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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To Obtain
Length
inch (in.) 2.54 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square foot (ft?) 0.09290 square meter
square mile (mi%) 2.590 square kilometer
Volume
cubic foot (ft*) 0.02832 cubic meter
gallon (gal) 0.003785 cubic meter
Flow
cubic foot per second (ft*/s) 0.02832 cubic meter per second
gallon per minute (gal/min) 0.06308 liter per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second
Transmissivity
cubic foot per day per square foot 0.09290 cubic meter per day per
times foot of aquifer thickness square meter times meter of
(YR (reduces to ft/d) aquifer thickness

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic datum
derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called
Sea Level Datum of 1929.



Yields and Water Quality of Stratified-Drift
Aquifers in the Southeast Coastal basin,
Cohasset to Kingston, Massachusetts

By James H. Persky

ABSTRACT

The southeastern coastal area of Massachusetts (105
square miles) between Cohasset and Kingston is
drained into Massachusetts Bay by several small riv-
ers and coastal streams, including the North, South,
and Jones Rivers. The major aquifers are stratified
sand and gravel deposits of glacial origin. The yields
from intercepted ground-water discharge and induced
streamflow infiltration were determined for 21 major
aquifers in the basin. Of these aquifers, 14 had a
sustainable yield of at least 1.0 Mgal/d (million gal-
lons per day) 80 percent of the time, and 10 had a
sustainable yield of at least 1.0 Mgal/d 99 percent of
the time. The two aquifers with the highest yields are
the two aquifers with the greatest areal extent. The
yields of the Duxbury Coastal and Kingston Coastal
aquifersare 6.5 and 5.2 Mgal / d 80 percent of the time,
and are 4.9 and 3.9 Mgal/d 99 percent of the time.
Ground water was withdrawn from 14 of the aquifers
for public supply in 1986; surface water was with-
drawn in the recharge area of one of the other seven
aquifers.

Twenty-seven water samples from 19 wells and the
Jones River were analyzed for physical properties,
common constituents, nutrients, selected trace ele-
ments, and phenols. The samples had pH values rang-
ing from 5.2 to 7.5, meaning the water was slightly
acidic and mildly corrosive to plumbing. The water is
characterized as soft; all but one sample had a hard-

ness of less than 60 milligrams per liter (as calcium
carbonate). Alkalinity generally reflected a poor ca-
pacity to neutralize acid. Sodium was the dominant
cation in most samples; chloride was generally the
most abundant anion, but bicarbonate or sulfate was
most abundant in several samples. Sodium concen-
trations in water samples from four wells exceeded the
Massachusetts Department of Environmental Protec-
tion drinking-water standard of 20 milligrams per
liter. Iron concentrations exceeded the U.S. Environ-
mental Protection Agency secondary drinking-water
standard of 300 micrograms per liter in seven wells
and the Jones River; the secondary drinking-water
standard of 50 micrograms per liter for manganese
was exceeded in 10 wells and the Jones River. The
highest phenol concentration detected was 12 micro-
grams per liter.

Water samples from 12 wells were tested for 36 volatile
organic compounds. Methyl chloride was detected in
two wells, at concentrations of 4.7 and 5.4 micrograms
per liter; trichlorofluoromethane was detected in one
well at a concentration of 4.3 micrograms per liter.
Pesticides were not detected in water samples from two
wells beside cranberry bogs.

INTRODUCTION

The southeastern coastal area of Massachusetts be-
tween Cohasset and Kingston is drained into Massa-



chusetts Bay by several small rivers and coastal
streams, including the North, South, and Jones Rivers
(fig. 1). The combined 105 miZ drainage area of these
rivers and streams is referred to in this report as the
Southeast Coastal basin. All or part of 17 towns lie
within the Southeast Coastal basin; nine of these lie
mainly within the basin. Of the latter group, seven
towns receive at least part of their municipal water
supply from ground water. Cohasset and Rockland
rely on surface water from ponds and reservoirs, using
wells only as emergency sources. Scituate uses both
surface and ground water. In addition, two of the
three ponds that compose the main water supply for
Brockton and Whitman--communities in the adjacent
Taunton River basin--are in the Southeast Coastal
basin.

Rapid population growth in southeastern Massachu-
setts has increased the demand on public water sup-
plies. Brockton, which diverts about 40 percent of the
water pumped from the Southeast Coastal basin to the
Taunton River basin for public supply, has experi-
enced chronic water shortages; in 1986, the State
denied Brockton permission to increase the interbasin
transfer of water. Scituate, Marshfield, Abington,
Rockland, Duxbury, and Kingston reported to state
officials in 1982 that current supplies would be insuf-
ficient to meet peak demands in 1990 at the current
rate of growth (Massachusetts Division of Water Re-
sources, written commun., 1984). Marshfield, Kings-
ton, Brockton, Whitman, and Hanson declared water
supply emergencies in 1987 and several other towns
have imposed restrictions on use of municipal water.

As communities continue to grow and stresses on
public supplies increase, State and local officials are
coming under increased pressure to locate new sup-
plies of potable water and provide optimal manage-
ment of the existing supplies. To assess the capability
of the ground-water resources in the Southeast
Coastal basin to meet future demand, the U.S. Geolo-
gical Survey conducted a hydrologic study of the re-
sources. The main objectives of this study were to
delineate the major stratified-drift aquifers in the
basin and to estimate the potential sustained yield of
each aquifer--the amount of water that can be with-
drawn on a long-term basis without depleting the
aquifer. This study was conducted in cooperation with
the Massachusetts Department of Environmental
Management, Office of Water Resources, under Chap-
ter 800 Massachusetts legislation calling for quanti-
tative assessment of the State’s ground-water
resources.

Purpose and Scope

This report is an assessment of the amounts of ground-
water available from the major stratified-drift aqui-
fers in the Southeast Coastal water resources
planning basin which might be developed and sus-
tained over the long term. It describes the general
hydrogeology of the area, the source of water and the
hydrologic properties of the geologic materials. Maps
showing the distribution of saturated stratified drift
more than 40 ft thick and showing aquifer transmis-
sivity are included. Well construction and drilling
information collected since the previous investigation
(Williams and Tasker, 1974, sheet 2) were used to
verify or correct the aquifer distribution and transmis-
sivity map. A table of approximately 400 wells and
test borings is included in the report (table 7). The
sustainable yields of the major bodies of the mapped
stratified drift are estimated on a basis of flow of
streams draining them. Withdrawals are compared
with the aquifer yields available for different amounts
of time (duration). The causes of common ground
water-quality problems are described and a general
description of ground-water quality is summarized.

Previous Investigations

The geology and ground-water resources of towns in
the basin have been extensively explored, and are
described in numerous engineering reports by con-
sulting firms. The data from many of these reports
and from local well drillers are collected in Petersen
(1962), Maevsky and Drake (1963), and Williams,
Willey, and Tasker (1975). The geology in parts of the
basin was mapped by Chute (1965a, 1965b) and Shaw
and Petersen (1967). Williams and Tasker (1974)
prepared U.S. Geological Survey Hydrologic Investi-
gations Atlas HA-504 assessing the basin’s surface-
and ground-water resources as part of a Statewide
cooperative program between the Massachusetts Of-
fice of Water Resources and the U.S. Geological Sur-
vey. The U.S. Department of Agriculture (1982) and
the Massachusetts Water Resources Commission, Di-
vision of Water Pollution Control (1975) have pre-
pared planning reports for water-resource
management in the North and South River basins.
Surface-water-quality classifications for the North
and South Rivers were presented by the Metropolitan
Area Planning Council (1977, p. 403-420). The Har-
vard Graduate School of Design (1977) outlined land-
management methods for the tide-influenced portion
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Figure 3.--Water-level fluctuation in Hanson well 76 and Duxbury well 79.

additional wells and test borings drilled during 1972-
86. Most of these holes were drilled during explora-
tion for public water supplies. Descriptions of the
wells and borings are included in table 7 at the back
of this report; their locations are shown in plate 1. The
average horizontal hydraulic conductivity of the un-
consolidated material at each site was estimated from
sediment grain size recorded in the borehole log, using
a table that relates aquifer grain size to hydraulic
conductivities measured with aquifer tests and esti-
mated from specific capacities of test wells (Brackley
and Hansen, 1977, sheet 2). The transmissivity at the
site was then calculated by multiplying the hydraulic
conductivity by the saturated thickness of the un-
consolidated material. Seismic-refraction surveys
conducted for this study along Fountainhead Brook in
Kingston and surveys conducted in Hanover by Wes-

ton Geophysical Engineers, Inc., were also used to
estimate saturated thickness.

The transmissivity contours mapped by Williams and
Tasker (1974, sheet 2) were generally retained where
no new data were available. Therefore, plate 1 differs
from the previous map mainly in Marshfield,
Duxbury, and Kingston, the towns most active in test
drilling in the intervening years. In these towns, new
data indicate that areas of high-transmissivity depos-
its are less extensive than those mapped by Williams
and Tasker (1974, sheet 2). Transmissivities were
found to be higher than indicated by the previous map
in the vicinities of the Church Street, Ferry Street,
and Union Street #1 wells (Marshfield 266, 292, and
291) in Marshfield, and in small areas in central and
western Duxbury. New data for the other towns in the
basin do not indicate any significant re-definition of



the transmissivity mapped by Williams and Tasker
(1974, sheet 2).

In order to provide an overview of ground-water avail-
ability in the basin, plate 2 shows the location of
unconsolidated stratified deposits that had both a
transmissivity of at least 1,350 ft%d and a saturated
thickness of at least 40 ft. Forty ft was chosen as a
reasonable cut-off value for saturated thickness, to
allow for a 10-ft-long well screen, 20 ft of drawdown,
State regulations that require public-well screens to
be submerged by at least 5 ft, and a 5-ft margin for
water-level fluctuations caused by meteorological fac-
tors.

The areas mapged on plate 2 with transmissivities of
at least 4,000 ft°/d are the areas most likely to support
public-supply wells. The locations of current public-
water supplies in the Southeast Coastal basin are
shown in plate 2. Plate 2 shows that some town wells
had been sited in aquifers less than 40 ft thick. For
example, Norwell’s Washington Street wells (Norwell
327 and 328) pump from 35 ft of sand and gravel.
Moderate yields can also be obtained from shallow,
transmissive deposits with well fields of several small
diameter wells pumped on a common suction line.
The Mt. Skirgo (Marshfield 25) and Webster #2
(Marshfield 198 to 204) pumping stations in
Marshfield are wellfields used to limit drawdown
where an aquifer is less than 40 ft thick.

In some areas, recharge to the high-transmissivity
deposits may not be adequate to sustain steady flow
of water to a well. Land use, such as industrial and
residential development or siting of landfills and sew-
age-disposal sites, may render some areas unsuitable
for public-supply wells.

As the towns in the basin have conducted extensive
test drilling, it is unlikely that any large areas of
high-transmissivity material remain to be found in
the basin. However, the thickness and transmissivity
of the stratified material underlying till in northern
Marshfield (fig. 2) are still largely unknown.

DELINEATION OF THE MAJOR
STRATIFIED-DRIFT AQUIFERS

The major aquifers in the Southeast Coastal basin
were delineated on the basis of a minimum transmis-
sivity of 1,350 ft>/d and a minimum saturated thick-
ness of 40 ft (pl. 2). Most of the aquifers were named
for the streams that drain them. In Duxbury and

Kingston, the extensive sand-and-gravel deposits that
drain to the ocean or to small coastal streams were
named the Duxbury Coastal and Kingston Coastal
aquifers. In all, 21 major aquifers were delineated.

The large areas of aquifer material in Marshfield,
Kingston, Pembroke, and Hanson (pl. 2) underlie
more than one surface-drainage basin. These areas
were divided into several aquifers based on surface
drainage because insufficient water-table data were
available to define ground-water divides. The Her-
ring Brook aquifer is defined as only that part of the
large sand sheet in Pembroke and Hanson that is
drained by Herring Brook. The Pudding Brook aqui-
fer lies between Pudding Brook and Robinson Creek
in Pembroke; ground water from the aquifer dis-
charges to both streams. The Green Harbor Brook
aquifer in Marshfield includes deposits in which
ground-water flow is toward the ocean rather than
Green Harbor Brook. The Upper Jones River aquifer
includes not only part of the Jones River Valley, but
also the basins of Fountainhead Brook and two un-
named tributaries. The Halls Brook aquifer includes
the materials along the tributaries Mile Brook and
Bassett Brook.

In areas where deposits of aquifer material underlie
more than one surface-drainage basin, the locations of
the surface-water and ground-water divides may not
be coincident, especially if there is pumping near the
surface-water divide. For example, from interpreta-
tion of geologic and seismic-refraction data along
Fountainhead Brook in Kingston, ground-water flows
beneath the surface-water divide and recharges the
part of the aquifer tapped by the South Street well
(Kingston well 42) in the Furnace Brook basin. For
this study, however, surface-water and ground-water
divides were assumed to coincide.

The location and areal extent of the aquifers reflect
the geology of the basin. The northern half of the
basin is characterized by small aquifers that lie along
river valleys between till uplands. The southern half
of the basin includes the extensive outwash and ice-
contact deposits that comprise the Herring Brook,
Duxbury Coastal, and Kingston Coastal aquifers.

GROUND-WATER DISCHARGE AND
FLOW DURATION

In the Southeast Coastal basin, ground water contin-
uously discharges to streams, except when the
ground-water level drops below the level of the
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streambed as a consequence of pumping or reduction
in recharge. The component of streamflow contrib-
uted by ground-water discharge is called base flow.
When no precipitation has occurred in a stream basin
for several days, the water in the stream consists
almost entirely of base flow (some base flow may also
be released from storage in ponds or wetlands). The
stream is then said to be under base-flow conditions.

Figure 4 shows ﬂow-duratlon curves for the period of
record (water years 1969-87) for the two U.S. Geolo-
gical Survey continuous-record streamflow sitesin the
Southeast Coastal basin, the Indian Head River® at
Hanover and the Jones River at Kingston. The loca-
tions of these sites are shown in figure 5. These curves
show the percentage of time that streamflow can be
expected to equal or exceed a given value.

In glaciated terranes like the study area, the shape of
a stream’s flow-duration curve depends, in part, on the
basin geology. For example, a greater percentage of
the Jones River basin is covered with stratified drift
than the Indian Head River basin. Although both
basins receive about the same amount of precipita-
tion, more of this water can infiltrate the sandy soil to
recharge the ground water in the Jones River basin.
This leaves less water available as surface runoff;
thus, during high-flow conditions, the Jones River has
less discharge per square mi of drainage area than the
Indian Head River. During base-flow conditions, how-
ever, the Jones River has a greater discharge per
square mi of drainage area than the Indian Head
River, because the stratified drift has retained ground
water that is later available for discharge to the
stream. Rivers in basins covered primarily by strati-

2 Water year begins October 1 of the previous calendar year and ends September 30.
8 Indian Head River is the name given to the portion of the North River that is not tide-influenced.

9



fied drift tend to have duration curves with flatter
slopes than rivers in basins covered primarily by till
or bedrock. On the basis of the relation of base flow
to surficial geology, several studies in New England
have used the areal extent of stratified drift in basins
to estimate the low-flow characteristics of streams
(Thomas, 1966; Tasker, 1972; Cervione and others,
1982; Weiss, 1983).

Streamflow measurements were made at 29 sites to
obtain data on ground-water discharge from strati-
fied-drift aquifers (fig. 5); the measurements are listed
in table 1. Measurements made under base-flow con-
ditions are marked with an asterisk and reflect the
ground-water discharge in the stream basins. Plate 2
shows the location of the measurement sites in rela-
tion to the major aquifers. Many streams in the study
area are regulated for flood control or irrigation of
cranberry bogs, especially in the Jones River basin.
Flow measurements of regulated streams may not
accurately reflect natural flow conditions. During
extreme low flows, the velocities of some streams were
below the calibrated range of the current meter; there-
fore, some of the measurements may slightly under-
estimate the actual streamflow.

The duration of the measured flows at the 29
streamflow sites could not be directly determined
because continuous streamflow records were not
available. All flow measurements were indexed to the
duration of the concurrent flow at a continuous-record
streamflow site in order to estimate the flow duration.

Most of the streamflow measurements were made
during a period of very low flow. The concurrent flows
at the Indian Head River at Hanover were exceeded
97 percent of the time. Many of the measurements in
the Jones River basin were made when the flow of the
Jones River at Kingston was at a level exceeded 94
percent of the time. These low flows indicate the
capacity of the surficial deposits to sustain ground-
water discharge to the streams, which is one measure
of aquifer yield.

The difference between low-flow and extreme low-flow
conditions can be dramatic. For example, base-flow
measurements were made on the South River and
several streams in the North River basin on August
14, 1987. The same sites were measured again on
August 25, after 11 additional days with no rain.
During this period, the flow in Third Herring Brook
below M111 Pond near Hanover dropped from 1.4 to
0.09 ft2 /s, Herrmg Brook at Pembroke dropped from
6.3 to 1.4 ft° /s, and the South River at Marshfield
dropped from 3.6 to 0.46 ft 3s.

10

Most of the major aquifers in the Southeast Coastal
basin lie along tributaries to the North, South, and
Jones Rivers; the tributaries are small, often only a
few ft in width, and drain small areas. As a result, the
discharge from most of these streams during low-flow
conditions is small. Asa reference point for the dis-
charge values in table 1, 0.67 ft3 is equivalent to 300
gal/min, the amount of water that Williams and Tas-
ker (1974, sheet 2) estimated a well would y1e1d if sited
in material with a transmissivity of 4,000 ft%/d. Some
streams in basins underlain primarily by stratified
drift have a fairly high discharge per square mi of
drainage area, though the drainage area is small

Furnace Brook in Kingston is an example with slightly
more than 1 ft¥s at 96 percent flow-duration.

YIELDS OF THE MA.JOR
STRATIFIED-DRIFT AQUIFERS

Approach

Base-flow measurements reflect ground-water dis-
charge within a drainage basin. Streamflows mea-
sured at the downstream end of an aquifer include
surface runoff from the upstream portion of the drain-
age basin (water that could be induced to recharge a
well beside the stream) and ground-water discharge
from the aquifer (water that could be intercepted by a
well before it discharges to the stream). These are the
principal components of the long-term yield of the
aquifer.

Ground-water storage in the aquifer is a minor com-
ponent of the long-term aquifer yield, but it can supply
a substantial short-term yield. During drought con-
ditions, most water pumped from an aquifer is derived
from storage. Pumping from storage for long periods
can cause the water level in the aquifer to decline
substantially. Depletions of ground-water storage are
usually restored annually by recharge during the non-
growing season--thus water that replenishes storage
is not available for ground-water discharge.

In this study, long-term aquifer yields, considered to
be equivalent to the total volume of intercepted
ground-water discharge and induced infiltration
available from streamflow, were determined using
base-flow analysis. Like streamflow, aquifer yields
can be considered to have durations; a greater yield is
available 80 percent of the time than is available 99
percent of the time. The yields available 80, 90, 95,
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and 99 percent of the time were determined for the 21
major aquifers in the Southeast Coastal basin.

Streamflow at 80, 90, 95, and 99-percent flow duration
was determined for 14 sites in the basin. One site was
the continuous-record gage on the Indian Head River
at Hanover. At each low-flow site, flows were related
to concurrent flows at a continuous-record site using
the technique described by Searcy (1959, p. 12-21).
Low-flow measurements made for this study (table 1)
and previous measurements reported by Petersen
(1962), Williams and Tasker (1974), or Johnson (1986)
were included in the data sets for the concurrent-flow
analysis. Sites in the North and South River basins
were generally related to the Indian Head River at
Hanover, and sites in the Jones River basin were
generally related to the Jones River at Kingston; Her-
ring Brook in Pembroke was related to the Jones River
at Kingston, because the basin geology is more typical
of the Jones River basin. Two sites were related to the
Wading River at Norton (a tributary of the Taunton
River), because most of the measurements at these
sites were made before the Indian Head River and
Jones River gages were established.

The flows determined using the Searcy method were
adjusted to add or subtract diversions upstream from
the measurement sites. Half of the water diverted
from the Herring Brook Basin and the Cushing Brook
Basin was estimated to come from storage during
low-flow conditions; the adjusted flows do not include
this water.

Five of the low-flow sites were at or near the down-
stream ends of the Indian Head Brook, Herring Brook,
Pine Brook, Furnace Brook—Kingston, and Halls
Brook aquifers. The adjusted flows were used as the
values of the yields of these aquifers.

Several studies have shown a relation between low
flows and the percentage of a drainage basin that is
covered with coarse stratified drift (Thomas, 1966;
Tasker, 1972; Cervione and others, 1982; Weiss, 1983).
On the basis of this relation, linear regression was
used to develop a method to estimate aquifer yields at
sites where few or no low-flow measurements were
available. The adjusted flows divided by drainage
area were used as the values of the dependent variable
in the regression analysis.

Linear regression analysis, in which the percentage of
coarse stratified-drift was the only independent vari-
able, did not accurately estimate low flows in the
Southeast Coastal basin; neither did the methods
established by Thomas (1966), Cervione and others
(1982), and Weiss (1983). A second independent vari-
able--the percentage of the drainage area covered by
surface water, wetlands, and cranberry bogs--was
added to the regression analysis to account for water
losses owing to evaporation. These losses affect the
flows measured at low-flow sites and, therefore, affect
estimates of aquifer yields.

The values of the percentage of the drainage area
covered by coarse stratified drift were obtained by
digitizing the areas mapped on é)late 1 as having a
transmissivity of at least 1,350 ft“/d. Areas where till
overlays stratified drift were assumed to be underlain
by the same ratio of coarse to total stratified drift as
the remainder of the basin. The till areas were mul-
tiplied by this ratio; the resulting values were added
to the areas of mapped coarse stratified drift in each
basin.

Regression of these two independent variables against
the adjusted flows for the 14 measured sites produced
the following equations:

Qso = A [ 0.0152 C — 0.0338 W + 0.632 |  (R? = 0.83) (SEE = 0.17), )
Qoo = A [ 0.0156 C — 0.0293 W + 0.364 |  (R? = 0.89) (SEE = 0.13), @
Qos = A [ 00153 C - 0.0260 W + 0241 ]  (R%®=0.89) (SEE = 0.12), and @)
Qoo = A [ 0.0154 C - 0.0220 W + 0.0814 | (R = 0.89) (SEE = 0.12), @



where

Qu =
A = drainage area, in square mi;
C =

in percent;
W =

drainage area (A), in percent; and
R? = adjusted coefficient of determination
SEE = standard error of estimate.

In these equations, the coefficient for the coarse-strat-
ified-drift factor is effectively independent of flow du-
ration. The values of C for the 14 sites used in the
regression analysis ranged from 6.3 to 88.0, and the
values of W ranged from 6.3 to 32.0. Thus, the regres-
sion analysis includes most of the possible range of
values of C, and the equations should be valid for any
value of C; the equations may not be valid for basins
covered mainly by wetlands (a high value of W). The
highest value of W for any of the major aquifers in the
Southeast Coastal basin was 32.6.

R2, the square of the correlation coefficient, is also
called the coefficient of determination. It expresses
the fraction of the variability of the dependent vari-
able that can be explained by the variability of the
independent variables. For example, at 99-percent
flow duration, 89 percent of the variation in flow can
be attributed to the effects of the areal extent of coarse
stratified drift and the areal extent of surface water,
wetlands, and cranberry bogs. The values given for
R? are adjusted based on the number of samples (14)
and independent variables (2). The R? value at 80
percent flow duration is lower than at the other dura-
tions, probably because not all flow at 80 percent
duration is base flow.

The yields of 15 aquifers where few or no low-flow
measurements were available were estimated using
these equations. The Pudding Brook aquifer overlaps
the drainage basins of Pudding Brook and Robinson
Creek; for this aquifer, yields were determined by
adding adjusted flows for Pudding Brook to multiple-
regression results for Robinson Creek. All yield val-
ues were divided by 1.547 to convert them from cubic
ft per second to million gallons per day--units com-
monly used in reference to water supply.

Water that was part of the available yield for one
aquifer was not considered available for other aquifers
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flow at given percent flow duration (n), in cubic ft per second;

areal extent of coarse-grained stratified drift given as a proportion of the total drainage area (A),

areal extent of surface water, wetlands, and cranberry bogs given as a proportion of the total

downstream. Although part of the Duxbury Coastal
aquifer is drained by Green Harbor Brook, this part
and the area upstream from it were not considered
part of the recharge area of the Green Harbor Brook
aquifer for the calculation of its yield. The drainage
areas of the Pine Brook and Jones River Brook aqui-
fers, as well as the drainage area of Silver Lake which
supplies 5.9 Mgal/d to Brockton and Whitman, were
not considered part of the recharge area of the Upper
Jones River aquifer for the calculation of its yield.

Calculations for the Ben Mann Brook aquifer in Rock-
land were based on the yield available under natural
hydrologic conditions--as if the Hingham Street Res-
ervoir were not present. The available aquifer yield
is likely to be smaller, because some water stored in
the reservoir would otherwise recharge the aquifer.

In basins where till overlies stratified drift in most of
the drainage basin (fig. 2), the multiple-regression
method may not accurately estimate yields. To obtain
ayield estimate for the Littles Creek and Bares Brook
aquifers in Marshfield, the area mapped on plate 1 as
having a transmissivity of at least 1,350 ft %/d was used
in the regression method as the area] extent of coarse
stratified drift, when the material in that area was
either stratified drift or till overlying stratified drift.

Aquifer Yields

The sustainable yields potentially available from the
major stratified-drift aquifers in the Southeast
Coastal basin are shown in table 2. The two aquifers
with the highest yields are those with the greatest
areal extent of sand and gravel deposits. The
Duxbury Coastal and Kingston Coastal aquifers had
yields of 6.5 and 5.2 Mgal/d 80 percent of the time, and
yields of 4.9 and 3.9 Mgal/d 99 percent of the time,



Table 2.--Yields of stratified-drift aquifers in the Southeast Coastal basin from intercepted

ground-water discharge and induced infiltration from streamflow

[mi2, square miles; Mgal/d, million gallons per day]

Recharge Yield available for indicated Average

area percentage of time 1986

Aquifer (mi2) (Mgal/d) withdrawall
(Mgal/d)
80 90 95 99

Satuit Brook 1.61 0.7 0.5 0.4 0.3 0
Ben Mann Brook 1.04 3 2 2 2 20
Indian Head Brook 4.31 .6 4 4 2 0
Iron Mine Brook .81 .6 .5 4 4 31
Herring Brook 5.61 2.8 26 25 2.3 3,97
Pudding Brook 5.61 2.0 1.1 .8 4 0
Third Herring Brook 8.65 2.7 1.7 1.3 .8 1.22
Two Mile Brook 2.13 2.3 2.0 1.8 1.6 .45
First Herring Brook 5.70 3.2 25 21 1.7 41.15
Bares Brook 1.49 1.0 T .6 5 0
Furnace Brook--Marshfield 1.98 2.3 2.0 1.8 1.6 1.61
South River .68 .6 .6 .5 4 .04
Littles Creek 1.28 1.1 9 .8 q .68
Green Harbor Brook 1.75 1.7 1.5 14 1.2 A1
Duxbury Coastal 6.90 6.5 5.8 5.3 4.9 1.06
Jones River Brook .95 9 .8 .8 q 0
Pine Brook 4.81 N 5 .5 4 22
Upper Jones River 7.35 3.3 2.5 2.2 1.9 0
Furnace Brook--Kingston 1.98 2.4 2.1 2.0 1.9 .62
Halls Brook 3.93 2.7 2.1 1.8 1.5 12
Kingston Coastal 4.23 5.2 4.6 4.3 3.9 .32

and Furnace Pond.
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From Massachusetts Division of Water Supply (written commun., 1988).

0.85 million gallons per day of surface water also withdrawn, from Hingham Street Reservoir.

3.10 million gallons per day of surface water also withdrawn, from Great Sandy Bottom Pond

0.23 million gallons per day of surface water also withdrawn, from Old Oaken Bucket Pond.



Fourteen of the 21 aquifers had yields of at least
1.0 Mgal/d 80 percent of the time. Of these, 10 exceed
1.0 Mgal/d 99 percent of the time.

As an example of what these yields mean, table 2
shows that the Halls Brook aquifer has a yield of 2.7
Mgal/d 80 percent of the time. This is water that
potentially could be induced from streamflow to
recharge a well beside the stream or ground water
that could be intercepted before it discharges to the
stream. During the remaining 20 percent of the time,
less than 2.7 Mgal/d is available. In theory, if
2.7 Mgal/d were continually pumped from the aquifer
and not returned, during the 20 percent of the time
when the lowest flows occur, the stream would be dry
and pumping would deplete the ground-water storage
of the aquifer to make up the deficit. At 99-percent
flow duration, 1.2 Mgal/d would be pumped from
ground-water storage. During a prolonged drought,
continued pumping from storage could cause a signif-
icant decline in ground-water levels and dewater
much of the aquifer. This might cause wetlands and
shallow private-supply wells to go dry.

In order to prevent streams from drying up because of
pumping during low-flow periods, the withdrawal rate
would have to be limited to maintain a given
streamflow, such as the 95-percent flow duration. For
example, the flow at 95-percent flow duration for Halls
Brook is 1.8 Mgal/d (table 2). To maintain a
streamflow of 1.8 Mgal/d at 80-percent flow duration,
the water available for withdrawal would decline from
2.7 to 0.9 Mgal/d. The available yield at 90-percent
flow duration would decline to 0.3 Mgal/d, and, by
definition, no water would be available for pumping
at 95-percent streamflow duration. This water-man-
agement criterion has been described for other Mas-
sachusetts river basins (Lapham, 1988; de Lima,
1989).

Maintenance of streamflow may not be a realistic
water-management goal for small streams in basins
with a high percentage of stratified-drift cover. These
streams have relatively flat flow-duration curves, so
the flow at 80-percent duration may not differ greatly
from the flow at 95-percent duration. For example,
the yield of the Furnace Brook-Kingston aquifer is
2.4 Mgal/d at 80-percent flow duration and 2.0 Mgal/d
at 95-percent flow duration. Maintenance of
streamflow at 95 percent duration in such basins
would preclude use of most of the available yield.
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Available Yield and Water Use

The average daily ground-water withdrawals from the
major aquifers in 1986 are given in table 2 (Massachu-
setts Division of Water Supply, written commun.,
1988); these values include only pumpage for public
supply, not pumpage for private, industrial, or agricul-
tural use. In two cases, the 1986 withdrawals exceed
the estimated potential sustained yield available dur-
ing extreme low-flow conditions--the excess with-
drawal would be pumped from ground-water storage.
For example, on August 25, 1987, Third Herring Brook
was dry along a sluiceway directly between two pub-
lic-supply wells (Hanover well 3 and Norwell well 43;
table 1). At that time, the wells were pumping water
primarily from storage. Ground water was with-
drawn for public supply in 1986 from 14 of the 21
major aquifers in the Southeast Coastal basin; sur-
face-water withdrawal occurred in the drainage area
of one of the other seven aquifers.

Use of the entire available yield may be difficult to
achieve for the several aquifers in the Southeast
Coastal basin that are not typical valley aquifers. In
a valley aquifer, virtually all of the water discharging
from the basin passes through the stream at the
downstream end of the aquifer and can be measured.
The Duxbury Coastal and Kingston Coastal aquifers,
on the other hand, discharge to the ocean and to small
coastal streams. Several wells would be needed to
capture all of the potential yield from these aquifers.
The Pudding Brook aquifer is drained by both Pud-
ding Brook and Robinson Creek. The Halls Brook
aquifer includes aquifer material along Halls Brook
and along two tributary streams, Mile Brook and
Bassett Brook. The downstream end of the aquifer is
in a wetland where construction of a pumping station
would be difficult. Separate pumping stations dis-
persed along all three streams would probably be
needed to make full use of the potential yield. The
Upper Jones River aquifer includes a reach of the
Jones River and the drainage basins of two tributaries
that flow into the Jones River below this reach--Foun-
tainhead Brook and an unnamed tributary. The val-
ley of the reach that all three portions of the aquifer
drain into is underlain by material with a low trans-
missivity. Separate pumping stations would also be
needed in this aquifer to obtain the full potential yield.

Other factors also may preclude use of some of the
potential yield; water-quality problems may occur in
part of an aquifer. Current or planned land develop-
ment for residential or commercial use may make the



cost of land acquisition at a well site prohibitive.
There may be a previous claim on the water for use in
cranberry agriculture.

The Southeast Coastal basin contains 996 acres of
cranberry bogs, which have a total annual water need
of about 27.8 x 10° gallons (U.S. Department of Agri-
culture, 1986, p. 8). This figure represents an average
daily use of 76.2 Mgal/d, though use is highly sea-
sonal. The water is used for irrigation, frost protec-
tion, winter flooding, and, in some bogs, for
harvesting. The U.S. Department of Agriculture
(1986, p. 13) estimates that the water needs in the
study area could be reduced 9.7 percent through con-
servation measures. Cranberry growers in the study
area typically use reservoirs or surface-water diver-
sion for supply, though at least one grower (in the
Fountainhead Brook Basin) supplements this supply
with ground water. Most of the water use is non-con-
sumptive--the water is returned to the basin’s hydro-
logic system after use. The consumptive use by
evapotranspiration at a cranberry bog is estimated to
be 17 inches per year more than if the bog was not
cultivated (Hansen, B.P., and Lapham, W.W.,
U.S Geological Survey, oral commun., 1987). For the
entire basin, this amounts to 461 Mgal of annual
consumption, with an average consumption of
1.26 Mgal/d.

GROUND-WATER QUALITY IN THE
STRATIFIED-DRIFT AQUIFERS

In order to describe water quality and geochemical
conditions in the stratified-drift aquifers, 27 water
samples from 19 wells and the Jones River (fig. 6) were
analyzed for physical properties, common constitu-
ents, nutrients, selected trace metals, and phenols
(table 3). Twelve wells were also sampled for volatile
organic compounds (VOCs), and two were sampled for
insecticides. The locations of the sampling sites in
relation to the major aquifers are shown in plate 2.
Twelve of the sampled wells were public-supply wells;
the other seven were observation wells. The public-
supply-well samples were collected from taps at the
wellhouses. The observation-well samples were col-
lected using either submersible or peristaltic pumps.
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Physical Properties and Inorganic
Constituents

The samples had pH values ranging from 5.2 to 7.5.
All but three samples had pH less than 7.0, meaning
the water was slightly acidic and mildly corrosive.
Some towns, such as Hanover, adjust the pH of the
public supply to prevent corrosion of the town distri-
bution system and domestic plumbing fixtures.

Hardness is a measure of the abundance of cations,
mainly calcium and magnesium, that react with soap
to form insoluble compounds or precipitate from
heated water to form encrustations (Hem, 1985,
p. 158). All but one sample had hardness values of 0
to 60 mg/L the range called soft in the classification
system by Durfor and Becker (1964, p. 27).

Sodium was the dominant cation in most samples; in
afew samples calcium or iron was dominant. Chloride
was the most abundant anion, but bicarbonate (mea-
sured as alkalinity) was dominant in some samples.
In a few samples, sulfate was the most abundant
anion. Sodium concentrations in water samples from
four wells exceeded the Massachusetts Department of
Environmental Protection drinking-water standard of
20 mg/L, set to protect persons on very restricted
sodium diets. No samples contained chioride or sul-
fate concentrations that exceeded the U.S. Environ-
mental Protection Agency (1976, p. 205-206)
secondary drinking-water standard of 250 mg/L. The
median alkalinity for all samples was 16.5 mg/L, with
values ranging from 4 to 64 mg/L. On the whole,
ground water from the basin has a low capacity for
neutralizing acids. The four lowest pH values were
from the four wells with the lowest alkalinities.

Iron is a common water-quality problem in southeast-
ern Massachusetts, where bog iron ore was once
mined. The reducing conditions around the many
wetlands create an environment in which iron is
highly soluble. In order to prevent an objectionable
taste and staining of laundry and plumbing fixtures,
the U.S. Environmental Protection Agency (1976, p.
78-79) secondary drinking-water standard for iron is
300 pg/L. Ground water in southeastern Massachu-
setts often must be treated for iron before it can be
used. Iron concentrations exceeding the 300 pg/L
regulation were found in seven wells and in the Jones
River. Two samples from Kingston well 201 had iron
concentrations of 23,000 and 25,000 ug/L; this well
was between a cranberry bog and a pond, and was
screened in a reducing zone below a layer of clay. The
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Figure 6.--Water-quality sites in the Southeast Coastal basin.
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Table 3.--Chemical analyses of water samples from the Southeast Coastal basin

[Date: month, day, and year of sample collection; °C, degrees Celsius; diss., dissolved; uS/cm, microsiemens per
centimeter at 25 °C; mg/L, milligrams per liter; <, less than; --, sample not analyzed for constituent or property; pg/L,
micrograms per liter; the Jones River sample was taken from surface-water site 01105865; all other samples were from
ground water; station name is the U.S. Geological Survey well number]

Specific PH Water Hard- Magne- Potas- Alka-

conduct- (stand- temper- ness Calcium sium Sodium sium linity

Station name Date ance ard ature (mg/L as diss. diss. diss. diss. (mg/L as
(Hs/cm) units) (°c) CacoO,) (mg/L) (mg/L) ({(mg/L) (mg/L) CaCO3)

SURFACE-WATER SAMPLE

Jones River 5-23-86 97 6.6 17.5 14 3.0 1.5 9.8 1.1 11

PUBLIC-SUPPLY-WELL WATER SAMPLES

Duxbury 63 8-15-86 134 6.0 11.0 22 4.4 2.7 14 1.1 15
Duxbury 72 8-15-86 152 5.6 15.0 24 5.3 2.5 16 1.4 10
Hanover 2 8-05-86 270 6.3 18.0 28 6.6 2.9 40 1.8 21
Hanover 3 6-29-87 300 5.8 15.0 27 6.0 2.8 40 1.6 11
Hanover 41 8-05-86 199 6.5 16.0 40 9.8 3.7 22 1.1 31

6-29-87 296 6.7 15.0 85 26 4.8 24 1.0 63
Kingston 59 8-07-86 112 6.2 12.0 21 4.9 2.1 11 1.1 16
Kingston 125 8-14-86 - - - 44 8.9 5.4 53 1.8 --
Marshfield 40 6-30-87 145 6.0 13.0 30 6.8 3.1 14 .70 15
Marshfield 266 7-06-87 122 6.4 13.0 28 6.4 3.0 11 .90 14
Marshfield 291 7-06-87 91 6.6 12.0 23 5.0 2.6 7.0 .80 22
Marshfield 294 6-30-87 169 6.0 12.0 34 7.0 4.1 le .90 19
Pembroke 41 5-26-87 158 6.4 12.0 26 6.2 2.5 18 1.4 17

OBSERVATION-WELL WATER SAMPLES

Duxbury 138 8-15-86 99 5.9 11.0 18 4.0 2.0 8.3 .80 19
Kingston 15 8-25-86 225 6.4 11.0 38 8.3 4.1 18 3.8 53

6-02-87 211 7.2 11.0 37 8.4 4.0 17 3.7 28
Kingston 28 8-27-86 125 7.2 12.0 33 9.9 2.0 7.6 1.1 53

6-01-87 136 7.5 12.0 34 10 2.1 7.4 .90 49
Kingston 200 9-05-86 51 5.2 12.0 10 2.0 1.1 4.9 1.4 7

6-02-87 42 6.4 11.0 7 1.6 .85 3.0 1.2 4
Kingston 201 8-05-86 118 6.4 12.0 9 1.6 1.1 6.3 1.3 64

6-01-87 118 6.8 13.0 8 1.6 .99 5.6 1.2 52
Kingston 210 9-05-86 50 5.6 11.0 8 1.9 .87 5.0 .70 10

6-02-87 53 6.0 11.0 9 2.0, .98 5.2 .60 8
Kingston 212 5-22-86 78 6.4 10.0 11 2.4 1.2 3.8 1.0 16

9-08-86 61 5.5 12.0 11 2.3 1.3 5.7 .90 7

22



Table 3.--Chemical analyses of water samples from the Southeast Coastal basin--Continued

Nitrite Ammonia
+ organic
Fluo- Total Nitrite nitrate Ammonia nitrogen
Sulfate Chloride ride Silica diss. total total total total
Station name Date diss. diss. diss. diss. solids {mg/L (mg/L (mg/L {mg/L)
(rg/L) {rg/L) {rg/L) (mg/L) {mg/L) as N) as N) as N) as N)
SURFACE-WATER SAMPLE
Jones River 5-23-86 21 12 <0.10 3.6 60 <0.01 <0.10 0.03 0.60
PUBLIC-SUPPLY-WELL WATER SAMPLES
Duxbury 63 8-15-86 11 20 <.10 12 75 <.01 .80 .04 <.20
Duxbury 72 8-15-86 10 27 <.10 11 80 <.01 1.4 .02 <.20
Hanover 2 8-05-86 13 60 .10 9.9 150 <.01 <.10 .04 .60
Hanover 3 6-29-87 13 68 .10 8.9 150 <.01 .20 .04 .30
Hanover 41 8-05-86 20 26 <.10 17 120 <.01 1.7 <.01 .40
6-29-87 14 38 <.10 17 160 <.01 2.8 .01 .30
Kingston 59 8-07-86 10 14 <.10 14 67 <.01 .30 <.01 <.20
Kingston 125 8-14-86 15 97 <.10 9.5 200 <.01 1.9 .07 .30
Marshfield 40 6~-30-87 8.2 21 <.10 14 17 <.01 1.8 <.01 .30
Marshfield 266 7-06-87 12 19 <.10 16 77 <.01 .40 .02 <.20
Marshfield 291 7-06-87 7.3 9.4 <.10 22 67 <.01 .20 .03 .80
Marshfield 294 6-30-87 15 22 <.10 13 89 <.01 3.1 <.01 .20
Pembroke 41 5-26-87 10 26 .20 15 89 <.01 1.1 <.01 .50
OBSERVATION-WELL WATER SAMPLES
Duxbury 138 8-15-86 5.6 17 <.10 12 63 <.01 <.10 .02 .20
Kingston 15 8-25-86 16 26 <.10 12 130 .07 1.4 .08 .30
6-02-87 17 26 <.10 14 110 <.01 2.3 .03 <.20
Kingston 28 8-27-86 11 9.0 .20 17 92 .01 <.10 .32 .30
6-01-87 12 9.6 .10 18 96 <.01 <.10 .37 .70
Kingston 200 9-05-86 7.0 5.0 <.10 7.0 32 <.01 .90 <.01 .30
6-02-87 6.7 3.7 <.10 7.2 27 <.01 .50 <.01 .20
Kingston 201 8-05-86 2.6 5.8 <.10 18 98 .02 <.10 .27 .40
6-01-87 37 11 <.10 19 130 <.01 <.10 .29 .80
Kingston 210 9-05-86 4.8 6.4 <.10 11 36 <.01 .20 <.01 <.20
6-02-87 4.4 11 <.10 11 40 <.01 <.10 .01 <.20
Kingston 212 5-22-86 18 7.5 <.10 6.8 51 <.01 <.10 .01 .20
9-08-86 9.3 7.7 <.10 9.6 42 <.01 <.10 .02 <.20
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Table 3.--Chemical analyses of water samples from the Southeast Coastal basin--Continued

Ortho-
phos-
Nitro- Total phorus Manga- Sele-
gen phos- total Arsenic Boron Iron Lead nese nium Phenols
Station name Date total phorus {(mg/L diss. diss. diss. diss. diss. diss. total

(mg/L) (mg/L) as P) (Hg/L) (pg/L) (ug/L)  (pg/L) (ug/L) (ug/L) (ug/L)

SURFACE-WATER SAMPLE

Jones River 5-23-86 -- 0.06 0.01 <1 20 1,100 <1 67 <1l 7

PUBLIC-SUPPLY-WELL WATER SAMPLES

Duxbury 63 8-15-86 -- .56 .06 <1 10 310 <5 80 <1 <1
Duxbury 72 8-15-86 - .58 .09 <1 10 54 <5 66 <1 <1
Hanover 2 8-05-86 - .12 .09 1 40 700 <5 240 <1 <1
Hanover 3 6-29-87 .50 .03 .02 <1 30 230 <5 210 <1 1
Hanover 41 8-05-86 2.1 .02 .01 <1 30 13 <5 4 <1 2

6-29-87 3.1 .04 .01 <l 40 9 7 6 <1 3
Kingston 59 8-07-86 - .03 .03 <1 <10 12 <5 3 <1 3
Kingston 125 8-14-86 2.2 .02 .02 <1 20 54 40 31 <1 <1
Marshfield 40 6-30-87 2.1 .04 .03 <1 20 64 <5 21 <1 <1
Marshfield 266 7-06-87 - .01 .03 <1 <10 6 5 3 <1 2
Marshfield 291 7-06-87 1.0 .04 .04 <1 <10 4 <5 <1 <1 2
Marshfield 294 6-30-87 3.3 .15 .03 <1 20 <3 8 3 <1 5
Pembroke 41 5-26-87 1.6 .04 .02 <1 20 200 <5 50 <1 <1

OBSERVATION-WELL WATER SAMPLES

Duxbury 138 8-15-86 - <.01 <.01 <1l <10 2,300 39 28 <1 2
Kingston 15 8-25-86 1.7 .43 <.01 -- 20 8,200 <5 82 <1 <1

6-02-87 - .01 <.01 <1l 20 2,400 <5 17 <1 <1
Kingston 28 8-27-86 -— .03 .01 8 10 1,400 <5 1,200 1 2

6-01-87 == .27 .03 8 10 5,100 <5 1,300 <1l 2
Kingston 200 9-05-86 1.2 <.01 <.01 <1l <10 17 <5 18 <1 <1

6~-02-87 .70 .01 <.01 <1 10 11 <5 17 <1 5
Kingston 201 8-05-86 - .72 .46 4 20 23,000 <5 140 <1 ==

6-01-87 - .79 .02 1 <10 25,000 <5 140 <1 12
Kingston 210 9-05-86 -- .03 .01 <1l <10 5 <5 84 <1 <1

6-02-87 - .04 .02 <1 <10 5 <5 217 <1 -
Kingston 212 5-22-86 - .04 <.01 1 10 660 1 76 <1 1

9-08-86 - .01 <.01 <1 <10 600 <5 33 <1 1
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high ammonia concentrations found in this well and
Kingston well 28 reflected the reducing conditions
that mobilized the iron. Manganese has a chemistry
similar to that of iron and causes similar water-qual-
ity problems. Water from ten wells and the Jones
River had manganese concentrations that equalled or
exceeded the U.S. Environmental Protection Agency
(1976, p. 95) secondary drinking-water standard of
50 pug/L. None of the samples exceeded the U.S.
Evironmental Protection Agency primary drinking-
water standard of 50 pug/L for arsenic and lead (U.S.
Environmental Protection Agency, 1976, p. 14, 82).

Organic Compounds

Water samples from six observation wells in Kingston
and six public-supply wells in Marshfield, Hanover,
and Pembroke (table 4) were tested for 36 VOCs.
None of the VOCs were present at the analytical
detection limit of 3 pug/L in any of the public-supply
samples (table 5). Three observation-well samples
contained trace levels of organic contaminants.
Methyl chloride, a degreasing compound, was de-
tected at concentrations of 4.7 and 5.4 pg/L in Kings-
ton wells 200 and 210. A concentration of 4.3 pg/L
trichlorofluoromethane, a refrigerant, was found in
Kingston well 212. The sources of these compounds
were not known.

Kingston wells 201 and 212, which were located beside
cranberry bogs, were also sampled for a variety of
organophosphorus insecticides and organochlorine
chemicals (table 6). The analyses included those for
parathion and chlorpyrifos, the two insecticides most

commonly used by cranberry growers (Karl Deubert,
University of Massachusetts Cranberry Experiment
Station, oral commun., 1986). None of these chemi-
cals were detected in the two water samples.

Phenols, which include a variety of organic com-
pounds, can occur naturally. They can also arise from
a number of human activities, such as distillation of
coal and wood, human and livestock wastes, and
chemical breakdown of pesticides (U.S. Environmen-
tal Protection Agency, 1976, p. 183). Phenols that
become chlorinated can give water a bad taste and
smell at concentrations as low as 2 ug/L (U.S. Envi-
ronmental Protection Agency, 1976, p. 184). The high-
est phenol concentration detected (table 3) was
12 pg/L. The highest concentration detected in a pub-
lic-supply well was 5 pg/L.

Water Quality Problems

Although ground-water quality in the Southeast
Coastal basin is generally suitable for most uses,
water-quality problems are common. Saltwater in-
trusion, coastal flooding, and road salting can increase
concentrations of sodium and chloride. Acidic and
reducing chemical conditions in, and adjacent to, the
abundant wetlands can mobilize iron and manganese.
Induced infiltration of water from wetlands often
causes problems with color, an indicator of dissolved
organic material. Most towns in the study area treat
their water supplies to improve water quality.

Several public-supply wells have been closed because
of contamination or chronic water-quality problems.

Table 4.--Volatile organic compounds analyzed for ground-water samples from the Southeast Coastal basin

Benzene 1,4-Dichlorobenzene Methyl bromide
Bromoform Dichlorobromomethane Methyl chloride
Carbon tetrachloride Dichlorodifluoromethane Methylene chloride
Chlorobenzene 1,1-Dichloroethane Styrene
Chlorodibromomethane 1,2-Dichloroethane 1,1,2,2-Tetrachloroethane
Chloroethane 1,1-Dichloroethylene Tetrachloroethylene
1,1,2-Trichloroethane 1,2-trans-Dichloroethylene Toluene

2-Chloroethyl vinyl ether 1,2-Dichloropropane 1,1,1-Trichloroethane
Chloroform 1,3-Dichloropropane Trichloroethylene
1,2-Dibromoethylene cis-1,3-Dichloropropene Trichlorofluoromethane
1,2-Dichlorobenzene trans-1,3-Dichloropropene Vinyl chloride
1,3-Dichlorobenzene Ethylbenzene Xylene
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Table 5.--Volatile organic compound analyses of ground-water samples from the Southeast Coastal basin

[Date: month, day, and year of sample collection; pg/L, micrograms per liter; samples were
analyzed for chemicals listed in table 4; chemicals detected are those which exceeded the
detection limit of 3 micrograms per liter]

Well number Date Chemical detected and concentrations
(ng/L)

Hanover 3 6-29-87 none

Kingston 15 6-02-87 none

Kingston 28 8-27-86 none

Kingston 200 9-05-86 Methyl chloride 4.7

Kingston 201 6-01-87 none

Kingston 210 9-05-86 Methyl chloride 54

Kingston 212 9-08-86 Trichlorofluoromethane 4.3

Marshfield 40 6-30-87 none

Marshfield 266 7-06-87 none

Marshfield 291 7-06-87 none

Marshfield 294 6-30-87 none

Pembroke 41 5-26-87 none

Table 6.--Insecticides and organochlorine chemicals analyzed for samples from Kingston wells 201 and 212

Aldrin
Chlordane
Chlorpyrifos
DDD

DDE

DDT
Diazinon
Dieldrin
Disulfoton
Endosulfan

Endrin

Ethion

Heptachlor
Heptachlor epoxide

Lindane
Malathion
Methoxychlor
Methyl parathion
Methyl trithion

Mirex

Parathion

Perthane

Phorate

Polychlorinated biphenyls (PCBs)

Polychlorinated naphthalenes (PCNs)
Toxaphene
Trithion

26



Four wells in the Furnace Brook and South River
aquifers in Marshfield (wells 28, 29, 39, and 295) were
closed in 1986 when trace concentrations of trichloro-
ethylene (TCE) were detected. The Webster Meadow
wells in Scituate (wells 10 and 11) were temporarily
closed in 1987 because saltwater contamination from
coastal flooding occurred when a dike broke during a
spring storm. The Evergreen wells in Duxbury (wells
167 and 168) are used only for emergency supply
because of iron concentrations, and some public-sup-
ply wells in Scituate have been retired over the years
because of chronic problems with color, iron, manga-
nese, alkalinity, and chloride.

Water-quality problems may prevent use of some
water that is potentially available. For example, re-
cent TCE contamination has limited use of water from
the Furnace Brook—Marshfield and South River aqui-
fers. Also, land use may pose immediate or potential
water-quality threats that preclude use of parts of an
aquifer. Much of the Kingston Coastal aquifer is not
suitable as a source of public supply because a munic-
ipal landfill and a sewage-disposal site are located on
the aquifer. Development of land for residential or
commercial use is decreasing the availability of sites
suitable for public-supply wells.

SUMMARY

The major aquifers in the Southeast Coastal basin are
stratified sand and gravel deposits of glacial origin. A
new aquifer transmissivity map of the Southeast
Coastal basin in Massachusetts was prepared using
information from approximately 400 wells and bor-
ings drilled between 1972 and 1986. Twenty-one
major aquifers were delineated. The potential sus-
tained yields of these aquifers--assumed to be the
potential total intercepted ground-water discharge
and induced infiltration from streamflow--were esti-
mated. The yields of five aquifers were determined
from base-flow measurements made at or near the
downstream limits of the aquifers. The yields of fif-
teen aquifers were determined from equations that
estimate the flow at the downstream limits of the
aquifers at 80, 90, 95, and 99 percent flow duration
using basin characteristics. The yield of one aquifer
was determined using a combination of these two
methods.

The equations used to estimate aquifer yields were
determined using multiple linear regression. The
flows at 80, 90, 95, and 99 percent flow duration were
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determined for 14 streams where sufficient base-flow
data were available. The flows were used as values
for the dependent variable in the regression. Two
independent variables were used; they were (1) the
percentage of the drainage area covered with coarse
stratified drift, and (2) the percentage of the drainage
area covered with surface water, wetlands, and cran-
berry bogs.

Fourteen of the 21 major aquifers in the basin had a
potential sustained yield of at least 1.0 Mgal/d 80 per-
cent of the time, and 10 had a potential sustained yield
of at least 1.0 Mgal/d 99 percent of the time. The two
aquifers with the highest yields were the two aquifers
with the greatest areal extent. The Duxbury Coastal
and Kingston Coastal aquifers yielded 6.5 and
5.2 Mgal/d 80 percent of the time, and yielded 4.9 and
3.9 Mgal/d 99 percent of the time. Ground water was
withdrawn from 14 of the aquifers for public supply in
1986; surface-water withdrawal occurred in the
recharge area of one of the remaining aquifers.

For valley aquifers drained by a single stream, the
yield consists of water that can be induced from
streamflow to recharge a well beside the stream and
ground water that can be intercepted before it dis-
charges to the stream. In areally extensive aquifers
that do not discharge through a small, discrete area,
such as the Duxbury Coastal and Kingston Coastal
aquifers, several pumping stations would be needed
to obtain the entire potential yield. Land use, water-
quality problems, and land-acquisition costs may pre-
vent the development and use of some of the available
yield.

Twenty-seven water samples from 19 wells and from
the Jones River were analyzed for physical properties,
common constituents, nutrients, selected trace ele-
ments, and phenols. The pH values of the samples
ranged from 5.2 to 7.5, with 23 samples having a pH
less than 7.0. This water was slightly acidic and
mildly corrosive. All but one sample had hardness
values below 60 mg/L as calcium carbonate, in the
range characterized as soft. Alkalinity values ranged
from 4 to 63 mg/L as calcium carbonate, and generally
reflected a poor capacity to neutralize acid.

In most samples, sodium was the dominant cation.
Chloride was generally the most abundant anion; in
several samples, bicarbonate or sulfate was more
abundant. Sodium concentrations in water samples
from four wells exceeded the Massachusetts recom-
mended drinking-water guideline of 20 mg/L. No
samples exceeded U.S. Environmental Protection



Agency secondary drinking-water standards for chlor-
ide or sulfate.

Near the many wetlands in the study area, acidic and
reducing conditions create a chemical environment in
which iron and manganese dissolve and become mo-
bile. Iron concentrations exceeded the U.S. Environ-
mental Protection Agency secondary drinking-water
standard of 300 pg/L in seven wells and the Jones
River; manganese concentrations exceeded the sec-
ondary drinking-water standard of 50 ug/L in 10 wells
and the Jones River. The U.S. Environmental Protec-
tion Agency primary drinking-water standards for
lead and arsenic were not exceeded in any of the 27
samples.

Water samples from 12 wells were tested for 36 VOCs.
Methyl chloride was detected in two wells, at concen-
trations of 4.7 and 5.4 pg/L; trichlorofluoromethane
was detected in a different well at a concentration of
4.3 pg/L. No organophosphorus or organochlorine
pesticides were detected in water from two wells be-
side cranberry bogs. The highest phenol concentra-
tion detected was 12 ng/L.
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Table 7.--Description of wells and borings in the Southeast Coastal basin

Local well number: Letter prefix indicates--A, U.S. Geological Survey auger boring; W, well
or test well (the "W" is omitted from plate 1 to conserve space); X, miscellaneous test boring.

Latitude/longitude: In degrees, minutes, and seconds.
Altitude of land surface: In feet above sea level.

Well finish: F, gravel wall with perforated or slotted casing; G, gravel wall with commercial screen;
O, open end; P, perforated or slotted casing; S, screen; T, sand point.

Water level: In feet below land surface; negative numbers indicate water level above land surface.
Well depth: Depth of finished well, in depth below land surface.

Well use: O, observation; T, test; W, water withdrawal; Z, destroyed (includes casing pulled or not
installed).

Depth to refusal: In feet below land surface; numbers followed by "R" refer to depth to bedrock.
Water use: H, domestic; I, irrigation; N, industrial; P, public supply; U, unused.
Pumping yield: In gallons per minute (gal/min).

Water-bearing material: Principal water-bearing zone.

1 Very fine grained G Gravel

2 Fine grained P Clay

3 Medium grained Q Siit

4 Coarse grained R Sand and gravel
5 Very coarse grained S Sand

6 Clayey T Till

7 Silty X Silty sand

8 Sandy Y Clayey gravel

9 Gravelly
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