Erie had become anoxic, that is, devoid of oxygen, due
to decaying organic material. In the summer of 1969, the Cuyahoga River again caught fire. It was
reported in Time Magazine, shortly after this fire, “Some river! Chocolate-brown, oily, bubbling
with subsurface gases, it oozes rather than flows.” “Anyone who fails into the Cuyahoga does not
drown,” Cleveland citizens joke grimly, “he decays.” The Federal Water Pollution Control
Administration rioted that the lower Cuyahoga has no visible life, not even lower forms such as
leeches and sludge worms. Clearly, this time the fire was not perceived as a symbol of prosperity
but a sign of disgrace. The burning of the Cuyahoga River became a national symbol of just how
poliuted we let our waters become. There was a tremendous ground swell of support and demand
from the pubiic to clean up our waterways. Although lasting only 28 minutes, this famous
conflagration was one of the banners for the social movement that lead to the Federal Water
Poliution Control Act Amendrnents of 1972.

PROBLEMS IN LAKE ERIE

Lake Erie had its share of probiems too: Eutrophication/over enrichment of nutrients, ever
increasing algae blooms, malodorous aigae mats washing up on beaches and settling to the
bottom to decay. This decay caused widespread anoxia in Lake sediments. This, along with over-
fishing, was the cause of the extirpation of the prized biue pike. Lake Erie, in the 70's, became the
butt of national jokes. There were comments about Lake Erie dying or Lake Erie was dead. Lake
Erie never died in the conventional sense. The fact is that the opposite was true. The Lake was
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becoming too productive. The Lake passed rapidly from Oligotrophic to eutrophic. it changed from
a clear lake into the early stages of a swamp, with ever-increasing aigae biooms and loss of
diversity, including the loss of prize game fish and anaerobic benthic conditions.

The Lake has rebounded. With phosphate reductions in detergents, phosphate control at sewage
treatments and upgrades to secondary treatment, the Lake was declared to have passed back to
oligotrophic conditions in 1984. Ironically, with the advent of the zebra musseis in the late 80's and
early 90's, recently, it has been suggested that perhaps the Lake is too clean to support its
excellent walleye and perch fishery.

IMPROVEMENTS IN WATER QUALITY

The improvement in the water quality of Lake Erie is one example of the substantial improvement
to area waters. These improvements have been brought about by over a billion doliars of
infrastructure improvements and industrial wastewater control by; the NEORSD, the City of
Cleveland and area industries. The improvement was so dramatic that AMSA considered the
improvements to the water quality of the Cuyahoga River as one the major “Clean Water Success
Stories.” :

The Southerly Wastewater Treatment Plant, situated at about River Mile 10.3, contributes as
much as 50% of the total flow in the river during the summertime low flow periods. Consequently,
any major change in the character of the plant effluent will have a significant impact on the water
quality of the river. Due to industrial waste control and major reconstruction of this treatment
facility, substantial reductions in pollutant loading were realized. The following table highlights the
reductions in pollutants discharged to the river over time.

Table 1. Southerly WWTP- Percent reductions in poliutant parameters

Parameter Time period Percent Reductions
Cadmium 1977 to present 98%
Zinc 1977 to present 95%
Total Metals 1977 to present 92%
Ammonia 1977 to present - 97%

Table 2. Cuyahoga River- Water Quality Improvements

Parameter Time period Percent Reductions
Ammonia® 1986 to present 89%

Fecal Coliform* 1977 to present 96%

“downstream of Southerly

There are other notable water quality imprevements in the Cuyahoga River. Dissoived Oxygen
violations were once very common in the main stem of the Cuyahoga River. There hasn't been a
recorded violation since 1988. Metals, including copper, nickel, chrome and zinc, have been
reduced by 89% since 1978. These improvements in regional water quality came about by water
pollution control programs to reduce pollutants by better transport and treatment. Many of the
programs to reduce CSO and SSO flow during wet weather are currently under design so that the
impacts will not be seen for some years to come.

The water quality of the Greater Cleveland area has improved dramatically over the last 30 years,
l.e., not to suggest that ali of the problems have been dispatched. Several major problems still
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remain. Some of these problems, | suspect, are due to optimistic expectations as much as they
are due to point or nonpoint discharges.

e The State of Ohio has chemical and bioiogical standards for assessing compliance with water
quality standards. It is a rare event to find a violation of chemical standards. The Ohio EPA
and the NEORSD have found that the number of species of fish found in the Cuyahoga River
has increased from a low of one or two species in 1984 to a cumulative total of 51 species in
recent years. The main stem of the Cuyahoga River still does not meet the State's biological
critena because the Index of Biotic Integrity (1Bl) scoring is stili too low. That is to say; that the
IBl indicates that the Cuyahoga River does not have sufficient popuiations of certain preferred
types of fish, like darters, bass, etc. it may well be that the poor fishery has more to do with
geological conditicns, soil erosion and bedload movement. These are habitat issues. This is
consistent with the State’s 305b Report which declared that the major cause for impairment in
Ohio is nonpoint source pollution and hydro-modification, not point source discharges.

» Although substantial reductions have been observed, the sediments of the shipping channel
are still considered heavily polluted for a number of heavy metals and oxygen demanding
parameters. ’

e The river conveys an enormous amount of tree trunks, root masses. branches, and other
woody material frcm trees that were undermined in the forested area between Cleveland and
Akron. This, along with a muddy appearance following a rain event, detracts significantly from
the aesthetics of the river and detracts from boating and other recreational uses. Floating
debris removal is currently under study by the NEORSD.

e The shipping channel will have several days in the summer time that the DO falls below the
dissolved oxygen criterion. This again has much to do with the fact that the shipping channel
is dredged to maintain a depth of 26 feet. This depth is too great for the iow summer time
flows to adequately maintain aeration through its entire depth.

e Most area streams fail to meet the State’s biological criteria.

» Bacterial levels in many of the smaller urban streams are impacted with bacteria due to aging
separate sewer infrastructure with its many cross connections, breaks, and leaks.

Our own planning studies are indicating that even with the full implementation of the CSO control
program, the area waters will still fail to meet all of the water quality standards and solve the
above-listed problems. A report issued by Ohio EPA, as part of the 305 planning process,
indicates that by the year 2002 only 1.6% of the impacted waters of Ohio are so because of point
sources. There is good reason to believe that nonpoint sources are the continuing cause of water
quality impairments. These problems transcend the traditional "transport and treat” role of the
Northeast Ohio Regional Sewer District. In order to successfully address these remaining issues,
the District may expand its traditional function into new areas where it can exert some control over
nonpoint issues; restonng urban stream habitat, stormwater and drainage control, and
intercommunity flood control.
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CONSIDERATIONS FOR THE FUTURE

Kenneth A. Pew

Northeast Chio Regional Sewer District, 3826 Euclid Avenue, Cleveland, Ohio 44115-2504 U.S.A.

ABSTRACT

This presentation provides wrap up for the nine preceding presentations regarding various aspects of the
Northeast Chio Regional Sewer District wet weather programs and comment on considerations for the future.

KEYWORDS
sewer, storm, sanitary, combined, overfiow
EQUITABLE CHARGES FOR WET WEATHER FLOW

The Northeast Chio Regional Sewer District rate structure has historically been based on metered water
consumption. Over the years, water consumption has decreased. On the other hand, sewer systems have
deteriorated and wet weather programs have increased wastewater flows. Water consumption decreased
from 55 to 46 billion gallons per year since 1980 (16 percent) while treated wastewater increased from 92 to
122 (33 percent).

COMBINED SEWER OVERFLOW CONTROL

The District is developing Combined Sewer System Long-Term Control Plans on a segmented basis. The
current National Poliutant Discharge Elimination System Permit requires all pians to be complete by March,
2002. The Mill Creek plan is complete. The Westerly, Easterly, and Doan Brook plans are currently underway.
The Southerly and Big Creek plans will begin next year.

SEPARATE SEWER OVERFLOWS

Many District member communities have separate sewer overflows..Many have been alleviated through the
intercommunity relief sewer program. However, many more need to be addressed.

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY PROPOSED STORM WATER PHASE I
RULE

Since no District member community meets the 100,000 population criteria for the Storm Water Phase | Rule,
no permits have been issued or applied for in the Cleveland metropolitan area. However, many communities
will be impacted by the Phase li Rule.

REGIONAL PLAN FOR SEWERAGE AND DRAINAGE

The court order that created the District mandated that “The District shall develop a detailed integrated capital
improvement plan for regional management of wastewater collection and storm drainage to identify a capital
improvement program for the solution of all intercommunity drainage problems (both storm and sanitary) in
the District”. Although the District has made substantial progress in the “wastewater collection” area, the
“storm drainage” area is still *unfinished business’. Work on Phase | of the comprehensive Regional Plan for
Sewerage and Drainage began early this year.
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INNOVATIVE MULTI-CHAMBERED STORMWATER CONTROL DEVICE FOR CRITICAL SOURCE
AREAS

Robert Pitt, University of Alabama at Birmingham*
Brian Robertson, former graduate student, University of Alabama at Birmingham
Richard Field, Wet Weather Flow Research Program, Water Supply and Water Resources Division,
National Risk Management Research Lab., U.S. Environmental Protection Agency

*Department of Civil and Environmental Engineering
University of Alabama at Birmingham Hoehn Engineering Building
1075 13" Street South Room 120
Birmingham, AL 35294

ABSTRACT

This research project is part of a multi-year investigation funded by the U.S. EPA to characterize and treat
toxic stormwater contaminants. The first project phase investigated typical toxicant concentrations in
stormwater, the origins of these toxicants, and storm and land-use factors that influenced these toxicant
concentrations. Nine percent of the eighty-seven stormwater source area samples analyzed were
considered extremely toxic. Thirty-two percent of the samples exhibited moderate toxicity, while fifty-nine
percent of the samples had no evidence of toxicity. All metallic toxicants analyzed were commonly found
in all samples analyzed. Only a smail fraction of the organic toxicants analyzed were frequently detected,
with 1,3-dichlorobenzene and fluoranthene the most commonily detected organics (present in 23 percent
of the samples). Vehicle service and parking area runoff samples had many of the highest observed
concentrations of organic toxicants.

The second project phase investigated the control of stormwater toxicants using a vaniety of conventional
bench-scale treatment processes. The most beneficial treatment tests included settling for at least 24
hours (up to 90% reductions), screening and filtering through at least 40 pm screens {up to 70%
reductions), and aeration and/or photo-degradation for at least 24 hours (up to 80% reductions). Because
many samples exhibited uneven toxicity reductions for the different treatment tests, a treatment train,
called the MCTT (multi-chambered treatment train), was designed and constructed for pilot-scale and full-
scale testing during the third project phase.

The third project phase included testing of a prototype MCTT). This device, through pilot and initial full-
scale testing has been shown to remove more than 90% of many of the stormwater toxicants, in both
particulate and dissolved forms. The MCTT is most suitable for use at relatively small and isolated paved
critical source areas (gas stations, oil change stores, salvage yards, maintenance yards, etc.) that are
about 0.1 to 1.0 ha (0.25 to 2.5 acres) in area. The MCTT is an underground device that has three main
chambers: an initial grit chamber with volatile organic removal; a settling chamber with sorbents for the
removal of fine sediments and floating hydrocarbons; and a sand/peat filter for the removal of filterable
toxicants. A typical MCTT requires between 0.5 and 1.5 percent of the paved drainage area, about 1/3 of
the area required for a well-designed wet detention pond.

The pilot-scale MCTT, constructed in Birmingham, AL, was tested over a six-month monitonng period
during a variety of rainfall events. Two additional full-scale MCTT units were also constructed and were
monitored as part of Wisconsin's 319 grant from the U.S. EPA. During monitoring of 13 storms at a
parking facility, the pilot-scale MCTT was found to have the following overall removal rates: 96% for total
toxicity, 83% for suspended solids, 60% for COD, 40% for turbidity, 890-100% for heavy metals, 90-100%
for the detected semi-volatile organics. The peat filter caused a color increase in the effluent and an
overall drop in pH of about one-half unit. Ammonia nitrogen was increased and nitrate-nitrogen had less
than 20% removals. The MCTT operated as intended: very effective removal rates for both fittered and
particulate stormwater toxicants and suspended solids, but at the expense of increased coior, iowered pH,
and depressed COD and nitrate removal rates. The full-scale test results substantiate the excellent
removals found during the piiot-scale tests, while showing better control of COD and nutrients and less
detrimental effects on pH and color.
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INTRODUCTION

Runoff from paved parking and storage areas, and especially gas station areas, has been observed to be
contaminated with concentrations of many critical poliutants. These paved areas are usually found to
contribute most of the toxicant polilutant loadings to stormwater outfalls. Polycyclic aromatic hydrocarbons
(PAHSs), the most commonly detected toxic organic compounds found in urban runoff, along with heavy
metals are mostly associated with automobile use, especially duning starting vehicles.

Numerous manufacturers have developed small prefabricated separators to remove oils and solids from
runoff. These separators are rarely specifically designed and sized for stormwater discharges, but usually
consist of modified grease and oil separators. The solids are intended to settle within these separators,
either by free fall or by counter-current or cross-current iamellar separation. Many of these separators
have been sold and installed in France, especially along highways (Rupperd 1993). Despite the number of
installations, few studies have been carried out in order to assess their efficiency (Aires and Tabuchi
1995). Available results from Fourage (1992), Rupperd (1993) and Legrand, et al. (1994) for stormwater
treatment show that:

o These devices are usually greatly undersized. They should work reasonable well at flow rates
between 20 and 30% of their design hydraulic capacity. For higher flow rates, the flow is very
turbulent (Reynolds numbers > 6000) and the removal efficiency is very poor.

e These devices need to be cleaned very frequently. If they are not cleaned, the deposits are
scoured dunng storm events, with negative efficiencies. Currently, the cleaning frequencies are
very insufficient and the stormwater poliutant control efficiencies are very limited.

e There are relatively low levels of free-floating oils in most stormwater runoff.

Prefabricated separators could be used for stormwater treatment if the following conditions are respected:

*» realistic design hydraulic capacity in terms of maximum flow rates, flow distribution and fiow
regime;

» realistic solids removal efficiency: the finest and polluted solids will usually not be trapped with a
high efficiency because of too high hydraulic velocities:
frequent cleaning and/or an automatic extraction to assure good overall efficiency;
specific conception for stormwater that takes into account the solids charactenistics, the rapid
flow variations, and the maintenance requirements.

METHODOLOGY

The Multi-Chambered Treatment Train (MCTT) was developed to specifically address many of the above
concemns. It was developed and tested with specific stormwater conditions in mind, plus it has been tested
at several sizes for the removal of stormwater pollutants of concem. Figure 1 shows a general cross-
sectional view of a MCTT. It includes a special catchbasin followed by a two chambered tank that is
intended to reduce a broad range of toxicants (volatile, particulate, and disscived). The runoff enters the
catchbasin chamber by passing over a flash aerator (small column packing balls with counter-current air
flow) to remove highly volatiie components. This catchbasin also serves as a grit chamber to remove the
largest (fastest settling) particles. The second chamber serves as an enhanced settling chamber to
remove smaller particles and has inclined tube or plate settlers to enhance sedimentation. This chamber
also contains fine bubble diffusers and sorbent pads to further enhance the removal of floatabie
hydrocarbons and additional voiatile compounds. The water is then pumped to the final chamber at a siow
rate to maximize pollutant reductions. The final chamber contains a mixed rnedia (sand and peat) siow
fiter/ion exchange device, with a filter fabric top layer. The MCTT s typically sized to totally contain all of
fthte runoff from a 6 to 20 mm (0.25 to 0.8 in) rain, depending on interevent tirrie, typical rain size, and rain
intensity.
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Figure 1. General Schematic of the Multi-Chambered Treatment Train (MCTT)

A pilot-scale MCTT was constructed and tested in Birmingham, Alabama, at parking and vehicle service
area on the campus of the University of Alabama at Birmingham. The catchbasir/grit chamber is a 25-cm
vertical PVC pipe containing about 6 L of 3-cm diameter packing column spheres. The main settling
chamber is about 1.3 m? in area and 1 m deep which with a 72-hour settling time was expected to resutlt in
a median toxicity reduction of about 90%. The filter chamber is about 1.5 m® in area and contains 0.5 m of
sand and peat directly on 0.15 m of sand over a fine plastic screen and coarse gravel that covers the
underdrain. A Gunderboom™ filter fabric also covers the top of the fiiter media to distribute the water over
the filter surface by reducing the water infiltration rate through the filter and to provide additional poliutant
capture. During a storm event, runoff from the parking lot is pumped into the catchbasirvgrit chamber
automatically. During filling, an air pump supplies air to aeration stones located in the main settling
chamber. When the settling chamber is full, all pumps and samplers cease. After a quiescent settling
period of up to 72 hours, water is pumped through the filter media and discharged. Samples were
collected before and after each chamber of the device and were partitioned into dissolved and particulate
components before being analyzed for a wide range of toxicants, as listed on Table 1.

RESULTS
Observed Performance of the Pilot-Scale MCTT

Table 2 summarizes some of the significant percentage changes in concentrations of the constituents as
they passed through each chamber (settling chamber, filter, and overall) of the MCTT. No data is shown
for the catchbasirvgrit chamber because of the lack of significant concentration changes observed.
Figures 2 and 3 are exampie plots showing the concentrations of suspended solids and unfiltered zinc as
the stormwater passed through the MCTT. The four data locations on these plots correspong to the four
sampling locations on the MCTT. The sample iocation labeled “inlet” is the overall inlet to the MCTT (and
the inlet to the catchbasin/grit chamber). The location labeled “catch basin” is the effluent from the
catchbasin (and inlet to the main settling chamber). Similarly, the location labeled “settling chamber” is the
outlet from the settling chamber (and the inlet to the sand/peat chamber). Finally, the location labeled
“peat-sand” is the outlet from the sand/peat chamber {(and the outlet from the MCTT). The siopes of the
lines indicate the relative removal rates (mg/L reduction) for each individual major unit process in the
MCTT. If the lines are all parallel between two sampling locations, then the removal rates are similar. If a
line has a positive slope, then a concentration increase occurred. If the lines have close to zero slope,
then little removal has occurred (as for the catchbasin/grit chamber for most constituents and samples).

The suspended solids trends (Figure 2) show the significant reductions in suspended solids

concentrations through the main settling chamber, with no removal occurring in catchbasin/grit and
sand/peat chambers. However, the first storm had a significant increase in suspended solids
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Table 1. Compounds Analyzed during MCTT Pilot-Scale Testing

Compound Category | Compounds Testing Methodology (Detection Limits)
Semi-Volatile Polycyclic Aromatic Hydrocarbons GC/MSD -~ particulate and dissoived
Organics Phthalate Esters fractions (1 to 10 ug/t MDL)
(BNA Extractable) Phenols
Pesticides Pesticides GC/ECD - particulate and dissoived
fractions (0.01 t0 0.1 ug/L. MDL)
Heavy Metals Cadmium GFAA - particulate and dissoived
Copper fractions (1 to 5 ug/L MDL)
Lead
Zinc
Toxicity Toxicity Screening Test Microtox™ - particulate and dissolved
fractions
Nutrients Nitrite + Nitrate lon Chromatography — dissolved
Ammonia fraction (1 mg/L. MDL)
Phosphate
Major lons Cations (Ca, Mg, K, Na, Li) lon Chromatography - dissolved
Anions (Ci, SO,, F) fraction (1 mg/L MDL)
Conventional Chemical Oxygen Demand
Pollutants Color
Specific Conductance
Hardness
Alkalinity
pH
Turbidity
Solids (total, dissolved, suspended,
volatile)
Particle Size Particle Size Distribution (1 — 128 um) Coulter Multisizer lie

Tabie 2. Median Observed Percentage Changes in Constituent Concentrations

Constituent | Main Settling Chamber | Sand/Peat Chamber | Overall Device
Common Constituents
Total solids 31% 2.6% 32%
Suspended solids 91 -44 83
Turbidity 50 -150 40
pH -0.3 6.7 7.9
COD 56 -24 60
Nutrients
Nitrate 27 -5 14
Ammonia -155 -7 400
Toxicants
Microtox™ (unfiltered) 18 70 96
Microtox™ (filtered) 64 43 98
Lead 89 38 100
Zinc 39 62 91
n-Nitro-di-n-propylamine 82 100 100
Hexachlorobutadiene 72 83 34
Pyrene 100 n/a 100
Bis (2-ethylhexyl) phthalate 99 -190 99

concentration as it passed through the peat due to flushing of fines from the incompletely washed media.
This contributed to the negative removais of the filter chamber. For the other monitored storms, removal
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occurred (although the percent reduction was smali). The relative toxicity changes (as measured using the
Microtox™ unit) (not shown) indicate significant reductions in toxicity, especially for the moderate and
highly toxic samples. No effluent samples were considered toxic (all effluent sampies were “non toxic”, or
causing less than a 20% light reduction after 25 minutes of exposure using the Azur Microtox™ screening
toxicity test). Figure 3, for zinc removal, shows significant and large reductions in concentrations, mostly
through the main settling chamber (corresponding to the large fraction of stormwater toxicants found in
the particulate samplie fraction). Zinc also had further important decreases in concentrations in the
peat/sand chamber, where removal of the remaining dissolved zinc in the stormwater occurred.
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Preliminary Full-Scale MCTT Test Resuits

Preliminary results from the full-scale tests of the MCTT in Wisconsin (Corsi, Blake, and Bannerman,
personal communication) were encouraging and corroborate the high levels of treatment observed during
the Birmingham pilot-scale tests. Table 3 shows the treatment levels that have been observed during
seven tests in Minocqua (during one year of operation) and 15 tests in Milwaukee (also during one year of
operation), compared to the pilot-scale Birmingham test results (13 events). These data indicate high
reductions for SS (83 to 98%), COD (60 to 86%), turbidity (40 to 94%), phosphorus (80 to 88%), lead (93
to 96%), zinc (30 to 91%), and for many organic toxicants (generally 65 to 100%). The reductions of
dissolved heavy metals (filtered through 0.45 um filters) were also all greater than 65% during the full-
scale tests. None of the organic toxicants were ever observed in effluent water from either full-scale
MCTT, even considering the excellent detection limits available at the Wisconsin State Dept. of Hygiene
Laboratories that conducted the analyses. The influent organic toxicant concentrations were all less than 5
ng/L and were only found in the unfiltered sampie fractions. The Wisconsin MCTT effluent concentrations
were also very low for all of the other constituents monitored: <10 mg/L for SS, <0.1 mgiL for phosphorus,
<5 ug/L for cadmium and lead, and <20 pg/L for copper and zinc. The pH changes in the Milwaukee
MCTT were much less than observed during the Birmingham pilot-scale tests, possibly because of added
activated carbon in the final chamber in Milwaukee. Color was aiso much better controlled in the full-scale
Miiwaukee MCTT.

DISCUSSION

The Milwaukee installation is at a public works garage and serves about 0.1 ha (0.25 acre) of pavement.
This MCTT was designed to withstand very heavy vehicles driving over the unit. The estimated cost was
$54,000 (including a $16,000 engineering cost), but the actual cost was $72,000. The high cost was likely
due to uncertainties associated with construction of an unknown device by the contractors and because it
was a retrofit installation. It therefore had to fit within very tight site layout constraints. As an exampie,
installation problems occurred due to sanitary sewerage not being accurately located as mapped. The
Minocqua site was a 1 ha (2.5 acre) newly paved parking area serving a state park and commercial area.
It was located in a grassed area and was also a retrofit installation, designed to fit within an existing storm
drainage system. The installed cost of this MCTT was about $95,000.
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It is anticipated that MCTT costs could be substantially reduced if designed to better integrate with a new
drainage system and not installed as a retrofitted stormwater control practice. Plastic tank manufactures
have also expressed an interest in preparing pre-fabricated MCTT units that could be sized in a few
standard sizes for small critical source areas. It is expected that these pre-fabricated units would be much
less expensive and easier to install than the custom-built units tested to date.

Table 3. Preliminary Performance Information for Full-Scale MCTT Tests, Compared to Birmingham
Pilot-Scale MCTT Resuits (median reductions and median effiuent quality)

Miiwaukee MCTT Minocqua MCTT Birmingham MCTT

(15 events) (7 events) {13 events)
suspended solids 98 (<5 mg/L) 85 (10 mg/L) 83 (5.5 mg/L)
volatile suspended solids 94 (<5 mg/L) na’ 66 (6 ma/L)
coD 86 (13 mg/L) na 60 (17 mg/L)
turbidity 94 (3 NTUV) na 40 (4.4 NTU)
pH -7 (7.9 pH) na 8 (6.4 pH)
ammonia 47 (0.06 mg/L) na -210 (0.31 mg/L)
nitrates 33 (0.3 mg/L) na 24 (1.5 mg/l)
Phosphorus (total) 88 (0.02 mg/L) 80 (<0.1 mg/L) nd”
Phosphorus (filtered) 78 (0.002 mg/L.) na nd
Microtox® toxicity (total) na na 100 (0%)
Microtox® toxicity (filtered) na na 87 (3%)
Cadmium (total) 91 (0.1 ug/l) na 18 (0.6 pg/l)
Cadmium (filtered) 66 (0.05 ugll) na 16 (0.5 ugl)
Copper (total) 90 (3 ugh) 65 (15 uglt) 15 (15 ugl)
Copper (filtered) 73 (1.4 ugll) na 17 (21 pgl)
Lead (total) 96 (1.8 ug/l) nd (<3 ugh) 93 (<2 ugh)
Lead (filtered) 78 (<0.4 pg/l) na 42 (<2 ugl)
Zinc (total) 91 (<20 ugh) 90 (15 ug/l) 91 (18 ugit)
Zinc (filtered) 68 (<8 ugh) Na 54 (6 ug/l)
benzo(a)anthracene >45 (<0.05 ugil) >65 (<0.2 ug/l) nd
benzo(b)fluoranthene >95 (<0.1 pgl) >75 (<0.1 ugh) nd
dibenzo(a,h)anthracene 88 (<0.02 pg/l) >90 (<0.1 ug/l) nd
fluoranthene 98 (<0.1 ug/L) >90 (<0.1 ugl) 100 (<0.6 pg/L)
indeno(1,2,3-cd)pyrene >80 (<0.1 pg) >95 (<0.1 ug/l) nd
phenanthrene 99 (<0.05 ugh) >65 (<0.2 ugh) nd
pentachiorophenol na na 100 (<1 ugl)
phenol na Na 99 (<0.4 ugh)
pyrene 98 (<0.05 ugl) >75 (<0.2 ug/l) 100 (<0.5 ug/l)

na’: not analyzed

nd®: not detected in most of the samples

Design of the MCTT

Catchbasin. Catchbasins have been found to be effective in removing poliutants associated with coarser
runoff solids. Mcderate reductions in total and suspended solids (up to about 45%, depending on the
inflow water rate) have been indicated by prior studies (Lager and Smith 1976, Pitt and Bissonnette 1985).
While few poilutants are associated with these coarser solids, their removal decreases maintenance
problems of the other chambers. The size of the MCTT catchbasin sump is controlled by three factors: the
runoft flow rate, the suspended solids (SS) concentration in the runoff, and the desired frequericy at which
the catchbasin will be cleaned so as not to sacrifice efficiency.
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Main Settling Chamber. The main settling chamber mimics completely mixed settling column bench-
scale tests and uses a treatment ratio of depth to time for removal estimates. In addition to plate or tube
settlers, the main settling chamber also contains floating sorbent “pillows” to trap fioating grease and oil
and a fine bubble diffuser. The settling time in the main settling chamber typically ranges from 1 to 3 days.

Peat/Sand lon Exchange Chamber. Based on literature descriptions of stormwater fittration, especially
by the City of Austin (1988), Galli (1990) and Shaver (undated and 1991), earlier UAB bench-scale
treatability tests (Pitt, et al. 1995), and the preliminary UAB filter media column tests (Clark, et al. 1995), it
was determined that a mixed media sand and peat “fiiter” snouid be used as a poiishing unit after the main
settling chamber. This unit provides additionai toxicant reductions, especially for filtered forms of the
organics and metals. The surface hydraulic loading rate of this filter/ion exchange chamber should be
between 1.5 and 6 m per day (5 and 20 ft per day). The 50%/50% mixture of the sand and peat should
have a depth of 0.5 m (18 in), resting on 0.15 m of sand. The sand used in the testing had the following
size: 71% finer than #30 sieve (0.6 mm), 65% finer than #40 sieve (0.425 mm), and 0.5% finer than #50
sieve (0.18 mm). The effective size (Do) of the sand was 0.31 mm and the uniformity coefficient (Deo/D10)
was 1.45. A filter fabric was used to separate these layers from the gravel and perforated pipe underdrain.
In order to facilitate surface spreading of water on top of the media and to prevent channeiization, another
fitter fabnic (Gunderboom™) was placed on top of the media.

Example Design

The design of the MCTT is very site specific, since it is highly dependent on local rains (rain depths, rain
intensities, and interevent times). A computer model was therefore developed to determine the amount of
annual rainfall treated, the toxicity reduction rate for each individual storm, and the overall toxicity
reduction associated with a long series of rains for different locations in the U.S. Table 4 gives the
simulation resuits for the sizing of the main settling chamber for 21 cities (rain depths range from 180 mm
(7.1 in) (Phoenix) to 1500 mm (60 in) (New Orleans) per year).

Table 4. MCTT Settling Chamber Sizes (48 hr hold times, except as noted; 1.5 m settling depths)

City Annual Rain Depth Runoff Capacity (mm) for Runoft Capacity (in) for
{(mm) 70% Toxicant Control 90% Toxicant Contro!

Phoenix, AZ 180 6.35 (24 hours) 8.89

Reno, NV 191 5.08 (18 hours) 5.08
Bozeman, MT 325 6.35 10.2

Los Angeies, CA 378 7.62 114

Rapid City, SD 414 5.08 (18 hours) 5.59
Minneapolis, MN 671 8.13 2.70

Dallas, TX 749 2.70 24.4
Milwaukee, W! 785 9.14 16.5 -
Austin, TX 800 5.59 (18 hours) 8.13

St. Louis, MO - 861 7.62 12.5

Buffalo, NY 953 8.89 2.70

Seattie, WA 986 6.35 10.2
Newark, NJ 1074 122 24.4
Portland, ME 1105 10.7 18.3

Atlanta, GA 1234 14.0 24.1
Birmingham, AL 1384 9.40 13.5

Miami, FL 1463 10.2 18.5

New Orieans, LA 1516 20.3 23.4

The overall range in MCTT size varies by more than three times for the sarne level of treatment for the
different cities. The required size of the main settling chamber generally increases as the annual rain
depth increases. However, the interevent period and the rain depth for individual rains determine the
specific runoff treatment volume requirement. As an example, Seattie requires a much smailer MCTT than
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other cities having similar annual total rains because of the small rain depths for each rain. Rapid City
requires a smaller MCTT, compared to Los Angeles, because Los Angeles has much larger rains when it
does rain. Similarty, Dallas requires an unusually large MCTT because of its high rain intensities and large
individual rains, compared to upper Midwest cities that have similar annual rain depths.

In ail cases, the most effective holding time is 2 days for 90% toxicant control (for the 1.5 m, 5 ft, settling
chamber depth). In most cases, a toxicity removal goal of about 70% in the main settling chamber is
probably the most cost effective choice, considering the additional treatment that will be provided in the
sand/peat chamber. Figure 4 shows the runoff volume requirements for an MCTT having a 0.6, 1.5, 2.1,
or2.7m (2,5, 7, or 9 foot) settiing depths in the main settling chamber for Milwaukee, W!. This exampie
shows that the required runoff depth storage capacity increases as the depth of the main settling chamber
increases. As an example, for 30% toxicant control at Milwaukee, the storage requirement fora 1.5 m (5
ft) settling depth was shown to be 16.5 mm (0.65 in) on Table 2. Figure 4 indicates that the required
storage volume for a 0.6 m (2 ft) settiing chamber would only be 14 mm (0.55 in) of runoff, while it would
increase to 19 mm (0.75 in) of runoff for a 2.1 m (7 ft) settling depth and to 23 mm (0.9 in) fora 2.7 m ]
ft) settling depth. The greater depths require more time for the stormwater particulates to settle and be
trapped in the chamber, while the shallower tanks require a greater surface area. The best tank design for
a specific location is based on site specific conditions, especiaily the presence of subsurface utilities or
groundwater and hydraulic grade line requirements. A large surface tank is usually much more expensive,
even though the required volume is less, especially if heavy traffic will be traveiing over the tank.

A combination of a 48 hour holding time and 11 mm (0.45 in) runoff storage volume would satisfy a 75%
treatment goal for Milwaukee conditions, as shown on Figure 3. This 11-mm runoff volume corresponds to
a rain depth of about 13 mm (0.51 in) for pavement (Pitt 1987). The 11-mm runoff storage volume
corresponds 1o a live chamber volume of 22 m* (770 ft°) and a surface area of 10 m? (110 f&) for a 0.2 ha
(0.5 acre) paved drainage area. The surface area of the MCTT would therefore be about 0.5 percent of
the drainage area. This device would capture and treat about 80% of the annual runoff at a 95% toxicity
reduction level, resulting in an annual toxicity reduction of about 75% (0.8 X 0.95). The size of the main
settiing chamber wouid need to be greater than this because about 0.7 m (two feet) of “dead” storage
must be added to provided for standing water below the outlet orifice (or pump) which would keep the
inclined tubes submerged. About a 0.2 m (6 inch) height is also needed below the inclined tubes for the
flow distribution system and for long-term storage of fine material that will accumuiate.

Additional treatment beyond the 75% level wouid result in the filter/ion exchange chamber. The pumped
effiuent from the main settling chamber wouid be directed towards a mixed peat/sand filter/ion exchange
chamber, which must provide a surface hydraulic loading rate of between 1.5 and 6 m per day (5 and 20 ft
per day), and have a depth of at least 0.5 m (18 in). In addition to the pumped effiuent, any excess runoff
after the main settling chamber is full would aiso be directed towards the filter.

Each of the treatment chambers need to be vented, mosquito proofed, and be easily accessible for
maintenance. The device needs to be inspected, the initial catchbasin should be cleaned, and the sorbent
pillows should be exchanged, at least every six months. It is expected that the ion exchange media should
last from 3 to 5 years before requiring replacement (as determined during our filtration experiments).

CONCLUSIONS

The development and testing of the MCTT showed that the treatment unit provided substantial reductions
in stormwater toxicants (both in particulate and filtered phases), and suspended solids. Increases in color
and a slight decrease-in pH also occurred during the filtration step at the pilot-scale unit. The main settling
chamber resulted in substantial reductions in total and dissolved toxicity, lead, zinc, certain organic
toxicants, suspended solids, COD, turbidity, and color. The filterfion exchange unit is aiso responsible for
additional filterable toxicant reductions. However, the catchbasin/grit chamber did not indicate any
significant improvements in water quality, although it is an important element in reducing maintenance
problems by trapping bulk material. The use of the MCTT is seen to be capable of reducing a broad range
of stormwater poliutants that have been shown to cause substantial receiving water problems (Pitt 1995).
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ABSTRACT

This paper presents the applicability of four high-rate disinfection technologies for treating combined-
sewer overflow (CSO) and sanitary-sewer overflow (SSO). The four technologies are treatment with:
ozone (O,), chlorine dioxide (CIO, ), uitraviolet light irradiation (UV), and high-voltage electron beam
iradiation (E-Beam). These high-rate technologies are compared to each other and to conventional
chiorination/dechiorination. Utility of increased mixing in concert with any disinfection technology is also
discussed.

Disinfection of CSO and SSO is generally practiced to control the discharge of pathogens and indicator
microorganisms into receiving waters. Because these overflows are wet weather events, the disinfectant
used at a facility for treatment of CSO or SSO shouid be adaptable to intermittent use. Other
considerations include effectiveness, oxidation/disinfection rate, and safety. Since commonly used
disinfection by chiorination forms toxic residual byproducts, the newer disinfectants such as CIO,, O, UV,
and E-Beam have a far lesser potential to generate toxic byproducts. Since CSO and SSO flow rates and
volumes are significantly greater than dry-weather flows, use of high-rate processes requiring less
tankage and space is more cost-effective than use of conventional processes.

Comparative effectiveness and cost of high-rate disinfection technologies are supported with data from
pilot-scale evaluations conducted primarily on CSO at the 26th Ward Water Pollution Control Plant
(WPCP) in New York City.

KEY WORDS

wet-weather flow, combined-sewer overflow, sanitary-sewer overflow, stormwater, disinfection, oxidation,
ozonation, chiorination/dechiorination, irradiation, pathogens, indicator microorganisms

INTRODUCTION

The Nationai CSO Control Policy requires disinfection after primary treatment in areas where disinfection
is required by local authorities. Conventional municipal sewage disinfection processes generally use
chiorine (Cl,) gas or sodium hypochlorite (NaOCl) due to their rapid oxidation capabilities and relatively
low cost. Disinfection of CSO and SSO is generally practiced to control the discharge of pathogens and
indicator microorganisms in receiving waters. CSO and SSO have the characteristics of being intermittent
and having high flow rate, high suspended solids (SS) content, wide temperature variation, and variable
microorganism quality.

Therefore, the disinfectant used at a facility for treatment of CSO and SSO should be adaptable to

151 R0024915



intermittent use and to treatment of flows of variable quality and quantity. Other considerations include the
disinfection effectiveness, oxidation/disinfection rate, and the safety and ease of feeding. Cl, and
hypochiorite (OCI") will react with ammonia (NH, ) to form chloramines and react with phenols to form
chlorophenols. These are toxic to aquatic life. The adverse impacts associated with chlorination are
among the issues leading to the need for deveiopment of altemative methods of disinfection.

Newer disinfection technologies such as ClO,, O,, UV, and E-Beam have a far lesser potential to generate
toxic byproducts. CIO, does not react with NH, and completely oxidizes phenols. O, is also effective in
oxidizing phenois. UV disinfects water and wastewater by altering the genetic material (DNA) in cells so
that microorganisms can no longer reproduce. UV disinfection does not generate any toxic byproducts but
is affected by high SS content. E-Beam achieves effective pathogen kill, does not generate any toxic
byproducts, and is not effected by SS content. Effectiveness of the new disinfection processes needs to
be verified by pilot testing on wet-weather flow or on wastewaters with similar characteristics to WWEF.

Since CSO and SSO flow rates and volumes are significantly greater than those of dry-weather flows, use
of high-rate processes requiring less tankage and space is more cost-effective than use of conventional
processes. The need for advanced technologies evolves from the National CSO Control Policy that
requires treatment at the existing wastewater treatment plants (WWTPs) and at sateliite locations at outfall
points during the high flow periods. A similar requirement can be extended to SSO. The objective of these
technologies is to secure treatment effectiveness of the plant at the increased throughput, which cannot
be accomplished with the use of conventional technologies. High-rate disinfection, i.e., decreased
disinfection contact time, can be accompiished by:

. increasing mixing intensity,

. increasing disinfectant concentration,

. using faster-acting oxidants, UV, E-Beam irradiation, and/or
. using combinations of these.

Use of increased mixing with any disinfection technology provides better dispersion of the disinfectant and
forces disinfectant contact with a greater number of microorganisms per unit time. The increased rate of
collisions decreases the required contact time, which enables a high-rate disinfection (Field et al., 1996).

NEW HIGH-RATE DISINFECTION TECHNOLOGIES

Disinfection processes based on the use of ClO,, 0,, UV, and E-Beam can accomplish high-rate
treatment because they provide greater and faster microbe-killing power than conventional
chlorination/dechlorination. E-Beam technology has been in commercial use in other applications, such as
food processing and hazardous waste treatment, but is considered new for CSO and SSO. However,
chlorination processes, considered here as conventional, can also be optimized to accomplish high-rate
treatment. Chlorination, especially when followed by dechlorination, maintains its competitive edge over
the newer disinfection technologies (Field and O'Connor, 1997).

ClO, - ayellowish gas at room temperature, is an effective disinfectant for the destruction of pathogens
and inactivation of viruses. Compared to chiorine, ClO, is 10 times more soluble in water, is stable in
water solutions, does not react with nitrogenous compounds, is effective over wide pH range, and is
effective over longer periods. ClO, is generated onsite from sodium chiorate (NaClO,) by solution
processes or from sodium chlorite (NaClO,) with the use of Cl, gas. A new aqueous UV process
generates ClO, from NaClO, directly in UV-light reaction cells. The UV ClO, generator is particularly
attractive in an urban setting by eliminating the need for transport and handling of Cl, gas.

Sequential addition of Cl, followed by ClO, at intervals of 15-30 seconds enhances high-rate disinfection

beyond the expected additive effect. A minimum effective combination of 8 mg/l of Cl, foliowed by 2 mg/l
of ClO, showed disinfection effectiveness equal to 25 mg/l of Cl, or 12 mg/l of ClO, when used individually.
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O, - a gas, is formed by electrical discharges in the presence of oxygen and is a very powerful oxidant and
disinfectant. Because O, disinfects more rapidly than Cl., it requires shorter contact time and requires
smaller and less expensive contact chambers. O, is highly unstable, must be generated onsite just prior
to application, and must be quickly and efficiently contacted with the treated flow. Dosage and contact
time requirements depend on the characteristics of the flow but are usually 1-10 mg/l and < 15 minutes.
Ozonation produces some byproducts but no chlorinated hydrocarbons and no residual O, In general, O,
systems have relatively high capital and energy costs.

UV - light disinfects flows at the germicidal waveiength of 254 nanometers (nm) by aitering the genetic
material (DNA) in cells so that microorganisms can no ionger reproduce. In UV disinfection systems, the
UV lamps are submerged in either a closed vessel or an open channel. Thin film flows past the UV lamps
and for a few seconds the microorganisms are exposed to a dosage of UV energy. UV performance and
lamps fouling depend on flow characteristics, such SS concentration and particle size distribution,
presence of other UV absorbing compounds, and concentration of microorganisms. Of the vanious
alternatives to conventional chlorination/dechiorination for the disinfection of WWFs, UV has been the
most widely tested.

E-Beam - a stream of high-energy electrons is directed into a thin film of water or siudge. The electrons
break apart water molecules and form highly reactive species, namely the oxidizing hydroxyl radical
(OH"), the reducing aqueous electron (e-ag) and hydrogen atom (H'). Reactions of these intermediates
with contaminants and microorganisms occur at diffusion-limited rates, and the treatment is complete in
less than one-tenth of a second. Processes based on the electron beam irradiation principle have been
used in the food preparation/packaging industry and for disinfection of wastewater treatment sludges.
The E-Beam technology has been demonstrated for treatment of hazardous organic compounds that are
either dissolved or suspended in groundwater or wastewater. The E-Beam process has the potential to
deactivate a wide range of pathogens in a very short contact time and should penetrate turbid flows with
high solids concentration as well. However, testing of this technology for WWF is very limited and there
are some concerns with safety and cost (Camp Dresser & Mc Kee and Moffa & Associates, 1998).

Rapid mixing - in combination with any disinfection technology is a critical parameter, particularly when
desired contact times are less than 10 minutes. Mixing provides better dispersion of the disinfectant and
assures contact of the disinfectant with a greater number of microorganisms per unit time. Mixing can be
accomplished by mechanical fiash mixers at the point of disinfectant addition, at intermittent points, or by
specially designed plug flow contact chambers containing closely spaced, corrugated paralle! baffies that
create a meandering path for the flow (Glover, G.E., 1973).

PILOT TESTING OF HIGH-RATE DISINFECTION TECHNOLOGIES ON CSQ
Project Team

The above described four high-rate disinfection technologies have been recentty pilot-tested by the New
York City Department of Environmental Protection with contractors Camp, Dresser & McKee (CDM) and
Moffa & Associates. For testing of the E-Beam pilot, the above affiliates were joined by the New York
Power Authority of New York, NY. In August 1997, CDM entered into a contract with the U.S.
Environmental Protection Agency (EPA) for pilot testing of a UV-light generated CIO, system, that has not
been tested before, and for additional testing of the UV technology as well. The EPA-CDM project will be
a part of a much larger pilot program, which will involve all of the above affiliates again (Camp Dresser &
Mc Kee and Moffa & Associates, 1997 and 1998).

Pilot Facilities and Operation

The compieted pilot testing of CIO,, O,, UV, and E-Beam high-rate systems and of a
chlorination/dechlorination unit, was performed at the 26th Ward WPCP, which will also be the site for the
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forthcoming testing of the UV-light generated CIO, and UV. The purpose of the pilot study was to
evaluate performance of disinfection technologies that are alternative to chlorination/dechlorination for a
possible selection to be used as a suitable aiternative at the Spring Creek Auxiliary Wastewater Poliution
Control Plant (AWPCP), an off-ine CSO storage facility.

Pilot testing was designed to subject the selected four disinfection technologies to a wide range of influent
quality typicai of CSOs and to compare the technologies for their relative effectiveness in decreasing
bacteria throughout the range of water quality. Four indicator bacteria were used as a measure of each
technology effectiveness: total coliform, fecal coliform, Escherichia coli (E.coli), and enterococcus.
Bacteria kills, in terms of log reduction and effluent concentration, were related to the disinfectant dose for
each of the technologies. To evaluate performance of technologies, a satisfactory disinfection
effectiveness was defined as 3 to 4 log bacterial reduction.

Pilot test runs for ClO,, O,, UV, and chlorination/dechiorination were performed from December 17, 1996

through March 12, 1997. The pilot units were located side-by-side for concurrent operation. A total of 16
test runs were performed during both dry and wet weather. The E-Beam pilot testing was performed from
February 24, 1997 through March 26, 1997. A total of 20 test runs were performed. -

Wastewater flow to the pilot facility was supplied from either the primary settling tank infiuent or the
primary settling tank effluent to assure a wide range of water quality. Wastewater feed and effiuent piping
was sized to provide a minimum flow velocity of 2 fi/sec to prevent solids deposition. Each pilot system
was subjected to the same wastewater to compare the performance of one directly against the other.

The disinfection pilot units used in the study were:

CIO, The contact /treatment skid was provided by UVD Inc. of Syracuse, NY and included the contact
tank, mixer, and residual instrumentation. CDG Technology of New York City, NY provided the onsite
CIO, generator. The tank was sized to provide a detention time of 5 minutes at 50 gpm.

O, The O, unit was a trailer mounted system manufactured by Aquifine Wedeco Environmental Systems,
Inc., (AWES), of Valencia, CA. O, was generated onsite and on-demand using 90% pure oxygen and a
corona discharge type O, generator. The tank was sized to provide a minimum detention time of 10
minutes at 10 gpm.

UV The UV unit was provided by Aquionics, Inc., of Erlanger, KY. The unit was a medium pressure, high-
intensity type. Manually controiled flow to the unit varied from 75 to 250 gpm.

E-Beam The E-Beam pilot unit was developed by High Voltage Environmental Applications (HVEA) of
Miami, FL. The unit was housed in a trailer equipped with an electric generator to provide the necessary
power (500 kV differential) to operate the system. The unit operated at a flow rate of 20 gpm during runs
1 through 4 and 10 gpm during runs 5 through 20.

Chiorination/Dechlorination The unit, provided by UVD Inc., was a skid mounted system consisting of
chlorination and dechiorination 250 -gall contact tanks with mixers, chemical tanks with solenoid metering
pumps, and residual instrumentation.

Results

Dose-Response Reiationships

All technologies achieved bacterial reductions of 3 to 4 logs. CIO,, O,, and chiorination/dechlorination
achieved these levels over a full range of wastewater quality tested. UV showed lower effectiveness at
SS concentrations above 150 mg/l.
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Disinfection doses required to achieve a 4 log reduction of fecal coliform and of fecal coliform effluent
concentrations < 1,000 cfu/100 mi, for ClO,, O,, UV, and chlorination/dechiorination, were

found to be 8 mg/l, 40 mg/l, 55 mWs/cm?, and 20 mg/l, respectively. The E-Beam did not achieve the 4
log bacterial reduction during any run and the disinfection levels did not appear to be a function of
disinfection dose, wastewater quality, or delivery configuration.

Differing sensitivities of bacterial groups to each disinfection treatment

In the case of:

ClO, - enterococci showed a greater susceptibility and less variability in concentrations between
6 and 10 mg/l than did fecal coliform

O, - there were only minor differences between fecal coliform and enterococci

UV- enterococci showed a greater susceptibility than did fecal coliform and there was less
variability in concentration

E-Beam - no trend was observed but effluent fecal coliform and £.coli were below the 1,000
cfu/100 mi effluent target for 25% of samples

Chlorine - enterococci showed a greater susceptibility between doses of 16 and 24 mg/l than did
fecal coliform

Effect of Wastewater Characteristics on Technology Performance

In case of UV the effect of SS at concentrations > 150 mg/l decreased the disinfections efficiency.
However, there is limited data on UV performance at SS concentrations higher than 150 mg/l.

The remaining technologies showed no apparent trend of reduced disinfection effectiveness with
increased SS concentrations.

Reliability of the Units

The CIO,, UV, and chlorination/dechiorination units showed a reliable performance. The O, pilot was
slightly less reliable. The E-Beam unit was not designed for testing of CSO that contains particulate
matter. The unit’s delivery system was found to be clogging with solids and did not allow for sufficient
electron penetration throughout the entire contact area. An increase in energy (dose) did not show
increased disinfection efficiency. It is likely that a portion of the wastewater was not treated. As aresult,
this test did not show the full potential of E-Beam technology for disinfection.

Cost Comparison and Energy Use

In this study the cost comparison of disinfection systems tested was tailored for application to the Spring
Creek AWPCP. It appears that chlorination/dechlorination and CIO, are most cost effective for this facility.
E-Beam, UV, O,, ClO,, and chlorination are listed in order of decreasing energy use.

FUTURE NEEDS (Fieid et al., 1996, Field and O’Connor, 1997)

Pilot Testing

. Pilot testing of improved disinfection technologies, such as the UV-light generated CIO, system,
on CSO and SSO
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. Evaluate the effects of adequate mixing on performance of disinfection technologies

. Develop realistic and thorough cost estimates for new disinfection technologies

. Repeat pilot testing of E-Beam technology with equipment suitable for WWF

Research

. Evaluate byproducts of disinfection for promising technologies

. Evaluate potential for bacterial regrowth following disinfection

. Evaluate development of viral indicators in addition to bacterial indicators for determining

disinfection effectiveness

. Evaluate effect of particle occlusion as impairment of disinfection efficiency since microorganisms
can be contained or occluded inside larger protective solid particles
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ABSTRACT

The Rouge River National Wet Weather Demonstration Project (RPO) is a federally funded initiative with
the objective of developing demonstration projects to evaluate a variety of urban nonpoint source poliution
(NPS) reduction best management practices (BMPs) for the Rouge River watershed. These
demonstrations will in sum improve the quality of storm water runoff to the Rouge River. The function of
wetland filtration for water quaiity improvement has been recognized as one pctential BMP.

Wetlands increase storm water detention capacity, increase storm water attenuation, moderate low flows,
and improve water quality by removing nutrients, sediments and metals. The goal of this wetiand
demonstration project was to evaluate the effectiveness of freshwater wetlands in the treatment of storm
water. The wetland demonstration project (WETL-1) utilized existing, enhanced, and created wetlands to
demonstrate the value and effectiveness of wetlands in treating storm water runoff. Future evaluations will
identify pollutants removed by the demonstration wetlands, the efficiency of the removal processes and the
effects of sediments on this removal efficiency.

This manuscript summarizes the WETL-1 activities including wetland design, construction, and monitoring
required to implement the Rouge River wetlands demonstration project.

KEYWORDS

storm water, wetlands, forested wetlands, runoff treatment, water quality

INTRODUCTION

The Rouge River National Wet Weather Demonstration Project is a federally funded initiative with the
objective of developing a wet weather management plan for the Rouge River watershed that will improve
water quality. The project includes a variety of demonstration projects which, in sum, will improve the
quality of storm water runoff to the Rouge River. The Rouge project includes a variety of demonstrations
of urban Nonpoint Source Pollution (NPS) reduction methods known as best management practices
(BMP’s). These methods include structural controls, source controls, treatment of impoundment
sediments, detention basins, public participation and wetland treatment. This report summarizes the
activities associated with the WETL-1, wetlands demonstration project.

The Rouge River, located in southeast Michigan, runs through the most densely populated and urbanized
land area in the state. It is approximately 465 square miles and includes 48 municipalities in three
counties, with a population of 1.5 million people. Pollution is a significant problem throughout the Rouge
River Watershed. The State of Michigan Water Resources Commission has indicated that the water
quality of the Rouge severely impairs the designated uses of the niver, including recreation, water supply,
aesthetics, and aquatic organisms.. The demonstration projects, in sum, will improve the quality of storm
water runoff to the Rouge River and hopefully reinstate the River designated uses.
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JJR incorporated in association with Tiiton & Associates worked together to develop a demonstration
project to evaluate whether wetlands can be used as a low cost altemative to treating poliutants from
storm water runoff. The altemative is one of the best management practices that the Rouge River Wet
Weather Demonstration Project is interested in evaluating. The project is a demonstration of using
existing, restored and created freshwater wetlands to control poliution from nonpoint source discharges.
Wetlands are known to improve water quality by increasing storm water attenuation, moderating low flows,
and removing nutrients, sediments and metals. This demonstration project will compare the pollutant
removal effectiveness from storm water for four different types of wetlands systems that occur in the
landscape: 1) an existing forested wetland; 2) an existing wetland system that supports a combined
forested, emergent and scrub/shrub; 3) a newly created emergent wetland; and, 4) a mature created
emergent/shrub/scrub wetland system.

Four wetland areas were identified within the City of Inkster, north of Michigan Avenue between Inkster
and Henry Ruff Roads. The design of the wetland projects as storm water poliution control sites
incorporated features that allows for the manipulation of storm water flow, quantity and duration, and
provides direct comparison of the effectiveness of poliution control in each of the wetland types. The
contributing storm sewer drainage for each site was defined and modeled so that the effect of a given
wetland area on water quality and quantity can be determined. Design criteria were developed from the
modeled hydrological data in combination with characteristics of the available treatment area. Common
elements of the design included the incorporation of a sediment forebay to filter the large particies before
the storm water enters the wetland system; treatment of “first flush* for most storm events; engineered
discharge outlets to the Rouge River with monitoring capabilities; and intermediate monitoring points
where applicabie..

METHODOLOGY

Although past storm water management designs utilized naturai wetlands to treat storm water, regulatory
agencies discouraged this approach. This position is primarily a function of jurisdictional policy
implemented against poorly designed systems that have traditionally impaired the functional uses of
natural wetlands. There is a lack of research on the quantity and quality of storm water that natural
wetlands are capable of treating without being negatively impacted. Constructed wetlands in contrast, are
being built specifically for treating point source discharges and storm water runioff. Consequently there is
no intention of replicating ecological functions other than water quality treatment. Only a few examples of
wetland BMP’s occur in the Rouge River watershed.

The RPO included a demonstration of nonpoint source control from the use of existing, restored and
created freshwater wetlands (WET L-1). The overall nonpoint source pollution (NPS) control strategy of
WETL-1 has been documented in various publications available at the Rouge Project Office (RPO). The
strategy consisted of demonstrating: 1) a site selection process that emphasizes the potential for
integrated solutions, “Selection of Appropriate Wetland Nonpoint Source Pollution Abatement Locations”
(RPO-NPS-TM36.00); 2) a basis for design development that accounts for wetland habitat protection and
water quality improvement goals, “Conceptual Design of Wetfand Management Systems” (RPO-NPS-
TM37.00); 3) biological and water quality monitoring program unique to wetland habitats, “Wetland
Biological Monitoring Program’ (RPO-NPS-TPM48); 4) the operation and maintenance program for the
wetland systems “Operation and Maintenance Manual Nonpoint Work Plan (WETL-1), Task No. 3 (RPO-
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NPS-TPM37.00 ). The current status of the wetland project of the RPO is that site selection, design
development, monitoring plans and construction documents have been compieted. Construction of the
wetland projects was virtually completed in November 1996 and prefiminary water quality monitoring data
is now becoming available.

The intent of the WETL-1 project was to increase storm water detention capacity by utilizing wetlands in
the Rouge River watershed. Wetlands increase storm water attenuation, moderate low flows, and improve
water quality by removing nutrients, sediments and metals. The future goal of this demonstration project is
to evaluate the effectiveness of the demonstration wetlands in the treatrnent of storm water. This
evaluation will include identification of pollutants removed by the demonstration wetiands, the efficiency of
the removal processes and the effects of sediments on this removal efficiency.  Ultimately, the
demonstration project will compare the poliutant removal effectiveness of different types of wetlands:

An existing forested wetland;

A mixed forested, open water and scrub wetland system;
Newly created emergent wetland; and,

A mature created emergent/shrub/scrub wetland system.

¢ o o o

The basis for design of NPS control wetlands, regardless of whether the wetlands are existing, restored or
created, presents an integrated approach that accounts for wetland ecology, wetland hydrology, water
quality considerations, watershed characteristics and surrounding land use. Utilizing these guiding
principles, a selection process was initiated to identify appropriate sites for wetland demonstration projects.

Site Selection Process

As part of this project, an extensive investigation was completed to identify and select appropriate wetland
sites in the watershed where pollution abatement was feasibie and prudent. The investigation included
collecting relevant information to aid in the search for targeted wetland sites. The information included
Michigan Resource Information System (MIRIS) maps, National Wetiands inventory maps, soil maps,
aerial photography, land use maps, recreation maps, Wayne County Rouge Program Office (RPO)
Geographic Information System (GIS) mapping of storm water discharges, and existing and historical
drainage maps. Utilizing this information, potential sites were field surveyed. The sites included existing
constructed wetlands, naturally occurring wetlands, potential Combined Sewer Overflow (CSO) sites for
constructing new wetlands, and sites draining approximately 100 acres where wetlands couid be restored.

This investigation also included a review of the existing information on site specific wetland ecology,
wetland ecosystem processes, and the use of specific wetland sites for the control of storm water. A
review of the wetland types and existing plant communities existing in the watershed identified four
wetland types: forested wetlands, wet meadows, scrub-shrub and shallow water wetlands. These Rouge
River wetland types periodically fiood with nutrient-enriched waters.

A total of 25 sites (9 constructed, 13 existing, and 3 CSO) were considered as potential nonpoint source
abatement locations. Five Areas were selected (3 existing and 2 constructed wetlands) as prudent and
feasible for further consideration. Technical Memorandum, “Selection of Appropriate Wetland Nonpoint
Source Pollution Abatement Locations” (RPO-NPS-TM36.00) is available from the Rouge Program Office
for review. These Areas are located within the City of Inkster, north of Michigan Avenue between Inkster
and Henry Ruff Roads. A created wetiand built approximately eight years ago in West Bloomfield
Township has also been selected to evaluate and compare its effectiveness with newly created wetlands.
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Wetland Design Development

The design of the wetland projects as NPS control sites incorporated features that allows manipulation of
storm water flow quantity and duration, and allows for the direct comparison of the effectiveness of NPS
control in existing and created wetlands receiving storm water runoff from a single watershed. Design
criteria for each of the wetland areas were developed from modeled hydrological data in combination with
characteristics of the available treatment area. The wetland creation and enhancement areas contain
similar design elements that provide comparable experimental data which can be rejated to known design
parameters. These elements include the incorporation of a sediment forebay to filter the large particies
before the storm water enters the wetland system; treatment of “first flush* for most storm events:
designed discharge outlets to the Rouge River with monitoring capabilities; and, intermediate monitoring
points where applicable. The contributing storm sewer area for each area has been defined and modeled
so that the effect of a given wetland area on water quality and quantity can be determined. The influence
of directly adjacent land is assumed to be negligible.

Design Characteristics of Wetland Area 1. Wetland Area 1 is designed to demonstrate the efficiency
of storm water treatment by a newly created emergent wetland. Approximately 3.0 acres of emergent
wetland was designed and constructed to receive storm water from an approximately 48 acre older
residential neighborhood. Storm water from the storm sewer area was being discharged through a short
swale directly connected to the Rouge River. The design elements of Area 1 includes a sediment forebay,
designed to capture the storm water flowing from the existing 42-inch storm. All of the storm water from
each rain event is directed to the wetland system via the sediment forebay and a vegetated swaie.

Soil boring information was acquired to document and test wetland creation designs with varying soil
types. Area 1 was evaluated to determine the need for a clay liner in sandy soils, soil fertility, soils in direct
contact with ground water, etc. An outlet structure was designed that included a manhole for the
installation of water quality and flow monitoring equipment. Manipulation of flow rates and retention periods
may be discontinued at the end of the demonstration period. The wetland area however has been
designed to be sustained by the contributions from the existing storm sewer area. This area will continue
function as an emergent wetland after completion of the derrgonstration project

Design Characteristics of Wetland Area 2. Among the demonstration sites the project selected two
forested wetlands. These were selected to demonstrate the eftectiveness of this type of wetland in
controlling NPS control. The majority of the existing wetland habitat in the Rouge River watershed is
forested and forested wetlands are common in certain parts of the world. The demonstration of the
effectiveness of forested freshwater wetlands in control of NPS poliution is critical to the long-term
implementation of a wetland component in a comprehensive NPS management strategy. Forested
wetiands, as NPS control sites have not been widely studied, aithough emergent and open water systems
have been studied and are utilized much more frequently. One of the more frequent negative
environmental impacts of the use of forested wetlands is flooding and destruction of tree species and
subsequent loss of forested wetland habitat. The site selection methodology and basis for design of the
forested wetland basins were adapted to account for the sensitive nature of these wetlands and the
hydrologic impacts of using forested wetlands will be assessed. Demonstrating the use of forested
wetlands as effective NPS control sites and, perhaps more importantly, demonstrating the design elements
necessary to protect forested wetland habitat from adverse impacts associated with NPS control is one
benefit of the demonstration project.

Wetland Area 2 is proposed to demonstrate the efficiency of storm water treatment by an existing forested
wetland. Approximately 3.0 acres of forested wetland has been enclosed by small berms designed to
retain a specified amount of storm water from the storm sewer area. Storm water from approximately 165
acres of mixed land use has historically been discharged directly to the Rouge River via a 60-inch pipe.
Area 2 wetland utilizes a ift station to deliver a specified portion of the storm water from the storm sewer to
the wetland. Storm water is transported to the wetland area from the storm sewer via an underground
Pipe into a catch basin designed to function as a sediment forebay. Both the pipe and catch basin are



constructed in an upland area. The wetland area is enclosed by a berm along the northern boundary of
the site to isolate it to a known and measurable area. This berm runs paraliel to the Rouge River and is
set at an elevation of 610 which will be crested by 100 year flood waters from the Rouge River.

This wetland previously discharged water to the Rouge River at one location situated at the far eastern
point of the site. Overflow from wetland Area 2 will continue to discharge from this location. The outlet
has been modified to control the outflow rate and ailow for monitoring activities. Minor grade modifications
were necessary for the installation of a weir and vaive to control outlet flow levels. The low point of the
weir has been set to retain water within the wetland and slowly release it to the Rouge River.

Design Characteristics of Wetland Area 3. Area 3, is also located south of the Rouge River between
Inkster and Middlebeit Roads, approximately 1,800 feet west of Area 2. The entire site is within the 100
year floodplain of the Rouge River. The site is bisected by an 80 foot long channel which currently
conveys storm water runoff from the 183 acre, residential and commercial watershed directly to the Rouge
River. The ditch has partially filled with sediments resulting in some storm water flow being diverted to the
wetlands on the east and west sides of the ditch. The 4.7 acre wetland on the east side of the ditch
contains forested/scrub/shrub/emergent and open water communities. Existing vegetation includes wiliow,
cattail, water plantain, elm, cottonwood, sedges, rushes and snags. Water discharges from this wetland to
the river through a shallow swale along the site’s eastern river bank.

Approximately 2.4 acres of emergent/scrub/shrub wetland are located along the west side of the ditch.
This wetiand aiso receives storm water from the existing sewer line due to the clogged ditch. This wetland
contains primarily willow, dogwood and cattail. While no detailed hydrogeoiogic data has been coilected,
moderate base flow in the ditch indicates groundwater may also contribute to the wetland hydrology.

Wetland Area 3 contains two separate treatment areas, 3-East and 3-West. A sediment forebay is located
at the inflow of each wetland area. Three outlets were constructed in this basin to direct first flush and
small storm event flow to wetlands 3-East and 3-West, and overflow from larger storms is discharged
directly to the Rouge River through an existing swale.

Wetland Area 3-East is an existing wetland system that supports forested, emergent, scrub/shrub, and
open water systems. The objective of the design is to enhanced the flow through this wetland to utilize
each of the wetland types in the treatment of storm water. The designated area is enclosed by eighteen
inch berms. Storm water flow from the sediment forebay is discharged into the existing wetland. A
containment berm was constructed along the northem portion of the wetland area. Within the wetland the
flow achieves a maximum flow length ratio and utilizes various wetland types in the treatment train. Berms
do not impede the 100 year flood flow from the Rouge River flood conditions. Area 3-East drains to the
Rouge River at a low point located along the eastem boundary. Overflow from this area will continue to
discharge from this location. The outlet has been modified to controf the flow rate and allow for monitoring
activities

Wetland Area 3-West contains an emergent and scrub/shrub wetlands created within a former upland
area. The created wetland was apportioned into two areas; one and two acre wetland cells. Flow from the
sediment forebay is released directly into this one acre wetland. The succeeding wetland is approximately
two acres in size. This sizing allows for an assessment of water quality treatment from specified areas of
created wetland. The water flows through this two tier system to an outlet to the Rouge River. This outiet
is located at a naturally occurring low point within the forested wetland along the Rivers banks. A
controlled outlet structure was installed at the outlet point to control retention time, water depth and allow
for monitoring activities. These wetlands are created in conjunction with wetland mitigation; therefore, they
are designed to function as wetlands with minor modifications, if any, after the demonstration is completed.

Construction of the Wetland Project. Construction documents and specifications for the construction of
these projects were completed in November 1995. Bidding and award of the projects allowed construction
to begin in February, 1996. Construction was substantially complete in November 1996. The construction
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schedule for these projects was extended by approximately five months. Various reasons accounted for
project delays including; spring flooding of the Rouge River, vandalism of power supply panels, delays in
equipment orders, unknown utilities encountered and land owner disputes. The operation and
maintenance of this wetland demonstration project requires regular inspections of earthwork, landscaping,
structural components and other aspects of distribution system. The construction contractor as part of the
contract has provided this task. An Operation and Maintenance Manual (RPO-NPS-TPM37.00 ) was
prepared for the wetland projects. A written summary of Operations and Maintenance activities is
provided on an annual basis.

RESULTS

Inttial data results are now being reported. The following tables represent the average of six wet weather
events collected from September 1996 to September 1997: Table 1) West Bloomfield Wetland, a mature
created wetland; Table 2) Wetland Area 2, forested wetland and Table 3) Wetland Area 3 East, a mixed
community wetland. The results indicate that nearly every measured pollutant of storm water was
significantly reduced through the wetiand treatment system. Nitrate and nitrite nitrogen removal
percentages ranged from 22 to 53 percent; Total Phosphorus removal efficiency ranged from 11 to 43
percent; Total Suspended Solids were reduced from 63 percent up to 86 percent; and heavy metals
removal percentages were reported from 10 percent to 73 percent reduction. In a few cases some
parameters increased, most notabiy ammonia nitrogen, total kjeldahi nitrogen and orthophosphate. The
averages for these parameters were elevated primarily due to late summer sampling events when plant
die-off and decomposition skewed the results. The summary of the results reported thus far are typical of
what has been reported in the literature for wastewater treatment wetlands (Hammer and Kadlec, 1983).
Al of the wetlands wili continue to be monitored for the next five years including the forested and
enhanced wetland systems. The results will be tabulated and published through the Rouge Program
Office and will be presented on the intemet Web Page at the RPO.

Table 1
Rouge River National Wet Weather D emonstration Project
Pollutant Removal Effectiveness
West Bloomfield Wetland
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Table 2
Rouge River National Wet Weather Demonstration Project
Pollutant Removal Effectiveness
Inkster Wetland Area 2
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Table 3
Rouge River National Wet Weather Demonstration Project
Pollutant Removal Effectiveness
Inkster Wetland Area 3 East
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DISCUSSION

The use of wetlands for wastewater treatment has been researched for approximately twenty years. The
results of this body of information define the effectiveness of wetlands in pollutant removal efficiency in
wastewater treatment systems. However, this information may not be directly applied to the use of
wetlands for nonpoint source treatment systems. Specifically, the two systems are different in hydrology,
poliutant loading, pollutant characteristics, and operation and maintenance practices. Wastewater
treatment wetlands tend to receive a constant flow of water whereas storm water systems receive pulse
loading of storm water with inconsistent pollutant levels. Typical poliutant removal rates reported in the
literature for wastewater systems include: 75-93 percent for Total Suspended Solids; 70-30 percent for
BOD; 30-50 percent for total phosphorus; and 75-95 percent for total nitrogen.

Under the Clean Water Act, the EPA has responsibilities for wetland protection and specifically for
regulation of discharge of waterborne pollutants (Section 401 and 402). The use of natural wetlands has
been a source of controversy for receiving storm water runoff. The EPA does not support the use of
natural wetlands for treating storm water due to the potential ecological and environmental degradation of
the wetland. This position is primarily a function of jurisdictional policy implemented against poorly
designed systems that have traditional impaired the functional uses of natural wetlands. There is a lack of
research on the quantity and quality of storm water that natural wetlands are capable of treating without
being negatively impacted. The use of natural wetlands in treating storm water may be considered,
particularly in an urban setting if; 1) other treatment options are limited; 2) the existing wetland has been
disturbed or degraded thereby limiting its plant and animal diversity; 3) the existing wetland is small,
isolated, and incidental compared to the watershed area; or 4) the existing wetland could be enhanced by
increasing the amount of flow and increasing its biodiversity.

This project has only begun to evaiuate the effectiveness of freshwater wetlands in treating storm water
runoff. To date only a limited number of sampling events have occurred and in the case of Wetland 3
West, a newly created wetland, sampling will begin in the spring of 1998. Future evaluations will quantify
the poliutants removed by the demonstration wetlands, the efficiency of the removal processes, direct
comparisons of pollutant removal efficiencies for ditferent wetland types and the effects of sediments on
this removal efficiency. Biological monitoring running concurrent with the water quality monitoring will
closely monitor the wetland ecosystem as the project progresses. In addition, tissue analysis is being
proposed on aquatic organisms to determine if bioaccumulation of heavy metals should be of concem in
wetland treatment systems.

CONCLUSIONS

The initial results look promising as the natural wetlands and created wetlands are removing a significant
amount of pollutant loading that would otherwise be discharged to the Rouge River. Future strategies that
would consider the incorporation wetland treatment systems into a storm water management plan should
be seriously considered.

Assessments of the benefits relative to these wetland systems will be provided on an annual basis for five
years in separate biologicai and water quaiity monitoring report. Three annual biological monitoring
reports, RPO-NPS-TPM48.00, RPO-NPS-TPM48.01 and RPO-NPS-TPM48.02 (pending) have been
prepared to develop baseline information. Direct assessment of pollutant removals started in the spring of
1997 when the wetland water quality-monitoring program was implemented and initial data results
reported. Preliminary assessments indicate that the hydrology of the existing forested wetlands has been
slightly modified during the study. In anticipation of this altered hydrology a tree survey was compieted as
part of the biological monitoring report. All trees greater than six inches were surveyed using GPS
technology. The trees identified exhibit a wide range of tolerance to inundation. Therefore, it is not
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anticipated that the altered hydrology will greatly affect the wetland areas. The volume of water flowing
through the systems is being monitored and controlled so as not to be significantly different from the pre-
construction condition. The wetlands will continue to be monitored closely to ensure the existing function
and structure are not impaired.
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ABSTRACT

The New York City Department of Environmental Protection (DEP) has conducted a study to analyze
the feasibility of utiliziing supplemental aeration in conjunction with a combined sewer overflow (CSQ)
facility proposed at Paerdegat Basin, Brooklyn, NY. The goal of the study was to determine the overall
cost effectiveness of limiting the amount of conventional CSO storage required, and supplementing
dissolved axygen [evels within Paerdegat Basin through either in-stream or side-stream aeration.

Unlike existing current uses of aeration to supplement dissolved oxygen levels in water bodies, this
study considered the technical aspects of implementing aeration within a marine environment in a nammow
man-made tributary extending over a mile inland from Jamaica Bay.

In addition, original computer models and water quality projections developed for the proposed
Paerdegat Basin Water Quality Facility plan were updated and run for varying levels of CSO abatement
supplemented with aeration. Spedifically, aeration modeling was based on the USEPAs aeration design
theory, with consideration given to calculation of oxygen transfer efficiency based on receiving water
conditions. Additionally, a fine-grid water quality model was developed to represent conditions within
Paerdegat Basin, and assist in the design of an aeration distribution system.

Considering CSO controls and supplemental aeration analyzed in this study, a recommendation for
attainment of water quality dissolved oxygen standards in Paerdegat Basin was developed.

KEY WORDS: Combined Sewer Overflows, Water Quality Standards, Water Quality Modeling,
Dissolved Oxygen, Aeration

INTRODUCTION

Studies conducted by the New York City Department of Environmental Protection (NYCDEP) in the
late 1970's showed that Paerdegat Basin, located in southeastern Brookiyn, New York, was severely
impacted by degraded water quality conditions. Combined sewer overfiows (CSOs) were identified as a
major source of the pollution entering Paerdegat Basin, contributing to significant violations in the New
York State Department of Environmental Conservation (NYSDEC) state water quality standards for
dissolved axygen (DO), coliforms, floatables and settleabte solids.

The Paerdegat Basin Water Quality Facility Plan (September, 1991), as developed, indluded the
reduction of CSO impacts through the maximized use of existing fadilities (sewers, interceptors, and water
poilution control plants (WPCPs)), and construction of a 30 million gaillon (MG) off-line CSO retention
tank The resulting CSO retention facility had a capacity (in-ine and off-line storage) of 50 MG.

The original CSO plan had an estimated construction cost of approximately $200M (million) and
resulted in significant water quality improvements in Paerdegat Basin. Model projections indicated up to
an 80% reduction in biochemical axygen demand and suspended solids discharged. Total coliform levels
would be similarly reduced by 95%. Based on these performance levels, it was projected that required
DO tevels would be met throughout Paerdegat Basin, except at the head end where they were projected
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to drop to 3.0 mg/L about 1% of the time as a result of heavy rainfall conditions. At all other times, DO
levels were above the NYSDEC standard of 4.0 mg/L.

Subsequent to development of the Paerdegat Basin Facility Plan, an altemative proposal was
presented by the NYCDEP in the Jamaica Bay Comprehensive Watershed Management Plan (December
1983). This altemnative proposal asserted that similar water quality improvements in Paerdegat Basin
could be achieved through the volumetric reduction of CSO storage capacity, while simultaneousiy
supplementing the reduced storage volume with aeration. The proposed system was to fully comply with
dissolved oxygen standards in Paerdegat Basin.

The goal of investigating supplemental aeration for Paerdegat Basin was to evaiuate the technical
feasibility of using aeration technologies to supplement a reduction in CSO retention volume. This paper
describes the engineering evaluation that was conducted to evaluate the feasibility of applying various
aeration altematives to a revised CSO fadility design at Paerdegat Basin. It was concluded from this
evaluation that the reduction of CSO
retention volume can be supplemented
with aeration to maintain adequate levels
of dissoived oxygen in the basin, and
potentially reduce overall project costs.

Project Area

Paerdegat Basin is a rectanguiar,
dead-end channei approximately 6,600
feet long, 450 feet wide at points, and
varying from 1 to 16 feet in depth
depending on tidal conditions. The basin
is located in southeastern Brooklyn, New
York and receives combined sewer
overflows (CSO's) from a drainage area
of approximately 6,000 acres. The basin
receiving waters have been designated
Class 