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Mr. Bill Goodwin

City of Portland

Department of Parks and Public Works
55 Portland Street

Portland, ME 04101

Subject: Combined Sewer Overflow Abatement Study Final Master Plan

Dear Mr. Goodwin:

CH2M HILL is pleased to transmit to the City, and simultaneously, to the Portland
Water District, the Maine Department of Environmental Protection (DEP), and Region 1
of EPA, the Final Master Plan for control of combined sewer overflows in the City of
Portland. Twelve (12) copies are enclosed for distribution to City staff. We believe that
the Recommended Plan presents a balanced, reasonable approach to control of CSOs in
Portland that is consistent with the overall objectives of the City to provide secreational
and other benefits to the community.

This Final Master Plan addresses the comments collected on the Draft Master Plan
presented at various forums with regulatory, environmental, and public groups in addition
to formal comments received from Maine DEP and EPA Region I. The principal modifi-
cations to the Final Master Plan are highlighted below:

° Chlorination/dechlorination of the storage conduit relief overflow o Back
Cove

. Additional flow slippage to the Portland Harbor to reduce annual average
CSOs by approximately 90 percent by volume and 50 percent by events

Overall, the Final Master Plan provides the City with a cost-effective level of CSO .
control for protection of the critical uses and sensitive areas of environmental habitat and
areas highly regarded by the public. We are prepared to make a presentation of the Final
Master Plan to the City Council, whenever it can be scheduled.

CH2M HILL Boston Office 50 Staniford Street, 10th fioor 617.523.2260
: Boston, MA 021142517 FAX 617.723.9036
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We at CH2M HILL and Dufresne-Henry have sincerely enjoyed working with the City
and District staff on this project and are very appreciative of the full support provided by
your staff and those at the PWD. As the CSO Master Plan is implemented, components
of the Plan will be refined and revised. This document, therefore, should periodically be
updated as details evolve. We look forward to opportunities to work with you further in
the implementation and refinement of the plan to the benefit of the Portland area.

Very truly yours,

CH2M HILL

Bl

Bruce A. Johnson, P.E.
Project Manager
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cc: Mark Jordan, Portland Water District (4 copies)
Dennis Merrill, Maine DEP (3 copies)
Susan Beede, USEPA —Region I (3 copies)
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. Executive Summary




Combined Sewer Overflow Abatement Study
Draft Master Plan

Executive Summary

Over the last two decades the improvements in water quality of our nation’s and Maine’s
waters due to the implementation of Public Law 92-500, known as the Clean Water Act,
have been dramatic. Development of water quality standards, construction of secondary,
and in some cases, advanced wastewater treatment facilities, management of wastewater
sludge, and investment in wastewater conveyance systems have gone a long way toward
restoring the beneficial uses of our water resources. Over the last few years, control of
combined sewer overflows, as one of the remaining deterrents to achieving water quality

standards, has become a national focus.

The Combined Sewer Overflow Abatement Study Master Plan for Portland, Maine,

outlines a plan that will address not only the combined sewer overflow (CSO) problem in
Portland, but also the directly related wet weather problems of flooding and sewer system
surcharging, all in the context of the City’s long-term goals for open space, recreational
benefits, and community enhancement. During the course of the CSO Abatement Study,
three of the 42 CSOs were eliminated.

Background

During dry weather, the Portland combined sewer system transports a combination of
sanitary flow and groundwater infiltration to the Portland Wastewater Treatment Facility
(WWTF). During wet weather, stormwater runoff from approximately 4,200 acres also

flows to the combined sewer system, resulting in overflows of combined sewage at one or
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more of the 39 CSO locations shown on Figure ES-1. The following is a summary of the

CSO activity in each of Portland’s water bodies for an average year:

Table ES-1
CSO Water Quality Impact Summary'
Annual Summer?

No. of No. of Vol. No. of Vol.

Receiving Water CSOs¢ Events* (MG) Events* MG
Casco Bay 5 30 55 14 22
Presumpscot Estuary 1 13 2 6 1
Back Cove 15 44 416 19 157
“ Portland Harbor 7 43 145 19 62
“jore River 7 36 73 18 32
Capisic Brook 4 26 29 14 12
II Areawide 39 44 720 19 286

Estimates of CSO activity were predicted by the recalibrated CSO Abatement Model and are
based on the 1966 precipitation record.

>The summer season is defined by Maine’s water quality regulations as May 15 to September 30.

3Two CSOs which discharged to the Capisic Brook and one CSO which discharged to the Fore
River were recently closed bringing the total number of CSOs from 42 to 39.

“A receiving water CSO event is defined as one or more discharges to a receiving water resulting
from a single precipitation event; it approximates the number of days a receiving water is

impacted by CSOs.

CSOs degrade the quality of the riverine and coastal waters. The sanitary sewage
component, combined with the stormwater runoff, contributes pathogens, bacteria,
sanitary sewage "floatables," and elevated nutrient levels (phosphorous and nitrogen) that

contaminate and limit use of the receiving waters.

The City of Portland operates and maintains the combined sewer collection system, while
the Portland Water District (PWD) is responsible for the combined sewer interceptors and
the WWTF. CSOs are permitted by the State of Maine under the National Pollutant
Discharge Elimination System (NPDES). The PWD has permit responsibility for

25 CSOs, and the City maintains responsibility for the remaining 17 CSOs.

BOSPMS5/009.wp5



B0s31508 FIgES-1

Mill Brook

P U

ROOKk

WESTBR
T~-.r

N 2 NS

troudwater River (B)
~N

)
—-em—-==~  City Limits o9
O  CSOlocations \°#
o CSO Locations to be

deactivated upon implementation
of the recommended plan

(B) State surface water
classifications

Approximate Scale: 14000 SOUTH PORTLAND
Portland CSO Abatement Study Figure ES-1

Portland's Water Resources
CHMHILL TH DufresneHenry and CSO Locations
BOS31506 Date: Dec. 1993




In January 1991, the City and the PWD entered into an Administrative Consent
Agreement with the State of Maine Department of Environmental Protection (DEP). This
agreement required the City and PWD to begin a prioritized, long-term program to abate
CSOs in Portland. The components, cost, and schedule of the overall program were to
be defined through development of a Master Plan. In March 1991, work on the Portland
CSO Abatement Study began. A draft Master Plan was submitted to DEP on

December 1, 1992. Comments were received from the DEP, the U.S. Environmental
Protection Agency (EPA), and the public and incorporated into a final Master Plan. This
report presents the recommended Master Plan to abate Portland’s CSOs and summarizes

work completed in development of the document. The overall purposes of the study were
to:

. Assess CSO conditions and impacts under existing conditions

o Evaluate CSO control options

. Develop a cost-effective and affordable control plan

o Integrate the plan with the long-term goals of the City for recreational and

community benefits

The Existing Conveyance and Treatment System

The Portland sewerage system consists of over 200 miles of sewer, 9 pump stations, and
the Portland WWTFE. The Portland combined sewer system consists of two regions: the
region tributary to the Northeast Pump Station (NEPS), and the region tributary to the
India Street Pump Station (ISPS). Both of these facilities pump to the Portland WWTF
which has a peak primary treatment capacity of about 60 million gallons per day (mgd)
and a peak secondary treatment capacity of about 37 mgd. Average dry weather flow,
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including base sanitary flow and groundwater infiltration, is approximately 11 mgd;
therefore, the plant has approximately 49 mgd of available primary treatment capacity
and 26 mgd of available secondary treatment capacity that could be used for treatment of

wet weather flows.

Past and Present CSO Control Efforts

The magnitude of the CSO problem in Portland is considerably less than that of other
New England cities with CSOs. The total amount of CSO volume as a percentage of
combined sewer service area in Portland is about 60 percent that of Bangor, 50 percent
that of Providence, and 40 percent that of Boston. This low volume of CSO per unit area

is the result of several factors in Portland:

. A large sewer system capacity for transport of wet weather flow to the

treatment plant

. Sufficient capacity at the treatment plant to provide primary treatment for a

large percentage of the wet weather flow that is transported to the plant

o A continuous, aggressive, and successful program of controlling

stormwater inflow to the system

Total flow conveyed to the plant from 1986 through 1990 averaged 16 mgd or

5.84 billion gallons per year (BG/yr). This means that the existing collection and
treatment system currently processes an average of approximately 5 mgd (1.82 BG/yr) of
wet weather flow. As a result, approximately 89 percent of all flow generated by the
entire service area is currently receiving treatment. This includes all dry weather flow

and approximately 72 percent of wet weather flow.
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In addition, the City and PWD operate a progressive and extensive program of Best

Management Practices (BMPs) and several programs to control pollutants at their source,

including:

BOSPMS/009.wp5

Street Sweeping —Every street is swept twice per year, over 11,000 miles,
resulting in removal of 17,000 cubic yards (CY) of material that would
otherwise have to be removed by treatment or be discharged to receiving

waters.

Catch Basin Cleaning —Catch basins in Portland are designed to collect
suspended solids in stormwater runoff. Every one of over 7,600 basins is
cleaned annually, with problem areas addressed more frequently, resulting

in removal of about 5,000 CY of solids per year.

Combined Sewer Flushing —Approximately 65 miles of sewer per year are

cleaned of sediment during dry weather by rodding or jet flushing.

Vortex Valve Installation Program —The City of Portland has installed
hundreds of vortex flow rate control valves on stormwater inlets throughout

the City, significantly reducing the frequency and volume of CSOs.

Construction Site Erosion and Litter Control —The construction site erosion
and litter control program follows guidelines of the Soil Conservation

Service to reduce pollutants entering the combined sewer system.

Industrial Pretreatment—The City operates an aggressive program to
eliminate discharge of toxic and non-conventional wastes to the sewer

system from 25 permitted industrial dischargers in Portland.



o Sewer Separation—To eliminate flooding of streets and basements with
combined sewage, the City has a program of sewer separation that is

implemented jointly with other street and utility improvement programs.

o Stormwater Management—The City has an ongoing program for
stormwater management in areas where the combined sewer system has

become inadequate to convey the runoff.

. Roof Leader and Sump Disconnection Program—The City is currently
pursuing a program of roof leader and sump disconnection to remove

stormwater from the combined sewer system.

. Public Participation —The City has ongoing communication with the public
and business community to provide information on programs and to report

progress by the Department of Parks and Public Works.
Water Quality Standards

Water quality standards consist of designated beneficial uses for each water body, along
with water quality criteria necessary to achieve each beneficial use. Portland’s freshwater
bodies are classified "C", requiring water quality suitable for fishing, recreational uses,
and aquatic habitat. Portland’s marine waters are classified "SC", requiring water quality
suitable for fishing, restricted shellfishing, recreational uses, and habitat for marine and

estuarine aquatic life.

Water quality criteria necessary to support Class "C" and "SC" receiving waters include
limits for bacteria, dissolved oxygen, and settleable and floatable solids. Due to the
nature of CSOs, bacteria and floatable material criteria are most applicable for measuring

water quality improvements and evaluating control alternatives.
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Receiving water quality data indicate that, for both marine and fresh waters, bacteria
criteria are generally met during dry weather periods, but violate standards during wet
weather. These violations are due to both CSOs and stormwater runoff. Areawide
average bacteria (E. coli) concentrations in CSOs are about 430,000 CFU/100 ml,
compared to about 20,000 CFU/100 ml for stormwater runoff. E. coli concentrations

must not exceed 949 CFU/100 ml in Class "C" (fresh water) receiving waters in Maine.

It should be noted that shellfishing uses are prohibited in the Portland area for a number
of reasons, including the proximity of WWTF discharge locations and other non-CSO
activities. The elimination of all CSOs and stormwater would not mean that shellfishing
would be allowed. Critical uses and sensitive areas have been identified throughout
Portland. The majority of these uses and areas exist in and around Capisic Brook, Fore
River, Back Cove, Presumpscot Estuary, and Casco Bay. Portland Harbor is

predominantly utilized for boating and commerce.

The Recommended Plan

Numerous alternatives for control or elimination of Portland’s CSOs were evaluated.
They range from low-cost modifications to the existing system to large-scale storage and

treatment options, including:

Optimization of the existing sewer system
Control of pollutants at their source
Control of stormwater inflow to the sewer system

Storage of CSO for treatment at the existing treatment plant

A

New facilities for treatment and discharge of combined sewage

As mentioned above, alternatives 1 through 4 are already being implemented to some

extent by the City and the PWD with the result, as previously stated, that 72 percent of
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all wet weather flow is currently receiving treatment. Implementation of the Master Plan

\'/ will raise treatment of wet weather flow to 93 percent.

Table ES-2 presents the recommended controls for each CSO, grouped by receiving

water. The following summarizes the key features of the recommended plan:

1. The plan includes a wide variety of control measures from inexpensive

modifications to the existing system to relatively expensive storage and

treatment options for the high density areas of Portland.

2. In most cases, the recommendations are for the City and the PWD to
continue to implement, at a greater level, the programs that are currently in

practice, including:

. Inflow reduction (separation and vortex valves)
. Maximizing flow to the WWTP

o Pollutant source control
o Proper operation and maintenance
. Increased use of the sewers for in-system storage
3. A major element of the plan includes increasing pumping capacity through

the India Street pump station so that, along with the increased pumping
from existing pumps at the Northeast pump station, the available capacity
at the WWTF can be used to treat an additional 20 mgd of wet weather
flow. Modifications to the pump stations and WWTF to implement this
recommendation are included in the plan. The PWD is in discussions with
the DEP for revision of the NPDES permit to allow this improvement.
This measure itself considerably reduces the CSO frequency and volume at

numerous locations and will allow deactivation of several overflows.
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The plan includes a recommendation to implement watershed management
programs for the Fall Brook and Capisic Brook watersheds. These
programs will be comprehensive efforts that include land use planning,
stormwater management, selective sewer separation, expanded use of
BMPs for source control, rehabilitation of natural waterways, and
development of recreational and environmental resources in conjunction
with CSO and stormwater control. The goal is to eliminate CSOs in these
watersheds by managing the volume and quality of stormwater runoff,

while maximizing use of existing conduits.

Completion of several Libbytown projects, including the Douglass Street
and Edwards Street Interceptor separation projects, stormwater pumping of
the Hood Dairy area, and flow slippage and sewer separation in the Maine
Medical Center and Deering Oaks Park areas, are part of the
Recommended Plan. These improvements, combined with the Fall Brook
watershed projects and the storage conduit under Baxter Boulevard and the
soccer field along Marginal Way, will considerably reduce overflow
volume and frequency to Back Cove. The relief overflow of the storage
conduit should be designed to trap solids and floatables in the conveyance
system to the WWTF. Any overflow will be chlorinated and
dechlorinated, further reducing the bacteria load to Back Cove.

Figure ES-2 illustrates the projected reduction in CSO frequency and volume by water

body due to implementation of the recommended plan. The plan includes a Compliance

Monitoring Program that is comprised of both short-term and long-term components

which will track success in achieving objectives of the Master Plan.
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Estimated Cost

The estimated capital cost for the recommended plan is about $52 million in 1992 dollars.
Table ES-3 is a summary of the costs by water body. The majority of the cost, about
$36 million, is for the protection of Back Cove which receives approximately 60 percent
of Portland’s CSO volume. Major components of the cost for Back Cove include the
Libbytown projects, the Back Cove storage conduit, and the Fall Brook watershed

management program.

Due to high variability, the estimates do not include any costs for land acquisition, nor do
they include any potential reduction of cost due to grants or other outside funding
assistance. Very rough estimates of potential costs for land acquisition are included in
the text of the Master Plan for general consideration. Land acquisition cost estimates to
be developed as part of the Capisic Brook Greenbelt/Stormwater Abatement Study

currently underway will provide data for future projects.
Environmental Impacts of the Recommended Plan

The Recommended Plan recommends deactivation of 29 out of Portland’s 39 CSOs and
implementation of CSO abatement measures including maximization of flow to the
WWTE, in-line flow adjustments, storage, treatment, stormwater management, and
_BMPs. The estimated annual CSO reductions are substantial: the number of individual
CSO events will be reduced by 85 percent; CSO volume will be reduced by 88 percent;
and CSO duration will be reduced by 88 percent. Similar decreases are predicted during

the summer months.

Applying the approaches identified in the 1992 Draft CSO Policy, we have developed a

Recommended Plan that will provide the following:

o Control of 99% of all wastewater flows generated during wet weather;
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Table ES-3
Portland, Maine CSO Abatement Master Plan
Summary of Estimated Costs
Receiving Water Size/Length | Construction | Capital Cost Annual
and CSO Number Project/Activity (Note 1) (Note 1) Cost (Note 2) Q&M Cost
Systemwide Projects
Portland WWTF Capacity Improvements $284,000 $384,000 $6,700
ISPS and NEPS Improvements $185,000 $250,000 $7,200
Benchmark and Compliance Monitoring -— $16,000 $7,200
Revision of Stormwater Management Regulations $15,000 $20,000 $0
Subtotal $484,000 $670,000 $21,100
Casco Bay
CsOo 1 Olympia Street Sewer Separation 350 LF $44,000 $59,000 $700
Cs0O3 Berwick Street Outfall Closure $1,000 $1,000 $0
CsO 4 | Tukey's Bridge Siphon Outfall Closure $1,000 $1,000 $0
CS0 20 Northeast Pump Station Storage Facility 1 MG| $1,348,000 $1,819,000 $35,200
CSO 21 Quebec Street Flow Slippage $269,000 $363,000 $4,000
Subtotal $1,663,000 $2,243,000 $39,900
Presumpscot Estuary
CsSO2 Arcadia Street Sewer Separation 2,100 LF $210,000 $284,000 $3,200
Back Cove
CSOS Randall St. Sewer Separation; Backflow Prevention 2,630 LF $273,000 $369,000 $4,100
CSO 6 Johansen Street Sewer Separation 6,220 LF $622,000 $840,000 $9,300
CSO7 Fall Brook Projects $8,450,000 $11,408,000 $237,400
CcsO 8 Clifton/George Street Sewer Separation 950 LF $95,000 $128,000 $1,400
CSO 9 George Street Outfall Closure $1,000 $1,000 $0
CSO10- 18 Back Cove Storage Conduit 8,170 LF | $12,528,000 $16,912,000 $69,700
CSO 17 Libbytown Projects $4,520,000 $6,100,000 $27,000
CSO 19 Diamond Street Outfall Closure $1,000 $1,000 $0
Subtotal $26,490,000 $35,759,000 $348,900
Portland Harbor
CSO 23-29 Flow Slippage, Sewer Separation, and SWM $1,920,000 $2,595,000 $30,100
Fore River
CSO 30 St. John Street Sewer Separation (Note 3) - —_— —_
Cs0 31 |Eliminated — -— -
Cs0 32 Thompson Point Storage Facility 0 MG $183,000 $247,000 $4,800
Cs033 Fore River Pump Station Outfall Closure $1,000 $1,000 $0
CSO 34 |Brewer Street Sewer Separation 240 LF $12,000 $16,000 $200
CSO 35 Stroudwater Road Sewer Separation 1,350 LF $135,000 $182,000 $2,000
CSO 36 West Side Sanitary Sewer 3,000 LF| $2,000,000 $2,700,000 $30,000
CSO 39 Rowe Street Outfall Closure $1,000 $1,000 $0
Subtotal $2,332,000 $3,147,000 $37,000
Capisic Brook
CSO 36 Capisic Brook Sewer Separation and SWM $2,609,000 $3,522,000 $46,800
CS0 37 Eliminated $0 $0 $0
CSO 38 Brighton Avenue Sewer Separation 3,150 LF $315,000 $425,000 $4,700
CSO 40 Sagamore Village Sewer Separation $437,000 $590,000 §6,600
CSO0 41 Holm Avenue Sewer Separation 2,300 LF $230,000 $311,000 $3,500
CSO 42 Belfort/Commonwealth Dr. Sewer Separation and SWM 7,300 LF $962,000 $1,299,000 $17,000
CS0 43 Bishop Street/Warren Ave. Sewer Separation and SWM $864,000 $1,166,000 $16,000
Subtotal $5,417,000 $7,313,000 $94,600
Total $38,516,000 $52,011,000 $574,800
Notes:
(1) Abbreviations:
ISPS India Street Pump Station =~ NEPS Northeast Pump Station
LF linear feet SWM stormwater management facility
MG million gallons WWTF Portland Wastewater Treatment Facility
(2) Land acquisition costs are not included.
(3) Costs included under Libbytown Projects.
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Improve the quality of Portland’s surface waters;

Provide, on average, 100% Portland CSO elimination in four out of six

receiving waters;

Reduce significantly the CSO events, volume, and duration in waters with

remaining CSOs;

Reduce significantly the number of violations of water quality standards for

bacteria;

Improve habitats for critical uses and sensitive areas;

Expand the recreational potential of Portland’s waters; and

Move toward accomplishment of the state and federal water quality goals.

Several significant issues were identified in the environmental assessment and must be

addressed during subsequent planning and implementation phases of the program. These

issues relate to:

BOSPMS5/009.wp5

Site constraints related to wildlife habitat, wetlands, and large trees for

near-surface storage facilities,

Traffic, noise and nesting impacts from construction of the Back Cove

storage conduit, and

Pollutant loads from the increased stormwater discharge resulting from

combined sewer inflow reduction programs.
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The environmental assessment recommends methods for mitigation of the impacts
including seasonal construction scheduling, adjustment of route alignments, and other

measures.

A major feature of the control plan is the reduction of peak inflow to the combined sewer
system, especially in the Fall Brook and Capisic Brook watersheds. The means of
reducing inflow include disconnection of stream inflow to the sewers, use of vortex
valves to regulate inflow, stormwater detention facilities, selective sewer separation, and
flow slippage. A significant concern regarding the quality of the increased volume of
stormwater discharge exists. The following factors relate to mitigation of stormwater

quality impacts:

1. The bacteria concentration in stormwater is about 40 to 90 percent less

than that of CSO depending on the type of bacteria.

2. Stormwater management is included in the Recommended Plan to provide
additional control of stormwater quality and quantity. Management
controls will include source control measures similar to those currently
being implemented throughout the City. In addition, controls will include
"active" stormwater management structures such as wet detention ponds,
wetland systems and infiltration basins, as well as "passive” management
features such as vegetated filter strips, vegetated buffers, and maintenance/

rehabilitation of riparian areas.
The use of the above stormwater quality control measures in conjunction with stormwater

quantity control and other BMPs for watershed management will be used to minimize

adverse impacts of the overall plan.
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Implementation Schedule

A 15-year schedule for implementation of the recommended plan is proposed. This
schedule provides for early implementation of low cost, easily completed projects that
will result in significant reduction of CSO frequency at some CSOs and resolution of
chronic flooding in certain parts of the City. One of the earliest efforts planned are the
improvements to the ISPS and the WWTF to allow the increased primary treatment rates
at the plant. The Fall Brook and Capisic Brook recommendations involve numerous,
smaller projects, a few of which can be completed each year, as is the City’s current
practice. Larger, capital-intensive projects are scheduled for later years, after the need

and size of the projects are confirmed with data showing results of early improvements.

The implementation schedule has been planned to balance the annual expenditure of
capital funds. Although a 10-year schedule is affordable, based on EPA guidelines, it is
critically important that the need and benefit of each project be confirmed with additional
monitoring data before design and construction of the larger projects begins. The City
needs time to secure funding and manage the large number of projects and complex

stormwater management initiatives included in the plan.

Each of the individual CSO abatement and stormwater management projects must be
planned in more detail to include a schedule for permitting and regulatory review. It is
anticipated that the proposed schedule will be modified each year, along with an update

of the Recommended Plan, to reflect the most recent experience.

Financial Evaluation

According to the 1990 Census of Population and Housing, the population of the City of
Portland is 64,358, residing in 28,230 households. This is about a 5 percent increase
over the last decade. There are about 14,900 residential and commercial accounts. At

present the typical household in Portland pays about $200 per year for sewer service.
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It is assumed that funding for the capital costs required to implement the Recommended
Plan will be secured through the issuance of general obligation bonds with a 20-year term
and an 8.0 percent interest rate. Guidance from the U.S. EPA have suggested that when
a community’s total sewerage charges exceed 2.0 percent of annual income for the
median income household, a sewerage program may be considered to impose financial
hardship on the community. The projected sewerage rates for implementing the

recommended CSO facilities fall within the recommended EPA guidelines.

For the 15-year implementation scenario, the annual cost to households would increase
from approximately $200 today to approximately $250 during the average year and
approximately $325 during the peak year of the planning period. The current user
charges represent approximately 0.75 percent household income for the median income
household in Portland. During the average year, implementation of the recommended
plan is estimated to result in sewerage charges that would represent approximately

0.94 percent of median income; during the peak year of program costs, user charges are
estimated to represent approximately 1.22 percent of household income for a household

with median income.

Using a 10-year scenario for comparison, the estimated annual cost to households would
increase from approximately $200 today to approximately $262 during the average year
and approximately $335 during the peak year of the study period for the high cost
estimate scenario. During the average year, implementation of the Recommended Plan is
estimated to result in sewerage charges that would represent approximately 0.99 percent
of median income; during the peak year of program costs, user charges are estimated to
represent approximately 1.26 percent of household income for a household with median
income. Although the 10-year scenario is feasible from a financial viewpoint, the
10-year scenario does not allow for adequate coordination, modeling, and monitoring

time and is not recommended.

The City will make every effort to qualify for grants or low-interest loans to fund a

portion of the projects and lower ratepayer costs. It is possible that the City’s CSO
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program could qualify for a low-interest loan from the state revolving loan fund. This
could reduce the annual charge to homeowners by approximately $9 per year during the
average year. The City of Portland will also investigate the formation of a
CSO/stormwater utility to provide an adequate level of CSO/stormwater control with

charges assessed in a credible, defensible, and equitable manner.

Public Participation Program

During the development of the Recommended Plan, emphasis has been placed on
alternatives that not only solve the CSO problem, but also address associated problems
with aged sewer facilities, street flooding, basement flooding, stream channel

degradation, and the need for open space and recreational facilities.

The CSO Abatement Master Plan presented here is the result of a planning process that
began 3 years ago. Considerable guidance during this process has been provided by City
staff, PWD staff, regulatory agencies, environmental groups, and others.

The City and the PWD will continue an active public participation program with the

following two primary objectives:

. To further improve the Recommended Plan and make it more responsive to

the desires and concerns of the affected communities

o To encourage and provide a basis for continuing public involvement that
works in partnership with the City and mobilizes the resources and talents
of the community in the implementation and on-going management of the

watersheds

To accomplish these objectives, the public participation plan consisted of six components:
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1. Monthly Progress Review Meetings
2. Public comment meetings (May 1993)

3. City Council, Planning Board, and PWD Trustees presentation (May 27,
1993)

4. Technical Workshop with regulatory groups (November 17, 1992)
5. Environmental Resources Workshop (December 3, 1992)

6. Continuing public participation

Comments and other input received during the review period are summarized in

Appendix E and have been incorporated into this Final Master Plan.
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Section 1

Introduction

During dry weather, the Portland combined sewer system transports a combination of
sanitary flow and groundwater infiltration to the Portland Wastewater Treatment Facility
(WWTF). During wet weather, stormwater flow from approximately 4,200 acres is also
collected by the combined sewer system. The sewer system is frequently overloaded
during storms, and combined sewage that cannot be conveyed to the WWTF overflows to
surface waters at various locations. There are 42 of these combined sewer overflow
(CSO) locations in Portland. The locations of the CSOs and the drainage area tributary
to each CSO are shown on Map No. 1.

CSOs degrade the quality of the riverine and coastal waters into which they overflow.

The sanitary sewage component, combined with the stormwater runoff, contributes high

concentrations of bacteria, sanitary sewage "floatables," elevated nutrient levels
(phosphorous and nitrogen), and other pollutants that contaminate and often limit use of
the receiving waters. The purpose of the Portland CSO Abatement Study (the Study) is

to assess and reduce the impacts of CSOs on area receiving waters.

The City of Portland (the City) and the Portland Water District (PWD) operate and
maintain Portland’s combined sewer system. The City operates and maintains the
combined sewer collection system, and the PWD operates and maintains the combined
sewer interceptors and the WWTF. In January 1991, the City and the PWD entered into
an Administrative Consent Agreement with the State of Maine Department of
Environmental Protection (DEP) regarding Portland’s CSOs. The City and PWD agreed
to develop and implement a prioritized, long-term program to evaluate and cost-
effectively abate CSOs in Portland. In March 1991, the Portland CSO Abatement Study
began. This report summarizes the work performed for the Study and presents a

recommended plan to abate Portland’s CSOs.
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1.1 Portland’s Combined Sewer System

The Portland sewer system has 51 regulators which convey all dry and wet weather flows
entering the sewer system to the WWTF until the system becomes overloaded; then the

regulators divert excess wastewater to the 42 CSOs and associated receiving waters.

CSOs are licensed by the State of Maine and require National Pollutant Discharge
Elimination System (NPDES) permits. The PWD maintains permit responsibility for

25 CSOs, and the City maintains responsibility for the remaining 17 CSOs. CSO
identification numbers were developed for this study. The CSO identification numbers,
locations, permit holders, and permit numbers are provided in Table 1-1. During the
course of this 2-year study, the City eliminated 3 of the 42 CSOs (CSOs 31, 37, and 40);

currently, there are 39 active CSO locations.

The Conveyance System

The Portland combined sewer system can hydraulically be described as two regions:
Region 1 includes all flows tributary to the Northeast Pump Station (NEPS) and Region 2
includes all flows tributary to the India Street Pump Station (ISPS) and flows from the
Quebec Street area which are conveyed directly to the WWTF via gravity. The two
regions, the associated pump stations, and the Portland WWTF are highlighted on

Figure 1-1.

The NEPS receives flows from several combined sewer drainage areas:

. Areas northeast of Back Cove via the Arcadia Street Pump Station (ASPS)

o Areas west of Back Cove via the Baxter Boulevard Pump Station (BBPS)
o Areas north and southeast of Back Cove via gravity
. Areas south of Back Cove via the Franklin Street Pump Station (FSPS)

BOSPM4/036.wp5 1-2



Table 1-1
Identification of Porﬂand’igomhined Sewer Overflows
ID Permit | Permit ID Permit | Permit

No. Location Holder | No. No. Location Holder| No.
1 Olympia Street PWD 027 23 | India Street PWD 003

2 | Arcadia Street PWD 022 24 | Franklin @ Middle St. City *

(Thomas St.)

3 | Berwick Street PWD 023 “ 25 | Long Wharf PWD 004
4 | Tukey’s Bridge Siphon PWD 026 26 | Maple Street City 006
5 | Randall Street (Wash. Ave.) PWD 010 27 | Clark Street PWD 005
6 | Johansen Street #2 City 052 28 | Emery Street PWD 006
7 | Ocean Avenue (East Side Int.) PWD 011 29 | West Commercial Street PWD 007
8 | Clifton Street PWD 020 30 | St. John Street PWD 008
9 1 George Street PWD 012 “ 31' | Congress St. @ Sewall St. City 018
10 | Mackworth Street PWD 014 32 | ThompsonPt. P.S. PWD 028
|| 11 | Codman Street PWD 017 || 33 | Fore River P.S. (West Side Int.) | PWD 009
“»12 Vannah Avenue PWD 018 34 | Brewer Street PWD 025
13 | Forest Ave @ Belmont City 033 35 | Stroudwater Road PWD 029
“ 14 | Forest Ave @ Coyles Gully City 056 36 | Capisic Pond Dam Overflow City 025

15 | Dartmouth @ Baxter Blvd. PWD 019 37" | Mayer Road City *

16 | Bank Street (Bedford St.) PWD 021 38 | Brighton Ave. @ Capisic Creek | City *
17 | Preble @ Marginal City 036 39 | Rowe Street City 026
18 | Franklin @ Marginal City 037 40' | Sagamore Village Overflow City 050

19 | Diamond @ Marginal City 038 4] | Holm Avenue City *
20 | Northeast P.S. PWD 024 42 | Warren Avenue 60" City 051
21 | Quebec Street PWD 002 43 | Warren Avenue 24" City 051

*Permit application submitied to DEP; City awaiting DEP response.

'CSO was recently eliminated.

Note: Names in parentheses represent alternate names used to describe the same location. ID No. 22 is associated with the
WWTF discharge and is not a CSO location.
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o Areas tributary to Casco Bay via gravity

The ISPS receives flows from the remaining combined sewer drainage areas:

J Areas tributary to Capisic Brook and upper Fore River via the Fore River
Pump Station (FRPS)

. Areas tributary to the lower Fore River via the Thompson Point Pump
Station (TPPS)

o Areas tributary to Portland Harbor via gravity

The Wastewater Treatment Facility

The Portland WWTF has a peak primary treatment capacity of about 60 million gallons
per day (mgd) and a peak secondary treatment capacity of about 37 mgd. Average dry
weather flow, including base sanitary flow and groundwater infiltration, is approximately
11 mgd; therefore, the plant has approximately 49 mgd of available primary treatment
capacity and 26 mgd of available secondary treatment capacity that could be used for

treatment of wet weather flows.

Total flow conveyed to the plant from 1986 through 1990 averaged 16 mgd. Subtracting
the 11 mgd or 4.02 billion gallons per year (BG/yr) of dry weather flow leaves
approximately 5 mgd (1.82 BG/yr) of wet weather flow currently being processed by the
existing collection and treatment system. The wet weather flow includes surface runoff
from the combined sewer basins and rainfall-derived infiltration and inflow (RDII) from
separate sewer areas. Background infiltration was estimated at 1 percent of the total
combined sewer volume. Aside from a few Capisic Brook inflow points which are

addressed in this Master Plan, no other dry weather inflow sources have been discovered.
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The computer model developed for the Study to simulate the hydrology of Portland and
the hydraulics of the combined sewer system estimated average annual wet weather flow
collected by the sewer system to be 2.54 BG/yr. Of the 2.54 BG/yr of wet weather flow,
approximately 1.82 BG/yr receives treatment, and only 0.72 BG/yr of untreated wet
weather flow is currently being spilled as CSO.

Overall Performance of the Portland System

Figure 1-2 shows a graphical summary of the average annual wastewater flow of

6.56 BG/yr generated by the entire City of Portland service area. Approximately

89 percent of all flow generated by the entire City of Portland service area is currently
receiving treatment. This includes all dry weather flow and approximately 72 percent of

all wet weather flow.

Some additional insight into the current level of CSO control being achieved by the City

of Portland can be gained by comparing the unit CSO discharge estimated for Portland to
unit CSO discharge estimates for Bangor, Maine; Boston, Massachusetts; and Pawtucket,
Rhode Island. Service area and overflow data for these communities were available from

recently completed CSO facilities plans.

Table 1-2 compares estimated annual CSO discharges for the selected communities to the
estimated annual discharge for Portland. As shown in the table, the unit CSO yield for
the City of Portland is much lower than the yield for other comparable New England
communities. The unit CSO discharge for Boston is more than three times greater than
Portland’s, and Pawtucket’s is about twice as large. Unit discharge for the Bangor

system is about one and a half times greater than Portland’s.
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Table 1-2
Comparison of Estimated Annual CSO Discharges

T Estimated
Combined Sewer Average Unit CSO
Service Area Acres Annual CSO Volume* Yield
Community (sq. miles) MG) (MG/sq. mile)

Boston, Massachusetts 12,355 5,220 270
(19.30)

Pawtucket Rhode Island 4,757 1,573 212
(7.43)

Bangor, Maine 2,321 635 175
(3.63)

Portland, Maine 4,182 720 109
| (6.53)

Volumes based on study-defined typical years which differ from system to system.

Source: CH2M HILL facilities plans.

The relatively low CSO discharge estimated for the Portland combined sewer system is
mainly due to the significant conveyance and treatment capacity of the Portland system
and also to the implementation of several best management practices (BMPs) described in

the following section. In summary, the Portland system provides:

. 11 mgd of dry weather conveyance, primary treatment, and secondary

treatment capacity
o 49 mgd of wet weather conveyance and primary treatment capacity
. 26 mgd of wet weather secondary treatment capacity
Without the significant wet weather capacity and the implementation of BMPs, it is
estimated that the unit CSO yield would be closer to the average of Bangor’s and
Pawtucket’s or approximately 194 MG/sq. mile. This would result in an estimated

average annual CSO volume for Portland of 1,267 MG, 43 percent higher than current

volume.
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1.2 On-Going Best Management Practices for CSO Control

In addition to Portland’s large wet weather conveyance and treatment capacity, there are

several on-going BMP programs to control CSO:

. Vortex valve installation

° Sewer separation and rehabilitation

. Stormwater management and flooding control
. Roof leader and sump disconnection

. Pollutant source control

o Public participation

These programs are discussed in the following paragraphs.

Vortex Valve Installation

The City of Portland has installed hundreds of vortex valves on stormwater inlets in
drainage areas tributary to Back Cove, Capisic Brook, the Quebec Street CSO, and other
areas, reducing the frequency and volume of downstream CSOs. Vortex valves develop in-
system and surface storage by restricting stormwater flow into the combined sewer, thus
decreasing CSO. Their quantitative impact on CSOs is unknown since definitive before
and after studies of overflow characteristics are not available. However, maintenance
crews have observed over the years a decrease in the frequency of CSO where vortex

valves have been installed.

The Quebec Street Overflow Control Project utilizes vortex valves in the drainage area to
“slip" stormwater down streets to a separate stormwater collection system. This project
is currently under construction and will eliminate CSO 21 at Quebec Street. It will also
serve as a demonstration of the program’s effectiveness in reducing CSO (in this case,

actually eliminating a CSO).
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Sewer Separation and Rehabilitation

To reduce CSO and surcharging of combined sewers, the City has an on-going program
of sewer separation and rehabilitation. Sewer rehabilitation includes sewer lining and/or
replacement to reduce inflow/infiltration (I/I) sources to sanitary and combined sewers,
thereby increasing the conveyance and treatment capacity of the system. Separation and
rehabilitation often occur when streets are repaved or underground utilities are added or
replaced. In some cases, streets are locally separated, with the stormwater flows
controlled and then discharged into a downstream combined sewer until downstream
separation is accomplished. This localized separation provides additional in-system
storage by controlling and delaying the discharge of stormwater to the combined sewer,
and thus, reducing CSO.

Stormwater Management and Flood Control

The City has an on-going program for stormwater management and flood control.
Stormwater detention facilities are required by regulation for certain new development,
and the City has constructed several off-line detention facilities to reduce combined sewer
surcharging. The Baxter Woods stormwater detention facility off Forest Avenue is an
example of the City’s efforts. The Quebec Street flow slippage demonstration project and
the several Libbytown area flood control projects are other large stormwater management
projects in progress at this time. These two projects will be discussed in greater detail in

Section 5.

Numerous areas with flooding and stormwater surcharging problems exist in the Fall
Brook and Capisic Brook watersheds. As development has progressed in these
watersheds, the combined sewer system has become inadequate to convey the increased
runoff volume. Many small tributary streams and much of the flow in the two major
brook systems have been diverted over the last 40 years to the combined sewer system.

This not only reduced the recreational and aesthetic benefits of the brook systems, but
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also magnified the CSO problem. Today, there is considerable interest in recreating the
natural drainages of the Fall Brook and Capisic Brook Watersheds by enhancing the
brook corridors. This will also provide recreational and open space benefits to the
community. Increased development in these watersheds and numerous regulations add to
the complexity of stormwater management. This issue is discussed in more detail in
Section 5.

Roof Leader and Sump Disconnection

The City is currently pursuing the development of a voluntary roof leader and sump
disconnection program to remove stormwater from the combined sewer system. This is a
new program that the City is promoting to the public to help manage stormwater runoff.
Instruction kits have been assembled which explain a variety of homeowner inflow
sources and how they can be mitigated. These kits will be sent out in early 1994 to
homeowners living in the Quebec Street drainage area as a demonstration project.

Results of homeowner participation and flow monitoring data are scheduled to be
completed by fall of 1994. Future areas targeted for this program include Peaks Island
and the Woodford area of Portland which includes several drainage areas tributary to
Back Cove.

Pollutant Source Control

The City of Portland has implemented the following pollutant control programs:

. Street sweeping

. Catch basin cleaning

o Combined sewer flushing

o Construction site erosion control
4 Litter control

. Industrial pretreatment

BOSPM4/036.wp$5 1-11



Street Sweeping and Catch Basin Cleaning. Street sweeping is performed using
mechanical broom sweepers between mid-March and mid-November. Every street in the
City is swept twice per year. Records from the 1991 fiscal year indicate that
approximately 11,000 miles of streets are swept and 17,000 cubic yards of sweepings are
collected annually. The City recently purchased a few flush and sweep trucks for initial
use in 1994. Catch basin cleaning is performed year-round. Every catch basin in the
City is cleaned at least once per year. Problem areas are targeted for multiple cleanings.
This program collects 5,000 cubic yards of debris, from approximately 8,000 catch
basins. The two programs capture approximately 22,000 cubic yards of debris (or 1 acre
piled 14 feet high) per year that may otherwise have been conveyed to receiving waters.
The frequency of street sweeping and catch basin cleaning will be improved in areas with

separate storm sewers.

Combined Sewer Flushing. The combined sewer flushing program includes both
rodding and jet flushing of combined sewers. Approximately 65 miles per year are either
rodded or jet flushed. Sewer flushing is part of routine sewer maintenance in those areas
which are particularly susceptible to deposits accumulating in the sewers and in areas

where blockages may increase CSO activity.

Construction Site Erosion and Litter Control. Construction site erosion and litter
control are implemented on an as-needed basis. Precautions to limit debris from entering
catch basins or being conveyed directly to receiving waters is emphasized. The City
follows guidelines provided by the Soil Conservation Service. Precautions outlined for

public works projects are reviewed by the DEP.

Industrial Pretreatment. There are 25 permitted industrial dischargers to the Portland
sewer system regulated by the City’s Industrial Pretreatment Program. Federal
pretreatment standards defined in Section 402 of the Clean Water Act (CWA) are
enforced through local pretreatment plans as a condition of the Waste Discharge License
granted to the WWTEF. As defined by the federal standards, 5 of the dischargers are

categorical, and 20 are significant. The five categorical dischargers include three metal
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fabricators and two pharmaceutical industries. The majority of the significant dischargers
are food processing establishments. Currently, exceedance of the oil and grease

limitation is the most significant issue in the industrial pretreatment program.

Public Participation

City staff have arranged many avenues for communication with the public and the
business community to provide information on programs and to report progress by the
Department of Parks and Public Works. Media include newspaper advertisements,
brochures, mailers, public meetings, and, most recently, a calendar. Development of a
CSO Abatement Study Public Participation Plan is outlined in Section 10.

1.3 Water Quality Issues and Goals

Description of Water Resources

The waters in the vicinity of the City of Portland include both fresh and marine waters.
Major freshwaters in the City are Capisic Brook, Fall Brook, Presumpscot River, and
Stroudwater River. The predominant marine waters are Casco Bay, Back Cove, Portland

Harbor, and Fore River.

Overall, data on the quality of receiving waters are limited. Previous to this study, there
had been no quantitative assessment of the receiving water impacts associated with
Portland’s CSO discharges and other pollutant loadings. There has been some
investigation of bacterial concentrations at East End Beach by the DEP, the City, and the
PWD, but these investigations did not address CSO impacts and are limited in scope.
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Classifications and Standards

DEP has developed a system to classify all waters of the state (MRSA Title 38 Article
4A) with different classifications for freshwaters and marine waters. The general
classifications for freshwaters are AA, A, B, and C, with AA being the highest quality
water. Similarly, the classifications for marine waters are SA, SB, and SC, with SA

being the highest quality water.

Surface waters in Portland are classified as B, C, or SC. The receiving waters and their
state classifications are shown on Figure 1-3. The classification of a water body
determines its designated uses and the quality of effluent that may be discharged. The
water quality classifications applicable to Portland’s receiving waters are defined in
Table 1-3. The surface water quality criteria vary for each classification as described in
Table 1-4.

In addition to surface water quality criteria, shellfish harvesting waters are classified
based on criteria of the U.S. Food and Drug Administration’s National Shellfish
Sanitation Program Manual of Operations. These criteria include fecal coliform standards
for approved and restricted harvesting areas. Portland’s SC waters are closed to shellfish

harvesting; therefore, no criteria are enforced.

Maine DEP maintains an inventory of critical uses and sensitive areas which support
various types of flora and fauna. Numerous areas have been identified on Figure 1-4

which include the following categories of flora and fauna:

. U.S. Fish and Wildlife National Wetland Inventory

° Marsh environments
o Mud flats
L Mussel bars
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Table 1-3
l Definitions of Surface Water Classifications Applicable to Portland, Maine |
Classification
Freshwater Marine
Ike&ﬂﬁmﬂuuge B C SC
Designated Uses
Drinking Water Supply After Yes Yes —
Treatment
" Fishing Yes Yes Yes
Aquaculture S [ ——— Yes
Shellfish Propagation/ | = e - | e Approved,
Harvesting restricted, or
closed to use'
Recreation Yes Yes Yes
Industrial Water Supply and Yes Yes Yes
Cooling Water
Hydroelectric Power Yes Yes Yes
Navigation Yes Yes Yes
Habitat Yes Yes Yes
Pollutant Discharge
Level of Impact Effluent shall not Effluent may cause Effluent may
cause adverse impact some changes to cause some
to aquatic life in aquatic life? changes to
receiving water aquatic life?

Source:
October 1990.

ZStructure and function of biological community must be maintained.

!Classification by the U.S. Food and Drug Administration’s National Shellfish Sanitation Program
Manual of Operations. Portland’s SC waters are closed to shellfish propagation and harvesting.

Water Classification Program, Maine Revised Statutes Annotated, Title 38, Article 4-A,

BOSPM4/041.51
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Parameter

Table 1-4
Summary of Surface Water Quality Criteria Applicable to Portland, Maine
Freshwater Marine
B C SC

Dissolved
Oxygen (mg/l)

27 or 75% of saturation,
whichever is higher. From
Oct. 1-May 14, 7-day mean
29.5 and 1-day min. =8.0
in identified fish spawning
areas.

25 or 60% of saturation,
whichever is higher. In
identified salmonid-spawning
areas where water quality is
sufficient to support
spawning, egg incubation,
and survival of early life
stages, water quality
sufficient for these purposes
must be maintained.

270% of saturation.

Bacteria-General

No levels which would
prevent shellfish propaga-
tion in "restricted” shell-
fish harvesting areas.'

E. Coli bacteria
of human origin
(#/100 ml)

From May 15-Sept. 30,
geometric mean <64 or
instantaneous level <427.

From May 15-Sept. 30,
geometric mean <142 or
instantaneous level <949.

Enterococcus
bacteria of human
origin (#/100 ml)

From May 15-Sept. 30,
geometric mean <14 or
instantaneous level <94,

Toxics

Discharges shall not cause
adverse impact to aquatic
life. Receiving water shall
be of sufficient quality to
support all aquatic species
indigenous to the receiving
water without detrimental
changes in the resident
biological community.

Discharges may cause some
changes to aquatic life,
provided that receiving
waters shall be of sufficient
quality to support all species
of fish indigenous to the
receiving waters and
maintain the structure and
function of the resident
biological community.

Settleable and
Floatable
Substances

All surface waters shall be
free of settled substances
that alter the physical or
chemical nature of bottom
material and free of floating
substances, except as
naturally occur, that impair
the characteristics and
designated uses ascribed to
their class.

All surface waters shall be
free of settied substances that
alter the physical or chemical
nature of bottom material
and free of floating
substances, except as
naturally occur, that impair
the characteristics and
designated uses ascribed to
their class.

All surface waters shall be
free of settled substances
that alter the physical or
chemical nature of bottom
material and free of
floating substances, except
as naturally occur, that
impair the characteristics
and designated uses
ascribed to their class.

1990.

'Portland’s SC waters are closed to shellfish harvesting.

Source: Water Classification Program, Maine Revised Statutes Annotated, Title 38, Article 4-A, October
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. Clam beds

. Seabirds

Receiving Water Characteristics

Presumpscot River (C) and Estuary (SC). The Presumpscot River is the largest river
in the Portland area. This freshwater river meets the ocean in the City of Falmouth and
forms a large estuary, where the tidal variation is approximately 9 feet. A relatively
small portion of the river and estuary are present within the city limits. A freshwater
portion of the Presumpscot River forms the northwest boundary of Portland, and
approximately one-third of the estuary is located within the City at its northeast border.
Within Portland, the Presumpscot Estuary is primarily surrounded by residential and
commercial land uses. A single CSO discharges to the estuary at a location where
flushing is limited as a result of fill associated with I-295. Litter and debris such as tires

are also observed along the Presumpscot.

The remainder of the permitted point sources of pollution discharging to the Presumpscot
River are located outside of Portland. These include discharges from the Little Falls
Treatment Plant, the Westbrook Treatment Plant, and the S.D. Warren Treatment Plant.
The Presumpscot Estuary receives effluent from the Falmouth Wastewater Treatment
Plant. In addition, there are seven CSO discharges to the river from the City of
Westbrook.

In addition to wastewater effluent discharges and CSOs, the river has been reported to be
contaminated with dioxin from a paper mill in Westbrook. As a result, there is an
advisory against eating fish from the lower 7 miles of the river, and shellfish harvesting

in the estuary is prohibited.

Stroudwater River (B). The Stroudwater River, which flows to the Fore River, is

located in an area dominated by rural and suburban land uses. Several small, private,
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untreated wastewater discharges to the Stroudwater River were recently eliminated.
There are no known remaining discharges to the river other than stormwater-related
conduits from roads traversing the basin. The Stroudwater River is unaffected by CSO
discharges and is only included in Section 1 as background information on Portland’s

major receiving waters.

Capisic Brook (C). Capisic Brook is a freshwater stream receiving drainage from
commercial and undeveloped land near the Westbrook/Portland border and from
moderately developed residential areas at the lower end of the drainage area adjacent to
the Capisic Pond. Two CSOs which drained to the brook, CSOs 37 and 40, were
recently eliminated. The brook currently receives discharges from 4 CSOs. The brook
meanders through the drainage area and discharges to a highly visible impoundment at
Capisic Street referred to as the Capisic Pond. Other portions of the brook are visible
from adjacent residential areas which abut the brook. In some segments, litter and trash

are present along the banks of the brook.

Fall Brook (C). Fall Brook is a small freshwater stream with low flow during summer
months attributed, in part, to the diversion of its flow into the East Side Interceptor
combined sewer. In several long reaches, dry weather flow is zero. The brook is
contained in culverts in some areas, and in other areas the channel is overgrown with
trees and bushes. Sediment has accumulated at various locations restricting capacity
during large storms. Fall Brook does not have any known wastewater discharges or

CSOs, although it does receive stormwater runoff from adjacent residential areas.

Casco Bay (SC). The bay is a large waterbody graced with hundreds of islands. The
nearby bay areas are classified SC; however, there are some SB waters to the north
outside of the Study area. The bay receives CSO, stormwater, and wastewater treatment
plant effluent discharges from Portland and several neighboring cities and towns. Five
CSOs from Portland discharge directly to Casco Bay. Depending on wind and tidal
action the area could be affected by CSOs discharging to Back Cove. Health advisories
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for swimming at East End Beach have typically been associated with precipitation events
and the nearby CSOs. Within Portland’s city limits, Casco Bay is closed to shellfishing.

Back Cove (SC). Back Cove is a large tidal pool with extensive mudflats at low tide.
The Cove receives drainage from Fall Brook, the Smith Creek area west of Baxter
Boulevard, and from the Libbytown and Marginal Way areas to the south. During
rainfall, as many as 15 CSOs from the City of Portland discharge to it. Back Cove is
closed to shellfishing.

Portland Harbor (SC). Portland Harbor is a viable commercial water body. It receives
CSO discharges and stormwater runoff from Portland and South Portland. It is a highly
visible water body because it is a working marine waterfront with tourist and commercial
activities. As a result, it is also subject to bilge water discharges and impacts from
sources such as onshore oil and grease deposits. Portland Harbor is closed to

shellfishing.

Fore River (SC). Fore River, which is predominantly estuarine, receives flow from the
Stroudwater River and Capisic Brook in Portland and other drainage areas outside of
Portland. It receives urban stormwater runoff from South Portland and Portland, and the

South Portland Treatment Plant discharges to the river.

There is significant tidal flushing near the mouth of the Fore River that exposes large
areas of mud flats upstream of the Veteran’s Bridge. The mud flats, which are closed to
shellfishing, receive CSO discharges from the Cities of Portland and South Portland.
Downstream of the Veteran’s Bridge, the Fore River channel widens and contains major

oil and coal terminals.
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CSO Impacts

Designated uses of fresh and marine surface waters in the Portland area are impaired by

water quality degradation. In general, causes of water quality impairment include

wastewater treatment plant effluent discharges; stormwater runoff; CSO discharges; and

commercial waterfront activities.

In some cases, water quality is likely to be affected by pollutants from a single type of

source. For example, the Stroudwater River is affected only by stormwater runoff. In

other water bodies, water quality is most likely affected by pollutants from multiple

sources. For example, Portland Harbor is believed to be affected by CSOs, stormwater

runoff from Portland and South Portland, and commercial waterfront activities.

Table 1-5 indicates which Portland CSOs discharge to each receiving water.

" Table 1-5
Portland CSO Discharges to Receiving Waters
" Number of CSO ID Area of CSO
Receiving Water Classification | Portland CSOs Numbers Drainage (acres)

Freshwaters

|>Presumpscot River C 0 - -

" Stroudwater River B 0 - -

|| Capisic Brook C 4 38, 41-43 406
Fall Brook C 0 - -
Marine Waters
Casco Bay SC 5 1, 3, 4, 20, 21 89
Presumpscot Estuary SC 1 2 25

l| Back Cove sC 15 5-19 2,612
Fore River SC 30, 32, 36, 39 599
Portland Harbor SC 23-29 451
System Total - 39 - 4,182

BOSPM4/036.wp$
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Bacteria data from the East End Beach area of Casco Bay are summarized in Table 1-6.
Elevated bacteria levels have typically been associated with precipitation events and
nearby CSOs, such as the Quebec Street CSO.

Table 1-6
Bacteria Data for East End Beach!
No. of % of Geometric Geometric
No. of Samples Samples Mean for Mean >

Period Samples = 94/100 ml = 94/100 ml Period 14/100 ml
Enterococcus Data
5/15/89-9/30/89 52 0 0 4 No
5/15/90-9/30/90 52 6? 12 9 No
5/15/91-9/30/91 53 8 15 28 Yes
5/15/92-8/31/92 46 54 11 16 Yes
'Data collected by Portland Water District

ZSample Dates: May 29; June 19, 25, 26; July 2, 24
3Sample Dates: May 15; June 12, 13, 15; July 11; August 12, 19, 21
“Sample Dates: June 25; July 6, 7, 9, 10

Note: Precipitation record from Portland Jetport provided in Appendix D.

Ambient water quality data for other surface waters are limited. However, a qualitative
assessment of CSO impacts can be made based on the number, volume, and duration of
CSO overflow events. An estimate of CSO impacts to surface waters in Portland is
summarized in Table 1-7. Receiving water quality before and after implementation of the

recommended CSO Abatement Plan is the focus of Section 7.1.
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Table 1-7
CSO Water Quality Impact Summary!

Annual Summer?

No. of | No. of Vol. | Duration No. of Vol. | Duration
Receiving Water CSOs Events (MG) (hours) Events (MG) (hours)

Casco Bay S 30 55 185 14 22 69
Presumpscot Estuary 1 13 2 50 6 1 20
Back Cove 15 44 416 357 19 157 96
Portland Harbor 7 43 145 202 19 62 99
i Fore River 7 36 73 181 18 32 94
| capisic Brook 4 26| 29 107 4l 1 44
| Arcawide 39 a4 | 720 357 19| 286 99

'Estimates of CSO activity were predicted by the recalibrated CSO Abatement Model and are based on
the 1966 precipitation record. A receiving water CSO event is defined as one or more discharges to a
receiving water resulting from a single precipitation event; it approximates the number of days a
receiving water is impacted by CSOs. The duration is the accumulative length of overflow time.

’The summer season is defined by Maine’s water quality regulations as May 15 to September 30.

Receiving Water Quality Goals

Water quality goals for surface waters impacted by Portland CSOs can be derived from
three sources: designated uses (Table 1-3), existing uses, and uses desired by local
residents. For the most part, designated uses are long-term goals, because achieving
water quality sufficient to support the designated uses will require controlling pollutant
loads from a variety of sources within Portland and from upstream areas outside the city
limits. Depending on the receiving water, existing uses may include boating,
windsurfing, fishing, and passive waterside recreation such as walking, jogging, and
enjoying scenic views. Uses are further defined as primary contact, such as swimming or
windsurfing, and secondary contact, such as boating where there is not extended body
contact with the water. It is likely that surface waters are being used for recreation
because of their proximity to residential areas, although their use has not been
documented. Over the short-term, existing uses should be maintained and enhanced.
Existing uses and desired goals of the receiving waters with respect to CSO impacts are

summarized below.
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Presumpscot Estuary —Although there are no documented uses of the
Presumpscot Estuary within Portland’s city limits, it is adjacent to
residential areas, and the potential for primary contact recreation is high.
The primary water quality impact by City of Portland in the southern
portion of the Estuary is a single CSO which discharges to a poorly flushed
area. This particular section of the Presumpscot Estuary was separated
from the larger section by the construction of I-295 in the 1980s. Flushing
is constricted by a culvert under the highway. Elimination of this CSO is a

goal to improve water quality and aesthetics in the area.

Capisic Brook—The brook corridor is scenic, and a walking trail exists
along portions of the corridor. Because of the proximity of the brook and
pond to residences, the potential for primary and secondary contact is high.
The City of Portland and several community groups have plans to expand
the passive recreational opportunities of Capisic Brook. Capisic Pond has
potential for fishing, secondary contact recreation, aesthetics, and passive
waterside recreation. Approximately half of the watershed is comprised of
combined sewer drainage area. Uses of the receiving water are greatly
impaired by CSOs. Elimination of these CSOs is a primary goal of the
Study.

Fall Brook—There are no documented uses of Fall Brook, primarily due to
its low flow. There is significant potential for brookside recreation and

secondary contact recreation. The goal is to return the natural flow of Fall
Brook and achieve these uses. Although no CSOs discharge to Fall Brook,
storm water management in the watershed would significantly control CSO

7 (Ocean Avenue) and reduce impacts to Back Cove.

Casco Bay—There is public bathing at East End Beach and along the coast
of several of the Bay’s islands. Secondary contact recreation and fishing

are also existing uses. Shellfish harvesting is restricted in portions of the
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Bay and closed within Portland’s city limits. The City’s goal is to

minimize the effect of Portland’s CSOs in maintaining these uses.

Back Cove— Approximately 70 percent of the area tributary to Back Cove
is comprised of combined sewer drainage area. There is some limited
lobstering in the deeper parts of the cove, bloodworm and clam worm
harvesting from the mud flats, and significant windsurfing. The City has
completed a 4-mile path around the entire cove that is heavily used by
joggers, walkers, cyclists, and others. The City’s goal is to minimize the

effect of Portland’s CSOs in maintaining these uses.

Portland Harbor—The predominant existing uses of the Harbor are boating,
commercial activities, and lobstering, although it is closed to shellfishing.
The City’s goal is to minimize the effects of Portland’s CSOs in

maintaining these uses.

Fore River—The predominant existing uses of the River are boating and
some lobstering. The City’s goal is to minimize the effect of Portland’s

CSOs in maintaining these uses.

Selection of CSO control strategies discussed in Section 4, varies with the desired goals

of each receiving water; however, receiving water quality is impacted by several

pollution sources (especially in Casco Bay, Fore River, and Portland Harbor).

Therefore, selection is also based on factors such as cost, CSO control performance,

feasibility of implementation, and overall benefit.

BOSPM4/036.wp5
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1.4 DEP Consent Order

Pursuant to 38 MRSA Section 347-A(1) and DEP’s Consent Agreement Policy, the
Maine Board of Environmental Protection ordered the City and the PWD to develop and
implement a prioritized, long-term program for evaluation and abatement of Portland’s
CSOs. According to the DEP Consent Order provided in Appendix A, the program is to
incorporate the following:

o CSO assessment

. CSO monitoring plan

o Sewer system evaluation

. Sewer system master plan

. Best management practices plan

o Sewer system rehabilitation and improvements

The Portland CSO Abatement Study scope of work incorporates the first five. As
discussed in Section 1.2, the City performs sewer system rehabilitation and improvements

on a continuous basis and provides required documentation directly to DEP.

The Study began in March of 1991 and has included monthly progress meetings with the
City, PWD, DEP, and on occasion, local environmental groups. Technical
Memorandums (TMs) were issued during the Study to provide detailed documentation of
collected information, methodologies, progress, and comments received during meetings
and in correspondence and telephone conversations. Summaries of the TMs are included
in Appendix B. The Study approach is discussed in Section 2 and presented as three
primary objectives which incorporate the five elements outlined in the DEP Consent
Order:
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o Assess Portland’s CSOs
~ . Develop options for CSO control

. Recommend a cost-effective plan to abate CSOs

The CSO assessment provided in Section 3 incorporates the CSO monitoring plan and
sewer system evaluation results. CSO control options and a cost-effective strategy for

their application based on the CSO assessment are presented in Section 4. Elements of

the sewer system master plan and best management practices plan are incorporated into
the recommended plan presented in Section 5. Various aspects of the recommended plan
are presented in Sections 6 through 10. This Master Plan incorporates the work
performed to date and documented in the TMs and the conclusions of the Study for
presentation to DEP on December 1, 1992, as required by the DEP Consent Order.
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Section 2

Study Approach

The objectives of the CSO Abatement Study were to:

o Assess Portland’s CSOs
. Develop options for CSO control

. Recommend a cost-effective plan to abate CSOs

The approach used to achieve these objectives is outlined in the following paragraphs.

2.1 CSO Assessment

To assess CSO activity in Portland, a computer model was developed to simulate
stormwater runoff and wastewater collection and conveyance. The CSO Abatement
Model was developed using the United States Environmental Protection Agency’s
Stormwater Management Model (SWMM) and incorporating SWMM’s EXTRAN

capabilities to model flow transport, internal flow diversions, and surcharged conditions.

The sewer system evaluation involved review of available information and provided data

to develop estimates of base sanitary flow, I/I, and wet weather capture of the sewer

system for incorporation into the sewer system computer model. Pump station and

WWTF flow records were also reviewed. The simulated response of the sewer system to

dry and wet weather conditions was compared to available monitoring data. The model

was adjusted using the available data until as close a match as possible was achieved

between the simulated sewer system response and the monitored response. See TMs 1-4

for additional information on collected I/ data and the initial modeling effort.
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The initial CSO Abatement Model calibrated in 1991 provided a preliminary estimate of
the frequency, volume, and duration of CSOs. Subsequently, a comprehensive
monitoring program was developed to gather baseline CSO and receiving water quality
data and to gather additional frequency and flow monitoring data to improve the computer
model. The additional monitoring data was required because of the sparsity of existing
data and the need to calibrate and verify the systemwide model. The results of the
additional monitoring and the assessment of CSO activity and pollutant loadings using the
recently recalibrated CSO Abatement Model are presented in Section 3. Details of the
model recalibration effort and the results of the monitoring program are provided in TMs
79.

2.2 CSO Control Options

Numerous technologies exist to control CSO impacts. Technologies are categorized

according to their method of control. The categories are:

. Sewer system optimization

. Pollutant source control (often referred to as BMPs)
. Stormwater inflow reduction

o CSO treatment

° CSO storage

Approximately 40 technologies were reviewed for their applicability and effectiveness to
control CSOs in Portland. Relative advantages and disadvantages with respect to
performance, implementation, and cost on a gross scale were evaluated until a short-list

of technoiogies was developed.

An economic optimization analysis was performed to determine a cost-effective level of

CSO control for Portland. The optimization results indicated a cost-effective goal of 90
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percent control of CSO events as an areawide goal for Portland, achievable in most of the
receiving water drainage areas. Field surveys and model simulations were conducted to
analyze the application of specific technologies to specific drainage areas and CSO
locations to evaluate the feasibility of achieving this goal in the six receiving water

drainages impacted by Portland’s CSOs:

o Casco Bay
. Presumpscot Estuary
o Back Cove

° Portland Harbor
] Fore River

. Capisic Brook

Since economic optimization model results indicated 90 percent CSO reduction as a cost-

effective goal, three CSO control alternatives were developed for each receiving water:

o Limited —no specified level of control
o Intermediate —90 percent CSO event reduction
. High—90 percent CSO volume reduction

Although sewer separation was not considered as a systemwide alternative because of the
relatively limited reduction in bacteria, total suspended solids, and floatables, costs were
calculated for comparison purposes as a 100 percent CSO elimination alternative. CSO
control technologies were applied in specific locations, and order-of-magnitude costs,
preliminary performance estimates, and implementation issues were evaluated. As a
result, a preliminary CSO control plan was developed. The various CSO control techno-
logies, their evaluation, and the preliminary CSO plan are presented in Section 4. Details
of the preliminary and final screening of CSO control technologies are provided in TMs 5
and 6.
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Section 3

CSO Assessment

The overall purpose of this task was to define existing conditions: frequency of
activation of CSOs, overflow volume and duration, and CSO pollutant concentration. To

accomplish this, the following tasks were performed:

o Existing data was reviewed and base sanitary and I/I flows were estimated

for use in developing a sewer system computer model.

o A sewer system computer model was developed based on limited existing
data to simulate the system’s response to rainfall and to provide a
preliminary assessment of CSO activity. This preliminary modeling effort
helped to define monitoring sites where additional data was needed.

. A monitoring plan was developed to suppiement the existing data in
quantifying and qualifying CSO impacts. The monitoring data was used in
model recalibration and in developing CSO pollutant loads.

This section discusses the monitoring program and how the data was used in the CSO

assessment.

The City of Portland monitoring program was conducted during the period

November 1991 through July 1992. The monitoring plan was described in detail in a
document entitled City of Portland Combined Sewer Overflow Abatement Study
Monitoring Plan (Monitoring Plan), dated July 1, 1991. The goal of the program was to
acquire flow and water quality data at representative locations in the combined sewer
system and CSO frequency data at all CSO locations. Flow and frequency data were
used to enhance, recalibrate, and verify the CSO Abatement Model and to assess CSO

activity (i.e., volume, frequency, and duration). The water quality data were used to

BOSPMS5/044.wpS 3-1



characterize the pollutant loading of Portland’s CSOs (pollutant concentrations are applied
to estimated CSO volumes). Together, estimates of CSO activity and pollutant loading
can be used to perform a qualitative assessment of CSO impacts on receiving water

quality.

3.1 CSO Volume, Frequency, and Duration

This section summarizes the combined sewer flow and block monitoring program and
presents an assessment of CSO activity using the recalibrated CSO Abatement Model.
The information, in addition to specifics of the CSO Abatement Model recalibration
effort, is presented in detail in TM 7, CSO Frequency and Volume Data.

Flow and Block Monitoring Program

The Monitoring Plan identified the need to conduct a flow and block monitoring program
to assess the volume, frequency, and duration of Portland’s CSO contribution to area
receiving waters. Data acquired during the flow monitoring period included the
precipitation record, flow at specific in-system and overflow locations in the combined

sewer system, and results of the CSO frequency block test program.

Precipitation Record

The National Oceanic and Atmospheric Administration (NOAA) maintains a weather
station at the Portland International Jetport, 2 miles west of downtown Portland. An
hourly rainfall report is published monthly. In order to more precisely correlate CSO
occurrences with rainfall, 15-minute precipitation data were acquired directly from the
rain gauge strip charts for rainfall events during the monitoring period. Storms occurring
during the monitoring period varied in volume, duration, and intensity. The largest
storm was estimated to have a recurrence interval of just under 3 years for a 6-hour

duration. Other storms were well under a 1-year recurrence interval for all durations.

BOSPMS5/044.wp5 3-2



Flow Monitoring Locations

Flow monitoring stations were installed at the following nine locations:

o Ocean Avenue CSO 84-inch Conduit (CSO 7)
. Ocean Avenue Regulator Outgoing 42-inch Interceptor

. Mackworth Street Regulator Incoming 36-inch Conduit

. Old Almshouse Sewer

. Quebec Street Regulator Incoming 18-inch Conduit

o Bath Iron Works Regulator Incoming 50-inch Conduit

o Bath Iron Works Regulator Outgoing 21-inch Interceptor
o Emery Street Regulator Incoming 36-inch Conduit

. Capisic Dam Overflow Weir

The stations were selected based on representative characteristics such as size of drainage
area, land use in the drainage area, system hydraulics, and frequency of overflows. The

ease of implementation and accessibility were also factors in site selection. Several of the
sites listed above differ from the sites listed in the original monitoring plan. The changes
were a result of subsequent discussions with DEP and implementation issues encountered

during meter setup. The flow monitoring sites are shown on Figure 3-1. Flow

monitoring data collected was used extensively for model recalibration.

Pump Station Flow Records

The flow monitoring stations were, with the exception of the Old Almshouse Sewer
station, located at or near system regulators in order to characterize CSOs. Flow in the
trunk sewers which convey sewage to the WWTF is equally important for model
calibration and system characterization. Trunk sewer flow is represented by pump station

flow records. Flow records were available for the following stations:

° Fore River
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o Thompson Point

. India Street
] Baxter Boulevard
. Arcadia Street

] Northeast

The pump station flow records consist of flow values at 2-minute intervals. With a few
exceptions, the flow record was complete at each of the locations listed for all significant
rainfall events during the monitoring period. Franklin Street was the only pump station

incorporated into the system model for which flow records were not available.

Block Testing Program

The frequency of combined sewer overflow was observed during the monitoring period
through inspection of wooden blocks ("telltales") tied to strings and placed on the CSO
regulator weirs. The regulators were checked after every significant rainfall event, or
approximately weekly during dry weather and light precipitation events, by PWD or City
staff. The weekly checks served to monitor CSO activity during small precipitation
events, to ensure that the blocks remained in place during dry weather, and to detect dry
weather CSOs.

Block tests were performed at 33 of 39 CSO locations. Six locations were not monitored
because of awkward configurations not amenable to the procedure. These include CSOs

5, 12, 20, 23, and 25 which have tidegates and CSO 36 which has a 30-foot-long weir.

Flow and Frequency Monitoring Results

Flow

The monitoring period of November 1991 through July 1992 included 20 rainfall events

that were considered to be of sufficient magnitude to initiate widespread CSOs and were
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therefore selected for wet weather model calibration and verification. The flow data are
representative of contributing drainage area characteristics and hydraulic conditions.
Hydrographs of precipitation and flow recorded at each monitoring location are provided
in TM 7. Flow data was not recorded for all events at all monitoring locations and some
data collected indicated anomalies as described in TM 7.

The 14 precipitation events which provided usable data for model calibration and
verification are described in Table 3-1. Table 3-2 presents the number of events for
which flow data were recorded at each monitoring location and differentiates between

collected data and usable data.
Frequency

The majority of the regulator structures have been monitored for overflow frequency by
the "telltale” method since November 1989 by the PWD. Overflow frequency data were
collected specifically for the monitoring period extending from November 1991 through
July 1992 for calibration and verification of the Portland CSO Abatement Model.
Regulators maintained by the City Wastewater and Drainage Division were monitored
simultaneously with those of the PWD except for the péribd frorh July 1990 to

January 1992.

_Results of the block test monitoring program are presented in Table 3-3. The periods
represented by the block test results are shown in the first column. The second and third
columns show the number of discrete rainfall events and the total precipitation which
occurred over the period. The fourth and fifth columns show the peak rainfall intensity
(inches/15-minutes) and rainfall (inches) associated with the largest event of the period.
The rows in the table are sorted in descending order based on the maximum intensity and
rainfall. The remainder of the table presents a summary of the block test program

results. Details of the block test program at specific overflow locations are provided in
™ 7.
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( Table 3-1
Calibration and Verification Precipitation Events

Maximum Return
Intensity Duration Period*
Event Date Depth (in.) | (in./15 min.) (hours) (months)
November 21, 1991 2.32 0.12 48 6.4
|| December 13, 1991 0.53 0.05 24 0.5
“ December 29, 1991 1.26 0.10 16 1.4
“ January 4, 1992 1.31 0.12 12 1.6
| sanuary 14, 1992 1.29 0.15 7 1.6
January 23, 1992 1.92 0.10 14 4.1
February 15, 1992 1.92 0.12 12 4.1
March 11, 1992 0.84 0.03 13 0.8
March 26, 1992 0.73 0.06 11 0.6
April 24, 1992 0.60 0.03 16 0.5
May 24, 1992 0.70 0.07 8 0.6
June 5, 1992 2.40 0.15 10 7.4
July 9, 1992 0.52 0.08 13 0.4
July 18, 1992 0.23 0.10 2 0.3

* Calculation of the return period is based on rainfall depth (in.) per "Evaluation of
Wet Weather Design Standards for Controlling Pollution from Combined Sewer
Overflows," Water Policy Branch, Office of Policy Analysis, USEPA, March 1992.
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Table 3-3
\-" Summary of Block Test Results
Period Characteristics
Largest Event | Largest Event No. of No.of | % of
Number | Total Maximum Maximum CSOs CSOs | CSOs
of Rainfall Intensity Rainfall Block Over- | Over-
Period Events (in) (in/15 min) (in) Tested flowing | flowing
06/02-06/08 2 2.60 0.15 2.40 28 21 75
01/07-01/15 2 1.50 0.15 1.29 28 20 71
07/14-07/29 5 1.36 0.15 0.60 27 3 11
11/22-11/25 1 2.32 0.12 2.32 18 7 39
02/12-02/19 2 2.18 0.12 1.92 33 22 67
12/31-01/06 1 1.31 0.12 1.31 8 2 25
04/02-04/13 1 0.90 0.11 0.90 28 2 7
01/16-01/24 1 1.92 0.10 1.92 30 24 80
12/28-12/30 1 1.26 0.10 1.26 18 3 17
03/13-03/25 2 0.92 0.10 0.79 32 1 3
11/26-12/04 1 1.08 0.09 ©0.92 18 2 72
07/08-07/13 2 0.82 0.08 0.52 30 17 57
06/09-06/25 2 0.46 0.08 0.26 30 7 23
03/10-03/12 1 0.84 0.07 0.84 32 7 22
05/13-05/27 2 0.72 0.07 0.70 28 6 21
02/28-03/09 1 0.57 0.07 0.57 33 8 24
05/28-06/01 2 0.84 0.06 0.79 - 28 4 14
03/26-03/30 2 1.47 0.06 0.74 30 10 33
04/14-04/22 2 0.82 0.05 0.70 29 3 10
12/11-12/18 3 1.13 0.05 0.60 18 3 17
02/20-02/27 2 0.51 0.05 0.46 23 3 13
06/26-07/07 1 0.67 0.04 0.57 30 7 23
12/05-12/10 2 0.43 0.04 0.23 18 4 22
12/21-12/27 1 0.09 0.04 0.09 18 5 28
04/23-04/29 2 0.63 0.03 0.60 30 3 10
04/30-05/06 1 0.17 0.02 0.17 28 2
05/07-05/12 1 0.12 0.01 0.12 28 0 0
03/31-04/01 1 0.11 0.01 0.11 31 1 3
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The block test data were used primarily as a check against model predictions of overflow
events as discussed in the next section on sewer system modeling. The block test data

were used for model verification, but not for model calibration.
Sewer System Modeling

Combined sewer modeling of the Portland system was initiated in the fall of 1991. The
general objective of the modeling study was to develop an understanding of the sewer
system hydraulics and to quantify CSO frequency, volume, and duration at each of the
system’s CSO outfall structures under various storm conditions. The model was used to
direct the planning and implementation of the monitoring program and as a tool for

testing the effectiveness of various CSO technologies.
Components of the Model

The SWMM RUNOFF block was used to estimate stormwater runoff from subareas of
the system. The data necessary for building the runoff model were developed from
collection system maps, field reconnaissance, previous studies, and interviews with City
and PWD staff. The SWMM EXTRAN block was used to simulate the transport of
water generated by runoff, infiltration/inflow, and base sanitary flow through the main
interceptors and trunk sewers of the collection system. The use of EXTRAN enabled the

modeling of surcharge conditions and internal flow diversions within the system.

Prior to the monitoring period, limited data existed to calibrate and verify the model.

The monitoring program was designed to generate data which could subsequently be used
to test the preliminary model. During the second phase of the modeling effort system
updates and changes were incorporated along with any new informatibn about the existing
system. In addition, several enhancements were made to aid numerical stability of the

solution procedure.
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The precipitation events providing the most complete data at the monitoring locations
were selected for the first few calibrations runs (July 18, 1992; June 5, 1992; and
March 26, 1992). Additional calibrations runs were then performed with the remaining
data acquired during the monitoring period. Due to the limited data available, different
storms were used at each location for verification. A comparison of block test data and
model-simulated results was also performed as part of the model verification effort.
Tables 3-4 and 3-5 present a comparison of monitored flow and block test data and
model-simulated results. In Table 3-5, the total number of events compared is listed
along with the number and percent of matches. In general, the verification results
indicated that the model provided close approximation of measured data, especially
considering the precision of the block test data and that blocks were known to move by
activity that was not CSO-related. Details of the recalibration and verification efforts are

presented in TM 7. Details of the original calibration effort are presented in TM 3.
Description of the Modeled Regions

The system model is composed of two regions (see Figure 1-1). Region 1 includes the
Back Cove, Marginal Way, and Northeast areas upstream of the Northeast Pump Station,
and Region 2 includes the Portland Harbor, Fore River, and Capisic Brook areas

upstream of the India Street Pump Station.

Region 1 encompasses 39 subcatchments (areas delineated and represented with surface
runoff parameters in the RUNOFF block of the SWMM model) and 20 CSOs. CSOs 5
through 19 discharge to Back Cove while CSOs 1, 3, 4, and 20 discharge to Casco Bay.
CSO 2 overflows to the Presumpscot River. Drainagg areas along Marginal Way, in the
vicinity of CSOs 17 through 20, encompass commercial and industrial land use with
substantial impervious cover. Slopes are steep at the upper reaches along the northern
face of the peninsula, and flatten out along Marginal Way. Along the northern rim of
Back Cove, drainage areas are dominated by medium density residential and light

commercial. In the Northeast/Fall Brook area, subcatchments are divided approximately
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Table 34
Modeled Versus Measured Flow Monitoring Results

Page 1 of 2
Difference
Measured Modeled (Modeled-Measured)
CSO Volume | CSO Volume
Location Storm Date* (MG) (MG) (MG) (%)
North East Pump Station
1/23/92 26.3 29.2 2.9 11
2/15/92 38.5 39.9 1.4 4
3/26/92 51.2 49.9 -1.3 -3
6/5/92 27.6 29.0 1.4 5
7/18/92 2.3 7.2 4.9 213
Ocean Ave. CSO 7
1/14/92 12.5 14.1 1.6 13
1/23/92 21.9 20.6 -1.3 -6
2/15/92 23.4 23.7 0.3 1
3/26/92 6.1 3.7 2.4 -39
6/5/92 13.1 25.4 12.3 94
7/18/92 1.0 3.7 2.7 270
Mackworth St. Regulator Incoming Flow
11/21/91 3.1 3.0 0.1 -3
12/13/91 1.2 1.0 -0.2 -17
12/29/91 1.0 1.2 0.2 20
1/4/92 1.6 1.4 0.2 -13
1/14/92 1.7 1.4 -0.3 -18
1/23/92 2.9 2.0 -0.9 -31
2/15/92 3.2 3.0 0.2 6
3/11/92 1.3 1.0 0.3 -23
3/26/92 3.2 2.1 -1.1 -34
5/24/92 1.7 1.6 -0.1 -6
6/5/92 3.6 4.2 0.6 17
7/9/92 1.1 0.9 -0.2 - -18
7/18/92 2.0 1.9 -0.1 -5
Old Almshouse Sewer
3/26/92 22.9 10.3 -12.6 -55
6/5/92 14.0 20.8 6.8 49
7/18/92 22.7 28.2 5.5 24
Quebec St. Regulator Incoming Flow
1/14/92 0.4 1.0 0.6 150
1/23/92 1.2 1.1 -0.1 -8
2/15/92 1.4 1.2 0.2 -14
3/26/92 0.7 0.9 0.2 29
6/5/92 1.2 1.7 0.5 42
7/18/92 0.4 0.7 0.3 75
BOSPM6/002.wp5 3-12




Table 34

Modeled Versus Measured Flow Monitoring Results

Page 2 of 2
Difference
Measured Modeled (Modeled-Measured)
CSO Volume | CSO Volume
Location Storm Date* (MG) (MG) (MG) (%)
Bath Iron Works Regulator Incoming Flow
3/11/92 0.7 1.0 0.3 46
3/26/92 2.2 1.9 -0.3 -14
4/24/92 1.0 1.1 0.1 10
5/24/92 0.6 0.8 0.2 33
6/5/92 1.5 4.2 2.7 180
7/8/92 0.5 0.6 0.1 20
7/18/92 27.4 2.3 -25.1 -92
Emery St. Regulator Incoming Flow
1/14/92 0.7 1.4 0.7 100
1/23/92 1.6 1.5 -0.1 -6
2/15/92 1.7 1.5 -0.2 -12
6/5/92 1.2 2.2 1 83
7/18/92 0.4 0.6 0.2 50
Fore River Pump Station
3/11/92 8.4 8 -0.4 -5
4/24/92 5.6 5 -0.6 -11
5/24/92 3.3 3.8 0.5 15
: 6/5/92 10.0 12.3 2.3 23
7/9/92 3.6 5.1 1.5 42
7/18/92 1.1 0.9 -0.2 -18
Capisic Dam CSO 36
3/11/92 15.5 12.4 -3.1 -20
4/24/92 1.1 0.7 0.4 -36
5/24/92 2.8 0.9 -1.9 -68
6/5/92 5.4 4.5 -0.9 -17
7/18/92 1.0 3.7 2.7 270

II *Storms used for initial calibration effort include July 18, 1992; June 5, 1992; and March 26, 1992.
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equally between low density residential and open/undeveloped space, with some light

industrial parks also present. Slopes are mild to gently sloping.

Region 2 includes 24 subcatchments and 19 CSO locations. CSOs 33 through 43
(excluding 37 and 40 which have been recently eliminated) are located upstream of the
Fore River Pump Station and ultimately discharge to the Fore River. The drainage areas
in this section are typical medium density residential with mild slopes and low impervious
cover percentages. Several strip commercial areas are interspersed with the residential

land use. The Fore River drainage areas are similar to those areas along the northern rim
of Back Cove.

Region 2 also contains the Quebec Street combined sewer drainage area, CSO 21, and the
combined sewer drainage area between the Fore River Pump Station and the India Street
Pump Station where CSOs 23 through 30 are located. Drainage areas here are
commercial and high-density residential characterized by high imperviousness and steep

slopes descending the southeastern face of the peninsula.

Estimates of CSO Activity

Initial model estimates were generated using a 3-year precipitation record, 1966 through
1968, which was determined by a statistical analysis, presented in TM 4, to be the most
representative of the 40-year precipitation record for Portland. During the course of the
study, the CSO Abatement Model was updated from the 4.05 version to the 4.2 version,
six regional submodels were combined into two, and the solution technique was refined
from 3-minute computational intervals to 10-second computational intervals. These
modeling changes greatly enhanced the accuracy of the model predictions, but also
lengthened the recalibration effort and computer run time. Run time of the model is
approximately 90 hours for Region 1 and 60 hours for Region 2 for one year of precipi-
tation record using a 486/33MHz computer. To facilitate timely generation of results,
one year instead of three years of precipitation record was used for the final analysis.

The most typical year, 1966, was chosen for the analysis and will be used throughout the
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remainder of this study to assess average annual CSO activity. 1966 incorporates a
variety of storms up to approximately a 2-year recurrence interval storm as shown in

Appendix D.

Table 3-6 presents the frequency, volume, and duration of CSO activity under existing
sewer system conditions using the 1966 precipitation record. The frequency of CSO
activity for individual CSO locations is recorded as the number of times an overflow
event occurs of 0.1 cubic feet per second (cfs) or greater and an interevent time of

24 hours. The duration listed in Table 3-6 reflects the total time of overflow for all

events listed.

A 5-year recurrence interval storm was selected from the 40-year precipitation record to
add to the modeling results. The characteristics of the selected 5-year storm, which

occurred on November 1, 1988, are as follows:

Depth Max. Intensity Duration Return Period
(inches) (inches/hour) (hours) (years)
4.56 0.64 21 5.4

Modeling results using the selected 5-year storm are shown in Table 3-7. The model was
also used to simulate CSO reductions resulting from the implementation of various
proposed CSO mitigation alternatives. Estimates of CSO reduction after implementation

of the Recommended Plan are presented in Section 5.

3.2 CSO Pollutant Concentrations

This section summarizes the combined sewer sampling program developed to characterize
CSO pollutant loads and presents the results of the program. The information is
presented in detail in TM 8, CSO Pollutant Evaluation.
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Table 3-6 |
I Summary of CSO Frequency, Volume, and Duration under Existing Conditions'
Drainage Annual Summer
Area No. of Vol. Duration No. of Vol. Duration
Receiving Water CSO No. (acres) Events MG) (hours) Eveats MG) (bours)
IrCasco Bay 1 14 10 0.2 19 5 0.1 7
3 3 0 0 0 0 0 0
4 0 0 0 0 0 0 0
20 29 30 54 185 14 21 69
21 43 7 1.1 9 3 0.5 4
Subtotal: 89 47 55 213 22 22 80
Presumpscot Estuary 2 25 13 1.8 50 6 0.6 20
Back Cove 5 74 34 100 273 14 33 78
6 101 23 1.6 47 12 1.1 22
7 1,051 24 100 141 12 42 59
8 18 5 4.1 5 2 0.8 1
9 6 0 0 0 0 0 0
10 140 27 8.2 151 14 3.0 43
11 20 8 0.6 9 3 0.3 4
12 17 40 26 357 19 9.2 96
13 86 44 4.6 223 19 1.8 93
14 0 0 0 0 0 0 0
15 102 11 0.4 11 5 0.2 4
16 92 38 14 301 19 4.8 86
17 528 25 110 133 12 42 54
18 46 22 46 94 11 19 39
19 177 5 0.2 6 2 0.1 2
Subtotal: 2,612 306 416 1,751 114 157 581
Portland Harbor 23 112 33 27 125 17 12 54
24 32 30 1.7 68 17 0.9 30
25 86 38 79 196 18 33 99
26 95 12 1.2 18 6 0.5 6.4
27 39 38 11 150 18 5.0 83
28 59 43 21 202 19 9.1 91
29 28 33 39 113 17 1.7 48
Subtotal: 451 227 145 872 112 62 411
Fore River 30 7 18 35 54 11 22 26
31 Eliminated - - - - - -
32 32 14 0.8 69 6 0.3 23
33 94 2 0.1 1 0 0 0
34 3 18 0.2 40 10 0.1 19
35 11 10 0.2 15 5 0.1 6.1
36 415 36 68 181 18 29 94
39 37 0 0 0 0 0 0
Subtotal: 599 98 7 360 50 32 168
Capisic Brook 37 Eliminated - - - - - -
38 21 10 4.4 33 5 1.5 9.7
40 Eliminated - - - - - -
41 11 2 0.4 6 1 0.4 2.8
42 339 26 19 96 14 8.0 40
43 35 26 5.6 107 14 2.3 44
Subtotal: 406 64 29 242 34 12 97
| Total 4,182 755 720 3,488 368 286 1,357

II 1Based on the 1966 annual precipitation record from the Portland International Jetport.

Il
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) Table 3-7
\_,’ Results of a 5-Year Storm Simulation under Existing Conditions
Drainage Area Volume Duration
Receiving Water CSO No. (acres) MG) (hours)
Casco Bay 1 14 1 11
3 3 0 8
4 0 0 0
20 29 22 51
21 43 0.6 3
Subtotal: 89 24 NA
Presumpscot Estuary 2 25 0.5 2
Back Cove 5 74 3 6
6 101 0.5 19
7 1,051 62 38
8 18 1 2
9 6 0.2 2
10 140 5 17
11 20 1 11
12 171 8 50
13 86 6 51
14 0 0.1 5
15 102 | 4 13
16 92 8 51
17 528 41 15
18 46 17 14
19 177 0.6 10
Subtotal: 2,612 157 NA
Portland Harbor 23 112 25 15
24 32 0.1 6
25 86 16 16
26 95 1.6 8
27 39 0.4 2
28 59 13 23
29 28 29 30
Subtotal: 451 85 NA
Fore River 30 7 0.5 9
31 Eliminated - -
32 32 0.6 21
33 94 0.5 9
34 3 02 20
35 11 2 22
36 415 33 38
39 37 0.4 6
Subtotal: - 599 37 NA
Capisic Brook 37 Eliminated - -
38 21 1 18
40 Eliminated - -
41 11 0 2
42 339 21 24
43 35 9 27
Subtotal:

|| Total [ [ 4,182 | | NA ||

|| NA = Not Applicable
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Combined Sewer Sampling Program

The Monitoring Plan also identified the need to conduct a CSO sampling program to
characterize Portland’s CSO pollutant loads to its receiving waters. A sampling program,
including dry and wet weather monitoring, was conducted during the spring and summer
of 1992. Sampling locations for collection of CSO water quality data were chosen based
on the size of the contributing drainage area, land use within the drainage area, receiving

water, hydraulic characteristics of the diversion structure, and frequency of overflows.
Pollutants of Concern

Table 3-8 shows three lists of parameters containing a total of 23 pollutants of concern.
Each of these three lists was employed differently in the monitoring program as described
under Sample Collectioh. The pollutants listed were identified in the Consent Order
issued by the State of Maine to the City of Portland.

Table 3-8
Analytical Parameters of the CSO Sampling Plan
List A* List B List C

Total Suspended Solids (TSS) Petroleum Hydrocarbons (PHs) E. coli
5-Day Biochemical Oxygen Polyaromatic Hydrocarbons Total Suspended Solids
Demand (BOD,) (PAHs)
Total Kjeldahl Nitrogen (TKN) Polychlorinated Biphenols

(PCBs)
Ammonia Herbicides (2,4-D; Dicamba;

and MCPP)
Nitrate/Nitrite pH
Total Phosphorus (TP) Temperature
Arsenic
Metals (Cadmium; Chromium;
Copper; Iron; Lead; Mercury;
Nickel; Silver; Zinc)

*All nutrient analysis were performed on unfiltered samples.
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Sample Locations

The five sites chosen for CSO quality sampling were:

. Ocean Avenue (CS1)

o Mackworth Street (CS2)

° Franklin Street Pump Station (CS3)
. Bath Iron Works (CS4)

. Emery Street (CS5)

A map showing the location of the five sampling sites is included as Figure 3-2.

Sample Collection

Dry and wet weather sampling were conducted to characterize the difference between
normal or baseflow conditions during dry periods and the impact of stormwater inflow
and associated scour on pollutant concentrations in the interceptor. Samples were
collected in the regulator structure immediately upstream of the overflow weir. Dry
weather sampling was performed on May 21 for four sites and on May 29 for one site
(sampler failed at CS4 on May 21) and on August 22 for all five sites. Wet weather
sampling was performed during two storm events, the first on June 6, and the second on
July 9.

Dry Weather. One dry weather 24-hour composite and one dry weather grab sample
were taken at each of the sites for the dry weather sampling events. The dry weather
sampling was performed once during a regular business week (May sampling) and once
on a weekend (August sampling) to represent Portland’s weekday and weekend sewerage
flows. The composite samples were analyzed for the List A parameters, and the grab

samples were analyzed for the List B parameters shown on Table 3-5.
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Wet Weather. Two successful wet weather sampling events were conducted. Crews
were activated several times between March and August when there was a forecast of
rain. However, the conditions for a rainfall event were often not met (i.e., minimum of
3 days of dry weather prior to the wet weather event and a minimum of 0.2 inches of
rainfall for 2 hours), and no sampling was performed. The first sampling event occurred
on June 6 when 2.39 inches of rain fell on Portland with a peak-hour intensity of 0.45
inches. The second sampling event was on July 9 when 0.52 inches of rain fell with a
peak-hour intensity of 0.15 inches.

The first samples collected at each site were segregated as "first flush” samples to verify
that higher pollutant loads exist in the flows generated at the start of a storm due to the
scouring effect of increased flows on the surface and in the sewer system. Visual
observation and the Imhoff Cone method were used to estimate the end of the first flush
for the composite sample. Sample bottles collected representing the first flush were then
composited by flow weighting. The remaining bottles, representing the remainder of the
hydrograph after the end of the first flush (termed the "falling limb" sample), were also
composited by flow weighting. Each composite sample (first flush and falling limb) was
analyzed for the parameters shown on List A of Table 3-5.

Two grab samples were collected from each location during each wet weather sampling
event. The first was drawn during the collection of the first seven interval composite
samples, and the second was drawn during the collection of the last nine interval samples.
The first grab sample was analyzed for parameters identified in Lists B and C of

Table 3-5; the second was analyzed only for List C parameters.
Sample Analysis

The samples were retrieved, composited, iced, and delivered to RAI Laboratories (now

Pace, Inc.), located in Hampton, New Hampshire for analytical testing.
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Results of the Sampling Program

The analytical results of the samples collected during the monitoring program were

evaluated to determine;:

. Similarities and/or differences between monitoring sites
o Presence or absence of a first flush effect
o Area-wide or basin-specific event mean concentrations (EMCs)

EMCs represent flow weighted average pollutant concentrations of a representative runoff
event. A detailed documentation of the analyses performed and the results is contained in
T™ 8.

Data Analyses

Standard Parameters (Lists A and C). Monitoring data was evaluated by plotting dry
weather, first flush, and falling limb concentration for each CSO monitoring site grouped
by parameter and wet weather event. For example, Figure 3-3 represents the data

collected during dry weather and wet weather events for the parameter TSS.

The plots indicate whether there is a difference between pollutant levels at the various

. sites and whether a first flush is evident. When a first flush is evident, the first flush
composite concentration is consistently greater than the falling limb concentration, as
shown on Figure 3-3, except for the anomaly at CS1, event 2. The plotting parameters
chosen show most of the sample concentrations exceeding the detection limit. Plots were

developed for the following parameters (see TM 8 for plots):

° 5-Day Biochemical Oxygen Demand (BOD;)
. Total Suspended Solids (TSS)

o Total Kjeldahl Nitrogen (TKN)

° Total Phosphorus (TP)
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. E. coli

. Cadmium
. Copper

o Iron

° Lead

o Zinc

There were not sufficient data to warrant statistical testing to justify the use of area-wide
EMC:s or for varying EMCs by area or land use. Therefore, data were evaluated
qualitatively by inspection of plots and tables.

EMCs were computed for each parameter at each sampling site by flow weighting the
recorded concentrations. Therefore, each EMC for a specific sampling site incorporates
the volume of CSO passing the sampler when the sample was composited. For example,
all of the first flush composite samples represented less flow volume than the falling limb

composite samples, and were thus weighted proportionately less.

Nonstandard Parameters (List B). The nonstandard parameters were analyzed from
first flush grab samples. The results have been summarized in a pair of tables and
presented in the "Results” portion of this Section. The first table identifies the detected

parameters, sampling sites, and events, and the second table presents concentrations of

the detected parameters.

Results— Standard Parameters (Lists A and C)

First Flush. All of the parameters except E. coli (see Figure 3-4) were found to exhibit
a first flush effect based on visual analysis of the plots and tabular summaries of the data.

The absence of a first flush effect for E. coli is documented in several studies, including

the Bangor CSO Facilities Plan performed by CH2M HILL in 1991.
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Variability. Parameter levels were variable between sites and between events, typical of

CSO data. One consistent observation was that CS2 had slightly lower parameter con-

centrations than the other sites even during dry weather. CS2 represents a relatively

small residential area typical of the areas along the western side of Back Cove.

EMCs. Because the data exhibited variability typical of CSO data, and because CS2

represents a very small portion of the total volume of CSO representing the samples,

EMCs were computed on an area-wide basis. Sample site CS1 represented 76 percent of

the total flow volume generated at the sample sites during the monitoring period. Sample

site CS3 represented 20 percent of the total flow, with the remaining 4 percent split

among the other three sample sites. The flow weighted parameter concentrations are
presented in Table 3-9.

Table 3-9
Summary of Pollutant Concentrations
CS1 CS2 CS3 CS4 CSs
Ocean | Mackworth | Franklin St. | Bath Iron | Emery | Area-wide
Parameter Ave. St. PS Works St. EMCs*
BOD; (mg/1) 28 12 56 38 39 34
TSS (mg/l) 239 56 164 87 76 217
TKN (mg/l) 4 4 7 9 9 5
TP (mg/1) 0.7 0.5 1.3 1.4 1.5 0.8
E. coli (CFU/100 ml) 400,000 40,000 700,000 960,000 90,000 | 430,000°
Cadmium (ug/l) 0.4 0.4 1.3 0.7 0.4 0.6
J{ Copper (ug/l) 29 17 69 54 138 38
Iron (ug/l) 3,400 1,800 4,400 2,700 1,300 3,500
Lead (ug/l) 28 29 98 113 65 44
IZinc (ug/) 78 65 156 172 98 95

t Weighted by the volume of CSO recorded during both sampling periods at each sample site.

® Volume weighted geometric mean.
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Table 3-10 presents a comparison of area-wide CSO EMCs for several typical parameters
for data from Portland and other cities in the northeast and nationally. The Portland
monitoring data compares well with the data collected in other cities. All of the Portland

parameter concentrations are of a magnitude similar to those shown in the table.

[
Table 3-10
Comparison of CSO EMCs Between Portland, ME, and Other Cities
Portland, | Bangor, MWRA

Parameter Units ME ME* Boston® Portland, OR® EPA’
BOD; mg/l 34 24.5 90 30 115
Cadmium ugll 0.6 0.61 - - -
Copper ug/l 38 30 85 - -
E. coli® CFU/100 ml 430,000 156,000 — 23,000 -
Fecal Coliform* | CFU/100 ml - 181,000 680,000 163,000 670,000
Lead ug/l 44 57 110 - 370
TSS mg/] 217 250 188 148 370
Zinc pgll 95 114 110 110 -
* Bangor, ME, CSO Facilities Plan, CH2M HILL., 1991.
®* MWRA CSO Facilities Plan, CH2M HILL, 1989
¢ Portland, OR, CSO Facilities Plan, CH2M HILL, 1990
4 Nonweighted average of data collected in Des Moines, Milwaukee, New York City, Racine, Rochester.

Summary appeared in EPA document EPA-600/8-77-0 14, September, 1977.
° Geometric Mean computed for bacteria samples

Results — Nonstandard Parameters (List B)

The nonstandard parameters include the polyaromatic hydrocarbons (PAHs), PCBs, and
herbicides. Table 3-11 lists all the specific parameters analyzed and indicates the sites
and events of those parameters detected. Seventeen of the 33 parameters were not
detected at any site during any storm event. Four parameters were detected during the
weekday dry weather sampling event; none were detected on the weekend. Only three
parameters were detected during wet weather event 2. However, 15 of the 33 parameters

were detected during wet weather event 1.
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Table 3-11

Nonstandard Parameters (List B) Analyzed

|

Parameter

Not

Detection Location and Event*

CS1

cs2 CS3 CS4

CSs

PHs | TPHs

Detected

D,1,2

Acenaphthene

1 D,1,2 D,1,2

Acenaphthylene

Anthracene

Benzo(a)anthracene

Benzo(g,h,i)parylene

«w = >~

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

m -, d)py

Naphthalené v

Phenanthrene

SISISISISISISISISISISISISNS

weekend
Wet Weather Event 1
Wet Weather Event 2

Dry Weather Event during week; no parameters detected for dry weather event during
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No EMCs were computed for the List B parameters because they were analyzed for only
one grab sample per site per sample event. Table 3-12 summarizes the detected
concentrations, water quality criteria, and detection limits. It should be noted that the
water quality criteria are for relative comparison purposes. These criteria are based on
protection of human health over a lifetime from exposure to the substances through
ingestion of fish and shellfish. These criteria are also based on an assumed health risk
for carcinogens of one in one million and are normally regulated based on dilution

considerations at mean annual hydrologic conditions, not in undiluted discharges.

The concentrations of the organics detected showed relatively low levels of herbicides and
hydrocarbons. All sites showed some detectable levels of organics. The detected levels
are in many cases above the water quality criterion; however, the detection limits are also
often above the criterion. No apparent pattern for substances detected at particular CSO
discharge sites was discerned. A potential source of fluorinated compounds at CS4 is
being investigated through the City of Portland Industrial Pretreatment Program.

Although the concentrations are low, data indicate that a variety of PAHs can
occasionally be found in Portland CSO.

3.3 CSO Pollutant Loads

The CSO pollutant load estimates were computed using volume and frequency data
developed in the modeling task, presented in Section 3.1, and pollutant concentrations
developed from the monitoring data, presented in Section 3.2. The annual load estimates

for each outfall are summarized according to receiving water in Table 3-13.

Because area-wide EMCs were used in computing the loads, each load value is linearly
related to the annual CSO volume. From a receiving water perspective, it is interesting
to note that just under 58 percent of Portland’s annual CSO volume and pollutant load is
discharged to Back Cove, followed by just over 20 percent to Portland Harbor, and over
10 percent to Fore River. The remaining 12 percent is discharged to Casco Bay, Capisic
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Table 3-12
Nonstandard Parameters (List B) Detected
Page 1 of 2
Water
Det. Quality

Parameter Site Event* | Concentration Limit Criterion® Units
2,4-D CS5 2 2.2 2 0.3 pgl
Acenaphthene Cs1 1 25 52 20 ug/l
Acenaphthylene CS1 1 9 5.2 0.0311 ug/l
Anthracene Cs1 1 24 5.2 0.0311 uglt
CS2 1 5.2 5.2 ug/l

CS3 1 6 5.1 ug/l

CS4 1 6 5 ug/l

Benzo(a)anthracene CSs2 1 11 5.2 0.0311 ugll
CS5 1 10 5.1 ugll

Benzo(a)pyrene Cs1 1 37 5.2 0.0311 ug/l
CS2 1 5.2 ug/l

CS4 1 5 ugll

Benzo(g,h,i)perylene CS1 1 20 5.2 0.0311 ug/l
Cs2 1 8 5.2 ug/l

CS3 1 5.1 5.1 ug/l

Cs4 1 13 5 ugh

CS5 1 6 5.1 ug/l

Benzo(k)fluoranthene CS2 1 5.2 0.0311 ug/l
CS4 1 16 5 pg/l

CS4 D 190 100 ug/l

CS5 1 8 5.1 ug/l

Chrysene - CS1 1 23 5.2 0.0311 ug/l
CSs2 1 10 5.2 pgll

CS3 1 6 5.1 ug/l

CS4 1 23 5 ug/l

Dibenz(a,h)anthracen CS1 1 27 52 0.0311 ng/l
CS2 1 12 5.2 ug/l

CS3 1 6 5.1 ug/l

Cs4 1 19 5 pg/l

Cs5 1 9 5.1 pugll

—_ SdelSSN I W o |




; Table 3-12
| Nonstandard Parameters (List B) Detected
Page 2 of 2
Water
Det. Quality
Parameter Site Event" | Concentration Limit Criterion® Units
Fluoranthene Cs1 1 14 5.2 54 ug/l
cs2 1 13 5.2 ug/l
Cs4 1 10 5 ugl
Cs4 D 100 100 ugll
Fluorene CS1 1 36 5.2 0.031 ug/l
CS3 1 7 5.1 png/l
Cs4 1 5 ugll
Cs4 D 100 100 ugll
Napthalene Cs1 1 12 5.2 No Criterion png/l
csi 2 12 5.6 pg/l
Cs4 2 23 5.6 g/l
Phenanthrene CSs1 1 32 5.2 0.0311 ug/l
CS2 1 5.2 ugll
cs3 1 5.1 ugl
Cs4 1 5 ug/l
CS5 1 5.1 5.1 ug/l
Pyrene Cs2 1 16 5.2 0.0311 ug/l
CS3 1 24 5.1 ugll
CS5 1 7 5.1 ugl/l
TPHs Cs1 1 9.3 2.1 No Criterion mg/1
Cs1 2 1.3 1.1 mg/l
Cs1 D 25 5 mg/l
cs2 1 35 10 mg/l
CS3 1 2.3 1 mg/l
CS3 2 2.3 1.2 mg/l
CS3 D 2.1 1 mg/l
Cs4 1 1.6 1.1 mg/1
Cs4 2 1.4 1.1 mg/l
Cs4 D 1.3 1 mg/l
Css D 2.8 1 mg/l
*D (Dry Weather Event during week; no parameters detected for dry weather event during weekend);
1 (Wet Weather Event 1); 2 (Wet Weather Event 2)
"Water quality criterion to protect public health based on consumption of aquatic organisms and a 10°
risk level; Criterion listed are for comparison purposes only and not applicable to undiluted CSO
samples.
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Brook, and the Presumpscot Estuary. Because of the complex operation of the system of
regulators as a whole, and variations in runoff rates between areas, the volume of annual
overflow for any CSO was not necessarily directly related to the size of the drainage

area.

3.4 Receiving Water Monitoring

This section summarizes the receiving water monitoring program and presents the results
of the program. This information is presented in detail in TM 9, Receiving Water

Assessment.

Receiving Water Monitoring Program

The Monitoring Plan also outlined a receiving water monitoring program. The need for
the program and the program scope was discussed at several progress meetings during the
summer of 1992. On September 10, 1992, a revised program was agreed upon between
the City and DEP. Requirements for the dry weather monitoring program were
developed based on the completion of a dry weather monitoring event conducted on
September 1, 1992. The dry and wet weather monitoring program outlined on September
10 served to fulfill the requirements of the Consent Order. The purpose of the program
was two-fold: 1) to determine the impact of CSO on Portland’s receiving waters, and 2)
to determine whether or not receiving water quality meets state standards. Pre- and post-
storm conditions were monitored as the primary method of measuring CSO impacts.

Pollutants of concern were limited to pathogens.

Monitoring Locations

Eight sites were selected to obtain data from various water bodies under different impact

conditions. Fresh waters and marine waters, as well as water bodies receiving direct
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CSO discharges and waterbodies not receiving direct CSO discharges, were chosen. The

sites selected were:

° Back Cove at Tukey’s Bridge (marine)

o Casco Bay at East End Beach (marine)

. Portland Harbor at State Pier (marine)

o Portland Harbor at Clark Street (marine)
o Fore River at I-295 Bridge (marine)

. Fore River at Congress Street (marine)
. Capisic Brook at Lucas Street (fresh)

° Capisic Brook at Warwick Street (fresh)
. Fall Brook at Ocean Avenue (fresh)

Figure 3-5 shows the location of each of the sites.

Pollutants of Concern

The indicator bacteria analyzed were E. coli in freshwater locations and fecal coliform
and Enterococcus bacteria in marine locations. Fecal coliform have an important impact
on shellfish standards while E. coli and Enterococcus bacteria have an important impact
on swimming and recreational use. Field parameters, including temperature and

_ conductivity, were measured at all locations.

Sample Collection

Receiving waters were sampled during one dry weather event, with an antecedent
condition of 3 or more dry days. Receiving waters were also sampled during and after
two wet weather events with a rainfall of at least 0.2 inches per hour for a minimum of
one hour. The frequency of sample collection is summarized in Table 3-14 for dry

weather monitoring and Table 3-15 for wet weather monitoring.
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\’/ Table 3-14
Dry Weather Receiving Water Quality Sampling Frequency

Location Frequency
Back Cove at Tukey’s Bridge 1 Outgoing Tide
1 Incoming Tide
Casco Bay at East End Beach 1 Outgoing Tide
Portland Harbor at State Pier 1 Outgoing Tide

1 Incoming Tide

Portland Harbor at Clark Street Overflow 1 Outgoing Tide

Fore River at 1-295 Bridge 1 Outgoing Tide
Fore River at Congress Street- 1 Outgoing Tide
Capisic Brook at Lucas Street 1 Sample
Capisic Brook at Warwick Street 1 Sample
Fall Brook at Ocean Avenue 1 Sample

Dry Weather Event. The dry weather monitoring event was conducted on September 1,
1992. According to records from the NOAA Weather Station located at the Portland

International Jetport, the previous appreciable rainfall event was August 18 and 19, 1992.
A total of 1.13 inches fell on August 18, 1992 and 0.04 inches fell on August 19, 1992.
On August 29, 1992, a nominal 0.01 inches fell in 24 hours.

. Wet Weather Events. Two wet weather events were monitored on September 3-4,
1992, and September 27-29, 1992. The first event occurred after two weeks with no
appreciable rainfall. A total of 1.35 inches of rain fell on September 3, 1992, between
11 a.m. and 12 midnight. The two peak hourly intensities were 0.20 inches between 1
and 2 p.m. and 0.18 inches between 8 and 9 p.m., closely approximating sampling

requirements of greater than 0.20 inches per hour for one hour minimum.

The second wet weather event occurred after antecedent conditions of 72 dry hours. On
September 23, 1992, 0.18 inches of rain fell ending at 3 a.m. Rain did not fall again
until 4 p.m. on September 26, 1992, meeting the three dry days requirement. A total of
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Table 3-15

Wet Weather Receiving Water Quality Sampling Frequency

Location

Event #

Sampling Frequency

Back Cove at Tukey’s Bridge

1

1 During outgoing tide
1 During outgoing tide, 12 hours later

During outgoing tide (over 3 days)
- 1 every 6 hours for 2 days
- 1 every 12 hours for 3rd day

Casco Bay at East End Beach

1 During outgoing tide

During outgoing tide (3 days)
- 1 every 6 hours for 2 days
- 1 every 12 hours for 3rd day

1 During outgoing tide

During outgoing tide

- 1 every 6 hours until the first outgoing tide
after 1 complete tidal cycle

- minimum of 4 samples

Portland Harbor at State Pier
Portland Harbor at Clark Street
Overflow

1 During outgoing tide

During outgoing tide

- 1 every 6 hours until the first outgoing tide
after 1 complete tidal cycle

- minimum of 4 samples

Fore River at I-295 Bridge

1 During outgoing tide

During outgoing tide

- 1 every 6 hours until the first outgoing tide
after 1 complete tidal cycle

- minimum of 4 samples

Fore River at Congress Street

1 During outgoing low tide after overflow

During outgoing tide

- 1 every 6 hours until the first outgoing tide
after 1 complete tidal cycle

- minimum of 4 samples

2 Samples

Over 3 days
- 1 every 6 hours for 2 days
- 1 every 12 hours for 3rd day if necessary

Capisic Brook at Lucas Street
Capisic Brook at Warwick Street

Sample

Nothing required

Fall Broqk at Ocean Avenue

1 Sample

Over 3 days
- 1 every 6 hours for 2 days

- 1 every 12 hours for 3rd day if necessary
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1.11 inches fell during the second event, 0.24 inches on September 26 and 0.87 inches on
September 27, 1992. The two peak hourly intensities were 0.54 inches falling between
12 midnight and 1 a.m., and 0.32 inches falling between 1 and 2 a.m., both on the
morning of September 27, 1692.

Results of the Monitoring Program

Tables 3-16, 3-17, and 3-18 present the results of the monitoring program for the dry
weather, first wet weather, and second wet weather events, respectively. The results are
discussed in detail in TM 9, Receiving Water Assessment. In general, levels of indicator
bacteria in both fresh and marine receiving waters were greatly elevated during wet
weather events. The concentrations in some locations were observed to fluctuate
significantly with the tidal cycle (Fore River at Congress Street, Portland Harbor at Clark
Street Overflow, and Casco Bay at East End Beach). However, the remaining marine
sites exhibited little significant fluctuation with the tidal cycle, indicating that the specific
hydraulic characteristics of the site are critical in evaluating the flushing action of the
tides on CSO.

3.5 Receiving Water Impacts

Based on the CSO pollutant concentrations (Section 3.2), the corresponding pollutant
loads (Section 3.3), and the receiving water monitoring (Section 3.4), the analysis of
receiving water impacts focuses on toxicants and bacteriological indicators. Toxicant
indicators are associated with impacts to aquatic life and human health through either
drinking water supply (after treatment) uses or aquatic organism consumption.
Bacteriological indicators are associated with impacts on drinking water supply,

recreational uses, and shellfishing waters.

CSO impacts can also be evaluated relative to Maine’s narrative criterion pertaining to

floating solids. Significant floating sblids are often associated with CSO events;
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therefore, CSO has the potential to violate this water quality criterion for floating solids
every time there is an overflow. Floatables were observed immediately downstream of
the Capisic Dam overflow (CSO 36) and the Ocean Avenue overflow (CSO 7) during wet
weather sampling performed as part of the Monitoring Plan.

For both toxicants and bacteriological indicators, other pollutant sources such as upstream
sources and separate storm water in Portland are not considered quantitatively in the
analysis. Quantification of the effects of these other sources would require a long-term,
comprehensive receiving water monitoring program far beyond the scope of this effort.
For Portland, DEP has taken an approach to CSO facilities planning which allows
municipalities to focus their efforts on assessing the contribution of their own CSOs to

the receiving waters.

The concentrations of toxicants, nutrients, and bacteriological indicators in Portland’s
CSOs were summarized in Section 3.2, and the corresponding annual loads to each
receiving water were presented in Section 3.3. Tidal influences complicate the dilution
characteristics of each receiving water. Also, data are limited at appropriate points in the
receiving water. A greater factor in evaluating toxicity of CSO discharge to the receiving
waters is the specific mixing characteristics of the receiving water at the time of
discharge. The mixing characteristics may be influenced by factors such as flow volume
in a freshwater stream, tidal amplitude in bays and harbors, and backwater effects due to
tidal influence.

TM 9 presents the results of a dye and drogue study used to help evaluate the effects of
wind, currents, and tidal fluctuations on the mixing characteristics of the receiving water.
Some of the general observations during the study included:

. "Freshwater" CSO flows on top of saltwater

¢  Wind influenced movement of floatables primarily when currents were slow

(low and high slack tides)
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o Liquid movement was not greatly influenced by wind, even in choppy waters

. Liquid and floatable movement can be significantly delayed in the pipe during
high tide

. Liquid moves quickly to the main channels during outgoing tides

Toxicants

One method of evaluating the impact on aquatic life of the discharge of toxicants into
receiving waters is to compare the EMCs for CSO with acute criteria. EPA and many
states have in some cases conservatively used the Final Acute Values (FAV) for aquatic
life criteria for evaluating acutely toxic releases on an end-of-pipe basis. For freshwater
criteria which vary with hardness, the comparison is most appropriate at the hardness of
the discharge. Table 3-19 lists Portland’s EMCs for several toxicants and the
corresponding FAVs (adjusted for hardness where appropriate).

Table 3-19
Comparison of Portland CSO EMCs and FAVs
FAV* I
/L)
EMC (kg
Parameter (ng/L) Freshwater Marine I
Cadmium 0.6 3.59* 86
Copper 38 18.5° 5.8
Iron 3,500 No Criterion No Criterion
Lead 44 67.6" 280
Zinc 95 130° 190 “
*FAV is an estimate of the concentration of a toxicant corresponding to a cumulative
probability of 0.05 in the acute toxicity values for all genera for which acceptable
acute tests have been conducted.
PEPA criteria adjusted to hardness of 50 mg/L.
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The comparison of EMC values with FAVs does not indicate acutely toxic releases,
although copper exceeds its FAV and lead and zinc are close to their FAVs. The EMCs
represent flow weighted average values. Some instantaneous values in CSO, particularly
in the first flush, may exceed FAV level. However, it is important to note that FAVs are
computed based on a longer time of exposure (typically 96 hours) than would be
encountered in a first flush. In addition, FAVs are typically used for fully-mixed in-
stream comparisons rather than end-of-pipe EMCs for undiluted CSOs.

In addition to metals, ammonia-nitrogen can cause toxicity to aquatic life dependent on
species present, pH, and temperature. As with metals, the levels of ammonia-nitrogen

encountered during a first flush may be significant but will be of short duration.

Bacteriological Indicators

The limited receiving water monitoring results (Section 3.4), in addition to the EMCs
developed for Portland’s CSOs (Section 3.2), indicate that Portland’s CSOs periodically
cause bacteria levels to exceed the Maine E. coli criterion (instantaneous value not to
exceed 949 CFU/100 ml) in the fresh Class C receiving waters. The E. coli EMC of
430,000 CFU/100 ml presented in Section 3.2, indicates that short-term exceedances of
the criterion will depend greatly on the dilution characteristics of the receiving water at
the time of CSO discharge. The marine receiving water monitoring results indicated that
state criteria for Enterococcus bacteria for Class SC waters (instantaneous value not to
exceed 94 CFU/100 ml) are frequently exceeded. Portland’s shellfishing waters are
closed. However, if they were classified as restricted, the state criterion for fecal
coliform for shellfishing waters (top 10 percent of samples collected not to exceed

300 CFU/100 ml) would also be frequently exceeded as indicated by the monitoring

results.

It should be noted that although the receiving water monitoring indicated compliance
during dry weather, wet weather discharges contribute significant amounts of indicator

bacteria of undetermined origin to receiving waters (City of Bangor, ME, CSO Facilities
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Plan, CH2M HILL, 1992; MWRA CSO Facilities Plan, CH2M HILL, 1990).
Therefore, during wet weather events, Portland’s separate stormwater discharges
contribute significantly to the bacterial concentrations in the receiving water. It is highly
possible that elimination of all CSOs in Portland would not avoid exceedance of the

bacterial criteria during some runoff events.

Summary

CSO EMC data indicate little potential for acute toxicity at end-of-pipe, even with little
»

or no dilution in the receiving water. In general, CSO is flushed from the marine

receiving waters by the tidal cycles and currents. The time required for flushing varies

with the time, duration, and volume of overflow.

E. coli data indicates concentrations exceeding the state criteria. Similarly, Enterococcus
data was observed to exceed marine criteria during the monitoring program. Therefore,
pathogens and bacterial indicators should be a primary focus of water quality based

controls.

Aesthetic issues concerning floatable solids, and the corresponding water quality standard,

will also impact the alternative analysis for all receiving waters.
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Section 4

CSO Control Options

Many technologies and approaches are available for controlling CSOs. Each technology
has different performance characteristics, requirements, costs, and benefits. A list of
approximately 40 CSO control technologies was reviewed for applicability to Portland,
Maine. These technologies are described in Section 4.1. Screening of the CSO control

technologies is described in Section 4.2.

The 1972 Clean Water Act (CWA) established the framework for regulating water
pollutant discharges from all sources. The principal goals of the CWA were the
restoration of all water of the nation to fishable/swimmable condition (where attainable)
and the elimination of all pollutant discharges to surface waters. Subsequent
amendments, notably in 1977, 1981, and 1987, extended the time frame for the mandated
nationwide cleanup. However, the basic goal of achieving fishable/swimmable conditions

was not revised.

In 1989, the U.S. Environmental Protection Agency (EPA) issued a National Combined
Sewer Overflow Control Strategy (National Strategy) which established that six minimum
technology-based limitations be included in NPDES permits for CSO systems. These

limitations were to be established based on best professional judgement (BPJ) and are:

. Proper operation and regular maintenance for the sewer system and

overflow points
o Maximum use of the collection system for storage

. Review and modification of the pretreatment program to assure that CSO

impacts from industrial contributors are minimized
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o Maximization of flow to the WWTF for treatment
J Prohibition of dry weather overflows
o Control of solid and floatable materials in CSO discharges

EPA Region 1 has adopted a CSO policy to ensure that the statutory requirements are
met. Thé policy requires that BPJ be used on a case-by-case basis to determine
technology based limitations for CSOs which address both the statutory requirements of
the CWA as well as the State of Maine Water Quality Standards.

All technology-based permit limitations established using BPJ must consider costs in
accordance with EPA regulations. EPA specifically indicated in the National Strategy
that BPJ limitations should include low cost management and operational practices and
that more expensive control measures be included only where necessary to meet water
quality standards. Cost is also a factor in determining whether water quality standards
are attainable through the implementation of CSO controls in accordance with 40 CFR
131.10(g). Therefore, economic optimization, detailed in TM 5, was employed to
determine the most cost-effective level of CSO control. A field reconnaissance was
performed to determine applicability of specific technologies to available sites.
Technologies and combinations of technologies were reviewed with respect to technical,
environmental, and implementation criteria to determine how technologies could be

applied to achieve target levels of CSO control.

Setting target levels of CSO control is discussed in Section 4.3. Three systemwide
alternatives were developed, each reflecting different levels of CSO control. Section 4.3
concludes with a table presenting a preliminary CSO control plan based on preliminary
modeling results. Comments received on the Draft Master Plan to explore additional
alternatives in Back Cove and Portland Harbor are addressed in Section 4.4. The
recommended plan, detailed in Section 3, is based on the estimates of CSO activity

BOSPM6/006.wp5 4-2



presented in Table 3-6 and the site-specific application and analysis of the preliminary
\ plan summarized in Section 4.

It should be noted that EPA solicited input on proposed revisions to the national CSO
strategy from a range of affected parties during 1992. On December 18, 1992, EPA
issued the "Draft Combined Sewer Overflow Policy," intended to expedite compliance
with the CWA and EPA’s National CSO Control Strategy issued on September 8, 1989.
As outlined in the 1992 Draft CSO Policy, immediate requirements for permittees with

CSOs include the following:

o Accurately characterize combined system

o Implement minimum controls

Proper operation and maintenance

Maximum use of collection system

Review and modify pretreatment program
Maximize flow to the WWTF

Eliminate dry weather overflows

Control solids and floatables

Pollution prevention for contaminant reduction

Public notification of occurrences and impacts

A AR R o o

Monitor CSO impacts and efficacy of controls

* Develop a long-term CSO control plan

Minimum elements of the long-term CSO control plan include the following:

. Characterization, monitoring, and mapping of the combined sewer system
o Consideration of sensitive areas

. Evaluation of alternatives

. Cost/performance considerations

o Operational plan
o Maximizing treatment at the WWTF
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o Implementation schedule

L L Post-construction compliance monitoring

e Public participation

The evaluation of alternatives includes a choice of one of the following two approaches:

1. Demonstration approach
1. Controls are adequate to meet WQS, and
ii. Controls provide maximum benefits reasonably attainable, and

iii. Control program allows cost-effective expansion

2. Presumptive approach (will not apply if the permitting authority determines

that the control plan will not result in attainment of CWA requirements)

i No more than four overflows per year (permitting authority may

allow up to two additional), or

ii. Eliminate or capture for treatment 85% or more of combined

sewage collected, or

iii. Eliminate no less than the mass of pollutants necessary to meet

WQS for the volume captured in "ii" above.

The 1992 Draft CSO Policy was issued after submittal of the Draft Master Plan to the
regulatory agencies on December 1, 1992; however, many of the elements outlined in the
Policy overlap with requirements in the Consent Order and comments received on the
Draft Master Plan since December 1992. Therefore, many of the Policy elements are
addressed in this Final Master Plan submitted in December 1993.
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4.1 Description of CSO Control Technologies

CSO control technologies are categorized according to their method of control. The

categories are:

o Sewer system optimization
o Pollutant source control

o Inflow reduction

° Physical/chemical treatment
. Biological treatment

. Storage

Figure 4-1 presents a summary of the various CSO control technologies, listed by method

of control. A description of the various technologies is presented in the following

paragraphs.

Sewer System Optimization

Sewer system optimization refers to controls that operate within the existing combined
sewer system. Sewer system optimization techniques use various levels of in-system flow
control to increase temporary storage and/or transport of wet weather flow directly to the
wastewater treatment facility. The result is that overflow is minimized without major

structural additions or modifications. Sewer system optimization technologies include:

Static Flow Control. Static flow control represents the installation or modification of
static in-line flow control devices used to create in-line storage in the sewer system.

Examples of these devices include fixed weirs, orifice plates,and in-line vortex valves.

Variable Flow Control. Variable flow control represents the installation of in-line flow
control devices that can be adjusted, usually manually, before occurrence of wet weather

in response to hydraulic conditions and used to create in-line storage in the sewer system.
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Real Time Control. Real time control is a network of instrumentation and remote sys-
tem controls that provides for the operation of in-line flow controls and diversion struc-
tures from a central location during a storm event. Hydraulic manipulation of the sewer

system can maximize the system’s response to a storm event and minimize overflows.

Optimize Conveyance. Perform regular sewer system maintenance and maximize flows
through pumping stations that are operating below capacity or can be enlarged to handle
additional flows.

Maximize Flow to WWTF. Flows to the Portland WWTF can be maximized where
feasible. This can be accomplished by storing or delaying wastewater flow until the plant
is able to handle the flow, or with relatively minor modifications to the plant to increase

its wet weather primary treatment capacity.

Pollutant Source Control

Pollutant source controls are techniques, often referred to as BMPs, that reduce pollutant
loading by intercepting or preventing the accumulation of contaminants before they enter
the sewer system or the overflow stream. Because they operate on selected pollutant
sources and not on the overflow stream, source controls do not reduce the frequency,
volume, or duration of CSO; however, the pollutant concentrations associated with the

overflow are reduced. Source control technologies include:

Street Sweeping. Street sweeping removes surface accumulations of litter, debris, dust,

and dirt to reduce the transport of these materials into the sewer system.
Combined Sewer Flushing. Combined sewer flushing is the introduction of a controlled

volume of water into the combined sewer system to resuspend and transport deposited

sediment and solids to a treatment facility during dry weather.
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Catch Basin Cleaning. Catch basin cleaning removes accumulated deposits of litter,
debris, and grit from catch basins to reduce the transport and sediment buildup of these

materials into the sewer system.

Industrial Pretreatment. Industrial pretreatment involves imposing and enforcing
limitations on industrial discharges to the sewer system to reduce industrial pollutant

loads.

Construction Site Erosion Control. Construction site erosion control involves imposing
and enforcing erosion controls at construction sites to reduce the transport of debris, grit,

and dirt into the sewer system.

Pesticide/Fertilizer Use Control. Control of pesticide and fertilizer use involves
imposing and enforcing limitations on pesticide and fertilizer use to reduce the transport

of toxic chemicals into the sewer system, groundwater, or overland into surface waters.

On-Site Domestic Wastewater Storage. On-site storage of domestic wastewater requires
that individual or groups of homes and establishments have local storage tanks to retain

wastewater during storm events.

Litter Control. Litter control is a program to increase public awareness of litter
concerns, to encourage or require pet owners to clean up after their animals, and increase
the use and emptying of available trash cans.

Inflow Reduction

Inflow reduction techniques reduce the amount of surface runoff entering the combined
sewer system. Subsequently, overall hydraulic loading is reduced, diminishing the

frequency, volume, and duration of CSO. Inflow reduction technologies include:
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Stormwater Detention. Storage of stormwater provides detention of stormwater before
it enters the combined sewer system so that it can be released later at a controlled rate.
Stormwater detention in separated areas tributary to a combined sewer can be either on-

line or off-line.

Stormwater Sumps. Sumps are similar to manhole structures, constructed with
perforated walls and backfilled with granular media to enhance subsurface infiltration of

stormwater.

Infiltration/Inflow Reduction. Infiltration into the sewer system can be reduced by
repairing, lining, or replacing problematic portions of the sewer system. Inflow can also

be reduced by disconnecting roof drains and basement sump pumps.

Flow Slipping. Flow slipping involves raising or blocking stormwater inlets to force the
transport of stormwater to an alternate location resulting in surface storage and detention

of stormwater reducing peak sewer flows and thus CSO.
Vortex Valves. Vortex valves, usually used in conjunction with flow slipping, are inlet

control devices that restrict flow into the sewer system and force flow slippage or surface

ponding of stormwater with a gradual release of ponded water into the sewer system.

Swales/Greenways. Creation of swales and greenways provides areas with enhanced

percolation capabilities and slower runoff, as well as aesthetic and recreational values.

Sewer Separation. Sewer separation is the implementation of separate collection systems

for stormwater and wastewater.

Tidewater Intrusion Reduction. Reduction of tidewater intrusion is accomplished by

the placement of tidegates or the correction or replacement of ineffective tide gates.
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Stream Diversion. Stream diversion is the rerouting or removal of direct inflow of
streams, drainage ditches, and surface ponding from the combined sewer system to an

alternate location.

Treatment

Treatment technologies are physical, chemical, or biological controls that provide end-of-
pipe treatment to the CSO before discharge to the receiving water. Physical/chemical

treatment technologies include:

Swirl Concentrator. A swirl concentrator is a device that uses an inertia differential to
separate the combined sewage into a small volume of concentrated waste for transport to

a WWTF and a large volume of clearer overflow for discharge.

Vortex Separator. A vortex separator is similar in theory to a swirl concentrator but

varies in the design of its chamber and alignment of the concentrated waste outlet.

Coarse Screening. Coarse screening provides for the removal of coarse materials to

prevent blockage of the sewer system and damage to equipment located downstream.

Microscreening. Microscreening consists of screens with typical openings of less than
1/250-inch which can remove significant amounts of material such as BOD, suspended

solids, toxic pollutants.

Sedimentation. Sedimentation removes suspended solids by gravitational setting.

Flocculation. Flocculation aggregates colloidal particles to increase solids removal in

downstream treatment facilities.

Dissolved Air Flotation. Dissolved air flotation removes suspended solids by providing

air bubbles which can easily adhere to suspended particles, particularly small particles.
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High-Rate Filtration. High-rate filtration typically refers to a dual-media filter which

removes suspended solids.

Chlorination-Dechlorination. Chlorination of wastewater reduces levels of pathogens
and other microorganisms. Dechlorination reduces the chlorine residual in treated

wastewater which can be toxic to aquatic organisms.

High-Rate Disinfection. High-rate disinfection includes alternatives to chlorine

disinfection such as the use of ozone and ultraviolet light.

Biological treatment technologies include:

Expansion of Portland WWTF. Enlarging the primary treatment facilities at the
existing Portland WWTF or modifying hydraulic structures to utilize existing primary

capacity are CSO control options.

Wetlands Treatment. This alternative involves channeling stormwater or CSOs to

constructed wetlands for treatment.
Storage

_Storage systems are constructed to retain wastewater that would have ordinarily
overflowed and to release the stored wastewater to a pump station or directly to the

downstream WWTF. Storage technologies include:

Earthen Basins. Earthen basins are open, off-line storage basins in the ground, usually

lined to prevent groundwater contamination.

Open Concrete Tanks. Open concrete tanks are off-line storage basins equipped with

aeration and washdown facilities.
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Closed Concrete Tanks. Closed concrete tanks are covered, off-line storage basins
equipped with aeration and washdown facilities. The tanks can be buried with other

facilities, such as playing fields or tennis courts, constructed above them.

Storage Conduits. Storage conduits provide near-surface, off-line storage of flows from
one or more combined sewer outfalls. All conduits conveying or consolidating combined

sewer flow inherently provide storage also.

Storage Tunnels. Storage tunnels provide deep off-line storage of consolidated combined
sewer flows in tunnels excavated in bedrock below the sewer system and other existing
utilities.

Flow Balancing. Flow balancing is a method of retaining combined sewage at a storage
location in the receiving water, typically confining the wastewater in a bermed or lined

area, and pumping it back into the sewer system at a later time.

4.2 Screening of CSO Control Technologies

The first step in evaluating CSO control alternatives is to develop a shortlist of
technologies with the greatest probability of reducing CSOs and being implemented in the
City of Portland and to eliminate those technologies that are technically inappropriate,
provide little or no environmental improvement, and/or are difficult to implement in
Portland.

The initial list of CSO control technologies described in Section 4.1 was presented at a
workshop held on January 17, 1992. Each technology was reviewed for applicability to
Portland. City of Portland, Portland Water District, Friends of Casco Bay, Casco Bay
Estuary Program, and Maine Department of Environmental Protection personnel provided

input to the application and implementation of specific technologies in Portland. Asa
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result of this review, technologies were either eliminated or selected for further

consideration as a CSO control alternative for Portland.

Technologies Eliminated

Several technologies were eliminated from further consideration for the following

reasons:

BOSPMG6/006.wp5

Implementation and operational complexity were not well suited for
regional or site-specific application in Portland (i.e., variable flow and real

time control, on-site domestic wastewater storage, stormwater sumps).

Best management practices such as street sweeping and catch basin
cleaning do not greatly reduce CSO volume, frequency, or duration.

BMPs are most useful in reducing pollutant loads in stormwater that would
normally enter the sewer system and decrease the sewer’s capacity. BMPs
are in use and being considered for expansion programs in several areas
throughout the City. Although BMPs are being considered in CSO quality
reduction programs, they have been eliminated as CSO quantity reduction

techniques.

Some treatment technologies are either complex, have difficult land and
siting requirements, limited application, or do not provide sufficient
advantages in comparison with other CSO treatment alternatives (i.e.,

microscreening, sedimentation, flocculation).
Some storage technologies have land, siting, environmental, and safety

concerns, such as open concrete tanks, or are very complex and expensive

to implement in Portland, such as storage tunnels.
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Technologies Considered

Critical factors considered in screening of alternatives for Portland include:

o Ease of implementation

. Land requirements

. Maximum use of the existing system

o Low operation and maintenance requirements

. Low nuisance characteristics (i.e., odor, visual aesthetics, etc.)

In a series of workshops with the City, PWD, DEP, and other interested groups, possible
alternatives were reviewed and screened. Through these workshops, a shortlist of

alternatives to be further evaluated was developed. This shortlist included the following:

o Sewer system optimization
- Static flow control
- Optimize conveyance
- Maximize flows to the WWTF

o Inflow reduction technologies
- Stormwater detention
- Infiltration/inflow reduction
- Flow slipping
- Vortex valves
- Swales/greenways
- Sewer separation

- Stream diversion

° Treatment

- Vortex separators
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- Chlorination-dechlorination

. - Expand WWTF capacity
. Storage
- Closed concrete tanks

- Storage conduits

o Sewer separation

o BMPs for both separated and combined areas

Some of these technologies have limited regional application because their effectiveness
depends on site-specific sewer design, land use, and drainage characteristics. Sewer
system optimization is such a technology. Some inflow reduction techniques are also
site-specific; however, some inflow reduction methods, such as stormwater detention and
flow slipping, may be applied regionally in the more undeveloped areas where space is
available. This regional application is referred to as stormwater management. Treatment
and storage systems can also be evaluated at a regional level because their design is
flexible enough to accommodate site and load requirements. Maximizing flows through

the existing WWTF and WWTF expansion will be considered as separate alternatives.

4.3 Setting Target Levels of CSO Control

CH2M HILL developed a regional optimization process to identify and cost-effectively
scale appiicable CSO control alternatives. The regional analysis, described in detail in
TM 5, provided direction for the size or scale of facilities necessary to achieve a target
level of control. Preliminary optimization model results indicated that the total annual
CSO volume and number of events could be cost-effectively reduced by 90 percent with
the implementation of inflow reduction techniques and the addition of storage and

treatment capacity to the existing combined sewer system.
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The optimization results also indicated that 90 percent event control is easier to achieve
than 90 percent volume control. For example, a facility achieving 90 percent event
control may only achieve 60-70 percent volume control. This is because most storms are
small and relatively easy to control. High volumes from larger storms are harder to
control. To achieve 90 percent volume control, expansion of the facility would be
required. Ninety percent volume control is a higher target level of control than 90

percent event control.

A field reconnaissance was performed to determine how the technologies could be applied
to specific sites and how they can be combined to achieve the specified levels of control.
Application of specific controls depends on a variety of evaluation criteria including site-
specific characteristics, costs, level of improvement in receiving water quality, and City
preference. DEP and the City have both commented that stormwater separation in
developed areas is expensive and has potentially adverse water quality impacts; therefore,
sewer separation should only be considered for residential or undeveloped areas or for
small drainage areas where other alternatives would not be cost-effective. However,
sewer separation may also be cost-effective in moderately developed areas where quality
control can be achieved through BMPs. The adverse impacts and high costs of separation
may be mitigated by application of source controls and alternate means of stormwater
management. The City and the PWD provided the following additional guidelines for

final screening:

1. Consider greenways and other inflow reduction or stormwater inlet control

methods wherever possible.

2. Avoid remote (i.e., satellite) treatment facilities, especially those facilities

which include chlorination or other disinfection methods.

3. Minimize the construction of new pumping facilities.
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4, Coordinate CSO control with flood control projects and urban park

projects.

5. Maximize the use of the existing WWTF capacity.

As a result of comments collected during this study, greater emphasis was placed on
stormwater management in low density residential or undeveloped areas and storage
facilities that could discharge accumulated flows back into the sewer system via gravity in
high density residential, commercial, or industrial areas. Discharging stored wastewater
back into the combined sewer system maximizes the use of the sewer system, pump
stations, and the significant treatment capacity at the Portland WWTF; that is, existing

facilities would operate at maximum capacity for longer durations.

Alternative Development

TM 6 described a variety of CSO control technology combinations. Order-of-magnitude
costs were used in the evaluation. Since economic optimization model results indicated
that 90% CSO reduction would be a cost-effective goal, these technologies were arranged

into three systemwide alternatives with the following target levels of CSO control:

. Limited Action Alternative. This alternative includes those CSO control
actions which are relatively easy and inexpensive to implement. There is
no specific CSO reduction goal associated with the limited action

alternative.

. Intermediate Level CSO Control Alternative. This alternative is based on
reducing the average annual frequency of overflow to a receiving water by

at least 90 percent.

. High Level CSO Control Alternative. This alternative is based on reducing
the average annual volume of CSO by at least 90 percent at each outfall.
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For additional comparison, the capital cost of 100% areawide CSO elimination through
sewer separation was calculated as $105 million; however, separation alone does not
assure significant improvement in water quality. Because of specific system hydraulics,
separation may be cost-effective but may not guarantee deactivation of a CSO, such as in

the hydraulics associated with CSO 20 and described in Section 5.

The receiving waters have different uses, tributary areas, and sources of pollution;
therefore, the alternatives were reviewed by receiving water. Each of these systemwide
alternatives was compared on the basis of CSO impacts on use, CSO benefits, costs, and
implementation. Table 4-1 describes the components of the systemwide alternatives and
their capital costs. The cost-benefit evaluation is presented in Table 4-2. The
incremental costs indicate a significant increase from the intermediate action level to the
high level. Figures 4-2 through 4-7 present curves of capital cost versus CSO reduction
per receiving water. Figure 4-8 combines the information presented on Figures 4-2
through 4-7 to provide a comparison of costs and CSO reduction among the six receiving

waters.

A preliminary CSO control plan was developed based on the results of the screening,
economic optimization, and the evaluation of systemwide alternatives. Costs were
reevaluated and adjusted, where necessary, to account for site-specific conditions. The
least-cost combination of technologies that achieved the indicated level of control and was
easiest to implement was selected for each receiving water. The preliminary CSO control

plan is presented in Table 4-3.

The recofnmended plan detailed in Section 5 is based on the evaluation presented in
Section 4. Although the recommended plan incorporates revised estimates of CSO
activity based on the recalibrated sewer system model, the adjustments to CSO activity
estimates do not substantially alter the analysis presented in Section 4.

The evaluation and the preliminary CSO control plan presented in Tables 4-2 and 4-3,

respectively, served as the basis for the recommended plan presented in the Draft Master

BOSPM6/006.wpS5 4-18



Table 4-1

Definition of Action for CSO Control

Page 1 of 3
Action
Intermediate High
(= 90% CSO event (= 90% CSO volume
CSO Limited control) control)
Casco Bay
1 Disconnect 4 remaining Limited action eliminates CSO
catch basins from combined
: system
“ 3 Block outfall Limited action eliminates CSO
4 None Control provided by Back | Intermediate action
Cove facilities eliminates CSO
20 Investigate vortex valve Storage tank (1 MG) Storage tank (3.9 MG)
installation
21 Flow slippage Limited action eliminates CSO
Capital Cost $370,000 $2,007,000 $5,055,000
Presumpscot Estuary
2 Review raising weir and Storage tank (0.07 MG) Storage tank (0.25 MG)
installing tide gate; reroute
separate stormflow if
possible; review ASPS
operations
Capital Cost $0 $187,000 $536,000
Back Cove
5 Adjust tipping gate for Storage tank (0.74 MG) Storage tank for control of
optimum performance CSOs 5-7 (24.5 MG)
6 None Storage tank (0.37 MG) See above
7 Maximize storage in outfall | Storage tank (5.4 MG) See above
conduit (0.12 MG);
investigate flow slippage
8 through 16 | None Storage conduit (3.1 MG) | Storage conduit (11.6 MG)
17 through 19 | None Implement Libbytown Implement Libbytown
project (flow slippage, project plus storage tank
sewer separation, and (2.6 MG)
storage conduit) plus
storage tank (0.59 MG)
Capital Cost $17,000 $35,087,000 $63,531,000
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Table 4-1
Definition of Action for CSO Control

Page 2 of 3
Action
Intermediate High
(= 90% CSO event (= 9% CSO volume
CSO Limited control) control)
Portland Harbor
23 Investigate raising ISPS weir | Storage conduit for Storage conduit for
and enlarging influent pipe control of CSOs 23-25 control of CSOs 23-25
(2.5 MG) (6.2 MG)
24 None See above See above
25 Adjust tipping gate for See above See above
optimum performance; imple-
ment static flow controls to
move overflow volume to
upstream/downstream CSO(s)
26 Flow slippage Storage tank (0.09 MG) | Storage tank (0.23 MG)
27 Flow slippage Storage tank (0.23 MG) | Storage tank (0.59 MG)
28 Flow slippage Storage tank (0.64 MG) | Storage tank (1.6 MG)
29 Flow slippage Storage tank (0.10 MG) Storage tank (0.25 MG)
Capital Cost $475,000 $9,602,000 $15,463,000
Fore River
30 None Separation (part of Intermediate action
Libbytown project)
32 Investigate potential in-line Storage tank (0.02 MG) | Storage tank (0.06 MG)
storage in 30-inch sewer on
Sewall Street; investigate
increasing flow through TPPS;
review weir configuration
33 Maximize flow to FRPS Storage tank (0.08 MG) | Storage tank (0.21 MG)
34 Separate Limited action eliminates CSO
35 Separate Limited action eliminates CSO
36 Modify control structure to Storage tank (1.0 MG) Storage tank (3.9 MG)
maximize in-system storage
(0.87 MG)
39 Block Limited action eliminates CSO
Capital Cost $406,000 $2,321,000 $5,655,000
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Cso

Table 4-1

Definition of Action for CSO Control

Page 3 of 3
Action
Intermediate High
(= 90% CSO event (= 99% CSO volume
Limited control) control)

" Capisic Brook

|| 38 Remove brook flow under Sewer separation Intermediate action
Brighton Avenue bridge eliminates CSO
“ 40 Separate (scheduled) Limited action eliminates CSOs
41 Separate (scheduled) Limited action eliminates CSOs
42 through 43 | Remove brook flows; Storage tank (1.1 MG) Storage tank (2.7 MG)
investigate flow slippage

ll Capital Cost $858,000 $3,040,000 $4,858,000
Areawide

Capital Cost $2,126,000 $52,244,000 $95,098,000

BOSPM6/007.wp5

4-21




sdm-800/9NdSOF

*POPUSWILIOS S [0JIU0D OSD) JO [PAS] poNmm v “s[on
oy 1323 %66 €0 00S‘v¥$ %66 I yS1H -uos 0§D Jo uoneuswapdun 10J J[qejieArs pue] paywI|
£19A yum pa1saSuos pue padopaasp A[ydiy st e L1v
Anoq £I$ %EL apeIpsuLIsiu] -nquy oy -wejd uounwon s8emss pue sQSD S, puC[Hod
— — e - - yinog woaj sa281eyosip $9A19531 Os[e J0qIBH pus[Hod
_ : £ : T *sad1eyosip OSO s, puepiod £q pooedunt K[210Ads
o 2o P you 51 pod u se osn ] “opeuswold waseg o o1 28pug
JELICWARY SURIANDA Y woly sdruadoad jeuisnpul/jerd
0s$ %0 001 0$ %0 967 suompuo) Bunsixg | -rewnwoo sapnjout vase K1vingus Y] —JOQIEY PUBRIO]
*PSPUSWIOSA §1 [03IU0d OSD
NP 68 %06 33 %66 ySig | jo oae| jepanINm uy  ~5pi mof SutoZino ue uo 240D
N g R e o o B T yoeg jo [|# suleIp A[IEaU YoIym UOKIR [eph 01 153{qns
Sﬂuv@_z S u; R N Bes i CPEl e wa - spatwsu] I 9A0D) Yoeg ‘sJ318M oY) Juonbay) SIAINSPUIM PUR ‘B8
: - . i — uonea109s asn Y31y e sopnjoui 9A0D Youg Jo Jopwuad
YL 240D yorg 01 padeyosip si AWNJOA OSD S, puE|LIOg
Aseq 18 »T e oovs % $8¢ pawry Jowanad gg wowpy “Kep [eumSiviy pue ‘Umoikqqr]
‘paBAd[NOg JoIXeg JO ISIM BalR UB ‘vase JFeUlRIp
- 68 suolpuo) Sunsixg Yooug [[u oY sepnoul ease K1gingu) SYL —340)) Yoeg
e ] -popusunuosau s1 jonwos 0§D Jo [9a9] Y8y v “uonnjjod
B 88&082 -
gttt A Jo sainos uiod Lrewud oy st 0§D “Suiysny pajwy]
sywIopol 128 %9 90 008°1$ %76 I sywipauow] sey poguoiem [jows oy, Kremey oosduinsald o
JO Apoq ulew 31 woJj aem Jo £poq [jews € sajeiedes
Aseg 0$ %0 g1 0% %0 €1 panwy wa2e 1 Jo 1889 [[J §67- SYL uonms Surdwing 1eng
BIPEAIY 9Y) JBSU PIIEO0] BB [BIMISUILIOD/[BHUSPISal
- 0$ %0 81 o %0 £l suonipuo) Sunsixg © 51 gase Auminqu) oy ] — Arengsy joasdumsasyg
LUk el LES %76 87 000'FLIS %66 ! Y31H "PIpUBLILIOD3! 5 [01I00 OSD
T e - T T ] JO [3AS] AJRIPIULISIM UY Yyovog pug I1svF Put ‘ILMM
_T SOOIOPON e 68 0T %9 i anug. puepoq oy ‘sonipion} feuisnpul ‘o3pug s Ayl jo
Aseg 21s %8 Ve %S T P— YuIou SI3NQE [ENUIPISA SIPNJOUT I OpRUSWCI] uINseq
oY) JO PUS WIAINOS 3} 0} IO S UIME]N JO ul[aloys
- 0s %0 LE 0s %0 9 suoppuo) Sunsixg oY woJ) spusixs vale Kimngu) syL— Aeg 0358
wonememRdm] (p3dnpas suonipuoy) 1L/(OW) (pacapax suonpuo) 1£/syuag 101100 Jo PAY] Jepm Smapey
1e3 0001/$) Bomsncy aumop uaaasg) Bunsixy Sumremay
mouy Surorewsy moJy
uononpYy uogonpay
JWNJOA Ay
¥50)) [enuuy yauey 150) enmy yowoyg
IR} FeRwIN]
_ +SO)BWNS JYIUIY PuUB 1S0)) [ENIY [EIWWMI] _
7)o 19384

3pEp Suupcay Aq jonEo) (S JO SPAYT POPRIBY, Jo nopenEsy

TP 3qel

5




sdm-800/9INdSOE

-uomsinbow pue] apn{duL 10U Op 51507 *ANANSE 0§D JO SBWINSD [opowr Kigunuijaad UO paseq SUCHEINOIED JJIUDQ PUB 150D,

oy 1€$ %06 vs 009°€11$ %66 4! yStH
“oneopoy s b wse | oouer | oortest | %ve ol g | cewipaunawmy.
Aseg 14) (453 00g°1$ %91 96L paumry
- 0s LSS 0s %0 £b6 suonipuo) unsecg Ppmeary
o fE B e s ol e s H *POPUSWIIONaT §1 [OIU0D S JO [2A3] Yang
o PPN W %16 v -sofaeyosip OSD £q parsedun £jesioape aae JOpLLIOD
IoPOI s %9L %96 b oyepousoyu j001q 9Y) JO 95N [EHUSI0J YOOI Y} INGE §10] ISNOY
. snosowny “we( diside) a3y jo yuou isnf vase a8eurvip
Lseg 0zs$ %71 67 001°7$ %6€ S panuryy oY) JO S9YOR J9MO[ Y} UI SBAIE [ENUIPISII ISUIP
0} 5}RISPOW PUB JOPIO] PUBTUIOG/JOOIqISIM ) JuU PUB|
- o$ %0 12 0s %0 06 suonipuo) Sunsixg |  padojoaspun sapnjout veue Kwing sy —yooag xsule))

* POPUSWOIA §I JONUOO OSD

JO [oA%] MjBIpIWLIRM UY  -3pll mof SutoSino ue Suunp
J2AU 211 suleIp KJIesU jey) Uonow [epn 0} 19afqns st JoAl
syl -aSpug [eUOWSN SURINRA S 01 soYyoel Joddn s)i

HnoWIa

18 wep diside) pue JOARY JIANVMPNOIIS d1I UIOI] BB UL
sueds JoAry 204 2y "Yooag siside] pue ‘jooig uoseN
‘J9ALY JAEMPRONS oY) IFATY 104 3y oy sF1eyosip
fevd 1 odid o¢ 006§ Liddd 4l pona SWieasis Jofews 921y} -juiod s,uosduioy], Jesu saU0Z
[euIsnpul/[eIoIsWIWOD pue ‘Hodiof a ‘spoooqydiou
- 0s %0 8¢ 0s %0 96 suoppuo) Sunsixg [eRuUSpIsal SIPNfoUI $ase KIVINQUI YL — ARy 3104
uonejuawdur] (paonpas suonIpuoy) 1£1(OW) (paonpas suonpuo) | 1L/SpLag [onuo)) jo pAd] Jajep| SRy
%3 0001/$) Sumspey Jmnjop J3a3/8) Supgsixg | Sumremay
moxj Sumewd moxy
uonMpRY uonnpRy
IWMOA juwaay
150 enuuy yIwyg 150) enuwy | yamRg
[BITWIII] TEIURURRIDT]
+SNBUNST PTG PUE JS0)) [ENTUY [BIEIWIIN]
T30 793wy
13BA BuuRRY Aq [oNE0) OSD JO SPAYT PIRIeL jo uonEnEAy
(A AL

J J J




~

1506F4-2 14 Dec. 1993

$ 6,000,000

$ 5,000,000 -

High Ac

Hion <

$ 4,000,000

o)

@

S

L]

Q ]
O 3,000,000
= .
=

Q.

©

O

Intermediate Action
$ 2,000,000
: Limited Action,
$ 1,000,000
: ; A
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% CSO Events Reduced
$ 6,000,000 Sioh Aot
] g on \
$ 5,000,000 il
& $ 4,000,000 /
% ] /
o ; /
O $3,000,000 :
3 ] Intermediate Action ~__ /
S $ 2,000,00 i \;‘ A
(&] ' g i
] . Limited Action _— —
$ 1,000,000 / : O
0% 10% 20% 30% 40% -50% 60% 70% 80% 90% 100%
% CSO Volume Reduced
Legend
[ | Corresponds to CSO controls
identified in Table 4-1
A Sewer Separation
Note: Figure 4-2
CSO controls identified in Table 4-1 and sewer separation Capital Cost vs.

do not have equivalent poliutant load reductions.

CSO Reduction for Casco Bay

CKEMHILL



$ 700,000

; | High Action \ L

$ 600,000

. $ 500,000
£ ] . | :
g $4oo'°°°: .............................
= : . Intetmediate Action |
= $30°'°°°_ ....................................... ISR TURt [OOSR, . cerdeenens
Q. ] : H
3 ] \
O 200,000 J
$ 100,000-] ‘ e '
(1 B i TERSE S S S IS I S —
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% CSO Events Reduced
$ 700,000
] High Action L
$ 600,000 y
. $500,000-
e :
§ $4°0'°°0_: ................... . PO ST
o ] Intermediate Action N
g saoo'ooo; ........
5 ] N\
« ]
© $ 200,000 >./
$ 1oo.ooo_§ .................... / SO NSO NI SO SO
0- i B o o L L o B
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% CSO Volume Reduced
Legend
B Corresponds to CSO controls
identified in Table 4-1
A Sewer Separation
Note:

Figure 4-3 N
CSO controls identified in Table 4-1 and sewer separation  Capital Cost vs.CSO Reduction HIINE
[

1508F4-3 14 Dec. 1993

do not have equivalent pollutant load reductions. for Presumpscot Estuary




o

1506F4-4 14 Dec. 1983

$ 70,000,000 -
] High Action —
$ 60,000,000
—~ $50,000,000] :
e : Infermediate Action _
' ]
g $ 40,000,000 v bt ;
O ]
% s 30.000'000_: ; ................. /
@ ] Limited Action
O / /

e

$ 20,000,000

/

.

$ 10,000,000

0

% CSO Events Reduced

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

$ 70,000,000 -

§ngh Agctlon — /- A

$ 60,000,000 —

e

$ 50,000,000

$ 4o.ooo,ooo—:

p
o4

Infermedipte Act

/

£ $30,000,000]

Capital Cost ($)

Limited

] Action

$ 20,000,000

$ 10,000,000

CSO controls identified in Table 4-1 and sewer separation
do not have equivalent pollutant load reductions.

0% 10l% 20% 30% 40% 50'% 60% 70% 80% 90% 100%
% CSO Volume Reduced
Legend
B Corresponds to CSO controls
identified in Table 4-1
A Sewer Separation
Note:

Figure 4-4
Capital Cost vs.
CSO Reduction for Back Cove

.

]
]
CHMHIL




1506F4-5 14 Dec. 1993

$ 16,000,000~
$ 14,000,000

$ 12,000,000

$ 4,000,000

% CSO Events Reduced
$ 16,000,000 5
] High Action —/7'

$ 14,000,000 Py

$ 12,000,000 //
P ] Intermediate  Action: N
RN . - :./ ..................
8 ]

$ 8,000,000 ;
:.: ] : /
B 6,000,000 s
@ %9990, ] : : ~
(3] ] Limited Actian/

$ 4,000,000 .

s 2’000'000 .; ...........................

$ 2,000,000 o
0—'4# ppper

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

High Afction —/Vr

Intermediate Action —_ J A

@ )

+ §10,000,000 =

8 ]

- $ g'ooo’ooo e B e e RSSO FN SN iU Os. SR
£ : / /

% $ 6'000.000 _-. ............................... oo / g PO S SO
o ] 'Limited Action

-

P

/

~

0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% CSO Volume Reduced
Legend
[ ] Corresponds to CSO controls
identified in Table 4-1

A Sewer Separation
Note: Figure 4-5 N
CSO controls identified in Table 4-1 and sewer separation Capital Cost vs. N
do not have equivalent poliutant load reductions. CSO Reduction for Portland Harbor Asculallls




$ 6,000,000

] | High|Action —
$ 5,000,000 ] ; 15
€ $ 4,000,000
2 ] Intermediate Action
O $ 3,000,000 ; \
S ]
- SN N
S 2,000,000 -

-
] Limited Actlc»n\ : //
$1.000.uuu: \\ /

1 T e
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% CSO Events Reduced
$ 6,000,000 5
; High Actloné——*’f
$ 5,000,000 - /
& $ 4,000,000 .
% ] | /
3 - /
O $3,000,000 :
.*g_ ] Intermediate Actipn —
8 $ 2,000,000 5
1 Limited: Action
$ 1,000,000-] \ //
B e o IR SNBSS SU.
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% CSO Volume Reduced
Legend
[ | Corresponds to CSO controls
identified in Table 4-1
8 A Sewer Separation
£ B Figure 4-6 NN
g CSO controls identified in Table 4-1 and sewer separation Capital Cost vs. ]
AHILL

do not have equivalent pollutant load reductions. CSO Reduction for Fore River




\—, $ 25,000,000 ]

| $ 20,000,000 T\
§ $ 15,000,000
-t . High Action
s ] 9 N\
‘Q. $ 10,000,000
8 : A
Intermediate Action \
] Limited Action
$5,000,000 - ’ \ _ \‘E-’
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% CSO Events Reduced
$ 25,000,000
$ 20,000,000 - A
]
e ]
§ $ 15,000,000
% High Action
% $10,000,000
Q ]
o _ Intermediate Action
$5,000,000 b . ' : _
] Limited: Action
Oir-('p,'f,/ —

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% CSO Volume Reduced
Legend
B Corresponds to CSO controls
identified in Table 4-1
A Sewer Separation
Note:

Figure 4-7 HINEGEGN
Capital Cost vs. N
P

CSO Reduction for Capisic Brook

CSO controls identified in Table 4-1 and sewer separation
do not have equivalent pollutant load reductions.

g
:
:




1506F4-8 14 Dec. 1993

$ 70,000,000 ; ; _ ;
$ 60,000,000 ] = rl
T 1 | —@— Presumpscot Estuary /
1 | —&— Back Cove
§ $ 50,000,000 1 | —@— Portland Harbor : : /
- ] —{J— Fore River : E
@ $ 40,000,000 :
3 1 | —0— capisic Brook [
g $ 30,000,000 5 -
« i /
© 20,000,000 //
$ 10,000,000 - / b sl
! " i 5 ;
o M
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% CSO Events Reduced
$ 70,000,000 - . .
$ 60,000,000 -] W Casco Bay A
1 —@— Presumpscot Estuary /
] —— Back Cove /
$ 50,000,000
P {1 | —@— Portiand Harbor yd
§ $ 40,000,000 ~—{J}— Fore River /
S 1 | —O— Capisic Brook yd
S $30,000,000 ] /
B _
$ 20,000,000 - -
$ 10,000,000
04 : '
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Note:

Specific CSO controls are identified

in Table 4-1.

% CSO Volume Reduced

Figure 4-8 N
Comparison of Capital Costs vs. il
CSO Reduction for the Six Recelving Waters ChM
g ]



sdm’ 600/9INdSOH

£ 3q8lL

Tompounomi @ | 95 @ o6 | T ra 05’9 (4 | nmounq-aresspomy (9 o wowsfeuvm Jsiemunols (4
SwpouLIwy (v 95 (¢ 06 (¢ we | ve €009 (¢ Anomq A19A (@  (OW 'S Yum sTw0is 8
pue (O 71°0) °Fe101s worsLs-uj L
T YBH Q.
seipsund] (e 9
L | ma |
swpauLia] st oy @
0 (OIN $L°0) YuBs o3wicns (8
pue ssusunioysed wawndo 1o0f 188 Swiddn snfpy 9
340D kg
“UBHQ
Y3 unounq (¢ 10 (O §7°0) e sSes0ns (&
pue a1ed spn
MoU [[esul “Jlom asied ‘suonerado S4SV Ma1ady 4
33any j00sdumsasg
- owpauLs] 89 T 19po | | moqeg
Y3y 001 0 aIRISpO o8eddigs mol3 1z
SieipauLIa] LS 06 (4 4 aRI2po (O 1) yue 28ei0lg 0T
ystH 001 001 0 0 9 S 0 0 Aseg leyno yoolg 14 |__
YSiH 001 001 0 0 100> 1 0 0 Aseq I1eyino Yooig £ ;_
wAsLs pauIquIod
ySiyg 001 001 0 0 £0 s 0 (174 Lseg woJj suiseq Yoies SUIIRWAI p 109UUOSICT I
Aeg 03580
[onuo) Jo PAdY SwWnjoA Simay OW sy | (OW) | sweag | W® O | mEnde) woyemwapdury wonIY/ANpoe 08D
JumoA aumjoA
voRINPY WY 08D 38eaaay 08D 3v1aay (000°19)
[enuuy Sumewoy | [ERUUY JUPSEY s1s0)
£ 3o 1 33eg
wel [onue) OS) Areurunpig




sdm: 600/9NdSOd

owpeanany (¢ 1se | 1ge | e | wyrE qnomi K1op & | (O 0+ 1) Yun sBwiors snd sSesows wowksup o | 9g
ys3iH 001 001 0 0 €0 8 ] 897 Aseg auedog 113
y3ig 001 001 0 0 (A} 8 0 £L Asvg stesedasg e
Spe1psuLIa] £L 06 90 I Tt 1 4 612 a1IpOy (O 80°0) Yue) sFesoig €€
(O 70°0) Juw 93ei0s ® oplacad
pue ‘uoneIndyuod J1om SddL MOIA “Pang
J1B1pauIU] L9 06 (A} I 90 8 (4 6L oRISPON |  [[BMdS UO Jamas ,0¢ Ul 9Feiors Sull-ul AeSnsaau] €
(aa0qe papnijoul
Y3y 001 001 0 0 §T 8¢ 0 0 Aseg £1509 - 199{0sd umo1kqqry jo ued) sjeredeg o€
JaARY 3104
oy - 8 I 26| st 001 | 96T Sp | oo feem Jmogng
pomuty S1 114 67 LTl ve 651 ] Sty Aseg odeddys mold | 67-9¢
ssupunopred wnwndo 10§
67 0SD 1 a1ed Suiddn Sunsafpe pue ‘odid panjur
pomwi] S 6 £9 14 99 173 0 0 Aseg sdsi Suidzepuo ‘nom S4S] Suistes aednsoau | S7T-€7
Jogqieyj puepiog
owpouaiy (@ | g9 | 96 | rZi(e. T6E (9 .
syeipouwiany (3 s | 6@ | verce | z6c e L80°SE @ unoNQ (@ [woigng
43y 001 001 0 0 (4] 1 0 0 Aseg feyino yoolg 61
1T@ | 960's @ (DI 65°0) unpuod
SieIpauLIAu] (4 06 ¢4 £ SL LT s(1) | ooss (D ynoyyiq-stesspoly | 98wios () pue s100f03d umorkqqry (1) wowaidwy | g1-L1
setpaunou] 9 06 9¢ L £8 957 o1 £17°¢l YNSJIT-21830PON (O 1°¢) unpuod ofeiols | 91-8
jonuo) jo pad | dumjop | sueag OW awag | OW | 9ag | WP O | mde) vonEjowdNdmy noROY/AMe 082
MO ammnjop
ORINPAY I 08 381y 08) 3wty (000°19)
Erry 3muwemoy | [euuwy Juppsey 550D
€Jo 7 a8eg
ey [0uo) OS) Aremrmmpag
£ AqeL

)




sdm° 600/9NdsOd

*popeys aae suondo pajoejeg “suondo juesardal uonoy/Kipios Jopun (q pue (e :JON
*s)[nsaa fepowr Kreununjaid uo poseq SIIBWINSD SWINJOA PUB JUIAT,,

s8I0,
LS 961 182 123444 AuISPOW apmeary
P (9 001 @ 0@ @ | veQ | sivzla | umoug-emepo @ |
Y8 (2 16 (¢ RIC BE | oy  umowna @ Iwo1qns
43H (9 001 (4 001 (4 0@ | 0@ | 6z@ |'ev@ | 804 | 121 | anonpig-srmispopy (q| S D uawaBegeur Jieauios (Q
Y8y (e 06 (¢ 86 | 6z | 16 |6t | ev@ | oo | sscc ~ wnompq (OW L'7) Yo s8wi0is (2
puR 5MO[J YOOIq FA0WIDY h-Tv
Surueo|o uiseq yses pue Juidsoms
ysiH 001 001 0 0 £0 S £ 897 Aseg 19018 95810UL (P3[NpaYyos) toneivdas Jomog 187
Suyueayo uiseq yoes pue Surdooms
Y31y 001 001 0 0 e o€ L 06§ seIopoN-Aseq 199118 9583I0UI (pajojdwos uoneiedos Jomag oy
wsodeuews Ja18muLIols spiaoad pue
ySiH 001 001 0 0 90 9 9 oo a1eIopojy | 98pliq onusay uolySug Jopun Moy J00Iq SAoWISY 8¢
noouq nsude)
ampounom (q
 oppounowy (¢ 56 (¢ 96 (@ 12eT @ unounq (¢ jwoiqns
ysig 001 001 0 0 6’0 [4 0 0 Aseg WERISUMOP JIM3S , G] VB[O ‘[[gjino Yooig 6€
[0980)) JO PAY] | JUM[OA | SjURAY oW s | (OW) | sweag | WR O | rende) voneRwRM ] uondy/ANpdey 08)
smmjop aumjop
uopINPIY WRNAJ 08D a3esasy 08D 33vsaay (000°1$)
| prony 3oy | [enoay supseq 51s0)
€ Jo gased
uEY] [01U0) OSD AreurmIpg
£ QL




Plan submitted on December 1, 1992. The evaluation summarized in Tables 4-2 and 4-3
was prepared using the 3-year precipitation record for 1966, 1967, and 1968, and the
preliminary model estimates of average annual CSO volume and number of events.
Comments received on the Draft Master Plan requested additional cost/benefit analysis
for the Back Cove and Portland Harbor receiving waters. This analysis is presented in
Section 4.4.

4.4 Additional Analysis for Back Cove and Portland Harbor

Comments received on the Draft Master Plan requested that additional alternatives be
investigated and documented in the Final Master Plan for the Back Cove and Portland
Harbor areas. The options examined to reduce CSO activity further in these two areas
are presented in the following subsections. CSO control alternatives were developed and
evaluated by comparison of order-of-magnitude costs, benefits of CSO reduction, and
implementation issues. Benefits of CSO reduction were determined 'by utilizing SWMM
for the 2-year storm identified in the 1966 annual precipitation record that occurred on
November 2nd. For each receiving water, at least one alternative was selected to model
using the 1966 annual precipitation record to analyze the alternative’s impact on annual

event reduction.

Back Cove

CSO controls identified in the Draft Master Plan provided 100 percent CSO reduction on
the northern and western banks of Bank Cove, but CSO activity still remained along the
southern bank of Back Cove involving primarily the drainage areas tributary to

CSOs 16-19. The Draft Master Plan identified a 10-foot-diameter storage conduit linking
CSOs 10-18 which would channel stored flows to the FSPS and on to the WWTF with
overflow from the conduit channeled in to Back Cove. CSO 19 showed minimal activity,
and was therefore recommended for deactivation. As a result of the comments received,

two CSO control alternatives were evaluated, and a revised Recommended Plan was

BOSPM6/006.wpS 4-34
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developed to reflect the changes during 1993 to the Libbytown Projects affecting the
drainage area tributary to CSO 17.

Revised 1992 Recommended Plan: Modification of the Libbytown Projects to include the
stormwater pumping station at Hood and to eliminate the 9-foot by 7-foot storage conduit
under Fitzpatrick Stadium and Deering Oaks Park.

Alternative 1: Extension of the 10-foot-diameter storage conduit to CSO 20 and the
NEPS and increase of the storage tank at CSO 20 from 1 MG to 2 MG.

Alternative 2: Increase of the 10-foot-diameter storage conduit to 20 feet between CSOs
16-20 with the 2-MG storage tank at CSO 20.

The results of the cost-benefit analysis impacting CSOs 10-20 are presented in Table 4-4
and Figure 4-9.

Table 4-4
SWMM Results of Additional Back Cove Alternatives
— N—
Percent CSO
SWMM Results Reduction
Capital 2-Year | Annual | Annual
Costs! Volume | No. of | Volume | Annual | Annual
CSO Control ($ million)| (MG) Events MG) Events | Volume
Existing Conditions - 81 44 416 -- --
1992 Recommended Plan 27 22 12 90 73 78
Revised 1992
Recommended Plan 24 21 12 70 73 83
Alternative 1 33 16 8 27 82 93
Alternative 2 45 11 - - - -
Sewer Separation 34 0 0 0 100 100

I 'Costs represent facilities for CSOs 10-20 only.
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A meeting was held with City and PWD staff to discuss the options. There was concern
over construction of the storage conduit beneath numerous highway lanes passing between
Back Cove and the WWTF; the highway construction in the early 1980°s had uncovered
difficult soil conditions for construction in the vicinity. In addition, the benefit increase
for the cost increase was not as great as hoped. Since Back Cove is a highly visible
receiving water with critical uses, sensitive areas, and a high use park surrounding it, the
greatest water quality concerns include bacteria and floatables; therefore, a modification
of the Revised Recommended Plan was developed which recommends disinfecting
overflows from the 10-foot-diameter storage conduit. Volume and event reduction would
remain the same as for the Revised Recommended Plan; however, this modification
would result in a significant reduction to pollutant loads at a relatively small increase in

cost. This alternative is further described in Section 5.

Portland Harbor

CSO controls identified in the Draft Master Plan provided limited CSO reduction for
CSOs discharging to Portland Harbor. Comments received since publication of the Draft
Master Plan indicated that flow slippage could feasibly be extended to include all of the
drainage areas tributary to Portland Harbor which is a significant change from the
original understanding; however, flow slippage assumptions for this area will be limited
to 60% inflow reduction instead of the higher value (80%) assumed in other less com-
mercial areas. During November 1993, the City purchased land south of the railroad
tracks between the India Street Pump Station and the Eastern Promenade which provides
potential to construct combined sewerage storage facilities and/or stormwater detention
facilities. Another comment received to help abate CSO flows into Portland Harbor
included restricting and storing influent flows to the Fore River Pump Station to free up
capacity in the 48-inch interceptor which conveys combined sewer flows from the
Portland Harbor drainage areas. Several preliminary model runs were performed to
select the most appropriate storage facility sizes and pumping rate for the Fore River
Pump Station. Based on the comments received and the preliminary modelling results,

three alternatives were developed for evaluation.
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Alternative 1: Implementation of flow slippage throughout drainage areas tributary to
CSOs 23-29.

Alternative 2: Implementation of flow slippage throughout drainage areas tributary to
CSOs 23-29 plus a 0.75-MG storage tank for CSOs 23-24 and a 2-MG storage tank for
CSOs 26-29.

Alternative 3: Implementation of flow slippage throughout drainage areas tributary to
CSOs 23-29 plus restriction of flow from 27 cfs to 12 cfs and implementation of a 4-MG
storage tank at the Fore River Pump Station.

The results of the cost-benefit analysis impacting CSOs 23-29 are presented in Table 4-5
and Figure 4-10.

Table 4-5
SWMM Results of Additional Portland Harbor Alternatives
SWMM Results Percent Reduction
Capital 2-Year | Annual | Annual
Costs Volume | No. of | Volume | Annual | Annual
CSO Control (% million) | (MG) Events MG) Events | Volume
Existing Conditions - 23 43 145 -- --
1992 Recommended Plan 0.2 15 36 86 16 41
Alternative 1 1.1 3 22 17 49 88
Alternative 2 5.0 1 21 10 51 93
Alternative 3 59 1 - - - -
Sewer Separation 11.0 0 0 0 100 100
e e———————

A meeting was held with City and PWD staff to discuss the options. It was agreed that
Alternative 1 was the most cost-effective solution and that opportunities for stormwater
detention of the slipped flows would be pursued during design. This alternative is further

described in Section 5.
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Section §

The Recommended Plan

The preliminary control plan presented in Section 4 was developed with preliminary
sewer system modeling results and order-of-magnitude costs. Model recalibration was
completed in October 1992. A revised assessment of Portland’s CSOs under existing
conditions using the recalibrated model is presented in Section 3. Section 5 details the
components of the Recommended Plan and presents performance estimates of the

proposed CSO controls using the recalibrated model.

Table 5-1 identifies the level of CSO control for each receiving water based on the
analysis presented in Section 4 along with the actual control achieved by implementation
of the Recommended Plan. The Recommended Plan presented in Section 5 incorporates
the comments received during review of the Draft Master Plan. Twenty-nine of thirty-
nine CSO locations are proposed for deactivation. Estimated CSO volume reduction is
88 percent with the Recommended Plan. This reduction in CSO volume means that

approximately 99 percent of all wastewater flows generated in the City will be treated.

Table 5-2 presents the recommended CSO abatement plan and shows the following

related information:

Future CSO performance compared to existing conditions

° Percent reduction of annual events and volume of CSO

o Minimum rainfall that would "trigger" a CSO after Recommended Plan
implementation

. Overall level of control to be achieved

BOSPMG6/016.wp5 5-1
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CSO impacts after implementation of the Recommended Plan were also evaluated using a
5-year storm as described in Section 3.1; these impacts are presented in Table 5-3. Map
2 presents a pictorial overview of the recommended plan. The details of the

recommended plan are discussed in the following sections.

5.1 System-Wide Improvements

Sewer separation projects are recommended in areas where separation is cost-effective
such as in low and medium density neighborhoods and in areas where the pollutant loads
associated with separate stormwater can be effectively controlled using pollutant source
controls such as street cleaning, catch basin cleaning, construction site erosion control,
etc. as described in Section 4. In addition, "active" stormwater management controls are
recommended, such as the construction of wet detention ponds, infiltration basins, or
wetland systems that provide stormwater quality and quantity control. Opportunities for
implementation of "passive" stormwater management through filter strips, vegetated
buffers, and maintenance/rehabilitation of riparian areas will also be employed as
appropriate. Areas with substantial commercial and/or light industrial development,
including major streets with relatively heavy traffic volumes, will continue to be served
through combined sewers because of the increased cost of sewer separation and the lack
of opportunities to manage the stormwater from a quantity or quality basis if the area is
separated. Employment of best management practices in combined sewer drainage areas

will focus on those areas with the most active CSOs.

As part of the overall plan, the City’s existing Stormwater Management and Erosion
Control Design Standards should be expanded to include more definitive requirements for
computation of stormwater peak flows and procedures for demonstrating no adverse
downstream effects. Also, more specific requirements and specifications for stormwater

management facility design and maintenance are required to ensure proper operation and
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) Table 5-3
E J CSO Impacts after Implementation of the Recommended Plan under a 5-Year Storm Condition
Drainage Area Volume Duration
Receiving Water CSO No. (acres) MG) (hours)
Casco Bay 1 14 0 0
3 3 0 0
4 0 0 0
20 29 0.2 8
21 43 0 0
Subtotal: 89 0.2 NA
Presumpscot Estuary 2 25 0 0
Back Cove 5 74 0 0
6 101 0 0
7 1,051 0 0
8 18 0 0
9 6 0 0
10-18 1,185 70 17
19 177 0 0
Subtotal: 2,612 70 NA
Portland Harbor 23 112 2 9
24 32 0.1 6
25 86 6 12
26 95 0 4
27 39 1 12
28 59 2 12
29 28 0.7 11
Subtotal: 451 12 NA
Fore River 30 7 0 0
31 Eliminated - -
32 32 0 0
33 94 0 0
34 3 0 0
35 11 0 0
36 415 0 0
39 37 0 0
Subtotal: 599 0 NA
Capisic Brook 37 Eliminated - -
38 21 0 0
40 Eliminated - -
41 11 0 0
42-43 374 0 0
Subtotal 0

|| Total l | 4,182 I 82 | “

[[LNA—Not applicable.
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performance. Provisions for stormwater quality control should also be incorporated into

the standards.

Section 5 presents the details of the components of the recommended plan at each CSO.
Cost estimates of each component are provided in Section 6. An environmental
evaluation is presented in Section 7. The recommended plan is flexible and can be
phased to target priority areas first. Implementation issues such as phasing, permit
requirements, and proposed monitoring are discussed in Section 8. A financial and
ratepayer analysis is presented in Section 9, and Section 10 presents the public

participation process performed as part of this study.

5.2 Maximizing the Existing Conveyance and Treatment Systems

Currently the Portland WWTF operates at a peak capacity of 60 mgd. According to the
WWTF Waste Discharge License issued by DEP to the PWD dated October 1991, the
WWTF has two permitted outfalls: 001A for secondary treated municipal wastewaters
and 001B for primary treated combined sewer flows. The current WWTF license limits
average monthly flow to 19.8 mgd and peak daily flow to 36.8 mgd for Outfall 001A,
and limits peak daily flow to 23 mgd for Outfall 001B. The WWTF also has a NPDES
permit issued by EPA for one outfall for treated sanitary/industrial wastewater. Average
_ monthly flow and peak daily flow are limited to 19.8 mgd and 36.8 mgd, respectively.

Flow to the plant is controlled by two pump stations: the NEPS and the ISPS. Both
pump stations have four constant speed pumps. Instrumentation at the NEPS and the
ISPS is currently configured at a peak flow rate of 33 mgd and 23 mgd, respectively.
Operation at these flow rates requires the use of only two out of the four pumps in each
station. An additional peak flow of 4 mgd flows to the plant via a gravity sewer from the
CSO 21 (Quebec Street) drainage area.

BOSPM6/016.wp$ 5-8



Following coarse screening and flow metering, influent to the WWTEF is split to three
w parallel process trains, each limited to a peak flow of 20 mgd. The plant is designed to
provide secondary treatment for peak flows up to 37 mgd and to provide primary

treatment for wet weather flows in excess of 37 mgd up to the limit of 60 mgd.

In the past, the Portland conveyance and treatment systems have operated at peak flow
rates above 60 mgd, sometimes above 70 mgd, in the interest of minimizing CSO
discharges. With the exception of effluent fecal coliform levels, effluent quality was
maintained within permit limits during peak wet weather flows above 60 mgd. Inability
to consistently meet the strict permit limit of 15 fecal coliform organisms/100 ml during
peak wet weather flows has resulted in the current operational procedyre of restricting
peak wet weather influent flow levels to 60 mgd, to assure permit compliance for effluent

fecal coliform.

Additional chlorine contact capacity was recently added; the current configuration

includes 0.764 MG of chlorine contact volume for secondary effluent, and 0.506 MG of

chlorine contact volume for primary effluent. This provides 30 minutes contact time for
secondary effluent at 36 mgd, and 20 minutes contact time for 36 mgd of primary
effluent, at an influent flow of 72 mgd.

Impacts of Increased Pumping

Maximizing flows through the existing conveyance and treatment systems is a cost-
effective method of reducing CSO frequency, volume, duration, and pollutant loads to
receiving waters. The intent of the WWTF’s original design was to add a fourth process
train to deliver 80 mgd through primary treatment and 50 mgd through secondary
treatment. The cost of this expansion has been estimated at $40 million. PWD is

suggesting a Waste Discharge License modification to both state and federal regulatory
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agencies, allowing 80 mgd through three primary clarifiers. PWD personnel have

suggested that the WWTF can be modified at a relatively low cost to accept peak flows
of 80 mgd through primary without the addition of the fourth process train. This has
been estimated at a cost of approximately $600,000, a very cost-effective option.
Maximum flows through the plant are presently limited to approximately 70 mgd because
of the flow monitoring flumes. One flume has a capacity of 45 mgd; the other has a

capacity of 25 mgd. Modifications of plant operations include the following:

. Upgrade one flow monitoring flume and modify the instrumentation of both
flumes

. Add two cyclone grit separators to the existing three separators

o Add one mechanically-cleaned bar screen to the existing two mechanically-

cleaned bar screens and one manually-cleaned bar screen

o Enlarge 60-feet of primary effluent outfall pipe and the corresponding

valves, etc. from 24 inches to 36 inches

Modifications to WWTF discharge limitations (both state and federal permits) include:

. Allowance for additional flow

o Reduced primary treatment effluent limitations

PWD recently (December 1993) contracted CH2M HILL to perform a separate study of

its chlorination/dechlorination facilities to examine the following:

. Increasing the flow through the chlorination/dechlorination system from
23 mgd to 43 mgd

BOSPMG6/016.wp5 5-10



o Modifying the existing chlorination/dechlorination system to ensure

continued compliance with the WWTF effluent discharge limitations

J Demonstrating that the primary bypass will meet WWTF effluent discharge

limitations

CH2M HILL’s past experience with similar studies around the country has demonstrated
successful bacteria kills using high rate disinfection techniques. Results of this study are
expected by March 1993.

PWD indicated that NEPS and ISPS could pump a total additional peak flow of 20 mgd.
Past operational records suggested that 60 percent of the additional flow could go through
NEPS, and the remaining 40 percent could go through ISPS. Therefore, NEPS’ peak
pumping rate would be increased by 12 mgd to 45 mgd, and ISPS’ peak pumping rate
would be increased by 8 mgd to 31 mgd. The only required modification at the pump
stations would be to the instrumentation. However, this increase would utilize all four
pumps at each station during peak wet weather flow conditions. Modification of the
pump stations is required to provide backup pumping capacity. Details are provided in
Section 6.

Using the 1966 precipitation record, model estimates indicated that 44 days a year the
WWTE flows exceeded 37 mgd. On average, 3 MG per event bypassed secondary
treatment. The duration of the bypass event averaged 5 hours. Bypasses receive

preliminary and primary treatment and are disinfected.

According to WWTF personnel, expansion of the conveyance and treatment systems to
handle peak flows above 80 mgd would be costly and modifications would be extensive.
Land availability for expanded facilities is extremely limited at the plant’s current site. In
addition to expansion of the process trains, major modifications would be required
throughout the conveyance system to deliver the high flows. For example, many of the

force mains maintain a velocity of 6 to 7 feet per second operating at 60 mgd; 100 mgd
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would push the velocities to 10 feet per second. A detailed review of the system would
be required to consider the costs and benefits of this alternative to CSO control. An
order-of-magnitude estimate indicates a cost of approximately $100 million to expand the
WWTF to accept peak flows of 100 mgd. Plant expansion to 100 mgd would not provide
as significant a benefit in the upper reaches of the combined sewer drainage area as that

provided by implementation of the Recommended Plan.

Impacts of Increased Loading at the WWTF

CSO volumes and pollutant loads contained by CSO storage facilities will be conveyed to
the Portland WWTE. The storage tanks at CSOs 20 and 32 and the storage conduit for
CSOs 10-18 will typically drain immediately following a wet weather event that triggers
their use. The storage facilities will drain to the WWTF when wet weather flow levels to
the WWTF have begun to recede. Hydraulically, the impact of CSO storage will be to
extend the duration of elevated wet weather flow levels. The additional flow will receive

a combination of primary and secondary treatment.

Table 3-6 presents event mean concentrations of 217 mg/L TSS and 34 mg/L BOD for
Portland’s CSOs developed from monitoring program data. These values can be used to
estimate the increased pollutant load to the WWTF resulting from capture of wet weather
flow through increased pumping and CSO storage facilities. For short term impact,
transferring the CSO storage volume to the WWTF at the end of a wet weather event
would not increase existing instantaneous peak wet weather flows or loads but rather
extend the duration of the flows and loads but rather extend the duration of the flows and
loads. The increased load from the CSO storage volume would be felt at the WWTF
after the rainfall event had concluded and peak wet weather flows had receded.

Impacts on the WWTF of increased pumping of peak wet weather flows will vary with

hydrologic and hydraulic conditions at the time. For example, increased pumping may

result in 10 hours of pumping at an additional peak rate of 20 mgd, conveying an
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additional 10 MG to the WWTF. Based on the EMCs provided, this results in an
additional loading of 18,000 Ibs. of TSS and 3,000 lbs. of BOD. These loads in addition
to average loads of approximately 20,000 Ibs/day of TSS and BOD are well within the
WWTF design capacity of 63,000 lbs/day TSS and 58,500 lbs/day BOD for wet weather

loading.

5.3 Casco Bay

There are five active CSOs which discharge to Casco Bay: CSOs 1, 3, 4, 20, and 21.
CSO 20 is by far the most active. Casco Bay is an expansive waterbody with many
factors influencing water quality. Shellfish areas and East End Beach are water quality
concerns. The targeted level of CSO control in Casco Bay is intermediate, or 90 percent

reduction of the annual number of CSO events.

Significant CSO reduction can be achieved by the implementation of relatively simple and
cost-effective actions at CSOs 1, 3, 4, and 21. CSO 20 is more complicated and costly
to reduce than the other Casco Bay CSOs, primarily due to the hydraulics of the Portland
sewer system. Practically, CSO 20 serves as an emergency overflow for the Northeast
Pump Station which conveys 60 percent of the combined sewer flows generated in
Portland to the WWTF. Details of the proposed actions at each CSO are discussed in the

following paragraphs.
CSO 1 (Olympia Street)

The drainage area tributary to CSO 1 is relatively small (14 acres). Most of the drainage
area is already separated. Model runs indicate that CSO 1 is a relatively minor overflow.
In a typical year, CSO 1 discharges 10 times with an overflow volume of 0.2 MG. CSO
1 can be easily and cost-effectively eliminated by separating the remaining few streets, as

shown on Figure 5-1.
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CSO 3 (Berwick Street)

The drainage area tributary to CSO 3 totals 3 acres, encompassing less than three city
blocks. There are no catch basins. Model results do not indicate any overflow; this is
consistent with PWD?’s periodic visual observations and knowledge of the local system.
Block test data do indicate some activity; however, the activity is noted principally during
the small volume, less intense rainstorms. The blocks have been known to move by
activity that is not CSO-related (i.e. rodents). Sewer system hydraulics and hydrology

should be reviewed to confirm the feasibility of deactivating the outfall structure.
CSO 4 (Tukey’s Bridge Siphon)

CSO 4 is the overflow just upstream of the Tukey’s Bridge siphon. Flows from the
Baxter Boulevard and Arcadia Street Pump Stations are conveyed through the Tukey’s
Bridge siphon to the Northeast Pump Station and the Portland WWTEF. Typically, high
upstream flows overflow through CSOs 5 through 7 which limits the quantity of water
reaching the Tukey’s Bridge siphon. CSO 4 has a high weir elevation in comparison to
CSO 5 (approximately a 15-foot difference in elevation); therefore, backwater effects

from the Northeast Pump Station impact CSO 5 rather than CSO 4.

Model runs do not indicate any overflow at CSO 4 under existing conditions. Block test
data currently indicates minimal activity. Although the potential for an overflow event
should be significantly reduced after implementation of the recommended plan, sewer
system hydraulics and hydrology should be reviewed to confirm the feasibility of
deactivating the outfall structure.

CSO 20 (Northeast Pump Station)

Flows from the Franklin Street Pump Station and runoff from drainage area 20 (29 acres)

pass through a diversion structure just upstream of the Northeast Pump Station. The
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overflow from this diversion structure is CSO 20. The site and location of CSO 20 is

shown on Figure 5-2.

Model results indicate that CSO 20 produces approximately 30 overflow events per year
with a total volume of 54 million gallons per year. Activity at CSO 20 is primarily a
result of the constriction of the diversion structure and wet well capacity on flows from
the FSPS and the conduit from Anderson Street; therefore, CSO control options such as
sewer separation or flow slippage in drainage area 20 will not achieve significant
reduction of CSO 20. Significant reductions can be achieved by increasing the flow rate

through the NEPS and implementing storage.

Field investigations indicated that there is space adjacent to the NEPS for a storage
facility. Increasing the pumping rate of the NEPS by 12 mgd and implementation of a
storage facility of 1 MG eliminates overflow at CSO 20 for the typical precipitation year.
The S-year return frequency storm indicated 0.2 MG of overflow. A schematic layout of

the facility is provided in Figure 5-3.

CSO 21 (Quebec Street)

CSO 21 is the outfall from drainage area 21 which totals 43 acres. A separate study of
CSO 21, the Quebec Street Overflow Control Study, has been conducted concurrent with
this project. The study determined the amount of inflow reduction needed to eliminate
CSO 21, evaluated flow slippage and inlet control options, and provided an
implementation plan showing control options for specific locations. Removing a specified
portion of the stormwater inflow to the combined sewer system as determined by the
study will eliminate CSO 21. The outfall pipe will be disconnected from the combined
sewer system and connected to the stormwater system. The outfall pipe will become a
discharge point for stormwater only. Phase 1 of the project, construction of the
stormwater collection pipe, is complete. The vortex valve installation, roof leader/sump

disconnection, and public information program are currently underway.
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5.4 Presumpscot Estuary

CSO 2 (Arcadia Street) is the only overflow from the City of Portland into the
Presumpscot Estuary. The drainage area of 25 acres is predominantly medium

residential.

This particular section of the Presumpscot Estuary adjacent to CSO 2 has been separated
from the larger portion of the Estuary by the construction of 1-295 in the 1980s.
Flushing in this smaller portion of the Estuary is constricted by a culvert under the
highway. CSO 2 has been targeted as receiving a high level of CSO control for two
reasons: 1) its proximity to residential areas and; 2) limited flushing in the receiving

water.

Model resuits estimate that CSO 2 discharges a total of 1.8 million gallons over

13 events. There is some space available at the site for a storage facility; however, it is
small and encroaches on the boundary of the wetland. CSO 2 can be cost-effectively
eliminated by sewer separation. The location of CSO 2 and the proposed sewer

separation area is highlighted on Figure 5-4.

5.5 Back Cove

The combined sewer system encircling Back Cove consists of three subsystems controlled
by major downstream hydraulic structures: CSOs 5 through 7 are controlled by the
hydraulic capacity of the Tukey’s Bridge siphon and the conduit leading to the siphon;
CSOs 8 through 16 are controlled by the Baxter Boulevard Pump Station; and CSOs 17
through 19 are controlled by the Franklin Street Pump Station and to some extent by the
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Northeast Pump Station. There is also a hydraulic connection from CSO 12 to just
upstream of CSO 17.

CSOs 5 and 6

CSO 5 (Randall Street). The drainage area to CSO 5 totals 74 acres. This drainage
area is located between the northern bank of Back Cove and the southern bank of the
Presumpscot Estuary. During the typical test year, CSO 5 had 34 events discharging a
total of 100 million gallons annually. CSO 5 discharges a disproportionate amount of
overflow for its drainage area size because of the hydraulics of the sewer system. The
overflow weir at CSO 4 is approximately 15 feet higher in elevation than the overflow
weir at CSO 5; therefore, flows exceeding the capacity of the Tukey’s Bridge siphon
overflow first at CSO 3.

CSO 6 (Johansen Street #2). The drainage area to CSO 6 totals 101 acres. The
drainage area is located north of Back Cove, just west of drainage area 5. Vortex valves
have been installed in catch basins to reduce the rate of inflow into the combined sewer
system. A separate storm sewer system serving approximately half of the drainage area
had been connected to the combined sewer system upstream of the CSO regulator
structure. The City recently moved the connection to downstream of the CSO regulator

structure.

Control of CSOs 5 and 6. CSO 6 discharges a relatively low volume compared to
CSOs 5 and 7; however, the hydraulics between these three CSOs are interdependent.
Overflows at CSOs 5 and 6 will be deactivated by: 1) installing a backflow preventor
downstream of the CSO 5 regulator; 2) increasing the rate of pumping at the NEPS; and
3) providing partial separation of the drainage areas. Separation will be to the extent
necessary to reduce the combined flow to a rate that can be conveyed by the East Side
Interceptor. Figure 5-5 shows the locations of CSOs 5 and 6 and the proposed sewer

separation area.

BOSPM6/016.wp5 5-21



MQM“Q:MWM_WQQ0W .—030@ UOmOQO._n_ i— ‘100 81 90SLEsog

O Uo0i1edxo

P 01 nedo . P e
Apnis Juswieleqy 0SO puejiod

.0001=.| :6je0g ajewixoiddy

¢ o~ agtiy »* +
R 4 \ R
SNV ee sl
, IR




CSO 7 (Ocean Avenue/East Side Interceptor)

Of the 1,520-acre drainage area tributary to CSO 7, about 1,050 acres are served by
combined sewers. The drainage area consists of the Fall Brook and Smith Creek

watersheds with the East Side Interceptor being the major combined sewer facility.

Land use in the Fall Brook watershed is predominantly medium to low density residential
with some commercial development along main streets such as Washington Avenue and
Auburn Street and limited light industrial development along Canco Road near Rocky
Hill. Large areas of the watershed remain open as woodlands, wetlands, or fields.

Many of these open areas currently serve as runoff detention areas.

The East Side Interceptor (ESI), constructed in the 1950s to serve as a combined sewer,
conveys sanitary flow and approximately 60 percent of the stormwater discharge of the
watershed. The ESI was designed in 1949 to carry projected flows through 1989 (i.e., a
40-year design horizon). The remainder of the stormwater runoff is conveyed by the Fall
Brook channel and its tributaries including Milliken Brook. However, at several
locations brook flow is channeled into the ESI. Consequently, in many reaches the ESI
conveys virtually all of the stream flow for small and medium storms. As a result, the
brook channel has been overgrown with trees and bushes in many reaches and has been
otherwise covered (e.g., parking lots) in other areas. Several areas of the watershed have

separated sanitary and storm sewer systems.

A similar situation exists for the Smith Creek watershed that drains the Read-Bay Street
area, which lies just to the east of the lower Fall Brook watershed. In this drainage the

stormwater flow is conveyed entirely by the combined sewer which is tributary to the ESI

at the Ocean Avenue regulator.
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Definition of the CSO Problem. In essence, the CSO problem at the Ocean Avenue
regulator is a stormwater management problem in the Fall Brook and Smith Creek
watersheds. The ESI is designed to carry combined flow up to a certain rate. Use of the

ESI for most of the Brook’s stormwater flow results in several problems:

° Overflows at CSO 7; annually about 24 overflows and 100 MG.

. Surcharging of the ESI and its tributary sewers during large storms causing

street and basement flooding upstream in the watershed.

o Surcharging of the combined interceptor draining the Smith Creek area

causing flooding in the Read-Bay Street area.

The problems in the Fall Brook watershed can be expected to worsen as additional
development occurs. Flooding during smaller storms and possibly CSOs directly to Fall

Brook further upstream can be expected as additional stormwater is added to the ESI.

Recommendations. A drainage study of the Fall Brook watershed, completed by
Hunter-Ballew Associates in 1985, recommended a plan involving continued use of the
ESI along with re-establishment of the Fall Brook channel to handle separate stormwater
flow. The report added that storm drainage capacity additional to that of the Brook may
be required, based on cost and other factors. Through selective separation of combined
sewer areas, disconnection of brook connections to the ESI and other measures,
stormwater would be redirected to the Brook, off-loading the ESI. This study did not
address, nor was it intended to address, CSO or water quality issues. Because the CSO
problem in the Fall Brook and Smith Creek watersheds is directly related to stormwater
management, most of the Hunter-Ballew study recommendations are, in fact, applicable
for CSO control.

The recommendation for CSO control in the Fall Brook and Smith Creek drainages is to

implement a watershed management program to progressively reduce wet weather flows
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to the ESI with the goal of eventually eliminating CSO 7. The program of watershed

b management will also resolve the street and basement flooding problems in the areas.
The program will be accomplished through a variety of projects completed over a period
of years. Overflows at CSO 7 will be reduced each year as the following steps are

accomplished:

1. Reduce flow to the ESI and Smith Creek Interceptor by rerouting storm
flows through flow slippage, selective separation, or other types of

stormwater management controls in combined sewer areas.

2. Reduce flow to the ESI by eliminating direct connections of the Brook and

its tributaries to the interceptor.

3. Require construction of stormwater management controls which minimize

flow to the combined sewer system in areas of future development.

4, Rehabilitate the channels of Fall Brook and its tributaries to allow
conveyance of the additional stormwater resulting from Nos. 1, 2, and 3

above.

5. Implement projects for both new and existing developments to control
stormwater peak flows and water quality discharged to the brooks and,
ultimately, Back Cove.

6. Modify the City’s existing BMP program, focusing it on those separate
areas of the watersheds that contribute the greatest stormwater pollutant
loads.

7. Maintain enough flow to the ESI to maintain its effectiveness as a

combined sewer and prevent solids deposition.
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Figure 5-6 shows the recommended improvements.

It will also be necessary to add stormwater conveyance capacity, probably in the form of
an additional conduit, in locations where existing closed conduits are inadequate for the
increased flow. The culvert under the Northport Shopping Center is such an example.
Upstream stormwater management will be maximized to reduce the need for such

facilities.

Rehabilitation of the Fall Brook channel will require removal of debris, vegetation,
sediment accumulations, and constrictions to flow. Regrading of the channel to provide
adequate conveyance will be required in many reaches. Several inadequately sized
culverts, such as those at the Washington Avenue and Ray Street crossings, will have to

be replaced.

This plan provides an excellent opportunity for the City to link the channel rehabilitation
program with its long-standing plan to provide recreational benefits in the Fall Brook
watershed. The channel improvements should be designed jointly with plans for bike

trails, walking trails, ball fields, brookside parks, open space, and other features.

As discussed in Section 8, the program would be phased over a six to ten year period,
consistent with City funding constraints and other water quality improvement programs.
As discussed in Section 8.4, CSO 7 would be monitored regularly to track the progress in
reduction of CSO frequency and volume as watershed management projects are

implemented and to reevaluate the priority of future improvements.

In addition to construction funding, a plan for long term management of improvements
must be developed. Watershed management will require monitoring operation and
maintenance of stormwater facilities and maintenance of stream channels and recreational

facilities, including mowing, debris removal, and equipment maintenance. As discussed
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in Section 9, this plan must include provisions for funding future improvements and

maintenance.

CSOs 8 and 9

The drainage area tributary to CSOs 8 (Clifton Street) and 9 (George Street) totals 18 and
6 acres, respectively. The area consists of medium-density residential neighborhoods.
Annually, CSO 8 discharges 4 MG over 5 events. CSO 9 appears to be inactive. The
drainage area tributary to CSO 8 has a limited number of catch basins that could be easily
disconnected from the combined sewer and discharged to nearby drainage swales. It is
recommended that the drainage area 8 be separated and that CSO 9 be evaluated for

inactivation. Figure 5-7 identifies CSO 8 and the area proposed for separation.

CSOs 10-18 (Mackworth through Franklin Streets)

CSOs 10 through 18 extend from the western shore to the southern shore of Back Cove,
covering a distance of approximately 8,000 feet. These 9 CSOs encompass drainage
areas totalling approximately 1,200 acres. Numerous catch basins in drainage areas 10
through 16 have already been retrofitted with vortex valves to reduce the peak discharge
rate to the sewer system. Because of the proximity of the CSO discharges to one another
and the space along the banks of Back Cove adjacent to the existing sewer line, this area
lends itself to the implementation of a storage conduit. The conduit would begin at
CSO 10 and parallel the existing sanitary line, incorporating the flows from CSOs 10
through 18. During low flow periods in the Portland sewer system, the storage conduit
can discharge by gravity to the Franklin Street Pump Station. A 10-foot-diameter
conduit, 8,000 feet in length, consolidating CSOs 10-18 to a single relief at CSO 18, is

recommended.

The Libbytown Sewer Separation Project was a two part emergency action and long-term

planning study to evaluate alternatives for control of combined sewer surcharging and
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surface flooding in the Libbytown section of Portland and particularly in the area around
Hood Dairy. A recommended plan was developed to alleviate severe flooding in
Libbytown and to provide some cost-effective CSO reduction. The Libbytown projects

consist of the following:
. Sewer separation of upper Libbytown and the construction of a stormwater
outfall tunnel under Douglass Street to a series of existing earthen basins

which discharge through culverts to the Fore River

o Flow slippage of the Maine Medical Center area

. Flow slippage and construction of a 4,300 gpm stormwater pumping station
at Hood Dairy
o Flow slippage of an area between Park Street, Cumberland Avenue, and

Weymouth Street to Deering Oaks Pond with separation of the pond

overflow from the combined sewer system

The greatest impact of the Libbytown projects on CSO reduction is at CSO 17.

The storage conduit located along Baxter Boulevard and north of Marginal Way and
implementation of the Libbytown projects would reduce the overflow frequency of these
9 CSOs from 44 to 12 events and the volume from 210 to 70 MG. An overflow diver-
sion structure for the storage conduit would include a baffle arrangement to limit solids
and floatables from overflowing and enhance mixing for chlorination and dechlorination
of the conduit overflow. This will substantially reduce the remaining CSO pollutant load
to Back Cove. Sodium hypochlorite and a 30-minute detention time for average flow is
proposed for chlorination; sodium bisulfate is proposed for dechlorination. Contact time
is practically instantaneous for dechlorination. Chlorination and dechlorination chemical
feeds would be housed in the FSPS. Variations of the length, diameter, and number of

CSOs to be consolidated have been reviewed and debated. The actual configuration may
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not be finalized until design; however, an equivalent or greater level of control must be
achieved in the receiving water. A location map and schematic layout of the conduit are

presented on Figure 5-8.

CSO 19 (Diamond Street)

CSO 19 has a large drainage area (177 acres). However, it has limited CSO activity
because of the hydraulics of the sewer system and its proximity to the NEPS. This CSO
can be deactivated by increasing the NEPS pumping rate. Sewer system hydraulics and
hydrology should be reviewed to confirm the feasibility of deactivating the outfall

structure during normal precipitation events.

5.6 Portland Harbor

There are seven CSOs which discharge to Portland Harbor: CSOs 23 through 29 (India
through West Commercial Streets). The drainage areas tributary to CSOs 23 through 29
are located in an area known as "The Peninsula,” or "Old Port," section of Portland.

The drainage areas total 451 acres. The peninsula is a developed and congested area with
high volumes of commercial activity. Portland Harbor is lined with piers and supports

several kinds of industrial and commercial activities.

Available land for construction of any kind of CSO control structure is limited. The
surface elevation rises from Portland Harbor north to Congress Street and Cumberland
Avenue, and then drops back down to Back Cove. It is recommended that the ISPS be
utilized to its capacity and that the pumping rate at the ISPS be increased by 8 mgd to

reduce overflows into the Harbor.

It is also recommended that flow slippage and in-system modifications be performed in

this area to achieve a greater level of CSO control. Flow slippage appears feasible in
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drainage areas 23 through 29 in the area between Congress Street and Commercial Street
and Western Promenade to Eastern Promenade. There is a separate storm sewer along

Commercial Street to accept slipped flows. Some additional sewer separation in discrete
locations may also be necessary to accept the large volume of slipped flows. Figure 5-9

shows the location of CSOs 23 through 29 and the proposed flow slippage area.

The City recently acquired land near the ISPS and south of the railroad tracks between
the ISPS and Eastern Promenade. This land may provide potential for stormwater

detention and pollutant load reduction prior to discharge to Portland Harbor.

5.7 Fore River

Eight CSOs discharge to the Fore River: 30 through 36 and 39. Their combined
tributary area is 599 acres. Details of the proposed CSO controls are discussed in the

following paragraphs.

CSO 30 (St. John Street)

Drainage area 30 totals 7 acres. Elimination of CSO 30 has been incorporated into the
recommended plan for the Libbytown area of Portland. The Maine Medical Center area
contributes large quantities of runoff to the Old Almshouse Sewer along Park Avenue in
the center of Libbytown. This area will be separated as part of the Libbytown projects.
Runoff from the hospital area will be collected and channeled to the Fore River with a
conduit along St. John Street. Tieing additional storm laterals from CSO drainage area
30 into this conveyance line provides cost-effective elimination of CSO 30. Figure 5-10

shows CSO 30 and the proposed sewer separation area.
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CSO 31 (Congress Street)

CSO 31 overflows to CSO 32 and is no longer an independent overflow.

CSO 32 (Thompson Point Pump Station)

Drainage area 32 totals 32 acres. The drainage area consists of medium-density
residential areas mixed with some commercial and industrial areas. The industrial
properties are adjacent to the Thompson Point Pump Station and the discharge location of
CSO 32. CSO 32 is located on Figure 5-11.

Typical storm conditions indicate that CSO 32 has 14 overflows with a total volume of
0.8 MG. A cost-effective control alternative is to construct a 0.02 MG storage tank to
capture CSO flows. Potential sites for this storage tank were examined, and the
preferred location for the facility is near the Thompson Point Pump Station. A proposed
layout of the storage facility is provided on Figure 5-12.

CSO 33 (Fore River Pump Station)

An area of 94 acres is tributary to CSO 33. The discharge location of CSO 33 is
adjacent to the Fore River Pump Station. The area is predominantly residential with

some commercial strips and some small industrial areas.

Typical storm conditions indicate that CSO 33 has two events with a total volume of 0.1
MG. Activity at CSO 33 is also impacted by flows from drainage areas upstream of the
pump station; therefore, it is anticipated that actions taken to reduce CSOs upstream of
CSO 33 will virtually eliminate overflows at CSO 33 as shown by the 100 percent
reduction of CSO activity in Table 5-2. Sewer system hydraulics and hydrology should
be reviewed to confirm the feasibility of deactivating the outfall structure during normal

precipitation events.
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N/ CSO 34 (Brewer Street)

Drainage area 34 consists of one residential street, Brewer Street. It drains an area
totalling 3 acres. There are approximately 18 small overflow events annually with a total
volume of 0.2 MG. Roof leaders can potentially be disconnected and rerouted to a
drainage swale. The surrounding area has already been separated from the combined
sewer system. It is recommended that Brewer Street be separated from the combined

sewer system to eliminate CSO 34. Figure 5-13 depicts the drainage area.
CSO 35 (Stroudwater Road)

CSO 35 drains runoff from a small residential area totalling 11 acres. CSO 35 had an

annual overflow volume of 0.2 MG from 10 CSO events. The area has a few catch

basins connected to the combined sewer system, but no roof leader connections. The
W area is shown on Figure 5-14. The catch basins should be disconnected from the sewer

system and rerouted to Capisic Brook and/or routed to a drainage swale.
CSO 36 (Capisic Pond Dam)

Drainage area 36 is one of the larger combined sewer areas; it totals 415 acres. The
drainage area is predominantly residential and borders Capisic Brook and Capisic Pond.
CSO 36 discharges downstream of Capisic Pond at the dam. The overflow combines

with the pond overflow and discharges to the Fore River.

CSO 36 is a relatively large overflow. On the average, CSO 36 overflows 36 times
annually with a total overflow volume of 68 MG. Land is limited in this area for the
construction of a CSO storage facility. Construction of such a facility at the dam would
involve costly modifications to the old dam structure, would most likely not be permitted

by the U.S. Army Corps of Engineers, and would have negative environmental impacts.
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Although CSO 36 discharges to the Fore River, CSO control alternatives recommended
for this location apply to the whole Capisic Brook watershed. Therefore, CSO 36 will be

discussed under Section 5.8 on the Capisic Brook.

CSO 39 (Rowe Street)

Drainage area 39 totals 37 acres. The overflow appears inactive. Sewer system
hydraulics and hydrology should be reviewed to confirm the feasibility of deactivating the

outfall structure during normal precipitation events.

5.8 Capisic Brook Watershed

Capisic Brook, which discharges to the Fore River just to the North of the Congress
Street bridge, drains a total area of about 1700 acres. Of this area, approximately

826 acres is within the drainage area served by combined sewers. Sanitary and
stormwater flow from the basin is conveyed by the Deering Center Combined Sewer and
the West Side Interceptor, which join upstream of Capisic Pond to form the 10-foot-
diameter West Side Combined Sewer. City Home Branch, which drains an area west of
the Maine turnpike in Westbrook, and the Deering Branch, which drains the area west of
the High School, are significant tributaries to Capisic Brook. Capisic Brook discharges

to Capisic Pond just downstream of Brighton Avenue.

There are currently five overflows to Capisic Brook, CSOs 38-43. CSO 36 at Capisic
Pond dam overflows downstream of the Pond and, therefore, primarily influences Fore

River rather than Capisic Pond.
Land use in the watershed is primarily medium density residential, with some commercial

development along Warren Avenue and an asphalt paving plant on Bishop Street.

Evergreen Cemetery and a Central Maine Power power line corridor adjacent to the
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B&M Railroad embankment along Warren Avenue provide substantial open space in the

upper watershed.

The City has several sewer separation projects in the watershed in various stages of
progress towards completion, including the Sagamore Village area (completed), the
Bishop Street area (underway), the Holm Street-Taft Street area (scheduled), the Avalon
Road area (scheduled), the Deering Center area (planned), and the Colonial Road area
(planned).

Definition of the Problem. CSOs along Capisic Brook are the result of the continuing
development of the watershed with addition of increased stormwater runoff to the
combined sewers to the point of exceeding capacity of the conduits. The rerouting of
Brook flow into the interceptors also worsens the problem. Combined sewers appear to
now be at capacity during wet weather, resulting not only in CSOs to the Brook but also
in additional surcharging and flooding of residences in the Alden Circle, Wayside Road,
Lucas Street, Violette Hill, and Dennett Street areas. CSO activity, in terms of
frequency and volume of overflow, under existing conditions were shown on Table 5-2.
In several locations, residential development has seriously encroached on the narrow

Capisic Brook channel, resulting in street, yard, and some basement flooding.

Recommendations. The recommended plan for the Capisic Brook CSOs is

) implementation of a watershed management program, similar to that proposed for the Fall
Brook watershed. Areas proposed for sewer separation are shown on Figure 5-15.

Areas in which stormwater detention would be feasible are also shown on Figure 5-15.
Other stormwater management practices that may be incorporated include wet and dry
detention basins, infiltration trenches and swales, in-channel check dams, and use of
constructed wetlands for storage and treatment. The plan include the following

components:

1. Closure of CSO 43 after completion of the Bishop Street and Warren
Avenue separation projects (currently scheduled by the City).
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Separation of Belfort Street-Commonwealth Drive area and elimination of
the direct connection of the brook to the storm sewer adjacent to the tennis
courts on Forest Avenue at Avalon Road. This will virtually eliminate

overflows at CSO 42 and allow for its closure.

Addition of stormwater management practices and BMPs to control the rate
and quality of stormwater discharge from the upper reaches of the Warren

Avenue branches of Capisic Brook.

Separation of the Brighton Avenue area from Kent to Dennett Streets

allowing inactivation of CSO 38 during normal precipitation events.

Separation of the Holm Avenue area, planned for the Spring of 1993,

allowing inactivation of CSO 41 during normal precipitation events.

Disconnection of Brook inflow to the West Side Combined Sewer and West
Side Interceptor. Also, disconnection of the direct inflow of the Brook to

the sewer system behind Mt. Sinai Cemetery.

Improvements to the Capisic Brook channel to increase its capacity to

convey storm flows without flooding.

Construction of a stormwater detention facility and use of BMPs to control

stormwater quality from the area west of 1-95.
Construction of a new sanitary sewer parallel to the West Side Combined

Sewer and/or use of the existing parallel 24-inch sanitary sewer to convey

separated sanitary flow to the 30-inch sewer downstream of CSO 36.
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10.

11.

12.

BOSPM6/016.wp5

Separation of the remaining combined sewer area tributary to CSO 36.
This, in conjunction with No. 7 above, will allow ﬁse of the 10-foot West
Side Combined Sewer as a storm sewer discharging at the existing location
at Capisic Dam. CSO 36 will thus be inactivated during normal

precipitation events.

Implementation of BMPs (or modification of existing practices) and use of
stormwater management practices (vegetative strips, etc.) to control

stormwater quality from separated areas.

Use of the 10-foot West Side Combined Sewer for stormwater only would
reduce the flow that the Brook channel would have to carry under the

proposed plan.

The recommended plan is proposed with consideration of the long-term goals of the City
for the Capisic Brook watershed. These goals include development of the natural trail
system through the watershed, enhancement of the Capisic Pond, creation and protection
of wetlands, protection of remaining open space, and remediation of the local flooding
problems. Combined sewer overflows to the Brook and Pond are inconsistent with these

high use, high visibility goals.

5.9 Key Issues of the Recommended Plan

Key issues to be considered as part of implementation of the recommended plan for the
Fall Brook and Capisic Brook Watersheds include:

Public acceptance and support of the Fall Brook Watershed plan, especially
from those neighborhoods directly affected by channel improvements and

construction
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. Acquisition and use of land in the Fall Brook Watershed for public
\/ purposes rather than development, including the potential need to rezone to

control the ultimate level of development
. City control of the Fall and Capisic Brook waterways, through easement,
acquisition, or other means in order to develop and maintain the brook

systems

o Legal issues related to safety and liability for ownership and management

of brook systems that serve multiple public purposes

o Brook systems capable of handling increased stormwater flows without

causing flooding of surrounding areas

° Combined sewer system hydraulics in drainage areas tributary to CSOs 42
and 43 capable of handling peak rainfall derived infiltration/inflow

Key issues to be considered as part of implementation of other aspects of the

recommended plan include:

o CSO closure performed only after thorough investigation of sewer system

hydraulics and hydrology is performed to verify inactivation during large

storm events

. Future federal and state CSO, stormwater, and waste discharge (NPDES)

regulations
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5.10 Sewer System Optimization Plan Development

The 1992 Draft CSO Policy, summarized in Section 4, proposes that permit holders
immediately implement nine minimum controls. To present progress towards this goal, a
sewer system optimization plan was developed to demonstrate compliance of the nine
minimum, technology-based controls previously presented. Information collected to date

and recommendations for future actions are provided herein.

Measure 1: Proper operation and regular maintenance programs for the sewer

system and the combined sewer overflow points

There are over 200 miles of sewers. Maintenance of the combined sewer system
includes: clearing and dragging sewers prone to blockage and sedimentation buildup,
combined sewer flushing, cleaning and rebuilding catch basins, and inspection of all CSO
regulator and discharge points. Several sewers key to the operation of the system have

been targeted for frequent inspection and cleaning.

Recommendation: Maintain procedures and documentation of activities performed for

routine inspection and maintenance of the sewer system and the CSO structures.

Measure 2: Maximum use of the collection system for storage

The City currently maintains a sewer separation and rehabilitation program which
includes infiltration/inflow (I/I) reduction, a roof leader and sump disconnection program,

and pollutant control programs, as described in Section 1. These programs will provide

the sewer system with increased capacity.

Recommendation: Consider expansion of existing programs or other programs where

appropriate, such as installing or raising in-system weirs to create storage without
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creating sewer backups; some locations have already been identified in the Recommended
Plan.

Measure 3: Review and modification of pretreatment programs to assure CSO

impacts are minimized

The City has an Industrial Pretreatment Program to monitor commercial and industrial

discharges to the combined sewer system. The program is highlighted in Section 1.

Measure 4: Maximization of flow to the WWTF for treatment

Modifications to the pump station and the WWTF to maximize flow through the plant

during wet weather are included in the Recommended Plan.

Measure 5: Prohibition of CSO discharges during dry weather

Implementation of the City’s routine inspection and maintenance of the sewer system and
overflow structures is a preventive measure to ensure that CSO discharges do not occur
during dry weather.

Measure 6: Control of solid and floatable materials in CSO discharges

Control of solid and floatable materials in CSO discharges is addressed in the
Recommended Plan. In addition to recommended BMPs, storage facilities proposed in
the Plan are to be designed to maximize retention of solids and floatables in the

conveyance system for handling at the WWTF.

Measure 7: Pollution prevention programs that focus on containment reduction

activities
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The City of Portland has a variety of pollutant control programs as described in

Section 1.

Recommendation: Maintain documentation on the programs in place and consider
including activities such as pesticide and fertilizer use, proper disposal methods, and

water conservation.

Measure 8: Public notification to ensure that the public receives adequate

notification of CSO occurrences and CSO impacts

A public participation program has been included as part of this Study and will be
continued through implementation of the Recommended Plan. The public participation

program has educated the public on the impacts of CSOs and their controls.

Recommendation: In accordance with the requirements of the National Pollutant
Discharge Elimination System‘(NPDES) Permit, signs should be posted at every CSO
location to notify the public of the presence of a CSO discharge point. A notification
plan should be developed to notify the public of a CSO occurrence and potential impacts

such as beach closings (i.e., notification in daily paper or on local television).

Measure 9: Monitoring to effectively characterize CSO impacts and the efficacy of
€SO controls

A monitoring program was conducted for the CSO Abatement Study Plan and the 1983
I/T Study. A computer model has been developed for the sewer system, as discussed in
Section 3, to characterize CSO activity for a variety of rainfall patterns and to estimate

the reduction in CSO activity as improvements to the system are implemented.

Recommendation: Additional monitoring requirements to aid in implementation of the

Recommended Plan are proposed in Section 8.
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Section 6

Cost Estimates

Implementation of the recommended plan will require major financial commitments by
the City and the Portland Water District. These include capital costs for design,
construction, and land acquisition, and annual costs for operation, maintenance, and

monitoring.

During the development of this Master Plan, cost estimates were prepared at several
stages to define cost trade-offs for the screening, evaluation, and selection of alternatives.
This section provides planning level cost estimates consistent with the data available and
analyses performed during development of the recommended Master Plan. They are a
refinement of the order-of-magnitude estimates presented in TM 6 and used in the
analysis presented in Section 4. The final costs of the project and resulting feasibility
will depend on actual labor and material costs, competitive market conditions, actual site

conditions, final project scopes, implementation schedules, and other variable factors.

A summary of estimated construction, capital, and annual O&M costs for the
recommended CSO Abatement Plan is included in Table 6-1. Construction costs are
adjusted to an Engineering News Record (ENR) Construction Cost Index (CCI) of 5000.
Construction costs should be updated periodically during Master Plan implementation. A
15 percent allowance for additional planning and design and a 20 percent allowance for

contingency has been added to the construction costs to determine capital costs.

Estimates do not include costs for land acquisition, easements, and rights-of-way, or for
legal services. The assumptions used to develop the construction cost estimates are
explained in Section 6.1. Tables are provided giving a breakdown of cost estimates for
projects that include several components. These tables also include present worth and

annual cost calculations, which are discussed in Section 6.4. The financial impacts of
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Table 6-1
Portland, Maine CSO Abatement Master Plan
Summary of Estimated Costs
Receiving Water Size/Length Construction | Capital Cost Annual
and CSO Number Project/Activity (Note 1) (Note 1) Cost (Note 2) O&M Cost
Systemwide Projects
Portland WWTF Capacity Improvements $284,000 $384,000 $6,700
ISPS and NEPS Improvements $185,000 $250,000 $7,200
Benchmark and Compliance Monitoring - $16,000 $7,200
Revision of Stormwater Management Regulations $15,000 $20,000 $0
Subtotal $484,000 $670,000 $21,100
Casco Bay
Cso 1 Olympia Street Sewer Separation 350 LF $44,000 $59,000 $700
CSO3 Berwick Street Outfall Closure $1,000 $1,000 $0
Ccso 4 Tukey's Bridge Siphon Outfall Closure $1,000 $1,000 $0
CS0 20 Northeast Pump Station Storage Facility 1 MG] $1,348,000 $1,819,000 $35,200
CSO 21 Quebec Street Flow Slippage $269,000 $363,000 $4,000
Subtotal $1,663,000 $2,243,000 $39,900
Presumpscot Estuary
CSO 2 Arcadia Street Sewer Separation 2,100 LF $210,000 $284,000 $3,200
Back Cove
CSO S Randall St. Sewer Separation; Backflow Prevention 2,630 LF $273,000 $369,000 $4,100
CS06 Johansen Street Sewer Separation 6,220 LF $622,000 $840,000 $9,300
Ccso 7 Fall Brook Projects $8,450,000 $11,408,000 $237,400
CSO 8 |Clifion/George Street Sewer Separation 950 LF $95,000 $128,000 $1,400
Cs09 George Street Outfall Closure $1,000 $1,000 $0
CSO10- 18 1Back Cove Storage Conduit 8,170 LF | $12,528,000 $16,912,000 $69,700
CsO 17 Libbytown Projects $4,520,000 $6,100,000 $27,000
CSO 19 Diamond Street Outfall Closure $1,000 $1,000 $0
Subtotal $26,490,000 $35,759,000 $348,900
Portland Harbor
CS0 23-29 Flow Slippage, Sewer Separation, and SWM $1,920,000 $2,595,000 $30,100
Fore River
CS0 30 St. John Street Sewer Separation (Note 3) — - —
CSO0 31 Eliminated — — —_
Cs0 32 Thompson Point Storage Facility 0 MG} $183,000 $247,000 $4,800
CS0 33 Fore River Pump Station Outfall Closure $1,000 $1,000 $0
CSO 34 Brewer Street Sewer Separation 240 LF $12,000 $16,000 $200
CS0 35 Stroudwater Road Sewer Separation 1,350 LF $135,000 $182,000 $2,000
CSO 36 West Side Sanitary Sewer 3,000 LF| $2,000,000 $2,700,000 $30,000
CSO 39 Rowe Street Qutfall Closure $1,000 $1,000 $0
Subtotal $2,332,000 $3,147,000 $37,000
Capisic Brook
CSO 36 Capisic Brook Sewer Separation and SWM $2,609,000 $3,522,000 $46,800
Cs0 37 Eliminated $0 $0 $0
CSO 38 Brighton Avenue Sewer Scparation 3,150 LF $315,000 $425,000 $4,700
CSO 40 Sagamore Village Sewer Separation $437,000 $590,000 $6,600
CSO 41 |Holm Avenue Sewer Separation 2,300 LF $230,000 $311,000 $3,500
CSO 42 Belfort/Commonwealth Dr. Sewer Separation and SWM 7,300 LF $962,000 $1,299,000 $17,000
CS0 43 Bishop Street/Warren Ave. Scwer Separation and SWM $864,000 $1,166,000 $16,000
Subtotal $5,417,000 $7,313,000 $94,600
Total $38,516,000 $52,011,000 $574,800
Notes:
(1) Abbreviations:
ISPS India Street Pump Station ~ NEPS Northeast Pump Station
LF linear feet SWM stormwater management facility
MG million galions WWTF Portland Wastewater Treatment Facility
(2) Land acquisition costs are not included.
(3) Costs included under Libbytown Projects.
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federal grant, state grant, or loan assistance for implementation of the Recommended

Plan are discussed in Section 9.

6.1 Construction Costs

The assumptions made and methods used in estimating the construction costs for each

type of project are discussed below.
Sewer Separation

In general, estimates for sewer separation projects include the reconnection of existing
catch basins to a new storm drain system. Length of new storm sewer pipe was based on

a preliminary layout of the new system, assuming reasonable allowances for flow

slipping.

Bid tabulations from recent sewer projects in Portland were analyzed and used to develop
approximate unit costs for sewer separation. Based on this analysis, sewer separation
costs were generally estimated to be in the range of $80 to $100 per linear foot of new
pipe. A cost of $100 per linear foot was assumed for this Master Plan, except where

special conditions warranted using a different value:

. CSO 1—Increased unit cost to $125 per linear foot to cover cost of

construction of new outfall and heavy traffic conditions.
o CSO 7—Read-Bay Area and CSOs 23-29 —Portland Harbor Area—

Increased unit cost to $150 per linear foot due to difficult installation

conditions.
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CSO 34 —Decreased unit cost to $50 per linear foot because of the
relatively small size of the project and because the construction would be
off the road, eliminating traffic considerations and simplifying surface

restoration.

Costs for sewer separation for CSOs 40 and 43, currently in progress, were provided by

the City of Portland.

Flow Slippage

Costs for flow slippage at CSOs 23-29 are based on the following assumptions:

BOSPMS/008.wp5

Catch basins connected to the combined sewer will be fitted with vortex

flow control devices.

Where two or more catch basins are located across the street from one
another or in the same street intersection, pipe will be installed to connect
the catch basins, and one catch basin, fitted with a vortex flow control

device, will be connected to the combined sewer.

The cost of installing a vortex flow control device on a single catch basin

is approximately $750.

The cost of installing connecting pipe and a vortex flow control device for

a pair of catch basins is $2,500.

The cost of installing connecting pipe and a vortex flow control device for

several catch basins in an intersection is $4,500.



The number of each type of catch basin was estimated by examining the sewer maps and

adding 25 percent to the number shown on the maps.
Storage Facilities

The proposed CSO storage facilities include storage tanks for CSOs 20 and 32 and a
storage conduit for CSOs 10-18. Detailed breakdowns of the estimated costs for these
projects are provided in Tables 6-2, 6-3, and 6-4, respectively. Quantities for excavation
and other cost items were based on the layouts given in Section 5. Unit costs are based

on recent construction experience in New England and on information given in Means

Site Work and Landscape Cost Data 1992, 11th Annual Edition.

The storage facilities at CSOs 20 and 32 include the installation of cast-in-place,
structurally reinforced concrete tanks. Associated with each storage tank is a diversion
structure to be located on the CSO outfall pipe, downstream of the existing CSO
structure. At both sites, the tanks drain by gravity back into the combined system for
conveyance to the WWTF. A vortex flow control device and check valve are included to
control the flowrate out of the tank. Facilities are included to provide for periodic
washdown of the tanks.

Clearing and grubbing for construction is required only at the CSO 32 site. With limited
soils information available, the volume of rock (ledge) to be excavated at the CSO 32 site
is assumed to be a nominal 1 percent of the calculated total excavation quantities. At the
CSO 20 site, a higher quantity of ledge excavation is expected. At both sites, the
excavation is assumed to require sheet piling. Since the tank excavation will be a large,
deep, open excavation in wet soils, a high unit cost of $30 per square foot was used for

sheet piling. Dewatering costs are included in the excavation unit cost.

The proposed Back Cove storage conduit is a 10-foot-diameter storage conduit to collect

overflows from CSOs 10 through 18. The conduit is assumed to be approximately 8,000
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feet long and 20 feet deep. In addition to the estimate for the 10-foot conduit, costs are
included for diversion structures at each of the nine outfall pipes, for an 18-inch gravity
line connecting the storage conduit to the Franklin Street Pump Station, and for
chlorination and dechlorination of the storage conduit overflow to Back Cove. A detailed

breakdown of the estimated costs are provided in Table 6-4.

Pump Station and Wastewater Treatment Facility Improvements

A cost allowance is included for adding pumping capacity to the ISPS and NEPS. A
detailed analysis of both pump stations should be made to verify the equipment and other
modifications required to provide additional pumping capacity.

Costs to increase the maximum capacity at the WWTF from 60 mgd to 80 mgd were

developed for the following components:

* Reconstruct one Parshall flume at the WWTF to increase its capacity from
25 mgd to 45 mgd

L] Provide new instrumentation for both Parshall flumes

o Add two new grit cyclone/classifier mechanisms (pumps and piping already
sized to handle the higher flows)

. Replace one manually-cleaned bar screen with a mechanically-cleaned

screen

. Modify the primary effluent outfall, increasing the line size to handle the
higher flows
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A detailed breakdown of the estimated costs for the WWTF improvements is provided in
Table 6-5. Costs for the equipment purchase and installation are based on estimates

provided by equipment manufacturers’ representatives.
Libbytown Projects

The intent of the Libbytown Projects is to reduce recurring combined sewer flooding
problems in the Libbytown area and reduce overflow activity at CSO 17. An analysis
and preliminary design of proposed alternatives is described in the June 1992 report
Libbytown Sewer Separation Project: Preliminary Design Report prepared by CH2M
HILL and Dufresne-Henry. Advanced planning and design of the projects described in
the report has progressed, and various aspects of the projects have been modified. The
recommended plan for Libbytown includes separation of sanitary flows and stormwater in
Upper Libbytown and the area around Hood Dairy and inflow reduction in subcatchments
tributary to CSO 17. The costs included on Table 6-1 for the Libbytown Projects are
revised cost estimates reflecting changes to the program since the publication of the

Preliminary Design Report.
Fall Brook and Capisic Brook

A variety of stormwater management and sewer separation projects are proposed for CSO
control at Fall Brook and Capisic Brook. Table 6-6 presents a breakdown of the
estimated costs for the Fall Brook (CSO 7) projects. The Capisic Brook projects include
controls at CSO 36, CSO 42, and CSO 43; the estimated costs for these projects are
presented in Tableé 6-7, 6-8, and 6-9.

The stormwater management (SWM) facilities are permanent stormwater detention ponds.
At each facility location, the approximate area suitable for detention was calculated. A
percentage (generally 50 percent) of this area was assumed as the storage surface area,

which was used, along with an assumed depth of 3 feet, to calculate storage volumes.
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The following formula, published in the document Controlling Urban Runoff: A Practice
Manual for Planning and Designing Urban BMPs, by Thomas R. Schueler, was used to

estimate SWM facility construction costs:

C =1071 V2® x
4195

a9

where C = construction cost at ENR 5000
V, = volume of storage in cubic feet
(5000/4195) = ENR adjustment

The West Side Sanitary Sewer is included in the CSO 36 Capisic Brook projects. The
estimated cost for a new 24-inch sanitary sewer, including manholes and a junction
chamber at each end of the new line, is shown in Table 6-7. Relatively high unit costs

are used due to the congested installation conditions along the length of the new line.
Outfall Closures

Several existing CSO outfalls are designated for closure as part of the CSO Abatement
Master Plan. A capital cost of $1,000 was included in Table 6-1 for each outfall closure.
This cost allows for testing to insure outfall closure will not cause flooding or other

problems, and for labor and materials to physically block the outfall.

6.2 Operation and Maintenance Costs

Preliminary estimates of O&M costs were made for the proposed CSO control projects.
More detailed estimates should be made at later stages of the CSO program development
when the projects and the associated O&M needs are more fully defined. The

assumptions used for the estimated O&M costs presented in Table 6-1 are given below.
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Sewer Separation and Flow Slippage

For areas in which sewer separation and flow slippage projects would be implemented,
O&M costs reflect additional street sweeping and catch basin cleaning. It was assumed
that a program of increased BMPs would be implemented in these areas, providing two
additional street sweeping passes for every street and two additional cleanings of each
catch basin. The annual cost of this program for each area was estimated at 1.5 percent
of the total construction cost for the project in that area. This percentage was developed
by analyzing three different sewer separation projects, and assigning a cost of $34 per
catch basin for catch basin cleaning and $50 per curb mile for street sweeping. The catch
basin estimate is an average of reported costs in the Boston area, and may be
conservative for Portland. The unit cost for street sweeping is based on average
literature values. For each of the three areas analyzed, the ratio of the estimated O&M
cost to the estimated construction cost was taken and the average of the three ratios were
determined; a contingency factor of 0.15 was added to the average ratio resulting in an

estimated annual O&M cost of 1.5 percent of construction costs.
Storage Facilities

Estimated O&M costs for the storage tank facilities at CSOs 20 and 32 and for the
storage conduit for CSOs 10-18 are based on guidelines in the document CSO Control
Technologies Assessment, CH2M HILL, May 1991. For the storage tank facilities, the
annual O&M costs are estimated at 3 percent of the facility construction cost. For the
storage (consolidation) conduit, the annual O&M costs are estimated at 1.7 times the
length of the sewer in feet (ENR =5000).

The SWM facility detention pond annual O&M costs were estimated at 3 percent of

project construction costs, based on guidelines given in Controlling Urban Runoff: A
Practical Manual for Planning and Assigning Urban BMPs.
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Pump Station and Wastewater Treatment Facility Improvements

The estimated O&M costs associated with the ISPS, NEPS, and Portland WWTF
improvements were calculated by estimating additional power costs and labor
requirements, and adding an allowance for supplies.
The calculations were based on the following assumptions:

. Grit cyclone and classifier motors—1/2 hp each

. Mechanically cleaned bar screen motor—1 1/2 hp

. Power cost—$0.12 per kwhr

o Additional WWTF labor required —one person-day per month (96 hours
per year)

o Additional PS labor required —two person-days per month
o Labor cost—$15 per hour

° Supplies — 10 percent of labor and power costs

o NEPS operating at increased rate 185 hours per year

. ISPS operating at increased rate 196 hours per year

o Allowance for additional grit pumping and primary sludge handling —
$5,000 per year
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6.3 Land Acquisition Costs

Costs for land acquisition may be associated with channel rehabilitatioﬁ in the Fall Brook
and Capisic Brook watersheds. Land acquisition costs were not included in the total
capital cost estimate for each respective CSO because of the variability of land prices and
the uncertainty regarding actual requirements in each watershed. A discussion with the
Portland City Assessor’s Office indicated that the following issues would be involved in

determination of land costs:

. Commercial versus residential zoning
o Independent appraisal value of property
o Total land area to remain under current ownership

o Hardship of property surrender to current owner

City average assessed value (1992 dollars) for residential property is approximately $3.25
per square foot, or $141,570 per acre. This unit cost is derived from an average $26,000
value for an 8,000 square foot residential lot. The current average value for commercial
property is approximately $5.00 per square foot, or $217,800 per acre. These costs are
average figures, and do not incorporate conditions specific to individual lots. For
example, if an individual lot size exceeds the minimum required per zoning code, the
additional portion of the lot will be assessed at a different unit cost. If that portion of the
lot lay in designated floodplain, the unit cost may drop to as much as 10 percent of the
average value. If that portion of a property to be acquired would cause the remaining lot
area to fall beneath zoning requirements, the remaining lot would become less valuable
for resale, and the cost for the acquired portion would rise, respectively, reflecting the
loss of value to the current owner. These factors must be determined on an individual
basis, during the preliminary design phases of projects. Additionally, the average
residential and commercial values are subject to change as the assessment methods are

being reevaluated.
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For example, assuming that 15 percent of the total length of Fall Brook is commercial
property, and the remaining 85 percent is residential property, land costs, using the
average values above, could be in the order of $7.0 million. This assumes the purchase
of a 20,000-foot length of brook, 100 feet wide.

Assuming that 100 percent of the total length of Capisic Brook lies within residentially
zoned property, the cost of land would be about $1.5 million. This cost is based on a
total length of 9,000 feet for a width of 50 feet across the entire length to be purchased.

These values are presented solely for general consideration. Actual costs would be

determined by an independent appraiser who would assess the total value of the subject

property.

6.4 Present Worth and Annual Costs

Project present worth values are useful in that they reflect not only the construction and
O&M costs of the project, but also the residual value of the facilities at the end of the
20-year planning period, or, for facilities with service lives less than 20 years, the

replacement cost to provide facilities for 20 years.

Present worth and equivalent annual costs were developed for each of the proposed
projects. A summary of the present worth and annual costs is presented in Table 6-10.
The detailed cost estimates presented in Section 6.2 (Tables 6-2 through 6-9) include

present worth and annual cost calculations.

The service life of the project, or individual project components, was first determined to
calculate the project annual cost. The guidelines used to determine service lives are
described in Table 6-11. The total capital cost of each project component is multiplied

by the capital recovery factor corresponding to the service life for that project
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Table 6-10
Portland, Maine CSO Abatement Master Plan
Present Worth and Annual Cost

Receiving Water Capital Cost | Annual Present Annual Service
and CSO Number Project/Activity (Note 1) (Note2) |[O&M Cost Worth Cost Life
Systemwide Projects

Portland WWTF Capacity Improvements $384,000 $6,700 $446,000 $45,000 |See Table 6-5

ISPS and NEPS Improvements $250,000 $7,200 $337,000 $34,000 |20 years

Benchmark and Compliance Monitoring $16,000 $7,200 $99,000 $10,000 |10 years

Revision of Stormwater Management Regulations $20,000 $0 $20,000 $2,000 |20 years
Subtotal $670,000 $21,100 $902,000 $91,000
Casco Bay
Cso 1 Olympia Street Sewer Separation $59,000 $700 $59,000 $6,000 |50 years
CsO 3 Berwick Street Outfall Closure $1,000 $0 $1,000 $100 |50 ycars
CsO 4 Tukey's Bridge Siphon Outfall Closure $1,000 $0 $1,000 $100 |50 years
CSO 20 Northeast Pump Station Storage Facility $1,819,000 $35,200 $1,990,000 $201,000 |See Table 6-2
CSO 21 Quebec Street Flow Slippage $363,000 $4,000 $347,000 $35,000 |50 years
Subtotal $2,243,000 | $39,900 $2,398,000 $242,200
Presumpscot Estuary]|
Cs02 Arcadia Street Sewer Separation $284,000 $3,200 $277,000 $28,000 |50 years
Back Cove
CsO 5 Randall St. Sewer Separation; Backflow Prevention $369,000 $4,100 $357,000 $36,000 |50 years
CSO 6 Johansen Street Sewer Separation $840,000 $9,300 $812,000 $82,000 |50 years
CSO 7 Fall Brook Projects $11,408,000 | $237,400 | $12,240,000 | $1,236,000 }See Table 6-6
CSO 8 Clifton/George Street Sewer Separation $128,000 $1,400 $119,000 $12,000 150 years
CSO9 George Street Outfall Closure $1,000 $0 $1,000 $100 |50 years
CsO10-18 Back Cove Storage Conduit $16,912,000 | $69,700 | $15,646,000 | $1,580,000 |[See Table 6-4
CSO 17 Libbytown Projects $6,100,000 | $27,000 $5,942,000 $528,000 {50 years
CSO 19 Diamond Street Outfall Closure $1,000 $0 $1,000 $100 |50 years
Subtotal $35,759,000 | $348,900 | $35,118,000 | $3,474,200
Portland Harbor
CSO 23-29 Flow Slippage & SWM $2,595,000 | $30,100 $2,971,000 $225,000 |50 years
Fore River
CSO 30 St. John Street Sewer Separation (Note 3) - —_ - — —
CSO 31 Eliminated — -— -— -— -—
CsO 32 Thompson Point Storage Facility $247,000 $4,800 $267,000 $27,000 |See Table 6-3
CSO 33 Fore River Pump Station Outfall Closure $1,000 $0 $1,000 $100 |50 years
CsSO 34 Brewer Street Sewer Separation $16,000 $200 $20,000 $2,000 |50 years
CSO 35 Stroudwater Road Sewer Separation $182,000 $2,000 $178,000 $18,000 |50 years
CSO 36 'West Side Sanitary Sewer $2,700,000 [ $30,000 $2,604,000 $263,000 |50 years
€S0 39 Rowe Street Outfall Closure $1,000 $0 $1,000 $100 |50 years
Subtotal $3,147,000 $37,000 $3,071,000 $310,200
Capisic Brook
CSO 36 Capisic Brook Sewer Separation and SWM $3,522,000 $46,800 $3,535,000 $357,000 |See Table 6-7
CSO 37 Eliminated - — - — —
CSO 38 Brighton Avenue Sewer Separation $425,000 $4,700 $406,000 $41,000 |50 years
CSO 40 Sagamore Village Sewer Separation $590,000 $6,600 $574,000 $58,000 |50 years
CSO 41 Holm Avenue Sewer Separation $311,000 $3,500 $297,000 $30,000 |50 years
CSO 42 Belfort/Commonwealth Dr. Sewer Separation and SWM| $1,299,000 | $17,000 $1,287,000 $130,000 |See Table 6-8
CSO 43 Bishop Street/Warren Ave. Sewer Separation and SWM |  $1,166,000 | $16,000 $1,159,000 $117,000 |See Table 6-9
Subtotal $7,313,000 $94,600 $7,258,000 $733,000
Total $52,011,000 | $574,800 | $51,995,000 | $5,103,600
Notes:

(1) Abbreviations:

ISPS India Street Pump Station

LF linear feet

MG million gallons

NEPS Northeast Pump Station

SWM stormwater management facility

(2) Land acquisition costs are not included.
(3) Costs included under Libbytown Projects.

WWTF Portland Wastewater Treatment Facility
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p Table 6-11
Service Life for
Major CSO Control Components

|

Component Type

Service Life

Wastewater conveyance structures
(including collection systems, outfall pipes, interceptors, force
mains, drop shafts, tunnels)

Other structures
(including plant buildings, concrete process tankage, basins, lift
station structures, and site work)

Process equipment

(including major process equipment such as clarifier
mechanisms, vacuum filters, etc.; steel process tanks and
chemical storage facilities; electrical generating facilities on
standby service only)

Auxiliary equipment

(including instruments and control facilities; sewage pumps and
electrical motors; mechanical equipment such as compressors,
aeration systems, centrifuges, chlorinators; electrical generating
facilities on regular service)

50 years

40 years

20 years

10 years

Source:

EPA Construction Grants, 1985; Municipal Wastewater Treatment, July 1984.
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component, in order to get the annual cost of the project component. The sum of the
project component annual costs and the project annual O&M cost is the annual cost for

the entire project.

The project present worth is determined by multiplying the project annual cost by the
present worth factor corresponding to the project life, or planning period. For the

Portland CSO Abatement Master Plan the project life is assumed to be 20 years.
An annual interest rate of 8.5 percent was used in calculating the annual cost and present

worth. Values of the capital recovery factor and present worth factor for various service

lives are given on Tables 6-2 through 6-9.
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Section 7

Environmental Evaluation

This environmental evaluation reviews anticipated water quality improvement resulting
from implementation of the recommended CSO abatement plan. Water quality
improvement is inferred from the predicted reduction in the number of annual overflow
events and water quality violations for designated uses of Portland’s surface waters.
Following the discussion of receiving water quality, an analysis of the environmental
impacts associated with combined sewer separation and the CSO storage facilities is

presented.

The environmental evaluation provides a description of the natural and built environment
in and around sites and corridors selected for construction of CSO abatement facilities
and identifies environmental issues that will be encountered in their construction and
operation. Resources that may be impacted are discussed in the following categories

under Siting Issues:

° Land use, access, and ownership
o Floodplains

o Wetlands

. Trees and landscaping

. Wildlife habitat
. Threatened and endangered species

° Cultural resources

The environmental evaluation also provides a description of potential CSO facility
construction and operation impacts. Actions to mitigate the potential impacts are
identified. The impacts are described in several categories under Construction and

Operational Issues:
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o Land use compatibility

o Excavated material disposal and erosion control
o Hazardous waste potential

o Floodplain encroachment

o Wetland encroachment

o Removal of trees and landscaping

o Loss of wildlife habitat
. Threatened and endangered species

o Cultural resources

. Recreational opportunities
o Traffic

o Air quality and odors

. Noise and vibration

. Coastal zone policies

Finally, a section entitled "Potential Environmental Concerns” summarizes the relative
degree of impact of various activities. Section 5 presented the components of the
recommended CSO control plan including figures showing the locations of the proposed
storage facilities and the areas that are recommended for separation and stormwater
management. Section 8.2, Permit Requirements, includes information on environmental
permits and approvals required for the implementation of the recommended CSO

controls.

7.1 Receiving Water Quality

Receiving water goals for the surface waters in the Portland area are established in
accordance with the Maine Water Pollution Control Law and include uses such as habitat
for fish and aquatic life, fishing, recreation in and on the water, and propagation and

harvesting of shellfish. Uses for a specific water segment are determined by the
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established freshwater or marine water classification and also include all existing uses.
Classified and existing uses of Portland’s receiving waters include primary contact
recreation such as swimming and windsurfing, secondary contact recreation such as
wading (freshwater brooks), boating, and passive recreation. Protection of critical uses
and sensitive areas, including adjacent shellfish waters, and aesthetics are also important
considerations. Closure of beaches and shellfish areas, the threat to public health from
poor water quality, and the aesthetic degradation of surface waters are examples of use

impairments. These uses are all impaired or potentially impacted by CSO discharges.

There are many sources of water pollution which contribute to the degradation of surface
waters in Portland and stand in the way of attaining of water quality goals for the City
(discussed in Section 1). Reducing combined sewer overflows helps to achieve water
quality goals by reducing the storm-related discharge of fecal and floatable material.
Thus, the primary water quality goals of Portland’s CSO control program should be to
minimize CSO activity, violations in state bacteria standards, and impacts of floatable

materials.

Water quality and hydraulic data were used in computer models to determine the average
number of CSO overflow events that would occur on an annual basis as well as during
the period from May 15 through September 30 when state bacteria standards are in effect.
The analysis was performed for the existing CSO configuration and for the CSO

] configuration recommended in the master plan. An estimate was also made of the
volume of CSO discharge during the overflow events and the total duration of the events
over a year’s time for both existing and recommended CSO management. The results

predicted by computer modeling are presented in Table 7-1 by watershed.
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Table 7-1
Water Quality Impact Summary’
Annual Summer?
No. of No. of Vol. Duration* No. of Vol. Duration*
Receiving Water CSOs Events® MG) (hours) Events® MG) (hours)

Without CSO Abatement Plan

Casco Bay 5 30 55 185 14 22 69

Presumpscot Estuary 1 13 2 50 6 1 20

Back Cove 15 4 416 357 19 157 96

Portland Harbor 7 43 145 202 19 62 99

Fore River 7 36 3 181 18 32 94

Capisic Brook 4 26 29 107 14 12 44
| Areawide 39 NA 720 NA NA 286 NA
“ With CSO Abatement Plan

Casco Bay 1 0 0 0 0 0
|?resumpscol Estuary 0 0 0 0 0 0

Back Cove 1 12 70 64 5 30 28

Portland Harbor 7 22 17 69 1 7 33

Fore River 1 0 0 0 0 0

Capisic Brook 0 0 0 0

Areawide 10 NA 87 NA NA 37 NA

IEgtimates of CSO activity were predicted by the recalibrated CSO Abatement Model and are based on the 1966 precipitation

record.

>The summer season is defined by Maine’s water quality regulations as May 15 to September 30.
3A receiving water CSO event is defined as one or more discharges to a receiving water resulting from a single precipitation event;
it approximates the number of days a receiving water is impacted by CSOs.
*The duration is the accumulative length of overflow time.

NA - Not Applicable

An assessment of the expected improvements to water quality of Portland’s receiving

waters follows. The assessment does not consider impacts from pollutant sources other

than Portland’s CSO discharges, such as CSO discharges from South Portland or

communities upstream from Portland along the Presumpscot and Stroudwater Rivers.

Casco Bay. By reducing the number of CSO from 5 to 1 and constructing a 1-MG

storage tank, combined sewer impacts to Casco Bay, on average, can be eliminated.

A 1990 study entitled, Assessment of Sediment Contamination in Casco Bay, prepared for
the Casco Bay Estuary Project concluded that:
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o Metals concentrations in Casco Bay sediments are comparable to

uncontaminated sediments

o Contaminants related to human activities are detectable throughout Casco

Bay but in most cases are at exceedingly low concentrations

o Localized contamination by various chemicals is generally far below levels

suspected of evoking toxic biological response

The study included both inner and outer Bay locations and evaluated pesticides, PCBs,

polycyclic aromatic hydrocarbons, and selected trace metals.

Presumpscot Estuary. Elimination of the single CSO discharging to the Presumpscot
Estuary would result in no CSO impacts from Portland to the Estuary.

Back Cove. The plan recommends sewer separation, combining many individual CSOs
into a storage conduit, and implementing upland stormwater management in the Fall
Brook watershed. The relief overflow of the storage conduit includes chlorination/
dechlorination prior to discharge to Back Cove. The number of annual overflow events
are estimated to be reduced from 44 to 12 and the volume discharged annually by

83 percent. During the summer months when water recreation is important in Back
Cove, the duration of overflow events is reduced from 19 events over 96 hours to 5
events lasting a total of 28 hours. In addition, the design of the storage conduit relief
overflow with disinfection will greatly reduce solids, floatables, and bacteria loads.
These reductions in CSO discharges, in addition to quantity and quality control of
stormwater discharges, should result in an improvement in the water quality in Back
Cove and an increase in the use of its waters for critical uses, sensitive areas, and

recreational purposes.

Portland Harbor. The CSO measures recommended for Portland Harbor will achieve a
significant reduction in CSO discharges to the Harbor. Although the number of CSO
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locations remains the same and the number of annual overflow events decreases from 43
to 22, the annual volume of overflow would be reduced from 145 million gallons to 17
(88 percent reduction), and the duration would decrease from 202 hours to 33 hours

(84 percent reduction).

Fore River. Under the CSO abatement plan, seven of the eight CSOs would be
eliminated. This reduction and construction of a 0.02-MG storage tank are predicted to
eliminate, on average, all CSO impacts to the Fore River.

Capisic Brook. All CSOs are eliminated under the plan, resulting in no CSO impacts
under typical storm conditions. Sewer separation is recommended to eliminate the CSOs,
and stormwater management measures are recommended to control the quantity and

quality of separate stormwater.

A major feature of the recommended CSO control plan is the reduction of inflow to the
combined sewer system, affecting primarily the Fall Brook and Capisic Brook
Watersheds. This will eliminate CSO discharges to the freshwater brooks and will
substantially reduce overflows throughout the Portland CSO system by decreasing
interceptor flows. However, inflow reduction including disconnecting stream inflow,
selective sewer separation, and flow slippage will increase stormwater discharges directly

to the freshwater brooks and indirectly to marine waters.

Stormwater management is included in the recommended plan to provide control for
stormwater from a quality and quantity basis. It is envisioned that the controls will
include pollutant source control measures similar to those currently being implemented
throughout the City. In addition, controls will include "active" stormwater management
structures such as wet detention ponds, wetland systems, and infiltration basins as well as
"passive” management features such as filters strips, vegetated buffers, and maintenance
and/or rehabilitation of riparian areas. These controls will be prioritized for
implementation to manage stormwater quality and quantity as a first priority through

"active" structures, manage quantity only (also through structures) as a second priority,

BOSPM4/074.wp$ 7-6



or provide "passive” controls as a third priority. Ideally, stormwater management
controls will provide a mixture of control measures which will provide stormwater
pollutant control, minimize the potential for flooding and provide aesthetically acceptable

stream channels.

Pollutant removal associated with stormwater management has been assessed through a
number of studies. The bacteria concentration in stormwater is about 40 to 90 percent
less than that of CSO, depending on the type of bacteria. Table 7-2 provides some
typical pollutant removals for the management practices which will be considered for

implementation.

Table 7-2
Typical Urban Runoff Pollutant Reduction Efficiencies
For Selected Control Alternatives

[ Removal Efficiency (percent)?
Suspended Total Total Fecal
Control Alternative Solids | Phosphorus| Nitrogen | Metals Coliform
Wet Ponds
-- 0.5% Surface Area! 80-85 50-55 35-40 35-40 95
-- 1.0% Surface Area' 90-95 60-65 40-45 40-45 99
Dry Detention Ponds 60-70 10 20 30-35 90
Filter Strips 40 15 15 30 N/A
Grass Swales 40 15 15 30 N/A
Infiltration Devices® 50-95 75 50-75 50-95 75-95
Water Quality Inlets 20 negligible | negligible | negligible | negligible

1Surface area of pond as percentage of drainage area served.

nfiltration devices include infiltration basins, infiltration trenches, and porous
pavement. These devices effectively capture all surface runoff intercepted. A portion
of the infiltrated surface runoff becomes interflow/baseflow.

*0Optimal removal efficiency of controls if properly operated and maintained.

Source: Mountain Island Lake Watershed Protection Plan prepared for the
Mecklenberg County (North Carolina) Department of Environmental Protection, CH2M
HILL, May 1991.
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\ In summary, the Recommended Plan recommends deactivation of 29 out of Portland’s
U 39 CSOs and implementation of other CSO abatement measures including storage tanks
and conduits, in-line flow adjustments, and upland runoff management. The estimated
annual CSO reductions are substantial: the number of individual CSO events will be
reduced by 85 percent; CSO volume will be reduced by 88 percent; and CSO duration
will be reduced by 88 percent. Similar decreases are predicted during the summer

months.

Applying the approaches identified in the 1992 Draft CSO Policy, we have developed a

Recommended Plan that will provide the following:

o Control of 99% of all wastewater flows generated during wet weather
o Improve the quality of Portland’s surface waters
° Provide, on average, 100% Portland CSO elimination in four out of six

receiving waters

o Reduce significantly the CSO events, volume, and duration in waters with

remaining CSOs

o Reduce significantly the number of violations of water quality standards for
bacteria

o Improve habitats for critical uses and sensitive areas

. Expand the recreational potential of Portland’s waters

The Recommended Plan will thereby move toward accomplishment of the state and

federal water quality goals.
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7.2 Construction Issues of Sewer Separation

Sewer separation consists of installing a new sewer line parallel to the combined sewer.

Either the sanitary flow or the storm flow is connected to the new line.
Land Use Compatibility

Land uses in the areas recommended for sewer separation are primarily residential with
some light commercial. Since the installation of separate sewers is typically along
transpdrtation rights-of-way and is below grade, there are no permanent impacts to land
use or aesthetics. See the section on Traffic for the construction phase impacts of sewer

separation.
Erosion Control

Excavation along roads to install a parallel network of new sanitary sewers will disturb
approximately 76,000 linear feet (14 miles) of road right-of-way. Excavated soil will be
placed next to the exposed trench.

Impacts. Soil erosion from stockpiled soil excavated from trenches and from the open

faces of the trenches themselves can occur during storm events.

Mitigation. Compliance with SCS soil erosion and sediment control measures will be
required by contract documents. Minimizing the length of trench opening at one time,
minimizing the time trenches are opened, and resurfacing or reseeding filled trenches will
reduce erosion potential from sewer installation. Careful installation, inspection, and
maintenance of soil erosion control measures, such as silt fences and straw bales staked

around stormwater inlets, will reduce sedimentation.
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Floodplain Encroachment

Some of the sewer construction may occur in an existing floodplain. The construction
and placement of the new sanitary sewers will not affect the flood storage capacity or the
movement of flood waters because the sewers are placed below grade. If it is necessary
for a new sewer to cross a streambed, steps should be taken to mitigate disturbance of the
streambed and its aquatic habitat. Separation projects will increase the quantity of

stormwater discharged to brooks and their tributaries.

In many instances in the Fall Brook watershed the stream channel must be maintained by
clearing vegetation, debris, and sediment that would cause flooding. This must be

accomplished before separation projects are completed.

In the Capisic Brook watershed several manmade and natural constructions to flow,
which currently cause flooding and at which increased flow would exacerbate flooding,

must be removed.
Wetlands

The sewer separation projects may encounter wet surface soil conditions. If wet soils are
encountered during detailed sewer separation project design, these areas should be
examined by a qualified wetlands specialist before completion of design to determine the
extent of any wetlands. If wetlands areas are found in the project area, they should be
avoided if possible. If significant areas of wetlands cannot be avoided, state and federal

wetlands permits may be required and must be obtained prior to construction.
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Wildlife Habitat

Installation of separate storm sewers generally is within the public rights-of-way.
Therefore, there is no disturbance of wildlife habitat. In some locations, it may be

necessary to cross land with wildlife habitat potential.

Impacts. There may be temporary disruption of wildlife habitat where storm sewer

installation deviates from transportation corridors and crosses woodland or old fields.

Mitigation. Impacts on wildlife habitat caused by installation of sewers across woodland
or old fields can be reduced by avoiding nesting periods; minimizing the construction
period; caution in compacting soil, cutting trees, and damaging tree roots; and reseeding

disturbed areas immediately after the trench is closed.

Cultural Resources

The historic value of structures or their historic contexts in areas where sewers are
recommended for separation will not be affected by the installation of new sanitary or
storm sewers under the streets on which they front. The Maine Historical Preservation
Commission (MHPC) should be notified immediately if suspected archeological artifacts

are encountered during excavation for sewer separation.

Recreational Opportunities

Some sanitary or storm sewer construction will occur in the more natural areas of stream
valleys and parks. The construction may temporarily interfere with passive recreational

activities in these areas. The installation of separate sanitary and storm sewers does not

create any recreational opportunities.
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Traffic and Access

Sewer lines generally run along streets and roads. Typically, combined sewer separation
projects are broken into sections of several hundred feet. A new trench is excavated,
usually in the road right-of-way. Construction generally occurs any time of year except
during the coldest months. Traffic on a road segment may be disrupted for several weeks

to several months.

Typically, four or fewer construction vehicles (backhoes, steam shovels, and pipe-laying
vehicles) are active on a daily basis at the point of constr