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GLOSSARY

Acronyms and Abbreviations

ADD
ASR
BRP WS
DEP
DCR
apm
gpm/ft
Gw
MassDOT
MDD
MEPA

MGD
mg/L
MMCL

ND
NSA

“the policy”
RESSIM
RGPCD
SMCL

SW
UAW
USGS
voC
WMA

Average day demand

Annual Statistical Report

Bureau of Resource Protection — Water Supply (DEP permit category)
Massachusetts Department of Environmental Protection

Department of Conservation and Recreation

US gallons per minute

gallons per minute per foot of drawdown; an expression of well performance
Groundwater

Massachusetts Department of Transportation

Maximum day demand

Massachusetts Environmental Policy Act; the MEPA Unit is the clearinghouse for
informing the public of upcoming projects that might impact the environment, and ruling
on those projects.

Million Gallons Per Day
milligram per liter; unit of concentration of a chemical in water

Massachusetts Maximum Contaminant Level; drinking water standard, the maximum
permissible level of a contaminant in drinking water

not detected

New Source Approval; refers to the DEP process for testing and permitting new sources
of groundwater supply

the Commonwealth’s Policy for Developing Water Needs Forecasts
Reservoir Storage-Yield Computer Simulation Model
residential gallons per capita per day

Massachusetts Secondary Maximum Contaminant Level, drinking water standard,
requisite to protect public welfare

Surface Water

Unaccounted for Water

United States Geologic Survey
Volatile Organic Compounds

Water Management Act; Massachusetts law intended to equitably allocate water
resources.
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WRC Water Resources Commission

WTP Water treatment plant

Selected Technical Terms

Adquifer - A natural geologic unit that is capable of storing and delivering a sufficient quantity of water to a
well, e.g., a sand-and-gravel aquifer or fractured-bedrock aquifer

Bathymetric Survey: the study or measurement of the depth of water in an ocean, sea, or lake
Bedrock - The continuous unit of rock that underlies the earth’s surface

Brackish Groundwater - Brackish groundwater is water located under the surface which is more saline
than freshwater but less saline than seawater. This kind of water can be found in wetlands or deep
aquifers. Brackish water is defined as groundwater with a concentration of total dissolved solids (TDS) in
a range from 1000 to 10000 mg/L.

Confined Aquifer - An aquifer that is covered by a natural geologic layer, such as clay, that does not
transmit water readily

Confining Layer - A natural geologic layer, such as clay, that covers a confined aquifer
Failure: A reservoir failure occurs when a reservoir is unable to provide sufficient water to meet demand.
Firm Yield - The term used when referring to the capacity or yield of a reservoir or reservoir system.

Groundwater discharge or seepage — Groundwater that discharges naturally from an aquifer to a stream
or other surface-water body

Hydraulic gradient — The slope of the water-table surface

Induced infiltration — Water that moves from a stream, river or other surface-water body into an aquifer,
due to the pumping of a nearby well

Recharge area — Geographic area where rainfall and snowmelt infiltrate the land surface and provide
water to a well

Observation well — A well installed primarily for the purpose of observing water-level drawdown and
recovery

Pumping Test — A controlled test, involving the pumping of a test well, for the purposes of evaluating
sustainable well yield, water quality and impacts to the environment

Safe Yield — This term was previously used interchangeably with Firm Yield, however, now the term Safe
Yield is no longer in use for reservoirs, and is now only used to refer to the yield of the Commonwealth's
major river basins.

Test well — A well installed primarily for the purpose of pumping water

Till - A mixture of soils consisting of clay, silt, sand, gravel, cobbles and boulders deposited beneath an
advancing glacier or dropped-in-place as the glacier melted away. Also, termed, “hardpan”

Unconfined Aquifer — An aquifer, such as a sand-and-gravel aquifer, that is not covered by a confining
layer

AECOM
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Water-level drawdown — The decline in the groundwater level or surface-water level caused by pumping
of a nearby well

Water-level recovery — The rise of the groundwater level or surface-water level observed when pumping
of a nearby well ceases

Well Yield — The sustainable capacity of a well, measured in gallons per minute

Zone |l - The theoretical area of an aquifer that contributes water to a well or well field when pumping at
full capacity for 180 days without natural recharge occurring.

Zone |ll - A secondary recharge area, where groundwater and surface water flow downhill into Zone I.
Typically, these are areas underlain by till that shed water into sand-and-gravel aquifers

AECOM



Final Water Demand and Supply Evaluation

Executive Summary

Introduction

The Town of Ipswich (Town) provides drinking water to approximately 4,500 homes and businesses
throughout the Town. From 2012 to 2016, the total average day demand (ADD) was 1.01 million gallons
per day (MGD). The Town utilizes groundwater and surface-water sources in the Parker River Basin, and
groundwater sources in the Ipswich River Basin. The Town’s current approved daily water-supply
capacity is 2.19 MGD. This figure is based on the sum of the approved Safe Yield of the reservoir system
and the maximum daily pumping rates approved for each well by the Massachusetts Department of
Environmental Protection (DEP). However, this capacity of 2.19 MGD is somewhat deceiving.
Operational and water quality issues, and regulatory restrictions could reduce the available capacity to as
low as 0.96 MGD during drought conditions. The Water Management Act (WMA) authorizes the Town to
withdraw on average a total of 1.18 MGD over the year, 0.98 MGD from the Parker River Basin and 0.2
MGD from the Ipswich River Basin.

In 2016, the Town experienced a significant drought during which the water levels in the reservoirs
dropped substantially. By August of that year, the reservoirs were nearly out of water. To meet demands
for potable water, the Town had to issue an Emergency Water Supply Declaration and implement very
strict water restrictions. In addition, the Town is experiencing modest growth in both residential and
commercial sectors. This growth, coupled with the drought of 2016, prompted the Town of Ipswich to
retain AECOM to conduct a study of the Town'’s water system. The purpose of this study was to evaluate
current and future drinking water demands, along with current and future water supply. The goals for the
study are presented below:;

1. Estimate the Town'’s projected water demands to 2040;
2. Evaluate the capacity of current and potential water-supply sources;
3. Identify the variance between supply and demand; and

4. Recommend new water-supply sources to meet future demand

Ipswich Water Supply Background Information

The Town began providing water to the community in 1894. Since that time, the Town has continued to
evolve and has periodically evaluated demands and explored other potential sources of water supply.
As part of AECOM's study, it was useful to review the history of water-supply development and the
possible sources of municipal water supply the Town has considered over the past 130 years.

The Town of Ipswich first investigated sources of municipal water supply in 1889, primarily as a means of
improving public health. Bull Brook Reservoir was constructed in 1923, though its use was discontinued a
few years later due to poor water quality. Dow Brook Reservoir was enlarged twice — in 1924 and 1965 —
to increase the Town’s water supply. Groundwater supplies were connected to the drinking water system
from the 1940’s through the 1980's. In 1988, Bull Brook and Dow Brook Reservoirs were connected to
the newly-constructed Water Treatment Plant (WTP), actions that increased the water supply and
dramatically improved water quality. [Ref: J Engel]

Water Demands

AECOM identified existing water demands and estimated projected water demands through the year
2040. Water demand projections were developed using the methodology described in the
Commonwealth’s Policy for Developing Water Needs Forecasts (“the Policy”), issued in December 2007
and revised in March 2017. The Policy is the standard used by the Commonwealth’s Water Resources
Commission (WRC) to develop water needs forecasts when public water suppliers and communities seek
increased water withdrawals under the WMA. AECOM worked closely with the Town of Ipswich Planning
and Water Departments and the Massachusetts Department of Conservation and Recreation (DCR) while

AECOM
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developing the existing and projected water demands. These agencies provided AECOM useful historical
records and information on development trends. AECOM also coordinated with DCR, which
independently conducted a water-needs forecast for Ipswich using the Policy as part of Water Resources
Commission activities, to compare and discuss results.

To identify the baseline water demand in Ipswich, AECOM reviewed the Town's Annual Statistical Reports
(ASRs) for the years 2012-2016. The baseline average day demand (ADD) for this five-year period was
found to be 1.01 MGD.

Future water demands were projected for residential and non-residential uses. In making these
projections, we assumed that the Town of Ipswich would maintain the WRC performance standard of 65
residential gallons-per-capita-per-day (RGPCD) in the coming years. The average per capita water
demand over the years 2012-2016 was actually 48.4 RGPCD, or approximately 33% less than the WRC
performance standard. This lower-than-average RGPCD was due largely to the introduction of monthly
billing in 2000, and a seasonal rate structure in 2003 to manage summer demands. The Town’s drought
management policy and imposed water-use restrictions also contributed to lowering the RGPCD. To
account for the uncertainty of future per capita water demand during non-drought conditions, as well as
the inherent uncertainties of projecting future growth, AECOM used the WRC performance standard of 65
RGPCD in making demand projections. The projected average- and maximum-day water demands are
presented in Table ES-1.

Table ES-1. Projected Average and Maximum Day Demand in 2040

Typical MDD/ADD
Projected ADD in 2040 Peaking Factor for Projected MDD in 2040
(MGD) Ipswich (MGD)

1.39 3.00 4.17

Notes:

1. Estimated using modified methodology presented in the Commonwealth's Policy for
Developing Water Needs Forecasts, as described in this memorandum.

Existing Water Supply

The Town utilizes groundwater and surface-water sources within the Parker River Basin, as well as
groundwater sources within the Ipswich River Basin. The surface-water sources include Dow Brook
Reservoir and Bull Brook Reservoir. The groundwater sources include the following wells: the Mile Lane,
Browns, Fellows Road, Essex Road and Winthrop Wells. Because the two reservoirs operate in series as
a reservoir system, the approved daily withdrawal amount is equal to the Safe Yield of the reservoir
system. The Safe Yield of the reservoir system, calculated in 1988 to be 0.8 MGD, is documented in the
Town's Parker River Basin WMA Permit.

The withdrawal rates authorized under the WMA by DEP dictate how much water DEP allows to be
withdrawn from each of the river basins on an annual basis, and individual sources on a daily basis.
Therefore, although individual sources may be approved for a specific daily withdrawal volume, the Town
must limit the total amount of water it is taking from each individual basin annually. When calculating the
current available water-supply capacity, these factors, as well as each source’s operational limitations are
taken into account. The Town's current available water-supply capacity is restricted to as low as 0.96
MGD during drought conditions and is not sufficiently reliable to meet the current demands. To meet the
projected future demand in the year 2040, the Town will need to maintain their existing sources and
increase their water supply by approximately 0.43 MGD during drought conditions.

Revised Reservoir Firm Yield

The lpswich reservoir system includes two sources: the Bull Brook and Dow Brook Reservoirs. These
sources are interconnected and provide water to the Town after it is treated at the Ipswich Water
Treatment Plant (WTP). The Safe Yield of the reservoir system was calculated in 1988 and estimated to
be 0.8 MGD. The Safe Yield was based on the 1 in 20 year drought (a drought that statistically may occur

AECOM
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once every twenty years), as determined using another consultants’ Reservoir Storage-Yield Computer
Simulation Model (RESSIM). This Safe Yield is documented in the WMA permit for the Parker River
Basin. Based on the permit, withdrawals for Dow and Bull Brook Reservoirs must not exceed 0.8 MGD
as an annual average.

For this study, AECOM recalculated the capacity of the reservoir system based on updated hydrologic
and bathymetric data. When researching the latest methods for calculating the Safe Yield and through
conversations with DEP, we found that, historically, the terms Safe Yield and Firm Yield had been used
interchangeably. The term Safe Yield is no longer in use for reservoirs, and is now only used to refer to
the yield of the Commonwealth’s major river basins. The term Firm Yield is now used when referring to
the capacity or yield of a reservoir or reservoir system. DEP also noted that there was no specific
guidance on how to calculate a reservoir’'s Firm Yield/Safe Yield until the late 1990s/early 2000s. Prior
to the late 1990s, consultants and water suppliers had their own approaches for calculating Safe
Yield/Firm Yield. Inthe 2000s, DEP and the US Geological Service (USGS) formalized a methodology
for calculating Firm Yield. The latest USGS Firm Yield methodology is described in its report entitled
“Refinement and Evaluation of the Massachusetts Firm-Yield Estimator Model Version 2.0".

AECOM used the USGS model to estimate the Firm Yield of the reservoir system. The model predicted
that the Dow and Bull Brook reservoir system “fails” (when water levels are such that water can no longer
be withdrawn from the reservoirs) first during the drought of 2016. The drought that occurred in 2016
resulted in the lowest Firm Yield of 0.41 MGD, therefore this period is considered to be the worst drought
of record in the Town of Ipswich. The drought in the 1960’s resulted in the second lowest Firm Yield of
0.45 MGD and the drought in 1997 resulted in the third lowest Firm Yield of 0.47 MGD.

Screening of New Water Supply Sources or Expansion of Existing Sources

AECOM's assessment of existing supply and future demands indicates that additional sources of drinking
water are needed to provide Ipswich with sufficient drinking water for the present and future. Additional
sources could be realized by adding new sources, expanding existing sources, or a combination of both.
At the outset of the project, AECOM and the Town developed a list of seven potential new or expanded
sources to be evaluated: After an initial review, an eighth option (increasing raw water storage by adding
large storage tanks) was added to the list of options. These eight options are presented below:

1. New Well Field(s)
Reservoir Expansion - Raising Existing Dams
Reservoir Expansion - Excavating Around Reservoirs/Removing Sediment

Reservoir Expansion - Building New Upstream Dams

Desalination

2.
3
4
5. Reservoir Expansion- Building Storage Tanks
6
7. Wastewater Reuse

8

Interconnections with Surrounding Communities

The overriding goal of the initial screening step was to identify the three most advantageous options from
the list above for further investigation. Each of the eight alternatives was evaluated using the following
screening criteria: potential capacity gained, technical feasibility, permit requirements, stakeholder
concerns, treatment requirements, additional staffing needs, concept-level costs and schedule for
implementation.

During the screening process, we inevitably had to make certain assumptions and judgements where
information on each of the screening criteria was incomplete. AECOM worked closely with the Town to
select the three most advantages alternatives, shown below:

AECOM
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1.  New Lynch Well Site

2. Browns Replacement Well
a. Browns Replacement Well with Transmission Main to the WTP, or
b. Browns Replacement Well with a new Greensand Filtration Plant

3. Desalination (brackish groundwater).

We should point out that, during the course of AECOM's water-supply and demand investigation, the
Town decided to proceed with testing of the Lynch Well Site for new groundwater supply, under the DEP
New Source Approval process. As of January 2019, the Lynch Well Site is awaiting DEP approval. Should
DEP approve the Lynch Site, it could provide up to 0.73 MGD of new water-supply capacity.

Three Recommended New Water Supplies or Expansion Alternatives

As stated above, the following three alternatives were selected for more detailed evaluation:

1. New Lynch Well Site

2. Browns Replacement Well
a. Browns Replacement Well with Transmission Main to the WTP, or
b. Browns Replacement Well with a new Greensand Filtration Plant

3. Desalination (brackish groundwater).
Alternative 1:

The Town made a concerted effort to identify a new source of groundwater supply in 2016 and 2017. Test
wells were drilled at the Browns Well, at Bull Brook Reservoir, near the Mile Lane Well, at Pony Express
(Candlewood Drive), at Project Adventure (High School) and at the Lynch Well Site (Linebrook Road).
The details of the test-well drilling were reported to the Town in three separate reports:

1. “Replacement Well Investigation, Browns Well’, AECOM, March 2016

2. *“Test Well Investigation, Bull Brook Reservoir, Mile Lane, & Lynch Property”, January 2017

3. “Report On 2017 Test Well Investigation Pony Express and Project Adventure Sites, Ipswich,
MA”", AECOM, October 2017

Based on these investigations, the Lynch Well Site appeared to be the most favorable of these sites in
terms of capacity and water quality.

A 15-day prolonged pumping test conducted at the Lynch Site in August 2018 indicates that a well field
of four wells could produce up to 510 gpm or 0.73 MGD. Water-quality testing conducted during the
pumping test indicates that the water meets primary and secondary Maximum Contaminant Levels
(MCLs and SMCLs) established by the US Environmental Protection Agency (EPA) and enforced by the
Massachusetts DEP. Low levels of bacteria and per- and poly-fluorinated alkyl acids (PFAAs) were
found along with elevated levels of nitrate, chloride, and sodium.

Alternative 1 Next Steps:

Obtain approvals from the appropriate state regulatory agencies, i.e., DEP and MEPA,

e Investigate the source(s) of bacteria, and eliminate pathways for their introduction into the
groundwater,;

e |nvestigate the sources of nitrate, sodium, chloride and PFAAs, and develop a plan to reduce
their levels in groundwater;

e Obtain local approvals, such as an Order of Conditions from the Conservation Commission;

AECOM
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e |dentify an adequate, alternative source of water for irrigation to maintain farming operations;
and

e Design wells and pumping facilities.

Alternatives 2a and 2b:

The use of Browns well is included as part of Alternatives 2a and 2b. Browns well and its associated
pump station have reached their useful service life. The well pumps water directly into the distribution
system and has historically been a productive well for the Town, but manganese levels have been
increasing over the years. In a letter report dated March 31, 2016, AECOM recommended that the well
and pump station be replaced with a gravel-packed replacement well to be constructed 15 feet from the
existing Browns well. Pumping tests indicated that the replacement well could be capable of producing
up to 400 gpm. In addition, the Browns well water will require treatment for iron and manganese.

Alternatives 2a and 2b would both include the replacement of Browns well. However, Alternative 2a would
entail constructing a transmission main from the well to the existing WTP for treatment. Alternative 2b
would involve constructing a new greensand filtration plant to treat the water for iron and manganese,
followed by pumping directly into the distribution system.

The initial steps in the development process for Alternatives 2a and 2b are summarized below:
Alternative 2a Next Steps:

Prepare a layout of the transmission main from Browns well to the WTP.

Begin permitting process for the replacement well.

Conduct survey and borings along the transmission main route in preparation for design.
Conduct jar testing to assess adjustments to chemical addition at the WTP.

Evaluate the existing WTP.

Alternative 2b Next Steps:

e Begin permitting process for the replacement well.
e Conduct survey and borings at Lot 009 in preparation for design.

Alternative 3: Desalination

Alternative 3 would involve constructing a new desalination water treatment plant to treat brackish
groundwater. The plant would likely use reverse osmosis technology to remove salt and minerals from
brackish groundwater to obtain fresh water. The desalination process produces high-salinity brine as a
byproduct. which would need to be discharged to the ocean. Brackish groundwater would be pumped to
the desalination plant, which could be located on Town property near the existing wastewater treatment
plant \WWTP). Several positive circumstances made this alternative worthy of investigation:

e The Town owns coastal land at the WWTP, which could be a source of brackish groundwater;

e The WWTP has an existing outfall that discharges to the Greenwood Creek, which is a tidal
creek. Any brine that is created through the treatment process could be mixed with the WWTP
effluent and discharged through the same outfall.

e The proposed site is located close to the Town Hill water storage tank, adjacent to the WWTP site
on Town owned property. Desalinated water would be introduced to the distribution system at the
tank.

Before any further consideration of desalination, the Town would need to identify if there is a sufficient
supply of brackish groundwater at the WWTP site.

Some of the next steps for further evaluating this option are summarized below:
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e Drill test wells to identify possible brackish groundwater sources;

e Conduct geotechnical borings and survey at the site;
e Consider the optimum capacity of the plant.

Based on the evaluation of the three alternatives, the Town decided to move forward with the Lynch Well
aiternative. AECOM also recommends that the Town proceed with replacing Browns Well and
constructing a transmission main extending from the well to the WTP. Estimated costs for each

alternative are presented in the table below. This Browns Well option is the least expensive of the

remaining alternatives recommended for further evaluation and will increase the capacity by 0.28 MGD.

Increasing the Browns well capacity to 400 gpm (0.28 MGD) and DEP approval of the Lynch Well Site (up
to 0.73 MGD), will provide the additional water supply needed by the Town. The Browns Well has been a
reliable water source for the Town and, with treatment for iron and manganese, it can continue to provide
water. We recommend that a bench-scale jar-testing study be conducted to evaluate the impacts Browns

Well water on the WTP process. Available water-quality data indicates that the quality of the surface
water from Dow Brook and Bull Brook Reservoirs is similar to the quality of Browns Well. We also

recommended that the Town move forward with a test-well investigation to further evaluate the
desalination option. This investigation will provide information for the Town to plan for future demands and

for redundancy.

Table ES-2. Recommended Alternatives Concept Level Opinion of Costs

Capacity

Alternative No. Oc?nnig?\pc:fl-g;::s Increase
P (MGD)

Alternative No. 1: Lynch Well Site $2,960,000 0.73
Alternative No. 2a: Browns Replacement Well with
Transmission Main to WTP $1.600,000 L2l
Alternative No. 2b: Browns Replacement Well with
Greensand Filtration Plant $2028,000 02s
Alternative No. 3: Desalination $25,000,000 3.0
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1 Introduction

The Town of Ipswich (Town) provides drinking water to approximately 4,500 homes and businesses
throughout the Town. From 2012 to 2016, the total average day demand (ADD) was 1.01 million gallons
per day (MGD). The Town utilizes groundwater and surface-water sources in the Parker River Basin, and
groundwater sources in the Ipswich River Basin. The Town's current approved daily water-supply
capacity is 2.19 MGD. This figure is based on the sum of the Safe Yield of the reservoir system and the
maximum daily pumping rates approved for each well by the Massachusetts Department of
Environmental Protection (DEP). However, this capacity of 2.19 MGD is somewhat deceiving.
Operational and water quality issues, and regulatory restrictions reduce the available capacity to 0.96
MGD during drought conditions. The Water Management Act (WMA) authorizes the Town to withdraw on
average a total of 1.18 MGD over the year, 0.98 MGD from the Parker River Basin and 0.2 MGD from the
Ipswich River Basin.

The reservoir system in Ipswich includes the Dow Brook and Bull Brook reservoirs. The reservoir system
is located in the Parker River Basin and provides about half of the potable water supply to the Town. The
reservoirs operate in series, with water flowing from the Bull Brook Reservoir to the Dow Brook Reservoir.
Water is then pumped from the Dow Brook Reservoir to the Water Treatment Plant (WTP). Historical
observations and AECOM'’s work have confirmed that these reservoirs operate on an annual cycle,
including: 1) overtopping the dams in the late fall, winter, and early spring months and 2) reduction in
reservoir levels in the summer and early fall. The water that is overtopping the dams is lost to the Town
for use as drinking water supply. These observations indicate that the reservoir volume is insufficient to
store the water contributed from their watershed areas. The reservoirs are also insufficient to maintain
adequate capacity of potable water for the Town. If additional storage volume was available, the water
that is currently overtopping the dams could be stored and would create a buffer during high demand
and/or low rainfall periods. In addition, because of this low storage volume, the reservoirs are more
dependent on the timing of rainfall. If the late spring and summer months are dry, the reservoirs receive
very minimal inflow and the water levels typically drop quickly.

In 2016, the Town experienced a significant drought, during which the water levels in the reservoirs
dropped substantially. To meet demands for potable water, the Town had to implement severe water use
restrictions, and institute an Emergency Water Supply Declaration. In addition, the Town is experiencing
modest growth in both residential and commercial sectors. This growth, coupled with the drought of
2016, prompted the Town to retain AECOM to conduct a study of the Town'’s water system. The purpose
of this study is to evaluate current and future drinking water demands, along with current and future water
supply. The overall goals for the study are presented below:

1. Estimate the Town's projected water demands to 2040;

2. Evaluate the capacity of current and potential water-supply sources;
3. Identify the variance between supply and demand; and
4,

Recommend new water supply sources to meet future demand.
1.1 Ipswich Water Supply Background Information

This section provides a more complete rationale for the study, along with a history of water supply
development. The Town began providing water to the community in 1894. Since that time, the Town has
continued to evolve and has periodically evaluated demands and explored other potential sources.

Rationale for Water Supply and Demand Study

Several concerns about the Town's water supply have brought into sharp focus the need for the Town of
Ipswich to assess new sources of water supply. These concerns, summarized below, involve a wide
range of water-supply considerations, including capacity, water quality, operations, regulation and long-
term planning.
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