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INTRODUCTION

This appendix contains the detailed descriptions and technical data
to support the Introduction and Problem Identification sections of the
Main Report. In the interest of clarity and presentation, the appendix
1s presented in essentially two sections. The first section contains
information on the study authority and scope, the study area and other
studies and reports.

The second section contains information on the existing regional
profile and projected future conditions. It also identifies specific
water and related land resources problems, needs, and opportunities to be
addressed in plan formulation.

-

STUDY AUTHORITY

Authority for this report 1Is derived from seven Congressional
resolutions combined under one resolve and adopted by the Committee on
Public Works of the United States Senate. These resolutions provided
authority for the Pawcatuck River and Narragansett Bay (PNB) Drainage
Basins Study, shown on Plate A-1, of which this interim report is in
partial response. The report is also submitted in response to a letter
dated 8 January 1978 received from the Governor of Rhode Island which
requested the Corps of Engineers to investigate the feasibility of the
Big River Reservoir in the interest of flood damage prevention, water supply
and allied water uses. The resolutions pertaining to this study and report
are the following:

Resolution adopted 29 March 1968 by the Committee on Public
Works of the United States Senate:

"That the Board of Engineers for Rivers and Harbors, created
under Section 3 of the River and Harbor Act approved June 13,
1902, be, and 18 hereby requested to review the report on

Land and Water Resources of the New England-New York Region,
transmitted to the President of the United States by the
Secretary of the Army on April 27, 1956, and subsequently
published as Senate Document Numbered 14, Eighty-fifth Congress,
with a view to determining, in light of the heavy damages
suffered during the storm of March 1968, in southern New
England, the advisability of improvements, particularly in the
Pawcatuck River Basin, Rhode Island, and in the Narragansett
Bay Drainage Basin, Massachusetts and Rhode Island, in the
interest of flood control, navigation, water supply, water
quality control, recreation, low-flow augmentation, and

other allied water uses."
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Resolution adopted 10 July 1968 by the Committee on Public
Works of the United States House of Representatives:

"That the Board of Engineers for Rivers and Harbors is hereby
requested to review the reports on the Land and Water Resources
of the New England-New York Region, transmitted to the
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President of the United States by the Secretary of the Army on
April 27, 1956, and subsequently published as Senate Document
Numbered 14, Eighty-fifth Congress, with a view to determining

in light of the heavy damages suffered during the storm of

March 1968, in southern New England, the advisability of
improvements, particularly in the Pawcatuck River Basin, Rhode
Island, and in the Narragansett Bay Drainage Basin, Massachusetts
and Rhode Island, in the interest of flood control, navigation,
water supply, water quality control, recreation, low-flow
augmentation, and other allied water uses.”

Resolution adopted 2 February 1970 by the Committee on Public
Works of the United States Senate:

"That the Board of Engineers for Rivers and Harbors, created
under Section 3 of the River and Harbor Act approved June 13,
1902, be, and is hereby requested to review the report on

Land and Water Resources of the New England-New York Region,
transmitted to the President of the United States by the
Secretary of the Army on April 27, 1956, and subsequently
published as Senate Document Numbered 14, Eighty-fifth Congress,
and other pertinent reports, with a view to determining whether
any improvements for flood control and other water resources
purposes are advisable at this time, particularly along the
Pawtuxet River, Pocasset River, and Meshanticut Brook, at

and in the vicinity of Cranston, Rhode Island.”

SCOPE OF THE STUDY

This survey study focused on the identification of water supply, flood
damage, and recreation problems in the study area and evaluated these
problems in relationship to the overall environmental, social, and economic
needs of the people living and working therein. The study resulted in the
development of alternative solutions tc provide adequate water for study
area communities, to protect flood-prone areas and prevent flood damages,
and also to meet the recreational needs of people within the study area and
within the State. The costs, benefits, and environmental impacts associated
with implementing the various alternatives were also investigated as was the
selection of the plan that would most 2ffectively solve the problems in a
way that would be compatible with environmental and socio-economic needs.

Detailed investigations were limited to those communities within the
Pawtuxet River basin, one of five major sub-basins comprising the entire PNB
Study region, and, for purposes of water supply planning, within the
legislated service area of the Providence Water Supply Board. WNot all areas
were investigated to the same level of detail but only where improvements
warranted detailed study.

This report is based upon area field reconnaissance, topographic
surveys, solils investigations, hydrologic and hydraulic investigations, water
quality studies, water usage studies, consultation with local interests,
review and evaluation of prior studies and reports, and other related studies.

d




Data concerning basic demographic and economic conditions within the study
area were obtained from field investigations, published reports and
consultation with local officials. Records of the United States Geological
Survey and National Weather Service were utilized for determination of l
climatologic, hydrologic and hydraulic data, and water supply information
was obtained from past and current records of the Rhode Island Department

of Environmental Management, Water Resources Board and water supply agencies
within the study area. Data concerning flood conditions for past floods
were determined by field damage surveys, consultation with local officials,
and local and published reports. 1Initial plan formulation and last stage
studies in the preparation of this report were coordinated with other
Federal, State, regional and local agencies having expertise in water
resources development, special interest groups, and the general public.

The remaining areas of the PNB study region are the focus of other
studies being conducted by the Corps of Engineers in total response to the
authorizing resolutions.

STUDY AREA

The study area, located in the central section of Rhode Island, is
part of the overall Pawcatuck River and Narragansett Bay Drainage Basins
(PNB) Study which encompasses five major sub-basins and all or parts of 102
communities in Massachusetts, most of Rhode Island, and part of Connecticut
as shown previously on Plate A-l. The study area includes the entire
Pawtuxet River Basin and portions of the Providence River Group and Narra-
gansett Bay Local Drainage area. The 469.1 square miles of land that make
up the study area comprises the greater portion of Providence County and
all of Kent County and Bristol County. The study area includes a major
portion of the Providence-Pawtucket-Warwick Standard Metropolitan Statistical
Area (SMSA).

The Big River Reservoir study region is generally rectangular in shape
with an irregular eastern boundary that runs coincident with the Massachusetts- .
Rhode Island border. 1In addition, the area is bounded by Connecticut to the
west, the towns of Burrillville, North Smithfield and Lincoln to the north,
and Exeter and North Kingstown to the south as shown on Plate A-2. The study
area includes 17 cities and towns in Rhode Island, 15 of which comprise the
legislated service area of the Providence Water Supply Board (PWSB). The
other two communities, East Greenwich and West Greenwich, are included in :
the study area since they are served by one of the major water supply systems :
in the study area.

OTHER STUDIES AND REPORTS

CORPS OF ENGINEERS

Pawcatuck River and Narragansett Bay (PNB) Urban Study

In February 1973 the ongoing PNB water and related land resources study
was reoriented to urban study status under the direction of the New England
Division, Army Corps of Engineers. Areas addressed in the study include
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inland flood control and flood plain management, water supply, coastal
restoration and protection, and navigation.

Drainage basins reported on in the PNB study include the Pawtuxet
River, Taunton River, Pawcatuck River, Narragansett Bay Local Drainage,
and the Providence River Group, which comprises the Blackstone, Woonasqua-
tucket, Moshassuck, and Ten Mile River Basins. An interim report is
scheduled for release in FY 1981 on the Blackstone River Basin. Investi-
gations of the other basins are being completed this year, with findings
and recommendations due to be included in the overall PNB report scheduled
for publication in FY 1981.

Investigations of the Taunton, Woonasquatucket and Ten Mile Rivers
are flood management type studies, because no significant structural
solutions were shown to be economically justified. The Moshassuck River
study is being carried out as a separate flood plain management study.
The Blackstone River Basin flood control study is described later in this
section.

Detailed regional water supply alternatives for the entire PNB study
area will be part of the overall report.

PNB Water Supply Study

A study of water supply alternatives for the Pawcatuck River and
Narragansett Bay (PNB) drainage basins was completed in January 1979 under
contract by the New England Division, Corps of Engineers. The draft report
proposed alternative water supply plans to serve the PNB region, including
surface water, groundwater, and combinations thereof. The study's recommended
plan includes development of the Big River Reservoir to help meet future
demands of the Providence area.

Blackstone River Basin Study

As part of the PNB study, flood control problems and needs of the
Blackstone River Basin have been addressed in a separate report by the New
England Division, Corps of Engineers. The final report, to be released in
FY 1981, will recommend both structural and nonstructural flood damage
reduction measures to meet the basin's needs.

Pawtuxet River Water Quality Sctudy

A one year water quality sampling and analysis program for the Pawtuxet
River was initiated in September 1975 by the Environmental Protection Agency
and the National Marine Water Quality Laboratory under contract to the New
England Division, Corps of Engineers. The program entailed collection of
water samples from the Pawtuxet River at three upstream sampling stations
and another sampling station near the river mouth, during 20 sampling periods.
The program involved bacteriological analyses for total and fecal coliforms
and physical-chemical analyses for nonfilterable residue, bilochemical oxygen
demand (BOD) and various heavy metals.
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Flood Control Project Environmental Report

Under the direction of the New England Division, Corps of Engineers,
an eawironmental report was prepared in February 1975 (with minor
revisions in May 1975). It concerned measures under consideration by the
PNB study to reduce flood damages in the Pawtuxet River watershed. The
report discussed the environmental setting without the proposed flend
control measures, the probable impacts of the proposed actions, and
alternatives to the proposed actions. Findings were summarized in the
information pamphlet prepared for the midstage public meetings held by
the New England Division at Warwick and Cranston in May 1975.

Flood Plain Information Studies

Flood plain information studies of selected streams in Cranston,
Warwick and West Warwick have been completed by the New England Division,
Corps of Engineers.

North Atlantic Regional Water Resources (NAR) Study

Authorized by the 1965 Flood Control Act, the North Atlantic Regional
Water Resources (NAR) Study was one of 20 regional studies conducted
throughout the United States under Level A guidelines established by the
Water Resources Council. Published in .june 1972 by the North Atlantic
Division, Corps of Engineers, the report encompassed all river basins
draining into the Atlantic Ocean from Maine to Virginia and all New York
and Vermont areas draining into the St. Lawrence River from St. Regis, New
York eastward. The objective was to establish a broad master plan or
framework as a basis for regional water and related land resources manage-
ment. Fifteen water resources needs in each of the 21 subregions of the
NAR study area were projected through the year 2020. Several alternative
planning objectives were utilized: envirommental quality, national efficiency
(or income), regional development, or mixed objectives. A basic finding for
the entire study area was that the NAR water resources cannot support
continuation of the customary development and consumption. Research, study
and management of water, land and envirommental resources are needed to
reduce the needs for excessive monetary and natural resource investments.

The report indicated that the PNB arca will need help in eliminating
its unemployment. Its water resources management program should be oriented
toward increasing regional development, but with some environmental quality
constraints. Key long-term (2020) needs for the PNB area were water quality
management and improvement to meet state standards, availability of power
plant cooling water (mostly saltwater sites), water supply withdrawal and
importation measures (with future shift expected by many industries from
self-supplied to publicly supplied systems), flood damage reduction measures
as land becomes scarce, commercial navigation improvements, shore erosion
protection for selected sites, and increased opportunities for water-oriented
recr:ation, fish and wildlife recreation, and recreational boating.




Northeastern United States Water Supply (NEWS) Study

Under authority of the 1965 Flood Control Act, a regionwide assessment
of water supply problems of the metropolitan areas between Maine and
Virginia was made as part of the Northeastern United States Water Supply ‘
(NEWS) Study, under the direction of the North Atlantic Division, Corps .
of Engineers. A draft report was prepared by the New England Division in
November 1969 concerning long-range water supply nceds in Rhode Island and
most of Massachusetts. The surface water project proposed for the Pawtuxet
watershed area are the same as those recommended in the 1967 report to the
former Rhode Island Water Resources Coordinating Board. No groundwater
projects were proposed for the Pawtuxet watershed area by the U.S. Geological
Survey, which analyzed all existing groundwater data as theilr contribution
to the study.

Navigation Survey Report

In response to a resolution by the House of Representatives Committee
on Public Works, a report prepared in June 1961 by the New England Division,
Corps of Engineers recommended provision of a small boat harbor improvement
at Pawtuxet Cove, the small tidewater indentation at the mouth of the river.
The project was authorized by the 1962 River and Harbor Act and was completed
in 1966. It entailed dredging an entrance channel 6 feet deep and 100 feet
wide, with a turning basin at the northern end; dredging an anchorage 6 feet
deep over a l4-acre area at the south side of the entrance channel; and
construction of a 2,200-foot long sheltering dike at the east side of the
anchorage.

Narragansett Bay Area Hurricane Survey Reports

Public Law 84-71 study authority, which was adopted following the
damaging hurricanes of 31 August 1957, led to the 1958 authorization and
1961~66 construction of the Fox Point Barrier across the upper reach of the
Providence River at Providence. A plan for hurricane tidal flood protection
for the Narragansett Bay area, known as the Lower Bay Barriers, was completed
in January 1965 by the New England Division. The report called for provisions
of rockfill barriers (top elevation 25 feet above mean sea level) across the
East and West passages to Narragansett Bay and across the upper passage of
the Sakonnet River, subject to local agreement for participation in the
project. Ungated navigation openings would be provided at each passage and
80 sluice gates would normally remain open to allow additional tidal inter-
change. The barriers would reduce the wave action level of 18.0 feet at
Pawtuxet Cove that accompanied the record hurricane flood of 21 September
1938 (frequency slightly less than once in 100 years) to approximately 10.6
feet, and would reduce the 1938 tide (stillwater) level of 15.3 feet to
approximately 7.8 feet.

A majority of the comments made at the 1956 public meeting on the Fox
Point Barrier project expressed general approval of the lower Narragansett
Bay protection concept. Support by Massachusetts interests continued strong
during the course of the Narragansett Bay study. However, support by the
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Rhode Island citizens waned and opposition was expressed concerning
various biological, aesthetic, tidal interchange, water quality, salinity
and navigation aspects of the Lower Bay Barriers plan. In view of this
lack of support, the Secretary of the Army's report to the Congress
recommended that no project be authorized for the lower Narracansett Bay
area until such time as Rhode Island citizens expressed approval of the
project.

Flood Control Survey Report

In response to Section 5 of the 1937 Flood Control Act, the
Providence District, Corps of Engineers prepared a report in October 1939
that recommended a flood control plan for the Pawtuxet River watershed.
The plan entailed local protection works at Clyde (along the North Branch
in West Warwick) and a gated diversion dam near Pontiac (along the main
river in Warwick) to divert floodwaters from the main river southward
through a diversion channel that would discharge at Apponaug Cuve, at the
head of Greenwich Bay in Warwick. Both projects were authorized by the
1941 Flood Control Act, but authorization expired in 1951 as local
participation (lands, easements, right-of-ways, cost sharing in 25 percent
of the first cost of the Pontiac Diversion not to exceed $347,000, and
operation and maintenance of the project following completion) was not
forthcoming.

OTHER FEDERAL AGENCIES

Rhode Island Areawide Water Quality Management Plan

Under Section 208 of the Federal Water Pollution Control Act Amendments
of 1972, Rhode Island was awarded an EPA grant to develop an areawide water
quality management plan to assure adequate control of all sources of
pollution in the state. The final plan establishes management strategies
for all activities associated with the generation of point and nonpoint
sources of pollution. Nonpoint sources of pollution on which planning
emphasis were placed include marinas, landfill sites, groundwater pollution,
and urban runoff. Point sources to be discussed in detail include combined
sewer overflows and municipal wastewater treatment facilities. Also to be
examined will be legal, institutional and financial arrangements for
developing the necessary agencies to manage or control wastewater generation.
The objective of these investigations is to provide a plan for attaining
the Act's 1983 goals of fishable and swimmable water quality, wherever
possible.

Cranston Flood Hazard Analysis Report

At the request of the city of Cranston and the Rhode Island Statewide
Planning Program a flood hazard analysis report on the Pocasset River and
Meshanticut Brook within Cranston was published in September 1973 by the
Soil Conservation Service, which assisted the Northern Rhode Island Conser-
vation District. An addendum to this report was published in December 1974.
The report contains flood maps, high water profiles and typical valley cross
gsections which provide a guide for the development of local regulations and
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other flood management measures for minimizing flood damages. Information
was compiled for 10-year, 50-year, 100-year and 500-vear frequency floods,
except for the flood maps which show only the 50-year and 500-year flood
limits. The 100-year flood limits are essentially the same as the 50-year
flood limits.

Flood Insurance Studies

Under authority of the National Flood Insurance Act of 1968, Flood
Insurance Study reports have been prepared by the Federal Insurance Admin-
istration, Federal Emergency Management Agency for the communities of
Barrington, Bristol, Warren, East Providence, North Providence, Providence,
Cranston, Warwick, Johnston, Smithfield, Glocester, West Warwick, and East
Greenwich, which are operating under the regular program. The towns of
Foster, Scituate and West Greenwich have flood insurance studies in progress
and are now eligible for flood insurance under the emergency program until
specific flood zones and actuarial rate are determined and flood plain zoning
is enacted. A flood hazard analysis of the Pocasset River in Johnston has
been completed by the Soil Conservation Service office in West Warwick.

United States Geological Survey

Water resources investigations have been conducted by the U.S. Geological
Survey (USGS) in cooperation with the State of Rhode Island for various
regions within the study area. These investigations, ranging from
reconnaissance-type studies to detailed studies of water resources for river
basins throughout the study area, have centered primarily in southeastern
Massachusetts and Rhode Island. These studies have included groundwater
availability investigations in the Taunton River Basin, the Lower Blackstone
River Basin in Massachusetts and Rhode Island, and the Pawcatuck River Basin.
The results have been published in the USGS Hydrologic Investigations Atlases
as well as in various reports prepared by both states.

REGIONAL

Report of the Southeastern New England (SENE) Study

As part of the program established by the 1965 Water Resources Planning
Act that multipurpose, coordinated plans be developed for each subregion or
major river basin in the nation, a comprehensive Level B study of the coastal
basins of eastern Massachusetts, Rhode Island and the southeastern corner
of Connecticut was authorized by the Water Resources Council. Under the
direction of the New England River Basins Commission, a Federal-State study
team evaluated existing, 1990 and 2020 needs in the SENE area (including all
of the PNB area), principally those concerning water supply, water quality,
recreation, marine management, flooding and erosion, mineral extraction, and
the siting of electrical power and petroleum facilities. The report to the
Water Resources Council, submitted in March 1976, indicated that continuing
urban growth in the SENE area can be accommodated but should be guided to
protect fragile resources and make development more efficient.

The report made the following key recommendations for meeting 1990
needs in the Pawtuxet River Basin: petition the General Assembly to approve
construction of Big River Reservoir; expand Cranston and Warwick secondary
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treatment plant at Coventry or expand the existing secondary treatment
plant at West Warwick; acquire key wetlands and flood plains; and consider
nonstructural flood plain management solutions wherever possible under the
authority of Section 73 of the Water Resources Development Act of 1974.
The SENE study efforts were closely coordinated with those of the PNB
study.

The SENE study recognized that specific project proposals to resolve
the major flood problems in the lower basin were being evaluated in the
PNB study. Therefore, the SENE study concentrated its recommendations on
regulatory, soil conservation and forestry measures that all basin munici-
palities could adopt to reduce flood plain encroachment, erosion and non-
point source pollution.

NENYTAC Report

A report by the New England-New York Inter-Agency Committee (NENYIAC)
was completed in March 1955. It contained an inventory of resources
entailing streamflow regulation, water supply, water quality, flood control,
hydroelectric power, navigation, shore erosion, fish and wildlife, recreation,
historic sites, land management, mineral production and insect control. The
report indicated that benefits could be realized from streamflow regulation
and pollution control measures in the Pawtuxet watershed, but no projects
were recommended for these or other study elements. Part One (briei summary)
and Chapter 1 of Part Two (general discussion) of the report have been
published as Senate Document No. 14, 8th Congress, lst Session, Chapter XVII
of Part Two, '"Narragansett Bay Drainage Basins," discusses the resources of
the Pawtuxet, Blackstone and Taunton watersheds and local drainage into
Narragansett Bay and the Sakonnet River.

STATE

Big River Water Supply Project

In 1976, the Rhode Island Water Resources Board engaged Keyes Associates
and Metcalf & Eddy, Inc., (KAME) to conduct a five-phase program beginning
with preliminary studies and leading to detailed plans, specifications and
construction for the Big River Reservoir project. Funds were allocated to
undertake Phase 1 of the investigations, which called for the development of
basic data and preliminary designs. Reports on geotechnical investigations,
water treatment plant design and an inventory of vegetation, wildlife and
aquatic biota were produced in November 1977 along with detailed mapping of
the reservoir site and aqueduct facilities.

Basinwide Water Quality Management Plans

Prepared by the Statewide Planning Program under Title III, Section 303e,
these plans covered water quality management objectives for each of the seven
Rhode Island drainage basins. Each plan determined existing water quality,
identified pollution sources, and assigned water quality standards to the
waters of each basin. The plans also indicated stream pollution level
reductions necessary to meet State water quality objectives.




State Land Use Policies and Plan

A report published by the Rhode Island Statewide Planning Program
in January 1975 set forth a statewide land use policy and plan for the i
next 20 years. The purpose of the plan was to guide future land use and
development by recommending policies and allocations of areas to various N
uses. The plan was based on an analysis of alternative development
patterns and of factors influencing development. It forms part of the
State Guide Plan and is closely related to the other plan elements for
transportation, public facilities, economic development, recreation and
historic preservation.

Plan for Recreation, Conservation and Open Space

The recreation plan, published in 1971 by the Rhode Island State-
wide Planning Program, an element of the State Guide Plan, is closely
related to the state's land use policies and plan. Many of the goals and
policies expressed in the recreation plan were included in the land use
plan, including allocation of land for recreation and conservation purposes
and encouragement of orderly urban growth.

Plan for Development of Public Water Supplies

The former Rhode Island Statewide Comprehensive Transportation and
Land Use Planning Program published a plan for the Development and Use of
Public Water Supplies in September 1969. The report analyzed problems and
aspects of public water supply and distribution and methods of dealing with
them.

The four major parts of the report are:
Water supplies and systems in Rhode Island.
. Forecasts of future water needs.
. A plan to provide for Rhode Island's future water needs.

Implementation of the water supply and distribution plan.

Rhode Island Water Supply Reports

The first comprehensive study on water resources in Rhode Island was
made for the former Rhode Island Water Resources Commission in 1952. As
part of the study, several reservoir sites were proposed to increase the
safe yileld of the supply sources of the City of Providence. Recommended
sites included Nooseneck River and Big River.

In 1976 a report was made to the former Water Resources Coordinating
Board, updating the 1952 and 1957 consultant reports to the Board, to reflect
the drought conditions of the early 1960's and the attendant water supply
problems. The report proposed a phased development program to meet increased
demands expected in 1990 and 2020. The report proposed construction (about
1980) of a reservoir on the Big River just upstream from the existing Flat
River Reservoir (industrial water supply) to produce an initial 29 MGD of
water supply yleld for the Providence metropolitan service area. Also




proposed were flood skimming of the Flat River (about 1995) and transfer
to Big River Reservoir, plus development of facilities after 2005 that
would divert and later store floodflow tributaries of the Thames and
Pawcatuck River Basins, located to the west, to augment the yields of Big
River Reservoir. In conjunction with these studies, the present Rhode
Island Water Resources Board during 1965-1966 acquired 8,270 acres for
the Big River Reservoir project.

Early Rhode Island Water Supply Reports

Reports prepared in January 1928 and September 1936 by the Rhode
Island State water supply and planning agencies provided information
concerning the watershed record flood of February 1886. Additional
hydrologic information was compiled by the City of Providence, which had
diverted public water supplies from the Pawtuxet River since 1870.

Detailed water supply studies were also completed by the City of Providence
as the result of the 1915 Water Act of Rhode Island, which authorized the
development and 1926 completion of Scituate Reservoir on the North Branch
of the Pawtuxet River in Scituate.

LOCAL

Bristol County Water Supply Reports

A report to the Bristol County Water Company was completed by Metcalf &
Eddy, Inc. in 1978. The study proposed a program of phased development of
local supplies to meet future needs of the water company's service area.
Major proposals of the report were development of new local surface and
groundwater supplies and construction of a diversion to increase existing
surface water yields. The recommendations of this report differed from
those of earlier studies, which had proposed construction of a transmission
main under the Providence River, to link Barrington, Bristol and Warren with
the Providence Water Supply Board system from which additional supplies
would be obtained. Rising costs of construction were cited as making the
Providence connection less feasible in recent years.

A study on the feasibility of community acquisition of the Bristol
County Water system has been conducted for the three communities by Weston
& Sampson, Engineers. A report on Part 1 of the study was completed in
November 1979.

Pawtuxet Water Quality Report

A study of water quality in the Pawtuxet River was conducted by Brown
University under a grant from the National Science Foundation. This report,
published in August 1972, stated that previously identified water quality
conditions had deteriorated by one or two water use classifications in most
reaches since the 1966 analysis by the Rhode Island Department of Health.

The report also indicated that existing water quality management is ineffective
and a strong regional management agency that can collect monetary charges

on effluents is needed. Also required is the formation of a water quality
monitoring consortium, consisting of industries and sewage treatment plants

for year-round monitoring of the river.
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Providence Water Supply Board Report

In 1964, C. A. Maguire and Associates reported to the Providence
Water Supply Board on the feasibility of enlarging water treatment
facilities at Scituate Reservoir and providing an additional aqueduct to
Warwick and Cranston, to which a future connection from Big River Reservoir
could be made.

In 1968 a report on improvements for the Providence water service area
was prepared for the Board by C.A. Maguire & Associates. Recommendations
of this report included development of the Big and Wood River Reservoirs
and a reservoir on Moosup River to Qeet expected needs through 2015.

v v

EXISTING CONDITIONS

CLIMATOLOGY

Temperature

The study area is near 41°40'N, latitude in the nor theast continental
United States. At this latitude the climate can best be characterized as
moderately cool and humid. The average annual temperature is about 50°F.,
with monthly averages varying from a high of 73° in July to a low of about
29° in January.

Precipitation

The average annual precipitation over the study area varies from about
43 inches in the lower coastal areas to about 48 inches in the uplands in
the vicinity of Big River. Some of the precipitation during the winter
months is in the form of snowfall, which averages about 40 inches per year
over the Pawtuxet River basin.

Mean relative humidity in the area is about 70 percent.

Detailed climatological information is presented in Appendix D,
"Hydrologic Analysis."

FLOODS

Floods can occur in the Pawtuxet River basin any season of the year as
a result of intense rainfall or in the winter or spring as a result of
rainfall in combination with snowmelt. Flood damage potential is generally
concentrated along the mainstem of the Pawtuxet River in the lower, more
densely developed areas of the basin. Some of the more notable floods that
have occurred in the nineteenth and twentieth centuries were in September
1815, February 1886, November 1927, March 1936, July 1938, September 1938,
August 1954, March 1968, and most recently in March 1979.
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Flood damage surveys conducted in 1972 and 1973 indicated that an
estimated 20-year frequency flood would have caused losses in excess of
$1,500,000 along the mainstem Pawtuxet River downstream of Natick Dam
even had there been no new development. A flood of an estimated 50-year
frequency would likewise have resulted in losses exceeding $7 million,
(figures are at September 1978 price levels). The heaviest losses would
have occurred in Warwick followed by Cranston and West Warwick. Damages
in remaining Pawtuxet River basin areas resulting from the 20-year or
50-year flood event are minor in comparison to mainstem losses.

Approximately 2000 structures, including homes and commercial
establishments, located along the mainstem of the Pawtuxet River would
be flooded to various levels from a flood of Standard Project Flood
proportions (maximum flood caused by conditions characteristic of the
area).

DROUGHTS

The long-term rainfall of the Pawtuxet River basin of approximately
43 inches per year is the average of many highs and lows. When rainfall
is below average for a period of time, the area experiences what is
referred to as drought conditions. A drought is defined as a prolonged
period of precipitation deficiency which seriously affects both river flow
and groundwater supplies. The drought of 1961-1967 in southeastern New
England was one of the greatest ever experienced since the beginning of
systematic streamflow monitoring near the turn of the twentieth century.
The last comparable drought was around 1914-1916. The 1960's drought
followed a period of above normal rainfall during the 1950's and was
particularly severe because it resulted in two successive years (1965 and
1966) of near record lows in annual precipitation within the Pawtuxet
River basin. The average flow of the South Branch was about 57 percent
of normal for the period May 1964 to October 1966, equivalent to a runoff
deficiency of more than 25 inches. Based on statistical analysis of
hydrologic records in the region, the annual probability of the 1960's
drought is considered to be not more than 1 to 2 percent.

Detailed hydrological information is contained in Appendix D,
"Hydrologic Analysis', and in "Attachment 1", which present specific
information on flood hazard areas in the Pawtuxet River basin.

TOPOGRAPHY

The study area consists of an irregular topographic surface with
relatively low to moderate size hills in the western section gradually
decreasing in relief toward the east. The study area is located entirely
within the New England physiographic province, a subdivision of the
Appalachian highlands that extends from Newfoundland to Alabama.
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The western one-third of the region is located in the New England
Upland Section, with elevations varying from 300 feet above sea level
at the head of Scituate Reservoir to 730 feet at Chopmist Hill in the
northwestern corner of Scituate. Jerimoth Hill, the highest point in
Rhode Island, has an elevation of 812 feet and is located along the
western divide of the Pawtuxet River basin in the northwestern corner
of Foster. This section of the basin has been modified by Pleistocene
glaciation which eroded the hilltops and deposited materials in the
valleys, thereby adding new relief features to the terrain and reducing
the overall relief of the area.

The eastern two-thirds of the basin lies within the Seaboard lowland
section, where elevations range irom near sea level immediately along the
coast to 544 feet at Pine Hill in the western section of Johnston.
Typical elevations in other areas of the lower basin range from 50 to
200 feet above sea level.

GEOLOGY

Bedrock

The majority of the bedrock in the study area consists of igneous rocks
that have many characteristics of metamorphic rocks. The principal
formation 1s the Scituate granite gneiss which cccupies almost the entire

‘central portion of the region. A smaller amount of granite occurs within

the general area. At the eastern limit of this formation is a complex of
igneous and metamorphic rocks that trend roughly north-south. Farther to
the east, the sedimentary sequences of the Rhode Island formation begin.
They consist primarily of sandstone, slate, conglomerate and graywacke. The
formations located to the north and northwest of the Scituate granite gneiss
are mainly gneisses and schists.

Two small faults are located in the study area. The first fault is
located within the southwestern limits of Cranston about 500 feet west of
the margin of the Narragansett Basin and about one mile northeast of the
confluence of the North and South Branches. This small fault displaces
bodies of Pondville conglomerate and Esmond granite. The second fault is
located at the north end of the Scituate granite gneiss. There is no
information on the displacements. Neither fault 1is considered active or
major.

The igneous and metamorphic rocks are hard, highly jointed, weak to
strongly foliated and range in compressive strength from medium to very high.
In addition, they exhibit slight weathering and high durability. The
sedimentary rocks generally have low to medium compressive strength and
exposures are less frequent than the other rock types.

Surficial
Unconsolidated glacial deposits mantle the bedrock surface in varying

degrees throughout the Pawtuxet River basin. The greatest exposure of
bedrock and the thinnest surface cover is evident on the sides and tops of
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hills in western and northern sections of the basin encompassed by the
towns of Coventry, Scituate and Glocester. Surficial deposits such as
mixtures of sand, silt, gravel and boulders are primarily derived from
deposition from glacial action. Post-glacial deposits are lesser in
extent and occur as alluvium and swamp deposits near streams and in
blocked drainage areas on hills. Extensive swamps contain varying amounts
of soft organic silts and peats.

In the lowland areas glacial deposits occur as unstratified ground
moraine (till) and as outwash plains or other deposits laid down by glacial
stream action. Post-glacial deposits occur principally as alluvium in the
field plains. There 1s geological evidence that a buried valley exists
along a line passing through the western section of Greenwich Bay and
extending northward into Cranston in which depths to bedrock could be as
much as 150 feet. The principal kinds of deposits are as follows:

Ground moraine (till), including glacial till, consisting of an
unsorted mixture of particles ranging from clay-size to boulders. The most
extensive and widespread deposits cover hills and lowlands and often reflect :
the underlying topography. Masses of ground moraine sometimes are formed
into hills. The rock particles are mostly from local bedrock. Ground
moraine may lie beneath other surficial deposits in some areas.

Outwash plains are flat-topped broad accumulations deposited in open
areas by glacial streams. They consist of sands with some interbedded gravel.
Some plains have coalesced over wide areas while others are limited deposits
in narrow valleys.

Kames are irregular hills usually of poorly sorted sand and gravel that
were deposited in contact with a glacier. The deposits are often localized
because of the confined conditions during their formation.

Kame terraces are benched deposits of sand and gravel left against
valley slopes by glacial streams. Valley train deposits are sands and
gravels deposited in valleys and extending across them. Kame terraces and '
valley train deposits sometimes merge from one into the other.

Kame plains are localized flat-surfaced deposits of mostly sand with
some gravels. They were formed by glacial streams in areas confined by the
glacier. The bounding slopes that formed may be steep or low. The sands and
gravels are usually sorted and stratified.

PRTR P

Alluvium occurs locally as streambanks and flood plains adjacent to
rivers and streams. These deposits are silt, sand and gravel and are usually
well sorted. Erosion and deposition by the rivers and streams in normal
times and during floods determine the local sorting, thickness and distribu-
tion of the deposits. l

Swamp deposits are mainly silts, fine sands and muck. Most swamps are
localized and limited in extent, although a few extensive areas are found.
The level of water in swamps fluctuates seasonally with local stream and
groundwater levels. The thickness of the deposit is determined by local i
conditions.




Artificial fills in the study area are extensive enough for mapping.
Fill material is usually taken from local sources of till or sand and
gravel. The kind of material used depends upon the purpose of the fill.

Deposits of sand and gravel that were not identified with any
particular land form were left undifferentiated. The grain size, sorting
and stratification within these deposits vary according to the local
conditions of deposition. The properties may be those of sands, gravels
or mixtures of sand and gravels.

Seismicity

According to the seismic risk map developed by the Environmental
Science Administration and the Coast and Geodetic Survey, the Big River
Reservoir study area as well as most of the surrounding region is located
in Seismic Zone 1. This is a zone of minor earthquake damage. Since the
study area lies near the border of zone 1 and zone 2, the Corps of Engineers
criteria dictates that project structures be designed for a seismic proba-
bility coefficient for the higher area. In accordance with this directive,
all hydraulic structures of any project will be designed for a seismic
coefficient of 0.05.

Detailed geological information is presented in Appendix F, "Geotechnical
Investigations' and "Attachment 1."

NATURAL RESOURCES

Air Quality

Ambient air quality has been monitored throughout Rhode Island since
1968 from a network of stations established, operated and maintained by the
Division of Air Resources and Occupational Health and Radiation Control.
Ambient air monitoring is required to assess current air quality for
comparison with the standards established by the State or Federal government
to determine the degree of improvement necessary and measure the results of
control actions and strategies.

Monitoring is conducted on two bases: intermittent and continuous.
Intermittent monitoring involves the collection of samples over a 24-hour
period every sixth or eighth day. These samples are analyzed for pollutant
concentration by the Division laboratories. Continuous monitoring requires
special equipment which provides an instantaneous readout of pollutant
concentrations.

Comparison of current air quality levels to the applicable standards
of each pollutant are evaluated on two levels: primary standards to protect
public health and secondary standards to protect vegetation and materials.

There were no significant changes in levels anywhere in the study area

between 1976 and 1977. Except for Providence, most areas continue to meet
both standards. Although an overall trend of improvement has taken place
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in recent years, in downtown Providence the levels of total suspended
particulates (TSP) and carbon monoxide (CO) continue to violate both primary
and secondary standards. In addition, some sections of the study area
(rural as well as urban) experience temporary violations of photochemical
oxidants (0z) standards during the summertimd, with highest levels more than
twice the health standard. The air pollutant levels cited above have been
obtained from 1977 data and should compare cIosely with current levels of
air quality.

soils

Narrow bands of poorly drained alluvial soil are found in the bottomlands
along many streams throughout the region. Most of the adjoining lowland soil
of Cranston and Warwick consists of the well-drained Merrimac fine sandy loam
of the granitic outwash plains. In the relatively low hills of Cranston,
Johnston, West Warwick, West Greenwich and Exeter the upland soil is
principally the well-drained Narragansett stony fine sandy loam.

The predominant soil in the higher uplands of the region consists of the
well-drained Glocester stony fine sandy loam, which is one of the least fertile
soils in Rhode Island. Sections of southern Scituate, southern Foster and
northern Coventry have extensive areas of rough stony land of Glocester soil
material (boulders). The principal soils of the depressions in the northwestern
part of (he study area are the poorly drained Scituate and Whitman stony loams.
Many vf the depressions in the southwestern section of the study area consist
of poorly drained Whitman stony loam.

Hinckley loam sand (a droughty soil) is frequently found where kames
were formed in areas such as the Meshanticut Brook section of Cranston, the
northeastera section of Scituate, the North Branch section of Scituate, the
southeastern corner of Coventry, the northeastern corner of West Greenwich
and the foster Center area.

Vegetation

The study area is within the southern portion of the white pine-hemlock-
hardwood forest region of New England. This plant association 1is characterized
by a dominance of oaks, hickory, and yellow poplar forest with occasional
stands of white pine or pitch pine is disturbed or sandy areas. Wetlands are
found in many low-lying poorly drained areas and consist mainly of wooded
swamps with red maple, elm and ash.

Detailed vegetation information is contained in Appendix H, '"Recreation
and Natural Resources."

ish and Wildlife

Wildlife found within the study region include game species such as
white-tailed deer, cottontail rabbit, snowshoe hare, gray squirrel, ruffed
grouse, woodcock, bobwhite quail, mourning dove, ring-necked pheasant, and
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waterfowl such as mallard, black and wood ducks. Furbearing animals include
red and gray fox, raccoon, oppossum, weasel, skunk, mink, muskrat and otter.
Various song birds, shore and wading birds, raptors and rodents are also
common to the area.

The study area has an extensive network of streams, ponds and lakes.
Several cold water fish species including brook trout, brown trout and
rainbow trout are found in many of the "better" streams, and northern and
walleye pike are found in some of the reservoirs. Principal species include
largemouth and smallmouth bass, chain pickerel, brown bullheads, and yellow
and white perch. No anadromous fishery exists in any of the study area
streams because of dams and/or pollution. Buckshorn Brook, Flat River and
Wood River support some of the best cold water stream fisheries in the state.
Big River is regarded as a warm water stream with largemouth bass and pickerel
being the dominant species although some native brook trout exist in one
tributary, Nooseneck Brook. Flat River Reservoir (Johnson's Pond) is
considered one of the best warm-water lakes in the state with largemouth bass
and northern pike being the major species.

Detailed information on the study area's aquatic and terrestrial resources
is contained in Appendix H, '"Recreation and Natural Resources."

Minerals

Active sand and gravel operations in the study area are located in
Coventry, Cranston, Johnston, Warwick, West Greenwich and West Warwick. The
State's leading crushed stone producer is located in Cranston. Others are
located in Johnston, Warwick and West Warwick. Stone slope protection
materials are also produced from the Cranston quarry.

Until recent years a meta-anthracite coal mine was operated intermittently
in Cranston. The coal was high is ash and graphite and was used primarily in
the manufacture of refractory materials. In colonial times, ilmenite (bog
iron ore) was mined in Cranston and Foster, and steatite (socapstone) and
granite were quarried in Johnston. Hematite was also mined in Cranstor. until
the early 1800's.

Water

General. The Pawtuxet River Basin lies entirely within the State of
Rhode Island and covers a total area of 230 square miles. Drainage is generally
to the east with the Pawtuxet River discharging into the Providence River at
the Cranston~Warwick city boundary. The headwater regions of the basin are
drained by the North Branch and the South Branch of the Pawtuxet River and have
watershed areas of 106 and 73 square miles respectively. The North Branch
headwater region has been developed extensively for water supply where 92.8
square miles or about 87 percent of the watershed in controlled by the
Providence Water Supply Board's Scituate Reservoir, the principal water supply
source in the region. This makes the Pawtuxet River Basin one of the most
productive water supply regions in southeastern New England.
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The South Branch originates at Flut River Reservoir (known locally
as Johnson's Pond) which has a drainage area of 56.7 square miles or about
77 percent of the South Branch's watershed. The reservoir was constructed
downstream of the confluence of the Flat and Rig Rivers. The headwaters
of the Flat River originate at the head of Turkey Mcadow Brook in the town
of Foster, while the principal tributaries cof the Big River-Nooseneck, Congdoen,
and Carr Rivers-originate in the towns of West CGreenwich and Fxeter.

The mainstem Pawtuxet River, criginating at the confluence of the North
and South Branches, flows northeasterly for 10.9 miles to its mouth. The
river has a total fall of about 50 feet and averages about (09 feet in width
and about 4 feet in depth throughout its length. The Pawtuxet dam was
constructed near the mouth in 1870 to prevent salt water intrusion. In the
lower reach, the main Pawtuxet River is joined by two other tributaries-
Meshanticut Brook and the P'ocasset River.

Numerous lakes and ponds are scattered througheut the basin which are
used primarily to provide recreational opportunities for fishing, swimming,
boating, picricking and nature trails. Some of the largest of these lakes
and ponds are used for water supply socurces. On the North Branch, the
Providence Water Supply Board controls most of the watershed and operates
facilities at Pounaganset Reservoir, Moswansicut Reservoir, Westconnaug
Reservoir, Barden Reservoir, Repulating Reservoir and Scituate Reservoir. On
the South Branch, Flat River Reservoir is used as a source of industrial water
supply as well as {er swimming, boating. camping and picnicking. The remain-
ing large lakes and ponds in the study area provide a variety of recreational
opportunities although public access is not always available.

For complete details of the Pawtuxet River Basin see Appendix D,
"Hydrologic Analysis" and "Attachment 1."

Water Supply. Three major water supply agencies are located within the
study area, as shown on Plate A-3. Together theyv supply almost all the
municipal water demands of study area communities. The largest of these, as
well as the largest water supply system in the State, is the Providence Water
Supply Board, which operates surface water reservoirs on the North Branch of
the Pawtuxet River. The Kent County Water Authority is the second largest
water supply agency in Rhode Island and operates groundwater wells in West
Greenwich and Coventryv. Part of the demand of the Kent County Water Authority
system is supplied from the Providence water system.

The Bristol County Water Company utilizes groundwater sources in
Barrington combined with surface water supplies located primarily in Warren
and Rehoboth, Massachusetts.

Details of the three existing water supply agencies and the areas they
serve are presented in the following paragraphs.

a. Providence Water System: The City of Providence water supply system
is operated under authority of the Water Supply Beard which is a branch of
the municipal government. Supply sources are located in the North Branch

/\"] 9

- Ewi—




of the Pawtuxet River and consist of a series of six surface water
reservoirs namely, Regulating Reservoir, Westconnaug Reservoir, Barden
Reservoir, Moswansicut Reservolr, Ponaganset Reservoir, and Scituate
Reservoir from which water 1s drafted to supply to system.

Water supply storage provided by the Scituate Reservoilr system
is approximately 39,700 million gallons. The average demand of the
Providence system in 1975 was 62.4 million gallons per day (Mgd) while
the maximum day demand was 106.0 Mgd. Communities served by the system
include Providence, Cranston, Johnston and North Providence which
accounted for about 75 percent of the total demand. Water was also
sold to Cranston, East Providence, East Smithfield Water Company, Smith-
field Water Department, Greenville Water District, Warwick and Kent
County Water Authority on a wholesale basis to supply various parts of
their respective communities. Data obtained for the last reported
operating year, July 1978-June 1979, shows that the demand of these
wholesale customers increased to about 30 percent of total consumption
amounting to approximately 19 Mgd on the average day.

b. Kent County Water Authority: Groundwater supplies are operated
by the Kent County Water Authority in the Mishnock area of Coventry and
in the Hunt River area of East Greenwich. Communities served directly
by the system include Coventry, East Greenwich, Scituate, West Greenwich
and West Warwick. Water obtained from the Providence water supply system
is also distributed to parts of Cranston and Warwick. The average demand
in 1975 for this system was 6.0 Mgd exclusive of the water obtained from
the Providence system., The maximum day demand was correspondingly 12.3 Mgd.

c. Bristol County Water Company: The Bristol County Water Company
is served by four surface water reservoirs, two located in the Palmer River
basin in Rehoboth, Massachusetts, and two in the Kickamuit River basin in
Warren, Rhode Island and Swansea, Massachusetts. In addition, groundwater
wells located in Barrington supplement the supply. Average 1975 demand on
the system was 3.4 Mgd while the maximum daily demand was 5.8 Mgd. The
water supply system has service areas in each of the Bristol county
communities of Barrington, Bristol and Warren.

Pertinent data on the study area's existing water supply systems are
shown in Table 1.

Water Quality. The water quality of surface waters in the Pawtuxet
River basin varies from Class A (suitable for water supply and all other
uses) at the headwaters of the North and South Branches to Class E (nuisance
conditions) near the mouth at Pawtuxet Cove. Throughout most of the South
Branch and Pawtuxet River mainstem, the water quality classification is
Class C (suitable for fish and wildlife habitat) in accordance with criteria
established by the State of Rhode Island. The water quality in the Pawtuxet
River basin is affected by both point and nonpoint sources of pollution.

The major nonpoint sources are stormwater runoff from urbanized areas of
the lower basin and leachate from Sanitary Landfill, Inc., a privately-
owned landfill operation in Cranston. Major point sources of pollution in
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10.

11.

12.

S. W. -

City of

FOOTNOTES TO TABLE 1

surface water; G. W. - groundwater.

Providence Water Supply Board supplied water to

part of Warwick and Cranston through the Kent County
Water Authority in 1975, Entire demand of these communities
is listed under the Providence system.

Private
for all

Private
for all

City of

residential and commercial, and industrial demands are
of Cranston.

residential and commercial, and industrial demands are
of North Providence.

Providence Water Supply Board supplied water to East

Providence through City of East Providence distribution

system.

City of

Trovidence Water Supply Board supplied water to North

Providence and Smithfield through East Smithfield Water District
distribution system.

City of
through

Private
for all

City of
through

City of
through

Private
for all

Providence Water Supply Board supplied water to Smithfield
Greenville Water District distribution system.

residential and commercial, and industrial demands are
of Smithfield.

Providence Water Supply Board supplied water to Smithfield
Smithfield water supply distribution system.

Providence Water Supply Board supplied water to Warwick
City of Warwick water distribution system.

residential and commercial, and industrial demands are
of Warwick.

MCD - million gallons per day.
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the basin are the Cranston, Werwick and West Warwick municipal wastewater
treatment plan effluents and the Ciba-Geigy and American-Hoechst Industrial
treatment discharges. Downstream oi the Ciba-Geigy discharge, the river

is classifjed Class D and is not suitable for fish habitat due to the
accumulation of pollutants in bottom sediments and lack of adequate
vegetation.

Other important rivers, streams and ponds in the study area are
classified as Class A or Class B including Flat River Reservoir (Johnson's
Pond), Moosup River, Bucks Horn Brook, Big River and its major tributary
streams.

See Appendix E, "Water Quality" and "Attachment 1" for additional
water quality information on surface waters within the study area.

Groundwater. In many areas of the State in which sand and gravel
aquifers are present, there appears to be substantial amounts of ground-
water, especially where the aquifers include or are bordered by streams.
The fact that high yield potentials exist in certain parts of the State,
however, does not necessarily imply that ample supplies of groundwater
can be delivered on demand to nced areas. Distance of transport and
water quality considerations limit the availability of groundwater.
Unfortunately, the natural concentration of iron and manganese in some
groundwater, combined with the pollutants generated by increased
urbanization have resulted in groundwater of substandard quality exist-
ing in several aquifers throughout the State.

Groundwater reservoirs of much of the study area have been investi-
gated by the United States Geological Survey and the Rhode Island Water
Resources Board. Reports of these agencies and other hydrogeologic
reports serve as reference sources for the groundwater assessment included
in this section. The scope of the study did not allow for field exploratiom
or field testing of estimated yields.

The quality of existing groundwater sources and potential groundwater
aquifers within the study area varies significantly. The groundwater
aquifers of the Flat River Reservoir-Mishnock Pond area-and Hunt River are
the sources of supply for the Kent County Water Authority and have been
developed to their maximum potential. Likewise, groundwater sources for
the Bristol County Water Company in Barrington have been fully developed
and in recent years have suffered quality problems due to high concentrations
of iron which necessitated closing down one of the well supplies. Other
groundwater aquifers in the Chepachet River basin in Glocester are of
suitable quality and can be expected to be used to augment existing water
supply systems in the area.

Significant groundwater resources have been identified in areas of
Providence, Cranston and Warwick as a result of investigations conducted
by the United States Geological Survey. Groundwater aquifers in these
areas, however, have been impacted by urbanization to the extent that
water is of less than suitable quality for municipal water supply systems
without extensive treatment.
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CULTURAL RESOQOURCES

Prehistoric occupation of western Rhode Island began at least as
early as 6000 B.C.. During most of this period, the inhabitants appear
to have ranged the countryside in small hunting and foraging bands,
congregating seasonally near falls and wetlands to take advantage of
wildfowl migrations and anadromous fish runs. By about 2000 B.C. there s
was an active long-distance trade in stone for tools, and elaborate
burial ceremonies appear to have been practiced.

At about the first century A.D. a greater use of marine resources
is evident, coupled with a possible population increase and decreased
occupation of the uplands. Agriculture and pottery manufacture were
introduced during this period. By the 17th century, the uplands of
western Rhode Island appear to have been used as hunting and wild food
i gathering areas in winter. Population settled in large villages on
the coast and major rivers during the spring and summer to grow corn
and squashes and exploit the spring fish runs. Warfare appears to have
increased between groups, and some villages were palisaded. Long
distance trade appears to have decreased dramatically.

After European contact, the Narragansett and Nipmuck groups inhabit-
ing western Rhode Island began commercial trapping to obtain European
trade goods. This increased friction between groups competing for the
best trapping territory. Many people succumbed to European diseases
during the early 17th century, and the defeat of native American forces
in King Philip's War (1675-1676) nearly eliminated the native population
of southern New England. Only a handful of survivors remained in the
area, adapting to the European style of life

Several prehistoric archaeological sites are located in the study area.
The time of occupation and activities performed at these sites are generally
not yet known, and further study will be needed to determine their signifi-
cance in the archaeology of the region.

Permanent European settlement of the Big River area began at the start
of the 18th century. The early townspeople generally lived on scattered
farms, while a small number of innkeepers, craftsmen, and millers provided
local services and a few manufactured goods.

During the Industrial Revolution of the early 19th century, numerous
textile mill villages arose in eastern Coventry, resulting in a concentra-
tion of mill workers and other non-farming individuals residing in that
area of the town. West Greenwich and Exeter, however, remained primarily
farming communities, and began a period of decline as farmers moved to the
western states or to manufacturing centers. Only a few small mill villages,
such as Nooseneck in West Greenwich and Fisherville in Exeter, reflected
the changes which were transforming eastern Coventry from a farmscape to a
mill town.
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The lack of industry and abandonment of farms in West Greenwich
resulted in reversion of much open land to forest in the late 19th
and early 20th century, The purchase of large tracts for the planned
Big River Reservoir during the 1960's accelerated the reversion process,
which had been slowly underway for over a century.

Historic features in the area include many 18th and 19th century
homes, same of which are abandoned, as well as numerous early gravevards,
The sites of churches, schools, taverns, village stores, and abandoned
farms dot the roadsides. Numerous mill sites, such as those at
Nooseneck Village, complete the picture of a vanished economy based
upon agriculture and small industries. Many of the roads, such as Sweet
Sawmill Road and the New London Turnpike, are still unpaved and present
a landscape evocative of a place bypassed by the concerns of the 20t"
century world.

Detailed information on cultural rescurces within the studv area is
contained in Appendix I, "Social and Cultural Resources."

SOCIO-ECONOMIC PROFILE

Population Characteristics

The study area's rate of population increase has been less subject
to fluctuation than the State as a whole. Between 1960 and 1970, the
population of the scventeen community study area increased at an average
annual rate of 0.63 percent, while the State population increased at an
average annual rate of 1.0 percent. From 1970 to 1975, the average annual
rate of population increase in the study area was 0.35 percent, but 0.052
percent for the State as a whole. These figures indicate that the rate
of population growth has slowed at both the State and study area levels,
but the period of time for which the downturn has occurred is too short
to establish a definitive long term trend (see Table 2).

Total population of the study area increased over the 1960-1970
time frame by 43,400. Providence, however, decreased by 28,398 during
the same decade. Between 1970 and 1975 the study area as a whole increased
by 10,700 people, and Providence declined by 11,000. The decreases in
Providence's population may be due to both out-migration to surrounding
cities and towns and to the effects of urban renewal programs in the
inner city during the 1970's.

Defining a less ropid growth trend at the State level based on
data available for the period 1970-1975 may also be misleading due to
the unusual circumstances that contributed to the declining rate. The
phasing out of military operations at Newport, Quonset Point, and Davis-
ville alone resulted in an approximate decrease in personnel of 26,000.

Employment and Economy

A strong manufacturing base supports the economies of the study area
and of the State of Rhode Island as a whole. However, Rhode Island appears
to be increasingly oriented toward the service industries. These industries
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TABLE 2 |
POPULATION OF THE STUDY AREA '

AREA 1950 1960 1970 1575

- Glocester 2,682 3,397 5,200 6,400

Smithfield 6,690 9,442 13,500 14,500

Foster 1,630 2,097 2,600 3,100

. Scituate 3,905 5,210 7,500 8,500

. Johnston 12,752 17,160 22,000 23,800

. Cranston 55,060 66,766 74,300 77,000

! North Providence 13,927 18,220 24,300 23,000

: Providence 248,674 207,498 179,100 168,100

\ East Providence 35,871 41,955 48,200 50,800

' Barrington 8,246 13,826 17,600 17,400

' Warren 8,513 8,750 10,500 10,600

Bristol 12,320 14,570 17,900 18,700

. Coventry 9,869 15,432 22,900 26,000

! Warwick 43,028 68, 504 83,700 88,700

| West Warwick 19,096 21,414 24,400 26,000

' West Greenwich 847 1,169 1,800 2,500

! East Greenwich 4,923 6,100 9,600 10,600
Total

Study Area 488,033 521,600 565,000 575,700

State 791,896 859,488 949,700 952,206

Source: 195C-1970: U.S. Census Data; 1975: Rhode Island Statewide Planning
Program
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have accounted for 6 percent more of the working force since 1958,

while manufacturing has accounted for 7.5 percent less of the workforce.
In 1976, 33.4 percent of Rhode Island's employed population earned their
living from the manufacturing sector, followed by 20.3 percent in the
wholesale and retail trade sector and 18.8 percent in the service sector.
In 1958, the three major sectors accounted for 40.9 percent, 18.5 percent,
and 12.8 percent of the working population, respectively.

The largest manufacturing centers in the State arc in the study area.
The percentage of the working population employed in manufacturing,
therefore, closely parallels that of the State¢, In the study area as a
whole, manufacturing employed 34.6 percent of the workforce in 1970. The
most accurate data for employment by sector obtainable on city and town
levels is from the 1970 U.S. Census (see Table 3). Manufacturing pre-
dominates in each of the sixteen municipalities for which data is available,
except Barrington, which employs a slightly larger number of workers in the
private sector.

The major manufactured products of the study area and the State as
a whole are, in the order of size of work force involved in their
production: jewelry and silverware, textiles, electrical and nonelectrical
machinery, fabricated metals, and rubber and plastics.

The second largest employment sector in the seventeen city project
study area is the service sector, accounting for 24.3 percent of the
total, followed by 18.6 percent in wholesale and retail trade. Over time,
these percentages are expected to reflect the statewide trend toward
growth of the service sector.

The employment mix in Coventry, one of the two towns that will be
impacted most significantly by the construction of a reservoir, is even
more heavily weighted toward manufacturing than the State's average.
Manufacturing in Coventry accounts for approximately 43.0 percent of total
employment. The cecond largest category is the service sector at 17.8
percent, closely followed by wholesale and retail trade at 16.7 percent.
The largest portion of Coventry's manufacturing employment is involved
in production of textiles, followed by electrical machinery, glass, and
plastics.

West Greenwich is the other town heavily impacted by the construction
of a reservoir. However, data for employment by sector is unavailable from
the U.S. Bureau of the Census for the town of West Greenwich because its
1970 population level was below 2,500. Information available from the
Rhode Island Department of Economic Development indicates that very few
employment offerings exist in the town. Approximately 50 percent of the
1972 total employment of 138 was classified in the service sector.

U. 8. Census data for 1970 is also the best approximation available
of relative numbers employed in different occupational settings. Although
this information is not available on the individual city or town level,
it would seem reasonable to assume that the occupational structure of the

A~-27

T g so— -

"

e m—— v et oeen # k-

s




"0L6T UT 006°C

e1EP Snsua) *g°Q mwoil payyduon

9L9°T 18%°C 6L%°LT  %LESST  96€£°%HT 182°61 I186°€8  0O%6°CS  TITI‘0ZT  0£€°“8ZE
Sy SLYT 99€°ZT SZSIT  8LS°TI [4AAR 2 9YG9S  GOE‘EY  wGL 08 €L6°CE2
TL1 - SL1 19T L1€ LEE 6SL 6SL 860°T £99°¢
9y vy 9vg 9%¢ 7G¢ €96 %002 £€00°Z 0Ty %1901
- 10T $96°T S96°T 62L°T £I%°C S WAV rAY AN GRT ‘1T CEC ye
- 6€ 449 96¢ $6¢ 9L GE9°‘T JXAE £€66°¢€ %916
- 44 9Ty 9% 802 082 8GE°T L68 188°¢ 80% ‘L
- 96 VN4 181 6€T 622 6L 94L 6ZL°1 9vT*Y
- €L 1929 062 L6S 992 681°C 1S0°T ST6°T vL9
- 0sT 9021 LSE*T AL 6€8 129y £E0Y cv8°9 LSE“0T
- 15¢€ 68T°¢ ivLe [ANARS 669°Y PI8°TZ  008°CT  LLS‘%T VAR T4
- 1€ 0€¢ Liy SES 669 S%9°Z 0€6°T 196°¢ ZEOTT
- 002 058°T TLE°T 69T 0.6°T S%6°9 865°9 0EY ‘6 650 °‘0¢€
- £0T 96¢ 12y 06¢ 08¢ 019°T L66°T %19 °¢ T1€6
eVl - 261 £ST S62 €61 6%S 98% 126 868°C
69 - €6 g 64 9¢ %02 691 L1e 86

6S 69¢€ 912 972 08¢ 6Z€°‘1 LL8 8%0°‘C %96 G
69 - 02 88 871 18 15¢€ VIYA 88/ 120°C
YAHIO “JI¥9V  “dISNOD ~STIIn JIIVISH "I °“IA0D AOIAYAS  AAVAL "9dH V10l

INIRIH *SHWWOD HONVMASNI

" SNWVIL

JONVNIJ

NMOL X4 - VYV AdALS NI XIK INIRAOTJWA

¢ 3T4VL

)

1331008

ueyl ssa] sem uofieindod s3] asSnNed9q I[QEITEAER 10U UD[MUIIH ISOM «

?ieas
waay Apnag 1elol

YoImuaa s iseq
YOTMUDII9) ISIMy
NOTMIBM ISOM
ROIMIeM
K13uaa0)

T03IsTag

usaxaem
uo3l3uriaeg
aduapiaoiag iIselq
?ouUldpTAOIYZ
adoudapyrAOIg YyIaoN
uojlsuel)
uozsuyor
23EeN3TOS

1931s0g
PT3¥3IY3ITUS
193832019

A-28




. Lo e P vy g~y

labor force in the project study area is very similar to that of the

State as a whole because such a large segment of the working population
resides in that area. The data for Rhode Island indicates the largest
occupational category is Sales and Clerical, totaling 25.1 percent of

the 241,017 employed persons and 23.7 percent of the total labor force

of approximately 255,325. This category is followed by Operatives,
accounting for 21.4 percent of the employed labor force; Craftsmen and
Foremen, 14.4 percent; Professional and Technical, 14.0 percent; Managers,
Officials and Proprietors, 7.7 percent; and all others, 15.8 percent.

The unemployment rate in the State of Rhode Island tends to in-
crease and decrease according to national trends, but generally at a
significantly higher level. Table 4 illustrates this fact for selected
years.

Unemployment in the State of Rhode Island currently averages around
8.8 percent. The best approximation of unemployment in the study area
can be compiled from administrative reports of the local offices of the
Rhode Island Department of Employment Security. The average rate of
unemployment for the seven local offices that cover the seventeen cities
and towns of the area for December 1978, according to the most recent
data available was 6.3 percent. Table 5 indicates the estimated unemploy-
ment for each local area and the cities and towns covered.

Another indicator of the general health of an area's ecconomy is per
capita income. In 1975, the most recent year for which published
estimates are available, Rhode Island ranked twentieth of the fifty states
in per capita income at a level of $5,841, below the national average of
$5,902. This was an increase from the 1970 per capita income level of
$3,960 when the national average was $3,966. Thus, the per capita income
level in Rhode Island maintained a fairly constant relationship to the
national average over the period 1970-1975, at approximately 99 percent
of the United States level. Per capita income figures are not available
on the city and town level in Rhode Island.

Family income data 1is available from the 1970 U.S. Census on both
the State and municipal levels. Median family income has seen a ten year
increase of 74.2 percent from a 1959 level of $5,589 in the State of
Rhode Island to a 1969 level of $9,736. The study area's median family
income increased over the same time period by 77.8 percent, from $5,702
to $10,136. Thus, the study area enjoyed a slightly higher median family
income and experienced a 3.6 percent greater increase between 1959 and
1969 than the State as a whole.

Median family income in the town of Coventry slightly exceeded that
of the total study area and of the State at a 1969 level of $10,630,
reflecting a 77.3 percent increase over the 1959 level of $6,031. On the
other hand, median family income levels in West Greenwich were slightly
lower, estimated at $4,794 and $9,796 in 1959 and 1969, respectively.
These median estimates reflect an increase of approximately 104.3 percent
over the decade, a growth rate for West Greenwich that exceeded that of

the State by about 30 percent.
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1970
1973
1974
1975
1976
1977
1978

TABLE 4

RHODE ISLAND UNEMPLOYMENT RATES

UNITED STATES
PERCENTAGE

[ JENEL NN T, -
e s s e o o o
OO~V OO W

TABLE 5

RHODE ISLAND
PERCENTAGE

[
OO W,m
e s s s e e @
N AW W

UNEMPLOYMENT IN THE STUDY AREA - DECEMBER 1978

UNEMPLOYMENT
LOCAL OFFICE CITIES AND TOWNS COVERED LABOR FORCE RATE (%)
Bristol Bristol 7,350 8.6
E. Providence E. Providence 24,865 6.1
N. Providence N. Providence, Scituate, 33,390 6.3
Smithfield
Providence Providence, Cranston, 121,985 4.9
Johnston
Warren Warren, Barrington 13,925 5.9
Warwick Warwick, E. Greenwich, 54,830 5.4
N. Kingstown
W. Warwick W. Warwick, W. Greenwich, 24,200 7.6
Coventry, Foster
Woonsocket Glocester, Burrillville, 31,790 5.6
Woonsocket, Manville,
N. Smithfield -
Total Area 312,335 Avg. 6.3%
Source: Rhode Island Department of Employment Security
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Commerxcially Valuable Resources

Within the limits of the State-owned Big River Reservoir site,
three private contractors are currently removing one million cubic
yards of sand and gravel. Siuce over 30 million cubic yards of sand
and gravel are estimated at the site, this resource has been identi-
fied as the largest single mineral deposit in the region. The current
agreement on one million cubic yards between th¢ State and private
contractors is expected to be completed by 1980 or 1981; however, it
is estimated that approximately seven million additional cubic yards
could be extracted over the next 10 years. This would reduce the
remaining amount of sand and gravel to about 20 million cubic yards.

LAND USE

In 1960, less than one-quarter of the land area in Rhode Island
was developed for urban uses, including land occupied by residences,
commercial and industrial establishments, government and institutional
facilities, public utilities, and transportation structures, such as
roads, airports, and terminals. A study conducted in 1970 determined
that substantial acrcage was developed in residential, commercial
and industria! use during the 1960-1970 time frame. Table 6 presents
the distribution of land use within the study area in eight land use
categories as it existed in 1970. The data shows that the urbanized
areas surrounding the City of Providence contained the highest density
of residential, commercial and industrial land while the more rural
communities in the western portion of the study area had by far the
largest areas of agricultural, open, forest and wetlands.

During the mid-1960's the State of Rhode Island, acting through
its Water Resources Board, acquired approximately 8300 acres of land
located in Coventry, West Greenwich and Exeter for the site of the
planned Big River water supply reservoir. The site has remained
essentially unchanged since coming under State ownership being heavily
forested with numerous wetlands, several abandoned and active surface-
mining areas, and open land including residences and the site of the
former West Greenwich municipal dump. The area is managed for recrea-
tional purposes by the Rhode Island Department of Environmental Management.

Land use within the Pawtuxet River Basin is presented in detail
in "Attachment 1" of this report.

TRANSPORTATION

Eleven major highways traverse the State, forming the major
arteries of an integrated roadway system., Interstate Route 95 runs
from the Rhode Island ~ Connecticut border through Providence to the
Massachusetts line, for a total length of 43.3 miles. It is one of the
principal routes connecting New York, Providence and Boston, Interstate
Route 295 circles the Providence metropolitan area to the west, while
Interstate Route 195 services the Fall River - New Bedford - Cape Cod

area. Other important highways that serve the region include U.S. and R.I.
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Routes 2 and 4, which connect at Warwick and provide access to the lower
Narragansett Bay and South County summer vacation areas; U.S. Route 6,
which is the primary east-west route between Hartford and Providence;
and two high-speed connectors, Rhode Island P-37 and the connector to
the State airport in Warwick.

Four interstate bus companies (Greyhound, Trailways, Almeida and
Bonanza) have central terminals at Providence and provide regular
service to Boston, southeastern tassachusetts, Worcester, Springfield,
Hartford, New Haven and New York City. Intrastate bus service is
supplied by the Rhode Island Public Transit Authority and the ABC and
Bonanza bus companies, which provide regular runs from Providence to
Warwick, Cranston, Johnston, West Warwick and the Washington section of
Coventry and Warwick and between Exeter and East Greenwich.

Bulk freight service is provided by Conrail, which has a major
freight terminal in Providence and smaller freight yards in Cranston
and Warwick. The main line extends from Providence southerly through
Cranston, Warwick and Westerly (RI) and then westerly to New Haven and

New York. Additional freight lines owned by the Providence and Worcester,

Moshassuck Valley, Narragansett Pier, Seaview, and Warwick rail companies
carry cargo into Conrail's main line at various points throughout the
State. Passenger service is provided by Conrail, which operates the
Amtrak service (a Federally assisted public corporation) along the main
line between New York and Boston and a commuter line from Westerly
through Providence to Boston.

Six State airports in Rhode Island provide passenger and cargo
service. The terminal facility at T. F. Greene Airport in Warwick
handles the majority of the air passenger and cargo needs of the region
with more than 75 flights scheduled daily to areas such as New York,
Washington, Albany, Baltimore, Boston, Hartford, Miami, Philadelphia,
and Cleveland. A major advantage of Greene Airport is accessability.
With direct access provided from I-95, the airport is within a 12-minute
drive from downtown Providence. The other five State-operated airports
offer private plane and charter facilities.

Most of the waterborne commerce needs of the region are served by
the Port of Providence, which has a 40-foot deep main ship channel. The
port has facilities for handling many of southern New England's domestic
and industrial petroleum products as well as other bulk and general cargo
at its 27 public and private docks.

In addition to the facilities at Providence, recently excessed navy
bases in Portsmouth, Middletown and North Kingstown provide piers for
handling bulk and general cargo.

RECREATION

The primary recreational activities within the study area are boating,

camping, fishing, golf, hunting, picnicking, swimming and trails for

hiking, horseback riding, recreational vehicles, and snowmobiling. Within
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the State of Rhode Island most of these activities take place on 30,000
acres of State-owned land, that are utilized for recreation, conservation
and open space. The State operates both multi-use areas such as manage-
ment areas and parks, and specific facilities such as cdmpgrounds, boat
launches, and beaches.

Major recreation areas located within the study area include the

following:
Name Location
Arcadia Management Area Exeter, West Greenwich
Beach Pond State Park Exeter, West Greenwich
Colt State Fark Bristol
George Washington Area Glocester
' Goddard State Park Warwick
t Haines Memorial Park Barrington

Pulaski Memorial State Purk Glocester

Besides the State-owned lands at the proposed Big River Reservoir
site, two other State management areas lie within the study region.
These are the Arcadia management area comprising about 8000 acres and
Wickaboxet management area in West Greenwich consisting of about 400
acres. Together, all of these lands provide the majority of the hunting
facilities within the study area.

The Big River site is used extensively for a variety of recreational
purposes primarily by residents of the surrounding area. Since coming
under State ownershilp several years ago, it has been heavily used for
recreation under control of the Rhode Island Department of Environmental
Management in coordination with the Water Resources Board. Some of the
recreational activities available at the Big River Management Area
include boating, camping, fishing, golf, hunting, picnicking, swimming
and hiking.

Detailed information on recreation resources within the study area
and the State is contained in Appendix H, "Recreation and Natural Resources."

ALTERNATIVE FUTURE CONDITIONS

INTRODUCTION

Major uncertainties are always associated with projections of future
conditions for a given study area. Criteria used in the projection
methodology may or may not prove true. However, the combination of
expressed opinions, assumptions, and probabilities about the study area
produces alternatives that could appreciably affect the direction of future
development. The Water Resources Council, in its Principles and Standards
for evaluation of water and related land resources, requires that alternative
future conditions be analyzed that are reasonably probable and that, if
realized, would appreciably affect plan design or scheduling. It is,
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therefore, necessary to designate what is considered to be the "most
probable future''condition for the study area and in turn derive planning
objectives that reflect not only this "most probahle future" but more
specifically the condition that would prevail in the absence of
implementation of a plan to alter the management of water and related
land resources~the "without condition'.

In order to develop plans that would be responsive to both the
immediate as well as the short term and long-range needs of the study
area and to the overall goals of the State of Rhode Island, future
conditions were projected based upon available planning data and
information obtained from various Federal, State and local agencies.

POPULATION

Population is the single most important element of future development
in Rhode Island that has associated with it alternative growth scenarios.
Inasmuch as the distribution of population within the study area and the
State would have very direct effects on future water resources development
plans, analysis of population alternatives was considered necessary to
reflect the "most probable future' condition.

Estimates of the population that could be accommodated by 1990 State
land use projections are contained in the State Land Use Policies and Plan,
Report No. 22, January 1975 prepared by the Rhode Island Statewide Planning
Program, Population estimates were based upon three categories of residential
development (high, medium and low density), and two other land use categories
covering woodland - open land and government/institutional areas. The
population capacity of the 1990 land use plan for the study area and the
State is shown in Table 7,

In 1975, the Rhode Island Statewide Planning program published updated
population projections for the State and its 39 cities and towns. The
projections, published as Technical Paper No, 25, dated April 1975, showed
gradual reductions in State growth over the 1970-2040 time frame with
forecasted percentage increases remaining below those for the Nation.

City and town population projections generally showed a tapering in both
growth and loss 1in relation to prior long-range trends and are shown in
Table 8 for the State and each of the study area communities,

-

The 1975 projections were undertaken principally to assess the impact
of the closing of U. S. Naval installations in Rhode Island during the
early 1970's. Much of the initial population increase represented by the
projections was absorbed by the outmigration of naval personnel and their
dependents. The overall decrease in the rate of population growth is
not reflected in the State projections until after 1990 when the reduction
in the number of women of child bearing age would take place.

T ks lesam ke o

The population projections contained in Technical Paper No. 25 were
utilized by the Corps of Engineers to project future conditions in the study
area during the initial problem identification and plan formulation phases of
the current study as well as other water resources investigations conducted
for the entire PNB study region.
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COMMUNITY

Barrington
Bristol
Coventry
Cranston

East Greenwich
East Providence
Foster
Glocester
Johnston

North Providence
Providence
Scituate
Smithfield
Warren

Warwick

West Greenwich
West Warwick

Total Study Area

Total State

BLE 7

POPULATION CAPACITY QF 199G LAND USE PLAN

RESIDENTIAL
HIGH MEDTUM

DENSITY  DENSITY
10, 500 11,300
7,400 11,500
7,700 23,200
75,300 28,800
6,000 5,400
66,100 7,800
- 1,000

- 5,600

13,600 14,500
34,200 -
164, 500 -

- 4,500
9,900 8,100
9,700 3,900

63,100 38,800
- 1,200
18,900 7,800
486,900 173,400
741,300 340,300

LOW WOODLAND  GOVT.
DENSITY OPEN LAND  INST,
2,200 - 400
2,900 400 600
1,800 3,100 300

- 2,900 4,300

4,600 1,800 -

- - 800
400 3,200 -
800 3,100 -

1,200 3,400 100

- - 200

- - 9,100
400 2,100 200

1,500 4,100 300
- 300 200
7,700 - 800
400 2,200 -
- 400 100
23,900 27,000 17,400
60,800 58,100 51,000

Note: Figures are rounded to nearest hundred

Source: State Land Use Policies and Plan, Report Number 22,
January 1975, Rhode Island Statewide Planning Program
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TOTAL
PLAN

CAPACITY

24,400
22,800
36,100
111,300
17,800
74,700
4,600
9,500
32,800
34,400
173,600
7,200
23,900
14,100
110,400
3,800
27,200

728,600

1,251,500
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In 1979, revised population projections for Rhode Island communities
were developed by the Statewide Planning Program which showed marked
variation from the earlier 1975 forecasts. Both projection series were
based on 1970 census figures developed by the U.S. Bureau of the Census.
The most significant factor contributing to the differences between the
original and revised projections was inclusion of the recent temporary
decrease in birth rates below replacement levels prior to 1975. The
revised projections considered a gradual return to this level by the year
2000 while the 1975 projections assumed that the base period rates in 1970
would gradually reach this level by the year 2000. Other factors contrib-
uting to the overall differences in original and revised population totals
were also due to changes in basic assumptions and the use of updated
forecasts for survival rates. The revised population projections were
published in Technical Paper No. 83 dated April 1979 (which did not become
available until August 1979) and are shown for comparison in Table 9 for
the State and each community in the study area for the years 1970 to 2040.

Projections reported in Technical Paper No. 83 show reductions, from
the earlier 1975 forecasts, of about 19 percent and 27 percent in the
population of study area communities for the years 2000 and 2030 respectively.
Likewise, State population totals for the years 2000 and 2030 show reductions
of about 14 percent and 25 percent respectively, from 1975 figures.

In view of the signficant differences between the population projections
developed by the Rhode Island Statewide Planning Program in 1975 and 1979,
the forecasts were compared with OBERS Series E projections developed by the
U.5. Water Resources Council. Population and economic development projections
based on the most recent OBERS figures are used in Federal water resources
development programs to form the basie in most studies for the specification
of future conditions. Projections were available for the Providence-Warwick-
Pawtucket SMSA which includes all of the study area communities. OBERS
projections for the Providence-Warwick-Pawtucket SMSA are shown in Table 10.
Estimates of population projections were developed for the study area based
on data contained in the OBERS figures for direct comparison with those
developed by the State. Plate A-4 displays population projections considered
in thie study in graphical form to better illustrate the differences pro-
Jected to occur over the study time frame.

It is evident from analysis of Plate A-4 that the 1979 projections
reflect a major departure from earlier forecasts. It was, therefore,
considered prudent for sound planning to evaluate the impact of these
projections on the water resources needs of the study area. The range
represented by the 1975 and 1979 population projections was considered
appropriate for the development of water resources plans to satisfy
alternative future conditions.

MOST PROBARLF. FUTURE

Projections of future conditions in the Btate of Rhode Island
presented in the preceding section reflect increased urhanization in most
areas over the next several decades. Some of the growth projectione represent
greater requirements for residential and other urban development, however, all
projections reflect increased population within the study area and the State.
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Currently, the State Guide Plan is the principal structure for
’ guiding the growth of the State in the years to come. Adoption of the
( State Land Use Policies and Plan, as an element of the State Guide Plan,
by the State Planning Council in 1975 presented a framework for growth
in Rhode Island commensurate with specific goals. The land use plan,
being the "core'" element of the State Guide Plan, allocated areas to
specific activities and in doing so assumed that past trends in population
growth and distribution, employment, industrial and commercial development,
recreation demand, agricultural production, and so on would tend to
continue. Population growth is a key parameter in the projection of future
conditions as the critical relationship between increasing population and
the utilization of land must always be recognized.

LAND USE

Rhode Island's State Guide Plan was utilized to present future
development alternatives for the study area within the overall time
frame of the present study. The plan is composed of separate but
f closely related plans or elements which set forth policies and programs
i on key issues of future development such as land use, utility services,
i transportation, recreation, and other public facilities. Land use is the
most important element of the State Guide Plan since the future distribution
of land use categories must be estimated in order to effectively plan those
elements concerned with public facilities and services.

State land use plans and policies are contained in Report No,22,
State Land Use Policies and Plan, January 1975, prepared by the Rhode
Island Statewide Planning Program. The final plan, upon which development
through the year 1990 is addressed, presents a considerable change from
existing land use patterns in an attempt to promote compact, directed
development throughout the State and balanced urban development. In
planning future land use, identification of areas suitable for different
uses were made together with estimates of the amount of land needed at
specific times in the future.

The State Land Use Policies and Plan serves to guide local govern-
ments in making decisions related to land use. The plan was developed
with a population ceiling of about 1.5 million people in mind and with
about 50 percent of the State's land area remaining as open space. In
order to accommodate this type of growth, some basic assumptions were made.

. No development would occur on the approximately five percent of
the State's land which is considered "undevelopable."

. No development would occur on the remaining 45 percent of lands
which are to be preserved in their natural state and, therefore, remain
as open space,

. Land already developed would continue in urban or "committed" use.

. Development would be allowed to occur on all remaining lands not
developed or reserved for open space.

. New urbanized lands would be developed to an intensity of about

. two~thirds of the 1960 intensity (ratio of population to developed area)
which would be reflective of the development that 1s presently occurring
within the State. Projections of the distribution of land use within the

( study area and the State in 1990 are shown in Table 11,
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As compared to the distribution of land use within the State in
1970 and previously shown in Table 6, the data presented in Table 11
showing the allocations projected for 1990, refleat significant changes
in the amounts allocated to urban and committed lands (governmental/
institutional, airports, roads, other transportion and public utilities)
and to woodland ~ open land. More than twice the amount of the former
category is projected to occur by 1990 representing about 48 percent of
the State's total land area. The woodland - open land category, as well
as being approximately 50 percent of the total State land area, represents
a reduction from the 1970 level. This is due to the conversion of this
land use category to urban and committed land in the 1990 projections.

No land use projections have been developed by the State of Rhode
Island beyond 1990 although it is expected that development of the
urbanized areas will continue in the future. Future population increases
projected for the study area and the State would indicate that much of
the undeveloped land existing in Rhode Island will continue to be
developed for residential, commercial and industrial use.

ECONOMY

Population is only one of the many economic indicators used in project-
ing future conditions. Projections for a given area are based upon an
objective analysis of past trends. Water and related land resources
development 1s focused on conditions expected to occur in future years and,
therefore, projections of economic growth must be undertaken to assure

their viability.

In Rhode Island, the goal of economic development is of extreme
importance in terms of both the need for change and expansion and the
need for consistency within environmental objectives. The economy of
the State has changed significantly in recent years showing decline in
the manufacturing sector and substantial increase in the services related

sector,

Table 10, shown previously, provides data on economic projections for
the Providence-Warwick-Pawtucket SMSA that best describe future economic
conditions. The data were excerpted from 1972 OBERS Series E projections
developed by the U.S. Water Resources Council and reflect a steady growth
for the area.

POPULATION

In view of population projections developed by the State in 1975 and
1979 the question of which series most adequately reflects future
conditions takes on added significance. Comparison of the population
projections with OBERS shows that the 1975 series is much closer to the
OBERS projections than those done in 1979, The 1975 projections likewise
reflect more closely the degree of development anticipated by the State
Guide Plan and are reflective of the population capacity that would be
accommodated by the land use element of the plan.
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As a consequence, the ""most probable future" adopted for analysis
in this study incorporates the 1975 population projections developed by
the State as the basis for determining water resources development needs
within the study area. This was done in order to address the specific
water resources problems associated with such projections and the
formulation of alternative solutions. 1In so doing the overall growth
assumptions presented in the State Guide Plan would be met while
recognizing that estimates of future demands based on the 1975 pro-
jections are consurvative as compared to past projectioms.

PROBLEMS AND NEEDS

INTRODUCTION

Municipal and industrial water supply and recreation demands of the
study area were estimated based upon projections contained in the "most
probable future." Similarly, flood problems resulting from projected
urbanization of study area communities were identified and estimates made
of the expected flood damages.

The following paragraphs present water resources needs investigated in
this study and utilized in the specification of planning objectives. The
methodology used in estimating future water demands is also presented to
provide the basis of projections.

Other water and related land resources needs within the study area
are described in subsequent sections of the report.

WATER SUPPLY

Existing Conditions Summary

Data on existing water supply and demand within the study area were
presented in the “Existing Conditions" section earlier in this report.
The data shows that in 1975 public systems* serving the study area supplied
water to more than 500,000 people or about 60 percent of the entire State
population. Also, of the approximately 111 million gallons supplied daily

by public systems in Rhode Island, some 65 percent was delivered by systems
serving the study area.

Existing public water demand consisted of residential, commercial, and
industrial usage and also included "unaccounted for' water associated with
leakage and various municipal services such as fire-protection needs.
Private water demands were also estimated for the study area and included
the same use categories. Table 12 presents a summary of existing water
supply and demand in the study area based upon reported 1975 data.

* Public water supply systems refer to municipally-owned and private
investor-owned facilities.
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Projection Methodology

General. To estimate future water supply requirements for the study
area, it was necessary to base projections of future usage on existing
data and past trends of water consumption in the region. Where new major
developments were considered possible, such as those associated with new
coal mining industry in the study area, estimates must be based on similar
developments 1in other areas as well as on available data. g

Water requirements were estimated for the years 1975, 2000 and 2030.
The year 1975 was taken as the base year while 2000 and 2030 were chosen
as the time frames for short-term and long-term needs, respectively.

Estimates of future water demands were developed separately for the
following categories of use:

Municipal water (residential, commercial and industrial)
Private water (residential and industrial)
. Potential new major industrial water

Municipal Water Demand. Future public water demands for each time
period were based on estimates of the following:

. Population of the service area
Percentage of the population served
Per capita consumption (residential and commercial)
Industrial water use

Data on the above were developed to determine water supply usage
in 1975, which then formed the basis for projections to 2000 and 2030.
The accuracy of estimates of future water use is dependent on the accuracy
of the projections and estimates made for the component parameters. In
making estimates of future water use no direct allowance was made for the
impact of changed policies on water consumption, nor was any allowance
made for the possibility that water shortages could restrict population
growth.

a. Projected Population: Publicly supplied water demands were
projected for the study area using the two population projections developed
by the State. These projections for the study milestone years of 1975,
2000, and 2030 by water supply agency are shown in Table 13.

b. Population Served: Projected population served in 2000 and 2030
within the study area was based upon estimates of population served by : 1
existing water supply systems in 1975. A community with at least 95 per~ ‘
cent of its population served in 1975 was considered 100 percent served 1
by 2000. Similarly, a community with less than 80 percent of its total
population served in 1975 was not considered 100 percent served until 2030.
Population served projections are shown in Table 14.

c. Average Day residential and Commercial Demand: Values of 1975
average day residential and commercial water demands were obtained by -
deducting from total demand the industrial water usage for each water
supply agency. Industrial demands for existing systems were obtained {~)
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by the total metered water use of major industries within the study area.
Unaccounted for and unmetered water was included in the residential and
commercial use category for the development of per.capita water consump-
tion data. Average day residential and commercial demands for the years
2000 and 2030 were then obtained by multiplying the population served by
the per capita water consumption for each water supply agency.

d. Per Capita Consumption: The 1975 per capita consumption figures
were obtained by dividing the combined residential and commercial average
daily demand by the population served. (It was assumed that towns which
had no municipal water systems in 1975 would be served by 1995. Values
of 70 and 80 gallons per capita per day (gpcd) were assumed for 2000 and
2030, respectively, except for Glocester where 85 and 95 gpcd were used.)
Future values of per capita consumption were largely based on projected
increases developed for the "Feasibility Report on Alternative Regional
Water Supply Plans for Southeastern New England", Corps of Engineers, 1969.
These projections were checked for applicability by selecting from the
entire PNB study area 27 communities in which industrial water use was not
significant. The consumption patterns of these communities were studies
for the perfod 1965 to 1973 and showed a slightly less increase in per
caplita usage than projections in the reference report. Per capita increases
of 20 gpd between 1975 and 2000 and 10 gpd between 2000 and 2030 were added
to all 1975 residential water consumption values, the latter figure being
considered representative of a greater public awareness toward water
conservation. This results in a greater percentage increase in small
communities, which generally have a lower per capita consumption than
larger ones. However, it was anticipated that water consumption in small
and rural towns would increase at a greater rate than urban areas due to
the added installation of water-using appliances such as washing machines
and dishwashers.

e. Average Day Industrial Demand: Data for the study area were
obtained from the Rhode Island Water Resources Board report entitled
"Rhode Island Industrial Water" which contained 1971 data. The data
were listed by Standard Industrial Classification (SIC) code an? by water
supply agency, and were considered valid for 1975. Future projec. ons of
publicly supplied industrial water demands were based on a theoretical
model described by R. H. Stewart and I. Metzger in their article, 'Indus-
trial Water Forecasts," Journal American Water Works Association, March
1971. The methodology employed in the model utilizes a growth factor
based on economic and technological parameters.

AR

f. Total Average Day Demand: Values for the total daily average
demand include total municipally supplied residential and commercial,
industrial, and unaccounted for water. Data on existing water supply
agencles in the study area were obtained from unpublished records of

the following:

. Rhode Island Water Resources Board
. Rhode Island Department of Environmental Management
. Water utilities
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g. Maximum Day Demand: It was assumed for each community presently
served that the current maximum to average day consumption ratio would
apply throughout the study period. For communities not yet served by a
municipal system, it was assumed that a maximum to average day consumption
ratio of 2 to 1 would apply when a municipal system was constructed. Data
was obtained from the Rhode Island Water Resources Board, water utilities,
auu the Rhode Island Department of Environmental Management on water supply
systems serving the study area in 1975.

Private Agricultural Demands. No allowance has been made for private
agricultural water use in the study area since it was found to be negligible
at present.

Potential New Major Industrial Water Use. The development of a major
water-using industry in the study area would result in much larger water
requirements than estimates based solely on past water use. Prediction of
a new major industry must be speculative, but consideration of the partic~
ular circumstances of the study area permit some general conclusions. First,
the major water-using industries are the older primary types such as iron
and steel and lumber processing companies. They tend to be located
close to major sources of raw materials and, in general, there seems
no reason why such industries should relocate into the study area. Second,
the technologically new industries tend not to be large water consumers
and, in most cases, their development would be included within the
estimates of normal industrial development.

An exception to the above rule could occur if large mineral deposits
were discovered within the study area and if extraction or processing of
these minerals required substantial quantities of water. At first sight,
the possibility of such discoveries appears slight in this long settled
area. However, technological advances in exploration and extraction
techniques can lead to unexpected discoveries in developed areas. Recent
examples are the offshore o1l discoveries in the North Sea and copper and
zinc discoveries in northern Wisconsin. The possibility of such finds
cannot be entirely discounted, but for present study purposes no allowance
has been made for potential new major industrial water demands in project-
ing future use requirements.

Water Supply Needs. Municipal and industrial water supply needs were
developed for the study area based upon the foregoing methodology and are
shown in Table 15 for the "most probable future'" condition. Estimates of
future demand based upon the State's 1979 population projections are shown
in Table 16 for comparison purposes.,

As shown in Table 15, average water supply needs within the study area
are estimated to increase from approximately 72 mgd in 1975 to almost 109 mgd
in the year 2000 and about 142 mgd by the year 2030, Water deficits result-
ing from these demand projections would amount to approximately 18 mgd and
51 mgd by the year 2000 and 2030 respectively.

Ability to meet average daily demands is not the only concern when

evaluating existing systems to supply projected future needs. Fluctuations
in demand produces high and low flow requirements which must be accommodated.

A-50




§'6%¢ YARAA®

6" 801

ARTAY

8°TL

9°661

1°16

S'we

VA1 021

%71

57007 LTl

B°GST 0°'16

0901

OO

%78

6" 11 6°'9

£

~r
[ea]

|

6°0T

09491

r~
~r

' X

6°01

0" LL

o~
.
[ap}

|

auou
auou

M O°O

==

D T

Lep 1ad suof[e8 UOTITITW sajouap -

Vo pe e mme w

oK

1931BM 3DVIINS SIJOUIP - °M°S
133BMpUNOId §3I0UIP - °"M°H
suorloafoid uoyieyndod /6T uo paseg (T

193832079
193804

HOTMIBM 3ISOM
23en310g
£313U3A0)

YOoTMul31n Isam
Yomuasisn isexy

AoTMIEM
PTaT3IUITUS
aJcuaplrAOag 3Ised
a0UapPTAOIg YIION
uoasuyor
2ouapirOlg
uolsuei)

uailem
Toistag
uoj3utiieq

eaiy Apnig Telol

L31I0yIny 1aiem
A3uno) juay

paeog At1ddng
133eM 8dU3PTAO1Y

Auedwoy aajem
£L3uno) Toastag

UOW ‘ONVIWHQ
AVd WAWIXVK

AVa JoVHIAY

‘oW ‘aNvWiad

0£02

aoW * AONVIWAQ
TXVAW

X

AVa AOVIAY

va
‘oW ‘aN

000z

“AOK  ONYWA(
AVA WARIXVIK

SL6T

PaOK CONVIREA o -1
AV AOVYHAY [~ e

IXVK |G

oK ‘XLIDVAVI | o
Rvd

TAOK ‘OTIIA [~
14VS GL6T [0 o

A'lddNs 40¢. .
SIJYUN0S GL6T o »

TIA¥3S
SAILINMUBNOD

T

VA4V AQALS Y01 SINIKAYINOIY ATddNS JALVM TVAIOINAK

b vt e~

6T dT4vVli

ADNADV

A1ddNS Y4LVM

A-51

- - —_—l

W T T~ - pmats - 7 ey

-

Tl




—

Lep 13d suojTe8 uoIIITw §930UdP - (OW

133em I0BJINS SIJOUIP - °M°S
193eMpUNOId S330U3P - *M°H

suot3d@foad uorierndod g7 uo paseg (I

Baay Apnag Telol

6°061 6°80T € 961 ¢ 68 [ARTAS 8 1L 9°6ST T°16
H.N O.H 0.0 m.O O O O O auou HUHMUQOﬁU
6°0 %20 7°0 ¢'0 0 0 0 0 suou 193804
L°97 T°¢T ' 1T 7°01 7'21 0'9 6°01 6°'0T ‘M °O
. NOTMIBM 3IS3aM
aieniyog
£13uaA0)
YOTMUDIIH 1SIM A31t1aoyany 13jem
YOTMUa319) 3Iseqy £3unoy juay
£ 0ST 1°88 2°6T1 £ €L 0901 %29 0" %91 0°LL ‘M °S
B NOTMIEM
PT3T3U3ITUS
2duapraoagd isel
IOUBPTIAOIZ YIION
uolsuyoyp
ERNEYS I E | paeog Ayrddng
uolsuei) 133eM 3JU3PTAOCI]
- 01 £ 9 8'8 15 8's v ¢ LY 't
- T — o usaiiepm
H7 0% Gz ‘Mg 103s1ag Auedwo) a33zeM
B _ 0°'1 L0 ) ‘M9 uoj8utriaeg £3uno) 103sT1ag
S5 =z W.vl WL £ 5 » o = ow v o uAaW‘ Z e
53 2% | 23 <2 | 22 % | BE 5, £ g2 &5
Fz & =2 = cz 53 5 = k! = gy
z O zo = 2T x o x o S 3 @ e = S
52 2z | 8% 82 | 8% B8E |xz ° o Z z
s - =
0£07 0007 GL6T

(1

Va¥V XQALS 403 SINAWITIN0AY A1ddNS YILVM TVJIDINIH

9T J714Vl

).

A~52




The ability to also meet maximum day requirements is one other criterion
used in the evaluation of existing systems. Table 15 shows maximum
demands for the study area increasing from approximately 124 mgd in 1975
to 190 mgd in the year 2000 and almost 250 mgd by the year 2030. These
demands reflect deficits of approximately 30 mgd and 90 mgd in existing
systems projected for the years 2000 and 2030 respectively.

FLOOD DAMAGE REDUCTION

Introduction

Flooding in the Pawtuxet River Basin, which occurs primarily from
runoff caused by precipitation of high intensity or of prolonged duration,
has adverse effects on the economy and general well-being of the flood-
prone areas. Flooding not only causes physical damage to property and
non-physical losses of commercial, industrial and public activities, the
subsequent loss of business and income and temporary relocation expenses
to floodplain evacuees, but also represents a threat to the health and
safety of those people who live and work in the flood-prone areas. The
extent of flood hazards in the Pawtuxet River Basin are summarized in the
foliowing paragraphs while detailed information is contained in

"Attachment 1."

Flood Damages

Increased urbanization assoclated with the "most probable future"
condition will result in increased development in non-floodplain areas.
This projected growth within basin communities, which has been ongoing
since the start of detailed hydrologic studies of the Pawtuxet River
Basin in 1972, will contribute to increased rates of runoff, causing
higher flood peaks than ever previously experienced. Some development
in the basin will continue to occur in land areas between the 100-year
floodplain and that associated with the Standard Project Flood. Imple-
mentation of the National Flood Insurance Program will tend to reduce
unwise development within the 100-~year floodplain lands.

The net effect of the above basin development on the lower Pawtuxet

River will result in a significant worsening in the intensity and frequency

of flood problems. More frequent flooding can be expected and because of
increased flood stages, larger areas of development will be subject to
inundation. An example of this condition is the Norwood-Belmont Park area
of Warwick where three times since 1978 flood levels have exceeded that of
the flood of record, whereas only once has the actual flow been exceeded.

The principal flood damage areas in the Pawtuxet River Basin are
located along the mainstem in the communities of West Warwick, Warwick and
Cranston. Additional damage areas are located on the two downstream
tributary streams - Meshanticut Brook and the Pocasset River in Cranston.
The most significant damage locations are at the West Warwick Industrial
Park, Ciba-Geigy, Inc. industrial complex, the Norwood-Belmont residential
area, the Bulova industrial complex and the Warwick and Midland Shopping

Malls, surrounding stores and apartment complex.
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Areas subject to moderate damages are located at the Wellington
Avenue Industrial Park, the Jefferson Avenue Industrial Park, and the
Pontiac Mills industrial complex. Other locations within the Basin
subject to damages from various degrees of flooding are at the West Warwick,
Warwick and Cranston municipal wastewater treatment facilities, and the
downstream areas of Meshanticut Brook and the Pocasset River which are
influenced by flood stages in the mainstem Pawtuxet River. As the basin
has L-.n spired from a major flood in recent years, many of the above areas
have experienced only minor losses in comparison to what would be expected
from a recurrence of the July 1938 flood.

The etfects of increased urbanization in upstream communities within

the Basin would result in higher damages to downstream areas even without
= any new development. Fiood losses estimated for the Basin, based upon
conditions expected by 1990, would result in damages in excess of $3,650,000
‘ for a flood of 20-year frequency and would rise to over $5,470,000 for flood-
: ing of 50-year frequency. This 1is exclusive of any new construction or
' increased value of machinery or goods stored in existing structures. Damage

figures are at September 1978 price levels.

RECREATION

Recreation demands of the study area were investigated in view of the
significance of such activities in the overall plans of the State of Rhode
Island. Demands were estimated for three separate use areas to assess the
; need for additional recreation opportunities and to determine the most
| appropriate facilities to be included in water resources development plans
for the study area. The three use areas investigated included:

. The entire State of Rhode Island.

. The local area consisting of the communities of West Greenwich,
Coventry, Exeter, East Greenwich and West Warwick.

. The site of what would become the Big River Reservoir area which
is all of the land presently owned by the State.

Estimated demands for recreation, for each of the use areas, as compared
to existing supply capacity are shown in summary in Table 17. Projections
were developed for the years 1995 and 2020.

As shown in Table 17, the most significant demands for recreation
resources are statewlde and are principally associated with boating, camping,
golfing, hunting, picnicking, and swimming. Recreation demands for each of
the other use areas are not nearly as significant and center primarily on the
need for additional boating, golfing and picnicking facilities.

In view of the relative size and the short travel time required to reach
even the most distant parts of the.State, the need for recreational resources
in Rhode Island takes on special meaning when planning water and related land
resources. Therefore, satisfaction of statewide needs was considered prudent
in planning recreation resources as part of the overall water resources
development plans for the study area. Detailed discussion of the recreation
demands of the study area and optional plans for meeting these demands is
contained in Appendix H, "Recreation and Natural Resources."
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ACTIVITY

BOATING
State
Local
Big River

CAMPING
State
Local
Big River

FISHING
State
Local
Big River

GOLF
State
Local
Big River

HIKING
State
Local
Big River

HORSEBACK RIDING

State
Local
Big River

HUNTING
State
Local
Big River

PICNICKING
State
Local
Big River

SWIMMING
State
Local
Big River

1) "Supply Capacity" refers to the maximum number of persons which ideally
can utilize existing recreational facilities each day.
demands given are based on the "design day demand" which refers to the

TABLE 17

ESTIMATED RECREATION DEMANDS

(Persons per day)

SUPPLY PRESENT 1995
CAPACITY 1) DEMAND DEMAND
46,471 19,426 34,491
770 657 1,451
342 45 90
17,104 14,854 20,936
2,864 128 180
0 0 o
26,308 5,939 8,358
6,176 330 464
360 100 128
11,328 5,951 10,883
1,008 793 1,450
144 175 286
17,847 4,534 6,333
6,210 50 70
2,700 10 13
11,940 2,543 4,679
2,050 55 101
1,500 20 33
6,000 2,326 4,160
3,290 115 206
1,600 100 165
32,047 51,951 58,300
2,655 2,420 2,627
0 100 101
53,792 50,501 74,466
8,089 2,633 3,883
9,450 200 277

2020
DEMAND

77,614
3,341
207

28,607
247

11,375
632
174

22,462
2,579
509

9,824

17

8,370
181
59

7,687
380
304

59,881
2,698
104

107,777
5,619
401

The estimated

estimated number of persons wishing to participate in a certain
recreational activity on a peak day.
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OTHER RELATED PROBLEMS AND NEEDS

Other water and related land resources problems exist in the Pawtuxet
River Basin and are presented in the following paragraphs to show their
relationship to the problems and needs addressed in this study.

WASTEWATER MANAGEMENT AND WATER QUALITY

The present quality of significant portions of the Pawtuxet River and
its tributaries precludes or impairs the use of their waters for many purposes
including recreation, fish and wildlife habitat, public water supply, and
aesthetic enjoyment.

Water quality management studies of the Pawtuxet River Basin were
conducted by the Rhode Island Statewide Planning Program under authority
of Section 208 of the Federal Water Pollution Control Act Amendments of
1972. Results of the study indicated that water quality of the Pawtuxet
River was impacted by both point and non-point sources of pollution which
contributed to its progressive deterioration from Class A (suitable for
water supply and all other purposes) in the headwaters to nuisance conditions
in the lower mainstem. A survey conducted by the State in 1976 showed that
both the South Branch and mainstem Pawtuxet River had bacterial and dissolved
oxygen levels in violation of standards for Class B waters (suitable for
bathing, fish and wildlife habitat, public water supply with appropriate
treatment). Control of pollution sources would be needed to improve the
water quality above the Class C and Class D criteria found in the water
quality survey.

Alternatives for improving water quality focused primarily on the control
of point source pollution discharges which were associated with industrial
effluents and existing municipal wastewater treatment facilities in Cranston,
Warwick and West Warwick. In addition, three other means of improving water
quality were considered: removal of dams along the river, low flow augmenta-
tion and maintenance by releases from existing and planned surface water
reservoirs, and instream oxygenation.

Recommendations for improvement of water quality in the Pawtuxet River
Basin are summarized as follows.

Biological Studies

A biological survey should be conducted in the South Branch and
mainstem Pawtuxet River to determine the fish species present. If no
desirable species are found, a bioassay should be performed to determine
the cause of this condition.

Point Source Pollution Control

The NPDES discharge permit for the American Hoechst industrial complex
should be amended to eliminate the requirement for chlorination of the dis-
charged effluent.
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. Increased treatment of the American Hoechst discharge and/or
displacement of the discharge further downstream should be required if the
need 1s indicated by biological and bioassay studies.

Point source industrial discharges to the North Branch should be
eliminated by conveying these flows to the West Warwick wastewater treat-
ment facilities for advanced treatment and discharge to the Pawtuxet River
mainstem.

The eastern portion of Coventry should be sewered with the waste-
water conveyed to the West Warwick wastewater treatment facilities.

The West Warwick wastewater treatment facilities should be expanded
to 11.0 mgd to accommodate waste flows from southeastern Scituate, the
northeastern portion of West Greenwich and eastern Coventry and should also
be upgraded to provide advanced treatment (nitrification) and dechlorination
during summer months.

. The Cranston wastewater treatment facilities should be expanded and
upgraded to provide 23.0 mgd capacity. Feasibility studies should be made
to determine if the Cranston facilities can be expanded to 28.0 mgd to
accommodate flows from Warwick for possible future regional approach.
Otherwise, Cranston and Warwick facilities should be upgraded to provide
advanced wastewater treatment and dechlorination during the summer months
at each facility.

Impoundment Removal

. Detailed studies should be conducted to determine the effects of
removing the Pontiac and Broad Street (Pawtuxet Cove) dams. The study
should be undertaken as part of future 208 planning or as part of the West
Warwick 201 facilities plan.

Flow Maintenance

. The Quidnick Reservoir Company, owner-operator of the existing Flat
River Reservoir, should continue the policy of maintaining uniform daily
flows in the South Branch.

. The planned Big River Reservoir, if constructed, should be operated
to release at a minimum the 7-day, 10 year low flow from the watershed.

Instream Aeration

. Studies should be conducted by the U.S. Environmental Protection
Agency to determine the feasibility and cost-effectiveness of instream
oxygenation for future applications.
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FISH AND WILDLIFE

There 18 a need to solve several problems presently,facing the fish
and wildlife resources of the basin. Significant among these are:

. Lack of public access
Pollution
Points of extreme low flow
Single purpose use of the basin's ponded water supply areas
. Barriers to fish passage
Insufficient amounts of fishing habitat in reasonable proximity
to population centers
. Destruction or alteration of wildlife habitat

To satisfy the fish and wildlife resource needs of an expanding
urbanized area, adequate controls to protect and enhance the existing
resources will depend largely on the use that can be made of existing
resources by providing high quality water, improvement of facilities,
provision for more public access and supplementation of flows.

WITHOUT CONDITION PROFILE

INTRODUCTION

The "most probable future' conditlon presented in an earlier section
identified projections of basic demographic, economic, envirommental and
social parameters upon which the water resources needs of the study area
were derived. In order to evaluate alternative water resources plams,
it was necessary to define the conditions that would most likely occur
over the study time frame in the absence of a new Federal project. This
"without condition” provides the basis for alternative plan comparison and
also facilitates evaluation of each plan'a impacts. The following dis-
cussion addresses conditions in the study area without the project as

they relate to municipal and industrial water supply, flood damage reduction
and recreation.

Water Supply

Programs for public water supply management in the study area would
continue as at present with existing supply agencies relying on presently
developed sources to meet future demands. Only the Bristol County Water
Company would be expected to develop new supplies in view of the immediate
need for additional capacity in that system.

The Bristol County system has been faced with water shortages over the
past several years which resulted in implementation of emergency restrictions
on outside water usage, especially during the summer months. All communities
served by the system had water restrictions imposed during the summer of
1980 to alleviate supply problems. To meet present and future demand
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projections, the Bristol County water system would obtain additional
supplies through the phased development of groundwater and surface water
resources in Rehoboth, Massachusetts as well as implementation of modifi-
cations to improve existing water supply facilities.

Metropolitan area water needs served by the Providence Water Supply
Board and Kent County Water Authority systems would continue to be met from
existing surface water and groundwater supplies. These regional systems
would continue to satisfy the needs of theilr respective service areas until
water demands exceeded available supplies at which time water shortages
would likely occur. Various economic, social and envirommental effects
due to water shortages or inadequate system capacity would be faced by
municipal and industrial water users.

Other, less urbanized communities in the study area would continue
to utilize private on-lot water systems or construct municipal supply
systems through the phased development of available groundwater resources.
Privately supplied industrial users would also continue to utilize exist-
ing groundwater and surface water supply sources to satisfy increased
demands.

Flood Damages

Average annual flood losses of about $1,429,000 (September 1978 price
levels) would continue to result from flooding in the Pawtuxet River Basin.
Continued flooding in basin communities would not ohly result in physical
damages to homes and businesses, but would also result in nonphysical
damages in lost income to local businesses and lost wages to local employees
as a result of closings. Social costs would also be incurred in goods and
services becoming inaccessible to consumers and transportation problems
causing inconvenience to vehicular and pedestrian traffic. Occurrences
of flooding would continue to place a burden upon public services in
responding to emergency situations as well as to cause repair of roads and
damaged utilities after the flooding had subsided.

Development in floodprone areas would continue to be regulated by
the requirements of the National Flood Insurance Program. All communities
within the basin subject to major flood damages are entered in the
"regular” flood insurance program.

Recreation

Recreation resources needs within the State of Rhode Island would
continue to increase during the study time frame. However, recreational
demands in the study area would continue to be met with existing resources
with the exception of boating and golfing activities. Without the proiect,
demands on facilities in surrounding communities would be increased.

ROt Ll atte pw S elPAMD . -,

PLANNING CONSTRAINTS

Planning constraints are conditions imposed upon the planning process
that limit the range of feasible alternatives available to the planner.
These constraints may consist of legal, social and environmental factors of
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such importance that violating them would compromise the entire planning
effort.

One public policy constraint on the planning ptocesé results from the
State's purchase of lands in the mid-1960's for water supply reservoir
development. These State-owned lands include the planned Big River and
Wood River reservoir sites. As these lands are already targeted by the
State for reservoir development, the selection of other sites would be
con-radictory to existing State planning policy.

PLANNING OBJECTIVES

The final array of planning objectives were derived from an analysis
of the water and related land resources problems and needs of the study
area in relation to the most probable alternative future and reflects
several iterations of the planning process. Thus, the planning objectives
provided the basis for formulation of alternative water resources plans.
The planning objectives address the water supply, flood damage reduction,
and recreation needs of study area communities, including a thorough
evaluation of technical, economic, envirommental and social concerns.

They evolved through interaction with the public and other agencies
during the course of the study.

Objectives addressing water supply management were directed at preser-
vation of existing resources, flexibility in the development of additional
supply sources, and conservation of both municipal and industrial water
usage. Objectives addressing the associated envirommental needs of water
supply management were directed principally at protection of unique natural
areas, conservation of wetlands values and fish and wildlife resources, and
enhancement of human use value of the area's natural resources.

Objectives addressing flood control and floodplain management in the
study area were aimed at reduction of flood damages resulting from increased
development in the Pawtuxet River Basin and provision of both structural and
nonstructural solutions. Objectives associated with environmental needs
were directed at preservation of existing stream conditions since no highly
productive habitat exists in the Pawtuxet River Basin as a result of the
urbanized nature of the watershed.

Comprehensive recreational resource enhancement was considered in view
of the diversity of recreational needs within the study area and the State.
Planning objectives were directed at enhancement of the value of human use
of natural resources in compatibility with the enviromment.

Wastewater management and water quality problems in the study area were
considered under programs of other Federal, State and local govermmental
agencies and were not addressed in this study except as they related to
development of other water and related land resources.

The specific planning objectives developed for the study area ar- as
follows:
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WATER SUPPLY

. Contribute to the preservation of existing surface water and
groundwater resources to meet short-term (2000) and long-term (2030)
needs of the study area.

Contribute to the modification of water usage within the study
area to optimize existing resources and to meet short-term (2000) and
long-term (2030) water demands.

. Contribute to the development of additional groundwater and
surface water resources to meet the projected short-term (2000) and long-
term (2030) municipal and industrial water supply needs of the study area.

. Contribute to the conservation of wetlands values and fish and
wildlife resources in the study area through protection and enhancement
of other lands during the study time frame (1980-2030) and beyond.

. Contribute to the protection of unique natural areas in the study
area during the study time frame (1980-2030) and beyond.

FLOOD DAMAGE REDUCTION

Contribute to reduction of the flood hazard and associated urban
flood damages in Coventry (South Branch) and in West Warwick, Warwick and

Cr.unston (Pawtuxet River) during the study time frame (1980-2030) and beyond.

. Contribute to the preservation and maintenance of the resources of
existing stream environments within the study area during the study time
frame (1980-2030) and beyond.

RECREATION

. Contribute to recreational opportunities in the Big River Reservoir
area during the study time frame (1980-2030) and beyond.

Contribute to the preservation of water quality in the Big River
Reservoir through discreet siting of recreational resources during the
study time frame (1980-~2030) and beyond.

. Contribute to the enhancement of the value of human uses of natural

resources within the study area during the study time frame (1980-2030) and
beyond.
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INTRODUCTION

GENERAL

The plan formulation documented in this appendix represents the final
stage of a complex planning process which led to the selection of a plan for
water resources management in the study area. The appendix contains infor-
mation showing the formulation, assessment, and evaluation of alternative
water resources plans utilizing the data contained in Appendix A, "Problem
Identification" and other appendices accompanying this report, and provides
a description of the iterative process utilized in the development of detailed
plans. In addition, the appendix summarizes the various interactions that
occurred during the planning process and describes their effects on the study
outcome.

The plan formulation portions of this study involved development and
analysis of alternative water resources plans through repeated iterations
of the four functional planning tasks (problem identification, formulation
of alternatives, impact assessment and evaluation) to achieve the planning
objectives outlined in Appendix A, "Problem Identification". Formulation
and evaluation of all possible alternatives were conducted in strict compliance
with the U.S. Water Resources Council's Principles and Standards. Analysis
and screening of alternatives, through reiteration of the plan formulation
process, resulted in plans which were considered to best reflect public desires
and to satisfy the planning objectives developed for the study area.

Initial pian formulation identified applicable management measures and
preliminary alternatives to solve the study area's needs for water supply,
flood damage reduction and recreation. Solutions to flooding in the Pawtuxet
River Basin had been formulated in studies conducted by the Corps of Engilneers
beginning in the early 1970's which resulted in identification of a recommended
plan in June 1979. This plan called for construction of a dual-purpose
reservoir on the Big River in the watershed of the South Branch of the Pawtuxet
River to provide storage for flood flows, implementation of a program for the
Norwood-Belmont area of Warwick involving the acquisition of several residential
homes, and nonstructural solutions throughout the Basin communities consisting
principally of the requirements of the National Flood Insurance Program.

The recommended plan thus provided the central element of plan formulation
associated with the feasibility study of the Big River Reservoir which is the
focus of this report. The recommendations of flood damage reduction studies
and the fact that land acquisition of the proposed Big River Reservoir site
had already been implemented by the State of Rhode Island led to the formulation
of detailed plans around those having the reservoir as the principal element
of water resources management for the study area. Formulation of detailed plans
thus centered on the optimum scale and type of reservoir development needed to
gsolve the problems and needs of the study area in conjunction with other appli-
cable and acceptable resource management measures.

The considerable extent of prior water supply planning done by others was
also utilized in the development of altern:tive plans to meet the study area's
future needs. Prior investigations, although focused on engineering solutions

to the water supply problems of the study area, were incorporated in the overall
formulatfon process.
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FORMULATION AND EVALUATION CRITERIA

The development of alternative water resources .plans for the study area,
including the screening of individual resource management measures and pre-
liminary alternatives, must be conducted within the content of an appropriate
set of formulation criteria. Such criteria, including technical, economic,
environmental, social and other considerations, permit the formulation of
alternatives which make, at the minimum, partial contributions to planning
objectives while responding directly to the problems and needs of the study
area.

Given the constraints of the planning process, i.e., finite amounts of
time, money, and human resources, evaluating all possible alternatives to the
same degree of technical detail would be an insurmountable task. Thus,
abbreviated planning methods were used in determining the most viable alter-
natives. These methods are more fully explained in the following sections.
Supplemental planning criteria for evaluation of all alternatives considered,
including public acceptability, plan completeness, effectiveness and
efficiency, economic justification, irreversible effects, and plan stability,
were used to refine the number of alternatives to a workable level without
disregarding the problems and needs of the study area.

Socio-economic data used in evaluating the benefits and costs of alter-
native plans were derived from Corps investigations and other basic economic
information prepared by other Federal and State agencies. Hydrologic and
hydraulic data were developed from Corps investigations while environmental
information was obtained from Corps studies and from investigations conducted
by the U.S.Environmental Protection Agency.

Technical Criteria

Technical criteria were adopted from appropriate engineering regulations,
manuals, pamphlets and technical letters, and supplemented by engineering judge-~
ment and technical experience. The following technical criteria were adopted
for use in formulating water resources management plans investigated in this
study.

. Water supplies would satisfy the requirements of the Safe Drinking Water
Act, Public Law 93-523.

. Pumps and transmission mains were sized to accommodate projected 2030
maximum day demands.

. Aqueduct sizing was based upon capacity requirements reflective of
eatimated development beyond the study's long-term time frame of 2030.

. The existing Providence Water Supply System was conslidered to form the
nucleus of an expanded regional system to meet long range needs.

. Plans would be technically feasible for implementation based upon appro-
priate engineering standards and guidelines.

. Flood protection plans would protect their specific areas without
creating adverse effects on downstream reaches.




. Plans of protection for urban areas would provide against a design
storm equal to the Standard Project Flood.

Protection plans for lesser levels of flood protection would be
evaluated to determine economic feasibility. However, reductions in the
level of protection below the Standard Project Flood would be avoided where-
ever possible.

Economic Criteria

Economic criteria applied in the formulation and evaluation of alternatives
are summarized as follows:

. Total beneficial contributions (economic and nonmonetary) must exceed
total adverse contributions (economic and nonmonetary). A plan must produce
net National Economic Development (NED) benefits unless the deficiency is the
result of economic costs incurred to obtain positive Environmental Quality
(EQ) contributions.

Each project purpose must provide benefits at least equal to its
separable cost.

. The scope of development is such as to provide maximum net benefits
except as modified for Environmental Quality and social well-being concerns.

. There are no more economical means, evaluated on a comparable basis, for
accomplishing the same purpose or purposes which would be precluded from devel~-
opment if a plan were undertaken. This limitation refers only to those
alternative possibilities that would be physically displaced or economically
precluded from development if the project were implemented.

Benefits and costs are expressed in comparable quantitative economic
terms to the fullest extent possible. Annual costs were based upon a 100-year
amortization period and an interest rate of 7 3/8 percent. Annual charges
also include the cost of operation and maintenance and major replacements.

The costs of alternative plans of development were based on survey scope plan
layouts and estimates of quantities at January 1979 price levels.

Environmental Criteria and Social Considerations

Environmental criteria applied in the formulation and evaluation of water
resources plans for the study area were directed towards achieving National
Economic Development (NED) and Envirommental Quality (EQ) as equal objectives,
as required by the Water Resources Council's Principles and Standards, and as
defined and discussed in the National Environmental Policy Act of 1969 (Public
Law 91-190) and Section 122 of the River and Harbor and Flood Control Act of
1970 (Public Law 91-611). The following criteria were considered in formulating
alternative plans.

. Analysis of the environmental impact of any proposed action.

. Identification of any adverse environmental effects which could be
avoided should the proposal be implemented.
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. Evaluation of alternatives to the proposed action. f

Determination of the relationship between local short-term uses of l
man's environment and the maintenance and enhancement of long-term productivity. |

. Accounting of any irreversible and irretrievahle commitments of natural
resources and biological systems which would be involved in the proposed action
should it be implemented.

In order to attain the environmental objectives as specified in the
Principles and Standards, the following factors were also considered:

, . Management, protection, enhancement, or creation of areas of natural
beauty and human enjoyment.

. Management, preservation or enhancement of especially valuable -~
outstanding archaeological, historical, biological and geological resources .
and ecological systems.

.  Enhancement of quality aspects of water, land and air, while recognizing 1
and planning for the need to harmonize conservation of the resources with the
land use objectives of productivity for economic use and development,

— — o . oy -

. Development and use objectives which minimize or preclude the possi-
bility of undesirable and irreversible changes in the natural environment.

As mandated by Section 122 of the River and Harbor Act of 1970, adverse
economic, soclial and environmental effects of proposed projects should also
receive full consideration and thus include the following:

Effects on air quality, noise levels and water pollution.
Destruction or disruption of manmade and natural resources, aesthetic
values, community cohesion, and the availability of public facilities and

services.

. Adverse employment effects and tax and property value losses.

. Injurious displacement of people and businesses.

. Disruption of desirable community and regional growth.

. Public acceptance of proposed improvements and ability and willingness
to meet local cooperation requirements.

The following social considerations were also considered in formulating ‘
alternative plans:

. Public health, safety and social well-being, including possible loss
of l1ife.

. Preservation or enhancement of social, cultural, recreational, archaeo-
logical and historical, and aesthetic values in the study area.
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. General public acceptance, as determined by coordination with appro-
priate Federal, State and local agencies, organized groups and individuals,
and especially with both the local sponsor and study area interests.

PLAN FORMULATION PROCESS

In the interest of clarity, the results of the plan formulation portions
of this study are presented in three separate sections in this appendix. The
first two sections describe applicable resource management measures and the
development, assessment and evaluation of preliminary plans for each of the
study area needs (water supply, flood damage reduction and recreation). The
third section presents the combination of detailed single-purpose plans for
each water resources component in the development, analysis and evaluation
of comprehensive, detailed management plans for the study area.

PLAN FORMULATION - WATER SUPPLY

SECTION 1 - MAMAGEMENT MEASURES

Potential Resource Management Measures

General. Water supply problems in the study area are principally concerned
with the inability of existing systems to meet projected demands with preseutly
developed supply sources. Accordingly, since some present and all future
municipal and industrial water requirements exceed the capacity of existing
available supplies, management measures to satisfy the water needs of the study
area must consider the reduction of these demands or the development of addi-
tional sources. Several alternative measures to satisfy the problems and needs
of study area communities are possible, however, some of the measures are either
impractical or uneconomical or both. Possible solutions may be divided into the
two broad categories of 1) measures to reduce consumption (demand) and 2) measures
to increase supply. The former category includes those measures generally classi-
fied as nonstructural while the latter category includes various structural
measures to obtain supplemental water supplies. Combinations of both nonstructural
and structural measures are also possible.

Management Measures. In formulating alternatives, the whole array of both
nonstructural and structural management measures including a No Action Program
were investigated. These measures were compared to the base condition using
the criteria of economic efficiency, environmental enhancement, and social well-
being, and were evaluated as acting independently or supplementing one another.
Table 1 presents a listing of potential management measures considered in this
study. Subsequent paragraphs describe each measure and the rationale used in
the initial screening process.
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TABLE 1

WATER SUPPLY MANAGEMENT MEASURES

No Action Program

Nonstructural Measures
1. Demand Modification
2. Weather Modification

3. Direct Wastewater Reuse

Structural Measures

' 1. Surface Water Resources
; 2. Groundwater Resources .
, 3. Importation

4. Dual Water Supply Systems

5. Desalination

6.

Iceberg Harvesting

No Action Program. This measure assumes that maintenance of the base condition
for water supply management in the study area would continue. The measure further
assumes that no action would be taken, by water supply agencies serving the study
area communities, to construct new facilities or to reduce residential water
consumption and commercial and industrial demands in the face of increasing water
requirements. If no action were taken to increase supply or curb demand, all
communities in the study area would experience water deficits prior to the year
2000. 1In addition, systems such as the Bristol County Water Company would be
impacted to an even greater extent due to current deficiencies in both water
quantity and quality.

A No Action Program would produce significant soclo-economic and environ-
mental impacts within the study area in addition to not satisfying the planning
objectives for municipal and industrial water supply management. Use of this
measure, therefore, does not offer a realistic solution to the water needs of
the study area and was therefore dropped from further evaluation in the formu-
lation of alternative plans.

Cemand Modification. When the demand for water increases, the usual
response 1s to construct new waterworks facilities. However, an alternative
approach 1s to reduce demand in conformance with available supplies. Histori-
cally, municipal and industrial water demand has increased annually primarily
due to increased industrial output and greater numbers of, and a wider distri-
bution of, water-consuming appliances and overall higher standard of living.
This increase in usage, coupled with increased population, places great demands
on what is, essentially, a fixed natural resource. At this point in time, with
worldwide concern focused on food production and consumption, it may be beneficial
to realize that the amount of freshwater available each year does not vary greatly
and that this resource, too,is finite. In the study region, increasing the
source of water supply is generally a question of economics-does a community
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or group of communities desire to have relatively unlimited water and pay

for it through increased water bills/taxes or accept the inconveniences and
possible hardships imposed by water restrictions and pay a lesser price for
the commodity. In most instances, the cost of water amounts to such a small
expenditure when compared with total per capita income, that the increase in
supply 1s opted for. Current trends, however, suggest that increases in
water usage can be slowed, and some even suggest stopped, if proper management
techniques are employed.

Residential, commercial, industrial and public water use accounts for
about 25 percent of the several hundred billion gallons of water pumped daily
in the United States. However, in urban areas throughout this country, these
usages account for almost 100 percent of the treated water used. 1t follows,
therefore, that the focus of a water conservation/demand modification program
for the study area should be concerned with residential, commercial, industrial
and public water use.

The following paragraphs provide a summary of several different techniques
investigated in this study for managing these water demands.

a. Metering: The installation of meters that measure the amount of water
used by consurers has been shown to be effective, to varying degrees, in
reducing demand for water supply. With metering, water customers are charged
for the quaatity of water actually used, instead of being charged a flat rate
or some other pricing arrangement for some specific time period regardless of
the quantity used.

Use of metering appears, therefore, to present a good opportunity for
conservation of this important resource. In the study area, however, application
of this technique is quite limited due to the extensive use of metering by
existing water supply systems. For example, the Providence Water Supply
System is already about 90 - 95 percent metered while the study area as a whole
is estimated to have about 90 percent of all water usage metered. Complete
metesing of services within the study area would have no effect on a substantial
portion of all existing usage and, therefore, was not considered a significant
water-use reduction technique to affect future demands.

b. Pricing Structures: Rate structures may be charged in a number of
different ways. Some alternative pricing policies are:

. Spatial differentiation of prices (i.e., different charges for different
areas of the community based on the cost of providing service to each area).

. Seasonal prices - higher prices during times of higher demand.

. Decreasing block rates - users are charged decreasing amounts for
incremental increased usage.

. Increasing block rates - users are charged incremental increases with
increased usage.

. Average variable cost pricing (i.e., a quantity charge would cover only
operation and maintenance costs; a flat rate charge would cover the fixed costs
such as debt service).

c. Water Saving Devices: The principle behind the use of water saving
devices is to reduce flows from showers, lavatories, and toilets to the minimun
necessary to perform their intended purpose. This can be accomplished either by

B-7

-




ri

———

——— -y - - e e s R L

adding flow reducing devices to existing fixtures or by replacing these items
with new fixtures designed to reduce flows. Domestic use can also be decreased
by reducing service pressures with the use of pressure regulating devices and

by replacing automatic dishwashers and clothes washers with water conserving
models.

Some of the devices which have the most potential for reducing water use
are listed below:

Water Saving Toilets

Reduced flush devices (toilet dams, displacement bottles)

Flow limiting shower heads

Water conserving dishwashers and clothes washing machines

Flow control devices for faucets

Pressure reducing valves (to reduce unnecessarily high system
pressures)

d. Conservation Education: A basic solution to the problem of reducing
waste in water consumption is modification of water use attitudes and habits.
This can be accomplished in part through education and information campaigns
directed toward the consumer. As in the case of water saving devices, this
technique is aimed at reducing waste by the residential user. The success of
these campaigns is based solely on the voluntary efforts of the consumer to
conserve water.

Public educational programs instituted throughout the country have
included the following items:

Printed inserts and brucliures included with water bills.
. Posters hung in classrooms, on public transportation vehicles and
on sidewalk trash receptacles.
. Reminder items such as buttons, T-shirts, litter bags and bumper
stickers.
Radio and television advertising.
Contact with community groups through the use of public speakers, film
presentations, or slides.
. Education 1in the schools to change attitudes on water use.
Contests for water conservation slogans or posters.

. Test programs aimed at water consecvation such as installation of water-~
saving devices.

e. Institutional Restrictions: Institutional restrictions have been
traditionally regarded as administrative and legislative policy controls which
can be implemented by water suppliers and government agencies to insure public
welfare and security during times of water supply shortages. They include any
legally enforced restriction on the use of water. It is equally important to
consider institutional restrictions as methods of comnservation to prevent
shortage as well as to survive during a period of reduced supply. Water short-
ages can be a result of a system's inadequacy to deliver water at peak demand
rates or of inadequate water supply.

Some institutional restrictions on water use applicable to the study area
are:
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Restrictions on Domestic Water Use - Mandatory conservation programs have
typically been directed toward the residential customer. These restrictions
are effective first, because residential use is generally the largest single
use of municipal water supplies, and second, because lawn watering, car washing
and swimming pool filling can easily be eliminated because of their high
visibility and low priority in times of shortage. These outside water uses
are coincident with a variety of warm weather practices which create high-peak
demands during periods when supplies are most likely to be lowest,

Water Rationing — This technique is the most severe method of reducing
consumption. It involves the allocation of water to customers with stiff
penalties for exceeding allowable water use. Water rationing is adopted only
in cases of extreme shortage.

Building and Plumbing Code Restrictions ~ These restrictions, requiring
the use of water saving devices in new construction such as shallow trap
toilets and flow restricting shower heads, can result in significant savings
in the future with little or no inconvenience to the consumer. Building code
restrictions, in addition to requiring water conserving fixtures in the home,
can also set limits on service pressures, thereby requiring pressure reducing
valves on some services.

Industrial Reclamation and Reuse - Standards can be established for the
reclamatior. and reuse of industrial water. The economic impacts of this type of
control shculd be carefully assessed since increased costs to industry could
discourage industrial development.

Control of Water used for Maintenance - Sanitary procedures involving
flushing sewers and washing buildings, streets, and sidewalks can be controlled
through regulation during periods of shortage. It is possible that chlorinated
river water could be used for these purposes.

Inspections - Municipal or State inspections of the premises of water
system customers for leakage and obvious waste is a measure that can be taken
during extreme shortage. The potential for reducing consumption on a metered
system with this technique is limited.

Fire Hydrant Use Restriction -~ There is indication that stiffer penalties
for illegal use of fire hydrants may result in less unauthorized use through
vandalism and illegal connections. In some high-crime neighborhoods, safety
harnesses are installed on hydrants to help eliminate this problem.

Landscape Watering - Of the outside domestic uses, landscape watering has
the greatest potential for demand modification. This type of irrigation
represents approximately 3 percent of the average household use in this area of
the country. Much attention has been given to this subject in California con-
servation programs where irrigation accounts for nearly 50 percent of domestic
use. Some of the lessons learned from their experiences are worth mentioning.
Effective soil preparation allows plant areas to absorb and retain the moisture
needed for plant growth. Deep, slow watering during the late evening and early
morning hours is more effective than heavy watering during the heat of the day.
California programs have made a strong case for the use of native drought
resistant plant materials. This can be an important consideration even in New
England.
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f. Control of Water System Losses: Water system losses can result from
leakage, unmetered connections, fire flows, and illegal uses. The control of
these losses increases the operating efficiency of the water system. Unmetered
connections are generally associated with municipal uses such as service to
municipal buildings, sewer flushing, and street cleaning.

Control of system losses can be accomplished through leak detection and
repair, the metering of all uses, and the reduction of illegal water use. A
leak detection program involves prompt control and repair of visible leaks as
well as detection and repair of hidden leaks through the use of modern sensing
equipment. The placement of meters on all services allows the water supplier
to better account for system performance and to approximate other losses which
are not meterable. The illegal opening of fire hydrants is a major system
loss in some areas. This can, however, be reduced through the institution of
stiff penalties and through the use of security devices which make fire hydrants
more tamper-proof.

Weather Modification. The primary source of water used for public and
private water supply in Rhode Island, as in most humid areas, is precipitation
falling directly on the areas concerned. It follows then that if precipitation
can be increased in a regulated manner, thn water supply can also be increased.
To this end, several major agencies such as the National Oceanic and Atmospheric
Administration (NOAA), the United States Bureau of Reclamation, the American
Meterological Society, and the National Science Foundation are investigating
ways of productively modifying natural precipitation patterns. The primary
focus of research is in the area of cloud-seeding. Other fields of interest
are long-term seasonal precipitation forecasting and fog drip augmentation.
Since little work has been done on the latter two, and what little has been
accomplished is not applicable to the Rhode Island area, only the process of
cloud-seeding will be reviewed in this section.

Simply stated, rain falls from clouds when water vapor in the cloud con-
denses around nuclei and forms rain drops large enough to overcome frictional
resistance to falling. In technical terms, this process is the conversion of
the water vapor from a state of colloidal stability to one of colloidal in-
stability. The concept of artifically induced precipitation by cloud seeding
refers to the introduction of particles of foreign substances, such as dry ice
and silver iodine into clouds to serve as condensation nuclei. Theoretically,
this action will result in condensation of the water vapor and consequent
precipitation. In short, it is scientific rain-making.

The testing of the engineering and economic feasibility of this theoretical
process has been concentrated in experimental projects in the Rocky Mountain and
Upper Great Plains regions. Evidence gained through NOAA research suggests that
winter cloud systems over Lake Erie may be modified to produce additional pre-
cipitation. A cost-benefit study was performed for the Connecticut River Basin,
but this study was in design only with no actual experimental work involved.
Most Information regarding the potential of cloud-seeding in the eastern United
States 18 derived from commercial cloud-seeding operations.




Some of the findings resulting from these studies and experiments are
summarized below:

. The state of the art is such that most researchers look upon the
potential of increased precipitation through cloud-seeding with an air of
cautious optimism. Study to date, however, has provided little more than a
beginning to the solution of many of the problems involved in weather modi-
fication.

Cloud-seeding is impractical during severe drought conditions when
water shortages are most critical. The first requisite for cloud-seeding is
the presence of clouds, and droughts are notable for their lack of clouds.
Present technology is not even remotely capable of producing clouds by weather
pattern modification. During a temporary interruption of drought conditions,
clouds may form over an area. Even under these conditions, however, cloud-
seeding would not appreciably alleviate water supply problems since most
precipitation would be in all likelihood taken up immediately by plants and
soil. It would be apparent then that water shortages in periods of drought
cannot be solved by cloud-seeding. Any substantial seeding-induced precipi-
tation would have to be produced during nondrought conditions with abundant
moisture in the atmosphere.

. There are many problems that must be solved before substantial
technological ' .eakthroughs result. One of the most critical is the inability
of researchers to satisfactorily define optimum cloud conditions and seeding
techniques :ad to predict seeding results accurately. In other words, there
is an inadejuate understanding of the basic cloud processes which determine:
a) the "seedability" of a cloud or cloud system, and b) the proper seeding
treatment to stimulate rainfall production efficiently in a potentially
seedable cloud.

Another problem is the possibility of undesirable effects of seeding.
Indiscriminate seeding might increase soil erosion and sedimentation in streams
through intensification of the normal rainfall rate of natural storms. There
is the possibility also that artificial seeding of clouds might in fact reduce
the natural rain producing capacity of the clouds.

Estimates of the feasibility of cloud seeding in the eastern part of
the country, including New England, are vague and poorly defined. Most recent
cloud seeding research has been conducted in the western states. Atmospheric
scientists have cautioned that results of seeding experiments in one area of
the country mus: be viewed with caution when applied to other areas characterized
by different topography and climate. It is apparent that much research needs
to be done in the eastern part of the country. There is data available for parts
of this area from commercial cloud-seeding operations. However, these operations
were not performed under proper scientific and statistical control procedures and
any data gathered in such a manner must be used and interpreted with care.

Research has continued to improve the state of the art of weather modifi-
cation by cloud-seeding and other means. However, weather modification is still
an inexact science at best. Studies are unable to predict optimum cloud condi-
tions and seeding results with any degree of accuracy. Thus, at this time,
weather modification operations to augment water supplies in Rhode Island do not
appear to provide a viable solution to water supply problems of the study area.
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Direct Wastewater Reuse as a Municipal Supply. Direct wastewater reuse
involves returning the effluent from wastewater treatment facilities for
municipal or industrial supplies. For use in a public water supply system,
the treated wastewater must be of high enough quality so that water quality
aspects of the existing supply will not be adversely affected by mixing the
two waters. Thus the effluent must be safe for human consumption, which
could only be achieved through the use of advanced, sophisticated treatment
techniques.

Direct wastewater reuse, especially in industrial process application,
has been economically successful in many sections of the country. The
Bethlehem Steel Company in Baltimore, Maryland currently uses about 120 mgd
of treated municipal effluent from Baltimore in its quenching and cooling
processes. The Bow Chemical Company uses treated wastewater from the City
of Midland, Michigan for use in its cooling water and fire protection system.
In Amarillo, Texas effluent from the municipal wastewater treatment facilities
is used as cooling water and boiler make-up water for industries located in
that city.

Other uses to which treated wastewater has been applied include irrigation
of both crop land and lawns, as a freshwater barrier against salt water in-
trusion, and in some cases as a source of supply for formation of recreation
lakes and ponds.

Direct reuse of wastewater effluent as a public water supply, however,
has not been utilized to a large degree. Advanced waste treatment research
and development programs at the Federal level are continuing and pilot plant
studies such as the noted Lake Tahoe project are apparently meeting with
success In producing a high quality effluent.

The Safe Drinking Water Standards do not apply to direct reuse of re-
claimed water for domestic consumption. 1In a series of recent articles, the
Division of Water Supply Programs, U.S. Environmental Protection Agency,
(formerly Public Health Service) has described a number of potential health
problems which could occur with the use of renovated wastewater.

Health officials feel that many questions remain unanswered which must be
fully investigated i1f renovated wastewater is to be considered for drinking
water purposes. Much research remains to be initiated in several areas, includ-
ing studies on viruses and their relation to and removal from wastewater.
Studies on health effects of other microorganisms and chemicals present in
treated wastewater and studies into increasing the reliability of the technol-
ogy available for wastewater treatment are also required.

The future of direct wastewater reuse, particularly in industrial appli-
cations, seems promising. In fact, industry already appears to be moving in
the direction of greater recycling. Use of renovated wastewater as a regular
domestic supply, however, requires full results of proposed research. Until
such research is completed, wastewater reuse as a municipal water supply is
not a viable alternative to meet water supply needs in the study area. Reno-
vated wastewater should not be considered for drinking water needs unless there
18 no other practical choice.




Surface Water Resources. Surface water development may take one of
three forms: continuous draft, selective draft, and impoundage. For
communities situated on or near streams, ponds, or lakes of sufficient
flow or capacity, continuous draft may be used to obtain water year-round.
If a selected stream is of insufficient size to meet year-round needs, or
if water quality variations are a consideration, selective draft during
high flows may be utilized. In either case, for smaller streams it may be
necessary to construct a diversion dam to assure that the intake pipe is
submerged during withdrawal of water. Water drawn from larger lakes and
streams must generally be treated before use.

Impounding a stream to create a reservoir may be the most desirable
method of supply. Generally, impounding reservoirs are built in sparsely
settled regions on upland streams, so that water drawn from them is
relatively pure and can be supplied to the community by gravity. Im-
pounding reservoirs would be of sufficient capacity to assure adequate
supply during dry periods, and are generally large enough, with water of
high enough quality, to require minimum treatment when considered as part
of a municipal water supply system.

Groundwater Resources. Groundwater storage is much greater than all
artificial and natural surface storage in the United States. Wells are

commonly used .. collect groundwater for use in water supplies. The five
types of wel!~ generally in use are dug, driven, bored, drilled and gravel-
packed wells. Dug wells and driven wells are generally used for shallow

depths, duz wells being lined or unlined depending on the material exca-
vated, and driven wells restricted to use in relatively shallow sand
formations. In soil that is sufficiently cohesive to prevent serious
caving, wells are bored with augers by hand or machinery. Drilled wells
are the most commonly used type, especially for wells of greater depth than
feasible for the other types. Drilled wells are lined with a casing grouted
in place for sanitary protection, with a strainer at the bottom of the well
to keep out unwanted materials. Gravel wall wells are drilled with a larger
hole, and an envelope of gravel is placed outside the well screen to increase
the effective diameter of the well and improve the well's hydraulic character-
istics.

Water supplied by wells is generally less likely to need treatment than
surface water, and is considered to be less expensive to develop in most cases.

Importation. This technique involves the diversion of water, either
groundwater or surface water supply, from watersheds outside the study area
to augment existing water supply resources. In some cases the diversion would
te possible from currently developed sources that are underutilized presently
and are expected to remain so over the long term. In other cases, the diversion
would be made from presently undeveloped resources to meet the water supply
needs of study area communities.

Dual Water Supply Systems. An alternative which has been receiving
attention of late has been the use of dual water supply systems. In these
Systems, a hierarchy of water supply would be established whereby higher quality
supplies could be used to furnish a potable source for drinking, cooking, dish-
washing, cleaning, bathing and laundering. All other uses could be furnished
by a second supply of lesser quality.
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Two general methods have been suggested for such a dual system. The
first is the possibility of recycling at the point of usage. Under this
scheme, drinking, washing and bathing water would undergo treatment and then
be further utilized for toilet flush water and outdoor uses. It is estimated
that such a system could reduce domestic water use by as much as fifty percent.
Various systems for inhouse reuse or for outdoor usage have been proposed and
gome are being marketed on a small scale.

Advantages of this system, beyond potable water consumption decrease,
are the reduction in wastewater volume, sewer pipe, pumping and treatment
requirements. Disadvantages to this alternative lie with its limited application
and accompanying operational experience, potential problems of odor and other
aesthetic considerations. Health officials, in general, have not expressed
their acceptance or rejection of such systems. However, their general appre-
hension in introducing less than potable water into the Lome environment could
also reasonably be expected with regard to any system of this nature.

The second method which has been suggested for delivering higher and
lower quality water for various uses would require a second distribution system.
This second distribution system would carry river water or even sea water to
supplement the high quality primary supply source.

Two methods of providing the second (lower quality) distribution system
could be employed. The first would involve installation of the entire system
immediately. The second and more practical method would be an incremental
approach wherein secondary systems are installed in new or replacement buildings
above a certain size.

The high capital costs of providing dual water supply systems to furnish
a potable source for both drinking, cooking and other domestic uses and for
lesser quality needs precludes its use in the study area. Potential health
problems associated with the use of such systems are also a basis for rejection.

Desalination. Desalination, the process in which brackish and salt-water
is converted to fresh, is currently being used in some parts of the world as a
viable, economically feasible source of freshwater. This process thus was

considered for its potential as a future alternative solution to the water supply
needs of Rhode Island.

The conversion of saline to freshwater 1s accomplished through four major
processes: distillation-evaporation, membrane separation, crystallization, and
chemical differentiation. A descriptive summary of each process is given below.

a. Distillation-Evaporation: In this process, water containing salt or
other impurities is heated and vaporized. The water vapor, free from the salt
and other solids which remain behind as the water boils, is then condensed and
collected. The system is basically a simple one requiring only a source of heat
energy to boil the water, a method of cooling the water vapor (condensation) and
various kinds of plumbing and receptacles for the transfer and storage of the
water.
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Since distillation, by its nature, results in the complete separation
of the water vapor from the dissolved salts of the influent, the process
produces freshwater of exceptional purity. Because this method removes the
water from the salt, rather than vice versa, the quality of the influent is
not critical and the system works equally well on water with a high salt
content as on only slightly brackish water. For these reasons, among others,
distillation is the oldest and best known process of desalination.

b. Membrane separation: Desalination by the membrane process is based
upon the ability of thin membranes to pass molecules of pure water and retain
the ions of salts and other dissolved solids. There are three basic varia-
tions to this concept: electrodialysis, transport depletion, and reverse
osmosis. The first two variations depend on the electrical properties of the
ions involved, while the third depends on a pressure differential existing
across the membrane. Of these three variations, the electrodialysis and reverse
osmosis processes are the most well established, with many commercial installa-
tions throughout the world.

In contrast to distillation, the membrane process separates the salt
from the water rather than the water from the salt. Each stage of the
electrodialysis process removes slightly less than fifty percent of the dis-
solved solids in the water being treated. The more saline the water, the more
stages are neede: and hence more energy is consumed. For this reason,
electrodialysis and other variations of the membrane process are more economical
when used with brackish water with a salinity of between 5,000-10,000 mg/l, as
opposed to more saline water. The water can then be refined in stages to the
desired degree of purity.

c. Crystallization: This process relies primarily upon the fact that
as water freezes, the ice crystals reject ions of salt. Saline water is frozen
and the crystals of pure ice are then skimmed or removed for later use from the
still 1liquid brine. A second method of separation by crystallization employs
the hydrate process, which is the formation of a crystalline substance by the
combination of water with low molecular weight, hydrocarbons or their deriva-
tives. Like ice crystals, these hydrates reject salt ions. It takes less
energy to freeze water than it does to boil it, thus this method has an
advantage over distillation in that it consumes less energy. The crystallization
process has not been widely used; however, further research into its effectiveness
is continuing.

d. Chemical Differentiation: In this process, either the water or the
dissolved salts are made to undergo chemical reaction to form a substance which
can be easily separated from the untreated water. Ion exchange, a method by
which the saline water is passed through treated resin and the salt ions
gselectively removed, is the most widely used method of chemical desalination.

The efficiency of ion exchange decreases with time as the "holes" in the
resin become filled with salt ions. Once the resin is saturated, the operation
must be closed down and the resin regenerated. For these reasons, the process
has had only local exposure and small volume use.
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e. Present Application: Sea water can be considered for al 1intents
and purposes an unlimited source of freshwater once the technologv of
desalination 1s refined to a point where it is economically feasible. To
this purpose, the Federal Government, through the Saline Water Conversion
Program, administered by the Office of Water Research and Technology (OWRT),
has promoted extensive study and research into the problems of desalination.
Several model and testing plants and facilities have been constructed to aid
in these studies. The research to date concludes that of the four main
processes discussed above, distillation and membrane separation are best
suited to large capacity plants. Economic considerations dictate that
distillation is best suited for sea water and electrodialysis or reverse
osmosis for brackish water.

In 1977, about 1500 land-based desalting plants were providing 24,000
gallons per day (gpd) or more; and more than 350 plants, producing over
1 million gallons per day (mgd) were operating or under construction
worldwide.*

Plants are generally located in arid regions where conventional water
sources are high cost or unavailable. Principal areas of use are in the
Mid-East and Caribbean tourist islands. In the United States, desalting
for water supply has thus far been limited to smaller installations with
aggregate capacity of only about 120 mgd, compared to total freshwater
requirements in the 350-450 billion gallons per day range.

The largest municipal desalting plant in the United States is a 2.6 mgd
distillation process in Key West, Florida, Largest in the world is a French-
built, 30 mgd distillation plant, constructed in Kuwait.

A distillation plant was recently proposed for San Louis Obispo and Santa
Barbara Counties, California, which would have a capacity of 40 mgd. Con-
struction on this plant, which would have been the largest in the world, was
scheduled to begin in 1973; however, action on the project has been suspended
indefinitely.

The cost of freshwater produced by desalination depends upon the
capacity of the plant, the type of process used and the type of energy source
used. In general, the larger the plant capacity, the less the cost per unit
quantity of water. As has been mentioned previously, distillation is more
economical for the desalting of sea water, while membrane processes are better
for brackish water. The cost of werler from nuclear-fueled plants is approxi-
mately 10 percent less than from fussil fuel plants with a large capacity
(more than 100 mgd).

The current cost of desalting sea water is about $4-6 per thousand gallomns.
This estimate is based upon an output capacity of 1 mgd, an amount representative
of many plants currently in operation. Desalination of brackish waters by
membrane processes 18 less costly than for sea water but is still in the range
of $§1 per thousand gallons. Both of these costs have to be weighed against the
cost of water from conventional sources, which is up to 40 cents per thousand
gallons.

*Desalting Plants Inventory Report #6, U.S. Dept. of the Interior, October 1977.




Desalination by various processes is already feasible 1in parts of the
world where natural water supplies are either scarce, of poor quality or
completely unavailable. In these areas, the relatively high costs of water
produced by desalination are justified. When larger capacity plants are
designed and in production the cost of desalination will likely be reduced,
but even at a 50 percent reduction from present costs, desalination is not
competitive with present costs of developing natural surface and groundwater
supplies.

Aside from the economic costs involved with desalination, OWRT is also
investigating the potential hazards to the enviromment. In considering
placement for any type of desalting plant, environmental factors are as
important as any other factor. Pure water is not the only product. A
plant will produce extremely concentrated brine as an effluent, plus any
waste emission from the power source, such as soot, heat, smoke, toxic
gases, etc.. So far as brine is concerned, the brine from distillation
plants is of high temperature, higher chloride content and may contain
concentrations of copper, all of which may prove injurious to the environ-
ment. Special design procedures would be required in the cases of estuaries
or areas with restricted water interchange, as many life forms present might
be adversely affected. Two land methods of disposal have been studied:

(1) evaporatior to dryness; and (2) deep-well injection. Evaporation is
expensive, though this varies with land costs. It is now quite costly in
urban areas. Injection method costs are estimated at 25 to 70 cents per
1,000 gallons of brine. Such costs must be added to plant production and
distribution costs to arrive at a true cost of water with this technology.
At present, OWRT is investigating other methods of brine disposal.

Several constraints characterize present desalting operations. The
most important are high total annual costs in comparison with conventional
water sources, the need for large plant size to take advantage of economies
of scale, and the problems of brine disposal. These will become less
restrictive in the future, when desalination may prove to be an attractive
supplement to conventional water sources in coastal areas. For the short
term, however, desalination is not a viable alternative source of water in
Rhode Island. When and if the technology and efficiency of this process
is refined so that it is economically and environmentally competitive with
other methods of supplying water, its feasibility can be re-evaluated.

Iceberg Harvesting. Recent proposals have been made to transport slab
icebergs from the polar regions to areas with water supply shortages. The
technique involves shaping the selected berg to reduce drag and wrapping it
with plastic sheeting to insulate it and slow its rate of melting. The
iceberg would then be towed to the needed area by ocean-going tugboats
where 1t would be melted. The water produced by the iceberg's melting would
elther be treated and used or placed in storage to meet future demands.

There are many technological problems involved with the use of icebergs
as a source of drinking water. The obvious difficulty is in transporting
the selected berg over thousands of miles of open ocean, and then finding a
suitable "parking space'" for it while the ice is converted to water. The
efficiency of such a process is no doubt quite low, due to melting and
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evaporation losses enroute. Environmental effects may also prove to be
significant because the 'parked" iceberg would probably have some effect on
the temperature and salinity of the surrounding waters. The high cost of

the technology involved i1s the major factor precluding the use of icebergs

as a source of supply for Rhode Island in the near future. With increased
efficiency of the process and increased costs of conventional sources, this
process may become feasible in the distant future, but presently is not being
considered to meet water needs of the study area.

Preliminary Screening. The results of the preliminary screening and
evaluation process used in the first phase of plan formulation for water
supply management in the study area are {llustrated in Table 2. During the
initial iterations of the planning process, potential measures were evalu-

, ated with regard to 1) achievement of planning objectives, 2) cost of imple-

. mentation, and 3) intanglble advantages and disadvantages including social
' and environmental acceptability.

i

{ These investigations indicated that only demand modification among the

! nonstructural measures and surface water, groundwater and importation develop-
i ment of the structural measures were considered for further evaluation. The

| No Action Program was not considered an appropriate measure warranting further
i
)
t

o

evaluation.
( TABLE 2
| PRELIMINARY SCREENING OF MANAGEMENT MEASURES
POTENTIAL MEASURE FURTHER EVALUATION EVALUATION CRITERIA
WARRANTED NOT MET
No Action Program No 3, 4
Nonstructural
Demand Modification Yes
Weather Modification No 1, 2, 4
Direct Wastewater Reuse No 1, 2, 3
Structural
Surface Water Yes
Groundwater Yes
Importation Yes
Dual Water Supply Systems No 1, 2, 3
Desalination No 1
Iceberg Harvesting No 1, 2
Evaluation Criteria
1. Economic feasibility 3. Social acceptability
2. Engineering practicality 4. Adequate solution
B-18
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SECTION 2 — ANALYSIS OF PLANS CONSIDERED IN PRELIMINARY PLANNING

General

As a result of the initial screening of potential water supply
management measures, those considered for further evaluation were analyzed
to determine their applicability in management plans to meet study area
needs. Each measure was investigated to determine its economic, environ-
mental and social acceptability and also to determine its response to
fulfillment of study objectives.

Various surface water reservoir and groundwater aquifeér sites were
studled and evaluated based upon their ability to satisfy the water supply
needs of existing systems serving the study area's communities. Developed
and undeveloped supply sources, identified in prior studies by others, were
screened against economic, environmental and social acceptability criteria
and utilized in the development of alternative plans. Only those sites
providing adequate quantities of either surface water or groundwater were
retained for alternative plan development.

The following sections present information on applicable water supply
management measures considered toward the development of intermediate plans.
In view of the present need for additional water supply to serve communities
in Bristol County, they were included in the formulation of alternative plans
for the study area. Likewise, the water supply needs of Glocester and Foster
were also included in the plan formulation process to provide comprehensive
water supply plans for the entire study area.

Demand Modification

The five techniques suggested for modifying water demands in the study
area, and considered applicable as the result of the initial screening,
focused primarily on reductions within the residential/commercial use category.
This category accounted for approximately eighty percent of the study area's
publicly-supplied water in 1975 and 1s projected to increase to about ninety
percent during the planning time frame. Water use by the residential sector
will fluctuate significantly depending on the type and location of the home
and individual user habits. However, general patterns of residential water
usage can be estimated despite variation in specific use patterns.

Typical residential water use can be broken down in the following
approximate proportions:

TABLE 3 .

RESIDENTIAL WATER USE :

COMPONENT PERCENTAGE ‘

Toilet Flushing 41 ’
Bathing 37
Cooking and Washing 9
Drinking 5
Clothes Washing 4
Lawn Watering 3
Car Washing 1
100
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A study was conducted to estimate the effectiveness of the various
demand modification techniques in altering residential usage and to determine
their feasibility and suitability in the study area. Since water associated
with toilet-flushing and bathing constitute about 75-80 percent of all water
used inside the home, these functions were the primary targets of water
conservation study efforts. The folloing paragraphs describe the techniques
investigated and present information used in their evaluation. Each of the

techniques may be used singly or in combination to achieve reductions in total
water used.

Pricing Policies. The price charged for water is generally considered to
offer the greatest potential as a demand modification technique. Judicious
application of the various pricing policies discussed in the previous section
was considered to offer significant reductions in water consumption. However,
studies conducted for the New England area indicate that due primarily to the
low cost of water in the total per capita budget, pricing does not have a
significant affect on residential usage. Raising the price of water substantially
above the highest prices currently charged in order to control demand would lead
to water revenues significantly exceeding the cost of service. Under such circum-
stances, implementation of an equitable rate structure is difficult to conceive
and would be expected to be socially unacceptable. For these reasons, pricing
policles were not considered for further evaluation in the development of
alternative water supply plans for the study area as other techniques were
considered more effective.

Water Conservation Education and Water Saving Devices. While water conser-
vation education and water saving devices have been discussed separately, in
practice their effects cannot be analyzed independently since these two techniques
are generally undertaken together. Thus, they were evaluated jointly, and esti-
mated reductions were based on the application of both demand modification
techniques simultaneously.

Maximum demand reductions attributed to a joint education/devices program
have been approximated in prior studies at about 35-40 percent. These figures
assumed an aggressive program of installation of devices, and an active public
involvement program. Information from actual case studies of these types of
programs shows much smaller reductions than the previous estimates. Reductions
in demand of approximately five percent have been cited as entirely possible
for the study area. The major difference is probably the result of the
following: actual programs relied on education and change of habits to achieve
water savings rather than wholesale replacement of major appliances, which was
not shown to be cost effective. Also, actual data showed that not all the
devices distributed were installed, and not all of those iInstalled were main-
tained properly. Thus, not all consumers changed their water use habits.

In the formulation of alternatives, a five percent reduction in total
water usage throughout the study time frame has been considered for these
techniques based upon data reported from actual case studies.

Institutional Restrictions. Prior studies have reported that restrictions
of the types mentioned in the preceding section of this report could be expected
to produce 5-10 percent reductions in overall water demand. However, data
obtained from actual case studies show that restrictions alone could be expected
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to produce a 4 percent reduction in water demands by the year 2030. The actual
case study conclusion was based on building code restrictions and did not
assume water use restrictions on lawn sprinkling, car washing, and swimming
pool filling which earlier reports had indicated would likely be implemented
for several weeks each year.

The estimated 4 percent reduction is based on the understanding that
this type of restriction is readily implementable and could be effected
even if less publicly acceptable measures such as bans on outdoor water use
were not implemented. In the past, these latter measures have been imple-
mented only during periods of emergency or severe shortage, so that their
regular use in reducing future water demand was not assured.

Leak Detection. A program of leak detection and repair would be one of the
most effective ways to control water system losses in the study area because
the municipal systems involved are almost completely metered. Earlier studies
have estimated a 5-10 percent reduction in water demand with implementation of
a comprehensive leak detection and repair program. However, in systems where
total unaccounted-for water usage is within tolerable limits, the costs
assoclated with such a leak detection and repair program are prohibitively
high. Information obtained from case studies for all unaccounted water has
been combined t produce an estimate of a 2 percent savings for the study
area.

Due to the relatively low unaccounted for water in the Providence water
supply system, the potential for reduction by leak detection and repair is
small. Therefore, the 2 percent reduction in total water use due to this
technique is a reasonable expectation of performance, and was adopted for the
demand reduction estimates used in the formulation of alternatives.

Comprehensive Program of Demand Modification. The combined effect of
implementing a comprehensive demand modification program in the study area
consisting of 1) water conservation education and installation of water-saving
devices, 2) institutional restrictions principally concerned with building
code changes, and 3) leak detection and repair programs, is expected to reduce
projected water demands by 9 percent in the year 2000 and by 11 percent by 2030.
Additional water use reduction from techniques presented in preceding sections
would also contribute to demand modification, however, their overall effect is
small when compared to the comprehensive program considered for this study.
Projected future average day demands would be reduced by approximately 10 mgd
and 15 mgd by the years 2000 and 2030 respectively through implementation of
the demand modification program. This measure was, therefore, carried forward
in the development of alternative water supply plans for the study area.

Surface Water Resources

Development of surface water supply sources to meet study area needs
centered on an evaluation of sites identified in prior studies conducted
for the State of Rhode Island. Of the many sites investigated, twelve
reservoir sites were evaluated to determine their applicability in water
supply plans. Several proposed reservoir sites lie in the Blackstone
River Basin in the northwestern part of the State - two sites in the
Chepachet River watershed and four sites in the Branch River watershed.
Six other proposed reservolr sites were located in the west-central region
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of Rhode Island - two sites in the Thames River Basin, three sites in the
Pawtuxet River Basin and one site in the Pawcatuck River Basin located
southwesterly of the study area. Potential reservoirs are shown on Plate B-~1. '

Screening criteria utilized in the evaluation of all potential sites
included preliminary estimates of the cost of development. Each site was <

evaluated individually and in combination with other feasible sites to v

determine its economic feasibility and those offering the most realistic
solutions to the study area's water supply problems were retained for
further evaluation in the development of alternative plans. Descriptions
of the various reservoirs are presented in the following paragraphs. Pre-
liminary estimates of the cost of development are presented in Table 4 for
comparison purposes.

Chepachet River Reservoir. Located on the Chepachet River (Blackstone
River Basin) in the towns of Burrillville and Glocester, an impounding
reservoir at this site would provide a yield of about 18 mgd. The reservoir
was dropped from further consideration, however, when it was discovered from
field investigations that, in addition to water quality concerns, resulting
from increased development within the watershed, unfavorable foundation

conditions -~ a deep underlying water-bearing stratum - existed at the proposed
dam site.

Smith-Sayles—-Keech Reservoir. This reservoir would be located at the site
of the existing Smith and Sayles Reservoir and Keech Pond on the Chepachet
River (Blackstone River Basin) in the town of Glocester. The water supply
reservolr would be created by raising the present spillway level of the
existing dam, and would provide a yield of about 6.9 mgd. Consideration of
this site was ruled out, despite relatively low construction costs, when
investigations revealed that raising the spillway level would not increase
the reservoir's safe yield appreciably due to increased evaporation losses.
The existing reservoir and pond are presently used for recreation purposes.

Oak Valley Reservoir. Development at this site would provide a yield
of about 6.3 mgd. Located on Tarkiln Brook, a tributary of the Branch River
(Blackstone River Basin), in the town of Burrillville, the analysis of possible
sites determined that the proposed Oak Valley Reservoir was technically and
economically feasible. However, its small size and limited potential for .
development precluded its consideration in the development of alternative plans
to serve the study area.

Nipmuc River - Tarkiln Brook Reservoirs. This reservoir system was pro-
posed for staged development in which Tarkiln Reservoir would be constructed
first, with a yileld of about 5 mgd. Water would be diverted from the Nipmuc
River initially to raise the system's yield to about 9 mgd, and finally a
reservoir would be constructed on the Nipmuc River increasing the total yield
of the system to 14.4 mgd. The two reservoirs were considered technically and :
economically feasible, however, they are best suited to supply the needs of :
northern Rhode Island since the cost of transmission facilities to the
Providence area would be excessive, especially when it is considered that the
northern part of the State would then have to develop alternative sources
of supply. Thus, due to its inapplicability to meet the water supply needs of
the study area, this reservoir system was dropped from further consideration.

VI
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Wilson Reservoir. Wilson Reservoir is an existing impoundment on the
Clear River (Blackstone River Basin) located in the town of Burrillville.
Two proposals for this site have been considered: 1) Wilson Reservoir be
utilized to divert water to the proposed Nipmuc River Reservoir, thereby
increasing the yield by about 8.6 mgd, and 2) constructing a new dam and
enlarging the capacity of the impoundment to develop a yileld of about 9.6
mgd for diversion to Nipmuc Reservoir. It was determined that the increased
yield obtained by construction of a new dam would not justify the cost of
the structure. Also, the most economically feasible development of Nipmuc
River Reservoir was shown to require all of its storage for runoff from its
own watershed, so that any diversion from Wilson Reservoir could not add to
the yield of Nipmuc Reservoir. This site was, therefore, dropped from further
consideration in the development of alternative plans. The existing reservoir
is presently used for recreational purposes.

Nooseneck River Reservoir. An impoundment at this site, located in the
Big River watershed in the Pawtuxet River Basin, would provide a yield of
about 7.1 mgd and was considered as a potential source to augment the yield
of the proposed Big River Reservoir. Because of its small yield alone it
would not be sufficient to meet the study area's needs. In addition, when
considered as part of a total system with the Big River Reservoir, it would
add less than 1 mgd of yield to that facility. Thus, Nooseneck River Reservoir
was dropped fr... further consideration in the development of alternative plans.

Flat River Reservoir (Johnson's Pond). Located on the South Branch of the
Pawtuxet River, Flat River Reservoir is an existing impoundment which in
addition to providing water supply for industries located within the South
Branch watershed, also provides recreational opportunities for boating,
camping and picnic areas. The proposed water supply development of Flat River
Reservoir consisted of two considerations: 1) the reservoir would be developed
as an Independent source, and 2) a flood skimming operation would be constructed
with diversion to the proposed Big River Reservoir.

The first proposal was rejected for a number of reasons. First, due to
its capacity, the reservoir could not meet projected water demands for the
study area, so that additional development elsewhere would also be required.
Flood skimming would thus be more economically sound since the costs of con-
struction would be considerably less. Secondly, the reservoir is privately-
owned and has significant residential development along its shores and in its
watershed. 1Its use as a public water supply source was, therefore, questionable
in view of private ownership and potential water quality problems and was
dropped from further consideration.

Flood skimming operations circumvent the problems of ownership and
reduced water quality. Thus, the proposal to utilize Flat River Reservoir
for flood skimming and diversion to the proposed Big River Reservoir was
retained for evaluation as part of alternative water supply plans. The
diverted waters would be stored in the proposed Big River Reservoir for
subsequent use therefrom and would increase the reservoir safe yileld by about
13 mgd.

Wood River Reservoir. The Wood River watershed is part of the Pawcatuck
River Basin located southwesterly of the study area. Two considerations for
development of water supply sources on the Wood River were investigated,
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1) construction of flood skimming facilities to divert water to the proposed

Big River Reservoir thereby increasing the safe yield of that reservoir by about
18 mgd, and 2) construction of an impoundment in the towns of Exeter and West
Greenwich that would provide an estimated safe yield of about 26 mgd for water
supply purposes. The Wood River Reservoir was considered for possible diver-
sion to the proposed Big River Reservoir.

Water diverted from flood-skimming operations would be pumped through a
transmission main toRaccoon Brook in the Big River watershed for storage and
subsequent use therefrom. The Wood River impoundment would be located just
northerly of Ten Rod Road in Exeter in the vicinity of the Arcadia Management
Area.

Considerations for water supply development in the Wood River watershed
were carried forward for further evaluation in the development of alternative
plans.

Big River Reservoir. The Big River feeds into the southern end of Flat
River Reservoir and has several major tributaries, including Nooseneck River,
Congdon River and Carr River. Proposals for the Big River Reservoir develop-
ment entail construction of a dam at the junction of Big River and Flat River
Reservoir, creating an impoundment on Big River and providing storage for
possible diversion flows from Flat River Reservoir, Wood River, Moosup River
and Bucks Horn Brook. The Big River Reservoir would be the first phase of
construction of any proposed reservoir system.

The yield produced by impoundment of the Big River alone was estimated
to be about 36 mgd when operated in conjunction with the existing Scituate
Reservoir. Including yields obtainable from the several diversions mentioned
above, capacity of the Big River Reservoir would produce a water supply yield
of about 73 mgd.

The Big River Reservoir was, therefore, carried forward in the develop-
ment of water supply plans for the study area.

Moosup River Reservoir. The Moosup River watershed located in the west~-
central area of the State, lies in the Thames River Basin. Construction of a
diversion reservoir facility, by impounding the Moosup River near the Rhode
Island-Connecticut state line, in the town of Coventry, would provide a yield
of about 17 mgd which could be diverted to the proposed Big River Reservoir
watershed for storage and subsequent use therefrom.

The Moosup River diversion reservoir was considered applicable for further
evaluation and was, therefore, carried forward in the development of alternative
plans for the study area.

Bucks Horn Brook Reservoir. Bucks Horn Brook is a tributary of the Moosup
River in the Thames River Basin. Construction of a diversion reservoir on
Bucks Horn Brook, in the town of Coventry, was considered in conjunction with
the proposed Moosup River Reservoir and would provide a water supply yield of
about 5 mgd. Water from the Bucks Horn Brook Reservoir would be transported
via the transmission main from the Moosup River Reservoir and stored in the
proposed Big River Reservoir for subsequent use therefrom.
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Due to the estimated high cost of development of the Bucks Horn Brook
Reservoir and the limited yileld available to meet study area needs, this
alternative site was dropped from further consideration in the development
of water supply plans.

Reservoir Development Costs. Included in the preliminary screening of
applicable surface water resources was the comparison of reservoir develop-
ment costs as shown in Table 4. Preliminary cost estimates of each proposed
reservoir site were made to provide an evaluation of each source in meeting
study area water supply needs. Cost estimates included only the basic costs
of reservoir development and do not reflect the additional costs of required
water treatment facilities and transmission facilities including pumping
stations. These preliminary development costs were utilized in screening for
the most applicable surface water sources that would be included in alternative
plans for the study area. The estimates of cost were based on January 1979
price levels,

TABLE 4

DEVELOPMENT COSTS OF POTENTIAL RESERVOIRS

(In Thousands of Dollars)

YIELD CAPITAL DEVELOPMENT
LOCATION (MGD) COST COST PER MGD
Chepachet river 18.1 $13,000 $ 718
Oak Valley 6.3 5,640 895
Wilson Reservoir 9.6 9,690 1,009
Nipmuc River Reservoir 9.0 8,250 917
Tarkiln Brook Reservoir 5.4 4,220 781
Nooseneck River Reservoir 7.1 11,100 1,563
Wood River Reservoir 26.0 11,000 423
Big River Reservoir 36.0 14,000 389
Moosup River Reservoir 17.0 3,980 234

Groundwater Resources

In many areas of the State of Rhode Island in which sand and gravel
aquifers are present there appears to be substantial amounts of groundwater,
especially where the aquifers include or are bordered by streams. The fact
that high yleld potentials exist in certain parts of the State, however, does
not necessarily imply that ample supplies of groundwater can be delivered on
demand to need areas. Distance of transport and water quality considerations
1limit the availability of potential groundwater resources. If the distance
between aquifer source and need area is great, groundwater supply systems are
generally not as cost-effective as the higher yielding surface sources. If
the quality of groundwater in a given area is poor and the cost of treatment
is prohibitive, then both health and economic factors mitigate against its use
as part of a public water supply. Unfortunately, the natural concentration of
iron and manganese in the native groundwater combined with pollutants generated
by increased urbanization, has resulted in groundwater of substandard quality
existing in several aquifers throughout the study area.
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Groundwater reservoirs of much of the study area have been investigated
by the U.S. Geological Survey and the Rhode Island Water Resources Board.
Reports of these agencies and other hydrogeologic reports serve as reference
sources for the groundwater assessment included in this section of the report.
The scope of the study did not allow for field exploration or field testing
for the determination of estimated groundwater yields.

Groundwater resources of each of the communities in the study area are
discussed in the following paragraphs. Those communities that appeared to
have little or no potential for sustained municipal supply are addressed only
briefly. Those communities that have higher potential are discussed more fully.

Bristol, Foster, Johmston, North Providence, Scituate, Warren and West
Warwick. Investigations show no significant groundwater availability in these
comnunities that would sustain development of a municipal water supply system.

Glocester. This community is mostly situated in the Branch River watershed
(Blackstone River Basin). Stratified drift aquifers occur mainly in the stream
valleys and exhibit saturated thicknesses of between 40 and 60 feet. Trans-
missivity measurements range from 5,000 to 8,000 cubic feet per day per foot.
Water from wells in this area would be drawn in part from induced infiltration.
Based on mathematical modeling by the U.S.Geological Survey, it is estimated
that the sustained groundwater yield in the community of Glocester would be
about 1.3 mgd. There is presently no municipal water supply system in Glocester.

Smithfield. Groundwater reserves in this area have been mapped mainly on
a reconnaissance basis and are located in areas of outwash in the vicinity of
the Woonasquatucket River. Based upon the area of the drift and the anticipated
recharge from precipitation, it is estimated that the potential groundwater
yield in Smithfield would approximate 1.0 mgd. The town is presently served
by the East Smithfield Water District, the Greenville Water District, and the
Smithfield water system with supplies obtained from the City of Providence
water supply system.

Crangton. Reconnaissance level investigations of the potential ground-
water resources of this community, located in the lower reaches of the
mainstem Pawtuxet River and Pocasset River show an area of moderate to high
yielding stratified drift. Much of the area is urbanized and, therefore,
impervious to recharge and the quality of groundwater is reported to be poor.
Groundwater supplies have an estimated sustained yield of approximately 1.0 mgd,
however, due to water quality conditions they have not been considered in the
development of alternative plans for the study area.

Barrington. This community located in the Narragansett Bay Local Drainage
Areas has an estimated groundwater sustained yield of about 1.0 mgd. Because
the drainage is coastal in nature, the possibility of salt water encroachment
due to over-pumping is of concern. Iron and manganese contamination is also '
of concern and has forced the closing of one well operated by the Bristol County
Water Company which supplies the town.

Coventry and West Greenwich. Reconnaissance mapping of the aquifers in
these two communities in the Pawtuxet River Basin show that the only substantial
aquifer areas are located east of the Flat River Reservoir and south of the

B-26

e T
A S -,

o amm——y - —~




South Branch. It is estimated that 4.5 mgd of groundwater could be removed
from this area on a sustained basis. The Kent County Water Authority
utilizes the supply to provide part of the water for the communities it serves.

Warwick. The City of Warwick is partly located in the lower reaches of the
Pawtuxet River Basin with the larger area of the community lying within the
watershed of the Narragansett Bay Local Drainage Areas. The portion of Warwick
lying north of Greenwich Bay and characterized by low relief has been mapped
on a reconnaissance level only. Stratified drift is present in the area in
places which exhibit saturated thicknesses to near ground level and groundwater
is, therefore, most likely present in significant quantities. One estimate
assigns a sustained groundwater yield of 6.0 mgd from this area. Available
well data, however, shows widespread distribution of fine grained sediments in
drift which tends to severely limit the capacity of wells to yield large quan-
tities of water. Additionally, the potential for pollution of the groundwater
is high as the water quality of the Pawtuxet River 1s poor, and four sanitary
landfills (two of which are abandoned but still pose the threat of leachate
discharge) as well as two municipal wastewater treatment plants are located in
the area.

The Hunt River aquifer, a deposit of stratified drift capable of producing
high yields, is found in Warwick south of Greenwich Bay in the area of Potowomut
Neck. Well data shows saturated thicknesses of over 100 feet and transmissivity
ranges of up to 300,000 gallons per day per foot. The U.S. Geological Survey
models of this aquifer estimate that groundwater recharged to the aquifer is
in the order of 8.0 mgd. However, if the entire quantity were to be withdrawn,
there is a distinct possibility that flows in local rivers would be adversely
impacted for extensive periods of time under drought conditions. Present with-
drawals from this aquifer by the Kent County Water Authority and formerly by the
U.S. Navy total approximately 4.0 mgd. If further development were to occur,
then in periods of below average precipitation, the Potowomut River and most
probably other local rivers would reach critically low levels and/or dry up
completely for lengthy periods of time. It appears then that unless an aquifer
capable of producing a substantial sustained yield of good quality water {is
developed on the drift found north of Greenwich Bay, the community of Warwick
cannot furnish any future additional large supplies of groundwater. The City
of Warwick is almost totally supplied by the Warwick Water Department supply
system, which obtains its water from the Providence water system.

East Greenwich. The town of East Greenwich, found immediately south and
east of Warwick, is also located in the Narragansett Bay Local Drainage Areas
and its hydrogeologic setting is similar to the southern part of Warwick. The
town's border includes parts of the previously discussed Hunt River aquifer.

A second smaller aquifer in this community has been identified by the U.S.
Geological Survey north of Scrabbletown Brook and the Hunt River. Mathematical
modeling of the smaller aquifer suggests a sustained yield of about 1.4 mgd.
Since the Hunt River aquifer is presently being used to near capacity, the

town of East Greenwich 1s, therefore, unable to contribute significantly to
any additional groundwater supplies for municipal development.
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Providence. The City of Providence is the most highly urbanized area in
the State. The city is drained by the Woonasquatucket River to the west and
the Moshassuck River to the north. These streams flow through the Providence
and Seekonk Rivers to upper Narragansett Bay. The water-bearing drift in the
city consists of irregular lenses of interbedded sands, silts, clays and
gravels forming an outwash plain. A few kames consisting of coarse sands and
gravels have also been mapped. The drift, reaching over 250 feet thick in
deep bedrock valleys, possesses hydraulic characteristics favorable to the
development of high yield wells. Yields of wells in kame fields near Roger
Williams Park are reported to range from 300 to 600 gallons per minute (gpm).
A high of 8 mgd was pumped for various industrial uses while current with-
drawal has declined to approximately 4 mgd.

Historically, no municipal well systems have operated in Providence.
The existing and potential severe water quality problems appear to be the
principal reasons why no public water supply is drawn from groundwater in the
area. The extensive urbanization of the city, as well as the naturally .
occurring high levels of iron and manganese contribute to the generally very
low quality of surface water. The water quality of both the Woonasquatucket
and Moshassuck Rivers is C and that of the Pawtuxet River is D and below.
There are 65 combined sewer overflows in Providence which diccharge to the
Woonasquatucket River and its tributaries. Sanitary landfills, toxic wastes
and industrial wastewater discharges also contribute to the surface water
pollution. Other factors include municipal wastewater treatment plants and
salt storage areas. While specific groundwater quality data are unavailable
for the City of Providenmce, the hydrogeologic conditions are such that the
quality of the underground water most probably is also poor, & mirror of the
conditions found on the surface. Infiltration of contaminants through sediments
to the water table will certainly impact negatively on the quality of the
groundwater. Additionally, any polluted surface water induced from the area's
rivers would severely affect the quality of groundwater. Another limiting factor
to be considered is the possible intrusion of salt water in estuarine areas.

There is evidence to suggest that ample supplies of groundwater exist in
the Providence area. However, the extensive biological, chemical, and
physical pollution of surface water and the several point and non-point sources
of pollution existing in the highly urbanized area, tend to preclude the
development of any municipal groundwater supplies within the limits of the
city.

East Providence. East Providence 1s located in the Narragansett Bay Local
Drainage Areas on the east gide of the Providence River. The city, like
Providence, 18 also heavily urbanized and suffers from attendant pollution
problems. Stratified drift overlies a major portion of East Providence with
the high potential yield aquifers found mainly near the Ten Mile River. The
l1ithology of the Ten Mile River aquifer ranges from medium sand to gravel in
the upper layers and grades to fine sands and silts below. Thick lenses of
medium to coarse sands in the aquifer have the highest potential for yields and
the transmissivity in these deposits has been measured as 31,000 gallons per
day per foot. The highly productive portions of the aquifer are widely dis-
persed and extensive and detailed field investigations would be required to
determine any significant additional sources of groundwater.
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Water quality of the Ten Mile River is very poor. In the area of
greatest potential for induced infiltration, the river has a water quality
classification of D. Pollution is biological, chemical, and physical in
nature and the severity can be attributed to the urbanized nature of the area.
In addition to man-made pollution, the natural background quality of the water
contains excessive manganese and iron quite similar to neighboring communities.
In 1970 wells in East Providence along Central Pond were shut down due to
surface water pollution and iron and manganese build-up.

Available data suggests that an additional 2 mgd might be pumped from
the Ten Mile aquifer on a sustained basis. These additional wells would
require extensive and detailed investigations to develop fully, and would
probably have to be constructed near the Ten Mile River in order to take
advantage of induced infiltration. However, the very poor quality of the Ten
Mile River renders it unsuitable at the present time for any municipal water
supply even if recharged to the groundwater table through induced infiltration.
Other sources of surface pollution also impact negatively on the water quality
situation. Due to increased impacts on the quality of groundwater resources
in the early 1970's, the City of East Providence abandoned its municipal well
supplies and now obtains water from the Providence supply system.

A review of the quantity and quality of groundwater resources in the
study area, as discussed above, leads to the conclusion that the area can
support only limited additional withdrawals of groundwater suitable for use
in municipal supply systems. For purposes of planning, consideration was also
given to areas with potentially large reserves of groundwater which are located
in the general vicinity of the study area to determine their feasibility in
meeting study area needs. The following paragraphs describe the areas investi-
gated.

Burrillville. Four areas of the Branch River Basin were evaluated in studies

conducted by the U.S. Geological Survey. Mathematical models of aquifers in

Slatersville, Harrisville, Oakland and Chepachet were developed utilizing hydraulic

data on the surface flow and the hydraulic relationship of surface to subsurface
water in addition to the more traditional well development information such as
transmissivity, drawdown, specific yield, and the affect of geohydrological
boundaries. Model simulations of these aquifers showed that most of the water
withdrawn as a result of wellfield development would be derived from infiltra-
tion induced from nearby rivers and streams. Estimates of the yield derived
from mathematical modeling indicates that a sustained groundwater yield of about
7.0 mgd would be available in Burrillville.

Presently the Harrisville Fire District and Pascoag Fire District water
supply systems serve the community of Burrillville.

Lincoln-Cumberland. Substantial groundwater supplies are available within
the Lincoln-Cumberland area. Thick deposits of stratified drift form good
aquifers along the Blackstone River, Moshassuck River and Abbott Run Brook.
Several high yield wells are already in operation in these aquifers and the
potential appears to exist for substantial additional withdrawals. Because the
aquifers lie under or immediately adjacent to large rivers much of the existing
and potential well yield is from induced infiltration of surface water.
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Modeling was performed by the U.S. Geological Survey on several different
areas of the aquifers within the two communities for different arrays and
patterns of well development. The analysis showed a maximum potential yield
of approximately 24 mgd for the Blackstone River valley, 5 mgd for the Abbott
Run valley and 2 mgd for the Moshassuck River valley. These figures are esti-
mates of safe sustalned yield since they assume a 200~day pumping period. This
length of time is considered sufficient to simulate conditions of prolonged
drought in the study area. With present withdrawals of groundwater estimated
at 10 mgd and the potential total yield estimated at 30 mgd, additional ground-
water supplies of 20 mgd are available in the towns of Lincoln and Cumberland.

Although the quantity of the groundwater supply is high, the quality is
low. Both surface and subsurface water quality is a very important consider-
ation since the potential yield of most of the wells in the area is controlled
by the rate of induced infiltration. 1In both the Blackstone River and Abbott
Run valleys, the potential amount of induced infiltration is significantly
greater than the water in aquifer storage. In the Moshassuck River valley the
estimated amount of water from induced infiltration is approximately equal to
that from storage. The Blackstone River water is Class E in its upper reaches
in Lincoln because of pollution upstream, further downstream it improves to

Class D and then to Class C. The pollution is biological, physical and chemical.

Movement of water through sediments of the aquifer, as occurs during induced
infiltration, will reduce the biological and physical pollution to various
degrees but will not significantly reduce the chemical pollution. There are
three landfill sites in the Blackstone River Basin and the natural background
quality of the groundwater is poor because of excessive manganese and locally
excessive concentrations of iron. Concentrations occur in levels above the
limits recommended for safe drinking water.

The Abbott Run Brook surface water is Class A and there are no known
existing groundwater quality problems. The Moshassuck River in Lincoln is
Class C and iron and manganese concentrations in the river water are reported
to exceed recommended limits for drinking water. No data on groundwater quality

is available but there is a high probability of excessive concentrations of iron
and manganese.

With the exception of the Abbott Run Brook aquifer, the quality of both
surface and groundwater in Lincoln and Cumberland is poor. Surface water is
contaminated by physical, biological and chemical pollution. Since the yield
of wells in the area is derived in large part from induced infiltration, the
quality of the surface water severely impacts upon the quality of the ground-
water. The generally excessive concentrations of iron and manganese occurring
naturally in the groundwater combined with pollutants added through induced
infiltration renders the quality of most of the well water unsuitable for
municipal water supply without extensive treatment. Importation of ground-
water from the Lincoln-Cumberland area was, therefore, dropped from consider-
ation in the development of alternative water supply plans for the study area.

Several communities in the Washington County (South County) area have
significant potential yields of groundwater. The proximity of these towns

to the Big River study area merited their consideration in the present investi-
gations.
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North Kingstown. Aquifers in this community are found in the Hunt River
watershed, the Annaquatucket River Basin and the Pettaquamscutt River Basin.
The Hunt River aquifer (see previous discussion under Warwick) cannot
support any substantial additional groundwater withdrawals. The potential
yield of the Pettaquamscutt aquifer is only 1 mgd and there is danger also
of saltwater intrusion. Wells presently existing in the Annaquatucket Basin
could probably provide a sustained yield of 1 mgd. North Kingstown, therefore,
cannot be regarded as a source of significant additional groundwater supply
as the individual needs of the community have been impacted by water shortages
in recent years.

Exeter, Hopkinton, Richmond, South Kingstown, Charlestown and Westerly.
These six communities lie in the Pawcatuck River Basin on the southerly side
of the study area. Aquifers of the Pawcatuck River Basin have been examined
by several investigators and at least seven groundwater reservoirs along
the mainstem of the Pawcatuck River and its tributaries have been studied in
sufficient detail to have been mathematically modeled by the U.S. Geological
Survey. The modeling assigned a yield of 30 mgd to the lower Pawcatuck River
Basin and approximately 25 mgd to the upper Pawcatuck Basin. Additiomnal
investigations have also been conducted in recent years in coordination with
the Rhode Island Water Resources Board.

Figures r .r the upper Pawcatuck River assumed withdrawals from aquifer
storage duriig periods of drought and further assumed little or no diversion of
water out-of-basin. The yield of 25 mgd is, therefore, not considered realistic
and presents a distinct possibility of serious environmental impact of the area's
rivers and streams. A groundwater discharge of not more than the 95 percent
flow duration of rivers flowing in the aquifers was considered to estimate the
safe yield of groundwater supplies and as a result reduces the potential sus-
tained yield of the upper Pawcatuck River Basin to about 9 mgd. The modeling
procedure for the lower Pawcatuck River Basin used more conservative assumptions
and thus a yield of 30 mgd is coasidered appropriate for planning purposes.

In addition to the yield calculated for the modeled areas, the town of
Westerly is reported to have a potential safe yield of 6 mgd. These more con-
servative yields, however, assume no export of water from the basin and do not
preclude the possibility of some streams going dry in the vicinity of pumping
wells during periods of drought.

In summary, the six communities of Washington County that lie in the
Pawcatuck River Basin have an estimated potential sustained groundwater yield
of approximately 45 mgd. The feasibility of this quantity of water being
available as an alternative source of supply for the Big River study area {is
limited by several concerns not the least of which is the projected future
water supply needs of Pawcatuck River Basin communities themselves. Although
it would be expected that significant surplus quantities of groundwater would
still be available in the basin, their development would need to be carefully
planned to avoid unacceptable depletion of flows in the area's rivers and
streams. The quantity of 45 mgd would have to be reduced, possibly quite
substantially, if groundwater were diverted out-of-basin and if potential
stream drying-up were to be avoided. Finally, and probably more significantly,
is consideration of the relatively long distances between the Big River study
area and most of the aquifers in the Pawcatuck River Basin, especially the
lower Pawcatuck River,




Long transmission mains would be required to transport watcr tu the
need areas of the Big River study region involving high construction costs
and the need for appurtenant facilities such as pumping stations. Also,
groundwater withdrawals from the Pawcatuck River Basin would create serious
management problems if the quantities required to satisfy the projected needs
of the study area were to be met. The groundwater resources of the Pawcatuck
River Basin were, therefore, dropped from further evaluation in the development
of water supply management plans for the study area primarily due to the
uncertainty of adequate available resources.

Rehoboth. Groundwater aquifers in the town of Rehoboth consist mainly of
unconsolidated glacial drift composed chiefly of gravels, sands, silts and
clays. The aquifers are found in the lower areas of the watershed which lies
within the Narragansett Bay Local Drainage Areas. Both medium and high yield
aquifers cover approximately eight square miles in Pehoboth and have an
estimated sustained yield of about 5.0 mgd. The town of Rehoboth does not
have a municipal water system but instead relies on individual private ground- .
water wells.

Groundwater Summary. Groundwater development appears viable in several
areas in or adjacent to the study area. Aquifers in Burrillville, Glocester,
and Rehoboth, Massachusetts, could be utilized to meet the needs of Glocester,
Foster and Bristol County, respectively. However, the remainder of the ground-
water resources in the study area are of questionable quality and were, therefore,
considered infeasible for development as a municipal water supply source.
Groundwater resources outside the study area were considered inappropriate for
importation due to 1) quantities required to meet projected future demands of
local communities, 2) unsatisfactory water quality conditions that would
possibly require extensive treatment, 3) uncertainty of quantities available
for out-of~basin transfer without creation of adverse environmental and associated
impacts, and 4) costs of development due in large measure to the high costs of
transmission facilities.

Importation

Studies were conducted to determine the feasibility of importing water
from other regions of the State to meet the projected needs of the study
area that were identified in the preceding paragraphs. Of the various ground-
water and surface water supplies investigated only a limited number of potential
sources were considered adequate to supply the quantitites of water needed.
Among the areas investigated were the groundwater resources of Burrillville,
Lincoln and Cumberland to the north of the study area, groundwater resources
in Rehoboth, Massachusetts to meet the needs of Bristol County, groundwater
resources of the Pawcatuck River Basin to the south of the study area, and
surface water supply sources in various basins adjacent to the study area as
described previously in the sections under "Surface Water Resources' and
"Groundwater Resources.”

All possible sites for groundwater and surface water development,
whether inside or outside the study area, were screened in the same manner
and no distinction was made between sites in the application of selection
criteria.
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Intermediate Screening

The results of the intermediate screening and evaluation process to
determine the most applicable water supply management measures for the study
area are shown in Table 5. During this phase of the plan formulation process,
described in the preceding paragraphs, attempts were made to assess each
management measure in relation to plan formulation alternatives for satisfying
the water supply needs of the study area. Only those measures that made
positive contributions towards fulfillment of the study's planning objectives
and which offered the most economically and environmentally acceptable solu-

tlons to the water supply needs identified were retained for development of
intermediate plans,

Investigations revealed that of the potential measures passing the
initial screening phase, the most applicable resource management measures for
development of intermediate plans consist of 1) demand modification, 2) surface
water resources in the Pawtuxet, Thames and Pawcatuck River Basins, and 3)

groundwater resources within the study area and outside the sftudy area in
Burrillville and Rehoboth, Massachusetts.

Development of Intermediate Alternatives

General. .s a result of reconnaissance and preliminary type estimates,

preliminary =creening, and analysis of applicable management measures, an array
of alternat.ve plans that would address the planning objectives of the Big River
Reservoir =iudy were considered utilizing either one or a combination of the
applicable measures for water supply management described in the preceding
sections. Alternatives were developed that addressed the water supply needs of
the study area incorporating both structural and nonstructural measures and

focused on the water requirements projected for both the short term (2000) and
long term (2030) planning periods.

Intermediate Alternatives. 1In the development of intermediate alternatives,
consideration was first given to the effects demand modification measures would
have in satisfying projected water .quirements for the study area. As a result
of implementing the demand modification program described in the preceding
gsection, the average day water supply needs of study area communities would be
reduced from approximately 109 mgd to 99 mgd in the year 2000 and from approxi-
mately 142 mgd to an estimated 127 mgd by the year 2030. Likewise, maximum day
water requirements of the study area would be reduced from 190 mgd to an estimated
173 mgd in the year 2000 and from about 250 mgd to 222 mgd by the year 2030.

The projected water requirements of existing supply systems and individual
communities within the study area showing the reductions resulting from imple-
mentation of the demand modification program are presented in Table 6. Additional
supplies would still be required to meet the projected needs of the study area
even with implementation of demand modification measures. The deficits remaining

above the 1975 safe yield and maximum capacity of existing supply systems are
shown in Table 7.
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TABLE 5

INTERMEDIATE SCREENING OF MANAGEMENT MEASURES

FURTHER EVALUATION
EVALUATION CRITERIA
APPLICABLE MEASURE WARRANTED NOT MET
Nonstructural
Demand Modification Yes
Structural
Surface Water Resources
1) Chepachet River Reservoir No 1,2,3,4
2) Smith~Sayles-Keech Reservoir No 2,3
3) Oak Valley Reservoir No 2,3,4
4) Nipmuc River-Tarkiln Brook No 2,3
Reservoirs
5) Wilson Reservoir No 3,4
6) Nooseneck River Reservoir No 2,4
7) Flat River Reservoir Yes
8) Wood River Yes
9) Big River Reservoir Yes
10) Moosup River Reservoir Yes
11) Bucks Horn Brook Reservoir No 2,4
Grcundwater Resources Yes
Importation Yes *
Evaluation Criteria
1. Technical Feasibility
2. Economic Feasibility
3. Social Acceptability
4., Adequate Solution
*

Included in surface water and groundwater resources measures.
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TABLE 7

WATER DEFICITS IN THE STUDY AREA
(In million gallons per day)

2000 2030
Water Supply Agency Avg., Max. Ave. Max.
Bristol County Water Company 1.6 3.7 3.0 5.9
Providence Water Supply Board 5.8 (2.6)* 27.5 34.4
Kent County Water Authority 0 11.3 4.2 19.8
Foster 0.2 0.3 0.4 0.8
Glocester 0.3 0.7 0.8 1.5
7.9 13.4 35.9 62.4
*

Indicates a water supply surplus

In view of the projected needs for Foster and Glocester and due primarily
to their geographical location within the study area, groundwater resources
were considered the most appropriate measure for meeting each community's
future water requirements. Since Foster does not have any groundwater resources
sufficient for development of a municipal water supply, investigations looked at
the feasibility of obtaining needed supplies from the neighboring community of
Glocester. Phased development of groundwater supplies in the Chepachet River
aquifer in Glocester was identified as the most feasible alternmative for solving
Foster's water supply problems. The plan would entail construction of 1.0 mgd
capacity wells and pumping facilities in two separate phases and construction

of a 12-inch transmission main to deliver the water to the service area in
Foster.

The town of Glocester, which is presently supplied by private wells
throughout the community, would obtain water from the existing Pascoag Fire
District system to satisfy projected requirements. The plan would consist of
the development of groundwater wells in two phases, each having a capacity of
1.0 mgd, pumping facilities, and a 16~inch transmission main to deliver water

from the Harrisville aquifer in neighboring Burrillville to the service area in
Glocester.

The second primary concern in the development of intermediate alternatives
for the study area centered on the water supply needs of the Bristol County Water
Company system which has had to impose water restrictions in recent years due
to inadequacies within the existing system. Since no additional groundwater or
surface water sources are available in the company's gervice area consisting of
the communities of Barrington, Bristol and Warren, the immediate and future needs
of the system must be met by outside supply sources. Options to obtain additiomnal
water supplies include development of groundwater and/or surface water resources
in Rehoboth, Massachusetts or connection to the Providence water system in either
Cranston or East Providence. Studies conducted by others have identified a
connection from the East Providence water supply system as being the most
economical alternative to satisfy projected future requirements of the Bristol
County system. However, the immediate needs of the system were considered best
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served by development of groundwater resources in Rehoboth, Massachusetts
until the time when regional water supply facilities would be available to
meet projected demands through the year 2030. This would allow existing
Providence water supplies to be utilized by developing areas adjacent to
that system in meeting projected needs. These areas are primarily those
communities expected to be served by the Kent County Water Authority system
and the Providence Water Supply Board. A connection to the Providence water
system in Cranston was ruled out as an option to meet the immediate needs of
the Bristol County system because of the time required to comnstruct trans-
mission facilities which would include pumping facilities and a major
subaqueous crossing of the Providence River between Conimicut Point in Warwick
and Nayatt Point in Barrington as well as other river, railroad and highway
crossings.

The plan for meeting the needs of the Bristol County water system
through the year 1995, therefore, considered development of groundwater wells,
having a capacity of 3.0 mgd, in the vicinity of the existing Shad Factory
Reservoir in Rehoboth, Massachusetts, pumping facilities, and construction of
a transmission main to deliver water to the existing supply system in Warren.
The transmission facility would have capacity to deliver maximum day require-
ments expected by the year 2030.

Based on the considerations described above for serving the future water
needs of Foster and Glocester and the immediate needs of the Bristol County
Water Company, development of intermediate alternatives concentrated on the
municipal and industrial water supply needs of the Providence Water Supply Board
and Kent County Water Authority systems. In addition, the future needs of the
Bristol County system were addressed in the formulation process. These three
water supply agencies were projected to have the largest deficits facing the
study area and, therefore, became the principal focus of the water supply studies.

The development of alternatives was influenced by the size and location
of applicable supply sources. Estimated groundwater resources in Rehoboth,
Massachusetts were not sufficient to satisfy the needs of the three water systems
mentioned above but would only provide capacity for the remaining future demands
of the Bristol County Water Company as one alternative solution. Surface water
development thus became the principal source of required additional water
supplies to satisfy projected needs.

The alternatives described in the following paragraphs were formulated
upon the foregoing considerations. They were formulated to meet water supply
needs of the three major systems mentioned above only as the solutions proposed
for Foster, Glocester and the Bristol County Water Company were considered common
to all alternatives. Costs of the water supply alternatives include all facili-
ties required to meet study area needs and are described in Appendix G, "Design
and Cost Estimates."

Alternative 1. This alternative would consist of construction of the Big
River Reservoir as the initial stage of water supply development followed by
diversion of flood flows from the Flat River Reservoir watershed to augment the
safe yleld in the future. Proposed development of the Big River Reservoir would
consist of construction of the impoundment on the Big River to provide an ultimate
water supply pool at elevation 292.0 NGVD, having a useable storage capacity of
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46,000 acre-feet and a safe yield for water supply purposes of 25 mgd. The
reservoir would be placed into service in 1995 and would include water treat-
ment and sludge treatment facilities having a capacity of 55 mgd located
adjacent to the dam at the northeast side of Hungry Hill in Coventry. Trans-
mission facilities would consist of a 48-inch pipeline and pumping station
having a design capacity of 55 mgd running northeasterly approximately 9 miles
to existing Shaft No. 4 on the supplemental aqueduct of the Providence water
system in West Warwick.

Flood skimming facilities at Flat River Reservoir would be constructed
by 2020 and would consist of pumping facilities having a capacity of 60 mgd
and a 48-inch transmission main, approximately 2600 feet long, to divert water
to the Big River Reservoir for storage and subsequent use therefrom. The
diversion would provide a safe yield of 13 mgd thereby increasing the total
safe yield of the system to 38 mgd.

Additional groundwater supplies having a total capacity of 3 mgd would
be developed in Rehoboth, Massachusetts in two phases, 2.0 mgd in 1995 and .
1.0 mgd in 2015, to meet the remaining needs of the Bristol County water system.
Pumping facilities and a 20-inch transmission main, approximately 5.5 miles in
length, would deliver water from the well sites in Rehoboth to the existing

supply system in Warren. The estimated cost of construction of this Alternative 1
shown on Plate B-2, exclusive of real estate and relocation costs, is $83,100,000.

Alternative 2. This alternative would include development of the Big River
Reservoir to supplement existing supplies by 1995 followed by diversion of flood
flows from the proposed Moosup River Reservoir in 2020 to increase the safe
yield. Development of the Big River Reservoir would consist of construction of
the impoundment to provide an ultimate water supply pool at elevation 292.0 NGVD,
having a useable storage capacity of 46,000 acre-feet, and a safe yield for
water supply purposes of 25 mgd as in Alternative 1. Included in the overall
development would be construction of water treatment and sludge treatment facili-
ties having a capacity of 60 mgd located in the vicinity of the proposed dam and
adjacent to Nooseneck Hill Road (Route 3) in Coventry. Transmission facilities
would consist of a 54-inch pipeline and pumping station having a design capacity
of 60 mgd running from the water treatment facilities to the existing supplemental
aqueduct of the Providence water system in West Warwick.

Flood skimming of the Moosup River would entail construction of the Moosup
River diversion reservoir near the Rhode Island-Connecticut state line, pumping
facilities having a capacity of 40 mgd, and approximately 6.0 miles of 48-inch
transmission main to divert water to the Big River watershed at the northwesterly
end of the proposed Big River Reservoir for storage and subsequent use therefrom.
The diversion would provide an additional safe yield of 17 mgd, thereby increasing
the total safe yield of the system to 42 mgd. The remaining future needs of the
Bristol County communities of Barrington, Bristol and Warren would be served by
construction of an 18-inch transmission main, approximately 12.4 miles long, from
the Budlong Road connection in the existing Providence water system in Cranston
to the Bristol County supply system southof the existing Child Street water
treatment facilities in Warren. The transmission facilities would include con-
struction of a pumping station having a design capacity of 4 mgd located near the
existing water treatment facilities in Barrington. The estimated construction
cost of this Alternative 2 shown on Plate B-3, exclusive of real estate and
relocation costs, is $103,000,000.

.
g
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Alternative 3. This alternative would include construction of the Big
River Reservoir by 1995 as the initial stage of a water supply development plan
to meet projected needs, followed by diversion of flood flows from the Wood
River watershed in the Pawcatuck River Basin to augment the safe yield in
the future. Development of the Big River Reservoir would consist of construc-
tion of the impoundment to provide an ultimate water supply pool at elevation
292.0 NGVD, having a useable storage capacity of 46,000 acre feet, and a safe
yield for water supply purposes of 25 mgd as in Alternative 1. Included in
the overall development plan would be construction of water treatment and
sludge treatment facilities having a capacity of 60 mgd located in the vicinity
of the proposed Big River dam and adjacent to Nooseneck Hill Road (Route 3)
in Coventry. Transmission facilities would consist of a 54-inch pipeline and
pumping station having a design capacity of 60 mgd running northeasterly from
the water treatment facilities to the existing Providence water system supple-
mental aqueduct in West Warwick as in Alternative 2. .

Flood skimming of the Wood River would require construction of diversion
facilities by 2020 consisting of pumping facilities having a capacity of 50 mgd
and a 48-inch transmission main, approximately 4.2 miles long. Water would be
diverted to i’iccoon Brook in the Big River watershed for storage in the
proposed Big River Reservoir and subsequent use therefrom. The diversion would
provide a safe yield of 18 mgd thereby increasing the total safe yield of the
system to 43 mgd. The future needs of the Bristol County Water Company system
would be met by construction of transmission facilities as in Alternative 2 to
deliver water from the Providence system in Cranston to the existing supply

system in Warren. The estimated cost of construction of this Alternative 3 shown

on Plate B-4, exclusive of real estate and relocation costs, is $102,500,000,

Alternative 4. This alternative would consist of construction of the Big
River Reservoir by 1995 to provide a water supply pool at elevation 300.0 NGVD,
having a useable storage capacity of 73,600 acre feet and a safe yield for water
supply purposes of 36 mgd. Development would include construction of water
treatment and sludge treatment facilities having a capacity of 55 mgd located
at the northeast side of Hungry Hill as in Alternative 1. Transmission facili-
ties would be the same as in Alternative 1 providing for the transport of water
to the existing Providence system in West Warwick.

Groundwater development in Rehoboth, Massachusetts, having a total capacity

of 3 mgd, would be the same as in Alternative 1 to serve the future needs of

the Bristol County Water Company system through the year 2030. The estimated
construction cost of this Alternative 4 shown on Plate B-5, exclusive of real
estate and relocation costs, is $81,700,000.

Assessment of Intermediate Alternatives

In accordance with the requirements of the Principles and Standards,
agsessment and evaluation studies were conducted to identify, measure, and
compare the significant economic, environmental and social impacts of the
alternative water supply plans considered in the intermediate planning stage.
These effects were analyzed, and formed the basis for evaluation of the bene-
ficial and adverse contributions of each alternative, while also providing
the basis for subsequent iterations of the planning process. Finally, these
effects served in selection of the most desirable plans for water supply
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management in the study area. The significant impacts of alternatives considered
in intermediate planning are presented in the following paragraphs. Other
appendices of this report principally Appendix H, "Recreation and Natural
Resources', Appendix I, '"Social and Cultural Resources', and Appendix J,
"Economics", contain detailed information on the various economic, environmental
and social impacts of detailed plans formulated from the alternatives considered
in the intermediate planning stage.

Impact Assessment. The economic assessment of the four basic alterna-
tives developed in the intermediate planning stage was limited to consideration
of the first costs of construction as the planning of required facilities under
each of the alternatives was essentially the same. As shown by the estimates,
those alternatives requiring future diversiors to satisfy projected water
demands of the study area were significantly less economical than Alternative 4
which proposed development of the Big River Reservoir only as the major
additional water supply component. In Alternative 1, the close proximity of
tte existing Flat River Reservoir, for future diversion of flows to increase
the safe yield of the Big River Reservoir, provided the second most economical
solution for the study area. The cost of transmission and pumping facilities
associated with Alternatives 2 and 3 to divert flows from the much more distant
watersheds of the Thames and Pawcatuck River Basins respectively, have the overall
effect of making the cost of these alternatives higher than the cost of
Alternative 4,

All of the alternatives considered in the intermediate planning stage
for the study area would be expected to produce various temporary and permanent
environmental and social impacts. Air quality, noise levels, water quality and
the general appearance of specific work areas would be adversely affected
by the proposed construction activities associated with additional water supply
development. The movement of construction materials by trucks through local
areas and the operation of construction equipment at the various work sites
would result in noise generation and would also contribute to decreased air
quality as the result of windblown dirt and exhaust emissions. Installation of
transmission facilities would create social disruptions in the areas planned
for their construction as well as producing interference with normal traffic
conditions. Likewise, dam construction for the various reservoir facilities
would create water quality impacts downstream of the facilities unless preczutionary
procedures were undertaken. However, all of these impacts would be temporary,
lasting only during the actual construction.

Additional impacts associated with the alternative water supply plans
would be expected to create certain long-term effects. The major beneficial
impact of course would be the provision of dependable, suitable water supplies
to satisfy the municipal and industrial water requirements of the study area.
Each alternative would also minimize hazards to public health and the threat
to human life, aside from the adverse effects on social well-being and regional
development, associated with water shortages. The various reservoirs included
in the water supply alternatives would cause reduction of wildlife habitat and
recreational opportunities especially at the proposed Big River Reservoir area.
However, the impact of project construction activities would generally be
limited since recovery of any adverse effects would ultimately be expected
should mitigation measures be included.
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Implementation of the demand modification program to reduce water supply
requirements of the study area would create only relatively minor social impacts
as each of the measures proposed could be effected on a purely voluntary basis.
The most significant beneficial effect of demand modification would be in
reducing projected future demands such that no other additional water supply
development would be required within the study time frame. Likewise, ground-
water development, where considered in the alternative plans, would be expected
to create minimum adverse environmental impacts on the region's human and
natural resources as construction activities would be of relatively short
duration. Structural elements of each water supply alternative would require
the permanent acquisition of real estate to construct the proposed facilities.
In the case of the proposed Big River Reservoir, the lands required for water
supply development were acquired by the State of Rhode Island in the mid-1960's
specifically for this intended purpose. Both temporary and permanent easements
would also be required for construction of the required measures for water
supply management in the study area.

Significant impacts of the proposed Big River Reservoir and water
treatment facilities are presented in the assessment and evaluation of
detailed plans in subsequent sections of this appendix. Likewise, the
impacts resulting from implementation of the demand modification program and
groundwater development for Foster and Glocester are not presented here but
are also contained in the assessment of detailed plans. Only those major
impacts associated with each of the water supply alternatives developed in
this intermediate planning stage are addressed in the following paragraphs.

a. Alternative 1: Construction of the aqueduct to convey water from
the proposed Big River Reservoir would create significant environmental and
social impacts in the area as a result of installing the pipeline by cut and
cover methods. Residents of homes and commercial establishments along the route
of the aqueduct would experience temporary disruption of access, normal traffic
flow and on-street parking availability especially in the areas of Main
Street, Washington Street, and Fairview Avenue in Coventry and Main Street
and Wakefield Street in West Warwick. Blasting operations in conjunction with
aqueduct construction would also create temporary impacts in those areas
where necessary.

Aqueduct construction outside of public ways would impact on the general
ecology of these areas in addition to potential impacts on wetlands in the
area of Mishnock Swamp in Coventry. Other environmental impacts would be
experienced where the aqueduct crosses the North and South Branches of the
Pawtuxet River in Coventry. Increased turbidity as the result of construction
operations at these locations would have adverse impacts on water quality in
addition to aquatic resources and stream habitat, however, the impacts are
expected to be temporary, lasting only during construction.

The impacts of diverting water from the existing Flat River Reservoir
to increase the available water supply yield of the proposed Big River Reservoir
are many. The most significant economic impact of the diversion would be in
having to construct such facilities at all to provide against the possible,
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but unpredictable, development of a drought which cannot be forecasted. As
flows would have to be pumped, much unnecessary and costly pumping and trans-
mission facilities would need to be constructed to account for the drought
possibility. Diversion of flows from the existing Flat River Reservoir would
create adverse environmental impacts during the construction of the flood-
skimming facilities, pumping station and transmission main. These impacts
would be associated with increased turbidity, unless precautionary measures
were implemented, and also on aquatic resources and habitats. Much more
significant impacts of the diversion would be associated with reduced flows
entering Flat River Reservoir and in the South Branch watershed, reduced
water for industrial supply purposes, fluctuating pond levels with resultant
effects on recreation, and the adverse effects of reduced stream flow on

the pond and river ecology. Transmission main construction would not in itself
create long-term impacts, however, clearing for installation of the pipeline
and construction of the pumping station would be required as part of the per-
manent easement and land-taking and would cause some envirommental disruption
of woodlands and wildlife habitat in the area.

Groundwater development in Rehoboth, Massachusetts, would create short-
term impacts during construction of the individual wells, pumping station, and
transmission main. The more significant impacts would be associated with the
acquisition of lands required, however, no displacement of people would be
expected to occur as wells would be constructed in primarily undeveloped areas.
Development of supply sources in Rehoboth for use by the Bristol County
communities of Barrington, Bristol and Warren in Rhode Island would create
the additional impact of requiring interstate legislation and agreements between
Rhode Island and Massachusetts and also legislation and agreemeants between
local communities. Impacts from construction of transmission facilities would
have adverse effects on terrestrial resources in the construction area, how-~
ever, land requirements could be minimized by installing the pipeline adjacent
to the existing 18-inch supply main which runs from the existing Shad Factory
Reservoir in Rehoboth, Massachusetts, to the water treatment facilities of
the Bristol County Water Company in Warren.

b. Alternative 2: Significant impacts of this alternative are similar
to Alternative 1. Construction of the aqueduct from the proposed Big River
Reservcir would create essentially the same economic, social, and environmental
impacts in the construction area as in Alternative 1 since the method of installing
the pipeline would be the same.

Diversion of all flows in excess of minimum downstream flow requirements
from the Moosup River watershed under this alternative would create significant
impacts, both during the construction period and over the long term.

Creation of a permanent water supply diversion reservoir on the Moosup
River would inundate an area of about 600 acres in what is essentially forest-
land. The existing State-owned Carbuncle Pond would be inundated by construction
cf the reservoir resulting in the loss of a stocked fishery and recreational
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resource. GCarbuncle Pond is managed by the Rhode Island Division of Fish

and Wildlife and offers trout fishing, boating and swimming. The reservoir
would impact on existing wetlands and would also cause the elimination of

over five miles of streams of good quality cold water fishery. Construction
of the reservoir for diversion purposes to increase the available water supply
yield of the proposed Big River Reservoir would also result in reduced stream
flows below the impoundment creating adverse effects on aquatic resources and
wildlife habitats,

Besides the economic impact of cunstructing costly facilities to provide
against the possible but unpredictahble development of a drought, which cannot
be forecasted, diversions from the Mcosup River would create the added impact
of transferring water from an .nterstate river basin. The Moosup River
watershed is located in the Thames River Basin and diversion would require
interstate legislation and agreements between Rhode Island and Connecticut.
Construction of pumping facilities would cause adverse impacts on water
quality resulting from increased turbidity unless suitable procedures were
implemented. Likewise, construction of transmissionr main would have detrimental
environmental impacts on Bucks Horn Brook during construction of the pipeline
across this waterway, on wetlands in the vicinity of the Trestle Trail, and
on the Trestle "rail itself, which provides hiking opportunity from Coventry
Center near th. existing Flat River Reservoir to the Oneco area in Connecticut.
The Trestle T.ail follows an abandoned railroad right-of-way and embankment
and now affords the hiking enthusiast a view of farm land, the river, and
lowland marshes as it traverses through the area. Social disruption of the
villages of Greene and Summit would also result from construction of the diversion
transmission facilities by cut and cover methods. Land taking for development
of the Moosup River Reservoir and pumping station and easements for construction
of transmission facilities would also create botl adverse economic and social
impacts.

Future needs of the Bristol County Water Company wculd be served from
the Providence water supply system under this alternative. Construction of
transmission facilities would create significant impacts during the construction
period by installation of the pipeline by cut and cover methods. Transmission
facilities would be constructed in various public ways and permanent easements
and would necessitate subaqueous crossings of the Pawtuxet River, Providence
River and the Warren River with the resultant adverse impacts on water quality
and aquatic life., The crossing of the Providence River between Conimicut
Foint in Warwick and Nayatt Point in Barrington, a distance of about 6000 feet,
would also create the adverse impacts of interfering with commercial shipping
into the City of Providence which utilizes the existing Federal navigation
channel in the area. Construction operations would necessarily have to be
coordinated with port operations to minimize these impacts and would probably
result in higher construction costs as a consequence. Pleasure craft activities
in the construction area would also be affected, however, both of these
impacts would occur only during actual construction of the pipeline and would
be expected to be temporary.
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Crossings of the Pawtuxet and Warren Rivers would not have the major
impacts associated with them as the Providence River pipeline crossing but
would also create adverse environmental impacts as the result of comstruction
activities. The pipeline crossing the Pawtuxet River would be constructed
by diverting the river to afford installation of the pipe which would then be
encased in concrete to prevent the possibility of pipeline damage resulting
from bottom scouring or other potential problems. Increased turbidity resulting
from these operations would affect water quality as well as causing adverse
impacts on aquatic resources and habitats. The Warren River pipeline crossing
would require installation of about 850 feet of pipe under the river, having
a minimum cover of about 5 feet, and placement of backfill over the pipeline
so as to reduce pipeline damage from scouring and by boats. Similar environmental
impacts would result from the construction as described for the Pawtuxet
River crossing, however, marine life would also be impacted by construction
operations associated with the Warren River pipeline crossing.

Major highway crossings under Budlong Road, Reservoir Avenue (Route 2)
and Pontiac Avenue in Cranston, and Boston Post Road (U.S. Route 1), Warwick
Avenue (Route 117 Alt.), West Shore Road (Route 117) and Shore Road in Warwick
would be constructed by jacking sleeves under the highway through which the
pipeline would be installed, No significant impacts would result from these
construction operations on traffic flow in the general area. Likewise, con-
struction of the transmission facilities under trackwork of Conrail-Amtrak
in Cranston and Warwick and the Penn-Central Railroad in Warren would be
accomplished by the use of jacking sleeves for installation of thepipe and
thus would not create any significant impacts on railroad operations. Real
estate costs associated with permanent and temporary construction easements
and crossings of the various railrcad rights-of-way would create economic
impacts in Cranston, Warwick, Barrington and Warren as the result of trans-
mission main construction. Local streets in these communities would receive
the most significant detrimental impacts from construction of the transmission
nain due to traffic detours, inconvenience with access to homes and businesses
in addition to the other social, economic and environmental effects of the
construction in general.

c¢. Alternative 3: Impacts associated with this alternative would be
similar to Alternative 2 since construction of the aqueduct from the probposed
Big River Reservoir and transmission facilities to serve the Bristol County
Water Company would be identical. Significant differences would be created
under this alternative as the result of construction of diversion facilities
from the Wood River watershed.

Diversion of flows from the Wood River locazted in the Pawcatuck River
Basin would create significant impacts, both during construction and over the
long term. The most major effect of the diversion facilities would be in
the reduction of natural streamflows downstream of the diversion. Impacts on
water quality and stream habitat in addition to the adverze effects on trout
fisheries would be created by transferring flows out-of-basin in order to
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supplement the water supply yield of the proposed Big River Reservoir. Diversion,
utilizing flood-skimming facilities was considered more acceptable than
construction of a diversion reservoir on the Wood River since the projected

water demands of the study area would be satisfied bv such measures in conjunc-
tion with the Big River Reservoir facilities. Const.uction of a reservoir would
create more significant adverse impacts in the area even though the reservoir
site is State-owned land. The site is incor; orated within the approximately

8000 acres included in the Arcadia Manaocnient Area, Beach Pond State Park,
Arcadia State Park, and Dawley Memorini State Park which are used for recreation
and conservation purposes. This multiple~purpose arec, managed by the Department
of Environmental Management, is onc { tle most extensively developed areas

in the State. Land for the site of the proposed Wood River Reservoir is used

for a variety of recreation and management uses including campsites, horseback-
riding trails and motor bike trails. The Wood River and Flat River provide

some of tte best trout fishing in Rhode Island which would be adversely

affected by construction of the proposed reservoir.

Impacts associated with diversion facilities would create detrimental
effects on water quality during construction of rflood-skimming facilities and
the pumping sta: lon. Increased turbidity would result from construction
operations, hcv ver, they would be expected to be temporary, lasting only
during the construction period. Adverse environmental effects would also be
experienced :uring construction of transmission facilities outside of
public rights-of-way. Loss of wildlife habitat would result from clearing
required lands for permanent easements between Ten Rod Road (Route 165) and
Raccoon Brook into which water from the Wood River would be discharged for
storage and subsequent use in the proposed Big River Reservoir. Loss of
vegetation in these areas would also be caused during construction.

d. Alternative 4: Construction associated with this alternative is
similar to Alternative 1. The major difference is that remaining water supply
needs of the study area would be met by constructiin of the proposed Big River
Reservoir alone without any supplemental facilities required in the future.
Impacts of the finished water aqueduct, to deliver water from the Big River
Reservoir to the Providence water system, would be identical to Alternative 1.

Effects of reservoir development at the Big River are presented in subse-
quent sections of this appendix relating to detailed water resources plans for

the study area.

Evaluation and Screening of Intermediate Alternatives

Evaluation studies were conducted to identify, measure and compare the
beneficial and adverse impacts of each alternative developed during the inter-
mediate planning stage, and the impacts of the "without condition", towards
determination of the plans that would be carried through to the final planning
stage. These initial evaluation activities involved determination of each
alternative's response to planning objective fulfillment, public acceptance
towards implementation, and formulation criteria. Based on this type of
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evaluation, the number of alternatives considered most responsive was reduced
to a single plan - Alternative 4, from which a final iteration of the planning
process would be undertaken to satisfy the requirements of the Principles and
Standards. Screening of water supply management altern:ctives for the study
area is presented in the following paragraphs.

All of the alternatives evaluated achieved the planning objectives
for water supply management although not equally. The high construction costs
of Alternatives 2 and 3 with the associated requirements of out-of-basin
transfers of water to satisfy projected study area demands were considered
the least feasible of the intermediate alternatives and were therefore dropped
from further consideration towards development of detailed plans. Additional
land requirements under Alternatives 2 and 3 for not only construction of
diversion fazilities but also to provide some control of the watershed,
recervoir shores and mitigation requirements were not considered acceptable
in view of the State-acquired lands for development of the Big River supply
facilities which are also needed to satisfy study area water dumands.

Water supply development under Alternative 1 wculd also require future
diversions to meet study area water needs. In this case, diversion of flows
from the existing Flat River Reservoir, downstream of the proposed Fig River
Reservoir, would be required to satisfy the long-term water demands of the study
area. Significant impacts affecting the acceptability of this alternative
are concerned with water quality degradaticon in the Big River Reservoir as
the result of diversions from the Flat River watershed. The present use
of the Flat River Reservoir for recreational activities including boating,
swimming, camping and picnicking in addition to the high extent of develop-
ment within the watershed which reduces the overall quality of waters being
diverted, precludes tle choice of this alternative for water supply management
in the study area. Adverse impacts associated with the diversion on Flat
River Reservoir levels, recreational activities and industrial water supply
requirements also contributed to the non-acceptability of this alternative
and it was therefore excluded from detailed plan investigations.

The only alternative emerging from the evaluation of intermediate plans
that provided the most efficient solution for water supply development in the
study area was Alternative 4. Under this plan, water supply needs of study
area communities would be met by construction of the Big River Reservoilr on
lands acquired by the State of Rhode Island solely for that purpose. The
reservoir would be sized to provide sufficient supplies for satisfying future
municipal and industrial water requirements without the need to develop any
additional sources during the study time frame. Delivering water to the
Providence supply system as considered in this alternative is also in keeping
with the planning of existing major aqueduct facilities of that system.

Design of the existing supplemental aqueduct of the Providence water system
provides for connection from the proposed Big River Reservoir at existing Shaft
No. 4 in West Warwick. The existing supplemental aqueduct was purposely
designed and constructed to run southeasterly from the Scituate Reservoir
purification works to the Warwick area before tying into the main aqueduct

of the system in the vicinity of Budlong Road in Cranston. Capacity provided
by the supplemental aqueduct would be severely impacted should the Big River
supplies not be constructed. Likewise, service to the water need areas of

the study region would be adversely impacted should development of the Big
River Reservoir not be considered. Connections from the existing supplemental




aqueduct and the proposed aqueduct facilities from the Big River Reservoir
would provide service to these areas in fulfillment of the study's planning
objectives. This Alternative 4 was therefore found to provide the most feasi-
ble water supply management plan for the study area with the least adverse
economiz, environmental and social impacts and was carried forward in the
development of detailed water resources plans. Elements of other alternatives
eliminated in the screening process were considered for incorporation

in the final iteration to provide an array of water supply plans from which

a preferred alternative would be selected. Results of the screening process
for selection of alternatives for detailed analysis are shown in Table 8.

Alternatives Considered for Detailed Analysis

As a result of the evaluation and screening processes applied to the
intermediate alternatives, Alternative 4 was found to provide the most
feasible water supply management plan for the study area. Accordingly this
alternative formed the basis for a further iteration of the planning process
that was undertaken in the final planning stage. Three alternative plans
were formulated that included all the elements of Alternative 4 namely:
demand modification, grcundwater development, and surface water development
at the proposed usig River Reservoir. In addition, consideration was given to
meeting the water requirements of the Bristol County Water Company by connection
to the Providence water supply system as in Alternatives 2 and 3. Since the
Big River Reservoir was the principal component of additional water supply in
each plan, further consideration was given in the final reiteration to the
formulation of plans oriented toward the enhancement of National Economic
Development and Environmental Quality that would provide decision-makers
with a choice of management alternatives for the study area in compliance with
national objectives. In this regard, consideration was given to the design
of aqueduct facilities for the proposed Big River Reservoir that would satisfy
not only requirements identifed in this study but also water needs beyond the
planning time frame 1980 to 2030. Analysis of these facilities included
investigations to convey water from the Big River Reservoir by gravity
thereby eliminating the requirement for costly pumping facilities. Both
cut and cover pipeline and tunnel alternatives were considered in the inves-
tigations.

Consequently, alternatives were developed that incorporated features
included in the intermediate alternatives and that provided the basis for
designation of plans that best addressed the national objectives of National
Economic Development (NED) and Environmental Quality (EQ) in compliance with
the Principles and Standards. The results of the final iteration of water
supply management plans for the study area are described in subsequent sections
of this appendix under the comparison of detalled water resources plans.
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TABLE 8

COMPARISON OF INTERMEDIATE ALTERNATIVES

ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3 ALTEENATIVE 4

PLANNING OBJECTIVES

Preservation of 4
Existing Water
Supplies

Water Conservation 4

Water Supply 4
Development

Environmental Con- 3
servation and
Protection

EVALUATION CRITERIA

Acceptability
Completeness
Effectiveness
Ffficiency
Certainty
Geographic Scope
Peversibility
Stability
Implementability

w s NN e e W

LEGEND

1.
2.
3.
4,
5

Low

Low to Medium
Medium

Medium to High
High

B-48

R A = S T ™

LIS Y I R CRE T T, R N )

LB - V. V. B V. IR TR T N




_y

PLAN FORMULATION - FLOOD DAMAGE REDUCTION

SECTION 1 - POTENTIAL MANAGEMENT MEASURES

The formulation and analysis of alternative flood protection plans for
the Pawtuxet River Basin are presented in detail in "Attachment 1" of this
report. Alternatives were investigated to a degree sufficient to determine
their economic and engineering feasibility, the environmental, social and
other related impacts resulting from their implementation, and their overall
acceptance by all segments of the affected public.

The following paragraphs provide a summary of the formulation process
in the development of single-purpose flood protection alternatives for the
Pawtuxet River Basin. The description of resource management measures and
preliminary and detailed alternatives that were investigated to solve the
study area's flooding problems are presented including the iterative process
used to screen and evaluate them.

In formulating alternative plans an array of potential measures was
considered and compared against the baseline condition using the evaluation
criteria defined earlier. Measures were comparatively evaluated acting

either independ~ntly or in combination with one another. These measures are
listed in Tabt!e 9.

Potential measures for flood damage reduction can be divided into two

broad categoriles, regulatory measures and corrective measures. The regulatory

measures by themselves do not reduce, eliminate or prevent the threat of
flooding. They regulate or discourage the use and development of floodplains

lessening the potential for flood damage and possible loss of life. Corrective
measures are modifications of the natural flood regime, designed to change the

extent and timing of floodflow to lower elevations and to partially or wholly
protect individual structures or entire areas from flooding.

In addition to regulatory and corrective measures, a No Action program
was considered. Such a program would entail no Federal participation, and
assumes that all communities would control growth within their floodplains to

at least meet the minimum requirements of the National Flood Insurance Program

(NFIP). The NFIP provides a subsidy to private insurers so that flood-prone
properties may be eligible for flood insurance. Communities not participating

in the NFIP become ineligible for Federal expenditures within flood-prone areas,

and property owners in those areas would be ineligible for financing from
Federally-insured lending institutions.

Regulatory Measures

National Flood Insurance Program. This program is specifically designed to

provide limited amounts of flood insurance previously unavailable to property
owners from private insurers. In return for the Federal subsidy making the
insurance possible, local governments must adopt and enforce specific land use
measures to restrict future development in flood-prone areas.
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TABLE 9

POTENTIAL MEASURES - FLOOD DAMAGE REDUCTION

No Action Program
Regulatory Measures

National Flood Insurance Program
Floodplain Regulations

Land Use Programs

Otliecs

I N

Corrective Measures

Reservoirs

Land Treatment

Walls and Dikes

Reservoir Management Programs
Hurricane Barriers

. Stream Improvements
Floodproofing or Relocation

NV SN
. s ¢ s+ s e

Floodplain Regulations. These are considered to be the most effective
nonstructural means of alleviating or reducing flood damages. They can help
avoid the repetition of past building errors by preventing construction in
already developed floodplains. They may be more stringent than the measures
required by the NFIP, and require the enactment of ordinances to implement and
enforce land use planning programs. Floodplain regulations are classified
into three major categories: encroachment lines, zoning, and subdivision
regulations.

Encroachment lines are the lateral limits along each side of the stream
within which growth must be restricted to preserve the flood carrying capacity
of the stream. The floodway area, as denoted on floodplain maps, is that
portion of the floodplain necessary to pass a large flood. The floodway fringe
is the remainder of the floodplain, upon which limited encroachment or filling
may be allowed.

Zoning is a legal measure that governmental agencies can use to effectively
reduce the flood damage potential of floodplain areas. Zoning ordinances can
control the amount and type of development in the floodplain by designating
classes of use and lot sizes.

Subdivision regulations are used to prevent future flood problems in
undeveloped areas, controlling development by specifying requirements for
street widths, minimum elevations, drainage and lot size and other conditions
to prevent encroachment in the floodway.

Land Use Programs. Conservation, scenic or flood control restrictions may
be used to restrict the amount and type of development in the floodplain. Land
use restrictions can be used to prevent development that would be incompatible
with public objectives, while retaining private ownership of the land.
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Other Regulatory Measures. Other measures could be effective in reducing
flood losses and possible loss of life. Some are:

. Building codes. Minimum standards for construction can minimize
structural and other related damages to buildings subject to possible
flooding.

. Urban Redevelopment. Urban redevelopment presents an opportunity for
communities to remove development from the floodplain and assure that new
development can withstand flooding.

Tax adjustments. Adjusting tax rates can help preserve land dedicated
to agriculture, recreation, and conservation.

Warning signs. Warning signs to inform prospective buyers of
potential flood hazards may discourage development. A more effective
means is to require sellers of property to have it certified as reasonably
flood-free.

Health and Fire Regulations. Contingency plans for temporary evacu-
ation, water supplies, sanitation facilities, and provision for emergency
systems fo' fire fighting should be drawn up by flood-prone communities.

. Flooqd Forecasting. Reliable, accurate and timely forecasts of potential
flood-producing storms can be a valuable asset in reducing property damage
and loss of life.

Corrective Measures

Reservoirs. These can provide high levels of flood protection to downstream
communities by controlling flood waters from a large area, and can also be used
for other purposes, such as recreation, water supply and power generation.

Land Treatment Measures. Land treatment measures can be effective in
reducing erosion, runoff and sediment movement into streams and floodplains,
especially in lands undergoing changes from agricultural to urban uses.

Walls and Dikes. These confine flood flows to the channel or flooway area,
and provide protection to localized, high-risk areas.

Reservoir Management Programs. Coordinating storage at existing reservoirs
80 that they would be drawn-down to accommodate storm runoff could reduce flood
peaks 1in downstream reaches.

Hurricane Barriers. These walls, dikes and/or jetties, together with
pumping facilities, prevent high tides from intruding upstream and raising flood
heights along the lower reaches of major rivers.

Stream Improvements. The flood carrying capacity of floodways can be
increased by channel improvements such as: eliminating abrupt turns, widening
and deepening channels, improving areas at bridges and culverts, and removing
shoals, sandbars, debris and erosion problems. Diversion of flood flows to
bypass heavily congested flood-prone areas can provide high protection yet
minimize social and environmental impacts.
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Floodproofing or Relocation. These measures protect individual buildings
and their contents. They include:

. Permanent measures such as waterproofing, installation of drain systems
and pumps, raising the structure, protecting immovable equipment, bricking
windows, relocating entrances and drawing up plans for emergency pro-
tection procedures.

Contingency measures, such as manually closed sewer valves and removable
bulkheads for windows, doors and vents.

Emergency measures such as sandbagging, pumping, and removal of contents
to higher elevations.

Permanent evacuation of developed areas by land acquisition and removal
of structures, and relocation of the population to other areas. Flood-
prone areas are thus returned to a natural habitat or used for agriculture,
parks or playgrounds. Temporary evacuation could be accomplished when a
flood is imminent, in conjunction with a reliable flood warning system.

SECTION 2 - ANALYSIS OF PLANS CONSIDERED IN PRELIMINARY PLANNING

The regulatory and corrective measures discussed above, as well as the
No Action program, were evaluated using engineering judgement and brief study
for the entire Pawtuxet River Basin. Each measure was judged on its own merits.
Those not considered adequate, feasible, practical or realistic engineering
solutions, or those measures socially or environmentally unacceptable or
economically unjustified, were eliminated from further consideration.

The screening process gave consideration to both nonstructural (all
regulatory, floodproofing, relocation) and structural (dikes, floodwalls,
reservoirs, diversion, etc.) measures. Future action measures such as reservoir
management, the construction of the Big River Reservoir, and land treatment
measures, were also examined.

Initial Screening. The following management measures resulted from the
application of evaluation criteria during the initial screening process.

Reservoirs were investigated at numerous sites throughout the basin, and
twelve sites were considered for investigation. Of these, seven were within
the Pocasset River watershed and one within the Meshanticut Brook basin. Four
were on the North and South Branches of the Pawtuxet River. Only one potential
project, the Big River Reservoir, could provide substantial flood control
benefits, and therefore, was retained for further evaluation.

Land treatment measures in the area near the Big River were retained for
future evaluation in conjunction with potential construction of the Big River
Reservoir. Ongoing gravel mining operations and soil erosion due to the possible
construction of the reservoir make land ticsatment measures valid possibilities
in this area. Throughout the rest of the basin, erosion and sedimentation
problems were not deemed significant enough to warrant retaining land treatment
measures as possible solutions in those areas.
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Modification of Scituate Reservoir to incorporate flood control storage
was not found to be economically justified, as the cost of either raising
the dam or providing a sub-impoundment within the reservoir would exceed the
flood damage reduction benefits received by downstream communities.

Walls and dikes can be effective in areas where numerous structures are
subject to high flood losses. Several areas in the basin met these high risk
conditions, and wall and dike measures were retained for further evaluation in
those areas.

Reservoir management programs involve lowering the levels of existing
reservoirs to allow some flood storage, thus reducing peak flood discharges.
Scituate and Flat River reservoirs were carried forward for further consider-
ation; all other impoundments in the basin would be impractical to manage in
this way due to their small storage capacities.

Hurricane barriers to alleviate tidal flooding were considered for the
mouth of the Pawtuxet River and at the entrance to Pawtuxet Cove. Both sites
were rejected as being too costly and having adverse social and environmental
impacts.

Stream ir.rovements were considered for several areas. Removal of dams
to reduce backwater type flooding was found to be uneconomical or impractical
due to the :=mall benefits accrued or to adverse environmental impacts.

Intrabasin diversion schemes were evaluated but none were justified and,
therefore, dropped from further consideration. An interbasin diversion seemed
viable for the West Warwick/Cranston area of the mainstem Pawtuxet River, as it
could provide substantial flood damage reduction to heavily populated areas
downstream and would create a minimum of environmental and social disruption.
This measure was, therefore, carried forward for further evaluation.

Channel modifications to improve stream flow hydraulics were investigated
for both the mainstem and tributaries. For mainstem reaches, the channel
modification was found to be impractical in solving existing problems due to
their nature and severity. On tributary reaches, the minimal problems now
extant would not be dealt with effectively by channel modification. This
measure was thus removed from further consideration.

Floodproofing and relocation were found to warrant further evaluation for
most of the basin's flood-prone areas in addition to the No Action program.

Advanced Screening. Measures that passed the initial screening were analyzed
further to see 1f they could effectively provide protection in flood-prone areas.
A ponstructural program was evaluated first due to local interest. A structural
program was then analyzed, followed by consideration of future action measures.

The nonstructural program utilized floodproofing as a major element.
Floodproofing involves techniques to make buildings and their contents less
vulnerable to flood damages, but must be applied in a logical manner. Thus
certain evaluation criteria were applied as follows:
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Unreinforced concrete walls were considered capable of withstanding
hydrostatic pressures due to a 3-feet differential head on either side of
the wall without collapsing. Wood frame structures could not be flood-
proofed above the sill level. For aesthetic reasons, buildings could be
raised only 3 feet. Depths of water for the design flood condition
exceeding the 3 feet criteria would require that the building be relocated.
Ring wall enclosures were considered only to tie in a building's wall to
high ground. Even if only nuisance basement flooding occurred, a building
would be raised or floodproofed if it could be inundated at the design
flood. The drag line effect (difference in water levels due to flow through
soil) and uplift pressures were not considered due to the complexity of the
analysis required.

To determine the viability of floodproofing, costs were developed for
structures for both 100-year and Standard Project Flood (SPF). The results
indicated annual costs of $3,971,000 to protect against 'Le 100~year flood
and $20,321,000 to protect against the SPF. Annual benefits received were
$480,000 at the 100-year level and $760,000 for the SPF. All figures are
based on 1978 conditions and price levels. The resulting Benefit to Cost
ratios of .10 and .04 under 100-year flood and SPF conditions, respectively,
show the economic infeasibility of floodproofing alone. Floodproofing was
dropped as an independent solution, but retained for consideration in combin-
ation with other measures.

Two types of structural flood control programs were considered to protect
the heavily urbanized lower mainstem floodplain areas. A system of walls,
dikes and channel modificatrions was considered to protect against the Standard
Project Flood and the 100-year frequency event. In addition, two flood
diversion projects were also considered. The two wall and dike protection
plans, each entailing thirteen individual local protection projects in three
communities, were not economically justified, but local protection projects
at Warwick Avenue, Elmwood Avenue and the Bulova Complex warranted further
study. The plans are shown on Plates 2-2 and 2-3 in "Attachment 1".

Additional investigation of the Bulova local protection project, however,
showed that modifications to the original preliminary plan were necessary to

provide the projected benefits. The resulting increase in cost caused the
project to lose its economic justification, and so it was removed from further
consideration.

Alternative diversions were considered at Natick Dam and at Pontiac Dam
on the mainstem of the Pawtuxet River in West Warwick and Cranston. The Pontiac
diversion project was developed with four different configurations requiring an
open channel and/or tunnel. All were rejected, the open channel versions for
adverse environmental and social effects, and the tunnel due to excessive
construction costs. The Natick diversion project utilized a tunnel and could
provide a higher level of protection at lower cost, was economically justified.
This alternative was reserved for further consideration.

Future action programs to be implemented by local interests were found to

be applicable in three areas: reservoir construction,reservoir management and
land treatment measures.
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Construction of the Big River Reservoir as a multi-purpose project
would provide flood control benefits to the entire downstream area and would
have minimal cost and environmental impact on these areas. Management of
the Scituate and Big River Reservoirs for operation as a system would allow
floodwater storage in both reservoirs without adversely affecting the primary
purpose of each, provision of drinking water. Erosion control measures at
the Big River site could be instituted by local interests if deemed necessary
during construction of the reservoir.

Nonstructural floodproofing, although not economically feasible as an
independent measure, was retained for consideration as a supplement to the
three structural measures (Natick Diversion and Elmwood Avenue and Warwick
Avenue local protection projects). Reservoir construction, reservoir manage-
ment and land treatment measures were retained as future action programs.

The elements contained in the No Action and regulatory programs were also

retained for further evaluation and as supplements to specific corrective
measures.

Assegsment and Evaluation of Detailed Single-Purpose Flood Control Plans

From the plans analyzed in preliminary planning, ten detailed plans were
formulated to #'tempt to address the flood problems of the basin in a wide
variety of manuers. Table 10 shows the major plan components, benefits and costs.

Plans A, B, C, and G included the Natick Diversion tunnel as a major element.
Plans A & B considered a 30-feet inside diameter tunnel, while Plans C & G con-
sidered a tunnel of 2l-feet inside diameter. Plan A consisted of the diversion
alone while Plan B added the Warwick and Elmwood Avenue local protection projects.
Plan C decreased the diameter of the tunnel to 21 feet and used the same local
protection projects, but with the walls and dikes several feet higher to
accommodate the additional undiverted flows. Plan G was the same as Plan C
except that the Elmwood Avenue local protection project was not included.

All four of the plans containing the Natick Diversion developed high annual
benefits due mainly to the inclusion of the diversion tunnel. However, Plans
A & B did not produce a greater than unity benefit-to-cost ratio. Additionally,
all plans containing the Natick Diversion were found publicly unacceptable due
to adverse environmental impacts expected in Greenwich Bay. Thus these plans
were all dropped frcm further consideration.

Plan D consisted of the Warwick and Elmwood Avenue local protection projects
alone. By deleting the Natick Diversion tunnel, it avoided the associated
adverse environmental effects and thus was favored by local interests. However,
increased construction costs due to unfavorable foundation conditions resulting
in higher cost sharing for such a project was unacceptable to the City of Warwick,
and so the plan was dropped from further consideration.

Plan E involved the provision of flood control storage at the Big River
Reservoir, a proposed water supply reservoir. This plan assumed that the Big
River Reservoir would be built by non-Federal interests (the State or the City
of Providence) and, therefore, would not have to be a multi-purpose project.
It is similar to the two plans involving the Big River Reservoir as a Federal
project, but did not include any local protection works.
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Plan F, the No Action program did not effectively meet the planning
objectives, as it did not provide any flood protection and had extremely
high residual damages. It was, therefore, removed from consideration.

Plans H & I involved provision of flood control storage at the Big
River Reservoir and local protection works. Both plans assumed that Big
River Reservoir would be built as a multi-purpose project by the Corps of
Engineers. Plan H included local protection projects at Warwick and
Elmwood Avenues, and Plan I included the Warwick Avenue local protection
project and the Norwood Land Bank. Both plans were economically justified,
but Plan I provided larger net benefits and was more economically feasible,
so it was preferred.

Plan J involved floodproofing, relocation and regulatory measures as
necessary to provide a nonstructural solution. However, this plan was

extremely expensive and economically unjustified.

Preferred Plan

The only plans that fulfilled the planning objectives and were
economically, c¢nvironmentally, and socially acceptable were Plans H & I.
As noted above Plan I was preferred over Plan H, and thus Plan I was the
plan recomme:.ied for flood protection in the Pawtuxet River Basin. Since
local suppe.t for the Warwick Avenue Local Protection Project has not been
forthcoming, this part of the plan was eliminated so that the plan now consists
of flood control storage at the Big River Reservoir and the Norwood Land Bank.
The land bank proposal would involve the relocation of residents of the Norwood
area in Warwick. The land would then be developed as a park, and future
development prohibited. Local support has been strong for this proposal,
especially among the affected residents.

In light of the urgent need for improvements in the area, the Norwood
Land Bank proposal is currently being studied for implementation as provided
in the Flood Control Act of 1948, Section 205, which authorizes comnstruction
of small flood control projects not specifically authorized by Congress.
Implementation of the Norwood Land Bank under the Section 205 authority would
be greatly expedited as compared to authorization in conjunction with the
rest of the comprehensive water resources plan developed in this study. The
Norwood Land Bank proposal is thus not included in the description, impact
assessment and evaluation of the detailed plans developed in this appendix. It
is described in detail, including benefits, costs and associated impacts in
"Attachment 1" of this report.

PLAN FORMULATION - RECREATION

SECTION 1 - MANAGEMENT MEASURES

Potential recreational sites and activities to meet the projected needs
of the area were investigated and are presented in detail in Appendix H,
"Recreation and Natural Resources." The region analyzed for recreational
needs included an area which is within a one-hour's drive, or about 40 miles,
from the proposed Big River Reservoir site.
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Existing use patterns and expected trends in recreation development,
along with population density and developmental pressures, were analyzed
to determine the appropriateness of recreational activities development at
the Big River site. Other potential recreation sites were also investigated
to determine their overall effectiveness in meeting projected needs.

Development trends in the State showed that the Big River area would
be under low development pressure, thus would be likely to remain a desirable
recreation area during the study time frame. Moreover, its location close to
the Providence metropolitan area would increase its desirability as a
recreation area. Because of the relatively large supply capacity available
at the Big River site for a wide variety of recreational activities (as
compared to the rest of the local area) enhancement of the site's natural
attributes was deemed a sensible approach for development in the local area.

Potential activities for development at the Big River site include
swimming, camping and picnicking, wildlife and freshwater fisheries, boating
and extensive outdoor recreation. Swimming needs could be met by developing
new areas, either by creating an impoundment or by utilizing existing local
ponds, or by expanding and improving existing swimming areas. Camping and
picnicking facilities would need to be developed to meet local needs. Exist-
ing areas should be protected from encroachment and improved if possible.

Wildlife and freshwater fisheries management programs would continue
as at present in the area, including stocking of certain ponds and streams.
Acquisition of wetlands and upland wildlife habitat for management to increase
productivity would increase fishing and hunting opportunities in the area.
Providing better access to these areas would also help meet projected demands.

Boating in the area is confined mainly to canoces and some small power-
boats on the major streams and ponds in the area, and is often in conjunction
with fishing. Creating new boating areas with an impoundment, or providing
better access to the existing areas with additional boat ramps would help to
meet the projected needs for this type of recreation.

Extensive outdoor recreation refers to those activities which generally
require large areas of land per person. The Bilg River site is suitable for
many of these activities, some of which it is being utilized for at present.
These activities include nature study, wilderness camping, informal picnicking
and trail uses such as hiking, trail biking and cross-—country skiing. Proper
management of the Big River site could provide adequate trails and areas to
accommodate these activities.

SECTION 2 - DEVELOPMENT OF RECREATION OPTIONS

The recreation activities described above were combined into several levels
of recreation development for the Big River site. As shown in Table 11, the
projected demands of the Big River area are only a small percentage of the
overall statewide demand. However, the impact of the Big River site on local
supply and demand for recreation is significant. Therefore, the plans developed
for recreational facilitles attempted to address primarily local needs.




TABLE 11

SELECTED RECREATION NEEDS AND SUPPLY CAPACITY

(Persons per Day)

SUPPLY PRESENT 1995
ACTIVITY CAPACITY DEMAND DEMAND
BOATING
State 46,471 19,426 34,491
Local 770 657 1,451
Big River 342 45 90
CAMP ING
State 17,104 14,854 20,936
Local 2,864 128 180
Big River 0 0 0
HUNTING
-»
State 6,000 2,326 4,160
Local 3,290 115 206
Big River 1,600 100 165
SWIMMING
State 53,792 50,501 74,466
Local 8,089 2,633 3,883
Big River 9,450 200 277

"Supply Capacity" refers to the maximum number
of persons which ideally can utilize existing
recreational facilities each day.
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As noted above, the Big River site is presently being utilized on a
largely informal basis for many of the recreational activities that could
be included in a potential recreation plan. Were an impoundment to be
constructed, the character of the site would change vastly and some activities
presently available would be reduced in scope or eliminated. Others would be
enhanced or created. Thus existing recreational activities at the Big River
site would not be expected to continue should a reservoir be built.

Demand for certain recreational activities is expected to increase should
a reservoir be built including those shown in Table 12. The increase would
be due to the provision of improved facilities over those presently available,
which would be expected to generate additional demand.

TABLE 12

2020 DEMAND FOR SELECTED RECREATION ACTIVITIES
(Persons per day)

WITHOUT RESERVOIR WITH RESERVOIR
ACTIVITY CONSTRUCTION CONSTRUCTION
Boating 207 300
Camping 0 100
Hunting 304 350
Swimming 401 800

Three use level options were developed for consideration in conjunction
with reservoir development at the Big River site. They range from Option I,
no admittance, to Option III,development of a large scale facility.

Option I. This option would prohibit all access to the site for recreation.
All existing activities on the approximately 8,300 acres making up the Big River
site would cease. This option is somewhat similar to the Providence Water
Supply Board's policy regarding the existing Scituate Reservoir. Future local
recreational demands, as well as existing demands, would have to be absorbed by
other existing or proposed facilities.

Option II. This option would satisfy most future recreation needs by
providing opportunities for boating, fishing, hiking, horseback riding, hunting,
picnicking and swimming at four use areas. These areas would be at Zeke's
Bridge, Big River Reservoir, Carr Pond and hunting access south of the Big River
Reservoir. The Zeke's Bridge area would be developed for boating, fishing,
picnicking and swimming, which would center on the existing Flat River Reservoir.
The Big River Reservoir recreation area would serve as an activity center for
picnicking, shoreline fishing and access to a multi-purpose trail system. At
Carr Pond, facilities would be limited to picnicking and shoreline fishing.
Option TI was designed to minimize water quality impacts from recreation
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activities, while providing a level of recreational opportunity roughly
equivalent to that available at the site were the Big River Reservoir not
constructed. Thus Option Il would represent a restoration of the "without
condition" in the local area in terms of recreational opportunities.

Option III. This option would provide a maximum recreation development
plan that would meet projected demands through the vear 2020. It includes all
of the features considered for Option Il and in addition facilities for boating
at the Big River Reservoir; swimming, boating and trails at Carr Pond: swimming
and picnicking at Phelps Pond and camping at Hungry Hill and Harkney Hill are
also included.

Analysis of Recreation Optinns

Impacts of the three recreation options were then assessed in view of the
identified recreation problems and needs to be addressed. As discussed
earlier, the major Impact of any plan of development would be felt primarily
in the local area. The impact of the three options on local recreation
opportunities in 2020 is shown in Table 13 which also shows whether rach option
meets on-site demands for recreational activities. It should be noted that the
demands which Option II is targeted to meet are not the same as those for
Option III. )

Option ', by prohibiting access to the site, would create shortages in
most recresacional activities in the local area, thereby creating negative impacts
for severa. activities. Boating and hunting opportunities are the most nega-
tively atfected. This option does not meet any of the on-site demands, thus
negatively affecting potential users. This option does have positive impacts
on some environmental quality factors. It assures that water quality in the
reservoir will be as high as possible. Fish and wildlife habitat would avoid
any negative impacts associated with recreation, as would wetlands.

Option II would provide a level of recreation development that would
approximately equal that which would exist in the absence of reservoir develop-
ment. Thus, Option II is essentially a mitigation plan for recreation in that
it restores opportunities lost by the construction of a reservoir. By accom-
modating most projected on-site demands, this option does not lead to overcrowding
of other local sites. It does not satisfy all projected demands, however, and
shortages could still be expected in capacity for boating and swimming. Option
IT1 is not expected to significantly affect water quality in the reservoir, as
intensive activities would be sited outside the watershed.

Option III provides recreation opportunities to benefit not only the local
area but, 1n some cases, to help absorb statewide demands too. Thus it makes
positive impacts on each recreational use planned and would not be expected to
have any more significant water quality impacts than those expected for Option II.
By developing a wider range of facilities at the use areas, Option III would
more fully exploit the recreational resources available at the site than under
Option II.

Conclusions

The three recreation options considered in this study to satisfy demands
projected by the year 2020 provide a choice of management practices. Option I
would essentially prohibit recreational development at the site of the proposed
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Big River Reservoir and would not offer any opportunity for meeting the
projected needs. Option II considered a level of development which primarily
offered a mitigation plan for the loss of recreational opportunities resulting
from reservoir development. As such, this option satisfied most of the recre-
ation demands for the local area and was not expected to Impose any significant
impacts on water quality.

Option III, providing a maximum plan for recreational development, was
shown to satisfy projected demands with a wider range of opportunities. This
option developed the full use of available recreational resources and was not
expected to impact any more severely on water quality than Option II. In
view of this, Option III was carried forward in the development of water
resources management plans for the study area.

PLAN FORMULATION - WATER RESOURCES MANAGEMENT PLANS

SECTION 1 - DEVELOPMENT OF DETAILED PLANS

General

Based .pon the preceding evaluation and screening studies, alternative
plans for the study area were identified for investigation in the final
planning stage. Increased analysis of the identified alternatives towards
development of detailed water resources management plans that more completely
address the planning objectives, and ultimately the selection of the most
publicly acceptable plans, is contained in subsequent sections. Of the
intermediate alternatives investigated for water supply, flood damage
reduction, and recreation management in the study area the following were
carried forward for detailed analysis.

. Water Supply
Alternative 4 - Demand modification in conjunction with groundwater

development for Foster, Glocester and the Bristol County Water Company service
area, and surface water development at the proposed Big River Reservoir.

. Flood Damage Reduction

Plan I - Inclusion of flood storage in the proposed multiple - purpose
Big River Reservoir, plus continuation of the National Flood Insurance Program.
As noted earlier, the Norwood Land Bank is not included in the flood protection
plan as it is bieng considered for implementation under Section 205 authority.
The Warwick Local Protection Project, likewise, is not included due to a lack
of public support for this element of the overall plan of protection.

. Recreation
Option III - Development of facilities for boating, camping, fishing,

hiking, horseback riding, hunting, picnicking, and swimming at six major use
areas within the State-owned property at the proposed Big River Reservoir site.
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Since only one alternative for water supply management in the study
area emerged from the evaluation and screening of intermediate alternatives
that would be combined with other water resources purposes in the development
of detailed management plans, a final iteration of the planning process was
undertaken. During this iteration, plans were formulated from the single-
purpose intermediate alternatives that emphasized the national objectives of
National Economic Development (NED) and Environmental Quality (EQ) in addition
to more fully addressing the planning objectives. Detailed estimates of the costs
and benefits of each plan were derived in conjunction with specific natural and
cultural resources studies and social analysis investigations. Three water
resources management plans for the study area were formulated and are described
in the following paragraphs. To facilitate further analysis, evaluation and
comparison the identified alternatives were re-designated for clarity.

Plan A .

General. This plan was formulated around those elements of the
intermediate alternatives that were oriented towards the enhancement of NED.
Further refinement, by modifying or deleting measures to develop a plan
that was fully implementable and represented the best plan formulated
on the basis of economic criteria, was undertaken during the final re-
iteration of the plan formulation process.

Measures identified in Plan I of the detailed single-purpose flood damage
reduction alternatives developed for the Pawtuxet River Basin and Option III
of alternative recreation plans were included in this Plan A. The flood protection
measures were incorporated as the direct result of public response to this
preferred plan of protection for the Basin and from the desirability of State
officials for a compromise plan in view of the non-acceptance of other
alternatives for flood damage reduction. All elements of Alternative 4 for
water supply management in the study area were incorporated in the plan.

Water Supply. Under this plan, additional municipal and industrial water
supply requirements to meet study area demands of approximately 127 mgd and

222 mgd projected for the average day and maximum day by the vear 2030
respectively, would be obtained by implementation of a demand modification
program (water conservation) throughout the study area, by development of
groundwater resources in Burrillville and Glocester, and in Rehoboth,

Massachusetts, and by construction of the Big River Reservoir facilities
as shown on Plate B-6.

The demand modification program would have the effect of reducing water ;
supply needs in the studv area bv approximately 15 mgd on the average day
and 28 mgd on the maximum day by the year 2030. Elements of the program'
would consist of 1) water-conservation education including the distribution
and voluntary installation of water-saving devices for use in residential
homes, 2) institution of building code restrictions requiring the installation '
of water-conserving devices in all new or replacement construction, and
3) introduction of a leak detection and repair program to reduce water demands.

0y
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Groundwater development would include the construction of wells,
pumping facilities and transmission mains to transport water from the various
wellfields to connections in existing supply systems and areas of need. The
Bristol County Water Company (BCWC) system, which serves Barrington, Bristol
and Warren, would develop groundwater in three phases to meet immediate and
projected future demands. Since no additional groundwater resources are
available in Bristol County, construction of required supplies in Rehoboth,
Massachusetts, would be undertaken. The initial development of 3.0 mgd
would be needed to supplement existing supplies and to meet average and maximum
day requirements projected by the year 1995, Additional supplies of 2.0 mgd
by 1995 and 1.0 mgd by 2015 would be developed to meet average and maximum
day demands projected by 2030. Construction of about 5.5 miles of 20-inch

transmission main, running southerly from the well sites in Rehoboth, Massachusetts,

to the existing system in Warren, would be included in the initial phase of
development. The pipeline would be constructed adjacent to the existing
18-inch transmission main that runs from Shad Factory Reservoir in Rehoboth,
Massachusetts to Kickamuit Reservoir in Warren, so as to minimize adverse
environmental and social impacts and required easements.

Projected lemands for Foster, presently without any municipal water
supply system, would be met by developing 1.0 mgd from groundwater sources
in neighbor 'ng Glocester in two separate phases, 0.5 mgd in 1990 and 0.5
mgd in 2010. Approximately 6.2 miles of 12-inch transmission main, running
southwesterly from the wellfields would be constructed in 1990 as part of
the initial development to deliver water to the service area in Foster.

The town of Glocester 1s presently supplied by private wells throughout
the community. The combined future demands of Glocester, and a portion of
Burrillville to the north, would be served by the Pascoag Fire District
system under this plan with development of additional supplies constructed
in Burrillville. Development of groundwater supplies would be in two
phases, 1.0 mgd in 1990 and an additional 1.0 mgd in 2010. Approximately
2.8 miles of l6-inch transmission main, running southwesterly from the well-
fields to the service area in Glocester, would be constructed in 1990 as part of
the initial phase of development.

The principal component of additional development in this plan would
be construction of surface water supplies on the Big River located in Coventry
and West Greenwich, as shown on Plates G-2 through G-9 and described in
Appendix G, "Design and Cost Estimates'. The Big River Reservoir would be
developed immediately upstream of the existing Flat River Reservoir (Johnson's
Pond) in the South Branch watershed of the Pawtuxet River Basin. Construction
of the project, required by 1995, would include water treatment and sludge
treatment facilities and an aqueduct to deliver water needed to augment
existing supplies of the Providence Water Supply Board (PWSB) and Kent
County Water Authority (KCWA) systems. The dam would be a rolled earth~
f11l structure with rock slope protection on both faces, located where Harkney
Hill Road crosses the Big River, having a maximum height of 70 feet and a length
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of about 2240 feet. The impoundment created by the dam at the maximum

water supply pool of Elevation 300.00 NGVD would inundate 3240 acres of
forestland and streams. All growth 2-inches in diameter or greater and over

6 feet high would be removed within the reservoir area below Elevation 303.9
NGVD. Flood control storage would increase the pool height to Elevation 303.0
NGVD and, providing for surcharge storage, wave action and freeboard, would
set the top of dam at Elevation 312.0 NGVD. The reservoir would contain a
total storage capacity of 95,400 acre-feet consisting of 12,300 acre-feet

for conservation storage, 73,600 acre-feet for water storage, and 9,500 acre-
feet for flood control storage. The outlet works located in the left abutment
would consist of an intake channel, gatehouse, two conduits on rock under the
dam, a junction structure, outlet structure and outlet chamnnel. The gatehouse
would be a twin-well structure equipped with multiple level outlets for water
supply releases. Flood control regulation would be by means of a 5 feet x 5
feet reinforced concrete conduit, whereas water released through the dam for
water supply purposes would be by means of a 90-inch reinforced concrete pipe
approximately 3200 feet long, that would deliver raw water from the reservoir
to water treatment facilities as shown on Plate G-4 in Appendix G. A chute-
type spillway, with a 400-feet uncontrolled concrete weir, would be located in
a rock cut in the left abutment with the spillwav crest at Elevation 303.0
NGVD. The area of the water surface at spillway crest would be 3,400 acres.
Discharge would be directly into the upstream end of Flat River Reservoir.

A section of the impoundment, between Division Street and Interstate
Route I-95 extending easterly from Nooseneck Hill Road (Route 3) for about
8000 feet, would require construction of an impervious blanket to control
seepage. Details of the seepage contrcl measurec are as shown on Plates G-8
and G~9 in Appendix G.

Water treatment facilities, having a capacity of 55 mgd, would be
located on the northeast side of Hungry Hill adjacent to Nooseneck Hill Road
(Route 3) in an area presently occupied as a trailer park and would provide
conventional treatment of the impounded Big River waters. Preliminary analysis
of expected raw water quality indicates that treatment processess would include
possible aeration, chemical mixing, coagulation and flocculation, sedimentation,
filtration, disinfection and chemical stabilization. Facilities for treatment
of residues from water treatment processes would be constructed as an integral
part of the total treatment complex. The facilities would include units for
sludge thickening and conditioning, pumping, and structures for the housing
of dewatering equipment. Alum recovery units would also be included as part
of the sludge treatment faci{lities. Ultimate disposal of the sludge would
be in an approved landfill area.

Investigations of aqueduct facilities, to deliver water from the proposed
Big River Reservoilr to the Providence water supply system, were undertaken
to determine capacity requirements to not only satisfy demands identified for
the study time frame but beyond, in view of the significance of such facilities
in plans for water supply management. Both cut and cover and tunnel alternatives
were investigated for different capacity requirements as described in Appendix G.
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A design capacity of 100 mgd was selected to provide canacity for water supply
needs beyond the planning time frame, in the investigation of alternative
aqueduct schemes. The studies were aimed at minimizing adverse economic,
environmental, and social impacts of construction of such facilities and

also the feasibility of conveying water from the Big River site by gravity

to the existing system. An 84-inch inside diameter, conrete-lined tunnel was
selected as the result of preliminary analysis. The tunnel would be constructed
from the proposed water treatment facilities to Shaft No. 4 on the existing
supplemental aqueduct of the Providence water supply system in West War- .,

a distance of approximately 6.7 miles, as shown on Plates F-2 through F-f

in Appendix F, "Geotechnical Investigations". An inlet structure incorpor.. ir;,
provisions for metering all flows discharged through the tunnel and positive
shut-off would be constructed between the proposed water treatment facilities
and the upstream shaft of the proposed tunnel. A watertight structure would
also be constructed to provide access to the tunnel near the Pawtuxet River
crossing and an outlet structure, between the downstream shaft of the proposed
tunnel and Shaft No. 4, would be constructed to provide connection to the
existing supplemental aqueduct.

Operation ~f the proposed Big River Reservoir as part of a total
system in conjunction with the existing Scituate Reservoir would provide a
safe yield fov water supply purposes of about 113 mgd, sufficient to meet
average and maximum day demands of the study area projected by the vear 2030.

Flood Damage Reduction. Flood control storage, equivalent to 6 inches of
runoff from the 29.7 square mile watershed above the dam, would be provided
above the maximum water supply pool. Flood stage reductions from provision
of flood storage at the Big River Reservoir would vary depending upon the
type of flood develppment, antecedent conditions and storm orientation. It is
estimated that in a repeat of floods such as experienced in July 1938 and
March 1968, the flood control element of the proposed reservoir would reduce
flood stages in the South Branch and upper mainstem Pawtuxet River by about
1.5 to 2.0 feet. On the lower mainstem, in the vicinity of the Warwick
Industrial Park, reductions would be in the order of 0.5 feet. Continued
compliance with the requirements of the National Flood Insurance Program

by all affected communities would be part of the overall plan for flood protection

in the Basin and to reduce future flood losses of new development.

Recreation. Future recreational needs of the study area would be met
by providing opportunities for boating, camping, fishing, horseback-riding,
hunting, picnicking and swimming at six major use areas within the State-
owned reservoir property, as proposed under Option II1I. The Zeke's Bridge
area would be developed for boating, fishing, picnicking and swimming with
all of the activities centered on the shores of Flat River Reservoir outside
the watershed of the proposed reservoir. The Big River recreation area would
serve as the center for picnicking, shoreline~fishing, limited boating and
access to a multiple-purpose trail system extending along the southerly and
easterly shores of the reservoir. Facilities at Carr Pond would include
picnicking, shoreline~fishing, swimming, boating and trails, while additional
swimming and picnicking opportunities would be provided at Phelps Pond. Both
of these sites are located within the reservoir watershed. Camping would be
provided at sites on Hungry Hill and Harkney Hill, while hunting areas would
be accessible on the south side of the proposed reservoir.

B-67

Vs wal h¥eem v

VRPN EDNIY ¥ S




Management Measures. In order to minimize the adverse EQ contributions
of the proposed Big River Reservoir, measures were incorporated to mitigate
these impacts. Such measures were considered appropriate for the overall
development of a plan that emphasizes NED since coordination with Federal
and State agencies indicated that provisions of this type would be necessary
for recovery of losses resulting from implementation of the project. Natural
resources mitigation measures, developed in coordination with the U.S.
Department of the Interior, Fish and Wildlife Service, and divisions of the
Rhode Island Department of Environmental Management, would consist of the
following:

Multiple-level outlets for low flow regulation, creation of a reason-
ably stable hypolimnion in the Big River Reservoir and provisions for positive
control of the temperature of water released downstream would be included in
the construction of outlet works.

Development and management of a cold-water fishery including the
stocking of various fish species such as rainbow trout, brown trout and small-
mouth bass would be undertaken in the proposed Big River Reservoir to expand
the fisheries resource. In addition largemouth bass, pickerel and forage
species present in the watershed would be reestablished in the reservoir
pool.

. Selective stripping of limited reservoir areas would be undertaken
to enhance water quality and to assist in maintaining a cold-water fishery
resource in the proposed reservoir.

. A comprehensive wildlife management plan would be undertaken in all
the lands remaining within the State-owned property outside the proposed
reservoir. A forest. management plan to increase wildlife habitat productivity,
by enhancing the availability of food and other habitat requirements, would
be implemented. In addition, reclamation of existing surface mining areas
by proper management of topography and vegetation patterns would provide
greatly enhanced major habitat requirements for many species of wildlife.

Lands within the approximately 8300 acres of State-owned property, outside
of the impoundment, would also be utilized to facilitate recreational demands
of the local area as described in previous paragraphs.

All existing roads within the limits of the impoundment area would be
abandoned under this plan with the exception of those necessary to maintain
continued access as shown on Plate G-3 in Appendix G. Harkney Hill Road
in the vicinity of the proposed dam and Hopkins Hill Road on the easterly
side of the impoundment would be relocated while reconstruction and relocation
of Nooseneck Hill Road (Route 3) would also be undertaken. The northbound
roadway of Interstate Route I-95 has been designed to accomodate the relocation
of Nooseneck Hill Road in anticipation of reservoir development. No other
road relocations would be constructed under this plan. Existing water, gas,
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sanitary and storm sewers affected by road relocations would be reconstructed
as necessary while power and telephone facilities impacted by development of
the Big River Reservoir would be relocated within the State-owned property
under contract with the respective utility company.

Fourteen small cemeteries having historical significance within the inundated
areas of the reservoir would be relocated to a site(s) within the project
area as determined by detailed investigations during advanced study and design
phases of project implementation. Mitigation measures for various other
cultural resources impacted by the proposed reservoir would also be under-
taken. In addition to the historically significant cemeteries mentioned
above, 12 possibly significant historic features (including the New London
Turnpike, Sweet Sawmill Road, 0ld Kit Matteson Tavern and the sites of the
Nooseneck Factories recommended for the National Register of Historic Places)
are located within the impoundment area. If these properties are found to be
of national significance, impacts of construction or inundation would be
mitigated through removal or architectural recording as determined by detailed
investigations. Sixteen recorded sites of potential archaeological significance
are also located within the proposed reservoir area which, if shown to be
significant through detailed studies, would be mitigated for by modification
of construction activities and/or archaeological salvage.

Impact on downstream riparian owners resulting from development of the
proposed Big River Reservoir have not been included in the mitigation measures
as detailed studies to provide a thorough analysis of riparian damages

would be necessary in advanced engineering and design investigations.

The estimated first cost of this Plan A is $47,963,000 (Present Worth Value)
based on January 1979 price levels. Details of the cost of the plan are contained
in Appendix J, "Economics".

Plan B

General. This plan includes the same elements for flood damage reduction
and recreation as in Plan A, however, the plan component for water supply
management was formulated on the basis that it address the planning objectives
for the study area while emphasizing contributions to EQ. Thus as in
Plan A, the EQ contributions of groundwater development that would satisfy
study area needs was included in the formulation process for this Plan B. To
further emphasize EQ contributions, various resource management activities at
the site of the proposed Big River Reservoir were also incorporated in the
formulation of the plan.

Water Supply. This plan is similar to Plan A with the exception that the
Big River Reservoir area would include additional measures to enhance environ-
mental quality as well as to reduce significant adverse social impacts in local
communities. Facilities included in the plan are shown on Plate B-6.
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A full-scale demand modification program to reduce study area water
requirements would be implemented as in Plan A. This would have the effect of
precluding the need for additional water supply development, beyond that
being considered, to satisfy average and maximum day demands projected
through the year 2030. Groundwater development, to meet present and future
requirements within the BCWC service area and other locations within the study
area more economically served by such development, would be the same as in Plan
A to lessen the quantity of water required from development of surface water
resources. Adverse environmental and social impacts would thus be minimized.

Under this plan, water supply development at the proposed Big River Reservoir
would be the same as in Plan A. The reservoir and dam, water treatment and
sludge treatment facilities, aqueduct and access roads, and mitigation measures
would be the same as in Plan A, however, additional features would be incorporated
in the reservoir development and site management to further contribute to EQ
enhancement. Immediate and future water quality of the proposed reservoir would
be improved by the removal of vegetative growth and other organic materials
that would otherwise exert a demand on the oxygen resource of the impoundment
and cause the release of nutrients and color-causing substances in the reservoir's
ecosystem. In addition, the reservoir stabilization process and development
of a cold-water fishery would be enhanced by removal of such materials. Grubbing
and stripping of all vegetative growth within the impoundment area below Elevation
303.0 NGVDs in addition to the clearing operations considered in Plan A, would
be undertaken in this Plan B to reduce the oxygen demand in the hypolimnion
due to reactions resulting from decomposition.

Loss of wetland habitat resulting from development of the proposed reservoir
would be partially offset by creation of subimpoundments in selected areas of
the reservoir along the southerly shoreline as shown generally on Plate B-7.
Four areas would be developed to establish and maintain wetland vegetation by
means of control structures and limited planting of desirable species. The
sites would be developed by constructing facilities to retain desired water levels
during periods of reservoir drawdown. These facilities would consist of rolled
earth-fill dikes incorporating reinforced concrete water control structures equipped
with spillways and gates. Water would be retained behind the dikes at Elevation
300.0 NGVD for the establishment of aquatic plants and by effective management,
areas adjacent to the subimpoundments would provide a mixture of various
types of vegetation that would have benefit on wildlife species.

Both primary and secondary roads impacted by the reservoir would be re-
constructed and/or relocated under this plan to permit continued use within the
affected area. However, Division Street, Burnt Sawmill Road, Sweet Sawmill Road,
Hopkins Hill Road, Harkney Hill Road, Fish Hill Road and Phillips Road within
the reservoir area would be abandoned since the impoundment would inundate the
major portions of them as in Plan A and as showm on Plate G-3 in Appendix G,
"Design and Cost Estimates'. Relocation of Harkney Hill Road, Nooseneck Hill
Road (Route 3) and Hopkins Hill Road would be the same as in Plan A and in addition
Congdon Mill Road and the New London Turnpike would be relocated under this Plan
B to afford accessibility throughout the State-owned property and to the various
recreational hunting areas on the southerly side of the nroposed reservoir.
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Flood Damage Reduction. Flood control storage in the proposed Big River
Reservoir in conjunction with the floodplain management requirements of the National
Flood Insurance Program would be the same as in Plan A.

Recreation. Facilities to satisfy projected recreational demands of the
study area would be the same as in Plan A.

The estimated first cost of this Plan B is $54,212,000 (Present Worth
Value) based on January 1979 price levels. Details of the cost of the plan are
contained in Appendix J, "Economics'.

Plan C

General. Plan C includes the same elements for flood damage reduction and
recreation as considered in Plan A, however the water supply component of the
plan was formulated on the basis of providing a regional approach to water supply
management in the study area involving the maximum capacity of the proposed Big
River Reservoir. This plan was also developed to provide an alternative solution
for serving the Bristol County area in view of the complex institutional arrangements
required for implementation under either Plans A or B. Mitigation requirements
and measures to minimize adverse social impacts in the communities affected by

the proposed reservoir were developed from consideration of such features in Plans
A and B.

Water Supply. This plan is similar to Plan A except that it provides a more
regional system for the study area. Development of groundwater resources to
serve the BCWC would not be as great as in Plan A since future needs of the system
would be supplied from the Providence water system.

A demand modification program that would preclude the need for additional
water supply development, beyond that being considered, to satisfy study area
needs through the year 2030 would be implemented as in Plan A.

Groundwater development to satisfy present and short-range needs of the BCWC
until supplies from the proposed Big River-Scituate system are available, would
be constructed in Rehoboth, Massachusetts as in Plan A. As noted in previous
sections of this appendix, optional supplies might be obtained from the East Providence
water supply system on an emergency basis, however, this option has not been
investigated in this study. Development of 3.0 mgd from groundwater sources
in Rehoboth would be required to supplement existing supplies of the BCWC and
satisfy average and maximum day demands projected through the year 1995. Construc-
tion of a 16-inch transmission main, similar to Plan A, for delivering water

from the wellfields to the existing supply system in Warren would also be under-
taken.

Water supply needs of Foster and Glocester by development of groundwater
sources would be the same as in Plan A,

B-71

R Nl T Ay I A N




Surface water development at the proposed Big River Reservoir would be
similar to Plan A with the exception that facilities would be of sufficient
capacity to satisfy not only the projected needs of the PWSB and KCWA svstems
but also the future demands of the BCWC. Water treatment and sludge treatment
facilities would be similar to Plan A, however the capacity would be increased
to 60 mgd. All other features of the proposed Big River Reservoir development
including mitigation measures would be the same as in Plan A.

Future needs of the BCWC would be satisfied by construction of transmission
facilities to deliver water from the existing Providence supply system to the
BCWC system in Warren. The proposed facilities would include construction of
about 12.4 miles of 18-inch pipeline by 1995 from the existing connection on the
102-inch aqueduct of the Providence water system at Budlong Road in Cranston, to
the existing BCWC system in Warren south of the Child Street water treatment
facilities. The main would by constructed primarily in public ways by cut and
cover methods except as otherwise required. Construction would entail subaqueous
crossings of the Pawtuxet River, Providence River (including the 40-feet Federal
Channel) and Warren River, as described in previous sections of this appendix
under intermediate alternatives, in addition to highway and railroad crossings.

A booster pumping station, constructed at the site of the existing Navatt Road water
treatment and pumping facilities in Barrington, and having a capacity of 4 mgd
would also be included in the transmission facilities to serve the BCWC. No

costs are included for upgrading the existing BCWC supply facilities that would
probably be undertaken to increase the flexibilty and efficiency of the various
components.

Road relocations under this plan would be the same as in Plan B to minimize
the impacts on transportation facilities resulting from construction of the
proposed reservoir. Accordingly, major primary and secondary roads would be
relocated to provide access throughout the State-owned reservoir property and
accessibility to proposed recreational areas,

Flood Damage Reduction. Flood control storage in the proposed Big River
Reservoir in conjunction with the floodplain management requirements of the
National Flood Insurance Program would be the same as in Plan A.

Recreation. Facilities to satisfy projected recreational demands of the
study area would be the same as in Plan A.

The estimated first cost of this Plan C is $51,301,000 (Present Worth Value)
based on January 1979 price levels. Details of the cost of the plan are contained
in Appendix J, "Economics'.
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SECTION 2 - COMPARISON OF DETAILED PLANS

Selection of a plan for implementation was based upon a comparative analysis
of each plan's contributions towards fulfillment of planning objectives
and various other evaluation criteria. The process used to compare the identi-
fied plans consisted of a trade-off analysis of the contributions to the
planning objectives, the beneficial and adverse impacts of each alternative
plan, and responses to specific evaluation criteria such as acceptability,
completeness, effectiveness, efficiency and stability. This type of comparison
was utilized to categorize the various beneficial and adverse effects and
afforded their display in terms of the components of the System of Accounts
as required by the Principles and Standards.

Since the flood damage reduction and recreation components of each of the
detailed plans are the same, and represent 1) the preferred alternative for
flood protection in the Pawtuxet River Basin and 2) the degree of development
needed to provide new recreational opportunities for assisting in meeting
overall Statewide recreation demands in addition to offsetting the opportunity
lost by development of the proposed Big River Reservoir, the impacts of both
components are likewise the same. The beneficial and adverse effects of
providing floc . control storage in the Big River Reservoir to reduce existing
and future flood damages are therefore the same for each of the comprehensive
water resou-ces management plans as are the impacts associated with the development
of recreational opportunities in and adjacent to the State-owned property. Major
differences between the plans are associated with the water supply component
and more specifically the proposed Big River Reservoir development.

Examination of the data displayed in Table 15, System of Accounts, at the end
of this section, indicates the signiticant tradeoffs made between the detailed
plans. The major beneficial monetary effects that would result from the alter-
native plans are 1) provision of safe, dependable water supplies for the entire
study area, 2) reduction of existing and future flood damages primarily along
the mainstem Pawtuxet River, and 3) provision of recreatiomal opportunities to
serve the needs of the local area in addition to alleviating some of the Statewide
demands. Plan A produced the greatest economic return and therefore was selected
as the NED Plan in that it addressed the planning objectives in the way that
maximizes net economic benefits. Plans B and C likewise produced net positive
economic benefits but not as great as those produced by Plan A. These differences
can be attributed to the higher overall cost of Plans B and C associated with addi-
tional measures for enhancement of EQ in the case of Plan B and the larger water
supply costs for serving the BCWC service area in the case of Plan C.

Plan B was selected as the EQ Plan in that it addressed the planning objec-
tives in the way which makes net positive contributions to the EQ account when
compared to the "without condition'". Plan B provides significantly greater measures
to minimize the adverse environmental and social effects of the proposed Big River
Reservoir by additional facilities and higher level of management. Measures
included under Plan B would enhance fish and wildlife resources and habitat value
and in addition would provide increased access to the Big River management area
and minimization of transportation disruption in the local area. Plans A and C
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would each result in negative EQ contributions although measures are included
to mitigate the adverse effects of the proposed reservoir development.

Plan C has the advantage of being more implementable than either Plans A
or B in as much as interstate and intercommunity agreements for water supply
management would be less. More importantly legislation already exists allowing
the BCWC service area to be served from the Providence water supply system in the
1967 amendment (Chapter 162) to Chapter 1278 of the Public Laws of Rhode Island,
approved 21 April 1915. As noted in the preceding sections, in the absence of
obtaining groundwater supplies from Rehoboth to satisfy the immediate needs of
the BCWC system, interim supplies could be obtained from the East Providence
water system until the time when water would be available from the combined
Scituate ~ Big River system. In addition, Plan C has less negative EQ effects
while developing net positive economic benefits and so represents the plan
having the best mix of contributions to the National Objectives.

Various other evaluation criteria were considered in the selection of a
plan for implementation and are shown in Table 14. Although all of the final
detailed plans are generally acceptable, Plan C appears to be the alternative
with the strongest public support.

The Tentatively Selected Plan

Development of the most desirable plan for water resources management in the
study area involved the comparison and trade-offs among the detailed plans as
described in preceding paragraphs and presented in Tables 14 and 15. Plan C,
which includes elements of both the NED Plan and the EQ Plan, offers the best
mix of these contributions in one plan but more importantly responds to water
resources needs of the study area in the most satisfactory manner by providing
the strongest choice for implementation. Plan C was therefore chosen as the
Tentatively Selected Plan for the study area subject to overall public acceptance
during the final phases of the planning process.

The degree of Federal participation in Plan C and the project proposed
for Federal implementation are described in the Main Report.

System of Accounts

Consistent with the requirements of the Principles and Standards for
Planning Water and Related Land Resources published in September 1973 by the
US Water Resources Council, evaluation studies were conducted to determine
the beneficial and adverse contributions of each alternative plan. Plan impacts
were analyzed to determine the beneficial or adverse value of the contributions
each plan would make when compared to the 'without condition'" (absence of the
Federal project). These evaluation activities primarily involved determining
the responses of the alternative plans to the National Economic Development
(NED), Environmental Quality (EQ), Social Well-Being (SWB), and Regional
Development (RD) accounts of the Principles and Standards. The System of
Accounts presented in Table 15 is used for displaying the results of these
activities. Effects can be readily discerned, and trade-offs between plans
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compared. The accounts specified in the WRC Principles and Standards and
utilized in the System of Accounts are described briefly in the following
paragraphs.

. National Economic Development (NED)

This account reflects the benefits and cost associated with a particular
plan to determine an increase (or decrease) in the value of the nation's output
of goods and services as well as improving (or deterioriating) national economic
efficiency. The account is filled out in monetary terms. Benefits and costs
are expressed as average annual values using appropriate periods of analysis
and the current interest rate and represent June 1980 price levels.

. Environmental Quality (EQ)

This account involves identifying the beneficial and adverse contributions
of a proposed plan in relation to the environmental objective of managing,
conserving, preserving, creating, restoring, or improving the quality of certain
natural and cultural resources and ecological systems in a specified geographic
region.

Social Well-Being

This account reflects a plan's impact on real income, security of life,
health and safety, education and cultural and recreational opportunities. The
account includes most of the benefits identified in a qualitative, rather than
quantitative, manner.

._Regional Development (RD)

This account involves determining a proposed plan's effects on the region's
income, employment, population and other related factors.

The System of Accounts also displays information concerning the geographic
regions in which a significant portion of any beneficial or adverse impact
would occur. The following paragraphs define the various regions analyzed.

. Within the Study Area

This constitutes the 17-community region in central Rhode Island including
the entire drainage area of the Pawtuxet River Basin. The 17 communities are
Barrington, Bristol, Coventry, Cranston, East Greenwich, East Providence, Foster,
Glocester, Johnston, North Providence, Providence, Scituate, Smithfield, Warren,
Warwick, West Greenwich, and West Warwick.

. Within the Rest of the State

This geographic region refers to the remainder of the communities located
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outside the immediate study area but within the State of Rhode Island.

. Within the Rest of the Nation

This refers to the remainder of the nation outside the State of Rhode
Island and the immediate study area.

Consistent with ER1105-2-921, the use of footnotes in the System of
Accounts analysis specifies the timing, uncertainty, exclusivity and
actuality of the proposed plans. The index of footnotes are as follows:

Index of Footnotes

a. Timing
1. Impact is expected to occur prior to or during implementation
of the plan.
2. Impact is expected within 15 years following plan implemen-
tation.
3. Impact is expected in a longer time frame (15 or more years
following implementation).

b. Uncertainty
4. The uncertainty associated with the impact is 50 percent
or more.
5. The uncertainty is between 10 percent and 50 percent.
6. The uncertainty is less than 10 percent.

c. Exclusivity
7. Overlapping entry; fully monetized the NED account.
8. Overlapping entry; not fully monetized in NED account.

d. Actuality
9. Impact will occur with implementation.
10. Impact will occur only when specific additional actions
are carried out during implementation.
11. Impact will not occur because necessary additional actions
are lacking.

*, Items specifically designated in Section 122 of Public
Law 91-611 and ER 1105-2-240
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National Toonomic Development
(Present wWorth Values)
A. Benefictal
1. Increased Mutput
Water Supply Benefits
Flood Control Benefits
Recreation Benefits
2. Value of Output Resulting From
External Fconomies
3. Total Annual NED Benefits
B. Adverse
1. Project Costs
2. Losses Resulting lrom External
Diseconomies
3. Total Project Costs
p 4. Total Annual Costs
C. NED Benefit-Cost Ratio
h. Net NED Benefits
2. Fpvironmental Ouality
A. Natural Resnurces.
1. wetlands
h 2. Streams and Ponds
3. Vegetation
4. Terrestrisl Ecosystems
T — e
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Footnotes

1,A,R,9

1,6,8,9

1,6,8,9

1,6,8,9

Within the Study Area

Increased usage of existing
surface and groundwater
resources would create adverse
impacts especially in periods
of helow average precipita-
tion.

Reduced flows and lowering
would result from fncreased
surface and groundwater
utilization.

Conatruction of transmission
mains would require acquisi-~
tfon of both permanent and
temporary easements. Approx.
5 acres of vegetatjion of
varving densfties and species
would be affected.

None

e

WITHOI'T CONDITION

Within the Rest of the State

Within the 2wm.c f the Nation

Increased usage of existing
water supply sources would
create adverse effects on
wetland areas especially
during prefods of below
average precipitation.

Reduced flows would result
from increased utilization for
munfcipal and industrial water
supply.

None

None

Approx. 130 acres lost as
the result of surface water
development {n Rehoboth and
Swansea, Mass. Temporary
disruptions during construc-
tion of tramsmission mains.

Approx. 2 miles of streams
{nundated by construction of
Rocky Run Reservoir.

Construction of Rocky Run
Reservoir in Rehoboth, Mass.,
enlargement of Swansea Reser-
voir in Swansea, Mass. and
development of groundwater
resources {n Rehohoth, Mass.
would require land takings.
About 30N acres of vegetation
would be lost by {nundation.
In addit{on, approx. 25 acres
of both permanent and tempo-
rary easements for transmis-
sfon main construction would
be required affecting
vegetation areas of varying
densities and specles.

Limited terrestrial wildlife
forms inhabit the construction
gites. Approx. 300 acres of
habitat would be eliminated.

thin th

Non="ug.

Approx. 520 a
result of the
volr construc
disruption in
mission main
Mitigation me
minimize the
after constru

Approx. 20 of
and 40 acres
inundated by
the Big River

Approx. 2,300
wood, softwoo
forest would

struction of

Reservoir. M
measures woul
permanent eff
struction. A&
acres each of
vells in Glou
permanent anc
ments for tru
construction

and Foster,
vegetation at
densities and

Approx. 3,10(
would be lost
of the Big Ri
Mitigation me
afnim{ze the

after constn
disruption of
during consti
and transoisi




“ithin the Study Ared
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RCIGL

20,000
Non-Cuant itiable

A,QR9 P00

62,370,000

Non=Nuantifiable

A2,370,000
5,608,000
1.24

1,361,000

tpprox. 920 acres Ilnst as the
resalt of the Blg River Reger-
s fir construction. Temporary
‘tsruption in areas of trans-
misginn mafin construction.
M{ti{gation measures would
-intnize the permanent effects
after constructinm,

Approx. 20 miles of streams
and 40 acres of ponds
inundated by construction of
the 8ip River Reservolr.

Approx. 2,300 acres of hard-
wood, softwood, and mixed
frrest would be lost by con-
struction of the Big River
Reservoir. Mitigation
reasures would minisize the
permanent effects after con-
struction. Also, about 1IN
acres each of land taking for
wells in Gloucester and hoth
permanent and temporary ease-
ments for *ransmission main
canstruction {n Gloucester
and Foster, would affect
vegetation areas of varying
densities and types.

Approx. 1,100 acres of habitat
would he lost by construction
of the Big River Reservoir
Mitigation measures would
minim{ze the permanent effects
after construction. Temporary
disruption of hahitst areas
during construction of wells
and transmission nains.
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SYSTES 0F AC

ELAXY A

Within the Rest
of the State

None

None

Land taking for well
field development in
Burrillville would
require about 30 acres.
In addition, construc-
tion of transmisgion
mains would require
about 15 acres of hoth
permanent and temporary
easements. Vegetstion
areas of varying
densities and species
would be affected.

Limited loas of
terrestrial wildlife
forms as the result of
groundvater development.
Temporary disruption of
hahitats during con-
struction.

Within the Rest
of the Nation

None

None

Deve lopment of ground-
water wells {ir. Rehoboth,
Mass., would require

approx. 70 acres of land

taking and about 20
acres of hoth permanent
and temporary easements
for transmission main
construction. Vegeta-
tion areas of varying
densities and types
would be affected.

Limited loss of terres-
trial wildlife forms
during construction of
groundwater facilities
in Rehoboth, Mass.

PLAN B

Within the Rest

Within the Study Area of the State

Within the Reat
of the Nation

Within the Study Area

6,658,000
289,000
22,000

Non-Nuant (f table

6,969,000

70,617,000

Non-Quantifiahle

70,617,000
6,217,000
1.12

752,000

Similar to Plan A except de- None
velapment of sub-{impoundments

at the Rig River Reservalr

would provide increased

mitigation measures.

None

Same as Plan A

Same as Plan A Same as Plan A

Same as Plan A

Same as Plan A

- 6,658,000
- 289,000
-- 22,000

-— Non—Quantifiable

- 6,969,000

-- 66,830,000

- Non-Quant{fiable

- 66,830,000
-- 6,008,000
1.16

961,000

None Same as Plan A

None Same as Plan A

Similar to Plan A except a
additional 15 acres of bat
permanent and temporary
easements would be require
for construction of trans-
eission facilities from th
Providence system to serve
Bristol County.

Same as Plan A

Same as Plan A Same as Plan A
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Ko
oA PLAN ¢
Within the Rest Within the Rest Within the Rest Within the Rest
s of the State of the Nation Within the Study Area of the State of the Nation
-- 6,658,000 --
-- 289,000 .-
-- 22,000 -
- Non-Quant{fiable -
-- 6,969,000 —
-- 66,8130, 000 —
N - Non-Quantifiable -—
-- 66,830,000 —
-- 6,008, 000 --
1.16
91,000
vt e= None None Same as Plan A None None
Snty
v
3
Co e None None Same as Plan A Yone none
o i s Same as Plan A Same ss Plan A Similar to Plan A except an Same as Plan A Simi lar to Plan A except
additional 15 acres of both approx. 40 acres of land
! permanent and temporary taking would be required
1 essements would be required for groundwater develop-—
for construction of trans- ment in Rehoboth, Maes.
I misgion facilitfes from the
| Providence system to setve
Bristol County.
as Plan 3 Seme as Plan A Same a8 Plan A Same as Plan A Same as Plan A Same as Plan A
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water supply shartapes. providing adequate water
supplies.
. wivices AR Public services would be None None Public services would be None
restricted as a result of expanded as well as enhanced
water supply shortages. as a result of providing
adequate water supplies.
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nity for construction workei s nity for constructlon workers tunity for construction ni
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SECTION 1

SUMMARY OF PUBLIC INVOLVEMENT PROGRAM

Public involvement efforts for this study were undertaken as two inde-
pendent projects, due to the differences in scope and timeframe for the
Pawtuxet River Basin flood control and Big River Reservoir studies. The
respective public involvement programs are thus described in two sections
below.

Flood Control

Public involvement for the flood control aspect of this study began
in 1969 with the initiation of the PNB study. In May 1969 an initial group
of four meetings was held to gather information on publicly perceived
problems and needs in the overall PNB study area. State-sponsored water
supply plans were presented to the Corps at that time in order that any
plans developed during the study would coordinate with existing State plan-
ning.

During the early stages of the Pawtuxet River Basin flood control
study numerous meetings, both formal and informal, were held with various
Federal, State and local governmental agencies, public and private interest
groups, and interested individuals, These meetings were basically designed
to provide a two-way exchange of information to help direct study activities,
to involve all interested parties in a meaningful way, and to allow coordi-
nation of study proposals.

In May 1975, following the formulation of preliminary plans, additional
large public meetings were undertaken to present preliminary study results
and ascertain public views on the alternative approaches to solving the
basin's flooding problems. Included in the plans presented were both struc-
tural and non-structural alternatives, including systems of walls, dikes
and channel modifications, and diversions of flood flows, along with flood-
proofing or relocation in some areas.

Public input at these meetings was favorable. The diversion plan,
being the most effective at reducing damages in the basin, was given the
most emphasis in both the presentations and responses by the public. The
diversion proposal was given conditional support by local governmental
agencies and interest groups pending the outcome of environmental impact
studies.

e veanm

R RS ey

BTN




In October 1976 a late stage public meeting was held to present the
results of the detailed planning for flood control in the Pawtuxet basin.
The plan presented included the Natick Diversion with the Warwick Local
Protection Project and regulatory measures. At this meeting the recommended
plan was found unacceptable by the public, with opposition to the plan
centering around the high construction costs and potential environmental
damage to Greenwich Bay. Many elements of the public expressed the desire
that the study continue and be redirected towards other possible solutions.

Meetings in 1977 with state and local officials helped shape a compro-
mise flood control plan consisting of the Warwick Local Protection project
in conjunction with flood control storage at the proposed non-Federal Big
River Reservoir. This plan was favorably received at a public meeting held
in May 1977, with the only concern being that the City of Warwick did not
agree with the proposed cost sharing responsibilities, believing that costs
should be shared among the communities in the region contributing to the
flood problem, not just by Warwick.

In March 1979 a workshop meeting was held in Warwick to present the
final plans for flood protection in the Pawtuxet Basin, The Norwood area
land bank proposal was explained and was well accepted by the affected
homeowners. The Warwick Avenue Local Protection Project was dropped at this
time due to the formally announced non-support by the City of Warwick.

Big River Reservoir

In January 1978, the Governor of Rhode Island requested the Corps of
Engineers undertake a feasibility study of the proposed Big River Reservoir
Project, under the overall PNB study authority. In conjunction with Corps
involvement in the study, the University of Rhode Island was engaged to
assist in developing and coordinating a public involvement program for the
Big River study.

Three workshops were held in September 1978 to assess the issues of
concern to the public and to inform the public of the Corps' role in the
planning process. Six broad topic areas were identified as important
as a result of the workshops and an additional working seminar. These were:

1) Assessment of Study Area Needs

2) Fiscal and Management Issues

3) Access to the Reservoir and Multi-Use of Lands
4) Legal Issues

5) Impact on Local Communities

6) Comprehensive Planning and Citizen Participation
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As a result of the issues emerging from the public involvement efforts
during the problem identification stage of the study, several potential
strategies for future public participation were considered for the plan i
formulation and evaluation stages of the feasibility study. These included:

Option I ~ Core Professional staff for a Consumer Advocacy Organi-
zation

Option II - Governor's Task Force on Big River

Option III - Independent Staff to Corps

A combination of Options I and III was chosen for the remainder of
public involvement efforts, again utilizing the University of Rhode Island
as a consultant. During the development of intermediate plans, public
comment was desired both to react to the Corps' efforts at that stage,
and to shape the more advanced plan formulation. Several major elements of
public involvement were developed to meet the objectives of Stage 2. These
included:

A core staff of URI personnel, which coordinated public involvement
activities on a day-to-day basis. The staff's duties included dealing with
the different publics, managing the participation techniques utilized, and
acting as a communications link between the Corps and the public.

A Project Working Committee (PWC), which was established after the
June 1979 workshops to provide an independent citizens’ forum on issues
emerging from the public involvement process. The PWC was intended to
facilitate discussion on critical issues, to speed information dissemination
infermally, and to obtain a diverse representation of interests involved in
the discussion of issues. It was also designed to allow closer review of
issues than might ordinarily have been undertaken by the general public at a
workshop.

Multi-faceted participation mechanisms were utilized, including compre-
hensive communications strategles, such as targeted mailings, media involve-
ment, information bulletins, and public contact such as workshops, briefing
sessions and various formal and informal smaller meetings,

An expanded mailing list was developed, allowing better coverage of
affected publics, and stratified, enabling targeted mailings of specific
segments of the public.

Public participation activities undertaken during the study are

classified under two broad categories -~ Information Exchange and Public
Meetings.
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Information participation techniques were varied according to the
targeted public and desired response. Notification of upcoming meetings
and workshops was accomplished through direct mailings, newspaper adver-
tisements, press releases, flyers, and personal telephone contact. The
mailing list was constantly updated and was stratified to allow better
targeting of the various publics. Technical abstracts or fact sheets were
developed to assist public understanding of technical documents, providing
all participants with a common information base for discussion at briefing
sessions and workshop meetings. Meeting summaries were published and
distributed as documentation of public input during meetings. News media
coverage of various meetings and issues was also encouraged. Formal public
input techniques, including interviews with key persons and formal written
statements, were also utilized.

Public meetings of three types were utilized: Workshops, Briefing
Sessions, and PWC Meetings. Workshops were chosen as the principal large
scale public forum during the study. Three workshops were held during June
1979, during the formulation of intermediate plans. These workshops were
designed to give the public an opportunity to comment on the plans presented.
Some of the more important issues broached at that time