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EXECUTIVE SUMMARY

Woodard & Curran was engaged by the City of Salem, Massachusetts to perform Phase Il of the South
River Drainage Improvement Project. The purpose of the project isto develop a comprehensive long-term

solution to prevent or reduce the severity of frequent flooding in the low-lying areas of the South River
watershed.

The low-lying areas of the South River watershed have been plagued with flooding problems for nearly a
century. Runoff collects in these areas where there is little elevation difference between the ground
surface and mean high water. During periods of high tide, the South River cannot discharge to the ocean,
and there is insufficient storage below flood elevations to contain the floodwaters. In addition, increased
development and floodplain encroachment have decreased the area of natural wetland storage and the
capacity of the existing stormwater infrastructure to collect and convey runoff. As a result of these
factors, frequent flooding occurs, damaging private and public property as well as rendering roadways
impassable, residential properties uninhabitable, and businesses inoperable. In some instances, flooding
persists for days.

The low-lying areas of South River watershed generdly fall downstream of the MBTA railroad, just east
of the Highland Park/Golf Course, and extend on through the outfall of South River Conduit into Salem
Harbor at New Derby Street. There are three locations that are most prone to frequent flooding: the Rosies
Pond/Brooks Street/Jefferson Avenue area, the Canal Street/Salem State University area, and Geneva
Street. These areas are densely developed with residential uses along the southern end of Jefferson
Avenue and the western shores of Rosies Pond and with industrial and business uses along the northern
end of Jefferson Avenue and Cana Street. Additional residential aress are located to the east of Candl
Street. Salem State University isamajor land owner in the southeasterly portion of Canal Street.

The project is currently being conducted in three phases. Phase | of the project, which was completed in
2007, focused on understanding the general condition of the watershed and its flooding history. Phase 11,
which is outlined in this report, focused on identifying specific mitigation measures that can be
implemented to prevent or reduce the severity of frequent flooding in the low-lying areas. The
implementation of the recommended measures, including permitting, design and construction will be
conducted as afuture Phase [11.

Phase I was conducted in the following stages in an effort to develop a comprehensive long-term solution
to prevent or reduce the severity of frequent flooding in the low-lying areas of the South River watershed:

e conducting field surveys and studies throughout the watershed,

e implementing interim measures such as removing sediment and debris from the existing
stormwater drainage infrastructure and developing a rehabilitation plan to identify and improve
drainage infrastructure in need of repair;

e developing a baseline conditions hydrologic/hydraulic model of the watershed to understand the
existing hydrologic condition of the watershed and the hydraulic performance of the South River;
and

o identifying specific mitigation measures that should be implemented to achieve the project
objectives.

City of Salem (218953.02) Woodard & Curran
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These efforts demonstrated that the Rosies Pond/Brooks Street/Jefferson Avenue and Canal Street/Salem
State University areas must each be physically separated from interaction with the tide in order to reduce
the frequency and extent of flooding within each of these areas. Thisfinding was based on the following:

o both areas were found to be heavily influenced by tidal conditions, especially during significant
rainfal events;

o improvements directed at solely altering the rate and volume of runoff through South River were
not found to be independently effective since they did not protect from the tide; and

o flood mitigation measuresin one area generally had little or no benefit to the other area due to the
influence of thetide.

It was also predicted that flooding along Geneva Street is independent of the hydraulic conditions along
South River. Flooding within this areawas found to be aresult of the existing drainage system within the
area having limited capacity to collect and convey runoff.

As aresult of these findings, the following improvements are recommended for the flood prone aress.

Canal Street/Salem State University Area

Woodard & Curran recommends constructing a pump station and enlarging the existing stormwater
collection and conveyance system within the Canal Street/Salem State University area. These measures
are recommended to protect the area from flooding for up to the 100-year rainfall event. The pump station
is recommended to eliminate backwater conditions from South River that are due to high tide.
Improvements to the existing drainage system would be necessary to redlize the full benefit of the pump
station since the existing system is undersized to handle runoff from a 100-year rainfal event. It is
estimated that the costs associated with these improvements is between $11,700,000 and $16,300,000.

Rosies Pond/Brooks Street/Jefferson Avenue Area

Woodard & Curran recommends raising existing earthen berms and constructing additional retaining
walls and/or berms within the Rosies Pond/Brooks Street/Jefferson Avenue area. Overdl, these
recommendations propose to raise the level of flood protection provided by existing measures
(constructed in the 1970s) from a ~10-year event to a 100-year event. Protection is provided by
minimizing floodwater encroachment from South River during the 100-year event. In addition,
improvements identified in the Ocean Avenue West Pump Station Assessment (performed in 2009) are
aso recommended for implementation. The improvements identified in this Assessment consider
flooding issues that are independent of floodwater encroachment from South River, and are directed at
addressing potential localized flooding. It is estimated that the costs associated with these improvements
is between $2,910,000 and $3,210,000.

Geneva Street

Woodard & Curran recommends flooding along Geneva Street be addressed independently of flood
mitigation improvements along South River. The City of Salem is currently undertaking an extensive
catch basin cleaning program that may reduce the frequency and magnitude of flooding along Geneva
Street. It is recommended that the City evaluate the effectiveness of this program prior to evaluating
physical dterations to the exiting drainage system that are directed at increasing the collection and
conveyance capacity of the system.

City of Salem (218953.02) Woodard & Curran
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1. INTRODUCTION

1.1 PURPOSE

Woodard & Curran has completed Phase Il of the South River Drainage Improvement Project. The
purpose of the project is to develop a comprehensive long-term solution to prevent or reduce the severity
of frequent flooding in the low lying areas of the South River watershed.

Phase | of the project focused on understanding the general condition of the watershed and its flooding
history, compiling readily available information pertaining to the watershed and its drainage
infrastructure, and identifying the information required to develop and assess potential flood mitigation
measures in subsequent phases of the project.

Phase Il of the project, which isoutlined in this report, focuses on the following:

conducting field surveys and studies throughout the watershed;

e implementing interim measures such as removing sediment and debris from the existing
stormwater drainage infrastructure;

e developing a baseline conditions hydrologic/hydraulic model of the watershed to understand the
existing hydrologic condition of the watershed and the hydraulic performance of the South River;
and

e identifying specific mitigation measures that should be implemented to achieve the project
objectives.

This report summarizes the results of Phase |1 and concludes with arecommended approach for long-term
flood protection and the anticipated construction costs, scheduling requirements, regulatory permitting,
easements, and additional study/engineering efforts required to implement the recommended measures.
The implementation of the recommended measures, including permitting, design and construction will be
conducted as afuture Phase |11 of the project.

1.2 BACKGROUND

The low lying areas of the South River watershed have [E=
been plagued with flooding problems for nearly a
century. Increased runoff volumes and rates resulting
from development and floodplain encroachment have
decreased the area of natural wetland storage and the
capacity of the existing stormwater infrastructure to [=%=;
collect and convey runoff. Exerts from USGS maps |/
dated 1893 and 1944 are provided in this section to |;
illustrate the progression of development and floodplain | #
encroachment within low lying areas of the South River | -
watershed. The exerts demonstrate significant floodplain |
encroachment between 1893 and 1944 in the low lying [\

areas of the watershed, and the most recent USGS map ﬁ. LN
& e

*Exert from USGS Map dated 1893.

City of Salem (218953.02) 1-1 Woodard & Curran
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(found in Figure 1) illustrates that the natural wetland area has amost been completely depleted. These
factors have contributed to the flooding problems experienced today throughout the South River

watershed.

Runoff currently collects in the lower lying areas of the watershed where there is little elevation
difference between the ground surface and mean high water. During periods of high tide, the South River
cannot discharge to the ocean, and there is insufficient storage below flood elevations to contain the

ST
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*Exert from USGS Map dated 1944.

1.3 REPORT ORGANIZATION

floodwaters. As a result, frequent flooding
occurs, damaging private and public property as
well as rendering roadways impassable,
residential  properties  uninhabitable, and
businesses inoperable. In some instances,
flooding persists for days.

The first and only comprehensive flood study to
address flooding in the South River watershed
was conducted by the Commonwedth of
Massachusetts Department of Public Works
(Department) in  August 1966. The study
included a detailed hydrologic and hydraulic
evaluation of the South River watershed which
resulted in the recommendation for the
construction of severa flood protection projects.
Despite the installation of various flood control
measures by the Department over the past
decades, the South River watershed has
experienced six major flooding events since

] 1996. As a result, the City has identified the

need to develop a comprehensive long-term

3 solution to prevent or reduce the severity of
24 frequent flooding in the low lying areas of the

watershed.

Thisreport for Phase1l of the South River Drainage I mprovement Project provides the following:

e adescription of the South River watershed,

o adescription of flood prone aress, or the Study Area, within the watershed,

e an outline of the data collection activities conducted,

e anoverview of the baseline conditions hydrologic/hydraulic model,

e adiscussion of the aternative analysis performed to identify the approach for long-term flood

protection within the watershed, and

e adiscussion of therecommended alternatives for flood prone areas in the watershed.

City of Salem (218953.02)
2011.04.06 218953 Salem South River Phase Il Report.Doc
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The report isorganized as follows:

e Section 2 of the report outlines the existing condition of the South River watershed, the Study
Area, and abrief history of flooding issueswithin the watershed.

e Section 3 discusses the development of the baseline conditions hydrologic/hydraulic model and
provides theresults of the baseline conditions analysis.

e Section 4 the methodology used to evaluate the performance of various opportunities for long-
term flood protection with in the watershed is discussed.

e Sections 5 and 6 identify and discuss the recommended alternatives for flood prone areas in the
watershed. Specifically, Section 5 discusses recommended alternatives for the Cana Street and
Salem State University areas, and Section 6 discusses recommended dternatives for Rosies
Pond/Brooks Street/Jefferson Avenue areas.

City of Salem (218953.02) 1-3 Woodard & Curran
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2. EXISTING CONDITIONS DESCRIPTION

An understanding of the South River hydrology and the relation between flood prone areas and the overal
watershed isimportant to identify potential flood mitigation measures. This section of the report provides
a description of the South River watershed along with a description of flood prone areas, or the Study
Area, within the watershed.

2.1 WATERSHED DESCRIPTION

The South River watershed drains approximately 1,400 acres of the west-central portion of Salem. The
watershed can generally be described as urbanized, with less densely developed areas located within the
watershed headwaters and nearly fully built-out in downstream portions. The following descriptions
outline areas of the watershed and its major drainage facilities. Figure 2 depicts the overall boundary of
the South River watershed and the 45 subwatershed boundaries that have been identified for this study.
Figure 2 aso identifies major drainage facilities located within the watershed.

Headwaters

The South River flows in southeasterly direction from the headwaters located northeast of Highland
Avenue, in the Gallows Hill area, to the Boston & Maine Railroad. The upper reaches of the watershed
are generaly characterized by steep slopes and ledge outcrops. Development within the watershed above
Highland Avenue is predominately residential in nature. Development along Highland Avenue is a
mixture of residential, commercial and municipa uses (schools, hospitals, etc.). Below Highland Avenue,
the watershed remains largely undeveloped through Highland Park and the golf course. The area is
drained by anumber of small streams 3- to 4-feet widewith low banks and several large wetland aress.

The South River is conveyed under the Boston and Maine Railroad through a 4-foot wide by 6-foot high
culvert. The river flows goproximately 1,000 feet in the southeast direction to the first crossing of
Jefferson Avenue and South River. The river through this area has undergone, to varying degrees,
channelization resulting from development encroachment, although some of the natural floodplain exists
in this reach of the river. The river crosses under Jefferson Avenue through one 54-inch and two 48-inch
diameter concrete culvertswhere the South River enters Rosies Pond.

Rosies Pond

Rosies Pond subwatershed receives runoff from densely developed residential areas along southerly end
of Jefferson Avenue as well as from properties along Paralel, Adams, Kimball and Bertini Streets.
Runoff from several industrial and business properties along the west side of Canal Street also contributes
to Rosies Pond.

Flow from Rosies Pond is controlled by two drainage features, alow lying berm at the northwesterly end
of the pond and the Rosies Pond Bypass. Stormwater is impounded in Rosies Pond by alow lying berm,
reportedly constructed as an access drive for construction of a sewer pipeline, located immediately
upstream and to the south of the Boston and Maine Railroad. Flows, under low-flow conditions, are
controlled by two 24-inch and two 15-inch diameter culverts under the berm. Field observations madein
this area indicate the berm and culverts are showing signs of settlement and erosion as well as sediment
accumulation. During high-flow conditions, stormwater flows over the berm continue north downstream
into the Jefferson Avenue neighborhood. Also during periods of high-flow a portion of the stormwater
exiting Rosies Pond is conveyed through the Rosies Pond Bypass to the Forest River. Rosies Pond Bypass

City of Salem (218953.02) 2-1 Woodard & Curran
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was constructed in the early 2000's as a means to reduce the volume and flow rate of stormwater through
downstream flood prone areas of the watershed. Flow diverted to the Forest River through the bypass no
longer contributes to flooding in the downstream reaches of the South River. The South River is conveyed
from Rosies Pond under the Boston and Maine Railroad through a 12-foot arched culvert into the
Jefferson Avenue neighborhood.

Jefferson Avenue Neighborhood

After passing under the Boston and Maine Railroad, the river is channelized through several residential
backyards on the south side of Lawrence Street and crosses under Lawrence Street through a 7.5-foot
wide by 5-foot high concrete culvert. The river continues to flow north through the rear yards of the
residential properties between Brooks Street and Wheatland Street. An earthen berm, part of the local
flood protection works constructed in the mid 1970’s, runs along the Brooks Street side of the river
protecting the low lying residential areas along Brooks Street and Jefferson Avenue. The earthen berm
directs the river through a concrete floodwall channel to the second crossing under Jefferson Avenue
consisting of a10-foot wide by 4-foot high culvert.

The South River turns towards the east and runs paralel to Jefferson Avenue behind a number of
residential properties to the intersection of the Dove Street with Jefferson Avenue. The earthen berm
extends from the Jefferson Street flood wall to Dove Street. Runoff from the 9-acre area protected by the
earthen berm is collected by a subsurface storm drainage system and conveyed to the Ocean Avenue West
Pump Station. The pump station lifts the stormwater over the earthen berm and discharges it into the
South River behind the pump station at the west end of Ocean Avenue West. Runoff from upper portions
of the watershed, including some runoff from the hospital, high school and high school athletic fields
contribute runoff along this reach of the river. The river flows under the Dove Street through twin
corrugated metal pipe arch culverts. The river again crosses Jefferson Avenue, approximately 200 feet
downstream of Dove Street through two 48-inch, one 54-inch, and one 66-inch diameter culverts where
the river enters Mill Pond.

Mill Pond

The contributing drainage area to Mill Pond includes industrial properties located between Jefferson
Avenue and the Boston & Maine Railroad as well as remaining portions of the upper watershed south of
Jackson Street. Runoff the upper reaches is conveyed to Mill Pond via severa storm drainage systems.
Mill Pond meanders in a southeastern direction towards the Boston and Maine Railroad where it enters
the South River Conduit.

South River Conduit

The South River Conduit conveys the river from Mill Pond, under Canal Street, northeast to Riley Plaza
and New Derby Street, to Salem Harbor. The outfall is located through a sheet metal bulkhead located
approximately 200 feet east of the intersection of Lafayette Street and New Derby Street. The South River
Conduit consists of a number of miscellaneous and irregular constructions with expanding and
contracting waterway areas, bends, old bridge and canal sections. The South River Conduit is protected
from tidal fluctuations entering the structure through two tide gates located at the outfall. A detailed
description of the construction type and size of the conduit is provided in the previously referenced report
entitled “Report on Flood Control for South River — Salem” by Camp, Dresser & McKee, dated August 5,
1966.

City of Salem (218953.02) 2-2 Woodard & Curran
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The South River Conduit drains an additional 266 acres located to the east and west of the conduit. These
tributary drainage areas consist of densely developed portion of downtown Salem. Runoff from these
areas, including the Geneva Street portion of the Study Area (discussed in the following section of this
report), is collected by various storm drainage systems and discharged directly into the conduit at various
locations along its length. Runoff from gpproximately 165.8 of the 266 acres enters South River Conduit
through siphons under the MBTA railroad.

Canal Street/Salem State University

Two primary subsurface drainage systems collect and convey runoff from the southeastern portions of the
watershed to the South River Conduit. Runoff from business and industries along Cana Street and the
properties between Cana Street and the Boston and Maine Railroad is collected in storm drains in Canal
Street. This drainage system runs along Canal Street and discharges into the South River Conduit in the
St. Paul Street area.

A second subsurface drainage system serves Salem State University’s O’ Keefe Center Parking Area and
side roads entering Canal Street from the east. This drainage system also enters the South River Conduit
in the St. Paul Street area.

2.2 STUDY AREA

The Study Area comprises flood prone areas within the South River watershed. The Study Area was
defined in Phase | through a series of meetings and discussions with the Mayor’s Staff, City Engineer,
Department of Public Works, Conservation Commission, and City Council members. In addition to these
meetings, a community workshop was conducted to solicit input from homeowners and business owners
on the frequency and extent of historical flooding to further refinethe limits of the Study Area.

Based on these discussions, the Study Area was defined as the low lying areas of the South River
watershed located downstream of the MBTA railroad, just east of the Highland Park/Golf Course, to the
South River outfall into Salem Harbor at New Derby Street. The area encompasses approximately 250
acres. The areais densely developed with residential uses along the southern end of Jefferson Avenue and
western shores of Rosies Pond; industrial and business uses dominate the northern end of Jefferson
Avenue and Canal Street. Additional residentia areas are located to the east of Canal Street. Salem State
University isamajor land owner in the southeasterly portion of the Study Area.

Three primary locations within the Study Area are most prone to frequent flooding. The following is a
brief description of these aress.

Rosies Pond/Brooks Street/Jefferson Avenue Area

The Rosies Pond/Brooks Street/Jefferson Avenue area commences aong the eastern perimeter of Rosies
Pond and continues along a portion of South River that lies between the Massachusetts Bay Transit
Authority (MBTA) railroad and Lawrence Avenue. The area then extends downstream between
Whestland Street and Brooks Street. The final reach of the area lies along an area west of Jefferson
Avenue, between Dove Avenue and Laurent Street. The area falls within the following subwatersheds of
South River Watershed, as illustrated on Figure 2: 5, 6, 7, 9, and 10. Roads within the area include, but
are not limited to: Parallel Street, Lawrence Avenue, Brooks Street, Jefferson Avenue, and Dove Avenue

City of Salem (218953.02) 2-3 Woodard & Curran
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During significant rainfall events, residential properties along Rosies Pond are often inundated with
runoff from upstream reaches. Flooding is further exacerbated during periods of high groundwater. When
the water surface elevation within Rosies Pond exceeds Elev. 13, residential structures along the eastern
perimeter begin to experience some degree of flooding. During the 100-year rainfall event, it is estimated
that approximately two acres of residential property and seven residential structures experience some
level of flooding. Currently, there is no protection against flooding along this portion of Rosies Pond.

The areathat lies between the MBTA railroad and Lawrence Avenueis aso subject to frequent flooding.
When the water surface elevation in South River through this area exceeds Elev. 13, residential structures
adjacent to the South River begin to experience some degree of flooding. Flooding is further exacerbated
during periods of high groundwater. During the 100-year rainfall event, it is estimated that 0.5 acres of
residential property and three residentia structures experience some level of flooding. Currently, there is
no protection against flooding along this portion of the Project Area.

The remaining portion of the area, which runs along Jefferson Avenue and Brooks Street, is often subject
to backwater conditions when the South River Conduit reaches capacity. Capacity is generally exceeded
during significant rainfall events and periods of high tide. Currently, this area contains a series of earthen
berms that lie dong the banks of South River. The earthen berms were constructed to protect
approximately 10 acres of mostly residential property against backwater conditions When stormwater
from South River Conduit backups to an elevation grester than that of the earthen berms (Elev. 12.5-
13.3), the earthen berms overtop causing flooding to adjacent residential properties. When the berms
overtop, the stormwater pump station that services the area becomes inundated, causing the pump station
to fail. Flooding is further exacerbated during periods of high groundwater .

Canal Street/Salem State University Area

The Canal Street/Salem State University area has been defined as the watershed that currently contributes
stormwater to the existing stormwater drainage infrastructure along Canal Street, between St. Paul Street
and Forest Street, and through the Salem State University O’ Keefe Center parking area. These systems
collect runoff from commercial, industrial, and residential properties and throughout the area and convey
it to the South River Conduit. Collectively, the two drainage systems collect runoff from approximately
85 acres of fully developed watershed.

The area falls within the following subwatersheds of South River Watershed, as illustrated on Figure 2:
12A, 12B, 16S, 15S, 14S, 13S, 12S, 11S, 10S, 9S, 8S, 17S, 19S, 20S, 9S, and 5S. Roads within the
Project Area include, but not limited to, portions of the following: Canal Street, St. Paul Street, Laurel
Street, Meadow Street, Ocean Avenue, Hersey Street, Forest Avenue, Day Avenue, Charles Street, Pacific
Street, Broadway, Hazel Street, Linden Street, Wisteria Street, and Lussier Street.

The area has experienced flooding as a result of heavy rainfall events as well as during periods of high
tides. The portion of Canal Street in front of the McDonald's Restaurant, and the Salem State University
O'Keefe Center parking area, are the lowest lying within the area. Flooding within the Project Areais
predominately due to surcharging from low-lying catch basins. According to business owners, low-lying
catch basins are reportedly flooded as frequently as once or twice a month with or without arainfall event
(note: dry weather flooding occurs when high tide coincides with large base flow). The lowest lying catch
basins, and thus the catch basins that experience the most surcharge, are located in front of 150 Canal
Street (McDonald’'s Restaurant) and in the Salem State University (formerly Salem State College)
O’'Keefe Parking Lot. These el evations have been identified as Elev. 8.9 and Elev. 8.0 (per City of Saem
base), respectively, and fall below Mean High Water (Elev. 9.2). The remaining catch basins within the
Project area generaly fall between Elev. 9 and 12, which are near or at Mean High Water.

City of Salem (218953.02) 2-4 Woodard & Curran
2011.04.06 218953 Salem South River Phase Il Report.Doc April 2011



A

-

y - ‘
gﬂﬁi}ﬁfi{}
CURRAR

The areais the lowest lying within the South River Watershed. The drainage systems servicing the area
convey runoff to the South River Conduit, which also services the remainder of the 1,400-acre South
River Watershed. Given these factors, the area is often subject to backwater conditions when the South
River Conduit reaches capacity or is subject to high tide conditions. In addition, drainage systems in the
area do not have the cgpacity to convey runoff during significant rainfal events, which further
exacerbates flooding within the area. Capacity is limited as a result of undersized infrastructure and
limited elevation differential along the infrastructure.

Geneva Street

The portion of Geneva Street between Hancock Street and Roslyn Street has been subject to historic
flooding. The drainage system serving this area is independent of the Canal Street drainage system. The
system connects directly into the South River Conduit downstream of the system serving Cana Street.
Nevertheless, the Geneva Street system is subject to the same surcharging conditions from the South
River Conduit. The area affected by flooding is approximately 2.5 acres. There is limited storm drainage
and topogrephic data available for this area. Based on review of information provided by homeownersin
the areq, it is unclear if the flooding results from insufficient collection capacity, surcharging from the
South River, or both.
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3. BASELINE CONDITIONS DEVELOPMENT

A detailed hydrologic and hydraulic analysis of the South River watershed was conducted to evaluate the
present hydrologic condition of the watershed and to serve as the basis to evaluate potential mitigation
measures to reduce the frequency and extent of flooding within the Study Area. This section of the report
discusses the development of the baseline conditions hydrologic/hydraulic model and provides the results
of the baseline conditions analysis.

3.1 APPROACH

A basdline conditions hydrologic/hydraulic model of the South River watershed was developed to
estimate the peak rate and volume of runoff from the subwatersheds and the peak water surface elevations
through South River. Representations of existing hydrologic/hydraulic features within the watershed were
incorporated into the model to accurately predict these values. SewerGEMs® V8i modeling software,
Copyright 2010 Bentley Systems Incorporated, was utilized to develop the mode. The following
discusses the hydrologic and hydraulic methodologies implemented to estimate the peak rate and volume
of runoff from the South River subwatersheds and the peak water surface elevations through South River.

Hydrologic Methodology

The hydrologic methodology applied in the analysis followed methods developed by the Soil
Conservation Services (SCS) for estimating runoff from small urban watersheds. The volume of runoff
generated by a subwatershed is determined primarily by theinfiltration characteristics and moisture of the
subwatershed’s underlying soil, the type of surface cover and retention characteristics, the antecedent
rainfall, and the amount of precipitation. The rate of runoff is primarily determined by the travel time, or
the time at which al points in the subwatershed contribute runoff. The travel time is determined by the
slope, length of flow path, depth of flow, and roughness along the flow path. The peak rate of runoff is
based on the relationship of these parameters, the tota subwatershed area, and time distribution of
precipitation during a given rainfal event.

Data used to develop the baseline conditions hydrologic modd include the rainfall data and the land uses,
soil types, time of concentrations values, and topography of the 45 subwatersheds. Descriptions of this
data and an illustration of the 45 watersheds are provided in Section 3.2.2 and Figure 2, respectively.

Hydraulic Methodology

Water surface elevations through a conveyance structure, such as a closed conduit or open channdl, are
determined primarily by the flow rate through the structure, its slope, geometry, and roughness
characteristics. The boundary condition at the downstream end of the conveyance feature aso effects the
water surface elevation in the structure.

Input parameters used to develop the baseline conditions hydraulic model include invert elevations,
structure geometry, roughness parameters, and the tidal conditions at the outfalls of the conveyance
structures. Descriptions of these parameters are included in Section 3.2.3.
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3.2 MODEL DEVELOPMENT

The baseline conditions model was developed to reflect the existing condition of the South River
watershed. The proceeding sections discuss the data that was collected to develop the model and the
parameters that were used.

3.21 Data Collection

Information pertaining to the watershed, South River, and drainage infrastructure was obtained from a
series of documents that were reviewed or developed for the project. Documents included design plans,
record drawings, reports for flood studies previously performed within the watershed, and existing
conditions surveys. Documents were supplemented with inspection videos, flow metering, and
observations made during site visits. The following provides an overview of the documents reviewed and
field observations performed for the project.

Documents Reviewed

e “Report on Flood Control for South River — Salem” by Camp, Dresser & McKee dated August
5, 1966.

e “Surface Flooding and Drainage Investigation Canal Street and Salem State University” by New
England Civil Engineering Corp., dated May 2006.

o Letter from Northeast Massachusetts Mosqguito Control and Wetlands Management District to
the City of Salem, dated March 24, 2005.

e Memorandum to William Luster from Stanton W. Bigelow dated March 27, 1991 regarding
“Condition of Tide Gates, South River Channel.”

e Project plans entitled “Proposed Flood Control Pipe Conduit, Channels and Pump Station, South
River” by Camp, Dresser & McKee dated November 1973.

e City of Sadem topographic mapping entitted “Salem, Massachusetts Topographic and
Planimetric Survey” by New England Survey Service, Inc., dated 1965.

e “City of Salem In-Progress Storm Water Drainage Map” by Woodard & Curran dated June
2004.

e Project plans and relevant memorandums to “City of Salem, Massachusetts South River Flood
Control Program Rosies Pond Drain” by Camp, Dresser & McKee dated February 2001.

e “Sdem State University O’'Keefe Athletic Center, Sdem, MA, Stormwater Study,” by Judith
Nitsch Engineering, Inc., dated June 20, 2005.

e Letter from Rizzo Associates, Inc. to Pepi Associates, Inc. dated April 3, 1991 regarding
“Proposed Salem Police Station Drainage.”

e Project plans entitled “Salem — Grade Crossing Eliminations,” by Singstad & Saillir Consulting
Engineers, dated 1955.
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o City of Salem Department of Public Services map of stormwater and sanitary sewer mapping.
o Meteorologica datafrom thefollowing agencies:

o National Weather Service

0 Northeast Regiona Climate Center at Cornell University

0 National Oceanographic and Atmospheric Administration’s Regional Climate Centers
and National Climatic Data Center

e “Flood Inaurance Study, City of Salem, Massachusetts, Essex County” by the Federd
Emergency Management Agency (FEMA) dated February 5,, 1985.

e “Flood Insurance Rate Map, City of Salem, Massachusetts, Essex County” by the Federal
Emergency Management Agency (FEMA) dated August 5, 1985.

e “Ocean Avenue West Pump Station Assessment Report, City of Salem, MA” by Woodard &
Curran dated March 9, 2009.

e “2009 South River Metering Program, City of Salem, Massachusetts’ by New England Civil
Engineering Corporation dated February 2010.

Field Observations

The document review was supplemented by site visits conducted during the duration of the project to
document the overal conditions of the watershed and make first hand observations of the most flood-
prone locations within the Study Area. This work included conducting observations of major hydraulic
structures throughout the Study Areathat werereadily accessible.

A metering program was also conducted for the South River in 2009 by New England Civil Engineering
Corporation. Data was obtained between April 2008 and December 2009 from a series of flow meters and
depth sensors that were placed at various locations along South River. The flow meters and depths
sensors were used to measure the rate and depth of stormwater, respectively. The data obtained from the
program provided insight to the hydrologic and hydraulic response of the watershed and was applied
during development of the baseline conditions hydraulic and hydrologic mode.

Video inspections of infrastructure within the South River watershed, including the South River Conduit,
were conducted to document the condition of the infrastructure and confirm the physical configuration of
the infrastructure. This effort was performed in conjunction with a cleaning program that was
implemented to remove sediment and debris from the conduits. The findings of these efforts, along with

recommendations for improving infrastructure found to be in need of repair, can be found in APPENDI X
A of thisreport.

Topographic surveys were aso conducted as part of the project in Spring 2009, and included the
following:

e Planimetrics and topographic contours at one-foot intervals of the Study Ares;

e Planimetrics and topographic contours at two-foot intervals of the South River Watershed;
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o “Existing Conditions Survey of Canal Street,” by WSP-Sdlls, dated February 20, 2009; and

e Geometry and location of hydraulic structures along South River from Highland Avenue down
to the inlet of South River Conduit at Mill Pond.

3.2.2 Hydrologic Data
Rainfall Events

The baseline conditions analysis was performed for the 10-, 25-, 50-, and 100-year 24-hour synthetic
rainfall events. These events are defined as having a one in ten (10%), one in twenty-five (4%), one in
fifty (2%), and one in a hundred (1%) chance of occurring or being exceeded in any given year,
respectively. Rainfall depths used in the analysis were obtained from rainfall data maps included in
“Technical Paper 40 — Rainfall Frequency Atlas of the United States.” A Type-I11 rainfall distribution, as
developed by the National Resource Conservation Service (NRCS), was used in the analysis as this was
the recommended distribution of this portion of the United States. The analysis assumed the antecedent
runoff condition (ARC) as normal. The total precipitation depth associated with each rainfal event is
outlined in Table 3-1.

Table 3-1 - 24-hour Precipitation Depths

Rainfall Event Depth
(Frequency) (inches)
10-year 45
25-year 5.3
50-year 6.0
100-year 6.7

Land Use

Geographic land use data was compiled from data layers available on the Massachusetts Geographic
Information System (MassGIS) website (http://www.mass.gov/mgis/.htm). The MassGIS Land Use
datalayer has 37 land use classifications interpreted from 1:25,000 aerial photographs The most current
land use datalayer available on the MassGIS website used for this report was created by the Executive
Office of Transportation and Construction using aerial photography from 1990/1991. Woodard & Curran
then updated the land use layer using similar methodology from 1:5,000 Color Ortho Imagery captured in
2005 and further supplemented this with record plans and as-built plans of development that was
constructed post-2005 and direct observation through field reconnaissance efforts conducted during the
duration of the project. Land uses are illustrated in Figure 3.

Soils

Soils information used in the anaysis was compiled from datalayers available on the Massachusetts
Geographic Information System (MassGIS) website (http://www.mass.gov/mgis/.htm). The Soils
datalayer has been automated from 1:25,000 published soils surveys as provided on various media by the
United States Department of Agriculture Natural Resources Conservation Service. All soils data released
by MassGI S have been "SSURGO-certified," which means they have been reviewed and approved by the

City of Salem (218953.02) 3-4 Woodard & Curran
2011.04.06 218953 Salem South River Phase Il Report.Doc April 2011



A

-

y - ‘
gﬂﬁi}ﬁfi{}
CURRAR

NRCS and meet all standards and requirements for inclusion in the national release of county-level digital
soils data. Soils are illustrated in Figure 4.

Topography

The South River watershed and subwatersheds were delineated using topogrgphic mapping obtained for
this phase of the project. Topographic mapping for the entire South River watershed was provided by
Fugro Earthdata in Spring 2009. The mapping was developed based on aeria photometry taken in 2009
and provided at two foot contour intervals. Topographic mapping in the Study Area was supplemented by
additional topographic mapping at one-foot intervals. This mapping was provided by WSP-Sellsin Spring
2009 and was developed based on aerial photometry taken in 2008.

Time of Concentration

Time of concentration values and were developed for each of the calculated drainage areas based upon
prevaent topographic patterns, slopes, and ground cover conditions using Urban Hydrology for Small
Watersheds TR-55 methodology.

3.2.3 Hydraulic Data
Infrastructure

Physical characteristics, such as size, location and eevation, of mgjor hydraulic infrastructure (culverts,
open-channels, outlet control devices, ponds, drainage systems) were obtained by field surveys conducted
by WSP-Sdlls during the duration of the project and supplemented with record as-built information,
design plans, topographic surveys, or video inspections. All elevations were obtained using the City of
Salem, Massachusetts sewer datum.

Tidal Conditions

Tidal conditions were set at the outfall to the South River Conduit. The baseline conditions analysis was
performed using mean water (MW) and mean high water (MHW) elevations. Elevations were obtained
from the National Oceanic and Atmospheric Administration (NOAA) and are outlined in Table 3-2.

Table 3-2 - Tidal Conditions

Condition Elevation (feet)*
MW 4.6
MHW 9.2

*Datum = City of Salem Sewer Datum

3.3 BASELINE CONDITIONS MODEL

The baseline conditions hydrologic/hydraulic model was developed utilizing the information outlined in
Section 3.2. Based on this information, the input parameters of the watershed were determined and input
into the SewerGEMs® V8i modeling software.

Input parameters for the 45 subwatersheds comprising the South River watershed (illustrated on Figure 2)
were input into SewerGEMs® to simulate the rate and volume of runoff from each subwatershed. Input
parameters included the subwatershed area, time of concentration, and weighted curve number, which
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considers the area, land use, and soil type of the subwatershed. Hydrologic inputs for the baseline
conditions model are summarized in Table 3-3 found on the following page.

Input parameters for the hydraulic conveyance structures throughout the South River watershed include
invert elevations, physica geometry, roughness parameters, and the boundary condition, or tida

conditions, at the outfalls. These parameters were input into SewerGEMS® to simulate the water surface
elevations in the conveyance structures of South River.
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Table 3-3 - Subwatershed Hydrologic Input Parameters

Watershed Area (acres) | Curve Number | Time of Concentration (hr.)
1 158.2 77 1.34
2 251.3 77 153
3 2315 68 1.79

3A 574 85 0.%4
3B 28.7 83 0.77
3C 77.1 78 1.44
4 579 88 0.26
5 385 94 1.17
5A 4.1 94 0.25
5B 6.9 94 0.25
5C 8.5 93 0.25
5D 421 92 0.46
6 185 92 0.25
7 24 92 0.25
8 10.2 92 0.25
9 9.2 93 0.25
10 123 80 0.25
11A 14.2 88 N/A*
11B 280 88 0.39
11C 46.0 88 0.40
12A 14.2 98 0.25
12B 7.7 98 0.25
13 3.0 92 0.25
14A 101 92 0.25
14B 115 92 0.25
14C 10 92 0.25
15 84 92 0.25
16 994 91 0.25
17 16.2 93 0.25
18 66.4 93 0.25
19 295 94 0.25
55 6.1 83 0.23
6S 4.4 79 0.54
8S 4.8 98 0.12
9S 146 83 0.43
10S 3.8 83 0.22
11S 15 83 0.12
12S 3.0 83 0.25
13S 2.6 83 0.15
14S 4.0 83 0.27
15S 6.8 90 0.20
16S 15 94 0.08
17S 24 98 0.08
19S 49 82 0.30
20S 25 88 0.13

*Time at which this watershed begins contributing runoff to South River appeared
greater than the duration of the evaluated synthetic rainfall events. Therefore, this
value was not incorporated i nto moddl.
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3.4 METEOROLOGICAL DATA

In an effort to understand the magnitude of rainfals events that contribute to flooding, meteorological
data was obtained and reviewed for the eight most recent flood events.

The 24-hour daily rainfall totals for six storm events were obtained for Beverly, Massachusetts (the
closest location to the project site with a complete record of the six storm events) from the Nationa
Wesather Service (NWS) and the Northeast Regional Climate Center at Cornell University (NRCC).
These rainfall totals were compared to historica daily rainfal totals recorded for the month (at
Newburyport, MA — closest location to the project site with comparable data) in which the storms
occurred during a period record from 1893 to 2006 available through National Oceanographic and
Atmospheric Administration’s Regional Climate Centers and National Climatic Data Center. Table 3-4
summarizes the meteorological data collected for these six events.

Table 3-4 - Meteorological Data from NWS & NRCC

Total Storm Peak 24-hour Date of Peak Storms Monthly

Date of Event Rainfall @ Beverly Rainfall @ 24-hour Rainfall Historical Rank

(inches) Beverly (inches) Occurrence @ Newburyport
October 19-22, 1996 8.8 52 October 20,1996 1
June 13-14, 1998 6.0 4.4 June 13,1998 1
March 22-23, 2001 54 45 March 22,2001 1

gﬂogfh 31- April 2, 7.2 2.6 April 1, 2004 | NotinTop 10
October 7-16, 2005 1.7 2.7 October 15, 2005 3

1 (5/15/06) and

May 12-15, 2006 10.7 52 May 14, 2006 2 (5/14/06)

The 24-hour rainfall event totals for the two most recent storm events were abtained from the metering
program conducted by New England Civil Engineering Corporation. The program was conducted in
Salem, and the meteorological data presented in Table 3-5 summarizes the data collected for these two
events.

Table 3-5 — Meteorological Data from Most Recent Significant Events

Total Storm Estimated Return
Date of Event Rainfall @ Beverly Frequency
(inches) (per TP-49)
March 13-15, 2010 8.26 ~50-year
March 29-31, 2010 6.49 ~10-year

3.5 RESULTS

Key findings from the basdline conditions analysis are outlined below. Findings are provided for flood
prone areas in the Study Area in addition to other areas of the South River watershed such as the golf
course. Please note that additional areas and roadways not discussed in the proceeding outline may be
subject to localized flooding due to storm drainage system constraints and are not considered as part of
this evaluation. Figure 5, Figure 6, Figure 7, and Figure 8 illustrate the extents of flooding predicted by
the baseline conditions model for areas along South River.
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The influence of high tide conditions on low-lying areas of the South River watershed is greatest
during the 10-year event.

Riverine flooding controls peak water surface elevations along South River during the 50- and
100-year event.

From the metering program, it was observed the existing tide gates occasionaly provide
protection during frequent rainfall and mean tide events. During less frequent rainfall and high
tide events, the tide gates do not offer much protection to low-lying areas since there is limited
volume to store stormwater within South River Conduit. As a result, when the tide gates are
closed, the conduit fills quickly and generates backwater conditionson low lying areas.

Brooks Street/Jefferson Avenue Area

Refer to Figure 7 for illustration of flood extents predicted by the baseline conditions model for
this area.

Critical elevation of Jefferson Avenue berm was identified as the lowest elevation along the berm
(Elev. 12.5 feet).

Critical elevation of Brook Street berm was identified as the lowest eevation along the berm
(Elev. 13.3 fest).

Both berms provide protection for the 10-year event under mean high tide conditions
Approximately 0.2 to 0.8 feet of freeboard is available along the berms for this event.

Peak water surface elevations along the berm exceed the critical elevation resulting in flooding in
this area for the 25-, 50-, and 100-year rainfal event under mean tide conditions. Overtopping
results in flooding of numerous residential properties and a portion of Jefferson Avenue. It has
been estimated that 10 acres of residential property and 30 residential properties are subject to
some degree of flooding when the earthen berms overtop during the 100-year rainfall event.

Dove Avenue which is an entrance to the hospital, overtops during storms greater than the 50-
year event.

The Ocean Avenue pump station is designed for 10-year event. The analysis assumes the area
protected by the pump station is inundated for storms in excess of the 10-year event.

Rosies Pond Area

Refer to Figure 6 for illustration of flood extents predicted by the baseline conditions model for
this area.

Critical elevation identified as lowest residentia structure elevation in this areawhich falls along
Parallel Street (approximately Elev. 13 feet).

Rosies Pond Bypass diverts flow from Rosies Pond during the 10-, 25-, 50-, and 100-year rainfall
events. Flow may bediverted during more frequent rainfall events not investigated in this study.
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o Theinlet of the Rosies Pond Bypass has limited capacity to alleviate flooding at Rosies Pond and
along downstream segments of the South River. In addition, downstream stormwater connections
further limit the capacity of the bypass to convey stormwater from Rosies Pond.

e Residentia structures along Parallel Street and structures along Canal Street flood during the 10-
year event. Additiona structures along Parallel Street and Canal Street flooded for the 25-, 50-,
and 100-year events. During the 100-year rainfall event, it is estimated that approximately two
acres of residential property and seven residentia structures experience some level of flooding.
Structures may flood during more frequent events not investigated in this study.

e Overtopping onto Canal Street was observed for more significant rainfall events.

Mill Pond / Jefferson Avenue

o Refer to Figure 7 for illustration of flood extents predicted by the baseline conditions model for
this area.

o Critical elevation was identified as the lowest structure elevation in this area aong Jefferson
Avenue (gpproximately Elev. 11 feet).

e Stormwater is contained within Mill Pond with the exception of Paper Recycling property and
building for the 10-year event. For the 100-year event, more extensive flooding is observed in this
arearesulting in additiona areas and structures being flooded.

Golf Course

o Refer to Figure 5 for illustration of flood extents predicted by the baseline conditions model for
this area.

e In the area upstream of the MTBA railroad crossing, the critical elevation is identified as the
lowest structure elevation in this area at Read Street (approximately Elev. 25 feet).

Canal Street / Salem State University

Refer to Figure 8 for illustration of flood extents predicted by the baseline conditions model for
this area.

e Canal Street area critical elevation was identified as the catch basin at McDonald's (Elev. 8.9
feet).

e Salem State University critical elevation was identified as the catch basin at O'Keefe Center
parking area (Elev. 8.0 fest).

e Limited hydraulic capacity for both systems was observed for the 10-, 25-, 50-, and 100-year
rainfall events regardless of tide conditions.

e Flooding is observed in the Canal Street and Salem State University areas for the 10-, 25-, 50-,
and 100-year events and is exasperated and prolonged during high tide events.
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e Canal Street and Salem State University O’'Keefe Center parking areas are hydraulically
connected when the peak water surface elevation in either system reaches an elevation between
Elev. 10 and 11 feet due to loca topography.

o Peak water surface elevations were predicted to between Elev. 13.1 to 14.1 feet during al storm
events for both the Canal Street and Salem State University O'Keefe Center parking aress.

Geneva Street

o Critical elevation identified as lowest catch basin rim elevation along this area of Geneva Street
(approximately Elev. 16 feet).

o Flooding aong Geneva Street does not appear to be influenced by backwater conditions from
South River Conduit.

o Flooding appears to be the result of the existing drainage system having limited capacity to
convey stormwater from the area to South River Conduit.

Table 3-6 provides the peak flow rates for the rainfall events studied at various locations along South
River.

Table 3-6 — Baseline Conditions Results - Peak Flow Rates (cfs)

Description 10-year | 25-year | 50-year | 100-year
MHW MHW Mw Mw
SRC Qutfall 379 434 494 570
SRC @ Canal Street 233 286 323 350
SRC Entrance @ Mill Pond 224 277 313 339
Golf Course 251 280 303 320

Table 3-7, found on the following page, provides the maximum water surface elevation along various

locations of South River. Figure 5, Figure 6, Figure 7, and Figure 8 illustrate the extents of flooding
discussed that result from these elevations.
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Table 3-7 - Baseline Conditions Results — Peak Water Surface Elevations (feet)
Description Critical | 10-year | 25-year | 50-year | 100-year
Elev.! MHW MHW MW MW

SRC Quitfall 95 9.8 6.1 6.1
SRC @ Cana Street 14.3 111 114 114 131
SRC Inlet a Mill Pond 11.0 11.3 11.6 11.6 13.2
O’'Keefe Center Parking Area 8.0 13.1 14.0 14.1 14.1
McDonald's Catch Basin 8.9 13.1 14.0 14.1 14.1
D/S Mill Pond 11.0 11.3 11.7 11.7 13.3
U/S Mill Pond 110 119 12.2 12.2 139
D/S Jefferson Ave. Culvert (3) 14.6 12.0 123 123 13.9°
U/S Jefferson Ave. Culvert (3) 14.6 12.0 12.3 12.3 14.0°
D/S Dove Ave. Culvert 13.7 121 124 124 14.0
U/S Dove Ave. Culvert 13.7 121 124 124 141
D/S Jefferson Ave. Berm 12.5 12.2 125 125 14.1
U/S Jefferson Ave. Berm 12.5 123 12.6 12.7 14.3
D/S Jefferson Ave. Culvert (2) 151 124 12.7 12.8 144
U/S Jefferson Ave. Culvert (2) 151 124 12.7 13.0 144
D/S Brook St. Berm 13.3 125 12.8 13.0 14.5
U/S Brook St. Berm 13.3 131 135 13.8 151
D/S Lawrence Ave. Culvert 16.0 13.2 13.6 139 152
U/S Lawrence Ave. Culvert 16.0 135 141 14.3 15.2
D/S Rosies Pond Outlet 13.0 13.8 144 14.6 155
U/S Rosies Pond 14.0 14.8 152 155 15.8
D/S Jefferson Ave. Culvert (1) 17.5 149 153 15.6 159
U/S Jefferson Ave. Culvert (1) 17.5 155 158 16.1 164
D/S Box Culverts 16.0 15.7 16.1 16.4 16.6
U/S Box Culverts 19.2 174 183 189 19.2
Golf Course Pond 25.0 19.3 20.3 21.0 21.8
D/S Diversion Structure 25.0 211 214 21.6 22.0
D/S Diversion Pond 22.0 22.3 22.7 231
Diversion Structure Pond 30.0 237 24.6 253 26.0
D/S Highland Ave. Culvert 96.4 82.7 82.7 82.8 82.8
U/S Highland Ave. Culvert (Pond) 96.4 86.6 87.4 88.1 88.7
ICritical elevation denotes lowest elevation of a roadway crossing at culverts, rim elevation at
the lowest point on a drainage system, lowest point of an earthen berm, or ground surface
elevation of adjacent structures. Elevations provided on the table that are denoted in red signify
the critical elevation as been exceeded at that location for the specific rainfall event.

2Although devation does not exceed critical evation, stormwater encroachment observed in
thisarea
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4. ALTERNATIVES ANALYSIS

Woodard & Curran conducted an aternatives analysis to perform an initial screening of potential
remedies to flooding within the Study Area. This section of the report discusses:

o the approach taken to perform the alternatives analysis,
e adescription of the alternatives analyzed, and
o thefindings of the anaysis.

In addition, an overview of the measures that were found to potentially be most effective at reducing the
frequency and extent of flooding in the Study Areais provided. These measures are further analyzed and
developed to a conceptual level in Section 5 and Section 6.

4.1 APPROACH

The baseline conditions hydrologic/hydraulic model presented in Section 3 was used as the basis for
performing the alternatives analysis. The model was revised to incorporate the flood mitigation measures
associated with each adternative, which included changes to the watershed’'s physical features and
hydrologic patterns. The response of the model indicated the alternative’s potential effectiveness at
reducing the frequency and extent of flooding. The predicted peak water surface elevations along South
River for each alternative were compared to:

o peak water surface elevations generated under baseline conditions, and
e critical elevations'.

This information was used by Woodard & Curran to evauate alternative’'s potential effectiveness at
mitigating flooding through the Study Area. Based on discussions with representatives of the City, the
100-year rainfall event was selected to measure the effectiveness of the alternatives throughout the Canal
Street/Salem State University area and the Rosies Pond, Brooks Street, and Jefferson Avenue area
Geneva Street was not considered in the analysis of the alternatives since the baseline conditions analysis
demonstrated that flooding within this area was not influenced by backwater conditions from South River.
It was therefore anticipated that the alternatives would not reduce the magnitude and frequency of
flooding within this area since they were directed at improving the hydrologic/hydraulic conditions along
South River.

Thirteen dternatives were identified and evaluated at the preliminary screening level. The alternatives
were generally focused at reducing the influence of tidal conditions and/or the volume and flow rate of
stormwater through flood prone areas. Specifically, the aternatives focused on the following:

e increasing flood storage in the upper reaches of the South River watershed;

LA critical eevation represents the eevation established by Woodard & Curran a which flooding becomes a
concern, and may include the elevation of a roadway crossing a a culvert, rim elevation of the lowest structure
along a drainage system, the overtopping elevation of an earthen berm, or ground surface eevations of adjacent
structures.
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o diverting stormwater from the upper reaches of the watershed;
e stormwater pumping at various locations within the watershed; and
e increasing the hydraulic capacity of existing infrastructure.

A description of the alternatives and results of the analysis are provided in the proceeding section.

4.2 DESCRIPTION AND FINDINGS

The thirteen aternatives analyzed in this study are outlined below. Please note some of the aternatives
are combinations of other aternatives and are denoted as such in the outline.

o Alternative 1 — Increase the Capacity of South River Conduit
e Alternative 2 — Provide flow Diversion from Golf Course

e Alternative 3 — Construct a new stormwater Pump Station on Cana Street and Salem State
University Drainage Systems (combination of Alternatives 8 & 9)

e Alternative 4 — Construct anew Stormwater Pump Station at the Outlet of South River Conduit
o Alternative 5— Increase Storage at Rosies Pond

e Alternative 6 — Construct anew Stormwater Pump Station at the O’ Keefe Center Parking Area
e Alternative 7 — Provide Hydraulic Improvements to Rosies Pond Bypass and/or Inlet Structure

e Alternative 8 — Construct a new Stormwater Pump Station on Salem State University Drainage
System (at St. Paul Street)

e Alternative 9 — Construct a new Stormwater Pump Station on Canal Street Drainage System (at
St. Paul Street)

e Alternative 10 — Increase the Cgpacity of the Salem State University Drainage System
e Alternative 11 — Increase the Cgpacity of the Canal Street Drainage System

e Alternative 12 — Increase the Capacity of both the Canal Street and Salem State Drainage
Systems (combination of Alternatives 10 & 11)

e Alternative 13 — Maximize Storage at Golf Course

The following thirteen tables describe each alternative and the aternative’s potential effectiveness at
mitigating flooding. Descriptions of the physical changes to the watershed and/or drainage infrastructure
associated with each alternative are also included. Quantitative results of the analysis are presented in
Appendix B.
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Alternative 1 - Increase the Capacity of South River Conduit
Description: The size of South River Conduit was enlarged to evaluate the benefits of increasing its
capacity to convey stormwater from upstream flood prone areas, which include:

e Rosies Pond,
e Brooks Street and Jefferson Avenue, and
e the Cana Street/Salem State University area.

This dternative was simulated in the baseline conditions model by doubling the number of barrels of
the existing infrastructure (e.g., in locations were there are two barrels, the number of barrels was
increased to four). No modifications to invert elevations, conduit size, and conduit geometry were
made.

Results

¢ Does not provide meaningful flood protection during periods of high tide. Additional measures to
mitigate flooding caused by high tide conditions would be required.

¢ Provides reductions in peak water surface elevations during rainfal events that do not coincide with
high tide conditions. Reductions were predicted to extend upstream to up to Brook Street; however,
pesk water surface elevations remain at or above critical for the 100-year event.

o Does not benefit the Canal Street/Salem State University area.

Recommendation: Further consideration of this aternative is not recommended as it would require
additional measures, such as a pump station, to mitigate flooding caused during high tide conditions.
The cost to collectively implement these measures is relatively high compared to other viable
alternatives and is therefore not recommended for further consideration.
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Alternative 2 - Flow Diversion from Golf Course
Description: Stormwater currently conveyed through the golf course was diverted avay from South

River to reduce the volume and flow rate of stormwater through downstream flood prone areas, which
include:

e RosiesPond, and
e Brooks Street and Jefferson Avenue.

The volume of diverted stormwater was that generated by approximately 800 acres of the most
upstream reaches of the South River watershed. Consequently, this alternative also reduced the
volume and flow rate of stormwater through South River Conduit. This aternative was simulated in
the baseline conditions model by removing the watersheds that contribute runoff to the golf course,
thus eliminating their contribution of runoff from the model.

Results

o Significant peak water surface elevation reductions (1-2 feet) along Rosies Pond for all evaluated
rainfall events, however, elevations were still predicted to remain above critical for the 100-year
rainfall event.

e Less significant peak water surface reductions aong Brooks Street and Jefferson Avenue (0-12
inches) for all evaluated rainfall events, however, elevations were predicted to be above critical for
the 100-year rainfall event.

o No meaningful change in peak water surface elevationsto Canal Street and Salem State University
drainage systems.

¢ Provideslittle to no benefit during high tide conditions.

o Decreases the duration of flooding in flood prone aresas.

o Assumes al stormwater from the golf course was diverted to the Forest River, which may have
adverse impacts to the Forest River and would require additiona studies to understand its
feasibility.

Recommendation: Further consideration of this alternative is not recommended as it does not meet
the project’s objectives for mitigating flooding. Localized measures would be required. Localized
measures have the potentia to independently provide flood protection and would therefore negate the
need to implement this alternative.
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Alternative 3 - Pump Station on Canal Street and Salem State University Drainage Systems
This dternative combines Alternatives 8 and 9, which are discussed further in this section.

Description: A pump station was provided at the downstream-most end of the Canal Street and Salem
State University drainage systems (at St. Paul Street). The pump station would convey stormwater
from the Canal Street and Salem State University watersheds (in their entirety) to a location other
than the South River Conduit. This alternative was simulated in the baseline conditions model by
removing the hydraulic connection between the Canal Street/Salem State University drainage systems
and South River Conduit.

Results

o New stormwater collection and conveyance systems needed within the area to realize full benefit.
Local drainage systems are currently undersized to convey stormwater during significant rainfall
events.

o Protects the Cana Street and Salem State University watersheds from backwater conditions from
South River Conduit.

e No meaningful benefits predicted to areas outside of Canal Street/Salem State University as
flooding was still predicted in these areas.

Recommendation: A pump station on the Canal Street and Salem State University drainage systemsis
a viable dternative as it protects from high tide. However, improvements directed at enlarging the
local drainage systems would also be needed to for the pump station to be effective.
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Alternative 4 - Pump Station at the Outlet of South River Conduit
Description: A pump station was provided at the outlet of South River Conduit to eliminate the
influence of the tide on the South River watershed, which also increased the capacity of South River
Conduit to convey stormwater from upstream flood prone areas that include:

e Rosies Pond,
e Brooks Street and Jefferson Avenue, and
e the Cana Street and Salem State University watersheds.

This dternative was simulated in the existing conditions model by eliminating tidal conditions from
the model.

Results

o No meaningful flood protection for evaluated rainfall events greater than the 10-year event due to
limited capacity and elevation of the South River Conduit.

e Improvements directed at increasing the hydraulic capacity of South River Conduit would be
needed to realize full benefit.

e Eliminates the tidal influence on South River Conduit.

e Does not benefit the Canal Street/Salem State University area unless additiona hydraulic
improvements are made to these systems (as described in Alternatives 10, 11, and 12).

Recommendation: Further consideration of this aternative is not recommended as it would require
additional improvements, such as enlarging and/or lowering the elevation of the South River Conduit,
in order for the pump station to be effective. The cost to collectively implement these measures is
relatively high in comparison to other viable alternatives and is therefore not recommended for
further consideration.

City of Salem (218953.02) 4-6 Woodard & Curran
2011.04.06 218953 Salem South River Phase Il Report.Doc April 2011



A

-

y - ‘
gﬂﬁi}ﬁfi{}
CURRAR

Alternative 5- Increase Storage at Rosies Pond
Description: The storage capacity of Rosies Pond was increased to reduce the volume and flow rate
of stormwater through downstream flood prone areas, which include:

e Rosies Pond,
e Brooks Street and Jefferson Avenue.

Consequently, this aternative aso reduced the flow rate of stormwater through South River Conduit.
This dternative was simulated in the model by increasing the storage capacity at Rosies Pond by
enlarging the footprint of the pond to the extent practical.

Results

o Only way to increase storage is by increasing areal extent of pond or by raising the water surface
elevation.

¢ Does not provide meaningful benefits to downstream flood prone areas such as Brooks Street and
Jefferson Avenue as these areas are subject to tidal conditions.

e Would require purchase of properties intended to be protected with implementation of this
aternative.

Recommendation: Further consideration of this alternative is not recommended as it does not meet
the project’s objectives for mitigating flooding. Localized measures would be required. Localized
measures have the potentia to independently provide flood protection and would therefore negate the
need to implement this alternative.

Alternative 6 - Pump Station at the O’Keefe Center Parking Area
Description: A pump station was provided at the Salem State University O’ Keefe Center parking area
to convey stormwater from the flood prone area. This aternative was simulated in the baseline
conditions model by separating the Salem State University drainage system at the O'Keefe Center
parking area from South River Conduit. The remainder of the existing Salem State University
drainage system downstream of the O’Keefe Center parking area continued to discharge to South
River Conduit.

Results

o Eliminates the influence of backwater conditions O’ Keefe Center parking area from South River
Conduit.

o Areawould need to be raised or physically separated to eiminate flood encroachment from Canal
Street.

o New collection and conveyance systems may be needed to realize full benefit.

¢ No meaningful benefit to Rosies Pond/Brooks Street/Jefferson Avenue area

¢ No meaningful benefit to flooding along Canal Street.

Recommendation: A pump station serving the O'Keefe Center parking area is a viable alternative to
protect the area from high tide; however, flooding would still be expected in the area due to
floodwater encroachment from Canal Street. Therefore, improvements directed at reducing flooding
along Cana Street would also be necessary.
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Alternative 7 - Hydraulic Improvements to Rosies Pond Bypass and/or Inlet Structure
Description: Modifications to the Rosies Pond Bypass pipe and inlet structure were made to convey
additional stormwater from Rosies Pond. This alternative would divert stormwater away from South
River to reduce the volume and flow rate of stormwater through downstream flood prone areas, which
include:

e RosiesPond, and
e Brooks Street and Jefferson Avenue.

Consequently, this alternative also reduces the volume and flow rate of stormwater through South
River Conduit. This alternative was simulated in the baseline conditions model by increasing the
capacity of the Rosies Pond Bypass pipe and inlet structure.

Results

o Existing inlet structure found to have minimal capacity to convey stormwater from Rosies Pond
during significant rainfall events.

¢ Discussions with the City have indicated that the Bypass may be nearing capacity due to increased
runoff from new developments.

o Quantitative results are not provided for this alternative as it should be implemented in conjunction
with future devel opments that propose to discharge stormwater into the bypass.

¢ Results are expected to be similar to those presented for other aternatives that divert stormwater
from South River. These alternatives include Alternative 2. Evaluation of this alternative predicted
flood protection will not be achieved for up to the 100-year rainfall event due to high tide
conditions

Recommendation: Further consideration of this alternative is not recommended as it does not meet
the project’s objectives for mitigating flooding. Localized measures would be required. Localized
measures have the potentia to independently provide flood protection and would therefore negate the
need to implement this alternative.
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Alternative 8 - Pump station on Salem State University Drainage System (at St. Paul Street)
Description: A pump station was provided at the downstream most end of the Salem State University
drainage system near St. Paul Street to convey stormwater from the Salem State University watershed
(in its entirety) to alocation other than the South River Conduit. This aternative was simulated in the
baseline conditions model by removing the hydraulic connection between the Salem State University
drainage system and South River Conduit.

Results

o Eliminates the influence of backwater conditions due to high tide on the drainage system from
South River Conduit.

o Area would need to be raised or physically separated to eliminate flooding encroachment from
Canal Street.

o Improvements to the existing Salem State University collection and conveyance systems needed to
realize full benefit.

¢ No meaningful benefit to flooding along Canal Street.

o Pesk water surface elevation aong the Salem State University drainage system falls below the
critical elevation for events less than the 10-year event; however, flooding in the area would still be
expected due to flooding encroachment from Canal Street.

e Contribution of stormwater from Salem State University to South River Conduit was reduced
consequently lowering peak water surface elevations along Brooks Street and Jefferson Avenue.
Flooding, however, was still predicted along these areas since peak water surface elevations are
predicted to be above critical eevations.

Recommendation: A pump station serving Salem State University drainage system is a viable
alternative to protect the system and contributing area from high tide; however, flooding would still
be expected aong the system due to floodwater encroachment from Cana Street. Therefore,
improvements directed at reducing flooding along Canal Street would also be necessary.
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Alternative 9 - Pump Station on Canal Street Drainage System (at St. Paul Street)
Description: A pump station was provided at the downstream most end of the Canal Street drainage
system near St. Paul Street to convey stormwater from the Canal Street watershed (in its entirety) to a
location other than the South River Conduit. This aternative was simulated in the baseline conditions
model by removing the hydraulic connection between the Cana Street drainage system and South
River Conduit.

Results

o Eliminates the influence of backwater conditions due to high tide on the drainage system from
South River Conduit.

o Area would need to be raised or physically separated to eliminate flooding encroachment from
O'Keefe Center parking area.

o Improvements to the existing Canal Street collection and conveyance systems needed to realize full
benefit.

¢ No meaningful benefit to flooding along Salem State University drainage system.

o No meaningful benefit to the Rosies Pond/Brooks Street/Jefferson Avenue area

Recommendation: A pump station serving the Canal Street drainage system is a viable alternative to
protect the system and contributing area from high tide; however, flooding would still be expected
along the system due to floodwater encroachment from the Salem State University area. Therefore,
improvements directed at reducing flooding along the Salem State University system would also be
necessary.

Alternative 10 - Increase the Capacity of the Salem State University Drainage System
Description: The size of the Salem State University drainage system was enlarged to increase its
hydraulic capacity to convey stormwater from the flood prone Salem State University watershed. This
alternative was simulated in the baseline conditions model by doubling the number of conduits of the
existing infrastructure (e.g., in locations were there was one conduit, the number of barrels was
increased to two). No modifications to invert elevations, conduit size, and conduit geometry were
made.

Results

¢ Provides minimal benefits as a stand alone measure since flooding was still predicted in the area
due to the drainage system being subject to backwater conditions from South River Conduit.
Backwater conditions are exacerbated during high tide conditions.

e Has potentia to increase stormwater contributions from the area to South River Conduit,
consequently raising peak water surface elevations in other flood prone areas such as Brooks Street,
Jefferson Avenue, and Rosies Pond. This increase may exacerbate flooding in these aress.

Recommendation: Increasing the capacity of the Salem State University drainage system is a viable
aternative to minimize flooding resulting from undersized infrastructure; however, flooding would
still be expected aong the system due to floodwater encroachment from Canal Street and the
influence of high tide. Therefore, improvements directed at reducing flooding along Canal Street
would also be necessary in addition to measures directed at protecting against high tide, such as a
pump station.
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Alternative 11 - Increase the Capacity of the Canal Street Drainage System
Description: The Cana Street drainage system was enlarged to increase its capacity to convey
stormwater from the flood prone areas of the Cana Street watershed. This alternative was simulated
in the baseline conditions model by increasing the number of conduits of the existing infrastructure
fivefold (e.g., in locations were there was one conduit, the number of barrels was increased to five).
No modifications to invert elevations, conduit size, and conduit geometry were made.

Results

o Peak water surface elevations in the drainage system were reduced for the evaluated events,
however, flooding was still predicted in the area.

¢ Provides minimal benefits as a stand alone measure since flooding is still predicted in the area due
to the drainage system being subject to backwater conditions from South River Conduit. Backwater
conditions are exacerbated during high tide conditions.

e Has potentid to increase stormwater contributions from the area to South River Conduit,
consequently raising peak water surface elevations in other flood prone areas such as Brooks Street,
Jefferson Avenue, and Rosies Pond. This increase may exacerbate flooding in these aress.

Recommendation: Increasing the capacity of the Canal Street drainage system is a viable aternative
to minimize flooding resulting from undersized infrastructure; however, flooding would still be
expected along the system due to floodwater encroachment from the Salem State University area and
the influence of high tide. Therefore, improvements directed at reducing flooding along the Salem
State University system would aso be necessary in addition to measures directed at protecting against
high tide, such as apump station.
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Alternative 12 - Increase the Capacity of Both the Canal Street and Salem State Drainage
Systems
This alternative combines Alternatives 10 & 11.

Description: The Canal Street and Salem State University drainage systems were enlarged to increase
their capacity to convey stormwater from the flood prone areas of the Canal Street and Salem State
University watersheds. This aternative was simulated in the basdline conditions model by increasing
the number of conduits of the existing infrastructure (fivefold for Cana Street and double for Salem
State University). No modifications to invert elevations conduit size, and conduit geometry were
made.

Results

¢ Flooding is predicted along the Canal Street drainage system for the evaluated events.

¢ Provides minimal benefits as a stand alone measure since flooding was still predicted in the area
due to the drainage system being subject to backwater conditions from South River Conduit.
Backwater conditions are exacerbated during high tide conditions.

e Has potentia to increase stormwater contributions from the area to South River Conduit,
consequently raising peak water surface elevations in other flood prone areas such as Brooks Street,
Jefferson Avenue, and Rosies Pond. This increase may exacerbate flooding in these aress.

Recommendation: Increasing the capacity of the Canal Street and Salem State University drainage
systems is a viable alternative as it minimizes flooding resulting from undersized infrastructure.
However, a pump station would aso be needed to provide protection during high tide conditions.
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Alternative 13 - Maximize Storage at Golf Course
Description: A flow control structure was provided at the outlet of the golf course to increase the
stormwater storage capacity at the golf course and reduce the maximum flow rate of stormwater out
of it and through downstream flood prone areas, which include:

e RosiesPond, and
e Brooks Street and Jefferson Avenue.

Consequently, the maximum stormwater flow rate through South River Conduit was aso reduced.
This dternative was simulated in the baseline conditions model by providing aflow control structure
at the outlet of the golf course that reduces the rate of stormwater out of the golf course.

Results

o Significant peak water surface elevation reductions (12-18 inches) along Rosies Pond area for all
evaluated rainfall events, however, flooding was still predicted during the 100-year rainfall event.

e Less significant pesk water surface reductions along Brook Street and Jefferson Avenue (0-12
inches) for al evaluated rainfall events. Flooding was till predicted in these aress.

e No change in peak water surface elevations along Canal Street and Salem State University drainage
systems.

¢ Provideslittle to no benefit during high tide conditions.

o Increases flooding within the golf course and along private properties adjacent to the golf course.
May require flood easements to implement.

Recommendation: Further consideration of this alternative is not recommended as it does not meet
the project’s objectives for mitigating flooding. Localized measures would be required. Localized
measures have the potentia to independently provide flood protection and would therefore negate the
need to implement this alternative.

4.3 FINDINGS & RECOMMENDATIONS

This preliminary alternatives analysis demonstrated that the Rosies Pond/Brooks Street/Jefferson Avenue
and Canal Street/Salem State University areas must each be physically separated from interaction with the
tide to reduce the frequency and extent of flooding within each area. This conclusion is based on the
following findings:

o Both areas are low-lying and are therefore heavily influenced by tidal conditions.

o Flood mitigation measures in one area were generally found to have little or no benefit to the
other area since both areas are tidally influenced.

e The period when flow rates through South River are at their greatest was found to likely coincide
with high tide conditions during a significant rainfall event. As a result, flooding in low-lying
areasislikely to occur due to the concurrence of these conditions.

o Alternatives directed solely at altering the rate and volume of runoff through South River were
not found to be independently effective since they did not protect flood prone areas from the tide.
These dlternatives include Alternatives 1, 2, 5, 7, & 13.

e Alternative 4, which proposes to construct a pump station at the outlet of South River Conduit,
was deemed not viable due to the extensive improvements to South River Conduit that are
necessary to realize the full benefit of the pump station.
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These findings demonstrated that localized measures, such as pump stations and physical barriers, are
necessary to protect each area from interaction with the tide. It is recommended that these measures be
implemented in conjunction with improvements to loca infrastructure that has been found to be in need
of repair or undersized.

Alternatives investigated along South River were not anticipated to reduce the frequency and magnitude
of flooding within Geneva Street. Flooding within this area was found to be independent of hydraulic
conditions along South River and the reault of the existing drainage system in the area having limited
capacity to collect and convey runoff. As a result, flooding along Geneva Street needs to be addressed
independently of flood mitigation measures implemented along South River

An overview of the recommended measures for the Study Area is provided below. These measures are
further evaluated and discussed at a conceptua level in Section 5 and Section 6 for the Cand
Street/Salem State University area and the Rosies Pond/Brooks Street/Jefferson Avenue area,
respectively.

Canal Street/Salem State University Area — Alternatives 3 & 12

Woodard & Curran recommends constructing a pump station (i.e, Alternative 3) and enlarging the
existing stormwater collection and conveyance system within the Canal Street/Salem State University
area (i.e., Alternative 12). These measures are recommended to protect the area from flooding for up to
the 100-year rainfal event. The pump station is recommended to eliminate backwater conditions from
South River that are due to high tide. Improvements to the existing drainage system would be necessary
to redlize the full benefit of the pump station since the existing system is undersized to handle runoff from
a 100-year rainfall event. Further discussion pertaining to the recommended measures can be found in
Section 5.

Rosies Pond/Brooks Street/Jefferson Avenue Area — Local Improvements

Woodard & Curran recommends raising existing earthen berms and constructing additional retaining
walls and/or berms within the Rosies Pond/Brooks Street/Jefferson Avenue area. Overdl, these
recommendations propose to raise the level of flood protection provided by existing measures
(constructed in the 1970s) from a ~10-year event to a 100-year event. Protection is provided by
minimizing floodwater encroachment from South River during the 100-year event. In addition,
improvements identified in the Ocean Avenue West Pump Station Assessment Report (performed in
2009) are aso recommended for implementation. The improvements identified in this Assessment
consider flooding issues that are independent of floodwater encroachment from South River, and are
directed at addressing potentia localized flooding. Further discussion pertaining to the recommended
measures can be found in Section 6.

Geneva Street

The City of Salem is currently undertaking an extensive catch basin cleaning program that may reduce the
frequency and magnitude of flooding along Geneva Street. Woodard & Curran recommends that the City
evaluate the effectiveness of this program prior to evauating physical alterations to the exiting drainage
system that are directed at increasing the collection and conveyance capacity of the system.
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5. CANAL STREET/SALEM STATE UNIVERSITY IMPROVEMENTS

The dternatives analysis demonstrated that localized improvements to the existing stormwater
infrastructure within the Canal Street/Salem State University area are necessary to protect the area for up
to the 100-year rainfall event. Specifically, the following measures were determined to be necessary to
aleviate flooding in this area:

o Enlarging the existing drainage system
e Construction of apump station

A description of the recommended measures and an outline of the potential costs and measures necessary
for implementation are outlined below.

5.1 DESCRIPTION OF IMPROVEMENTS

The following recommendations must be implemented in conjunction with one another to successfully
mitigate flooding issues. Implementing them independently would not provide meaningful flood
protection to the Canal Street/Salem State University area.

Drainage System Improvements

Improvements to the existing drainage systems within the Canal Street/Salem State University area are
recommended in order to address flooding issues due to undersized infrastructure. The improvements
propose to enlarge the systems to a size capable of collecting and conveying runoff from a 100-year
rainfall event. It is also recommended that the systems be improved so that one system services the upper-
elevations of the area (approximately 45 acres) and the other services the remaining lower-elevation
reaches (approximately 40 acres). This approach is being recommended due to the following:

e The upper-elevation reaches of the Canal Street/Salem State University area are not as influenced
by backwater conditions to the extent as lower lying portions. Therefore, these areas do not need
to be protected by a pump station and can continue to discharge to South River Conduit via a
separate drainage system. These areas were identified in the baseline conditions analysis as being
located above approximately Elev. 14. These improvements areillustrated on Figure 9.

e The lower-elevation reaches of the Canal Street/Salem State University area are heavily
influenced by backwater conditions during high tide events. It is therefore necessary to physically
separate these areas from interaction with the tide via a pump station and have a separate drainage
system that conveys runoff from these areas to the new pump station. The baseline conditions
analysis demonstrated that areas most influenced by high tide fall below approximately Elev. 14.
These improvements are illustrated on Figure 10.

By considering this approach, the entire Canal Street/Salem State University area is not required to be
serviced by the new pump station. Instead, only those areas needing protection from tidal conditions will
discharge to the pump station. As aresult, the size of the pump station and its infrastructure is minimized,
which aso lowers the potential capital costs as well as the operational and maintenance costs associated
with the pump station.
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Construction of Pump Station

A pump station within the Cana Street/Salem State University area is recommended to eliminate the
influence of tidal conditions on low-lying portions of the area. The pump station is proposed to be located
within the immediate area of flooding, either along Canal Street or the Salem State University O'Keefe
Center parking area. A discharge pipe from the pump station would need to be constructed in conjunction
with the pump station. The discharge pipe would convey stormwater from the pump station to its outfall.
The possibility of implementing subsurface storage was also evaluated as part of the improvements.

It was estimated that the operating flow rate of the proposed pump station will be approximately 175 cfs
for the 100-year rainfall event. This flow rate must be equal to the peak flow rate of runoff generated by
the contributing watershed. The contributing watershed comprises the low-lying portions of the Canal
Street/Salem State University, which is approximately 40 acres of highly developed area. Given these
characterigtics, the contributing watershed generates a high rate of runoff for the 100-year rainfall event.
As aresult, the operating flow rate of the proposed pump station must be sized to accommodate these
flow rates. Otherwise, the contributing watershed will generate runoff quicker than the pump station can
convey, which may result in flooding.

Preliminary analyses demonstrate that the discharge pipe necessary to convey 175 cfs from the pump may
be a 4-foot by 10-foot box culvert. Given that the Canal Street/Salem State University area is highly
developed, there may be technical constraints associated with locating a pipe of this size into the area.
Potential constraints include existing utilities and right-of-ways and the need to obtain easements. Studies
falling outside the scope of this study would be required to identify these constraints prior to the design
and construction the discharge pipe.

The possibility of implementing subsurface storage upstream of the pump station was aso considered as
part of the improvements. This measure would consequently lower the required operating flow rate of the
pump station, which would also reduce the size of its discharge pipe. The approach would help minimize
any potential constraints associated with locating the pump station and discharge pipe into the area.

Table 5-1 is provided to demonstrate the relationship between storage, the operating flow rate of the
pump station, and the size of the discharge pipe. The table demonstrates that as the volume of storage
increases, the operating flow rate of the pump station decreases. The size of the discharge infrastructure
also decreases since it is a direct function of the operating flow rate of the pump station. The information
provided in Table 5-1 is only provided to demonstrate these relationships. The most cost-effective pump
station/storage configuration cannot be recommended at this time since its selection is pending further
studies as previously described.

Table 5-1 - Pump Station Flow Rates vs. Storage Volumes (100-year Rainfall Event)

Pump Station Operating Flow Rate Storage Volume Size of Discharge Pipe*
175 cfs (113 MGD) Oacre-feet (O gd.) 4 x 10' Box
40 cfs (26 MGD) 4.9 acre-feet (1,600,000 gd.) 36" Pipe
20 cfs (13 MGD) 6.8 acre-feet (2,200,000 gal.) 30" Pipe
10 cfs (6.5 MGD) 9.2 acre-feet (3,000,000 gal.) 18" Pipe

*Sizes are provided to represent the size infragructure that may be required to convey stormwater from the punp
station. The size and type of the infrastructure is dependent on the final configuration and design of the
recommendations.
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Four alternatives for constructing a pump station are as follows:

e Pump Station Alt. 1 Construct a centrifugal pump station at the Salem State University O'Keefe
Center parking area. Convey stormwater from the pump station through a route that extends west
from the parking area, to and through the existing Marblehead Rail Trail, and to Salem Harbor or
the Forest River. This aternative can potentially be implemented with or without storage.

e Pump Station Alt. 2 Construct a centrifugal pump station at a location along Canal Street in the
vicinity of the existing McDonad's restaurant. Convey stormwater from the pump station
through aroute that extends east from Canal Street through Ocean Avenue and to Salem Harbor.

Storage will likely be needed with this alternative given potential constraints with locating
stormwater infrastructure aong Ocean Avenue.

e Pump Station Alt. 3 Construct a centrifugal pump station at a location along Canal Street in the
vicinity of the existing McDonad's restaurant. Convey stormwater from the pump station
through aroute that extends west from Canal Street to and through therear of properties along the
western side of Broadway, along the existing Rosies Pond Bypass route, through the existing
Marblehead Rail Trail, and to Salem Harbor or the Forest River. This adternative can potentialy
be implemented with or without storage.

e Pump Station Alt. 4 Construct a screw pump station at a location aong Lafayette Street in the
vicinity of the existing Marblehead Rail Trail. Convey stormwater from the pump station directly
into Salem Harbor. No storage was considered for this alternative.

Figure 10 illustrates the potential locations for the pump station, the discharge pipe route, and subsurface
storage as outlined in the four alternatives. At this time, an alternative cannot be recommended as this
recommendation is pending completion of future studies. Studies will be directed at understanding
potential site constraints associated with constructing a pump station and its discharge pipe. Once these
studies have been complete, the most cost-effective and technically feasible alternative can be identified.

5.2 CONSTRUCTION COSTS

Cost estimates were prepared for the recommended improvements and are presented in Table 5-2. The
costs are based on vendor quotes, Woodard & Curran’s experience with similar work, RSMeans Cost
Data, and unit bid tabulations from the Massachusetts Highway Department. Each cost estimate considers
the cost associated with improving the local stormwater drainage system and implementing one of the
four pump station aternatives. As a result, four cost estimates are provided. Complete cost estimates can
be found in Appendix C.
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Table 5-2 - Summary of Estimated Construction Costs

Total Cost of Inprovements Estimated Cost Range
w/ Pump Station Alt. 1 $12.5M - $16.1M"
w/ Pump Station Alt. 2 $11.7M - $15.5M?
w/ Pump Station Alt. 3 $12.8M - $16.3M"
w/ Pump Station Alt. 4 $12.3M - $13.4M°

Range considers providing 0 to 3M gallons of subsurface storage.

2Storage must be provided given site congraints. Range considers providing 1.6M to 3M gallons of subsurface
storage.

3Range s a function of discharge pipe routes considered for this alternative. Storage was not considered.

5.3 REGULATORY PERMITTING REQUIREMENTS
Implementation of the project is anticipated to require obtaining the following permits/approvals:
e Notice of Intent — Massachusetts Wetland Protection Act
o 404 Army Corpsof Engineers
e 401 Water Quality Certification
o Chapter 90 — Massachusetts Waterway License

e Environmental Notification Form — Massachusetts Environmental Protection Agency (need
currently being assessed)

5.4 EASEMENTS

The magjority of the work involved with implementing the improvements is proposed to occur within
public right-of-ways and existing easements throughout the area. Additional access/construction
easements will be required to facilitate the improvements and can only be identified during design of the
improvements.

5.5 RECOMMENDED STUDIES

The following studies have been identified as being necessary prior to implementation of the
recommended improvements:

o A utility study along routes where drainage system improvements are necessary and where
potential locations for the pump station discharge pipe have been identified. The study will be
performed to identify potential constraints with the existing utilities and recommended
improvements.

e A topographic survey of integral areas to supplement surveys previously performed. Information
needed from the survey includes property boundary information that is integral to identifying the
need for additional easements and obtain right-of-way information.
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o A wetlands study to characterize and delineate the wetlands within the vicinity of the proposed
improvements and at the location of the proposed pump station outfal. Known wetland areas
include Rosies Pond and the wetland area near Pickman Park and the Marblehead Rail Trail. The

study will be performed to minimize potential impacts to wetland areas and identify rehabilitation
measures, if necessary.

e An environmental evaluation related to constructing a new outfal and discharging stormwater
from the proposed pump station into Salem Harbor.

e A geotechnica investigation along routes where drainage system improvements are necessary
and where potential locations for the pump station discharge pipe have been identified. The

investigation will be directed at assessing the structura integrity of the existing underlying soil
matrix and identifying ledge.
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5.6 SUMMARY & IMPLEMENTATION PLAN

Table 5-3 outlines the recommended implementation plan for moving ahead with the flood protection
improvements. The plan outlines activities associated with identifying the most feasible and cost effective
aternative for flood protection and the steps necessary to implement it. An estimated timeline is also
provided with this table. Total estimated time for project completion is 49 months.

Table 5-3 - Implementation Plan

Action Item

Pump Station & Drainage
System Improvements

RECOMMENDED FIRST STEP
Develop Preliminary Design Report
o Perform Utility Study
Select Preferred Pump Station Discharge Pipe Route
Select Preferred Pump Station & Storage Location
Identify Preliminary Sizing of Drainage System |mprovements
Identify Easement & Right-of-Way Requirements
e Update Projected Project Costs

4 mo.

Await Decision re: FEMA Funding

Anticipated October 2011

Appropriate Necessary Funds 2 mo.
Gather Data
e Geotechnica Investigation
e Environmental Evaluation 3 mo.
o Wetlands Study
e Additional Topographic Survey (Right of Way, Easements)
Perform Public Outreach 1mo
¢ Right-of-Way & Easements '
Permitting & Design
o Develop Plans & Specifications
o Prepare & Submit Permit Applications
e 404 Army Corpsof Engineers 8mo
o 401 Water Quality Certification '
e Environmental Notification Form*
e Noticeof Intent
o Chapter 90
Perform Construction Level Design 4 mo.
Conduct Public Bidding 3 mo.
Construction 24 mo.
Total Estimated Duration 49 mo.

* Need currently being assessed.
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6. ROSIES POND/BROOKS STREET/JEFFERSON AVENUE AREA IMPROVEMENTS

The alternatives analysis determined that the Rosies Pond/Brooks Street/Jefferson Avenue area must be
physically isolated from South River to limit floodwater encroachment for up to the 100-year event. It
was aso recommended that these improvements be implemented with upgrades to the existing Ocean
Avenue West pump station and other stormwater infrastructure in the area. Specifically, the following
measures are recommended:

e Construction of retaining walls and regrading of portions of the existing earthen berms

¢ Rehabilitation of the existing Rosies Pond control structure

e Improvementsto the existing drainage system along Jefferson Avenue and Ocean Avenue West
o Rehabilitation of the existing Ocean Avenue West pump station

e Increasing the capacity of the existing Ocean Avenue West pump station to convey additional
flow

A description of the recommended measures and an outline of the potential costs and measures necessary
for implementation are outlined below.

6.1 DESCRIPTION OF IMPROVEMENTS

Retaining Wall & Earthen Berm Improvements

Improvements to existing earthen berms and retaining walls are recommended to limit floodwater
encroachment from South River for storm frequencies up to the 100-year rainfall event. The
SewerGEMS® baseline conditions analysis described in Section 3 determined that the existing berms and
walls were currently configured to provide protection for a 10-year rainfall event. As a result, these
berms/walls must be raised in elevation, and supplemented with additional walls to protect the area during
a 100-year event. The recommended improvements are predicted to protect 12.5 acres of residential
properties, 40 residential structures, and four roads from floodwater encroachment for the 100-year
rainfall event.

The locations of the recommended improvements are illustrated on Figure 11. These locations were
determined by Woodard & Curran with input from the City of Salem. Generally, improvements fall along
residential properties where floodwater encroachment was predicted for a 100-year rainfall event. The top
elevations of the new retaining walls and the improvements to existing measures were defined using the
peak water surface elevations predicted by the SewerGEMS® model under baseline conditions. Top
elevations were set to exceed peak water surface elevations for the 100-year event, consequently limiting
floodwater encroachment from South River. Thisinformation is provided in Table 6-1.
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Table 6-1 - Summary of Retaining Wall/Earthen Berm Improvements
Approx. Top Elevation 100-year
Estimated | Average of Wallor | Water Surface
Improvement Description Length | Wall Height | Earthen Berm Elevation
wall-1 Improvements along the 775 ft. 42in. 16.5 15.8
eastern perimeter of Rosies
Pond
Wall-2 Improvements betweenthe | 235 ft. 36in. 16.5 155
MBTA railroad and
Lawrence Avenue
wadl-3 Improvements along the 200 ft. 24in. 155 15.2
northern side of South River
falling immediately
downstream of Lawrence
Avenue
Wall-4 Improvements along the 265 ft. 30in. 155 15.2
southern side of South River
running parallel with Brooks
Street and Whestland Street
Wall-5 Improvements perpendicular | 85 ft. 18in. 155 15.2
to the existing retaining wall
falling immediately
upstream of Jefferson
Avenue
Wall-6 Improvements to the existing | 220 ft. Extend 155 15.2
retaining wall falling existing
immediately upstream of wall ~6in.
Jefferson Avenue vertically
Berm-1 Improvements along the 375ft. N/A 155 15.2
northern side of South River
running parallel with Brooks
Street
Berm-2 Improvements along the 850 ft. N/A 15 144

The work associated with constructing new retaining walls will aso require minor regrading and the
installation of new drainage collection systems at low points adong the walls. The drainage systems will
limit the accumulation of stormwater on the upgradient side of the walls by collecting and conveying it to
South River. The systems will be constructed with flap gates to limit encroachment of floodwater from
South River into these new systems.
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The extent of work associated with raising the existing earthen berms is dependent upon the results of a
future geotechnical investigation. A geotechnical investigation will be necessary to confirm subsurface
soil conditions, strengths, and permeabilities and to identify subsurface issues related to raising the
existing earthen berms, including increases in hydrostatic pressure. The geotechnical evaluation will
provide the information necessary to understand the extent of work needed to raise the top elevation of
the earthen berms and the costs associated with this work.

Rehabilitation of Rosies Pond Control Structure

Improvements to the existing control structure from Rosies Pond are recommended to restore its original
flood mitigation capability. The existing structure is depicted on Figure 12 and comprises two 24-inch
reinforced concrete pipes (RCP) and two 15-inch RCPs, al which fal under a berm. Improvements are
recommended since the structure is showing signs of settlement, joint separation, misalignment, and
erosion/sedimentation. These signs indicate the structure may not be functioning as intended and may also
indicate that the structure is impacting flooding in areas directly downstream of it. Replacement of this
structure with a hydraulically equivalent structure is recommended to maintain flows from Rosies Pond
and protect down gradient properties and wetland resource areas.

Drainage System Improvements

Improvements to the existing drainage collection system along Jefferson Avenue and Ocean Avenue West
are recommended to increase its collection and conveyance capacity. The locations of the recommended
improvements are illustrated on Figure 11. Currently, the drainage system collects stormwater runoff
from the contributing drainage area and conveys it to the existing Ocean Avenue West pump station. The
Ocean Avenue West Pump Station Assessment Report® established the drainage system is only capable of
conveying flows from less than the 10-year event. Therefore, improvements to the system are needed to
alow it to collect/convey flows from the 100-year event. Improvements should be made in conjunction
with pump station capacity upgrades, which are recommended and discussed further in this section.

Physical Rehabilitation of Ocean Avenue West Pump Station

Improvements to the existing Ocean Avenue West pump station are recommended to provide reliable
long-term operation of the pump station®. The location of the pump station is illustrated on Figure 11.
These measures minimize the potentia for failure and consequently, localized flooding. The
recommendations consider findings provided in the Ocean Avenue West Pump Station Assessment
Report?, which include the following:

o replacement of both pump flights, motors, gear reducers, and bearings;

e pump controls, building system upgrades and repairs;

e improvements to the building and grounds; and

o installation of permanent standby power.

2 Prepared for the City of Salem, MA by Woodard & Curran on March 9, 2009.

3 It is estimated that the recommendations will provide for reliable operation for the next 35-50 years. These
timeframes are based on typical life-expectancies assuming maintenance is performed as recommended by the
manufacturer.
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It should be noted that these recommendations do not consider upgrading the pump station to convey
flowsfrom the 100-year rainfall event. Those improvements are discussed in the next subsection.

Increase Capacity of Ocean Avenue West Pump Station

Upgrades to increase the capacity of the existing Ocean Avenue West pump station are recommended to
raise the level of protection to a 100-year flood event. It is recommended that these upgrades be
implemented with the pump station rehabilitation improvements previously outlined. The current
capacity, or operating pump rate of the pump station, is estimated to be 8,700 gallons per minute (gpm).
This flow rate is capable of servicing runoff from the contributing watershed for a 10-year rainfall event”.

Woodard & Curran recommends that the flood mitigation capacity be increased by installing a stormwater
storage structure to accommodate the additional volume of runoff generated by the 100-year rainfall
event. Underground storage within the existing Ocean Avenue West right-of-way just upstream of the
pump station is proposed, and the volume of necessary storage is estimated to be 25,000 cubic feet (ft°).

Please note that Woodard & Curran did evaluate increasing the capacity of the pump station by installing
an additional pump. However, this alternative was not considered further because of the higher upfront
capital costs and long-term operation and maintenance costs as compared with the underground storage
option.

The locations of the recommended improvements are illustrated on Figure 11.

6.2 CONSTRUCTION COSTS

Construction costs were estimated for the recommended improvements. These estimates are based on
vendor quotes, Woodard & Curran’s experience with similar work, RSMeans Cost Data, and unit bid
tabulations from the Massachusetts Highway Department. Table 6-2 summarizes the cost estimate.

Detailed cost estimates for each recommended improvement can befound in Appendix D.

Table 6-2 - Summary of Estimated Costs

Recommendation Cost
Retaining Wall & Earthen Berm I mprovements $950,000 - $1,250,000*
Rehabilitation of Rosies Pond Control Structure $95,000
Drainage System | mprovements $310,000
Rehabilitation of OAW Pump Station $835,000
Increase Capacity of OAW Pump Station (storage) $720,000
TOTAL: $2,910,000 - $3,210,000*

*A range is provided at this time since soil conditions along the existing earthen berms are unknown. This
information is pending a future geotechnical evaluation.

* Findings presented i n the “ Ocean Avenue West Pump Station Assessment Report, City of Sdlem, MA” prepared by
Woodard & Curran, dated March 9, 2009.
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6.3 REGULATORY PERMITTING REQUIREMENTS

Implementation of the improvements is anticipated to require obtaining the following permits/approvals.
It should be noted that not al improvements will require each of the following:

o Notice of Intent — Massachusetts Wetland Protection Act
o 404 Army Corpsof Engineers
e 401 Water Quality Certification

e Environmental Notification Form — Massachusetts Environmental Protection Agency (need
currently being assessed)

6.4 EASEMENTS

The magjority of the work involved with this project is proposed to occur within existing easements
throughout the Rosies Pond and Jefferson Avenue neighborhood areas. However, additiond
access/construction easements will be required to facilitate the improvements and can only be identified
during final design. It is anticipated that these easements will be limited to properties adjacent to the
proposed improvements, as shown on Figure 11 and Figure 12.

6.5 RECOMMENDED STUDIES
The following activities are recommended prior to the design of the recommended improvements:

e A geotechnica investigation to assess the structural integrity of the existing soil matrix along
Rosies Pond and South River where wall and earthen berm improvements are proposed.

e A topographic survey of integral areas to supplement surveys previously performed. Information
needed from the survey includes the location and geometry of existing utilities and property
boundary information that is integral to identifying the need for additional easements and obtain
right-of-way information.

o A wetlands study to characterize and delineate the wetlands within the vicinity of the proposed
improvements. Known wetland areas include Rosies Pond and South River. The study will be
performed to minimize potential impacts to wetland areas and identify rehabilitation measures, if
necessary.
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6.6 SUMMARY & IMPLEMENTATION PLAN

Table 6-3 and Teble 6-4 outline the recommended implementation plan for moving forward with the
flood protection measures. Table 6-4 considers the retaining wall and earthen berm improvements. These
improvements are currently being considered by FEMA for funding assistance, and as aresult, a separate
implementa