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Ground water 1s America's silent, hidden source of drinking

water. It lies in vast stores below ground, flowing softly
through bedrock and unconsolidated deposits of sand and
gravel. Ground water 1s an essential component of the

nation's ground water supply, and is critical to our economic
growth, national agricultural productivity and the overall
quality of life.

In New England, ground water 13 a particularly preclous
resource. As a whole, more than 50% of the region's drinking
water comes from underground sources, whereas residents 1n
rural areas are nearly 100% dependent. But this important
resource 1ia threatened - in recent years, hundreds of water
supply wells 1in New England have been shut down due to
contamination.

Although there are numerous federal and state regulations
that prevent contaminants from entering the ground, much of
the power to protect water supplles rests at the local level,
with land use planners and local regqulators responsible for
future land use development within the resources and the
tools which can be used to protect them.

This ground water conference is designed to share experiences
gained both nationally and regionally, and to develop a
better understanding of the technical and regqulatory
interrelationships involved in protecting New England's
ground water resources, now and for the future.

October 2-3, 1989
Danvers, Massachusetts
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THE WELLHEAD PROTECTION PROGRAM -
NATIONAL OVERVIEW

Steven Roy, US. EPA,
Office of Ground-water Protection
Washington, D.C. 20460

The 1986 Amendments to the Safe Drinking Water
Act (SDWA) formalized the concept of State Wellhead
Protection (WHP) Programs to protect wellhead areas to
public water supply wells from contamination. The Act
contains requirements for the minimum program elements
necessary to develop and implement a WHP program.

June 19, 1989 was the statutory deadline for
submission of state WHP programs. This paper presents
a summary of those programs that have been submitted
and provides a status report on the review and
approval process. Specific state examples are
presented to demonstrate innovative approaches to each
of the program elements. Implementation issues and
the role of the local government are explored.
Transfer of WHP concepts from other areas of the
country to the northeastern states is provided.



Steven P. Roy
Source Management Unit

U.S. Environmental Protection Agency
Office of Ground-Water Protection
401 M St., S.W.
Washington, D.C. 20460

Steven Roy is currently the manager of the Source Management
Unit in EPA’s Office of ground-Water Protection. His
responsibilities include overseeing the management of the Wellhead
Protection Program and developing technical assistance materials
for state and local officials on ground-water protection.

Prior to joining EPA, Mr. Roy worked for eight years as
Ground-Water Program Manager and Water Management Director for the
State of Massachusetts. There he developed numerous ground-water
protection programs including the Aquifer Land Acquisition Program
and a water allocation/permit program.

Also, Mr. Roy worked for the Berkshire County Regional Planning
Commission in Pittsfield, Massachusetts as an environmental
planner.

Mr. Roy has a B. S. in Forestry from the University of
Massachugetts, Amherst and an M. S. in Water Resources from the
State University of New York, Syracuse, N. Y.



DEVELOPING AND PASSING STATEWIDE WELLHEAD PROTECTION PROGRAMS

CONNECTICUT: A CASE STUDY

Eric J. Brown

Murtha, Cullina, Richter and Pinney
CityPlace
185 Asylum Street, P.O. Box 3197
Hartford, Connecticut 06103

Designing a comprehensive statewide wellhead protection program which is
effective, workable, and politically feasible poses serious challenges to any
state. The process is particularly difficult for those regions such as the
northeast where the general public has yet to perceive of severe shortages or
widespread contamination of their drinking water supplies. Yet proactive
approaches to address the growing pressures on ground-water supplies can be
successfully developed and are clearly preferable to the potential health and
financial costs associated with reactive approaches. One example of such a
proactive approach is the aquifer protection legislation recently adopted in
Connecticut.

There are many methods and approaches which a state may use to develop
ground-water legislation. In Connecticut, a legislative task force supported by a
committed Department of Environmental Protection and spearheaded by strong
legislative leadership proved to be an effective mechanism for generating the
structure of their aquifer protection program. The open and cooperative process
which the task force utilized in formulating recommendations was a major factor in
the program’'s ultimate success in the legislature. Other important, yet distinct
processes included forging the task force recommendations into sound legislative
proposals, designing a legislative strategy, and shepherding the proposals through
an often treacherous legislative process.

Although the obstacles to developing comprehensive, statewide wellhead
protection programs are many, the unanimous votes in both chambers of the
Connecticut General Assembly offer strong evidence that such hurdles can be
overcome.

I. Introduction

Clean drinking water is generally considered to be a basic right of every
citizen and is a resource which most take for granted. How is a concept so
fundamental and seemingly uncomplicated as clean drinking water becoming a
controversial issue giving rise to a growing number of angry well owners, heated
local debates, and envirommental lawsults? The answer, at least in part, is
uncertainty about how clean is "clean" coupled with a philosophy of "don't tread
on me." The federal government continues to release updated standards on what
constitutes clean drinking water. These standards are, for the most part, a list



of six syllable chemical names with concentrations which are difficult to
envision, subject to change, and meaningless to the average citizen.

Additionally, "clean" is a relative term whose meaning and significance varies
with the individual. Most of us remember our dad or uncle taking a big gulp from
a canteen or bottle of soda and passing it over to us. Some of us heartily
grabbed the container taking an equally big swig without giving a single thought
to germs or bacteria. For others, the unsterilized bottle neck held the seeds
from which the world’'s next great plague would surely sprout.

Coupled with the issue of what constitutes "clean"” drinking water is the
problem that protecting ground-water supplies means protecting specific areas of
land which lie above it. Most of us are willing to send money to help storm
victims we have never met, pitch in and work for weeks to help a neighbor rebuild
a house or a barn lost to fire, perhaps even risk our lives to save a friend,
neighbor or even a stranger facing some imminent peril. Just don’t try to tell us
how we can and cannot use our land, particularly when our neighbor may not have to
abide by the same constraints. Upon consideration of the societal notions of
private property along with public uncertainty regarding the severity of the
threat to their drinking water supplies, the concept of clean groundwater and its
protection assumes a very couplex nature with a strong emotional component.

In light of these underlying tensions, how can a local, state, or federal
government effectively assure its citizens a plentiful supply of safe drinking
water to which they have a fundamental right? The answer is they cannot--at least
not unilaterally. Ultimately, the people must decide how much government
regulation they are willing to endure in ensuring themselves a drinking water
supply which will remain reasonably plentiful and safe. Realizing this fact, many
have advocated a grass roots educational approach to protecting groundwater
drinking water supplies. Unfortunately, educating the public about one specific
issue in today's complex society generally requires either a tremendous amount of
time and money or a major catastrophe. Attempting to address an issue with the
complexity of ground-water protection in a proactive, grass roots fashion could
involve a prohibitive time span as growing development, population, and land
prices place increasing pressures on drinking water supplies from groundwater.

The remainder of this paper offers an alternative to a purely grass roots
approach to generating wellhead protection legislation. The contents are based on
the experiences of Connecticut which recently passed broad, flexible, and
effective wellhead protection legislation at the state level using a team
approach. It is hoped that some of the material herein will be useful for
individuals and organizations seeking to institute state groundwater protection
measures as well as to communities working to protect their ground-water drinking
water supplies at the local or regional level.

ITI. Team Approach

A. Legislator

The most important person in the process of developing and passing
ground-water legislation is likely to be the legislator who will ultimately
be the chief sponsor of a wellhead protection bill. This person acts as
coach and general manager of a widely diverse team. The legislator must be
willing to place wellhead protection at the top of his or her priority list
for perhaps several legislative sessions and therefore will probably
represent a district having a major interest in protecting ground-water



resources. Because of their critical role in the process, only legislators
who are committed to the successful development of wellhead protection
legislation are likely to be successful. It is also advantageous for this
role to be filled by a member of the majority party and of the legislative
committee responsible for environmental matters as this is the first
legislative committee which will have to approve the wellhead protection
bill. While neither extensive experience nor possession of a legislative
leadership position is necessary to achieve a successful result, political
savvy and having the respect of their legislative colleagues are strong
benefits.

B. State Agency

A second critical player in developing successful wellhead protection
legislation is the state agency responsible for environmental protection.
The agency must be willing and able to actively support the project by
providing personnel and technical assistance as required. In most instances,
the agency will have extensive experience in resource management as well as
knowledge of what types of protection programs have proven to be workable and
effective. This experience and knowledge are vital to the ultimate success
of the project.

C. Task Force

Once the legislator and the environmental agency are in a position to go
forward with the project, the most efficient way to proceed may be to have
the agency and the legislator work together in formulating legislation.
However, this method will probably fail as it likely is too far removed from
a purely grass roots approach. Input from a wider variety of interested
parties is required. Accordingly, the legislator and agency should work to
establish a legislative body charged with studying and making recommendations
regarding wellhead protection legislation. Such a body is not only necessary
to flush out and address the many complex issues involved in wellhead
protection, but also lends credibility to the ultimate proposals. 1In
Connecticut, the General Assembly allocated funds for the creation of a
legislative task force to study and make recommendations for protecting the
state’'s public drinking water supplies drawn from groundwater. The task
force provided the forum for identifying issues, along with developing and
evaluating proposals. So critical was Connecticut's Aquifer Protection Task
Force that a closer look at the structure and operation of such an entity is
merited.

1. Composition

The goal of a task force is ultimately to advise the legislature on
how to address the issue of protecting groundwater resources used for
drinking water. Accordingly, the legislator who will be the bill's
chief sponsor should chair the task force. If feasible under
legislative rules, a colleague from the other legislative chamber (House
of Representatives or Senate) of the General Assembly should act as co-
chair of the task force. This is an important consideration as
successful legislation will require a "champion" to politically usher it
through many potential pitfalls in both chambers of the General
Assembly.



Other House and Senate members, both Republicans and Democrats,
should also be named to the task force. As discussed below, task force
legislators will likely be the most knowledgeable sources regarding the
legislation on the floor of the General Assembly. Having informed
legislators in each political "camp” will be important as the bill makes
its way through the legislative process.

In addition to legislative members, the state Environmental
Protection Agency should be represented at the highest level possible.
Having a highly-ranked and experienced agency representative on the task
force will help assure that the maximum possible amount of Agency
resources will be available to the task force and will also reflect the
level of commitment which the Agency holds for wellhead protection.

The remaining members of the task force should be chosen as
carefully as the co-chairs. It is important to have members who are
knowledgeable, committed to the project, and have flexible schedules
which will allow them to attend meetings arranged on short notice or on
an inconsistent time basis. Most critical to the selection process is
to ensure that many different perspectives are represented on the task
force. A valid approach in this selection process would be to list all
the broad interest groups which one would typically expect to oppose
land use control and increased commercial or industrial regulation.
These groups are generally well organized and often politically
powerful. It is therefore imperative that they be brought into the
process at the outset and that their concerns are understood and
addressed early. To this list should be added local, state, and
possibly federal governmental representatives whose agencies and
constituents might ultimately be affected by the recommendations of the
task force. The task force membership should be geared to represent as
many of these listed individuals, groups, or agencies as possible. Care
should be taken not to underestimate the importance of the agency which
handles state finances. Comprehensive wellhead protection is not free
and the task force needs to have an indication of the state’'s fiscal
response to its developing proposals.

Examples of those groups represented on the Connecticut Aquifer
Protection Task Force include: Connecticut Business and Industry
Association, Home Builders Association, town planners, local first
selectmen, environmental lawyers, private and public water utilities
along with representatives of the state Departments of Agriculture,
Health Services, and Environmental Protection.

The final critical element in assembling a task force is full-time
staffing. There are a multitude of administrational demands in
operating an effective and efficient task force for which the members
themselves cannot possibly take responsibility. Specific

responsibilities and suggestions on effectively staffing a task force
are discussed below.

2. Operation and Function

In Connecticut, Task Force meetings were conducted in formal
surroundings with room for interested citizens who wished to attend.
This setting provided an excellent forum for raising issues and
discussing well researched and concisely presented proposals. However,

6



the meetings proved to be a rather ineffective forum for debating
specific problems in detail. Members often had difficulty with
effectively debating a point of contention with another task force
member who could be 20 feet away and only visible above the circular
committee dais from the neck up while two dozen other heads looked on.
For this reason, the meetings of the Connecticut Task Force were
generally designed to raise issues and review specific proposals on how
major issues might be addressed.

Once the major skeletal elements of the protection program were
defined, the co-chairmen of the Connecticut Task Force requested that
members volunteer to serve on subcommittees formed to address specific
issues associated with each element of the program. Examples included
the agriculture, water softener, land acquisition, regulation, and
mapping subcommittees. The subcommittees generally consisted of 4-7
persons and often included non-Task Force members as well. Groups of
this size were able to work informally around small tables, over coffee
or lunch and hammer out innovative and mutually agreeable proposals.
Each subcommittee was responsible for assembling and presenting a report
to the task force outlining their discussions and proposals. Each task
force member was then given an opportunity to review these reports prior
to discussing them collectively at a subsequent task force meeting. The
subcommittee approach proved very successful in Connecticut and was a
critical element in efficiently achieving a consensus on detailed
solutions to specific problems.

3. Use of Staff

Having at least one full-time employee to staff the task force is an
important element in maximizing its efficiency and productivity. The
main role of the staff is to act as a facilitator. Specifically, staff
should organize and monitor task force, subcommittee, and other
meetings; conduct research on issues related to the task force’'s goals;
maintain and utilize an updated mailing list of interested individuals
and organizations keeping them informed on the progress of the task
force; be available to quickly address crises as they arise; and
generally act as a vehicle of communication for the task force co-
chairs. It is important that the staff be able to work well with all
parties involved in the process including task force members, lobbyists,
and other legislative staff involved with researching and writing
environmental legislation. The staff may also play a significant role
in writing and editing reports which will be used to communicate the
work and proposals of the task force to legislators, lobbyists, interest
groups, state and local government officials, and interested citizens.

IV. Other Resources

The task force should be prepared to take maximum advantage of all the
resources at its disposal. This section highlights three examples of resources
which played important roles in assisting Connecticut’s Aquifer Protection Task

Force.



A. Lobbyists

Lobbyists are often portrayed as legislative mercenaries ready to carry
any flag for a price. In the vast majority of cases, this is not only a
false perception, but can be a terminal mistake for many legislative
proposals. Lobbyists should rather be viewed as potentially vital assets to
the task force in developing successful legislation as they represent a
valuable source of both technical and political knowledge. Additionally,
lobbyists who are incorporated into the process of developing proposals, will
often feel an extra incentive to work for the legislation ultimately written.
When the bill actually makes its way to the General Assembly. lobbyists can
be valuable foot soldiers responding quickly and competently to sudden
circumstances which may threaten the legislation. Again, it is important to
emphasize that having the environmental, conservation, and water company
lobbyists on your side is very helpful. The proposals have a significantly
better chance of surviving, however, if you can also count organizations
which represent developers, municipalities and business organizations as your
allies. A bill which protects clean drinking water and has the support of
such organizations is very difficult to vote against. However, such support
is likely to be achieved only if representatives of these organizations are
brought into the process early and given every opportunity to participate in
the development of the proposals.

B. Municipalities

Early on in the process of developing proposals, Connecticut’'s Aquifer
Protection Task Force arranged a trip for themselves and interested
individuals to visit two towns facing different challenges related to
protecting drinking water supplies from groundwater. The group heard
presentations from local officials regarding their efforts to develop
ground-water protection measures and the frustrations they encountered during
this process. Present and future wellfields were visited on tours of each
town hosted by local planning, utility, and conservation officials. During
these tours, different types of land uses near the wellfields were observed
in order to instill an appreciation for the real life issues which face
individual towns attempting to unilaterally protect their groundwater. The
trip proved valuable not only as an education experience, but also helped to
established a close relationship between the task force and the towns. These
communities constituted a continually expanding resource of knowledge gained
through experience which the task force could consult with as their work
proceeded.

C. Private Consultants

Inviting a private consulting firm to make a presentation to the task
force may serve several purposes. If skillfully constructed, such a
presentation can help improve the technical understanding of task force
members on the scientific aspects of protecting groundwater. Additionally,
such an event can help to establish a working relationship whereby the firm
could be called on informally for technical advice and expertise.

In Connecticut, task force members needed to expand their understanding
of groundwater cleanup technology in order to weigh this as an option in
designing a wellhead protection program. The presentation, along with



follow-up discussions, allowed the task force to make an informed decision on

this matter and to effectively communicate their decision in the annual
report.

V. Annual Report

For each legislative session, the task force should prepare an annual report
to the legislature. This should be done even if not required as such a report
documents the work and proposals of the task force for the year and helps to
define the challenges yet to be faced. Most importantly, a well written report
will enhance the reputation of the task force and lend credibility to its
proposals.

There are several issues to consider regarding the report. Most importantly,
the report should be well written, contain clear and understandable visuals which
assist the reader in synthesizing the scientific and socio-political elements
involved with wellhead protection, and be readable to a wide range of citizens.

It is fair to assume that many readers will not even know what a wellhead or
aquifer is. Protecting these resources, even at the state level, will involve
local officials and board members many of whom are volunteers with little or no
understanding of groundwater and the complex issues involved in protecting it.
Therefore, the report should start the reader at this elementary level and
gradually lead them to an understanding of the issues considered by the task force
and conclude with an explanation of the ideas proposed to address these issues.
It is a good idea to have several persons unfamiliar with the work of the task
force, but experienced in writing public information documents, review the draft
and make editorial suggestions. In Connecticut, a draft version of the 1989
report was widely circulated utilizing the mailing list mentioned earlier.
Additionally, a public hearing was held by the task force solely to gather
testimony regarding the draft report. A copy of the finished report should be
sent to each state legislator in order to raise their awareness of groundwater
issues, the work of the task force, and the specific proposals.

VI. Legislation

Writing the actual wellhead protection legislation involves a substantially
different process than that of writing the task force report. Here the emphasis
must be on technical correctness. As the proposals are likely to be broad in
scope and detailed in nature, writing the bill will be an arduous and painstaking
process for those unfamiliar with the intricacies of the proposals. For this
reason, it is important to have the legislative staff responsible for writing
environmental legislation fully informed on the progress of the task force and its
evolving proposals. The more involved these staff people are with the task force,
the more skillfully and efficiently they will be able to draft language which is
readable, understandable, and technically accurate. Furthermore, as the
legislation makes its way through the legislative process, it will likely be
subjected to close scrutiny and intense debate making some changes to the bill
inevitable. Having a staff attorney who is fully familiar with all the subtleties
of the bill will permit these changes to be made with maximum efficiency and in
such a way as to minimize their impact on the carefully constructed framework of
the legislation developed by the task force over months or years.



VII. Legislative Process

Once the task force proposals have been synthesized into a legislative bill,
the final major challenge is shepherding the bill through the legislative process.
Much of the success in meeting this challenge will depend upon the political sense
and savvy of the chief legislative sponsor who must develop a strategy to guide
the bill through a legislative process full of pitfalls and trap doors.

The overall goal of the legislative strategy should be to anticipate problems
before they arise and to have all of the various resources cultivated during the
task force deliberations on hand and solidly prepared to address, in an efficient
and effective manner, any challenges which may threaten the bill.

In Connecticut, part of this strategy consisted of writing the legislation as
a House bill. In doing so, the larger chamber, composed of a wider range of
backgrounds and perspectives, had the first opportunity to debate the bill. If an
agreement could be reached which would allow the bill to pass by a comfortable
margin in the House, it was hoped there would be a greater opportunity for
successful consideration of the bill in the generally less volatile Senate.

A fundamental consideration in developing a legislative strategy is that not
every member of the legislature need be an expert on the details of the bill.
Those legislators who served on the task force will be the primary “experts”
within the legislature along with members of the Environment Committee to a lesser
extent. These legislators will provide the first line of defense, on both sides
of the isle, against any technical questioning or sudden attacks on the bill
occurring on the floor of either chamber. Assuming that not every member of both
the task force and the Environment Committee will be strong advocates of the bill,
it will be important for those who do support the bill to work actively on its
behalf. Off the floor, the corps of lobbyists who participated in developing the
bill should be kept up-to-date on any challenges or changes to the bill during
legislative debate. As major allies of your efforts, lobbyists must be totally
familiar with at least those portions of the bill which affect their clients in
order to function as effective advocates as the tense hours of legislative debate
unfold.

Along with legislators opposed to the bill, procedural pitfalls of the
legislature may pose a threat to the bill's survival and should not be
underestimated. Task force staff should have a good rapport with the staff of
legislative leadership and where possible, with the legislators themselves.
Keeping track of deadlines, filing requirements, and other procedural formalities
is extremely important as even a small oversight in this area can extinguish the
bill's chances even to be considered by the legislature.

Eventually, debate on the bill will come to a close. Months, perhaps years
of preparation, attention to detail, and dozens of concerted attempts to address
everyone's concerns will stand against the ultimate legislative test. A certain
sense of accomplishment is justified in having reached this point. Hundreds of
bills will have died in committee, been amended beyond recognition, or are doomed
as they lie dormant on the legislative calendar.

. In Connecticut, most of the major concerns regarding the bill were identified
prior to the start of debate on the floor of the House. The cooperative efforts
of legislators, lobbyists, and staff allowed these concerns to be quickly
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addressed with clarifying language and reasonable compromises. Formal debate on
the floor was principally composed of answering questions for the record in order
to provide a clear documentation of legislative intent.

Ultimately, HB 6594 "An Act Concerning Aquifer Protection Areas . . ."

unanimously passed the House of Representatives 137-0 and quickly won unanimous
approval in the Senate after a predictably short debate.

11



Substitute House Bill No. 6594

PUBLIC ACT NO. 89-305

AN ACT CONCERNING AQUIFER PROTECTION AREAS, AND
LOCAL FLOOD AND EROSION CONTROL BOARDS.

Be it enacted by the Senate and House of
Representatives in General Assembly convened: '

Section 1. (NEW) The general assembly finds
that aquifers are an essential natural resource
and a major source of public drinking water; that
reliance on groundwater will increase because
opportunities for development of new surface water
supplies are diminishing due to the rising cost of
land and increasingly intense development; that
numerous drinking water wells have been
contaminated by certain land use activities and
other wells are now threatened; that protection of
existing and future groundwater supplies demands
greater action by state and local government; that
a groundwater protection program requires
identification and delineation of present and
future water supplies in stratified drift aquifers
supplying drinking water wells; that a
comprehensive and coordinated system of land use
regulations should be established that includes
state regulations protecting public drinking water
wells 1located in stratified drift aquifers; that
municipalities with existing or proposed public
drinking water wells in stratified drift aquifers
should designate aquifer protection agencies; and
that the state should provide technical assistance
and education programs on aquifer protection to
ensure a plentiful supply of public drinking water
for present and future generations.

Sec. 2. (NEW) For the purposes of this act:

(1) "Regulated activity" means any action or
process the commissioner of environmental
protection determines, by requlations adopted in
accordance with section 3 of this act, to involve
the production, handling, use, storage or disposal
of material that may pose a threat to groundwater,
including structures and appurtenances utilized in
conjunction with the regulated activity;

(2) "Commissioner" means the commissioner of
environmental protection;

(3) "Well field" means the immediate area

surrounding a public drinking water supply well or
group of wells;

[y
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(4) "Area of <contribution" means the area
where the water table is lowered due to the
pumping of a well and groundwater flows directly
to the well;

(5) "Recharge area" means the area from which

groundwater flows directly to the area of
contribution;
(6) "Aquifer" means a geologic formation,

group of formations or part of a formation that
contains sufficient saturated, permeable materials
to yield significant quantities of water to wells
and springs;

(7) "Affected water company" means any public
or private water company owning or operating a
public water supply well within an aquifer
protection area;

(8) "Stratified drift" means a predominantly
sorted sediment laid down by or in meltwater from
glaciers and includes sand, gravel, silt and clay
arranged in layers;

(9) "Municipality" means any town,
consolidated town and city, <consolidated town and
borough, city or borough;

{10) "Aquifer protection area" means any area
consisting of well fields, areas of contribution
and recharge areas, identified on maps approved by
the commissioner of environmental protection
pursuant to sections 22a-354b to 22-354d,
inclusive, of the general statutes, as amended by
this act, within which land uses or activities
shall be required to  comply with regulations
adopted pursuant to section 8 of this act by the
municipality where the agquifer protection area is
located; and

(11) "Best management practice" means a
practice, procedure or facility designed to
prevent, minimize or control spills, leaks or
other releases that pose a threat to groundwater.

Sec. 3. (NEW) (a) On or before July 1, 1990,
the commissioner of environmental protection shall
adopt regulations in accordance with chapter 54 of
the general statutes for land wuse controls in
aquifer protection areas. The regulations shall
establish (1) best management practice standards
for existing regulated activities located entirety
or in part within aguifer protection areas and a
schedule for compliance of nonconforming regulated
activities with such standards, (2) best
management practice standards for and prohibitions
of regulated activities proposed to be located
entirely or in part within aquifer protection

—
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(b) The soil and water conservation district
where the aquifer protection area is located shall
establish and coordinate a technical team to
develop each plan. Such team shall include a
representative of the municipality in which the
land is located and a representative of any
affected water company upon request of _such
municipality or water company. In developing a
plan, a district shall consult with the
commissioners of environmental protection and

agriculture, the college of agriculture and
natural resources at The University of
Connecticut, the Connecticut Agricultural

Experiment Station, the soil conservation service,
the state agricultural and conservation committee
and any other person or agency the district deems
appropriate.

(c) The plan shall include a schedule for
implementation and shall be periodically updated
as required by the commissioner. 1In developing a
schedule for implementation, the technical team
shall consider technical and economic factors
including, but not limited to, the availability of
state and federal funds. Any person engaged in
agriculture in substantial compliance with a plan
approved wunder this section shall be exempt from
regqulations adopted under section 8 of this act by
a municipality in which the land is located. No
plan shall be required to be submitted to the
commissioner before July 1, 1991, or six months
after completion of level B mapping where the farm
is located, whichever is later.

(d) On or before July 1, 1990, the
commissioner of environmental protection, in
consultation with the commissioner of agriculture,
the United States Soil Conservation Service, the
cooperative extension service at The University of
Connecticut and the council for soil and water

conservation, shall develop regulations in
accordance with chapter 54 of the general statutes
for farm resources management plans. Such

regulations shall include, but not be limited to,
provisions for manure management, storage and
handling of pesticides, reduced use of pesticides
through pest management practices, integrated pest
management, fertilizer management and the location
of underground storage tanks. 1In adopting such
regulations, the commissioner shall consider
existing state and federal guidelines or

regulations affecting aquifers and agricultural
resources management.
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Sec. 7. (NEW) The zoning commission,
planning commission or planning and =zoning
commission of each municipality with an aquifer
protection area shall delineate on any map showing
zoning districts prepared in accordance with
chapter 124 or 126 of the general statutes or any
special act the boundaries of aquifer protection
areas, including areas of contribution and
recharge areas as shown on level A maps approved
pursuant to section 22a-354c of the general
statutes, as amended by section 22 of this act.

Sec. 8. (NEW) (a) Each municipality in which
an aquifer protection area 1is located shall
authorize by ordinance an existing board or
commission to act as such agency not later than
three months after adoption by the commissioner of
regulations for aquifer protection areas pursuant
to section 3 of this act and approval by the
commissioner of mapping of areas of contribution
and recharge areas for wells located in stratified
drift aquifers in the municipality at level B
pursuant to section 22a-354d of the general
statutes. The ordinance authorizing the agency
shall determine the number of members and
alternate members, the length of their terms, the
method of selection and removal, and the manner
for filling vacancies, No member or alternate
member of such agency shall participate 1in any
hearing or decision of such agency of which he is
a member upon any matter in which he is directly
or indirectly interested in a personal or
financial sense. In the event of
disqualification, such fact shall be entered on
the records of the agency and replacement shall be
made from alternate members of an alternate to act
as a member of such commission in the hearing and
determination of the particular matter or matters
in which the disqualification arose.

(b) Not more than six months after approval by
the commissioner of mapping at level A, pursuant
to section 22a-354d of the general statutes, the
aquifer protection agency of the municipality in
which such well is located shall adopt regulations
for aquifer protection.

(c) At least one member of the agency or staff
of the agency shall be a person who has completed
the course in technical training formulated by the
commissioner pursuant to section 16 of this act.
Failure to have a member of the agency or staff
with training shall not affect the validity of any
action of the agency and shall be grounds for
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revocation of the authority of the agency wunder
section 13 of this act. )
Sec. 9. (NEW) (a) The aquifer protection
agency authorized by section 8 of this act sha}l,
by regulation, provide for (1) the manner 1in which
the boundaries of agquifer protection areas shall
be established and amended or changed, (2) the
form for an application to conduct regulated
activities within the area, (3) 'not§ce and
publication requirements, (4) criteria and
procedures for the review of applications and (5)
administration and enforcement. .
(b) No regulations of an aquifer protection
agency shall become effective or be established
until after a public hearing in relation thereto
is held by the agency at which parties in interest
and citizens shall have an opportunity to be
heard. Notice of the time and place of such
hearing shall be published in the form of a legal
advertisement, appearing at least twice in a
newspaper having a substantial circulation in the
municipality at intervals of not less than two
days, the first not more than twenty-five days nor
less than fifteen days, and the last not less than
two days, before such hearing, and a copy of such
proposed regulation shall be filed in the office
of the town, city or borough clerk, as the case
may be, in such municipality, for public
inspection at least ten days before such hearing,
and may be published in full in such paper. A
copy of the notice and the proposed regulations or
amendments thereto shall be provided to the
commissioner of environmental protection, the town
clerk and any affected water company at least
thirty-five days before such hearing. Such
requlations may be from time to time amended,
changed or repealed after a public hearing in
relation thereto is held by the agency at which
parties in interest and citizens shall have an
opportunity to be heard and for which notice shall
be published in the manner specified in this
subsection. Regulations or changes therein shall
become effective at such time as is fixed by the
agency, provided a copy of such regulation or
change shall be filed in the office of the town,
city or borough «clerk, as the case may be.
Whenever an agency makes a change in regulations,
it shall state upon its records the reason why the
change was made. All petitions submitted in
writing and in a form prescribed by the agency
requesting a change in the regulations shall be
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(f) Any regulations adopted by an agency under
this section shall not be effective unless the
commissioner of environmental protection
determines that such requlations are reasonably
related to the purpose of groundwater protection
and not inconsistent with the regulations adopted
pursuant to section 3 of this act. A regulation
adopted by a municipality shall not be deemed
inconsistent if such regulation establishes a
greater level of protection. The commissioner
shall provide written notification to the agency
of approval or the reasons such regulations cannot
be approved within sixty days of receipt by the
commissioner of the regulations adopted by the
agency.

Sec. 10. ({NEW) (a) The comnmissioner of
environmental protection or any person aggrieved
by any regulation, order, decision or action made
pursuvant to sections 8 to 14, inclusive, of this
act, by the commissioner or municipality, within
fifteen days after publication of such regulation,
order, decision or action may appeal to the
superior court for the judicial district where the
land affected is located, and if located in more
than one judicial district, to said court in any
such judicial district, except if such appeal is
from a contested case, as defined in section 4-166
of the general statutes, such appeal shall be in
accordance with the provisions of section 4-183 of
the general statutes and venue shall be in the

judicial district where the 1land affected is
located, and if located in more than one judicial
district to the court in any such judicial

district. Such appeal shall be made returnable to
said court in the same manner as that prescribed

for civil actions brought to said court. Notice
of such appeal shall be served wupon the aquifer
protection agency and the commissioner. The

commissioner may appear as a party to any action
brought by any other person within thirty days
from the date such appeal 1is returned to the
court. The appeal shall state the reasons upon
which it 1is predicated and shall not stay
proceedings on the regulation, order, decision or
action, but the court may, on application and
after notice, grant a restraining order. Such
appeal shall have precedence in the order of
trial.

(b) The court, upon the motion of the person
who applied for such order, decision or action,
shall make such person a party defendant in the
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appeal. Such defendant may. at any time after the
return date of such appeal, make a motion to
dismiss the appeal. At the hearing on such motion
to dismiss, each appellant shall have the burden
of proving his standing to bring the appeal. The
court may, wupon the record, grant or deny the
motion. The court’s order on such motion shall be
a final judgment for the purpose of the appeal as
to each such defendant. No appeal may be taken
from any such order except within seven days of
the entry of such order. _

(c) No appeal taken under subsection (a) of
this section shall be withdrawn and no settlement
between the parties to any such appeal shall be
effective unless and until a hearing has been held
before the superior court and such court has
approved such proposed withdrawal or settlement.

Sec. 11. (NEW) (a) If upon appeal pursuant
to section 10 of this act, the court finds that
the action appealed from constitutes the

equivalent of a taking without compensation, it
shall set aside the action or it may modify the
action so that it does not constitute a taking. In
both instances the court shall remand the order to
the aquifer protection agency for action not
inconsistent with its decision.

(b) To carry out the purposes of sections 8 to
14, inclusive, of this act, a municipality may at
any time purchase land or an interest in land in
fee simple or other acceptable title, or subject
to acceptable restrictions or exceptions, and
enter into covenants and agreements with
landowners.

Sec. 12. (NEW) (a) If the aquifer protection
agency or its duly authorized agent finds that any
person is conducting or maintaining any activity,
facility or condition which violates any provision
of sections 8 to 14, inclusive, of this act, or
any regulation or permit adopted or issued
thereunder, the agency or its duly authorized
agent may issue a written order by certified mail,
return receipt requested, to such person
conducting such activity or maintaining such
facility or condition to cease such activity
immediately or to correct such facility or
condition. The agency shall send a copy of such
order to any affected water company by certified
mail, return receipt requested. Within ten days of
the issuance of such order the agency shall hold a
hearing to provide the person an opportunity to be
heard and show <cause why the order should not
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remain in effect. Any affected water company may
testify at the hearing. The agency shall consider
the facts presented at the hearing and, within ten
days of the completion of the hearing, notify the
person by certified mail, return receipt
requested, that the original order remains 1in
effect, that a revised order is in effect, or that
the order has been withdrawn, The original order
shall be effective upon issuance and shall remain
in effect until the agency affirms, revises or
withdraws the order. The issuance of an order
pursuant to this section shall not delay or bar an
action pursuant to subsection (b) of this section.
The commissioner may issue orders pursuant to
sections 22a-6 to 22a-7, inclusive, of the general
statutes, <concerning an activity, facility or
condition which is in violation of said sections 8
to 14, inclusive, if the municipality in which
such activity, facility or condition is located
has failed to enforce its aquifer protection
regulations.

(b) Any person who commits, takes part in, or
assists in any violation of any provision of
sections 8 to 14, inclusive, of this act, or any
ordinance or regulation promulgated by
municipalities pursuant to the grant of authority
herein contained, shall be assessed a civil
penalty of not more than one thousand dollars for
each offense. Each violation of said sections
shall be a separate and distinct offense, and, in
the case of a continuing violation, each day’s
continuance thereof shall be deemed to be a
separate and distinct offense. The superior
court, 1in an action brought by the commissioner,
municipality, district or any person shall have
jurisdiction to restrain a continuing violation of
said sections, to issue orders directing that the
violation be corrected or removed, and to assess
civil penalties pursuant to this section. All
costs, fees and expenses in connection with such
action shall be assessed as damages against the
violator together with reasonable attorney’'s fees
which may be allowed, all of which shall be
awarded to the municipality, district or person
bringing such action.

{c) Any person who wilfully or knowingly
violates any provision of sections 8 to 14,
inclusive, of this act, shall be fined not more
than one thousand dollars for each day during
which such violation continues or be imprisoned
not more than six months or both. For a

19



Substitute House Bill No. 6594

subsequent violation, such person shall be fined
not more than two thousand dollars for each day
during which such violation continues or be
imprisoned not more than one year or both. For the
purposes of this subsection, "person" shall be
construed to include any responsible corporate
officer.,

Sec. 13, (NEW) (a) The commissioner of
environmental protection may revoke the authority
of a municipality to regulate aquifer protection
areas pursuant to sections 8 to 14, inclusive, of
this, act upon determination after a hearing that
such municipality has, over a period of time,
consistently failed to perform 1its duties under
said sections. Prior to the hearing on
revocation, the commissioner shall send a notice
to the aquifer protection agency, by certified
mail, return receipt requested, asking such agency
to show cause, within thirty days, why such
authority should not be revoked. A copy of the
show cause notice shall be sent to the chief
executive officer of the municipality that
authorized the agency and to any water company
owning or operating a public water supply well
within such municipality. Such water company may,
through a representative, appear and be heard at
any such hearing. The commissioner shall send a
notice to the aquifer protection agency, by
certified mail, return receipt requested, stating
the reasons for the revocation and = the
circumstances for reinstatement. Any municipality
aggrieved by a decision of the commissioner under
this section to revoke its authority wunder said
sections 8 to 14, inclusive, may appeal therefrom
in accordance with the provisions of section 4-183
of the general statutes. The commissioner shall
have jurisdiction over aquifers in any
municipality whose authority to regulate such
aquifers has been revoked. Any costs incurred by
the state in reviewing applications to conduct an
activity within an aquifer protection area for
such municipality shall be paid by the
municipality. Any fees that would have been paid
to such municipality if such authority had been
retained shall be paid to the state.

(b) The commissioner shall cause to be
published notice of the revocation or
reinstatement of the authority of a municipality
to regulate aquifers in a newspaper of general
circulation in the area of such municipality.
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. (c) The commissioner shall adopt regulations
in accordance with the provisions of chapter 54 of
the general statutes establishing standards for
the revocation and reinstatement of municipal
authority to regulate aquifers pursuant to section
8 of this act.

Sec. 14. The commissioner of environmental
protection and the commissioner of transportation,
within available appropriations, shall study
methods to prevent contamination of drinking water
in aquifer ©protection areas through design,
construction and maintenance of transportation
routes, In conducting the study, said
commissioners shall consider prohibiting the
transportation of potential groundwater

contaminants through aquifer protection areas,
mandating containment molding and drainage control
in the design and construction of roads located

within aquifer protection areas and the
feasibility of nonsalt-based deicing material for
roads within aquifer protection areas. The

commissioners shall submit a report of their
findings and recommendations to the joint standing
committee of the general assembly having
cognizance of matters relating to the environment
on or before February 1, 1990.

Sec. 15. (NEW) The commissioner of
environmental protection shall develop an
incentive program to provide public recognition of
users of land located within aquifer protection
areas who demonstrate successful and committed
efforts to protect drinking water supplies by
implementing innovative approaches to groundwater
protection. Such program shall also promote
groundwater protection through education .of
members of businesses and industry and the public.
, Sec. 16. (NEW) The commissioner of
environmental protection shall formulate courses
in technical training for members and staff of
municipal aquifer protection agencies. Such
courses shall provide instruction in the
regulations developed pursuant to section 3 of
this act, potential options for monitoring and
enforcement, and technical requirements for site
plan review. The commissioner may designate any
organization or educational institution to provide
such instruction.

Sec. 17. (NEW) The commissioner of
environmental protection, in consultation with the
commissioner of health services and the

chairperson of the department of public utilities
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control, shall prepare gquidelines for acquisition
of lands surrounding existing or preoposed public

water supply well fields. In preparing such
guidelines the commissioner shall consider
economic implications for mandating land

acquisition including, but not limited to, the
effect on land values and the ability gf_small
water companies to absorb the cost of acquisition.

Sec. 18. (NEW) (a) The commissioner of
environmental protection, in consultation with the
commissioner of health services and water
companies, shall provide, within available
appropriations, technical, coordinating and
research services to promote the effective

administration of this act at the federal, state
and local levels.

(b) The commissioner shall have the overall
responsibility for general supervision of the
implementation of this act and shall monitor and
evaluate the activities of federal and state
agencies and the activities of municipalities to
assure continuing, effective, coordinated and
consistent administration of the requirements and
purposes of this act.

(c) The commissioner shall prepare and submit
to the general assembly and the governor, on or
before December first of each year, a written
report summarizing the activities of the
department concerning the development and
implementation of this act during the previous
year, Such report shall include, but not be
limited to: (1) The department’s accomplishments
and actions in achieving the goals and policies of
this act including, but not limited to,
coordination with other state, regional, federal
and municipal programs established to achieve the
purposes of this act; (2) recommendations for any
statutory or regulatory amendments necessary to
achieve such purposes; (3) a summary of municipal
and federal programs and actions which affect
aquifer protection areas; (4) recommendations for
any programs or plans to achieve such purposes;
(5) any aspects of the program or the act which
are proving difficult to accomplish, suggested
reasons for such difficulties, and proposed
solutions to such difficulties; (6) a summary of
the expenditure of federal and state funds wunder
this act and (7) a request for an appropriation of
funds necessary to match federal funds and provide
continuing financial support for the program. Such
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report shall comply with the provisions of section
46a-78 of the general statutes.

Sec. 19. (NEW) Each water company serving
ten thousand or more customers with wells in
stratified drift aquifers shall prepare a
municipal assistance program, which includes
recommendations for site plan reviews, evaluation
of risks and advice on procedures for dealing with
hazardous waste spills in aquifers. Such program
shall be made available to any municipality in
which wells owned by the water company are
located.

Sec. 20, (NEW) On or before the second
Wednesday after the convening of each regular
session of the general assembly, the commissioner
of health services shall submit a report to the
joint standing committee of the general assembly
having cognizance of matters relating to the
environment, which describes the status of, for
the year ending the preceding June thirtieth, the
water planning process established under sections
25-339 to 25-33j3, inclusive, of the general
statutes, as amended by this act, and efforts to
expedite the process.

Sec. 21. Section 25-32d of the general
statutes is repealed and the following is
substituted in lieu thereof:

(a) Each water company as defined in section
25~32a and supplying water to one thousand or more
persons or two hundred fifty or more consumers and
any other water company as defined in said section
requested by the commissioner of health services
shall submit a water supply plan to the
commissioner of health services for approval with
the concurrence of the commissioner of
environmental protection. The concurrence of the
public utilities <control authority shall be
required for approval of a plan submitted by a
water company regulated by the authority. The
commissioner of health services shall consider the
comments of the public utilities control authority
on any plan which may impact any water company
regqulated by the authority. The commissioner of
health services shall distribute a copy of the

plan to the commissioner of environmental
protection and the public utilities control
authority. A copy of the plan shall be sent to

the secretary of the office of policy and
management for information and comment. A plan
shall be revised at such time as the water company
filing the plan or the commissioner of health
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services determines or at intervals of not less
than three years nor more than five years after
the date of initial approval.

(b) Any water supply plan submitted pursuant
to this Ssection shall evaluate the water supply
needs in the service area of the water company
submitting the plan and propose a strategy to meet
such needs. The plan shall include, but not be
limited to: (1) A description of existing water
supply systems; (2) an analysis of future water
supply demands; (3) an assessment of alternative
water supply sources which may include sources
receiving sewage AND SOURCES LOCATED ON STATE
LAND; (4) contingency procedures - for public
drinking water supply emergencies, including
emergencies concerning the contamination of water,
the failure of a water supply system or the
shortage of water; (5) a recommendation for new

water system development; (6) such other
information as the commissioner of health
services, the commissioner of environmental

protection or the public utilities control
authority deems necessary; [and) (7) a forecast of
future land sales;  AND (8) PROVISIONS FOR
STRATEGIC GROUNDWATER MONITORING.

(c) The commissioner of health services, in
consultation with the commissioner of
environmental protection and the public wutilities
control authority, shall adopt regulations in
accordance with the provisions of chapter 54. Such
reqgulations shall include, but not be limited to,
a process for approval, modification or rejection
of plans submitted pursuant to this section and a
schedule for submission of the plans.

Sec. 22. Section 22a-354c of the general
statutes is repealed and the following 1is
substituted in lieu thereof:

(a) On or before July 1, 1990, each public or
private water company serving one thousand or more
persons shall map at level B all AREAS OF
CONTRIBUTION AND RECHARGE AREAS FOR its existing
[well fields located] WELLS LOCATED IN STRATIFIED
DRIFT AQUIFERS THAT ARE within its water supply
service area. On or before July 1, 1992, each
public and private water company serving ten
thousand or more persons shall map at level A all
AREAS OF CONTRIBUTION AND RECHARGE AREAS FOR its
existing |[well fields located] WELLS LOCATED 1IN
STRATIFIED DRIFT AQUIFERS THBAT ARE within its
water supply service area. The commissioner of
environmental protection may map at level B all
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existing [well fields located] WELLS LOCATED 1IN
STRATIFIED DRIFT AQUIFERS THAT ARE within the
water supply service area of any public or private
water company serving less than one thousand
persons,

(b) Each public or private water company
serving ten thousand or more persons shall map all
[potential well fields] AREAS OF CONTRIBUTION AND
RECHARGE AREAS FOR POTENTIAL WELLS that are
located within stratified drift aquifers
identified as future sources of water supply to
meet their needs 1in accordance with the plan
submitted pursuant to section 25-33h, AS AMENDED
BY SECTION 24 OF THIS ACT, (1) at Tevel B two
years after approval of such plan and (2) at level
A four years after approval of such plan, The
commissioner of environmental protection shall
identify and make recommendations for mapping all
remaining significant [well fields] WELLS LOCATED
IN STRATIFIED DRIFT AQUIFERS not identified by a
public or private water company as a potential
source of water supply within the region of an
approved plan. Mapping of ANY OTHER AREA OF
CONTRIBUTION AND RECHARGE AREAS FOR potential
{well fields) WELLS LOCATED 1IN STRATIFIED DRIFT
AQUIFERS by the commissioner shall be completed at
a time determined by the commissioner.

Sec. 23. (NEW) (a) On or before July 1, 1995,
each public or private water company serving at
least one thousand persons but not more than ten
thousand persons shall map areas of contribution
and recharge areas at level A for each existing
stratified drift wells located within its water
supply area.

(b) Each public or private water supply
company serving at least one thousand but not more
than ten thousand persons shall map areas of
contribution and recharge areas for all of the
potential wells located in stratified drift
aquifers identified as future sources of water
supply in accordance with the plan submitted to
section 25-33h of the general statutes, as amended
by section 24 of this act, at level B not more
than two years after approval of the plan and at
level A not more than five years after approval.

Sec. 24. Section 25-33h of the general
statutes is repealed and the following is
substituted in lieu thereof:

(a) Each water utility coordinating committee
shall prepare a coordinated water system plan in
the public water supply management area. Such plan
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shall be submitted to the commissioner of health
services for his approval not more than two years
after the first meeting of the committee,. The
plan shall promote cooperation among public water
systems and include, but not be limited to,
provisions for (1) integration of public water

systems, consistent with the protection and
enhancement of public health and well-being; (2)
integration of water company plans; (3) exclusive

service areas; (4) joint management or ownership
of services; (5) satellite management services;
(6) interconnections between public water systems;
(7) 1integration of land use and water system
plans; (8) minimum design standards; [and] (9) the
impact on other uses of water resources; AND (10)
ACQUISITION OF LAND SURROUNDING WELLS PROPOSED TO
BE LOCATED IN STRATIFIED DRIFTS.

(b) The plan shall be adopted in accordance
with the provisions of this section. The
committee shall prepare a draft of the plan and
solicit comments thereon from the commissioners of
health services and environmental protection, the
department of public utility control, the
secretary of the office of policy and management
and any municipality, regional planning agency or
other interested party within the management area.
The municipalities and regional planning agencies
shall comment on, but shall not be limited to
commenting on, the consistency of the plan with
local and regional land use plans and policies.
The department of public wutility control shall
comment on, but shall not be limited to commenting
on, the <cost-effectiveness of the plan. The
secretary of the office of policy and management
shall comment on, but shall not be 1limited to
commenting on, the consistency of the plan with
state policies. The commissioner of environmental
protection shall comment on, but shall not be
limited to commenting on, the availability of
water for any proposed diversion. The
commissioner of health services shall comment on,
but shall not be limited to commenting on, the
availability of pure and adequate water supplies,
potential conflicts over the use of such supplies,
and consistency with the goals of sections 25-33¢
to 25-335, inclusive, AS AMENDED BY THIS ACT.

{c) The commissioner of health services shall
adopt requlations in accordance with the
provisions of chapter 54 establishing the contents
of a plan and a procedure for approval.
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Sec. 25, (NEW) The commissioner of
environmental protection, in consultation with the
commissioner of health services, water companies,
and business and industry shall develop a
strategic groundwater monitoring plan to be
implemented in aquifer protection areas not more
than one year after completion of level A mapping
pursuant to sections 22a-354b to 22a-3544,
inclusive, of the general statutes, as amended by
this act.

Sec. 26. Section 19a-37 of the general
statutes 1is repealed and the following is
substituted in lieu thereof:

The commissioner of health services may adopt
regulations in the public health code [pertaining
to protection and location of new water supply
wells or springs for residential construction or
for public or semipublic use] for the preservation
of the public health PERTAINING TO (1) PROTECTION
AND LOCATION OF NEW WATER SUPPLY WELLS OR SPRINGS
FOR RESIDENTIAL CONSTRUCTION OR FOR PUBLIC OR
SEMIPUBLIC USE, AND (2) INSPECTION FOR COMPLIANCE
WITH THE PROVISIONS OF MUNICIPAL REGULATIONS
ADOPTED PURSUANT TO SECTION 9 OF THIS ACT.

Sec. 27. Section 22a-354e of the general
statutes is repealed and the following is
substituted in lieu thereof:

Not later than three months after approval of
the commissioner of environmental protection of
mapping of aquifers at level B, each [municipality
in which such aquifers are located, acting through
its legislative body, shall authorize any board or
commission, or shall establish a new board or
commission to] MUNICIPAL AQUIFER PROTECTION AGENCY
AUTHORIZED PURSUANT TO SECTION 8 OF THIS ACT SHALL
inventory land uses overlying the mapped zone of
contribution and recharge areas of such aquifers
in accordance with guidelines established by the
commissioner pursuant to section 22a-354f. SUCH
INVENTORY SHALL BE COMPLETED NOT MORE THAN ONE
YEAR AFTER AUTHORIZATION OF THE AGENCY.

Sec. + 28. Section 22-6c of the general
statutes is repealed and the following is
substituted in lieu thereof:

The commissioner of agriculture may reimburse
any farmer for part of the cost of the completion
of a component of a farm waste management system,
provided such component has been certified by the

Federal Agricultural Stabilization and
Conservation Service, and the cost is in
accordance with said certification, The total
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federal and state grant available to a farmer
shall not be more than seventy-five per cent of
such cost. IN MAKING GRANTS UNDER THIS SECTION
THE COMMISSIONER SHALL GIVE PRIORITY TO CAPITAL
IMPROVEMENTS MADE IN ACCORDANCE WITH A FARM
RESOURCES PLAN PREPARED PURSUANT TO SECTION 6 OF
THIS ACT.

Sec. 29. Subsection (a) of section 25-84 of
the general statutes is repealed and the following
is substituted in lieu thereof: .

(a) Any municipality may, by vote of its
legislative body, adopt the provisions of this
section and sections 25-85 to 25-94, inclusive,
and exercise through a flood and erosion control
board the powers granted thereunder. In each
town, except as otherwise provided by special act,
the flood and erosion control board shall consist
of not less than five nor more than seven members,
who shall be electors of such town and whose
method of selection and terms of office shall be
determined by local ordinance, except that in
towns having a population of less than
[twenty-five) FIFTY thousand the selectmen may be
empowered by such ordinance to act as such flood
and erosion control Dboard. In each city or
borough, except as otherwise provided by special
act, the board of aldermen, council or other board
or authority having power to adopt ordinances for
the government of such city or borough may act as
such board. The flood and erosion control board
of any town shall have jurisdiction over that part
of the town outside any city or borough contained
therein.

Sec. 30. (NEW) Not more than two months
after approval by the commissioner of
environmental protection of mapping at level B
pursuant to section 22a-354d of the general
statutes, the commissioner, in consultation with
the commissioner of agriculture, the cooperative
extension service at The University of Connecticut
and any other person or agency the commissioner of
environmental protection deems necessary, shall
inventory agricultural land uses overlaying the
mapped area. Such inventory shall include, but
not be limited to, the type and size of any
agricultural operation and existing farm resource
management practices. Any such inventory shall be
completed not more than four months after
commencement and shall be made available to
technical teams established pursuant to subsection
(b) of section 4 of this act.
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Sec. 31. (NEW) State regulations for aquifer
protection areas adopted by the. commissioner of
environmental protection pursuant to section 3 of
this act shall be consistent with regulations
adopted by said commissioner for farm resources
management plans pursuant to section 6 of this
act. s

Sec. 32. This act shall take effect from its
passage, except that sections 1 to 13, 1inclusive,
and sections 15 to 28, inclusive, shall take
effect July 1, 1989,

Certified as correct by

Legislative Commissioner.

Clerk of the Senate.

Clerk of the House.
Approved , 1989

Governor, State of Connecticut.
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ABSTRACT
PROTECTING GROUND WATER FROM THE
BOTTOM UP: LOCAL RESPONSES
TO WELL-HEAD PROTECTION

WALPOLE BOARD OF HEALTH:
GROUNDWATER PROTECTION PROGRAM IMPLEMENTATION

By Robin Chapell, R.S.
Health Agent

Walpole Board of Health

The Walpole Board of Health has instituted and regulated many programs
to protect its water from contamination. Walpole has been designated as a
sole source aquifer district so it is imperative that its water not be polluted.
The Board has adopted Underground Storage Regulations, Toxic and Hazardous
Materials Regulations, Private Well Regulations and Mandatory Sewer Connection
Regulations. The Board is also responsible for implementing several monitoring
programs in town to make certain, that particular landfills and industries
in sensitive areas are not contaminating our aquifer. The Health Department
has organized Household Hazardous Waste Collection Days to help alleviate a
certain amount of illegal dumping. The department has been responsible for
removal or testing of many residential underground tanks. Just recently the
Board of Health strengthened Title V by requiring a bigger set back to wetlands.

31



"Walpole Board of Health: Groundwater

Protection Program Implementation™

By Robin Chapell, R.S.

Health Agent
Walpole Board of Health

Towns and cities need to protect themselves from environmental degradation
at its local level. This should be its first line of defense. Towns and
cities should not wait til state and federal agencies do the work for them.
After all, pollution and degradation of the environment will first be felt
by the residents in the community. Its the residents that have the most at
stake if something happens. Each town has its own special problems, history
and geography that can be more easily recognized at the local level rather
than by a state or federal agency. Day to day situations can be more easily
monitored locally on a routine basis. This in no way implies that well needed
protection should not occur at the state or federal level, but that it simply
cannot replace local involvement.

One of the best governing bodies to protect the local environment are
the local Boards of Health. They are charged with protecting the public health
of their community under Massachusetts General Laws Chapter III Section 31l.
The Walpole Board of Health has taken its importance seriously and has instituted

many varied programs and regulations to protect its groundwater from contamination
as will be discussed later.

The Town of Walpole is located 19 miles south of Boston and 26 miles
north of Providence. Over 19,000 residents reside in town. Walpole is an
old mill town but now most of its residents work in Boston.

The Town of Walpole relies heavily on its aquifer for its drinking source.
In fact, the town petitioned to be designated a sole source aquifer district
and in 1988, EPA, so did so. This means that Walpole has only one main source
for its drinking water. If this source is contaminated, all of Walpole's
drinking water will be in jeopardy. Being a sole source aquifer district
means certain state and federal projects in this area can be closely scrutinized
if it is felt they can be detrimental to the town's water. Long before Walpole
was designated a sole source aquifer district, the town saw the need to delineate
certain sensitive areas in town where certain activities could influence the
quality of the town's water. The town hired IEP Consultant Engineers to map
out Water Resource Protection Districts in the town.
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This map has been very useful to the Board of Health. When the Board
of Health reyiews any preliminary plan, definitive plan, board of appeals
case, or potlce of intent, the first question that is asked, is in what protection
dlStrlCF is it in? If it lies in the protection districts, they ask how can
the actlv;ty affect the aquifer? In certain instances in town, the Board
has res;rlcted uses, turned down plans, and/or set up monitoring programs.
The monitoring programs help the Board keep up on present and future sources
of contamination. At least four monitoring programs have been initiated within
the town. They monitor either private landfills or industrial parks. Each
program, reports in writing, four times a year to the health agent, and in
turn 1s reported to the Board. Many times, the health agent is present during
the gathering of samples. The programs are continually updated. The Board
looks for the presence of VOCs, heavy metals, ph, conductivity, and ground-
water levels. If something shows up, more samples need to be taken to explain
its presence. If levels of an unwanted substance are too high, rise or monitoring
ceases that would be reason enough to close the activity down. These monitoring
programs are written in covenants and go with the land, not the owner, to
insure long term participation of these mandatory programs.

The Board of Health also regulates all underground storage tanks. The
Board promulgated regulations on its registration, usage and testing of the
tanks. 1In the town's most sensitive water protection districts, no new tanks
can go in. All commercial tanks, at age 20 must be removed. Residents have
the option to biyearly test their tanks for leaks if they choose not to remove
them. Town owned tanks are also being removed and replaced. All new underground
tanks must be approved by the fire department and placement of these tanks
must be approved by both the Water and Sewer Commission and the Board of Health.
In 1988 the health department negotiated for the residents with a tank testing
company to come to town and test residential tanks at a very reduced rate.

About 16 tanks were tested. Other residents chose to remove their tanks and
replace them with basement heaters or some switched to gas. At age 15, all
tanks, commercial and residential must be put on a tank tightness monitoring
program. Results are forwarded to the Health Department. All underground
storage tanks in town must register with the Board of Health. All the information
is computerized. Information can easily be retrieved in regards to the age,
type, location, and water protection district of the tank. Since the beginning
of this program many unused tanks have been ordered to be removed from Walpole.
All tanks that are removed are inspected by the fire department and the health
agent. If the integrity of the tanks that are being removed are in question,
all surrounding soils will be treated as hazardous materials.

The Board of Health also regulates toxic and hazardous materials used
in industries using 25 pounds or 50 gallons of hazardous materials stored
on their premises at one time. This information has also been computerized
and shared by the fire department. Each initial registration is followed
by a site visit by the health agent. All new companies in town must comply
with these Board of Health regulations before the town will issue them an
occupancy permit. The health agent requires proper storage of all toxic and
hazardous materials. The Board of Health is also sent all Material Safety
Data Sheetsy from companies dealing with hazardous materials.

The Board of Health also regulates the town bylaw for Mandatory Sewer
Hook Up. Every residence, in all Water Protection Districts, must hook up
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to sewer if sewer is available. The time allowed for compliance for this
relatively new by law depends on what water protection district they are in.
Recently, the health department, had to take a few residents to court because
they have decided not to hook up. Fortunately, as of this writing, the town
has to contend with only one remaining stand out.

Private Well Regulations have recently been implemented by the Board.
All new drinking water wells must be tested for VOCs, heavy metals, coliform,
bacteria, water depth, and pump rate. If the wells do not meet federal standards
for drinking water they cannot be used. Certain standards, such as manganese,
can be met with the aid of a filter. All new dwellings, if on private wells,
will not get their occupancy permit until the Health Department okays their
well. 01d well owners are continually encouraged to register their wells,
but the health department knows its information is not nearly complete. The
location of wells is very helpful in knowing how best to protect certain areas,
which areas need to be protected, and what activities should be restricted
where. there are certain flaws with the Board's well regulations. The biggest
flaw is that only an initial test is required. The Health Department educates
as many well owners as possible to the importance of regular testing for their
drinking waters. The town tests its drinking water monthly. Hopefully, this
year the Board will be reexamining these regulations and will be making them
stricter where applicable.

The Board recognizes the problem of illegal dumping of hazardous materials
and sometimes the legal improper disposal of these materials. In 1986 the
Board of Health started implementing a yearly Household Hazardous Waste Day.
Each year this event has become bigger and more costly to the town due to
the increasing participation of the residents.

' The.Board of Health in Walpole is committed to continuing with this program
in addition to exploring other ways to solve these problems. The Health Department,
through school visits, articles in town papers, and talking to residents are

trying to educate the citizens in using alternative safer household products,
reducing quantities, and recycling.

Very recently the Board of Health examined Title V and its own septic
system regulations to see if it met the town's needs. The Board, after months
of deliberation, decided to strengthen the regulations by requiring a 100
foot set back from the septic tank and 150 foot set back from the leaching
field to wetlands. The Board discussed distances bacteria and viruses could

travel and came up with setbacks they felt more comfortable with for the Town
of Walpole.

- The Board of Health in Walpole follows up on leads about illegal dumping,
bu§1nes§ practices that might eventually harm the environment and any accidental
spills in town. This way they can routinely press for clean up, monitor its
progress, and hopefully prevent disasters.

Thg community has been very receptive and appreciative to the Board of
Health in protecting the environment. Other departments have worked hand
in hand_implementing these programs. With little desention, the residents
and businesses have complied and taken an active role in voicing their concerns
and coming up with suggestions to protect Walpole's groundwater.
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ABSTRACT

Case Study of Regional Effort: Wellhead Delineation as a Tool for Fostering
Regional Cooperation

The presentation proposed is based on current efforts to achieve regional
cooperation in pursuit of groundwater protection. The regional setting is the
Hunt Aquifer in Rhode Island, an aquifer with the capacity to deliver eight
million gallons of water per day. The waters of the Hunt Aquifer are distri-
buted to a population of over 50,000 by three different water suppliers, the
North Kingstown Water Department, the Kent County Water Authority, and the
Rhode Island Port Authority. Five public supply wells lie within 1000 feet of
one another. The primary reservoir area is located at the boundary confluence
of three municipalities, each with distinct political and land use control.

Wellhead delineation has become the vehicle for fostering a regional
cooperative effort. Thewater suppliers have recognized that the results of a
wellhead delineation study are a tool for determining future acquisition to
protect wellheads; for assigning locations for monitoring potential contamina-
tion sites; and for providing information and direction to the three
municipalities for land use regulation purposes. Additionally, it was
recognized that the proximity of the wells and the likely pumping interaction
necessitated a joint effort. To this end the three water suppliers have
committed funding available in July, 1989, to contract for consulting services
to conduct the wellhead delineation study.

Since November 1988, an ad-hoc committee composed of representatives of
the water suppliers and the municipalities has been meeting to discuss issues
related to groundwater protection as well as institutional constraints to
regional cooperation. Dissimilar municipal zoning, subdivision, and other
regulations are being reviewed. To expand the current information base
available for the wellhead study, the water suppliers have authorized a
cooperativewater quality sampling program for their wells. The municipalities
have inventoried land uses with potential for contamination: respective fire
departments have focussed on the well area for MSDS inventorying. Formaliza-
tion of committee efforts is anticipated.

In summary, wellhead delineation became a tool for fostering a regional
cooperative effort for protecting the groundwaters of the Hunt Aquifer. This
effort has led to involvement of water suppliers and municipalities in
expanding the land use data base and pursuing techniques that address long-
term groundwater protection.
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Caze Study of Regional Effort: Wellhead Delinestion as
Tool for Fostering Regional Cooperation

i)

Introduction
Background and Setting

This discussion is based on efforts to achieve
reglional cooperation in pursuit of groundwater protection
for the Hunt Aguifer in Rhode Island. The waters of the Hunt
Aquifer are distributed to & population of over 50,000
people by three different water suppliers: -the Town of
North Kingstown Water Department, the Kent County Water
Authority, and the Rhode Island Port Authority. Five of the
seven public water supply wells in the Hunt Aquifer and
belonging to the three water suppliers lie within 1000 feet

of one another. The primary reservolr area, and the site of
the five wells, is located at the confluence of three
municipalities: the Towns of East Greenwich and North

Kingstown and the City of Warwiclk.

No models existed in Rhode Island upon which to base
the regiconal effort for groundwater protection. Pecullar to
Fhede 1sland is the fact that there are no recognized
reg Lundl planning agencies. Additionally, the 39 cities and
Towns that comprise the Rhode Island communitie
historically have operated independently of one anoth&r.
Unly a few examples exist of intercommunity cooperation.

In the idealized world a community draws its water
resources from within its own boundaries and, thus, would be
able To control the land use activities that could
contribute to the gquality of the drinking water. A bhoard of
health would exist to monitor water gquality and advise the
community on protection of its resources, Unlike other New
England states, no board of health exists at the local level
in Rhode Island to monitor water guality. The Rhode Island
Department of Health (EIDOH) does monitor water guality but
because i1its responsibility includes the entire state, 1T is
unable to focus on individual systems and land use. The
rezponsibility of assuring water quality reszts with the
water supplier, an agency or department that is rarely
ataffed with environmental or planning capacity. Moreover,
in the case at hand groundwater croszes municipal boundaries
s1uch that, except for a portion of the Hunt Agquifer lying
within the Town of North Kingstown, none of the three water
auppliers is able to control the land usze around their
respective water supply wells.
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Hydrologic setting

The zetting for this discussion is the Hunt Agquifer
located in Rhode Izland along the west passage of
Narragansett Bay. Figure 1 shows the location of the Hunt
Aquifer (Number 11). The Hunt Aquifer iz in the Potowomut
River sub-basin drained by the Hunt, Maskerchugg, and
Potowomut Rivers. The Hunt River flows northeastward and
eventually discharges inte Potowomut Pond. The Hunt Aguifer
iz a sand and gravel aguifer whose transmissivities range
from 1000 to more than 4000 gallons per day per foot. The
asturated thickness of the agquifer ranges from less than 20
fest to more than 100 feet. A groundwater reservolr where
transmissivity is greatest is located generally along the
Hunt River basin., All of the wells are located adjacent to
the Hunt River.

The groundwater quality is considered to be generally
good. Some chemical and volatile organic compound
contamination has become evident. The agquifer system is
valnerable to contamination due to high permeability of
stratified drift, the absence of a confining layer of so0il,
and in some areas, a relatively high water table. All of
these conditions offer little resistance to the attentuation
of pollutants.

Drinking Water Supply and Demand

The North Kingstown Water Department (NKWD), the Kent
County Water Authority (KCWA), and the Rhode Island Fort
Authority (RIFA) share the Hunt Aguifer which has an
estimated potential vield of 8 milliion gallons per day.

This yield can be withdrawn using the exiating pumping
facilities. The KCWA has the capacity to withdraw 1.0 mgd
from itz one well; the RIPA has the capacity to withdraw
4.30 mgd from three wells; and the NKWD has the capacity fto
withdraw 3.67 mgd from three wells located in the Hunt
Aquifer groundwater reservoir. Projections for the area
served by the Hunt Aguifer indicate that the total resources
available will be necessary in order to adequately serve new
growth, A lack of alternative drinking water resources was
documented in the Sole Source Aguifer petition for the Hunt
Aquifer.

Kent County Water Authority is a public benefit
corporation that supplies public water to all or a part of
the Rhode Island cities of Cranston and Warwick and the
Towns of Scituate, West Warwick, Coventry, East Greenwich,
and West Greenwich from the Scituate Reservoir. The
available 1.0 mgd from the Authority = well in the Hunt
Aguifer is distributed to residents and businesses in the
eastern portion of the Town of East Greenwich and the
FPotowomut area of the City of Warwick to approximately 8000
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services in total. During peak periods the Authority draws
the maximum capacity from the well to supplement the supply
drawn from the Scituate Hegervoir.

The Rhode Island Port Authority, a state agency and
subzet of the State Department of Economic Development, 1s
the governing body for over 1500 acresz of industrial land
located within the Teown of North Kingstown. This land is
known =5 the @Quonset Point/Davisville Induzstrial Park and
was acquired by the State from the Federal government
following the withdrawal and clesure in 1873 of most of the
Navy facilities once located at Quonset Point and
Davizville, The Port Authority alsc acquired the water
supply wells that provided public water to the Navy base.
One of those wells iz located in Esst Gresnwich and two are
located in Warwick. Figure 2 shows the location of the
wells in the confluence of the three municipal boundaries,
The Port Anthority hasz avallable to it in its three wells
4.30 mgd; in 1988 the average daily use was only 0.80 megd.
The Port Authority expects to reach its pumping capacity in
geveral vears az expansion continuss at the Park with
additional industrial development. Several industrial firwms
with large water demands have recently made commitments o
locate at Guonset Foint.

The Town of North Kingstown had an estimated 1985
population of 25,100, Ninety percent of the homes in the
Town are serviced by the public water supply system. It is
anticipated that the majority of new development will be
connected to publlc water. The Town at present is wholly
devendent on the use of individual septic disposal svatems
for the treatment of domestic sewage. North Kingstown still
has extensive potential for additional growth dus to the
availability of land for suburban development. The North
Kingstown Flanning Commission has granted final approval for
in excess of 600 lots over the last two vears and
approximately 550 lots exist in the review pipeline.
Projections bazed on builld-out growth scenarios indicate all
water rezources now available to the Town would be reguired
to serve the potential development. In addition to its
wells in the Hunt Aquifer, the Town draws groundwater from
two other aquifers--the Annaquatucket and the
Pettaguamscutt Aguifers--which are hydrogeclogically
connected to the Hunt and were part of the Sole Source
Aguifer designaticn. The Annaguatucket has a potential
vield of 3 6 mgd and the Pettaguamscutt a potential yield of
1.8 mgd. The two aquifers combined would not provide
sufficient yield to deliver the peak demand of 7.38 mzd
(July, 1988) required by the Town. Unlike the Hunt, both

the Annaguatucket and the Pettaquamscutt Aquifers lie within
the Town bounds.
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Land Use Setting

S5ix wells are proposed for the wellhead delinestion
study. Five of these wells lie within 1000 feet of one
another near the intersection of Frenchtown and Post Roads
(see identified area in Figure 2); the sixth well lies
approximately 3500 feet west of the Frenchtown and Post Road
intersection.

Post Road is U.S5. Route 1 and has been a prinary
transportation route since the founding of the colonies.
Today this area is densely developed with residential,
commercial, and industrial land use. None of the area
around the wells is sewered. Yet residential development
densities range from two-acre lots to 7000 square foot
parcels. Industrial development iz not as extensive as the
commercial development activities. A large tool and die
manufacturer has a private sewer trestment zystem that
discharges to the Hunt River approximately 1200 feet from
the location of three of the wells. Commercial development
i3 varied but includes automobile repalr and service
facilities, several hair salons, and several shopping plagas
including one that pre-dates current zoning and septic
disposal regulations.

II. Impetus for Wellhead Delineation Study

The Town of North Kingstown toock the initiative to use
wellhead delineation to protect groundwater. The Town has
had a history of groundwater protection beginning in 1974
with the adoption of groundwater reservolr and recharge
overlay districts within its zoning ordinance. By late
1287, however, there wazs evidence to suggest the need to
review and refine the mapping upon which the zoning was
based and the effectiveness of the existing regulations.
Whatever new mapping or regulations might be adopted, 1t was
apparent that in the Hunt Aquifer, unlike the other Town
aguifer systems, a regional approach to protection would be
nesded,

At least three factors led to a decision by the North
Kingstown Town Council to authorize undertaking wellhead
delineation studies for the four wellfield areas in which
the Town s ten public water supply wells lie. First, there
existed a heightened consciousness among Town officials and
residents about groundwater protection as the Town undertook
efforts to halt the expansion of an existing demolition
debris landfill located within the drainage basin of the
Annagquatucket Agquifer.

Secondly, a growing awareness of the vulnerability of
local groundwater reserves, as well az a recognition of
limited alternatives, was one product of research
conducted by the Towns of HEast Greenwich and North Kingstown
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in the preparation of a joint petition to the United States
Environmentsl Frotection Agency (U3EPA) for Sole Source
Agquifer status. This petition was prepared in the Fall of
1987. The aquifer system was designated a =ole source
aquifer in May, 1988 by USEPA.

Additionally, North Kingstown Planning and Public Works
Department staff had attended ares wellhead delineation
conferences where the mandate of the federal legizlation and
the underlying concepts of wellhead delineation were
explalned. What was made perfectly clear waz the fact that
Wwellhead delinesation would be required in the future. But
more importantly, it was evident that wellhead delineation
was a technique that could be uzed to refine aquifer mapping
and allow for the determination of the zones of contribution
to existing and future public water supply wells. In turn,
the delinestion could provide the basis for decisions in:
aszigning appropriate land use; identifving parcels for
acqguisition in pursuit of groundwater protection; and
identifying sites of potential contamination and
ezstablishing monitoring programz. Town staff conveyved the
conference messages to Town officials and the Flanning
Commission who pressed the Town Council for funds to
accomplish wellhead delinestion studies

IIT. The neaed for a regional effort

At the requeszt of the North Kingztown Planning
Commiz=ion, the Town Council approved the creation of a Town
Groundwater Committes to undertale necessary wellhesd
studies to insure Town planning and development activities
wers in concert with protection of the drinking water, The
newly formed Groundwater Committes sztablished s
prioritizsation of the wellz and wellfields bazed on guantity
and guality of the zupply. With their ability to each
deliver 1.5 million gallons per day, the Town s two Hunt
Aquifer wells located in East Greenwich and Warwick were
given the highezt pricerity. Flanning Department to procesad
with the neceszary steps to accomplish a delineation of

lis, UaBEPA Office of Groundwater FProtection
represantatives provided the delinealion exanmplezs that led
to the important recognition of interrelationships among
proximate wells, For the first time, the Committes
underztood that what had been anticipated as a projected
rady of ten wells would actually be one of four wellfields,

ot

IV. Zetting undervay with regional efforts

In Hovember, 1282, the Town of North Kingstown hosted a
; ,

G,
meeting to which representatives of the threse Hunt water
supplisrs and the comminities that underlie the Hant Aquifer
were invited., Also invited to the meeting were
representatives of atate agencles whose purview includes the
protection of the state z drinking water resources: mhe



Rhode Island Department of Health; the Rhode Island Water
Resources Board; the State Division of Planning; and the
Rhode Island Department of Environmental Management. The
primary purpose of the meeting was to bring together thosze
parties with vested interest in assuring the continued
quality of the Hunt Aquifer. From the Town's perspective it
was clear already that a wellhead delineation study must be
accomplished. A secondary purpose was to explore the
assistance, both financial and technical, that would be
available from state agencies for assisting in protection
efforts.

State representatives outlined their respective
jurisdictions and the few financial assistance programs
available but no state office offerred to play key roles in
aszisting what could and would become & regional effort.

The only resolution agreed upon was that the three water
suppliers and the three communities should continue to meet.
From the discussion it was evident that of far more
consequence immediately than studies of future quality was
concern about finding ways to address present quality and
the levels of VOC s that were evident in the wells.
Uppermost was the recognition that it would be difficult to
replace the 8 mgd should contamination force their
abandonment. Impressive also was the presentation by the
Department of Health of the prorosed Natlonal Primary
Prinking Water Regulations both future standards and
reguired water sampling analyses that were to be adopted and
mandated.

V. Obstacles to Achieving a Regional Effort

Over the months that followed the water suppliers and
the municipalities continued to meet on at least a monthly
basis. One difficulty was overcoming the differing contexts
from which each participant came. The municipal planning
officials tended to view the task in protection terms while
the KCWA and RIPA focuzed on the current quality of the
water. Both water supply agencies expressed skepticism
about working cooperatively with the same municipalities
whose land use decisions were viewed as the reason for
declining water quality.

Over the last fifteen years both the KCWA and the RIFA
had protested and, even filed suit, over municipal
development approvals near their wells. None of the three
minicipalities was without direct responsibility for the
character of the development in the wellfield areas. Zone
changes, subdivision approvals, and zoning board of review
variances and special exceptions have creasted an area with
little open space, extensive impervious area, and uses
incompatible with the long-term protection of the
groundwater quality.
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Each meeting was a forum for consciousness raising
about different aspects of groundwater protection as well as
the state of the water quality. Two possible avenues of
regional effort were most obvious: a wellhead delineation
study for the wells lying together at the East
Greenwich-Warwick-North Kingstown boundaries; and a program
of regional planning that could use the results of the
wellhead study for proper land use decision

Finding a common direction towards wellhead delineation
was impossible until a number of issues had been addressed
and all parties were convinced of the following
assumptions: 1) a wellhead delineation study was in the
best interest of each water supplier; 2) identifiying the
sources of present contamination now evidenced in the wells
would require some level of delineation; 3) such delineation
would be required by the Federal and State governments; and
4) a joint initiative would be cozt-effective. The latter
assumption was the only one readily accepted bhased on the
close proximity of the wells and intuitive in the general
principles sssoclated with cost savings.

Discussion of protecting groundwater that shows
evidence of contamination first raised questions about
whether protectlion should be considered at &ll. Should
funds be directed at remediation instead? Could the water
supply be counted on as a future resocource? Was abandonment
a likely outcome? Could protection now overcome the effects
of decades of poor land use decisions? These questions were
raised primarily by the water suppliers who had recognized
that the funding of such a study would be their
regponsibility. Each of these gquestions needed a response
prior to consideration of committing to & wellhead study.

VI. Obstacles to Accomplishing Delineation
Funding

Each participant in the ad hoc committee recognized that
undertaking a wellhead delineation study would require
significant funding resources. With no available state or
regional planning grants, the municipalities viewed the
water suppliers as the appropriate funding source as several
options for funding would be available to them. First, the
water suppliers could request rate increases to cover the
costs within a capital budget item. Secondly, & one cent
per hundred gallons surcharge was available to water supply
syatems to use for planning efforts (pers commun. Peter
Calise, Rhode Island Water Resources Board).

Expertise

None of the representatives of the water supply systems
or the municipalities had experience with conducting =a
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wellhead delineation study. In the winter of 1989 when the
committee initiated discussions about wellhead delineation
even the State had not yet prepareds the Federally required
Wellhead Protection (WHF) Frogram which would later be
gubmitted to USEPA. The committee was armed only with USEFPA
manuals describing wellhead techniques.

VII. Accomplishments

The efforts of the ad hoc committee have not been
without significant accomplishments. Over the last nine
months jointly or independently the water suppliers and the
municipalities have undertaken projects that directly
support the wellhead delineation and future protection
efforts.

Land Use Mapping of Potential Contamination Sources

In preparation for the wellhead delineation study and
in an effort to support the study, all three municipalities
undertook the mapping of land use within the Hunt Aguifer
with potential for contamination. Commercial, industrial,
and densely developed resldential areas were plotted.
Research was conducted during the summer of 1989 by an
intern shared by North Kingstown and East Greenwich. The
intern investigated RIDEM records regarding underground
storage tanks, RCRA sites, and similar locations in order to
map contamination sites for future monltoring programs,
While the mapping was successfully accomplished for each
community, the effort was impeded by the dissimilar scale of
town maps. Time and financial constraints also contributed
to the inability to map the Hunt Agquifer on one piece of
paper.

Water Sampling

In response to the evidence of low levela of VOC
contamination, the water suppliers undertook a joint program
of water sampling analysis. This effort was also undertaken
to supplenment and confirm the results of the water sampling
that 1s annually conducted by the Department of Heslth. The
rrogram developed by the water suppliers was designed to
present a pilcture of the Hunt groundwater guality,
particularly in the wellfield. The sampling was conducted
once a month for five months. Each sampling round included
a zample from five wells and each sample was drawn on the
same day at proximate times to insure establishing a
snapshot of impacts on the wells. The samples were analyzed
by the University of Rhode Island s School of Oceancgraphy.
The sampling period spanned the Spring and early Summer
months specifically to test for differences among seasons.

' Th§ sampling effort produced results that showed
increasing levels of one VOC at one well site. Armed with
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the findings of the water sampling program and evidence of
increasing contamination in a well with the ability to
deliver over 1.0 mgd, & request for a contamination
investigation by the State DEM was made. That study is now
in progress, Without the supplemental =zampling and without
the mutual support of the water suppliers, it is likely that
such a study would have been accomplished.

Inventory of Hazardous Materials

The North Kingatown and East Greenwich Fire Departments
are participating in the regional effort to moniter and
protect the groundwater in the wellfield area. To that end,
the respective fire departments have earmarked the area
around the wells for the first priority in inventorying
hazardous substances handled by commercial and industrial
uses, Each of the Departments is equipped with computer
software that will allow an analysis and comparison of the
materials identified at business establiszhments with the
type of contamination evident in the Hunt wells, Because
the Potowomut zection of Warwlck is non-continguous to the
rest of the city but instead lies adjacent to Bast
Greenwich, the Eazt Greenwlch Fire Department 1z responsible
for the area within the Hunt Agquifer that lies in Warwick
and East Greenwich.

VII. Other Issuesx
Land Use Regulation

Regional cooperation will always be constrained by the
effects of dissimilar zoning, subdivision, and other
municipal regulations. At present, North Kingstown and East
Greenwich are preparing or modifying agquifer protection
ordinances; Warwick is awaiting the results of a wellhead
study to appropriately designate a protected area.

Staffing and Financial Resources

To date, the Town of North Kingstown has provided the
ongoing staffing for the committee for preparation of
agenda, etc. The Town has also agreed to provide the
necessary staffing for developing and accomplishing the
process of Requests for Qualifications and Proposals.
Necessary to the long term maintenance of a regional
organization will be the requisite staffing and appropriate
funding to support that staff. The regional effort would

benefit from additional funding resources. Groundwater
resources are most likely to cross municipal boundaries and
be shared by several water supply systems. From a public

policy point of view and based on the experience of the Hunt
Aguifer committee, regional efforts should be encouraged and
supported with financial, legal, and technical assistance.
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VII. summary

In spite of what may seem like many obstacles, the
three water suppliers whose wells lie within the Hunt
Aquifer are preparing to undertake a wellhead delineation
study. At writing time, an agreement formalizing an
association of the three bodies for accomplishing the study
was expected within weeks. The funding for the study will
be entirely provided by the water suppliers in equal shares.
No direct funding of the wellhead study will be provided by
the municipalities.

The proposed regional wellhead delineation study is the
first such effort to be undertaken in Rhode Island.
Technical assistance has been available upon reguest from
the State Department of Environmental Management and the
USEPA. The lsck of available trained professional staff
dedicated entirely to the regicnal project will hinder the
effectiveness of this effort. The coordination required
among water suppliers to proceed with the wellhead effort
provided lessons for the future.

The effectiveness of the wellhesad delineation study
will depend largely on the regulations and implementation of

same by the three municipalities. There is a vast array of
municipal programs and regulations that could be adepted
towards groundwater protection. Land usze restrictions,

impervious surface limitations, stormwater managment, and a
coordinated review of projects are just a few example
programs that could be implemented on & reglonal hasi
that end, coordination should be scught among the
communities for consistency and for maximum protection.
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Beyond the regulation level of protection, there are
additional programs that could be adopted that would serve
the goals of groundwater protection. Land acquisition,
monitoring programs, and the sewering of the delineated
wellfield provide examples of joint programs that would
protect the public’s investment in the drinking water
supply.

The goal of accomplishing a regional wellhead
delineation study is close at hand. The delineation effort
has been the tool for fostering regional cooperation and
interest in protecting the Hunt Aguifer. Unknown at this
time is whether the regional cooperation will continue
following the completion of the wellhead delineation study.
It would seem that to fail to continue and participate in
Joint programs would frustrate protection efforts. It would
be easy to dismiss regional efforts by assigning the future
of the Hunt Aquifer to the municipalities who control the
land use. Protection efforts must include the involvement
of the water suppliers who have the capacity to provide
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leadership, program funding, and public policy initiative in furtherance
of drinking water supply protection.
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MODEL FOR RURAL COMMUNITIES

TO ASSESS THREATS TO GROUND WATER QUALITY

Lynn Rubinstein, Land Use Planner

Franklin County Planning Department
425 Main Street, Greenfield, MA 01301

ABSTRACT

Rural communities which rely exclusively on private water supplies, and which
rely on volunteer town boards with no professional staff, often face more difficulty
in identifying threats to their ground water quality than do communities which have
access to professional assistance and public funding for protection of their water
supplies. The key reason for the frequent inability of rural communities to assess
the threats to their ground water is a lack of financial resources to hire
professionals to conduct the evaluation. What we learned through a year long effort
in the town of Conway, Massachusetts is that it is possible for a volunteer effort
to produce an in-depth and valuable ground water risk assessment.

This project was funded through the EPA 205J program and was designed to
conduct a ground water risk assessment in a rural setting, using only volunteer
effort and little or no funding. Conway was a guinea pig. The town's goal was a
ground water risk assessment; the 205J program goal was a model for conducting a
ground water risk assessment in a rural setting, with no public water supply, and no
hired consultants.

Conway 1s a rural hilltown community in Western Massachusetts with a population
of 1300 people and an area of 40 square miles. It relies entirely on private wells
for its drinking supply and has no professional staff supporting town government.
Businesses in town are primarily agriculture, a heavy equipment supplier, food
processing, and small scale auto repair. It is a community of well educated,
environmentally concerned citizens that are worried about the health and safety of
their water supply.

Included in the volunteer effort were a town wide survey, door-to-door
interviews, mapping, historic records review, geologic examination, public meetings
and presentations, and a final report and recommendations. The intent of the survey
was to locate all wells, septic systems, underground storage tanks, abandoned wells,
and land uses. The one-on-one interviews were critical for gathering information as
well as public outreach and participation. Existing documents were used for
identifying the geology and hydrology of the community.

After identifying their aquifers and potential threats to ground water quality,
final recommendations were developed for future action by the town. These
recommendations included a program of water quality testing and amendments to board
of health regulations and zoning.
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Without staff, money, or expertise, how is a rural community expected to find
out what threats may exist to the quality of its ground water? Why even bother to
delve into the question in the face of such obstacles? In Franklin County,
Massachusetts half of the towns rely exclusively on private wells for their water
supply. There are only three towns in the county which have any surface water
drinking supplies. Ground water quality is a pressing issue in such a setting, but
a lack of funding on the local or state level makes professional studies out of the
question, and thus the towns are left to wonder about what risks may exist to their
sole source of drinking water.

This is ironic because the threats to ground water quality in a rural setting
are usually a less complex and more controllable set of variables than exist in
urban settings. The key reason for the frequent inability of rural communities to
assess the threats to their ground water is a lack of financial resources to hire
professionals to conduct the evaluation. This model is designed to provide a basic
framework for a rural community to define threats to their ground water in the
absence of professional assistance.

What is a "threat to ground water?" As used here, ground water quality is at
risk if a land use presents the capacity to leach contaminants into a ground water
supply which is used for drinking water, and that the contaminants are of sufficient
quantity and type to present the potential for adverse health impacts. In other
words, contamination into ground water which is not used for drinking does not
present a threat because there would not be the potential for health consequences.
Similarly, just because a land use MAY contaminate ground water does not necessarily
mean that there is a threat to public health. The contamination may be in
quantities small enough that no adverse health consequences would result. In other
words, we are not determining that there is or will be contamination, but rather
that under the right circumstances there could be a problen.

Step One -- Community Participation

Without the financial resources to hire a hydrologist, engineer, or other
qualified water professional, the town must rely on volunteer community efforts to
conduct the risk assessment. This is central to the success of the project.
Representation from all town boards is essential, as well as the highway
superintendent, the fire chief, and other concerned citizens.

While broad representation will help the process along, the most important
members of the risk assessment committee will be volunteers with backgrounds in
geology, planning, and engineering. Without some in-house expertise in geology and
ground water dynamics, the committees efforts will be significantly more difficult.
Often, local colleges and universities can provide students that may assist the
community effort in return for academic credit. In this way, the necessary
technical support can be supplied without significant financial commitment.

Once the committee is formed, a "leader" needs to be identified. Most likely,
it will be a representative from the board which was the catalyst for the ground
vater risk assessment effort. It is also possible that this leader could be from
outside the community. Assistance may be able to be obtained from the Regional
?1ann1ng Agency, local colleges, or the local Conservation District. Leadership is
important to provide direction, coordinate efforts, and do such mundane chores as
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°§ganize meetings, do mailings, and keep the community informed of the ongoing
efforts.

The.committee should plan on meeting as a group at least once a month, with
sgbstantlve work being done between meetings. While this is a volunteer effort, it
will not be co§t free. The town should appropriate enough money for the committee
to do‘a town—w1de_survey mailing, mail meeting reminders and press releases,
Xeroxing, purcha§1ng office supplies, mapping supplies, and copying of their report.
Ideally, there will also be funding for water quality testing. A budget of anywhere
from $1,000 to $5,000 could be sufficient.

Step Two -- Collecting Existing Data

Thg town probably already has access to a surprising amount of information
concerning the town's geology, hydrology, water supplies, and risks to water
supplles. Once the committee is formed their first task will be to start collecting
this information. Their base goals will be to:

understand the geology of the town,

gather information on aquifer(s),

identify ground water research already done in the community,

locate and learn about wells in town,

locate underground storage tanks,

locate septic systems,

locate businesses which may present threats to ground water quality,

learn what town regulations and by-laws are already in place, and

identify town and state public works practices.

This information can be gathered from a variety of sources. Below is a list of
sources to consult for this information:

USGS Surficial Geology map for your town,
USGS Ground-Water Availability map,

USGS -- ask whether there are any ground water or geology studies pertaining to
your commrunity,

S0il Conservation Service (SCS) Soils Maps,
DEP Water Supply Atlas Sheet for the town,

Colleges and Universities -- check geology departments and college libraries
for theses addressing geology or ground water in the town,
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Contact consulting engineering firms in the area and ask whether they have any
information on ground water or geology in the community. If they do, they
may indicate who the work was done for and, therefore, who has possession of
the report,

Other towns -- If the town is in the watershed or aquifer of a ngighboring
community with a public water supply, that town may have pertinent
hydrogeologic information,

Town Hall -- look for Open Space and Recreation Plan (the local Conservation
District will also have a copy of this),

Town Hall -- the Board of Health should have records on all private wells
constructed in the past ten years. If the records are incomplete, the state
Department of Environmental Management (DEM), Water Resources Division, can
provide copies of the well logs. Well logs include information on the depth
of the well, type of construction, depth of water table, yield of well, and
materials passed through during construction,

Town Hall -- the Board of Health should have records on all septic systems.
The DEP, Division of Water Pollution Control, may have copies as well,

Town Hall -- the Town Clerk should have permits for all businesses in town,

Fire Department -- The Fire Department should have permits for all underground
storage tanks in town,

Town Hall -- Collect copies of all town by-laws, zoning by-laws, and Board of
Health regulations,

Local Highway Department -- Interview about road salt application practices and
storage,
State Department of Public Works -- If there are state roads in town, the same

questions should be asked of the state,

Town Bight to Know Coordinator -- May have information on businesses in town
which are using hazardous materials. DEP will have this information if it
is not available locally.

Town Hazardous Waste Coordinator -- May have information on businesses in town
whlch‘prgduce hazardous waste. The DEP, Division of Hazardous Waste, also
has listings of registered generators of hazardous waste by community,

DEP -- Water Pollution Control Division may have data on any streams in town
concerning water quality,

DEP -- If @he town abuts the Connecticut River, there is a study that was done
pertaining to pesticides and ground water contamination which may be of use,

Regional Planning Agency -- May have information about the community use, or
may be able to indicate where else to look,
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0ld Town Map§ -~ can be important for historic land use information.
Interviewing senior members of the community and reading books on town
history can also be important for learning about past land uses which could
have left behind potential sources of contamination,

CCAMP -- Is a multi-agency ground water protection project which has produced
an excellent handbook on contamination sources for wellhead protection. It
includes detailed information on types of threats to ground water; including
descriptions of contaminants, their fate in soils and water, and description
of land use categories. Their matrix of land uses which present threats to
ground water quality is attached as appendix 2, and,

Massachusetts Audubon Society -- Has an excellent series of flyers on
ground water protection, including basic information hydrogeology and town
strategies for protecting ground water resources.

Step Three -- Filling in the Data Gaps

Despite the reams of valuable information which can be accumulated from the
sources listed above, it is unlikely that this process will have provided all of the
information needed to know about threats to a particular community's ground water.
At this juncture, a town-wide survey is very important. The goal of the survey is
to learn as much about specific sites as possible in order to determine what risks
to ground water quality which may exist. For example, the survey will try to
identify patterns of land use, relative siting of wells, underground storage tanks,
and septic systems, proximity to roads to wells, location of abandoned wells, and
more. In this way, a detailed picture of the town will begin to develop, as opposed
to the generally broader sweep of information provided by gathering existing data.

A sample survey is attached in appendix 1.

Conducting the survey will present several problems. In our experience there
is tremendous community resistance to providing information about private property
to anyone-- especially the town. The fear is that the information will somehow "be
used against them." Because of this, it is important that there be adequate
publicity about the survey, the reasons for it, and assurances that the information
is not intended to be used as a basis for action against any individual. Assurances
should also appear on the survey itself.

The survey should be mailed to each address in town. Be sure to include town
owned buildings in the survey. Return postage should be provided, as well as a
convenient location in town for people to drop off their completed surveys. For
example, the library or town hall could have a box out to accept surveys. A name
and phone number for questions should be included on the survey. Publicity
containing reminders to complete the surveys, their importance, and, again,
assurances about their use as part of a study and not as a way of "checking up" on
people should be highlighted. A deadline for returning surveys should be included.

After about two months have gone by and less than the whole community has
responded, it is time to go door-to-door. This is hard work, but very important.
Speaking with individuals serves two important roles: 1) it helps diffuse community
suspicion and concern about what you are "up to," and 2) provides a more complete
survey response.
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On the other hand, door-to-door may not be a feasible approach. One possible
strategy would be to focus on certain key areas of town which are the most likely
sources of contaminants, and restrict the door-to-door canvasing to that area.
Also, if there is a similar pattern of development throughout town, then detailed
information town-wide may not be necessary. Or, it may be that there are two
distinct geologic settings in town and having a core of good data in each is
adequate to determine levels of potential threat to ground water. If you have
enough time and volunteer energy to cover the entire community, this is always
preferable, but obviously not always realistic.

While the surveys are circulating, committee members should start conducting a
windshield survey of the town to locate activities and businesses not previously
identified which may present risks to ground water. Interviewing the owners of
these facilities is a good idea. It helps to develop support for the risk
assessment process, and can provide important information. It also helps prevent
people from feeling that they are being singled out for attack. A listing of
enterprises which may present risks to ground water quality is attached in appendix
2.

What is going to be done with the town-wide and windshield survey results, and
well logs? Plot them on maps. This is not as difficult as it may sound. A good
"base map" will be necessary from which to work. USGS topographic maps are
excellent for this. If there are areas of dense development in town, the scale of
the USGS map will probably be too small. 1In this case, enlarging the base map to a
scale of perhaps 1:200 would help. This provides plenty of room for plotting of
detailed information. Using a town road map as the base map can also work quite
well. Again, changing the scale may make it more useable. The Regional Planning
Agency in your area can help to arrange the production of a base map and, if
necessary, can teach a member of the risk assessment committee how to plot the
information on the overlays. By using sheets of transparent mylar over the base map
layers of information can be developed.

Mapping all the information accumulated through the process described above
would be difficult and not necessarily helpful. Key pieces of information to plot
on the overlays are:

1) sand and gravel deposits identified on USGS surficial geology map,

2) locations and depths of private wells,

3) locations and identification of land uses which present threats to ground water
quality,

4) locations of underground storage tanks,
5) septic system locations,
6) wells within 100 ft. of a septic system, and

7) wells within 20 ft. of a roadway.
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These.overlays are a critical first step in determining what threats to ground
water quality may exist in town. Through the use of the overlays it is possible to

begin‘tg see the relationship between activities and wells, and can highlight areas
of critical concern in a clear and simple way.

Step Four -- Which Land Uses Constitute A Threat to Ground Water Quality?

Not all threats to ground water quality are of equal significance. Some land
uses, while appearing on a list of enterprises which present risks for ground water
contamination, present a low risk. This determination is based upon the type of
contaminants, how they interact with the environment, how they degrade in soil and
water, how fast they move, and how dangerous they are to human health. It is
important in the analysis of threats to ground water that the specific
characteristics of the community are taken into consideration. Many types of
activities will be identified on the attached lists which do not occur in a specific
town. Therefore, it is an important step is to identify which land uses with
potential risk to ground water do occur in a given community and to determine the
level of risk which they present according to the charts given in appendix 1. 1In
addition, identifying any other types of activities that there is reason to be
concerned about which have not appeared on the list should be included.

Do not rely on the level of risk identified on the charts. For example, if
there is a textile dying enterprise in town it is considered to present a slight
risk to ground water. But, in a particular town the business has been illegally
dumping its waste for years, or has a failing septic system, or has five shallow
wells within thirty (30) feet of the site, or any other possible combination of
circumstances that could make this a potentially severe risk for this community.
Using common sense and knowledge of a specific setting to make determinations about
what constitutes a threat to ground water is the key to a complete ground water risk
assessment.

Step Five -- Learning From What Has Been Collected

There should now be enough information gathered to critically assess the
potential for ground water contamination in town. It will be important to study the
geologic maps, location of sand and gravel deposits, clay layers, and depths of
wells to determine general patterns of ground water use in town. It is in this step
that the assistance of someone with geologic and hydrogeologic expertise is
critical. That person will be able to study the well logs, geologic maps, survey
results, and DEP and USGS studies to describe the hydrogeologic setting of the town.
Once this is understood the types of land use and risks that they may present can be
analyzed by using the attached charts in combination with a detailed understanding
of the specific site. For example, some land uses present great risks to shallow
wells, but may present little to no risk to bed rock/deep wells. There may also be
settings were septic system failures are more likely due to hydrogeologic settings,
and this can be analyzed by the expert in geology.

Once the hydrogeologic setting is defined and understood, the land uses can be
carefully examined to determine what risks they may present and to whom. For
example, the town may store its winter sand and salt pile out of doors. This may
present a ground water contamination threat to shallow wells in the vicinity. By
knowing that there are shallow wells nearby, rational judgements can be made about
water testing programs and appropriate town response to protect against
contamination.
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Step Six -- Now What

By studying the proximity of various land uses with private wells, the depth of
those wells, and the degree of risk presented by the land use, decisions can be made
about what to do next. At this point it should be apparent what activities in town
may have already contaminated ground water, or which may in the future. If there is
reason to believe that ground water may already be contaminated, the community
should immediately implement a water quality testing program.

The water quality testing program should be designed to test for the
contaminants which are believed to be present. For example, if the study indicated
that septic system failure may have occurred in proximity to shallow wells, the
tests would be looking for nitrates and coliform contamination. If the threat is
presented by road salt, saline concentration would be highlighted. On the other
hand, perhaps the threat is seen to be from agriculture. It will be necessary to
identify the types of pesticides believed to have been used in order to test for
them in the ground water. An annual community water testing program will help
monitor long term and changing ground water conditionms.

It is a good idea for the town to sponsor and pay for the water quality testing
program. First, it helps ensure community cooperation with the testing program.
Second, it ensures that copies of the test results come to the town. If the town
does not pay for the test, then homeowner permission for copies of the test results
to go to the town will have to be obtained. Third, by conducting a community
program, the cost can be negotiated down below that charged for individual tests.

If contamination is found, be sure to immediately notify DEP, Division of Water
Pollution Control. They can often provide technical support for solving or
remediating the situation.

Without water quality testing it will not be possible to know if there is an
existing problem with ground water quality. If there is a problem, it is important
to take remedial action to protect the health of the water users. If there is no
contamination, then it is important to take steps to ensure against future
contamination. Town regulations and by-laws, as well as public education can be Xey
in safeguarding future water quality. Examples of town regulations and by-laws
which can work to protect ground water quality include: aquifer protection zoning,
private well regulations, hazardous materials and underground storage tank
regulations, required septic tank pumping regulations, unregistered motor
vehicle by-laws, and, wetlands protection by-laws. The Regional Planning Agency
should be able to provide more information about these strategies. Other town
actions can include: covering of salt piles, decreasing use of road salt, land
acquisition and protection activities, town supported water quality testing, public
education efforts, hiring of professional health agent and planning staff, and,
cooperation in regional efforts to protect ground water.

Step Seven -- Finally

It is key that the results of the volunteer risk assessment be well publicized
and presented to the community. Public education and support for the effort are
essential if behavior is to be changed and town regulations and by-laws passed.
Copies of your report should be distributed around town and made generally

available. Be sure to send copies to the Regional Planning Agency and Conservation
District.
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Unless the town takes affirmative steps as a result of the study about threats
to ground water quality, it is inviting contamination to occur. Perhaps the most
important result of this study will be to educate the town officials about the

threats to public safety which exist in town and the actions which they can take to
protect the public.

APPENDICES

1. Sample survey.

2. Lists of Land Uses Which Present Risks to Ground Water.
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APPENDIX 1.

Sample Survey
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APPENDIX 1

SURVEY OF PRIVATE WELLS AND SEPTIC SYSTEMS
FOR GROUNDWATER RISK ASSESSMENT STUDY

The Town Boards are conducting a study to determine potential
threats to the quality of our drinking water. We need your help.
Please provide the information requested below to the best of your
ability. THIS INFORMATION WILL NOT BE USED BY ANY GOVERNMENTAL ENTITY
AS A BASIS FOR ACTION AGAINST YOU. IT IS SOLELY FOR RESEARCH PURPOSES.

In order to determine what could potentially harm your drinking
water, we need to know where your well is, your septic system, and
other land use features. In this way we will be able to accurately map
threats to ground water supplies, and just how close they are to
private drinking supplies.

Please take a few moments to draw a diagram of your property,
including: house, well, septic system, abandoned wells, underground
storage tanks, railroad tracks, power lines, and other structures. We
would also appreciate any information you have about your well: type,
depth, water table level, how far it is from the road, septic system,
and underground storage tanks. If you have a business on the site,
please describe the type of enterprise. If you have any questions,
please call , at

Return postage has been provided. Please complete this form and
return no later than . Surveys can also be dropped off at the
library. Thank you very much for your assistance.

PLEASE DRAW RELATIVE LOCATIONS OF HOUSE, WELL, SEPTIC SYSTEM,
UNDERGROUND STORAGE TANK, HIGH POWER LINES, RAILROAD TRACKS, AND OTHER
STRUCTURES, AND SHOW DISTANCES BETWEEN (or guess at distances).

YOUR NAME:
STREET: ADDRESS:
PHONE NUMBER: 63

COMMENTS :



APPENDIX 2.

Lists of Land Uses Which Present Risks to Ground Water.
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APPENDIX 2.

Lists of Land Uses Which Present Risks to Ground Water.
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GROUNDWATER
RELATIVE LEVELS OF RISK
Taking into Consideration Volume, Likelihood of Release,
Toxicity of Contaminants, and Mobility

Compiled and Analyzed by Vermon;mDepartment of Health, 1988

SEVERE -

Dry Cleaners
Gas Station
Car Wash with Gas Station

Service Station -- full or minor repairs
Painting and Rust Proofing

Junk Yards

Highway Deicing -- application and storage

Right of Way Maintenance

Dust Inhibitors

Parking Lot Runoff

Commercial Size Fuel Tanks

Underground Storage Tanks

Injection Wells: automobile service station disposal wells;
industrial process water and waste disposal wells

Hazardous Waste Disposal

Land Fills

Salt Stock Piles

SEVERE TO MODERATE -

Machine Shops: metal working; electroplating: machining; etc
Chemical and Allied Products

Industrial Lagoons and Pits

Septic Tanks, Cesspools, and Privies

Septic Cleaners

Septage

Household Cleaning Supplies

Commercial Size Septic Systems

Chemical Stock Piles

Clandestine Dumping

MODERATE -

Carpet and Upholstery Cleaners
Printing and Publishing
Photography and X-Ray Labs
Funeral Homes

Pest Control

0il Distributors

Paving and Roofing

Electrical Component Industry
Fertilizers and Pesticides
Paint Products

Automotive Products

Home Heating 0il Tanks Greenhouses and Nurseries
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Golf Courses

Landscaping

Above Ground Fuel Tanks

Agricultural Drainage Wells

Raw Sewage Disposal Wells Abandoned Drinking Wells

MODERATE TO SLIGHT -

Water Softeners

Research Laboratories

Above Ground Manure Tanks

Storm Water and Industrial Drainage Wells
Stump Dumps

Construction

SLIGHT -

Beauty Salons

Car Wash

Taxidermists

Dying/Finishing of Textiles

Paper and Allied Products

Tanneries

Rubber and Misc. Plastic Products

Stone, Class, Clay, and Concrete Products

Soft Drink Bottlers

Animal Feedlots, Stables, and Kennels

Animal Burial

Dairy Waste

Poultry and Egg Processing

Railroad Tracks, Yards, and Maintenance Stations

Electrical Power Generation Plants, and Powerline Corridors

Mining of Domestic Stone

Meat Packing, Rendering, and Poultry Plants

Open Burning and Detonation Sites

Aquifer Recharge Wells

Electric Power and Direct Heat Reinjection Wells

Domestic Wastewater Treatment Plant and Effluent Disposal
Wells

Radioactive Waste
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LAND USE/PUBLIC-SUPPLY WELL POLLUTION POTENTIAL MATRIX .
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BIOGRAPHICAL SKETCH

Lynn Rubinstein, Land Use Planner
425 Main Street
Greenfield, MA 01301

Lynn Rubinstein is the Franklin County Land Use Planner, specializing in ground
water, hazardous waste, and rural preservation. She is a member of the Massachusetts
Hazardous Waste Advisory Committee, and a member of the Board of Directors of the
Valley Land Fund, Inc. Previously, she was the Coordinator of the Franklin, Hampden,
and Hampshire Conservation Districts. Before moving to Massachusetts, Ms. Rubinstein
was a trial attorney with the Department of Justice. She has a B.A. from Wesleyan
University in geology. Publications include: "What Choices Do You Have Besides
Selling Your Farmland For Development?,” "Forest and Farm Land Preservation

Techniques,: and "Affordable Limited Development: A Model for Housing in Rural
Communities."
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THE FOX(BOROUGH) GUARDING
THE AQUIFER COOP:
LOCAL CONTROL AT WORK

Kimberly D. Noake, Project Hydrogeologist

S E A Consultants Inc.
485 Massachusetts Avenue
Cambridge, Massachusetts 02139

Abstract

Both the elected officials and citizens of the Town of Foxborough, Massachusetts have
made a serious commitment to groundwater quality protection and management of potential
contamination sources. Foxborough’s wellhead protection strategy is not a product of
a federal or state mandated program, rather, it evolved over a five year period in
response to local needs.

Due to the nature of the groundwater resource, it must be identified and protected at
the local level. Unlike hazardous waste and leaking underground storage tanks which
can be regulated by federal or state legislation regardless of location, occurrence,
or quantity, the identification of aquifers and the development of wellhead protection
strategies is a site-specific process.

The delineation of a wellhead protection area depends upon the hydrogeologic
characteristics of the aquifer, the pumping rate and number of wells, and the amount
of recharge the aquifer receives from precipitation and induced infiltration from
surface water bodies. In Massachusetts, for example, a wellhead protection area in
a buried river valley aquifer will have a different configuration than one in a glacial
outwash plain aquifer. Foxborough recognized the importance of local resource-based
groundwater protection five years ago when it delineated its wellhead protection areas
and adopted a Water Resource Protection District bylaw in 1984.

Recently, over 40 Massachusetts communities have lost major municipal groundwater
supplies to contamination or have experienced severe water shortages. The plight of
neighboring communities prompted Foxborough officials to engage S E A Consultants Inc.
to update the 1984 bylaw and redefine the wellhead protection areas to conform with
recently adopted state guidelines for delineating primary (Zone 1II) and secondary (Zomne
I1I) aquifer recharge areas. The goal of the town was to have a technically defensible
wellhead protection strategy.

Several carefully tailored approaches were used to delineate the Zone II and Zone III

areas for Foxborough's 11 existing wells and 6 proven well sites. Monitoring wells
were installed and performance tests conducted at each of the town's pumping stations
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using an automated data gathering and processing system. This data logger supplied
aquifer property data collected under uniform ambient conditions for use in a detailed
town-wide aquifer simulation model which delineated the Zone II and Zone III areas for
the 17 wells. Existing pumping test data was re-evaluated using current computer
programs and incorporated into the town-wide model where necessary.

A mass balance analytical nitrate loading model was also used to determine the nitrate
loading in the Zone II areas under maximum build-out conditions. A new Water Resource
Protection District bylaw was written to protect both the Zone II and Zone III areas.
The bylaw includes a comprehensive list of prohibited uses and uses allowed by special
permit that are subject to stringent performance standards. Minimum lot sizes for
various uses were also included to ensure that nitrate concentrations at the wellhead
do not exceed drinking water standards. To further strengthen the town’'s wellhead
protection strategy, S E A wrote a new Toxic and Hazardous Materials bylaw, recommended
changes to subdivision rules and Board of Health regulations, and designed a
groundwater monitoring program.

Introduction

Over forty municipalities in Massachusetts have lost all or part of their municipal
groundwater supplies to chemical and bacterial contamination due to the siting of
inappropriate land uses in the primary recharge areas of their public supply wells.
All across the state, increasing development pressures threaten the supply of clean,
abundant water; the very resource that enables the economy of a town to flourish.

The primary responsibility for groundwater protection lies not with the federal and
state governments but with local boards and citizens. Although the tracking and
disposal of hazardous waste and leaking underground storage tanks are managed by
federal and state legislation, many other point and nonpoint potential contamination
sources are more effectively controlled by municipal regulations.

The federal Wellhead Protection Program, authorized by the Safe Drinking Water Act
Amendments of 1986, authorized Congress to distribute grants and technical assistance
to states that develop wellhead protection programs. Massachusetts recently submitted
a wellhead protection program to meet federal guidelines. Existing programs at the
state level offer grants for land acquisition in sensitive recharge areas and technical
assistance in delineating wellhead protection areas and drafting protective
legislation. The philosophy at both the state and federal level is that wellhead
protection strategies should be resource-based and thus are inextricably linked to
municipal governments.

Comprehensive local groundwater protection strategies begin with an accurate,
scientifically-based delineation of primary and secondary aquifer recharge areas.
Historically, the use of land in the vicinity of public supply wells, excluding the
400 foot protective radius required by the state, was not stringently controlled. This
occurred for two reasons: (1) the threats to the groundwater resource were not
completely understood, and (2) the aquifers and well recharge areas were not accurately
delineated. Now, however, several tools are available to communities to enable them
to identify, define, and protect existing and potential groundwater supplies,
including: sophisticated three-dimensional numerical computer models that simulate
groundwater flow; innovative zoning and general bylaws; subdivision regulations; and
Board of Health regulations. Conscious land use decisions must be made by citizens
and local boards in order to protect groundwater supplies from contamination. An
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exceptional example of a town that has taken substantial steps toward developing a
comprehensive groundwater protection strategy is Foxborough, Massachusetts.

The Town of Foxborough, Massachusetts is located in Norfolk County, approximately 25
miles southwest of Boston. The town comprises approximately 21 square miles and its
entire population of over 15,000 people is served by groundwater from 11 wells. The
wells are between 30 and 40 feet deep and are screened in the unconsolidated glacial
deposits of four buried river valley aquifers. These four aquifers, the Wading River
Aquifer, Neponset Reservoir Aquifer, Billings Brook/Rumford River Aquifer, and the
Canoe River Aquifer, derive a significant amount of recharge by induced infiltration
from nearby surface water bodies. The combined safe yield of the town's 11 wells is
approximately four (4) million gallons per day. Foxborough also has six proven well
sites that will supplement the current system when needed.

Hydrogeology

Foxborough is located in the Eastern Plateau physiographic province of Massachusetts.
In this area, the bedrock forms a flat, well-dissected plateau that gently slopes to
the east. According to the U.S. Geological Survey Bedrock Geologic Map of
Massachusetts (Zen, et al., 1983), four northeast/southwest trending bedrock units
underlie Foxborough. They are, in order of occurrence from north to south, the Sharon
Syenite, the Dedham Granite, the Wamsutta Formation, and the Rhode Island Formation.

During the Pleistocene Epoch, New England was glaclated several times. The glacier
plucked and scoured the bedrock, entraining sediments that ranged in size from huge
boulders (glacial erratics) to cobbles, pebbles, sand, silt, clay and rock flour.
As the glacier advanced and retreated, it deposited some of its entrained debris,
called till, directly on the ground. Till is a poorly sorted, heterogeneous mixture
of sand, silt, clay and angular rocks of various sizes. The glacier smeared till over
bedrock knobs and along the walls of bedrock valleys and deposited it in elongated till
hills (drumlins). In some cases, till flowed or slumped off the surface of the melting
ice. This "flow till" can sometimes be observed within sand and gravel deposits.

Over time, the climate changed and the earth experienced a gradual warming trend that
continues to this day. As a result, the glacial ice began to melt. Along the
irregular margin of wasting ice, meltwater streams poured from subglacial tunnels or
through valleys carved in the ice. In the openings between the wasting ice and
till-covered bedrock knobs, these streams sorted and deposited sediments in their
channels (glaciofluvial deposits) as well as in ice-marginal lakes and ponds
(glaciolacustrine deposits). These unconsolidated deposits are called stratified
drift.

Meltwater streams transported, sorted and deposited glacially entrained sediments
according to grain size. High velocity meltwater streams deposited cobbles, gravel,
sand and minor amounts of silt and clay in major outwash plains and valley trains.
The bulk of the fine grained sediments (silt and clay) was held in suspension and
eventually deposited by slow flowing streams in glacial lakes. In Foxborough, the
glacial meltwater streams filled the ancient north/south trending bedrock valleys with
varying thicknesses of interbedded gravel, sand, silt and clay. Thus, the Town's
buried river valley aquifers were created.
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Aquifer Delineation and Mapping

In order to identify the extent of Foxborough'’s aquifers, locate sites favorable for
future groundwater exploration and designate groundwater protection areas, it was
necessary to delineate areas underlain predominantly by coarse-grained stratified
drift. Unfortunately, detailed surficial geologic maps were not available for Fox-
borough. 1In the absence of such maps, soil survey maps provided much useful infor-
mation. Although soils maps are a reflection of only the top two to three feet of
soil, this top layer is generally indicative of subsurface materials. Soil maps and
an Interim Soil Survey Report for Norfolk and Suffolk Counties are available for
Foxborough from the U.S. Department of Agriculture, Soil Conservation Service. Certain
soils, such as those of the Charlton-Hollis Association, are typical of glacial till.
Because till does not readily transmit water, areas underlain by glacial till soils
are considered to be non-aquifer areas. Other types of soils are more typical of
stratified drift, which are more uniform sands and gravels generally capable of
transmitting large quantities of water. Areas underlain by stratified drift-derived
soils such as the Hinckley or Merrimac series are considered to be aquifer areas.

Topographic features were also used in mapping glacial deposits. Flat-topped terraces
surrounded by steep slopes are typical of stratified drift, for example, whereas
uniform slopes are generally characteristic of glacial till. Field verification was
an important adjunct to reconnaissance mapping based upon topography and soils.
Bedrock outcrops were noted, as were natural exposures of soil and man-made
excavations. The "micro-topography" of the land, the number, size, and shape of
boulders, drainage, and other factors were also utilized in mapping surficial deposits.

Well and boring data from over 300 locations in Foxborough were also used to delineate
the unconsolidated aquifers (see Plate 1). The surficial geologic units shown on Plate
2 are divided into the two distinct types already discussed: glacial till and strati-
fied drift. The limits of the non-aquifer glacial till areas are delineated on Plate
2 by the diagonal hatched areas and are labeled as "Qt". The limits of the remaining
aquifer areas, the stratified drift deposits, are labeled as "Qsg".

Aquifer Saturated Thickness

Within the stratified drift aquifer areas shown on Plate 2, the characteristics of the
aquifer were further evaluated by determining the aquifer saturated thickness. The
saturated thickness, or vertical thickness of the aquifer, is a measure of the size
of the groundwater reservoir. The aquifer saturated thickness is calculated from
boring and well log data by subtracting the top of aquifer (water table surface) from
the bottom of aquifer (till or bedrock surface). Areas of highest saturated thickness
(over 30 feet) are generally the most favorable for high yield well development.

The Wading River Aquifer 1s the most extensive aquifer in Foxborough, with a saturated
thickness exceeding 50 feet in the vicinity of Lake Mirimichi. The Neponset Reservoir
Aquifer appears, based upon existing data, to have a high favorability area limited
to a northeast-southwest trending trough extending from the H.C. Morse proposed well
site to the Foxboro Company. The vertical extent of the groundwater aquifer at Well
Pumping Station No. 4, off of Route 1, is also limited in extent.

The northern portion of the Billings Brook/Rumford River Aquifer in Foxborough has been
extensively explored and developed and is considered to be close to its safe yield.
S E A recommended no further well development beyond the existing and proven well
sites. There is, however, the potential for future well development in the southern
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portion of the Rumford River Aquifer south of Route 140 (Cocasset Street) and east of
Morse Street. The Canoe River Aquifer is the only known aquifer in Town which is not
currently being utilized as a source of water supply. S E A recommended additional
exploration in this aquifer east of East Street and southwest of Beaumont Pond to
better define the favorability of this aquifer.

Aquifer Transmissivity

In addition to the aquifer saturated thickness map, a map of Aquifer Transmissivity
(Plate 3) was prepared. Aquifer transmissivity is a better indicator of potential well
yields than saturated thickness alone. Aquifer transmissivity is equal to the
saturated thickness of the aquifer multiplied by the hydraulic conductivity
(permeability).

Hydraulic conductivity is a quantitative description of the water-transmitting
characteristics of the soill materials comprising the aquifer. It is defined as the
volume of water at the existing kinematic viscosity (field conditions) which will move
in unit time under a unit hydraulic gradient through a unit area normal to the
direction of flow. For this study, the pumping test analyses and previous reports
describing the aquifer in terms of geology and hydraulic conductivity were reviewed.

Available pumping tests were evaluated using computer pumping test analysis programs
(Hall Groundwater Consultants, Inc., 1986) for time versus drawdown and distance versus
drawdown. The transmissivity of individual test well locations was also calculated
using the boring log descriptions and assigning average hydraulic conductivities to
the various grain size distributions (sand, gravel, silt, clay) which were reported.

Field Exploration Program and Prolonged Pumping Tests

S E A designed a field exploration program and conducted four pumping tests to expand
the aquifer property data base and calibrate the zone of contribution groundwater flow
model. Based upon the data compilation and review, and the aquifer hydrogeologic maps,
specific areas were identified adjacent to the existing pumping stations where
additional data was needed to determine aquifer stratigraphy and the following
properties: saturated thickness, hydraulic conductivity, transmissivity and
storativity. Following site inspections at each pumping station, a field exploration
program was designed consisting of observation well installation, water table elevation
surveying, and completion of a prolonged pump test.

A total of 13 new observation wells were constructed using the drive-and-wash method.
The wells consist of 2.5 inch steel casing with five feet of screen set at either the
bottom of aquifer (deep wells) or just below the surface organic sediment deposits
(shallow wells). Clustered wells, consisting of a shallow and deep well at the same
location, were utilized at Stations No. 1, No. 2 and No. 4 to evaluate the induced
infiltration from adjacent surface water bodies and allow for a more accurate
calculation of aquifer properties.

Four pumping tests were conducted at each of the four existing pumping station
locations (Nos. 1-4) during January 1989. The 13 new observation wells and 10 existing
observation wells were used to monitor water table drawdown in the vicinity of each
pumping station. Each pumping station was shut down for a minimum of two days prior
to commencing the three day pump test to allow the water table to recover to (or close
to) its static elevation. The pumping test itself was conducted for approximately
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three days followed by two days of recovery readings. The actual duration of well
shutdown prior to the test, length of the pump test, and recovery after the test, were
performed as the normal operation of the water supply distribution system allowed.

In order to obtain water level measurements simultaneously from four observation wells
during the pump tests, an automated computer storage and retrieval system consisting
of pressure transducers linked to a data logger was used for both the pumping and
recovery phases of the test.

Water level sampling interval times were programmed into the data logger to correspond
to the Massachusetts Department of Environmental Protection Water Supply guidelines
(DEP, 1989): 10 readings taken at six second intervals, followed by 10 readings taken
at one minute intervals, followed by 10 readings taken at ten minute intervals,
followed by one reading taken each hour for the duration of the pump test. Recovery
sampling intervals were identical to the pump test drawdown intervals.

Zone of Contribution Modeling

A three-dimensional finite difference groundwater flow model was used to delineate the
zone of contribution recharge areas for Foxborough's 11 existing wells and 6 proven
future well sites. S E A chose the U.S. Geological Survey'’'s MODFLOW computer model
(McDonald and Harbaugh, 1984) to simulate groundwater flow in the heterogeneous aquifer
system. MODFLOW simulates groundwater flow in both steady state and transient
conditions. The program code for the Foxborough model was adapted to run on a Digital
Microvax II computer which allowed the simulation of anisotropic, mnonhomogeneous
aquifers under varying pumping scenarios. In Foxborough, induced infiltration from
surface waters provides a significant amount of recharge to the public supply wells.
Therefore, the model also simulated the exchange of water between surface waters and
groundwater.

The primary objective of the numerical computer model was to provide a sound technical
basis for delineating water supply protection zones in accordance with Massachusetts
Department of Environmental Protection (DEP) definitions, which are given below:

Zone I: The 400-foot wellhead radius designated by DEP for the protection of the
supply which is owned or controlled by the water supplier.

Zone II: The area of an aquifer which contributes water to a well under the most
severe recharge and pumping conditions that can be realistically anticipated (180 days
with no recharge and continuous pumping at the maximum rated "safe yield" capacities
of the pumping stations). It is bounded by the groundwater divides which result from
pumping the well(s), and by the contact of the edge of the aquifer with less permeable
materials such as till and bedrock. At some locations, streams and lakes may form
recharge boundaries.

Zone III: That land area beyond the area of Zone II from which surface water and
groundwater drain into Zone II. The surface drainage area as determined by topography
is commonly coincident with the groundwater drainage area and will be used to delineate
Zone III. In some locations, where surface and groundwater drainage are not

coincident, Zone III shall consist of both the surface drainage and the groundwater
drainage areas.

Zone I is defined here for the sake of completeness; all land within Zone I is
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currently owned by the Town of Foxborough. Zone II is the primary zone of interest
in this investigation, and the aquifer modeling discussed below was performed
specifically to meet the requirements of defining Zone II. Zone III is integrally
connected to Zone II via surface runoff and surface water bodies which form recharge
boundaries,

Mathematical Model

MODFLOW’s aquifer simulation program calculates the hydraulic head in an aquifer under
various recharge and pumping conditions. This is achieved by solving the following
partial differential equation governing the two-dimensional flow of groundwater in an
aquifer:

9/9x(Tah/3x) + /3y (Taoh/dy) = S oh/at +Q

Where: T = transmissivity of the aquifer
h - head
X,y = rectangular coordinates
S - storage coefficient of the aquifer
t = time
Q = net groundwater withdrawal/recharge rate per unit surface
area

MODFLOW calculates the solution to this equation by solving each node equation of a
column of the model while all the terms in the other columns are held constant. Column
by column and then row by row, the process continues until a convergence is achieved.

Aquifer Hydraulic Properties

The hydraulic properties of the aquifers, including recharge, hydraulic conductivity,
storativity, initial water table elevation, and bottom of aquifer elevation were
entered into MODFLOW by superimposing a variable spaced grid system over maps of the
aquifer properties and then interpolating values at each grid node. Plate 4
illustrates the finite difference grid which was developed to assemble the model data
base. The variably spaced grid consists of a 91 column by 96 row grid superimposed
over the entire Town of Foxborough and the upgradient Billings Brook Aquifer in the
neighboring Town of Sharon. Grid size ranges in size from 200 by 200 feet to 800 by
800 feet. The smallest grid spacing was used over existing and proven well sites to
provide greater resolution and calibration of the model in areas where water table
drawdown during pumping is greatest. Output from the model consists of calculated
water table elevations at each node.

The estimated average annual recharge to the aquifer within the study area from
rainfall and snowmelt, based on U.S. Geological Survey Hydrologic Atlas data and
rainfall data, was assumed to be 15 inches per year for stratified drift aquifer areas
and 6 inches per year for glacial till (nonaquifer) areas.

Hydraulic conductivity at individual nodes within the stratified drift areas was
calculated from pumping tests and boring logs. Each hydraulic conductivity value was
plotted onto the base map and interpolated between data points to define the value at
each node. A value of 1 foot per day was used for all nodes within the glacial till
areas.
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The initial, non-pumping water table elevation was determined using surveyed water
levels from prolonged pumping tests, evaluation of static water levels recorded on
boring logs, and interpretation of surface water elevations from the topographic base

map. Plate 5 is a map illustrating the simulated steady state, or long-term average,
water table elevation.

The aquifer bottom, or bedrock, elevation was calculated by subtracting the saturated
thickness value for each node from the water table elevation for each node. The
surficial geologic map and field investigations were also incorporated into the bedrock
elevation data base.

The storativity (or storage coefficient) of an aquifer is defined as the volume of
water released from or taken into storage per unit surface area of the aquifer per unit
change in the component of hydraulic head normal to that surface. For unconfined
aquifers, like those in Foxborough, the principal source of water is from gravity
drainage, the volume of water derived from expansion of the water and compression of
the aquifer being negligible. Thus, in the case of unconfined aquifers, the
storativity is virtually equal to the specific yield. The specific yield of an aquifer
is defined as the ratio of the volume of water which the saturated portion of an
aquifer will yield by gravity drainage to the volume which is subject to such drainage.

Storativity values were calculated from available pumping tests by the following
formula:

S = 0.3 Tt
2
o
Where S = Storativity (dimensionless)
T = Transmissivity (gpd/ft)
t = Time since pumping started (days)
r, - Intercept at zero drawdown of extended straight line

of distance-drawdown graph (feet)

The calculated storativity values range from 0.03 to 0.50 indicating unconfined aquifer
conditions and, at the higher end of the range, significant amounts of induced
infiltration from surface waters. Storativity values were also calculated by comparing
soil logs to values reported in the literature for specific yield. These analyses
suggest that a value of 0.20 for Foxborough's sand and gravel aquifers is appropriate.
Storativity was considered to be a constant throughout the modeled stratified drift
aquifer area.

Boundary Conditions

The numerical simulation model extends beyond the Foxborough town line and includes
the entire upgradient watershed area for each aquifer and, most importantly, the Town
of Sharon wells which are within the Billings Brook Aquifer. The surface watershed
boundaries along the edge of the model were simulated as no-flow boundaries. This was
necessary in order to depict the physical system as accurately as possible. The
southern limits of the model, south of the Foxborough, K town line, were simulated as
constant head boundaries; the water table elevation was held constant. The direction
of groundwater flow along the southern town line is to the south, or out of town.
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Thus, the constant head water table elevations along this boundary are lower than

elsewhere in town and the model effectively "drains" water out of the aquifer in this
area.

The MODFLOW "river package" was used to simulate the significant effect that surface
water bodies (streams, rivers, ponds, wetlands and lakes) have on recharging the
groundwater aquifer when the wells are being pumped. Plate 4 illustrates the nodes
which were designated as induced infiltration, or river nodes. The surface water
elevations at each river node were set equal to the input static water table elevation.
Bottom sediment hydraulic conductivities were varied from 0.7 ft/day to 2.0 ft/day
depending upon the substrate observed along the individual induced infiltration areas
during the field investigations.

Model Calibration

The purpose of model calibration is to confirm that the model simulates observed field
conditions. The initial step of model calibration involved development of a steady
state static water table map. The final calibration procedure involved comparing
computer-generated water table elevations and drawdowns with those measured during the
field pumping tests.

Contouring of the static water table was initially performed manually and was then
supplemented by water levels measured during the four pump tests. The static steady
state water table map generated by the computer simulation model as a result of the
boundary conditions, starting head distribution, aquifer properties, and recharge
values discussed above is presented as Plate 5. Comparison of the two maps provided
documented verification of the reliability of the model to accurately represent the
behavior of the actual system under the given conditions.

Water table contours illustrating groundwater discharge into the surface drainage
system are evident in both the regional contouring and the model runs. The water table
contours from the program runs, however, do not have the sharp distinction of the
manually prepared map. This dampening of groundwater contours occurs because the
surface water is modeled as a node-centered system, and is averaged over the entire
grid area. The effect of the rivers cannot be modeled as sharply as actual field
conditions would indicate. However, the overall correspondence between the observed
field conditions and the model-generated contours is quite good with simulated water
levels being within one to two feet of the surveyed water levels and water levels
indicated on the topographic base for the various ponds and streams. Comparison of
drawdowns observed during the pump tests performed by S E A and simulated by the model
for the same duration and pumping rate were also quite good with a residual difference
of one foot or less.

Delineation of Water Resource Protection Zones

Following calibration, MODFLOW was used to simulate the worst-case Zone Il scenario
by pumping all existing and proven future wells at their maximum-rated capacities for
180 days with no recharge to the aquifers. This simulation included the Town of
Sharon's existing and proven wells within the Billings Brook Aquifer upgradient of
Foxborough's Station No. 3 and No. 3A. The pumping rates used in the Zone II
simulation are listed in Table 1.1.
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Table 1.1
Well Pumping Rates for Zone II Simulation

Town Well No. Pumping Rate
Foxborough Sta. #1, Well #1 400
Well #2A 350
Sta. #2, Well #4 400
Well #5 400
Well #6 400
Sta. #3, Well #7 250
Well #8 150
Well #9 400
Sta. #3A, Well #10 500
Sta. #4, Well #12 325
Lamson Road #71 350
Mill Street #74 300
Witch Pond #3-87 500
Witch Pond #1 700
H.C. Morse #&4 350
West Street #16 500
Sharon Sta. #5 300
Sta. #7 350
Wolomolopoag Pond 280

Plate 6 is a map of the Simulated Water Table Drawdown for Zone II Conditions and
illustrates water table drawdown after 180 days of pumping with no recharge. Water
table drawdown was calculated by subtracting the water table elevations simulated after
180 days of pumping with no recharge from a second simulation performed for 180 days
with no recharge and no pumping. The difference between the two simulations is the
water table drawdown due solely from well pumping.

The groundwater divides resulting from pumping form the downgradient limits of Zone
11 for both the Witch Pond proposed wells and the Billings Brook/Rumford River wells
(Station No. 3 and 3A). The lateral limits of Zone II are the contacts between the
stratified drift aquifer deposits and the glacial till (Zone III) deposits. The
upgradient limits of Zone II were delineated by extending the simulated water table
drawdowns upgradient to the prevailing hydrogeologic boundary, which for the three Zone
II areas, is the groundwater divide forming the limit of the sand and gravel aquifer.
Following the delineation of Zone II, the Zone III areas were determined by delineating
the surface watersheds which contribute recharge into Zone II. Plate 7 is a map of
the Water Resource Protection District calculated for Foxborough'’s aquifers and
illustrates the extent of the Zone II and Zone III areas.

Future Potential Aquifer Areas were also delineated on Plate 7 and are included within
the Water Resource Protection District. These areas, including the Canoe River Aquifer
and the southern portion of the Rumford River Aquifer, were delineated to include the
stratified drift aquifer deposits with a saturated thickness greater than 10 feet.
These areas may, upon further test well exploration, prove suitable for the development
of high-yield water supply wells.
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Potential Sources of Contamination

Foxborough is a relatively urbanized town that contains single and multi-family
residential developments and typical service-oriented commercial businesses. The
Foxboro Company, which has several locations throughout the town, is Foxborough's
primary industrial business.

Stratified drift aquifers are highly susceptible to contamination by a wide variety
of land uses. Contaminants may enter the groundwater as leachate from historic
industrial sites and associated waste disposal areas, illegal dumping sites, accidental
spills, or agricultural areas. However, contamination is much more commonly associated
with heavily developed commercial or industrial areas, solid waste landfills,
industrial and commercial wastewater disposal, septic system effluent, and septage
disposal facilities.

Working with town officials, S E A targeted for investigation three categories of
potential contamination sources, underground storage tanks and the storage of toxic
and hazardous materials, road salt storage and application, and septic system effluent.
Best Management Practices (BMPs) designed to mitigate the threat to groundwater quality
posed by these potential contamination sources appear in the bylaws, revised
regulations, and recommendations prepared by S E A.

Underground Storage Tanks and Toxic and Hazardous Materials Storage

Most commercial and industrial facilities store fuel and/or hazardous materials in
underground storage tank systems, above ground tanks or drums. Accidents involving
these storage facilities can and will occur. In the absence of an adequate containment
structure for drums or above ground tank storage areas, secondary containment for
underground storage tanks (including piping), and a spill response contingency plan,
spills or leaks from these facilities pose a serious threat to groundwater quality.

Underground storage tank systems (USTs) are also a serious threat to groundwater
quality. Many types of commercial and industrial facilities store gasoline, diesel
fuel, waste oil, heating oil, solvents and other hazardous materials in USTs. Highway
departments, trucking companies, and service stations may have several different tanks
of varying capacities for the storage of gasoline, diesel fuel and waste oil.
Municipal facilities and public or private institutions such as hospitals, schools,
libraries, and households store heating oil in USTs.

In Foxborough, tank capacity for USTs varies from 275 gallons to 50,000 gallons. Each
underground tank is a potential threat to local public water supplies. Defects in tank
materials, improper installation, corrosion or mechanical failure of the pipes and
fittings may result in leaking USTs. Most early underground tanks were inadequately
designed and manufactured from bare carbon steel. The corrosion of these bare steel
tanks is by far the most common cause of leaking USTs. Although the installation of
bare steel tanks 1s now 1llegal, many of the bare steel tanks still in use in
Foxborough have exceeded their life expectancy (commonly 15 years) and have little or
no protection against the corrosive action of the soil and water. Moreover, the exact
age, condition and location of many existing tanks may not be known, making it
extremely difficult to predict or prevent leaks.

A complete inventory and mapping of the location of each residential, commercial and

industrial underground storage tank was beyond the scope of S E A’s investigation.
However, a preliminary list of 94 commercial and industrial tanks and 17 municipal
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tanks (with capacities greater than 250 gallons) registered with the Foxborough Board
of Selectmen and Fire Department was compiled. Eighteen of the 111 commercial and
industrial underground storage tanks are located in Zone II areas or the Future
Potential Aquifer areas. The age of only seven of these eighteen tanks is known. At
least one of these tanks has exceeded its 15-year life expectancy. It is likely that
the remaining 11 tanks are at or near their life expectancy. The remaining 93 tanks
are located over till and bedrock in secondary aquifer recharge areas or in sections
of town outside the proposed Water Resource Protection District.

Road Salt Storage and Application

Both the storage and excessive application of road salt in sensitive aquifer recharge
areas are potential sources of groundwater contamination. Several of Foxborough's
existing wells have come close to, or have periodically exceeded, the secondary
drinking water standard for sodium which is 20 milligrams per liter (mg/1).

The amount of salt (sodium chloride, NaCl) used to keep streets and highways clear of
snow and ice has steadily increased since the mid-1940‘s. Salt 1s an abundant,
affordable and very effective de-icing agent. Motorists in many states expect "bare
pavement" road conditions throughout the year, regardless of seasonal or climatic
conditions. As a consequence, state and local highway officials in New England bear
the responsibility of providing the highest level of vehicular mobility possible, some
to the point of using straight salt instead of a sand and salt mixture.

Sodium chloride is composed of approximately 40 percent sodium ions and 60 percent
chloride ions by molecular weight. When salt comes in contact with water, the sodium
and chloride ions disassociate and move with the surface water or groundwater. The
degree to which road salt will impact aquifers and public water supplies depends upon
several factors including: the amount. and method of salt applied to roadways, the
amount and method of salt storage, soil types, the distance between the source of salt
and the water supply, and groundwater movement.

Both the Massachusetts Department of Public Works facility, located on Route 140 and
the Foxborough Department of Public Works facility located on Elm Street, maintain
large road salt stockpiles in Foxborough. However, because both facilities are located
outside the boundaries of the proposed Water Resource Protection District and both
facilities store their road salt in enclosed sheds, the risk of groundwater
contamination is relatively low.

The Massachusetts Department of Public Works applies a mixture of 4 parts salt and 1
part calcium chloride (4:1) on state highways and Interstate roadways. The Town of
Foxborough applies a 3:1 sand to salt mixture to town roads. To mitigate the impact
of road salting within the proposed Water Resource Protection District, S E A
recommended that the Foxborough Board of Water and Sewer Commissioners work with the

town Public Works Department to implement the following Best Management Practices
(DEQE, 1981):

o All road crews should be aware of the location of sensitive aquifer
areas.

o Reduced application rates should be developed for roads within the Water
Resource Protection District.
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o Levels of service should be determined prior to the winter season.
Depending upon road type, weather conditions and traffic volumes, these
levels of service can range from no salt use, to mainly plowing and
using sand, to straight salt application on heavily traveled road
sections and critical intersections.

o Various mixtures of salt, calcium chloride and sand should be used in
the Water Resource Protection District. The State of Connecticut
recommends that a 7:2 sand-premix mixture should be used in sensitive
aquifer areas. Premix is 3 parts sodium chloride and 1 part calcium
chloride by weight.

Septi em luent and rat 0 al

In Foxborough, septic systems provide for disposal of household sanitary wastes and
sanitary wastewater from a variety of commercial and industrial operations. The 20,000
square foot lots in the center of town are served by a sanitary sewer system. Although
the town has developed a long range sewering plan, most of the sanitary waste in the
community is currently disposed of via septic systems.

The most common contaminant identified in groundwater is dissolved nitrogen in the form
of nitrate (Freeze and 'Cherry, 1979). A nitrate nitrogen loading analysis was
performed in order to evaluate the future potential impact, at 100 percent buildout
under current zoning, that septic system effluent, fertilizers, and roadway runoff
might have on groundwater quality. The goal of the nitrate loading analysis was to
determine, for each Zone II area, the maximum nitrate loading which can be allowed to
occur while maintaining an acceptable margin of safety below the drinking water
standard. As a result of the nitrate loading analysis, the sewage disposal density
and minimum lot size requirements in the Water Resource Protection District bylaw were
developed.

The current federal and state drinking water standard for nitrate nitrogen in drinking
water is 10 mg/1. To allow for an acceptable margin of safety, S E A recommended that
a management guideline of 5 mg/1 be adopted for the following reasons:

o to statistically ensure that actual concentrations which are likely to
fluctuate due to analytical variability, changes in aquifer recharge,
and inherent sampling error, are maintained below 10 mg/l at least 90%
of the time (Cape Cod Planning and Economic Development Commission,
1979);

o to allow for plumes of higher concentration which could result from
periods of high nitrate loading and low groundwater recharge; and

o to allow for localized plumes of higher concentration resulting from
a continuous point source in a uniform flow field; and

o] to be consistent with the findings of several studies performed on Long
Island.

The Long Island studies statistically evaluated nitrate concentrations measured in
numerous groundwater samples and concluded that when the mean concentration was 5.8
mg/l, 10 percent of the samples had concentrations exceeding 10 mg/l. 1In order to
achieve better than 90 percent compliance with the 10 mg/l regulation, an average
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concentration of less than 6 mg/l would be required, thus the recommended management
guideline of 5 mg/l.

Nitrate nitrogen concentrations are typically calculated using a mass-balance approach
over a unit area to determine the appropriate housing density (sewage disposal volume
and minimum lot size). Nitrate levels are thus evaluated on an individual lot basis.
The basic concept of this approach is that the water quality beneath a lot will be the
result of mixing nitrates from sewage, fertilizers, and road runoff with the recharge
from precipitation and septic system effluent.

The basic procedure for determining the future buildout (saturation density) nitrate
concentration was as follows:

1. Calculate total recharge from precipitation and sewage disposal within
each Zone II;

2. Calculate total nitrate loading from sewage, fertilizers and road
runoff;

3. Calculate nitrate concentration by diluting the total loading with the
total recharge.

As described earlier, the average recharge rate within Zone II was determined to be
15 inches per year. For the purposes of this analysis, it was assumed that water
pumped from individual wells is recycled back into the same aquifer such that there
is no net gain or loss of water to the aquifer.

The buildout analysis conducted for the Town of Foxborough by the Metropolitan Area
Planning Council (MAPC) and dated May, 1988 was used as the data base for calculating
the total number of buildable lots within each of zone of contribution. The individual
assessors' sheets were used to determine which of the lots listed by MAPC were within
each respective Zone II.

Nitrate loadings were estimated for individual residential lots using the loading rates
specified in the Water Resource Protection District bylaw as follows:

o 4 persons per dwelling unit

o 7 pounds per person per year

o 2 pounds nitrate per 1000 square feet per year from fertilizer (assumed
6,000 square feet of lawn per lot)

o 69.35 pounds nitrogen per lane mile per year

It was estimated that 7 percent of Zone II consists of roadways and other impervious
areas. The total number of equivalent lane miles was then calculated. The results
of the nitrate loading analysis are presented in Table 1.2.
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Table 1.2
Results of Nitrate Loading Analysis

Wading River Neponset/Rumford
Aquifer River Aquifer
Zone 11 Area 3.89 1.85
(sq. miles)
Total Recharge 3.8x10° 1.8x10°
(liters/year)
Total Nitrate 21.4x10° 12.7x10°
Loading
(mg/yr)
Nitrate 5.6 7.0
Concentration
(mg/1)

Because the projected saturation development nitrate concentration (under current
zoning) exceeds the recommended management guideline of 5 mg/l, S E A recommended that
the minimum residential lot size within the Water Resource Protection District be
60,000 square feet. With this minimum residential lot size, the saturation development
nitrate loading will be below the guideline of 5 mg/l.

Groundwater Protection Strategy

Unlike some towns which have their entire water supply at one location, the Town of
Foxborough is fortunate to have an existing water supply system consisting of eleven
wells which tap four separate aquifer systems throughout town. The Town also has six
proven future well sites for which the required 400 foot protective radius has already
been acquired. Four of the proven future wells will be located in areas (two at Witch
Pond and two at Daniels Street/Mill Street) where the groundwater aquifer is not
currently being tapped. This spatial diversity provides an added degree of protection
from potential groundwater contamination and loss of a majority of the water supply
from a single contamination incident.

Having wells located in several areas throughout town, does, however, have significant
implications in terms of groundwater protection. Instead of concentrating on a small
area for aquifer protection, local officials must realize that a significant portion
of the town 1is within a water supply well zone of contribution. Foxborough's
groundwater protection strategy must be flexible, innovative, and be applicable
throughout the town. S E A, working closely with the Foxborough Board of Water and
Sewer Commissioners and the Planning Board, developed a groundwater protection strategy
that included a new Water Resource Protection District bylaw and Toxic and Hazardous
Materials bylaw, revisions to the Planning Board’s subdivision rules and additions to
the Board of Health regulations. S E A also developed a groundwater monitoring program
to provide the town with an early warning system and a tool to better identify sources
of contamination.
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Water Resource Protection District Bylaw

Zoning has long been used as a means for municipalities to control growth,
Massachusetts General Laws (M.G.L.) Ch. 40A and its 1975 amendment, which is known as
the Zoning Act, list conservation of natural resources as one of the purposes of
zoning. Communities have the authority to enact zoning restrictions to protect
groundwater and often do so by regulating the density of development, allowable uses,
exemptions, and uses allowed by special permit.

The most common zoning technique used to protect groundwater supplies is an Aquifer
Protection or Water Resource Protection District bylaw. These bylaws are "overlay
districts," areas superimposed on the existing zoning map. The rules of the underlying
district continue to be in effect, except where the overlay district imposes more
stringent requirements. These overlay district bylaws are designed to prevent
contaminants from entering the groundwater by regulating land uses in the Zone II and
Zone III areas of public supply wells. Where induced infiltration supplies a
significant source of recharge to a well, surface water bodies are also protected.
Generally, the regulation of various types of land use is divided into four categories:
prohibited uses, restricted uses, permitted uses, and uses allowed by special permit.

Foxborough adopted a Water Resource Protection District bylaw in 1984, four years prior
to hiring S E A. This overlay district bylaw defined three protected areas: Area lA
- the cone of depression generated by a municipal well after 7 days of continuous
pumping at its rated capacity or a 600-foot protective radius, whichever is greater;
Area 1B - 600-foot protective radius around test wells designated as future municipal
wells; and Area 2A the surface of the land lying above the aquifer and designated
recharge areas and a 250-foot protective strip around surface water bodies. The
aquifer and aquifer recharge areas in Area 2A were delineated based upon data obtained
from the U.S. Geological Survey'’s Hydrologic Atlases and an estimated travel time for
certain contaminants,

The bylaw listed permitted uses, prohibited uses, and special permit uses. Overall,
the bylaw was fairly comprehensive and included, under the special permit process,
requirements for wastewater quality standards and limits on the volume of wastewater
discharged to a lot. Minimum residential lot size in Area 2A was 60,000 square feet.
0il and grease traps and sediment traps were required before stormwater can be
recharged to the groundwater. Uses allowed in Area 1A and Area 1B were limited to
conservation of soil and water, non-intensive agricultural uses, outlook recreation,
hunting, fishing, boating, and foot or bicycle paths. All other uses were prohibited.
Prohibited uses in Area 2A included the disposal of solid waste, hazardous waste,
liquid or leachable wastes, process wastewater, and the storage of petroleum or
hazardous wastes.

Although the list of activities regulated under the bylaw was comprehensive, the method
used to delineate the wellhead protection areas and aquifer recharge areas did not
accurately determine the extent of the town’s four buried river valley aquifer systenms,
nor did it consider the effect of different pumping and recharge scenarios.
Consequently, the land area protected under the bylaw was much smaller than the actual
area in the town that serves as primary and secondary aquifer recharge areas to the
11 existing wells and 6 proven future well sites. S E A drafted a new Water Resource
Protection District bylaw specifically designed to protect the extensive primary (Zone
IT1) and secondary (Zone III) aquifer recharge areas that had been delineated using
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MODFLOW. The bylaw regulates Zone II and Zone III areas, Future Potential Aquifer
Areas, and Body of Water 250-foot Setback Areas. On May 11, 1989, the new bylaw was
passed at the Foxborough Town Meeting.

The new bylaw contains an expanded list of prohibited uses which enables the Town to
control the siting of a host of businesses that store hazardous materials or generate
hazardous wastes or wastewater. For example, dry cleaning businesses, painting or wood
preserving businesses, and printing or photocopying establishments, store many
different types of hazardous chemicals on-site and generate contaminated process
wastewater. The disposal of this wastewater into on-site septic systems could pose
a serious threat to groundwater quality.

Based upon the results of the nitrate loading analysis, the bylaw requires that the
minimum lot size for any single or two-family residential lot be 60,000 square feet
(sf) with a minimum of 30,000 sf of upland area. For Zone II areas, the design sewage
flow for new development cannot exceed 165 gallons per day (gpd) per 10,000 square feet
of upland lot area. In Zone III, design sewage flow cannot exceed 165 gpd per 10,000
sf of total lot area. The bylaw also limits the amount of impervious surface area for
each type of lot in the Water Resource Protection District.

The Planning Board, as Special Permit Granting Authority (SPGA). has final authority
over the special permit provisions of the bylaw. Special permits are required for
certain types of new development and the expansion of existing non-residential and
multi-family residential development. Provisions for review by other town agencies
and for public hearings exist within the bylaw. The bylaw also encourages the use of
BMPs for the management of toxic and hazardous materials by specifying the types of
materials which must be submitted to the SPGA by the applicant. These materials
include:

o a complete 1list of all chemicals, pesticides, fuels, and other
potentially toxic or hazardous materials to be used, generated, stored,
or disposed of on the premises;

o a description of proposed measures to protect hazardous materials
storage areas from vandalism, corrosion and leakage;

o a description of proposed methods to recharge site runoff which must
pass through oil and grease traps before it is discharged to the ground;

o an erosion and sedimentation control plan; and

o projections of nitrogen concentrations and other relevant solutes in the
groundwater at the downgradient property boundary using the standards
listed in the bylaw. The projections may also be required for down-
gradient drinking-water wells.

Toxic and Hazardous Materials Bylaw

Foxborough also has the authority to pass local bylaws it considers necessary for the
protection of the health and welfare of its residents. A commonly adopted general
bylaw is a Toxic and Hazardous Materials bylaw. The purpose of this regulatory tool
is to require certain safeguards for handling and storing toxic and hazardous materials
rather than to regulate specific land uses. A general bylaw differs from a zoning
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bylaw in that pre-existing uses can be regulated by a general bylaw while they are
protected (grandfathered) as non-conforming uses under zoning bylaws. In addition,
unlike the new Water Resource Protection District adopted by Foxborough, a general
bylaw regulates specific practices throughout the town. Many existing small businesses
that use toxic and hazardous materials would not be regulated under the Water Resource
Protection District bylaw including:

Dry cleaners

Motor vehicle service and repair shops
Photographic processing or printing businesses
Electroplating/metal working shops

Furniture stripping/woodworking shops

00000

A Toxic and Hazardous Materials bylaw serves a dual purpose: it protects the town's
water resources and ensures the safety of people who work with the chemicals and those
who respond to spills, leaks or other emergencies. Many communities in Massachusetts
have adopted general bylaws that control materials such as pesticides, petroleum
products and toxic or hazardous chemicals.

The residents of Foxborough, recognizing the importance of controlling the storage and
use of hazardous materials by small businesses and industries, had adopted a Hazardous
Materials bylaw several years before this study was undertaken. S E A recommended that
the town strengthen and expand its existing control over toxic and hazardous materials.
The new Toxic and Hazardous Materials bylaw proposed by S E A included the following
important BMPs:

o the development of spill control and countermeasure plans

o requirements for areas where hazardous materials are pumped or
transferred

o guidelines for air emissions of solvents

o expanded requirements for registration of toxic and hazardous materials

o expanded requirements for the above ground and underground storage of
toxic and hazardous materials

o registration requirements for existing underground storage tanks

o notification requirements for the application of herbicides or
pesticides

The Board of Health is designated to enforce the bylaw and issue permits. To aid in
the enforcement of a Toxic and Hazardous Materials bylaw, S E A also recommended that
a local hazardous waste coordinator be appointed to periodically update both the list
and the map of potential contamination sources prepared by S E A.

Subdivision Rules and Regulations

Under M.G.L. Chapter 41, sections 81A-81J, known as the Subdivision Control Law,
Planning Boards are given the power and duty to adopt regulations that govern the
design and construction of ways, drainage, and utilities within proposed subdivisions.
With the appropriate regulations, the Foxborough Planning Board can be effective in
protecting the water resources of the Town.

Toward this end, S E A proposed revisions to the existing regulations that included

additional requirements under the subdivision design standards and expanding the Board
of Health’s role in the review of subdivision plans. The existing regulations gave
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the Planning Board discretion to require the developer to pay for the services of an
independent consultant to evaluate the environmental impact of the proposed

development. Under the existing regulations, any report would have to assess the
impacts to:

surface water quality, level, and runoff;
groundwater quality and level;

surface and subsurface soils;

traffic;

town services;

physical environment;

human environment; and

entire town.

00 000000

Additionally, the report should include a detailed statement of:

o any adverse effects which cannot be avoided if the plan is implemented;
o possible measures to mitigate the impact; and
o alternatives to the proposed plan.

S E A recommended that the report also include an assessment of the impact of the
proposed project on the town’'s water supply, and any proposed water conservation
measures.

Foxborough's subdivision rules and regulations contain detailed design standards for
streets, curbs, sidewalks, storm drainage, utilities, signs and easements. SEA
recommended the addition of the following design standards that focus on groundwater
protection.

Design and construction shall reduce, to the extent possible, the following:

o encroachment within any wetland or floodplain;
o volume of cut and fill;
o area over which existing vegetation will be disturbed, especially if

within 200 feet of a river, wetland or waterbody or in areas having
a slope of more than 15 percent;

(o] number of trees removed having a diameter at breast height (dbh) of
over 12-inches;

o extent of waterways altered or relocated; and

o dimensions of paved areas (including streets) except as necessary to

safety and convenience, especially in aquifer recharge areas.

In order to reduce erosion accompanying the installation of ways, utilities, and
drainage, and the resultant pollution of streams, wetlands and natural dralnage areas,
S E A proposed that the Planning Board require the applicant to submit a sediment
control plan, including control methods such as berms, dikes, detention ponds,
mulching, and temporary sodding. S E A also recommended that the Planning Board limit
the use of de-icing chemicals on ways located within the Water Resource Protection
District.

The Foxborough Board of Health has a very important role in the subdivision review
process (M.G.L. ch. 14, Section 81U). The Board may approve or disapprove definitive
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plans based upon deficiencies in drainage, sewer lines, on-site sewage disposal or the
‘potential contamination of municipal wells, or any other area within theit
Jurisdiction.

The Planning Board’'s current subdivision rules and regulations contained no specific
review guidelines for the Board of Health. Instead, the Board of Health approves or
disapproves definitive plans based upon a determination as to whether any of the land
in the proposed subdivision can be used as building sites without injury to the public
health. In order to provide for a more thorough review of subdivisions proposed for
location within the Water Resource Protection District and supplement the powers of
the Planning Board, S E A recommended that the Subdivision Rules and Regulations be
strengthened to reflect the Board of Health'’s broad scope of jurisdiction and

authority.

S E A revised the regulations to give the Board of Health specific criteria by which
to review Definitive Plans for subdivisions within the Water Resource Protection
District.

When reviewing subdivision plans within the Water Resource Protection District, the
Board of Health would be required to evaluate the following issues:

o The geologic characteristics and percolation of each lot,

o Downgradient surface water impacts due to the migration of sewage-derived
contaminants. To assist them with their evaluation, the Board of Health
may require the project proponent to submit relevant hydrogeologic
information pertaining to the proposed subdivision that includes:

- a geologic description of the parcel that includes the location
and depth of confining layers (silt and clay)

- approximate aquifer thickness throughout the parcel,

- groundwater flow directions,

- determination of downgradient surface water features and wetlands
(on and off-site)

- the projection of nitrogen concentrations downgradient of the
subdivision,

- the impact of nitrogen, phosphorous, and other contaminants on
downgradient wetlands, ponds, streams and rivers.

Board of Health Repgulations

The Town of Foxborough Board of Health Regulations were updated during 1988. The
update focused primarily on increasing setback distances required between septic system
components and wetlands, and revising sewage flow estimates. In general, the
regulations are very comprehensive. S E A proposed two important additions to the
Board of Health regulations to provide a greater degree of groundwater protection.
They were:

1. Increase the vertical separation distance between the maximum seasonal
high water table and the bottom of leaching trench (pit, galley, etc.)
from 4 feet to 5 feet. This will provide a greater degree of filtering
and nutrient attenuation and reduce the potential for septic system
failure due to excessive water table mounding which would flood the
system,
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2, Establish a permanent monitor well network (using existing wells
outside areas of pumping well influence) and monitor the wells monthly
for groundwater level. The groundwater levels should be compared to
the statewide monitoring performed by the U.S. Geological Survey and
a procedure established for applying correction factors to water level
data submitted from septic system deep test holes. The purpose of this
established correction factor is to ensure that septic systems are
designed using maximum historical water table elevation, and not a
single, uncorrected value recorded during a below normal, or dry,
springtime.

Groundwater Monitoring Program

Another component of Foxborough’s groundwater protection strategy 1s the groundwater
monitoring program developed by S E A. In the past, water quality has been monitored
at the wellhead as required by the Massachusetts DEP. Currently. water from the Town's
11 public supply wells is treated for corrosivity. Contaminants of concern from
nonpoint sources include sodium from road salt application and nitrates from subsurface
sewage disposal. However, the major nonpoint source of contamination is the effluent
from the on-site systems which serve various residential, commercial and industrial
uses In the Town. Underground storage tanks and hazardous industrial and commercial
land uses are significant point source threats to groundwater quality. Contaminants
of concern from these point sources include solvents, petroleum products, metals, and
compounds with an extremely high or low pH. S E A’s recommended groundwater monitoring
program will provide the Town with an early warning system as well as a tool to better
identify sources of contamination.

The monitoring well locations, upgradient of the wellhead protection areas delineated
by S E A as well as around certain surface water bodies, were chosen based on existing
land use and development patterns and hydrogeologic conditions. For example, induced
infiltration of surface water provides a significant source of recharge to several of
the Town's wells, while the types and amounts of toxic and hazardous materials stored
on-site and the wastes generated by several identified potential sources of
contamination dictated the placement of certain monitoring wells.

The new monitoring wells will be screened at various depths depending upon
site-specified parameters. After the implementation of the monitoring program,
Foxborough can, with minimal cost, strengthen its early warning system by expanding
the proposed monitoring well network to include wells installed by private sector
businesses, industries and residential developments. S E A recommended that the Town
incorporate into their monitoring well network the monitoring wells required for the
installation of new underground storage tanks and the wells required under the new
Toxic and Hazardous Materials bylaw. Foxborough's recently adopted Water Resource
Protection District bylaw requires special use permits for many land uses within the
district. S E A recommended that the town require permanent on-site monitoring wells
for every special permit use within the district boundaries. These wells could then
be incorporated into the well network.

For the first several years, S E A recommended that water quality samples should be
collected from the monitoring wells two times each year in order to establish baseline
water quality data and spot any significant trends. After that, samples can be
collected on an annual basis. At a minimum, the water should be tested for volatile
organic compounds (U.S. EPA Method 524), synthetic organic compounds (U.S. EPA Method
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504), sodium, nitrates, pH, and specific conductance. The Town should also test for
the parameters for which the DEP has established primary and secondary drinking water
standards.

Conclusions

While many other towns have experienced severe water shortages and lost all or part
of their municipal water supply to contamination, Foxborough has hired consultants who
have identified six proven future well sites, delineated the primary and secondary
recharge areas to the 11 existing wells and 6 future well sites, and written new
groundwater protection bylaws and regulations. In addition to the work performed by
its consultants, Foxborough has conducted household hazardous waste collection days
and aggressively acquired conservation land to protect open space and critical aquifer
recharge areas.

In Foxborough, it is clear that the local response to wellhead protection has been
diligent, creative, and successful. The protection of groundwater resources requires
a strong, unified local commitment to developing comprehensive groundwater strategies.
The residents of Foxborough know that in order to ensure the future viability of their
community, they must manage growth at the local level. Foxborough, through its
development of an innovative groundwater protection strategy. will be better equipped
to maintain the delicate balance between the ability of the groundwater resource to
support growth and its ability to assimilate the resulting wastes.
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ABSTRACT

GROUNDWATER PROTECTION EVOLUTION: ACTON'S EXPERIENCE

The Town of Acton, Massachusetts is located 25 miles west of
Boston and is totally dependent on groundwater resources to
supply a population of approximately 18,000 people. In 1979 the
Town lost approximately 50 percent of the developed water supply
well capacity to volatile organics contamination.

Over the next decade the various Town Boards and Committees
worked with both volunteer resources and professional consultants
to study the aquifer systems of the community, existing potential
contamination sources, and possible problems from future
development under existing zoning. A Groundwater Protection
Committee was formed with representatives of each of the Boards
in Town with the authority to implement some aspect of a

groundwater protection program. This paper will review the
sequence of steps, successes and failures, undertaken by the Town
to develop and implement a multi-faceted program. The authors

are a resident who was formerly the Chairman of the Groundwater
Protection Committee during the development and passage of the
first set of groundwater protection zones articles (1985) and the
current Town Planner who was instrumental in the development of
the revised zoning articles adopted in 1989. The first author
worked as a consultant to the Town during a recent study to
technically define aquifer protection zones prior to the revised
zoning. The community's attitude and approach toward groundwater
management has evolved over the decade with each new effort
building upon the experience of the prior effort.

If you would like a copy of this paper, please contact the author
at (617) 969-0050
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EASTON'S EXPERIENCE AND THE CANOE RIVER AQUIFER ADVISORY COMMITTEE

Wayne P. Southworth

Superintendent

Water Division

Town of Easton
Easton, MA

We all take water for granted. We use it and abuse it, never really thinking
how it got to the faucet or if and when it will be there in the future.

The citizens of the Town of Easton, like many communities, are very concerned
and dedicated towards protecting its groundwater and water supply.

The Easton Conservation Commission has been actively acquiring land for many
years, presently having control of 1,364 acres. The State Department of Environ-
mental Management controls the Boderland State Park which comprises 594 acres in
Easton. They have also bought 1,089 acres in the Hockomock Swamp for conservation
purposes.

The Easton Water Division owns 240 acres surrounding its 5 pumping stations,
26 acres of which were recently purchased with a $500,000 Aquifer Land Aquisition
Grant from the State Department of Environmental Protection. There is now over 227
of the property in Easton under state and local government control.

In 1973 a new Zoning Groundwater Protection District Overlay was established
which consisted of an 800 foot and a 1,600 foot radius around our existing munici-
pal well sites. Any proposed development within this area had to seek approval
from the Board of Appeals. Construction of an on-site sewage disposal system within
800 feet of the well site was prohibited.

In 1986 the Town hired I.E.P. Inc. of Northboro, Massachusetts to do an Aquifer
Protection Study, the purpose of which was to develop a comprehensive groundwater
protection program for the community, including the delineation of critical aquifer
recharge areas and evaluating water quality threats within these areas. Recommenda-
tions would then be made to establish an aquifer protection bylaw.

The study was completed in early 1987 and a model bylaw was proposed at the

Annual Town Meeting in the Spring. The local Planning Board had a few problems with
our proposal, so it was decided to postpone action until we had their full support.
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The Water Division worked with them during the year and held several public meetings,

At the Annual Town Meeting in May of 1988 the Planning and Zoning Board proposed
the new Aquifer Protection Districts and Bylaw themselves and it passed unanimously,

The new overlay covers over one-third of the town. Residential dwellings are
permitted on one acre lots and all other uses must request a special permit from the
Zoning Board of Appeals. A few of the prohibited uses are:

. Sales or storage of fuels

. Junk yards

. Packaged sewage treatment plants
. Car washes

. Dry cleaning establishments

. Metal plating establishments

NN

In applying for a special permit the applicant must supply a list of all chemi-
cals, pesticides, fuels and other toxic materials that are to be manufactured, stored
or used on the premises. Projections of downgradient concentrations of nitrogen and
other relevant chemicals at the property boundaries. Appropriate groundwater models
and nitrogen loading calculations must also be provided.

The Water Division sponsored the first Household Hazardous Waste Collection Day
in the town in 1984. This effort was to educate the public as to the needs of pro-
tecting the community's groundwater through the proper use and disposal of household
chemicals. A permanent waste o0il collection site was established at the Landfill at
that time, Since then we have worked on a regional Collection Day with the city of
Brockton. As of September 1989 we will have conducted seven collection days with
the most recent including the city of Brockton, the towns of Avon, East Bridgewater,
Easton and West Bridgewater. These events have been very successful exemplifying how
communities can cooperatie with one another.

The Canoe River Aquifer Advisory Committee (CRAAC)

The Canoe River Aquifer Advisory Committee was formed in February 1987 after
years of discussion among the Water Superintendents of Easton, Norton and Mansfield
regarding the protection of the aquifer that supplied a good portion of water to each
community. The adjoining town of Foxborough joined with us in May of 1987.

State Representative William Vernon worked with the committee to draft and file
legislation which was approved by the State Legislature on October 22, 1987. This
legislation has been regarded as a model for the state. This act gave us legitimacy
specifying that each community shall appoint three members and advise the Boards of
Selectmen, Planning Boards and other committees of the member towns relative to
development, conservation and zoning within the Canoe River Aquifer.

The committee has authority to review all plans of development of land within
the aquifer and report its findings to the appropriate agency.

The committee must inform and educate the public about water conservation and

the condition of the Canoe River Aquifer. An annual report shall be prepared and
provided to the Board 6f Selectmen of each member town.
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The Legislation was amended to allow the Town of Sharon to join the committee
in May of 1988.

The committee meets on the first Thursday of each month in one of the member
communities between 1:00 - 3:00 p.m. The fifteen members, for the most part, are all
public officials from Selectmen, Planning Board members, Conservation Committee
members, Board of Health, Water Commissioners and Water Superintendents.

Members of CRAAC have been very active since its initial formation. On October
1, 1987, the Executive Office of Communities and Development awarded the committee
a $40,000 strategic planning grant. I.E.P. Inc. was selected as the consultant to
develop a surficial geology map of the aquifer and provide us with a report includ-
ing a developable lot study. nutrient loading analysis, a town by town analysis
comparing the major characteristics of land use regulations for each town, recom-

mendations as to the future actions of the committee and to provide public workshops
as to its findings.

In May of 1987, CRAAC joined the Adopt-A-Stream Program supported by the Mass-
achusetts Department of Fisheries, Wildlife and Environmental Law Enforcement and
adopted the entire Canoe River. Since then, there have been sections of the river
adopted by other groups for specific reasons.

On May 7. 1988, the committee conducted its first annual spring Canoce River
Awareness Day at the Mansfield Fish and Game Club. This event was very successful
with over fifty in attendance. Presentations by state officials and committee mem-
bers were followed by a cance trip. We received tremendous press and cable coverage
which helped to alert the public as to the needs of protecting this aquifer.

A winter Awareness Day was held at Wheaton College in Norton on February 12,
1989. Over fifty residents and public officials attended from the five communities.

Some of our accomplishments have been the installation of signs indicating the
Canoe River at all road crossings, the education of Highway departments as to proper
road salting practices and the elimination of road salt in sensitive areas around
the well sites. The Towns of Easton and Norton worked together to close an uninhab-
ited road between the two communities which had become a dumping ground since the
closing of area landfills, This area was next to the wells of both communities.

CRAAC held its second annual Canoe River Awareness Day on Saturday, May 6, 1989,
again at the Mansfield Fish and Game Club, which included a river clean-up in all
five towns, presentations by the D.E.Q.E., State Senators and Representatives, a
canoe trip and picnic.

The committee applied for and received a $2,000 grant from the Department of
Fisheries, Wildlife and Environmental Law Enforcement to create a composite asses-
sor's map of the aquifer. This map has been completed by I.E.P. and is now being
used to develop a list of land owners within the aquifer.

The committee is working with the Natural Resources Trusts of Easton, Norton.
and Mansfield to develop a land use conference during the winter of 1990, We will

invite land owners within the aquifer who have parcels that are prone to development.

The activities and accomplishments of this committee demonstrate again how
communities can work together to help protect our most vital natural resource.
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Wayne P. Southworth
Easton Water Division
417 Bay Road

South Easton, MA 02375

Wayne P. Southworth is Superintendent of the Town of Easton Water Division.
A twenty year employee of the Town of Easton, he has served as Superintendent since
1980. He has a Massachusetts grade 4 certification as a Drinking Water Supply
Facilities Operator.

He has been chairman of the Canoe River Aquifer Advisory Committee since its
formation in 1987. He serves on the Governors Hazardous Waste Advisory Committee

and is the First Trustee of the Massachusetts Water Works Association.

In 1988 the Massachusetts Municipal Association named him Outstanding Municipal
Employee of the Year,
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ABSTRACT

WELLHEAD PROTECTION FOR THE CHAFFIN POND WELLS
IN NORTH WINDHAM, MAINE

by W. Dana Perkins, Jr.
Director of Quality Control
Portland Water District - Portland, Maine

The Portland Water District delivers water to approximately 46,000
services, providing water to over 160,000 people in the Greater
Portland Area. Most of the water comes from Sebago Lake, but the
supply is also supplemented by wells in North Windham and
Cumberland. The North Windham system consists of 2 gravel packed
wells approximately 75 feet deep with a total short term pumping
capacity of 1000 gpm.

In 1978 the 1limits of the aquifer were defined using surface
watershed delineation and geologic inference on the nature of the
subsurface. Because Windham is a fast growing community, it was
desirable to better delineate the aquifer recharge area so as to
not unnecessarily restrict development within the outer boundary
of the recharge area. Bey doing a computerized ground water model
of the aquifer it was possible to separate the recharge area into
3 zones, each with different land use restrictions to accommodate
the appropriate level of protection to the well.

A hydrogeologist was hired to construct a three dimensional
computer model of the recharge area and to present recommendations
for implementation of an aquifer protection ordinance. This report
outlines the advantages gained by use of a 3 dimensional computer
model over a 2 dimensional model and describes the recommendation
and implementation of an aquifer protection ordinance.
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Mr. Dana Perkins, Jr., the director of quality control of the
Portland Water Dist., Portland, ME., has been with the district
since 1981. Prior to this position, he was chief chemist of the
South Portland Wastewater Treatment plant. Mr. Perkins has also
authored and co-authored several papers related to water and

wastewater treatment in the northeastern area.
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BRIDGEPORT HYDRAULIC COMPANY
AQUIFER PROTECTION PROGRAM

MARK L. JOHNSON, P.E.

VICE PRESIDENT - ENGINEERING
BRIDGEPORT HYDRAULIC COMPANY
835 MAIN STREET
BRIDGEPORT, CT 06601

Abstract

Bridgeport Hydraulic Company (BHC) is the tenth largest
investor-owned water utility In the nation serving a population of
approximately 360,000 in 17 towns in Fairfield, New Haven and
Litchflield counties in Connecticut. BHC has always had an active
source protection program for both its watershed and aquifer
areas. Certain ground water pollution threats to its wellfields
in the mid to late 1980°'s required BHC to take a more proactive
stance in the area of aquifer protection. BHC initiated a three
stage aquifer protection program which consists of an aquifer
protection plan, aquifer protection workshops, and a public
awareness program. BHC s aquifer protection program has already
shown great benefits in helping to protect these valuable supplies
and developing better relationships with the communities in which
these wellfields are located. The program has gained recognition
from both federal and state requlatory agencies.

I. Introduction/Background

Bridgeport Hydraulic Company (BHC) is the tenth largest
investor-owned water utility in the nation serving a population of
approximately 360,000 in 17 towns in PFairfield, New Haven and
Litchfield counties in Connecticut. BHC has 15 wellflelds located
in 11 of these communities. These ground water supplies range in
capacity from 0.02 mgd to 16 mgd safe yleld capacity. BHC's
ground water sources provide a total safe yield of approximately
30 mgd or 30% of the company’'s total 90 mgd safe yield capacity.

Beginning in 1984, BHC began to experience a series of

pollution threats to several of its wellfields. A summary of
these contamination events is summarized below:
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Lakeville Wellfield, Salisbury, CT - During a pump test
operation, BHC detected hydrocarbon in the production water
of its Lakeville Wellfield. A consultant was immediately
retained to assist BHC in determining the source and
rectifying the problem. The potential source(s) were
located and an intercepter well was installed and the
pollution plume was diverted away from the well head. After
two years of aquifer monitoring, the wellfield was placed
back in service at a reduced pumping rate. BHC has
experienced a total cost to date of approximately S$200, 000
in monitoring well installation and sampling/laboratory
costs. The well head remains clean but the contamination
threat is still unresolved.

Salisbury Wellfield, Salisbury, CT - In 1984 BHC experienced
the detection of low levels of tetrachlorethylene (PCE) at
its Salisbury wellfield. Again, BHC immediately retained
the services of a ground water consultant to identify and
hopefully remediate the situation. Monitoring well
installation and laboratory analysis Indicates the potential
source of pollution as a former dry cleanlng establishment.
The owners of the dry cleaning establishment have long since
left the area and the existing owners of the property have
virtually no assets., BHC is forced to treat the production
water via air stripping. Total costs spent to date on this
project are approximately S$200, 000 and future design and
treatment costs are expected to approach $150, 000.

Oxford Wellfield, Oxford, CT - In late 1987, BHC experienced
a solvent pollution contamination in close proximity to its
Oxford Wellfield. The solvent pollution was discovered as
part of the construction of a small shopping center. The
owner of the shopping center has cooperated with the company
and the Department of Environmental Protection (DEP) in
removing contaminated soils. However, contaminated ground
water still exists at a distance of approximately 800 ° from
one of the well heads: BHC continues to monitor the water
quality in the aquifer through its own monitoring wells and
wells installed by the owner. Recent heavy rainfall
patterns in Connecticut have assisted in mobilizing the
ground water contamination and BHC is finding the solvents
traveling towards the well head. BHC has spent a total of
approximately $50, 000 to date on monitoring and
sampling/laboratory costs.

Hamill Wellfield, Litchfield, CT - BHC has experienced a
number of contamination events near this particular
wellfield. Sodium contamination has been identified as
coming from a local salt storage facility. 1In addition, a
Department of Transportation (DOT) garage facility, although
remote, has been linked to an isolated salt contamination
problem and hydrocarbon spill. 1In the first 6 months of
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1989, BHC has experienced 4 hydrocarbon spills/threats

around the perimeter of the zone of influence of the Hammill
Wellfield.

BHC has always had an active source protection program for
both its watershed and aquifer areas. However, the events
documented above made it clear to management that a more proactive
stance In the area of aquifer protection was required. 1In
response to this need BHC initiated a 3 stage aquifer protection
program. The first stage included the preparation of BHC s
aquifer protection plan. A major task in the plan was to model
each of the 15 wellfields using a two dimensional ground water
flow computer program. Once the aquifers were modeled and the
safe yleld of each supply was determined, the zone of influence of
each wellfield was plotted on a map of the aquifer area. Within
each zone of influence, a survey was undertaken to determine the
location of potential sources of groundwater contamination. With
the potential sources plotted on the aquifer maps, certain
monitoring well locations were developed to provide an early
warning proqram for potential pollutants traveling towards the
wells. The plan also suggested aquifer protection ordinances for
those wellfield influence areas, emergency response programs for
contamination events and a list of the key chemicals to analyze at
each monitoring well. The second stage involved presentation of
the plan and a review of ground water protection techniques with
the towns. Finally, the third stage of the program consists of a
general public awareness prodgram on aquifer protection.

II. Aquifer Protection Plan

BHC solicited the services of YWC, Inc. of Monroe, CT to
assist in the preparation of BHC s aquifer protection plan. YWC's
first task was to model each of BHC s 15 wellflelds using a two
dimensional radial flow ground water computer program., YWC
actually used 2 ground water models--Aquifer and Plasm. BHC
supplied YWC with all avallable well drillers’ logs, observation
well construction logs, pump test data, drawdown data, production
records, and other historical information to assist in preparing
the ground water models. YWC then took that information along
with information gathered from existing geological survey data
from each aquifer area, and field geological interpretation and
developed the ground water models with thelr appropriate cell
configurations and boundary conditions. As part of the modeling
process, BHC was deeply interested in a more accurate
determination of the safe yileld of each wellfield and instructed
YWC to calculate the safe yleld utilizing the ground water flow
models. The criteria used for developing the safe yield was 180
days of pumping, with no vertical recharge, keeplng the water
levels 5° above the screens at all times., Utilizing this
conservative methodoloqy for safe yleld, the critical zone of
influence is that area outside the well head which had a drawdown
of 1° under that drought condition.
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With the zones of influence of each wellfield determined and
plotted on an appropriate scale map, YWC then conducted field and
historical pollution inventories of these areas. Of specific
interest were former gas stations, dry cleaning establishments,
land fills, businesses, hazardous materials storage areas, etc.
In addition to actually surveying the entire area, YWC contacted
local officials and townspeople with historical knowledge of the
area for leads to possible contamination spots not visibly
noticed. Upon completion of this inventory of potential
contamination spots, BHC and YWC selected strategic locations for
early warning monitoring well installations. The installation of
the 15 monitoring wells were scheduled for a two year program.
Water quality sampling from these monitoring wells will accent
BHC ‘s regular water quality sampling program so that any pollution
activities in the aquifer will be immediately noticed and early
remediation plans could be put into effect. The aquifer
protection plan document contains specific water quality
parameters for each monitoring well that BHC s laboratory will
analyze. 1In addition, as most wellfields were located near a
surface water feature, stream sampling is also included as part of
the early warning system.

The aquifer protection plan also includes sections 1n the
document relating to emergency response techniques in the event of
an aquifer pollution contamination event, and suggested aquifer
protection ordinances for those towns affected. The emergency
response portion was developed to assist BHC in the event of a
contamination event which requires swift action. Included are
emergency phone numbers and response techniques. Emergency
response includes not only notification of appropriate state and
local officials but also includes a list of suppliers of portable
treatment facilities that could be utilized to treat the pollution
event. Other remediation activities identified for each wellfield
include such things as intercepter wells and alternate sources of
supply. BHC also presented two aquifer protection ordinances that
were developed for the town of Salisbury and the town of Wilton,
CT as suggestions to the other communities for adoption. These
ordinances include the restriction of certain activities such as
gasoline stations, dry cleaning establishments within the zones of
influence of these wellfields and also include hazardous waste
storage regulations.

III. Aquifer Protection Workshops

BHC determined in the early stages that communication of its
aquifer protection plan at the local level was a necessity. BHC
did not want this document to become placid and sit on the shelves
of local planning agencies. The plan pertaining to each community
was forwarded to its First Selectman and five copies were provided
for the various agencies in town. BHC engaged the services of the
Housatonic Valley Association (HVA), a non-profit conservation
group with experience in ground water protection, to assist in
making presentations to the towns’ chief elected officials,
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comnission members and interested citizens. Throughout the fall
of 1988, BHC visited all 11 communities with the HVA and presented
the aquifer protection workshops. The workshops included, (1) a
slide show on the basics of ground water protection and pollution,
(2) a slide presentation on BHC s contamination experiences, (3) a
review of existing federal, state and local regulations pertaining
to aquifer protection and potential future legislation, (4) a
review of the specifics of BHC s aquifer protection plan for the
wellfield in each community, and (5) a review of the regulatory
and non-requlatory actions each community could take to help
protect not only BHC s supplies but ground water 1in general.

The response to the workshops was tremendous with BHC being
able to get the message out to over 200 chief elected officlials
and commission members. Although geared towards public officlals,
most workshops were attended by many interested citizens. Any
aquifer protection program must include a workshop at the local
level for public officials.

IV. Public Awareness Program

The third stage of BHC's Aquifer Protection Plan program
includes a public awareness program. It is essential to include
the general public in aquifer protection issues because not all
citizens are actively involved with local government. BHC began
an active media program in 1988 during the initiation of the 1local
workshop program. As mentioned previously, many interested
citizens did attend the workshops. Once the word got out on the
workshop program, several local associations asked BHC to provide
the workshop to their groups. BHC has conducted the workshop for
three towns in which BHC does not have public water supply wells
and civic organizations such as the Audubon Soclety, etc. 1In
addition, BHC has prepared press releases for all activities
concerning monitoring well installation, workshop announcements,
BHC "s coordination during spill events with the DEP and local
officials, and general interest topics on aquifer protection.
Finally, BHC has prepared an aquifer protection pamphlet which
will be avallable to all BHC customers and will be distributed at
aquifer protection workshops and other presentations.

BHC plans future media contact with the general public. Such
items will include newspaper advertisements on the hazards of
aquifer contamination and video presentations in conjunction with
conservation groups on aquifer protection.

V. Conclusions

BHC "s aquifer protection program has already shown great
benefits not only helping to protect these valuable supplies but
in developing better relationships with the communities in which
these wellflelds are located. The aquifer protection plan has
been referred to on numerous occasion by BHC's internal source
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protection task force in regards to review of building development
proposals, highway projects, open space issues, etc. Some
examples of the effectiveness of the plan include:

1.

Oxford Wellfield - restrictive covenants with a local

bank constructing a branch office within the zone of
influence. Restrictions in their deed include such things
as (1) no use of salt on driveways, (2) no underground
storage of any hydrocarbons, (3) treatment of all parking
lot runoff, (4) no hazardous chemical storage, and (5) a
complete monitoring system surrounding their proposed septic
system.

Cornwall Springs - BHC commented on a proposed residential
pond construction within the zone of influence. The
proposed pond construction could affect local ground water
hydrology. If it is not properly constructed, it could be a
source of contamination during construction. Also, most
ponds are chemically treated at some point in their life and
could affect ground water quality.

Westport Wellfield - The town of Westport immediately
adopted aquifer protection ordinances as a result of BHC's
aquifer protection plan.

All Wellfields - BHC began its own program of reviewing
underground storage facilities at its wellfield stations.
All underground tanks have now been removed and replaced
with either interior tanks or switched to propane.

Salisbury Wellfield and Lakefield Wellfield - BHC's
engineering department coordinated with the town of
Salisbury in preparing a design and specifications for an
underground storage vault for underground storage tanks.

These are just a few of the positive affects of BHC s aquifer
protection plan. The plan has gained recognition from the Federal
Environmental Protection Agency and the State Department of
Environmental Protection. Development of a plan and
implementation of a program such as the one presented can only

benefit other utilities as a tremendous protection and public
relations tool.
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ABSTRACT
"AQUIFER PROTECTION THROUGH LARGE SCALE COMPUTER MODELLING"

by David F. Edson, P.E.
Senior Project Manager
Dufresne—~Henry, Inc., Westford, MA

The Barmes Aquifer, one of the largest in central and western
Massachusetts, extends over the eastern portion of the City of Westfield,
Massachusetts. The City has developed six wells in this aquifer, each
producing between 1,400 and 1,600 gpm, representing 90 percent of its total
water supply capability.

In 1985, the City enacted a set of aquifer protection bylaws and
daveloped 3 wellhiead crotection district map based upon surficial geclogy and
topograrhy. TIn 1982, 3 mcre detailed and thercugh dalinsatica of wellhead
protection areas was completed by use of large scale hydrogeologic computer
modelling.

Wellhead protection areas were detailed using MODFLOW, a
three—dimensional finite difference groundwater flow model developed by the
U.S. Geologic Survey. The area modelled was 14,000 feet by 32,000 feet,
represented by a 33 by 70 division grid system yielding 2,310 data nodes.
Node spacing varied between 400 and 900 feet. Aquifer characteristics and
hydrogeologic features incorporated into the model included:’

. aquifer permeability, saturated thickness and storativity

. initial head distribution, i.e., static water table condition
. induced infiltration from surface water bodies

. till barrier boundaries

. pumping well withdrawal and interferences

Aquifer characteristics and hydrogeologic features were primarily
obtained from:

1. Analyses of City well testing records such as well logs and pumping
test results, and

2. A USGS water resource investigation of the area which at the time was
completed but not published.

Wellhead protection districts were developed bhased on criteria contained
in Massachusetts sgtate guidelines for "Zone II"™ which includes 180 days of
continuous well pumping with no recharge from precipitation. Described are
methods of data analyses, our modelling approach, sensitivity analyses and
results. The advantages and disadvantages of the large scale modelling
approach to aquifer protection are discussed along with suggested guidelines
for its use in other communities.
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DETERMINING THE AREA OF CONTRIBUTION TO A WELL FIELD:
A CASE STUDY AND METHODOLOGY FOR WELLHEAD PROTECTION

by

W. James Griswold and John J. Donohue, IV
BCI Geonetics, Inc.
Laconia, New Hampshire

ABSTRACT

This paper presents a case study of an hydrogeological evaluation for wellhead protection
conducted in an alluvial valley-fill aquifer in central Massachusetts. The criteria for wellhead
protection in Massachusetts are set by the Department of Environmental Quality Engineering
(DEQE) and are among the most technically detailed and sophisticated in the nation. DEQE defines
its wellhead protection areas as the zone of contribution to a well or wellfield under the most severe
pumping conditions that could be reasonably expected, i.e., 180 days of continuous pumping with
no areal recharge. This report presents a practical, technically defensible, step-by-step method
which ground water professionals can employ to produce a product to address the spirit and letter
of the law aimed at wellhead protection.

The evaluation begins with the development of an initial conceptual model of the area, evaluating
such key elements as surficial and bedrock geology, associated contributions to ground water
flow, recharge potential and induced infiltration from streams. The conceptual model is tested and
revised through the installation of monitoring wells. Detailed measurements of ambient conditions
both of ground water and surface water flows are taken to isolate the effects of the well(s) from the
natural variations in the overall flow regime. The aquifer is then subjected to the stress of a
required 120-hour pumping test. The results of analysis of the pumping test and ambient
conditions are used in a numerical model to extrapolate from the 120-hour test to the 180-day,
no-recharge conditions dictated by DEQE regulations. Finally, the modelled 180-day drawdown
results are subtracted from a potentiometric surface map reflecting average non-pumping
conditions. The area of contribution is delineated from a flownet constructed on the resultant
potentiometric surface.

INTRODUCTION

This paper presents a practical means of delineating wellhead protection zones using a case study
conducted in an alluvial valley-fill aquifer system in central Massachusetts. This approach
addresses the particular legal requirements of the State of Massachusetts' Zone II, defined as the
area that contributes recharge to a well or wellfield under the most severe pumping conditions that
could reasonably be expected, i.e., 180 days of continuous pumping with no areal recharge.
Although the wellhead protection requirements for the State of Massachusetts are among the most
technically detailed and sophisticated in the nation, several other states (e.g., New Hampshire) do
employ or are in the process of adopting regulations that incorporate many of the procedures
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demanded by Massachusetts. Thus, the methods described can be modified for other states that
have related statutory requirements.

The objective of the case study was to determine the zone of contribution for the Bondsville Fire
and Water District wellfield in central Massachusetts. The Bondsville wellfield consists of three
production wells constructed in glacial outwash sand and gravel. Two wells functioned reasonably
well, pumping a combined 225 gallons per minute. The third well had seen its yield decline
significantly from its original rated capacity of 125 gpm and had not responded to redevelopment
efforts. A new well had been drilled to serve as its replacement . To receive approval as a new
source in accordance with Massachusetts Department of Environmental Quality Engineering
(DEQE) Safe Drinking Water Guidelines, the water district had to delineate the 180-day,
no-recharge zone of contribution to the wellfield.

This paper is divided into three sections. The first, relatively brief section summarizes the salient
requirements of the Massachusetts Department of Environmental Quality En gjnccnng (DEQE).
These requirements form the basis for the implementation of the hydrogeological program to
determine the zone of contribution. The second and third sections examine the approach used in
the case study to fulfill the DEQE requirements. Section Two concentrates on the steps taken to
formulate an initial conceptual model of the area, to test and update that model from field
investigation data. Section Three deals with the actual delineation of the zone of contribution to the
wellfield, tracking the process of moving from a conceptual to a quantitative model.

SECTION 1: REGULATORY REQUIREMENTS

The commonwealth of Massachusetts Department of Environmental Quality Engineering (DEQE) -
Division of Water Supply regulates the development and operation of all public water supplies.
The functional documentation of this regulatory process is entitled the "Safe Drinking Water
Guidelines and Policies," 1989 edition.

Within these guidelines, the development of a public ground water resource is governed by the
New Source Approval process. The process is a step-by-step exploratory and development
procedure that culminates in the DEQE Division of Water Supply Approval of a Public System.
The process is broken into eight major steps, the emphasis of which is the determination of zones
1, 2, and 3 (wellhead protection areas) which are evaluated in relation to existing and future land
use activities, as they impact the long-term integrity of quantity and quality of the wells being
developed. The core of these requirements involves a quantitative hydrogeological evaluation to
determine Zone 2, defined as that area of an aquifer, which supplies recharge to a pumping well
under the most severe recharge and pumping conditions which can be realistically anticipated.
These requirements set forth a well-structured, long-term process intended to provide the necessary
background information for the long-term management of ground water resources. In order to
appropriately address the spirit of these requirements within the limits of realistic budgetary
constraints, creative hydrogeological techniques must be employed to ensure that theoretical and
technical considerations are not compromised.

SECTION 2: CONCEPTUAL MODEL DEVELOPMENT

2.1 General Considerations

The development of a conceptual hydrogeologic model begins with a compilation and thorough
evaluation of material already available about the study area. This secondary data source material
may take the form of available hydrogeologic and geologic reports, mapping efforts by the USGS
and State Geological Surveys, published papers, university theses and dissertations, well logs and
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water quality analyses. A great deal of information can often be derived from conversations with
local drillers, many of whom keep files on work they have done. As trivial or as obvious as this
step appears, its importance is frequently overlooked, and it is often given short shrift, both from a
monetary and time standpoint in the overall project plan. However, it takes only a couple of
instances of drilling and logging an expensive monitoring well only to find that the USGS or the
Army Corps of Engineers has excellent records of a well they drilled in the very same area some
gﬁrty or forty years before to realize the savings that can occur from a thorough perusal of existing
ata.

There are a number of ways that secondary source data can be compiled for analysis. One
particularly useful means of obtaining a synoptic view of the study area is using map overlays and
cross sections. We have found that at least two scales of map are necessary in a wellhead
protection program study, one small scale map that provides a more regional perspective,
incorporating most, if not all, of the drainage basin, and a large scale map to show a more detailed
view of the wellfield and its immediate hydrogeologic environment. With properly sized base
maps, a series of overlay maps can be derived to display and correlate various types of data. In
general, we employ a minimum of three separate overlays, including a well location map with a
regional potentiometric surface indicated, a surficial geologic/geomorphic map and a
bedrock/structural geologic map. Other maps are frequently needed, e.g., an isohyetal map, if
precipitation shows significant areal variation, a water main distribution map, and a tax or property
ownership map. These maps can take as simple a form as a mylar overlay on top of a blowup of a
standard USGS quadrangle or it can be input into a more sophisticated mode of storage and
retrieval, such as a computerized geographic information system. In either case, the objective is
the same: to provide first a regional and then a detailed perspective of a variety of data at a glance.

A second means of analysis is with geologic cross-sections. Constructing a series of
cross-sections forces the hydrogeologist to incorporate a number of different data sets leading to an
overall model of the region. Data inconsistencies such as a pronounced head difference across an
area that ostensibly shows little geologic variation point to areas in need of further investigation.
Additionally, cross-section construction focuses attention on the key problem of boundary
conditions to the hydrogeologic system. Ultimately, the question of whether the situation can be
analyzed accurately as a one, two or three dimensional problem must be addressed. Drawing a
number of cross-sections and incorporating various data (surficial and bedrock geology, ground
water conditions) into those sections offers a good first step in qualitatively and quantitatively
addressing those issues.

The methods of analysis described above should be synthesized to create a formal conceptual
model. It is important to make this step a written document. It forces the hydrogeologist to sift
through, think about, and organize the ideas and data that have been collected. Putting the
conceptual model in print often reveals data gaps and grey areas of information that might
otherwise have been overlooked. It provides a means by which the project team may quickly
examine the state of the project and contribute to the overall effort by offering constructive technical
input. The initial model will change as the project proceeds, sometimes radically, but the written
conceptual model focuses on the salient issues of the hydrogeologic environment being studied.

2.2 Bondsville Conceptual Model: Methods

In constructing the initial conceptual model for the Bondsville wellfield, the process described
above was followed. The objective was to obtain the best information possible on the prevailing
hydrogeologic conditions within time and budgetary limitations. Surficial geology was transferred
to the base maps, with particular emphasis on hydraulic properties and attention to recharge
potential to the valley fill aquifer. Well logs from local drillers, the USGS, DEQE and other state
agencies were compiled on two base maps scaled 1:960 and 1:6000. A potentiometric surface map
was drafted based on the available water level data. Investigations into precipitation data and
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possible impacts from regulated flows were made. Aerial photography was examined for the
possibility of significant bedrock structures that might represent zones of enhanced permeability.
Additionally, low-level aerials were used to better examine the surficial geology and glacial
geomorphology. A field reconnaissance of the area was made, ground truthing questions raised
during the process of establishing the data base. In particular, staff gauges were installed on
Jabish Brook, given the potential for induced infiltration. Several geologic cross-sections and an
aquifer thickness map at a 1:6000 scale completed the efforts prior to writing the initial conceptual
model.

2.3 Bondsville Conceptual Model: Written Description

The Bondsville Fire and Water District wellfield is located within the watershed of Jabish Brook, a
tributary of the Swift River in Palmer, Massachusetts. The wellfield lies approximately 1800 feet
above the confluence of Jabish Brook and the Swift River. There are presently three wells in the
wellfield, two on the west side of Jabish Brook and one on the east side. Well No. 3, on the east
side, is in the process of being replaced with an adjacent, newly constructed production well (Well
No. 4).

The Jabish Brook watershed is underlain by the Devonian Belchertown quartz monzodiorite
covered with approximately 15-20 feet of compact glacial till. The aquifer which supplies the
production wells is composed of glacially-derived stratified sand and gravel deposits approximately
50 feet thick in the vicinity of the production wells. The axis of Jabish Brook Valley trends
north-south and includes areas where the sand and gravel is over 100 feet thick. Several feet of
stream terrace deposits composed of sands, silts and gravels overlay the glacial outwash near
Jabish Brook.

There are several key hydrogeological factors that influence the size and shape of the zone of
contribution to this wellfield: leakage from Jabish Brook, the thickness and hydraulic conductivity
of aquifer materials, the behavior of the low permeability boundaries of the aquifer, areal recharge
and the rate and duration of pumping at the wellfield.

From the geologic setting, previous pumping test information, and field observations, it appears
that Jabish Brook acts as a significant source of recharge to the Bondsville Well Field. Induced
infiltration from Jabish Brook will slow the expansion of the cone of influence acting as a line
source of recharge. It is unknown whether this source of recharge will be continuously available
to the well. If the stream goes dry from excessive pumping and/or seasonal variations in ground
water levels, the stream will cease to act as a recharge source.

The stratified sand and gravel deposits that comprise the Jabish Brook Valley aquifer are thickest
along the central axis of the valley and grade into the lateral, north-south trending till and bedrock
boundaries. When the Bondsville wells are pumped, the cone of influence will expand
preferentially along the axis of the valley within the aquifer materials with the highest
transmissivities. These aquifer and boundary conditions will affect the cone of influence into an
elliptical shape with the long axis trending in a north-south direction.

2.4 Conceptual Model Revision: Analytical Modelling

Following its initial development, the conceptual model is subjected to testing. Questions and
hypotheses based on the model are developed and tested to improve the overall understanding of
the hydrogeologic environment. In general, this usually entails monitoring well installation.
However, in order to provide additional guidance in the placement of observation wells,
particularly for those designed for the long term pumping test, analytical modelling should be
performed. In this case, reasonably good control had been achieved on the type, extent and
hydraulic character of the aquifer from previous pumping tests and from well logs. Boundary

126



conditions had been established, based primarily on surficial geologic mapping. The regional
gradient was estimated from the potentiometric surface map. Using this database, a preliminary
Zone I boundary was calculated using a uniform flow model and the superposition of radial and
one-dimensional flow fields to determine the area of contribution (Todd, 1980).

The calculations resulted in a downgradient stagnation point distance of 2280 feet and a capture
width of 7000 feet on either side of the wellfield. The O-foot isopach for saturated sand and gravel
bordered by relatively impermeable till and bedrock was used to delimit the lateral extent of the
estimated zone. To estimate the upgradient boundary, we determined the amount of land needed to
produce the estimated 525 gpm pumped by the wellfield with a recharge rate of 17 inches/year, an
appropriate estimate for the climatic conditions and stratified drift deposits found in Bondsville.
600 acres of stratified drift was enclosed in the initial Zone II estimate.

2.5 Conceptual Model Revision: Monitoring Well Installation

To further refine the model, monitoring wells are installed. Monitoring wells serve several
purposes, functioning as a means to better understand the subsurface distribution and hydraulic
character of materials, as measuring points with which to revise the potentiometric surface map
and, later, as monitoring points for pumping test evaluation.

Well drilling in Bondsville consisted of hollow-stem augering of the hole with split-spoon
sampling at S foot intervals. Construction involved the installation of 2-inch, schedule 40 PVC
riser, 2-inch PVC 10-slot screen, sand pack along the screened section, backfilling with well
cuttings, a bentonite plug below a cement grout and a locking cap. Each well was developed with
a suction pump and response tested to ensure proper hydraulic connection to the aquifer. Well
locations and elevations were determined by survey to ensure water level measurements to within
0.01 feet (Figure 1).

2.6 Conceptual Model Revision: Formal Presentation

Following the installation of monitoring wells and the completion of regional and local testing of
the conceptual model, it is vital to revise the conceptual model to incorporate the new findings.
This stage of the program also entails committing to writing the data and analysis gathered since the
early stages of the project. At this point, maps, overlays, well logs and cross-sections will play an
increasingly important role and should form a portion of the overall written effort. In essence, this
is the point at which the entire project pauses and takes stock of its position. Whether this revision
takes the form of an in-house presentation, a submission to State authorities or to the client, it
should have the status of an formal report in a usable format for easy future reference.

The conceptual model in the Bondsville study was revised principally based on accurate geologic
logs created from the drilling of each well and updated water level measurements. The logs
revealed the original model in need of only minor revisions of some contours of the aquifer
thickness map. Of greater importance to the model revision process was the result of the revisions
to the potentiometric surface map. With the more detailed information provided by water level
measurements in the monitoring wells, the area of influence resulting from the two operating
production wells was clearly visible. Jabish Brook did not function as a constant head boundary,
but did contribute water to the wells as the area of influence from the existing pumping wells
reached beneath and beyond the stream. Furthermore, the flow in Jabish Brook had decreased
from a measured 27 cfs in March, 1988 to 2 cfs in June 1988. The potentiometric map contours
were redrawn to indicate that Jabish Brook was losing water to the aquifer (Figure 1).
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SECTION 3: ZONE II DELINEATION

Once the conceptual model has been updated and revised, the initial steps to move to a more
quantitative approach were taken. A critical step in the development of an accurate quantitative
model to determine the zone of contribution is the performance of a long term pumping test. Both
a step test and a constant rate test were performed. The wellfield is the district's sole source of
water and could not be shut down for the duration of the test. Consequently, Wells No. 1 and 2
would pump continuously throughout all tests at their normal capacities (170 and 80 gpm) to
establish a quasi-steady state condition. Additionally, the Bondsville storage tank was to be filled
prior to all test pumping with a full day's average demand in storage at all times to ensure adequate
water supplies.

3.1 Ambient Condition Measurement

Two weeks before the beginning of the constant rate pumping test, five observations wells (MW's
12, 13, 14, 15, and 19) were equipped with automatic recorders to measure water levels at hourly
intervals. The information from the data plots would be used to correct drawdown data from the
constant rate test for ambient conditions. At the beginning of the constant rate test, the general
trend was downward (Figure 2). Only the change in head with time for the final section of each
curve was used to modify the results of the drawdown measurements in the monitored wells,
adjusting the measured drawdowns for the downward trend.

Two staff gauges had been installed on Jabish Brook several months prior to test pumping, one
upstream and one downstream of the Bondsville wellfield. These were monitored periodically to
acquire some sense of the stream discharge with time. On two occasions rough estimates of the
stream's discharge were made using measured cross sections of the stream and the speed by which
floating objects passed. One measurement followed heavy rains and was approximately 27 cfs.
Several months later, another measurement was made at the same cross section, with only about
2.5 cfs flowing. Using readings from the staff gauges on those days produced an equation used to
determine a general sense of the magnitude of the stream discharge, e.g., whether the stream was
flowing at 5, 15 or 50 cfs. The record of staff gauge readings just prior to the start of the constant
rate test showed the brook was dropping in level.

3.2 Constant Rate Test

The constant rate pumping test lasted for five days. The pumping rate of 200 gpm was measured
with a flowmeter and with an orifice weir at the end of the discharge line. Water from the pumped
well was discharged into Jabish Brook below the downstream gauge, several hundred feet from
the nearest monitoring well to minimize any problem of recharging the aquifer. Six observation
wells were monitored automatically with automatic data loggers (MW's 12, 13, 14, 15, 16, and
19) while all others and the pumping well were monitored by electronic hand probes.

Staff gauges on Jabish Brook were monitored during the first day of the test. Unfortunately,
temperatures dropped substantially during the second day and large portions of the stream's water
froze, negating the accuracy and utility of staff gauge readings.

A series of water quality samples were taken on Days 1, 3 and 5 of the test, in accordance with
DEQE requirements. In addition, pH, CO2, specific conductance, and temperature were monitored
both for the pumping well and Jabish Brook. Following pumping, recovery was monitored for
three days, the amount of time needed for the well to recover to within 2 percent of the maximum
drawdown.
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The pumping well essentially stabilized 20 minutes into the test with 98 percent of the maximum
drawdown of 31.6 feet occurring by that time. The time-drawdown curves of near observation

wells indicate that the pumping well began to draw upon water from Jabish Brook quite early in the
test (Figure 3).

Analysis of ambient conditions indicated water levels were generally moving downward in the
period of time prior to the pumping test, and no precipitation occurred during the test which would
alter that trend. Consequently, the drawdowns in those observation wells monitored prior to the
constant rate test were corrected to true drawdowns, that is, drawdowns plus or minus the amount
of change that would have occurred regardless of pumping. That procedure resulted in an adjusted
distance-drawdown plot of corrected monitoring wells which was used to calculate a transmissivity
of 44,000 gpd/ft and a storage coefficient of 0.09 (Figure 4). These values are consistent with the
results of the well log analysis and overall conceptual model derived for this hydrogeologic
environment. Analysis of recovery curves confirmed the estimates of transmissivity obtained
using the distance-drawdown curves.

3.3 Revisions to Conceptual Model

The results of pumping test analysis provided an additional opportunity to fine-tune the conceptual
model in preparation for a more quantitative approach to the problem, particularly with regard to
the impact of Jabish Brook. The aquifer appears remarkably homogeneous and isotropic in
character. Observation wells with widely differing locations and orientations from the pumping
well showed a close clustering along the distance-drawdown plot (Figure 4). Preferential
drawdowns along a general east-west orientation can be explained by two factors. First, Wells
No. 1 and 2 are fairly close to one another, along a rough east-west strike. Interference leads to
more drawdown along that trend. With the addition of Well No. 4, that trend of drawdowns is
somewhat enhanced. Second, the presence of boundary conditions represented by the gradation of
thinning aquifer materials into glacial till uplands, particularly those to the east where till constricts
the Jabish Brook valley to a fairly narrow zone, adds to the apparent anisotropy.

The reaction of water levels in wells monitored prior to the constant rate test to a rainfall event
(Figure 2) and the evidence of a partial recharge boundary on the time-drawdown curves (Figure 3)
suggest a fairly significant effect from the stream on the aquifer. To calculate the amount of water
actually contributed from the stream during the pumping test, the distance-drawdown curve was
used to calculate the volume of aquifer affected by the pumping well. The volume was multiplied
by a storage factor to determine the amount of water actually removed. That figure was then
compared to the measured discharge of 200 gpm times the number of minutes pumped. The key
element in this calculation scheme is the storage coefficient. Based on the conditions dictated by
the distance-drawdown curve and the 200 gpm pumping rate, the stream would contribute nothing
with S = 0.14, forming an upper bound to the problem. A lower bound might be S = 0.02, which
would entail approximately 85 percent of the discharge. Physical observation of the streambed
materials suggests that the 85 percent figure is unlikely. Noting that the calculated storage
coefficient from the distance-drawdown plots was 0.09, using a storage coefficient of 0.10 results
in a stream contribution of approximately 26 percent, while a storage of 0.08 has the stream
contributing 41 percent of the total discharge. The amount contributed changes with stream stage.
This is an expected response in this kind of stream system, since the base of the stream tends to be
armoured and hydraulically "tight” while the bank sides are sandy and much more permeable.
During periods of low flow, contribution to the aquifer by stream leakage is relatively small due to
the less permeable nature of the stream bottom. When the stage rises, however, water flows easily
into the aquifer through the banks, prompting a rise in the water table. During this test pumping,
more water came from the stream early in the test before the stream froze. Less came afterwards
since available water decreased due to the decline in stage. About 30-40 percent of the water
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discharged under these particular meteorological and hydrogeological conditions came from
infiltrated stream water.

3.4 Quantitative Model Development

To achieve a more accurate delineation of Zone II and to better understand the impact of the third
pumping well in the Bondsville wellfield, we elected to employ a numerical approach to the
problem using the USGS Three-Dimensional Modular Finite Difference Model (MODFLOW),
calibrating the model with the results from the five day pumping test. The problemis
two-dimensional (no confining layers and no flux from underlying till or bedrock), and a single
layer model was constructed.

The Jabish Brook valley was discritized into a variably spaced grid covering 3.77 square miles
(7000' x 15000"). The area of the wellfield was closely gridded to reflect the better data base and
the need for head distribution resolution. The glacial till uplands that flank the valley were modeled
as no-flow boundaries. Geological investigation, both surficial mapping and test drilling, had
revealed that the till in the region is quite "tight"; its water releasing capacity is low, particularly
relative to the transmissivities of the sands and gravels of the valley proper. The Swift River to the
south was modeled as a constant head boundary while the top (north) of the model was represented
as a combination of no-flow boundaries (in the areas of glacial till hills) and constant head
boundaries (in the stream valleys). The map of saturated sand and gravel produced for the initial
conceptual model was employed to provide initial values of aquifer saturated thickness. To
determine a value for hydraulic conductivity, we used the calculated transmissivity from the
pumping test (44,000 gpd/ft) divided by the average saturated thickness (40 feet), resulting in a
value of 146 ft/day. Hydraulic conductivity undoubtedly does vary in other portions of the Jabish
Brook valley, but because we had no direct data to that effect, we decided not to alter the K value
elsewhere in the model. Because saturated thickness varied, transmissivity varied in the model as
well. Specific yield was initially placed at 0.09.

Jabish Brook is a regulated stream. The entire flow is usually diverted upstream of the Bondsville
wellfield to the Springfield City Water System. Because of this situation, the stream can exhibit
significant variation in flow over time subject to the diversion, rainfall events, and groundwater
interflow below the diversion point. Accordingly, Jabish Brook experiences a period of seasonal
low flow in the vicinity of the wellfield. Jabish Brook did contribute water to the Bondsville
wellfield during this test pumping, but we felt that the most stringent pumping conditions that
could be anticipated under a 180-day, no-recharge scenario would be to have no stream
contribution to the wells. Consequently, the stream was not modeled.

The water table elevation was set uniformly at an arbitrary level and calibrated from that initial
condition. We did not have enough data to calibrate to ambient water level conditions, so the
model was employed in a "quasi-numerical” sense to generate drawdowns based on a flat water
table reflecting the varying boundary and aquifer conditions.

The model was run and calibrated using two stress periods to reflect the actual conditions of the
test pumping. The initial stress period consisted of two wells (1 and 2) pumping continuously at
rates of 170 and 80 gpm, respectively. This stress period lasted 30 days, reflecting the fact that
Bondsville's two existing wells pumped continuously prior to, during, and after the pumping test.
The second stress period was five days long, modeling the five day pumping test. It used the head
distribution from the first stress period as an initial condition and consisted of all three wells (wells
1, 2 and 4) pumping at 170, 80, and 200 gpm. The output from that model run was compared
with actual drawdown values obtained in the field at the end of the five day test pumping.
Calibration involved modifying saturated thickness (using detailed well logs from the test drilling
phase of the project) and uniformly varying specific yield throughout the modeled wellfield area.
The result was a set of modeled drawdowns that compared acceptably with the actual drawdowns.
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The calibrated model was re-run using first the 30-day, 2-well stress period followed by a 180 day
run with all three wells pumping, modeling the 180-day, no-recharge scenario.

3.5 Zone II Determination

To delimit the zone of contribution (as opposed to the zone of influence) to the wellfield involved
superimposing the 180-day modelled drawdown map onto the potentiometric surface map. To
manipulate these two data sets, the water table map was digitized and gridded with a random data
gridder from Geosoft®. The gridded file was filtered using two passes from a 9-point Hanning
filter, and the result was a computerized water table map that matched the hand-contoured product.
The drawdown output file from the 180-day run of the numerical model was also gridded. The
two gridded files were then subtracted, creating a new grid that when contoured, represented a map
of the water table reflecting the impact of 180 days of no recharge pumping at the wellfield. A
flow net was constructed to determine where the zone of contribution occurred. From the results
of the flow net analysis, the zone of contribution corresponding to Zone II conditions was
established. This resulted in a Zone II of approximately 0.5 square miles (Figure 5). The zone is
bounded to the east and west by till and bedrock uplands; to the north of a locus of points
representative of a groundwater divide between the portion of the aquifer where groundwater
would discharge to the stream rather than be diverted to the wellfield; and to the south by a locus of
points representative of the downgradient stagnation points. Zone III, defined as the area
topographically directly upgradient of Zone II was developed utilizing the Zone II and geologic and
topographic maps. It encompasses an area of till and bedrock uplands of approximately 1.2 square
miles.

3.6 Additional Protection Zones

With the establishment of Zones II and IT1, the steps required by DEQE for a new source approval
are completed. However, the spirit of the law is concerned with the overall protection of the
aquifer. Recognition of the stream, aquifer, and wellfield interrelationships is a very important
consideration in the formulation of a groundwater protection strategy for this wellfield. Given the
definition of Zone II being "that area of an aquifer which supplies recharge to a well(s) under the
most severe recharge and pumping conditions that can be realistically anticipated,” eliminating the
recharge contribution from Jabish Brook is appropriate. However, much of the time this wellfield
will be obtaining a recharge contribution (at times greater than 40 percent) from Jabish Brook.
Under these conditions, the quality of the water in the brook will have an impact on the quality of
the water produced in the wellfield. In summary, it means that contaminant threats outside of the
Zone 11 and ITI, but contributory to Jabish Brook may be significant to the long-term management
of this water resource.

CONCLUSIONS

The process of wellhead protection zone delineation to meet Massachusetts DEQE regulations
begins with the development and refinement of a conceptual model of the hydrogeologic
environment. This iterative approach relies heavily on secondary source material in its initial
stages, taking full advantage of published and unpublished material about the hydrogeology of the
area. Later, field checks to ground truth the gathered data, analytical modelling to point out data
gaps and monitoring well installation to better characterize subsurface conditions contribute to the
updating and revision of the model. Once the formal conceptual model is completed, it is possible
to move to a more quantitative approach to the problem. Designing and conducting a long term
pumping test results in the production of data that can be used to calibrate a numerical model of the
area. Running the calibrated model to the requisite 180 days with no areal recharge provides a map
of drawdowns that can be superimposed on an average ambient potentiometric surface map,
revealing, through construction of a flow net, the zone of contribution (not just influence) to the
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well or wellfield. That 180 day zone of contribution is Zone II; Zone II1 is the area upgradient of
Zone II to the extent of the nearest topographic divide. Delineation of Zones II and III complete the
legal requirements set out by the DEQE, but it must be recognized, particularly in cases of induced
infiltration from streams, that contaminant threats outside the established protection zones must be
considered for responsible, long-term aquifer management.
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FIGURES

Figure 1: Monitoring Well Locations and Ambient Potentiometric Surface Map
Figure 2: Ambient Water Level Changes (MW #13)

Figure 3: Time Drawdown Curve (MW #13)

Figure 4: Adjusted Distance Drawdown Plot

Figure 5: Zone II, Resultant Water Table Map and Flow Net
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The Use of Time of Travel in Zone of Contribution

Delineation and Aquifer Contamination Warning

James C. Hall, PhD, PE
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New Hartford, CT 06057

Determination of the Zone of Contribution for water supply aquifers tradition-
ally depends on the use of drawdown information under specified conditions. In
part, this has been due to the availability of computer models which produce this
information.

Recent advances in computer modelling make possible determination of travel
time as well as drawdown. This alternative tool has advantages in determination of
the zone of contribution as well as having proved useful in determining where mon-
itoring efforts should be located to provide known degrees of protection in terms of
warning time.

This paper discusses some of the principle advantages of the use of time of
travel rather than drawdown, such as:

1. Freedom from the influence of significantly sloping piezometric surfaces.

2. Proper accounting for the effects of high-permeability strata in the
aquifer.

3. Proper inclusion of recharge from nearby low-permeability areas.

4. Clear delineation of where monitoring should occur for definite warning

times.

This paper also discusses the use of computer models for travel time determi-
nation, including:

1. Required input data.

2. Conversion of conventional (e.g. PLASM, MacDonald-Harbaugh) format
models to be used with travel time models.

3. Problems with the use of transmissivity or averaged permeability based

models for the determination of travel times.
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The Zone of Contribution to an aquifer supplying a water supply well is of
considerable interest. Not only are there practical reasons for this, such as deter~
mining what threats may be present to a given water supply source, but there are
now various State and Federal programs requiring delineation of the Zone and spec-
ifying certain activities which may or may not take place within the Zone. Increas-
ingly, these delineations are being incorporated into legal documents, such as plan-
ning and zoning regulations, and thus the need for accuracy and defendability is

great.

The traditional approach to determining the Zone of Contribution to a water
supply aquifer takes one of two forms. The first is a specific radius around the
production well(s), determined either by de jure means (thou shalt protect 400 feet)
or by various approaches which incorporate some flexibility for the geology, such as
Connecticut’s Level B mapping, which sets the radius as a function of well yield and
measured or estimated aquifer transmissivity. This approach, whether de jure or
flexible, does not take into account the real geology of the area in anything more
than a cursory fashion. The second approach has been based on observing (or
modelling) the drawdown caused by the production wells under certain specified
conditions and drawing the boundary at a specific value of drawdown. The condi-
tions and the value of drawdown to be used may be based on the best judgement of
the investigators, or may be written into regulations. Obviously, field observation
would be the best approach; equally obviously, it is not generally practical, as the
conditions are intentionally extreme and there is usually a lack of data. All of this
leads to the use of computer models to predict the performance of an aquifer, based
on a calibrated mathematical simulation of the performance of the aquifer.

The first question, however, is: is drawdown a satisfactory measure of the
Zone of Contribution in the first place? If not, why is it used and specified?

One’s initial reaction to this question is why not? At first glance, it seems
reasonable to suppose that if the water level in an aquifer is drawn down by
pumping a well, then the water which was lost must have been removed by the well.
This is exactly true only for an aquifer in which there was no initial movement of
the groundwater. In such an aquifer, any drawdown must have come from pumping
the production well. The supposition is not true for an aquifer in which there was
some initial slope and thus some initial ground water flow. In that situation, some
of the drawdown down gradient from the production well is not due to withdrawals
by the production well, but to a reduction in the total quantity of through flowing
water due to the activity of the pumping well. There is a point at some distance
down gradient from the production well, at which the drawdown may be large, but
where the slope of the piezometric surface changes from towards the well to away
from the well. Water farther away from the well than this point does not reach the
production well, even though the drawdown is significant. Further, upgradient from
the well, water will reach the well (in some unspecified time), even though the
drawdown may be insignificant, as there is still a slope of the piezometric surface
towards the production well. At what initial slope of the piezometric surface does
this effect become significant? That is, at what initial slope will the results from
using drawdown instead of consideration of actual ground water slopes under draw-
down conditions become sufficiently different to warrant defense of the later and
rejection of the former? There can be no single answer to that question, as it de-
pends on the nature of the land use, possible contamination problems, and land val-
ues. Clearly in an area of low land values with no contamination problems, it is not
important. Conversely, in an area where land values are high and a proposed use
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of high value may be located within the zone defined by one approach, but not the
other, even small differences may become important.

It would be possible to define the Zone of Contribution to a well as the entire
ground water shed of the well under specified conditions (corresponding, presum-
ably, to those now used for drawdown). That is, it would be the entire area from
which water flows towards the well under those conditions. However, this does not
seem to me to be a particularly practical approach, particularly for wells located in
large watersheds (e.g. one I worked on recently in the lower Housatonic valley) as it
would include vast areas of land from which water would, theoretically, reach the

well--assuming the conditions held constant--but with time spans measured in
decades or centuries.

It seems to me that a more practical approach would be to define the Zone of
Contribution--or, better, several zones of varying stringency of protection--based
on travel time to the well. As a first pass at this, I suggest that the innermost
zone, perhaps corresponding to the State of Massachusetts Zone I, be defined as the
area around the well within which the travel time is so short as to make a change
to an alternative supply and/or provision of treatment, in the event of contamination
being discovered within the zone, prohibitively difficult: in other words, within
which there is a clear risk of a contamination spill reaching the public water supply
system without a chance for correction. The next zone (Zone II?) would be the zone
within which there is sufficient time to provide emergency treatment for the water,
but which is sufficiently close to the well to be clearly connected with it over a
water year: in fact, 1 suggest that this boundary be set at a travel time of one
year. The outermost zone most logically would be set at a distance corresponding
more or less to the expected useful (or economic) life of the well; perhaps 10 years
would be reasonable.

A second set of reasons for the use of time of travel as a criterion rather
than drawdown or pure slope is the influence of the local geology on the imminence
of a hazard. Consider the case in which an otherwise uniform aquifer of, let us
suppose, medium sand, contains within it a rather thin, but very elongated and nar-
row, stringer of very coarse sands and gravels with a permeability three orders of
magnitude greater than the general sand. This is not an unusual phenomenon in
New England, and could represent a periglacial stream channel in a more generalized
valley fill (for instance). The presence of the small amount of high permeability
material in thickness will not change the overall transmissivity significantly and
thus the ground water slopes will not be significantly affected--but the travel time
along the path of the coarse stringer will be three orders of magnitude less than
from some other point, not in the wvicinity of the lens but at the same distance
(discounting the influence of vertical motion to the depth of the lens). Thus the
imminence of hazard from contamination from a source along this stringer will be
much greater. This will be properly accounted for on a travel time model, but not
on a model giving only slope or drawdown information. It is of some practical inter-
est, however, particularly since we often try to site wells to take advantage of such
stingers. Another situation is the one in which a well is close to a till/outwash
boundary. It is common practice to assume that the Zone of Contribution toc a well
in outwash ends at the till contact. In fact, many ground water models which I
have had the opportunity to examine as a consultant also end at the boundary, on
the agsumption that till is "impermeable” (which, of course, it is not, although the
permeability is rather low in general). A properly constructed model producing
head (and drawdown) distributions, which takes into account the influence of

139



bedrock permeability as well as the influence of till, may show that there is signifi-
cant drawdown in these areas. But is this drawdown area to be considered part of
the Zone of Contribution and, if it is, which zone? Again, it is not possible to an-
swer this question unequivocally from slope considerations alone, but it can be an-
swered directly from time of travel modelling. (From experience with a number of
different aquifers, the answer turns out to be maybe sometimes.)

The last area which I wish to mention regarding the benefits of the use of
time of travel modelling is in siting monitoring wells, the purpose of which is pre-
sumably to give timely warning of approaching contamination so that alternative
measures can be undertaken. Time of travel siting makes it possible to use a com-
pletely rational approach to siting these wells: the object is to site the well at such
a distance that it will sample a significant fraction of the water (observe the rela-
tive concentration of flow lines, which is another output from the time of travel
mapping) and, more important, that the time of travel from the monitor to the pro-
duction well is adequate. Fortunately, it is very easy to define "adequate": it is
simply the sum of the sampling interval at the monitoring well, plus the time it
takes to analyze the sample, plus the time it takes to set up an alternative scheme.
In fact, it becomes possible to perform a cost/benefit analysis on various monitoring
schemes (within limits), based on the numbers of wells required and their locations
vs. the sampling interval at each well.

Time of travel modelling is not particularly difficult. There is at least one
computer program available to do it which is based directly on, and requires no ad-
ditional data than, the underlying head distribution model. However, it does require
that both the underlying head distribution model be created properly and that ade-
quate geologic information is provided. Since more information is being retrieved
from the model, more information is required going into the model.

Specifically, it is absolutely essential that the model adequately represent, at
each node, all of the significant strata and their permeabilities, including the
bedrock. (Significant strata being those that differ by an order of magnitude from
some sort of average permeability--in most cases, it is appropriate to model them all,
but in some cases, depending very much on the judgement of the modeller, some can
be lumped together). In addition, their depths must be accurately represented as
much as possible, as a high-permeability stratum which dries during the pumping
does not contribute to time of travel while it is dry, but does when it is wet. It is
conceivable to have very different travel times depending on pumping schedule with
the same overall gallonage pumped, if a high permeability stratum is being alter-
nately dewatered and flooded under one schedule, but permanently wet (or dry)
under another.

The model should be constructed so that the grid (finite difference or finite
element) covers the entire watershed of the aquifer, if at all possible. The use of
constant head nodes should be minimal (a properly constructed and calibrated model
should not require any at all), although constant flow nodes may be required at
some border locations either if the model does not cover the entire aquifer (for in-
put from areas beyond the model) or to account for exports from areas outside the
watershed being studied. The stratigraphy at each node must be analyzed and used
as input. Ideally, of course, one would take a core at each node. This is, clearly,
impractical! A completely satisfactory alternative, however, is to use available
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stratigraphic information in combination with a thorough analysis of the geomorph-
ology, stratigraphy, and historical geology of the area to interpolate intermediate
stratigraphy from the available information.

The model, of course, must be able to accept this information. The traditional
PLASM model and, indeed, any strict two dimensional model whether it is finite ele-
ment or finite difference, cannot do so, as they use either a bulk permeability at
the node, converted to transmissivity by multiplying by saturated thickness, or, in
the case of confined models, the bulk transmissivity. There simply is no way to al-
low for the effect of high-permeability stringers in these models. Three dimensional
models can, in principle, allow for these by means of using multiple layers and can
also incorporate bedrock characteristics properly. There are some real problems
with these models in areas of steeply dipping or heterogeneous topography and
geology, however, in that a large number of layers may be required. This may not
be feasible without the use of very large computers. Models do exist, however,
which are fundamentally two dimensional as regards head field output, but which ac-
cept the stratigraphy at each node. If possible, these should be used as the found-
ation for time of travel modelling except in the rare instances where information on
vertical flow rates and head differences is required.

Calibration of models to be used for time of travel outputs must be done with
a great deal of care. As noted earlier, constant head nodes are discouraged, as
they can distort the head field in their vicinity. Constant flow nodes are usable,
provided they are real (that is, there really is a constant flow of some sort in the
area). Streams and lakes must be accounted for by a scheme which allows for
recharge or discharge, depending on the relative heads. Actual infiltration rates for
each node must also be estimated closely, taking into account soil materials and
slopes of the ground surface. Aquifer recharge from interflow at points where wval-
ley walls descend onto more level areas can be significant. Calibration is often ac-
complished by adjustments in bulk permeability or transmissivity. All that is re-
quired is to adjust the bulk permeability (or transmissivity) at each node of the
model to adequately reflect the influence of the high or low permeability strata. Not
only will this make time of travel calculations invalid, more subtly, it may make the
range of the model very limited: if the bulk permeability is influenced by a high-
permeability stratum rather high in the section, the model may calibrate perfectly
under normal conditions {(and with all available calibration data) and yet fail miser-
ably under more extreme conditions when the high permeability stratum is dewatered
by pumping.

Instead, calibration must be accomplished by carefully keeping in mind the
real geology in the area. Permeability (which directly affects time of travel) should
be adjusted for calibration only to the extent that is consistent with the materials
and the geologic interpretation of the area. Stratigraphy (in particular stratum top
and bottom elevations) must be altered only to the extent that the result is geologi-
cally plausible. Substitution of one formation type for another at a particular ele-
vation at a node, or insertion of a new stratum, is subject to the same constraint.
It is my experience that, if the geology is well thought out and reasonably correctly
interpreted, very little adjustment of either stratigraphic thicknesses or formation
permeabilities will be required to complete calibration. Difficulties in calibration of-
ten indicate errors in geologic interpretation, which can and should be resolved with
further field investigation (it is rarely necessary to do subsurface work). It may
be necessary to seek consultation from an experienced glacial geomorphologist in
some instances.
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Calibration should be checked against all available aquifer information. Wet-
lands which are not perched water table situations should be reflected accurately,
and are a convenient check in areas with few (or no) ground water observations. A
properly calibrated model should simulate with reasonable accuracy any pump test
that has been performed, as well as the actual operating records if they are avail-
able. Perhaps it is worth noting, in passing, that many models do not report the
actual level in the pumping well, but rather the head at the node in which the well
is located. If this is the case, calibration is impossible. Correction must be made to
reflect the performance of the aquifer in the immediate vicinity of the well and the
well itself. The model referred to above does this automatically.

The summary for calibration is that the geology must be correct first; any
geologic approximations can cause large errors, although approximations are accept-
able provided the consequences are carefully thought out and will not affect the
validity or usability of the model. I cannot emphasize this point enough!

Conversion of PLASM and other models, including three dimensional models
which do not include adequate resolution to show significant, but thin layers, to
suitable forms for time of travel modelling is extremely difficult. I do not recom-
mend this, except in situations in which it is impossible for one reason or another to
create the model in the first place with adequate vertical resolution, either by use
of a model with allows full stratigraphy at each node or use of an adequate number
of layers in a three dimensional model (typically ten or more). It is usually cheaper
(and quicker) to remodel the area in question on a model which can handle the
required information.

In summary, I would like to emphasize that time of travel modelling has sev-
eral advantages, among which are proper accounting for the influence of initial
aquifer slope, high-permeability strata, and bedrock, and allowing a rational method
for siting observation wells; secondly, that computer models are available to perform
time of travel modelling; third, that considerably more input information about the
local geology is required to construct and calibrate these models, but that the in-
formation is readily developed by qualified geologists; fourth, that conventional mod-
els with inadequate vertical resolution cannot be used as input for time of travel
modelling and; fifth, that conventional models with inadequate vertical resolution may
give misleading results for head fields under extreme conditions.
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DELINEATION OF CONTRIBUTING AREAS TO PUBLIC SUPPLY WELLS IN

STRATIFIED GLACIAL-DRIFT AQUIFERS

Paul M. Barlow

U. S. Geological Survey
28 Lord Road, Suite 280
Marlborough, Massachusetts 01752

Abstract

Several analytical and numerical methods are available for delineating
contributing areas to public supply wells. These methods employ variable levels
of computational complexity and require differing levels of data specification. A
recent advance in the ability to analyze contributing areas quantitatively has
been the coupling of particle-tracking algorithms to numerical ground-water-flow
models. A demonstration of the use of this method for delineating contributing
areas to hypothetical public supply wells pumping from a stratified glacial-drift
aquifer on Cape Cod, Massachusetts, has shown that (1) the location of a well with
respect to areas of recharge and discharge for the aquifer will have a significant
effect on the shape of a well’s contributing area, (2) the recharge rate to an
aquifer and the pumping rate of a well will have a significant effect on the size
of the well's contributing area, (3) multiple pumping wells within an aquifer must
be considered simultaneously in the determination of a well’s contributing area,
and (4) the lithology of the aquifer in the vicinity of the well must be well
defined.

The study also has shown that contributing areas determined using
analytical modeling were similar to those determined using numerical modeling
coupled with particle tracking for wells pumping from a thin, single-layer,
uniform aquifer with simple boundary conditions, and that the use of numerical
models for the delineation of contributing areas for wells in such an aquifer may
not be warranted. However, numerical modeling and particle tracking provide a
better quantitative tool than do analytical models for conditions normally
encountered in the field, such as thick, heterogeneous aquifers with complicated
boundary conditions in which several wells are pumping simultaneously. Under
these conditions, analytical models are not capable of providing sufficient detail
to predict accurately the land area which contributes water to a well.
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Introduction

The delineation of contributing areas to public supply wells is an
important component of State and Federal strategles for the protection of ground-
water quality. The delineation of contributing areas requires first, a
conceptual, and second, a quantitative understanding of the ground-water flow
system from which the well is pumping. Many quantitative methods are available
for analyzing ground-water-flow systems and, in particular, the delineation of
contributing areas to supply wells. However, many of the methods used to delineate
contributing areas to large-capacity supply wells are not capable of integrating
the several hydrologic and well-design factors that may affect the size and shape
of a well’'s contributing area. Consequently, the accuracy of a contributing area
delineated for a supply well may be directly dependent on the method of analysis
chosen.

A recent. advance in the abllity to analyze ground-water-flow systems
quantitatively has been the coupling of particle-tracking algorithms that trace
particle pathlines within a ground-water-flow system to numerical ground-water-
flow models. The coupling of these methods provides a powerful tool for the
analysis of the factors that affect the response of an aquifer to the pumping of a
large-capacity supply well, and should improve the delineation of a well'’s
contributing area. The U.S. Geological Survey 1s conducting a project to
demonstrate the use, and assess the effectiveness and limitations, of numerical
modeling and particle tracking for the delineation of contributing areas to public
supply wells that tap stratified glaclal-drift aquifers under selected conditions
of aquifer heterogeneity and well configuration. The results of the method are
being compared to contributing areas delineated using analytical models to gain an
understanding of the conditions under which the different analyses are most
appropriate. The study is being conducted in cooperation with the Massachusetts
Department of Environmental Protection, the Massachusetts Department of
Environmental Management, and Barnstable County. Massachusetts.

Purpose and scope

This report outlines two methods for delineating contributing areas to
public supply wells and presents some of the results of an ongoing study to
demonstrate the use, and evaluate the strengths and limitations, of these methods
for wells located in multilayered stratified glacial-drift aquifers, The methods
of analysis evaluated are analytical modeling and numerical modeling coupled with
particle tracking. A brief description of the sources of water to wells pumping
from stratifled glacial-drift aquifers is presented as background to the methods
of analyslis.

Sources of water to a well pumping from a stratified glacial-drift aquifer

Perhaps the first step in the delineation of a contributing area to a
public supply well is the identification within the hydrogeologic environment of
probable sources of water to that well. The identification of these sources aids
(1) development of a conceptual model of the ground-water-flow system, and (2)
selection of a method of analysis for the delineation of the well’s contributing
area. In general, ground water at a well that taps a stratified glacial-drift
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aquifer has four sources: (1) recharge from precipitation which falls directly on
the stratified drift; (2) recharge from adjacent aquitards, such as silt, clay,
till and bedrock; (3) recharge from induced infiltration of surface water, such as
a nearby stream, river, lake or pond; and (4) removal from ground-water storage.
Sources (1) and (2) constitute water that is "captured” by a well that otherwise
would discharge at the natural discharge areas of the ground-water system; these
sources are referred to here as captured ground-water discharge.

The volume of water contributed by each source to the total volume of water
withdrawn by a well will change as a function of time. Morrissey (1987) used a
numerical flow model to investigate the transient response of a hypothetical
stratified-drift, river-valley aquifer to the pumping of a large-capacity supply
wvell located 200 feet from a river. Sources of water to the hypothetical well are
(1) water removed from storage, (2) water from induced inflltration of streamflow,
and (3) captured ground-water discharge. His results, reproduced here in figure
1, indicate that, during the first few hours of pumping, the well is sustained
almost entirely by water removed from ground-water storage. After approximately 1
year, water removed from storage ceases and the well is sustained entirely from
captured ground-water discharge and induced infiltration of streamflow. The
length of time that a supply well will remove water from ground-water storage will
depend on the aquifer in which the well is located and the screened interval of
the well. Wells that are screened near the bottom of a thick aquifer may remove
wvater from storage for a much longer time than is shown in figure 1.

100 T I l

Aquifer storage
80 —

Captured ground-water
discharge
60 —

Induced infiltration
from the river

20 —

SOURCES OF WATER TO A 1.0 MILLION
GALLON PER DAY WELL, IN PERCENT

Il !

0.038 0.38 3.65 36.5 365 3850
(172 hour) (9 hours)

(o}
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Figure 1. Graph showing sources of water pumped from a well as a function of time
(modified from Morrissey, 1987, figure 27). '
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Although Morrissey’s results indicate that the sources of water to a well
may change over time, only steady-state (or equilibrium) conditions were
investigated for this report. Steady state implies that there 1is no removal of
water from storage. The contributing arees determined for steady-state conditions
is the largest area that would be anticipated for a given average recharge rate to
the aquifer and average discharge rate of a well because the land (contributing)
area needed to sustain the discharge rate of the well decreases proportionately
with contributions from ground-water storage.

The area of stratified drift necessary to supply a well with water may be
determined from the discharge rate of the well and the recharge rate to the
aquifer, if recharge from precipitation 1s the only source of water to the well.
The discharge rate of the well (Q) is equal to the recharge area of the well (A)
multiplied by the recharge rate to the aquifer (r). Therefore, the area necessary
to recharge the well at its steady-state pumping rate is Q/r. This relation
provides a simple means of determining if the recharge area delineated for a well
is large enough to sustain its withdrawal rate.

Methods for delineating contributing areas

Analytical modeling

Several analytical models can be used to delineate contributing areas to
public supply wells. These models require that simplifying assumptions be made
about the ground-water system from which a well is pumping and the geometry of the
well itself. These assumptions include simplifications or idealizatioms of
aquifer boundary conditions, homogenelty of aquifer properties (such as hydraulic
conductivity), and simplification of well design (such as a fully penetrating well
screen). Several of these models are discussed by U.S. Environmental Protection
Agency (1987), Morrissey (1987), van der Heijde and Biljin (1988)., and Newsom and
Wilson (1988) and need not be reviewed here.

The aquifer chosen for study is located in Eastham and the southern part of
Wellfleet, Cape Cod, Massachusetts. The aquifer consists of stratified glacial
outwash approximately 100 feet thick underlain by lacustrine silt and clay
approximately 400 feet thick. These deposits are underlain by granitic bedrock.
Precipitation which falls on the outwash is the only source of recharge to the
aquifer; recharge has been estimated to be 17.4 in/yr (inches per year) (LeBlanc
et al, 1986). Several ponds in the study area are in hydraulic connection with
the aquifer and may be sources of water to wells located near them. A map of
vater-table altitudes for the aquifer (figure 2) indicates that ground-water flows
from the central area of Eastham toward Town Cove, Cape Cod Bay., Blackfish Creek,
and the Atlantic Ocean.

Contributing areas to two hypothetical supply wells completed in the
aquifer underlying Eastham were delineated by superimposing (or subtracting)
steady-state drawdowns determined using the Theim-Dupuit method (Kruseman and de
Ridder, 1983) onto a map of prepumping water-table altitudes. The Theim-Dupuit
equation is used to determine steady-state drawdowns in the vicinity of a fully
penetrating well pumping from an unconfined aquifer. The Theim-Dupuit method of
analysis was chosen for this study because the aquifer is unconfined and because
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Figure 2. Location of study area and average water-table altitudes for the
stratified glacial-drift aquifer of Eastham and south Wellfleet, Massachusetts.
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there are no impermeable or surface-water boundaries that might influence the
distribution of drawdowns in the vicinity of the wells. It was assumed that the
pumping rate of well B would not cause a landward encroachment of the
saltwater/freshwater boundary at the shore of the Atlantic Ocean, located 2,500
feet downgradient from the well, because the drawdowns were anticipated to be
small for the simulated discharge rate of 0.5 Mgal/d (million gallons per day) and
because a discharge rate of 0.5 Mgal/d is less than approximately four percent of
the total discharge from the aquifer. The assumption that the
saltwater/freshwater boundary is unaffected by pumping at well B might not be
valid for increased discharge rates. Application of the Theim-Dupuit method to
the determination of drawdowns produced by wells A and B requires that several
assumptions be made. These are (Kruseman and de Ridder, 1983)--

(1) The aquifer is of infinite lateral extent, homogeneous, isotropic and
of uniform thickness over the area influenced by the well;

(2) the water-table surface is nearly flat prior to pumping;
(3) the aquifer is pumped at a constant discharge rate;

(4) the well fully penetrates the aquifer and flow 1is horizontal and
uniform everywhere in a vertical section through the axis of the well;

(5) the velocity of flow is proportional to the tangent of the hydraulic
gradient;

(6) the aquifer is unconfined;
(7) flow to the well is in steady state; and
(8) a concentric boundary of constant head surrounds the well.

One further condition which must be specified in the Theim-Dupuit method is
a radial distance from each pumping well at which drawdown is known. For this
analysis, two distances were used at which drawdown was assumed to be equal to
zero. The distances used were 2,300 feet and 11,500 feet. The first distance,
2,300 feet, was chosen because it is the distance required to intersect an area of
stratified drift necessary to sustain the pumping rate of each well for the
condition of a flat water-table surface prior to pumping, for a pumping rate of
0.5 Mgal/d and recharge rate to the aquifer of 17.4 in/yr. The second distance,
11,500 feet, which is five times the first distance, was chosen for comparison.
It must be realized that the assumption of zero drawdown at these distances is
simply a means to compute a rough approximation of drawdown within the cone of
depression of each well, and is a limitation of the analytical model. 1In
actuality, the cone of depression extends to the concentric boundary of constant
head listed in assumption 8. Assuming a fictitious drawdown of zero at some
distance from a supply well is an arbitrary assumption which might not be
appropriate In many cases. The errors introduced by using this assumption should
have a negligible effect on the pathlines used to delineate the contributing area
for each well, for the assumption to be valid.

Drawdowns were calculated for several points in the vicinity of two
hypothetical supply wells located in the aquifer. The well locations are shown in
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figure 3. Well A is near the crest of a natural recharge mound where the
hydraulic gradients are very flat; well B is located between this ground-water
mound crest and the discharge area of the Atlantic Ocean. Hydraulic
characteristics used in the calculations of drawdown are given in Table 1. These
characteristics were determined from well logs in the area of the hypothetical
wells and from the results of aquifer tests that have been conducted in the
stratified-drift deposits of Cape Cod, Massachusetts (Guswa and LeBlanc, 1986).
Drawdowns were calculated at distances of 500; 750; 1,000; 1,250; 1,500; 1,750;
and 2,000 feet from the pumped wells. Calculated drawdowns were subtracted from
the map of prepumping water-table altitudes to produce new maps of water-table
altitudes in the vicinity of each well (figure 3). Contributing areas were
delineated by constructing a flow net near each supply well. Flow lines were
drawn perpendicular to lines of equal water-table altitudes because the aquifer
was assumed to be homogeneous and isotropic (Freeze and Cherry. 1979).

Table l.--Parameters used in the determination of drawdown for
wells A and B using the Theim-Dupuit method.

Hypothetical well A B
Horizontal hydraulic conductivity (ft/d) 150 170
Aquifer thickness £ft) 81 46
Transmissivity (ft“/d) 12,150 7,820
Discharge rate at the well (Mgal/d) 0.5 0.5

Contributing areas for the two wells determined using the analytical model
are shown in figure 3. The drawdowns computed using the two assumed distances to
zero drawdown differed in each of the two hypothetical cases. However, the
differences between the drawdown determined using each of the two assumed
distances were not great and did not affect significantly the delineation of
contributing areas to each well. The contributing areas determined using each of
the assumed values did not differ significantly because the accuracy of the hand-
generated pathlines was insensitive to the differences in these drawdowns. Figure
3 shows only the results for the radius of influence equal to 2,300 feet. The
results indicate that the shape of the contributing areas are strongly dependent
on the location of the well in the aquifer. The contributing area delineated for
well A, near the crest of the recharge mound, is ovold-like in shape; water is
captured about equally from all areas around the well. The contributing area
delineated for well B, located between the crest of the ground-water mound and the
discharge areas of the aquifer, is elongate in shape; water is captured primarily
from areas which lie upgradient from the well.

Numerical modeling and particle tracking

Numerical ground-water flow models have been used extensively for the
conceptual and quantitative analysis of ground-water flow, including the
delineation of contributing areas to public supply wells. Numerical models are
used to determine ground-water heads at specified locations within a simulated
aquifer. Ground-water flow nets then are constructed from these computed heads to
delineate a well's contributing area. The construction of a two-dimensional
ground-water flow net for a three-dimensional flow problem is a time-consuming
task that may yield inaccurate results because it is necessary to ignore flow in
the third dimension.
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Particle tracking offers a relatively simple yet quantitatively powerful
alternative to the construction of ground-water flow nets. Particle tracking 1is
the tracing of fluid particle pathlines through a ground-water-flow system over
time (Pollock, 1988). The steps in the mathematical determination of pathlines
are as follows: A numerical flow model is used to compute ground-water heads at
individual cell nodes within a simulated aquifer. These nodal values of head are
used to compute intercell flow rates by Darcy’s Law; ground-water-velocity vectors
derived from these flow rates may be computed for every point in the flow field.
Pathlines are then determined from the ground-water-velocity vectors.

Particle-tracking algorithms differ in their method of determining ground-
water-velocity vectors. Pollock (1988) has developed a semianalytical particle-
tracking algorithm for use with block-centered, finite-difference, ground-water-
flow models, and has written a computer program based on this algorithm for use
with the modular ground-water-flow model of McDonald and Harbaugh (1988). The
mathematics of the particle-tracking algorithm may be found in Pollock (1988).
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the three-dimensional ground-water flow models.
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Two-dimensional and three-dimensional ground-water flow models were
developed for the unconfined aquifer of Eastham and south Wellfleet, Massachusetts
(figure 4) to demonstrate the use of numerical modeling and particle tracking for
the delineation of contributing areas to supply wells located in stratified
glacial-drift aquifers, and for comparison to the analytical model results
described previously. The three-dimensional flow model consists of 5 layers, with
48 rows and 39 columns of grid cells in each layer. The simulated aquifer is
bounded laterally by specified-head cells in the top layer and by no-flow
boundaries in the four lower layers; it is bounded on the bottom by a no-flow
boundary. The two-dimensional flow model consists of a single layer, with 48 rows
and 39 columns of grid cells. The single layer, two-dimensional model is bounded
laterally by specified-head cells and vertically by a no-flow boundary. Each of
the models 1s bounded on the top by a water table that receives a uniform rate of
recharge from precipitation.

The models were calibrated using average ground-water altitudes measured in
16 observation wells and by 7 pond gages in the study area during 1963-88.
Horizontal and vertical hydraulic conductivities were estimated from the
lithologic logs of several test holes completed in the aquifer. Values of
hydraulic conductivity were varied both horizontally and vertically within the
simulated aquifer. Initial estimates of hydraulic conductivity and recharge to
the aquifer were modified during calibration to obtain a root-mean-square error
between observed and simulated ground-water altitudes of 0.8 feet for the two-
dimensional model and 0.9 feet for the three-dimensional model. These mean errors
are consistent with the accuracy of the map of water-table altitudes made for the
study area and with the level of understanding of both the distribution of
hydraulic conductivity within the aquifer and recharge rate to the aquifer;
additional calibration could not be justified on the basis of available data.
Ground-water altitudes determined for the top layer of each model are shown in
figure 5. The similarity of these simulated water-table altitudes with those
shown in figure 2 1is clearly evident.

Contributing areas to two hypothetical supply wells, shown in figure 3,
were delineated using the particle-tracking computer program for both the two-
dimensional and three-dimensional ground-water flow models. Particles were placed
at the water table of the simulated aquifer and their pathlines traced through the
model. The area defined by the starting locations of particles that reach a
particular supply well constitutes the well’'s contributing area. Several
simulations were completed to demonstrate the value of the technique in the
analysis of a multilayered stratified-drift aquifer with multiple pumped wells.

In the first six simulations, each well was pumped individually at three
separate pumping rates, 0.25 Mgal/d, 0.50 Mgal/d, and 1.0 Mgal/d (figure 6). The
results of the particle-tracking analysis indicate that the size of a well's
contributing area depends on the pumping rate at the well. Recharge from
precipitation to the stratified drift is the only source of water to these wells;
therefore, the area necessary to supply each well with water is equal to Q/r.
This relation was verifled for each simulation directly from the results of the
particle-tracking program. The simulations also agree with the observation made
from the results of the analytical model that the shape of a well’s contributing
area depends on the location of the well with respect to the recharge and
discharge areas of the aquifer.
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Figure 6. Contributing areas for pumping rates of 0.25 Mgal/d, 0.50 Mgal/d and
1.00 Mgal/d for (a) well A and (b) well B, determined using the two-dimensional
ground-water-flow model.

The values of hydraulic conductivity and aquifer recharge used in the
development of a ground-water-flow model commonly are only best estimates of the
true field value. One way of evaluating the effects of uncertainties in the
estimates of these properties to the delineation of contributing areas is to
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complete a serles of simulations in which the value of each property is varied
over what is felt to be a realistic range of values. As an example, three
simulations were run using the two-dimensional numerical model in which the
recharge rate to the aquifer was varied from 75 to 125 percent of the calibrated
value (figure 7). Because recharge from precipitation is the only source of water
to the well, the size of the well'’s contributing area Is directly dependent on the
value specified for recharge. Figure 7 indicates that the value of aquifer
recharge specified in the model has a significant effect on the area that
contributes water to the well.
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EXPLANATION

— Contributing area for 75 percent of average recharge.
.—.—Contributing area for 100 percent of average recharge.

-------- Contributing area for 125 percent of average recharge.

B Location of hypothetical supply well.

Figure 7. Contributing areas to well A for recharge rate to the aquifer equal to
75, 100, and 125 percent of calibrated model value, determined using the two-
dimensional ground-water flow model.
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In order to investigate the effects caused by multiple pumped wells to the
delineation of recharge areas, a two-dimensional simulation was run in which both
wells A and B pumped simultaneously at a rate of 0.5 Mgal/d. The results of the
simulation are shown with the results of two simulations in which each well was
pumped individually at a rate of 0.5 Mgal/d (figure-8). The results indicate the
importance of considering simultaneously the effects of multiple wells on the
delineation of contributing areas. Contributing areas to two or more supply wells
can not overlap simultaneously because a particle of water that reaches the water
table can flow either to one of the wells or to a natural discharge area of the
system; it can not flow to more than one discharge point. The area of overlap in
the contributing areas shown in figure 8a is not possible.

Wellfleet

"

Eastha

£

o

"y
h

0 1 2 MILES

o 1 2 KILOMETERS
EXPLANATION

........ Contributing area for well A.

Contributing area for well B.
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Figure 8. Contributing areas to wells A and B for (a) each well pumped
independently at 0.5 Mgal/d and (b) both wells pumped simultaneously at 0.5
Mgal/d, determined using the two-dimensional ground-water flow model.
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Vertical and horizontal heterogeneities in aquifer properties can have a
significant effect on ground-water flow, and, therefore, would be expected to have
an effect on the location and shape of a supply well's contributing area. The
effect of aquifer heterogeneity to the delineation of contributing areas was
investigated using the three-dimensional numerical model by introducing a
discontinuous zone of material of low hydraulic conductivity, representative of
clay, in the vicinity of well B (figure 9). The simulated layer of clay was
placed in layer 2 of the model. The screened interval of the supply well was
located in layer 3 of the model and the well was pumped at a rate of 0.5 Mgal/d.

Wellfleet Wellfleet

ot o
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0 1 2 KILOMETERS

EXPLANATION

—— Contributing area for well B.
. Location of hypothetical supply well B.

Q Location of zone of low hydraulic conductivity.

Figure 9. Contributing areas to well B, for (a) simulation of the natural system,
and (b) simulation of a zone of clay in the vicinity of the well. Pumping rate is
0.5 Mgal/d.
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The results of the simulation (figure 9) show that the surface layer
contributing water to the well is greatly changed by the introduction of the
discontinuous zone of clay, which diminishes the rate of vertical movement of
water in the vicinity of the well. As can be seen in figure 9, the surface area
that contributes water to well B does not surround the well. Water which reaches
the water table in the vicinity of well B discharges to the natural boundary of
the aquifer (the Atlantic Ocean) downgradient of the well. The bifurcation of the
contributing areas shown in figure 9 is the result of spatial variations in both
the horizontal and vertical hydraulic conductivities in the third and fourth
layers of the model and the location of the eastern boundary of specified-head
cells. Pathlines of particles initiated at the water table in the row of the
model in which well B 1s located are also shown in cross section (figure 10).
These pathlines indicate the vertical flow path that particles of water follow
from the water table to discharge points at the well or the specified-head cells.
The results of figures 9 and 10 point to the importance to the determination of a
supply well’s contributing area of defining accurately the lithology of an aquifer
in the vicinity of the well.
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Figure 10. Cross-section of particle pathlines in row 28 for simulation in which a
zone of low hydraulic conductivity overlies the screened-interval of well B.
Pumping rate is 0.5 Mgal/d.
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Evaluation of delineation methods

A comparison between the contributing areas delineated for the two
hypothetical supply wells using the analytical model and the calibrated two- and
three-dimensional numerical models coupled with particle tracking is shown in
figure 11. The differences in the contributing areas delineated using the three
models are greatest at points farthest from the wells. The uniformity in the
horizontal and vertical hydraulic conductivities of the upper layers of this
aquifer produces similar results for the three methods. Part of the difference in
the recharge areas delineated using the three models is the result of differences
in the distribution of ground-water heads in each of the model aquifers. The map
of water-table altitudes used in the analytical model was constructed from field
data on ground-water heads. The water-table altitudes represent the average
response of the ground-water system to recharge, given the geologic framework and
natural boundary conditions of the aquifer. The distribution of heads simulated
by the numerical models are somewhat different than the field-derived map of
water-table altitudes because the models do not replicate exactly the real ground-
water system. Uncertainties in the understanding of the geologic framework of the
aquifer, recharge to the aquifer, and the boundary conditions of the aquifer
result in a distribution of ground-water heads that 1is only an approximation of
the natural system.

The three methods of analysis presented in this report for the delineation
of contributing areas to public supply wells completed in stratified glacial-drift
aquifers represent three levels of computational complexity that require
increasing levels of data specification. Each of the techniques has several
advantages and disadvantages which should be considered in the selection of a
method of analysis.

The primary advantage to using analytical models of ground-water flow is
that the models generally are computationally simple and require less data than do
numerical models. Data requirements for the analytical model discussed in this
report are a map of water-table altitudes, an estimate of the thickness and
hydraulic conductivity of the aquifer, and the discharge rate of the well. The
primary disadvantage of using analytical models is that they are based on
simplifying assumptions of the ground-water flow system. For instance, the
analytical model used in this report assumes that the aquifer is of infinite areal
extent, homogeneous and uniform in thickness. Additionally, simple boundary
conditions must be assumed, such as an impermeable boundary, an infinite boundary,
or a fully penetrating river boundary. In thils report, it was necessary to assume
a distance at which drawdown produced by each well was known. Simplifications of
the hydrogeologic framework and boundaries of the ground-water system may result
in poor predictions of the contributing area to wells located in aquifers which
are arealy and vertically heterogeneous or contain complex natural boundaries.
However, for single wells pumping from uniform aquifers with simple boundary
conditions, the use of analytical models may be justified. Inspection of figure
11 indicates that the delineation of contributing areas to wells pumping from a
thin, single-layer, uniform aquifer, such as the aquifer underlying Eastham and
south Wellfleet, 1s not greatly enhanced by the use of the more complex numerical
models and particle-tracking algorithm.
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Figure 11. Comparison of contributing areas to (a) well A and (b) well B for
pumping rates of 0.5 Mgal/d, determined using different modeling approaches.

Numerical ground-water flow models coupled with particle tracking offer a
powerful computational tool for the analysis of supply-well contributing areas.
The primary advantage of using numerical modeling and particle tracking is that
these procedures provide a more detailed description than do analytical models of
the factors that affect the location and shape of contributing areas for wells
pumping from complex two- and three-dimensional aquifers. The disadvantage to the
numerical methods is the large amount of data that must be specified. Data
requirements include a map of ground-water altitudes for the aquifer, estimates of
recharge rates and hydraulic parameters throughout the aquifer, the specification
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of aquifer boundary conditions, and the location and rate of withdrawal of supply
wells. Furthermore, results of the numerical models are limited by the
understanding of the hydrogeologic framework of the aquifer, the accuracy of the
boundary conditions specified for the model, and the estimates of system
properties. In effect, the numerical models determine an exact solution to a
complex, yet ill-defined, two- or three-dimensional ground-water-flow problem.
However, the numerical models are not limited by as many simplifying assumptions
as are analytical models. The results of numerical models should improve an
understanding of the aquifer under study, and, in particular, help to
conceptualize the effect of a large-capacity supply well on ground-water flow.
This study has shown that particle tracking is of considerable aid in the
delineation of contributing areas in aquifers that are heterogeneous.

Summary

The delineation of contributing areas to public supply wells 1is an
important component of State and Federal strategies for the protection of ground-
water quality. The delineation of contributing areas requires first a conceptual
and second a quantitative understanding of the ground-water flow system in which
the well 1is located, so that predictions of the response of the system to the
pumping of a large-capacity supply well can be made. The identification within
the hydrogeologic environment of possible sources of water to a supply well is an
important first step in the development of a conceptual model of ground-water flow
in the study area and in the selection of a method of analysis for delineating a
well’s contributing area.

A recent advance in the ability to analyze quantitatively ground-water flow
systems has been the coupling of particle-tracking algorithms to numerical ground-
water flow models. A demonstration of the use of this method for the delineation
of contributing areas to hypothetical supply wells pumping from a stratified
glaclal-drift aquifer of Cape Cod, Massachusetts, has shown that (1) the location
of a well with respect to areas. of recharge and discharge for the aquifer will
have a significant effect on the shape of a well’'s contributing area, (2) the
recharge rate to an aquifer and the pumping rate of a well will have a significant
effect on the size of a well’'s contributing area, (3) multiple pumped wells within
an aquifer must be considered simultaneously in the determination of a well's
contributing area, and (4) the lithology of the aquifer in the vicinity of a well
must be well defined.

The study also has shown that contributing areas determined using
analytical modeling were similar to those determined using numerical modeling
coupled with particle tracking for wells pumping from a thin, single-layer,
uniform aquifer with simple boundary conditions, and that the use of numerical
models for the delineation of contributing areas for wells in such an aquifer may
not be warranted. However, numerical modeling and particle tracking provide a
more powerful quantitative tool than do analtyical models for conditions normally
encountered in the field, such as thick, heterogeneous aquifers with complicated
boundary conditions in which several wells are pumped simultaneously. Under these
conditions, analytical models are not capable of providing sufficient detail to
predict accurately the land area that contributes water to a well.
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DEVELOPMENT OF AQUIFER PROTECTION ZONES
AND EVALUATION OF CONTAMINATION POTENTIAL
IN TOWN OF CHELMSFORD MUNICIPAL WELLS

Donald W. Podsen and Charles F. Myette
Wehran Engineering Corporation
100 Milk Street
Methuen, Massachusetts 01844

Abstract

The Town of Chelmsford, Massachusetts, obtains its entire municipal water supply
from 22 groundwater wells. Periodic testing since 1979 has detected trace
concentrations of volatile organic compounds in nearly all of the Town’s municipal well
fields, with concentrations in excess of 50 ppb (total volatile organics observed) in
some wells. As a pilot study for protecting public water supplies in developed towns
in the Commonwealth of Massachusetts, the Department of Environmental Protection (DEP)
assigned Wehran Engineering the task of evaluating contamination that has been detected
in Chelmsford water supply wells. The study focused on delineating aquifer protection
zones around these wells, identifying potential past and present contamination sites
in these areas, and prioritizing these sites with respect to their potential to impact
the Town's water supply wells.

To provide a current assessment of the quality of Chelmsford’'s municipal water
supply, all accessible wells (18 of 22) were sampled in June, 1987 and analyzed for
volatile organic compounds. Analytical results at that time showed; a maximum of
15 ppb in one well, trace concentrations in two other wells, and either non-detectable,
or below detection limit, concentrations of volatile organic compounds in the remaining
wells.

Aquifer protection Zones I, II, and III were delineated for each of the municipal
supply wells in conformance with Massachusetts Division of Water Supply Guidelines.

A records search was conducted to identify and locate potential past or present
sources of contamination that might impact Chelmsford’s municipal water supply wells.
A total of 121 potential contamination sites were identified and located. Of these
sites, none were located in Zone I areas, 81 were located in Zone 11 areas, and 40 in
Zone III. An additional 69 sites were identified, but could not be located.

A ranking system was developed to prioritize sites in terms of their potential
to contaminate municipal supply wells. The system is based on such factors as aquifer



protection zone designation, relative distance within a zone from a well, the types
of chemicals potentially used, the volume of spills, and the ranking of watersheds
according to the degree of contamination that has been detected in wells. The ranking
system is designed to divide potential sites into groups, with each group assigned a
priority ranking relative to one another.

The 121 potential contamination sites that could be located were prioritized using
this ranking system. It was recommended that, in order to identify sources of
contamination that are impacting Chelmsford’s municipal supply wells, preliminary site
assessments be conducted for potential sites in the highest priority groups. These
assessments are likely to reveal that many of these sites can be reassigned to lower
priority groups. Those sites, however, that are found to have a high potential for
contamination will be recommended for additional site investigations.

The DEP has acted on these recommendations by completing preliminary assessments
at over 15 of the highest priority sites. Based on the results of these assessments,
the DEP is currently planning a site investigation (with the installation of monitoring
wells and sampling of groundwater) at the highest priority site.

Introduction

Background

The Town of Chelmsford, Massachusetts, is an industrialized, suburban residential
community that obtains all of its drinking water from groundwater. Periodic testing
of groundwater in municipal supply wells since 1979 has detected trace concentrations
of volatile organic compounds in nearly all of the Town's well fields. As a pilot
study for protecting public water supplies in developed towns in Massachusetts, the
Department of Environmental Protection (DEP) assigned Wehran Engineering the task of
evaluating contamination that has been detected in Chelmsford water supply wells by
delineating aquifer protection zones surrounding the Town’'s municipal supply wells,
identifying potential past and present contamination sites in these areas, and
prioritizing these sites with respect to their potential to impact the Town's water
supply wells. Based on the results of this study, the DEP may conduct similar
investigations in other Massachusetts Towns.

The Town of Chelmsford covers approximately 22.5 square miles in areal extent
and is located in Middlesex County, Massachusetts. It is bordered to the north by the
Towns of Lowell and Tyngsborough, to the west by Westford, to the south by Carlisle,
and to the east by Billerica (Figure 1). 1In 1980, the population of Chelmsford was
31,174, and approximately 90 industrial building units were located in the Town.

Water in the Town is supplied by three privately owned water districts designated
as; the East, North and Central Districts. All commercial and industrial users, as
well as the majority of residents are supplied by these three districts. The remaining
residents obtain water from private wells. Presently, the three Districts have a
combined total of 22 supply wells (including one well (field) consisting of 49, 2-
1/2 inch tubular wells). Of these 22 wells, the North District operates 4 wells, the
East District operates 2 wells, and the Central District is responsible for the
remaining 16 wells.
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Laboratory analyses for volatile organic compounds in water collected from
Chelmsford municipal supply wells have been performed since 1979. Volatile organic
compounds (primarily chlorinated solvents) were detected in ten of the eleven well
fields. The chemicals most commonly reported were trichloroethylene and
tetrachloroethylene. In any given sampling round, volatile organic concentrations are
typically on the order of one to two parts per billion (ppb), or none detected. In
one well, however, a maximum of 340 ppb was detected.

Growth in the Town has been relatively uncontrolled with respect to allowing
development in some of the more environmentally sensitive groundwater recharge areas.
As a result, the contamination that is found in any one of the municipal supply wells
could be attributed to a number of potential contamination sources.

Purpose_and Scope

The purposes of this pilot study are to delineate aquifer protection Zomes I,
II, and III for each municipal supply well according to Massachusetts Division of Water
Supply Guidelines, to perform a records search to identify and locate potential past
and present sources of contamination in these zones, and to prioritize sites in terms
of their potential impact on the Town’s water supply wells. The scope of this
investigation is limited to identifying contamination sources in only those areas that
impact Chelmsford public water supplies. The identification of contamination sources
is based solely on information obtained from the records search and does not include
additional site investigation activities. Furthermore, the delineation of aquifer
protection zones is based on available data only. Wehran identified significant
hydrogeologic data gaps prior to initiating the investigation, however, Wehran and DEP
agreed that it would not be cost- effective to acquire new data to fill these gaps.
Rather, it was decided that Wehran would utilize existing data and make assumptions
where necessary. These assumptions were made conservatively, so that the end result
would be to increase the size of Zone II areas relative to Zone III.

Hydrogeologic Setting

The boundary of the study area is defined by the surface water divides surrounding
the Town of Chelmsford’s municipal wells/well fields, as obtained from drainage maps
prepared by the U.S. Geological Survey (USGS) in Boston, Massachusetts, (Figure 1).
This area covers approximately 45 square miles, and incorporates nearly the entire Town
of Chelmsford, small portions of the Towns of Lowell, Billerica, and Carlisle, and a
large portion of Westford. The study area is bordered to the north by the Merrimack
River and is located entirely within the watershed of that river. Figure 1 shows the
four major sub- basins, or watersheds, within the study area as defined by the USGS.
The major streams within each watershed (from west to east across the study area) are
Stony Brook, Black Brook, River Meadow Brook, and Hales Brook.

Groundwater in the study area occurs in three principle formations; 1) bedrock
underlying the entire area, 2) till deposits which overlie bedrock throughout most of
the area and which are exposed on hills and ridges (Baker, 1964), and
3) stratified-drift deposits which occur in valleys and on the lower slopes of
hillsides.
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Bedrock in the vicinity of Chelmsford is composed of a variety of Paleozoic
igneous and metamorphic rocks. Because these rock types are relatively impermeable
compared to the stratified-drift deposits, none of the Town's wells have been completed
in bedrock. Individual wells completed in bedrock typically yield 2-10 gallons per
minute (Brackley and Hansen, 1985).

Throughout most of the study area, bedrock is overlain by glacial till which has
an average thickness of fifteen feet. Due to the poor sorting of the till, wells
completed in these deposits generally yield less than 10 gallons per minute (Brackley
and Hansen, 1985).

In terms of groundwater resource potential, the stratified- drift deposits are
the most important stratigraphic unit in the Chelmsford area because they have much
higher hydraulic conductivity than either the bedrock or till. All municipal supply
wells in the Town of Chelmsford are screened in the stratified drift deposits. In
addition, the majority of private wells in Chelmsford and surrounding towns are
completed in this unit. Individual wells generally yield hundreds of gallons per
minute (Brackley and Hansen, 1985). These deposits are generally sorted and
stratified, and consist of sand and gravel with subordinate amounts of silt and some
boulders. The stratified drift deposits occur in river valleys and range in thickness
from less than one foot, where they pinch out against valley walls, to 140 feet in the
pre-glacial channel of the Merrimack River.

The general direction of groundwater flow is from upland areas to the east, west,
and south of the four major stream valleys towards the Merrimack River on the northern
border of the study area (Figure 1). The altitude of the water table ranges from
approximately 90 feet along the Merrimack River, to more than 250 feet at the western
edge of the study area (Feldman, 1978). The depth to the water table is generally less
than ten feet below land surface in low-lying areas and less than 30 feet below land
surface in hilly areas (Baker, 1964).

According to the Water District Superintendents, safe yield for the wells/fields
ranges from 250 to 700 gallons/minute and the average pumping rate for each well/field
ranges from 250 to 850 gallons/minute. It should be noted that not all wells are
continually pumping; in some cases a well is normally shut down while an adjacent well
is pumping, and vice versa.

Available boring logs for 12 of the 22 wells indicate that all wells are water
table wells, completed in an unconfined sand and gravel aquifer. Available pump test
data in the vicinity of the wells indicate transmissivities ranging from approximately
3,350 to 15,000 squared feet/day, saturated thicknesses of 40 to 65 feet, and average
hydraulic conductivities of 70 to 230 feet/day. The proximity of the wells to various
streams suggests that, depending on their pumping rate, they may cause significant
induced stream infiltration.

Current Groundwater Quality Assessment
One round of groundwater samples was collected from the Chelmsford municipal

supply wells by Wehran personnel on June lst and 3rd, 1987. The samples were analyzed
for volatile organic compounds using USEPA Test Method 624.
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The analytical results show that one well (the well with highest concentrations
detected in the past) contains 15 ppb total volatile organics. Two other wells show
trace levels (<10 ppb) of volatile organic compounds (defined as less than 10 times
the detection limit), while the remaining wells contained either non-detectable, or
below detection limit (1.0 ppb), levels of volatile organic contamination.

Delineation of Aquifer Protection Zones

The Massachusetts Division of Water Supply has established guidelines (1986) for
the delineation of aquifer protection zones surrounding municipal supply wells,
referred to as Zones I, II and III (Figure 2). Zone I areas are defined as those
portions of aquifers which lie within a 400 foot radius of the wellbore. Because of
their close proximity, contamination sites in these areas have the greatest potential
impact on water quality in the wells.

Zone II is defined as "that area of an aquifer which contributes water to a well
under the most severe recharge and pumping conditions that can be realistically
anticipated. It is bounded by the groundwater divides which result from pumping the
well and by the contact of the edge of the aquifer with less permeable materials such
as till and bedrock. At some locations, streams and lakes may form recharge
boundaries". The Guidelines specify the most severe recharge and pumping conditions
as pumping at safe yield for 180 days without recharge. Under these conditioms, the
locus of 0.1 feet of drawdown is the predicted area of influence. These drawdowns are
then subtracted from the pre-pumped water table configuration, and subsequent analysis
of flow lines identifies the zone of contribution (Zone II area) for each well.
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Figure 2. Conceptual block diagram of a stream valley illustrating Massachusetts
aquifer protection zones I, II and III in relationship to a pumping well.
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Zone III is defined as "that land area beyond the area of Zone II from which
surface water and groundwater drain into Zone II. The surface drainage area as
determined by topography is commonly coincident with the groundwater drainage area and
will be used to delineate Zone III. In some locations, where surface and groundwater
drainage are not coincident, Zone III shall consist of both the surface drainage and
the groundwater drainage areas".

Using these definitions, the delineation of the outer boundaries of Zones I and
Il is relatively straight forward. After field verification of the well locations,
a line drawn at a radius of 400 feet around each well defines the outer boundary of
the Zone I area. The outer boundary of Zone III coincides with surface water divides
for the tributary. This information was obtained from drainage maps prepared by the
USGS.

The major effort associated with mapping aquifer protection zones is delineating
the boundary between Zones II and III. Defining this boundary first requires locating
the contact between the edge of the aquifer with less permeable materials
(till/bedrock). This geologic contact was obtained from the Hydrogeologic
Investigation Atlas of the study area (Brackley and Hansen, 1985) and is shown on
Figure 1.

The identification of "that area of an aquifer which contributes water to a well
under the most severe recharge and pumping conditions that can be realistically
anticipated" requires an evaluation of groundwater flow to the well. Because numerous
hydrogeologic variables affect groundwater flow, it is difficult to calculate this area
manually. As a result, a digital computer model was developed to perform the
calculations.

Two-dimensional groundwater flow models of the study area were designed and
calibrated to compute hydraulic-head changes in the stratified-drift aquifer under
natural and man-made stress conditions. For these models, Wehran utilized the USGS
three-dimensional groundwater flow model (MODFLOW) developed by MacDonald and Harbaugh
(1984).

The models use a finite-difference method in which differential equations that
describe groundwater flow are solved numerically. The equations require definition
of the geologic and hydrologic properties of the area modeled, the boundaries, and the
pumping stresses.

The study area was divided into two regions to simplify the modeling effort. A
finite-difference grid composed of equal size blocks (500 by 500 feet) was developed
for all areas underlain by stratified drift deposits. The active modeled area covers
approximately 14 square miles and includes over 1,500 active nodes.

Boring logs indicate that the stratified-drift deposits in both model areas are
unconfined aquifers overlying much less permeable till and bedrock. As a result,
although the computer model that was utilized has the capability of simulating a series
of layers within the aquifer (i.e., a three-dimensional flow model), both areas were
modeled as a two-dimensional single layer.

The groundwater flow models were calibrated under steady-state conditions.
Calibration consisted of adjusting input hydrologic parameters to the model until
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differences in water table elevation between model simulations and a groundwater
contour map of the area were within acceptable limits (i.e., within 10 feet over the
majority of the modeled area). A sensitivity analysis of the steady-state models was
then conducted to assess the limitations of the conceptual model and the uncertainty
in the selection of input data values and boundary conditions.

After calibrating the models under steady-state conditions, several transient runs
were made with each model to predict the areas of influence and zones of contribution
for the wells as a result of a specific stress on the aquifers. This stress is defined
by Division of Water Supply Guidelines as pumping at safe yield without recharge for
180 days. The computed steady- state heads for each model were used as starting heads
for each transient run. All wells were pumped simultaneously, and at safe yield, to
simulate worst-case conditions.

To evaluate the zones of contribution to the wells, the amount of drawdown caused
by pumping the wells at safe yield (with no recharge) was subtracted from the observed
heads, i.e., the average steady-state aquifer head distribution. On the downgradient
side of the pumping wells, the creation of localized groundwater divides (lines of
stagnation) where water flows back to the wells were predicted by the models. In these
areas, the model predicts that pumping the wells will cause the natural gradient and
direction of groundwater flow to be reversed causing groundwater to flow back towards
the well, in a direction that is contrary to the "natural" regional flow (Figure 2).
As a result, these local divides (lines of stagnation) form the downgradient margins
of the zones of contribution (Zone II) where contaminated groundwater could potentially
be directed towards the well. Analysis of flowlines was performed to extend the
upgradient boundaries of these capture zones to the hydrogeologic contact between the
stratified-drift deposits and till/bedrock. The zones of contribution (Zone II areas)
are then defined as the areal extent of stratified-drift deposits upgradient of these
boundaries. Inasmuch as the pumping stress was designed to simulate worst-case
conditions (i.e., all wells pumping simultaneously) the zones of contribution were
delineated for groups of wells as opposed to each individual well. Although this
analysis produces larger zones of contribution than if each well were pumped
separately, it provides a better simulation of aquifer protection as opposed to
considering only wellhead protection.

The aquifer protection zones delineated in this study for the Town of Chelmsford's
municipal water supply wells are shown on Figure 3. Zone I consists of the area within
a 400 foot radius around each wellbore. Zone II areas begin at the outer margin of
Zone I, and extend to the margin of the zone of contribution. The lines of stagnation
defining the downgradient margin of the zones of contribution is shown on Figure 3 for
various groups of wells. Zone II1 areas for each group of wells extends along
flowlines from the outer boundary of Zone II (contact between stratified-drift with
till/bedrock) to the watershed boundary. It should be noted that portions of Zones
IT and III overlap between the various groups of wells. Specifically, within a given
watershed, the areas within Zones II and III for upgradient wells are included in the
corresponding Zones of all downgradient wells. Therefore, moving downgradient within
a given watershed, Zones II and III become successively larger as they incorporate the
aquifer protection zones of all upgradient wells.
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Identification of Potential Sources of Contamination

A records search was conducted to identify and locate past or present potential
sources of groundwater contamination that may impact Chelmsford’s municipal supply
wells. This search addressed the area bounded by the watersheds of all the Town's
municipal supply wells, which includes the majority of Chelmsford and portions of the
Towns of Westford, Carlisle, and, Billerica.

The records search expanded upon a list that had been compiled by the DEP's
Northeast  Regional Office based on their files of hazardous  waste
violations/complaints. Wehran identified and located additional potential sites
through interviews with Town employees, reviewing Federal, State and Town files,
library searches, and a site reconnaissance survey. The site reconnaissance consisted
of visual observations made while driving along various streets in the study area.
It should be noted that no attempt was made to gain access to any potential sites that
were identified.

A total of 121 potential contamination sites were identified and located. The
majority of these sites fall into several broad categories; known spill sites,
facilities with past hazardous waste violations, National Pollution Discharge
Elimination System (NPDES) permit sites, landfills, industries or businesses that
typically use hazardous chemicals (i.e., dry cleaners), and gas stations.

A table with brief descriptions of each potential contamination site was compiled;
however, because the records search was based on available information, as opposed to
site assessments, many site descriptions are incomplete. In particular, it often was
not possible to identify the type of operation, the types of chemicals that were used
and/or stored, or precisely when a facility was in operation.

A total of 69 potential contamination sites could not be located. The majority
of these sites have gone out of business and documentation regarding their location
was not readily available. An attempt was made to locate the more recent sites during
the site reconnaissance survey.

It should be noted that because the organic compounds that have been detected in
the water supply wells are chlorinated solvents, the records search placed less
emphasis on types of operations that would utilize different types of chemicals. In
particular, it was not considered cost-effective to attempt to identify the locations
of all underground petroleum storage tanks in the study area.

Prioritization of Potential Contamination Sites

Priority Ranking System

The records search identified and located a total of 121 potential contamination
sites which are distributed as follows; no sites in Zone I, 81 sites in Zone II, and
40 sites in Zone III. Because future site assessments may be conducted as a first step
in eliminating these potential sources of contamination, a system has been developed
to rank the sites in terms of their potential health impact on the Town's water supply
wells. It should be noted that because chlorinated solvents are the types of compounds
that have been detected in the water supply wells, the ranking system places higher
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priority on sites which may have potentially used chlorinated solvents. The system
is designed to divide the sites into groups, with each group assigned a relative
ranking, from highest (Group 1) to lowest priority (Group 17). The 69 additional
potential contamination sites that were identified, but which could not be located were
excluded from the priority ranking system.

Figure 4 is a flow chart which summarizes the ranking system. The first criteria
used to rank the sites is the determination of whether they are located in Zones I,
II, or III. Any site located in Zone I is assigned to the highest priority group
(Group 1) because these sites are located within 400 feet of a well. In general, Zone
II sites have the next highest priority, because they lie within the zone of
contribution and there is a high potential for contaminants to flow into wells.
However, as shown on Figure 4, several types of Zone II sites are considered to have
lower priority than some Zone III sites. Such Zone II sites include those which are;
1) located more than 15,000 feet from any supply well because of the potential for
substantial dilution and degradation of a contaminant release (Group 16), 2) highly
unlikely to have used chlorinated solvents (Group 14), and 3) spill sites where very
low volumes (less than 30 gallons) were released (Group 1l4).

The remaining Zone II sites are divided into Groups 2 through 7. These sites are
first subdivided according to watershed, based on the amount of contamination that has
been detected by laboratory analysis in water supply wells within a particular
watershed. Past and present analytical data indicate that wells in the River Meadow
Brook watershed have been more affected by contamination than wells in the other
watersheds. Several wells in the Hales Brook and Stony Brook aquifers have shown minor
contamination, therefore, Zone II sites in these watersheds have lower priority than
Zone II sites in the River Meadow Brook watershed. Similarly, Zone II sites in the
Black Brook watershed have lowest priority, because the one well in this watershed has
shown only trace levels of contamination. Within each watershed, sites that are known
to have used chlorinated solvents are assigned a higher priority than sites that have
only the potential to have used these compounds. It should be noted that because of
the limited nature of the data collected in the records search, for many sites it is
not possible to rule out the potential for use of chlorinated solvents. For example,
gas stations were included in these high priority groups because of the potential that
chlorinated solvents were used in automotive repair work (degreasing, painting, etc.)
Similarly, industries that use chlorinated solvents in the manufacture of certain
products were included in high priority groups even though, in some cases, it is
unknown whether the site was used for manufacturing, or purely retail purposes. A
preliminary assessment that includes interviews with officials of various facilities
may indicate that chlorinated solvents were never used at many sites, in which case
those sites could be reassigned to a lower priority group.

Because of their location, some Zone III sites were given higher priority than
the Zone II sites in Groups l4 and 16. The criteria used to select these Zone III
sites was that they were located in close proximity to a Zone II boundary (less than
1000 feet), and within 10,000 feet of a water supply well. Within this category, those
sites that were unlikely to have used chlorinated solvents, or which had spills of less
than 30 gallons, were given a low priority ranking (Group 15). The remaining Zone III
sites were then subdivided into Groups 8 through 13 using the same criteria that were
applied to the Zone II sites.
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Zone III sites located more than 1,000 feet from a Zone II boundary were assigned
to the lowest priority group (17) because of their low potential to impact wells. In
addition, Zone III sites located downgradient of lines of stagnation were assigned to
the lowest priority group because groundwater in these areas will not flow toward the
wells. These sites were included in the ranking, however, because they lie within the
watershed and could impact future supply wells.

Results of Prioritization

The priority ranking of the 121 sites into the 17 groups was based solely on data
obtained from the records search. Additional data which is subsequently obtained
regarding a particular site may require an adjustment in the relative priority group
to which a site has been assigned. Because of the limited nature of available data,
a conservative approach was utilized in the ranking of sites so that in general,
additional information will likely shift the priority ranking of many sites to a lower
group.

To simplify the presentation of results, sites in the 17 priority ranking groups
have been assigned either a high, medium, or low priority as follows: high priority
(groups 1 through 7), medium priority (groups 8 through 13), and low priority
(groups 14 though 17). As shown on Figure 3, all high priority sites are located in
Zone II areas, however, some Zone II sites are ranked as low priority. In general,
the majority of low priority sites are located in Zone III, or in a Zone II but many
miles upgradient of municipal supply wells.

Summary and Conclusions

The objectives of this investigation were to evaluate contamination that has been
detected in the Town of Chelmsford's municipal water supply wells by assessing the
current quality of water in the wells, delineating aquifer protection zones around
these wells, identifying potential past and present contamination sites in these areas,
and prioritizing these sites with respect to their potential to impact the Town's water
supply wells.

Eighteen of the Town of Chelmsford’'s twenty-two water supply wells were sampled
and analyzed for volatile organic compounds. Analytical results showed that the
highest levels of contamination were 15 ppm in one well, trace amounts of contamination
in two wells, and the remaining wells contained either non-detectable, or below
detection limit, levels of volatile organic contamination.

Aquifer protection Zones I, II, and III were delineated for the municipal supply
wells (in conformance with Massachusetts Division of Water Supply Guidelines) using
existing hydrogeologic data.

Well locations were field checked during collection of groundwater samples, to
confirm the location of Zone I areas (400 foot radius around each wellbore). Zone II
areas were delineated utilizing the USGS three dimensional groundwater flow model to
predict the zones of contribution to the wells based on 180 days of continuous pumping
with no recharge. Zone III areas were delineated through the use of the USGS
Hydrologic Investigations Atlas of the area, USGS watershed boundary information, and
the results of the Zone II analysis.
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A records search was conducted to identify and locate potential past or present
sources of contamination that might impact Chelmsford's municipal supply wells. A
total of 121 potential contamination sites were identified and located. 0f these
sites, none were located in Zone I, 81 were located in Zone II, and 40 in Zone III.
An additional 69 sites were identified, but could not be located.

A ranking system was developed to prioritize sites in terms of their potential
to contaminate municipal supply wells. The system is based on such factors as aquifer
protection zone designation, relative distance within a zone from a well, the types
of chemicals potentially used, the volume of spills, and the ranking of watersheds
according to the degree of contamination that has been detected in wells. The system
is designed to divide potential sites into 17 groups, with each group assigned a
priority ranking relative to one another. Using this system to rank the 121 potential
contamination sites in Chelmsford indicated that some Zone II sites have lower priority
than some Zone III sites.

Recommendations

Based on the results of this investigation, Wehran Engineering makes the following
recommendations for additional work in the evaluation of the contamination potential
of Chelmsford’s municipal supply wells, and for the future protection of those wells
and their associated aquifers.

1. To identify sources of contamination that are currently impacting
Chelmsford’s municipal water supply wells, preliminary assessments should
be completed for all high priority sites. These assessments would consist
of a records search, site visit, and possibly, interviews with officials of
the facility. Because the ranking of sites was made conservatively using
limited available data, it is anticipated that many of these high priority
sites will be reassigned to lower priority groups based on the results of
the preliminary assessments.

2. After conducting preliminary assessments, it is recommended that those sites
that remain in high priority groups be further evaluated with site
investigations. These investigations will include the compilation of a

detailed site history with some sampling and analysis. The results of such
an investigation will provide the data necessary to further evaluate whether
a particular site is potentially impacting any of the Town's municipal supply
wells and whether there will be a need for either monitoring or some form
of remediation.

3. The Town of Chelmsford should utilize the aquifer protection zones that have
been delineated in this study for future land use planning and water supply
siting.

4. With regard to aquifer/wellhead protection, this pilot study should be
expanded to include the following. First, there should be an educational
program at the local level to explain the need for aquifer protection.
Second, there should be coordination between various groups such as planners,
lawyers, public health officials and water resource specialists in the
development of groundwater protection strategies. These strategies would
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typically involve modifying existing towns by- laws or creating new aquifer
protection overlay districts. The intent of these by-laws would be to
prohibit certain types of development or activities in the more sensitive
groundwater recharge areas, or to place specific performance standards on
those developments. Finally, this pilot program should be expanded to other
industrial towns that are dependent upon groundwater resources. The same
general approach used in this pilot study can be applied to other States
that have different aquifer protection =zoning systems, providing those
systems are based on hydrologic principals.
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INTRODUCTION

Considerable progress has been made over the past decade
concerning the delineation of wellhead protection areas (WHPA's).
Protection zones based upon fixed radii have evolved into more
accurate approximations of zones of contribution to pumping
wellfields based upon sophisticated modelling approaches.

Protection strategies for WHPA's have included the development of
overlay zoning districts within which specific potentially
hazardous land uses are prohibited. Such uses may include
landfills, industries or businesses using or producing hazardous
materials, underground fuel storage tanks, sewage treatment
plants, salt storage areas and so forth. Another common approach
in protecting wellhead protection areas has been to require
Environmental Impact Reports for large proposed development
projects which exceed specific thresholds. Project proponents are
usually required to evaluate potential impacts of such large-scale
projects in excruciating detail.

Although these protection strategies are important, they do not
address cumulative impacts of land development within wellhead
protection areas over time. Ground water contamination from
dispersed, non-point residential and agricultural uses can
contaminate public water supplies as effectively as a poorly-sited
landfill. A recent case study on Cape Cod, Massachusetts has
documented a clear correlation between housing densities and
nitrate~nitrogen concentrations in ground water (Nelson et al,
1988). See Figure 1.
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The approach which is outlined in this paper is a methodology for
examining the cumulative effects of land development within WHPA's
and is comprised of two principal steps: 1) determination of the
development potential; and 2) prediction of the resulting nitrate-
nitrogen concentrations,

DETERMINING THE DEVELOPMENT POTENTIAL

Clearly the first consideration in impact assessment within
wellhead protection areas is the delineation of accurate wellhead
protection area boundaries within which the analysis will be
conducted. A variety of methods have been developed to accomplish
this, ranging from drawing fixed radii around a wellfield, to
mapping based on detailed hydrogeologic field investigations and
modelling. An in depth discussion of appropriate delineation
techniques is beyond the scope of this paper, however, the
importance of an accurate delineation cannot be overemphasized.
Delineation of wellhead protection areas based on fixed radii are
not appropriate for assessing cumulative impacts; some site-
specific hydrogeologic data are required for a meaningful
analysis. In addition to existing public wellfields, potential
water supplies and areas used extensively for private water
supplies should also be considered in a comprehensive aquifer
protection strategy.

Once an accurate understanding of the ground-water flow dynamics

and the WHPA is developed an land use analysis must be undertaken.
The land use analysis should first determine the type, intensity
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and distribution of existing land uses. This can best be
accomplished utilizing assessors' tax maps, aerial photographs and
field checking. This analysis is then supplemented by determining
the development potential of all vacent parcels within the WHPA.
This is done by evaluating the highest development potential of
each parcel according to existing zoning, subdivision and other
land use codes. Wetlands and soil limitations should be
considered during this analysis. Certain parcels may have
permanent conservation restrictions or easements as restricted
open space and therefore should be considered undevelopable.

State land use enabling legislation throughout the country
dictates that once a community programs itself through zoning and
subdivision control, it is tied into a development "blueprint"
which is difficult to alter. Unfortunately, this blueprint often
allows for land development that exceeds the assimilative capacity
of drinking water supplies with respect to a variety of
contaminants, particularly nitrate-nitrogen.

A particularly difficult issue to resolve, in controlling land use
within WHPAs is that of "grandfathered" lots. Most zoning bylaws
and ordinances allow for significant protection of subdivided but
still vacant land from proposed zoning changes. In Massachusetts,
for example, once a preliminary subdivision plan has been filed
with the local planning board, the property owner is protected
from any new zoning changes for a period of 7 years. If during
that time, individual lots are sold to different property owners,
the right to build upon these lots may be protected indefinitely.
Consequently, WHPAs may contain a significant number of small,
vacant lots, which, if developed, could result in significant
contamination of the water supply.

The total development potential of the WHPA is determined by
summing existing development and future potential development.
This calculation will result in a quanitification of the
"saturation" development or "build-out" population. An
illustration of this analysis 1is provided in Figure 2.

CALCULATING THE NITROGEN LOADING

Once the developable lot analysis has been completed all potential
sources of nitrogen are assessed and tabulated. These sources
typically include wastewater, residential and agricultural
fertilizers, road run-off and precipitation. Several analytical
models have recently been developed to predict nitrate-nitrogen
concentrations in ground water using a mass balance approach
(Nelson et al 1988; Frimpter et al, 1988). These models predict
nitrate-nitrogen concentrations in ground water by dividing the
annual nitrogen loading from the various sources by the annual
dilution due to natural and artificial ground-water recharge. The
primary source of error in these analytical methods has been in
the assumed nitrogen loading and dilution values used in the
model. To test and verify the conventional nitrogen loading
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FIGURE 2. Developable Lot Analysis of a Wellhead Protection Area
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variables typically used, the authors recently developed an
analytical model which was calibrated using actual water quality
data collected on Cape Cod, Massachusetts over a 25-year period
(Nelson et al., 1988). This model was presented at the NWWA FOCUS
Conference in 1988. The results of this nitrogen loading
analysis, when applied to the WHPA depicted in Figure 2, are
presented in Table 1. This analysis shows that under saturation
development conditions a nitrate-nitrogen concentration is
predicted.

The results of the nitrogen loading assessment are then compared
to acceptable nitrate-nitrogen concentrations within ground water.
The US EPA has established standard of 10 mg/L for nitrate-
nitrogen concen-trations in drinking water; concentrations above
this limit may cause health problems in infants. Using this
standard as a planning guideline 1s not recommended however. A
statistical analysis of drinking water samples collected on Long
Island revealed that median nitrate-nitrogen concentrations of
less than 5.4 mg/L are required to meet the 10 mg/L federal
drinking water standard 90% of the time (Porter, 1978). Many
communities in Massachusetts have therefore adopted a 5 mg/L
nitrate-nitrogen standard as a conservative planning guideline.

TOOLS FOR CONTROLLING NITROGEN LOADING WITHIN WHPA'S

If the "programmed" development (existing development plus
potential growth) within a WHPA exceeds the assimilative capacity
of the water supply, a variety techniques can be used to mitigate
for existing development and control future growth to achieve
acceptable nitrate-nitrogen concentrations. These techniques can
be grouped into three categories: regulatory, non-regulatory and
legislative approaches (Coughanowr et al, 1989).

Regulatory techniques include zoning, subdivision control and
sewage disposal regulations and are generally implemented at the
local governemntal level. Examples include raising the minimum
lots size or limiting the amount of sewage per lot area. These
techniques are often highly effective in that they can be tailored
to meet "the physical and political needs of specific communities.
However, grandfathering provisions within zoning codes limit their
effectiveness as noted earlier in this paper.

Non-regulatory techniques include the aquisition of open space and
and structural solutions such as sewering or construction of
private sewage treatment plants. These approaches are often
costly and may be more appropriately used where regulatory
techniques are not sufficient to control growth or where existing
development already exceeds the carrying capacity of the aquifer.

Legislative techniques refer to the establishment of special
legislation where existing legal authority is inadequate.
Examples include cases where wellhead protection areas or aquifer
recharge zones cross Jjurisdictional boundaries. Special
legislation may be required based upon a “hydroregional" approach
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TABLE1

NITROGEN LOADING CALCULATIONS UNDER SATURATION BUILD OUT CONDITIONS
Project: Sample Wellhead Protection Area

Date: 21 July, 1989

INPUT FACTORS

Sewage flow (gal/day) | 103620 1
N-conc. in effluent (mg/1) I 33.9 1
Lawn area (square feet) { 3140000 ]
Pavement (square feet) I 1269629 ]
Roof area (square feet) i 628000 |
Natural area (square feet) [ 23147531 ]
Recharge rate for pervious i 18 |
area (in/yr)
Recharge rate for impervions | 40 ]
area (in/yr) *
INPUT CALCULATIONS RESULTS
Sewage (gal/day) _ CALCULATED LOADING (LBS/YR)
103,620 x N-cone (mg/1) x 3.7851/ gal x 365 days/yr : 454000 mg/lb 10689
Lawn area (sq ft)
3,140,000 x 0.0017 1b N/sq ft 5338
Pavement area (sq ft)
1,269,629 x 0.00031 1b N/sq ft 394
Roof area (sq ft)
628,000 x 0.00015 Ib N/sq ft 94
Natural area (sq ft)
23,147,531 x 0.000005 1b N/ sq ft 116
TOTAL NITROGEN LOADING (LBS/YR) 16631
TOTAL RECHARGE (MG/YR)
Recharge from sewage (gal/day) —
103,620 x 365 days/yr : 1,000,000 gal/million gal 37.82
Total pervious area (sq ft)
26,287,531 x 18in/yr /12 in/ft x 7.48 gal/cu ft : 1,000,000 gal/million gal 29495
Total impervious area (sq ft)
1,897,629 x40in/yr /12 in/ft x 7.48 gal /cu ft : 1,000,000 gal/million gal 47.31
TOTAL RECHARGE (MGAL/YR) 380.08
TOTAL NITROGEN LOAD/TOTAL RECHARGE X 454,000 MG/LB : 3,785,000 L/MGAL
=RECHARGE NITROGEN CONCENTRATION (mg/l or ppm) 5.25

PREPARED BY HORSLEY WITTEN HEGEMANN, INC.
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where a new management commission may be created to regulate land
uses within the newly delineated area.
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EVALUATION OF LOCAL REGULATORY EFFORTS IN IDENTIFYING AND

CONTROLLING THE THREAT OF UNDERGROUND FUEL STORAGE TANKS

Charlotte Stiefel and George Heufelder

Barnstable County Health & Environmental Department
Superior Courthouse
Barnstable, Massachusetts 02630

Abstract

For the past two vyears, the Barnstable County Health and
Environmental Department, a regional advisory agency, has coordinated
a county-wide effort to assist towns in formulating an overall
underground storage tank (UST) management plan for groundwater
protection. Certain key elements for initiating a residential UST
program have been identified and include passage of a comprehensive
regulation, support of regional and local agencies and public education
initiatives. The level of regulation determines the overall reduction
of threat to the groundwater, as evidenced by number of tank removals.
When only registration of residential UST was required, up to 10% of the
residential UST are removed annually. Passage of a comprehensive UST
regulation which also includes testing and removal requirements resulted
in up to 18% tank removal. Reduction in the number of residential UST
can be greatly enhanced if the local municipality takes initiatives to
reduce the removal costs, such as allowing disposal at the 1local
landfill. Administration of an effective UST control program requires
a significant time commitment; in Barnstable County this has been
supplied at a regional level, with help from local fire and health
departments.

Regarding commercial UST, despite comprehensive state regulations,
over 20% of the tanks in the study area were not in compliance with
testing requirements. Local initiatives in the form of a single
notification letter resulted in an almost-immediate reduction of this
figure to 11%.

Introduction
Leaking underground storage tanks (UST) constitute one of the most

§ignificant threats to groundwater quality in the United States. The
increased awareness of this problem is demonstrated by the number of
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state and federal UST regulations which have been adopted in the last
few years. A comprehensive wellhead protection program, however, should
also include local efforts at UST control.

In Barnstable County, Massachusetts (which includes the fifteen
towns comprising Cape Cod) the need for such regulation was underscored
by the 1977 contamination of Provincetown's public water supply from
leaking underground tank. Shaken by this catastrophe, many Cape towns
adopted local health regulations on UST in the early 1980's. These
regulations, like the present state/federal regulations, focused on
"commercial" tanks leaving many tanks exempt from strict controls. In
1986, the Barnstable County Health and Environmental Department (BCHED),
under funding from the US EPA Office of Underground Storage tanks, began
to assist towns in developing a comprehensive UST management program
which addresses not only the commercial installations but the remaining
threat of on-site (mostly residential) heating oil tanks.

The role of the Barnstable County Health & Environmental Department
is strictly advisory; we do not have the authority to mandate
residential UST regulation. Therefore, our approach has been to
encourage towns to adopt regulations and then assist them in
implementing a comprehensive UST management program. As might be
expected, our recommendations are followed to varying degrees among
different towns. This paper evaluates which aspects of a UST program
are the most effective and those factors to consider when instituting
various components. Also included is an analysis of the efficacy of
local efforts in the enforcement of the state/federal regulation of
commercial tanks.

Residential UST Program

The BCHED program includes the development and presentation of a
model Board of Health regulation, tank testing by soil-vapor analysis,
public education, data management and enforcement assistance.

The model regulation, which is included in Appendix A, covers
mandatory tank registration and tagging along with various installation,
maintenance, testing, spill/leak reporting and removal requirements.
Briefly, all heating oil UST are registered with the 1local health
department and given a numbered tag to attach to the fill pipe. 0il
distributors are then required to report unregistered tanks to the
health department. New installations are required to be double-walled
with interstitial space monitoring. Existing tanks must be tested at age
15 and annually after age 19 and removed at age 30. At this time, 11 of
the 15 Cape towns have revised their original UST regulations in
response to our recent efforts. As mentioned above, many towns have
revised or adopted only parts of the model regulation.

Under the EPA grant, BCHED developed a UST testing program involving
the use of §011igas analysis as an easy and inexpensive method of
testing heating oil tanks. The method and materials used are explained,

in detail, in REGULATION AND TESTING OF RESIDENTIAL UNDERGROUND FUEL
STORAGE TANKS (Stiefel & Heufelder, 1988). Using this method, a
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residential tank can be tested at a first year cost of under $200;
testing in subsequent years would cost under $50. The existence of this
testing program was a very important factor in the acceptance of a
testing requirement on residential UST. Most Boards of Health would have
been reticent to impose expensive restrictions on "innocent" homeowners.
The inclusion of a testing requirement in a town's regulatory effort is
an important factor in the overall success of the program.

The public education efforts of BCHED are another important, though
unquantifiable, factor in the overall success of UST regulation in
Barnstable County. Efforts to speak to appropriate groups and,
especially, to members of the media are critical to the success of any
effort. Foremost, personnel in the fire and health departments must be
made aware of the threat, and, more importantly, be compelled to
alleviate the threat. This is often a problem; Boards of Health and fire
officials have so many responsibilities that they are sometimes
unwilling, or actually unable, to take on another project. In
Barnstable County, this problem was partially addressed by the
assistance that BCHED could supply under the auspices of the grant.
Regardless of the time spent, the philosophy of these departments is
very important. Statements made by local officials as to the importance
of tank testing and removal go a long way toward making it a reality.

Education of the general public is also essential. The average
tankowner must be convinced that the costs involved with testing and/or
removal of UST are outweighed by the protection these measures afford
to the groundwater. This education process must also extend to oil
dealers. Their first reaction, fear of losing customers, must be
alleviated by convincing them that cooperation with these regulatory
efforts is in the best interest of their customers. Since oil dealers
have the most complete information on the locations of UST, obtaining
their cooperation is essential. Many Cape o0il dealers have agreed to
send form letters to their customers notifying them of the regulations
- this has proven to be the best way of getting the word out.

An additional BCHED activity offered to 1local UST management
programs is data management. Computer programs have been written which
allow rapid inquiry, sorting and listing of UST records, facilitating
the issuance of testing and removal notifications in an efficient and
economical manner. These programs were written in a commonly-used
database system and operated from a Personal Computer.

Results and Discussion

To determine which of the towns' programs were the most effective
at reducing the overall risk to groundwater and which components of the
program lead most to its success, we partitioned the towns' actions into
four "levels": registration, tagging and testing; registration and
tagging only; registration only (no oil-dealer participation in the
notification process); and those taking no action. The evaluation
criteria used is the number of tanks taken out of service and is based
on the assumption that a tank removed from service translates to a
reduction in the overall threat to groundwater.
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Figure 1 indicates the number of tanks taken out of service in each
of five of the nine towns which have accepted the full regulation.
These five towns were selected for analysis based on the ability to
obtain reliable tank-removal information for both pre-regulation and
regulation periods. The regulations in each of these towns were passed
during 1987 and became effective in the latter part of that year.
Therefore, 1988 is considered the first regulatory year in these towns.
These data are compared with that of five towns (Figure 2) which have
promulgated regulations requiring only registration of tanks (Dennis,
Harwich and Sandwich) or towns having no requlation at all (Eastham and
Yarmouth). These data show that there were greater increases in tank
removal activity in towns having a complete regulation compared with
towns which do not. Towns with a comprehensive regulation generally had
a 4-60 fold increase in tank removals across pre-post regulatory years
(Figure 1) and greater than 5% of the UST population taken out of
service each year (Table 1). This compares with towns which do not have
a comprehensive regulation and generally exhibit less than a 5-fold
increase in activity across years 1986-1989 (Figure 2) and have less
than 5 % of the UST population removed each year (Table 1).
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Figure 1 Numbers qf residential UST taken out of service in
selected towns having comprehensive UST regulations. Barnstable
County, Massachusetts 1987-1989.
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Figure 2 Numbers of residential UST taken out of service in
selected towns without comprehensive UST regulations. Barnstable
County, Massachusetts 1986-1989. ND= no data.

Table 1: Percentage of total residential underground tanks removed in
the years 1986-1989. Numbers in parentheses represent the estimated
number of USTs present in 1987.

Towns with comprehensive UST requlations

Orleans Chatham Barnstable Falmouth Brewster

(440) (380) (900) (650) (300)
1987 .2% 3% 2% .6% 2%
1988 14% 13% 13% 3% 9%
1989 18% 7% 16% 5% 6%

Towns Without comprehensive UST requlations

Dennis Harwich Sandwich Eastham Yarmouth
(305) (226) (350) (325) (600)
1986 1% ND ND .6% .5%
1987 2% ND ND 3% 1%
1988 6% 2% 1% 4% 2%
1989 10% 10% 2% .7% 3%

Total number of tanks is estimated, numbers removed are from fire
department records. ND= No data.

Among towns having a comprehensive regulation, there are differences
in the success of the program as evidenced by the number of tanks taken



out of service. Although it is difficult to totally isolate those
factors which account for the success of residential UST programs, our
experience in nine towns allows us to draw some conclusions.

The most successful programs exist in the towns of Orleans and
Barnstable. Several factors contribute to the success in _Orleans.
Foremost, since they were the first town to adopt the regulation, they
received maximum input from our department. Also, both the health and
fire departments made strong commitments toward addressing the economic
and regulatory issues associated with tank 