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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 at the Area and Regional level, from the National Water Quality 
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 to 
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.

Ivan C. James, II

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 hydraulics, hydrol­ 
ogy, and related fields of science to 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, to licensees of the Federal Energy Regulatory Commis­ 
sion, and to International agencies on behalf of the Department of State.



Water-Resources Activities 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 all 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, transfer 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 Regional 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 
year). 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 cover). 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
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SW Stations / CT001

Surface-Water Stations

PROJECT CHIEF:
Michael A. Cervione, Jr.

PERIOD OF PROJECT:
Continuous since July 1928

COOPERATOR(S): City of New Britain; City of Torrington; 
Connecticut Department of Environmental Protection; 
U.S. Department of the Army, Corps of Engineers; 
Holyoke Water Power Company; Quinebaug 
Partnership; South Central Connecticut Regional Water 
Authority; 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 (530 million 
gallons per day) and public supply (302 million gallons 
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 
Connecticut, Farmlngton, and Saugatuck River Basins. 
Water quality in streams in Connecticut generally Is 
suitable for most uses. Streamflow monitoring is 
essential for surveillance, planning, design, hazard 
warning, operation, and management, Streamflow 
monitoring also is essential for water supply, 
hydroelectric power, flood control, irrigation, bridge 
and culvert design, wildlife management, pollution 
abatement, flood-plain management, and 
water-resources development. To provide this 
information, an appropriate data base is necessary.

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

reservoirs or industries, (3) flow forecasting, (4) disposal 
of wastes and pollution controls, (5) 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 studies to define 
for any location the statistical properties of, and trends 
in, the occurrence of water In streams, lakes, estuaries, 
etc., for use in planning and design.

APPROACH: To meet the stated objectives, 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 
periodic stage stations to define Streamflow and stage 
conditions in the State of Connecticut. Standard 
methods of data collection will be used as described in 
the series, "Techniques of Water-Resources 
Investigations of the U.S. Geological Survey."

PROGRESS: Surface-water data from 77 continuous 
Streamflow, stage, tidal, partial record, and 
miscellaneous measurement stations were collected, 
compiled, and published 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 acquired using data-collection platforms 
(DCP's) at four end-of-month index stations, at two 
Streamflow allocation basin management stations, and 
at two remote sites for geographic control in 
southeastern and northwestern Connecticut.

Connecticut District - 5
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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 will continue to supply real-time transmission of 
streamfiow information as primary record sites.

COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data Connecticut." 
Data on stream discharge and stage and on lake or 
reservoir levels, through September 1960, were 
published annually under the title "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 Connecticut." Beginning with the 1975 water year, 
the report title 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.

Lai, Chintu Ruggles, F.H., Jr., and Weiss, LA., 1971, Evalu­ 
ation of flow In tidal reaches of the Connecticut 
River by mathematical model: U.S. Geological Sur­ 
vey open-file report, 24 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. 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 Bulletin 1,89 p.

Weiss, L.A., 1971, Dispersion computation and tempera- 
lure 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 
coefficients 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. Cervlone, Jr.

PERIOD OF PROJECT:
Continuous since July 1960

COOPERATOR(S): Connecticut Department of 
Environmental Protection

PROBLEM: Ground-water sources supplied about 15 
percent of the total offstream freshwater used In 
Connecticut during 1990 about 165 million gallons per 
day. About 1,130,000 people, or 34 percent of 
Connecticut's population, used ground-water supplies. 
Public-supply (72.5 million gallons per day) and 
domestic self-supply (46.3 million gallons per day) were 
the two largest uses of ground water. The largest 
ground-water withdrawals were from the 
glacial-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 considered to be suitable for drinking 
without treatment; however, the urbanized and 
industrialized nature of parts of Connecticut has 
resulted in many incidents of ground-water 
contamination. Long-term water-level monitoring 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 development, to assist In the prediction of 
future supplies, and to provide data for management of 
the resource.

OBJECTIVE: (1) Collect ground-water-level data 
sufficient 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 allow 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 regional geology allows 
broad, general definition of aquifer systems and their 
boundary conditions. Within this framework and with 
some knowledge of the stress on the system In time and 
space, and the hydrologlc properties of the aquifers, 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 available 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 
geophysical information using Geographical 
Information System (GIS) techniques. These data will be 
digitized using both the Survey's (USGS) computer 
hardware, ARC/INFO geographic software, and related 
information and graphic software in the USGS 
Distributed Information System (DIS) and the 
Connecticut Department of Environmental Protection 
(DEP) ARC/INFO GIS program. All digital data will be 
from 1:24000 scale source maps. Attributes will be 
selected from data source in System 2000.
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PROGRESS: Ground-water data for 46 wells in the 
observation network were entered into computer 
storage, reviewed, 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 collection, 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 published in the annual 
data-report series. Water-level measurements at six 
new wells will be Initiated and incorporated into the 
statewide network. Arrays will show water-level 
fluctuations in hilltops, hillsides, and valley bottoms. The 
program will be modified to incorporate 73 wells in the 
statewide-observation network for data entry and 
water-resource management decisions. Water-level 
information is contributed to the monthly "Water 
Resources Conditions in Connecticut" based on 14 
observation wells with long-term records. Digitization of 
ground-water and geophysical information using GIS 
format to generate master base maps will continue.

COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data Connecticut." 
Water levels for the 1935 through 1974 water years were 
published under the title "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 title was changed 
to "Water Resources Data Connecticut (water year)."

OTHER REPORTS:

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

Meikle, R.L., 1967, Ground-water levels in Connecticut, 
1965-66: Connecticut Water Resources Bulletin 13, 
12 p.

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

Melvin, R.L., 1986, Connecticut observation wells  
guidelines for network modification: U.S. Geological 
Survey Water-Resources investigations Report 
85-4079,24 p.

8 - Water-Resources Activities in New England, Fiscal Year 1993
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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 
monitor, compile and analyze data on the quality of its 
surface waters. The U.S. Geological Survey (USGS) also 
requires water-quality Information to accomplish Its 
mission of appraising the quality of the Nation's water. 
Water-resource planning and water-quality assessment 
require a nationwide base level of relatively 
standardized information on chemical, physical, 
bacteriological, and biological qualities of surface and 
ground water for proper planning and realistic 
assessment of water supplies and resources.

OBJECTIVE: The objective of this project is to collect, 
store, document, provide, and publish an unbiased 
inventory of water-quality data from a network of 
water-quality 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, physical, bacteriological, and biological 
concentrations, loads, and trends as required by the 
needs of the State and Federal planning and 
management agencies. The network Is reviewed, 
appraised, and revised to meet present and future

requirements, needs, and trends in data collection, 
analytical methods, parameters, frequency and areal 
distribution. Standard methods of data collection are 
used as described In the "National Handbook of 
Recommended Methods for Water-Data Acquisition" 
and Water Resources Division manuals and 
memorandums.

PROGRESS: Daily water-quality data were collected at 
nine stations 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 bi-monthly, and 26 with 11 -month 
frequency. Data for the 1991 water year were published 
in the annual report "Water Resources Connecticut" 
report. Analysis of water-quality trend data continued.

PLANS NEXT YEAR: Collect water-quality data 
periodically at sites throughout Connecticut. Collect 
water data from continuous monitors at two stations on 
the Connecticut River. Continue two dally water 
temperature stations in the Housatonic River. Collect 
water-quality samples at 29 network stations sample 2 
on a quarterly frequency, 2 on a bi-monthly frequency, 
and 25 sites 8 times during the water year. Support the 
National Assessment Water Quality (NAWQA) program 
through additional sampling. For NAWQA, eight 
water-quality stations are needed four in the 
statewide network and four non-network sites. 
Continue analysis of water-quality trend data for 
correlations with changing water use, land use, and

Connecticut District - 9
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population density. Continue network evaluation. 
Review, compile, 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, temperature, and 
suspended sediments for the 1941 through 1970 water 
years were published annually under the title "Quality of 
Surface Waters of the United States." Beginning 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 title was 
changed to "Water Resources Data Connecticut 
(water year)."

OTHER REPORTS:

Kulp, K.P., 1982, Quality of surface waters In Wilton, Con­ 
necticut: U.S. Geological Survey Water-Resources 
Investigations Open-File Report 82- 260,51 p.
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Sediment Stations

PROJECT CHIEF:
Chester E. Thomas, Jr.

PERIOD OF PROJECT:
Continuous since July 1975

COOPERATOR(S): Connecticut Department of 
Environmental Protection

PROBLEM: Water-resource planning and water-quality 
assessment require a base level of sediment 
Information. 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 
transported by rivers and streams. Standard methods of 
data collection are used as described in the "National 
Handbook of Recommended Methods for 
Water-Quality Acquisition" and Water Resources Division 
manuals and memorandums.

PROGRESS: Sediment data for the 1992 water year were 
published 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 miscellaneous sediment samples were

collected at seven National Water Quality Assessment 
(NAWQA) sites.

PLANS NEXT YEAR: Continue data collection, tabulation, 
and analysis at four NASQAN sites. Publish the data 
collected In water year 1993 in the annual data-report 
series. Write a report on sediment characteristics of 
three streams In the Connecticut River basin  
Coglnchaug River, Salmon River, and Stony Brook.

COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data Connecticut."

OTHER REPORTS:

Haenl, P.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 Meriden, Connecticut: U.S. Geological Survey 
Water-Resources Investigations Report 85-4108, 
19 p.

Kulp, K.P., 1983, Suspended-sediment characteristics of 
the Yantlc 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: 
Connecticut 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 National 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 communities to more accurately 
determine applicable flood insurance premium rates.

OBJECTIVE: Conduct the necessary hydrologic and 
hydraulic restudies of selected areas assigned by FEMA 
on a month by month basis, and develop the most 
efficient procedures to attain the accuracy specified by 
FEMA.

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

flood-discharge-frequency relations from local historic 
information, gaging-station records, and applicable 
reports. Develop water-surface profiles through 
step-backwater models for inclusion in reports to be 
published by FEMA.

PROGRESS: Hydraulic analysis for restudies for the 
Federal Emergency Management Agency (FEMA) of 
East Granby, Ellington, and Granby, Connecticut were 
completed. Field survey for type-19 restudy of Clinton, 
Connecticut was completed.

PLANS NEXT YEAR: Complete final reports for East 
Granby, Ellington, and Granby, Connecticut, and 
submit to FEMA. Complete hydraulic analysis for the 
restudy of Clinton, Connecticut, and submit to FEMA. 
Submit the final reports to FEMA for Meriden 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 July 1977

COOPERATOR(S): Connecticut Department of 
Environmental Protection

PROBLEM: Relatively little Information has been 
systematically collected describing where, how, and in 
what quantities water Is presently being used In 
Connecticut. Current water-use data are essential to 
determine what part of the State's water resources 
remains available for future use. Connecticut's long 
range plan for conservation and development cites 
water-use data as a fundamental and integral 
element of the program. The National Water-Use Data 
System (NWUDS) coordinator will develop a 
Connecticut water-use program that will meet the 
needs of Connecticut's water-data users and the 
National water-use program.

OBJECTIVE: (1) To establish and implement a plan for a 
water-use program in Connecticut that serves the 
State's future water planning needs and is compatible 
with a National Water-Use Program. (2) To implement 
the support software needed for the Connecticut 
water-use system. (3) To insure that the State's 
water-use needs, as well as the National water-use 
needs are met by the proposed system.

APPROACH: Specific requirements which must be met 
in order to develop a State water-use system that Is 
compatible with the National System will be identified. 
These requirements will be identified through 
discussions and meetings with various agencies within 
the State. Information from the files of local. State, and 
Federal agencies that collect water-use data will be 
evaluated for completeness and usefulness to the 
State Water-Use Data System (SWUDS) computer 
program. Each category (such as public water supply.

industrial water use, commercial, etc.) will be analyzed 
for availability of data. Methods will be identified for 
Statewide collection of data In each category. Some 
geographically smaller areas such as river basins may 
be selected for special data collection and analysis. 
The information wili be computerized and reports 
written and published by the USGS and (or) the State 
of Connecticut.

PROGRESS: Work was begun on compiling, analyzing, 
evaluating, and automating site-specific data on 
public-supply systems and Industrial use. Water-use 
map report based on 1990 data received Director's 
approval. Manuals on processing data on 
public-supply and wastewater disposal are on hold 
untii the guidelines for the new National Water 
Information System (NWIS-II) have been developed. 
Reports on "Estimated Use of Water In New England, 
1990" and "Wastewater collection and return flow" 
have been written as first drafts. Plans for moving 
water-use data from NWIS-i to NWiS-ll have begun to 
be implemented.

PLANS NEXT YEAR: Compile public suppiy water-use 
data work, hoid an industrial workshop In April, and 
continue processing of Industrial water-use data. 
Publish the six map reports, "Wastewater collection 
and return flow in New England" and "Estimated Use of 
Water in New England." Move data from NWIS-I to 
NWIS-II and prepare the first draft of a pubiic supply 
report for New England.

COMPLETED REPORTS:

Bigham, D.K., and Bohr, J.R., 1989, Offstream freshwater 
use In Connecticut, 1985: U.S. Geological Survey 
Open-File 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 following 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" (TWRI) and journal articles. (3) Purchase field 
equipment for each technique. (4) Provide technical 
support and training to District personnel.

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

APPROACH: Surface geophysical techniques will be 
surveyed and classified for their direct applicability to 
hydrologic studies. Individual modules 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, and

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

PROGRESS: Numerous Water Resource Division (WRD) 
districts were given technical assistance on surface 
geophysical methods. Experiments with nuclear 
magnetic resonance (NMR) methods were carried out 
in Colorado, Connecticut, New Hampshire, Nevada, 
and Montana. Research was conducted at Mirror 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 District, Headquarter, and research personnel. 
Develop and write field experiment techniques for 
transfer of analog and digital data to personal 
computers (PC). Continue writing and developing 
interfacing programs and interpretation programs. 
Continue experiments with Land Seismic Reflection 
methods. Including three-dimensional surveys. Compile, 
review, and Interpret the collected NMR field data. 
Continue research into methods for detecting fractures 
in bedrock.

COMPLETED REPORTS:

Beres, Milan, Jr., and Haenl, P.P., 1991, Application of 
ground-penetrating-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 solve hydrologic problems. 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 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 manuals "Techniques of 
Water-Resources Investigations of the U.S. Geological 
Survey" (TWRI) and journal articles. (3) Purchase field 
equipment for each technique. (4) Provide technical 
support and training to district personnel. (5) Conduct 
research Into potentially useful 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 available to project 
chiefs. (3) Investigate new techniques and 
modifications of existing techniques that have the 
greatest potential for use In water-resources 
investigations.

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

hydrologic studies. Individual modules 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 agencies on the use of 
surface geophysical 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 seismic reflections, and 
seismic reflection methods continued to be studied. 
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 techniques for transfer and downloading of analog 
and digital data to personal computers to enhance 
interpretation is a continuing program. The 
geophysical unit staff wili be developing and writing 
interface programs and wili continue developing 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 
will continue. Borehole radar studies at Mirror Lake, 
New Hampshire, fractured bedrock research site will 
be conducted.

COMPLETED REPORTS:

Gorin, S.R., and Haenl, P.P., 1989, Use of surface-geo­ 
physical methods to assess riverbed scour at bridge 
piers: U.S. Geological Survey Water- Resources Inves­ 
tigations Report 88-4212,33 p.

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

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

Haeni, P.P., 1986, The use of electromagnetic methods to 
delineate 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, Ohio, National Water Well Association, 
p. 259- 282.

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

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

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

Knoll, M.D., Haeni, P.P.,and Knight, R.J., 1991, Character­ 
ization of a sand and gravel aquifer using 
ground-penetrating radar. Cape Cod, Massachu­ 
setts, in Mallard, G.E., and Aronson, D.A., eds., 
U.S. Geological Survey Toxic Substances Hydrology 
Program Proceedings of the technical meeting, 
Monterey, California, March 11-15,1991: 
U.S. Geological Survey Water-Resources Investiga­ 
tions Report 91-4034, p. 29- 35.

Tucci, Patrick, Haeni, P.P.,and Bailey,Z.C., 1991, Delinea­ 
tion of subsurface stratigraphy and structures by a 
single channel, continuous seismic-reflection survey 
along the Clinch River, near Oak Ridge, Tennessee: 
U.S. Geological 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 analysis 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 baseline data that can be used 
to determine trends and estimate loads.

APPROACH: (1) Three representative sampling sites will 
be selected. (2) Each site will be equipped with 
automatic wet/dry collector and recording rain gage. 
(3) Samples of pH, major Ions and cations, 
macronutrients, and selected heavy metals will be 
collected and analyzed. (4) Loads will be estimated. 
(5) Data on air mass movements relative to samples will

be obtained. (6) Spatial distribution and relationships of 
chemistry to air mass movements will be determined. 
(7) Trends will be determined and loads will be 
estimated. (8) Four sites bordering Long Island Sound will 
be established in order to provide baseline data to 
Interpret atmospheric deposition to Long Island Sound 
for the U.S. Environmental Protection Agency/National 
Oceanic and Atmospheric Administration (EPA/NOAA) 
study.

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

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

COMPLETED REPORTS:

Kulp, K.P.,and Hunter, B.W., 1987, Precipitation chemistry 
in Connecticut, 1981-83: Connecticut Water 
Resources Bulletin 40,28 p.
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Major Connecticut Aquifers
PROJECT CHIEF:
Robert L. Melvin

PERIOD OF PROJECT:
March 1982 to September 1992

COOPERATOR(S): Connecticut Department of 
Environmental Protection

PROBLEM: Stratified-drift aquifers in several parts of 
Connecticut have potential 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 available 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 hydrauiicaily connected 
surface-water bodies.

APPROACH: (1) Hydrogeologic and water-quality data 
will be reviewed to determine data deficiencies. (2) A 
model will be initially constructed, using either an 
analytical model based on the Theis equation and 
method of images programmed for computer solution, 
or a two-dimensional numericai model. (3) Hydroiogic 
data needed to model flow system and evaluate 
present water quality will be coiiected and analyzed. 
(4) A final model will be constructed and water ftiat 
can be withdrawn under long-term average and 
drought conditions will be simulated and estimated.

PROGRESS: Map unit descriptions for 1:24,000 surficiai 
materials maps that are in digital format in 
Connecticut's Geographic Information System (GIS) 
data base have been compieted. 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 availability and quality from 
the stratified drift In Anguilla Brook basin, Stonlngton 
and North Stonlngton, Connecticut: U.S. Geological 
Survey Water-Resources Investigations Report 
85-4276,49 p.

Grady, S.J., Weaver, M.F.,and Bingham, J.W., 1992, 
Ground-water availability and water quality in the 
Titicus River valley, Ridgefield, Connecticut: 
U.S. Geological Survey Water-Resources investiga­ 
tions Report 87-4144,50 p.

Mazzaferro, D.L., compiler, 1986b, Ground-water yields 
for selected stratified-drift areas in Connecticut: 
Connecticut Geological and Natural History Survey, 
Natural Resources Atlas Series Map, scale 1:125,000.

Melvin, R.L., and Bingham, J.W., 1991, Availability of 
water from stratified-drift aquifers in the Farmington 
River valley, Simsbury, Connecticut: U.S. Geological 
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 
Connecticut 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-quality 
Information on Connecticut lakes is insufficient for 
accessing their trophic condition, degree of 
acidification, and contamination of bottom sediments 
by toxic substances. Identification of problem lakes will 
allow development of programs to restore and maintain 
water quality at a ievei 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) Determine the degree of acidification 
of the lakes. (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-quality data for 
future assessments.

APPROACH: (1) Forty-nine lakes will be selected for 
investigation, including 13 previously studied in the 
1970's and 12 known or suspected to have received 
toxic contaminants. (2) Each lake will be sampled 
during spring overturn and summer stratification for 
nutrients, alkalinity, and transparency. Temperature, pH, 
specific conductance, and dissolved-oxygen 
concentrations will be determined at various depths in 
the lake. (3) In summer. Surface chlorophyll-o 
concentration and the areal coverage, density, and 
dominant types of macrophytes will be determined. 
(4) Representative samples of bottom sediments from 
selected lakes will be collected and analyzed for 
concentrations of heavy metais and polyaromatic 
hydrocarbons. (5) Trophic level and degree of 
acidification of lakes will be determined.

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

PLANS NEXT YEAR: Final report will be submitted for 
Director's approval June 1994.
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Ground-Water Flow in Riparian Areas

PROJECT CHIEF:
John R. Mullaney

PERIOD OF PROJECT:
January 1991-January 1994

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 detailed hydrogeoioglc characterization of 
the study site. The detailed information is needed to 
estimate the quantity of ground water flowing through 
the riparian areas and to design a network of multilevel 
sampling wells that will provide data on the 
concentrations and mass flux of nutrients and other 
selected constituents, entering, leaving, and within the 
saturated zone beneath the riparian areas.

OBJECTIVE: (1) Characterize the local hydrogeology 
and determine the boundaries of the ground-water 
flow system in relation to different land-use areas within 
and adjacent to the study site. (2) Estimate the 
ground-water flux through the riparian areas where 
forest will be established and where agricultural use will 
continue. (3) design a network of multilevel 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 reconnaissance

phase consisting of limited piezometer installation, 
coring, and seismic-refraction surveys. Head data from 
a dense piezometer network and hydraulic conductivity 
estimates from slug tests will be used to construct flow 
nets. The flow nets will be used to establish boundaries 
of the ground-water flow system in the areas of interest. 
Ground-water flow through the riparian zone will be 
estimated using the flow nets or a flow model. The 
network of multilevel sampling wells will be designed 
using the information on subsurface geology and head 
distribution in the saturated zone.

PROGRESS: Additional drilling was conducted to collect 
cores of stratified drift and till for subsequent grain-size 
analysis. Slug tests were conducted at 18 wells. 
Hydraulic conductivity values were estimated from this 
data, and flownets were constructed to determine the 
seasonal ground-water runoff to Muddy Brook. A report 
outline was prepared and approved. A draft of the final 
report "Hydrogeology and ground-water flow at the 
Muddy Brook Riparian Zone, North-Central Connecticut" 
was written and an editorial review was completed.

PLANS NEXT YEAR: Estimates of hydraulic conductivity 
and ground-water flow 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

PERIOD OF PROJECT: 
June 1992 to September 1994

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

PROBLEM: The U.S. Environmental Protection Agency 
(USEPA), Region I, Waste Management Division needs 
hydrogeoiogical technical assistance for ongoing 
project work at Connecticut and other New England 
Superfund sites. The USEPA Waste Management Division 
Is faced with the task of understanding complex 
hydrologic environments at hazardous waste sites in 
order to propose remedial action at those sites.

OBJECTIVE: Provide geohydrologic investigations for 
USEPA at Superfund sites and technical assistance.

APPROACH: The approach of this project to achieve the 
desired results will be as follows: (1) A geohydrologic 
reconnaissance will be performed near designated sites 
to assist USEPA in scoping of remedial 
Investigation/feasibility studies (RI/FS) activities and 
thereby streamline the RI/FS process. (2) Site managers 
will be advised on proper scope of technical work at 
Superfund sites. (3) RI/FS, workplan, technical 
summaries, and final drafts will be reviewed for 
technical content and accuracy. (4) USGS will 
participate In technical meetings and negotiations with 
USEPA contractors and responsible parties. (5) Remedial 
action alternatives will be reviewed. (6) Numerical 
ground-water models of sites will be reviewed. (7)

Surface and borehole geophysical work will be 
reviewed. (8) USGS will direct USEPA contractors that are 
performing hydrogeologlc work. (9) Hydrogeoiogical 
field problems will be solved. (10) USGS will serve as 
expert technical consultant In the development of 
enforcement actions for cost recovery of third party 
cleanup.

PROGRESS: The study of the Gallups' Quarry site was 
completed. The report was approved by Director on 
July 26,1993. A new study was begun at Durham 
Meadows Superfund site. Review of literature and 
unpublished data In Federal and local agency files was 
completed. Geophysical surveys were conducted 
consisting of dc resistivity, electromagnetic, and 
ground-penetrating radar on properties adjacent to this 
site. A borehole geophysical survey of 13 on-slte and 
off-site wells was completed as part of this project. The 
geological reconnaissance mapping and gaging of 
four streams in the area were completed 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 
will begin in fiscal year 1994.
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USEPA Region V Geophysical Studies / CT061

Geophysical Technical Assistance at USEPA Hazardous Waste Sites

PROJECT CHIEF: 
F. Peter Haenl

PERIOD OF PROJECT: 
January 1992 to September 1997

COOPERATOR(S): U.S. Environmental Protection 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 region lacks the qualified 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 will include reviewing 
reports and proposals from USEPA contractors, 
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 their contamination studies.

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

PROGRESS: The geophysical staff provided various 
technical assistance to Region V USEPA personnel on 
selected projects. Some geophysical 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

PERIOD OF PROJECT: 
April 1993 to September 1997

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

PROBLEM: The United States Environmental Protection 
Agency, (USEPA), Region V, needs technical assistance 
In the use of geophysical methods at hazardous waste 
sites. The region lacks the qualified 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 will include 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 their 
contamination studies.

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

This assistance will 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 similar to the 
U.S. Geological 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.

PERIOD OF PROJECT: 
April 1993 to September 1993

COOPERATOR(S): City of Meriden

PROBLEM: Flooding, even at low frequencies, affects 
numerous buildings in Meriden. Flood-control reservoirs 
and conversion 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 flooding in the urban area.

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

modeling using modified stream channel, valley cross 
sections, and bridge 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 reviewed in-house. Authors were 
revising the report based on reviewer comments.

PLANS NEXT YEAR: The final report will receive a 
technical colleague review and be submitted for 
Directors' approval by June 1994.
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in north-central Connecticut: Water Resources 
Research, v. 23, no. 8, p. 1531-1545.

__1989, Geochemical comparison 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 quality and built-up areas in 
Connecticut: U.S. Geological Survey Miscellaneous 
Field Studies Map MF-981-C, scale 1:125,000.

Rolston, J.L., and Bingham, J.W., 1978, Nonsewered buil­ 
t-up areas and septage disposal sites in 
Connecticut, includes favorable aquifers: 
U.S. Geological Survey Miscellaneous Field Studies 
Map MF-981 -E, scale 1:125,000.

Rolston, J.L, Bingham, J.W., and Handman, E.H., 1979, 
Proximity of pipelines and storage facilities for gas 
and oil to major aquifers in Connecticut: 
U.S. Geological Survey Miscellaneous Field Studies 
Map MF- 981-H, scale 1:125,000.

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

Rolston, J.L, Grossman, I.G., Potterton, R.S., Jr., and 
Handman, E.H., 1979, Places in Connecticut where 
ground water is known to have deteriorated: 
U.S. Geological Survey Miscellaneous Field Studies 
Map MF-981-G, scale 1:125,000.

Rolston, J.L, Pregman,T.H.,and Handman, E.H., 1978, 
Disposal of solid 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, LA., 1981, Water 
resources inventory of Connecticut, part 7, upper 
Connecticut River basin: Connecticut Water 
Resources Bulletin 24,78 p.

Shepard, T. B., and Weiss, LA., 1988, Cost-effectiveness of 
the U.S. Geological Survey's stream-gaging pro­ 
gram in Connecticut: U.S. Geological Survey 
Water-Resources Investigations Report 85-4333,63 p.

Stone, J.R., and London, E.H., 1981, Surficial geologic 
map of the Westport and Sherwood Point quadran­ 
gles. Connecticut: U.S. Geological Survey 
Miscellaneous Field Studies Map MF-1295, scale 
1:24,000.

__1985, Surficial geologic map of the Botsford quad­ 
rangle, Connecticut: U.S. Geological Survey 
Miscellaneous Field Studies Map MF-1524, scale 
1:24,000.
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Stone, J.R., London, E.H., and Longer, W.H., 1979, Map 
showing textures of unconsolidated materials, Con­ 
necticut Valley urban area, central New England: 
U.S. Geological Survey Miscellaneous Investigations 
Series Map 1-1074-B, scale 1:125,000, 
2 sheets.

Stone, J.R., Schafer, J.P., London, E.H., and Thompson, 
W.B., 1985, Surflclal materials 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., Gasperini, I.S., and Wing, 
S.E., 1983, Water resources data Connecticut, 
water year 1982: U.S. Geological 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, 
water year 1983: U.S. Geological Survey Water-Data 
Report CT-83-1,300 p.

U.S. Geological 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 
year 1977: U.S. Geological Survey Water-Data 
Report CT-77-1,383 p.

__1979c, Map showing ranges in elevation of land sur­ 
face above mean sea level, Connecticut Valley 
urban area, central New England: U.S. Geological 
Survey Miscellaneous Investigations Series Map 
I-1074-E, scale 1:125,000,2 sheets.

__1979d, Slope map, Connecticut Valley urban area, 
central New England: U.S. Geological Survey Miscel­ 
laneous Investigations Series Map 1-1074-F, scale 
1:125,000,2 sheets.

__1980, Water resources data Connecticut, water 
year 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, National Water Summary 1983,Connecticut 
water issues: U.S. Geological Survey Water-Supply 
Paper 2250, p. 100-103.

Warren, C.R., and Norwood, D.S., 1978, Deglaciation ice 
fronts in the South Sandisfleld and Ashley Falls quad­ 
rangles, Massachusetts and Connecticut: 
U.S. Geological Survey Miscellaneous Field Studies 
Map MF-1016, scale 1:24,000.

Weaver, M.F., 1988, Ground-water availability from 
selected stratlfled-drlft aquifers In southwestern Con­ 
necticut: Connecticut Water Resources Bulletin 33B, 
63 p.

Welss, L.A., 1983, Evaluation and design of a streamflow 
data network for Connecticut: Connecticut Water 
Resources Bulletin 36,30 p.

__1988, Rainfall-runoff relationships of the Hop Brook 
basin, Manchester, Connecticut: U.S. Geological 
Survey Water-Resources Investigations Report 
85-4327,22 p.

__1990, Effects of urbanization on peak streamflows In 
four Connecticut communities, 1980-84: 
U.S. Geological Survey Water-Resources Investiga­ 
tions Report 89-4167,40 p.

__1991, National 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 Bulletin 31,85 p.

Welss, L.A., and Cervione, M.A., Jr., 1986, National Water 
Summary 1985, Connecticut surface-water 
resources: U.S. Geological Survey Water-Supply 
Paper 2300, p. 175-180.
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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
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SW Stations / ME001

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; International 
Joint Commission; Federal Energy Regulatory 
Commission; Veteran's Administration; University of 
Maine; Northern Kennebec Valley Regional Planning 
Commission

PROBLEM: Surface-water information is needed for 
purposes of surveillance, planning, design, hazard 
warning, operation, and management, in water- 
related fields such as water supply, hydroelectric 
power, flood control, irrigation, bridge and culvert 
design, wildlife management, pollution abatement, 
flood-plain management, and water resources 
development. To provide 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) flow forecasting, (4) disposal of wastes 
and pollution controls, (5) publication of discharge 
data to accompany water-quality measurements, 
(6) conformity to compact and legal requirements, 
and (7) research or special studies. B. To collect data 
necessary for analytical studies to define the statistical 
properties of, and trends in, the occurrence of water in 
streams, lakes, 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 
will be used as described in the series, "Techniques of 
Water-Resources Investigations of the United States 
Geological Survey." Partial-record gaging will be used 
instead of complete-record gaging, where it serves the 
required purpose.

PROGRESS: Data collection and analysis continues. The 
1992 Annual Water Resources Data report was 
complied and published.

PLANS NEXT YEAR: Statewide data collection and 
analysis will continue. The 1993 Annual Water 
Resources Data report will be compiled and published. 
Real-time data-collection will be added at two 
additional sites. This will complete the installation of 
real-time equipment at ail 43 continuous-record 
streamfiow stations.

COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data Maine." Data 
on stream discharge and stage and on lake or 
reservoir contents, through September 1960, were 
published annually under the title "Surface-Water 
Supply of the United States, Part 1 A." For the 1961 
through 1970 water years, the data were published in 
two 5-year reports.
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OTHER REPORTS:

Cowing, DJ.,and McNeliy, J.L, 1978, Drainage areas of 
surface water bodies of the Royai and Presumpscot 
River basins in southwestern Maine: U.S. Geological 
Survey Open-File Report 78-556A, 23 p.

Cowing, D.J., and Scott, M. 1978, Drainage areas of 
surface water bodies of the Saco River basin in 
southwestern Maine: U.S. Geological Survey Open- 
File Report 78-656B, 24 p.

Fontaine, R.A., 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 
Maine: U.S. Geological Survey Open-File Report 
78-556C,42p.

__1980a, Drainage areas of surface-water bodies of 
the Kennebec River basin in southwestern Maine: 
U.S. Geological Survey Open-File Report 78-556E, 
83 p.

__1981, Drainage areas of surface-water bodies of the 
Penobscot River basin in central Maine: U.S. Geolog­ 
ical Survey Open-File Report 78-556F, 92 p.

__1982a, Cost effective stream-gaging strategies for 
Maine: U.S. Geological Survey Open-File Report 
82-507,43 p.

__1982b, Drainage areas of surface water bodies of 
central Maine coastal river basins: U.S. Geological 
Survey Open-File Report 78-5561,27 p.

__1982c, Drainage areas of surface water bodies of 
eastern Maine coastal river basins: U.S. Geological 
Survey Open-File Report 78-556H, 54 p.

__1991, Flood of April 1987, in Maine, Massachusetts, 
and New Hampshire: U.S. Geological Survey Open- 
File Report 87-460,35 p.

__1983, Uncertainties in records of annual mean 
discharge in Maine: U.S. Geoiogicai Survey Water- 
Resources Investigations Report 83-4025,108 p.

Fontaine, R.A., 1984, National Water Summary. Record 
late-spring 1984 floods in New England: U.S. Geoiog­ 
icai Survey Water-Supply Paper 2275, p. 37-39.

Fontaine, R.A., and Cowing, D.J., 1985, National Water 
Summary, Maine surface water resources: U.S. 
Geological Survey Water-Supply Paper 2300, 
p. 259-264.

Fontaine, R.A. and Haskeli, C.R., 1981, Floods of Maine 
April-May 1979: U.S. Geoiogicai Survey Water- 
Resources Investigations Report 81-68,65 p.

Fontaine, R.A., Herrick, E., and Norman, N., 1982, 
Drainage areas of surface water bodies of the St. 
John River basin in northern Maine: U.S. Geological 
Survey Open-File Report 78-556G, 70 p.

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

Fontaine, R.A., Moss, M.E., Smath, J.A., and Thomas, 
W.O., 1984, Cost-effectiveness of the stream-gaging 
program in Maine: U.S. Geoiogicai Survey Water- 
Suppiy Paper 2244,39 p.

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

Gadoury, R.A., 1979, Coastal flood of February 7,1978, in 
Maine, Massachusetts, and New Hampshire: U.S. 
Geological Survey Water-Resources investigations 
Report 79-61,57 p.

Morriil, R.A., 1977, Maine coastal flood of February 2, 
1976: U.S. Geoiogicai Survey Open-File Report 
77-533,30 p.

Parker, G.W., 1977, Methods of determining selected 
flow characteristics for streams in Maine: U.S. 
Geoiogicai Survey Open-File Report 78-871,31 p.
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GW Stations / ME002

Ground-Water Stations

PROJECT CHIEF:
Robert G. Lippert

PERIOD OF PROJECT:
Continuous since October 1942

COOPERATOR(S): Maine Department of Conservation

PROBLEM: Long-term water-level records are 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 development, to assist in the 
prediction of future supplies, and to provide data for 
management of ground-water resources.

OBJECTIVE: A. To provide a long-term data base so 
that the general response of the hydroiogic system to 
natural climatic variations 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) 
capability 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 annually. Standard methods 
of data collection will be used as described in the 
"National Handbook of Recommended Methods for 
Water-Data Acquisition."

PROGRESS: Data collected 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 
analysis at a new well, PE 594. The statewide climate 
effects network is now complete with the addition of 
this new well in Penobscot County.

PLANS NEXT YEAR: Water-level data collected in the 
1993 water year will be compiled and published. 
Statewide 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 cuts.

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 annual basis. 
Beginning with the 1975 water year, the report titie was 
changed to "Water Resources Data Maine (water 
year)."

OTHER REPORTS:

Adamik, J.T., 1984, Present and proposed ground- 
water-program in Maine: U.S. Geological 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 quality: U.S. 
Geological Survey National Water Summary, 
Water-Supply Paper 2325, p. 279-286.

Steiger, J.I., 1988, Ground-water studies in Maine: U.S. 
Geological Survey Open-File Report 88-134.
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QW Stations / ME003

Quality of Water Stations

PROJECT CHIEF:
Wayne B. Higgins

PERIOD OF PROJECT:
Continuous since January 1967

COOPERATOR(S): Greater Portland Council of 
Governments; Town of Jay; Penobscot Indian Nation; 
Maine Department of Environmental Protection; 
International Joint Commission; Federal Energy 
Regulatory Commission; U.S. Department of the Army, 
Corps of Engineers, Cold Regions Research and 
Engineering Laboratory; Northern Kennebec Valley 
Regional Planning Commission; Northern Maine 
Regional Planning Commission
PROBLEM: Water-resource planning and water-quality 
assessment require a statewide and nationwide base 
level of relatively 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-quality data for broad planning and action 
programs and to provide data for management of 
interstate and international waters, and for State 
management of intrastate 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: Bi-monthly or quarterly water samples for 
chemical and physical parameters were collected 
and analyzed for seven NASQAN and one HBM station. 
Multi-parameter monitoring for hourly measurements of 
specific conductance, dissolved oxygen, water 
temperature, and pH was conducted for periods 
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 monitoring network is instrumented with 
telephones and electronic data loggers. The 
water-quality information recorded at these sites is now 
available on a near real-time basis using this data 
transmitting equipment.
PLANS NEXT YEAR: Data collection and analysis will 
continue at all active sites. The NASQAN stations In 
Maine will be cut from seven to five, with the 
elimination of stations 01049265 Kennebec River at 
North Sidney, Maine and 01059400 Androscoggin River 
at Brunswick, Maine. The continuous air and water 
temperature monitor at the HBM station 01054200 Wild 
River at Gilead, Maine, will be discontinued. A new 
three parameter monitor will be installed on the 
Androscoggin River at Turner Bridge, Maine.
COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data Maine." Data 
on chemical quality, temperature, and suspended 
sediments for the 1941 through 1970 water years were 
published annually under the title "Quality of Surface 
Waters of the United States."
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Flood Insurance Studies for Federal Emergency Management Agency
(FEMA)

PROJECT CHIEF:
Scott A. Olson

PERIOD OF PROJECT:
January 1984 to September 1994

COOPERATOR(S): Federal Emergency Management 
Agency

PROBLEM: The National Flood Insurance Act provides 
that the Federal Emergency Management Agency 
(FEMA) operate a flood Insurance program. FEMA 
needs flood studies In selected communities to 
determine applicable flood Insurance premium rates.

OBJECTIVE: Conduct the necessary hydrologic and 
hydraulic studies of the areas assigned by FEMA and 
develop the most efficient procedures to attain the 
flood elevation accuracy specified by FEMA in the 
most appropriate format.

APPROACH: Flood studies will be completed by 
conducting necessary surveys by ground and 
photogrammetric methods, preparing computer 
models of drainage networks, computing magnitudes

and profiles of floods of specified frequencies, and 
furnishing results in reports prepared to FEMA 
specifications.

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

PLANS NEXT YEAR: Seven flood 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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Water Use

PROJECT CHIEF: 
Marilee A. Horn

PERIOD OF PROJECT: 
August 1980 to September 1994

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

PROBLEM: Competition for Maine's water necessitates 
that available supplies be matched with optimum 
uses. Information is being collected describing quantity 
and quality of available water, but relatively little 
information Is being collected describing water use. 
Without adequate Information on uses of water, 
decision makers cannot resolve many critical water 
problems such as water-quality issues, environmental 
Impact, energy development, and resource allocation.

OBJECTIVE: (1) Provide water-use information for the 
optimum utilization and management of Maine's water 
resources for the overall benefit of the people. 
(2) Develop and operate a system to collect, store, 
and disseminate water-use data to complement data 
on availability and quality of the State's water 
resources. (3) Respond to the data needs of local 
users, the U.S. Geological Survey (USGS) and other 
Federal agencies.

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

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

PROGRESS: Work was begun on compiling, analyzing, 
evaluating, and automating site-specific data on 
public-supply systems and Industrial uses. The Maine 
water-use map report, based on 1990 data, received 
approval for publication. Regional reports on 
"Estimated Use of Water In New England, 1990" and 
"Wastewater Collection and Return Flow" have been 
drafted.

PLANS NEXT YEAR: Statewide water-use data-collection 
activities will continue. A workshop on the collection of 
industrial water-use data is planned for April 1994. All 
reports In progress will be published and distributed. 
The first draft of the "Public Water Supply Report" for 
New England will be completed.
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Hydrology of Peat Bogs / ME031

Hydrology Of Peat Bogs in Maine

PROJECT CHIEF:
William J. Nichols, Jr.

PERIOD OF PROJECT:
April 1980 to September 1994

COOPERATOR(S): Maine Department of Conservation

PROBLEM: Maine'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 hydroiogy 
and nutrient and trace metal mobilization or 
entrapment Is needed.

OBJECTIVE: Determine the hydrology of two peat bog 
systems, to be applied to a flow analysis and 
characterize the accumulation of trace metais and 
nutrients In the bog systems.

APPROACH: Two bogs will be instrumented to measure 
precipitation, pan evaporation, ground-water levels, 
and streamfiow. Evapotranspiration and water 
movement through the bogs will be analyzed. Trace 
metal and nutrient data will be obtained and 
analyzed to investigate accumulation and transport of 
those constituents and define short term and seasonal 
trends In both surface and ground water.

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

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

COMPLETED REPORTS:

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

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. Geological Survey Open-File 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 
Eastern Maine: U.S. Geological Survey Open-File 
Report.
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Significant Maine Aquifers / ME039

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

PROJECT CHIEF:
William J. Nlchols, Jr.

PERIOD OF PROJECT:
November 1992 to September 1995

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

PROBLEM: Sand and gravel aquifers are the primary 
sources of ground water capable of meeting the 
water-supply requirements of municipalities and 
industries In Maine. They are also the source of water 
for many domestic wells. Information from detailed 
aquifer mapping, seismic work, resistivity work, and test 
drilling is required in order to effectively evaluate, 
manage, and protect these ground-water resources.

OBJECTIVE: (1) Identify significant aquifers and 
accurate mapping of their boundaries; (2) Determine 
aquifer yield, stratigraphy, depth to water table, and 
depth to bedrock and (3) Characterize regional 
ground-water chemistry.

APPROACH: Detailed surflclal mapping will define 
aquifer boundaries more closely in some previously 
mapped areas. Seismic refraction will be used to 
determine depths to water table and bedrock. Test 
drilling will provide data on aquifer thickness, 
stratigraphy, yield, water-level fluctuations, and water 
quality.

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

PLANS NEXT YEAR: The 1989 and 1990 field area reports 
will be submitted for Director's approval. Compilation 
of data and text for the 1991.1992, and 1993 field area 
reports will be completed and these reports will be sent

for technical and editorial reviews. Fieldwork will begin 
In June 1994 to map significant sand and gravel 
aquifers In the Moosehead Lake area.

COMPLETED REPORTS:

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

Tepper, D.H., and Lanctot, E.M., 1985, Hydrogeologic 
data for significant sand and gravel aquifers map 
16, In parts of Androscoggln, Franklin, Kennebec, 
and Oxford Counties, Maine: Maine Geological 
Survey Open-File 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 Franklin, Kennebec, Oxford, and 
Somerset Counties, Maine: Maine Geological Survey 
Open-File Report 85-82F, scale 1:50,000.

Tepper, D.H., and Lanctot, E.M., 1987, Hydrogeologic 
data for significant sand and gravel aquifers map 
13, in parts of Cumberland, Oxford, and York Coun­ 
ties Maine: Maine Geological Survey Open-File 
Report 87-1 b, scale 1:50,000.
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Low-Flow Studies / ME043

Low-Flow Characteristics of Maine Streams

PROJECT CHIEF:
William P. Bartlett, Jr.

PERIOD OF PROJECT:
October 1986 to September 1994

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

PROBLEM: The demand for information on the low-flow 
characteristics of Maine streams Is rapidly increasing. 
Federal, 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 
habitat, and other uses. Low-flow characteristics 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 will be compiled and 
collected. (2) Existing data will be analyzed using 
methods described by H.C. Riggs, 1972, "Techniques of

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 experts on supplemental network 
design will be consulted. (4) Supplemental 
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 northern 
Maine were updated using data through the 1992 
water year.

PLANS NEXT YEAR: Three or four series of low-flow 
measurements will be made at the sites selected in 
eastern Aroostook County. Statistical summaries of 
streamflow characteristics will be updated using data 
collected through the 1993 water year.
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Highway Runoff Study / ME045

Loadings of Phosphorus and Selected Trace Metals from Rural Highways

PROJECT CHIEF:
Scott A. Olson

PERIOD OF PROJECT:
September 1991 to September 1994

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

PROBLEM: Rural highways are a potential source of 
phosphorus and trace metals to surface waters. 
Non-point 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 coefficients 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 total 
phosphorus, dissolved phosphorus, and suspended 
solids for three sections of rural highway in central 
Maine. (2) Also analyze loadings of dissolved and total 
copper, chromium, 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-quality

samples. Discharge-weighted samples will be collected 
for each runoff event over a 1-year period. Field 
measurements will 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 coefficients for each of the sites during the study 
period.

PROGRESS: Discharge-weighted highway runoff samples 
were collected at the three study sites through 
September 1993. Analytical data were analyzed and 
preliminary estimates of runoff loadings for phosphorus 
and suspended solids were made for individual runoff 
events. Digestion studies 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 article reporting the findings of the study.
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Saco Landfill / ME047

Saco Landfill

PROJECT CHIEF: 
Martha G. Nlelsen

PERIOD OF PROJECT: 
April! 993 to June 1994

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

PROBLEM: Hydrogeological technical assistance is 
needed by the U.S. Environmental Protection Agency, 
Region I, Waste Management Division (USEPA), for 
ongoing project work at Maine 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 
remedial 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 flow in the 
vicinity of the landfill.

APPROACH: A geohydrologic study will be performed 
in the vicinity of the Saco Landfill site, to Include the 
following data-collection elements: (1) ground-water 
levels, (2) seismic refraction, (3) borehole geophysics, 
(4) streamflow, (5) water quality, and

(6) geohydrologic mapping. These studies will assist 
USEPA in the scoping of remedial 
investigation/feasibility studies (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 monitoring program 
began in September 1993. Geologic mapping, test 
drilling, and geophysical surveys have established 
glacial overburden thicknesses and configurations at 
the site.

PLANS NEXT YEAR: Collection and analysis of 
hydrologic data and information will continue. A 
review of existing water-quality data will be 
completed. Ground-water levels and water chemistry 
data collected will be used to help delineate flow 
paths and ground-water discharge areas. The final 
report draft will be completed in April 1994.
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Saco Tannery / ME048

Saco Tannery

PROJECT CHIEF: 
William J. Nichols, Jr.

PERIOD OF PROJECT: 
November 1992 to September 1995

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 I which may 
include review of documents, participation at 
meetings, field sampling of soil and water, review of 
remedial actions, ground-water flow modeling, 
installation of wells, hydrologic monitoring, borehole 
geophysical logging, and surface geophysics.

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

continuous monitoring of ground-water-level data for 
about 1 year. (2) Report monitoring 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 to the USEPA in an administrative 
report. 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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ties, 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 Counties, 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, Maine: 
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 aquifers 
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.I., 1988, Ground-water studies in Maine: 
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: Maine Geological 
Survey Open-File Report 81-59,6 p., scale 1:50,000.

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

__1985a, Hydrogeologic data for significant sand and 
gravel aquifers map 16, in parts of Androscoggin, 
Franklin, Kennebec, and Oxford Counties, Maine: 
Maine Geological Survey Open-File Report 85-82D, 
scale 1:50,000.

__1985b, Hydrogeologic data for significant sand and 
gravel aquifers map 32, in parts of Franklin, 
Kennebec, Oxford, and Somerset Counties, Maine: 
Maine Geological 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-Ib, scale 1:50,000.

__1987b, Hydrogeologic data for significant sand and 
gravel aquifers map 14, In parts of Oxford County,

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

Tepper, D.H., Morrissey, D.J., Johnson, C.D., and
Maloney, T.J., 1988, Hydrogeology, water quality, 
and effects of Increased municipal pumpage of the 
Saco River valley glacial aquifer, Bartlett, New 
Hampshire to Fryeburg, Maine: U.S. Geological 
Survey Water-Resources Investigations Report
88-4179,113 p., scale 1:24,000,6 pis.

Tepper, D.H., Williams, J.S., Tolman, A.L, and Prescott, 
G.C., Jr., 1985, Hydrogeology and water quality 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., Miller, S.M., and Tepper, D.H., 1985, Sand 
and gravel aquifers map 4, York and Cumberland 
Counties, 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.O., 1983, Hydrogeology of significant sand and 
gravel aquifers, northern York and southern Cumber­ 
land Counties, Maine: Maine Geological Survey 
Open-File Report 83-1,4 pis.

Weddle, T.K., Tolman, A.L, Williams, J.S., Adamik, J.T., 
Neil, C.D., Steiger, J.I., 1987, Hydrogeology and 
water quality of significant sand and gravel aquifers 
in parts of Hancock, Penobscot, and Washington 
Counties, Maine: Maine Geological 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, Maine: Maine Geological Survey Open- 
File Report 87-la.
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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; Metropol­ 
itan District Commission, Division of Watershed Manage­ 
ment, Parks Engineering and Construction Division; 
Massachusetts Department of Fisheries, Wildlife, and 
Environmental Law Enforcement, Division of Fisheries 
and Wildlife

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

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

APPROACH: Stage and discharge of streams and stage 
and contents of lakes and reservoirs will be measured 
and recorded. Standard methods of data collection will 
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 delayed by an opportunity to 
obtain 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 April 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 sites 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 Island. 
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 Clean Lakes Grant.

PLANS NEXT YEAR: Plans are being made to repair or 
rebuild four to six cabieways in 1992. New concrete 
mass anchors must be poured at most of these cable-
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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. Geological Survey (USGS) DCP's; digital 
recorders will be used as backups at those gages. A 
schedule will be developed to fulfill a USGS mandate to 
replace mercury manometers In 30 gages in the next 5 
years. Intake pipes at several stilling 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 
annual report "Water Resources Data Massachusetts 
and Rhode Island." Data on stream discharge and 
stage and on lake or reservoir contents, through Sep­ 
tember 1960, were published annually under the title 
"Surface-Water Supply of the United States, Parts 1A 
and IB." For the 1961 through 1970 water years, the 
data were published In two 5-year reports.

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



GW Stations / MA002

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 
glacial and stratified drift. Ground-water distribution is 
highly variable and Is related to geologic influences and 
to natural and manmade stresses. Monitoring of 
ground-water levels is essential for adequate develop­ 
ment planning and construction designs, ground-water 
quality management, and water supply.

OBJECTIVE: (1) Maintain 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 septic 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 described in 
the "National Handbook of Recommended Methods for 
Water-Data Acquisition" 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 
maintained (checked for responsiveness, repaired as 
needed) on Cape Cod. Lockable pipe capes were 
installed on four wells during water year 1993. An in-well 
water-level data logger was Installed in well Lakeville 14, 
and provided substantially improved record. The con­ 
tract to measure 31 wells In eastern Massachusetts was 
eliminated. Measurement of the 31 wells was assumed 
by personnel from the Massachusetts U.S. Geological 
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 Central New England" was expanded to 
Include additional data pertinent to observation-well 
site descriptions and historical statistics.

PLANS NEXT YEAR: Perform general maintenance and 
Install lockable pipe caps at 20 additional wells. 
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 published 
under the titie "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 year)."
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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-quality 
assessment require a nationwide base level of relatively 
standardized information. For planning and realistic 
assessment of the water resource. Its chemical and 
physical quality must be defined and monitored.

OBJECTIVE: To provide a national bank of water-quality 
data for broad Federal planning and action programs 
and to provide 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 
tions of chemical 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, analysis, and 
computer entry was completed. Complete transects 
were run during the summer season at Merrimack River 
above Loweil, Massachusetts, Blackstone River at 
Miliville, Massachusetts, and Charles River at Dover, 
Massachusetts. The results of the transects Indicated 
good mixing at the sampling sites. 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 being made to insure 
proper protocol for the remainder of Fiscal Year 93. The 
Mass. R.i. District's water-quality vehicle Is being used 
for sampling at all water-quality sites.

PLANS NEXT YEAR: Continue to sample NASQAN sites at 
the Blackstone, Charles, and Merrimack River stations at 
the frequencies prescribed by the Water-Quality Coor­ 
dinator. No additions to the program are anticipated. 
Reconcile 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 vehicle for sampling at 
all water-quality sites.

COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data Massachusetts 
and Rhode Island." Data on chemical quality, tempera­ 
ture, and suspended sediments for the 1941 through 
1970 water years were published annually under the title 
"Quality of Surface Waters of the United States."
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Water Use

PROJECT CHIEF:
Michael Morgan

PERIOD OF PROJECT:
Continuous since September 1977

COOPERATOR(S): Massachusetts Department of Environ­ 
mental Management, Division of Resource Conserva­ 
tion; Massachusetts Department of Environmental Pro­ 
tection, 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 quality are public policy. Competition for 
diverse water uses dictates that available supplies are 
matched with optimum uses. Information is currently 
being obtained to describe quantity and quality of 
available water, but relatively little information Is being 
obtained to describe water use. Adequate Information 
on uses of water is needed by the cooperators to 
resolve problems with respect to water-quality 
enhancement, environmental impact of water with­ 
drawals and diversions, energy development, and 
resource allocations for supply and waste transport.

OBJECTIVE: (1) Provide water-use information to opti­ 
mize utilization 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 
availability and quality of the States' water resources.
(3) Make the system responsive to the data needs of 
local users, USGS, and other Federal agencies.

APPROACH: Responsibilities will be divided between the 
cooperator and U.S. Geological Survey (USGS) to reflect 
the most efficient 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 pri­ 
mary responsibility of the Massachusetts Department of 
Environmental Management. Final data summarization 
and storage will be on the USGS computer system.

PROGRESS: The data base framework linking 
wastewater-treatment facilities, wastewater-coliection 
systems, and the towns those systems serve were com­ 
pleted. Site-specific data on wastewater-treatment sys­ 
tems were compiled, analyzed, evaluated, and 
entered Into Site Specific Water-Use Data System. Work 
began on the report "Wastewater collection and return 
flow 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 received Director's approval and is being pre­ 
pared for publication.

PLANS NEXT YEAR: Compile, analyze, evaluate, and 
enter water-use data into New England Water-Use Data 
Base site specific data on Massachusetts public-supply 
systems. 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 will begin. 
Obtain Director's approval and publish the report, "Esti­ 
mation of Imported and Exported Water Use and Con­ 
sumptive Use, and Water Use In New England," based 
on the data collected for the 1990 compilation. Obtain 
Director's approval and publish a report on wastewater 
collection and return flow in New England. Begin prepa­ 
ration of a report on public water-supply and distribu­ 
tion in New England.
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Effectiveness of Highway-Drainage Systems in Preventing Salt 
Contamination of Ground Water, Route 25 from Wareham to 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 
quently applied to roadways In the northern United 
States during winter storms to maintain ice-free road sur­ 
faces. Salt contamination of adjacent surface and 
ground water commonly results. Constructing roadways 
near public-water supplies can present a significant 
problem because high concentrations of sodium in 
drinking water is a health hazard. Specially designed 
highway-drainage systems have been constructed 
along sections of a new highway located near public- 
water supplies. Effectiveness of these drainage 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 salts cannot be ade­ 
quately accomplished without knowledge of effective­ 
ness of the drainage systems.

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

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

sodium, calcium, and chloride the primary constitu­ 
ents of road salt. Borehole-Induction logs, which can be 
used to infer road-salt contamination of ground water, 
will be performed monthly to ensure that water samples 
collected represent all of the road-salt contaminated 
water near each well. Monthly quantities of sodium, cal­ 
cium, and chloride transported in ground water down- 
gradient from Route 25 at each test site will be com­ 
puted from the chemical-concentration data. Continu­ 
ous records of stage and specific conductance are col­ 
lected at highway-drainage-monitoring stations during 
highway-runoff events to determine the quantity of 
road salt discharging through the highway-drainage 
system. Data collection will continue through 1995.

PROGRESS: Water-quality 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, calcium, and chloride 
concentrations. The mass flux of sodium, calcium, and 
calcium In the road salt plume were estimated monthly 
for each test site. Borehole-Induction logs were 
obtained from 10 wells, each located Immediately 
upgradlent of a well cluster. These logs were used to 
monitor changes In background water-quality upgradl­ 
ent of the highway and changes in the vertical loca­ 
tion, thickness, and water quality of the road-salt plume 
downgradlent of the highway. Records of stage and 
specific conductance were collected continuously 
from the highway-drainage monitoring stations during
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runoff events. Stage/discharge and specific conduc­ 
tance/chloride relations were used to compute road-­ 
salt chloride discharge from the highway-drainage sys­ 
tems.

PLANS NEXT YEAR: Collect water-quality samples 
monthly from the well clusters and analyze for chloride, 
sodium, and calcium concentrations. Continuously 
monitor stage and specific conductance at the high­ 
way-drainage monitoring stations. Obtain monthly 
borehole-Induction logs at each well cluster in order to 
monitor the vertical location 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-drainage monitoring 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 to evaluate the effectiveness 
of highway-drainage systems In preventing

ground-water contamination in Abstracts from the 
technical sessions of the U.S. Geological Survey 
Water-Quality Workshop, Northeastern Region, 1st 
meeting, Skyland, Virginia, March 31-April 3,1986: 
U.S. Geological Survey Open-File Report 91-225, 
p. 31.

Church, P.E., and Frlesz, P.J., 1993, Delineation of a 
road-salt plume in ground water and traveltlme 
measurements for estimating hydraulic conductivity 
by use of borehole-Induction logs in J.K. Hallenburg, 
ed., Geotechnical and Environmental 
Applications Proceedings of Fifth International 
Symposium on Geophysics for Minerals, October 
24-28,1993, Minerals and Geotechnical Logging 
Society, Tulsa, 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 Massachusetts

PROJECT CHIEF:
J. Michael Morris

PERIOD OF PROJECT:
October 1982 to September 1985

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

PROBLEM: Air which flows over the industrialized Ohio 
Valley, eastern seaboard, and southeastern United 
States is believed to be responsible for the chemical 
quality of precipitation in New England. Problems with 
corrosivity, nutrient content, and heavy-metal mobiliza­ 
tion are common in Massachusetts. The quality of sur­ 
face and ground water in Massachusetts is vulnerable 
to the effects of acid precipitation because soil and 
rock contain little natural buffering capacity. There is a 
need to systematically collect, analyze, and relate 
atmospheric deposition to the air-mass trajectories and 
sources to determine future inputs from precipitation in 
Massachusetts and New England.

OBJECTIVE: (1) Measure the quantities of selected 
water-quality properties and constituents from samples 
of individual wet-atmospheric deposition events and 
relate them to air-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 
mobilization of heavy metals.

APPROACH: Precipitation variables such as storm type, 
storm duration, season of the year, air mass trajectory 
and other factors will be related to chemical composi­ 
tion and amounts collected at two sites in eastern Mas­ 
sachusetts and one Electric Power Research Institute 
(EPRI) site in central Massachusetts. National Weather 
Service (NWS) meteorological information and reports 
will be used to guide sampling and to identify precipita­ 
tion variables. Chemical and physical data collected 
from the project sampling sites and composite samples 
from the National Atmospheric Deposition Program 
(NADP) and Department of Energy/Environmental Mea­ 
surements Laboratory sites will be used to compute 
annual and seasonal loads of trace metals, nutrients, 
acids, and common constituents.

PROGRESS: Report was rewritten by Steve Melching, 
Illinois District, and is at colleague review.

PLANS NEXT YEAR: Obtain Director's approval for report.
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Processes Controlling Transport of Solutes in a Sewage Plume in Ground 
Water at Otis Air Base, Cape Cod, Massachusetts

PROJECT CHIEF:
Denis 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 transport. 
Field studies 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 aquifers with mostly horizontal 
flow has been observed In the field, but most models 
have only considered two-dimensional areal transport. 
Practical methods are needed to measure the three- 
dimensional characteristics of plumes and to Incorpo­ 
rate these data Into predictive models that adequately 
describe the fate of reactive and nonreactive solutes In 
aquifers.

OBJECTIVE: (1) Develop and test deterministic and sto­ 
chastic methods for describing the spatial and temporal 
variability of hydrologlc and geochemlcal characteris­ 
tics of contaminated aquifers and (2) Develop and test 
predictive models of the complex Interactions between 
this variability and the physical, chemical, and microbi­ 
ological processes that affect solute transport.

APPROACH: The spatial and temporal variability of 
hydrologlc and geochemlcal characteristics will be 
measured at various scales in the sandy aquifer, and 
stochastic and deterministic methods will be used to 
quantify the variability. Physical, chemical, and 
microbiological processes that affect solutes in ground

water will be measured during laboratory tests, tracer 
experiments, and field studies of the sewage plume. 
Predictive models of reactive and nonreactive solute 
transport in the heterogeneous aquifer 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 characteristics In the Cape Cod aquifer 
were examined at several spatial scales. Geologic 
models were coupled with measurements of hydraulic 
conductivity to determine spatial trends of conductivity 
over distances of kilometers; these large-scale trends 
were superimposed on small-scale trends over dis­ 
tances of meters. Measurements of the capacity of the 
sandy sediments to sorb trace metals showed that the 
spatial variability of this geochemical capacity Is similar 
to the variability of hydraulic conductivity. Six ground- 
water tracer experiments were conducted using Inor­ 
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 multilevel wells to 
observe the tracers' 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 results of the tracer 
experiments began. A numerical model of the 1985-88
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large-scale natural-gradient tracer 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 
capacity to sorb metals. Begin development of stochas­ 
tic and deterministic models to transport of reactive 
trace metals. Analysis of the downward movement of 
the bromide tracer cloud during the 1985-88 experiment 
will be described in a Masters thesis. About 260 wells in 
the sewage plume will be sampled as a first step in a 
planned study of changes In the plume after sewage 
disposal ceases In 1995.

COMPLETED REPORTS:

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

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

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

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

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

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

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

__1991, A comparison of results from small- and
large-scale tracer tests in a heterogeneous aquifer. 
Cape Cod, Massachusetts, in Fliermans, C.B., and 
Hazen, 1C., eds.. Proceedings of the First 
International Symposium on Microbiology of the 
Deep Subsurface, Orlando, Florida, January 15-19, 
1990: Aiken, S.C., Westlnghouse Savannah River 
Company, p. 7-167 to 7-176.

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

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

__1991, Transport of reactive and nonreactlve solutes: 
Results of a natural-gradient tracer test in a sand 
and gravel aquifer. Cape Cod, Massachusetts, in 
Moltyaner, Greg, Transport and Mass Exchange 
Processes in Sand and Gravel Aquifers: Field and 
Modeling Studies, Proceedings of the International 
Conference and Workshop, Ottawa, Ontario, 
October 1-4,1990: Chalk River, Ontario, Atomic 
Energy of Canada, Ltd., AECL-10308, p. 11-33.

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

Harvey, R.W., and Garabedian, S.P., 1991, Use of colloid 
filtration theory in modeling movement of bacteria 
through a contaminated sandy aquifer: 
Environmental Science and Technology, v. 25, no. 1, 
p. 178-185.

__1992, Correspondence, (response to) Comment on 
Use of colloid filtration theory in modeling movement 
of bacteria through a contaminated sandy aquifer: 
Environmental Science and Technology, v. 26, no. 2. 
p. 401-402.
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Solute Transport, Otis Sewage Plume / MA062

Hess, KM, 1988, National Water Summary 1986, Sewage 
plume In a sand and gravel aquifer. Cape Cod, 
Massachusetts: U.S. Geological Survey Water-Supply 
Paper 2325, p. 87-92.

__1989, Use of a borehole flowmeter to determine 
spatial heterogeneity of hydraulic conductivity and 
macrodispersion in a sand and gravel aquifer. Cape 
Cod, Massachusetts, In Molz, F.J., Meiville, J.G.,and 
Guven, Oktay, eds.. Proceedings of frie Conference 
on New Field Techniques for Quantifying the Physical 
and Chemical Properties of Heterogeneous 
Aquifers, Dallas, Texas, March 20-23,1989: Dublin, 
Ohio, National Water Well Association, p. 497-508.

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

Hess, K.M., Wolf, S.H., and Celia, M.A., 1992, Large-scale 
natural gradient tracer test in sand and gravel. 
Cape Cod, Massachusetts: 3. Hydraulic-conduc­ 
tivity variability and calculated macrodlspersivltles: 
Water Resources Research, v. 28, no. 8, p. 2011-2027.

Hess, K.M., Wolf, S.H., Cella, M.A., and Garabedian, S.P., 
1991, Macrodispersion and spatial variability of 
hydraulic conductivity in a sand and gravel aquifer, 
Cape Cod, Massachusetts: Ada, Oklahoma, Robert 
S. Kerr Environmental Research Laboratory, U.S. 
Environmental Protection Agency, Environmental 
Research Brief EPA/600/M-91/005,9 p.

James, I.e., II, and LeBlanc, D.R., 1985, Movement and 
fate of contaminants from treated sewage 
infiltrated to ground water. Cape Cod, 
Massachusetts: U.S. Geological Survey Yearbook, 
Fiscal Year 1984, p. 99-102.

Knopman, D.S., Voss, C.I., and Garabedian, S.P., 1991, 
Sampling design for groundwater solute transport: 
Tests of methods and analysis of Cape Cod tracer 
test data: Water Resources Research, v. 27, no. 5, 
p. 925-949.

LeBlanc, D.R., 1984, Sewage plume in a sand and gravel 
aquifer, Cape Cod, Massachusetts: U.S. Geological 
Survey Water-Supply Paper 2218,28 p.

__ ed., 1984, Movement and fate of solutes in a plume 
of sewage-contaminated ground water. Cape Cod, 
Massachusetts: U.S. Geological Survey Toxic Waste 
Ground-Water Contamination Program: U.S. 
Geological Survey Open-File Report 84-475,175 p.

LeBlanc, D.R., Garabedian, S.P., Hess, K.M., Gelhar, L.W., 
Quadrl, R.D., Stollenwerk, K.G., and Wood, W.W., 
1991, Large-scale natural-gradient tracer test In

sand and gravel. Cape Cod, Massachusetts: 1. 
Experimental design and observed tracer 
movement: Water Resources Research, v. 27, no. 5, 
p. 895-910.

Mailard, G.E., and Aronson, D.A., eds., 1991, U.S. 
Geological Survey Toxic Substances Hydrology 
Program Proceedings of frie technical meeting, 
Monterey, California, March 11-15,1991: U.S. 
Geological Survey Water-Resources Investigations 
Report 91-4034, 730 p.

Mallard, G.E., and Ragone, S.E., eds., 1989, U.S. 
Geological Survey Toxic Substances Hydrology 
Program Proceeding of the technical meeting. 
Phoenix, Arizona, September 26-30,1988: U.S. 
Geological Survey Water-Resources Investigations 
Report 88-4220,651 p.

Morin, R.H., LeBlanc, D.R., and Teasdale, W.E., 1988, A 
statistical evaluation of formation disturbance 
produced by well-casing Installation methods: 
Ground Water, v. 26, no. 2, p. 207-217.

Ragone, S.E., 1988, U.S. Geological Survey Program on 
Toxic Waste Ground-Water Contamination: 
Proceedings of the second technical meeting, 
Cape Cod, Massachusetts, October 21-25,1985: 
U.S. Geological Survey Open-File Report 86-481, 
174 p.

Smith, R.L., Harvey, R.W,and LeBlanc, D.R., 1991,
Importance of closely spaced vertical sampling in 
delineating chemical and microbiological gradients 
In groundwater studies: Journal of Contaminant 
Hydrology, v. 7, no. 3, p. 285-300.

Smith, R.L., Howes, B.L,and Garabedian, S.P, 1991, In situ 
measurement of methane oxidation in groundwater 
by using natural-gradient tracer tests: Applied and 
Environmental Microbiology, v. 57, no. 7, 
p. 1997-2004.

Thurman, E.M., Barber, L.B., II, and LeBlanc, D.R., 1986, 
Movement and fate of detergents in ground water: 
A field study: Journal of Contaminant Hydrology, 
v. l,no. l,p. 143-161.

Wolf, S.H., Celia, M.A., and Hess, K.M., 1991, Evaluation of 
hydraulic conductivities calculated from multi-port 
permeameter measurements: Ground Water, v. 29, 
no. 4, p. 516-525.
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Chemistry of Precipitation / MA076

Chemistry of Precipitation During Storm Events
PROJECT CHIEF:

James B. Shanley
PERIOD OF PROJECT:

October 1985 to September 1988

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

PROBLEM: In the course of a previous project "Quality of 
Precipitation from Air Masses Moving over Massachu­ 
setts" (MA060), significant variations in water chemistry 
and the erratic presence of varying amounts and char­ 
acter of particuiate residue found in water samples 
were potentially related to geographic source areas. 
Although other researchers have related dissolved con­ 
stituents in precipitation to sources such as coal burning 
for power generation in the Ohio Nfailey, the particuiates 
in precipitation have not been extensively studied. 
There is a need to relate and further describe not only 
the dissolved constituents of precipitation with respect 
to source, but to determine the composition and rela­ 
tive abundances of these particuiate constituents in 
precipitation.

OBJECTIVE: (1) Establish a baseline characterization of 
precipitation quality affecting central Massachusetts 
according to storm type and season of the year.
(2) Identify and describe chemical-constituent assem­ 
blages of dissolved and particuiate constituents in pre­ 
cipitation samples that may be signatures of sources.
(3) Compare two methods of identifying sources of dis­ 
solved and particuiate emissions: (a) the method using 
chemical-constituent assemblages of dissolved and 
particuiate materials; and (b) the method using air-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 Quality Control weather

site on Quabbin 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 time for storms yielding greater than 0.25 inch of 
water. The four storm patterns are: (1) advancing cold 
front where cold air overtakes and replaces warm air, 
(2) advancing warm front where warm air overtakes 
and replaces cold air, (3) land cyclone where the low- 
pressure center tracks just to the west of the site so that 
both advancing warm and cold air masses are over­ 
taken in turn, and (4) coastal cyclone where the low- 
pressure center tracks east of the site, probably over the 
Atlantic Ocean, so that the cold air mass is not 
replaced. Quantitative microanalytlcai electron 
microscopy techniques will be used to determine the 
chemical composition, and to possibly identify the par­ 
ticuiate matter in precipitation. 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 particuiates emitted from possible sources. 
Backward air-mass trajectories 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 Oceanic 
and Atmospheric Administration. These air-mass trajec­ 
tory analyses will be compared with a list of possible 
sources determined from the chemical data to relate 
the backward air-mass trajectory to possible geo­ 
graphic sources.

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

PIANS NEXT YEAR: Obtain Director's approval for the 
report.
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Low-Flow Models / Frequency Research / MA078

Physically Based Low-Flow Models and Record Extension for 
Low-Flow Frequency Studies

PROJECT CHIEF:
J. Michael Morris

PERIOD OF PROJECT:
October 1986 to September 1989

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

PROBLEM: Low-flow frequency estimates are used by 
governmental agencies, consultants, planners, and 
engineers for planning, 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 goals for planning and design data were cal­ 
culated during a nationwide evaluation of the stream- 
flow data program. In general, existing low-flow regres­ 
sion equations yield estimates for ungaged sites with 
large standard errors of estimate that exceed accuracy 
goals 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 to estimate low-flow statistics for ungaged sites.

OBJECTIVE: Apply scientific advances in low-flow 
frequency estimation, streamflow-record augmenta­ 
tion procedures, and regional regression analyses that 
show promise for improvement of regional equations for 
estimating low-flow statistics at ungaged sites. Investi­ 
gate alternative forms of the low-flow frequency esti­

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

APPROACH: Estimates of low-flow characteristics at 
short-term gaged sites will be developed by streamflow 
record extension techniques. Low-flow characteristics at 
partial-record sites will be estimated with the unbiased 
moment techniques. Basins with diverse hydrologic 
responses will be analyzed to test the usefulness of an 
instantaneous flow relation to transfer low-flow volumes 
to partial-record sites. Alternative functional forms of the 
low-flow model will be evaluated including new physi­ 
cally based parameters as independent variables. Gen­ 
eralized least-squares regression analysis will be used to 
define the physically based low-flow models. Selected 
low-flow estimating equations will be verified with a new 
and independent data set.

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

PLANS NEXT YEAR: Obtain Director's approval for the 
report.

Massachusetts Rhode Island District - 65



Cape Modeling / MA079

Demonstration of the Use of Three-Dimensional Ground-Water Modeling for 
Delineation of Recharge Zones of Public-Supply Wells, Cape Cod,

Massachusetts

PROJECT CHIEF:
Paul M. Barlow

PERIOD OF PROJECT:
October 1986 September 1990

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

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

OBJECTIVE: (1) Demonstrate the use of the U.S. Geologi­ 
cal Survey modular three-dimensional flow model to 
delineate recharge zones of public-supply wells under a 
range of recharge and pumping conditions, by model-

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

APPROACH: Two, multi-layer, three-dimensional models 
of the fresh ground-water flow system on the Cape will 
be developed and calibrated. Recharge areas of pub­ 
lic-supply wells will be determined by flow-net analyses 
of calculated hydraulic heads, both in plan view and 
cross-section as confirmed by three-dimensional parti­ 
cle tracking. The models have been tested to assess 
changes In the dimensions of the recharge area due to 
variation In Initial and boundary conditions.

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

PLANS NEXT YEAR: Publish the Open-File Report.
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Predicting Wetland Influences / MA083

Predicting Wetland Influences on Stream-Water Quality

PROJECT CHIEFS:
David S. Armstrong

PERIOD OF PROJECT:
October 1987 September 1990

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

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

OBJECTIVE: To Identify and define physical, ecologlc, 
and hydrologlc characteristics that affect stream qual­ 
ity In wetland streams.

APPROACH: Water-quality data will be obtained from a 
combination of field analyses and data already 
obtained from the State. The additional water-quality 
data that will be generated will represent a wider range 
of hydrologlcal conditions and wetland characteristics

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

PROGRESS: Data report was approved for publication. 
Expected distribution date Is February 1994. After meet- 
Ing with the cooperator, report plans have been 
changed and new topical and annotated outlines 
have been prepared to rescope the Interpretive report. 
Project Is complete except report.

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

COMPLETED REPORTS:

Suurballe, Nancy C., 1992, Effects of a wetland on quality 
of Natty Pond Brook, Massachusetts. 1985-86: U.S. 
Geological Survey Water-Resources Investigations 
Report 91-4144,52 p.
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Watershed Management II / MA085

Investigation of Watershed Management Impacts on 
Watershed Hydrology and Aquatic Chemistry

PROJECT CHIEF:
James B. Shanley

PERIOD OF PROJECT:
October 1987 to September 1990

COOPERATOR(S): Metropolitan District Commission

PROBLEM: The Metropolitan District Commission (MDC) 
plans to apply forest management to increase the 
watershed yield to Quabbin Reservoir, the primary 
source of water for the Boston metropolitan area. This 
reservoir, located in the central highlands of the State, is 
located In a terrain underlain by silicate rock that has 
little capacity to buffer acidity Introduced by precipita­ 
tion. The MDC is making selective clear cuts of forests 
and converting them to open grassy fields. Because of 
the susceptibility of the reservoir to acidification, assess­ 
ment of the effect of this land change on water quality 
is needed to guide MDC's future management deci­ 
sions.

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

APPROACH: Water quality and stream discharge are 
being measured in two small subbasins tributary to the 
reservoir prior to selected clear cutting in one of the 
basins. Comparisons of the before and after conditions 
in both the cut basin and In the undisturbed control 
basin will be used to assess the nature and magnitude 
of the effects of management on water quality and 
yield. Analytical and numerical techniques, including 
paired regression between the control and experimen­ 
tal basins, precipitation-runoff modeling, and numerical 
models of aqueous geochemistry will be applied.

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

PLANS NEXT YEAR: Obtain Director's approval for final 
report.
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SUASCO Model / MA086

Ground-Water and Low-Flows in the Sudbury, Assabet, 
and Concord River Basins, Massachusetts

PROJECT CHIEF:
Gene W Parker

PERIOD OF PROJECT:
October 1989 to September 1992

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

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

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

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

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

PLANS NEXT YEAR: Publish the report.
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Basin Management / MA089

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

PROJECT CHIEF:
Kernell G. Rles, III

PERIOD OF PROJECT:
October 1988 to September 1991

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

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

OBJECTIVE: (1) To develop a physically based low-flow 
model similar to that developed by the Northeast 
Regional Aquifer Systems Analysis Project, but which 
describes low flows in terms of percent flow duration 
and which uses a base period selected by MOWR. 
(2) Apply the model in several planning basins selected 
by MOWR. (3) Design a low-flow discharge measure­ 
ment program for field measurement of low flow at 
selected subbaslns anticipated by MOWR and USGS as 
sites where field measurement of low flow is a critical 
need. (4) Determine subbasin yields in selected plan­ 
ning basins using the physically based model.

APPROACH: A low-flow model will be derived Initially by 
regression of a currently available data base of easily 
measured basin characteristics against flow-duration 
characteristics for gaged sites in central New England. 
Established record-extension techniques will be used to 
compute flow durations for gaged sites which were not 
In operation for the entire base period. Geographic 
Information System (GIS) technology will be used to 
retrieve the basin-characteristics data for designated 
ungaged sites In the planning basins, and for the gaged 
sites used to derive the model. The model will be 
adjusted for use with the GIS data, tested with an inde­ 
pendent data set, and used to estimate yields for the 
designated ungaged sites. Low-flow measurements will 
provide low-flow discharge at critical sites.

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

PLANS NEXT YEAR: Distribute the Open-File Report Janu­ 
ary 1994. The Water-Supply Paper may be distributed 
before the end of the fiscal year.
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Septage Plume / MA090

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

PROJECT PERSONNEL:
Leslie A. De Simone

PERIOD OF PROJECT:
October 1988 to September 1993

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

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

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

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

of contaminated ground water. The study will focus on 
the development of a plume as it travels from its source 
to a projected discharge area in a salt water marsh 
about 1,000 feet downgradient. Aquifer properties and 
stresses will be quantified in sufficient detail to simulate 
the ground-water flow system controlling the plume. 
Mass-balance accounting for piume constituents, partic­ 
ularly those In the nitrogen series, will be made both spa­ 
tially and temporally on a basis of repetitive samples 
taken from a three-dimensional array of monitoring wells.

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

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

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

PROJECT CHIEF:
John P. Masterson

PERIOD OF PROJECT:
October 1989 to September 1992

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

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

OBJECTIVE: This project will develop estimates of basin 
yields in the Cape Cod, Martha's Vineyard, and Nan- 
tucket Island ground-water basins, Massachusetts. This 
work will include: (1) Determination of ground-water 
yields at MOWR-designated sites in the Cape Cod, Mar­ 
tha's Vineyard and Nantucket Island basins under long- 
term average climatological conditions and during peri­ 
ods of little to no recharge. (2) Determination of the rela­ 
tion between ground-water levels, pond levels, and 
streamfiows In the three basins. (3) Examination of the

Impacts of Increased ground-water withdrawals on the 
area ground-water and pond levels, streamfiows, and 
the potential for saltwater intrusion.

APPROACH: All available, pertinent hydrologic data from 
the Cape Cod, Martha's Vineyard, and Nantucket Island 
basins will be inventoried, assembled, and intergrated 
into existing numerical models and models will be modi­ 
fied where appropriate. Using numerical models, the 
effects of increased ground-water withdrawals from both 
existing and hypothetical pumping centers will be super­ 
imposed on the long term average water table eleva­ 
tion, pond levels, and streamfiows to provide accurate 
estimates of potential yields for the Cape Cod flow cells. 
Qualitative work is planned for Martha's Vineyard and 
Nantucket Island where flow models have not been 
developed.

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

PLANS NEXT YEAR: Submit report for Director's approval as 
an Open-File Report pending publication as a Water-Sup­ 
ply Paper. Receive approval and publish the report as an 
Open-File Report by June 1994.

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



Basin Management II / MA095

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

PROJECT CHIEF:
Kernell G. Ries, III

PERIOD OF PROJECT:
October 1990 to September 1993

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

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

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

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

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

PROGRESS: Measurement of basin characteristics was 
completed for all of the sites used to develop the 
regression equations. The basin characteristics were 
measured from digital data bases available on a 
nationwide basis or developed for this project using 
Geographic Information Systems computer software. 
The characteristics included: drainage area, area of 
stratifled-drift deposits, total stream length, mean basin 
slope, maximum, mean, and minimum basis altitude, 
the maximum mean, and minimum altitude in the strati­ 
fled-drift deposits. A surrogate measure of the head in 
the stratlfied-drift deposits (GWHEAD) was computed by 
subtracting the minimum basis altitude from the mean 
basis altitude. A more direct measure of the head In the 
stratifled-drift deposits (GWRELIEF) was computed by 
subtracting the minimum altitude in the deposits from 
the maximum altitude In the deposits.Generallzed-le- 
ast-squares regression analyses were done using the 
99-,98-, and 95-percent duration discharges as the 
dependent variables and the basin characteristics 
above as the independent variables. A total of 61 sites 
were used In the regression analyses, including 41 sites 
used for the MA089 study, and 20 low-flow partial-record 
sites added for this study. The report writing was begun.

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

Nitrogen Transformations in a Developing Septage Plume

PROJECT CHIEF:
Leslie A. DeSimone

PERIOD OF PROJECT:
October 1990 to September 1993

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

PROBLEM: An understanding of mlcrobiaily mediated 
nitrogen transformations is essential to evaluating 
impacts of sewage or septage effluent discharges on 
ground-water quality. The process of denltrlfication is of 
particular importance because it is a pathway for the 
removal of nitrogen from the ground-water flow system. 
However, the factors that control denitriflcation in the 
subsurface are not well understood. Land disposal of 
treated septage effluent is gaining greater accep­ 
tance, as other disposal methods become unaccept­ 
able, so understanding the factors governing nitrogen 
fate and transport in subsurface are of considerable 
importance.

OBJECTIVE: Describe and quantify the microbiaily- 
mediated nitrogen transformations that occur during 
the development of a septage effluent ground-water 
plume. Primary emphasis is on understanding denitriflca­ 
tion and the factors controlling the denitrification 
process.

APPROACH: Nitrogen transformation processes will be 
measured through laboratory incubations of aquifer 
samples taken prior to and during development of the

ground-water plume. Controlling factors on denitriflca­ 
tion will be investigated through manipulation of labora­ 
tory incubation experiments and repeated 
measurements of nitrogen species, oxygen, and avail­ 
able organic carbon In the ground water. A nitrogen 
budget will be constructed based on known nitrogen 
inputs and the empirically measured rates, testing our 
understanding of the transformation processes involved 
by comparing predicted outputs with measured out­ 
puts.

PROGRESS: Field work and data-collection phases of the 
project were completed in December 1992, with a fifth 
and final synoptic sampling round of 69 ground-water 
observation wells within and surrounding the plume, for 
analysis of dissolved dinitrogen gas, nitrous oxide, and 
inorganic carbon. Final analysis of field data, all ammo- 
nia-sorption data, and some denitriflcation-rate-mea- 
surement data was completed. Text and draft figures for 
50 percent of the sections of the final report describing 
nitrogen transformations during plume development 
was completed.

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

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

PROJECT CHIEF:
Peter A. Steeves

PERIOD OF PROJECT:
October 1990 to September 1993

COOPERATOR(S): Cape Cod Commission

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

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

municipal, community, and non-community supply 
needs.

APPROACH: The Survey will provide technical assistance 
to the cooperator by contributing our knowledge and 
expertise of the hydrologic regime of the Cape. An 
automated screening procedure will be developed 
using Arc Macro Language (AML) that will scan the 
Cape for remaining ground-water supply areas. The 
screening procedure will integrate a complex assort­ 
ment of hydrogeologic, land use, contamination 
source, and current water-quality data; GIS technology 
will utilize the large amount of available and newiy digi­ 
tized Cape-wide data layers to evaluate the relative 
quality of the potential water-supply areas identified.

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

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

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

PROJECT CHIEF:
Gardner C. Bent

PERIOD OF PROJECT:
April 1991 to September 1995

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

PROBLEM: By authority of Chapter 800 of The Acts of 1979 
of the Massachusetts legislature, the Massachusetts 
Department of Environmental Management, Division of 
Resource Conservation, Office of Water Resources is 
responsible for developing water management plans to 
assess water resources In the State's 27 river planning 
basins. The Office of Water Resources has requested the 
U.S. Geological Survey to estimate ground-water avail­ 
ability for the Buzzards Bay planning basin, to help the 
State to avert water shortages from drought and 
increased demand. State and local officials have con­ 
cerns regarding long-term effects of increased with­ 
drawals on ground-water levels and streamflow.

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

APPROACH: All available hydroiogic information on the 
basin will be reviewed. Where there Is inadequate infor­ 
mation on stratlfled-drift aquifer characteristics. Held 
work will provide additional Information. Yields will be 
estimated for several sites by use of flow-duration curves 
constructed from low-flow measurements. Several wells 
will be installed near stream channels to determine if a 
correlation between ground-water levels and stream dis­ 
charge exists. Grain-size analyses and (or) permeameter 
tests of core samples will be used to estimate vertical 
hydraulic conductivity of the streambed. Drive-point

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

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

PLANS NEXT YEAR: Complete report writing and submit 
the report for Director's approval.
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MMR Modeling / MA099

Simulation of Ground-Water Flow on the 
Massachusetts Military Reservation

PROJECT CHIEF:
John P. Masterson

PERIOD OF PROJECT:
October 1991 to September 1996

^-     J

COOPERATOR(S): National Guard Bureau

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

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

APPROACH: (1) Develop a three-dimensional flow 
model of the aquifer near and within the MMR, using 
available hydrogeoiogic data. (2) Collect additional 
hydrogeoiogic data to address specific questions or to

decrease model uncertainty if the need arises. (3) Cali­ 
brate the model to observed ground-water levels, mea­ 
sured streamflows, and contaminant plume paths. 
(4) Address questions of ground-water supply and con­ 
taminant migration within Massachusetts Military Reser­ 
vation using model and particle tracking.

PROGRESS: Ail existing hydrogeoiogic data has been 
inventoried. Lithoiogic sections have been constructed 
to characterize the hydrogeology of the study area.

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

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

PROJECT CHIEF:
Stephen P. Garabedian

PERIOD OF PROJECT:
Continuous since October 1991

FUNDING SOURCE: USGS National Water Quality Assess­ 
ment

PROBLEM: The protection and enhancement of the 
quality of the nation's surface water and ground water 
resources is a high priority. Effective management of 
these resources requires information on current water 
quality conditions and trends. There also are regional 
and local needs for information on water-quality condi­ 
tions in order to address specific probiems. Regional 
concerns include, but are not limited to, water-quality 
problems arising from industrial, municipal, and agricul­ 
tural activities.

OBJECTIVE: (1) Provide a nationally consistent descrip­ 
tion of current water quality conditions for the Connect­ 
icut, Housatonic, and Thames River Basins. (2) Define 
long-term trends (or lack of trends) in water quality. 
(3) Identify, describe, and explain, to the extent possi­ 
ble, the major factors that affect observed water qual­ 
ity conditions and trends. (4) Develop a regional 
water-quality sampling network and related activities 
which addresses local needs for water-quality informa­ 
tion.

APPROACH: Existing water quality information will be 
identified, compiled, reviewed, and analyzed to char­ 
acterize past conditions and problems, and to help in 
the design of water quality sample collection activities. 
Fixed station and synoptic sampling networks will be 
developed to address specific water quality information 
needs. Intensive sampling will be used for the character­ 
ization of water quality conditions. Project data analysis 
will include both statistical and modeling approaches, 
and will be summarized in reports. A low intensity

sampling phase will follow to allow for long-term moni­ 
toring and identification of water-quality trends.

PROGRESS: A review of the existing information and liter­ 
ature indicated that detectable concentrations of the 
pesticides atrazlne and ethylenedibromide were 
detected in ground water underlying agricultural areas 
in the study unit. Trends of Increasing nitrite plus nitrate 
concentrations were detected at five surface-water 
quality stations in the study unit. Trends of decreasing 
ammonia concentrations were detected at 11 sur­ 
face-water quality stations. Trends of decreasing total 
phosphorus concentrations were detected in 13 stations 
and dissolved phosphorus at 12 stations, respectively. In 
general, water-quality conditions at surface-water sites 
draining urban and forested areas were well repre­ 
sented, but water-quality conditions in agricultural 
areas were not well characterized.

PLANS NEXT YEAR: Initiate two phases of the project:
(1) retrospective analysis of existing information and
(2) reconnaissance-sampling effort. The retrospective 
analysis includes components for the environmental set­ 
ting, pesticides, nutrients, sediments, metais, and biolog­ 
ical assessments. The reconnaissance-sampling effort 
includes personnel training, identification of equipment 
needs, and collection of critical water-quality Informa­ 
tion needed for the planning of the intensive sampling 
phase.

COMPLETED REPORTS:

Grady, S.J., and Garabedian, S.P., 1991, National 
water-quality assessment program The 
Connecticut River and Long Island Sound Coastal 
Rivers: U.S. Geological Survey Open-File Report 
91-159,1 sheet.
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USEPA Technical Assistance / MA 101

Hydrogeological Technical Assistance to USEPA Waste Management 
Division, Region I, Boston, Massachusetts

PROJECT CHIEF:
Forest P. Lyford

PERIOD OF PROJECT:
Continuous since October 1991

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

PROBLEM: Hydrogeological technical assistance is 
needed by the U.S. Environmental Protection Agency 
(USEPA), Region i, Waste Management Division, for 
ongoing project work at New England Superfund sites. 
The Waste Management Division of USEPA is faced with 
the task of understanding complex hydrologic environ­ 
ments in order to propose remedial action at hazardous 
waste sites.

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

APPROACH: U.S. Geological Survey personnel will offer 
advice to USEPA site managers on proper scopes of 
technical work at Superfund sites. The work will also 
include review of remedial investigation/feasibility stud­ 
ies (Ri/FS), workpians, technical summaries, and final 
drafts for technical content and accuracy. U.S. Geolog­ 
ical Survey personnel will also participate in technical 
meetings and negotiations with USEPA contractors and 
responsible parties. The U.S. Geological Survey will do 
investigations, as requested by USEPA, to help fulfill the 
goals of the Superfund Program. Activities by U.S. Geo­ 
logical Survey may include borehole logging, surface 
geophysical surveys, aquifer testing, and hydrologic 
analysis of Superfund sites.

PROGRESS: Geohydrologic studies were continued or 
initiated at three Superfund sites: Gallups Quarry, Plain- 
field, Connecticut; Durham Meadows, Durham, Con­ 
necticut; and Saco Landfill, Saco, Maine. Surface 
geophysical surveys and streamfiow monitoring were 
done at the Giison Road Superfund site, Nashua, New 
Hampshire. Borehole geophysical logging and surface 
geophysical surveys were done at the New Hampshire 
Plating Superfund Site, Merrimack, New Hampshire. 
Wells were installed in a pond near the Ottatl and Goss

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

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

PLANS NEXT YEAR: Continue to review documents and 
attend meetings as requested by USEPA. Complete 
geohydrologic studies at Durham Meadows and Saco 
Landfill sites, initiate a new study at another site to be 
specified by USEPA. Provide modeling support for design 
of a ground-water remediation program at the Savage 
Well site, Miiford, New Hampshire.

COMPLETED REPORTS:

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

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

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

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

PROJECT CHIEF:
Gene W. Parker

PERIOD OF PROJECT:
July 1992 to September 1997

COOPERATOR(S): Massachusetts Highway Department

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

OBJECTIVE: (1) Overall bridge assessment phase (at 
2,408 bridges): (a) assess overall channel stability and 
map and archive channel stability characteristics, 
(b) identify bridge sites with potential stream stability 
and scour problems, and (c) identify bridge sites with 
observable scour problems. (2) Evaluation phase (at 100 
selected bridge sites): (a) develop or update regional 
equations for estimating peak flows, and (b) evaluate 
scour potential and channel stability during 100-year 
and 500-year flood events

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

will be used to estimate the 100-year and 600-year 
floods at the 100 selected bridges. A calibrated hydrau­ 
lic model for each selected bridge will be used to esti­ 
mate water-surface profile and velocities.

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

The flood frequency component of the project is on 
schedule, excluding regression analysis. The regression 
analysis has been delayed until all peak flow and basin 
characteristics have been reviewed for all the gaging 
stations. It is expected that all tasks will be completed 
on schedule. The stream stability index variables have 
been approved by both the Massachusetts Highway 
Department and the USGS. The MHD is developing a 
technique to convert the Index variables Into an FHWA 
1-113 rating.

PLANS NEXT YEAR: Complete stream stability assess­ 
ments on 75 percent of the bridge sites. Complete 
flood-frequency analysis and start the report. Complete 
stream-stability index report and review process. MHD to 
Identify which assessed bridge sites will require level II 
evaluations. Complete level II evaluations on 10 of the 
identified bridges.
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Deerfield River Basin / MA 104

Ground-Water Resources of the Deerfield River Basin, Massachusetts

PROJECT CHIEF:
Paul J. Frlesz

PERIOD OF PROJECT:
October 1992 to June 1996

COOPERATOR(S): Massachusetts Department of Environ­ 
mental Management

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

OBJECTIVES: Revise previously constructed maps of sat­ 
urated thickness and transmissivity of the stratified-drift 
deposits. Determine long-term potential yields of the 
major stratified-drlft aquifers and till and bedrock drain­ 
age areas. Estimate recharge to stratified drift from the 
till and bedrock uplands.
APPROACH: The extent, thickness, and transmissive 
properties of the unconsolidated material will be better 
defined from: (1) historical data, (2) seismic reflection, 
(3) seismic refraction, (4) the response of ground-water 
levels to fluctuations in surface-water stage. Potential 
yields of selected subbasins will be determined from 
low-flow measurements. Potential yields from stratified- 
drift aquifers will be estimated by subtracting potential 
yields from upgradient till and bedrock areas from esti­ 
mated subbasin potential yields for sites at the down­ 
stream ends of the stratifled-drift aquifers. Recharge

and its seasonal variability at a till and bedrock and 
stratifled-drift interface will be determined by analyzing 
data collected from a network of observation wells, sur­ 
face-water gages, and a precipitation gage.

PROGRESS: A topical outline of the project report was 
completed and approved by the Northeast Region. His­ 
torical hydrologic and geologic data since the last 
basin study was collected. Streamflow sites were 
selected and streamflows at low-flow conditions were 
obtained at these sites. Information from two observa­ 
tion wells, installed in a line perpendicular to the Deer- 
field River, were used to design a well network for 
transmissivity measurements. A marine-seismic reflection 
survey was conducted on the lower Deerfleid River in 
the Connecticut Valley portion of the basin and ana­ 
lyzed to better define lithology.

PLANS NEXT YEAR: Complete an annotated outline of 
the project report. Estimate aquifer transmissivity from 
continuous ground-water level data, collected from 
observation wells that will be installed at a site adjacent 
to the Deerfield River. Conduct seismic-refraction sur­ 
veys in the lower Connecticut Valley portion of the basin 
and analyze for depth to the water table and bedrock. 
Collect streamfiow measurements at low-flow condi­ 
tions, in addition to last year's measurements, and 
estimate aquifer yields of stratlfied-drift aquifers and till 
and bedrock areas. Design and install a data-collection 
network. Quantify recharge to stratified drift from 
upland till and bedrock from data collected from this 
network.
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Namskaket Marsh / MA106

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

PROJECT CHIEF:
Peter K. Weiskel

PERIOD OF PROJECT:
October 1992 to March 1996

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

PROBLEM: The siting of wastewater-treatment facilities in 
the United States is increasingly constrained by environ­ 
mental quality considerations. The capacity of coastal- 
sedimentary environments to attenuate the large, con­ 
centrated plumes generated by such facilities may be 
substantial, but has not been well studied.

OBJECTIVES: (1) Identify zones of ground-water dis­ 
charge in the Namskaket Marsh/Creek System. 
(2) Determine the path of the wastewater plume into 
one or more of these zones. (3) Identify the processes 
controlling dissolved nitrogen concentrations in Nam­ 
skaket Creek for a range of time scales. (4) Quantify the 
effects, if any, of the wastewater plume on nitrogen 
export from the inland part of the marsh.

APPROACH: Ground-water discharge zones will be 
located through field investigation of the lithology, salin­ 
ity, and hydraulic head distribution in the marsh subsur­ 
face. The path of the plume will be determined by the 
installation and sampling of transverse sets of nested 
weils in the upland. If and when the plume reaches the 
marsh, additional sets of welis will be installed in the 
marsh, and a nested piezometer transect will be 
installed in the plume's long axis. Concentrations of 
nitrogen species will be determined from semi-monthly 
water-quality sampling in the creek that drains the

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

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

PLANS NEXT YEAR: Continue baseline surface-water 
monitoring in Namskaket Creek, biweekly. Continue 
tracking the movement of the wastewater plume 
toward the marsh, using borehole geophysics and 
ground-water sampling of the existing well network. 
Measure the transport of plume-associated nitrogen, 
relative to other non-reactive species In the waste- 
water-contaminated ground water.
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Tenmile River Basin / MA107

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

PROJECT CHIEF:
Lisa Bratton

PERIOD OF PROJECT:
January 1993 to July 1996

COOPERATOR(S): Massachusetts Department of Environ­ 
mental Management

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

OBJECTIVES: (1) Characterize the ground-water and 
surface-water resources of the Tenmile River Basin. 
(2) Describe the interaction between ground water and 
surface water in the basin. (3) Estimate aquifer recharge 
in the basin. (4) Estimate yields for selected till and sand 
and gravel aquifers in the basin.

APPROACH: An in-house and external literature search, 
and data retrieval will be done for existing well loca­ 
tions, lithology, surface-water flows and levels, ground- 
water levels. Seismic-refraction surveys will be done to

define aquifer extent, depth, and thickness. Piezometers 
will be installed at selected sites to study ground-water 
and surface-water interactions and recharge. A precip­ 
itation gage wiii be installed. Sites will be located at 
upstream and downstream areas where streams flow 
over aquifer areas, in order to estimate available 
ground water.

PROGRESS: Several low-flow measurements were made. 
Replacement of several piezometers was attempted 
with cathode and was successful in two out of five sites. 
Some well and lithologic data were collected from a 
pump test report by a consultant for Plainville. Several 
landowners were contacted to place piezometers and 
about one-half responded. Precipitation gage is ready 
to be installed.

PLANS NEXT YEAR: Install piezometers at selected sites. 
Determine the area! extent and depth of the aquifer 
area in Seekonk using data from the seismic-reflection 
surveys.
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Ashumet Pond Phosphorus Study / MA 108

The Transport of Phosphorus to Ashumet Pond, Cape Cod, Massachusetts

PROJECT CHIEF:
Donald A.Walter

PERIOD OF PROJECT:
June! 993 to December 1994

COOPERATOR(S): National Guard Bureau

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

OBJECTIVES: (1) Determine the extent and geochemlcal 
composition of the phosphorus-containing zone of the 
plume. (2) Describe pond-aquifer interactions and 
ground-water flow where the plume intersects the 
pond. (3) Determine the geochemlcal processes that 
control the transport of phosphorus to the pond.

APPROACH: The delineation of the phosphorus plume 
will involve the sampling of existing wells and multi-level

samplers as well as the installation and sampling of new 
wells, multi-level samplers, and drivepolnts. Pond-aquifer 
Interactions and local ground-water flow patterns will 
be determined using both existing and newly Installed 
wells as well as piezometer nests and pond-bottom 
drivepolnts. The geochemical controls on phosphorus 
transport will be Investigated using batch and column 
tests on aquifer cores.

PROGRESS: From June to September 1993, a significant 
part of the fleldwork was completed. Completed activi­ 
ties Included the installation of new wells and multi-level 
samplers, water-quality sampling of new and existing 
wells, and the collection of cores for geochemical anal­ 
ysis.

PLANS NEXT YEAR: Complete water-quality and hydro- 
logic-data collection. Interpret field data. Submit a draft 
of the report by May 1994.

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



SW Blackstone Metals and Organics / MA93G

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

PROJECT CHIEF:
John A. Colman

PERIOD OF PROJECT:
October 1992 to September 1993

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

PROBLEM: Increased scrutiny of water-quality criteria has 
revealed discrepancies between the U.S. Environmental 
Protection Agency (USEPA) national aquatic life criteria 
for metal toxicities and the actual toxicities that are 
observed in many surface waters. As a result, the USEPA 
has Initiated a program for setting standards on a 
site-specific basis by comparing toxicities in site waters 
with those In standard "laboratory" waters. Increases in 
the legal discharge of metals to streams that the 
site-specific criteria might allow necessitates research 
on the mechanism of altering toxicity, the longevity of 
the alteration, effects of alteration downstream from 
the site, and a general reconsideration of controls on 
dissolved metals In the riverine environment. Research 
aimed at Improving the accuracy of predictions of tox- 
icity without the need to complete test organism- 
toxlclty tests at each site also is needed.

OBJECTIVES: (1) Compare the reduction of copper tox- 
Iclty in river water and In an artificially prepared lab 
water. (2) Determine whether differences in toxlcity can 
be accounted for by equilibrium speciatlon consider­ 
ations with regards to organic and Inorganic llgands 
and the toxic free-ion species. (3) Assess the transferabil- 
ity of the toxlclty-study results among rivers by measuring

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

APPROACH: Water samples will be analyzed for dis­ 
solved trace metals, major Ions, pH, dlssolved-oxygen 
concentration, and alkalinity. Dissolved concentrations 
of 15 trace metals will be determined by custom analy­ 
sis at the National Water-Quality Laboratory using 
ICP-MS analysis. Copper passing through the filter will be 
considered to be the total dissolved amount. Filtered 
samples will be brought back to the Mariborough labo­ 
ratory for copper-Ion titratlons. Conditional formation 
constants and equivalent llgand concentrations for the 
copper-llgand complexes will be determined from the 
copper titration data by use of the computer program 
FITEQL The fulvic-acid portion of the equivalent ligand 
concentration will be determined by copper titration of 
the fulvic acids after XAD-column separation.

PROGRESS: River sampling was begun. Analysis of sam­ 
ples and copper titratlons of samples were Initiated.
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SW Stations/RI001

Surface-water Stations

PROJECT CHIEF:
Lansen R. Ramsbey

PERIOD OF PROJECT:
Continuous since February 1929

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

PROBLEM: Surface-water information is needed for pur­ 
poses of surveillance, planning, design, hazard warning, 
cooperation, and management, in water-related fields 
such as water supply, hydroelectric power, flood con­ 
trol, bridge and culvert design, pollution abatement, 
flood plain management, and water resources devel­ 
opment.

OBJECTIVE: A. Collect and publish surface-water data 
to meet ttie needs for (1) assessing water resources, (2) 
operating reservoirs or industries, (3) flow forecasting, (4) 
disposing of wastes and pollution controls, (5) publishing 
of discharge data to accompany water-quality mea­ 
surements, (6) conformity to compact and legal 
requirements, and (7) research or special studies. B. Col­ 
lect data necessary for analytical studies to define for 
any location the statistical properties of, and trends in, 
the occurrence of water In streams, lakes, and estuaries 
for use in planning and design.

APPROACH: Water-level data Is recorded continuously 
and monthly into U.S. Geological Survey Ground-Water 
Site Investor/ Database. Standard methods of data col­ 
lection will be used as described In the "National Hand­ 
book of Recommended Methods for Water-Data

Acquisition" and Water Resources Division manuals and 
memorandums.

PROGRESS: Data for 16 stations for Water Year 1991 were 
published. Data for Water Year 1993 are In ttie process 
of being compiled for 15 continuous record stations. 
Continuous record at the Nlpmuc River at Harrlsvllle has 
been restarted and a new station, the Catamint, has 
been added.

PLANS NEXT YEAR: Continue renovations or replace­ 
ments of additional cableways, including renovations at 
a Federally funded station needed for National Water 
Quality Assessment sampling. Begin a new program with 
ttie University of Rhode Island (URI). Make four discharge 
measurements at each of six sites along the Blackstone 
River in order to develop stage-discharge ratings. These 
ratings are needed by URI to obtain discharges for 
water quality samples taken during storm events. 
Replace at least two mercury manometers in 1993.

COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data Massachusetts 
and Rhode Island." Data on stream discharge and 
stage and on lake or reservoir contents, through Sep­ 
tember 1960, were published annually under ttie title 
"Surface-Water Supply of the United States, Parts 1A 
and IB." For the 1961 through 1970 water years, the 
data were published in two 5-year reports.
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GW Stations / RI002

Ground-Water Stations

PROJECT CHIEF:
Lansen R. Ramsbey

PERIOD OF PROJECT:
Continuous since December 1944

COOPERATOR: Rhode island Water Resources Board

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

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

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

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

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

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

COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data Massachusetts 
and Rhode Island." Records of ground-water levels for 
the 1939 through 1974 water years were published 
under the title "Ground-Water Levels in the United 
States." on an annual basis. Beginning with the 1975 
water year, the report title was changed to "Water 
Resources Data Massachusetts and Rhode Island, 
(water year)."
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QW Stations / RI003

Quality of Water Stations

PROJECT CHIEF:
Gerald G. Girouard

PERIOD OF PROJECT:
Continuous since November 1961

COOPERATOR: Rhode Island Department of Environ­ 
mental Management

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

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

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

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

trace metals, and organic compounds; and yearly for 
organic chemicals In bottom materials. The sites are the 
Blackstone River at Millvllle (01111230), Branch River at 
Forestdale, Rl (01111500), Blackstone River at Manvllle, 
Rl (01112900), Pawtuxet River at Cranston, Rl (01116500), 
Pawtuxet River at Pawtuxet, Ri (01116617), and the Paw- 
catuck River at Westerly, Rl (01118500). Data collection 
at these sites were previously conducted under projects 
Rl 79-016, Rl 84-020, and Rl 88-025. Specific conduc­ 
tance and temperature of streamfiow were monitored 
continuously at the USGS gage on the Wood River at 
Hope Valley.

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

COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data Massachusetts 
and Rhode Island." Data on chemical quality, tempera­ 
ture, and suspended sediments for the 1941 through 
1970 water years were published annually under the title 
"Quality of Surface Waters of the United States."
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Water Use / RI007

Water Use

PROJECT CHIEF:
Michael J. Morgan

PERIOD OF PROJECT:
Continuous since October 1979

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

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

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

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

PROGRESS: Site specific data on wastewater-treatment 
systems were compiled, analyzed, evaluated, and 
entered into NEWUDS. Work began on the report 
"Wastewater collection and return fiow in New England, 
1990." Work continued on the report "Estimated Use of 
Water In New England, 1990." The report "Estimation of 
water withdrawal and distribution, water use and waste- 
water collection and return fiow In Cumberland, Rhode 
Island, 1988" received Directors approval and Is being 
prepared for publication. The water-use map report 
based on the 1990 Rhode Island water-use compilation 
received Directors approval and is being prepared for 
publication.

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

COMPLETED REPORTS:

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

Ground-Water Appraisal of Block Island, Rhode Island

PROJECT CHIEF:
Position Vacant

PERIOD OF PROJECT:
October 1987 to September 1991

COOPERATOR: Town of New Shoreham

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

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

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

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

PROGRESS: Data analysis and report writing were com­ 
pleted. The water-table map and the data report were 
approved. Project is complete except report.

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

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

PROJECT CHIEF:
David C. Dickerman

&

PERIOD OF PROJECT:
October 1988 to September 1995

COOPERATOR: Rhode Island Water Resources Board

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

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

APPROACH: Llthologic logs, well construction data, and 
aquifer tests available from 1960 to 1990 will be ana­ 
lyzed to assess hydraulic characteristics of the aquifer. 
These and other data will be used to modify maps of 
the water table, bedrock surface, saturated thickness, 
and hydraulic conductivity of the stratlfled-drlft aquifer. 
Monthly water-level data In 43 observation wells and at 
11 stream sites will be used to calibrate the

ground-water-flow model. The USGS modular ground- 
water-flow model (MODFLOW), with the stream pack­ 
age, will be used to assess the impacts of alternative 
development schemes. Areas of stratified drift that con­ 
tribute water to selected wells will be delineated using a 
USGS particle-tracking algorithm MODPATH. Present 
quality of ground water and surface water will be deter­ 
mined and changes In chemical quality between 1958 
and 1990 will be assessed. Ground water downgradlent 
from commercially cultivated fields and along main 
highways will be sampled to monitor changes In 
ground-water quality caused by the application of fertil­ 
izer to turf and de-Icing salt to road surfaces.

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

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

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

PROJECT CHIEF:
Roy S. Socolow

PERIOD OF PROJECT:
January 1990 to September 1991

COOPERATOR: Rhode Island Department of Environ­ 
mental Management

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

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

APPROACH: Periodic measurements of water-levels 
available for about 180 USGS observation wells in Rhode 
Island for periods ranging from one to 45 years will be 
examined to determine their suitability for providing rep­ 
resentative data for areas of different geologic and 
topographic settings. Several long-term observation 
weiis will be selected as index wells. Methodology 
developed for a USGS study to predict long-term 
water-level altitudes in Massachusetts will be modified 
to apply to conditions in Rhode Island. Selected criteria 
and probability or frequency analysis of current water- 
level data will be used to evaluate whether current 
monthly water-level conditions are suitable for making 
"wet season" measurements.

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

PLANS NEXT YEAR: Obtain Director's approval by March 
1994 and publish report by September 1994.
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Low Flow / RI031

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

PROJECT CHIEF:
John D. Kliever

PERIOD OF PROJECT:
May 1993 to September 1995

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

PROBLEM: Low-flow characteristics of streams are impor­ 
tant elements in the planning and managing of water 
resources. Low-flow duration estimates provide an 
appropriate starting point for formulation of surface-wa­ 
ter and ground-water basin-yield estimates. Only 15 
continuous-record streamflow-gaging stations are cur­ 
rently operating in Rhode Island. In addition, planners 
and managers frequently need to know low-flow char­ 
acteristics of streams at ungaged locations.

OBJECTIVE: The objective of this study is to provide esti­ 
mates of low-flow characteristics of streams in selected 
water-supply basins in Rhode Island.

APPROACH: Four continuous-record, streamflow-gag­ 
ing stations and 19 partial-record sites will be established

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

PROGRESS: Nineteen partial record sites were estab­ 
lished. Two continuous record sites were established. 
Ninety discharge measurements were made.

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

COOPERATORS

New Hampshire

New Hampshire Department of Environmental Services, 
Water Resources Division

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

Biology Bureau
Town of Lincoln

U.S. Environmental Protection Agency 
Waste Management Division

Vermont

Vermont Department of Environmental Conservation, 
Agency of Natural Resources, Solid Waste Division

Vermont Department of Environmental Conservation, 
Public Water Supply Division

Vermont Department of Environmental Conservation, 
Solid Waste Management Division

Vermont Department of Environmental Conservation, 
Water Quality Division

U.S. Environmental Protection Agency 
Waste Management Division
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SW Stations /NH001

Surface-Water Stations

PROJECT CHIEF:
Kenneth W. Toppin

PERIOD OF PROJECT:
Continuous since July 1904

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

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

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

APPROACH: Stage and discharge of streams and stage 
and contents of lakes and reservoirs will be measured 
and recorded. Standard methods of data collection 
will 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: In New Hampshire, 32 continuous-record 
streamflow stations, one continuous lake station, and 
18 partial-record stations were operated and records 
were collected. In Vermont, 34 continuous-record 
streamflow stations, 3 continuous lake stations, and 4 
partial-record stations were operated and records 
were collected. Records for both States were pub­ 
lished in the annual water-data report.

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

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

Ground-Water Stations

PROJECT CHIEF:
Kenneth W. Toppin

PERIOD OF PROJECT:
Continuous since January 1944

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

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

OBJECTIVE: Collect water level data sufficient to pro­ 
vide a long-term base, in this way, the general response 
of the hydrologlc system to natural climatic variations 
and induced stresses Is known, and potential problems 
can be defined early in order to allow proper planning 
and management. Provide a data base against which 
the short-term records acquired in aerial studies can be 
analyzed. This analysis must (1) provide an assessment of 
the ground-water resources, (2) allow prediction of 
future conditions, and (3) provide the data base neces­ 
sary for management of the resource.

APPROACH: Ground-water-level data will be recorded, 
analyzed, and published annually. Standard methods 
of data collection will be used as described in the 
"National Handbook of Recommended Methods for 
Water-Data Acquisition" and Water Resources Division 
Manuals and Memoranda.

PROGRESS: In New Hampshire, monthly water-level data 
from 13 wells were obtained. In Vermont, monthly 
water-level data from 14 wells were obtained.

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

COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data New Hampshire 
and Vermont." Records of ground-water levels for the 
1939 through 1974 water years were published under 
the title "Ground-Water Levels in the United States." on 
an annual basis. Beginning with the 1975 water year, the 
report title was changed to "Water Resources Data- 
New Hampshire and Vermont (water year)."
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QW Stations / NH003

Quality of Water Stations

PROJECT CHIEF:
Kenneth W. Toppln

PERIOD OF PROJECT:
Continuous since July 1969

FUNDING SOURCE: USGS National Stream Quality 
Accounting Network

PROBLEM: Water-resources planning and water-quality 
assessment requires a nationwide base level of relatively 
standardized information. For Intelligent planning and 
realistic assessment of the water resource, the chemical 
and physical quality of the water resource must be 
defined and monitored.

OBJECTIVE: Provide a State and National bank of 
water-quality data for broad Federal planning and 
action programs, and to provide data for Federal man­ 
agement of Interstate and International waters, and 
for State management of Intrastate waters.

APPROACH: Water-quality stations are operated to pro­ 
vide chemical concentrations, loads, and time trends 
as required by planning and management agencies.

PROGRESS: In New Hampshire, one site was sampled. In 
Vermont, one site was sampled. Data will be published 
In the annual water-data report.

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

COMPLETED REPORTS: This project contributes to the 
annual report "Water Resources Data New Hampshire 
and Vermont." Data on chemical quality, temperature, 
and suspended sediments for the 1941 through 1970 
water years were published annually under the title 
"Quality of Surface Waters of the United States."
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New Hampshire and Vermont Water Use / NH007

New Hampshire and Vermont Water-Use Data 
Management Program

PROJECT CHIEF:
Laura Medalie

PERIOD OF PROJECT:
Continuous since October 1983

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

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

OBJECTIVE: (1) Provide water-use information for the opti­ 
mum utilization and management of New Hampshire's 
and Vermont's water resources for the overall benefit of 
the States' residents. (2) Provide guidance to the State In 
the collection, analysis, computer entry, and dissemina­ 
tion of water-use data to complement data on availabil­ 
ity and quality of the States' water resources. (3) 
Respond to data needs of State agencies, 
U.S. Geological Survey (USGS), and other Federal agen­ 
cies.

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

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

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

PLANS NEXT YEAR: Complete public supply water-use 
data compilation, analysis and computer entry. Hold an 
industrial water-use workshop In April and begin industrial 
water-use data processing. Prepare the first draft of a 
public-supply report for New England. Publish a map 
report for each of the six New England States and publish 
two New England-wide Water-Resources Investigations 
Reports.
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Lower Connecticut River Basin / NH034

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

PROJECT CHIEF:
Richard B. Moore

PERIOD OF PROJECT:
October 1986 to September 1989

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

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

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

APPROACH: A literature search will be completed. Geo­ 
physical investigations will be undertaken to determine 
saturated thickness. Drilling will be done to determine

stratigraphy, water-table elevations, and depth to bed­ 
rock. Seepage runs will be done to determine ground- 
water runoff. Aquifer hydraulic conductivity will be 
estimated. Ground water will be sampled and ana­ 
lyzed. Potential aquifer yields will be estimated with an 
analytical model.

PROGRESS: The report is camera ready except for 
plates.

PLANS NEXT YEAR: Publish report in 1994. 

COMPLETED REPORTS:

Moore, R.B., Johnson, D.D., Ott, E.D., Geohydrology and 
water quality of stratlfied-drift aquifers in the Lower 
Connecticut River Basin, Southwestern New 
Hampshire: U.S. Geological Survey Water-Resources 
investigations Report 92-4013.
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Pemigewasset River Basin / NH035

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

PROJECT CHIEF:
John E. Cotton

PERIOD OF PROJECT:
April 1987 to September 1990

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

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

OBJECTIVE: Describe the geometry and geohydroiogic 
properties of sand and gravel aquifers In the study 
area. Assess ground-water availability and potential 
yields of sand and gravel aquifers. Determine back­ 
ground water quality for aquifers in the study area.

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

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

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

PLANS NEXT YEAR: Complete the final report and 
review process and submit for Director's approval.
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Middle Merrlmack River / NH036

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

PROJECT CHIEF:
Joseph D. Ayotte

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

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

OBJECTIVE: (1) Describe the physical dimensions and 
geohydrologic properties of sand and gravel aquifers In 
the study area. (2) Assess ground-water availability and 
potential yields of sand and gravel aquifers. (3) Evalu­ 
ate, for selected aquifers, the hydrologic impacts of 
ground-water development on water levels and base 
flow of streams. (4) Determine "background" water

PERIOD OF PROJECT:
October 1987 to September 1990

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

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

PROGRESS: Report approved by Director. Galley proof 
complete.

PLANS NEXT YEAR: Publish report in 1994.
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Contoocook River Basin / NH037

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

PROJECT CHIEF:
Philip Harte

PERIOD OF PROJECT:
October 1987 to September 1991

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

PROBLEM: Rapid population growth and increased 
development in south central New Hampshire have 
greatly increased the demand for water supplies. The 
threat of contamination of water supplies has increased 
proportionately to development, in the Contoocook 
River watershed, one site is regulated by the Compre­ 
hensive Environmental Response Compensation and 
Liability Act, 1980 (CERCLA) and eight sites are regu­ 
lated by Resource Conservation and Recovery Act, 
1976 (RCRA). These sites are located in the most popu­ 
lous river valleys which generally also have the highest 
potential for ground-water resources in stratifled-drift 
aquifers. Towns and communities are concerned with 
protecting their ground-water resources and develop­ 
ing additional ground water supplies.

OBJECTIVE: (1) Determine the aerial extent and satu­ 
rated thickness of sand and gravel aquifers in the Con­ 
toocook River basin. (2) Describe geohydrologic 
properties and assess ground water availability and 
potential yields of sand and gravel aquifers in the study 
area. (3) Evaluate for selected aquifers, the hydrologic 
impact of ground-water development on water levels

and base flow of streams. (4) Determine background 
water quality of sand and gravel aquifers.

APPROACH: Existing data on stratigraphy and satu­ 
rated thickness of stratified-drift aquifers will be com­ 
piled. Detail of stratigraphy and saturated thickness will 
be increased, where appropriate, using data from seis­ 
mic refraction and test drilling studies. Regional hydro- 
logic system will be defined with results from (a) 
measurement of water levels in a network of wells to 
give synoptic and seasonal variations in water table
(b) analysis of base-flow recessions in subbasins, and
(c) studies of hydraulic properties of the aquifer as 
determined from pump test and analysis of strati- 
graphic logs. A well network will be sampled to deter­ 
mine background water quality. Impacts of 
ground-water development on hydroiogic system will 
be estimated using a numerical model.

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

PLANS NEXT YEAR: Publish report in 1994.
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Upper Merrimack River Basin / NH039

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

PROJECT CHIEF:
Position Vacant

PERIOD OF PROJECT:
October 1988 to September 1991

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

PROBLEM: Large increases In population in southern 
New Hampshire have created increased demands for 
water suppiy. Towns and communities are interested In 
developing additional ground-water supplies and in 
protecting existing resources

OBJECTIVE: Describe the physical dimensions and geo- 
hydroiogic properties of sand and gravel aquifers in the 
study area. Assess ground-water availability and poten­ 
tial yieids of sand and gravel aquifers. Evaluate, for 
selected aquifers, the hydrologic impacts of ground- 
water development on water levels and base flow of 
streams. Determine background water quality and 
areal quality variations in the sand and gravel aquifers.

APPROACH: Existing geohydroioglc data will be col­ 
lected, compiled, and interpreted. Geophysical investi­

gations will be undertaken to determine bedrock 
depths, saturated thickness, and stratigraphy. Drilling 
will be done in order to determine stratigraphy, water 
table elevations, and depth to bedrock. Seepage runs 
will be done to determine streamflow gains and losses 
and ground-water runoff. Hydraulic conductivity will be 
estimated. Ground water will be sampled and ana­ 
lyzed. Potential aquifer yields will be estimated using 
analytical models.

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

PLANS NEXT YEAR: Complete the report text and iiiustra- 
tions. Prepare copies for coiieague review.

New Hampshire / Vermont District - 117



Middle Connecticut River Basin / NH040

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

PROJECT CHIEF:
Sarah M. Flanagan

PERIOD OF PROJECT:
October 1988 to June 1992

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

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

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

APPROACH: Existing geohydrologic data will be col­ 
lected, compiled, and interpreted. Geophysical Investi­ 
gations to determine bedrock depths, saturated 
thickness, and stratigraphy will be done. Drilling will be 
done to determine stratigraphy, water table eleva­

tions, and depth to bedrock. Seepage runs will be 
made to determine streamflow gains and losses and 
ground-water runoff. Hydraulic conductivity will be esti­ 
mated. Ground water will be sampled and analyzed. 
Potential aquifer yields will be estimated using analyti­ 
cal models.

PROGRESS: All data collection, analysis, and compila­ 
tion Is 100-percent complete. Compilation of plates on 
1:24,000 and 1:25,000 scale mylar quadrangles Is 
100-percent complete. Digitizing of the mylar quadran­ 
gle maps into plates for colleague review is approxi­ 
mately 80 percent complete. Writing of the first draft of 
the report is 60 percent complete. Began putting 
tables and figures into colleague-review format. Began 
calculating potential yields for selected aquifers using 
analytical methods. Project Is complete except report.

PLANS NEXT YEAR: Complete the following report sec­ 
tions (1) description of selected aquifers, and 
(2) discussion of potential yield for selected aquifers in 
the study area. Submit report for colleague review and 
Director's approval. Begin preparation for publication.
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Winnipesaukee River Basin / NH041

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

PROJECT CHIEF:
Joseph D. Ayotte

PERIOD OF PROJECT:
October 1989 to September 1992

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

PROBLEM: Many towns within the Winnipesaukee River 
Basin study area are experiencing Increasing demands 
on their water supply due to population growth and 
increasing tourist trade. Towns and communities are 
interested in developing additional ground-water sup­ 
plies and protecting existing resources.

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

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

base flow will be run to determine ground-water contri­ 
bution to streamflow. Aquifer hydraulic conductivity 
and transmisslvity will be estimated. Ground water will 
be sampled and analyzed. Potential aquifer yields will 
be estimated using an analytical model.

PROGRESS: Five additional test holes were drilled in 
aquifers that had little previous data. Aquifer bound­ 
aries have been mapped for the entire basin. Water- 
table contours have been completed for ail six plates. 
Data compilation and analysis is ongoing. Project is 
complete except report.

PLANS NEXT YEAR: Continue with interpretation and 
compilation of data. Estimate aquifer yield of two signif­ 
icant aquifers in Belmont and Alton, New Hampshire. 
Write first draft of report and draft plates showing satu­ 
rated thickness and transmissivity values for selected 
aquifers. Submit report for colleague review and Direc­ 
tor's approval. Begin preparation of camera-ready 
materials for publication.
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Mirror Lake / NH042a

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

PROJECT CHIEF:
Philip T. Harte

PERIOD OF PROJECT:
October 1989 to September 1994

COOPERATOR(S): USGS Toxics Waste Program

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

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

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

PROGRESS: Several reports were approved and pub­ 
lished. The majority of reports focused on describing 
spatial patterns of bedrock recharge and factors con­ 
trolling vertical flow between the drift and bedrock.

PLANS NEXT YEAR: Document final efforts since this is 
the last year of funding. Publish a Water-Resources 
Investigations Report, journal articles, and abstracts as 
a result of the report.
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Mirror Lake / NH042b

Geologic, Lithologic and Fracture Characterization of the

PROJECT CHIEF:
Carole Johnson

PERIOD OF PROJECT:
October 1989 to September 1994

COOPERATOR(S): USGS Toxics Waste Program

PROBLEM: This geologic, iithoiogic, and fracture charac­ 
terization project is an integral part of a larger collabo­ 
rative research effort. A multidisciplinary approach is 
being used to characterize fluid movement and chemi­ 
cal transport in fractured bedrock and to improve 
ground-water flow models. The rock types, fracture 
occurrence and structure of the bedrock system must 
be better understood In order to evaluate the overbur- 
den-bedrock ground-water interaction (described in 
NH042a) and in order to characterize fluid movement 
and chemical transport in fractured rock.

OBJECTIVE: Identify Iithoiogic and structural controls on 
fluid movement and chemical transport In bedrock in 
the Mirror Lake watershed. In order to do this, it is neces­ 
sary to (1) identify the rock types and describe their spa­ 
tial variability, (2) develop conceptual models that 
describe the distribution of fractures, (3) relate water­ 
bearing characteristics of fractures to the type of host 
rock.

APPROACH: Rock types from the wells will be deter­ 
mined. Rock chips will be described and characterized 
by mineralogy and texture In order to improve the rock- 
type data base that describes spatial variability of rock 
type over the watershed. Rock core will be analyzed;

mineralogy and texture will be described, noting the 
occurrence of fractures and characterizing the fracture 
surfaces. Relations between water-bearing zones and 
lithoiogy and structural features will be identified using 
data determined from geologic and fracture mapping, 
hydraulic tests, tracer tests, borehole and surficial geo­ 
physical tests.

PROGRESS: Analysis of video logs were completed for all 
29 bedrock wells in the study area. Detailed iithoiogic 
logs are being generated from analysis of the drill cut­ 
tings and video surveys. Rock fragments from 30 wells 
were described in terms of mineralogy and texture and 
were categorized according to rock type. Pefrographic 
analyses and SEM-XRF analyses were performed on 18 
thin-section rock samples to verify mineralogy deter­ 
mined with hand lens, describe grain boundaries and 
iron migration in pore spaces. A publication and a doc­ 
umentary video illustrating the use of a borehole video 
camera were prepared.

PLANS NEXT YEAR: Complete a lithoiogy report and sta­ 
tistical analyses. Drill four bedrock wells, obtain one 
50-foot bedrock core and install 3 piezometers in the 
overburden. Work on video surveys In two 1,000-foot 
welis and three 200-foot wells.
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Savage Well Area, Milford, NH / NH043

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

Milford, New Hampshire
PROJECT CHIEF:

Joseph R. Olimpio
PERIOD OF PROJECT:

August 1990 to September 1993

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

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

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

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

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

PROGRESS: First draft of the report "Reassessment of 
geohydroiogic data and refinement of a regional 
ground-water flow model of the Milford Souhegan 
giaciai-drift aquifer, Milford, New Hampshire" has been 
written.

PLANS NEXT YEAR: Refine the model for colleague 
review. Start new phase of the study, with a focus on 
the OK Tool Company site, in spring of 1994.
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Landfill / NH045

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

PROJECT CHIEF:
Thomas J. Mack

PERIOD OF PROJECT:
April 1990 to September 1992

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

PROBLEM: The Vermont Agency of Natural Resources, 
Solid Waste Division (SWD) is required by law to perform 
geologic and hydrogeologic assessment of 72 landfills 
in Vermont over the next few years. The studies will be 
designed to provide critical information on the effects 
that landfills have on ground-water quality and their 
Interaction with local and regional ground-water-fiow 
systems. The technical staff of the SWD requests a dem­ 
onstration project to provide guidance in state-of- 
the-art hydrogeologic Investigative techniques that 
can be employed in the landfill studies.

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

APPROACH: A literature search of landfill studies In gla­ 
ciated terrain and methods used In landfill studies will 
be conducted. Well and data inventory In the area 
around the Bristol landfills will be performed. Depth to 
water and bedrock will be mapped using seismic-re­ 
fraction geophysics as outlined by Haeni (1986). Elec­ 
tromagnetic geophysics such as EM-34 and VLF will be

used to detect conductive plumes that may be mov­ 
ing from the site. The hydraulic properties of the uncon- 
solidated material In the vicinity of the landfills will be 
defined and mapped by analyzing stratlgraphic logs, 
slug tests, and borehole geophysics. Split-spoon sam­ 
ples obtained during test drilling will be analyzed for 
grain-size distribution. Water-table altitudes In the vicin­ 
ity of the landfills will be mapped from data collected 
above. Seepage runs on surface waters In the vicinity 
of the landfills will be conducted to define gaining and 
losing reaches during basefiow conditions. Wells will be 
sampled and analyzed for nutrients, major Ions, trace 
elements, and organic compounds. Numerical models 
will be applied to evaluate movement of contami­ 
nants away from the landfills. A generalized work plan 
will be produced as a guide for future work.

PROGRESS: The first draft of the Interpretive report Is 
complete. It describes the hydrogeology, simulated 
ground-water flow, and the ground-water quality at 
the two landfills. The chemical composition of contami­ 
nated ground water and Its areal extent are 
described. A journal article was published In Ground 
Water Monitoring and Remediation In February 1993. 
Project is complete except report.

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

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

PROJECT CHIEF:
James B. Shanley

PERIOD OF PROJECT:
Continuous since October 1990

FUNDING SOURCE: USGS Global Change Hydrology Pro­ 
gram

PROBLEM: Heightened concern over the possibility of 
global warming and other global environmental 
change has generated attempts to predict the conse­ 
quences of these changes on global ecosystems. The 
current state of knowledge on the interrelations of 
hydroioglc, energy, and biogeochemical processes Is 
insufficient to adequately model these processes. A 
better understanding of Water, Energy, and Blo- 
geochemicai Budgets (WEBB) is needed over a range 
of scales, in a representative cross-section of global 
ecosystems.

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

APPROACH: A hiilsiope in a small forested basin will be 
intensively instrumented to track the movement of 
water and solutes, measure trace gas fluxes, and estab­ 
lish energy budgets. A time-domain reflectometry (TDR) 
system will be installed to monitor changes in soil mois­ 
ture. Soil water will be sampled by non-tension iysimeters 
and analyzed for major solutes and isotopes of carbon 
and oxygen. The spatial sampling density will increase

downslope toward the stream. This design will provide 
the best possible observations of the evolution of rain­ 
water and snowmelt chemistry to streamwater chemis­ 
try. In conjunction with the on-site energy budget, and 
with continuous monitoring of physical and chemical 
parameters, the processes responsible for the genera­ 
tion of streamflow and streamwater quality will be iden­ 
tified. The shifting importance of hydroiogic flowpaths 
and biogeochemical processes as basin scale increases 
will be evaluated with chemical and isotopic data from 
higher-order basins.

PROGRESS: Although budget restraints limited new 
instrumentation, existing data-collection activities were 
continued and Improved quality-control measures 
were implemented. Quality control was facilitated by 
the initiation of a customized database system, which 
allows efficient storage, retrieval, and editing of physi­ 
cal and chemical data. In W-9, the small forested 
headwater basin, new weirs were installed on each of 
the three tributaries that join just above the main weir. 
Flow data from these sites have helped to improve our 
understanding of hydroiogic processes in W-9, the most 
intensively-monitored watershed within the WEBB 
project. Chemical sampling increased during Fiscal 
Year 1993. About 700 water samples were collected for 
analysis of major constituents. About one-half the sam­ 
ples were analyzed at the USGS, Albany, New York lab, 
and about one-half at the Cold Regions Research and 
Engineering Laboratory (CRREL) in Hanover, New 
Hampshire. Most of the additional sampling took place 
during the snowmelt season, when sampling was inten­ 
sified at W-2 (the agricultural basin), and W-3 and W-5
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(the larger mixed land-use basins) relative to previous 
years. Also, four snowmelt lysimeters were deployed to 
monitor the temporal variation of meltwater chemistry 
and oxygen-18. The oxygen-18 data from the meltwa­ 
ter and stream samples at the four watersheds were 
used to demonstrate that shallow flowpaths Increase in 
importance as basin size Increases and (or) as land use 
changes from forested to agricultural. These data rep­ 
resent the basis for at least one journal article and one 
conference presentation. Collaboration with CRREL 
USGS-NRP, and university researchers continued to be 
a major aspect of the Sleepers River WEBB project. 
Progress was made on data Interpretation which will 
lead to journal publications.

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

and to address energy-balance question at Sleepers 
River. Make radiation measurements at several sites 
and perform additional snowmelt stratigraphy and 
snowmelt hydrology work. Upgrade the Sleepers River 
long-term meteorological monitoring network, which 
will expand and modernize all 13 meteorological sites 
and allow real-time data acquisition over phone lines 
via radiofrequency (RF) data transmission by Fiscal 
Year 1995. Make most of the sites on-line In Fiscal Year 
1994. Interface ail USGS data loggers with radios for 
data transmission to the base station. Use the RF system 
for remote monitoring (i.e., from the Montpelier office) 
of hydrologlc conditions. Develop a large-scale (1:600) 
base map for W-9, and if budget permits, for W-2. Tar­ 
get the area(s) and fly them May 1994. Incorporate the 
three years of physical data collected to date Into the 
new data base system.
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Saco and Ossipee Basin / NH047

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

PROJECT CHIEF:
Richard B. Moore

PERIOD OF PROJECT:
October 1990 to September 1994

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

PROBLEM: Rapid growth and increased development in 
New Hampshire have increased the demand for pota­ 
ble water. Ground water in stratlfied-drift aquifers is 
capable of supplying large amounts of high-quality 
water, but is susceptible to contamination from various 
sources.

OBJECTIVE: (1) Describe the physical and geohydro- 
iogic properties of sand and gravel aquifers in the study 
area. (2) Assess ground-water availability and potential 
yields of sand and gravel aquifers in the area. (3) Evalu­ 
ate, for a large selected aquifer, the hydroiogic impacts 
of ground-water development on water levels and 
base flow of streams. (4) Determine background water 
quality In the stratified-drift aquifers.

APPROACH: Existing data on quality and altitude of 
ground-water, and saturated thickness and stratigra­ 
phy of aquifers will be compiled. A well and spring 
inventory will be conducted. The extent and saturated 
thickness of stratified-drift aquifers using data obtained 
from seismic refraction, continuous seismic reflection, 
and test drilling will be mapped. Hydraulic properties of 
aquifers from information gathered during drilling, from

pump tests, and analyses of stratigraphic logs will be 
mapped. Water-table altitudes in the aquifers will be 
mapped. Sources of recharge to and discharge from 
the aquifers will be identified by measuring ground- 
water altitudes. A numerical technique will be used to 
estimate the impacts of ground-water development 
and long-term aquifer yield. Selected wells and springs 
will be sampled to define natural variation in water 
quality in the aquifers. The results of data collection 
and interpretation will be presented in a report.

PROGRESS: Drilling was completed at 25 sites during the 
year. Eight lakes or ponds were studied with the seismic 
refraction technique. Four weeks of seismic refraction 
data collection was completed. Data for 306 newly 
constructed wells, field located by the U.S. Geological 
Survey, were loaded from the New Hampshire State 
data base to our Ground Water Site Inventory (GWSi) 
data base. Four weeks of aquifer boundary mapping 
and site selection were completed last year. Water- 
quality samples were collected at 29 sites within the 
study area (25 wells and 4 springs).

PLANS NEXT YEAR: Complete the review process and 
the report submit report for Director's approval.
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Upper Connecticut River Basin / NH048

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

PROJECT CHIEF:
Joseph R. Olimpio

PERIOD OF PROJECT:
January 1991 to December 1994

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

PROBLEM: Rapid growth and increased development in 
New Hampshire have increased the demand for pota­ 
ble water. Ground water In stratlfled-drlft aquifers is 
capable of supplying large amounts of high-quality 
water.

OBJECTIVE: (1) Describe the physical dimensions and 
geohydroiogic properties of sand and gravel aquifers in 
the study area. (2) Assess ground-water availability and 
potential yields of sand and gravel aquifers in the area. 
(3) Determine water quality in the sand and gravel aqui­ 
fers.

APPROACH: Existing data on elevation of ground 
water, and saturated thickness and stratigraphy of 
aquifers will be compiled. A well and spring inventory 
will be conducted. The extent and saturated thickness 
of stratified-drift aquifers using data obtained from seis­

mic refraction, test drilling, and existing well logs will be 
mapped. Hydraulic properties of aquifers from informa­ 
tion gathered during drilling, from pump tests, slug 
tests, and analyses of stratigraphic logs will be 
mapped. Water-table elevations In the aquifers will be 
mapped. Sources of recharge to and discharge from 
the aquifers will be identified by measuring changes in 
streamfiow and ground-water altitudes. Analytical or 
numerical modelling techniques will be used to esti­ 
mate the impacts of ground-water development on 
aquifer yield. Selected wells will be sampled to define 
natural water quality in the aquifers. The results of data 
collection and Interpretation will be presented in a 
report.

PROGRESS: Aquifer boundaries were field-checked In 
some areas of question. Report outiine was prepared 
and report draft was begun.

PLANS NEXT YEAR: Prepare report for colleague review.
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Tributary Loads to Lake Champlain from Tributary Streams / NH049

PCB and Trace Metal Loads to Lake Champlain 
from Tributary Streams

PROJECT CHIEF: 
John A. Colman

PERIOD OF PROJECT: 
April 1992 to September 1996

FUNDING SOURCE: USGS Federal Funds

PROBLEM: Water quality of Lake Champlain is being 
Investigated under provisions of the Lake Champlain 
Special Designation Act. One of the concerns listed In 
the act is the effect of toxic materials on human and 
ecosystem health. Of the many toxic materials which 
might be of concern for Lake Champlain, mercury and 
PCBs represent a particular problem. Concentrations 
of these materials In some fish species have exceeded 
the U.S. Food and Drug Administration limits for safe 
consumption.

OBJECTIVE: Quantify the tributary inputs of trace metals 
and PCBs to Lake Champlain and to observe time 
trends In Inputs. Specific objectives are (1) assess the 
concentrations of PCB's and trace metals in surficial 
streambed sediment of tributaries to Lake Champlain 
and scan samples of the same for the presence of 
hydrophoblc organic compounds, (2) assess the contri­ 
bution of PCB's In near-shore bed sediments from adja­ 
cent tributaries by comparing fingerprints of PCB 
congeners from the near-shore and tributary sedi­ 
ments, (3) determine tributary loads and trends of 
PCB's and trace metals to Lake Champlain by monitor- 
Ing streamflow and constituent concentration at tribu­ 
taries.

APPROACH: Streambed material of the 34 or so princi­ 
pal tributaries will be collected near their confluences 
with the lake during low stream flow. Analysis of these 
samples will determine which streams are important for 
tributary transport of hydrophobic materials. Near-

shore samples of fine-grained deposits will be obtained 
for analysis of PCB cogeners and organic carbon. Only 
sediment surficial samples will be collected for compari­ 
son with the tributary samples. Following the 
streambed work, water samples will be collected at 
selected tributaries on a monthly basis. In addition, 
samples will be taken during several high-flow events 
including spring snow pack melting. Field parameters 
of temperature, conductivity, alkalinity, and pH will be 
recorded at each sampling. Load computation will be 
accomplished using a seven parameter regression 
model. Trends will be computed using the method of 
Hirsch and others.

PROGRESS: The bed sediments of 80 plus streams were 
sampled this year for 40 trace metals including mercury 
and for PCB cogeners. The results of the mercury analy­ 
ses are back from the lab. The remaining elements are 
due from the lab shortiy. One stream sample had a 
mercury concentration of 3.6 parts per million. The sam­ 
ple was taken from a mining area. Analysis of PCB's In 
the bed sediments has been completed for the in-lake 
samples only. The analytical work is continuing for the 
stream sediments.

PLANS NEXT YEAR: Analyze the results of the collected 
samples during the coming year. Prepare report based 
on the results of the bed sediment sampling, and sub­ 
mit for colleague review and Director's approval. Begin 
water column work, depending on status of funding.
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USEPA Technical Assistance

PROJECT CHIEF:
John Cotton

PERIOD OF RECORD:
Continuous since 1988

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

PROBLEM: Hydrogeologlcal technical assistance is 
needed by the U.S. Environmental Protection Agency 
(USEPA), Region I, Waste Management Division, for 
ongoing project work at New England Superfund sites. 
USEPA's Waste Management Division is faced with the 
task of understanding complex hydrologic environ­ 
ments in order to propose remedial action at hazard­ 
ous waste sites. The U.S. Geological Survey (USGS) can 
provide technical assistance and consultation to 
USEPA on problems related to ground-water hydraulics, 
surface-water monitoring, water-quality sampling, and 
analysis of hydrologic systems in general.

OBJECTIVE: Provide data collection and geohydrologic 
investigations for USEPA at Superfund sites and techni­ 
cal assistance and report review at other sites as 
needed.

APPROACH: USGS personnel will offer advice to USEPA 
site managers on proper scopes of technical work at 
Superfund sites. The work will also Include review of 
remedial investigation/feasibility studies (RI/FS), work- 
plans, technical summaries, and final drafts for techni­ 
cal content and accuracy. USGS personnel will also 
participate in technical meetings and negotiations 
with USEPA contractors and responsible parties. The

USGS will do Investigations, as requested by USEPA, to 
help fulfill the goals of the Superfund Program. Activi­ 
ties by the USGS may include borehole logging, sur­ 
face geophysical surveys, aquifer testing, and 
hydrologic analysis of Superfund sites.

PROGRESS: At the Gllson Road, Nashua, New Hamp­ 
shire site, one continuous and five non-continuous 
streamgages were operated. For the Keyes Well, Mil- 
ford, New Hampshire site, a Water-Resources Investiga­ 
tions Report received colleague review. For the OK 
Tool (Savage Well), Mllford, New Hampshire site, an 
Open-File Report is nearly complete. Plans are being 
finalized for additional ground-water-flow modeling. 
For the New Hampshire Plating, Merrlmack, New Hamp­ 
shire site, an administrative report and a journal article 
received colleague review. For the Country Pond, King­ 
ston, New Hampshire site, an administrative report was 
drafted to report well installation and ground-water 
sampling results.

PLANS NEXT YEAR: Continue review of documents as 
requested by USEPA. Continue streamgaging at Gllson 
Road. Continue water quality sampling at Country 
Pond. Continue geophysical and ground-water-flow 
investigations at OK Tool. Begin geophysical and sur­ 
face-water monitoring work at Pine Street Canal site in 
Burlington, Vermont.
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Flints Pond Geohydroiogy / NH051

Geohydrology of the Flints Pond Aquifer, Hollis, New Hampshire

PROJECT CHIEF:
Joseph D. Ayotte

PERIOD OF PROJECT:
January 1993 to September 1994

COOPERATOR(S): New Hampshire Department of Envi­ 
ronmental Services, Water Supply and Pollution Control 
Division, Biology Bureau

PROBLEM: Flints Pond in Hollis, New Hampshire, has 
been subject to accelerated eutrophication as a result 
of shoreline and watershed development and associ­ 
ated nutrient loading over the past 60 years. Dense 
growth of milfoil and other aquatic plants have greatiy 
reduced the recreational usability of the pond. The Biol­ 
ogy Bureau of New Hampshire's Department of Environ­ 
mental Services, Water Supply and Pollution Control 
Division is proposing to conduct a nutrient budget 
study as an initial step toward establishment of a reme­ 
diation plan designed to improve the pond's trophic 
status. Because the pond is fed primarily from ground- 
water sources, the Bureau has sought the assistance of 
the U.S. Geological Survey, New Hampshire/Vermont 
District, in quantifying the ground-water flow regime in 
the vicinity of the pond. The District has previously 
undertaken stratified-drift aquifer assessment and map­ 
ping in the area.

OBJECTIVE: Characterize the ground-water flow system 
in the stratlfled-drift deposits in the vicinity of Flints Pond.

APPROACH: Depth to bedrock and thickness of strati- 
fied-drlft will be determined by conducting ground- 
penetrating radar (GPR) surveys across the valley at 
seven locations. Bedrock, water table, wetland depos­ 
its, and thickness of bottom sediments will be mapped 
using GPR. Thickness of wetland sediments will be deter­ 
mined by probing, through ice cover, when necessary.

Water-level measurements will be obtained from 
about 24 wells to be installed In a grid pattern near the 
GPR surveys. Staff gages will also be installed in the 
pond and at the culverts on Pine Hill Road and Broad 
Street. The altitude of all wells and gages will be sur­ 
veyed to a common datum. Grain-size distribution of 
materials within the stratified-drift deposits will be deter­ 
mined by analyzing split-spoon samples obtained from 
the test holes at 16 shallow well sites and from the five 
deep test holes drilled to refusal. Transmissive charac­ 
teristics of the deposits will be determined by two meth­ 
ods: hydraulic conductivity values assigned based on 
the grain-size analyses and hydraulic conductivity 
values calculated from slug tests in both the shallow 
and deep weiis.

PROGRESS: Over five miles of GPR data collection were 
completed. More than 20 wells (or borings) were 
Installed. Elevations of all wells were determined and 
water levels were monitored. Slug tests were per­ 
formed at ail wells. Approximately 50 percent of report 
has been completed. An abstract was approved for 
publication in a proceedings to a 1994 symposium.

PLANS NEXT YEAR: Complete the report titled "Geohy­ 
drology of the Flints Pond Aquifer, Hollis, New Hamp­ 
shire," by J.D. Ayotte and T.H. Dorgan. Write and 
receive Director's approval for journal article for pro­ 
ceedings to 1994 Symposium on the Application of 
Geophysics to Engineering and Environmental Prob­ 
lems, March 1994, Boston, Massachusetts.
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26 Ganneston Drive
Augusta, ME 04330
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(401) 331-9050

Ivan C. James, II
Area Hydrologist for New England Programs

U.S. Geological Survey, WRD
28 Lord Road, Suite 280

Marlborough, MA 01752
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Office of the Area Hydrologist 
U.S. Geological Survey, 
Water Resources Division 
28 Lord Rd., Suite 280, 
Marlborough, MA 01752
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