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Message from the Area Hydrologist

The U.S. Geological Survey is an earth-science information agency. It has no
regulatory role, but is recognized for its impartial fact-finding and research
mission. The Water Resources Division accomplishes this mission by collecting and
interpreting hydrologic data and conducting research that enables water-
resources managers to make decisions based on objective scientific information.
This report describes the current (1993) activities of the Water Resources Division in
New England.

Water-resources studies in New England are conducted from offices located in
each of the New England States. Staff in these offices receive support from
specialists af the Area and Regional level, from the National Water Quaility
Laboratory, and from staff of the National Research Program. Quality assurance/
quality control systems, a National Training Center, and Nationally designed data
systems ensure that Water Resources Division activities at all locations are
accomplished by consistent proven methods.

The Survey also engages in other programs in New England that encompass
geology, offshore minerals assessment and topographic mapping. These
activities are administered by other divisions and are directed from regional
offices in Reston, Va.

Most of the Survey’s water-resources studies conducted in New England are done
in cooperation with State and local agencies or with other Federal agencies.
These cooperators and the general public are our customers and we strive to
keep our products and services relevant to our customers needs and otherwise
meet their expectations. To meet these needs and expectations, we continue o
provide a balance of hydrologic data collection, resource appraisals, and
research relevant to the water-resources information needs in New England. We
thank you, our cooperators and customers, for your continued support.

I hope that you find this report interesting and informative. If you would like more

information on the activities described, please contact me or any of the District
Chiefs listed in the report.

lvan C. James, |i

Area Hydrologist, New England Program Area
Marlborough, Massachusetts
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U.S. GEOLOGICAL SURVEY,
Water Resources Division

BASIC MISSION AND PROGRAM

The mission of the Water Resources Division is to provide the hydrologic information and
understanding needed for the optimum utilization and management of the Nation’s
water resources for the overall benefit of the people of the United States.

This is accomplished, in large part, through cooperation with other Federal and non-Fed-
eral agencies, by:

1. Collecting, on a systematic basis, data needed for the continuing determination
and evaluation of the quantity, quality, and use of the Nation’s water resources.

2. Conducting analytical and interpretive water-resource appraisals describing the
occurrence and availability, and the physical, chemical, and biological charac-
teristics of surface and ground water.

3. Conducting supportive basic and problem-oriented research in hydrautics, hydrol-
ogy. and related fields of science 1o improve the scientific basis for investigations
and measurement techniques and to understand hydrologic systems sufficiently
well to quantitatively predict their response to stress, either natural or manmade.

4. Disseminating the water data and the results of these investigations and research
through reports, maps, computerized information services, and other forms of
public releases.

5. Coordinating the activities of Federal agencies in the acquisition of water data for
streams, lakes, reservoirs, estuaries and ground water.

6. Providing scientific and technical assistance in hydrologic fields to other Federal,
State, and local agencies, 1o licensees of the Federal Energy Reguiatory Commis-
sion, and to International agencies on behalf of the Department of State.




Water-Resources Actfivities In
New England, Fiscal Year1993

Compiled by Marianne F. Orlando

INTRODUCTION

The Water Resources Division of the U.S.
Geological Survey is responsible for appraising
and describing the quantity and quality of the
Nation’s water resources, and for scientific
investigation of existing or potential water
problems. Technical information describing the
source, occurrence, movement, availability,
use, quantity, and quality of the waters is
available to alt concerned with development
and management of water and related land
resources.

Programs of the Water Resources Division are
financially supported by direct appropriations
from Congress, tfransfer of funds from other
Federal agencies, and, primarily, by
Joint-Funding Agreements with State and local
government agencies. Under Joint-Funding
Agreements, the costs of mutually planned
programs are usually shared by the Federal
government and the cooperating agency with
the Federal share not to exceed one-half the
cost of the program. Such sharing assures that
Water Resources Division programs are
responsive to both local and National priorities.

NEW ENGLAND PROGRAM AREA

The New England Program Area includes a staff
of hydrologists, hydrologic technicians,
computer specialists, scientific illustrators, reports

specialists, administrative and clerical personnel,

and drillers. Hydrologists have backgrounds in
biology. chemistry, engineering, geology.
hydrology, and mathematics. Duties of the staff
include collecting, compiling, and interpreting
hydrologic data, and preparing reports for
publication.

Districts are supported at Regionat and
National levels by technical experts in surface-
and ground-water technology:; in the physical,
chemical, and biological properties of water;
in automatic data processing; in systems
analysis; in borehole geophysics; and in drilling,
sampling, and testing geologic materials. A
central laboratory system ensures timely
analyses of water and sediment samples, strict
quality control in testing procedures, and entry
of most data into the National Water
Information System, the Water Resource
Division’s extensive data base, and into
STORET, a data base maintained by the U.S.
Environmental Protection Agency.

Publications include basic-data reports,
interpretive reports, and journal articles that
describe the occurrence, and quantity, and
physical, chemical, and biological
characteristics of surface and ground water.

ABOUT THE REPORT: This report briefly describes
the Water Resources Division’s New England
Program Area and water-resource projects
that were active in each District as of
September 30, 1993 (the end of the fiscal
yean). it also provides a bibliography, by
District and author, of reports published since
1977.

ADDITIONAL INFORMATION: Further information
may be obtained from the Chiefs of District
Offices in Augusta, Maine; Marlborough,
Massachusetts; Augusta, Maine; Bow, New
Hampshire; and Subdistrict Office in
Providence, Rhode Island (addresses inside
back coven). A field office also is located in
Montpelier, Vermont.

Introduction - 1
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Connecticut District

COOPERATORS

City of Meriden
City of New Britain
City of Torrington
Connecticut Department of Environmental Protection
Connecticut Department of Transportation
Federal Emergency Management Agency
Holyoke Water Power Company
Lake Waramaug Interlocal Commission
Lake Waramaug Task Force
Quinebaug Partnership
South Central Connecticut Regional Water Authority
Town of Fairfield
U.S. Department of the Army, Corps of Engineers
U.S. Department of Justice, Federal Bureau of Investigation
U.S. Department of Transportation, Federal Highway Administration
U.S. Environmental Protection Agency

Connecticut District - 3
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SW Stations / CT001

Surface-Water Stations

PROJECT CHIEF:
Michael A. Cervione, Jr.

COOPERATOR(S): City of New Britain; City of Torrington;
Connecticut Department of Environmental Protection;
U.S. Department of the Army, Corps of Englneers;
Holyoke Water Power Company; Quinebaug
Partnership: South Central Connecticut Reglonal Water
Authorlty; and Town of Falrfleld, Lake Waramaug
Interiocal Commission; Lake Waramaug Task Force

PROBLEM: Surface-water sources supplied about 85
percent of the total offstream freshwater used in
Connecticut during 1990—about 902 million gallons per
day. Thermoelectric-power generation (630 million
gallons per day) and public supply (302 milllon galions
per day) were the two largest uses of surface water.
About 2,760,000 people. or 66 percent of
Connecticut's population, used surface-water supplies.
The largest surface-water withdrawals are in the Lower
Connectlcut, Farmington, and Saugatuck Rlver Basins.
Water quality in streams in Connecticut generally Is
suitable for most uses. Streamflow moniforing is
essential for survellance, planning, design, hazard
warning, operation, and management. Streamfiow
monitoring also is essential for water supply.
hydroelectric power, fiood control, irrigation, bridge
and culvert design, wildlife management, poliution
abatement, flood-plain management, and
water-resources development. To provide this
information, an appropiiate data base is necessary.

OBJECTIVE: A. Collect surface-water data sufficlent fo
satisfy needs for current-purpose uses, such as
(1) assessment of water resources, (2) operation of

PERIOD OF PROJECT:
Continuous since July 1928

reservoirs or industries, (3) flow forecasting, (4) disposal
of wastes and pollution controls, (56) publication of
discharge data to accompany water-quality
measurements, (6) conformity to compact and legal
requirements, and (7) research or special studies. B.
Collect data necessary for analytical studles to define
for any location the statistical properties of, and trends
in, the occurrence of water In streams, lakes, estuaries,
etc., for use in planning and design.

APPROACH: To meet the stated objectlves, this project
collects stream discharge, and stream and lake stage
data from a network of gaging stations, Including daily
discharge, periodic discharge, dally stage, and
perlodic stage stations to define streamfiow and stage
conditions in the State of Connecticut. Standard
methods of data collection will be used as described in
the serles, “Techniques of Water-Resources
Investigations of the U.S. Geological Survey.”

PROGRESS: Surface-water data from 77 contfinuous
streamfiow, stage. fidal, partial record, and
miscelianeous measurement statlons were collected,
complled, and pubilshed for the 1992 water year.
Surface-water data for the 1993 water year were
collected and are being processed for publication in
the annual Water Resources Data report. Real-time
data were acqulred using data-coilection platforms
(DCP's) at four end-of-month index stations, at two
streamfiow allocation basin management stations, and
at two remote sites for geographlc control in
southeastern and northwestern Connecticut.

Connecticut District - 5



SW Stations / CT001

PLANS NEXT YEAR: Statewide data collection will
continue. Ten stations, equipped with satellite-relay
data In transmitters—eight owned by the

U.S. Geological Survey (USGS) and two owned by the
U.S. Army Corps of Engineers and serviced by the
USGS—uwill continue to supply real-time transmission of
streamflow information as primary record sites.

COMPLETED REPORIS: This project contributes to the
annual report "Water Resources Data—Connecticut.”
Data on stream discharge and stage and on lake or
reservolr levels, through September 1940, were
published annually under the titie "Surface-Water Supply
of the United States, Part A." For the 1968 through 1970
water years, the data were published in two 5-year
reports. Beginning with the 1961 water year through the
1974 water year, data relating to the quantities of
surface water were published In “Water Resources Data
for Connectlcut.” Beginning with the 1975 water year,
the report titte was changed to “Water Resources
Data—Connecticut (water year).”

OTHER REPORTS:

Blgwood, B.L.. and Thomas, M.P., 1955, A flood-flow for-
mula for Connecticut: U.S. Geological Survey
Circular 365, 16 p.

Cervione, M.A., Jr., 1972, Time of travel of a dye in Quin-
nipiac River, Connecticut: Connecticut Department
of Environmental Protection Bulletin 2, 11 p.

Lal, Chintu, Ruggles. F.H., Jr., and Welss, L.A., 1971, Evalu-
ation of flow In tidal reaches of the Connecticut
River by mathematical model: U.S. Geological Sur-
vey open-flle report, 24 p.

Shepard, T.B., and Welss, L.A., 1988, Cost-effectiveness of
the U.S. Geologicdl Survey’s sfream-gaging pro-
gram in Connecticut: U.S. Geological Survey
Water-Resources Investigations Report 85-4333, 63 p.

Thomas, M.P., 1972, Gazetteer of natural areas of
streams and water bodies within the State of Con-
necticut: Connecticut Department of
Environmental Protection Bulletfin 1, 89 p.

Welss, L.A., 1971, Dispersion computation and tempera-
ture simulation for the Connecticut River estuary by
mathematical model, in Geological Survey
Research 1971: U.S. Geological Survey Professional
Paper 750-B, p. B211-B217.

____ 1971, Mathematical model to compute reaeration
coefficlents for the Connecticut River, In Geological
Survey Research 1971: U.S. Geological Survey Profes-
sional Paper 750-D, p. D165-D170.

___ 1988, Rainfall-runoff relationships of the Hop Brook
basin, Manchester, Connecticut: U.S. Geological
Survey Water-Resources Investigations Report
85-4327,22 p.
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Ground-Water Stations

PROJECT CHIEF:
Michael A. Cervione, Jr.

PERIOD OF PROJECT:
Continuous since July 1960

COOPERATOR(S): Connecticut Department of
Environmental Protection

PROBLEM: Ground-water sources supplled about 15
percent of the total offstream freshwater used In
Connectlcut during 1990—about 165 million galions per
day. About 1,130,000 people, or 34 percent of
Connecticut's population, used ground-water supplies.
Public-supply (72.5 milllon gallons per day) and
domestlc self-supply (46.3 milllon gallons per day) were
the two largest uses of ground water. The largest
ground-water withdrawals were from the
glaclal-deposit and crystalline-bedrock aquifers in the
Lower Connecticut and Housatonlc River Basins.
Ground water beneath more than 90 percent of the
land in the State is consldered to be suitable for drinking
without treatment; however, the urbanized and
industriallzed nature of parts of Connecticut has
resulted in many incidents of ground-water
contamination. Long-term water-level monltoring is
needed to evaluate the effects of climatic variations on
the recharge to and discharge from the ground-water
systems, to provide a data base from which to measure
the effects of deveiopment, to assist In the prediction of
future supplies. and to provide data for management of
the resource.

OBJECTIVE: (1) Collect ground-water-level data
sufficlent to provide a data base so that the general
response of the hydrologlc system to natural climatic
variations and induced stresses is known and potential
problems can be defined early enough to dliow proper

planning and management. (2) Provide a data base
against which the short-term records acquired In areal
studies can be analyzed. (3) Develop master
quadrangle or town maps of ground-water and
geophysical information generated and updated
through a digital system (GIS).

APPROACH: Evaluation of reglonal geology dllows
broad, general definitlon of aqulfer systems and their
boundary condltions. Within thls framework and with
some knowiedge of the stress on the system In time and
space, and the hydrologlc properties of the aqulfers, a
subjective decision can be made on the most
advantageous locations for observation of long-term
system behavior. This subjective network can be refined
as records become avaiiable and detailed areal studies
of the ground-water system more closely define the
aquifers, their properties, and the stresses to which they
are subjected. Base maps will be generated for each
Connecticut quadrangle or town of ground-water and
geophyslcal information using Geographical
Information System (GIS) techniques. These data will be
digitized using both the Survey's (USGS) computer
hardware, ARC/INFO geographlc software, and related
information and graphlc software in the USGS
Distributed Information System (DIS) and the
Connectlcut Department of Environmental Protection
(DEP) ARC/INFO GIS program. All digltal data will be
from 1:24000 scale source maps. Attributes will be
selected from data source in System 2000.
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PROGRESS: Ground-water data for 46 wells in the
observation network were entered into computer
storage, revlewed, and published for the 1992 water
year. Water-level measurements were made twice a
month In 59 wells used in the long-term State
observation network for the 1993 water year. Thirteen
new wells were drilled in the 1993 water year for the
modified observation network.

PLANS NEXT YEAR: Data coliection, compilation, and
answering requests for ground-water information in
Connecticut will continue. Ground-water-level
measurements will continue on a twice a month
schedule. All data will be pubillshed in the annual
data-report serles. Water-level measurements at six
new wells will be Inifiated and incorporated Into the
statewlde network. Arrays will show water-levei
fluctuations in hilltops, hilisides, and valley bottoms. The
program wiii be modifled to incorporate 73 wells In the
statewlde-observation network for data entry and
water-resource management decisions. Water-level
information Is contributed to the monthiy “Water
Resources Condltions in Connecticut” based on 14
observation weils with long-term records. Digitization of
ground-water and geophysical information using GIS
format to generate master base maps wiil continue.

COMPLETED REPORTS: This project contributes to the
annual report "Water Resources Data—Connecticut.”
Water leveis for the 1935 through 1974 water years were
published under the titie "Ground-Water Levels in the
United States.” Beginning in the 1971 water year,
ground-water data were published in "Water Resources
Data for Connecticut' on an annual basis. Beginning
with the 1975 water year, the report tile was changed
to "Water Resources Data—Connecticut (water year).”

OTHER REPORTS:

LaSala, A.M., Jr., 1962, Ground-water levels In Connecti-
cut, 1956-1959: Connecticut Water Resources
Bulletin 2, 33 p.

Melkle. R.L., 1967, Ground-water levels In Connectlcut,
1965-66; Connecticut Water Resources Bulletin 13,
12 p.

Meikle, R.L.,and Baker, J.A., 1965, Ground-water ievels in
Connecticut, 1960-1964: Connecticut Water
Resources Bulletin 7, 26 p.

Melvin, R.L., 1986, Connecticut observation wells—
guideiines for network modification: U.S. Geologicai
Survey Water-Resources investigations Report
85-4079. 24 p.
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Quality Of Water Stations

PROJECT CHIEF:
Denis F. Healy

PERIOD OF PROJECT:
Continuous since July 1955

COOPERATOR(S): Connecticut Department of
Environmental Protection

PROBLEM: The State of Connecticut is required to
rmonltor, compile and andlyze data on the quality of its
surface waters. The U.S. Geologlcal Survey (USGS) also
requlres water-quallty Information to accomplish Its
misslon of appralsing the quallty of the Nation's water.
Water-resource planning and water-quality assessment
requlre a nationwlde base level of relatively
standardized information on chemical, physical,
bacteriologlcal. and blological qualities of surfface and
ground water for proper planning and redlistic
assessment of water supplies and resources.

OBJECTIVE: The objective of this project is to collect,
store, document, provlde, and publish an unblased
inventory of water-quality data from a network of
water-quallty sites In Connecticut. This information
provides an assessment of water quality that can be
used for (1) planning and management of the State's
water resources, (2) determining changes and trends in
water quality over time, and (3) evaluating
cause-effect relations In water quality.

APPROACH: A network of water-quality stations was
established and operated to provide data on the
chemical, physlcal, bacterlologlcal, and biological
concentrations, loads, and trends as required by the
needs of the State and Federal pianning and
management agencles. The network Is reviewed,
appraised, and revised to meet present and future

requirements, needs, and frends in data collection,
analytical methods, parameters, frequency and areal
distribution. Standard methods of data collection are
used as described In the “Natlonal Handbook of
Recommended Methods for Water-Data Acquisition”
and Water Resources Divislon manuals and
memorandums,

PROGRESS: Daily water-quality data were collected at
nine statlons—three National Stream Quality
Accounting Network (NASQAN) stations, one Federal
station. and five State stations. Water-quality data were
collected at 29 surface-water network stations—one
quarterly, two bl-monthly, and 26 with 11-month
frequency. Data for the 1991 water year were published
in the annual report “Water Resources—Connecticut”
report. Anaiysis of water-quality frend data continued.

PLANS NEXT YEAR: Collect water-quallty data
periodically at sites throughout Connectlcut. Collect
water data from continuous monltors at two stations on
the Connecticut River. Continue two dally water
temperature stations in the Housatonic River. Collect
water-quallty samples at 29 network stations—sample 2
on a quarterly frequency, 2 on a bl-monthly frequency,
and 25 sites 8 times during the water year. Support the
National Assessment Water Quallty (NAWQA) program
through additional sampling. For NAWQA, eight
water-quality stations are heeded—four in the
statewlde network and four non-network sites.
Continue analysis of water-quality trend data for
correlations with changing water use, land use, and
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population density. Continue network evaluation.
Review, compille, and publish the data collected in
water year 1993.

COMPLETED REPORTS: This project contributes to the
annual report “Water Resources Data—Connecticut.”
Data on chemical quality, femperature, and
suspended sediments for the 1941 through 1970 water
years were published annually under the title “Quality of
Surface Waters of the United States.” Beglnning In the

1964 water year, water-quality data were published
annually In “Water Resources Data for Connecticut.”
Beginning with the 1975 water year, the report titie was
changed to “Water Resources Data—Connecticut
(water yean.”

OTHER REPORTS:

Kulp, K.P., 1982, Quadlity of surface waters In Wilton, Con-
nectlcut: U.S. Geological Survey Water-Resources
Investigations Open-Flle Report 82- 260, 51 p.
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Sediment Stafions

PROJECT CHIEF:
Chester E. Thomas, Jr.

PERIOD OF PROJECT:
Continuous since July 1975

COOPERATOR(S): Connecticut Department of
Environmental Protection

PROBLEM: Water-resource pianning and water-quality
assessment require a base level of sediment
iInformation. Sediment concentrations and sediment
discharges in rivers and streams must be defined and
monitored.

OBJECTIVE: To develop a data base adequate to assess
sedimentation characteristics of various drainage areas
as required for planning and management of State and
Federal programs.

APPROACH: A network of sediment stations was
established and operated for a selected period of time
to provide trends of sediment concentration, sediment
discharge, and particle size of sediment being
fransported by rivers and streams. Standard methods of
data collection are used as described in the “National
Handbook of Recommended Methods for
Water-Quaiity Acquisition” and Water Resources Division
manuals and memorandums.

PROGRESS: Sediment data for the 1992 water year were
pubiished In the annual report. Quarterly
suspended-sediment samples were collected and
analyzed for concentration and particle size at four
National Stream Quality Accounting Network (NASQAN)
sites and miscelianeous sediment samples were

coliected at seven National Water Quality Assessment
(NAWQA) sltes.

PLANS NEXT YEAR: Continue data coliection, tabulation,
and analysis at four NASQAN sites. Publish the data
coliected In water year 1993 In the annuai data-report
series. Write a report on sediment characteristics of
three streams In the Connecticut River basin—
Coginchaug River, Salmon River, and Stony Brook.

COMPLETED REPORTS: This project contributes fo the
annual report "Water Resources Data—Connecticut.”

OTHER REPORTS:

Haenl, F.P., McKeegan, D.K., and Capron, D.R., 1987,
Ground penetrating radar study of the thickness
and extent of sediments beneath Siiver Lake, Bertlin
and Meitiden, Connecticut: U.S. Geological Survey
Water-Resources Investigations Report 85-4108,
19p.

Kulp. K.P., 1983, Suspended-sediment characteristics of
the Yantic River at Yantic, Connecticut: Connecti-
cut Water Resources Bulletin 39, 34 p.

1991, Suspended-sediment characteristics of
Muddy Brook at Woodstock, Connecticut, with a
section on The water quality of Roseland Lake and
its major tributaries, Muddy Brook and Mill Brook:
Connectlcut Water Resources Bulletin 43, 64 p.
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HUD Flood Insurance Studies

PROJECT CHIEF:
Michael A. Cervione

PERIOD OF PROJECT:
July 1972 to September 1995

COOPERATOR(S): Federal Emergency Management
Agency

PROBLEM: The Natlonal Flood Insurance Act of 1968 and
the Flood Disaster Protection Act of 1973 provide for the
operation of a Flood Insurance Program. The Federal
Emergency Management Agency (FEMA) needs flood
restudies, and study updates through their Limited Map
Maintenance Program, in selected developing
Connecticut communitles to more accurately
determine applicable flood insurance premium rates.

OBJECTIVE: Conduct the necessary hydrologic and
hydraulic restudles of selected areas assigned by FEMA
on a month by month basis, and develop the most
efficlent procedures to attaln the accuracy speclfied by
FEMA.

APPROACH: The necessary surveys will be conducted by
ground and (or) photogrammetrlc methods. Develop

flood-dIscharge-frequency relatlons from locai historlc
Information, gaging-station records, and applicable
reports. Develop water-surface profiles through
step-backwater models for Incluslon In reports to be
published by FEMA.

PROGRESS: Hydraullc analysls for restudles for the
Federal Emergency Management Agency (FEMA) of
East Granby, Elington, and Granby, Connecticut were
completed. Fleld survey for type-19 restudy of Clinton,
Connecticut was completed.

PLANS NEXT YEAR: Complete final reports for East
Granby, Elington, and Granby, Connecticut, and
submit to FEMA. Complete hydraullc analysis for the
restudy of Clinton, Connecticut, and submit to FEMA.
Submlt the final reports to FEMA for Merlden and New
Britain, Connecticut studies. Submit proposals to FEMA
for a type-19 restudy of Naugatuck, Connecticut.
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Water Use

PROJECT CHIEF:
Barbara A. Korzendorfer

PERIOD OF PROJECT:
Continuous since Juiy 1977

COOPERATOR(S): Connecticut Department of
Environmentai Protection

PROBLEM: Relatively iittle information has been
systematicdily coliected describing where, how, and in
what quantities water is presently being used in
Connecticut. Current water-use data are essentiai to
determine what part of the State’s water resources
remains avaiiabie for future use. Connecticut’s iong
range pian for conservation and development cites
water-use data as a fundamentai and integrai
element of the program. The National Water-Use Data
System (NWUDS) coordinator wiii deveiop a
Connecticut water-use program that will meet the
needs of Connecticut’'s water-data users and the
Natlonai water-use program.

OBJECTIVE: (1) To estabiish and impiement a pian for a
water-use program in Connecticut that serves the
State’s future water pianning needs and is compatibie
with a National Water-Use Program. (2) To impiement
the support software needed for the Connecticut
water-use system. (3) To insure that the State’s
water-use needs, as weli as the Nationai water-use
needs are met by the proposed system.

APPROACH: Specific requirements which must be met
In order to deveiop a State water-use system that is
compatible with the Nationai System wiii be identified.
These requirements wiii be identifled through
discussions and meetings with various agencies within
the State. information from the files of iocai, State, and
Federai agencies that coiiect water-use data wiii be
evaiuated for completeness and usefuiness to the
State Water-Use Data System (SWUDS) computer
program. Each category (such as pubiic water suppiy.

industriai water use, commerciai, etc.) wiii be anaiyzed
for avaliabiiity of data. Methods wili be identified for
Statewide coliection of data in each category. Some
geographically smaiier areas such as river basins may
be seiected for special data coilection and anaiysis.
The information wiil be computerized and reports
written and pubiished by the USGS and (or) the State
of Connecticut.

PROGRESS: Work was begun on compliing, analyzing,
evaiuating. and automating site-specific data on
public-supply systems and Industrial use. Water-use
map report based on 1990 data received Director's
approval. Manuais on processing data on
pubiic-supply and wastewater disposai are on hoid
until the guideiines for the new Natlonal Water
information System (NWiS-1i) have been developed.
Reports on "Estimated Use of Water in New Engiand,
1990" and "Wastewater coliection and return flow”
have been written as first drafts. Pians for moving
water-use data from NWiS-I to NWiS-ii have begun to
be impiemented.

PLANS NEXT YEAR: Compile pubiic supply water-use
data work, hold an industrial workshop in April, and
continue processing of industrial water-use data.
Pubiish the six map reports, “Wastewater coiiection
and return flow in New Engiand” and “Estimated Use of
Water in New Engiand.” Move data from NWiS-| o
NWiS-li and prepare the first draft of a public suppiy
report for New Engiand.

COMPLETED REPORTS:

Bigham, D.K., and Bohr, J.R., 1989, Offstream freshwater
use in Connecticut, 1985: U.S. Geological Survey
Open-Fiie Report 88-457, 1 sheet.
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Technical Support

PROJECT CHIEF:
F. Peter Haeni

PERIOD OF PROJECT:
October 1990 to October 1999

FUNDING SOURCE: USGS Water Resources Division,
Office of Ground Water

PROBLEM: The Water Resources Division (WRD) has
advocated the use of surface geophysics in hydrologic
Investigations, and is making a significant effort to train
and provide technical support to hydrologists in the use
of surface geophysics. The followlng steps are needed:
(1) Select the appropriate surface geophysical
methods that are applicable to hydrologic studies. (2)
Prepare a series of manuals—"Techniques of
Water-Resources Investigations of the U.S. Geological
Survey” (TWRD and journal articles. (3) Purchase fleld
equipment for each technique. (4) Provide technical
support and training to District personnel.

OBJECTIVE: (1) Make information, equipment, and
fraining on exlsting techniques readily available to
project chiefs. (2) Investigate new technlques that have
the greatest potential for use in water-resources
Investigations.

APPROACH: Surface geophyslcal techniques will be
surveyed and classifled for thelr direct applicabllity to
hydrologic studles. Individual modules or packages for
each geophyslcal technique will be developed. Each
module would conslst of the following elements: (1) a
TWRI and one or more journal articles on each
technique, (2) one set of fleld equipment, and (3)
interactive computer programs for interpretation, and

Technical assistance will be provided to district,
reglonal, and research staffs.

PROGRESS: Numerous Water Resource Division (WRD)
districts were given technical assistance on surface
geophyslcal methods. Experiments with nuclear
magnetic resonance (NMR) methods were carried out
in Colorado, Connecticut, New Hampshire, Nevada,
and Montana. Research was conducted at Miror Lake,
N.H. for the detection of fractures In bedrock. Various
state-of-the-art surface geophysical and borehole
radar methods were used.,

PLANS NEXT YEAR: Continue providing technical support
to various Distrlct, Headquarter, and research personnel.
Develop and write fleld experiment techniques for
transfer of analog and digltal data to personal
computers (PC). Continue wrlting and developing
interfacing programs and interpretation programs.
Continue experiments with Land Selsmic Reflectlon
methods, Including three-dimensional surveys. Compile,
review, and Interpret the collected NMR fleld data.
Confinue research into methods for defecting fractures
in bedrock.

COMPLETED REPORTS:

Beres, Milan, Jr., and Haenl, F.P., 1991, Application of
ground-penefrating-radar methods in hydrogeo-
logic studies: Ground Water, v. 29, no. 3, p. 375-386.
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Development and Use of Surface Geophysical Techniques in
Ground-Water Investigations

PROJECT CHIEF:
F. Peter Haeni

PERIOD OF PROJECT:
Continuous since October 1980

COOPERATOR(S): Connecticut Department of
Transportation, Federal Highway Administration;

U.S. Environmental Protection Agency; U.S. Department
of Justice, Federal Bureau of Investigation

PROBLEM: A variety of surface geophysical methods
can help soive hydrologic problems. The Water
Resources Dlvision (WRD) has advocated the use of
surface geophysics in hydrologic investigations; and Is
making a significant effort to train, and provide
technical support to hydrologlsts In the use of surface
geophysics. In order to carry out this goal, the following
steps are needed. (1) Select the appropriate surface
geophysical methods that are applicable to hydrologic
studies. (2) Prepare a series of manuais—"Techniques of
Water-Resources Investigations of the U.S. Geological
Survey” (TWRD and joumnal arfictes. (3) Purchase field
equipment for each technique. (4) Provide technical
support and training to district personnel. () Conduct
research Into potentially usefui new techniques.

OBJECTIVE: (1) Identify the surface geophysical
techniques that are appropriate for use in hydrologic
studies. (2) Make information, equipment, and training
on existing techniques readily avallable to project
chlefs. (3) Investigate new techniques and
modifications of existing techniques that have the
greatest potential for use In water-resources
Investigations.

APPROACH: Surface geophyslcal techniques will be
surveyed and classified for direct applicability to

hydrologic studies. Individual moduies or packages for
each geophysical technique will be developed. Each
module would consist of the following elements: (1) a
TWRI and one or more Journal articles on each
technique. (2) one set of field equipment, and (3)
interactive computer programs for interpretation.
Technical assistance will be provided to district,
regional, and research staffs. Research will be
conducted on new surface geophysical techniques.
USGS will work with other Federal agencles on the use of
surface geophyslical methods in order to solve common
problems.

PROGRESS: Personnel, Division-wide were assisted in
using surface-geophysical methods. Experiments in
field application of ground-penetrating radar,
borehole radar, continuous selsmic reflections, and
seismic reflection methods continued to be studled.
Research programs in cooperation with

U.S. Geological Survey (USGS). Low level Nuclear
Waste Hydrology Program, USGS Toxic Substance
Hydrology program, U.S. Environmental Protection
Agency (USEPA). and Federal Highway Administration
(FHWA) continued. The bridge scour research program
with the FHWA at the Baldwin Bridge at Saybrook and
at Bulkeley Bridge at Hartford. Connecticut, was
reviewed, data evaluated, and study continued. The
staff collected and interpreted geophysical data at
USGS fractured rock research site at Mirror Lake, New
Hampshire.
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PLANS NEXT YEAR: Field experiments and development
of fechniques for transfer and downloading of analog
and digltal data to personal computers to enhance
intferpretation is a continuing program, The
geophysical unit staff will be developing and writing
Interface programs and will continue developling the
Interpretation programs. The program in the
state-of-the-art use of geophysics for bridge scour
program for FHWA and use of surface geophysical
techniques for detecting fractures in bedrock for both
USEPA and USGS Toxic Substances Hydrology Program
willl continue. Borehole radar studies at Mirror Lake,
New Hampshire, fractured bedrock research site will
be conducted.

COMPLETED REPORTS:

Gorln, S.R.. and Haenl, F.P., 1989, Use of surface-geo-
physlcal methods to assess riverbed scour at bridge
piers: U.S. Geologlcal Survey Water- Resources Inves-
figations Report 88-4212, 33 p.

Haeni, F.P., 1986, Application of continuous seismic-re-
flectlon methods to hydrologic studies: Ground
Water, v. 24, no. 1, p. 23-31.

Haeni, F.P., 1986, Applicatlon of seismic-refraction meth-
ods in ground-water modeling studies in New
England: Geophysics, v. 51, no. 2, p. 236-249.

Haenli, F.P., 1986, The use of electromagnetic methods to
dellneate vertical and lateral lithologic changes In
glacial aquifers, in National Water Well Association
Conference on Surface and Borehole Geophysical
Methods and Ground Water Instrumentation, Den-
ver, Colorado, October 15-17, 1986, Proceedings:
Worthington, Ohlo, Natlonal Water Well Association,
p. 259- 282.

Haeni, F.P., 1988, Application of selsmic-refraction tech-
niques to hydrologlc studies: U.S. Geological Survey
Techniques of Water-Resources Investigations, book
2, chap. D2.86 p.

Haeni, F.P., and Gorin, S.R., 1989, Post-flood measure-
ment of a refilled scour hole at the Bulkeley Bridge in
Hartford, Connecticut, In Briidge Scour Symposium,
Mclean, Virginia, October 17-19, 1989, Proceedings:
Mclean, Virginia, Federal Highway Administration,
not paginated.

Haeni, F.P., and Melvin, R.L., 1984, High resolution contin-
uous seismic-refiection studies of a stratified-diift
depositin Farmington, Connecticut, in Nielson, D.M.,
and Curl, Mary, eds., National Water Well Associa-
tion/Environmental Protection Agency Conference
on Surface and Borehole Geophyslcal Methods In
Ground-Water Investigations, San Antonio. Texas.
Proceedings: Worthington, Ohio, National Water
Well Association, p. 237-256.

Knall, M.D., Haeni, F.P., and Knight, R.J.. 1991, Character-
ization of a sand and gravel aquifer using
ground-penetrating radar, Cape Cod, Massachu-
sefts, in Mallard, G.E., and Aronson, D.A., eds.,

U.S. Geologlcal Survey Toxic Substances Hydrology
Program—Proceedings of the technical meeting.
Monterey, Cadlifornla. March 11-15, 1991:

U.S. Geological Survey Water-Resources Investiga-
flons Report 91-4034, p. 29- 35.

Tuccl, Patrick, Haeni, F.P., and Balley. Z.C., 1991, Delinea-
fion of subsurface stratigraphy and structures by a
single channel, continuous seismic-reflection survey
along the Clinch River, near Oak Ridge, Tennessee:
U.S. Geologlcal Survey Water-Resources Investiga-
tions Report 91-4023, 27 p.
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Atmospheric Deposition Chemistry and Distribution in Connecticut

PROJECT CHIEF:
Position Vacant

PERIOD OF PROJECT:
July 1981 to September 1994

COOPERATOR(S): Connecticut Department of
Environmental Protection

PROBLEM: Recent studies indicate that atmospheric
deposition can have significant adverse effects on the
environment, insufficient information on the chemistry
and distribution of atmospheric deposition preclude
assessing Its impact on Connecticut. A comprehensive
data-collection and anaiysis program in the State is
required to provide needed Information. These data are
also essential for adequately assessing the regional and
national aspects of atmospheric deposition.

OBJECTIVE: (1) Determine the chemical properties of
atmospheric deposition in Connecticut. (2) Determine
the spatial distribution of atmospheric deposition
chemistry In the State. (3) Determine relations between
atmospheric deposition chemistry and air mass
movements. (4) Provide baseiine data that can be used
to determine trends and estimate loads.

APPROACH: (1) Three representative sampiling sites will
be selected. (2) Each site will be equipped with
automatic wet/dry collector and recording rain gage.
(3) Sampies of pH, mgjor ions and cations,
macronutrients, and selected heavy metais will be
coilected and analyzed. (4) Loads wiil be estimated.
(5) Data on dir mass movements reiative to samples will

be obtained. (6) Spatial distribbution and reiationships of
chemistry fo air mass movements will be determined.
() Trends will be determined and loads will be
estimated. (8) Four sites bordering Long isiand Sound wili
be estabilished in order to provide baseline data to
interpret atmospheric deposition to Long Island Sound
for the U.S. Environmentai Protection Agency/National
Oceanic and Atmospheric Administration (EPA/NOAA)
studly.

PROGRESS: Precipltation sampling at the three baseline
ambient stations was discontinued. Data were
compiled. The Project Chief transferred. The report is in
the initiai stages of development.

PLANS NEXT YEAR: A new author wili be assigned to the
project. Precipitation data will be analyzed for the
period of record, 1983-91. The report outiine will be
submitted for review: preparation of the report wiil

begin.
COMPLETED REPORTS:

Kulp, K.P., and Hunter, B.W., 1987, Precipitation chemistry
in Connecticut, 1981-83: Connecticut Water
Resources Bulietin 40, 28 p.
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Major Connecticut Aquifers

PROJECT CHIEF:
Robert L. Melvin

PERIOD OF PROJECT:
March 1982 o September 1992

COOPERATOR(S): Connecticut Department of
Environmental Protection

PROBLEM: Stratified-drift aquifers in several parts of
Connecticut have potentiai for future water-resources
development. Demand for additional water is high in
these areas and hydrogeologic information Is needed
to plan and manage development of these aquifers.

OBJECTIVE: Quantitative hydrogeologic Information on
Connecticut stratified-drift aquifer systems needs to be
provided for planning and future management. This
information includes: (1) Determining the geometry
and heterogeneity of stratified-drift deposits. (2)
Determining the quantity of water avallable from the
aquifer systems under various conditions. (3) Potential
Impacts of ground-water development on selected
elements of the hydrologic system. (4) Current quality
of ground water and hydraulically connected
surface-water bodies.

APPROACH: (1) Hydrogeologic and water-quality data
will be reviewed to determine data deficiencles. (2) A
model will be Initially constructed, using elther an
anaiytical model based on the Theis equation and

method of Images programmed for computer solution,

or a two-dimensional numericai model. (3) Hydrologic
data needed to model fiow system and evaluate
present water quality will be coliected and analyzed.
@ A final model will be constructed and water that
can be withdrawn under long-term average and
drought conditions wili be simulated and estimated.

PROGRESS: Map unit descrlptions for 1:24,000 surficial
materlals maps that are in digital format in
Connecticut's Geographic Information System (GIS)
data base have been completed. Geologic
Interpretation and average thickness of stratified-drift
data for digital map and report on volume of coarse

aggregate was given to the Connecticut Department
of Environmental Protection in assistance to their
overall mapping program. Unit descriptions for the
Quaternary geologic map of Connecticut were
completed. The stratified-drift aquifers report in the
Titicus River valley was approved and published as
Water-Resources investigations Report 87-4144.

PLANS NEXT YEAR: The Quaternary geologic map work
should be completed and submitted for colleague
review.

COMPLETED REPORTS:

Bingham, J.W., 1991, Water avallabliity and quality from
the siratified drift In Anguilla Brook basin, Stonington
and North Stonington, Connecticut: U.S. Geologlcal
Survey Water-Resources Investigations Report
85-4276,49 p.

Grady, S.J., Weaver, M.F., and Bingham. J.W., 1992,
Ground-water avallabllity and water quality in the
Titicus River valley, Ridgefield, Connecticut:

U.S. Geological Survey Water-Resources investiga-
fions Report 87-4144, 80 p.

Mazzaferro, D.L., compiller, 1986b, Ground-water ylelds
for selected stratified-drift areas In Connecticut:
Connecticut Geological and Natural History Survey,
Natural Resources Atias Serles Map. scale 1:125,000.

Melvin, R.L.., and Bingham, J.W., 1991, Avdilabiilty of
water from stratified-drift aquifers In the Farmington
River valley, Simsbury, Connecticut: U.S. Geologicai
Survey Water-Resources investigations Report
89-4140,77 p.

Melvin, R.L.. Thomas, H.F., and Moore, R.E., 1988, Cooper-
ative efforts in ground-water protection—A
Connectlcut history: U.S. Geological Survey Year-
book, Fiscal Year 1987, p. 8-18.
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Water-Quality Assessment of Connecticut Lakes

PROJECT CHIEF:
Denis F. Healy

PERIOD OF PROJECT:
March 1989 to September 1992

COOPERATOR(S): Connecticut Department of
Environmental Protection

PROBLEM: Lake eutrophication, acidification, and
contaminated bottom sediments are major problems in
the northeastern United States. Water-qualiity
information on Connecticut lakes Is insufficient for
accessing thelr frophlc condition, degree of
acidification, and contamination of bottom sediments
by toxic substances. identification of probiem lakes will
allow development of programs to restore and maintain
water quality at a level that will provide maximum use
and benefits,

OBJECTIVE: (1) Determine the trophic state of 49
public-access lakes in Connecticut. (2) Determine if,
and to what extent, the lakes thermally stratify during
the summer. (3) Defermine the degree of acidification
of the iakes. (4) Determine changes in water quality that
have occurred over the last 15 years at 13 lakes that
were previously studied. (5) Determine the
concentration of selected toxic substances in the
bottom sediments of 12 lakes that have received waste
discharges. (6) Provide baseline water-qudlity data for
future assessments.

APPROACH: (1) Forty-nine lakes will be selected for
investigation, including 13 previousiy studled in the
1970’s and 12 known or suspected to have received
foxic contaminants. (2) Each lake will be sampied
during spring overturn and summer stratification for
nutrients, alkalinity, and transparency. Temperature, pH,
speclfic conductance, and dissolved-oxygen
concentrations will be determined at varlous depths in
the iake. (3) In summer, Surface chlorophyili-a
concentration and the areal coverage, density, and
dominant types of macrophytes will be determined.
(4) Representative sampies of bottom sediments from
selected lakes wiil be collected and analyzed for
concentrations of heavy metais and polyaromatic
hydrocarbons. (5) Trophic level and degree of
acldification of iakes will be determined.

PROGRESS: New project chlef reviewed data and
completed data entry into data base. Project is
complete except report: the draft of final report is
compiete and Is in review.

PLANS NEXT YEAR: Final report will be submitted for
Director’s approval June 1994.
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Ground-Water Fiow in Riparian Areas / CT059

Ground-Water Flow in Riparian Areas

PROJECT CHIEF:
John R. Mullaney

COOPERATOR(S): Connecticut Department of
Environmental Protection

PROBLEM: An experiment to evaluate the effects on
water quality of changing riparian land from agricultural
(corn production) to native forest (trees and shrubs)
requires a detalled hydrogeoioglc characterization of
the study slte. The detalled Information Is needed to
estimate the quantity of ground water flowing through
the riparlan areas and o design a network of multilevel
sampling wells that wiil provide data on the
concentrations and mass flux of nutrients and other
selected constituents, entering. leaving, and within the
saturated zone beneath the rparian areas.

OBJECTIVE: (1) Characterize the local hydrogeology
and determine the boundaries of the ground-water
fiow system in relation to different land-use areas within
and adjacent fo the study site. (2) Estimate the
ground-water fiux through the riparian areas where
forest will be established and where agricultural use wilt
continue. (3) design a network of multiievel sampling
wells sufficient for determining the vertical distribution of
constituent concentrations and for calculating the
approximate mass constituents In the saturated zone
beneath and at upgradient and downgradient limits of
the two types of riparian areas.

APPROACH: Hydraulic gradients and subsurface
geology will be characterized In a reconnalssance

PERIOD OF PROJECT:
January 1991-January 1994

phase consisting of imited piezometer installation,
coring, and selismic-refraction surveys. Head data from
a dense piezometer network and hydraulic conductivity
estimates from slug tests will be used to construct fiow
nefts. The fliow nets wili be used to establish boundarles
of the ground-water fiow system in the areas of interest,
Ground-water fiow through the rparian zone wiil be
estimated using the flow nets or a fiow model. The
network of multilevel sampiing wells will be designed
using the information on subsurface geology and head
distribution in the saturated zone.

PROGRESS: Additional driling was conducted fo coilect
cores of strafified drift and till for subsequent grain-size
analysls. Slug tests were conducted at 18 wells.
Hydraulic conductivity values were estimated from this
data, and fiownets were constructed to determine the
seasonal ground-water runoff to Muddy Brook. A report
outiine was prepared and approved. A draft of the finai
report "Hydrogeology and ground-water fiow at the
Muddy Brook Riparian Zone, North-Central Connecticut”
was written and an editorlai review was completed.

PLANS NEXT YEAR: Estimates of hydrauiic conductivity
and ground-water fiow need to be reviewed and
updated before the report is submitted for further
review.
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USEPA Technical Assistance

PROJECT CHIEF:
Robert L. Melvin

COOPERATOR(S): U.S. Environmentai Protection Agency

PROBLEM: The U.S. Environmentai Protection Agency
(USEPA), Region i, Waste Management Divislon needs
hydrogeoiogicai technical assistance for ongoing
project work at Connecticut and other New England
Superfund sltes. The USEPA Waste Management Division
is faced with the task of understanding compiex
hydrologic environments at hazardous waste sites in
order to propose remediai action at those sites.

OBJECTIVE: Provide gechydroiogic investigations for
USEPA at Superfund sites and technlcal assistance.

APPROACH: The approach of this project to achieve the
desired resuits wiii be as foliows: (1) A geohydroiogic
reconnaissance wili be performed near designated sites
to asslst USEPA In scopling of remedial
investigation/feasibliity studies (Ri/FS) activities and
thereby streamiine the RI/FS process. (2) Site managers
wiil be advised on proper scope of technicai work at
Superfund sites. (3) Ri/FS, workpian, technical
summaries, and final drafts will be reviewed for
technical content and accuracy. (4) USGS wiil
participate in technicai meetings and negotiations with
USEPA contractors and responsible parties. (5) Remedial
action aiternatives will be reviewed. (6) Numericai
ground-water models of sites wiii be reviewed. (7)

PERIOD OF PROJECT:
June 1992 to September 1994

Surface and borehoie geophysicai work will be
reviewed. (8) USGS wili direct USEPA contractors that are
performing hydrogeoiogic work. (9) Hydrogeoiogical
fleld probiems will be soived. (10) USGS wiii serve as
expert technical consuitant in the development of
enforcement actions for cost recovery of third party
cieanup.

PROGRESS: The study of the Gdliups' Quarry site was
compieted. The report was approved by Director on
July 26, 1993, A new study was begun at Durham
Meadows Superfund site. Revlew of literature and
unpubiished data in Federal and iocai agency fiies was
completed. Geophysicai surveys were conducted
consisting of dc resistivity, electromagnetic, and
ground-penetrating radar on properties adjacent to this
slte. A borehole geophyslcal survey of 13 on-site and
off-site welis was compieted as part of this project. The
geoiogicai reconnaissance mapping and gaging of
four streams in the area were compieted and
information is being compiled.

PLANS NEXT YEAR: The final report on the Durham
Meadows site will be prepared and submitted for
Directors’ approval. A third Connecticut Superfund site
wilil begin in fiscai year 1994.
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Geophysical Technical Assistance af USEPA Hazardous Waste Sites

PROJECT CHIEF:
F. Peter Haenl

COOPERATOR(S): U.S. Environmental Protectlon Agency

PROBLEM: The U.S. Environmental Protection Agency.
(USEPA). Region V, needs technical assistance In the
use of geophysical methods at hazardous waste sites.
The reglon lacks the qudiified personnel required to
plan and conduct all types of geophysical studies.

OBJECTIVE: The objective of this project is to provide
technical assistance to the USEPA in the field of
geophysics. The assistance willi include reviewing
reports and proposals from USEPA contfractors,
purchasing and setting up geophysical equipment,
providing and (or) contracting out geophysical
services, and conducting special studies. This technical
assistance will enable USEPA to better utilize
geophysics In thelr contamination studies.

PERIOD OF PROJECT:
January 1992 to September 1997

APPROACH: The approach will be to purchase
equipment, traln personnel, conduct special studies
and Interpret resullts, review reports, and review
proposals at the request of Reglon V, USEPA. This
assistance will be provided on an as needed basls
depending on the requirements of USEPA.

PROGRESS: The geophysical staff provided various
technical assistance to Reglon V USEPA personnel on
selected projects, Some geophysicai equipment was
purchased under this agreement.

PLANS NEXT YEAR: Technical assistance will continue to
be provided to Region V USEPA personnel and a radar
system will be purchased and staff will be trained In its
application.
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USEPA Region V Geophysical Assistance / CT062

Geophysical Assistance to USEPA Region V

PROJECT CHIEF:
F. Peter Haeni

COOPERATOR(S): U.S. Environmental Protection Agency

PROBLEM: The United States Environmental Protection
Agency, (USEPA), Region V, needs technicai assistance
in the use of geophysical methods at hazardous waste
sites. The reglon lacks the quaiified personnel required
to plan and conduct all types of geophysical studies.

OBJECTIVE: The objective is to provide technical
assistance to USEPA In the field of geophysics. The
assistance wili include purchasing and setiing up
geophysical equipment, providing and (or)
contracting out geophysical services, and conducting
special studies. This technical assistance will enable
USEPA to better utilize geophysics in thelr
contamination studies.

APPROACH: The approach will be to purchase
equipment, train personnel, conduct speclal studies
and interpret results at the request of Region V, USEPA.

PERIOD OF PROJECT:
April 1993 to September 1997

This assistance wiil be provided on an as needed basis
depending on the requirements of USEPA,

PROGRESS: Borehole radar studies were conducted
and the data interpreted at two superfund sites.
Numerous bedrock fractures were delineated with the
equipment. A borehole radar unit was purchased.
Field tests of two ground penetrating radar (GPR)
systems were conducted.

PLANS NEXT YEAR: Auxiliary and support equipment for
the GPR and borehole radar system purchases will be
completed. A GPR system will be set up simliar to the
U.S. Geologlcal Survey (USGS) system. Further field tests
will be conducted of GPR systems. The collected
borehole radar data interpretation will be finished.
Training on the use of the borehole radar systems and
the interpretation of data will continue.
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Hydraulic Analysis of Harbor Brook / CT063

Hydraulic Analysis of Harbor Brook

PROJECT CHIEF:
Michael A. Cervione, Jr.

COOPERATOR(S): City of Merlden

PROBLEM: Flooding. even at low frequencies, affects
numerous bulldings in Merlden. Flood-control reservolrs
and converslon of existing ponds are not feasible
solutions. Channel Improvements and bridge
replacements may be effective solutions.

OBJECTIVE: To provide city officials with information on
the effects of fiooding In the urban areaq.

APPROACH: Information will be provided by: (1)
determining the effect of modifying stream channels
(and valley cross sections) on fiood elevations, and (2)
determining the effect of replacing existing bridges
and culverts with larger size structures. Computer

PERIOD OF PROJECT:
April 1993 to September 1993

modeling using modifled stream channel, valley cross
sections, and brldge and culvert data will be used
based on prescribed methods. New flood elevations
will be the result of the U.S. Geological Survey’s (USGS)
Step-Backwater Model.

PROGRESS: All computer modeling efforts were
completed. The text, figures, and tables were
completed and revlewed In-house. Authors were
revising the report based on reviewer comments.

PLANS NEXT YEAR: The final report will recelve a
technical colleague review and be submitted for
Directors' approval by June 1994.
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SW Stations / MEOO1

Surface-Water Stations

PROJECT CHIEF:
Joseph P. Nielsen

PERIOD OF PROJECT:
Continuous since July 1909

COOPERATOR(S): Maine Department of Conservation:
Maine Department of Transportation; Intemationai
Joint Commission; Federai Energy Regulatory
Commission; Veteran’s Administration; University of
Maine; Northern Kennebec Valley Regional Planning
Commission

PROBLEM: Surface-water information is needed for
purposes of surveiilance, pianning, design, hazard
warning, operation, and management, in water-
related fields such as water supply, hydroelectric
power, fiood control, Irfigation, bridge and culvert
design, wildlife management, poilution abatement,
flood-plain management, and water resources
development. To provlde this Information, an
appropriate data base Is necessary.

OBJECTIVE: A. To collect surface-water data sufficient
to satisfy needs for current-purpose uses, such as (1)
assessment of water resources, (2) operation of
reservoirs, (3) fliow forecasting. (4) disposai of wastes
and pollution controls, (6) publication of discharge
data to accompany water-quality measurements,

(6) conformity to compact and legal requirements,
and (7) research or special studies. B. To coiiect data
necessary for analytical studles to define the statistical
properties of, and trends in, the occurrence of water in
streams, iakes, and estuaries, for use In planning and
design,

APPROACH: Stage and discharge of streams and stage
and contents of lakes and reservoirs will be measured
and recorded. Standard methods of data collection
wili be used as described In the series, “Techniques of
Water-Resources Investigations of the United States
Geological Survey.” Partial-record gaging wili be used
Instead of complete-record gaging. where It serves the
required purpose.

PROGRESS: Data collection and analysis contfinues. The
1992 Annuai Water Resources Data report was
complied and pubilshed.

PLANS NEXT YEAR: Statewide data collection and
anaiysis will continue. The 1993 Annual Water
Resources Data report will be complied and published.
Redl-time data-collection will be added at two
additionai sites. This will complete the instailation of
real-fime equipment at ail 43 continuous-record
streamflow statons.

COMPLETED REPORTS: This project contributes to the
annual report “Water Resources Data—Maine.” Data
on stream discharge and stage and oniake or
reservoir contents, through September 1960, were
published annuaiiy under the titie "Surface-Water
Supply of the United States, Part TA.” For the 1961
through 1970 water years, the data were published in
two 5-year reports.
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Ground-Water Stations

PROJECT CHIEF:
Robert G. Lippert

COOPERATOR(S): Malne Department of Conservation

PROBLEM: Long-term water-level records are needed
o evaluate the effects of climatic variations on the
recharge to and discharge from the ground-water
systems, to provide a data base from which to
measure the effects of development, to assist In the
prediction of future supplles, and fo provide data for
management of ground-water resources.

OBJECTIVE: A. To provide a long-term data base so
that the general response of the hydrologic system to
natural climatic varlations and Induced stresses is
known and potential problems can be defined to
allow proper planning and management. B. To provide
a data base against which short-term records
acquired in areal studies can be analyzed to provide:
(1) an assessment of the ground-water resources; (2)
capabillity to predict future conditions: and (3) the
data base necessary for management of the resource.

APPROACH: Ground-water-level data will be recorded,
analyzed, and published annuaily. Standard methods
of data collectlon will be used as described In the
"National Handbook of Recommended Methods for
Water-Data Acquisition.”

PROGRESS: Data coliected at network stations during
the 1992 water year were published in the Maine
Annual Water-Resources Data Report. One
ground-water sample was collected for chemical
analysls at a new well, PE 594. The statewlde climate
effects network Is now complete with the addition of
this new well In Penobscot County.

PERIOD OF PROJECT:
Continuous since October 1942

PLANS NEXT YEAR: Water-level data collected In the
1993 water year wili be complled and published.
Statewlde network water-level data will be collected
and analyzed for the 1994 water year. Some wells may
need to be discontinued as a result of proposed
funding cufts.

COMPLETED REPORTS: This project contributes to the
annual report “Water Resources Data— Maine.”
Records of ground-water levels for the 1935 through
1955 water years were published under the titie “Water
Levels and Artesian Pressures in Observation Wells in
the United States.” and from 1956 through 1974 water
years were published under the title *Ground-Water
Levels In the United States,” on an annuat basis.
Beginning with the 1975 water year, the report title was
changed to “Water Resources Data—Maine (water
yean.”

OTHER REPORTS:

Adamik, J.T., 1984, Present and proposed ground-
water-program In Maine: U.S. Geologlcal Survey
Water-Resources Investigations Report 84-4235, 37 p.

Maloney, T.J., and Cowing, D.J., 1984, Maine ground--
water resources: U.S. Geological Survey National
Water Summary, Water-Supply Paper 2275,

p. 237-242.

Maloney, T.J., 1986 Maine ground-water quaiity: U.S,
Geological Survey National Water Summary,
Water-Supply Paper 2325, p. 279-286.

Steiger. J.l., 1988, Ground-water studles In Maine: U.S.
Geological Survey Open-Flle Report 88-134.
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Quality of Water Stations

PROJECT CHIEF:
Wayne B. Higgins

PERIOD OF PROJECT:
Continuous since January 1967

COOPERATOR(S): Greater Portiand Council of
Governments; Town of Jay: Penobscot indian Nation:;
Maine Department of Environmental Protection:
International Jolnt Commission; Federal Energy
Regulatory Commission; U.S. Department of the Army,
Corps of Engineers, Cold Regions Research and
Engineering Laboratory; Northem Kennebec Valley
Regional Planning Commission; Northem Maine
Regional Planning Commission

PROBLEM: Water-resource planning and water-quality
assessment require a statewide and nationwide base
level of reiatively standardized Information. For

planning and assessment, the chemical and physical

quality of the resource must be defined and monitored.

OBJECTIVE: To provide a state and national bank of
water-quallty data for broad planning and action
programs and to provide data for management of
Interstate and International waters, and for State
management of Intfrastate waters.

APPROACH: Operation of a network of water-quality
stations to provide information about chemical
concentrations, loads, and trends as required by
planning and management agencies.

PROGRESS: Bl-monthly or quarterly water samples for
chemlcal and physical parameters were collected
and analyzed for seven NASQAN and one HBM station.
Multi-parameter monltoring for hourty measurements of
specilfic conductance, dissolved oxygen, water
temperature, and pH was conducted for perlods
ranging from 4 to 12 months at 11 stations. The

water-quality data collected during the 1992 water
year were compiled and published In the Maine
Annual Water Resources Data Report. The
water-quality monhoring network Is Instrumented with
telephones and electronic data loggers. The
water-quality Infornation recorded at these sites Is now
avallable on a near real-time basls using this data
fransmitting equipment.

PLANS NEXT YEAR: Data collection and analysls will
continue at all active sltes. The NASQAN stations in
Maine will be cut from seven to five, with the
ellmination of stations 01049265 Kennebec River at
North Sldney, Malne and 01059400 Androscoggin River
at Brunswick, Maine. The continuous air and water
temperature monitor at the HBM station 010564200 Wild
River at Gllead, Maine, will be discontinued. A new
three parameter monitor will be instalied on the
Androscoggin River at Turner Bridge, Maine.

COMPLETED REPORTS: This project contributes o the
annual report “Water Resources Data—Maine.” Data
on chemlcal qudllty, temperature, and suspended
sediments for the 1941 through 1970 water years were
published annually under the fitie “Quality of Surface
Waters of the United States.”
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Flood Insurance Studies for Federal Emergency Management Agency
(FEMA)

PROJECT CHIEF:
Scott A. Olson

COOPERATOR(S): Federal Emergency Management
Agency

PROBLEM: The Natlonal Flood Insurance Act provides
that the Federal Emergency Management Agency
(FEMA) operate a flood Insurance program, FEMA
needs flood studles In selected communilties to

determine applicable flood insurance premium rates.

OBJECTIVE: Conduct the necessary hydrologic and
hydraulic studles of the areas assigned by FEMA and
develop the most efficlent procedures to attaln the
fiood elevation accuracy specified by FEMA in the
most appropriate format.

APPROACH: Flood studles will be completed by
conducting necessary surveys by ground and
photogrammetric methods, preparing computer

models of dralnage networks, computing magnitudes

PERIOD OF PROJECT:
January 1984 to September 1994

and profiies of floods of specified frequencies, and
fumishing results in reports prepared to FEMA
specifications.

PROGRESS: Flood Insurance reports for Aubum, Poland,
and Holden, Maine, and Bridgewater, New Hampshlre
were completed and submitted to FEMA. Final
community meetings were held in Mercer, Hartford,
Randolph, Gardiner, Farmingdale, Chelsea, Hallowell,
and Augusta, Malne. Fleldwork for the Bethel, Malne
Flood Insurance study Is complete.

PLANS NEXT YEAR: Seven fiood study reports, currently
in progress, will be compiled, reviewed, and submitted
to FEMA during 1994.

COMPLETED REPORTS: All final reports are published by
FEMA.,
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Wafter Use

PROJECT CHIEF:
Marilee A. Hom

PERIOD OF PROJECT:
August 1980 to September 1994

COOPERATOR(S): Maine Department of Conservation
and Malne Department of Human Services

PROBLEM: Competition for Maine's water necessttates
that avallable supplies be matched with optimum
uses. Information is being coliected describing quantity
and quality of available water, but reiativeiy little
information Is belng collected describing water use.
Without adequate information on uses of water,
declslon makers cannot resolve many critical water
probiems such as water-quaiity issues, environmental

impact, energy development, and resource allocation.

OBJECTIVE: (1) Provide water-use information for the
optimum ufilization and management of Maine's water
resources for the overdli benefit of the people.

(2) Deveiop and operate a system to coiiect, store,
and disseminate water-use data to compiement data
on availability and quality of the State's water
resources. (3) Respond to the data needs of local
users, the U.S. Geoiogical Survey (USGS) and other
Federal agencies.

APPROACH: Responsibilities will be divided between
the cooperator and the USGS to refiect the most
efficient means of meeting the objectives of the

program. Together, the cooperator and the USGS will
(1) ldentify and document water-use data
requirements; (2) compile and evaluate water-use
data collected by local, State, and Federal agencies;
) develop methods to collect data not already
available from these agencles; and (4) anaiyze and
enter data into the USGS New England Water-Use Data
System (NEWUDS). Data wiii be presented as published
reports at appropriate intervdis.

PROGRESS: Work was begun on compliing, anaiyzing.
evaluating, and automating site-specific data on
public-supply systems and industrial uses. The Maine
water-use map report, based on 1990 data, received
approvai for publication. Regionai reports on
"Estimated Use of Water in New Engiand, 1990" and
"Wastewater Collection and Return Flow" have been
drafted.

PLANS NEXT YEAR: Statewide water-use data-coliection
activities will continue. A workshop on the collection of
industrial water-use data is planned for Aprll 1994. All
reports in progress will be published and distibuted.
The first draft of the "Pubiic Water Supply Report” for
New England wili be completed.
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Hydrology of Peat Bogs / MEO31

Hydrology Of Peat Bogs in Maine

PROJECT CHIEF:
Willlam J. Nichols, Jr.

COOPERATOR(S): Maine Department of Conservation

PROBLEM: Mdaine’s glacial history has led to the
formation of depression wetlands. Many wetlands
have evolved Into marshes and bogs. Bogs containing
peat have been Identified by the Maine Geological
Survey (MGS) as having an economic resource
potential as an alternative energy source. To assess
adequately the impact of peat removal on these bogs
and downstream areas, information on the hydrology
and nutrlent and frace metal mobllization or
entrapment Is needed.

OBJECTIVE: Determine the hydrology of two peat bog
systems, to be applied to a fiow analysis and
characterize the accumulation of frace metals and
nufrients In the bog systems.

APPROACH: Two bogs willl be instrumented to measure
preclpltation, pan evaporation, ground-water levels,
and streamfiow. Evapotransplration and water
movement through the bogs will be analyzed. Trace
metal and nutrlent data will be obtalined and
analyzed to Investigate accumulation and transport of
those constituents and define short term and seasonal
frends In both surface and ground water.

PERIOD OF PROJECT:
Aprll 1980 to September 1994

PROGRESS: The water-quality section of the final report
has been rewrltten and forwarded to the District Chlef
for processing for final approval for publication.

PLANS NEXT YEAR: The final report submitted for
Director's approval. The project chlef will work with the
Maine Geologlcal Survey to publish and distribute the
final report upon approval.

COMPLETED REPORTS:

Nichols, W.J., Jr., 1983, Hydrologic data for the Great and
Denbow Heaths In eastern Malne, October 1981
through October 1982: U.S. Geological Survey
Open-Flle Report 83-865, 29 p.

Nichols, W.J., Jr., Smath, J.A., and Adamik. J.T., 1983,
Hydrologic data for the Great and Denbow Heaths
in eastern Malne, October 1980 through September
1981: U.S. Geological Survey Open-Flie Report
83-866, 43 p.

Nichols, W.J., Jr., Frost, L.R., Adamik, J.T., Thurman, E.M.,
Tolman, A.L., and Smath, J.A.. (in preparation)
Hydrology of the Great and Denbow Heaths In
Easterm Malne: U.S. Geologlcal Survey Open-Flie
Report.
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Significant Maine Aquifers / MEO39

Hydrogeology and Water Quality of Significant Sand and Gravel Aquifers in Maine

PROJECT CHIEF:
William J. Nichols, Jr.

PERIOD OF PROJECT:
November 1992 to September 1995

COOPERATOR(S): Maine Department of Conservation;
Maine Department of Environmentai Protection

PROBLEM: Sand and gravel aqulfers are the primary
sources of ground water capable of meeting the
water-supply requirements of municipalities and
industries in Maine. They are aiso the source of water
for many domestic wells. information from detaited
aquifer mapping, seismic work, resistivity work, and test
driling Is required in order to effectively evaiuate,
manage, and protect these ground-water resources.

OBJECTIVE: (1) identify significant aquifers and
accurate mapping of their boundaries; (2) Determine
aqulfer yleld., stratigraphy, depth to water table, and
depth to bedrock and (3) Characterlze reglonal
ground-water chemistry,

APPROACH: Detalied surficiai mapping will define
aquifer boundarles more closely in some previously
mapped areas. Selsmic refraction will be used to
determine depths to water tabie and bedrock. Test
driiing wiil provide data on aquifer thickness,
stratigraphy. yield. water-level fluctuations, and water
quality.

PROGRESS: Compiliation of information for the 1989,
1990, and 1992 study areas was continued. Fieidwork
for the 1993 study area was completed.

PLANS NEXT YEAR: The 1989 and 1990 fieid area reports
wili be submitted for Director's approval. Compilation

of data and text for the 1991, 1992, and 1993 field area
reports wiii be completed and these reports wiil be sent

for technicai and editoriai reviews. Fieidwork wiil begin
in June 1994 to map significant sand and gravel
agquifers in the Moosehead Lake area.

COMPLETED REPORTS:

Tepper, D.H., Wiliams, J.S., Toiman, A.L., and Prescott,
G.C., Jr., 1985, Hydrogeology and water quaiity of
significant sand and gravel aquifers maps 10, 11, 16,
17, and 32, in parts of Androscoggtn, Cumberiand,
Frankiin, Kennebec, Lincoln, Oxford, Sagadahoc,
and Somerset Counties, Maine: Malne Geologlcal
Survey Open-Fiie Report 85-82A.

Tepper, D.H., and Lanctot, E.M.. 1985, Hydrogeologic
data for significant sand and gravel aquifers map
16, in parts of Androscoggin. Frankiin, Kennebec,
and Oxford Counties, Malne: Maine Geological
Survey Open-Flle Report 85-82D, scale 1:50,000.

Tepper, D.H., and Lanctot, E.M., 1985, Hydrogeologic
data for significant sand and gravel aquifers map
32, in parts of Frankiin, Kennebec, Oxford, and
Somerset Countles, Maine: Maine Geologicai Survey
Open-File Report 85-82F, scaie 1:50,000.

Tepper, D.H., and Lanctot, E.M., 1987, Hydrogeologic
data for significant sand and gravei aquifers map
13, in parts of Cumberiand, Oxford, and York Coun-
fies Maine: Maine Geologicail Survey Open-File
Report 87-1b, scale 1:50,000.
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Low-Flow Studies / MEO43

Low-Flow Characteristics of Maine Streams

PROJECT CHIEF:
William P. Bartlett, Jr.

COOPERATOR(S): Aroostook County Water and Soll
Management Board

PROBLEM: The demand for information on the low-fiow
characterlstics of Maine streams Is rapidly increasing.
Federai, State, and local agencies and consulting
engineers require the data for determining adequacy
of streamflow for disposal of wastes, development as a
water supply, minimum flow requirements for
hydroelectric projects, maintenance of aquatic
habltat, and other uses. Low-flow characterlstics are
also useful for estimating the amount of ground-water
flow to a stream.

OBJECTIVE: Develop and Improve techniques for
estimating the low-flow characteristics of unregulated
streams In Maine.

APPROACH: The study plan Includes the following
steps: (1) Literature and data willl be compiled and
collected. (2) Existing data will be analyzed using
methods described by H.C. Riggs. 1972, “Techniques of

PERIOD OF PROJECT:
Qctober 1986 to September 1994

Water-Resources Investigations of the U.S. Geological
Survey, Low-flow investigations”, book 4, chap. B7,

18 p.. and Surface Water Branch (SWB) memo No.
85.09. (3) Division expertfs on supplemental network
design will be consulted. (4) Suppiemental
stream-gage stations will be established. (5) Select
baseflow measurement sites. (6) Develop
drought-period action plan for collection of low-flow
data. (7) Prepare low-flow study reports every 3 years.

PROGRESS: Low-flow measurement sites were selected
in eastern Aroostook County. Statistical summaries of
flow characteristics at unregulated stations in northem
Malne were updated using data through the 1992
water year.

PLANS NEXT YEAR: Three or four serles of low-fiow
measurements will be made at the sites selected in
eastern Aroostook County. Statistical summaries of
streamfiow characteristics will be updated using data
collected through the 1993 water year.
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Highway Runoff Study / MEO45

Loadings of Phosphorus and Selected Trace Meftals from Rural Highways

PROJECT CHIEF:
Scott A. Olson

COOPERATOR(S): Maine Department of Transportation
and Maine Department of Environmentai Protection

PROBLEM: Rural highways are a potential source of
phosphorus and trace metals to surface waters.
Non-polnt source control programs have identified rural
highways as a potential significant source of these
elements, Existing studies have not examined
water-quality characteristics of rural highway systems In
the northeastern United States. Determination of
highway runoff export coefficlents for phosphorus and
selected trace metals will help define the magnitude of
the problem and provide Information to help develop
mitigation measures.

OBJECTIVE: (1) Determine export coefficients for fotai
phosphorus, dissolved phosphorus, and suspended
sollds for three sections of rural highway in central
Malne. (2) Also analyze loadings of dissolved and total
copper, chromlum, lead, nickel, and zinc.

APPROACH: Literature on the chemical characteristics
of highway runoff will be further reviewed. Technical
specialists will be consulted to help refine the data
collection system. Three sites will be selected and
equipped with an approach box, v-notch weir, stage
recording equipment, and a programmable
automated sampler for collection of water-quallty

PERIOD OF PROJECT:
September 1991 to September 1994

samples. Discharge-weighted samples will be collected
for each runoff event over a 1-year period. Fleld
measurements wlil Include specific conductance and
pH. Laboratory analyses will include suspended solids
and dissolved and total phosphorus, copper, chromium,
lead, nickel, and zinc. The runoff volumes and
constituent concentrations will be used to calculate
export coefficlents for each of the sites during the study
perlod.

PROGRESS: Discharge-weighted highway runoff samples
were collected at the three study sites through
September 1993. Analytical data were anaiyzed and
prellminary estimates of runoff loadings for phosphorus
and suspended solids were made for individual runoff
events. Digestion studles were made with varying
strength digestion and different sediment particle-size
groups to help estimate the likely availability of
phosphorus to the environment.,

PLANS NEXT YEAR: Analytical data will be reviewed and
summarized. Runoff loadings will be calculated and
estimated for phosphorus and suspended solids. Annual
runoff coefficients will be estimated for each site. Two
final reports will be written; one will contain data
collected during the project and the second will be a
Journal artficle reporting the findings of the study.
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Saco Landfill / MEO47

Saco Landfill

PROJECT CHIEF:
Martha G. Nlelsen

COOPERATOR(S): U.S. Environmental Protection Agency

PROBLEM: Hydrogeological technical assistance is
needed by the U.S. Environmental Protection Agency.
Region |, Waste Management Divislon (USEPA), for
ongolng project work at Malne and other New
England SUPERFUND sites. This effort Is authorized under
terms of an Interagency Agreement (IAG) between
USEPA and USGS. The USEPA Waste Management
Division Is faced with the task of understanding
complex hydrologic environments in order to propose
remediai action at hazardous waste sites.

OBJECTIVE: Provide the USEPA with an improved
understanding of the geology and hydrology of the
area surrounding the Saco Landfill and a conceptual
model of ground-water and surface-water fiow in the
viclnity of the landfill.

APPROACH: A geohydrologic study will be performed
in the vicinlty of the Saco Landfill site, to Include the
following data-collection elements: (1) ground-water
levels, (2) selsmic refraction, (3) borehole geophysics,
(4) streamflow, (56) water quality, and

PERIOD OF PROJECT:
Aprll 1993 to June 1994

(6) gechydrologlc mapping. These studies will assist
USEPA in the scoping of remedial
investigation/feasibility studles (RI/FS) activities and
thereby streamline the RI/FS process.

PROGRESS: Two continuous-record surface-water
data-collection sites and four miscellaneous
surface-water data-collection sites were located at
the Saco Landfill: data collection began in July 1993.
Electro-magnetic and seismic refraction surveys were
completed. A ground-water-level monitofing program
began in September 1993, Geologic mapping. test
diiling. and geophysical surveys have established
glacial overburden thicknesses and configurations at
the site.

PLANS NEXT YEAR: Collectlon and analysis of
hydrologlc data and information will continue. A
review of existing water-quailty data will be
completed. Ground-water levels and water chemisiry
data collected will be used to help delineate flow
paths and ground-water discharge areas. The final
report draft will be completed in Aprll 1994.
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Saco Tannery / MEO48

Saco Tannery

PROJECT CHIEF:
William J. Nichols, Jr.

COOPERATOR(S): U.S. Environmental Protection Agency

PROBLEM: The U.S. Environmental Protection Agency
(USEPA) periodically needs technical assistance at
hazardous waste sites In USEPA Region | which may
include review of documents, participation at
meetings, field sampling of soll and water, review of
remedial actions, ground-water flow modeling.
installation of wells, hydrologic moniltoring, borehole
geophysical logging. and surface geophysics.

OBJECTIVE: (1) Provide technical assistance to USEPA
at the Saco Tannery Superfund Site, including

PERIOD OF PROJECT:
November 1992 to September 1995

continuous monltoring of ground-water-level data for
about 1 year. (2) Report monltoring results to USEPA.

APPROACH: Instrumentation will be installed to
continuously monitor ground-water levels in eight
previously constructed wells. Ground-water-level data
will be provided fo the USEPA in an administrative
teport. Additional work will be accomplished as
requested and funded by the USEPA.

PLANS NEXT YEAR: Collection of ground-water level
data will begin in June 1994, Data will be compiled
and provided to the USEPA and published in the Maine
Annual Water Resources Data Report.
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Malne Reports Published or Released 1977-93

Adamik, J.T., 1984, Present and proposed ground-
water-program in Maine: U.S, Geological Survey

Water-Resources Investigations Report 84-4235, 37 p.

Bartlett, W.P., Jr., Higgins, W.B., Nichols, W.J., Jr., 1985,
Water resources data—Maine, water year 1985:
U.S. Geological Survey Water-Data Report ME 85-1,
158 p.

1986, Water resources data—Maine, water year
1986: U.S. Geological Survey Water-Data Report
86-1, 159 p.

1987, Water resources data—Maine, water year
1987: U.S. Geological Survey Water-Data Report
87-1,173 p.

1988, Water resources data—Maine, water year
1988: U.S. Geological Survey Water-Data Report
88-1, 183 p.

1989, Water resources data—Maine, water year
1989: U.S. Geological Survey Water-Data Report
89-1,187 p.

Bartlett, W.P., Jr., Higgins, W.B., Brossy, K.S., 1990, Water
resources data—Maine, water year 1990:
U.S. Geological Survey Water-Data Report 90-1,
198 p.

Brewer, Thomas, Genes, A.N., and Prescott, G.C., Jr.,
1979. Sand and gravel aquifers map 18, Lincoln,
Knox, Waldo, and Kennebec Countles, Maine:
Maine Geological Survey Open-File Report 79-13,
6 p.. scale 1:50,000.

Brewer, Thomas and Prescott, G.C., Jr., 1980, Sand and
gravel aquifers map 84, Aroostook County, Maine:
Malne Geologlcal Survey Open-Flle Report 80-32,
6 p.. scale 1:50,000.

1981, Sand and gravel aquifers map 64, Aroostook
County, Maine: Maine Geological Survey Open-File
Report 81-85, 6 p.. scale 1:50,000.

Caldwell, D.W. and Prescott, G.C., Jr., 1981, Sand and
gravel aquifers map 40, Penobscot and Piscataquis
Counties, Maine: Maine Geoiogical Survey Open-
File Report 81-72, 6 p., scale 1:50,000.

Casweli, W.B., Thompson, W.B., Cotton, J.E., Michael,
and Prescott, G.C., Jr., 1981, Sand and gravel aqui-
fers map 29, Penobscot and Waldo Counties,
Maine: Maine Geological Survey Open-File Report
81-61, 6 p., scale 1:50,000.

Cotton, J.E., Welsh, Michael, and Prescott, G.C., Jr., 1981,

Sand and gravei aquifers map 30, Somerset,
Kennebec, Waldo, and Penobscot Counties, Maine:
Maine Geological Survey Open-File Report 81-62,

6 p..scale 1:50,000.

Cowing, D.J.. 1983, Nationai Water Summary, Maine
water issues: U.S. Geological Survey Water-Supply
Paper 2260, p. 138-140.

Cowing. D.J.. and McNelly, J.L.. 1978, Drainage areas of
surface water bodies of the Royal and Presumpscot
River basins In southwestem Maine: U.S. Geological
Survey Open-File Report 78-556A, 23 p.

Cowing. D.J., and Scoft, M., 1977, Limnological data
report for the Maine Department of Environmental
Protection—U.S. Geological Survey Cooperative
Lake Studies Project: U.S. Geological Survey Open-
Flie Report 77. 145 p.

Fontalne, R.A., 1978, Drainage areas of surface water
bodies of the Saco River basin in southwestern
Maine: U.S. Geological Survey Open-Flle Report
78-556B, 24 p.

1980, Limnologlcal study of 43 selected Malne lakes:
U.S. Geological Survey Water-Resources Investiga-
tions Report 80-69, 132 p.

1979a, Drainage areas of surface-water bodies of
southern Maine coastal river basins: U.S. Geological
Survey Open-File Report 78-556D, 23 p.

___1979b, Drainage areas of surface-water bodies of
the Androscoggin River basin in southwestern
Malne: U.S. Geological Survey Open-File Report
78-556C, 42 p.

1980a, Drainage areas of surface-water bodies of
the Kennebec River basin in southwestem Maine:
U.S. Geologlcal Survey Open-File Report 78-556E,
83 p.

1981, Drainage areas of surface-water bodies of the
Penobscot River basin in central Malne: U.S. Geolog-
icai Survey Open-File Report 78-556F, 92 p.

1982a, Cost effective sfream-gaglng strategies for
Maine: U.S. Geologlcal Survey Open-File Report
82-507. 43 p.

1982b, Drainage areas of surface water bodies of
central Maine coastal tlver basins: U.S. Geological
Survey Open-Flle Report 78-556l, 27 p.

1982c, Dralinage areas of surface water bodies of
eastern Maine coastal river basins: U.S. Geological
Survey Open-File Report 78-556H, 54 p.

1983, Uncertainties in the records annual mean
discharge for Maine: U.S. Geological Survey Water—
Resources Investigations Report 83-4025, 108 p.

1984, National Water Summary, Record late-spring
1984 floods In New England: U.S. Geological Survey
Water-Supply Paper 2275. p. 37-39.

Maine District - 45



Maine Reporls Published or Released 1977-93

Fontaine, R.A., 1987, Application of a precipitation runoff
modellng system in the Bald Mountaln Area, Aroos-
took County, Maine: U.S.Geoclogical Survey Water-
Resources Investigations Report 87-4221, 49 p.

1991, Flood of Aprll 1987, in Malne, Massachusetts,
and New Hampshire: U.S. Geological Survey Open--
File Report 87-460, 35 p.

1989, Hydrologlc and meteorologic data for the
Bald Mountain area, Aroostook County,
Malne--June 1979 through June 1984: U.S. Geo-
logicai Survey Open-File Report 85-174, 166 p.

Fontalne. R.A.. and Cowling, D.J., 1985, Natlonal Water
Summary, Maine surface-water resources: U.S,
Geologlcal Survey Water-Supply Paper 2300,

p. 259-264, 39 p.

Fontalne, R.A. and Haskell, C.R., 1981, Floods of Maine
Aprl-May 1979: U.S. Geological Survey Water-
Resources Investigations Report 81-68, 65 p.

Fontaine, R.A., Herrlck, E., and Norman, N., 1982,
Drainage areas of surface water bodles of the St.
John River basin In northem Maine: U.S. Geologlcal
Survey Open-Flle Report 78-556G, 70 p.

Fontaine, R.A. and Maloney, T.J., 1987, Natlonal Water
Summary, Flood of 1987 in Maine: U.S. Geologlcal
Survey Water-Supply Paper 2350, p. 41-44.

Fontaine. R.A., Moss, M.E., Smath, J.A., and Thomas,
W.0., 1984, Cost-effectiveness of the stream-gaging
program In Malne: U.S. Geologlcal Survey Water-
Supply Paper 2244.

Fontalne, R.A.. and Nielsen, J.P., (In press), Flood of April
1987 In Maine: U.S. Geologlcal Survey Water-Supply
Paper 2424.

Gadoury, R.A., 1979, Coastai flood of February 7, 1978, In
Maine, Massachusetts, and New Hampshlre:
U.S. Geological Survey Water-Resources Investiga-
tions Report 79-61, 57 p.

Genes, A.N., and Prescoftt, G.C., Jr., 1980, Sand and
gravei aquifers map 78, Aroostook County, Maine:
Maine Geological Survey Open-File Report 80-30,
6 p., scale 1:50,000.

1981, Sand and gravel aquifers map 75, Aroostook
County, Malne: Maine Geological Survey Open-Fiie
Report 80-27, 6 p., scale 1:50,000.

Hansen, B.P.. 1980a, Ground water availability in Acadia
Natlonai Park and viclnity, Hancock and Knox Coun-
ties. Maine: U.S. Geologlcal Survey Open-File Report
80-1050, 8 p.

Hansen, B.P., 1980b, Reconnalssance of the effect of
landfill leachate on the water quallty of Marshall
Brook, Southwest Harbor, Hancock County, Maine:
U.S. Geologlcal Survey Open-Flie Report 80-1120,
13 p.

Haskell, C.R., Bartlett, W.P.. Jr., Higgins, W.B., Nichols, W.J.,
Jr., 1984, Water resources data—Malne, water year
1984: U.S. Geological Survey Water-Data Report
84-1, 144 p.

Holland, W.R., and Prescott, G.C., Jr., 1981, Sand and
gravei aquifers map 42, Hancock and Penobscot
Counties, Maine: Malne Geologlcal Survey Open--
File Report 81-74, 6 p., scale 1:50,000.

Johnson, C.D., Tepper, D.H., and Morrlssey, D.J., 1986,
Ground-water quality data for the Saco River valley
glaciai aquifer from Bartlett, New Hampshire to Frye-
burg, Malne, July 1984 through November 1985; U.S.
Geoiogicai Survey Open-Flle Report 86-129, 26 p.

___ 1987, Geohydrologlc and surface-water data for
the Saco River valley glaclal aquifer from Bartiett,
New Hampshlre to Fryeburg, Maine: October 1983
through January 1986: U.S. Geological Survey
Open-Flle Report 87-44, 79 p.

Lolselie, M.C., Homn, M.A., and Medalle, Laura, (in press).
Estimated withdrawals and use of freshwater in
Maine, 1990: U.S. Geological Survey Water-
Resources Investigations Report 93-4098, 1 p.

Maloney, T.J.. 1986, National Water Summary, Malne
ground-water quallty: U.S. Geologlcal Survey
Water-Supply Paper 2325, p. 279-286.

Maloney, T.J., and Cowing, D.J.. 1984, Natlonal Water
Summary, Maine ground-water resources: U.S.
Geologlcal Survey Water-Supply Paper 2275,

p. 237-242.

Maioney, T.J., Dominie, D.R., ll, Nichols, W.J., Jr., 1983,
Hydroioglc data from the Johnson Brook phosphorus
loading study, Kennebec County, Maine, March
1980 through September 1981: U.S. Geoioglcal
Survey Open-Fiie Report 83-143, 24 p.

Maloney, T.J., Sowles, J.W., 1987, Effects on agricultural
best-management practices on total phosphorus
yields In the Johnson Brook and Lovejoy Pond water-
sheds, Kennebec County, Maine, 1980-84:

U.S. Geologlcal Survey Water-Resources Investiga-
tions Report, 87-4118, 57 p.

Morrill, RA.. 1977, Malne coastai flood of February 2,
1976: U.S. Geologlcal Survey Open-File Report
77-533, 30 p.
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Morrill, R.A., Haskeli, C.R., Adamik, J.T.. Higgins, W.B.,
1982, Water resources data—Maine, water year
1982: U.S. Geological Survey Water-Data Report
82-1,172p.

Morriii. R.A.. Haskeli, C.R., Prescott, G.C., Maioney, T.J.,
1983, Water resources data—Maine, water year
1983; U.S. Geologicai Survey Water-Data Report
83-1,152p.

Morrissey, D.J., 1983, Hydroiogy of the Litfle
Androscoggin River vailey aquifer, Oxford County,
Maine: U.S. Geologicai Survey Water-Resources
Investigations Report 83-4018, 79 p.. 8 pls.

Nichols, W.J., Jr.. Reed, B.M., and Greenlaw. F., 1980,
Time-of-fravel studies for the Littie Androscoggin
River, Maine: U.S. Geoiogical Survey Open-Fiie
Report 81-64, 20 p.

Nichols, W.J., Jr., 1983, Hydroiogic data for the Greatand
Denbow Heaths in eastern Maine, October 1981
through October 1982: U.S. Geological Survey
Open-Fiie Report 83-865, 29 p.

Nichols, W.J., Jr., and Cowing, D.J.. 1987, Nationai Water
Summary, Maine water supply and use:
U.S. Geological Survey Water-Supply Paper 2350, p.
283-290.

Nichols, W.J.. Jr., Smath, J.A., and Adamik, J.T., 1983,
Hydroiogic data for the Great and Denbow Heaths
in eastern Maine, October 1980 through September
1981: U.S. Geologicai Survey Open-Fiie Report
83-866., 43 p.

Nichols, W.J., Jr., Sowles, JW., and Lobao, J.L., 1984,
Phosphorus ioading to McGrath and Eiils Ponds,
Kennebec County, Maine: U.S. Geological Survey

Water-Resources investigations Report 84-4177,20 p.

Nichols, W.J., Jr., Frost, L.R., Adamik, J.T., Thurman. E.M.,
Tolman, A.L.. and Smath, J.A., (in preparation)
Hydrology of the Great and Denbow Heaths in
Eastern Maine: U.S. Geologicai Survey Open-Fiie
Report.

Parker, G.W., 1977, Methods of determining selected
flow characteristics for streams in Maine:
U.S. Geologicai Survey Open-Fiie Report 78-871,
31 p.

1980, Time-of-travel study In the Prescumpscot River
basin, Maine: U.S. Geologicai Survey Open-File
Report 80-570, 20 p.

1981, Time-of-fravei study in the Sebasticook River
Basin, Maine: U.S. Geoiogicadi Survey Open-Fiie
Report 81-545, 17 p.
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and the lower Androscoggin River, Maine:

U.S. Geoiogicai Survey Water-Resources Investiga-
tions Report 83-4020, 53 p.

Parker, G.W., Westerman, G.S., Hunt, G.S., and Mortill,
G.L.. 1983, Time-of-travei and dispersion study in the
Androscoggin River basin, Malne: U.S. Geoiogical
Survey Water-Resources Investigations Report
83-4232,135p.

Prescott, G.C., Jr., 1977, Ground-water favorabliity and
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Maine: U.S. Geologicai Survey Hydroiogic Investiga-
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___1979q, Ground-water availabiiity and surficiai
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1979b, Ground-water resources map of south-
western Maine: U.S. Geological Survey Open-Fiie
Report 79-1337.

___1979c. Records of selected wells, springs., and test
hoies in the Royal, Upper Presumpscot and Upper
Saco River Basin, Maine: Basic-Data Report 10: U.S.
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1979d, Sand and gravel aquifers map 5, Cumber-
iand and York County, Maine: Maine Geoiogical
Survey Open-File Report 79-6, 6 p., scale 1:50,000.
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Geological Survey Open-File Report 79-9, 6 p.. scale
1:560,000.
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County, Maine: Maine Geological Survey Open-File
Report 81-50, 6 p., scale 1:50,000.

____1981b. Sand and gravei aquifers, Oxford, Cumber-
land, and Androscoggin Counties, Maine: Maine
Geological Survey Open-File Report 81-51, 6 p..
scaie 1:50,000.

____1981c. Sand and gravei aquifers map 16,
Androscoggin, Oxford, Kennebec, and Frankiin
Counties, Maine: Maine Geoiogical Survey Open-
Fiile Report 81-52, 6 p.. scaie 1:50,000.
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Prescoftt, G.C., Jr., 1981d, Sand and gravel aquifers map
20, Hancock, Waldo, and Knox Counties, Maine:
Maine Geoioglcal Survey Open-File Report 81-53,

6 p.. scale 1:50,000.

1981e, Sand and gravel aquifers map 21, Hancock
County, Maine: Maine Geological Survey Open-Flle
Report 81-84, 6 p., scale 1:50,000.

____1981f, Sand and gravei aquifers map 22, Hancock
and Washington Counties, Maine: Maine Geolog-
lcal Survey Open-File Report 81-55, 6 p., scaie
1:50,000.

1981g. Sand and gravel aquifers map 24, Wash-
ington County, Maine: Maine Geological Survey
Open-Flle Report 81-56, 6 p., scale 1:50,000.

1981h, Sand and gravel aquifers map 33, Franklin
and Oxford Counties, Maine: Maine Geologlcal
Survey Open-File Report 81-65, 6 p., scale 1:50,000.

1981i, Sand and gravei aquifers map 34, Oxford and
Frankiin Counties, Maine: Maine Geological Survey
Open-File Report 81-66, 6 p., scale 1:50,000.

1981), Sand and gravel aquifers map 35, Oxford and
Franklin Counties, Maine: Maine Geological Survey
Open-File Report 81-67, 6 p., scale 1:50,000.

1981k, Sand and gravel aquifers map 36, Frankiin
and Somerset Counties, Maine: Maine Geologlcai
Survey Open-File Report 81-68, 6 p., scale 1:50,000.

19811, Sand and gravel aquifers map 45, Washington
County, Malne: Malne Geological Survey Open-Flle
Report 81-75, 6 p., scaie 1:50,000.

1981m, Sand and gravel aquifers map 46, Wash-
Ington County, Maine: Maine Geological Survey
Open-File Report 81-76, 6 p., scale 1:50,000.

1981n, Sand and gravel aquifers map 56, Oxford
and Franklin Countles, Maine: Maine Geological
Survey Open-File Report 81-81, 6 p., scale 1:50,000.

1985, Sand and gravel aquifers map 3, York County,
Malne: Maine Geological Survey Open-File Report
85-92, 6 p., scale 1:50,000.

Prescott, G.C.. Jr., and Atlig, J.W.. Jr., 1978, Geohy-
drology of part of the Androscoggin River Basin,
Malne: U.S. Geological Survey Open-File Report
78-297,54 p.

1981, Sand and gravel aquifers map 25, Washington
County, Maine: Maine Geological Survey Open-Fiie
Report 81-87, 6 p.. scale 1:50,000,

Prescoftt, G.C.. Jr., and Brewer, Thomas, 1979, Sand and
gravel aqulfers map 12, Cumberiand,
Androscoggin, and York Countles, Maine: Maine
Geological Survey Open-File Report 79-10, 6 p..
scale 1:50,000.

Prescott, G.C., Jr., and Brewer, Thomas, 1980, Sand and
gravel aquifers map 77, Aroostook County, Maine:
Maine Geological Survey Open-File Report 80-29,

6 p..scale 1:50,000.

Prescoftt, G.C., Jr., and Brewer, Thomas, 1979, Sand and
gravel aquifers map 13, Oxford, York and Cumber-
land Countles, Maine: Maine Geological Survey
Open-File Report 79-11, 6 p.. scale 1:50,000.

1980, Sand and gravel aquifers map 85, Aroostook
County, Maine: Maine Geological Survey Open-Flle
Report 80-33, 6 p., scale 1:50,000.

Prescott, G.C., Jr., Bradley, Edward, and Attlg, J.W., Jr..
Sand and gravel aquifers map 26, Washington and
Hancock Counties, Malne: Maine Geological Survey
Open-File Report 81-58, 6 p.. scale 1:50,000.

Prescott, G.C., Jr., Brewer, Thomas, and Genes, A.N.,
1979, Sand and gravel aqulfers map 17, Kennebec
County, Maine: Maine Geological Survey Open-File
Report 79-12. 6 p., scale 1:50,000.

Prescoft, G.C., Jr., and Caidweli, D.W., 1985, Sand and
gravel aquifers map 1, York County, Maine: Maine
Geological Survey Open-File Report 85-90, 6 p.,
scale 1:50,000.

Prescoftt, G.C., Jr., and Dickerman, D.C., 1981, Frankiin,
Somerset, Oxford, and Kennebec Counties, Maine:
Malne Geological Survey Open-Flie Report 81-64,
6 p..scale 1:50,000.

1981, and gravel aqulfers map 37, Somerset and
Franklin Countles, Maine: Malne Geologlcal Survey
Open-Flle Report 81-69, 6 p., scale 1:50,000.

Prescott, G.C., Jr., Dickerman, D.C., Cotton, J.E. and
Welsh, Michael, 1981, Sand and gravel aquifers
map 31, Somerset, Kennebec, and Franklin Coun-
fies, Maine: Maine Geological Survey Open-File
Report 81-63. 6 p., scale 1:50,000.

1981, Sand and gravel aquifers map 38, Somerset
and Piscatiquis Countles, Maine: Maine Geological
Survey Open-File Report 81-70, 6 p., scale 1:50,000.

Prescott, G.C., Jr., and Newman, W.A., 1980, Sand and
gravel aquifers map 76, Aroostook County, Malne:
Maine Geological Survey Open-File Report 80-28,
6 p.. scale 1:50,000.
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Prescott, G.C., Jr., Tepper. D.H., Caswell, W.B., and
Thompson, W.B.. 1981, Sand and gravel aqulfers
map 28, Hancock, Penobscot, and Waldo Counties,
Maine: Maine Geological Survey Open-File Report
81-60, 6 p., scale 1:50,000.

Smath. J.A., Potter, T.L., 1986, Chemical quality of precip-
itation at Greenville, Maine: U.S. Geological Survey
Water-Resources Investigations Report 86-4037, 59 p.

Stelger, J.1., 1988, Ground-water studles in Malne:
U.S. Geological Survey Open-File Report 88-134.

Tepper, D.H., 1985, Sand and gravel aquifers map 2, York
County, Maine: Maine Geological Survey Open-File
Report 85-91, 6 p., scale 1:50,000.

Tepper, D.H., Prescott, G.C., Jr., and Bradley, Edward,
1981, Sand and gravel aquifers map 27, Hancock
and Penobscot Counties. Maine: Malne Geologlcal
Survey Open-File Report 81-59, 6 p., scale 1:50,000.

Tepper, D.H., and Lanctot, £.M., 1984, Sources of
water-use information in Maine: Maine Geological
Survey Open-Flle Report 84-4.

___1985a, Hydrogeologlc data for significant sand and
gravel aquifers map 16, in parts of Androscoggin,
Franklin, Kennebec, and Oxford Countles, Malne:
Maine Geological Survey Open-File Report 85-82D,
scale 1:50,000.

___1985b, Hydrogeologlc data for significant sand and
gravel aquifers map 32, in parts of Franklin,
Kennebec, Oxford, and Somerset Counties, Malne:
Maine Geologlcal Survey Open-File Report 85-82F,
scale 1:50,000.

___1987a, Hydrogeologic data for significant sand and
gravel aquifers map 13, in parts of Cumberland,
Oxford, and York Counties Maine: Maine Geological
Survey Open-File Report 87-1b, scale 1:50,000,

1987b. Hydrogeologlc data for signlficant sand and
gravel aquifers map 14, In parts of Oxford County,

Mdaine: Maine Geological Survey Open-File Report
87-1c, scale 1:50,000.

Tepper, D.H., Morrissey, D.J., Johnson, C.D., and
Mdaloney, T.J., 1988, Hydrogeology. water qudlity,
and effects of Increased munlcipal pumpage of the
Saco River valley glaclal aqulfer, Bartlett, New
Hampshire to Fryeburg, Maine: U.S. Geological
Survey Water-Resources Investigations Report
88-4179, 113 p.. scale 1:24,000, 6 pls.

Tepper, D.H., Wiliams, J.S., Tolman, A.L., and Prescoft,
G.C., Jr., 1985, Hydrogeology and water quallty of
significant sand and gravel aquifers maps 10, 11, 16,
17, and 32, in parts of Androscoggin, Cumberland,
Franklin, Kennebec, Lincoln, Oxford, Sagadahoc,
and Somerset Counties, Maine: Maine Geological
Survey Open-File Report 85-82A.

Tolman, A.T., Mlller, .M., and Tepper. D.H., 1985, Sand
and gravel aquifers map 4, York and Cumberland
Countles, Maine: Maine Geological Survey Open-
File Report 85-93, 6 p., scale 1:50,000.

Tolman, A.L., Tepper, D.H., Prescott, G.C., Jr., Gammon,
S.0., 1983, Hydrogeology of significant sand and
gravel aqulfers, northern York and southern Cumber-
land Counties, Maine: Maine Geological Survey
Open-Flle Report 83-1. 4 pls.

Weddle, TK., Tolman, A.L., Willams, J.S., Adamik, J.T.,
Nell, C.D.. Steiger, J.I., 1987, Hydrogeology and
water quallty of significant sand and gravel aqulfers
in parts of Hancock, Penobscot, and Washington
Countles, Maine: Maine Geologlcal Survey Open-
File Report 88-7a.

Williams, J.S., Tepper, D.H., Tolman, A.L.. and Thompson.
W.B.. 1987, Hydrogeology and water quality of signif-
icant sand) and gravel aquifers In parts of
Androscoggin, Cumberland, Oxford, and York
Counties, Malne: Maine Geological Survey Open-
Flle Report 87-1a.
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Massachusetts—Rhode Island District

COOPERATORS

Massachusetts

Barnstable County
Cape Cod Commission

Massachusetts Department of Environmental Management,
Division of Resource Conservation, Office of Water Resources

Massachusetts Department of Environmental Protection,
Division of Water Pollution Control

Massachusetts Department of Environmental Protection,
Division of Water Supply

Massachusetts Department of Environmental Protection,
Office of Watershed Management

Massachusetts Department of Fisheries, Wildlife, and Environmental
Law Enforcement, Division of Fisheries and Wildlife

Massachusetts Department of Public Works
Massachusetts Highway Department

Metropolitan District Commission, Division of Watershed Management,
Parks Engineering and Construction Division

National Guard Bureau

U.S. Department of the Army, Corps of Engineers

U.S. Environmental Protection Agency, Waste Management Division
Rhode Island
City of Providence Water Supply Board
Rhode Island Water Resources Board
Rhode Island Department of Environmental Management

Town of New Shoreham

U.S. Department of the Army, Corps of Engineers
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Surface-Water Stations

PROJECT CHIEF:
Russell A. Gadoury

PERIOD OF PROJECT:
Continuous since March 1904

COOPERATOR(S): Massachusetts Department of Envi-
ronmental Management, Division of Resource Conser-
vation; Massachusetts Department of Environmental
Protection, Division of Water Pollution Control; Metropoi-
itan District Commisslon, Division of Watershed Manage-
ment, Parks Engineering and Construction Division;
Massachusetts Department of Fisheries, Wiidiife, and
Environmental Law Enforcement, Division of Fisherles
and Wildlife

PROBLEM: Surface-water information is needed for pur-
poses of survelliance, planning., design, hazard warning,
operation, and management in water-reiated fields
such as water supply, hydroeiectric power, fliood con-
trol, bridge and culvert design, pollution abatement,
flood-pidin management, and water resources devei-
opment. To provide this information, an appropriate
data base is necessary.

OBJECTIVE: A. To collect surface-water data sufficient
to satisfy needs for cumrent purpose uses, including (1)
assessment of water resources, (2) operation of reser-
voirs or Industries, (3) flow forecasting, (4) disposal of
wastes and poliution contral, (5) publication of dis-
charge data to accompany water-quality measure-
ments, (6) conformity to compact and legat require-
ments, and (7) research or speciai studies. B. To coilect
data necessary for anaiytical studies to define for any
location the statistical properties of, and trends in, the
occurrence of water in streams, lakes, estuaries, efc., for
use in planning and design.

APPROACH: Stage and discharge of streams and stage
and contents of iakes and reservolrs wiil be measured
and recorded. Standard methods of data collection wili
be used as described in the series, “Techniques of
Water-Resources Investigations of the United States
Geological Survey.” Partial-record data will be col-
lected instead of continuous-record data when it serves
the required purpose.

PROGRESS: The Annual Water Resources Data Report for
water year 1992 was sent to the printer in July 1993. The
report was somewhat deiayed by an opportunity to
obtaln discharge measurements during the highest
flood stages in Massachusetts since 1987. A total of 72
discharge measurements were made at 37 gaging sta-
tions between March 26 and Aprll 10, including mea-
surements made from seven cableways replaced or
refurbished in the past 3 years. Satisfactory stage-dis-
charge rating tables were developed using four dis-
charge measurements obtained at each of six sltes In
the Blackstone River Basin; the ratings were used to pro-
vide discharges for synoptic water quality sampling
studies being done by the University of Rhode Isiand.
Nine discharge measurements were obtained and a
rating developed at Town Brook at Lanesborough. Mas-
sachusetts, in cooperation with the Berkshire County
Commissioners Office, in support of an Environmental
Protection Agency Ciean Lakes Grant.

PLANS NEXT YEAR: Plans are being made to repair or
rebuild four o six cableways in 1992. New concrete
mass anchors must be poured at most of these cabie-
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ways. Sufficient reliability has been demonstrated to
make DCP's the primary source of record at 16 of the 17
gages with U.S. Geologlcal Survey (USGS) DCP's; digital
recorders will be used as backups at those gages. A
schedule wiil be developed to fulfill a USGS mandate to
replace mercury manometers In 30 gages in the next 5
years. Intake pipes at several stiling well gages will be
replaced; advanced age has resulted In several break-
ing off at the bank or losing static tubes, creating
potential drawdown problems at the high end of rat-
ings.

COMPLETED REPORTS: This project contributes to the
annuadl report “Water Resources Data—Massachusetts
and Rhode Island.” Data on stream discharge and
stage and on lake or reservolr contents, through Sep-
tember 1960, were published annually under the titte
“Surface-Water Supply of the Unlted States, Parts 1A
and 1B.” For the 1961 through 1970 water years, the
data were published In two 5-year reports.
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Ground-Water Stations

PROJECT CHIEF:
Roy Socolow

PERIOD OF PROJECT:
Continuous since June 1936

COOPERATOR(S): Massachusetts Department of Environ-
mental Management, Division of Resource Conserva-
tion; Cape Cod Commission

PROBLEM: Ground water In Massachusetts Is close to
land surface, generally within 5 to 20 feet in materials of
giacial and stratified drift, Ground-water distribution is
highly variable and Is related to geologic infiuences and
to natural and manmade stresses. Monitoring of
ground-water levels Is essential for adequate develop-
ment pianning and construction designs, ground-water
quaiity management, and water supply.

OBJECTIVE: (1) Maintaln a data base of ground-water
levels that will enable evaluation of climatic and sea-
sonal variations on ground-water conditions. (2) Provide
long-term water-level data that can be used as indexes
of long-term trends. (3) Provide information of ground-
water storage for ground-water management, and on
water-level gradients for ground-water quality manage-
ment; provide a base of index observations which can
be used to correlate and estimate conditions at other
sites for design and regulation of sepftic systems.

APPROACH: Water-level data recorded continuously
and water-level data measured monthly or bi-monthly
will be entered Into a computer data base. Standard
methods of data collection will be used as descilbed in
the "National Handbook of Recommended Methods for
Water-Data Acquisltion” and Water Resources Division
memos and memorandums.

PROGRESS: The Data Report for water year 1992 was
sent to the printer In July 1993. Observation wells were
malntalined (checked for responsiveness, repalred as
needed) on Cape Cod. Lockable plpe capes were
installed on four wells during water year 1993. An in-well
water-levei data logger was Installed in well Lakeville 14,
and provided substantially improved record. The con-
fract to measure 31 wells In eastern Massachusetts was
eliminated. Measurement of the 31 wells was assumed
by personnel from the Massachusetts U.S. Geologlcal
Survey office. The contract to measure 31 wells In west-
ern Massachusetts was continued. Information provided
in the monthly publication, * Current Water Resources
Conditions In Centfral New England” was expanded to
Include additional data pertinent to observation-well
site descrlptions and historlcal statistics.

PLANS NEXT YEAR: Perform general maintenance and
Instalt lockable plpe caps at 20 additional weils.
Replace the digital recorder at one well with a data

logger.

COMPLETED REPORTS: This project contributes to the
annual report “Water Resources Data—Massachusetts
and Rhode Island.” Records of ground-water levels for
the 1936 through 1974 water years were pubiished
under the title “Ground-Water Levels In the United
States.” on an annual basis. Beginning with the 1975
water year, the report title was changed to “Water
Resources Data—Massachusetts and Rhode Island,
(water yean.”
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Quality of Water Stations

PROJECT CHIEF:
Gerald Glrouard

PERIOD OF PROJECT:
Continuous since January 1966

FUNDING SOURCE: USGS National Stream Quality
Accounting Network

PROBLEM: Water-resource planning and water-quallty
assessment require a nationwlde base level of relafively
standardized information. For planning and realistic
assessment of the water resource, Its chemlcal and
physlcal quallty must be defined and monltored.

OBJECTIVE: To provide a natlonal bank of water-quality
data for broad Federal planning and action programs
and to provlde data for Federal management of inter-
state waters.

APPROACH: A network of water-quality stations will be
operated to provide records of changes in concentra-
tlons of chemlcal constituents and properties in order to
assess the trends of water quality and to provide data
for planning and management agencies.

PROGRESS: The 1993 National Stream Quality Account-
Ing Network (NASQAN) data acquisition, analysls, and
computer entry was completed. Complete transects
were run during the summer season at Merrimack River
above Lowell, Massachusetts, Blackstone River at
Millville, Massachusetts, and Charles Rlver at Dover,
Massachusetts. The results of the fransects Indicated
good mixing at the sampling sltes. The technicians

responsible for the collection of NASQAN data have
implemented clean methods to NASQAN sampling. In
June, clean methods for trace metal sampling were
Implemented and continued at all NASQAN Implemen-
tation locations. Every effort is belng made to insure
proper protocol for the remalnder of Fiscal Year 93. The
Mass.—R.l. District’s water-quality vehicle Is belng used
for sampling at all water-quality sltes.

PLANS NEXT YEAR: Continue to sample NASQAN sites at
the Biackstone, Charles, and Merrimack River stations at
the frequencies prescribed by the Water-Quality Coor-
dinator. No addltions to the program are anticipated.
Reconclile discrepancies between the sampling
method taught at the NASQAN training course and
those prescribed in the 1992 NASQAN implementation
memorandum. Insure proper protocol for the remainder
of fiscal year 92 and continue In Fiscal Year 93. Use the
Mass.—R.I. District’s water-quality vehlcle for sampling at
all water-quallty sites.

COMPLETED REPORTS: This project contributes to the
annual report “Water Resources Data—Massachusetts
and Rhode Island.” Data on chemlcal qudlity, tempera-
ture, and suspended sediments for the 1941 through
1970 water years were published annually under the titie
“Quallty of Surface Waters of the Unlted States.”
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Waler Use

PROJECT CHIEF:
Michael Horgan

PERIOD OF PROJECT:
Continuous since September 1977

COOPERATOR(S): Massachusetts Department of Environ-
mental Management, Division of Resource Conserva-
fion; Massachusetts Department of Environmental Pro-
tectlon, Division of Water Supply.

PROBLEM: in Massachusetts, the demand for water
resources Is increasing for domestic, industrial, and agri-
cultural uses. Water conservation and greater protec-
tion of water quadiity are public policy. Competition for
diverse water uses dictates that available supplles are
matched with optimum uses. Information Is currenfly
being obtalned to describe quantity and quality of
available water, but relatively llttle Information Is being
obtalned to describe water use. Adequate Information
on uses of water is needed by the cooperators to
resolve problems with respect to water-quallty
enhancement, environmental impact of water with-
drawals and diversions, energy development, and
resource aliocations for supply and waste transport.

OBJECTIVE: (1) Provide water-use Information to opti-
mize utllization and management of Massachusetts
water resources for the overall benefit of the public.

(2) Develop and operate a system to collect, store, and
disseminate water-use data to complement data on
avaliabiilty and quallly of the States” water resources.
(3) Make the system responsive to the data needs of
local users, USGS, and other Federal agencies.

APPROACH: Responsibllities will be divided between the
cooperator and U.S. Geologlcal Survey (USGS) to refiect
the most efficlent means of meeting objectives of the
program. Direction, management, and standards
development to meet National needs will be the

responsibility of the USGS. Field activities for the collec-
tion and preliminary storage of the data will be the pii-
mary responslbility of the Massachusetts Department of
Environmental Management. Final data summarization
and storage wili be on the USGS computer system.

PROGRESS: The data base framework IInking
wastewater-treatment faclilfies, wastewater-collection
systems, and the towns those systems serve were com-
pleted. Site-speclfic data on wastewater-treatment sys-
tems were complled, analyzed. evaluated, and
entered into Slite Specific Water-Use Data System. Work
began on the report "Wastewater collection and return
fiow in New England.” Work continued on the Ten Mile
River Basin water-use budget report. The water-use map
report based on the 1990 Rhode Island water-use com-
pilation recelved Director’s approval and Is being pre-
pared for publication.

PLANS NEXT YEAR: Compile, analyze. evaluate, and
enter water-use data info New England Water-Use Data
Base site specific data on Massachusetts public-supply
systerns. Hold a workshop on industrial water use to help
USGS and cooperator personnel understand the pro-
cesses and data availability of industrial water use.
Begin compiling industrial water-use data wiil begin.
Obtain Director’s approval and pubillsh the report, “Esti-
mation of Imported and Exported Water Use and Con-
sumptive Use, and Water Use In New England,” based
on the data coliected for the 1990 compilation. Obtaln
Director’s approval and pubilsh a report on wastewater
collection and return fiow In New England. Begin prepa-
ratlon of a report on public water-supply and dlstribu-
fion In New England.
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Effectiveness of Highway-Drainage Systems in Preventing Salf
Contamination of Ground Water, Route 25 from Wareham fo the Cape Cod
Canal, Massachusetts

PROJECT CHIEF:
Peter E. Church

PERIOD OF PROJECT:
January 1979 to December 1996

COOPERATOR(S): Massachusetts Department of Public
Works

PROBLEM: Sodium and calcium chloride salts are fre-
quentiy applied to roadways In the northern United
States during winter storms to malntaln ice-free road sur-
faces. Salt contamination of adjacent surface and
ground water commonly results. Constructing roadways
near public-water supplles can present a significant
problem because high concentrations of sodium in
arinking water Is a health hazard. Speclally designed
highway-dralnage systems have been constructed
along sectlons of a new highway located near public-
water supplles. Effectiveness of these dralnage systems
In preventing contamination of ground water by road
salts has not been determined. Cost effectiveness of
alternative methods of protecting ground-water sup-
plies from contamination by road saits cannot be ade-
quately accomplished without knowledge of effective-
ness of the dralnage systems.

OBJECTIVE: Determine the relative effectiveness of four
types of highway-dralnage systems In preventing road-
salt contamination of ground water,

APPROACH: Four test sltes along Route 25, Wareham to
Cape Cod Canal, Massachusetts, have been estab-
lished to monltor highway-related ground-water con-
tamination. Each site represents a different type of
dralnage-system deslgn. Ground-water samples will be
collected monthly from networks of observation wells at
each test slte and analyzed for concentrations of

sodium, calclum, and chioride—the primary constitu-
ents of road salt. Borehole-Inductlon iogs, which can be
used to Infer road-salt contamination of ground water,
will be performed monthly fo ensure that water samples
collected represent all of the road-salt contaminated
water near each well. Monthly quantitles of sodlum, cal-
clum, and chloride transported in ground water down-
gradlent from Route 25 at each test site will be com-
puted from the chemical-concentration data. Continu-
ous records of stage and speclfic conductance are col-
lected at highway-drainage-monitoring stations during
highway-runoff events to determine the quantity of
road salt discharging through the highway-dralnage
system. Data collection will continue through 1995.

PROGRESS: Water-quallty samples were collected
monthly from the 10 clusters of 5-foot screened wells
Installed in 1990, four at site A and two each at sites B, C,
and D, for analysis of sodium, calclum, and chloride
concentrations. The mass fiux of sodlum, calcium, and
calclum In the road salt plume were estimated monthly
for each test slte. Borehole-Induction logs were
obtalned from 10 wells. each located Immediately
upgradlent of a well cluster. These logs were used fo
monltor changes In background water-quallty upgradl-
ent of the highway and changes in the vertical loca-
fion, thickness, and water quallty of the road-salt plume
downgradlent of the highway. Records of stage and
speclfic conductance were collected continuously
from the highway-dralnage monltoring stations during
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runoff events. Stage/discharge and specific conduc-
tance/chloride relations were used to compute road--
salt chlorlde discharge from the highway-dralnage sys-
tems.

PLANS NEXT YEAR: Collect water-quality samples
monthly from the well clusters and anaiyze for chloride,
sodium, and calcium concentrations. Continuously
monitor stage and specific conductance at the high-
way-dralnage monitoring statlons. Obtaln monthly
borehole-induction logs at each well cluster in order to
monitor the vertical iocation and thickness of the road-
salt plume. Compute the mass fiux of road salt in ground
water and the discharge of road salt through the high-
way-dralnage monltoring stations on a monthly basis for
each test site. Compare these data with records of road
salt applied to the highway and compared between
test sites.

COMPLETED REPORTS:

Church, P.E., 1991, A study o evaluate the effectiveness
of highway-dralnage systems in preventing

ground-water contamination in Abstracts from the
technlcal sesslons of the U.S. Geologlcal Survey
Water-Quality Workshop. Northeastern Region, 1st
meeting, Skyland. Virginia, March 31-April 3, 1986
U.S. Geological Survey Open-Flie Report 91-225,

p. 31.

Church, P.E., and Frlesz, P.J., 1993, Delineation of a
road-salt plume in ground water and traveliime
measurements for estimating hydraulic conductivity
by use of borehole-induction logs /n J.K. Hallenburg.
ed., Geotechnical and Environmental
Applicatlons—Proceedings of Fifth International
Symposium on Geophyslcs for Minerals, October
24-28, 1993, Minerals and Geotechnlcal Logging
Soclety, Tuisa, Oklahoma, v. 5. chap. Y. p. 1-16.

Church, P.E.. and Friesz, P.J., 1993, Effectiveness of
highway drainage systems In preventing road-salt
contamination of ground water—preliminary
findings in Dearasaugh, D.W., Jr., ed., Transportation
Research Record, Highway and Facility Design,
no. 1420, p. 56-64.
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Quality of Precipitation from Air Masses Moving Over Massachusefts

PROJECT CHIEF:
J. Michaei Norrls

PERIOD OF PROJECT:
October 1982 to September 1985

COOPERATOR(S): Massachusetts Department of Environ-
mentai Protection, Division of Water Pollution Controi

PROBLEM: Alr which flows over the industricilzed Ohio
Vaiiey, eastern seaboard, and southeastern United
States Is beileved to be responsible for the chemical
quality of precipitation in New Engiand. Problems with
corrosivity, nutrient content, and heavy-metai moblilza-
tion are common in Massachusetts. The qudiity of sur-
face and ground water in Massachusetts is vuinerable
to the effects of acid precipitation because soli and
rock contain iitle natural buffering capacity. There is a
need to systematicaily collect, analyze, and relate
atmospheric deposition to the air-mass trajectories and
sources to determine future inputs from precipitation in
Massachusetts and New Engiand.

OBJECTIVE: (1) Measure the quantities of selected
water-quality properties and constituents from sampies
of individual wet-atmospheric deposition events and
relate them to alr-mass trajectories, sources, type of
storm, and seasons of the year. (2) Determine the ongo-
Ing contribution of wet-atmospheric deposition to

dissolved constituents in surface and ground water,
corrosivity In water-supply distribution systems, and
mobliization of heavy metais.

APPROACH: Precipitation varlables such as storm type,
storm duration, season of the year, air mass trajectory
and other factors wiil be related to chemicai composi-
tion and amounts collected at two sltes In eastern Mas-
sachusetts and one Eiectric Power Research institute
(EPRYI) site in central Massachusetts. Nationai Weather
Service (NWS) meteorological Information and reports
wiil be used to gulde sampling and to Identify precipita-
tion variabies. Chemical and physical data coliected
from the project samplilng slites and composite sampiles
from the National Atmospheric Deposition Program
(NADP) and Department of Energy/Environmental Mea-
surements Laboratory sites wiil be used to compute
annual and seasonal loads of trace metais, nutrients,
aclds, and common constituents.

PROGRESS: Report was rewritten by Steve Meiching.
liinois District, and Is at colieague review.

PLANS NEXT YEAR: Obtain Director’s approvai for report.
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Solute Transport, Otis Sewage Plume / MA062

Processes Confrolling Transport of Solufes in a Sewage Plume in Ground
Water at Otis Air Base, Cape Cod, Massachusetts

PROJECT CHIEF:
Denils R. LeBlanc

PERIOD OF PROJECT:
April 1983 to September 1995

FUNDING SOURCE: USGS Toxic Substances Hydrology
Program

PROBLEM: Prediction of solute transport In ground water
requires identification and field measurement of aquifer
and flow-system characteristics that affect fransport.
Field studles have shown that macroscale dispersion Is
caused by heterogeneity of hydraulic conductivity and
porosity, but practical methods to quantify heterogene-
Ity and predict dispersion are not available. Vertical
movement of plumes In aqulfers with mostly horizontal
flow has been observed In the fleld, but most models
have only consldered two-dimenslonal areal transport,
Practical methods are needed to measure the three-
dimenslonal characteristics of plumes and to Incorpo-
rate these data Into predictive models that adequately
descrlbe the fate of reactlive and nonreactive solutes In
aquifers.

OBJECTIVE: (1) Deveiop and test deterministic and sto-
chastlc methods for describlng the spatial and temporal
varlabillty of hydrologlc and geochemical characterls-
fics of contaminated aquifers and (2) Develop and test
predictive models of the complex Interactions between
this varlabliity and the physical, chemical, and microbl-
ologlcal processes that affect solute transport.

APPROACH: The spatial and temporal varlabillty of
hydrologlc and geochemical characteristics will be
measured at varlous scales In the sandy aquifer, and
stochastic and deterministic methods will be used to
quantify the varlablliity. Physlcal, chemlcal, and
microblologlcal processes that affect solutes in ground

water will be measured during laboratory tests, fracer
experiments, and fleld studles of the sewage plume.
Predictive models of reactlive and nonreactive solute
fransport in the heterogeneous aqulfer will be devel-
oped and tested by comparison of the models’ predic-
tions to observations of solute transport In the sewage
plume and the tracer experiments,

PROGRESS: The spatial variability of hydraulic and
geochemlcal characterlstics In the Cape Cod aquilfer
were examined at several spafial scales. Geologlc
models were coupled with measurements of hydraulic
conductivity to determine spatial trends of conductivity
over distances of kllometers; these large-scale trends
were superimposed on small-scale frends over dis-
tances of meters. Measurements of the capaclty of the
sandy sediments to sorb trace metals showed that the
spatial varlabliity of this geochemlcal capaclty Is similar
to the varlability of hydraullc conductivity. Six ground-
water fracer experiments were conducted using Inot-
ganic, organic, and microbial tracers. In the largest
experiment, more than 2,000 gallons of water contain-
ing lead. zinc, nickel, and other trace metals were
injected Into the aquifer, and water samples were col-
lected monthly from an array of muttilevel wells to
observe the fracers' movement and attenuation. Prelim-
Inary results from this experiment, which was still under-
way In October 1993, showed that spatial variations of
pH and dissolved-oxygen concentrations In the sewage
plume affect the transport of metals. Development of
predictive models that simulate the resulfs of the tracer
expefriments began. A numerical model of the 1985-88
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Solute Transport, Otis Sewage Piume / MA062

large-scale natural-gradlent fracer experiment was used
to show that the downward movement of bromide
tracer cloud was caused by two processes: areal
recharge from precipitation and density-induced verti-
cal flow. This downward movement can increase the
amount of vertical mixing of contaminants in ground
water,

PLANS NEXT YEAR: Complete trace-metals tracer experi-
ment. Continue to describe the spatial variability of the
capaclty to sorb metals. Begln development of stochas-
fic and deterministic models to transport of reactive
tfrace metals. Analysls of the downward movement of
the bromide tracer cloud during the 1985-88 experiment
will be described in a Masters thesis. About 260 wells in
the sewage plume will be sampled as a first step in a
planned study of changes In the plume after sewage
disposal ceases In 1995,

COMPLETED REPORTS:

Barber, L.B.. I, Thurman, E.M., Schroeder, M.P., and
LeBlanc, D.R., 1988, Long-term fate of organic
micropollutants In sewage-contaminated
groundwater: Environmental Science and
Technology, v. 22, no. 2, p. 205-211.

Barlow, P.M., 1987, The use of temperature as a
ground-water tracer in glacial outwash: Tucson, Arlz.,
Unlversity of Arizona, Dept. of Hydrology and Water
Resources, unpublished M.S. thesis, 141 p.

Barlow, P.M., and LeBlanc, D.R., 1992, A study of
ground-water flow beneath the Massachusetts
Millitary Reservation, Cape Cod, Massachusetts,
Project Descrlption, August 1992: U.S. Geological
Survey Open-File Report 92-143 (pamphlet).

Davis, J.A., Fuller, C.C., Coston, J.A., Hess, KM., and
Dixon, E., 1993, Spatial heterogenelty of
geochemical and hydrologlc parameters affecting
metal fransport in ground water: Washington, Office
of Research and Development, U.S. Environmental
Protection Agency. Environmental Research Brief
EPA/600/2-91/006. 22 p.

Davis, J.A., Kent, D.B., Rea, B.A., Maest, AS., and
Garabedian, S.P., 1993, Influence of redox
environment and aqueous speciation on metal
fransport in groundwater: Preliminary results of fracer
Injection studies, in Allen, H. E. Perdue, E.M., and
Brown, D.S., eds., Metals in groundwater: Chelseqa,
Mich., Lewis Publishers, p. 223-273.

Franks, B.J., ed., 1987, U.S. Geological Survey Program on
Toxic Waste—Ground-Water Contamination:
Proceedings of the third technical meeting.
Pensacolaq, Florida, March 23-27, 1987: U.S.
Geological Survey Open-File Report 87-109, 214 p.

Garabedian, S.P., 1987, Large-scale dispersive transport
In aqulfers: Field experiments and reactive fransport
theory: Cambrldge, Mass.. Massachusetts Institute of
Technology. Dept. of Civil Engineering, unpublished
Ph.D. thesls, 290 p.

____ 1991, A comparison of results from small- and
large-scale tracer tests in a heterogeneous aquifer,
Cape Cod, Massachusetts, In Fliermans, C.B., and
Hazen, T.C., eds., Proceedings of the First
International Symposium on Microblology of the
Deep Subsurface, Orlando, Florida, January 15-19,
1990: Alken, S.C., Westinghouse Savannah River
Company, p. 7-167 to 7-176.

Garabedian, S.P., Gelhar, LW., and Celia, M.A., 1988,
Large-scale dispersive fransport in aquifers: Field
experiments and reactive fransport theory:
Cambridge, Mass., Massachusetts Institute of
Technology. Dept. of Civil Engineering. Ralph M.
Parsons Laboratory, Hydrology and Water Resources
Systems Report No. 315, 290 p.

Garabedian, S.P., and LeBlanc, D.R., 1987, A
natural-gradient tracer experiment to verify
stochastic models of solute fransport, Cape Cod,
Massachusetts, In Proceedings of International
Congress on Hazardous Materials Management,
International Congress of Environmental
Professlonals, Chattanooga, Tenn., June 8-12, 1987:
Northbrook, lll., Pudvan Publishing, p. 187-197,

____ 1991, Transport of reactive and nonreactive solutes:
Results of a natural-gradient fracer test in a sand
and gravel aquifer, Cape Cod, Massachusetts, in
Moltyaner, Greg, Transport and Mass Exchange
Processes in Sand and Gravel Aquifers: Field and
Modeling Studies, Proceedings of the International
Conference and Workshop, Ottawa, Ontario,
October 1-4, 1990: Chalk River, Ontario, Atomic
Energy of Canada, Lid., AECL-10308, p. 11-33.

Garabedian, S.P., LeBlanc, D.R., Gelhar, LW., and Cella,
M.A.. 1991, Large-scale natural-gradient fracer test
In sand and gravel, Cape Cod, Massachusetts: 2.
Analysls of spatial moments for a nonreactive fracer:
Water Resources Research, v. 27, no. 5, p. 911-924.

Harvey. RW., and Garabedian, S.P.. 1991, Use of collold
filtration theory in modeling movement of bacteria
through a contaminated sandy aquiifer:
Environmental Sclence and Technology. v. 25,no. 1,
p. 178-1885.

1992, Correspondence, (response to) Comment on

Use of colloid filtfratlon theory in modeling moverment
of bacterla through a contaminated sandy aquifer:
Environmental Sclence and Technology. v. 26,no. 2,
p. 401-402.
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Hess, K.M., 1988, National Water Summary 1986, Sewage
plume In a sand and gravel aquifer, Cape Cod,
Massachusetts: U.S. Geological Survey Water-Supply
Paper 2325, p. 87-92.

1989, Use of a borehole flowmeter to determine
spatiai heterogeneity of hydraulic conductivity and
macrodispersion in a sand and gravel aquifer, Cape
Cod, Massachusetts, In Molz, F.J.. Meiville, J.G., and
Guven, Oktay, eds., Proceedings of the Conference
on New Field Techniques for Quantifying the Physical
and Chemical Properties of Heterogeneous
Agquiifers, Dallas, Texas, March 20-23, 1989: Dublin,
Ohio. Natlonal Water Well Association, p. 497-508.

Hess, K.M..and Wolf, S.H., 1991, Techniques to determine
spatial variations in hydraulic conductivity of sand
and gravel: Washington, Office of Research and
Development, U.S. Environmental Protection
Agency, Project Report EPA/600/2-91/006, 36 p.

Hess. K.M., Wolf, S.H., and Celia, M.A., 1992, Large-scale
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Hess, K.M., Wolf, S.H., Celia, M.A., and Garabedian, S.P.,
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S. Kerr Environmentai Research Laboratory, U.S.
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Research Brief EPA/600/M-91/005, 9 p.
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Mailard, G.E.. and Aronson, D.A., eds., 1991, U.S.
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Chemistry of Precipitation During Storm Events

PROJECT CHIEF:
James B. Shanley

COOPERATOR(S): Massachusetts Department of Environ-
mental Protection, Division of Water Poliution Control

PROBLEM: In the course of a previous project “Quality of
Precipltation from Alr Masses Moving over Massachu-
setts” (MAD60), significant variations in water chemistry
and the erratic presence of varying amounts and char-
acter of particuiate residue found in water sampies
were potentially related to geographic source areas.
Aithough other researchers have reiated dissolved con-
stituents in precipitation to sources such as coal buming
for power generation in the Ohio Valley, the particuiates
In preclpltation have not been extensively studled.
There is a need to relate and further describe not only
the dissolved constltuents of precipitation with respect
to source, but to determine the composition and rela-
five abundances of these particuiate constituents in
preciplitation.

OBJECTIVE: (1) Establish a baseline characterization of
precipltation quality affecting central Massachusetts
according to storm type and season of the year.

(2) Identify and describe chemicai-constituent assem-
biages of dissolved and particulate constituents In pre-
cipitation samples that may be signatures of sources.
(3) Compare two methods of identifying sources of dis-
solved and particulate emissions: (a) the method using
chemlcal-constituent assemblages of dissolved and
particulate materiais; and (b) the method using alr-mass
trajectory analysis. (4) identify and describe the within-
storm variability of common chemical constituents for
various storm types.

APPROACH: Precipitation samples will be collected from
four types of storm patterns each season for chemical
analyses of both dissolved and particuiate matter at a
Massachusetts Division of Air Quallty Control weather

PERIOD OF PROJECT:
October 1985 to September 1988

AN

site on Quabblin Summit In central Massachusetts. Each
season each storm pattern will be sampled twice: once
for storms yielding less than 0.25 Inch of water and the
other fime for storms ylelding greater than 0.25 inch of
water. The four storm patterns are: (1) advancing cold
front where cold air overtakes and replaces warm alr,
(2) advancing warm front where warm alr overtakes
and replaces cold arr, (3) land cyclone where the low-
pressure center tracks just to the west of the slte so that
both advancing warm and cold air masses are over-
taken In tum, and (4) coastal cyclone where the low—
pressure center tracks east of the slte, probably over the
Atiantic Ocean, so that the cold air mass is not
replaced. Quantitative microanalyticai electron
microscopy techniques will be used to determine the
chemical composition, and to possibly identify the par-
ficulate matter in preclpitation. The chemical data from
these water and particuiate analyses will be used to
determine chemical “signatures” of storm events, which
then may be used to compare to the chemical signa-
tures of particulates emitted from possible sources.
Backward air-mass frajectories for up to a 5-day period
starting at the end of a storm event will be computed
for storms using the Branching Atmospheric Trajectory
computer model developed by the National Oceanlc
and Atmospheric Administration. These air-mass trajec-
tory analyses will be compared with a list of possibie
sources determined from the chemical data to relate
the backward alr-mass trajectory to possible geo-
graphic sources.

PROGRESS: The report was written and submitted for col-
league review. Project Is complete except report.

PLANS NEXT YEAR: Obtain Director’s appraval for the
report.
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Physically Based Low-Flow Models and Record Extension for
Low-Flow Frequency Studies

PROJECT CHIEF:
J. Michael Norris

COOPERATOR(S): Massachusetts Department of Environ-
mentai Protection, Division of Water Poiiution Controi

PROBLEM: Low-fiow frequency estimates are used by
governmental agencles, consultants, planners, and
engineers for pianning, design, and regulatory pur-
poses. These estimates are extremely important for
waste-load allocation, water-supply design, ground-
water management, and aquatic-habitat protection.
Accuracy goais for planning and design data were cal-
culated during a nationwide evaiuation of the stream:-
fiow data program. In generai, existing iow-fiow regres-
sion equations yield estimates for ungaged sites with
large standard errors of estimate that exceed accuracy
goais in each state or region. Most locations where such
low-flow statistics are required do not coincide with
stream-gage sites. Improved techniques/models are
needed fo estimate low-fiow statistics for ungaged sites.

OBJECTIVE: Appiy scientific advances In low-flow
frequency estimation, streamfiow-record augmenta-
tion procedures, and regional regression analyses that
show promise for improvement of regionai equations for
estimating low-fiow statistics at ungaged sites. Investi-
gate altemative forms of the low-flow frequency estl-

PERIOD OF PROJECT:
October 1986 to September 1989

mating equation that have a physlcal basis with param-
eters that are hydrologically meaningful with respect fo
the hydrogeology and physiography of the basin.

APPROACH: Estimates of low-fiow characteristics at
short-term gaged sites wiil be developed by streamfiow
record extension techniques. Low-fliow characteristics at
partialrecord sites will be estimated with the unbiased
moment fechniques. Basins with diverse hydrologic
responses will be analyzed to test the usefulness of an
instantaneous fiow relation to fransfer low-fiow volumes
fo partial-record sites, Altemnative functional forms of the
low-fiow model wiii be evaluated including new physl-
cdlly based parameters as Independent variables. Gen-
erailzed ieast-squares regression analysis will be used to
define the physicdily based low-fiow modeis. Seiected
low-fiow estimating equations wiil be verlfied with a new
and Independent data set.

PROGRESS: The report was written and submitted for
colleague review. Project is complete except report.

PLANS NEXT YEAR: Obtain Director’s approval for the
report.
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Demonstration of the Use of Three-Dimensional Ground-Water Modeling for
Delineation of Recharge Zones of Public-Supply Wells, Cape Cod,
Massachusetts

PROJECT CHIEF:
Paul M., Barlow

PERIOD OF PROJECT:
October 1986 September 1990

COOPERATOR(S): Massachusetts Department of Environ-
mental Management, Division of Water Resources:
Massachusetts Department of Environmental Protec-
tion, Division of Water Supply: Barnstable County

PROBLEM: Massachusetts reguiations require delineation
of recharge areas to public-supply wells. Cape Cod Is
underiain by a water-table aquifer which Is its sole
source of water. The aquifer is multi-layered in many
locations, and wells commonly penetrate less than 10
percent of the total aquifer thickness, Many areas
contain muitiple wells with superimposed zones of con-
tribution. A multi-agency task force has determined that
analytical and two-dimensional modeling approaches
to recharge-area dellneation are Insufficlent to assess
the compiex hydrogeologlc system.

OBJECTIVE: (1) Demonsirate the use of the U.S. Geologi-
cal Survey modular three-dimenslonal flow model to

delineate recharge zones of public-supply wells under a
range of recharge and pumping conditions, by model-

Ing existing conditions in Barnstable and planned future
development conditions in Eastham, and (2) describe
the process of determining minimum initial data require-
ments.

APPROACH: Two, muiti-ayer, three-dimenslonal models
of the fresh ground-water flow system on the Cape wili
be developed and callbrated. Recharge areas of pub-
lic-supply welis will be determined by flow-net andlyses
of caicuiated hydraulic heads, both in plan view and
cross-section as conflrmed by three-dimensional parti-
cle tracking. The models have been tested to assess
changes In the dimensions of the recharge area due to
variation In initial and boundary conditions.

PROGRESS: FInal report has been approved as an
Open-Flle Report pending publication as a Water-Sup-
ply Paper.

PLANS NEXT YEAR: Publish the Open-File Report.
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Predicting Wetland Influences on Stream-Water Quality

PROJECT CHIEFS:
David S. Armstrong

PERIOD OF PROJECT:
October 1987 September 1990

COOPERATOR(S): Massachusetts Department of Environ-
mental Protection, Division of Water Pollution Control

PROBLEM: Water qudiity in streams In Massachusetts can
frequently be predicted using existing methods and
equations. However, It has been found that these mod-
els are Ineffective when applled to streams with contig-
uous wetlands. This represents approximately 10 percent
of the waterways In Massachusetts. There exists a need
to measure and define the processes under which wet-
lands affect stream-water quality so that reliabie predic-
tions can be made.

OBJECTIVE: To identify and define physical, ecologic,
and hydrologic characteristics that affect stream qual-
ity In wetiand streams.

APPROACH: Water-quality data wiil be obtained from a
combination of field analyses and data aiready
obtained from the State. The additional water-quaiity
data that will be generated wiil represent a wider range
of hydrologicai conditions and wetiand characteristics

than are currently represented by the State data base.
A determination will be made as to whether the existing
databases can be used to develop emplirical equations
for the prediction of dissolved oxygen and nutrients in
wetiand streams.

PROGRESS: Data report was approved for pubilcation.
Expected distribution date is February 1994, After meet-
Ing with the cooperator, report pians have been
changed and new topical and annotated outiines
have been prepared to rescope the Interpretive report.
Project is compiete except report.

PLANS NEXT YEAR: Prepare first draft of the interpretive
report and begin colleague review process.

COMPLETED REPORTS:

Suurbaille, Nancy C., 1992, Effects of a wetiand on quality
of Nafty Pond Brook, Massachusetts, 1985-86: U.S.
Geological Survey Water-Resources investigations
Report 91-4144, 52 p.

Massachusetts—Rhode Island Distiict - 67



Watershed Management ii / MA085

Investigation of Watershed Management Impacts on
Watershed Hydrology and Aquatic Chemisfry

PROJECT CHIEF:
James B. Shanley

COOPERATOR(S): Metropolltan Distrlct Commilsslon

PROBLEM: The Metropoalltan District Commlssion (MDC)
pians to apply forest management to increase the
watershed yleld to Quabbin Reservolr, the primary
source of water for the Boston metropolitan area. This
reservolr, located in the central highiands of the State, is
located In a terraln underiain by sillcate rock that has
lIitle capaclty to buffer acldity Infroduced by preclplta-
tion. The MDC Is making selective clear cuts of forests
and converting them to open grassy fields. Because of
the susceptibllity of the reservolr to acldification, assess-
ment of the effect of this land change on water quality
Is needed to gulde MDC's future management decl
slons.

OBJECTIVE: Determine the effect of watershed man-
agement on stream-water alkalinity, acidity, and gen-
eral chemistry, and to determine the change Iin water-
shed yleld In response to management,

PERIOD OF PROJECT:
October 1987 to September 1990

KA \

APPROACH: Water quallty and stream discharge are
belng measured in two small subbasins tributary to the
reservolr prior to selected clear cutting In one of the
baslns. Comparlsons of the before and after condltions
in both the cut basin and In the undisturbed control
basin will be used to assess the nature and magnitude
of the effects of management on water quallty and
yield. Analytical and numerlcal technlques, including
paired regression between the control and experimen-
tal baslns, precipitation-runoff modeling, and numerical
models of aqueous geochemistry will be applled.

PROGRESS: FIrst draft of the report was written and has
recelved in-house review. Project is complete except
for report.

PLANS NEXT YEAR: Obtaln Director’s approval for final
report.
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Ground-Water and Low-Flows in the Sudbury, Assabet,
and Concord River Basins, Massachusetis

PROJECT CHIEF:
Gene W Parker

PERIOD OF PROJECT:
October 1989 to September 1992

COOPERATOR(S): Massachusetts Department of Environ-
mentai Management, Office of Water Resources

PROBLEM: Although Massachusetts is rich in water
resources, the urbanized eastern part of the State has
been developed to the extent that water demand has
approached and, in some instances, outstripped the
capacity of local resources. The Massachusetts Water
Management Act requires the State to quantify water
resources in each planning basin. The potential yields of
the aquifers in the SUdbury, ASsabet, and COncord
(SUASCO) River Basin have not been estimated. Plan-
ning and management of water resources requires
knowiedge of the capacily of these resources and then
an accounting of the effects of ail withdrawals and dls-
charges on the low-flow of streams.

OBJECTIVE: To determine the volume of water available
and to understand the interaction between surface-
water and ground-water systems.

APPROACH: The study wili investigate the degree of
interaction between the surface-water and
ground-water systems, estimate the quality of water
involved, and simulate the processes with identifiable
limits. A monthiy fime-step streamfiow-tabulation model
wiil estimate iow-flow responses to water-use pattern
along reaches which could not accommodate the
dally time-step model. Low-flow measurements will be
made at specified subbasin locations.

PROGRESS: The report was written and reviewed. Some
major changes were made in the section on surface-
water/ground-water interaction. Revisions were made
and the report has gone through colieague review.

PLANS NEXT YEAR: Publish the report.
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Basin Management / MAD89

Application of Physically Based Low-Flow Models fo the
Determination of Basin Yields, Massachusefts

PROJECT CHIEF:
Kernell G. Rles, lli

COOPERATOR(S): Massachusetts Department of Environ-
mental Management, Divislon of Resource Conserva-
tion, Office of Water Resources

PROBLEM: The Massachusetts Office of Water Resources
(MOWR) Is responsibie for development of basin man-
agement plans for the efficient and environmentally
sound use of water within the State’s 27 planning basins.
The single most critical plece of Information required for
these basln plans Is an estimate of basin yield during low
surface-water fiow conditions. Basin yleld must be
expressed in terms of low-fiows equaled or exceeded a
specific percentage of the ime. Estimates of basin yield
In this form are currently unavailable In most of Massa-
chusetts.

OBJECTIVE: (1) To develop a physlcally based low-flow
model simllar to that developed by the Northeast
Regional Aquifer Systems Analysis Project, but which
descrlbes low flows in terms of percent fliow duration
and which uses a base pefiod selected by MOWR.

(2) Apply the model in several planning basins selected
by MOWR. (3) Deslgn a low-flow dlscharge measure-
ment program for field measurement of low fiow at
selected subbasins anticipated by MOWR and USGS as
sltes where fleld measurement of low fiow is a crifical
need. (4) Determine subbasin yields in selected plan-
ning baslins using the physically based model.

PERIOD OF PROJECT:
October 1988 to September 1991

A

APPROACH: A low-fiow model wlll be derived Inltially by
regresslon of a cumently available data base of easily
measured basin characteristics against fiow-duration
characteristics for gaged sites in central New England.
Established record-extension techniques will be used to
compute fiow durations for gaged sltes which were not
In operation for the entire base period. Geographic
Information System (GIS) technology wlll be used to
retrleve the basin-characterlstics data for designated
ungaged sites In the planning baslns, and for the gaged
sites used to derlve the model. The model will be
adjusted for use with the GIS data. fested with an inde-
pendent data set, and used to estimate yields for the
designated ungaged sltes. Low-fiow measurements willl
provide low-flow discharge at critical sites.

PROGRESS: The report received Director’s approval as a
Water-Supply Paper in January 1993, with initiai release
as an Open-File Report. Camera-ready copy of the OFR
was prepared and sent to the printers. Final revisions
were made to the Water-Supply Paper.

PLANS NEXT YEAR: Distribute the Open-File Report Janu-
ary 1994. The Water-Supply Paper may be distributed
before the end of the flscal year.
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Septage Piume / MAO90

Effects of a Septage Treatment Plant on Ground-Water Quality,
Orleans, Massachusetts

PROJECT PERSONNEL:
Leslie A. De Simone

COOPERATOR(S): Massachusetts Department of Environ-
mental Protection, Division of Water Pollution Control

PROBLEM: Most studies of contaminated ground-water
plumes are after-the-fact studies, the results of which are
imprecise because of poorly defined source terms. In
Massachusetts, disposal of nutrient rich sludge from sep-
tic systems Is a severe problem. A solution which Is gain-
ing wider acceptance is to design septage only freat-
ment plants coupled with land disposal of effluent. Stud-
les need fo examine the chemical setting within a sand
and gravel aquiifer prior to, at initiation of, and during the
land application of the septage effluent. Chemical and
physical processes controlling the transport of the con-
taminants within the aquifer need to be examined as the
plume of contaminants develops.

OBJECTIVE: Describe, over time, the development of a
nifrogen-contaminated ground water plume created by
inflfration of treated septage-plant effluent in order fo
(1) characterlze the chemlcal quality of the ground-
water plume, (2) determine what processes control its
transport. and (3) determine mass loss and gain of its dis-
solved constituents.

APPROACH: Measure, analyze, and interpret the various
baslc physical and chemical processes of attenuation
that infiuence the transport of several solutes in a plume

PERIOD OF PROJECT:
October 1988 to September 1993
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of contaminated ground water. The study will focus on
the development of a plume as It fravels from its source
to a projected discharge area in a salt water marsh
about 1,000 feet downgradient. Aquifer properties and
stresses will be quantified in sufficient detall to simulate
the ground-water flow system controlling the plume.
Mass-balance accounting for plume constituents, partic-
ulariy those In the nitrogen series, will be made both spa-
tially and tempordlly on a basis of repetitive samples
taken from a three-dimensional array of monitoring wells.

PROGRESS: Field work and data-collection phases of the
project were completed in December 1992, with a fifth
and final synoptic sampling round of 69 ground-water
observation wells within and surrounding the plume. Final
analysis of all ithologic, hydrologic, and water-quality
data was completed. including mass-balance caicula-
tions for major chemical constituents In the plume. Text
and draft figures for sections of the final report describing
hydrogeology of the site and physical and chemical
processes controlling piume deveiopment were com-
pleted.

PLANS NEXT YEAR: Complete preparation and review of
final report, and obtain Director's approval for publica-
tion.
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GW Yields / MA094

Aquifer Yields in the Cape Cod, Martha’s Vineyard, and
Nantucket Island Ground-Water Basins, Massachuselts

PROJECT CHIEF:
John P. Masterson

PERIOD OF PROJECT:
October 1989 to September 1992

COOPERATOR(S): Massachusetts Department of Environ-
mental Management, Division of Resource Conservation,
Office of Water Resources.

PROBLEM: Under Massachusetts law, the Massachusetts
Office of Water Resources (MOWR) Is responsible for the
development of management plans for the efficient and
environmentally-sound use of water within the State. The
Massachusetts legislature has approved a bill to fund
cooperatively, with the U.S. Geological Survey, the devel-
opment of basin hydrologic Information to support the
need. Survey studles will provide the State with the basic
scientific Information that It needs to begin water man-
agement plans.

OBJECTIVE: This project wili deveiop estimates of basin
yields in the Cape Cod. Martha’s Vineyard, and Nan-
tucket Island ground-water basins, Massachusetts. This
work willinclude: (1) Determination of ground-water
vleids at MOWR-designated sites in the Cape Cod. Mar-
tha’s Vineyard and Nantucket Island basins under iong--
term average climatological condltions and during peri-
ods of iitfle to no recharge. (2) Determination of the rela-
tion between ground-water ievels, pond levels, and
streamfiows in the three basins. (3) Examination of the

Impacts of increased ground-water withdrawais on the
area ground-water and pond ieveis, streamfiows, and
the potential for saltwater intrusion.

APPROACH: All available, pertinent hydrologic data from
the Cape Cod, Martha’s Vineyard, and Nantucket Island
basins will be Inventoried, assembled, and intergrated
into existing numerical models and models will be modl-
fied where appropriate. Using numerical models, the
effects of Increased ground-water withdrawals from both
existing and hypothetical pumping centers will be super-
imposed on the long term average water table eieva-
tion, pond levels, and streamfiows to provide accurate
estimates of potential ylelds for the Cape Cod fiow cells.
Qualltative work Is planned for Martha’s Vineyard and
Nantucket Island where fiow models have not been
developed.

PROGRESS: The final draft of the report was written. The
teport has been through colleague review.

PLANS NEXT YEAR: Submit report for Director’s approval as
an Open-File Report pending publication as a Water-Sup-
ply Paper. Receive approvai and pubilish the report as an
Open-Flie Report by June 1994.
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Basin Management ii / MA095

Application of Physically Based Low-Flow Models to the
Determination of Basin Yields, Massachuselts

PROJECT CHIEF:
Kernell G. Ries, Il

COOPERATOR(S): Massachusetts Department of Environ-
mental Management, Division of Resource Conserva-
tion, Office of Water Resources

PROBLEM: The Massachusetts Division of Resource Con-
servation (MDRC) Is responsible for development of
basin management plans for the efficient and environ-
mentally sound use of water within the State’s 27 plan-
ning basins. The single most critical piece of Information
required for these baslin plans Is an estimate of basin
yleld during low surface-water flow conditions, Basin
yield must be expressed in terms of low-flows equaled or
exceeded a specific percentage. of the time. Estimates
of basin yield In this form are currently unavallable in
most of Massachusetts,

OBJECTIVE: (1) Refine the regresslon models developed
from a previous study (MA089) to make improved esti-
mates for eastern Massachusetts by Incorporating pre-
existing low-fiow slites and modifying model parameters.
(2) Use low-flow sites established for this study to confirm
or cdlibrate the new models and (or) those developed
for MA089 for local condltions. (3) Provide estimates of
natural low flows for ungaged sites in the North Coastal,
South Coastal, Concord, Tenmlle, and Narragansett
basins. (4) Use water use/water supply data from State
Water Use Data System (SWUDS) to adjust natural flow
estimates for the Tenmile basin to actual conditions.

APPROACH: Regresslon models developed In the origl-
nal Basin Management project will be refined using
additional partial-record sites and Generalized Least
Squares (GLS) techniques (as opposed to using Ordinary
Least Squares technigues which were used in MA089).
New enhancements In the Geographlc information sys-
tem (GIS) database that were not available in MA0O89

PERIOD OF PROJECT:
October 1990 to September 1993

A

will be utilized and may reduce error In the models. Flow
measurements from low-flow sltes established for the
study will be used for model verification. At regulated
sites, measured low flows will be adjusted using water
use data.

PROGRESS: Measurement of basin characterlstics was
completed for all of the sites used to deveiop the
regresslon equations. The basin characteristics were
measured from digital data bases avdilable on a
nationwide basis or developed for this project using
Geographic Information Systems computer software,
The characteristics included: dralnage areaq, area of
stratified-drift deposits, total stream length, mean baslin
slope, maximum, mean, and minimum basis altitude,
the maximum mean, and minimum altitude in the strati-
fled-drift deposits. A surrogate measure of the head in
the stratified-drift deposlts (GWHEAD) was computed by
subtracting the minimum basis altitude from the mean
basis altitude. A more direct measure of the head In the
stratified-drift deposits (GWRELIEF) was computed by
subtracting the minimum altitude in the deposits from
the maximum attitude In the deposlts.Generallzed-le-
ast-squares regressilon analyses were done using the
99-98-, and 95-percent duration discharges as the
dependent variables and the basin characteristics
above as the independent variables. A total of 61 sltes
were used In the regression anadlyses, including 41 sltes
used for the MAQO89 study, and 20 low-fiow partial-record
sites added for this study. The report writing was begun,

PLANS NEXT YEAR: Complete writing the report, submit It
for colleague and reglonal revlew, get Director’s
approval, and publish the report as a Water-Resources
Investigations Report.
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Bacteria / MA096

Nifrogen Transformations in a Developing Septage Plume

PROJECT CHIEF:
Lesile A. DeSimone

COOPERATOR(S): Massachusetts Department of Environ-
mental Protection, Division of Water Pollution Control

PROBLEM: An understanding of microbially mediated
nitrogen fransformations is essential to evaluating
Impacts of sewage of septage effluent discharges on
ground-water quality. The process of denitrification Is of
particular Importance because it is a pathway for the
removal of nitrogen from the ground-water flow system.
However, the factors that control denitrification in the
subsurface are not well understood. Land disposal of
treated septage effiuent Is galning greater accep-
tance, as other disposal methods become unaccept-
able, so understanding the factors goveming nitrogen
fate and transport In subsurface are of considerable
Importance.

OBJECTIVE: Describe and quantify the microblaily-
mediated nitrogen fransformations that occur during
the development of a septage effluent ground-water
plume. Primary emphasls Is on understanding denitrifica-
flon and the factors controlling the denitrification
process.

APPROACH: Nifrogen fransformation processes will be
measured through laboratory Incubations of aquifer
samples taken prior to and during development of the

PERIOD OF PROJECT:
October 1990 to September 1993
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ground-water plume. Controlling factors on denlirifica-
tion will be investigated through manlpulation of labora-
tory Incubation experiments and repeated
measurements of nifrogen specles, oxygen, and avall-
able organic carbon In the ground water. A nlifrogen
budget will be constructed based on known nitrogen
Inputs and the emplrically measured rates, testing our
understanding of the fransformatlon processes Involved
by comparing predicted outputs with measured out-
puts.

PROGRESS: Fleld work and data-collection phases of the
project were completed In December 1992, with a fifth
and final synoptic sampling round of 69 ground-water
observation wells within and surrounding the piume, for
analysis of dissolved dinitrogen gas, nitrous oxilde, and
Inorganic carbon. Final analysis of fleld data, all ammo-
nia-sorption data, and some denlirification-rate-mea-
surement data was completed. Text and draft figures for
50 percent of the sectlons of the final report describing
nifrogen fransformations during plume development
was completed.

PLANS NEXT YEAR: Complete preparation and review of
final report, and obtain Director’s approval for publica-
tion.
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Cape Screening GIS / MA097

Screening for Potential Public Water Supply Sites Using a Geographic
Information System for Cape Cod, Massachuselts

PROJECT CHIEF:
Peter A. Steeves

PERIOD OF PROJECT:
October 1990 to September 1993

COOPERATOR(S): Cape Cod Commission

PROBLEM: Ground-water in the sole-source, sand and
gravel aquiferon Cape Cod Is presently of good chem-
icai quality, but there is agreement that continued
unchecked development threatens this resource. A
technical screening approach Is needed to search and
Identify areas which should be set aslde for future water
supplles. An effective method is aiso needed to inter-
pret and describe the data used in the screening
approach, and have the data widely accessible. Geo-
graphic Informatlon System (GIS) technology has
emerged as a tool for storage, analysis, and display of
spatial data essential for such a screening procedure.

OBJECTIVE: Develop methods for screening hydrologic,
geologic, land use, ground-water-quality, and potential
point-and non-point-source data for identification,
analysls, and Interpretation of potential water-supply
areas on Cape Cod. Apply the methods to Identify
potential water-supply areas having yields adequate for

municipal, community, and non-community supply
needs.

APPROACH: The Survey will provide technical assistance
to the cooperator by confributing our knowledge and
expertise of the hydroiogic regime of the Cape. An
automated screening procedure wili be deveioped
using Arc Macro Language (AMU) that wili scan the
Cape for remaining ground-water supply areas. The
screening procedure will integrate a complex assort-
ment of hydrogeologic, land use, contamination
source, and current water-quality data; GIS technoiogy
will utilize the large amount of avallable and newly digi-
tized Cape-wide data layers to evaluate the relative
quality of the potential water-supply areas identifled.

PROGRESS: The project has been completed except the
report. The menu-driven appilcation will be completed
and converted to ARC/INFO Rev 6.0. Report wrlting wili
start.

PLANS NEXT YEAR: Submit the report for Director’s
approval.
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Buzzards Bay Yields / MA098

Stream-Aquifer Interactions and Yields of Stratified-Drift Aquifers in Buzzards
Bay Planning Basin

PROJECT CHIEF:
Gardner C. Bent

PERIOD OF PROJECT:
Aprll 1991 to September 1995

COOPERATOR(S): Massachusetts Department of Environ-
mental Management, Division of Resource Conserva-
tion, Office of Water Resources

PROBLEM: By authority of Chapter 800 of The Acts of 1979
of the Massachusetts legislature, the Massachusetts
Department of Environmental Management, Division of
Resource Conservation, Office of Water Resources Is
responslbie for developing water management plans to
assess water resources in the State’s 27 river planning
basins. The Office of Water Resources has requested the
U.S. Geological Survey to estimate ground-water avail-
abiility for the Buzzards Bay planning basin, to help the
State to avert water shortages from drought and
increased demand. State and locai officlals have con-
cerns regarding long-term effects of increased with-
drawais on ground-water ievels and streamfiow.,

OBJECTIVE: Determine the potential yield of the major
stratified-drift aquifers In the Buzzards Bay planning basin
and describe the ground-water and surface-water inter-
actlon for stratified-drift aquifers in the planning basin.

APPROACH: Ali available hydrologic information on the
basin will be reviewed. Where there is inadequate Infor-
mation on stratified-drift aquifer characteristics, field
work will provide additional information. Yields will be
estimated for severail sites by use of fiow-duration curves
constructed from low-fiow measurements. Several wells
will be Installed near stream channeis to determine if a
correlation between ground-water ievels and stream dis-
charge exists. Grain-size analyses and (o) permeameter
tests of core samples wiil be used to estimate vertical
hydraulic conductivity of the streambed. Drive-point

wells will be Installed In streambeds to measure vertical
head gradients. Seepage runs will be done two to three
times to determine possibie effects of pumping wells on
streamfiow. The Jenkins analytical model will be used to
estimate the number of days until pumping affects
streamfiow and its effects on streamfiow for different
scenarlos.

PROGRESS: Data from 12 selsmic-refraction surveys and
335 weli iogs obtained for this study indicate that the
current U.S. Geological Survey saturated thickness and
transmissivity maps do not need to be revised. Low-flow
duration analyses were completed for the 14 low-fiow
partial record sites in Buzzards Bay Planning Basin.
Streamfiow records from 1967 to 1991 for six nearby con-
finuous streamfiow-gaging stations were used to com-
pute vaiues of mean annual ground-water discharge
per unit area, and ground-water recharge for Buzzards
Bay Pianning Basin. Regression analyses were done to
determine the reiation between simultaneous measure-
ments of stream discharge and adjacent ground-water
levels and gradients. Three sets of stream-discharge
measurements at five locations along the Pashamanset
River were anaiyzed to assess the effects of nearby weil
pumplng on streamfiow. The Jenkins Analytical Model
was not used to assess the effects of well pumping on
streamfiow In Buzzards Bay Planning Basin, because It
does not discriminate between how much water is com-
ing from streamfiow versus infercepted ground-water dis-
charge.

PLANS NEXT YEAR: Compilete report writing and submit
the report for Director’s approvai.
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MMR Modeling / MAG99

Simulation of Ground-Water Flow on the
Massachusetts Military Reservation

PROJECT CHIEF:
John P. Masterson

COOPERATOR(S): National Guard Bureau

PROBLEM: An understanding of the interaction of factors
affecting ground-water fiow, iIncluding recharge,
pumping. aquifer structure and properties, and hydro-
logic boundaries is required to address Issues of
ground-water supply and contamination on the Massa-
chusetts Miliary Reservation (MMR). Because ground-
water fiow models can integrate these factors, they are
vaiuable tools for addressing MMR concerns. Addition-
dlly, the well-defined hydrologic system and several
contaminant plumes at MMR provide an unique oppor-
funity to field test recently developed modeiing tech-
nigques.

OBJECTIVE: To determine ground-water-fiow rates,
directions, and fiuld particle flowpaths within the Cape
Cod aquifer beneath and near the Massachusetts Mili-
tary Reservation.

APPROACH: (1) Develop a three-dimensional fiow
model of the aquifer near and within the MMR, using
avallable hydrogeoiogic data. (2) Coilect additionail
hydrogeologic data to address specific questions or to

PERIOD OF PROJECT:
October 1991 to September 1996

decrease model uncertainty If the need arises. (3) Cali-
brate the model to observed ground-water levels, mea-
sured streamfiows, and contaminant plume paths.

(4) Address questions of ground-water supply and con-
taminant migration within Massachusetts Military Reser-
vation using model and particle tracking.

PROGRESS: All existing hydrogeologic data has been
inventoried. Lithologic sections have been constructed
to characterize the hydrogeology of the study area.

PLANS NEXT YEAR: Complete model scenario runs for
analysis of the effects of simulated hydrogeologic con-
ditions on ground-water fiow and contaminant trans-
port in the vicinity of the Massachusetts Military
Reservation. Conduct geophysical logging on deep
borings in the vicinity of the Massachusetts Military Res-
ervation to aid In the interpretation of the hydrogeo-
logy. Finalize hydrogeologic cross-sections and describe
in a separate map report. Use advanced visual system
computer graphics to lilustrate the results of the model-
ing Investigation. Construct a water-table map from the
synoptic water ievel, pond elevation and streamfiow
measurements from March 22-25, 1993,
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Conneclicut, Housatonic, and Thames River Basins National Water Quality Assessment Study / MA100

Connecticut, Housatonic, and Thames River Basins
National Water Quality Assessment Study

PROJECT CHIEF:
Stephen P. Garabedian

PERIOD OF PROJECT:
Continuous since October 1991

FUNDING SOURCE: USGS National Water Quality Assess-
ment

PROBLEM: The protection and enhancement of the
qudlity of the nation’s surface water and ground water
resources Is a high priorlty. Effective management of
these resources requires information on current water
quailty conditlons and trends. There aiso are reglonal
and local needs for information on water-quaillty condl-
tlons In order to address specific problems. Reglonal
concerns include, but are not iimited to, water-quallty
probiems arising from Industriai, municlpal, and agricul-
tural activifies.

OBJECTIVE: (1) Provide a nationally consistent descrip-
tlon of current water quallty conditions for the Connect-
lcut, Housatonlc, and Thames River Basins. (2) Define
long-term trends (or lack of frends) In water quaiity.

(3) identify, describe, and explaln, to the extent possl-
ble. the mgjor factors that affect observed water qual-
ity conditions and trends. (4) Develop a regional
water-quallty sampling network and reiated activitles
which addresses local needs for water-quallty informa-
tion.

APPROACH: Existing water quality Information will be
identified, complled, reviewed, and analyzed to char-
acterize past conditions and problems, and to help in
the desigh of water quality sample collectlon activities.
Fixed station and synoptlc sampling networks wili be
developed to address specific water qudiity information
needs. intenslve sampling willi be used for the character-
ization of water quailty condifions. Project data analysis
will Inciude both statistical and modeling approaches,
and will be summarized In reports. A low intenslty
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sampling phase will follow to allow for long-term moni-
toring and Identification of water-quality trends.

PROGRESS: A review of the existing Information and liter-
ature Indicated that detectable concentrations of the
pesticides atrazine and ethylenedlbromide were
detected in ground water underlying agricultural areas
In the study unit. Trends of Increasing nitrite pius nitrate
concentrations were detected at five surface-water
quality stations In the study unlt. Trends of decreasing
ammonia concentfrations were defected at 11 sur-
face-water quaility stations. Trends of decreasing total
phosphorus concentrations were detected in 13 stations
and dissolved phosphorus at 12 stations, respectively. In
general, water-quallty condltions at surface-water sites
draining urban and forested areas were well repre-
sented, but water-quality conditions In agriculturail
areas were not well characterized.

PLANS NEXT YEAR: Initlate two phases of the project:

(1) retrospective analysis of existing information and

(2) reconnalssance-sampling effort. The retrospective
analysis includes components for the environmental set-
fing, pesticldes, nutrients, sediments, metals, and biolog-
Ical assessments. The reconnalssance-sampling effort
Inciudes personnei training, identification of equipment
needs, and coliection of critical water-quaiity informa-
flon needed for the planning of the intensive sampling
phase.

COMPLETED REPORTS:

Grady. S.J., and Garabedian, S.P., 1991, Nationai
water-quallty assessment program—The
Connecticut Rlver and Long Island Sound Coastai
Rivers: U.S. Geoioglcal Survey Open-Flie Report
91-159, 1 sheet.
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USEPA Technicai Assistance / MA101

Hydrogeological Technical Assistance fo USEPA Waste Management
Division, Region |, Boston, Massachusefts

PROJECT CHIEF:
Forest P. Lyford

COOPERATOR(S): U.S. Environmental Protection Agency.
Waste Management Division

PROBLEM: Hydrogeologlcal technical assistance is
needed by the U.S. Environmental Protection Agency
(USEPA), Reglon I, Waste Management Division, for
ongoing project work at New Engiand Superfund sites.
The Waste Management Division of USEPA is faced with
the task of understanding complex hydroiogic environ-
ments In order to propose remedial action at hazardous
waste sites.

OBJECTIVE: Provide technical assistance and consulta-
tion to USEPA on matters pertaining to geology. hydrol-
ogy. and water quality.

APPROACH: U.S. Geological Survey personnel will offer
advice to USEPA site managers on proper scopes of
technical work at Superfund sites. The work wiil aiso
inciude review of remedial investigation/feasibility stud-
ies (RI/FS), workpians, technicai summaries, and finai
drafts for technical content and accuracy. U.S. Geolog-
ical Survey personnel will also participate in technicai
meetings and negotiations with USEPA contractors and
responsible parties. The U.S. Geoiogical Survey wiil do
investigations, as requested by USEPA, to heip fuifili the
goals of the Superfund Program. Activities by U.S. Geo-
logicai Survey may include borehole logging. surface
geophysicai surveys, aquifer testing, and hydrologic
anaiysls of Superfund sites.

PROGRESS: Geohydroliogic studies were continued or
initiated at three Superfund sites: Galiups Quarry, Piain-
fleid. Connecticut; Durham Meadows, Durham, Con-
necticut; and Saco Landfili, Saco, Maine. Surface
geophysicail surveys and streamfiow monitoring were
done at the Giison Road Superfund site, Nashua, New
Hampshire. Borehole geophysicai iogging and surface
geophysical surveys were done at the New Hampshire
Piating Superfund Site, Merimack, New Hampshire.
Weils were installed in a pond near the Ottatl and Goss

PERIOD OF PROJECT:
Continuous since October 1991

Superfund site to monitor water-qudiity trends below the
pond. Water leveis were monitored at the Saco Tannery
Woaste Pits Superfund site in Saco. Maine, and low-fiow
statistics were computed for Quiggle Brook near the
Union Chemical Superfund site in South Hope., Maine.
Borehole geophysical iogging and surface geophysical
surveys were done at the Savage Well Superfund site in
Miiford, New Hampshire. Borings for water-quality sam-
pling were also instaiied.

A report "Geohydrological Reconnaissance of the
Gaillup's Quarry Superfund Site, Pidinfieid, Connecticut”
by R. L. Melvin, J.R. Stone, P.A. Craft, and J.W. Lane. Jr.,
has been approved by the Director for publication.
U.S. Geological Survey personnel reviewed 24 docu-
ments for USEPA for technical adequacy.

PLANS NEXT YEAR: Continue to review documents and
attend meelings as requested by USEPA. Complete
geohydrologic studies at Durham Meadows and Saco
Landfili sltes. Inltiate a new study at another site to be
specifled by USEPA. Provide modeling support for design
of a ground-water remediation program at the Savage
Weli site, Milford, New Hampshire.

COMPLETED REPORTS:

Izbicki, J.A., and Parker, G.W., 1991, Water depth and
thickness of sediments in reservoirs 1 and 2,
Framingham and Ashland, Massachusetts: U.S.
Geological Survey Open-File Report 91-508, 1 p.

Hansen, B.P., 1993, Resuits of geophysical surveys at
Hocomonco Pond, Westborough, Massachusetts:
U.S. Geologicai Survey Open-File Report 92-646,
19p.

Hansen, B.P., 1993, Locations of fracture intervals inferred
from borehole iogs of eight wells at the Hoiton Circle
Superfund Site, Londonderry, N.H.: U.S. Geoiogical
Survey Open-Fiile Report 92-647, 33p.
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Bridge Scour / MA102

Assessment and Evaluation of Stream Stability and Scour at Bridges in the
Commonwealth of Massachusefts

PROJECT CHIEF:
Gene W. Parker

PERIOD OF PROJECT:
July 1992 to September 1997

COOPERATOR(S): Massachusetts Highway Department

PROBLEM: Bridge fallures over water are caused prima-
rily by scour and channel instability. inadequate knowl-
edge and understanding of scour at bridges increases
public risk. Scour processes inciude local scour, contrac-
tion scour, and channel instability. These processes are
functions of interrelated factors which must all be
analyzed to conduct a complete scour evaluation at a
bridge site. The Massachusetts Highway Department
(MHD) has Identified 2,408 bridges in Massachusetts that
span water.

OBJECTIVE: (1) Overdli bridge assessment phase (at

2, 408 bridges): () assess overall channei stabliity and
map and archlve channel stability characteristics,

(b) identify bridge sltes with potential stream stability
and scour problems, and (c) identify bridge sltes with
observable scour problems. (2) Evaluation phase (at 100
selected brldge sltes): (a) develop or update reglonal
equations for estimating peak fiows, and (b) evaluate
scour potential and channel stabllity during 100-year
and 500-year fiood events

APPROACH: The assessments will include both a review
of construction records and a field inspection at each
bridge site. Quality-assurance protocols will be devel-
oped to ensure consistent, accurate assessments. At
least 100 bridges with observed or high scour potential
will be selected for more detailed evaluation. Equations

willl be used to estimate the 100-year and 500-year
fioods at the 100 selected bridges. A calibrated hydrau-
llc model for each selected bridge wiii be used to esti-
mate water-surface profile and velocities.

PROGRESS: After completing training. 3 full time asses-
sors and 3 part-time assessors completed work on 20
percent of the bridge sltes. Two addltional full-time
assessors have been added to the project staff.

The fiood frequency component of the project is on
schedule, excluding regression analysls. The regression
analys!s has been delayed until all peak fiow and basin
characteristics have been reviewed for all the gaging
stations. It is expected that all tasks will be completed
on schedule, The stream stabllity index variables have
been approved by both the Massachusetts Highway
Department and the USGS. The MHD is developing a
technique to convert the Index variables Into an FHWA
113 rating.

PLANS NEXT YEAR: Complete stream stabiilty assess-
ments on 75 percent of the bridge sites. Complete
flood-frequency analysis and start the report. Complete
stream-stabillity index report and review process. MHD to
identify which assessed bridge sites will require level li
evaluations. Compiete ievel Il evaluations on 10 of the
ldentified bridges.
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Deeffield River Basin / MA104

Ground-Water Resources of the Deerfield River Basin, Massachusefis

PROJECT CHIEF:
Paul J. Friesz

PERIOD OF PROJECT:
October 1992 to June 1996

COOPERATOR(S): Massachusetts Department of Environ-
mental Management

PROBLEM: information concerning ground-water avail-
ability and potential areas favorable for ground-water
deveiopment is needed by the Massachusetts Depart-
ment of Environmental Management to deveiop a
basin-management pian for maintaining adequate
in-stream water whiie balancing the needs of poten-
tiaily competing users in the Deerfleld River Basin. in
addition, more knowledge is needed of the interactions
between ground water and surface water, and
between till and bedrock areas of stratified drift
deposits.

OBJECTIVES: Revise previously constructed maps of sat-
urated thickness and transmissivity of the stratified-drift
deposits. Determine iong-term potentiai yieids of the
major stratified-drift aquifers and tili and bedrock drain-
age areas. Estimate recharge to stratified drift from the
tili and bedrock upiands.

APPROACH: The extent, thickness, and transmissive
propertites of the unconsolidated material wili be better
defined from: (1) historical data., (2) seismic reflection,
(3) selsmic refraction, (4) the response of ground-water
levels to fluctuations in surface-water stage. Potential
yieids of selected subbasins will be determined from
iow-flow measurements. Potential yieids from siratified-
drift aquifers will be estimated by subtracting potential
yleids from upgradient tiil and bedrock areas from esti-
mated subbasin potentiai yields for sltes at the down-
stream ends of the stratified-drift aquifers. Recharge

AN

and Its seasonal variability at a till and bedrock and
stratified-drift interface will be determined by anaiyzing
data coliected from a network of observation wells, sur-
face-water gages. and a precipitation gage.

PROGRESS: A toplcal outiine of the project report was
compieted and approved by the Northeast Region. His-
torlcal hydrologic and geoiogic data since the iast
basln study was colilected. Streamflow sites were
selected and streamfiows at low-flow conditions were
obtained at these sites. Information from two observa-
tion weilis, instailed in a iine perpendicuiar to the Deer-
field River, were used to design a weli network for
fransmissivity measurements, A marine-seismic reflection
survey was conducted on the iower Deerfleid River in
the Connecticut Valiey porfion of the basin and ana-
lyzed to better define lithology.

PLANS NEXT YEAR: Compiete an annotated outiine of
the project report. Estimate aquifer transmissivity from
continuous ground-water level data, coliected from
observation welis that wiil be installed at a site adjacent
to the Deerfleid River. Conduct seismic-refraction sur-
veys in the lower Connecticut Vailey portion of the basin
and analyze for depth to the water table and bedrock.
Coiiect streamfiow measurements at iow-flow condi-
fions, in addition to iast year's measurements, and
estimate aquifer yields of stratified-drift aquifers and ftiil
and bedrock areas. Design and install a data-coliection
network. Quantify recharge to stratified drift from
upland tiii and bedrock from data coliected from this
network.
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Namskaket Marsh / MA106

Fate of Nutrient-Rich Wastewater Plume in a Coastal Marsh, Orleans, Massachusefis

PROJECT CHIEF:
Peter K. Welskel

PERIOD OF PROJECT:
October 1992 to March 1996

COOPERATOR(S): Massachusetts Department of Environ-
mental Protection, Office of Watershed Management

PROBLEM: The slting of wastewater-treatment facliitles In
the United States Is Increasingly constrained by environ-
mental quallty considerations. The capaclty of coastal-
sedimentary envlronments to attenuate the large, con-
centrated plumes generated by such faclliies may be
substantial, but has not been well studled.

OBJECTIVES: (1) Identify zones of ground-water dis-
charge In the Namskaket Marsh/Creek System.

(2) Determine the path of the wastewater plume Into
one or more of these zones. (3) Identify the processes
controlling dissolved nltrogen concentrations in Nam-
skaket Creek for a range of time scales. (4) Quantify the
effects, if any, of the wastewater plume on nitrogen
export from the inland part of the marsh.

APPROACH: Ground-water discharge zones will be
located through field Investigation of the lithology, salin-
ity. and hydraullc head distribution in the marsh subsur-
face. The path of the plume wlll be determined by the
installation and sampling of fransverse sets of nested
wells In the upland. If and when the plume reaches the
marsh, addifional sets of wells wlll be installed In the
marsh, and a nested plezometer transect will be
installed in the plume's long axis. Concentrations of
nitrogen specles will be determined from seml-monthly
water-quallty sampling In the creek that drains the

marsh, before and after plume discharge. Concentra-
fions will be determined from seml-monthly samplings
fromm March 1993 through March 1995.

PROGRESS: A stage recorder and speclfic conductan-
ce/temperature monltor were Installed on Namskaket
Creek: the creek water-quadllty sampling program
began. Manual measurements of discharge In the
creek were made over numerous tidal cycles, and the
relations between conductance, stage, the rate of
change of conductance with respect fo time, and
discharge were determined. Peat thicknesses were
measured, cores were collected, and plezometers were
Installed along a princlpal marsh transect. A network of
shallow, pore-water samplers was Installed in the marsh
for the delineation of ground-water discharge zones.
Numerous wells were Installed In the upland between
the plume's leading edge and the marsh for the pur-
pose of plume detection and water-table definition.

PLANS NEXT YEAR: Continue basellne surface-water
monltoring In Namskaket Creek, blweekly. Confinue
fracking the movement of the wastewater plume
toward the marsh, using borehole geophyslcs and
ground-water sampling of the existing well network.
Measure the transport of plume-assoclated nlfrogen,
relative to other non-reactive specles In the waste-
water-contaminated ground water.
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Tenmile River Basin / MA107

Ground-Water and Surface-Water Resources of the Tenmile River Basin, Massachusetts

PROJECT CHIEF:
Lisa Bratton

PERIOD OF PROJECT:
January 1993 to July 1996

COOPERATOR(S): Massachusetts Department of Environ-
mentai Management

PROBLEM: Detalled studies on current and potential
ground-water and surface-water resources of river
basins in Massachusetts are mandated by the Massa-
chusetts iegisiature’s Chapter 800 Act. Tenmile River
Basin has had no studies in 20 years. In Massachusetts
the surface- and ground-water systems are hydrauii-
caily connected and both requlre study in order to
understand the water resources of the river basins.

OBJECTIVES: (1) Characterize the ground-water and
surface-water resources of the Tenmile River Basin.

(2) Describe the interaction between ground water and
surface waterin the basln. (3) Estimate aquifer recharge
in the basin. (4) Estimate yields for selected tili and sand
and gravel aquifers In the basin.

APPROACH: An in-house and extemai literature search,
and data retrieval will be done for existing well loca-
fions, iithology, surface-water fiows and leveis, ground-
water levels. Selsmic-refraction surveys wiil be done to

define aqulifer extent, depth. and thickness. Piezometers
wiil be instailed at seiected sites fo study ground-water
and surface-water Interactions and recharge. A precip-
itation gage wiil be Instalied. Sites wiil be iocated at
upstream and downstream areas where streams fiow
over aquifer areas, in order to estimate avaiiable
ground water.

PROGRESS: Several low-fiow measurements were made.
Replacement of severai plezometers was attempted
with cathode and was successful In two out of five sltes.
Some weil and lithologic data were coilected from a
pump test report by a consultant for Plainville. Several
landowners were contacted to place plezometers and
about one-haif responded. Precipitation gage is ready
to be instalied.

PLANS NEXT YEAR: Instail plezometers at selected sites.
Determine the areai extent and depth of the aquifer
area in Seekonk using data from the seismic-refiection
surveys.
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Ashumet Pond Phosphorus Study / MA108

The Transport of Phosphorus fo Ashumet Pond, Cape Cod, Massachusefts

PROJECT CHIEF:
Donald A.Walter

PERIOD OF PROJECT:
June 1993 to December 1994

COOPERATOR(S): National Guard Bureau

PROBLEM: The diIsposal of secondarlly treated sewage
at the Massachusetts Military Reservation has resulted In
extensive contamination of the underlying sand and
gravel aquifer. The discharge of sewage-contaminated
ground water Into nearby Ashumet Pond has increased
phosphorus concentrations In the pond and may cause
the onset of eutrophication. At present, few data exist
regarding the geochemilcal and hydrogeologlc
controls on fransport of phosphorus to the pond.

OBJECTIVES: (1) Determine the extent and geochemical
composltion of the phosphorus-contalning zone of the
plume. (2) Descrtbe pond-aquifer interactions and
ground-water fiow where the plume intersects the
pond. (3) Determine the geochemical processes that
confrol the transport of phosphorus to the pond.

APPROACH: The delineation of the phosphorus pilume
wilil Involve the sampiling of existing wells and multl-level

samplers as well as the installation and sampling of new
wells, multl-level samplers, and drivepolnts. Pond-aqulfer
Interactions and local ground-water fliow patterns willl
be determined using both exising and newly Installed
wells as well as plezometer nests and pond-bottom
dilvepoalnts. The geochemical controls on phosphorus
fransport will be Investigated using batch and column
tests on aquilfer cores.

PROGRESS: From June to September 1993, a signlficant
part of the fieldwork was completed. Completed activl-
fles Included the Installation of new wells and multi-level
samplers, water-quallty sampling of new and existing
wells, and the collectlon of cores for geochemical anal-
ysls.

PLANS NEXT YEAR: Complete water-quality and hydro-
logic-data collection. Interpret field data. Submit a draft
of the report by May 1994,
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SW Biackstone Metals and Organics / MA93G

Metal Toxicity Reduction and Dissolved Concentration Control by Organic Material
in Massachusetts Sfreams

PROJECT CHIEF:
John A. Colman

COOPERATOR(S): Massachusetts Department of Environ-
mental Protection, Division of Water Pollution Controi

PROBLEM: Increased scrutiny of water-quality criterla has
revedled discrepancles between the U.S. Environmental
Protection Agency (USEPA) nationat aquatic life criteria
for metal toxicitles and the actuai toxicities that are
observed in many surface waters. As a resuit, the USEPA
has initiated a program for setting standards on a
site-specific basis by comparing toxiclties in site waters
with those In standard "laboratory” waters. Increases in
the legal discharge of metdls to streams that the
slte-specilfic criterla might allow necessitates research
on the mechanism of ditering toxiclly, the longevity of
the alteration, effects of alteration downstream from
the site, and a general reconsideration of controls on
dissolved metdis In the riverine environment. Research
dimed at Improving the accuracy of predictions of tox-
icity without the need to complete test organism-
toxicity tests at each site diso Is needed.

OBJECTIVES: (1) Compare the reduction of copper tox-
Iclty in river water and In an artificially prepared iab
water. (2) Determine whether differences In toxicity can
be accounted for by equilibrium speciation consider-
ations with regards to organic and inorganic ligands
and the toxic free-lon species. (3) Assess the fransferabil-
ity of the toxiclty-study resuits among rivers by measuring

PERIOD OF PROJECT:
October 1992 to September 1993

organic-matter and trace-element concentrations and
speciation In three effiuent-dominated and two pristine
Massachusetts rivers. (4) Compare the effect of interac-
fions of metal and organic compounds on the influence
of metal organic Interactions on the transport and fate
of dissoived metals in effiuent-dominated and pristine
streams.

APPROACH: Water samples wiil be analyzed for dis-
soived frace metdis, mgjor lons, pH, dissoived-oxygen
concentiration, and alkalinity. Dissolved concentrations
of 15 frace metals will be determined by custom analy-
sls at the National Water-Quality Laboratory using
ICP-MS analysis. Copper passing through the filter wili be
considered to be the total dissolved amount. Flitered
samples wiil be brought back to the Mariborough iabo-
ratory for copper-ion titrations. Conditional formation
constants and equivaient ligand concentrations for the
copper-ligand complexes will be determined from the
copper titration data by use of the computer program
FITEQL. The fulvic-acid portion of the equivalent ligand
concentration will be determined by copper titration of
the fulvic aclds after XAD-column separation.

PROGRESS: Rlver sampling was begun. Analysis of sam-
ples and copper titrations of samples were Initiated.
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SW Stations / RIO01

Surface-Water Stations

PROJECT CHIEF:
Lansen R. Ramsbey

PERIOD OF PROJECT:
Continuous since February 1929

COOPERATORS: Corps of Engineers; Rhode Island Water
Resources Board: Rhode Isiand Department of Environ-
mental Management

PROBLEM: Surface-water information is needed for pur-
poses of survelllance, planning, design. hazard warning.
cooperation, and management, In water-reiated fieids
such as water supply, hydroeiectric power, flood con-
rol, bridge and cuivert deslgn, poliution abatement,
flood pialn management, and water resources devel-
opment,

OBJECTIVE: A. Coiiect and publish surface-water data
to meet the needs for (1) assessing water resources, (2)
operating reservoirs or industries, (3) flow forecasting. (4)
disposing of wastes and poilution controis, (5) publishing
of discharge data to accompany water-quaiity mea-
surements, (6) conformity fo compact and iegal
requirements, and (7) research or special studles. B. Coi-
lect data necessary for anaiyticai studies fo define for
any iocation the statisticai properties of, and trends in,
the occurrence of water in streams, iakes, and estuaries
for use In pianning and design.

APPROACH: Water-ievel data is recorded continuously
and monthly into U.S. Geoiogicai Survey Ground-Water
Site investory Database. Standard methods of data coi-
lection wilii be used as described in the "Nationai Hand-
book of Recommended Methods for Water-Data

Acqulsition” and Water Resources Dlvision manuals and
memorandums.

PROGRESS: Data for 16 stations for Water Year 1991 were
pubiished. Data for Water Year 1993 are in the process
of belng compiled for 15 continuous record statlons.
Continuous record at the Nipmuc River at Harrisvilie has
been restarted and a new station, the Catamint, has
been added.

PLANS NEXT YEAR: Continue renovations or replace-
ments of additional cabieways, Inciuding renovations at
a Federadlly funded station needed for Nationai Water
Quality Assessment sampling. Begin a new program with
the University of Rhode Island (URI). Make four discharge
measurements at each of six sites along the Biackstone
River In order to deveiop stage-discharge ratings. These
ratings are needed by URi to obtaln discharges for
water quality sampies taken during storm events.
Replace at least two mercury manometers in 1993,

COMPLETED REPORTS: This project contributes to the
annuai report “Water Resources Data—Massachusetts
and Rhode Isiand.” Data on stream discharge and
stage and on lake or reservolr contents, through Sep-
tember 1960, were published annuaily under the titie
“Surface-Water Supply of the United States, Parts 1A
and 1B.” For the 1961 through 1970 water years, the
data were published in two 5-year reports.
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GW Stations / Ri002

Ground-Water Stations

PROJECT CHIEF:
Lansen R. Ramsbey

PERIOD OF PROJECT:
Continuous since December 1944

COOPERATOR: Rhode island Water Resources Board

PROBLEM: Long term water level records are needed fo
evaluate the effects of climatic variations on the
recharge to and discharge from the ground-water sys-
tems, to provide a data base from which to measure
the effects of development, to assist in the prediction of
future suppiies, and to provide data for management of
the resource.

OBJECTIVE: Collect water-ievel data so that the general
response of the hydrologic system to natural and
induced stresses is known, and potential problems are
identified to allow proper planning and management.
Provide a data base against which the short-term
records acquired in areal studies can be analyzed. This
analysis must (1) provide an assessment of the ground-
water resources, (2) allow prediction of future condi-
tions, and (3) provide the data base necessary for
management of the resource.

APPROACH: Water-level data is recorded continuousiy
and monthly into U.S. Geological Survey Ground-Water
Site Investory Database. Standard methods of data col-
lection will be used as described in the National Hand-

book of Recommended Methods for Water-Data
Acquisition” and Water Resources Division manuals and
memorandums.

PROGRESS: Water levels were monitored In a statewide
network of 40 wells, which included 11 new wells drilled
in till. Water levels in four of the wells were measured
confinuously, the rest were measured monthly with a
steel tape.

PLANS NEXT YEAR: Measurements will continue to be
made in 29 of the wells. One well will be dropped
because water levels are regularly above the top of
casing. The eleven new wells wili be added fo the net-
work bringing the fotal to 40 weils.

COMPLETED REPORTS: This project contributes to the
annual report “Water Resources Data—Massachusetts
and Rhode Island.” Records of ground-water levels for
the 1939 through 1974 water years were published
under the title “Ground-Water Levels in the United
States.” on an annual basis. Beginning with the 1975
water year, the report titie was changed fo “Water
Resources Data—Massachusetts and Rhode Island,
(water yean).”
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QW Stations / RIO03

Quality of Water Stations

PROJECT CHIEF:
Gerald G. Glrouard

PERIOD OF PROJECT:
Continuous since November 1961

COOPERATOR: Rhode Island Department of Environ-
mental Management

PROBLEM: Water resource planning and water-quality
assessment require a natlonwlde base level of relatively
standardized information. For intelligent planning and
redlistic assessment of the water resource, its chemical
and physlcal characteristics must be defined and moni-
tored.

OBJECTIVE: To provide the State with water-quality Infor-
mation on the major rivers In Rhode Island, to provide a
national bank of water-quality data for broad federal
planning and actlons programs, and to provide data for
federal management of interstate waters.

APPROACH: Operate a network of water-quality statlons
to provide average chemical concentrations, loads,
and fime trends as required by planning and manage-
ment agencles.

PROGRESS: Six sites were added to the data collection
network In September, 1990. These sites, which include
two National Stream Quality Accounting Network
(NASQAN) sltes at which only supplemental sampling
was done, were sampled monthly for nutrlents, bacte-
rfla, temperature, pH, dissolved oxygen, and specific
conductance; twice yearly for common constituents,

frace metdals, and organic compounds; and yearly for
organic chemicals In bottorn materials. The sites are the
Blackstone River at Millville (01111230). Branch River at
Forestdale, Rl (01111600), Blackstone River at Manvllle,
RI (01112900), Pawtuxet River at Cranston, RI (01116500),
Pawtuxet River at Pawtuxet, Ri (01116617), and the Paw-
catuck River at Westerly, Rl (01118500). Data collection
at these sites were previously conducted under projects
Ri 79-016, Rl 84-020, and RI 88-025. Speclfic conduc-
tance and temperature of streamfiow were monitored
continuously at the USGS gage on the Wood River at
Hope Valley.

PLANS NEXT YEAR: Continue sampling at all sites. Project
chlef. subdistrict chief, and water-quality speciallst to
continue to work with the cooperator to adjust the sam-
pling to better meet the State’s needs. Publish all data
in the annual Water Resources Data Report for Massa-
chusetts and Rhode Island.

COMPLETED REPORTS: This project contributes to the
annudal report “Water Resources Data—Massachusetts
and Rhode Island.” Data on chemlcal qudlity, tempera-
ture, and suspended sediments for the 1941 through
1970 water years were published annudlly under the title
“*Quadlity of Surface Waters of the United States.”
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Water Use / RIO07

Water Use

PROJECT CHIEF:
Michael J. Horgan

PERIOD OF PROJECT:
Continuous since October 1979

COOPERATOR: Department of Environmental Manage-
ment, Narragansett Bay Commission, Providence Water
Supply Board

PROBLEM: In Rhode Island, the demand for water
resources Is increasing. Competition for diverse water
uses dictates that avallable supplles are matched with
optimum uses. Information Is currently belng obtalined
to describe quantity and quality of available water, but
iitHe Information Is being obtained to describe water
use. Adequate Information on uses of water Is needed
by the cooperators to resolve problems with respect to
water-quality enhancement, environmental impact of
water withdrawals and diversions, and resource alloca-
tions for supply and waste transport.

OBJECTIVE: Water use information will be provided to
optimize the utilization and management of Rhode
Island water resources. This program will develop and
operate a system to collect, store, and disseminate
water-use data. The system will be responsive to the
data needs of local users, the Geological Survey, and
other Federal agencles.

APPROACH: Together, the cooperators and the USGS will
(1) Identify and document water-use data require-
ments; (2) complle and evaluate water-use data:; (3)
develop hew methods to collect data; and (4) analyze
and enter data into the New England Water-Use Data
Systern (NEWUDS). Data will be available to the cooper-
ators In computer format and willl be presented as pub-
lished reports at appropriate Intervais.

PROGRESS: Site speclfic data on wastewater-treatment
systems were complled, analyzed, evaluated, and
entered Into NEWUDS. Work began on the report
"Wastewater collection and return fiow in New England,
1990." Work continued on the report "Estimated Use of
Water In New England, 1990." The report "Estimation of
water withdrawal and distribution, water use and waste-
water collection and return fiow In Cumberland, Rhode
Island, 1988" recelved Dlrectors approval and Is belng
prepared for publication. The water-use map report
based on the 1990 Rhode Island water-use compliation
recelved Dlrectors approval and is belng prepared for
publication.

PLANS NEXT YEAR: Complle, analyze, evaluate, and
enter into NEWUDS site-specilfic data on Rhode Island
public-supply systems. Hold workshop on industrial water
use to help USGS and cooperator personnel understand
the processes and data availability of industrial water
use. Begin compllation of industrial water-use data.
Obtaln approval and publish a report on wastewater
collection and return fiow In New England. Obtain
Director’s approval and publish an interpretative report
on water use in New England. Begin preparation of a
report on public water-supply and distribution in New
England.

COMPLETED REPORTS:

Hom, M.A., and Craft, P.A., 1991, Plan for developing a
water-use data program in Rhode Island: U.S. Geo-
loglcal Survey Water-Resources Investigations
Report 90-4207, 26 p.
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Block Island Ground Water / RI026

Ground-Water Appraisal of Block Island, Rhode Island

PROJECT CHIEF:
Position Vacant

COOPERATOR: Town of New Shoreham

PROBLEM: Private and public welis draw water from
unconsolidated deposits to supply drinking water for
Block Island. Locdl officials and residents want to pro-
tect their water resource from contamination. Available
geologic and hydrologlc information is not sufficiently
detdiled to allow determination of how best to develop
the island’s suppiy of fresh ground water or how best to
protect the quality of this water.

OBJECTIVE: (1) Assess the chemical qudlity of freshwater
resources on Block isiand. (2) Document significant
changes in quality that may have occurred since a
1964 USGS appraisai of water quality on the Isiand. (3)
Determine the approximate recharge areas to ponds
that serve as sources of public water supply. (4) Obtaln
additional data on the vertical and lateral distribution of
hydraulic head and other geohydrologic information

PERIOD OF PROJECT:
October 1987 to September 1991

needed to develop plans for management of the
island’s freshwater resources,.

APPROACH: Water samples from wells and ponds will be
analyzed for major inorganic constituents. Clusters of
three small-diameter test wells will be drllled at six sites
and lithoiogic samples will be collected and studied.
Water leveis will be measured In test wells and existing
private and public welis. Electromagnetic, radar, and
reflection geophysical surveys will be conducted to aid
in mappling stratigraphy, salt-water interface and water
table. This information will be used to describe the
ground-water-fliow system.

PROGRESS: Data andlysis and report wrlting were com-
pleted. The water-tabie map and the data report were
approved. Project is complete except report.

PLANS NEXT YEAR: Incorporate revisions from colieague
reviewers Into technical report and submit report for
Director’s approval.
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Usquepaug-Queen Development / RI028

Development Alternatives in the Usquepaug-Queen
Ground-Walter Reservoir, Rhode Island

PROJECT CHIEF:
David C. Dickerman

COOPERATOR: Rhode Island Water Resources Board

PROBLEM: The Usquepaug-Queen aquifer is one of five
aquifers In the Pawcatuck River basin in which the State
Is testing and purchasing well sltes for future use.
Improper location and operation of wells could cause
substantial lowerling of water levels in the aquifer, in
overlying ponds and swamps, and could cause undeslr-
able depletion of low streamfiow. There is potential for
ground water contamination by pesticides applled to
fields overlylng the aquifer. There is also potential for
inferbasin transfer of ground water between subbasins
In the Pawcatuck River basin.

OBJECTIVE: Assess the Impacts of alternative develop-
ment schemes on water levels and streamfiow. Identify
areas of stratified diift contributing water to selected
wells. Determine the present quality of ground water
and surface water.

APPROACH: Lithologlc logs, well construction data. and
aquifer tests available from 1960 to 1990 will be ana-
lyzed to assess hydraulic characterlstics of the aquifer.
These and other data willl be used to modify maps of
the water table, bedrock surface, saturated thickness,
and hydraulic conductlivity of the stratlfied-drift aquifer.
Monthly water-level data In 43 observation wells and at
11 stream sltes will be used fo calibrate the

PERIOD OF PROJECT:
October 1988 to September 1995

ground-water-fiow model. The USGS modular ground-
water-flow model (MODFLOW), with the stream pack-
age, wlll be used to assess the impacts of alternative
development schemes. Areas of straftified dilft that con-
frbute water to selected wells will be delineated using a
USGS particle-fracking algorithm MODPATH. Present
quallty of ground water and surface water will be deter-
mined and changes in chemical quality between 1958
and 1990 will be assessed. Ground water downgradlent
from commerclally cultivated fields and along maln
highways will be sampled to monltor changes In
ground-water quality caused by the application of fertil-
Izer to turf and de-Icing salt fo road surfaces.

PROGRESS: Topical and annotated outiines approved
by Northeast Reglon. The bedrock contour map was
completed. The ground-water-fiow model design and
grid were completed and assembly of GIS data for the
model was begun. Water samples were collected from
17 stream sites and 34 weills.

PLANS NEXT YEAR: Complete data report, submit for
supervisory review during January 1994 and have Direc-
tor's approval by Aprll 29, 1994. Publish data report
before the end of FY94. Complete ground-water-fiow
models runs and analysis of results for the steady state
and fransient conditions, Complete 75 percent of the
text for the interpretive report.
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Septic Systems / RI029

Estimating Maximum Water-Table Elevations at Proposed Sites for
Individual Sewage Disposal Systems

PROJECT CHIEF:
Roy S. Socolow

COOPERATOR: Rhode Island Department of Environ-
mental Management

PROBLEM: The Rhode Island Department of Environmen-
tal Management (RIDEM) requires that maximum
water-tabie elevations be estimated at proposed sites
for individual sewage disposal systems (ISDS). At most
sites, estimates must be made by measuring water iev-
els In wells and pits during the “wet season” (usually Jan-
uary through Aprif) which is declared annuaily by
RIDEM. RIDEM officiais are seeking a scientifically defen-
sble method for determining when to declare the “wet
season” and for estimating long-term maximum eleva-
tions at proposed ISDS sites.

OBJECTIVE: To (1) develop statistical relationships, based
on long-term USGS observation well data, that wili assist
In determining probable high water levels, (2) formuiate
a method for predicting long-term maximum aititude of
the water table In different geologic and topographic
settings throughout the State, and (3) prepare a “how
to” gulde for estimating water levels that will be suitable
for use by State and local officlals, engineers, and build-
ers.

PERIOD OF PROJECT:
January 1990 to September 1991

APPROACH: Perlodic measurements of water-levels
available for about 180 USGS observation weils in Rhode
Island for perlods ranging from one to 45 years will be
examined to determine theilr sultabiiity for providing rep-
resentative data for areas of different geciogic and
topographic settings. Several long-term observation
welis will be selected as index wells. Methodoiogy
developed for a USGS study to predict long-term
water-level attitudes in Massachusetts will be modified
to apply to conditions in Rhode Island. Selected criteria
and probability or frequency analysls of current water—
level data will be used to evaluate whether current
monthly water-level conditions are suitable for making
“wet season” measurements,

PROGRESS: Seven wells in tili were located and mea-
sured monthly. These data were included in the analysis
of probable ground-water level network. Revisions were
made to the report in response to technlcal reviewers,
district chiefs, and editorial comments. Project Is com-
plete except for report.

PLANS NEXT YEAR: Obtain Director’s approval by March
1994 and publish report by September 1994,
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Low Flow / RIO31

Low-Flow Characteristics of Streams In Selected Water Supply Basins
in Rhode Isiand

PROJECT CHIEF:
John D. Kliever

COOPERATOR: Rhode Island Department of Environ-
mental Management and City of Providence Water
Supply Board

PROBLEM: Low-fiow characteristics of streams are impor-
tant elements in the pianning and managing of water
resources. Low-fiow duration estimates provide an
appropriate starting point for formuiation of surface-wa-
ter and ground-water basin-yield estimates. Only 15
continuous-record streamfiow-gaging stations are cur-
rently operating In Rhode Isiand. In addition, pianners
and managers frequently need to know low-fiow char-
acterlstics of streams at ungaged locations.

OBJECTIVE: The objective of this study is to provide esti-
mates of iow-fiow characteristics of streams In selected
water-supply basins in Rhode Isiand.

APPROACH: Four continuous-record, streamfiow-gag-
ing stations and 19 partial-record sites wiil be estabiished

PERIOD OF PROJECT:
May 1993 to September 1995

in basins that are crucial to water-supply management
because of the large number of people served. Esti-
mated low-fliow-duration curves at the partial-record
statlons for the range 50-99 percent will be made from
the fiow-duration curves at index statlons. Median daily
fiows for the months of August, February, April, and May
will be determined for the index stations and estimated
for the partiairecord sites. The new continuous-record
sites will be treated the same as partiai-record sites for
these analyses.

PROGRESS: NIneteen partiai record sites were estab-
lished. Two continuous record sltes were established.
Ninety discharge measurements were made.

PLANS FOR NEXT YEAR: Establish two continuous record
sites. Continue discharge measurements. Complete
data analysis and write first draft of a Water-Resources
investigations Report.
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New Hampshire/Vermont District

COOPERATORS

New Hampshire
New Hampshire Department of Environmental Services,
Water Resources Division

New Hampshire Department of Environmental Services,
Water Supply and Pollution Control Division
Biology Bureau

Town of Lincoln

U.S. Environmental Protection Agency
Waste Management Division
Vermont
Vermont Department of Environmental Conservation,
Agency of Natural Resources, Solid Waste Division

Vermont Department of Environmental Conservation,
Public Water Supply Division

Vermont Department of Environmental Conservation,
Solid Waste Management Division

Vermont Department of Environmental Conservation,
Water Quality Division

U.S. Environmental Protection Agency
Waste Management Division
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SW Stations / NHOO1

Surface-Wafter Stations

PROJECT CHIEF:
Kenneth W. Toppln

PERIOD OF PROJECT:
Continuous since July 1904

COOPERATOR(S): New Hampshire Department of Envi-
ronmental Services, Water Resources Division; Vermont
Department of Environmental Conservation, Agency of
Natural Resources

PROBLEM: Surface-water Information is needed for the
purpose of survelliance, planning., design. hazard warmn-
Ing, operation, and management in water-related fields
such as water supply, hydroelectric power. fiood con-
trol, bridge and cuivert design, pollution abatement,
flood-plain management, and water-resources devel-
opment. To provide this information, an appropriate
data base Is necessary.

OBJECTIVE: Collect and publish surface-water data to
meet the needs for (1) assessment of water resources,
(2) operation of reservoirs or Industries, (3) fiow forecast-
Ing. (4) disposal of wastes and pollution, (5) publication
of discharge data to accompany water-quality mea-
surements, (6) conformity fo compact and legal
requirements, and (7) research or special studies. Col-
lect data necessary for analytical studies to define, for
any location, the statistical properties of and trends in
the occurrence of water In streams, lakes, estuaries,
etc., for use In planning and design.

APPROACH: Stage and discharge of streams and stage
and contents of lakes and reservoirs will be measured
and recorded. Standard methods of data collection
wilt be used as described in the serles, "Techniques of
Water-Resources Investigations of The United States

Geologlcal Survey.' Partial-record data will be col-
lected Instead of continuous-record data when it
serves the required purpose.

PROGRESS: In New Hampshire, 32 continuous-record
streamflow stations, one continuous lake statlon, and
18 partial-record stations were operated and records
were collected. In Vermont, 34 continuous-record
streamflow stations, 3 continuous iake stations, and 4
partlal-record stations were operated and records
were collected. Records for both States were pub-
lished In the annual water-data report.

PLANS NEXT YEAR: In New Hampshire, continue same
operation, including one new continuous-record sta-
fion. In Vermont, continue same operation.

COMPLETED REPORTS: This project contributes to the
annual report “Water Resources Data—New Hampshlire
and Vermont.” Data on stream discharge and stage
and on lake or reservolr contents, through September
1960, were published annually under the fitie “Surface--
Water Supply of the Unlted States, Parts 1 and 4.” This
series of annual reports for New Hampshire and Vermont
began with the 1961 water year with a report that con-
tained only data relating to the quantities of surface
water and published as “Water Resources for Massa-
chusetts, New Hampshire, Rhode Island, and Vermont.”
For the 1961 through 1970 water years, the data were
published in two 5-year reports.
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GW Stations / NH002

Ground-Water Stations

PROJECT CHIEF:
Kenneth W. Toppin

PERIOD OF PROJECT:
Continuous since January 1944

COOPERATOR(S): New Hampshire Department of Envi-
ronmentai Services, Water Resources Division; Vermont
Department of Environmental Conservation, Agency of
Natural Resources

PROBLEM: Long-term water level records are needed o
evaluate the effects of climatic variations on the
recharge to and discharge from the ground-water sys-
tems, to provide a data base from which to measure
the effects of development, to asslist in the prediction of
future supplles, and to provide data for management of
the resource.

OBJECTIVE: Collect water ievel data sufficient to pro-
vide a long-term base. In this way, the general response
of the hydrologic system to natural climatic variations
and induced stresses Is known, and potential problems
can be defined early in order to allow proper planning
and management. Provide a data base against which
the short-term records acquired in aerlal studies can be
analyzed. This analysis must (1) provide an assessment of
the ground-water resources, (2) allow prediction of
future conditions, and ) provide the data base neces-
sary for management of the resource.

APPROACH: Ground-water-level data will be recorded,
analyzed, and published annuailly. Standard methods
of data collection wiil be used as described In the
*Nationai Handbook of Recommended Methods for
Water-Data Acquisition” and Water Resources Division
Manuais and Memoranda.

PROGRESS: in New Hampshlre, monthly water-levei data
from 13 welis were obtained. In Vermont, monthly
water-level data from 14 wells were obtained.

PLANS NEXT YEAR: Continue existing operation In New
Hampshire and Vermont.

COMPLETED REPORTS: This project contributes to the
annuai report “Water Resources Data—New Hampshire
and Vermont.” Records of ground-water levels for the
1939 through 1974 water years were published under
the title “Ground-Water Levels In the United States.” on
an annual basis. Beginning with the 1975 water year, the
report file was changed to “Water Resources Data—
New Hampshire and Vermont (water year).”
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QW Stations / NHOO3

Quality of Water Stations

PROJECT CHIEF:
Kenneth W. Toppin

PERIOD OF PROJECT:
Continuous since July 1969

FUNDING SOURCE: USGS Nationai Stream Quaiity
Accounting Network

PROBLEM: Water-resources planning and water-quaiity
assessment requires a nationwide base level of relatively
standardized information. For inteiligent pianning and
rediistic assessment of the water resource, the chemical
and physicai quaiity of the water resource must be
defined and monitored.

OBJECTIVE: Provide a State and Nationai bank of
water-quaiity data for broad Federal pianning and
action programs, and to provide data for Federal man-
agement of interstate and international waters, and

for State management of intrastate waters.

APPROACH: Water-quailty stations are operated to pro-
vide chemicai concentrations, ioads, and fime trends
as required by pianning and management agenciles.

PROGRESS: In New Hampshire, one site was sampied. in
Vermont, one site was sampled. Data wiii be published
In the annuai water-data report.

PLANS NEXT YEAR: Continue same operation in New
Hampshire and Vermont, depending upon avaiiable
funding.

COMPLETED REPORTS: This project contributes to the
annual report “Water Resources Data—New Hampshire
and Vermont.” Data on chemical quaiity, temperature,
and suspended sediments for the 1941 through 1970
water years were published annually under the title
“Quality of Surface Waters of the United States.”

New Hampshire / Vermont District - 111



New Hampshire and Vermont Water Use / NHOO7

New Hampshire and Vermont Water-Use Data
Management Program

PROJECT CHIEF:
Laura Medalie

PERIOD OF PROJECT:
Continuous since October 1983

COOPERATOR(S): New Hampshire Department of Environ-
mental Services, Water Resources Dlvision; Vermont
Department of Environmental Conservation, Public
Water Supply Division

PROBLEM: The water resources in New Hampshire and
Vermont are increasingly stressed by new demands.
Competition for water necessitates that availlable sup-
plies be matched with optimum uses and that demands
for greater protection of both water quality and quantity
be addressed. Some information is being obtained to
describe the quantity and quadlity of available supplies,
but relatively little information Is being obtained to
describe water use. Without adequate information on
uses of water, decision makers cannot resolve many criti-
cal water problems, such as water-qudlity residuals, envi-
ronmental Impact, energy development, and resources
allocation.

OBJECTIVE: (1) Provide water-use information for the opti-
mum utillzation and management of New Hampshire's
and Vemmont's water resources for the overall benefit of
the States’ residents. (2) Provide guidance to the State In
the collection, analysis, computer entry, and dissemina-
tion of water-use data to complement data on availabil-
ity and qudlity of the States' water resources. (3)
Respond to data needs of State agencies,

U.S. Geological Survey (USGS), and other Federal agen-
Cles.

APPROACH: Responsibilities will be divided between the
cooperator and the USGS to most efficiently accomplish
the objectives of the program. Water-use data require-

ments will be identified and documented:; water-use
data collected by local, State, and Federal agencles will
be compiled and evaluated; methods will be devel-
oped to collect data not already available from these
agencies: and data will be analyzed and entered into
the USGS New England Water-Use Data System
(NEWUDS). A communications interface will be devel-
oped between the States’ computers and those of the
USGS. Data will be available to the States in computer
format and willl be presented as published reports at
appropriate intervals.

PROGRESS: Workshops on wastewater-disposal systems
and publlc-supply systems were held. Site-speclfic data
on wastewater-treatment systems were compiled, ana-
lyzed. evaluated, and entered into NEWUDS. The water-
use map reports based on the 1990 water-use
compilation for New Hampshire and Vermont were pre-
pared, submitted for colleague revlew, and modified
according to reviewers' comments. Work on a manual
describing procedures for complling, analyzing, and stor-
Ing data on public wastewater dlsposal in New England
was begun.

PLANS NEXT YEAR: Complete public supply water-use
data compilation. analysis and computer entry. Hold an
industrial water-use workshop In April and begin industrial
water-use data processing. Prepare the first draft of a
public-supply report for New England. Publish a map
report for each of the six New England States and publish
two New England-wlde Water-Resources Investigations
Reports.
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Lower Connecticut River Basin / NHO34

Geohydrology and Water Quality of Stratified-Drift Aquifers in the
Lower Connecticut River Basin, Southwestern New Hampshire

PROJECT CHIEF:
Richard B. Moore

COOPERATOR(S): New Hampshire Department of Envi-
ronmental Services, Water Resources Division

PROBLEM: Large increases in population In southern
New Hampshire have created an increased demand
for water supply. Towns and communilties are interested
in developing addlitional ground-water supplles and in
protecting existing resources.

OBJECTIVE: (1) Desciibe the geometry and geohydro-
logic properties of sand and gravel aquifers in the study
ared. (2) Assess ground-water availability and potentiai
yieids of sand and gravel aquifers. (3) Determine back-
ground water quality and areal variation of water qual-
Ity for aquifers In the study area.

APPROACH: A literature search will be completed. Geo-
physicai investigations will be undertaken to determine
saturated thickness. Driiling will be done to determine

PERIOD OF PROJECT:
October 1986 to September 1989

stratigraphy, water-table elevations, and depth to bed-
rock. Seepage runs wiil be done to determine ground--
water runoff. Aquifer hydrauiic conductivity will be
estimated. Ground water will be sampied and ana-
iyzed. Potential aquifer yields wiil be estimated with an
analytical modei.

PROGRESS: The report is camera ready except for
piates.

PLANS NEXT YEAR: Publish report In 1994,
COMPLETED REPORTS:

Moore, R.B., Johnson, D.D., Ott, E.D., Geohydrology and
water quallty of stratified-drift aquilfers In the Lower
Connecticut River Basin, Southwestern New
Hampshire: U.S. Geologlcal Survey Water-Resources
Investigations Report 92-4013.
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Pemigewasset River Basin / NHO35

Geohydrology and Water Quality of Stratified-Drift Aquifers in the
Pemigewasset River Basin, Cenfral New Hampshire

PROJECT CHIEF:
John E. Cotton

COOPERATOR(S): New Hampshire Department of Envi-
ronmentai Services, Water Resources Division

PROBLEM: Large Increases in population in New Hamp-
shire have caused a greatly increased demand for
water supply. Towns and communities are interested in
developing additionai ground-water supplies and in
protecting existing resources.

OBJECTIVE: Describe the geometry and geohydroiogic
properties of sand and gravei aquifers In the study
areq. Assess ground-water availabllity and potential
yields of sand and gravei aquifers. Determine back-
ground water quaility for aquifers in the study area.

APPROACH: Literature search will be done. Geophysi-
cal investigations will be done to determine saturated

PERIOD OF PROJECT:
April 1987 to September 1990

thickness. Drilling will be done to determine stratigra-
phy. water tabie elevations, and depth to bedrock.
Seepage runs will be done to determine ground-water
runoff. Aquifer hydraulic conductivity will be estimated.
Ground water will be sampled and analyzed. Potential
aquifer yields wili be estimated with analytical modei.

PROGRESS: A revised draft of the report was com-
pleted. An editoriai review by the Area specialist was
done. Piates were redrafted to obtain better paper
review coples. Project is complete except report.

PLANS NEXT YEAR: Compilete the final report and
review process and submit for Director’s approval.
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Middle Merrimack River / NHO36

Geohydrology and Water Quality of Stratified-Drift Aquifers in the
Middle Merrimack River Basin, South-Central New Hampshire

PROJECT CHIEF:
Joseph D. Ayotte

COOPERATOR(S): New Hampshire Department of Envi-
ronmental Services, Water Resources Division

PROBLEM: Large increases in population growth and
development in southern New Hampshire has led fo
increased demand for water supply. Communities are
interested In Identifying aqulfers and determining the
potential yleld and quality of water In the aqulfers so
that future supplies can be protected.

OBJECTIVE: (1) Describe the physical dimensions and
geohydrologic properties of sand and gravel aquifers in
the study area. (2) Assess ground-water avallabillty and
potential ylelds of sand and gravel aquifers. (3) Evalu-
ate, for selected aquifers, the hydrologlc impacts of
ground-water development on water levels and base
flow of streams. (4) Determine “background” water

PERIOD OF PROJECT:
October 1987 to September 1990

quality and areal qudlity variations In the sand and
gravel aquifers.

APPROACH: A literature search will be completed. Geo-
physical Investigations will be undertaken to determine
saturated thickness. Drilling will be done to determine
stratigraphy, water table elevations, and depth to bed-
rock. Seepage runs wlil be done to determine ground--
water runoff. Aquifer hydraulic conductivity and
fransmissivity will be estimated. Ground water will be
sampled and analyzed. Potential aquifers yields will be
estimated using analytical or numerical models.

PROGRESS: Report approved by Director. Galley proof
complete,

PLANS NEXT YEAR: Publish report in 1994,
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Contoocook River Basin / NHO37

Geohydrology and Water Qualify of Stratified-Driff Aquifers in the
Contoocook River Basin, New Hampshire

PROJECT CHIEF:
Phllip Harte

COOPERATOR(S): New Hampshire Department of Envl-
ronmental Services, Water Resources Division

PROBLEM: Rapld population growth and Increased
development In south central New Hampshlre have
greatly Increased the demand for water supplies. The
threat of contamination of water supplles has Increased
proportionately o development. In the Contoocook
River watershed, one site Is regulated by the Compre-
henslve Envlironmental Response Compensation and
Liability Act, 1980 (CERCLA) and eight sites are regu-
lated by Resource Conservation and Recovery Act,
1976 (RCRA). These sites are located in the most popu-
lous river valleys which generally also have the highest
potential for ground-water resources In stratified-drift
aqulfers. Towns and communifies are concerned with
protecting thelr ground-water resources and develop-
Ing additlonal ground water supplles.

OBJECTIVE: (1) Determine the aerlal extent and satu-
rated thickness of sand and gravel aquifers In the Con-
toocock River basin. (2) Describe geohydrologlc
propertles and assess ground water avallablilty and
potential ylelds of sand and gravel aqulfers In the study
area. (3) Evaluate for selected aqulfers, the hydrologic
Impact of ground-water development on water levels

PERIOD OF PROJECT:
October 1987 to September 1991

and base flow of streams. (4) Determine background
water quallty of sand and gravel aquiifers.

APPROACH: Existing data on stratigraphy and satu-
rated thickness of stratified-drlft aquifers will be com-
plled. Detall of stratigraphy and saturated thickness will
be Increased, where appropriate, using data from sels-
mic refraction and test drillng studles. Regional hydro-
loglc system will be defined with results from (a)
measturement of water levels In a network of wells to
glve synoptic and seasonal variations in water table
(b) analysls of base-flow recesslons In subbaslins, and
(c) studies of hydraulic properties of the aquifer as
determined from pump test and analysls of strati-
graphlc logs. A well network will be sampled to deter-
mine background water quallty. Impacts of
ground-water development on hydrologic system willl
be estimated using a numerlcal model.

PROGRESS: The report "Geohydrology and water qual-
Ity of strafifled-drift aquilfers in the Contoocook River
basin, south-central New Hampshlire" was approved. All
text updates were made and placed Into near
camera-ready status. Work was started on final illustra-
tions and plates.

PLANS NEXT YEAR: Publish report In 1994.
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Upper Merrimack River Basin / NHO39

Geohydrology and Water Quality of Stratified-Drift Aquifers in the
Upper Merrimack River Basin, South-Central New Hampshire

PROJECT CHIEF:
Position Vacant

COOPERATOR(S): New Hampshire Department of Envi-
ronmental Services, Water Resources Division

PROBLEM: Large increases In population in southern
New Hampshire have created increased demands for
water supply. Towns and communitles are interested in
developlng addltionai ground-water supplies and in
protecting existing resources

OBJECTIVE: Descrlbe the physlcal dimenslons and geo-
hydrologic properties of sand and gravel aquifers in the
study area. Assess ground-water avaiiabiiity and poten-
fial yields of sand and gravel aquifers. Evaiuate, for
selected aqgulifers, the hydrologic impacts of ground-
water development on water levels and base flow of
streams. Determine background water quality and
areal quality variations in the sand and gravel aquilfers.

APPROACH: Existing geohydrologic data wiil be coi-
lected, compilied, and interpreted. Geophysical investi-

PERIOD OF PROJECT:
October 1988 to September 1991

gations will be undertaken to determine bedrock
depths, saturated thickness, and stratigraphy. Driling
will be done in order to determine stratigraphy, water
fable eievations, and depth to bedrock. Seepage runs
wiil be done fo determine streamflow gains and iosses
and ground-water runoff, Hydraulic conductivity will be
estimated. Ground water wili be sampled and ana-
lyzed. Potential aquifer yields will be estimated using
anaiytical models.

PROGRESS: Maps showing locations of weil and auger
data, seismic lines, stratifled-drift boundaries, contours
of equai saturated thickness and transmissivity, water-
tabie alfitude and flow directions are compiete. Report
text Is 90-percent complete. Estimates of ground-water
availabiiity for selected aquifers Is 100-percent com-
plete. Project is complete except report.

PLANS NEXT YEAR: Compiete the report text and lilustra-
tions. Prepare coples for colieague review,
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Middle Connecticut River Basin / NH040

Geohydrology and Water Quality of Stratified-Drift Aquifers in the
Middle Connecticut River Basin, West-Central New Hampshire

PROJECT CHIEF:
Sarah M. Flanagan

COOPERATOR(S): New Hampshire Department of Envi-
ronmental Services, Water Resources Division

PROBLEM: Many towns within the Middle Connecticut
River Basin are experiencing increasing demands on
thelr water supply due to population growth and
increasing tourlst trade. Towns and communities are
Interested In developing additional ground-water sup-
plles and protecting existing resources.

OBJECTIVE: Describe the physical dimenslons and geo-
hydrologic properties of sand and gravel aquifers In the
study area. Assess ground-water availability and poten-
fial ylelds of sand and gravel aquifers. Evaluate, for
selected aquifers, the hydrologic impacts of ground-
water development on water levels and base fiow of
streams. Determine background water quallty and
areal quality variations In the sand and gravel aquifers.

APPROACH: Existing geohydrologic data will be col-
lected, complled. and interpreted. Geophyslcal Investi-
gations fo determine bedrock depths, saturated
thickness, and stratigraphy will be done. Drilling wiil be
done to determine stratigraphy, water table eleva-

PERIOD OF PROJECT:
October 1988 to June 1992

fions, and depth to bedrock. Seepage runs will be
made to determine streamfiow galns and losses and
ground-water runoff, Hydraullc conductivity wiil be esti-
mated. Ground water will be sampled and analyzed.
Potential aquifer yields will be estimated using analyti-
cal models.

PROGRESS: All data collection, analysls, and complia-
flon Is 100-percent complete. Compilation of plates on
1:24,000 and 1:25.000 scale mylar quadrangies Is
100-percent complete. Digltizing of the mylar quadran-
gle maps into plates for colleague review is approxi-
mately 80 percent complete. Writing of the first draft of
the report is 60 percent complete. Began putting
tables and figures into colleague-review format. Began
caiculating potentiai ylelds for selected aquifers using
analytical methods. Project Is complete except report.

PLANS NEXT YEAR: Complete the following report sec-
tions (1) description of selected aquifers, and

(2) discusslon of potential yield for selected aquifers in
the study area. Submit report for colleague review and
Director's approval. Begin preparation for publication.
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Winnlpesaukee River Basin / NHO41

Geohydrology and Water Quality of Stratified-Drift Aquifers in the
Winnipesaukee River Basin, Central New Hampshire

PROJECT CHIEF;
Joseph D. Ayotte

COOPERATOR(S): New Hampshlre Department of Envi-
ronmental Services, Water Resources Divislon

PROBLEM: Many towns within the Winnipesaukee River
Basin study area are experlencing Increasing demands
on thelr water supply due to population growth and
Increasing tourist trade. Towns and communitles are
interested in developing additional ground-water sup-
plles and protecting exlsting resources.

OBJECTIVE: (1) Describe the geometry and geohydro-
loglc properties of sand and gravel aquifers. (2) Assess
ground-water availability and potential yields of sand
and gravel aquifers. (3) Determine background water
quality and areal varlation of water quality for aquifers
in the study area.

APPROACH: Literature search will be done. Existing
geohydrologic data will be collected, compiled, and
interpreted. Geophyslcal Investigations to determine
saturated thickness will be done. Drilling to determine
stratigraphy, water table elevations, and depth to
bedrock or refusal wlll be done. Seepage runs during

PERIOD OF PROJECT:
October 1989 to September 1992

base fiow will be run to determine ground-water contrl-
bufion to streamflow. Aquifer hydraullc conductivity
and transmissivity will be estimated. Ground water will
be sampled and analyzed. Potential aquifer ylelds will
be estimated using an analyfical model.

PROGRESS: Five addlfional test holes were drilled in
aqulfers that had little previous data. Aquifer bound-
arles have been mapped for the entire basin. Water-
table contours have been completed for all six plates.
Data compliation and andlysis is ongoing. Project Is
complete except report.

PLANS NEXT YEAR: Continue with interpretation and
compilation of data. Estimate aquifer yield of two signif-
icant aquifers in Belmont and Alton, New Hampshire.
Wirite first draft of report and draft plates showing satu-
rated thickness and transmissivity values for selected
aqulfers, Submilt report for colleague review and Direc-
tor's approval. Beglin preparation of camera-ready
materlals for publication.
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Mirror Lake / NHO42a

Evaluation of Hydraulic Interaction Between Crystalline Bedrock
and Overburden, Mirror Lake, New Hampshire

PROJECT CHIEF:
Phiiip T. Harte

COOPERATOR(S): USGS Toxics Waste Program

PROBLEM: Recent trends show an increase of contami-
nated bedrock wells. In most cases, contaminants are
derived from point-sources sltuated In the overburden.
In order to protect bedrock ground-water supplies, it Is
Imperative that an evaluation of overburden and bed-
rock ground-water Interaction be made.

OBJECTIVE: (1) Determine the spatial variability of
ground-water fiow between the glacial drift and bed-
rock. (2) Assess the relatfive impact of factors affecting
ground-water movement between stratified drift and
bedrock. (3) Estimate bedrock recharge sources from
drift. (4) Determine transport rates and processes.

PERIOD OF PROJECT:
October 1989 to September 1994

APPROACH: Both a regional and local perspective is
needed fo characterize ground-water movement
between strafified drift and bedrock. A regional flow
model will be constructed to help define flow. Natural
and induced tracer tests are planned at several
nested well sites.

PROGRESS: Several reports were approved and pub-
lIshed. The mdijorlty of reports focused on descrlbing
spatial patterns of bedrock recharge and factors con-
troliing vertical flow between the diift and bedrock.

PLANS NEXT YEAR: Document final efforts—since this Is
the last year of funding. Publish a Water-Resources
Investigations Report, jJournal articles, and abstracts as
a result of the report.
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Mirror Lake / NHO42b

Geologic, Lithologic and Fracture Characterization of the

PROJECT CHIEF:
Carole Johnson

COOPERATOR(S): USGS Toxics Waste Program

PROBLEM: This geologlc, iithoiogic, and fracture charac-
terization project is an integral part of a larger coilabo-
rative research effort. A multidisciplinary approach is
being used fo characterize fiuild movement and chemi-
cal fransport in fractured bedrock and to improve
ground-water fiow modeis. The rock types, fracture
occurrence and structure of the bedrock system must
be better understood In order to evaluate the overbur-
den-bedrock ground-water interaction (described in
NHO42a) and in order to characterize fiuid movement
and chemlcal tfransport in fractured rock.

OBJECTIVE: Identify lithologic and structural controls on
fiuld movement and chemlcal fransport In bedrock in
the Mirror Lake watershed. In order to do this, it is neces-
sary to (1) identify the rock types and describe thelr spa-
tlal varlabliity, (2) develop conceptual models that
describe the distribution of fractures, (3) relate water-
bearing characterlstics of fractures fo the type of host
rock.

APPROACH: Rock types from the weills wiil be deter-
mined. Rock chlps wiil be described and characterized
by mineralogy and texture In order fo improve the rock-
type data base that describes spatial variabliity of rock
type over the watershed. Rock core will be analyzed;

PERIOD OF PROJECT:
October 1989 to September 1994

mineralogy and fexture wiil be described, noting the
occurrence of fractures and characterizing the fracture
surfaces. Reiations between water-bearing zones and
lithology and structural features will be identified using
data determined from geologic and fracture mapping.
hydraulic tests, tracer tests, borehole and surficial geo-
physicai tests.

PROGRESS: Analysis of video iogs were completed for all
29 bedrock wells in the study area. Detailed iithologic
logs are belng generated from analysis of the drlll cut-
fings and video surveys. Rock fragments from 30 welis
were described In terms of mineralogy and texture and
were categorized according to rock type. Petrographic
analyses and SEM-XRF analyses were performed on18
thin-section rock samples to verify mineralogy deter-
mined with hand iens, describe grain boundaries and
Iron migration in pore spaces. A publication and a doc-
umentary video illustrating the use of a borehole video
camera were prepared.

PLANS NEXT YEAR: Complete a lithology report and sta-
fistical analyses. Dirill four bedrock wells, obtaln one
50-foot bedrock core and install 3 piezometers in the
overburden. Work on video surveys In two 1,000-foot
welis and three 200-foot wells.
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Savage Well Areq, Miiford, NH / NH0O43

Reassessment of Geohydrologic Data and Refinement of a Regional
Ground-Water-Flow Model of the Milford-Souhegan Glacial-Drift Aquifer,
Milford, New Hampshire

PROJECT CHIEF:
Joseph R. Olimplo

COOPERATOR(S): U.S. Environmentai Protection Agency,
Waste Management Division

PROBLEM: From 1960-83, the town of Miiford used the
Savage weill for municipal supply. During routine water-
quality monitoring by the State of New Hampshire in
1982-83, several volatile organic compounds were
detected. In December 1987, the U.S. Environmentai
Protection Agency (USEPA), Waste Management Divi-
sion requested USGS technical assistance in performing
an analysis of ground-water flow in the aquifer. As part
of that study, all hydrogeologic and contamination-
source data for the study area were collected and a
ground-water-fiow model was constructed. in early
1990. USEPA and the USGS held a series of meetings to
discuss anticipated application of the flow model for
testing possible pump-and-treat designs for remediation
of ground-water in the vicinity of the Savage well. For
this testing. additional hydrogeologic investigation of
the aquifer in the vicinity of the Savage site, and refine-
ments to the ground-water-fliow model were identified.

OBJECTIVE: (1) Collect, complle, and incorporate into
the existing model hydrogeologic data coliected in the
study area since November 1988, (2) Refine callbration
of the model for steady-state conditions using these
new data. (3) Verify the model and perform sensitivity

PERIOD OF PROJECT:
August 1990 to September 1993

analysis on the model. (4) Simulate advective transport
of a conservative contaminant near the Savage well
site,

APPROACH: Data on geology. characteristics of the
ground-water-flow system, observation-well networks.
contamination sources, surface water, and water qual-
ity available since 1988 will be compiled. Water ievels
in observation wells will be measured. Streamfiow will
be measured. The flow model will be refined and recaii-
brated by incorporating data coliected since Novem-
ber 1988 into the model. The modei grid near the
Savage well will be discretized for use in testing possi-
ble remedial designs. The model will be recalibrated to
steady-state conditions, and calibrated to transient
conditions. The model will be verified. The model will be
used to investigate advective transport for remedial
design.

PROGRESS: First draft of the report "Reassessment of
geohydrologic data and refinement of a reglonal
ground-water flow modei of the Milford—Souhegan
glacial-drift aquifer, Milford, New Hampshire® has been
written.

PLANS NEXT YEAR: Refine the model for colleague
review. Start new phase of the study. with a focus on
the OK Tool Company site, in spring of 1994,
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Landfill / NHO45

Hydrology, Simulated Ground-Water Flow, and Ground-Water
Quality at Two Landfills in Bristol, Vermont

PROJECT CHIEF:
Thomas J. Mack

PERIOD OF PROJECT:
April 1990 to September 1992

COOPERATOR(S): Vermont Agency of Natural
Resources, Solid Waste Division

PROBLEM: The Vermont Agency of Natural Resources,
Solid Waste Division (SWD) is required by law to perform
geologic and hydrogeoioglc assessment of 72 landfilis
In Vermont over the next few years. The studies wlill be
designed to provide critical information on the effects
that landfilis have on ground-water quallty and thelr
interaction with local and regional ground-water-fiow
systems. The technical staff of the SWD requests a dem-
onstratfion project to provide guidance in state-of-
the-art hydrogeoiogic investigative techniques that
can be employed In the landfill studies.

OBJECTIVE: (1) Provide an organizational framework for
planning and executing studies of landfills in glaclated
terralns. (2) Demonstrate the use of various hydrogeo-
logic methods for studies of solid-waste landfiiis in glaci-
ated terrain, (3) Characterize ground-water quaiity
beneath two landfills within a kame deposit In Bristol,
Vermont, and determine regionai ground-water fiow
patterns in the surrounding area.

APPROACH: A iiterature search of landfill studies in gla-
clated terraln and methods used In landfill studies will
be conducted. Well and data inventory in the area
around the Bristol landfiils will be performed. Depth to
water and bedrock will be mapped using selsmic-re-
fraction geophyslcs as outined by Haeni (1986). Elec-
fromagnetic geophysics such as EM-34 and VLF will be

used to detect conductive plumes that may be mov-
Ing from the site. The hydraulic properties of the uncon-
solidated material In the vicinity of the landfills will be
defined and mapped by analyzing stratigraphic iogs.
slug tests, and borehole geophysics. Split-spoon sam-
ples obtained during test drilling will be anaiyzed for
graln-size distribution. Water-table altitudes in the vicin-
Ity of the landfills will be mapped from data collected
above. Seepage runs on surface waters in the vicinity
of the landfiiis will be conducted to define gaining and
Josing reaches during basefiow conditions. Wells will be
sampled and analyzed for nutrients, major lons, frace
elements, and organic compounds. Numerical models
will be applied to evaiuate movement of contami-
nants away from the landfills. A generadlized work plan
wili be produced as a guide for future work.

PROGRESS: The first draft of the interpretive report Is
complete, It describes the hydrogeology. simulated
ground-water flow, and the ground-water quaiity at
the two landfills. The chemical composition of contaml-
nated ground water and its areal extent are
described. A Journdi artficle was published In Ground
Water Monitoring and Remediation In February 1993.
Project is complete except report.

PLANS NEXT YEAR: Complete draft and editorial revi-
slons; submit report for technical and regional reviews,
and Director's approval. Prepare report for publication
and submit for printing.
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Sleepers River WEBB / NH046

Water, Energy, and Biogeochemical Budgets (WEBB) at
Sleepers River Research Watershed, Danville, Vermont

PROJECT CHIEF:
James B. Shanley

PERIOD OF PROJECT:
Continuous since October 1990

FUNDING SOURCE: USGS Global Change Hydrology Pro-
gram

PROBLEM: Heightened concerm over the possibility of
global warming and other global environmental
change has generated aftempts o predict the conse-
quences of these changes on global ecosystems. The
current state of knowiedge on the interreiations of
hydrologlc, energy. and biogeochemical processes s
insufficient o adequately model these processes. A
better understanding of Water, Energy, and Blo-
geochemical Budgets (WEBB) Is needed over a range
of scdies, In a representative cross-section of giobal
ecosystems.

OBJECTIVE: (1) investigate and describe the linkages
between soli hydrology and soiute fransport in the soii
zone through detailed accounting of water and chemi-
cal flux at points on a hillslope. (2) Use carbon and oxy-
gen Isotopes fo trace the movement of water and
solutes. (3) Assess the senslfivity of trace gas budgets to
changing land use and climate. (4) Determine the parti-
floning of hydrologic pathways as basin size Increases.
(5) Determine the distribution and magnitude of basin
heat fluxes.

APPROACH: A hiilsiope in a smail forested basin wlli be
intensively instrumented to frack the movement of
water and solutes, measure frace gas fluxes, and estab-
iIsh energy budgets. A time-domain reflectometry (TDR)
system wiil be instalied to monitor changes in soil mois-
ture. Soli water wili be sampled by hon-tension lysimeters
and analyzed for major solutes and isotopes of carbon
and oxygen. The spatial sampiing density will increase

downslope toward the stream. This design will provide
the best possible observations of the evoiution of raln-
water and snowmelt chemistry to streamwater chemils-
fry. In conjunction with the on-site energy budget, and
with continuous monitoring of physical and chemical
parameters, the processes responsible for the genera-
fion of streamflow and streamwater quailty will be iden-
fified. The shifting importance of hydroiogic flowpaths
and blogeochemical processes as basln scale increases
wiil be evaiuated with chemicai and isotopic data from
higher-order basins.

PROGRESS: Aithough budget restraints imited new
instrumentation, existing data-coliection activities were
continued and Improved quality-control measures
were implemented. Quality control was facliitated by
the Inifiation of a customized database system, which
dilows efficient storage, refrleval, and editing of physi-
cal and chemical data. In W-9, the smali forested
headwater basin, new welrs were Instalied on each of
the three tributares that joln just above the main welr.
Fiow data from these sites have helped to improve our
understanding of hydrologic processes in W-9, the most
intensively-monitored watershed within the WEBB
project. Chemical sampiing increased during Fiscai
Year 1993. About 700 water samples were coilected for
analysls of major constituents. About one-haif the sam-
ples were analyzed at the USGS, Albany, New York lab,
and about one-half at the Cold Regions Research and
Engineering Laboratory (CRREL) in Hanover, New
Hampshire. Most of the additional sampiing took place
during the snowmelt season, when sampling was inten-
sifled at W-2 (the agricultural basin), and W-3 and W-5
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Sleepers River WEBB / NHO46

(the larger mixed land-use basins) relative to previous
years. Also, four snowmelt lysimeters were deployed to
monltor the temporal variation of meltwater chemistry
and oxygen-18. The oxygen-18 data from the meltwa-
ter and stream samples at the four watersheds were
used to demonstrate that shallow flowpaths increase in
importance as basin size increases and (or) as land use
changes from forested to agricultural. These data rep-
resent the basls for at least one joumnal article and one
conference presentation. Collaboration with CRREL,
USGS-NRP, and universlty researchers contfinued fo be
a major aspect of the Sleepers River WEBB project.
Progress was made on data Interpretation which will
lead to journal publications.

PLANS NEXT YEAR: Collaborate with CRREL to improve
energy flux measurements during the 1993-94 winter,

and to address energy-balance question at Sleepers
River. Make radlation measurements at several sites
and perform additional snowmelt stratigraphy and
snowmelt hydrology work. Upgrade the Sleepers River
long-term meteorologlcal monltoring network, which
will expand and modemize all 13 meteorologlcal sites
and allow real-ime data acquisiion over phone lines
vla radiofrequency (RF) data transmisslon by Fiscal
Year 1995. Make most of the sltes on-line In Fiscal Year
1994, Interface ail USGS data loggers with radios for
data fransmission to the base station. Use the RF system
for remote monltoring (.e.. from the Montpelier office)
of hydrologlc condltions. Develop a large-scale (1:600)
base map for W-9, and If budget permits, for W-2. Tar-
get the area(s) and fiy them May 1994. Incorporate the
three years of physical data collected to date Into the
new data base system.
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Saco and Ossipee Basin / NH0O47

Geohydrology and Water-Quality of Stratified-Drift Aquifers in the
Saco and Ossipee Basins, East-Cenfral New Hampshire

PROJECT CHIEF:
Richard B. Moore

COOPERATOR(S): New Hampshire Department of Envi-
ronmental Services, Water Resources Division

PROBLEM: Rapid growth and increased development in
New Hampshire have Increased the demand for pota-
ble water. Ground water in stratified-drift aquifers Is
capable of supplying large amounts of high-quality
water, but Is susceptible to contamination from various
sources.

OBJECTIVE: (1) Describe the physical and geohydro-
logic properties of sand and gravei aquifers In the study
areaq. (2) Assess ground-water avaliability and potential
ylelds of sand and gravel aquifers in the area. (3) Evalu-
ate, for alarge seiected aquifer, the hydroiogic impacts
of ground-water development on water levels and
base fiow of streams. (4) Determine background water
quality In the stratified-drift aquifers.

APPROACH: Existing data on quality and altitude of
ground-water, and saturated thickness and stratigra-
phy of aquifers will be complled. A well and spring
Inventory will be conducted. The extent and saturated
thickness of stratified-drift aquifers using data obtained
from seismic refraction, continuous seismic reflection,
and test drilling wiit be mapped. Hydraulic properties of
aquifers from information gathered during drilling, from

PERIOD OF PROJECT:
October 1990 to September 1994

pump tests, and analyses of stratigraphic logs wili be
mapped. Water-table altitudes In the aquifers will be
mapped. Sources of recharge to and discharge from
the aquifers will be identifled by measuring ground-
water altitudes. A numerical technique will be used to
estimate the impacts of ground-water development
and long-term aquifer yield. Selected wells and springs
will be sampled to define natural variation in water
quality in the aquifers. The results of data collection
and interpretation wiill be presented in a report.

PROGRESS: Drilling was completed at 25 sites during the
year. Eight lakes or ponds were studied with the seismic
refraction technique. Four weeks of seismic refraction
data collection was completed. Data for 306 newly
constructed wells, fleld located by the U.S. Geological
Survey, were loaded from the New Hampshire State
data base to our Ground Water Site Inventory (GWSH)
data base. Four weeks of aquifer boundary mapping
and site selection were completed last year. Water-
quaiity samples were collected at 29 sltes within the
study area (25 wells and 4 springs).

PLANS NEXT YEAR: Complete the review process and
the report submit report for Director's approval.
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Upper Connecticut River Basin / NHO48

Geohydrology and Water-Quality of Stratified-Drift Aquifers in the
Upper Connecticut River Basin, Northern New Hampshire

PROJECT CHIEF:
Joseph R, Olimpio

COOPERATOR(S): New Hampshire Department of Envi-
ronmental Services, Water Resources Division

PROBLEM: Rapid growth and increased development in
New Hampshire have increased the demand for potao-
ble water. Ground water In stratlfied-drlft aquifers Is
capable of supplying large amounts of high-quality
water,

OBJECTIVE: (1) Describe the physlcal dimenslons and
geohydrologic propertles of sand and gravei aquifers in
the study area. (2) Assess ground-water avdilablilty and
potentlal yields of sand and gravei aquifers in the area.
(3) Determine water qudlity in the sand and gravel aqui-
fers,

APPROACH: Existing data on elevatlon of ground
water, and saturated thickness and stratigraphy of
aquifers will be compiled. A well and spring inventory
will be conducted. The extent and saturated thickness
of stratified-drift aquifers using data obtained from sels-

PERIOD OF PROJECT:
January 1991 fo December 1994

mic refraction, test drilling, and existing weill logs will be
mapped. Hydrauiic properties of aquifers from informa-
fion gathered during drlling, from pump tests, slug
tests, and analyses of stratigraphic logs will be
mapped. Water-table elevations In the aquilfers will be
mapped. Sources of recharge to and discharge from
the aquifers will be identified by measuring changes in
streamfiow and ground-water alfitudes. Analytical or
numerical modelling techniques will be used to estl-
mate the Impacts of ground-water deveiopment on
aquifer yleld. Selected welis will be sampled to define
natural water quality in the aquifers. The results of data
collection and interpretation will be presented In a
report.

PROGRESS: Aquilfer boundarles were field-checked In
some areas of question. Report outilne was prepared
and report draft was begun.

PLANS NEXT YEAR: Prepare report for colleague review.
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Tributary Loads to Lake Champlain from Tributary Streams / NH049

PCB and Trace Metal Loads to Lake Champlain
from Tributary Streams

PROJECT CHIEF:
John A. Coiman

PERIOD OF PROJECT:
April 1992 to September 1996

FUNDING SOURCE: USGS Federai Funds

PROBLEM: Water quaiity of Lake Champlain is being
investigated under provisions of the Lake Champiain
Speciai Designation Act. One of the concemns listed in
the act is the effect of toxic materials on human and
ecosystem heaith, Of the many toxic materiais which
might be of concern for Lake Champlain, mercury and
PCBs represent a particular probiem. Concentrations
of these materiais in some fish species have exceeded
the U.S. Food and Drug Administration limlts for safe
consumption.

OBJECTIVE: Quantify the tributary Inputs of trace metals
and PCBs to Lake Champilain and to observe fime
frends In inputs. Specific objectives are (1) assess the
concentrations of PCB’s and trace metais in surficial
streambed sediment of tributarles to Lake Champlaln
and scan samples of the same for the presence of
hydrophobic organic compounds, (2) assess the contri-
bution of PCB’s in near-shore bed sediments from adjo-
cent tributaries by comparing fingerprints of PCB
congeners from the near-shore and fributary sedi-
ments, (3) determine tributary ioads and trends of
PCB’s and frace metails to Lake Champiain by monitor-
ing streamflow and constituent concentration at tribu-
tarles.

APPROACH: Streambed materiai of the 34 or so princl-
pai tributaries wili be coilected near their confiuences
with the lake during iow stream fiow. Analysis of these
samples wili determine which streams are important for
tributary transport of hydrophobic materiais. Near-

shore sampiles of fine-grained deposits will be obtained
for analysis of PCB cogeners and organic carbon. Only
sediment surficial samples will be collected for compari-
son with the tributary sampies. Following the
streambed work, water samples wilil be collected at
selected fributarles on a monthly basis. in addition,
sampies will be taken during severai high-flow events
including spring snow pack meiting. Fleld parameters
of temperature, conductivity, alkaiinity, and pH wiil be
recorded at each sampling. Load computation willi be
accomplished using a seven parameter regression
medel. Trends will be computed using the method of
Hirsch and others.

PROGRESS: The bed sediments of 80 pius streams were
sampled this year for 40 trace metals Including mercury
and for PCB cogeners. The results of the mercury analy-
ses are back from the iab. The remaining elements are
due from the iab shortly. One stream sample had a
mercury concentration of 3.6 parts per million. The sam-
ple was taken from a mining area. Analysis of PCB’s in
the bed sediments has been completed for the in-iake
sampies only. The analyticai work is continuing for the
stream sediments.

PLANS NEXT YEAR: Analyze the resuits of the collected
samples during the coming year. Prepare report based
on the results of the bed sediment sampling, and sub-
mit for colieague review and Director's approval. Begin
water column work, depending on status of funding.
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USEPA Technlcal Assistance / NHO50

USEPA Technical Assistance

PROJECT CHIEF:
John Cotton

COOPERATOR(S): U.S. Environmental Protection
Agency. Waste Management Divislon

PROBLEM: Hydrogeologlcal technical assistance is
needed by the U.S. Environmentai Protection Agency
(USEPA), Region |, Waste Management Divislon, for
ongoing project work at New England Superfund sites.
USEPA’s Waste Management Divislon Is faced with the
task of understanding complex hydrologic environ-
ments in order to propose remedial action at hazard-
ous waste sites, The U.S. Geological Survey (USGS) can
provide technical assistance and consultation to

USEPA on problems related to ground-water hydraulics,

surface-water monltoring. water-quality sampling, and
analysis of hydrologlc systems in general.

OBJECTIVE: Provide data collection and geochydrologic
investigatlons for USEPA at Superfund sites and technl-
cal asslstance and report review at other sltes as
needed.

APPROACH: USGS personnel will offer advice to USEPA
slte managers on proper scopes of technlcal work at
Superfund sltes. The work will also Include review of
remedial investigation/feasibility studies (RI/FS), work-
plans, technical summaries, and final drafts for technl-
cal content and accuracy. USGS personnel will also
participate in technical meetings and negotiations
with USEPA contractors and responsible parties, The

PERIOD OF RECORD:
Continuous since 1988

USGS will do Investigations, as requested by USEPA, to
help fulfill the goals of the Superfund Program. Activl-
fies by the USGS may Include borehole logging. sur-
face geophysical surveys, aquifer testing. and
hydrologlc analysls of Superfund sites.

PROGRESS: At the Glison Road, Nashua, New Hamp-
shire site, one continuous and five non-continuous
streamgages were operated. For the Keyes Well, Mil-
ford, New Hampshlre slte, a Water-Resources Investiga-
tions Report recelved colleague review. For the OK
Tool (Savage Well), Miiford, New Hampshlre site, an
Open-Flle Report is nearly complete. Plans are being
finalized for addltional ground-water-fiow modeling.

For the New Hampshire Plating, Merrimack, New Hamp-
shire site, an administrative report and a journal article
recelved colleague revilew. For the Country Pond, King-
ston, New Hampshire site, an adminlstrative report was
drafted to report well Installation and ground-water
sampiing results.

PLANS NEXT YEAR: Continue revlew of documents as
requested by USEPA. Confinue streamgaging at Glison
Road. Continue water quality sampling at Country
Pond. Confinue geophysical and ground-water-flow
investigations at OK Tool. Begin geophysical and sur-
face-water monitoring work at Pine Street Canai site in
Buriington, Vermont.
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Fiints Pond Geohydroiogy / NHO51

Geohydrology of the Flints Pond Aquifer, Hollis, New Hampshire

PROJECT CHIEF:
Joseph D. Ayotte

COOPERATOR(S): New Hampshlire Department of Envi-
ronmental Services, Water Supply and Pollution Control
Division, Blology Bureau

PROBLEM: Flints Pond in Hollls, New Hampshlre, has
been subject to accelerated eutrophication as a result
of shoreline and watershed development and associ-
ated nutrient loading over the past 60 years. Dense
growth of milfoll and other aquatic plants have greatly
reduced the recreational usability of the pond. The Biol-
ogy Bureau of New Hampshlre's Department of Environ-
mental Services, Water Supply and Pollution Control
Division is proposing to conduct a nutrient budget
study as an inltial step toward establishment of a reme-
diatlon plan deslgned fo improve the pond's frophic
status. Because the pond is fed primaiily from ground-
water sources, the Bureau has sought the assistance of
the U.S. Geological Survey, New Hampshire/Vermont
District, In quantifying the ground-water fiow regime In
the vicinity of the pond. The District has previously
undertaken stratified-drift aquifer assessment and map-
ping In the area.

OBJECTIVE: Charactertize the ground-water flow system
In the stratifled-drift deposits in the vicinlty of Flints Pond.

APPROACH: Depth to bedrock and thickness of strati-
fled-drlft wil be determined by conducting ground-
penetrating radar (GPR) surveys across the valley at
seven locations. Bedrock, water table, wetiand depos-
its, and thickness of bottom sediments willl be mapped
using GPR. Thickness of wetland sediments will be deter-
mined by probing, through ice cover, when necessary.

PERIOD OF PROJECT:
January 1993 to September 1994

Water-level measurements will be obtalned from
about 24 wells fo be Installed In a grid pattern near the
GPR surveys. Staff gages will also be Installed In the
pond and at the culverts on Pine Hill Road and Broad
Street. The altitude of all wells and gages willl be sur-
veyed to a common datum. Grain-size distribution of
materials within the stratifled-drift deposits will be deter-
mined by analyzing split-spoon samples obtained from
the test holes at 16 shallow well sites and from the five
deep test holes drilled to refusal. Transmissive charac-
teristics of the deposlts will be determined by two meth-
ods: hydrauilc conductivity values assigned based on
the grain-size analyses and hydraullc conductivity
values calculated from slug tests in both the shallow
and deep wells.

PROGRESS: Over five miles of GPR data collection were
completed. More than 20 wells (or boilngs) were
Installed. Elevations of all wells were determined and
water levels were monitored. Slug tests were per-
formed at all wells. Approximately 50 percent of report
has been completed. An abstract was approved for
publication in a proceedings to a 1994 symposlum.

PLANS NEXT YEAR: Complete the report titled "Geohy-
drology of the Flints Pond Aquifer, Hollls, New Hamp-
shire,” by J.D. Ayotte and T.H. Dorgan., Write and
recelve Director's approval for journal article for pro-
ceedings to 1994 Symposium on the Application of
Geophysics to Engineering and Environmental Prob-
lems. March 1994, Boston, Massachusetts.
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Office of the Area Hydrologist
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Water Resources Division
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