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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.

Connecticut District - 7



GW Stations / CT002

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.

24 - Water-Resources Activities in New England, Fiscal Year 1993



Connecticut Reports Published or Released 1977-93

Beres, Mllan, Jr., and Haenl, F.P., 1991, Application of
ground-penetrating-radar methods in hydrogeo-
logic studles: Ground Water, v. 29, no. 3, p. 375-386.

Blgham, D.K., and Bohr, J.R., 1989, Offstream freshwater
use In Connecticut, 1985; U.S. Geological Survey
Open-File Report 88-457, 1 sheet.

Bingham, J.W., 1984, Hydrogeologlc reconnalssance of
the stratified-drlft aquifers near Simsbury, Connecti-
cut: U.S. Geological Survey Water-Resources
Investigations Report 83-4145, 16 p.

___ 1991, Water avallability and quallty from the strati-
fied drift In Anguiilla Brook basin, Stonington and
North Stonington, Connecticut: U.S. Geologlcal Sur-
vey Water-Resources Investigations Report 85-4276,
49 p.

Bingham, J.W., McKeegan, D.K., and Potterton, R.S.. Jr.,
1987, Hydrogeologic data for southwest Connecti-
cut: Connecticut Water Resources Bulletin 33A, 54 p.

Bingham. J.W.. and Todd, A.R., 1979, Proximity of agricul-
tural areas to major aqulfers in Connecticut:
U.S. Geologlcal Survey Miscellaneous Fleld Studies
Map MF-981-F, scale 1:125,000.

Brackley. R.A.. and Thomas, M.P., 1979, Map showing
estimated 7-day. 10-year low flow of sfreams in the
Connecticut Valley urban area, central New
England: U.S. Geologlcal Survey Miscellaneous
Investigations Series Map 1-1074-H, scale 1:125,000,
2 sheets,

Cervione, M.A., Jr., 1982, Streamfiow Information for
Connecticut with applications fo land-use planning:
Connecticut Water Resources Bulletin 35, 35 p.

Cervione, M.A., Jr., Davles, B.S. 3rd, Bohr, J.R., and Bing-
ham, J.W., 1989, Water resources data—
Connecticut, water year 1988: U.S. Geological Sur-
vey Water-Data Report CT-88-1, 346 p.

Cervione, M.A., Jr., Davies, B.S. 3rd, Bohr, J.R., and
Hunter, B.W., 1990, Water resources data—Connect-
icut, water year 1989: U.S. Geological Survey
Water-Data Report CT-89-1, 336 p.

1991, Water resources data—Connecticut, water
year 1990: U.S. Geological Survey Water-Data
Report CT-90-1, 274 p.

1992, Water resources data—Connecticut, water
year 1991: U.S. Geologlcal Survey Water-Data
Report CT-91-1, 255 p.

Cervione, M.A., Jr., Davies, B.S. 3rd, Bohr, J.R., and
Hunter, B.W., 1993, Water resources data—Connect-

Icut, water year 1992: U.S. Geological Survey
Water-Data Report CT-92-1, 261 p.

Cenvlone, MA.. Jr.. Melvin, RL., and Cyr, KA., 1982, A
method for estimating the 7-day. 10-year low fiow of
streams in Connecticut: Connecticut Water
Resources Bulletin 34, 17 p.

Cervione, MA., Jr., Shepard, T.B., Gasperini, 1.S., and
Bingham, J.W., 1986, Water resources data—Con-
necticut, water year 1984: U.S. Geological Survey
Water-Data Report CT-84-1, 347 p.

Cervione, M.A.. Jr., Weiss, L A., Bohr, J.R.. and Bingham,
J.W., 1987, Water resources data—Connecticut,
water year 1985: U.S. Geological Survey Water-Data
Report CT-85-1, 279 p.

1988, Water resources data—Connecticut, water
year 1986: U.S. Geological Survey Water-Data
Report CT-86-1, 263 p.

___ 1989, Water resources data—Connecticut, water
year 1987: U.S. Geologlcal Survey Water-Data
Report CT-87-1, 295 p.

Dupuy, C.J., Healy, D.F., Thomas, M.A., Brown, D.R., SInls-
calchl, AJ.., and Dembek, Z.F., 1991, A survey of
naturally occurring radionuclides In groundwater In
selected bedrock aquifers In Connecticut and Impll-
cations for public health policy, in Glibert, C.E., and
Calabrese, E.J., eds., Regulating drinking water qual-
Ity: Boca Raton, Florida, Lewis Publishers, p. 95-119.

Frimpter, M.H., 1980, Ground-water availability in the
north part of the Connecticut Valley urban area,
central New England: U.S. Geological Survey Miscel-
laneous Investigations Serles Map 1-1074-1, scale
1:125,000.

Frink, C.R., Sawhney, B.L., Kulp, K.P., and Fredette, C.G.,
1982, PCBs in Housatonic River sediments in Massa-
chusetts and Connecticut—Determination,
distrlbution, and fransport: Connecticut Agricuttural
Experiment Station Bulletin 800, 43 p.

Goldsmith, Richard, 1985, Bedrock geologlc map of the
Old Mystic and part of the Mystic quadrangles, Con-
necticut, New York. and Rhode Island:

U.S. Geological Survey Miscellaneous Investigations
Serles Map 1-1524, scale 1:24,000, 8 p.

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

Grady, $.J., 198%9a, Use of electromagnetic methods In
ground-water contamination studles—an applica-
fion at the sanitary landfill, Farmington, Connecticut:
Connecticut Water Resources Bulletin 41, 58 p.

Connecticut District - 25



Connecticut Reports Pubiished or Released 1977-93

____1989b, Statistical comparison of ground-water qual-
Ity in four land-use areas of stratified-drift aquifers In
Connecticut, in Mallard, G.E., and Ragone, S.E.,
eds., U.S. Geologlcal Survey Toxic Substances
Hydrology Program—Proceedings of the technical
meeting, Phoenix, Arizona, September 26-30, 1988:
U.S. Geological Survey Water-Resources Investiga-
flons Report 88-4220, p. 473-481.

1993, Analysis of nonpoint source ground-water con-
tamination In relation to land use—Chapter B,
Effects of land use on water qudlity in stratified-dirift
aquifers in Connecticut: U.S. Geological Survey
Open-Flle Report ?1-200, 87 p.

Grady, S.J.. and Garabedian, S.P., 1991, National
Water-Quality Assessment Program; the Connecti-
cut River and Long Island Sound coastal rivers:

U.S. Geological Survey Open-File Report 21-0159, 2
p.

Grady, 8.J.. and Haeni, F.P.. 1984, Application of electro-
magnetic technigques on determining distribution
and extent of ground-water contamination at a san-
itary landfill, Farmington, Connecticut, in Nlelson,
D.M., and Curl, Mary, eds., National Water Well
Assoclatlon/U.S. Environmental Protection Agency.
Surface and borehole geophysical methods in

ground-water investigations, San Antonio, Texas,

Proceedings. p. 338-367.

Grady, S.J., and Handman, E.H., 1983, Hydrogeologic
evaluation of selected stratified-drift deposlts in
Connecticut: U.S. Geological Survey Water-
Resources Investigations Report 83-4010, 51 p.

Grady, S.J., and Weaver, M.F., 1988, Preliminary
appralsal of the effects of land use on water quality
In stratified-drift aquifers In Connecticut—
U.S. Geological Survey toxic waste—ground-water
contamination program: U.S. Geologlcal Survey
Water-Resources Investigations Report 87-4005, 41 p.

___ 1989, Evaluation of groundwater quality Inrelation to
land use for stratifled-drift aquifers In Connecticut, in
Ragone, S.E., ed., International Association of Hydro-
loglcal Sclences, Reglonal characterization of water
quallty, Baltimore, Maryland, May 1989, no. 182,

p. 19-29.

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

U.S. Geologlcal Survey Water-Resources Investiga-
tions Report 87-4144, 50 p.

Haeni, F.P., 1978, Computer modeling of ground-water
availability in the Pootatuck River Valley, Newtown,
Connecticut: U.S. Geological Survey Water-
Resources Investigations Report 78-77, 64 p.

1986a, Application of continuous selsmic-reflection
methods to hydrologic studies: Ground Water, v. 24,
no. 1, p. 23-31.

1986b, Application of seismic-refraction methods In
ground-water modeling studies In New England:
Geophysics, v. 51, no. 2, p. 236-249.

____1986c., The use of electromagnetic methods to delin-
eate vertical and lateral lithologic changes In
glacial aquifers: National Water Well Association,
Surface and borehole geophysical methods and
ground water instrumentation, Denver, Colorado,
October 15-17, 1986, Proceedings, p. 259- 282,

__1988a, Evaluation of the continuous selsmic-refrac-
tion method for determining the thickness and
lithology of stratifled drift In the glaciated northeast,
inRandall, A.D., and Johnson, A.l., eds.. Regional
aquilfer systems of the United States—the northeast
glaclal aqulfers: American Water Resources Assocl-
ation Monograph Serles no. 11, p. 63-82,

___1988b, Application of selsmic-refraction techniques
to hydrologic studles: U.S. Geological Survey Tech-
niques of Water-Resources Investigations, book 2,
chap. D2, 86 p.

____(In preparation) Applicatlon of surface-geophysical
methods fo investigations of sand and gravel aqul-
fers in the glaciated northeastem United States:
U.S. Geological Survey Professional Paper 1415-E.

Haeni, F.P.., and Anderson, H.R.. 1980, Hydrogeologlc
data for south-central Connecticut: Connecticut
Water Resources Bulletin 32, 43 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: Federal Highway Adminlstra-
flon, Bridge Scour Symposium, MclLean, Virginla,
October 17-19, 1989, Proceedings. not paglnated.

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

26 - Water-Resources Activities in New Engiand, Fiscai Year 1993



Connectlicut Reporis Pubiished or Reieased 1977-93

Haenl, F.P., and Melvin, R.L., 1984, High resolution contin-
uous selsmic-reflectlon studies of a stratified-drift
deposlt In Farmington, Connectlcut, inNlelson, D.M.,
and Curl, Mary, eds., National Water Well Associa-
fion/Environmental Protection Agency, Surface and
borehole geophyslcal methods in ground-water
investigations, San Antonlo, Texas, Proceedings,

p. 237-256.

Handman, E.H., 1986, Delineating recharge areas for
stratified-drift aquifers in Connecticut with geologic
and topographlc maps: U.S. Geological Survey
Water-Resources Investigations Report 83-4230, 39 p.

Handman. E.H., and Bingham, J.W., 1980, Effects of
selected sources of contamination on ground-water
quallty atseven sitesin Connecticut: U.S. Geological
Survey Water-Resources Investigations Open-File
Report 79-1596, 63 p.

Handman, E.H., Grossman, |.G., Bingham, J.W., and
Rolston, J.L., 1979, Mdjor sources of ground-water
contamination In Connectlcut: U.S. Geologlcal Sur-
vey Water-Resources Investigations Open-File
Report 79-1069. 59 p.

Handman, E.H., Haenl, F.P., and Thomas, M.P., 1986,
Water resources Inventory of Connecticut, part 9,
Farmington River basin: Connecticut Water
Resources Bulletin 29,91 p.

Healy, D.F., 1990, National Water Summary 1987,
Connecticut water supply and use: U.S. Geologlcal
Survey Water-Supply Paper 2350, p. 193-200.

Hunter, B.W., Kulp, K.P., and Meade, D.B., 1985,
Mashapaug Pond, Union, Connecticut: Connecti-
cut Department of Environmental Protection
map-pamphlet, 1 oversize sheet,

Hyde, R.C.. and Cotton, R.B., 1984, Map showing depth
to bedrock, Rockvllle quadrangle, Connecticut:
U.S. Geological Survey Miscellaneous Field Studies
Map MF-1701, scale 1:24,000.

Knoll, M.D., Haenl, F.P., and Knight, RJ., 1991, Character-

ization of a sand and gravel aquifer using
ground-penetrating radar, Cape Cod. Massachu-
seftts, in Mdllard, G.E., and Aronson, D.A., eds..
U.S. Geological Survey toxic substances hydrology
program, Monterey, Callfornia, March 11-15, 1991:
U.S. Geologlcal Survey Water-Resources Investiga-
tions Report 91-4034, p. 29-35.

Korzendorfer, B.A., Homn, M.A., and Meddlie, Laura, (in
press), Estimated withdrawals and use of freshwater
in Connecticut, 1990: U.S. Geological Survey Water--
Resources Investigations Report 93-4010, 1 p.

Kulp. K.P., 1981, Bathymetry and aquatic plants of Lake
Waramaug. Connecticut: U.S. Geological Survey
Open-Flle Report 81-477, 1 sheet.

__ 1982, Qudlity of surface waters In Wilton, Connecti-
cut: U.S. Geological Survey Water-Resources
Investigations Open-Flle Report 82- 260,

51 p.

1983, Suspended-sediment characterlstics of the
Yantic Rlver at Yantic, Connectlcut: Connecticut
Water Resources Bulletin 39, 34 p.

____19%91a, Concentration and fransport of polychlori-
nated blphenyls In the Housatonlc River between
Great Barrington, Massachusetts, and Kent, Con-
necticut, 1984-88: U.S. Geologlcal Survey
Water-Resources Investigations Report 91-4014, 12 p.

__1991b, Suspended-sediment characterlstics of
Muddy Brook at Woodstock, Connecticut, with a
secfion on water quallty of Roseland Lake and Its
mgjor tributarles, Muddy Brook and Mill Brook: Con-
necticut Water Resources Bulletin 43, 64 p.

Kulp. K.P..and Gay, F.B., 1986, Polychlorinated blphenyls
In the Housatonic River: Federal Interagency Sedl-
mentation Conference, 4th, Proceedings, v. 2,
sec. 7. p. 31-40.

Kulp. K.P.. and Grason, Davld, 1992, A water-quality
Investigation of Lake Waramaug and surrounding
watershed, Litchfield County, Connecticut:

U.S. Geological Survey Water-Resources Investiga-
fions Report 85-4267, 97 p.

Kulp. K.P., and Hunter, B.W., 1987a, Preclpitation chemis-
try in Connecticut, 1981-83: Connecticut Water
Resources Bulletin 40, 28 p.

1987b, Lake Winchester, Winchester, Connecticut:
Connecticut Department of Environmental Protec-
tion map-pamphlet. 1 oversize sheet.

1987c, Cedar Lake, Chester, Connecticut: Connect-
lcut Department of Environmental Protection
map-pamphlet, 1 oversize sheet.

1987d. Bashan Lake, East Haddam, Connectlcut:
Connecticut Department of Environmental Protec-
fion map-pamphlet, 1 oversize sheet.

1987e. Lake Waramaug, Kent, Warren, and Wash-
ington, Connecticut: Connecticut Department of
Environmental Protection map-pamphlet, 1 oversize
sheet.

1987f. Pachaug Pond, Griswold, Connectlcut: Con-
necticut Department of Environmental Protection
map-pamphlet, 1 oversize sheet.

Connecticut District - 27



Connecticut Reports Pubiished or Released 1977-93

____1987g, Mansfleid Hollow Lake, Mansfleid and
Windham, Connecticut: Connecticut Department
of Environmentai Protection map-pamphiet,

1 oversize sheet.

1988a, Beseck Lake, Middiefield, Connecticut: Con-
necticut Department of Environmental Protection
map-pamphilet, 1 oversize sheet,

1988b, Squantz Pond, Sherman and New Fairfield,
Connecticut: Connecticut Department of Environ-
mental Protection map-pamphiet, 1 oversize sheet.

1988c, Mudge Pond, Sharon, Connecticut: Con-
necticut Department of Environmental Protection
map-pamphilet, 1 oversize sheet.,

____1989a, Breakneck Pond, Union, Connecticut and
Sturbridge. Massachusetts: Connecticut Depart-
ment of Environmental Protection map-pamphiet,
1 oversize sheet,

1989b, West Thompson Lake, Thompson, Connecti-
cut: Connecticut Department of Environmental
Protection map-pamphiet, 1 oversize sheet.

Langer. W.H.. 1979. Map showling distribution and thick-
ness of the principal fine-grained deposits,
Connecticut Valley urban area, central New
Engiand: U.S. Geological Survey Miscellaneous
Investigations Serles Map -1074-C, scale 1:125,000,
2 sheets.

London, E.H., 1984a, Surficial geologic map of the Bethei
quadrangle, Connecticut: U.S. Geologicai Survey
Miscellaneous Fleld Studies Map MF-1519, scale
1:24,000.

London, E.H., 1984b, Surficlal geclogic map of the Nor-
walk North quadrangie. Connecticut:
U.S. Geological Survey Miscellaneous Field Studies
Map MF-1520, scaie 1:24,000.

London, E.H., and Melvin, R.L., 1981, Reconnaissance
map of surficial deposits In the Connecticut part of
the Thompson quadrangie, Connecticut-Rhode
Island: U.S. Geologlcal Survey Open-File Report 81-
1042, scale 1:24,000.

Mazzaferro, D.L., 1980, Ground-water availability and
water quality in Farmington, Connecticut:
U.S. Geologicai Survey Water-Resources Investiga-
Hlons Open-File Report 80-751, 57 p.

____1986a, Ground-water avdliability and water quality
In Southbury and Woodbury, Connecticut:

U.S. Geological Survey Water-Resources investiga-
tions Report 84-4221, 105 p.

___compller, 1986b, Ground-water yields for selected
stratified-drift areas in Connecticut: Connecticut
Geologlcal and Natural History Survey, Natural
Resources Atias Serles Map., scale 1:125,000.

___1986c, Depth to bedrock, depth to the water table,
and ciassification of unconsolidated materials
above the water table in stratified-drift areas of part
of the Pomperaug River vailey, Southbury and
Woodbury, Connecticut: U.S. Geologlcal Survey Mis-
ceilaneous investigations Series Map 1-1690, scaie
1:24,000.

_____ 1989, Estimation of the recharge area of a pumped,
stratifled-drift aquifer in Connecticut by simulation
modeling: U.S. Geological Survey Water-Resources
investigations Report 87-4124, 100 p.

Mazzaferro, D.L., Handman, E.H., and Thomas, M.P.,
1979, Water resources inventory of Connecticut,
part 8, Quinniplac River basin: Connecticut Water
Resources Builetin 27, 88 p.

McKeegan, D.K., 1986a. Depth fo bedrock, depth to the
water table, and classlfication of unconsolidated
materiais above the water table in stratified-drift
areas of part of the Farmington River vailey, Farm-
Ington, Connecticut: U.S. Geological Survey
Miscellaneous Investigations Series Map I-1691, scale
1:24,000.

____1986b, Depth to bedrock and classification of
unconsolidated materials above the water table in
stratified-drift areas of part of the Pootatuck River
valiey, Newtown, Connecticut: U.S. Geological Sur-
vey Miscellaneous Investigations Series Map 1-1702,
scale 1:12,000.

Meade, D.B., 1978, Ground-water availability in Con-
necticut: Connecticut Geological and Natural
History Survey, Natural Resources Atias Series Map.,
scale 1:125,000.

Meade, D.B., and Knowlton, R.G., Jr., 1990, Ground-
water avallabliity in southwestem Connecticut: Con-
necticut Water Resources Bulletin 33C, 563 p.

Meivin, R.L., 1978, Use of drainage area maps in evaluat-
ing waste disposai conditions, assessing the impact
of highway salting and designing bridges and cul-
verts, in Spieker, A.M., and Robinson, G.D., eds.,
Nature to be commanded: U.S. Geologlcai Survey
Professional Paper 950, p. 52-54.

__ 1985, National Water Summary 1984, Connecticut
ground-water resources: U.S. Geological Survey
Water-Supply Paper 2275, p. 161-166.

28 - Water-Resources Activities in New Engiand, Fiscai Year 1993



Connecticut Reports Published or Released 1977-93

1986, Connecticut observation wells—guldelines for
network modification: U.S. Geological Survey
Water-Resources Investigations Report 85-4079, 24 p.

1988, U.S. Geological Survey ground-water studiesin
Connecticut: U.S. Geologlcal Survey Open-Flle
Report 88-162, 2 p.

Melvin, R.L.. and Bingham, J.W., 1991, Availability of
water from stratlfied-drlft aquifers In the Farmington
River valley, Simsbury, Connecticut: U.S. Geologlical
Survey Water-Resources Investigations Report
89-4140,77 p.

Melvin, R.L., de Lima, V.A., and Stone, B.D., 1992, Stratlg-
raphy and hydraullc propertles of tlils in southern
New England: U.S. Geologlcal Survey Open-Flle
Report 91-481, 83 p.

Melvin, R.L., Grady. S.J., and Healy, D.F., 1988, National
Water Summary 1986, Connecticut ground-water
quality: U.S. Geological Survey Water-Supply Paper
2325, p. 191- 198,

Melvin, R.L., Grady, S.J., Healy, D.F., and Banach, Fred,
1988, Connecticut ground-water quality:
U.S. Geological Survey Open-Flle Report 87-0717, 9
p.

Melvin, R.L., Stone, B.D., Stone, J.R.. and Trask, N.J., 1992,
Hydrogeology of thick till deposits In Connecticut:
U.S. Geologlcal Survey Open-Flle Report 92-43, 43 p.

Melvin, R.L.. Thomas, H.F..and Moore, R.E., 1988, Cooper-
ative efforts in ground-water protection—a
Connecticut history: U.S. Geologlcal Survey Year-
book Fiscal Year 1987, p. 8-18.

Mullaney, J.R., Melvin, R.L., Adamik, J.T., Robinson, B.R.,
and Frink, C.R., 1992, Pesticldes In unconsolldated
sediments and ground water at selected agricul-
tural and nonagricultural sites In Connecticut:
Connectlicut Water Resources Bulletin 42, 40 p.

Rodgers, John, compller, 1982, Preliminary bedrock geo-
loglcal map of Connecticut: Connecticut
Geologlcal and Natural History Survey, scale
1:250,000.

Rogers, R.J., 1987, Geochemical evolution of ground-
water In stratified-drift and arkoslc bedrock aquifers
In north-central Connecticut: Water Resources
Research, v. 23. no. 8, p. 1531-1545,

1989, Geochemlcal comparlson of ground water In
areas of New England, New York, and Pennsylvania:
Ground Water, v. 27, no. 5, p. 690-712.

Rolston, J.L., Banach, F.S., and Handman, E.H., 1978, Sur-
face-water quallty and bullt-up areas In
Connecticut: U.S. Geologlcal Survey Miscellaneous
Fleld Studles Map MF-981-C, scale 1:125,000.

Rolston, J.L., and Bingham, J.W., 1978, Nonsewered bull-
t-up areas and septage disposal sites In
Connecticut, includes favorable aquifers:

U.S. Geologlcal Survey Miscellaneous Field Studies
Map MF-981-E, scale 1:125,000.

Rolston, J.L., BiIngham, J.W., and Handman, E.H., 1979,
Proximity of plpelines and storage facllitles for gas
and oil to major aquifers in Connecticut:

U.S. Geologlcal Survey Miscellaneous Field Studies
Map MF- 981-H, scale 1:125,000.

Rolston, J.L., Grossman, I.G., and Handman, E.H., 1978,
Industrlal areas and ground disposal of Industrial
wastes In Connectlcut: U.S. Geological Survey Mis-
cellaneous Field Studies Map MF-981-D, scale
1:125,000.

Rolston, J.L., Grossman, |.G., Potterton, R.S., Jr., and
Handman. E.H., 1979, Places in Connecticut where
ground water Is known to have deterlorated:

U.S. Geologlcal Survey Miscellaneous Fleld Studles
Map MF-981-G, scale 1:125,000.

Rolston, J.L., Pregman, T.H., and Handman, E.H., 1978,
Disposal of solld wastes In Connecticut:
U.S. Geological Survey Miscellaneous Field Studies
Map MF-981-B, scale 1:125,000.

Ryder, R.B.. Thomas, M.P., and Weiss, L.A., 1981, Water
resources inventory of Connecticut, part 7, upper
Connecticut River basin: Connecticut Water
Resources Bulletin 24, 78 p.

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

Stone. J.R.. and London, E.H., 1981, Surficlal geologlc
map of the Westport and Sherwood Polnt quadran-
gles, Connecticut: U.S. Geological Survey
Miscellaneous Fleld Studles Map MF-1295, scale
1:24,000.

1988, Surficlal geologlc map of the Botsford quad-

rangle, Connecticut: U.S. Geological Survey
Miscellaneous Field Studles Map MF-1524, scale
1:24,000.

Connecticut District - 29



Connecticut Reports Published or Released 1977-93

Stone, J.R., London, E.H., and Langer, W.H., 1972, Map
showing textures of unconsoiildated materiais, Con-
necticut Valley urban areq, central New England:
U.S. Geological Survey Miscellaneous investigations
Series Map |-1074-B, scale 1:125,000,

2 sheets,

Stone, J.R., Schdfer, J.P., London, E.H.. and Thompson,
W.B.. 1985, Surficial materiais map of Connecticut:
U.S. Geological Survey Open-File Report 85-0266,
scale 1:125,000, 3 sheets.

Thomas, C.E., Jr., Shepard, T.B., Gasperinl, I.S., and Wing,
S.E., 1983, Water resources data—Connecticut,
water year 1982: U.S. Geoiogicail Survey Water-Data
Report CT-82-1, 327 p.

Thomas, C.E.. Jr., Weiss,L.A., Gasperini, i.S., and Bingham,
J.W., 1985, Water resources data—Connecticut,
wateryear 1983: U.S. Geoiogical Survey Water-Data
Report CT-83-1, 300 p.

U.S. Geoiogical Survey, 1979a, Water resources data—
Connecticut, water year 1978: U.S. Geological Sur-
vey Water-Data Report CT-78-1, 363 p.

1979b, Water resources data—Connecticut, water
yvear 1977: U.S. Geological Survey Water-Data
Report CT-77-1, 383 p.

____1979¢c, Map showing rangss in elevation of iand sur-
face above mean sea level, Connecticut Valley
urban areq, central New Engiand: U.S. Geological
Survey Miscellaneous Investigations Serles Map
I-1074-E, scale 1:125,000, 2 sheets,

___1979d, Siope map, Connecticut Valley urban areq,
central New Engiand: U.S. Geologicai Survey Miscei-
laneous Investigations Series Map i1-1074-F, scale
1:125,000, 2 sheets.

1980, Water resources data—Connecticut, water
vear 1979: U.S. Geological Survey Water-Data
Report CT-79-1, 366 p.

1981, Water resources data—Connecticut, water
year 1980: U.S. Geological Survey Water-Data
Report CT-80-1, 400 p.

1982, Water resources data—Connecticut, water
year 1981: U.S. Geological Survey Water-Data
Report CT-81-1, 325 p.

1984, Nationai Water Summary 1983.Connecticut
water issues: U.S, Geological Survey Water-Supply
Paper 2250, p. 100-103.

Warren, C.R., and Harwood, D.S., 1978, Deglaciationice
fronts in the South Sandisfield and Ashley Falis quad-
rangies, Massachusetts and Connecticut:

U.S. Geological Survey Miscelianeous Fieid Studies
Map MF-1016, scaie 1:24,000.

Weaver, M.F., 1988, Ground-water avaiiability from
seiected stratifled-drift aquifers in southwestern Con-
necticut: Connecticut Water Resources Bulietin 33B,
63 p.

Waelss, L.A., 1983, Evaiuation and design of a streamfiow
data network for Connecticut: Connecticut Water
Resources Bulietin 36, 30 p.

____ 1988, Rainfail-runoff reiationships of the Hop Brook
basin, Manchester, Connecticut: U.S. Geologlical
Survey Water-Resources investigations Report
86-4327,22 p.

___ 1990, Effects of urbanization on peak streamflows In
four Connecticut communities, 1980-84:
U.S. Geologicai Survey Water-Resources investiga-
tions Report 89-4167. 40 p.

1991. Nationai Water Summary 1988-89, Connecti-
cut floods and droughts: U.S. Geological Survey
Water-Supply Paper 2375, p. 215-222.

Weiss, L.A., Bingham, J.W., and Thomas, M.P., 1982,
Water resources inventory of Connecticut, part 10,
lower Connecticut River basin: Connecticut Water
Resources Bulietin 31, 85 p.

Weiss, L.A., and Cervione, M.A., Jr., 1986, Nationai Water
Summary 1985, Connecticut surface-water
resources: U.S. Geologicai Survey Water-Supply
Paper 2300, p. 175-180.

30 - Water-Resources Aclivities in New England, Fiscal Year 1993



Maine District

COOPERATORS

Aroostook County Water and Soil Management Board
Department of Conservation, Maine Geological Survey
Department of Environmental Protection
Department of Human Services
Department of Transportation
Federal Emergency Management Agency
Federal Energy Regulatory Commission
Greater Portland Council of Governments
Northern Kennebec Valley Regional Planning Commission
Northern Maine Regional Planning Commission
Penobscot Indian Nation
Town of Jay
University of Maine
U.S. Department of State, International Joint Commission
U.S. Environmental Protection Agency

U.S. Department of the Army, Corps of Engineers,
Cold Regions Research and Engineering Laboratory

Veteran’s Administration

Maine District - 31

— PACE 33 Tl Leu i<



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.
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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
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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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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,
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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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Low-Flow Models / Frequency Research / MAO78

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-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>