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OUTSIDE COVER--The Thames River Estuary, looking downstream from Norwich,
in the foreground, to Long Island Sound, in the distance. The Shetucket River,
which flows from the left and joins the estuary due south of Norwich, has an
average flow of 1,450 mgd. The Yantic River, which flows from the r|ght and
also joins the estuary south of Norwich, has an average fiow of 115 mgd. The
estuary is a source of unlimited supplles of salty and brackish water for cool-
ing and other uses where the quality of water is relatively unimportant. The
New London-Groton area to the south is heavily urbanized, as is Norwich. Many
adjacent lowlands and hillsides are cleared and suburbanized but most uplands

remain heavily wooded.

Photo courtesy of Perry Studios, Waterford, Connecticut.
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SUMMARY

The lower Thames and southeastern coastal river
basins have a relatively abundant supply of water of
generally good quality which is derived from streams
entering the area and precipitation that has fallen
on the area. Annual precipitation has ranged from
about 32 inches to 65 Inches and has averaged about
48 inches over a 30-year perlod. Approximately 22
inches of water are returned to the atmosphere each
yvear by evaporation and transpiration; the remainder
of the annual precipitation either flows overland to
streams or percolates downward to the water table
and ultimately flows out of the report area through
estuaries and coastal streams or as underflow
through the deposlts beneath. During the autumn
and winter months preclipitation normally is suffi-
cient to cause a substantlial increase in the amount
of water stored underground and In surface reservoirs
within the report area, whereas in the summer most
of the precipitation Is lost through evaporation and
transplration, resulting in sharply reduced stream-
flow and lowered ground-water levels, The mean
monthly storage of water on an average is about 3.8
inches higher in November than it is in June.

The amount of water that flows through and out
of the report area represents the total amount of
water potentially available for use by man. For
the 30-year period 1931 through 1960, the annual
runoff from the report area has averaged nearly 26
Inches (200 biltion gallons), from the entire
Thames River basin above Norwich about 24 inches
{530 billion gallons), and from the Pawcatuck River
basin about 26 inches (130 bitlion gallons)., A
total average annual runoff of 860 billion gallons
is therefore avallable. Although runoff Indicates
the total amount of water potentially avallable, it
is usuvally not economicaliy feasible for man to use
all of it. On the other hand, with increased
development, It is possible that some water will be
reused several times.

The water available may be tapped as 1t flows
through the area or is temporarily stored In streams,
lakes, and aquifers, The amounts that can be
developed vary from place to place and time to time,
depending on the amount of precipitation, on the
size of drainage area, on the thickness, permeabllity,
and areal extent of aquifers, and on the variations
in chemical and physical quality of the water,.

Differences in streamflow from point to point
are due primarily to differences in the proportion
of stratified drift in the drainage basin above
each point, which affect the timing of streamflow,
and to differences in precipitation, which affect
the amount of streamflow.

Ground water can be obtained from wells almost
anywhere in the area, but the amount obtainable at
any particular polnt depends upon the type and water-
bearing properties of the aquifers. For practical
purposes, the earth materials in the report area
comprise three aquifers--stratified drift, bedrock,
and till,

Stratified drift is the only aquifer generally
capable of yielding more than 100 gpm (gallons per
minute) to individual wells. [t covers about 20
percent of the area and occurs chiefly in lowlands

vii

vhere 1t overlies till and bedrock. The coeffi-
cient of permeability of the coarse-grained unit
of stratified drift averages about 1,500 gpd
{gallons per day} per sg ft. Drilled, screened
wells tapping this unit are known to yield from 4
to 880 gpm and average 146 gpm. Dug wells in
coarse-grained stratifled drift supply about 2
gpm per foot of drawdown over a period of a few
hours. Fine-grained stratified drift has an
average coefficient of permeabitity of about 300
gpd per sq ft and can usually yield suppllies
sufficlent for household use to dug wells.

Bedrock and till are widespread in extent but
generally provide only small water supplies. Bed~
rock 1s tapped chiefly by drilled wells, about 90
percent of which will supply at least 3 gpm. Very
few, however, will supply more than 50 gpm. Till
is tapped in a few places by dug wells which can
yvield smali supplies of only a few hundred gpd
throughout all or most of the year. The coefficient
of permeability of till ranges from about 0.2 gpd
per sq ft to 120 gpd per sq ft.

The amount of ground water potentially avall-
able Tn the report area depends upon the amount of
ground-water outfiow, the amount of ground water in
storage, and the quantity of water available by in-
duced tnfiltration from streams and lakes. From
data on permeability, saturated thickness, recharge,
yield from aqulifer storage, well performance, and
streamflow, preliminary estimates of ground-water
availabllity can be made for any point in the report
area., Long-term yields estimated for 18 areas of
stratified drift especially favorable for develop-
ment of large ground-water supplies ranged from 1.3
to 66 mgd. Detalled site studies to determine optimum
yields, drawdowns, and spacing of individual wells
are needed before major ground-water development [s
undertaken in these or other areas.

The chemical quality of water in the report
area [s generally good to excellent. Samples of
naturally occurring surface water collected at 24
sites contained less than 15} ppm {parts per million}
of dissolved solids and less than 63 ppm of hardness.
Water from wells 1s more highly minerallzed than
natural ly occurring water from streams. Even so
only 12 percent of the wells sampled yielded water
with more than 200 ppm of dissolved solids and only
8 percent yvielded water with more than 120 ppm of
hardness.

Even in the major streams, which are used to
transport industrial waste, hardness rarely exceeds
60 ppm and the dissolved mineral content is gener-
ally less than 200 ppm. At a few places in the
town of Montvilie however, waters may contain dis-
solved mineral concentrations of 2,000 to 4,000 ppm.

Iron and manganese in both ground water and
surface water are the only constituents whose con-
centrations commonly exceed recommended limits for
domestic and industrial use. Host wells in the
report area yleld clear water with little or no
fron or manganese, but distributed among them are
wells yielding ground water that contains enough
of these dissolved constituents to be troublesome
for most uses.



Iron concentrations In naturally occurring
stream water exceed 0.3 ppm under low-flow condl-
tions at 33 percent of the sites sampled. Large
concentrations of iron In stream water result from
discharge of iron-bearing water from aquifers or
from swamps where it is released largely from
decaying vegetation.

Ground water more than 30 feet below the land
surface has a relatively constant temperatura,
usually between 48°F and 52°F, Water temperature
In very shallow wells may fluctuate from about 38°F
In February or March to about 55°F in late summer.
Water temperature in the larger streams fluctuates
much more widely, ranging from 32°F at least for
brief periods in winter, to about B5°F occasionally
during summer.

The quality of suspended sediment transported
by streams in the area Is negligible. Turbldity in
streams is generally not a problem although amounts
large enough to be troublesome may occur locally at
times.

The total amount of water used In the report
area for all purposes during 196l was about 118,260
million gallons, of which 105,600 millfon gallons
was estuarine water used for cooling by Industry.
The average per caplta water use, excluding estua-
rine, temporary summer residence, and institutlonal
water was equivalent to 186 gpd. Publlc water
systems supplied the domestic needs of nearly two-
thirds the population of the report area. All of
the 19 systems, which were sampled, provided water
of better quality than the U.5. Publlc Health Service
suggests for drinking water standards,

viltl
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WATER RESOURCES INVENTORY OF CONNECTICUT

Although an ample supply of water reaches Con-
necticut each year, ever increasing water demands
beset management with numerous questions such as!
Where is the water? How much is available, espe-
cially during a drought? What is its chemical and
physical quallty? Therefore, as the demand for
water increases, accurate information and careful
planning are needed to obtain the optimum use from
the exlsting sources and to locate new ones.

Accordingly, in 1953 the General Assembly, on
recommendation of the Water Resources Commission,
authorized a "water resources inventory' of Con-
necticut, Under this authorization, and under a
supplemental authorization by the General Assembly
in 1963, the U.S. Geclogical Survey, in cooperation
with the Water Resources Commission, has undertaken
a series of studies to determine the quantity and
quality of water that Is available at any location
in the State. The State has been subdivided into

10 study areas bounded by natural drainage di-
vides to facilitate the calculations and descrip-
tion of water quantities and relatlonships. The
information contalned in reports on these study
areas can be used by the State and regional plan-
ners, town officials, water-utility personnel, and
cthers required to make declsions on the develop-
ment, management, use, and conservation of water.

The Thames River basin, the first major drain-
age basin to be studied under the authorization,
was divided Into three subbasins, and reports on
two of the three subbasins--the Quinebaug River
basin, and the Shetucket River basin--have been
Issued by the Connecticut Water Resources Commis-
sion as parts 1 and 2 of the 'Water Resources
Inventory of Connecticut.'" This report is, there-
fore, the third prepared under the water resources
inventory program.

LOWER THAMES AND SOUTHEASTERN COASTAL RIVER BASINS

The location of the lower Thames and south-
eastern coastal -river basins, {hereafter referred to
as SCRBA), Is shown on figure 1. The area Includes
the Thames River--formed by the confluence of the
Shetucket and Quinebaug Rivers--and several small
but important streams that either flow to the
Thames River or to Long Island Sound. The basins
included in this report area drain a total area of
4i0 square mites, 5 of which are in Rhode Island,

The Pawcatuck River, which forms the southeastern
boundary between Connecticut and Rhode !sland was
not studied, but data pertinent to the water
resources of the area are included where appro-
priate. A small area in Sterling and Voluntown
that is within the Pawcatuck River basin and drains
eastward Into Rhode Island was included in the
Quinebaug River basin report (Randall and others,

1966).
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The report area drains about 440 ¢ " re miles of southeastern Connecticut.
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GUIDE FOR USE OF THIS REPORT

Water supplies may be obtalned from streams
and lakes or from aquifers. Although the water
from these two sources Is so closely Interrelatad
as to form one water supply for the area, the
methods used for estimating the amount of water
potentially available from each source and the
techniques of development of each are sufficiently
different that water in streams and lakes (surface
water) and water in aquifers (ground water} are dis-
cussed in separate sections of this report,

The reader who Is primarily interested in de-
termining the avallabillty and quality of surface
water In a particular part of SCRBA should look
first at plate b, the map summarizing the water
available. This map locates lakes and ponds which
have water In usable storage, and indicates the
amount of usable storage. This same map also shows
for all but very small streams, the streamflow that
will be equaled or exceeded 90 percent of the
time.

Addittonal Information on surface water is con-
tained In the text. I[ncluded are tables and graphs
showing flow duration, low-flow frequency and dura-
tion, flood peaks, frequency of floods, storage
required to maintaln various flows, and chemical
quality of water at specific locations In the report
area. A method is also described whereby the re-
lationship between surficial geology and runoff can
be used to estimate flow duration, low-flow frequency,
and storage required at any point along reaches of
streams in the area unaffected by tides.

The reader who Is primarily interested in de-
termining the availability of ground water In the
area should first refer to the geohydrologlic map,
plate 8., From it he may determine the principal
water-bearing unit in the area of interest. |If It
Is stratified drift, he may also determine its
saturated thickness. The map explanation summarizes
the permeability of each unit and the range In
vields to be expected from individual wells,

Addttional information on the availability of
ground water and on the quality of ground water Is
shown on plate D, the map summarizing water avall-
able. This map dellneates areas of stratified drift
deposits that are especially favorable for the
development of ground-water supplies, and indicates
the quantities of ground water potentlially avalilable
in each of these areas. The methods used in deter-
mining the ground-water Information on plate D are
described In the text, pages 89 to 92; quallty of
ground water is discussed In the text, pages 73 to 83.

The tables and illustrations summarize large
amounts of baslc hydrologic data collected and
analyzed during thls study. The detailed records
and measurements of Individual wells, streamflow,
and quality of water are included In the companion
basic data report by M. A. Cervione, Jr. and
others (1968},

For readers unfamiliar with some of the techni-
cal terms used In this report, a glossary is also
given at the end of the report,




THE HYDROLOGIC CYCLE

The hydrologic cycle--the continual movement of
water between the oceans, the atmosphere, and the
land masses of the earth-~is a natural phenomencn
having no begitnning and no ending., However, from
man's viewpoint, it can be considered to begin when
water vapor in the atmosphere condenses to form
clouds from which precipitation falls as rain or
snow onto the land surface. Part of this water
flows across the land surface to collect In streams
and lakes, and part seeps into the ground. Much of
the water that seeps into the ground or coliects on
the land surface is soon evaporated or taken up by
plants and returned to the atmosphere by a process
known as transpiration. Some, however, moves slowly
underground toward nearby streams or the ocean into
which it eventually discharges. Part of the water
which reaches the streams, lakes, and eventually
the ocean, is also evaporated to complete the
cycle. The hydrologic cycle as it occurs in its
natural state is shown diagrammatically In figure 2.

As water moves through the hydrologic cycle,
large amounts are stored temporarily in the atmos-
phere as water vapor, on the land surface in
streams and larger bodies of water, and beneath the
land surface as ground water. MNone of these amounts
is constant in any given locality, as the water fIs
continually moving from place to place. While mov~
ing, the physical, chemical, and biological pro-
perties of water are also constantly changing. The
changing amounts and properties of water that take
ptace In the report area are described in more
detail in the following paragraphs.

THE WATER BUDGET

Just as the financial operation of a household
or business firm can be expressed by a money budget,
so the hydrologic operation of the report area can
be expressed by a water budget which 1ists recelpts,
disbursements, and water on hand. The receipt of
fresh water in the SCRBA consists of precipitation
falling on the area, inflow from the Shetucket and
Pawcatuck Rivers, and water supplied to the commun-
1ty of Pawcatuck from the Westerly Water Works; dis-
bursements consist of both direct runoff and ground-
water runoff, and evapotranspiration from surface
water, ground water, and soil molisture above the
water table. The amount of water on hand--stored
within the SCRBA--changes continuously In response
to the changlng rates at which water enters and
leaves the basin. The approximate quantities of
water Involved in each of the major components of
the water budget for the report area in an average
year are shown in figure 3. Although the quantities
vary from year to year, the water budget always
balances-~the disbursements equal the receipts, tak-
ing into account changes in storage.

SOURCES OF WATER
PRECIPITATION

The average monthly and average annual precipi-
tation on the SCRBA for the reference period October

1930 to September 1960 were computed from records

at many weather stations and are given in table 1.
In computing these values, data were weighted in
proportion to the area represented by each station.
Average monthly precipitation on the SCRBA was
relatively uniform throughout the year, ranging
from 3.28 inches in June to 4.71 inches in November;
the average over the year was 4.02 inches per month.

Average monthly and average annual precipita=-
tion for the upper portion of the Thames River basin
above where it enters the SCRBA, for the entire
Thames River basin above its mouth, and for the

entire SCRBA area are included in table 1. A great

amount of the water available for use in the SCRBA
results from precipitation falling on the upper
portion of the Thames River basin. Flgure 4, which
is taken from table | shows that average monthly
preciplitation on the upper portion of the Thames
River basin above the SCRBA is also relatively uni-
form throughout the year, ranging from 2.99 inches
in February to 4.59 inches in March; the average
over the year Is 3.82 inches per month. Minimum
monthly precipitation Is likewise relatlvely uni-
form, but maximum monthly precipitatlon varies
widely., Variations in monthly precliplitation range
from 0.45 inches (June 1949) to 14.45 inches

- {Bugust 1955).

Table 1.--Average monthly and annual precipitation
and runoff in inches for the Thames River basin
at Norwich, for the Thames River basin at its
mouth, and for the lower Thames and southeastern
coastal river basins, for water years 1931-60

Thames River basin Thames River basin SCRBA
at Norwlch (1931-60) at mouth (1931-60) (1931-60)

Month Preclpltation!IRunoff Preclpltatlon[ Runoff Frech[tatton] [Runoff

Oct. 3.25 1.00 3.31 1.01 3.65 1.08
Nov. 47 1.68 2k 1.69 471 1.75
Pec, 3.58 2.18 3.67 2,22 419 2.51
Jan. 3.60 2,47 3.68 2.53 %1 3.01
Feb. 2.99 2,31 3.03 2,38 3.50 3.08
Mar. k.59 4,15 4,55 4,22 4,53 4,80
Apr. 4,04 3.88 4,05 3.87 417 3.85
May 3.57 2.36 3.60 2.3% 3. 74 2.23
June 3.76 1.45 3.70 .42 3.28 1.19
July 3.78 8 3.79 .87 3.75 37
Atg. bh2 - LX) .82 4,32 68
Sept. .08 F.02 4,10 1.02 L.g6 .99
Annual 45,84 24,23 bg, 12 24,40 48.21 25,91
(Water

year)

1 Precipitation figures computed from records of the U.5. Weather
Buresu and Coanectlcut Park and Forest Cormlssion.




Topographic divide and ground-water

divide generally follow the same

water crosses the divide.

Clouds moving over the basin
consist of moisture evaporated
elsewhere, usually in areas to
the south and west.

Overland runoff reaches streams

during and soon after rain. The
largest rates occur on till-bedrock
hills, and when the ground is fr
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Infiltration from precipitation slowly
percolates down to the water table
except during late spring and summer
when most remains in the soil and is
evaporated or transpired by plants.
Follows fractures in bedrock to the
water table and is limited in quantity
by their extent and dimensions.

Zone of aeration in soil is above water
table.
mostly with air. Some moisture present

which supplies need for most plants.

Water table in hill of till has large
seasonal change, is highest in spring
and lowest in early autumn.

Generalized path of ground-water
movement is downward beneath hills,
upward near streams.

Zone of saturation in soil and rock
is below water table. All spaces are
filled with ground water.

Spaces between grains are filled

%

'

Oozene.

N - Fbérogyr/”J

Figure 2.--ldealized natural movement and distribution of water in the hydrologic cycle.

Precipitation is the source of all water in the basin and is
disposed of by storage, runoff, evaporation and transpiration.

Transpiration by plants and evaporation
from all earth surfaces cause water loss.

Rates are largest from ponds and lakes,
rivers, and swamps; rates from woodland
< exceed those from meadows.
returned to the air is carried off by
the wind to fall as rain elsewhere.

Moisture

Water table is at land surface in
swamps or at water surface in ponds,
lakes and streams.

Water table below hill or terrace of
sand is not much higher than nearest
pond or stream and has relatively
small seasonal changes.

Sea water is carried upstream in the

estuaries by each flood tide and
downstream by each ebb tide. In late
summer and early fall, fresh-water
flow is usually at a minimum, and up-
stream movement of the sea water in
the estuary is at a maximum. During
the spring, fresh-water inflow is at
its maximum and sea water recedes
downstream to its minimum position.

Ground water flowing to estuaries and
the sea mingles with sea water in a
zone of diffusion. Thickness of the

zone is influenced by tidal fluctua-
tions. The water in this zone migrates
seasonally a short distance landward
when ground-water table is low and
seaward when ground-water table is high.
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Figure b.-=Monthly precipitation on the upper Thames
River basin above Norwich, 1931-60 water years
Total Runoff 26 [nches Both average monthly and minimum monthly preci-
pitation were relatively uniform throughout the
years, but maximum monthly precipitation varied
Figure 3.--Average annual water budget of the lower widely.
Thames and southeastern coastal river basins,
1931-60 water years. Inflows from the Pawcatuck
and Shetucket River are excluded runoff from 88.6 square miles or about 20 percent
of the SCRBA. They were used as a basis for corre-
Changes in storage from year to year are lating short-term records to compute runoff for the
negligible, and the amount of water leaving whole report area and to determine the areal dis-
the report area equals the amount entering. tribution of runoff. Average monthly and average
annual total runoff in inches are shown in table |
for the SCRBA, for the upper Thames River basin
above the report area and for the Thames River
STREAMFLOW} UNDERFLOW, AND basin at its mouth. It is evident from the table
DIVERSIONS INTO THE REPORT AREA that average monthly runoff follows a marked sea-
sonal cycle, being much greater for March than for
Precipitation is the sole source of fresh water August. This is illustrated in figure 5 for the
for all stream basins included entirely within the upper Thames River basin above the SCRBA. Minimum
SCRBA. However, about 530 billion gallons per year monthly runoff, also shown in this figure, likewise
of fresh water enters the SCRBA in the Shetucket follows a similar cycle. These cycles reflect a
River near Norwich and is potentially available for combination of causes, among which are increased
use. Also the Pawcatuck River, flowing along the loss of water by evaporation and transpiration dur-
southeastern border of the SCRBA, has an average ing the summer months (see p. 6 ), melting in March
annual flow of about 130 billion gallons per year and April of ice and snow stored on the land surface
which is potentially available for use. during the winter, and greater ground-water discharge
in the spring due to the higher water table at that
Underflow entering the report area is about time. Maximum monthly runoff, like maximum monthly
100 million gallons per year, a relatively small precipitation, varies widely but does not show a
amount, which comes from the Shetucket River basin, seasonal cycle because occasional large floods have
for there is no underflow at the outlet of the occurred in nearly every month of the year.
Quinebaug River basin.
The average annual runoff from the SCRBA
In 1964 about 330 million gallons of water were streams occurs at the rate of 25.91 inches or about
brought into the SCRBA from wells of the Westerly 730 billion gallons per year. This includes the
Water Works In Rhode Island to supply the city of average annual flow of 530 billlon gallons per year
Pawcatuck, Connecticut. entering the SCRBA from the upper Thames River basin
from the Shetucket River.
LOSSES OF WATER A part of all streamflow in the SCRBA is derived
RUNOFF from water that has seeped into the streams from con-
tiguous aquifers. During winter months when air
Long-term records of runoff within the SCRBA are temperatures are below freezing and there is no
available only for the Yantic River basin. Runoff direct runoff from melting snow, and during rainless
from this basin has been measured since 1930 at a periods in summer months, the flow of many streams
stream=-gaging station at Yantic, 4.8 miles upstream consists entirely of ground-water runoff.

from its mouth. Records at this point represent
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Maximum, and water year during which it eccurred,
of the aquifers and conditions for infiltration and
Average . g < . .
; ' discharge are similar. Therefore, it is reasonable
| .~ Minimum, and water year during which it occurred, to assume that the rate of ground-water runoff in
2 1936 - I the SCRBA is also approximately the same. On this
basis annual ground-water runoff to streams is
o estimated to occur at the rate of 11.14 inches or
about 75 billion gallons per year. This compares
8 1940 T favorably with estimates made from flow-duration
- data (see p. 64 ).
6 288 1956 1258
1937) 1937 {1951
4 29841948 GROUND -WATER FLOW TO THE OCEAN
1941l o L AVERAGE MONTHLY 7 Because the SCRBA is adjacent to the sea coast,
: 10sa] | lissz part of the ground-water lost from the report area
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Figure 5.-=Monthly runoff from the upper Thames
River basin at Norwich, 1931-60 water years

Average monthly and minimum monthly runoff
followed a marked seasonal cycle. Floods
occurred in nearly every month and caused
maximum monthly runoff to vary widely and
follow no seasonal cycle.

Randall and others (1966, p. 9) and M. P.
Thomas (1967, p. 10) estimated from hydrograph
separation methods that average annual ground-
water runoff in the Quinebaug River basin and
Shetucket River basin was 10.19 inches (1943-62)
and 10.58 inches (1945-62) respectively. The
data required to determine ground-water runoff
from hydrographs is not available in the SCRBA.
However table 2 shows that the annual rate of
precipitation and intensity of rainfall, annual
runoff, and annual water loss, in the Quinebaug
and Shetucket River basins, which comprise the
upper Thames River basin, are practically the same
as they are in the SCRBA, and the general character

Table

may be computed by estimating the transmissibility
of the deposits along the coastline, the length of
the coastline and the hydraulic gradient (slope of
the water table) toward the coast. Expressed mathe-
matically, Q = TIL where Q is the discharge in
gallons per day, T is the transmissibility in gallons
per day per foot, | is the hydraulic gradient in
feet per mile, and L is the length of coastline in
miles. 1t is estimated that ground water is dis-
charged to the Sound at a rate of about 16 inches

or 15 billion gallons per year from about 54 square
miles of area along 140 miles of shoreline.

EVAPOTRANSPIRATION

A substantial part of the water that falls
on the SCRBA as rain or snow is returned to the
atmosphere by means of evapotranspiration (evapor-
ation and transpiration). The total amount of
evapotranspiration is difficult to measure directly
and was computed as a remainder after all other
gains and losses were measured or estimated. If it
is assumed that long-term storage remained substan-
tially the same (as assumption supported by evidence

2,--Average annual water budget for the lower Thames and southeastern coastal river basins, in inches

of water over the area, compared to water budgets for the Quinebaug River and Shetucket River basins

Quinebaug River
basin

(1943-62)

Shetucket River
basin

(1949-62)

Lower Thames
and South-
eastern
Coastal river
basins

|

a Based on records, water years 1931-60.

b Based on relationships in water budgets for Quinebaug and Shetucket River basins.

Direct runoff = 57 percent of total runoff

Ground-water runoff = 43 percent of total runoff
Ground-water underflow in Thames area =

underflow directly to Sound and

estuaries from 54 square miles bordering 140 miles along shoreline (Q = TIL)

Ground-water evapotranspiration =

17.5 percent of total runoff

Outflow I Evapotranspiration | Changes
Total Direct | Ground-water | Ground-water Ground in

Precipitation| Runoff| Runoff Runoff Underflow Total Water Storage
L, 88 23.97 13.78 10.19 0 20.91 L, 24 0
Ly, 86 2L, L7 13.89 10.58 Negligible 20.39 k,23 0
SuBal [ 25,91 | Plgr | P oana by.96 [? 22.30 |P 1.53 ay



from ground-water levels and reservoirs levels), the
average annual amount of evapotranspiration from the
SCRBA for the period October 1930 to September 1960
is equal to the average annual precipitation (48.21
inches) minus the average annual runoff (25.91
inches), or 22,30 inches.

Table 2 shows that evapotranspiration of ground
water in the Shetucket and Quinebaug River basins
amounted to about 17.5 percent of runoff and for the
SCRBA probably was about the same, or 4,53 inches.

Changes in the potential rate of evapotrans-
piration in a given locality from month to month are
largely dependent on changes in air temperature and
duration of daylight (Thornthwaite, 1952, p. 382;
Olmsted and Hely, 1962, p. 12; Clark, 1963). Thus
evapotranspiration is greatest during the growing
season, April through October, when the temperatures
are above freezing and the days are longest. These

major factors repeat themselves with relatively little
change year after year, and the annual amount of evap-

otranspiration and its distribution through the year
are relatively constant for a given locality. Since
the annual amount of evapotranspiration in the SCRBA
is known from the long-term relationship of precipi-

tation and runoff discussed in the previous paragraph,

a theoretical average monthly distribution of evapo-
transpiration, computed by a method similar to that
of Thornthwaite and Mather (1957) for the period
1930-60, is illustrated in figure 6.

e = eslimoled for periods during
month when air temperatures
ware above freezing

o

7]

IN INCHES

n

PIRATION,

THEORETICAL AVERAGE MONTHLY EVAPOTRANS-

Fiqure 6.==Monthly evapotranspiration for the lower
Thames and southeastern coastal river basins,
1931-60 water years

Evapotranspiration is greatest during the
growing season (April to October) when
plants use a large amount of water, tem-
peratures are above freezing and the days
are longest.

SUMMARY OF THE WATER BUDGET

An average monthly water budget for the SCRBA
illustrating the factors of the budget discussed in
preceding paragraphs, is shown in figure 7. Pre-
cipitation during the late autumn and winter months
is sufficient to cause substantial increases in
storage and produces abundant runoff. Similar
amounts of precipitation in the late spring and

summer months are not adequate to supply the large
evapotranspiration losses. This results in sharply
reduced runoff and a decrease in storage. The
increase or decrease in storage within the report
area may be either as ground water, as surface
water in lakes and stream channels, as soil mois-
ture, or combinations of these.
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Figure 7.-~-Monthly water budget for the lower Thames
and southeastern coastal river basins. Average
for water years 1931-60

WATER QUALITY IN THE HYDROLOGIC
CYCLE

Water, with its unique ability to dissolve
more substances than any other liquid, increases
its dissolved-solids concentration as it moves
through the various phases of the hydrologic
cycle as is illustrated in figure 8. Water that
evaporates from the land and water surfaces and
passes into the atmosphere is relatively pure. As
water vapor condenses to form rain, snow, sleet,
or hail, it incorporates tiny particles of soot,
dust, salt spray from the ocean, and other impuri-
ties from the air. Some of the mineral matter in
these particles is dissolved. The gases which make
up the atmosphere, including carbon dioxide,
nitrogen in various forms, and sulfur dioxide are
dissolved to some extent also. Thus even as it
starts its journey to the land surface, water is no
longer ''pure.'" On its descent, precipitation per=
forms the most important function of removing many
natural and artificial contaminants from the atmos-
phere. The part of this water that flows across
the land surface in the report area is not signi-
ficantly altered in chemical composition, but the
part that seeps into the ground dissolves more
mineral matter from the soil and rocks as it moves
slowly toward nearby streams. Evaporation and
transpiration return some of the water to the
atmosphere and the result is an increase in concen=
tration of chemical constituents in the water
remaining.



Water vapor in

and dissolves particles of dust and absorbs
gases to form clouds of water droplets which
are slightly mineralized.

Precipitation contacts and dissolves
other dust particles and gaseous
matter as it falls and is normally
slightly acidic with a low dissolved
mineral concentration.

Overland runoff picks up and transports
soil particles and dissolved organic
and mineral matter. Sediment and turbidity
contents change as erosion and deposition
occur. In general, chemical and physical
properties of overland flow are not altered
significantly because of the short period of
contact with the land surface and the low
solubility of the exposed minerals. Surface-
water temperatures follow a seasonal trend

in response to changes in air temperatures.

Infiltration results in higher mineralization
because of longer periods of contact with
minerals which may also have a higher solubilit
than those at the land surface. During

periods of low streamflow, the more highly
mineralized ground-water runoff may sub-
stantially increase the mineral content of

the smaller streams. Ground-water temperatures
become relatively more constant with depth.
During periods of low flow in the summer,
streams are noticably cooler where the
relatively cold ground water enters the
channels.

the atmosphere condenses upon
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Figure 8.-~Changes in the quality of natural waters during the hydrologic cycle

As water moves through each phase of the hydrologic cycle it generally
becomes more highly mineralized.

Water evaporated or transpired is relatively
pure, and the water remaining, therefore, has
had its solute concentration increased.

Organic matter in swamps increases iron

content and color seasonally, and water
draining from swamps may affect the
quality of water downstream in ponds or
streams. Temperature of water in swamps
is influenced directly by solar radiation.

Storage of water in lakes and ponds

generally modifies its physical, chemical,
and biological properties. Some lakes
and ponds are thermally stratified except
in spring and fall when their turnover
causes vertical mixing and resultant de-
terioration in quality. Thermal gradients
sometimes differ considerably from air
temperatures.

Ground water in stratified drift and till

will vary in hardness and iron content from
place to place in the basin depending upon
the mineral content of the bedrock from
which it was derived. Under certain
conditions the upward movement of ground
water from the bedrock can also affect the
quality of the water in the overlying
stratified drift and till.

Salt water invasion occurs in both tidal

reaches of surface waters and in ground-
water aquifers where permeable materials
or fracture bedrock are in contact with
sea water. The sea water mixes with

the fresh water and proportionally in-
creases the dissolved-mineral content of
the integrated water.
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QUALITY OF PRECIPITATION

The dissolved-solids concentration of precipi-
tation can vary during a single storm and from
storm depending on the direction from which a storm
approaches, and the kind of gaseous or solid mate-

rial dissolved from the atmosphere.

Research has

shown that the first drops of rain during a storm
may contain over 150 ppm (parts per million) of
dissolved solids, whereas later rainfall during the

same storm will

contain much less.

Analysis of all rainfall samples collected at
Ledyard, Chesterfield, and Noank given in table 3
show a wide range in chemical quality; for example,
the specific conductance ranged from 12 to 240

mi cromhos.

Part of the dissolved solids in precip-

itation that falls on SCRBA is of local origin, but
part has been transported into the report area by

the wind as illustrated in figure 9.

The variations

in chemical quality of precipitation at the three
sampling sites may be explained by the transportation
of mineral matter into and within the SCRBA by move-
ment of air masses.

Figure 9a shows the movement of air masses in-

to the SCRBA from the west.

Chemical analyses of

precipitation indicate that the Chesterfield site
(2P) is influenced primarily by mineral matter trans-

ported into the report area.

Both the Ledyard and

Noank sites (IP and 3P respectively) are influenced
by contaminants discharged into the atmosphere from
the works of man locally along the Thames River.
The dominant contaminant here is sulfur dioxide as
indicated by the low (acidic) values of pH in the
following table:

| ndex No. of

number measure= pH

(P1. A)| Location ments Range | Hedian
1P Ledyard 5 3.8-5.1 4,5
2P  Chesterfield 6 5.9-6.3 6.2
3P Noank 16 3.5-4.9 L. L

These are data from samples collected July 1963

to December 1964 when air mass movement was

from the west. The main source of the sulfur
dioxide is the burning of coal, oil, and natural
gases. The principal source areas along the
Thames River are the population centers of Groton,
New London, and Norwich, and the Connecticut Light
and Power Plant at Montville. Atmospheric water
will absorb carbon dioxide until equilibrium is
reached at a pH of 5.7 (Barrett and Brodin, 1955,
p- 252). This value of 5.7 may be regarded

as the neutral point, neither acidic nor basic,
for atmospheric water solutions rather than

Table 3.-=Summary of chemical analyses of all precipitation samples from three locations
In the lower Thames and southeastern coastal river basins area

(Chemical constituents, in parts per million)

Index number (Pl. A) and location A1l precipitation
sampling sites
1P...Ledyard J_ 2P...Chesterfield 3P...Noank
Period of collection
Aug. - Nov., 1964 Aug., Oct., Dec., 1964 July - Sept.,
Nov., 1963
June, Aug. = Nov., 1964

Number of Number of Number off Number of

analyses Range Median [ analyses Range |Median | analyses Range Median analyses Range |Median
Calcium (Ca) 7 0.6-1.4 0.8 7 1.7 - 9.0 4.0 22 0.7 - 16 1.4 36 0.6 - 16 1.5
Magnesium (Mg) 7 0- .b . 7 1.2 - 3.2 1.8 21 .0 - 2.6 .2 35 0- 3.2 .2
Sodium (Na) 7 1=1.1 A 6 4 - 1.9 .8 19 .7 - 20 3.2 32 1= 20 1.9
Potassium (K) 7 1-1.1 .6 6 3 - .4 33 18 .2 - 3.4 .5 31 D T
Bicarbonate (HC03) 7 0 -2 0 7 3 -7 5 23 0 - 34 0 37 0 - 34 0
Sulfate (504) 7 2-6.8 1.8 7 3.0 =17 7.8 19 2.2 - 29 6.2 33 .2 - 29 6.2
Chloride (C1) 7 0- .6 .0 7 0 - 2 .0 24 8 = 32 3.2 38 .0 = 32 1.2
Dissolved sollds 7 7 =13 8 3 8 =30 11 1411 - 75 20 24 7 =175 15
(Residue on evapora-

tion at 180°C)
Hardness as CaCO3 7 2 -5 2 7 9 =36 16 22 2 =138 L 36 2 -138 L
Specific conductance 7 12 -73 17 7 12 =69 35 24 26 -2h40 60 38 12 -24p 52
(micromhos at 25°C)

pH 7 3.8- 5.1 4.7 & 5.9 - 6.3 6.2 24 3.6 - 7.2 L.L 38 3.5 - 7.2 L7




Paved areas, roofs, and storm water drains Storage of water in ponds and reservoirs
cause more rapid runoff, reduce evapo- for future use of flood control increases

transpiration, and reduce infiltration. evaporation loss from the area and
modifies the timing of streamflow downstream.

Replacing of forested areas by meadows
reduces transpiration losses and results
in more rapid runoff from the land surface.

Water for municipal or industrial supply
is removed from a stream in the same
basin or an adjoining basin and released
again at a different location causing
changes in streamflow patterns.

6’ Fattary

'.l Sentie tary)

wiater
suply

Large capacity industrial well in
stratified drift obtains part of its
supply from the river nearby by
induced infiltration and part from
ground-water storage. Fresh water is

fr
/ / usually released again to the stream.

I such a well is used for irrigation,
most of the water is lost through
evaporation.

Individual homes get their water A YN

supply from a domestic well and Ay Bedrock M=*~~__ -7 /- ; Where permeable materials and rocks are in
return the same amount of water contact with sea water, wells near the sea

to the ground through septic tanks i may become very salty, if they are pumped
unless some is used for irrigation. excessively., The pumping upsets the delicate

balance between fresh and salt water and the
salt water then mixes into and encroaches
upon the fresh water.

Figure 10.-=The effect of the activities of man upon the movement and distribution of water in the hydrologic cycle

Man by his activities affects the timing, direction, and quantity of
water moving through the phases of the hydrologic cycle.
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Quality of intake water and intended use
govern the treatment needed.
aeration, filtering, softening, coagulation,
pH adjustment, fluoridation, etc. all change
the chemical composition of the water.

Precipitation contacts and dissolves more of
the contaminants as it falls through the
atmosphere thereby becoming acidic. This
acidity increases its solvent power and its
capacity to dissolve mineral matter.

Overland runoff from acidic precipitation
has increased solvent power for minerals
on the land surface. Runoff from roofs
and pavements in municipal areas adds
previously precipitated dry chemical and
organic pollutants to the mineral content.
Road salt used on highways in winter also

is dissolved and carried into streams or
percolates into the ground.

Loosened soil during construction of highways,
buildings, and other structures makes possible rapid"”
erosion, which temporarily increases sediment content
and turbidity in streams.

==

L

.
anl-lrcn{ and*

Low-Calcium \ =
N
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Water vapor in the atmosphere condenses upon
and dissolves particles of mineral matter and
gases originating from incomplete combustion in
industries, homes and vehicles, dust from
limestone quarries and cement plants, and dust
from dry fertilizers spread upon farm land,

all of which have been carried aloft by
ascending air currents.

Chlorination, Waste discharge from Industrial plants

is diluted by high flows in streams,

but at times of low flow, the water available
for dilution is reduced and the water

hl quality deteriorates.

] Animal wastes, chemical fertilizers and
pesticides spread upon agricultural land
increase the dissolved mineral content of
the overland runoff and water infiltrating
to the water table.

N

Storage of flowing water in reservoirs
modifies the chemical and physical
characteristics of the water. Suspended-
sediment and turbidity will decrease and
accumulations of sediments on the bottom
will gradually fill the reservoir.

Figqure 11.=-=The effect of the activities of man upon the chemical quality of water in the hydrologic cycle

The chemical quality of water deteriorates as the result of man's activities.

Seepage from septic tank effluents containing
detergents may progressively deteriorate an
aquifer. |If they are not biodegradable, the
damage caused, while not irreparable, may
require a long time to correct.

Changes in the chemical, physical, and
biological properties of waste water depend
upon type of treatment employed.

Disposal of untreated or poorly treated
wastes can degrade quality of the surface
water it enters. Waste water being carried
by combined sewer systems to treatment
plants often bypasses the plants during
storm runoff and enters the stream untreated.

Most of the water withdrawn from streams or
wells and used by industry for cooling,
washing, and other purposes is returned to
the streams or the ground at higher tempera-
tures or with a higher dissolved mineral
content than at its point of withdrawal.

Regulation of streamflow may cause further
upstream movement of salt water in estuaries
and coastal streams, prohibiting their domestic
and industrial use because of increased mineral
concentration.

Salt-water encroachment in aquifers caused
by extensive pumping upsetting the delicate
fresh water-salt water balance results in the
increase of the dissolved mineral content of
the water as the encroachment moves further
inland. In some cases with reduced pumping
rates, the excess salts may eventually be
flushed out by fresh water recharging the
aquifer, or stabilize the salt water front.
When salt water encroachment is severe, the
aquifer at particular sites may be spoiled
for future use and abandonment of wells
necessiated,
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a. Median chemical analyses (in ppm) of rainwater from westerly air masses.
Rainwater quality is acidic in the eastern portion of the basin and
basic in the west. Shaded areas represent possible source areas where
air pollution controls rainwater quality.
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b. Median chemical analyses (in ppm) of rainwater from oceanic air masses.
The quality of rainwater from the Chesterfield and Noank sites is
influenced by sea-salt aerosols. The quality at the Ledyard site is the
resultant of the sea-salt aerosols and the contaminants from the shaded
source areas, as exhibited by an Increase in chloride content and/or
acid pH (less than 5.7).

Figure 9.--Results of median chemical analyses of precipitation at three sampling
sites relating air mass movement with chemical quality
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the value of 7.0 as in water solutions. The pH for
all samples collected at the Ledyard and Noank sites
(1P and 3P respectively) during air mass movement
from the west is acidic, for pH values were all
below 5.7.

Figure 9b shows the movement of air masses into
the report area from the south, representing an
oceanic influence. Chemical analyses of rainwater
from the Chesterfield and Noank sites indicate that
these two sites are influenced to some degree by sea-
salt aerosols. Both sites have rainfalls with a pH
above 5.7 indicating a gain in a sufficient quantity
of alkaline salts (usually sodium salts) resulting
in basic (non-acidic) water. The Noank site shows
a large increase in the sodium and chloride concen=
trations over that in figure 9a and, since it is
situated on the coast, is always under some influence
of the sea-salt aerosol. The presence of salts from
ocean spray is indicated when the calcium chloride
(ca/C1) ratio is less than 1.0 (Gambell, 1962,p. 91-
92). The Ca/Cl ratio of this site was 0.6 during
westerly air mass movements and 0.2 during oceanic
air mass movements. Data derived from various
studies in the U.S. and abroad showed the drop in
chloride concentration is rather sharp within the
first 6 to 12 miles from the shoreline and then
decreases more gradually inland. The south shore
of Long Island should be considered as the shoreline
for Connecticut when chloride concentrations in rain-
water are being considered. The Ledyard site
besides being under an oceanic influence as noted by
a small increase in sodium and chloride concentra-
tions, also is under the influence of the local air
pollution along the Thames River as indicated by
the low (acidic) pH.

A few rainwater samples collected in the recent
inventory studies of the Quinebaug and Shetucket
River basins had relatively high calcium concentra-
tions. The calcium originated as dust from the
limestone quarries and cement plants in the north-
western Connecticut-southwestern Massachusetts region.
Analyses of rainwater samples collected during this
study given in table 3 indicates that the SCRBA is
not affected by contamination from this source as
are the Quinebaug and Shetucket River basins.

The quantity of minerals airborne in clouds
over the SCRBA that falls in precipitation is quite
substantial. Using values from table 3, one inch
of rain on the report area brings approximately 1.4
pounds of sulfate (S0,) and 3.4 pounds of dissolved
solids onto each acre of land. For the entire study
area this amounts to about 200 tons of sulfate and
LB80 tons of dissolved solids. Conway (1943) con-
cluded that on a global scale a considerable amount
of sulfate carried by the rivers into the ocean can-
not be accounted for by weathering of rocks and soils,
but must be from rain. The chemical constituents in
precipitation should therefore be considered as a
significant source of dissolved minerals in natural
waters.

QUALITY OF RUNOFF

The dissolved-solids concentration of direct
runoff in the SCRBA does not greatly exceed the
dissolved=solids concentration of precipitation
because the rocks and soils on the land surface have
been so long exposed to chemical weathering that
they have been thoroughly leached and silicate

minerals which have been left behind are only
slightly soluble.

Most of the time water in streams is a mixture
of direct runoff and ground-water runoff. Water
that percolates into the ground has much more oppor-
tunity to dissolve rock and rock materials than
water which simply flows directly across the land
surface. Accordingly, ground water contains higher
concentrations of dissolved solids than does water
that flows overland. For this reason, streams gen-
erally contain the greatest concentration of dis-
solved solids during periods of low streamflow when
most of the water is ground-water runoff and con=-
versely, contain the least concentration of dis-
solved solids during periods of high flow when most
of the water is direct runoff. Comparison of the
average chemical character of streamflow during
periods of high flow with the chemical character
of precipitation suggests that a considerable part
of the dissolved-solids concentration of direct
runoff is already present by the time the water
reaches the land surface.

Water moving across the land surface and in
the stream channels dislodges particles of soil,
silt, sand and occasionally gravel; this material
is carried in suspension or is rolled along channel
bottoms. Generally, sediment load increases and
the highest sediment loads occur during the spring
thaw and following severe storms such as hurricanes,
when streamflows are highest., On the whole, however,
soil erosion and sediment in streams are not problems
in eastern Connecticut, due to the generally perme-
able soils and the nearly complete cover of vegeta-
tion that holds and protects the soil.

More detailed information on the quality of
surface water and ground water is included in the
sections, 'Water in streams and lakes' and ''Water
in aquifers.,"

MAN'S EFFECT ON
"THE HYDROLOGIC CYCLE

The hydrologic cycle is a fundamental process
of nature, and the manner in which it operates can-
not be altered by man. However, man can and does
influence=-deliberately and coincidentally==the
amount of water stored on the surface and underground,
the relative proportion of direct runoff, ground-
water runoff, and evapotranspiration, and also the
quality of the water. The extent of his influence
depends largely upon the density of population in
the area. In rural areas, the clearing of forested
areas, draining of wet areas, irrigating of crops,
and impounding of water in reservoirs all change
to some extent the natural hydrologic cycle. More
extensive changes occur when man builds towns and
cities, and diverts water from streams and from the
ground for many types of domestic and industrial

uses. The physical effect of the works of man upon
the natural hydrologic cycle is illustrated in
figure 10.

While man has not substantially changed the
amount of runoff from streams in the SCRBA, he has
affected the timing of runoff on some streams.

There are a few old industrial dams in the SCRBA,
most of which no longer operate to regulate stream-
flow, but which do delay and lower flood peaks.

These dams increase natural storage of surface water;



they also increase ground-water storage by raising
the local water table above its natural level. The
gradual urbanizatlion of part of the $CRBA has the
opposite effect: buildings, pavements, storm sewers,
and similar structures increase direct runoff and
bring it to the streams more quickly than normal, and
at the same time inhibit ground-water recharge and
lower the water table locally. During the 19th cen-
tury the natural forests of the basin were largely
converted to farmland, but during the 20th century
forests have returned to cover much of the land
surface. Changes in Tand uses in the last century
may have altered the relative amounts of runoff and
evapotranspiration,

There are numerous water-supply reservoirs on
small streams scattered throughout the repart area.
These reservoirs have the effect of severely regu-
lating streamflow, and waters from reservoirs are
diverted to other points generally within the SCRBA
to meet man's needs,

The quality of water now Is a reflection of the
interplay between natural and cultural environments.
It is changed by man in numerous ways as 1llustrated
in figure 11. Some of the smoke, scot, and fumes
discharged Into the air from industries, homes, and
vehicles in and beyond the report area is incorpor-
ated in local precipltation, and some simply settles
on the tand surface. These materials contribute to
the dissolved-solids content of runoff., So do
manures, chemical fertilizers, and pesticlides spread
on agricultural lands and teached by infiltrating
precipitation. Most of the water withdrawn from
streams or wells and used by industry for cooling,
washing, and other purposes is returned to streams
or the ground at higher temperatures or with a higher
dissolved-solids content than when withdrawn. Indus-
trial waste discharged into streams is dituted by
high streamflows, but during periods of low stream-
flow, the water available for dilution is reduced

and the resultant deterioration in water quality

is detectable along portions of the larger streams
by field observations as well as by chemical
anatysis, Disposal of domestfic sewage to streams
has created offensive conditions in a few places,
and disposal to the ground has contaminated near-
by wells 1n a few crowded localities. The

numerous excavations made during the construction
of highways, buildings, and other structures result
in temporary rapid eroston that contributes to the
sediment and turbidity carried by streams. No
matter how effective man's treatment of waste
effluent or curtailment of exhaust smoke, or sta-
bitization of soil erosion, there will still be an
increase In the dissolved-solids concentration and
suspended sediment content of the water in a
habitated basin over the amounts supplied by natural
processes. Keeping this increase within acceptable
limits will be one of the major tasks of the future
in the event of substantial urban expansion,

The sources and significance of a variety of
chemical constituents and physical properties of
water which are found in the SCRBA are summarized
In table h. Excesslively large (or small) concen-
trations of varfous constituents may prohiblt
certaln uses, or at least increase the cost of its
use because of the treatment required to make it
sultable,

Water distributed by public water supplies
must be suitable for drinking and hence must meet
fatrly stringent quality requlrements. The
drinking-water standards applicable to common
carriers In Interstate commerce, published by the
U.S. Publie Health Service (1962) have generally
been accepted as standards for public water supplies
in Connecticut. They appear in the last column
of table 4 and are also given in various tabula~-
tions of chemical analyses throughout this report.




Table 4.--Source and slignificance of some of the chemical constituents In, and physical properties of
water in the lower Thames and southeastern coastal river basins

Chemical constituent
or physical property

Source and concentration

$tgalficance and maxisum 1init of tolerance

Stifca {5505}

Iron (Fe)

Manganese {Hn)

takcium (Ca)

and
magnes|um {Mg)

Sodlum {Ha}

and
potassfum (K)

Carbonata {L£03)
and
blcarbonate (KCO3)

subfate {S04)

thilorids (C1)

Fluoride {F)

Nttrate (HO3)

blssolbved solids
and
speclfic conductance

Dissoived from practically ali rocks and solls. Usvally
found Frt the basin fn small amcunts ranging from | to
30 ppm. Surface water usuvally has a smaller concentra-
tion than does ground water.

Dlssalved from many assorted minerals that contain
oxides, sulfides, and carbonates of iron, Decaylng
vegetation and Iren obJects In contact with water,
sewage, and Industrial waste are also maJor sources.
Surface water in the basin In Fts natural state
usually has less than 1.0 ppm. Ground water generally
has higher concentratlions than surface water.

bfssolved from many rocks and solls. Often found
associated with 1ron In natural waters but not &8s
common as Iron. Surface water fn the basin usually
has 1ess than 0.1 ppm. Ground water gencrally has
htgher concentrations than surface water.

pissolved from practically al) rocks and soils,
especlally calclum siflcates, ¢lay minerals, and
Impure limestons lenses.

Dissolved from practically all rocks and solls,
Sewage, Industrlal wastes, road salt, and sea

water are also maJor sources. Most home water soft-
enars replace solubie hardness-producing minerals
with sodiun and thus Increase the amotint of sodivm
prasent.

Results from chemical action of carbon dloxide

In atl natural water on calslte and calcium stlfcate
minerals. Decaylng vegetation, sewage and
Industrial wastes are also Important sources.

Dlssolved from rocks and solls contaknkng sulfur
compounds, especlally lron sulflide; also from
sul fur compounds dissolved In preclipitation, and
seyage and Industrial wastes.

swal] amounts dlssolved from metamorphosed sedi-
mentary rocks and solls, Relatively large amounts
are derlved from anfmal wastes, sewsge, road salt,
industrial wastes, and sea water. Chlorlde con-
centration of natural fresh water in the basin
seldom exceeds 10 ppa.

Dissolved from assarted minerals, such as apatite,
fluorite, mica, and scapslite. Surface water In
the basin rarely has more than 0.2 ppm; however,
In one Tocal area concentration of fluorlide In
ground water was as high as 1.4 ppin.  Added to
some waters by fluoridatlon of publfc water
supplies.

Very small amounts In natural waters from preclpiea-
tlon and decaylng organic matter. Sewage, Industrial
wastes, fertliizers and decaying vegetation are
major sources. Lesser amounts are derlved from
precipltation.

Includes all mineral constituents dissolved tn precip-
Itation and from rocks and solls, lecally augmented by
mineral matter In sewage and Industrial wastes.
Measured as resldue of evaporatlon at 180°C or caleu-
lated as numerfeal sum of amounts of [ndlvidual
canstlituents. Specific conductance, or the capaclty
of water to conduct an electrie current, fs used as

an index of total mineral content. 1In natural waters
in the basin, ground water usually has a larger con-
centration of dissolved sollds than does surface
water. HNearly all waters sappied had a dissolved-solids
content much bslow the 1imit recommended by the USPHS.

forms hard scale in bollers, water heaters, and plpas. In-
hibits detertoration of zeollte-type water softeners. The
USPHS (U.S. Public Health Service, 1962} has not recom
mended @ maxfmum limit for drinking water.

On exposure to alr, Tran [n ground water oxidizes to a red-
dish=brown prectpltate. Hors thas about 0.3 ppm of fron stalns
laundry and utenslis, causes unpleasant odors, and favors

growith of lron bacteria. Iron in water 1s objectlonable for
food and textlle processing. Most Fron-bearling waters when
treated by aeration and flitratlon are satisfactory for domestic
use. The USPHS racommends a maxlmum Hmit of 0.3 ppm for
drinklng water.

More than 0.2 ppm preclpitates upon oxidatlon, Manganese has
the same undesirable characteristics as Iron but is more dif-
flcult to remove. The USPHS recommands a maximum Pimit of
0,05 ppm for drinking water.

Hardness and scale=forming properties of water are caused by
dissolved blcarbonates and sulfates of these minerals (see
hardness). These are objectionable for elaectroplating, tanning,
dyalng and textlle processing. They also cause scale formatlon
in steam boiters, water heaters and plpes. Tha USPHS has not
recommended a maxlmum 1lmlt for drinking water.

Stnee the concentration of potasslum Is wsually low, sodium and
potassfum are calculated together and reported as sodium,
Quantities found in the fresh water of the report area have
Tittle effect upen the usefulness of water for most purposes,
however, more than 50 ppm may cause foaming of steam bollers,
The USPES has not recommended a maximum Vimlt for drinking
water, however, the Connectlcut $tate Department of Health
suggests & maximum limft of 20 ppm for munfclpal water supplies.

Bicarbonates of caleclum and magnesium cause hardness and form
scale In botlers and pipes, and release corrosive carboa dloxide
gas (see hardness). Water of low mineral content and low bi-
carbonate content Ep proportlon to carbon dioxlde Is acidic and
can be corrosive. The USPHS has not recommended & maximum limit
for drinking water.

Sulfates of calcium and magneslum form parmanent hardness and
hard sczle In boflers and hot water plpes (ses hardness),

The USPHS recommends a maximum Vimlit of 250 ppm for drinking
water.

Large amounts of chloride In combination with calcium will result
in a corrosive solutfon and 1n cozbination with sodfum will

glve & salty taste. The USPHS recommends a maximum limit of

250 ppm for drinking water.

About 1.0 ppm of fluorlde Is belleved to be helpful In reducing
the Incldence of tooth decay In small chlldren; larger amounts
possibly cause mottle enamel on teeth {Lohr and Love, 1354,

Pe 39). The USPHS recommends tha following maximum limlts for
drinking water In the report area: Tlower, 0.8 ppn; optleum,
1.0 ppm} uppar, 1.3 ppa

$mall amounts of nltrate have no effect on usefulness of water.
A cencentration greater than 6 ppm generally Indicates pollution,
Nitrate encourages growth of algae and other organisms which pro-
duce undeslrable tastes and odors, The USPHS recommends & maxi-
mum Vimit of 45 ppm for drinking water which 1s equivalent ta

i0 ppm of nitrate expressed as N in a sanitary analysls. Waters
contalning more than 45 ppm have reportedly caused methemo-
globinenta which is often fatal to infants and, therefore such
water should not be used In Infant feeding,

Waters contalning more than 1,000 ppm of dissolved solids are
unsultable for many purposes. The USPHS recommends a maximum
Timit of 500 ppm for drinking water but will permit up to
1,000 ppm, A dissolved-solid concentration of 500 ppm is
approxImately equlvalent to a speclfic conductance of 8OO
micromhos at 25°C,




Table L, ~-Source and significance of some of the chemical constituents in, and physical properties of

Chemlecal constituent
or physical property

Source and concentration

water in the lower Thames and southeastern coastal river basins--Continued

Slanificance and maxinmum limit of tolerance

Hardness (as CaCO3)

Hydregen ien
concentratlon (pH)

Color

Alkyl benzene
sulfonate (ABS)

Temperature

Turbldity

Hardness 1s primarily due to presence of catcium and
magnesivm, and to a lesser extent to lron, manganese,
alumlnum, barfem, and stroptius. There are two
¢lasses of hardness, carbopate (temporary) hardness
and nor~carbonate {permznent) hardness. Carbonpate
hardness refers to the hardness in equivalents

with carbonate and blcarborate; non-carbonate to

the remainder of the hardness, Fost waters In the
basin are ¢lassified as soft, with a hardness of
less than 60 ppm.

Water with a dominance of aclds, acld-generating
salts, and free carbon dioxide has a low pH. 1f
carbonates, blcarbopates, hydroxlides, phosphates, and
sTllcates sre dominant, the pH fs high. The pH of
most natural waters ranges between & and 8.

Color In water may be of natural, mlneral, or
vegetable orfgin such as fron and manganese compounds,
algae, weeds, and humus materfal, May also be

caused by fnorganic or arganic wastes from [ndustry.
True color of water is considered to be only that
attributable to substances in solution after the
suspanded material has been removed.

Primary sources of alkyl benzene sulfonate (ABS}
are synthetic household detergent residues In
sevage and waste waters. In 1963 about 70% of all
household detergents were of thls type.

Temperature fluctuates widely In streams and shallow
wells following seasonal ¢)imatlc changes, but wells
at depths of 30 to 60 feet remain within 2 or 3
degrees of mean annual air temperature (50°F for the
report area). Disposal of water used for <oolling er
Tndustrial processing causes Iocal temperature
abnormalitfes.

An optical property of water attributed to suspended or
collofdal matter which fnhibits 1[ght penetratlon. May
be caused by microrganisms or algae; suspended mineral
substances [ncluding fron and m2nganese compounds, clay
or s1it, or sawdust, fibers, and other materials. May
result from smatural processss of eroslon or from the
addltion of domestlic sewage or w@stes from verlous
tndustries, such as pulp end paper manufacturing.

13

Hard water consumes svap before lather wlll ferm and deposits
soap curds on bathtubs. Water having a hardness of more than
120 ppm is commonly softened for domestic use, MHardness
forms scale In boilers, water heaters, radiators and pipes
causing 2 degrease in tate of heat transfer and restricted
flow of water. In contrast, water having a very low hardness
may be corrosive. Carbonate {temporary} hardness can be re-
duced by water softeners; non-carbonate (permanent) hardness
cannot be readlly dissolved. The USPHS has not recommended
a maximum [imit for drinking water. The U.S. Geolegical Survey
classification of hardness appears on p.

A pH of 7.0 Indicates neutrality of 2 solution. Values higher
than 7.0 denote a2lkaline characterfstics: values lowar thsn 7.0
Indlcate acld charactertstics. Acld waters and excessively
alkaline waters corrode metals. The USPHS has not recommended
a maximum limit for drinking water.

Water from domestic and some industrial uses should be free of |
perceptible color. Color In water is objectifonable tn food \
and beverage processing and many manufacturing processes. |
Results are usually expressed as units of color and not as ppm. ‘
The USPHS recommends a maximum 1lmft of 15 units for drinking

water.

fligh concentrations of ABS cause undesirable taste, foaming, and
odors. It often indicates presence of sewage or [ndustrial
waste. |0 midmyear §965 ABS bagan to ba replaced by linear
atkylate sulfonate (LAS}. Under simlftar optimum conditions, LAS
is mere degradable than ABS. The USPHS recemmends for ABS a
maximum limlt of 0.5 ppm for drinking water.

Temperature affects the usefuiness of water for many purposes,
For most uses, especiaily coolling, water of unifermly low
temperatures is desired. A few degrees rise in the tempara-
ture of a stream may limlt the capacity of a stream to support
aquattc tife, Warm water will carry less oxygen 1n solutlon
than water at low tecperatures, and a corrosive water will be-
come more corroskve with increased temperatures.

Excesslve concentrations are harmful or lethal to fish and other
aquatlc 11fe; also very undesirable in waters used by most
fndustries, especially In process water, Turbidity can modify
water temperature. Results are expressed In standard units, not
ppmy The USPHS recormends & maxiemum limit of 5 units for
deinking water.
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WATER IN STREAMS AND LAKES

Runoff from the SCRBA 1s carried by numerous
streams, both large and small, which extend into all
parts of the area. The complete stream system is
shown in blue on the large maps accompanyimg this
report.

The amount of flow passing any given point on
a stream varies from day to day, season to season,
and year to year, Continuous records of streamflow
have been obtalned at six gaging stations within the
report area for pertods ranging from 19 months to
35 years as Indicated in figure 12. in addition,
discontinucus or partial records and single measure-
ments of streamflow have been obtained for many
other sites within the SCRBA during the period from
May 1963 to September 1964, The locations of these
stream-gaging stations are shown on plate A. All
records for 1963-64 are given elther in annual pube
Tications entitled "Surface Water Records of Con=-
necticut" or In the companion basic data report by
M. A. Cervione, Jr. and others (1968), and continu-
ous records are published In a series of U.S.
Geclogical Survey Water-Supply Papers entitled
"Surface Water Supply of the United States."

The variations in streamflow at the continuous-
record and partial-record gaging stations are sum-
marized in this report by means of standardized
graphs and tables familiar to hydrolegists. In
order that the graphs for different streams be com-
parable, the data for each stream have been
adjusted to represent a 30-year reference period
beginning in either April or October 1930. This
conforms with the practice agreed upon by the World
Meteorologlical Organization (Searcy, 1959}. Accord-
ingly, the analyses, interpretations, and predictions
with respect to streamflow are based on this 30-year
reference period. This reference perlod represents
the long-term flow of the stream if there have been
no changes made In the pattern of regulation of
storage or diversion of water into or out of the
SCRBA. The graphs or tables may then be used to
estimate the amount of streamflow that will occur
In the future at the measurement sites.

The water-supply potential of streams is deter-
mined by the length of time indicated flows are
available (duration of dally flows) and by the
frequency with which annual low flows recur (fre-
quency distribution of annual low flows). Data
showing duratlon of dally flows are glven in table
5, and figures 13-16; statistical analyses of
streamflow data showing magnltude and frequency
of annual low flows are given tn tables 6 and 7 and
figure 19. Because streamflow varies from place to
piace along each stream as well as from time to time,
methods are described In the following sections for
determining streamflow parameters at any unmeasured
point along any unregulated stream in the report
area,

VARIATIONS IN STREAMFLOW

Areal variations in annual precipltation cause
substantial variations in amounts of runoff from
place to place within the report area. Average
streamflow in the central portion is 1.16 mgd per
sq mi or slightly less, which approximately equals

the average streamflow in the whole Thames River
basin. Above average streamflow occurs on the
western side and much above average streamflow
occurs on the eastern side as shown by the iso-
pieths on figure 17. The isopleths are based on
the average streamflow at each gaging statlion in
or near the report area; the ratios of these
average streamflows to 1,16 mgd per sq mi (1.80
cfs per sq mi) were plotted near the center of
the basins drained to guide the location of
isopleths,
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Figqure 13.--Duration of daily mean streamflow of

Pendleton Hill Brook near Elarks Falls

While variations in preclpitation cause varia-
tlons in the amount of runoff, variations in geology
cause variations in the timing of runoff. The
variations In runoff caused by variations in geoclogy
for eastern and southern Connectlcut, Including the
report area, have been discussed by M. P. Thomas
(1966}, and are summarfzed In the family of flow-
duration curves shown in figure 18, These curves
show that runoff from areas underlain by stratified
drift is more evenly distributed throughout time
than is runoff from areas underlain largely by till.
These relationships reflect the poor infiltration
capacity and resultant high proportion of direct
runoff from ti1l, and the greater infiltration capa~
city and resultant high proportion of ground-water
runoff from stratified drift. The stratified drift
absorbs a relatively large proportion of the preci-
pitation and stores it for sustained release during
periods of dry weather.

The flow-duration curves in figure 18 and the




*sJdjoadasey Noouag anbog pue soudeg ‘e Adled wOdl MOL) JO BACGE BOJE IPO|DU] J0U 590Q ST
s110AdBSBY Moodg AUCIS WOJ) MO[) JO BAOHE BIJE IPN[DUl Jou ss0q /T

#0* Q0" 1 e 9t et HLt o°L gE*L gtl LT gt wf gzt g et 6Z*iy 2WAT ase3 Jesu aaaly @ lulinod gLzl
80" H1* gL° £ a4 19° [8* S0°1 SE*1 8"l 9°T 9t §°9 €21 gLt geel 2ruelN 3 J2A1Y 3osuenbered G6°//Z(
Zl* gl ST fgt 08T 99 HBT 1"l S&°1 8L 9°¢ #°¢ 19 £z°t 851 't ./ 2wA7 3sed le doodg Jourze]  GLLZL
1 gL~ gg-  fgt 05t 597 gt 1L SE*1L g8l 9°T ¥°¢ 19 €271 g6l gTy /% P121349353Y) 1e djoodg Jauilel  Qt/fZ
oEt 9L~ lz=  €£°  9%"  ZT9T LT sa°L €71 L°L §7T H#°E 1T9 g1-1 g°61 £5°¢ plojaeiep e yooug uepdogr  [t/fZ7)
s0° /R Y D TASA S A 7 A o'l €L L1 g§'T 9%t B8°9 gLl 06 £°11 LLIH J2yend e doodg siuny g /l/g1
TASEEE AN AR A A - o LLs £6° €71 Ll 9T 9%t [°L 91! 8°9¢ T ol S1LIAJUCH 1B Moodg oxXeqoxg G L/Z1
fo* 217 9Lt g IH” 65 gL° sel SEtl g'L 9%t L ("L £2°1 1% 85°¢ __ @lepyep Jmau jooug oxoqoxy ShtlL71
#0*  L0° oOL" 1z=  #t° 15" bLt 6" €1 L*1 9T 9t I°L 91°1 191 2Lty /1 @l11asesuny aeou doodg Auols  §°//Z1
Honuejanbog
®0*  f0" oL* o2 ZE° 09" A A E71 L1 9'C 9*t 1°L aL*l ® LT Live Jeau Moodd Adeay sbulipig  §E-LLZI
0 z0* KO EL* TET  05° 14" £6* €1 L1 9'T 9°¢ 1L 91°1 LeEZ 2T donuejsnbog 1e yoodg A8|modd  £°L/T]
#0* f0° OF" 027 Z&" 09" 1L .6 €1 L7l 9T 9¢ 1°L ql-=1 €62 L1 211iaMays e ¥ooug 9| 11amMays  SZ-LIT|
®*  fo* ot og* ZE* og* (£ L6 €1 £*1 9°T 9°¢ 1L 91 6*12 £5°9 3] IAMAYS JBOU >00dg umMOFUBIDU| AV Fx4
B8] 1AS2uRyY
®0* [0t ol°  o0Z*  ZTE* 0§ £ L6° €1 L1 97T 9%¢ 1L 9E°1 I*€l ol*g 4B3u xoodg Aoy Buipetl Lz
daua) a[IA
0 0 0 90* §2* £S5 8Lt [ S U - L G A AR AL S A 4 121 £°8 70°5 ~3juoy Jesu doodg sa0) Buipesi  g+9/zZ]
50 fo* o1 1z 9¢ 2§ LLs L6* €L Lt 9T [t xf gl g°51 9788 SlIuel e Jd9AlY 21que) gLzl
10°  To"  5G° 61" [&"  0st 1L 6" £ L7197 Lt il 911 1°91 #°51 DiIUBA 1B dooug 1nosuolanbsng Hlel
o lor ot g8l*  0gt gyt g9° HE* €1 L'l 9T Lt #L g1l Al E| fAFA urpjuedy je voodg inosucjanbsng  BL/Z)
0 o ¥0" g1t 0£" 8% 89" #6° £°1 L1 9T Lf yL a1l %6 145 uouEqeT dB Moodd amdsuclsnbsng  geL/Ti
£o° Lo 01" 127 g8 Tgt glv 9071 SETL gL LT g°f g9 £2°1 %762 2°¢C1 399415 Yedzog le 3joodg Jaupdaen  9oL/Z7|
€0 fot o1 1z* g£g* Z§T gl g0*1 S&£*L @'l [*T g'f g8'9 £2°1 Zhe 09z 322435 Yeazog Jedu joodg Jtsupden  §GTE/Z]
To* S0° fo® 91 [Z* 9% g9 6* €1 Ll 92 [t g~/ 91°1 9°8 L4 uoueqe’ JE3U 4OOUdg FSE[] 1*€iz1
10°  <T0°  HG° Lte 1z°  o%*  £9° 06" €1 g1 [T &t #'% a1l £t 11"E uoueqe] 1e oodg IseId £l21
90" ol"  #l° 5sT gLt 95" it 0°1 £°1 L°l 9°2 9°¢ 1L gLel 8 0z o LE uew|ry 1o JoAly Dliuep  6°Z/Z)
#0° 80T OIL° 1z*  GE" €97 gt 0"1 S£°1 gL gt 6¢ gL £zt w'El l6*€ J235IYD (0] deau JaAlY dewq 5°2/21
£0° 90" g0" BL° DET gk 1L* 76" €1 L1 97T L€ 4L a1 612 g€t 42152Y210) Jesu Moodd Ji@|ldeq zlz1
10~ fo° 50" 9l* 62" gkt Hwiv 01 £°1 L1 92 9t 89 9L7k 611 762 MueoN 1B joodg uolse|223 §°gell
1o~ €0  S0°  9l° 6T g HLT 01 £°L L1 9°% 9°€ 8°9 9Ll L*rL Cras 2138AW PO 4edu dooug sAajed  §t/g8l]
10° 0" Lo®  gl” te et Hi L6* €L £t ST S°f 89 1N T9¢ 4l 21315A PID 3% Moodg pdojliym {811
90 OL*  Hi*=  9z° i7" 65" #g8" 1*1 %71 6°1 8°¢ &€ #°L 621 7°9%7 gL-L 3aonbazenbam Je yoodg elpinbuy  §75811
7l° 2= [z gf~ €5  Hi~  5o°| £*1 85"} 6'L  9°T T'E #°y cetl - §6¢ *[=Y “A|19359M 1R JI9A1Y Onjedmed a8l
uol
90°  TL* 91 gTT [9*  %8* 1t #°1 6L 8¢ 8¢ 1L gzl 7°9¢ <79l ~Butucls ylJoN JEIU JBALY Noounys #811
uol
1o #0*  [o* 027 98T 95 48° "L %L &'l g'T g€ 1L gz 1 gLl 004 -Buluols yrdoN Je doodg Nuodessy  gefgll
uolbuiuozsg
0 0T HOT LT 92t 05T BLT 0°L #'L 6"l 8T 6°¢ B°L getl 6°¢ 9971 Y34oN Aeau doodg duodessy §/7Egll
uol
0" §0T Ol ZTT 98" 95  BLC S0°L #°L 6"1 6T 0 §°L getl zTel T -Buiuols ylaoN Jesu doodg songmer  [e€g8l1L
90*  T1* 91t g§¢* T 597 48 gi*1 g1 o'z of Ly g/ 9t 7l 86l Slled SH4e() 3@ JIALY i8] UsRdD  9°Egl]
slled
€0* g0 oL+ oz* £+ g9 06" z'l 5857 12 0t 1*h 8L 6E°1 3L 58°¢ SyLe() Jeou joodg || IH uoda|pusd £811
90°G 2l*0 9l*0 §2°0 ¥H°G S9'0 HBO SI*1 Sl 0*C o0t 1% 8L 9e°1 78 649 ua|g [aJne le J2AlY |led usaly  §5°Z81)
66 56 06 08 of 0 0 g (tw bs aad pbuw} 1314P (1w bs) juauwetnsesw jo 9oefd pue weadls (v-1d)
pbuy Mo 4 Mol obeasay palji3eals ealde ~ou
Aq padoaod | abeuielq HIPU |
a2
abeuetp
30 3u32434

(spJodas mopjueas3s wiai-Buo| jo siseq uo ggf| Jequardes o1 ggEl 4290100 poldad o1 paisnfpe aie eleq)

SUISEq JOAIJd [RISE0D UJSISESYINOS pue saweyl 45MO| 9yl ul suoiiels BulBeb-wesals 1e MO|4 Alep JO uOllEINQ--*G DiqE]

16



30 1 1 T | T T T i T T T T ‘
20 — 2 ! 3 :
Maximum daily flow, 7.1 magd per sq mi
w (11.0 cfs per sq mi), March 17,1953 —20 4
= =
=
- w
w Lo S
a Jtse 3
2 v
a -
dFs &
5 e ®
* Ls 2
o
: o
) -2 -
(4
o= w
w & o
& 1.0
Los &
: B w
o I-0.6 W
= | Fos o
il o.4 §
z R 0.3 ©
° EXAMPLE - The dalily ..QQ So) [—-
< flow has been equal 'y :
3 °'9" o or greater than /.0 <SS 3
0:081"  1hgd per square mile 7] S
Z o.06 ikl : Fo.10 &
= ekl for an average of 1 Ls.os
5 0.041 50 percent of the time. o
o -0.05
0.031 -

2 ‘ 1 \ Lo.04
0,02 - — f-o0.03
Minimum dafly flow, 0.055 mgd per sq mi

(0.085 cfs per sq mi), August 17,1941 Lo0.02
0.01 (A (N /N I N 0 0 | 10 [ (R O M (I0%
0.1 12 5 |0 20 3040506070 80 90 95 9899 99.9
PERCENT OF TIME DAILY FLOW EQUALED OR
EXCEEDED THAT SHOWN

Figure l4,--Duration of dai

y mean streamflow of the

Pawcatuck River at Wester

y, Rhode Island

100

« | / /s I
o 20 4
; s
< M v
g 80 qp} -
w w N
= 3 ,;\‘\ 7 y
3% 7o 50
e, y /
¥ 60 WV
Ok ‘\\\‘/
I W 7
ad W
50

w o
= 0] / / 0(
[T o

2 \&
w < 40 V4 al
S, / Fd o

w
S S 30 o8 4
e Y
8 / B
w
2w 20 7 7
w / /
S 1o S
I / /
w
3 /A

o] 10 20 30 40 50 60 70 80 90 100

\

MAXIMUM OR MINIMUM PERCENT OF TIME DAILY FLOW
EQUALED OR EXCEEDED THE SELECTED VALUE IN A
SINGLE YEAR
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Minimum and maximum duration curves for single
years are related to the average duration curve
for each stream within the basin.
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Figure 15.--Duration of daily mean streamflow of the

Yantic River at Yantic

isopleths in figure 17 may be used to estimate flow
duration at any unmeasured site in the SCRBA as
indicated by the following example. Assume that
flow-duration characteristics are needed for a site
on the Yantic River just downstream from Pease
Brook near Gilman. On plate B the drainage area
above this site is measured to be 50.6 square miles
and that portion of the drainage area underlain by
stratified drift deposits is measured to be 9.0
square miles. Thus, with 17.8 percent of the area
underlain by stratified drift, the flow-duration
curve for this area is the product of the ordinates
to the type curve interpolated on figure 18 for
this percent stratified drift times the drainage
area of 50.6 square miles. However, from figure 17
it is found that this drainage basin is located
where the average streamflow is 3 percent greater
than 1.16 mgd per sq mi, so the ordinates must be
further increased by the factor 1.03. In tabular
form the result is:

Flow, mad,

equaled or 350 190 140 68 38 20 7.3 L.9 2.9
exceeded

Percentage 1 5 10 30 50 70 90 95 99
of time



EXPLANATION

T~ e ="

Basin drainage divide Yantic River Bosin below

Figure 17.--Areal variations in average streamflow in the lower Thames

and southeastern coastal river basins

Isopleths express the ratio of average flow in any locality to 1.16 mgd per sq mi,
which approximately equals the average streamflow in the whole Thames River basin.
The ratio for the drainage basin of the Yantic River below Pease Brook is 1.03.
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Figure 18.-~Regional duration curves of daily mean streamflow

These curves apply to unregulated streams having an average
flow of 1.16 mgd par sq mi (1.80 cfs per sq mi}
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FREQUENCY AND DURATION
OF LOW FLOWS

Although flow-duration curves such as those
shown in figures 13, 14, 15, and 18 indicate the
minimum amounts of streamflow avallable for- cer-
tain percentages of time, the water manager also
finds It useful to know how often specified low
streamflows are expected to recur and for how long
a period of time they are expected to last. Recur-
rence Intervals of annual lowest average flows for
periods as long as 365 consecutive days, for the
Pawcatuck River at Westerly, Rhode |sland and Yantic
River at Yantic, stream-gaging stations are given in
table &, and similar data for pericds up to 30 years
are given in table 7 for the Yantic River at Yantic.
Low-flow frequency data also may be presented In
graphs as itllustrated in figura 19 for the stream=
gaging station on the Yantlc River at Yantic.

Tables similar to those presented In table 6 can be
constructed from the flow-duration data presented
for partial-record gaging stations in table 5 as
well as from flow-duration data for unmeasured sites
estimated from figures 17 and 18 by use of table 8.
To illustrate: The average 30-consecutive-~day low
flow that could be expected to recur on the average
once in every two years according to table 8 is
equivalent to the Tlow equaled or exceeded 90 per-
cent of the time. For the unmeasured site used as
an example at the end of the preceding section, the
90-percent flow in the flow-duration table is 7.3
mgd. Flows for other perlods and recurrence inter-
vals can be determined in a similar manner.

Perhaps the most widely used low-flow values
are the 7-day and 30-day average flows with a 2-year
recurrence interval. Streamflow will dimintsh below
these values in ! year out of 2, on the average.
Accordingly, these values are termed "'indices of low
flow frequency'’ and are presented in table 9 for all
gaging stations in the report area. The 7-day aver-
age flow 1s equivalent to that which is equaled or
exceeded about 94 percent of the time and the 30-day
average Tlow to that which is equaled or exceeded
about 90 percent of the time.

In pollution control studies, based on Public
Act 57, the State Water Resources Commission, In

Table 6.--Annual
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Figure 19.--Recurrence intervals of low flows of the

Yantlec River at Yantic

their report on criterla for water quallty standards
for interstate and lntrastate waters, recommends
that the streamfiow to which their standards apply
be the minimum average daily Tlow for 7 consecutive
days with a 10-year recurrence interval. In the
SCRBA, this flow for unmeasured sites would be
equivalent to the flow which Is equaled or exceeded
98 percent of the time.

The lowest dally flows of record (1930 to 1965}
of the Yantic River at Yantic not exceeded during
periods of 7 to 120 days occurred during the climatic
year April 1, 1957 to March 31, 1958 with one excep-
tion. Records at other gaging stations [n the report
area do not go back to 1930, but unless the pattern
of regulation was quite different in the early years,
1t is likely that these lowest flows since 1930 for

lowest mean flows for indicated recurrence intervals at Pawcatuck River

at Westerly, R.1. and Yantic River at Yantic
(Flows are adjusted to the reference perlod April 1930 to March 1960)

Period of Annual lowest mean flow (cFs) Annual lowest mean flow (mgd per sq mi)
Endex Drainage | Jow flow far for

no Stream and place area {consecu- indicated recurrence interval (years) indlcated recurrence interval {years)
(PL. A) of measurerent (sq mi) tlive days) 1.2 i 5 l 10 I 20 ] 31 1.2 2 |3 I 5 l 10 | 20 | ED
1185 Pawcatuck River at 295 3 100 80 70 60 L] 41 36 -- -- -- -- -- - -
Westerly, R.L. 7 130 100 B6 74 60 50 4g 0.285 0,219 0.188 0,162 0.13F 4,119 0.099
30 150 115 loo 84 70 58 52 .329 . L2852 219,18k 153 27 L 11h
60 180 140 120 100 84 70 62 J39h 0 L3070 263 219 18k 153 L1368
120 ke 180 166 135 110 92 80 L5260 39k LasT 296 241 £ 202 75
183 330 250 2206 190 56 125 110 723 Lohg 482 416 L3209 27k L2l
274 510 400 350 300 24 200 180 l.12 876 .767 .657 .526  .L38 394
365 660 5i0  4ho 380 319 260 230 45 1.2 .964  .833  .679 .570 .50b4
1275 Yantic River 88.6 3 12 8.6 7. 5.6 42 3.1 2.6 . un e wa - - -
at Yantic 7 16 i1 B. 6.8 5,1 3.9 3.2 JE7 .oBo .063 .450 L0317 L0288 023
30 26 18 15 12 8.7 6.6 5.5 L1890 131 L1099 .087  .063 048 oko
60 36 25 20 16 12 9.0 7.6 L2620 L1822 L6 117 .087  .066  .055
120 56 39 32 25 19 th 12 Lo 28 233 .82 L1380 L1062 .087
183 8 58 47 37 228 21 18 61z Lh2z L3k3 0 L2700 Lzok L1530 L1R)
274 150 100 82 66 4y 37 31 1.09 L7300 ,598 .81 .357 L2300 226
365 180 150 126 100 §2 &7 59 1.31 1.02 873 .730 .598  L4Be 430




Table 7.~-Lowest mean flows for perlods of one year or more
at Yantlc River at Yantic, index no. 1275
(Flows are adjusted to the reference period April 1930 to March 1960)

Lowest mean flow {cfs)
for Indicated period of consecutive months

12 18 24 36 60 120 180 360

59 g6 105 120 125 135 145 160

Table 8.--Average duration of lowest mean flows of streams in the lower Thames

and southeastern coastal river basins

Example shows that for any partial-record gaging station or unmeasured site on
an unregulated stream, the 30-consecutive-day low flow that could be expected

to recur on the average every 2 years is equivalent to the flow equaled or

EXC

eeded 90 percent of the time.

Average percent of time during the reference perlod
April 1930 to March 1960 In which streamflow equaled
or exceeded the lowest mean flow for indicated recur-

Pericd of low flow rence interval In years U

1.03 2] 2 H 5 10 20 31

Consecutive | Consecutive wettest | median | driest

days months year ! year year
3 - R E
7 - 66 89 ! o+ 1 96 97 98 98 99
o {““"*“*"‘;;'--'g;' 90 93 95 96 97 98
_—ga ------------ ; ---------- ;5_--1d%; 85 89 92 95 96 97
120 b 30 67 77 §2 86 90 9k 95
183 ) 22 56 68 73 78 8L 88 21
274 9 17 39 51 57 63 71 77 81
365 12 15 29 39 Ly 51 58 &b 68
-- 18 -- -- - -- - - - 53
-- 24 - -- -- - - - -- 50
- 36 - -- -- - -- - - Ly
-- 60 -- - - - - -- - Ly
- 120 - - - - m- - - 42
-- 180 -- S — n -- -- 39
-= 360 -- -- e -- - -- - 35

For periods of 12 months or less, the lowest mean flow Is the annual lowest

mea

wettest year of the reference period, for 2 years, the medlan year, and for

31

n flow, and values for recurrence Interval of 1.03 years represent the

years, the driest year. These percentages are based on long-term records
from ten continuous-record gaging stations in and near the basin.
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Table 9.-~Indices of low-flow frequency at stream-gaging stations in the lower Thames
and southeastern coastal river basins.(Indices are medians of the annual lowest mean
flow for periods of 7 and 30 consecutive days, adjusted to the reference period April
1930 to March 1960 on basis of long-term streamflow records)

Annual ltowest mean flow having a recurrence
Interval of 2 years for number of consecutive

index - Drainage days indicated

no. , area {cfs) (mgd per sq mi)
(P1. A) | Stream and place of measurement {sq mi) 7 days I 30 days 7 days I 30 days
1182.55 Green Fall River at Laurel Glen 6.79 1.3 1.7 0.12 0.16
1183 Pendleton Hill Brook near Clarks Falls 3.85 T} .58 .07 .10
1183.5 Green Fall River at Clarks Falls 19.8 3.8 5.0 .12 .16
1183.7  Yawbucks Brook near North Stonington 2.42 .31 .39 .08 .10
1183.75 Assekonk Brook near North Stonington 1.66 .03 .09 .0} L0k
1183.8 Assekonk Brook at North Stonington L, 00 .29 oLy .05 .07
1184 Shunock River near North $Stonington 16.2 3.1 3.9 2 16
1185 Pawcatuck River at Westerly, R.l. 295 100 115 .22 .25
1185.5  Anguiila Brook at Wequetequock 7-18 1.2 1.6 b b
1187 Whitford Brook at 01d Mystic b 1.0, 1.6 .05 .07
1187.5 Haleys Brook near 0ld Mystic 4,25 .20 34 .03 .05
1188.5 Eccleston Brook at Noank 2,94 b 24 .03 .05
1272 Bartlett Brook near Colchester 13.3 1.3 1.7 .06 .08
1272.5 Deep River near Colchester 3.97 .52 6L .08 .10
1272.9 Yantic River at G1lman 37.4 6.0 7.9 .10 b
1273 Pease Brook at Lebanon 3.11 1 .19 .02 .0b
1273.1 Pease Brook near Lebanon 7.77 .61 .82 .05 .07
1273.55 Gardner Brook near Bozrah Street 7.60 .87 1.1 .07 .10
1273.6 Gardner Brook at Bozrah Street 12,8 1.5 1.9 .07 .10
1273.8  Susquetonscut Brook at Lebanon 5.41 07 .16 .01 .02
1273.9  Susquetonscut Brook at Franklin 12.7 A7 .38 .01 .02
1274 Susquetonscut Brook at Yantic 15.4 .68 1.1 .03 .05
1275 Yantic River at Yantic 88.6 1 18 .08 .13
1276.8 Trading Cove Brook near Montville Center 5.04 ¢ 0 0 0
1277 Trading Cove Brook near Thamesville 8.70 1.0 1.3 .07 .10
1277.2 Indiantown Brook near Shewville 6.53 .75 .98 07 .10
1277.25 sShewville Brook at Shewville .7 1.3 1.8 .07 .10
1277.3  Crowley Brook at Poquetanuck 2.24 .07 A3 .02 .0k
1277.35 Billings Avery Brook near Po?yetanuck 2.77 .32 b2 .07 .10
1277.4  Stony Brook near Uncasvilie .l L.72 .59 .76 .08 .10
1277.45 Oxoboxo Brook near Qakdale 3.58 .72 .90 .13 .16
1277.5 Oxcboxo Brook at Montville 10.2 3.9 4.3 .25 .27
1277.6  Hunts Brook at Quaker Hill 11.3 1.7 2.3 .10 .13
1277.7 Jordan Brook at Waterford 3.53 .92 1.1 A7 .21
1277.8  Latimer Brook at Chesterfield 2/ L, 25 1.3 1.6 .20 .25
1277.9  Latimer Brook at fast Lyme 2/ 12.5 3.8 4.8 .20 .25
1277.95 Pataguanset River at Niantic 7.38 1.7 2.1 .15 .18
1278 Fourmile River near East Lyme k.29 .56 .73 .08 1

1/ Does not Include area above or flow from Stony Brook Reservoir.

2/ Does not Include area above or flow from Fairy Lake, Barnes and Bogue Brook Reservoirs.

22



Table 10.--Lowest daily flow not exceeded during varlous numbers of consecutive days at Pawcatuck River at

Westerly, R.l.

in the summer of 196L and at Yantic River at Yantic in the summer of 1957.

These

flows were the lowest which occurred during the perlod October 1930 to March 1965.

Lowest dafly flow {cfs) not Lowest daily flow (mgd per sq
index Dralnage exceeded during indicated mi} not exceeded during Indi-
no. Stream and place area number of consecutive days cated number of consecutive days
(PE.A} { of measurement {sq mi} |Year 7 15 30 60 120 7 15 30 60 120
1185 Pawcatuck River at 295 1964 58 65 74 123 a7h - -- - - -
Westerly, R.l.
1275 Yantic River at 88.6 1957 DPh.g 5.7 6.8 9.6 13 -- 0.042 0.050 0.070 0.095

Yantic

a A lower flow of 168 cfs occurred during the summer of 1943,

b Lower flows occurred during the summers of 194k (4.6 cfs) and 1963 (3.6 cfs).

all gaging stations in the report area occurred in
the climatic year 1957, This is further substan-
tiated by the fact that these lowest flows of record
at 13 other iong-term gaging stations in the Thames
River basin, with few exceptions, also occurred in
the 1957 climatic year. The lowest daily flows not
exceeded for specified periods for the Pawcatuck
River at Westerly, Rhode Island and Yantic River at
Yantic gaging stations are given in table 10.

For any partial-record gaging station or un-
measured site on an unregulated stream, the lowest
daily flow not exceeded for periods of 7, 30, 60, and
120 consecutive days during the 1957 climatic year
may be approximated by multiplying the lowest annual
average flow for any period for a 3l-year recurrence
fnterval by 1.05, 1.3, 1.6, and 2,2 respectively.
These factors are median ratios derived from long-term
records at elght gaging stations in and adjacent to
the report area which are unaffected by regulation.
Methods of estimating the Jowest annual average flow
for selected periods of consecutive days for a 31-
year recurrence interval are described above in the
first paragraph of this section.

STORAGE OF WATER IN LAKES
AND RESERVOIRS
EXISTING LAKES AND RESERVOIRS

There are many lakes, ponds, and reservoirs with-
in the area covered by the SCRBA. The largest is
Gardner Lake which has a surface area of 487 acres,

a total storage capacity of 2,177 million gallons and
a usable storage capacity of 1,055 million gallons.
Table 11 presents Information concerning the more
important lakes, ponds, and reservolrs within the
report area. Additional information on the public-
water supply reservolrs Is given in table 38,

All but three of the lakes, ponds, and reservoirs
Tisted in table 11 have usable storage; that Is, some
or all of the water they contaln may be withdrawn by
gravity by opening a valve or gate. For nearly ali
of these surface water bodies, table 12 presents the
maximum safe draft rates {regulated flows) that could
be utilized at each site such that the reservoir
would have refilled within each year of the reference
period. Maximum draft rates are given for the wet-
test and driest years of the reference period and
also for the median year. 1t should be noted that
the draft rates apply for 2h-hours per day use and
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may be increased 1f the period of use Is reduced.

Flow~duration and low-flow frequency data for
streams at the outlet of each of these reservoirs
were obtained either from data at gaging stations
presented In tables 5 and 8 or by using the methods
described for ungaged sites in the two preceding
sections.

ESTIMATING THE AMOUNT
OF STORAGE NEEDED

If the mintmum flow of & stream is insufficient
to supply a projected rate of use, 1t may be possi-
ble to construct a reservolr from which stored
water can be released as needed to maintain the
desired flow, If the frequency with which different
amounts of storage would be required Is know, then
the cost of providing the storage may be balanced
against the loss caused by insufficlent supply.

The information presented in table 13 for the Pawca-
tuck River at Westerly, Rhode Island and Yantic
River at Yantic gaging stations shows the frequency
with which various amounts of storage would have
been required to malntain selected rates of regu-
lated flow during the reference period. Values of
storage required for recurrence Intervals of 2

years represent median conditions, and values for
recurrence intervals of 31 years represent very dry
conditions. The rates of regulated flow are pre-
sented per square mlle of drainage area so that the
table may be used for other sites along the same
stream, provided that the percent of the area
covered by stratified drift is not appreciably dif-
ferent. Most of the storage would have been replaced
every year. The storage curves were determined

from frequency-mass curves hased on low-flow fre-
quency relationships for each gaging station.

Amounts of storage required to maintain various
rates of regulated flow at unmeasured sites on
streams not now affected by regulation are presented
in table 14. The data are presented for various per-
centages of area covered by stratified drift; inter-
polations between percentages may be made. Storage
used to provide regulated flow as Indicated would
be replaced each year except for underlined values:
These underlined values represent storage required
to maintain relatively large regulated flows in
dry years and hence would not be completely replaced
during such dry years. Because table 14 is based
upon an average streamflow of 1.16 mgd per sq mi,
before it can be applied to a particular site the




Table 11.--Lakes, ponds, and reservoirs in the lower Thames and scutheastern coastal river basins

Maximum amount
of storage
Index Source Natural (N} Drainage Surface Surface Maximum | Average Total Usable released during
no. of| or area area elevation depth depth storage storage 1964 water year
(P1,A} Name and location data Artificial (A) (sq mi) (acres) (ft) {ft) {ft) {mg) (mg) (mg) Present type of use
1182.5 Green Fall Pond near Voluntown FG A 2.4 7.8 112 27 13 197 197 w— Recreation
1182.79 Wyassup Lake near North F& NA .79 92.7 301 28 8.9 267 174 a7 Recreation
Stonington
1186.35 Mystic {Dean) Reservoir near My A 5.26 12.5 49 10 8.6 35 35 - Public water supply
Mystic
V1864 Mystic (Palmer} Reservoir near My A 5.98 23.9 k2 12 10 80 80 -- Public water supply
Mystic
1186.5 Lantern Hill Pond near Shewville FG NA 1.82 15.1 117 32 15 72 None None Recreation
1186.6 Long Pond near North Stonington FG A L.4s5 98.& 95 72 15 438 245 None Recreation
1185 Ledyard Reservoir near froton Gr A 5.15 a5 9k 24 15 476 W76 459 Public water supply
1189.6 Buddington Pond near Groton Gr A 114 5 23 - 12 20 20 20 Public water supply
1189.7 Pohegnut Reservoir near Groton Gr A 1.36 4] 38 9 8.6 223 223 223 Public water supply
1189.8 $mith Lake near Groten Gr NA 1.84 42 25 67 32 436 436 316 Public water supply
1189.9 Groton Reservoir near §roton Gr A 14.3 115 23 12 4.3 256 256 146 Public water supply
127145 Taftville Reservoir ot Taftville Mo A .25 22 255 20 12 as 88 - Public water supply
N
A 1271.9 Williams Pond near Amston FG A 2.40 272 445 10 4.5 396 396 351 Recreation
1272.51 Deep River Reservoir near No A 7-27 119 330 35 9.9 384 384 335 Public water supply
Gitman
1273.49 Gardner Lake near Fitchville FG NA 5.31 487 384 43 14 2,177 1,055 209 Recreation
§273.7 Fitchville Pond at Fitchville FG A £9.3 €9.2 152 20 6.2 140 140 Lho Recreation
12754 Fairview Reservoir near No A 74 68 249 30 20 450 450 205 Public water supply
Norwichtown .
1277.05 Amos Leke at Preston FG HA 1.48 105 129 43 19 655 65 - Recreatlon
1277.1 Avery Pond near Preston FG N 2.98 46.1 1eé 14 6.8 101 None None Recreation
1277.15 Loke of Isles near Shewville EG KA .60 87.1 261 10 6.1 172 100 75 Recreation
1277.39 Steny Brook Reservoir near Ne A 2.46 73 273 30 21 500 500 78 Public water supply
Gakdale -
1277 14 Oxcboxo Lake near Montville F& RA 2.24 164 394 37 19 1,077 813 210 Industrial
1277.75 Fairy lLake near Chesterfield NL NA .89 84 358 60 8.6 235 235 238 Public watar supply
1277.77 Barnes Reseprveir near Chester- RE A 2.98 46.5 214 25 11 170 170 - Public water supply
field
1277.79 Bogue Brook Reservoir near KL A 1.62 72 204 25 9.0 2iz 212 w— Public water supply
Chestarfield
1277.91 Lake Konomoc near Chesterfield ML NA .57 225 . 180 60 9.2 Ny 672 - Public water supply
1277.92 Powers Lake near East Lyme FG A 1.02 153 156 1 8.9 1% Lyo Neno Recreation
1277.93 Pataguanset Lake at East Lyme FG NA 3.69 123 63 34 12 Lg7 105 33 Recreation
1277.94 Dodge Pond at Niantic FG N .53 33.8 8 g1 21 227 None None Scientific investigations

1 HMost of the data from (FG) State Board of Fisherios and Gome, {(MV) Mystic Vailey Water Company, and municipal water departments of (Gr) Groten, (No) Nerwich, and (NL) New London.
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Table 12.--Maximum safe draft rates (regulated flows) from selected lakes, ponds, and reservoirs in the lower Thames

and southeastern coastal river basins for the reference period April 1930 to March 1960

(Lakes, ponds, and reservoirs will refill within a year.)

Total
I ndex Drainage | usable Maximum safe requlated flow
No. area storage Driest vear Median year Wettest year
(P1.A) Name and location brainage basin {sq mi) (mg) {cfs) I {mgd) (cfs) l {mgd) {cfs) | {mgd)
1182.5 Green Fall Pond near Voluntown Green Fall River 2.41 197 %1,8 *1.2 3.5 2.3 8.3 St
1182.79 Wyassup Lake near North Stonington  Wyassup Brook .79 174 .27 %, 17 *1.3 .84 %3.0 %*1.9
-- Mystic (Pean) and Mystic (Palmer) Copps Brook 5.98 115 1.8 1.2 3.6 2.3 11 7.1
Reservoirs near Mystic
1186.6 Long Pond near North Stonington wWhitford Brook L.4s 245 2.3 1.5 £,3 2.8 12 7.8
-- Smith Lake, Buddington Pond, and Great Brook 4.3 L4 *12 *7.8 24 16 *lg *32
Groton, Ledyard, and Pohegnut
Reservoirs near Groton
1271.9 Williams Pond near Amston Bartlett Brook 2.40 396 *1.2 *.78 %3.6 %2.3 *7.9 %541
- Deep River Reservoir near Giiman, - - 1,334 %6.0 %3.9 %16 #10 %34 %22
Fairview Reservoir near Norwich- :
town, and Stony Brook Reservoir
near Oakdale
1273.49 Gardner Lake near Fitchville Gardner Brook 5.31 1,055 *3.0 *1.9 *9.0 %*5.8 *18 *12
1273.7 Fitchville Pond at Fitchville Yantic River 69.3 140 12 7.8 19 12 68 Ly
1277.05 Amos Lake at Preston Indiantown Brook 1.48 65 .72 L7 1.3 .84 3.7 2al
1277.15 lLake of Isles near Shewville Indiantown Brook .60 100 *.34 *,22 #,93 %, 60 ¥*1.9 ¥*1,2
1277 .44 Oxoboxo Lake near Montville Oxoboxo Brook 3.2h4 613 *2.3 *1.5 %5.0 *3.2 *11 *7.%
- Fairy Lake, Lake Konomox, and Lakes Pond Brook - 1,289 %5,1 *3.3 #11 *7.1 *20 *13
Barnes and Bogue Brook Res-
ervoirs, near Chesterfield
1277.92 Powers Lake near East Lyme Pataguanset River 1.02 L2 *,75 %,48 *1.7 *1.1 *3.4 *2.2
1277.93 Pataguanset Lake at East Lyme Pataguanset River 3.69 105 1.8 1.2 3.3 2.1 8.4 Sk

* |f lakes, ponds, and reservoirs are to refill in

year, total storage will not be used.




Table 13.~-Storage required to maintain selected regulated flows at Pawcatuck River
at Westerly, R.|. and Yantic River at Yantic

(Data are adjusted to the reference period April 1930 to March 1960,

Storage

required would refill during a year except for figures underlined which would

require more than a year to refill.

Storage is uncorrected for reservolr seep-

age, evaporation, and for bias [n computation procedure, all of which would
Increase somewhat the amount of storage required.)

Haxaa 2oeunt of
storaga which
would refill dur-
ing the year of
anrual Jowest oean
flow (mg per sg nl)

Recurrence
Interval of
annusal Lowest
mean flow

{years) 1

Irdex
no,
(F1. A}

Cralrsge
Strea=m and pitce area
of measuremant (3q ml}

1385 Pawcatuck River at 235 2

Westerly, R.l.

1275 Yantlc River at B3.6
Yantlc

Suea E3ue—

1/ Values for recurrence Tnterval of 2 years represent the madian year of the reference perlod, and for 31 years, the driest year of this perled.

rates of regulated flow and amounts of storage must
be adjusted to the average streamflow at that site
by multiplying by an appropriate ratlo determined
from figure 17.

The storage-required values in tables 13 and 14
are somewhat smaller than the true values that would
actually be required, because they include a bias of
about 10 percent that results from the use of the
frequency-mass curve, and because losses due to
evaporation and seepage from the reservoir are not
included. These values are sufficlently accurate,
however, for reconnalssance planning and for the
selection of a proposed site,

FLOODS
HISTORICAL ACCOUNT

Floods may occur Tn the SCRBA during any month
of the year. Spring floods commonly occur in the
report area and are sometimes accompanied by des-
truction from moving ice. Floods also occur in late
summer and fall, the result of hurricanes or other
storms moving northeastward along the Atlantic coast-
line. Hurricanes, as they apply to the report area,
are dlscussed in a separate section.

Since the first settlement of the reglon about
1660, at least 19 major flood events have occurred
in the report area. General descriptive information
concerning major floods within the SCRBA through 1955,
extracted from newspaper accounts and other public
and private records, is published in U.S. Geological
Survey Water-Supply Paper 1779-M.

A quantitative summary of the major flcod
events of 1936, 1938, and 1955 on the Pawcatuck,
Shetucket, and Yantic¢ Rivers appears in table 15,
Floods of moderate magnitude occurred in March
1936 and January and July 1938. The greatest
flood of record in the SCRBA occurred on September
21, 1938. Rainfall on the Shetucket and Yantic
River basins averaged about 1k inches and 12 Inches
respectively; both basins produced elght Tnches of
runoff. The Shetucket River at Norwlch peaked at
77,700 cfs exceeding the March 19, 1936 peak flow
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by over 30,000 c¢fs while the Yantic River at Yantic
had a peak flow of 13,500 ¢fs, nearly twice that of
July 2k, 1938, HNot untll August 19, 1955 was the
magnl tude of the September 1938 flood challenged.
It was exceeded, however, only on the upper tribu-
taries of the Thames River, for heaviest rainfall
occurred along the Connecticut-Massachusetts bound-
ary. On October 17, 1955, flood peaks on the Paw-
catuck and Yantlc Rivers exceeded those of August 19,
1955 and were about the same magnitude as those of
March 12, 1936,

More detailed records of the major floods of
1936, 1938, and 1955, based primarily on gaging-
station records, are published in Water-Supply
Papers 798 (March 1936), 867 {September 1938), 966
(January and July 1938), and 1420 (August and Octo-
ber 1955}, A compilation of all flood peaks above
selected magnitudes for continuous-record gaging
stations within the report area Is published in
Water-Supply Paper 1671,

The magnitude of flood events in the Thames
River basin has been modified considerably by the
development and operation of several large flcod-
control reservolirs in the upper part of the basin
by the Corps of Englineers. The largest of these is
Mansfield Hollow Reservoir, completed in 1952, which
can impound 2,260 million cubic feet of flood water
in the Shetucket River basin. In the Quinebaug
River basin, flve major reservoirs constructed since
1958 have a total storage capaclty of 4,058 million
cublc feet. Modifled river elevations and flows at
the Greenville Dam on the Shetucket Rilver at Norwich,
from studies made by the Corps of Englineers, appear
in table 15 and indicate the effect which these six
storage reservoirs would have had upon major flood
events of the past had they been in existence at the
time. Also shown is an estimate of the peak flow
which would have occurred in August and October 1955
had Mansfield Hollow Reservoir not been avallable for
use, Future floods of simllar magnitudes would be
modified to the same degree by the combined effect
of all of these reservoirs, so that the possibility
of major damage on the Shetucket Rlver at Greenville
bam ts remote as long as buildings are not con-
structed below the highest modified flood eleva-




Table 1h.--Storage required to maintain selected regulated flows at sites on unregulated streams in the Tower Thames
and southeastern stal river basins

{Data are adjusted to the reference period April 1930 to March 1960 and to an average flow of 1.16 mgd per sq mi.
Storage required would refill during a year except for figures underlined which would require more than a year to
refill. Storage is uncorrected for reservoir seepage, evaporation, and for bias in computation procedure, all of
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which increase somewhat the amount of storage required.)

Maximum amount
of storage
Recurrence which would
interval refill during
Percent of of annual the year of
arei covered Towest annual lowest
by stratified mean flow mean Flow Storage required (mg per sq mi} to maintain indicated requlated ﬂow (qu per sq mi)
drift (years) 1/ {mg per sq mi} 0.10 i 0.15 | 0.20 I 0.25 I 0.30 | 0.35 | 0.40 l D.k5 | 0.50 _]'0 .55 ] 0. 60 . 0.70 | 75 I 6.80 ] 0.90 |
0 1.2 . 1 3 6 g 1z 17 23 29 35 i 43 55 62 76 92 108
2 137 3 7 13 19 26 33 8 k9 57 66 75 &L 93 :02 112 132 152
5 92 7 11 22 31 Lo is 59 69 79 90 101 112 124 _!%1 50 17 205
10 66 1 20 30 1 52 Bl 76 88 101 114 12 150 153 167 RETH 3069_ 239
3 3 15 27 4o 53 & 81 % no 125 1M 17 3 I 228 2z 265 .
10 1.2 - . .- 2 4 7 10 14 18 22 27 32 37 43 4g 55 89 85
2 18 . 2 5 9 15 21 28 35 k2 hg 57 65 73 a1 90 108 126
5 94 2 6 1z 19 27 35 o 53 62 72 83 ok 108 116 138 l% 176
10 70 5 11 18 26 35 44y 53 64 i) 86 98 111 12k l}% 150 178 207
31 ig 6 15 25 37 ] 62 75 88 Joz 06 1% 1Bk 15 17h M0 222 255
20 1.2 e . .. . . 2 4 6 9 12 16 20 25 36 36 43 57 71
2 . - - . 2 5 9 3 19 25 32 19 hé sk 62 70 87 105
5 86 . . 3 7 13 13 26 ah 42 51 60 69 78 88 99 122 146
10 7h . 2 3 i 19 27 36 Lg 57 68 i) a0 101 1 12 150 ]
31 57 . 4 1 20 30 u 53 & ik g 1tz 15 T 143 T I8k ik
30 1.2 . .- .. .. .o . .. 2 & 6 9 13 18 23 29 35 48 &l
2 e . .- .. .- 1 3 6 10 14 20 27 34 & Ly 57 74 93
5 78 . .e .- 1 & 8 13 20 27 3h 43 52 62 72 82 10 126
10 62 .- .. 1 L 8 h 20 28 36 56 56 &6 pri 89 101 126 a5k
31 51 . .- 2 8 14 23 33 bk 56 58 80 g2 o 1y 1 18 Tao
4 1.2 ve . . . .- e . . 1 2 5 8 n 4 18 24 36 50
2 . . . . . . . 2 5 8 11 16 21 28 35 42 59 77
5 72 . - .- . 1 3 [ 10 15 21 29 37 45 5L &4 84 105
10 63 .. . e . 2 [ 11 17 b 32 4] 50 60 70 81 19 lgg
31 51 . . . 1 6 12 19 27 37 k7 58 i} 82 95 08 13 165
50 1.2 . . .- .. . .. .- . .. .e 1 3 5 8 12 16 27 Lo
Z . . .. .. . . as .o . 2 4 8 12 18 24 k1) 46 64
S 66 . . - .e . . 1 3 6 1 16 22 29 37 46 6 88
10 57 e .. .- . e ‘e 3 7 12 27 24 32 LY 51 62 B4 108
31 k7 . . .- . . 2 7 13 20 29 39 o [ n B 110 REL]
60 1.2 .e .e .e .e .e . - .o . P as .a 2 5 7 10 19 31
2 . . . . .. .. .. .. . ‘e 1 4 7 10 15 21 34 49
5 59 .- - .o .. .e .e .- .. 2 5 8 13 18 26 34 52 i
10 53 . . .. . .. .e . 1 4 ] 14 20 28 36 45 &5 89
3 46 . . .- - . . i 4 9 15 24 33 42 52 63 & 114
80 1.2 . . .. .. . . .- . .e . . . . - . 1 6 13
2 - . . e . . .. - . . . .. .- - 1 4 12 25
5 . . . . . .. - - .- e . e e 2 g 10 22 38
10 ho . - . . .e . . . - .- . i 3 8 15 30 48
31 38 - . . . ve . .o .- . - 1 5 10 17 24 41 85
100 1.2 . . . .. .- . . . . e . . . . .- .. .e 1
2 . .. .e .. . .- .o . . .. .. .. . . .e .. ae 5
5 . .- .e . . .- .. . . v . . .e . s . 2 1
10 . . . .. .e . .. .e .. . .. . .. . ve ve 5 16
3 e . . . . . . . . .. . . . . e 1 9 26

—

i

reference period.

Values for recurrence interval of 2 years represent the median year of the reference period, and for 31 years, the driest yesr of the




Tablie 15.--Elevations of flood peaks and corresponding flows for notable floods of
record on the Pawcatuck, Shetucket, and Yantic Rivers In southeastern Connecticut

Mar, 12, 1936 Mar. 18, 15, 1936 Jan, 25, 26, 1918 July 23, 2% 1938 Sept, 21, | Aug. 39, 20, 1955 Oct, 16, 17, 1955
Index Elevation | Flow Elevatlon Flow Elevation Flow Elevation Flow Elevatlon Flow Elsvation 1o Elevaticn 1
na. $tream and place {ft above (cfs) ft above cfs, ft above cfs ft aboya cfs, ft above cfs ft above cfs, {ft above I cfsi
{1, &) of eegsurement He§al) Hi5iL.) M.5.L.]) H.s.t.) H.§.L.) Ma8aL.d #.8.L.)
1185 Pawcatuck River at e 3,150 an wu - -- - -- 13.2 - L% 1,670 6.4 2,800
Westerly, Rdl.
1271.49 Shetucket River at
Greenville Daw at
Norwich (crest eleva-
tion, 21.4 ft)
Qbserved 1/ 31.3 4, 300 32,0 47,600 -- -- 31.3 43,800 36,0 17,700 35.0 65,560 29.6 33,000
Hedifiled by flood 30.0 35,000 30.4 37,200 - - 2.2 30,000 32.¢ 47,200 30.0 35,000 28.2 25,000
contral 2/
1275 Yantic River at Ysntlc [05.8 &, 300 104.2 3,950 102.5 3,230 105.% 6,980 109.1 13,500 102,0 1,920 106.0 6,760

1/ Data for floods of July 23, 24, 1838, Aug. 19, 1555, and Oct. 16, 1955 furnished by New England Dlvislon of the Corps of Erglneers, U.$. Army.

2

had they been in operatfon at the time,

tions shown in table 15, Of minor significance

is the effect upon the Shetucket River at Norwich
of six flood-water retarding structures in the
upper reaches of the Shetucket River basin designed
and constructed since 1959 by the U.S. Department
of Agriculture, Soil Conservation Service, with a
combined maximum detention capacity of 310 million
cubic feet,

MAGNITUDE AND FREQUENCY
OF FLOODS

Knowledge of the magnitude and frequency of
floods is essential to the water manager concerned
with the location and establishment of flood plain
encroachment lines. The maximum flood of record
and mean annual flood at gaging stations in the
SCRBA are given in table 16, For the Shetucket
River at Greenville Dam at Norwich, the stages and
flows actually measured before the completion of
the six Corps of Englneers flood-control reservoirs

Estlzatlon of modiflcation by storage in Mansfleld Mollow, East Brimfleld, Westville, Hodges Village, Buffumville, and West Thocpson flood-control reservolrs
Estimates furnfshed by Hew England Divislon of the Corps of Tnalneers, U.5. Amy.

given indicating probably stages and flows that
would have occurred had the reservoirs been in
existence at the time.

For all the sites listed in table 16 which are
unaffected by flood-control reservoirs, as well as
for all unmeasured sites within the report area
where the drainage area is 10 square miles or more,
estimates of the flood flow for any recurrence
interval c¢an be made from figures 20 and 21 which
have been reproduced from a flood-frequency study
made by the U.S. Geologlcal Survey {(Green, 196L).
The mean annual flood at any site can be found from
figure 20 where the drainage area is known. Flows
for other recurrence intervals up to 100 years are
the product of the mean annual flood and the appro-
priate ratios for any selected recurrence Interval
from figure 21.

For the Pawcatuck River at Westerly, Rhode

are glven and, 1n addition, modified figures are

Table 16.-~Maximum flood of record and mean annual flood at stream-gaging stations in the lower Thames
and southeastern coastal river basins, as observed, and as they might have been modified by flood

control reservolrs constructed at a later date

Island and Yantic River at Yantic stream-gaging

Kaxlmun floed of record Hean snnuai flood
Index Observed or Pralnage | Perlod of Elevation Flow Elevation
R, modifled by area centTnuous {ft above {cfs per Ratio to mean {ft above {cfs par

(P1. A} Stream and place of measurement flood control | {sq ml) records Date M.s.L.) (cfs) sq ol) anrual flood H.S.L.) {cfs) sq i)
18 Pandl;n],;. HITT Brook near Clarks Observed 3.85 1958-55 9-21-61 157.8 240 B2,3 1.4 157.2 170 Lh.z2

alls
1185 Pawcatuck River at Westerly, R.l. Observed 295 1940465 3-16+53  af 7.1 3,510 1.9 1.60 5.4 2,200 7.46
1187.5 Haleys Brook near 01d Mystic Observed L.25 1961-65 31- 6-63 -- 120 28.2 1.33 -- 90 zl.2
1150 Great Brook at Poquonock Bridge Observed 14.3 1946-65 9-12-5% 7.9 hah 32.4 - - -- -
1271.49  Shetucket Rlver at Greenviile Observed 1,260 -- 9-21-38 36.0 72,700 61.7 h,57 2742 17,000 13.5

Dan at Norwich Modi £1ed b/ 32.0 k7,200 -- 2.78 27.0 16,000 --
1274 Susquetonscut Brook at Yantic Observed 15.4 1961-85 3-12-62 -- 720 46.8 1.53 -- i70 30.5
1275 Yantlc River at Yantic Ohserved 88,8 1930-65 9-21-38 109.1 13,500 152 540 102.8 2,500 28.2
1276.8 Trad]rcn: tc::va Brook near Mentville Cbserved 5.04 196365 1-25-6% - 166 32.9 -- -- -- -

nter

1277 Trading Cove Brook near Observed 8,70 1960-65 3~ 6-63 . 520 £9.8 1.37 - 380 43.7

Thazesville
1277.5 Oxoboxa Brook at Montville Cbserved 10.2 1963-85 1-25-6% -- 268 26.3 - ws e -~
12776  Hunts Brook at Quaker Hill Observed 1.3 1963-65 5-15-64 -- 159 16.8 .83 - 230 2004
1278 Fourmile RIver near East Lyze Observed L.29 1566-65 3- 6-63 -- 180 2.0 1,28 e 140 32.6

af  Maxleus elevation known was [3.2 ft above N.S.L. due to hurricane tidal wave September 21, 1938.
b/ Estleatlon of codiflcatlon by storage in Mansfield Hollow, East 8rimfield, Westvllle, Hodges Village, Buffumvliile, and West Thompsen flood-contrel reservalrs

had they been In operatlon at th]

s tlee,
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bzta furnished by the New England DivisTon of the Corps of Englneers, U.S. Atmy.
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stations, flood frequency tables for flood peaks
(period of 0 consecutive days) are listed in
table 17.

FREQUENCY AND DURATION
OF HIGH FLOWS

The flood-frequency information in table 16 and
figures 20 and 21 is presented in terms of the recur-
rence of [nstantaneous peak discharges. For some
purposes, however, It [s also useful to estimate how
iong periods of high flow may be sustained and how
frequently these pertods may recur. Table 17 pre-
sents the probable recurrence intervals of annual
highest average flows for various periods at the
Pawcatuck River at Westerly, Rhode isltand and Yantic
River at Yantic stream-gaging statlons. For example,
table 17 indicates that the highest average flow of
the Yantic River at Yantic for a period of 30 days
would be 750 cfs once in 10 years, on the average,
and thus there 1s a 10 percent probability that 30-
day average flows of this magnitude would occur in
any one year., The peak flow recurring once in 10
years would be 4,600 cfs with the corresponding peak
elevation of 104,7 feet. This flood peak would pro-
bably occur within the same 30-day period for which
the estimated average flow Is 740 cfs.

HURRICANES

Hurricanes, or tropical cyclonic storms, have
affected the report area frequently in the past.
first New England hurricane of record occurred on
August 15, 1635, Since the development of the Thames
area, about 1660, several violent storms were recorded.
The hurricanes of 1676, 1748, 1759, 1773, and 1788
were moderately severe; those of 1723 and 1770 ap-
proached the hurricane of 1635 in intensity. On
August 23, 1786 there was an especially severe storm
in New London.

The

The most disastrous storm of the 19th century
occurred on September 23, 1815, This viclent hurri-
cane, comblned with a much higher than normal tide,
produced record high water in New London and Norwich,

History records several hurricanes of varying
magnitude affecting the area during the next dozen
decades, but none to equal that of 1815, HNotable

storms occurred in 1821, 1841, 1849, 1869, 1893, 1898,
1903, 1904, and 1927. The most severe of these

was in 1893 when two August hurricanes, only five
days apart, battered the Connecticut Coast.

Possibly the greatest catastrophe of the 20th
Century thus far, in New England, was the disastrous
hurricane of September 21, 1938. A much higher than
normal tide, coupled with the storm surge, produced
flood heights of 12 to 25 feet above mean low water
along the eastern Connecticut shore to Rhode !sland.
More than 600 1ives were lost and 1,700 people were
injured. About 9,000 dwellings were totally des-
troyed and nearly 10 times as many were damaged.

The total loss in southern New England, expressed
in 1938 dollars, was about $300 million.

The next storm of this type occurred on
September 15, 1944; however, the amount of damage
and the number of deaths were much lower than in
1938.

After a lapse of 10 years, two major hurricanes
hit the area only 11 days apart. Hurricane ''Carol,"
on August 31, 1954, caused 60 fatalities and destruc-
tion of over 10,000 buildings and 3,000 boats.

Total damage, In 1954 dollars, was about $460 million.
Hurricane "Edna'' occurred on September 11, and while
it caused widespread damage, it amounted to about

one ha!f of that Inflicted by ''Carol."

In summary, hurricanes are not rare to the
SCRBA. Statistical accounts slnce the first recorded
New England hurricane of 1635 reveal that 5§ to 10
hurricanes occur during a century, with one that is
especially severe occurring in each century and a
half.

QUALITY OF WATER IN STREAMS
AND LAKES

NATURAL CONDITIONS

The chemical quality of stream water in the
SCRBA under natural conditions [s generally excel-
lent as indicated by the chemical analyses of
stream water summarized In table 18. The analyses
represent samples collected at 2k sites shown in

Table 17.--Annual highest average flows and corresponding average elevations for indicated
recurrence Intervals at Pawcatuck River at Westerly, R.1. and Yantic River at Yantic

(bata for Indicated recurrence [ntervals and indicated periods of consecutive

days have been ad]usted to the reference

period October 1930 to September 1960.)

Perlod
Index Dralnage | {consee- Annual highest average flaw {cfs) for Annual highest average elevatfon (ft above M.S.L.}
no Stream and place area utlve indicated recurrence interval {years) for Indicated recurrence tntarval ears

{P1. A) of measuresent {sq m1} days) 1.03 ' 2 l 5 l 10 25 50 I 106 T.03 l 2 I 5 10 25 | 50 l 100
1185  Pewcatuck Rlver at 295 0 1,50 2,100 2,700 3,300  &,000 4,800 5,600 %) 5.3 6.2 7.1 8.2 9.3 10.4
Westerly, R.l, 11,300 2,000 2,600 3,100 3,900 4,600 5400 4.0 5.1 6.0 6.8 8.0 2,0 0,2
3 1,200 1,900 2,500 3,000 3,600 4,300 5,000 3.9 5.0 5.9 5.7 7.5 8.6 9.6
7 1,100 1,700 2,300 2,700 3,500 4,000 k600 3.7 % 5.6 6.2 7.2 8.2 9.0
15 1,000 1,600 2,000 2,300 2,900 3,400 4,000 3.5 4,5 5.1 5.6 6.5 7.2 8.2
30 500 1,200 1,600 2,000 2,ho0 2,800 3,400 3.4 .9 b5 5.1 5.7 6.l T2
&0 780 1,100 1,400 1,600 1,300 2,200 2,600 3.2 3.7 4.2 h.5 5.0 5.4 6.0
150 620 8Lo 1,000 1,200 1,500 1,600 1,800 2.9 3.3 3.5 3.9 4,2 k.5 4.8
274 540 700 g4 960 1,100 1,390 1,400 2.8 3.0 3.3 3.5 3.7 4.0 4,2
165 500 &40 760 250 1,000 1,100 1,200 2.7 2.9 3.1 3.3 3.5 3.7 3.9
1275 Yentfc River at 88,6 0 1,200 2,300 3,400 4,660 6,600 9,000 11,000 100.7  102.5  103.7 1047 106.0  197.2 108.5
Yantte 1 860 1,600 2,06 3,206 h,h00 5,600 7,000 99.8 191.5  102.7 1035 104.5 105.4 106.2
3 620 1,100 1,600 2,106 2,800 3,600 , 500 39,1  100.F 101,55  102.2 1031  103.9 104.6
7 450 $00 1,100 1,400 1,900 2,400 3,000 38.5 99.7 100.F 1010 102.0 1027 103.3

15 3h0 600 820 1,000 1,300 1,600 2,000 48.0 93.0 99.7 100.2 160.9 101.5 102.1

30 266G 460 620 740 940 1,200 1,400 97.6 98,5 9.1 93.5 100.0 160.7 11,1
g0 200 160 470 540 870 20 1,000 97.3 98.] 98,6 98,8 99.2 99.7 00,2

150 150 250 320 360 430 530 620 37.0 g7.6 97.9 28.1 9B.4 98.8 ga. 1

274 120 200 250 280 32¢ boo 460 96.8 7.3 97.6 97.7 .97.9 98.3 948.5

385 100 220 220 230 270 330 380 96.7 9742 974 975 917 98,0 98,




Table 18.--Comparison of chemical characteristics of water from representative streams in the lower Thames
and southeastern coastal river basins under natural conditions at low and high streamflow

(From data presented in the companion basic data report by M. A. Cervione, Jr., and others, 1968)

(Chemical constituents in parts per million)

collected at high flow (flow
that was equaled or exceeded

Concentrat.on in water samples

Upper limit in
drinking water,
as recommended

Concentration in water samples
collected at low flow (flow
that was equaled or exceeded

less than 5 percent of the more than 90 percent of the by U.S. Public
Popikliuent: 67 time from 1930 to 1960) a/ time from 1930 to 1960) a/ Health Service
property Range | Average Range [ Average (1962)
Silica (SiOz) - = 2/3.6 - 16 10 -
Iron (Fe) 0.03 - 0.14 0.07 L5 = 1.3 .3k 0.3
Manganese (Mn) .00 - .03 .01 .00 - .34 .06 .05
Calcium (Ca) 2.2 - 8.9 5.0 3.2 - 16 8.1 -
Magnesium (Mg) 5 = 1.9 1.0 .7 = 5.4 2.0 o
Sodium (Na) 2.5 - 9.8 3.9 3.6 - 7.5 5.1 e
Potassium (K) 3 - 1.9 .9 8 - L.,7 1.8 e
Bicarbonate (HCO3) 2 - 12 7 7 - 36 20 ==
Sulfate (SOy) 8,6 - 22 13 9.0 - 28 16 250
Chloride (C1) 3.1 - 9.2 5.5 kL4 - 16 7.4 250
Nitrate (NUB) -- - ¢/ .0 - 8.0 2.6 Ls
Dissolved solids 28 - 74 ks 38 -150 79 500
(calculated)
Hardness as CaCO, 9 - 30 17 14 - 62 28 -
Noncarbonate hardness 6 - 20 11 b - 33 13 --
as CaCO3
Specific conductance &4l -106 6L 54 =215 113 --
(micromhos at 25°C)
pH 5.2 - 7.0 - 5.6 = §.1 - -
Color -= - ef '3 - 35 9 15
a/ One sample from each of 2k sites.
b/ One sample from each of 21 sites.
¢/ One sample from each of 20 sites.

figure 22 where waters are relatively unaffected by
man's activities. Hardness of these samples ranged
from 9 to 62 ppm, and dissolved solids ranged from
28 to 150 ppm. The general excellence of the chemi-
cal quality of these samples is emphasized by the
contrast in table 18 between the maximum amounts of
dissolved mineral constituents of samples and the
limits of these constituents set by the U.S. Public
Health Service (1962) for drinking water.

The most common constituents in naturally
occurring water in streams in the SCRBA are those
listed in table 18; silica, calcium, sodium, bicar=-
bonate, and sulfate comprise an average of about
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80 percent of the total dissolved solids in the

samples collected. These mineral constituents are
present largely as a result of the solution of soll
and rock materials at and below land surface. How-
ever, precipitation is also the source of relative-
ly large amounts of mineral matter such as sulfate.

The degree of concentration of two relatively
soluble chemical constituents, calcium and magnesium,
determines the hardness of water. The average hard-
ness shown in table 18 is 28 ppm. Water with a
hardness of less than 60 ppm is considered soft.

In addition to being soft, waters that contain
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rocks through which the ground-water portion of the runoff has passed.
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few dissolved minerals are generally low in alkalin-
ity. Low alkalinity, in the presence of dissolved
carbon dioxide and organic acid results in siightly
acidic waters as are generally found in the SCRBA.
Water of this type may be corrosive at times to some
metals.

The dissolved-sollds concentration of stream
water varies with the rate of streamflow. When
streamflow s high the concentration of dissolved
sollds is relatively low as shown In table 18 and
also in figure 22, The remarkably uniform and low
concentration of all mineral constituents in these
samples indicates that the chemical quality of water
In streams at high streamflow represents chiefly the
quality of preclipitation.

The dissolved-solids concentration at low stream-
flow ranged from 38 to 150 ppm as shown in table 18
and on figure 22, At all sites the dissolved~solids
concentration of water In the sireams is greater at
low streamflow than at high streamflow. Silica,
which makes up more than 50 percent of the chemical
composition of the rocks of the SCRBA, is a rela-
tlvely minor constituent at high flow, but averages
about 15 percent of the dissolved-solids concentration
at low flow. The changes in silica and dissolved-
solids concentration result from the presence of
relatively large proportions of ground water in the
stream channels durlng periods of low streamflow,
Even under Tow-flow conditions, however, 1t is impor-
tant to note that half of the streams contained less
than 75 ppm dissolved solids.

The chemical quality of the stream water repre-
sents an integration of the quality of ground-water
runoff from the basin upstream and the quality of
the water in the stream channel. The types and
amounts of the minerals in solution in ground-water
runoff vary from place to place throughout the SCRBA
depending upon the types of geologic environment
through which the water passed. The area where
ground water has the most effect on the chemical
quality of stream water is shown as stippled area
on flgure 22. The dissolved-solids concentration
and hardness of stream water in these portions of
the SCRBA are relatively much higher than elsewhere,
chiefly as a result of the presence of calc¢ium sili-
cate minerals in the rocks.

The amounts and character of the minerals pre-
sent in the soll and rocks in the basin upstream
from any site determine a specific curve of relation-
ship between the flow of the stream and its dissolved-
solids concentration for that particular site.

Curves for all sites in a reglon having the same
soluble minerals should be similar In shape, and the
curves should theoretically diminish to a common
tower specific conductance at a very high rate of
runoff when the source of the water is entirely rain-
fall.

Figure 23 shows very clearly the relationship
between discharge and specific conductance caused by
difference in relative solubility of minerals in the
solls and rocks in any drainage basin. The curve of
lowest specific conductance Is for site 1182.55 where
ground-water runoff is from bedrock and unconsolidated
deposits composed of generally insoluble minerals.
Contrasted to this curve Is the curve of highest
specific conductance for site 1277.3 where the
source of ground water Is from materials with rela-
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tively soluble minerals such as calcium silicates.
if both or each of these curves represent areas
which are geologically homogeneous, then all
simflar curves shown between then on flgure 23
represent various proportions of soluble and non-
soluble source materials. For example, the curve
for site 1274 represents the relationship of
specific conductance to unit runoff for a drainage
area in which the solubility of the source materials
Is 2/3 or 67 percent of that of the curve farthest
to the right.

Though it is belleved that the influence of
the quality of ground-water runoff upon the relative
position of each curve in the array is predominant,
other factors such as the variances in type and
chemical concentration of precipitation and dry fall-
out, and land use, also affect the relationship.

Water-quality characteristics of streams are
generally altered by tmpoundment in lakes, ponds,
and reserveirs. Storage of water modifies the wide
fluctuations In water quality which are character-
istic of streams. Turbidity, sediments, suspended
solids, and bactertal concentratlions are reduced,
and the bleaching action of sunlight reduces the
color of impounded water.

Chemical quality of samples from some of the
lakes, ponds, and reservoirs at their outlets in
the SCRBA are inciuded in the companion basic data
report by M. A. Cervione, Jr. and others (1968},
The chemical quality of these bodies of water is
generally excellent, and most are unaffected by
man's activities. The dissolved-solids concentra-
tion is generally less than 60 ppm, the hardness
less than 40 ppm, and the waters are slightly acldiec.

In bodies of quiet water, such as lakes and
reservolrs, thermal gradients may exist between top
and bottom, and bottom temperature may depart con-
siderably from air temperature. Temperature changes
and stratification follow a seasonal pattern.
Figure 24 Is a diagram of the typical seasonal pat-
terns that can occur in standing water bodies. In
summer, the warmer water is near the surface
(epilimnion), and in the middle zone (thermocline}
temperature decreases with depth, and In the lower
zone (hypoltimnion) there is 1ittle circulation, and

Epilimnion
o
=
T |
jo1
E [
w Thermocline
E _________
! .
Y E’ (adapied from
w Harmeseon apd
a g Schnepper 1965, yHypolimnion
J 7 p.5)

WATER TEMPERATURE, LOW--HIGH

Figure 24,--Seasonal temperature variations
In lakes and reservoirs
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EXPLANATION EXPLANATION

MAP
P o aie— UNITS
Basin drainage divide APPROXIMATE EXTENT OF BEDROCK UNIT WHICH MAY CONTAIN WATER
WITH TROUBLESOME AMOUNTS OF IRON AND/OR MANGANESE.
/—IRON CONCENTRATIONS [ EXCES8S CONCENTRATION OF IRON AND/OR MANGANESE ARE
LOCATION OF SAMPLING 0.18 r:foﬁ'i IN WATER AT LOW 0 coMmMoN,
- o
Gt 0.08 MODERATE TO EXCESS coT:c:n'rnnnou OF IRON AND/OR MAHOANESE
, ARE FREQUENTLY FOUND OUGH THE CONCENTRATION I8 OFTEN
}ﬁﬁﬁ,"‘,’,&"ﬂfﬁ"{::’;‘,’."’ NOT OBJECTIONABLE, !
HiGH FLOW D MODERATE CONCENTRATIONS OF IRON AND/OR MANGANESE MAY
, ) OCCUR LOCALLY, THOUGH THE CONCENTRATION 1S USUALLY NOT
[ron concentrations exceeding 0.3 ppm(paris ' OBJECTIONABLE,
per million), U.S. P H. S, drinking-water POINTS OF GROUND-WATER SAMPLING
standard, indicated in red. HIGH IRON-MANGANESE
FROM BEDROCK AQUIFER FROM STRATIFIED DRIFT OR

TILL AQUIFER
IRON CONCENTRATIONS OF 0.3PPM OR MORE, AND/OR MANGANESE
CONCENTRATIONS OF 0.08 PPM OR MORE,

o LOW IRON-MANGANESE

FROM BEDROCK AQUIFER FROM S8TRATIFIED DRIFT OR
TILL AQUIFER
IRON CONCENTRATIONS OF LESS THAN 0.3 PPM IRON AND MAN-
GANESE CONCENTRATIONS OF LESS THAN 0.08 PPM.

LETTER IDENTIFYING PROBLEM AREA DISCUSSED IN TEXT

ANALYSES OF SAMPLES FROM SOME OF THESE POINT8 WERE
MADE.AT LABORATORIES OTHER THAN THOSE OF THE U.S, GEOLOGICAL
SURVEY AND ARE NOT INCLUDED IN TABLE 34 A GREAT MANY WELLS
THAT WERE REPORTED BY USER TO PROVIDE ENTIRELY SATISFACTORY
WATER ARE HOT SHOWN ON THIS MAP.

icu

~. CONN E'cf‘
" RHODE

Figure 26.--Seasonal variations of iron in surface waters and areal distribution of iron

concentrations in ground water
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the temperature approaches uniformity. In the fall
the surface temperature drops until the lake is
nearly uniform from top to bottom and mixing occurs
again. As the surface temperature continues to
rise, the summer stratification pattern develops and
the cycle begins again.

The relationship of water temperature, pH, dis=
solved-oxygen content, and carbon dioxide (C0,) con-
tent to depth of water is shown in figure 25 for a
few selected lakes and ponds in the SCRBA from data
collected by the Connecticut Board of Fisheries and
Game in 1954. The data plotted in the upper portion
of figure 25 show the characteristic summer stagna-
tion, where high air temperature warmed the water in
the upper part of the surface-water bodies, while
the water in their lower depth was largely unaffected
causing stratification. The gradients, in the upper
portion of figure 25, are largely caused by diffusion

of atmospheric air at the air-surface water interface,

photosynthesis by certain types of biota in regions
of light penetration, respiration of plants and
animals and carbon dioxide given off by decaying
matter in the lower depths. The period of spring
and autumn mixing breaks up the gradients and brings
about a relatively even distribution of all dis-
solved materials in the water body. The Connecticut
Board of Fisheries and Game (1959) reports that
portions of Amos Lake, Gardner Lake, Green Falls
Reservoir, Lantern Hill Pond, Long Pond, Oxoboxo
Lake, Pataguanset Lake, and Wyassup Lake are ther-
mally stratified.

Oxoboxo Lake, figure 25, is stratified. From
the surface to about 10 feet, temperature changes
little with depth. Between 10 and 20 feet, the
temperature drops rapidly. The region of the lake
below 20 feet is rather uniformly cool. The
gradual establishment of thermal stratification
deprives the lower depths of its oxygen source.
Dissolved oxygen is the most significant of all
the chemical substances in the natural waters of
lakes and ponds as an indicator of lake conditions.
Figure 25 shows for Oxoboxo Lake that the dissolved
oxygen concentration diminishes rapidly with depth
in summer. This summer depletion is of overriding
importance in its effect on aquatic life. When it
occurs it brings on major ecological changes.

The dissolved-oxygen content of water is
inversely related to temperature. At 34°F the
saturation value for dissolved oxygen is 14 ppm, at
80°F the saturation value is less than 8 ppm. Aqua-
tic life may be able to adjust to the warmer waters,
but it can be destroyed by the lack of dissolved
oxygen. MWithin the thermocline there is a sharp
drop in dissolved oxygen and a rise in the concen-
tration of the gases resulting from decomposition
of aquatic biota. Below the thermocline the con-
centration of dissolved oxygen reaches a minimal
value (often zero), that of gases of decomposition
a maximum one. The carbon dioxide concentration
shows a general inverse relationship to the dis-
solved oxygen curve, that is, the concentration of
carbon dioxide increases with depth.

During the spring and fall overturn, the pH of
the water generally is uniform from surface to
bottom. Iron, manganese, color, and turbidity may
increase., Oxidation=-reduction processes are trig-
gered by dissolved oxygen and cause the precipitated
fron and manganese to dissolve during overturn.

Thus during overturn a vertical mixing of the waters
results in a deterioration in quality.
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IRON AND COLOR

Iron, though only a small part of the dissolved
solids in stream water in the SCRBA, deserves special
discussion because it is present in amounts large
enough to be troublesome. An iron content of 0.3
ppm or more is objectionable for domestic uses, and
it should be less than 0.2 ppm for many industrial
uses. lron in surface waters is derived from min-
erals of rocks and soils in the SCRBA or from decay-
ing vegetation.

Streams draining swamps usually contain water
with a high iron concentration. All growing aquatic
plants require a continuous supply of iron and
extract it from water and soil. The decay of the
aquatic vegetation releases dissolved iron to the
swamp water. During this decaying period, the
volume of water in the swamp is generally reduced
and the iron concentration in the remaining water
is increased. The largest quantity of organic
matter and iron from swamps enters streams during
periods of heavy rainfall when swamps are flushed
out, though the concentration of iron is considerably
reduced by dilution.

About 70 percent of the 24 samples summarized
in table 18 for streams essentially unaffected by
man's activities had water containing more than 0.2
ppm iron at low flow and about 40 percent were more
than 0.3 ppm. All water samples collected during
low streamflow periods, having excessive iron con=-
centrations, originate in iron-bearing ground-water
areas locally present throughout the SCRBA, as
shown in figure 26, and from drainage of numerous
swamps. At high streamflows following the winter
period, only a few of the sampling sites yielded
samples containing the high iron concentration.

To show the effect of swamp environment on the
iron concentration of stream water, several water
samples were collected in and near Cedar Swamp near
Shewville. The results are shown in figure 27.
Sampling during the April high streamflow period
indicated that the water entering and leaving Cedar
Swamp contained a very low concentration of iron.
The July sampling shows a four-to-ten=-fold increase
in iron concentration during the period of decay
of swamp vegetation.

Iron and manganese precipitates also accumulate
in the sediment and mud of lake and pond bottoms.
During the early stages of turnover these two con=
stituents redissolve from bottom sediments, circulate
upwards and remain in solution until oxidation and
precipitation transfer them downward again. The
increase and decrease in concentration of these two
constituents roughly parallels the decrease and
increase in dissolved oxygen. Thus the outflow from
these lakes and ponds will transport the redissolved
iron and manganese and affect the quality of streams
fed by these water bodies. This may account for
the 1.3 ppm iron concentration in the outflow from
Wyassup Lake in the September 1963 sample, shown on
figure 26,

The upper reaches of most streams are charac=
terized by clear waters, at least during the non-
flood season. Relatively "pure' shallow streams
appear clear due, in part, to the fact that light
is absorbed quite rapidly in the first few feet.
Small shallow streams which drain swamps are often
colored light to dark amber. This color is probably
attributable to the decaying organic material which
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Figure 27.--Dissolved-iron concentrations in water in and near Cedar Swamp

Water draining from swamp is likely to contain higher concentrations of dissolved solids
than water entering the swamps, at both high and low streamflow. The iron concentrations
in swamp water commonly increase severalfold during decay of aquatic vegetation.
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releases dissolved plant substances such as tannin.
|ron may be a significant constituent of organic
color in water, but the concentration of iron does
not necessarily correlate with the degree of organic
color. Other streams may be colored in the autumn
due to extractives from large accumulations of
leaves in the water. Various extrinsic factors may
also account for apparent color in streams, such as
diatoms and algae. Color decreases during periods
of high streamflow. One of the 24 samples of water
summarized in table 12, had color as high as 35 units;
the average was 9, about half the upper limit of 15
recommended by the U.S$. Public Health Service (1962)
for drinking water. Color as high as 188 has been
observed in water associated with swamps in the
SCRBA.

SALT WATER EXTENT IN STREAMS AND ESTUARIES

The southern boundary of the SCRBA forms an
irregular coastline characterized by many inlets,
coves, extensive tidal marshes, meadows, wetlands,
and coastal streams discharging to Long Island Sound.
The most prominent feature is the Thames River
Estuary.

The coastal area is exposed to a twice-a-day
tidal surge up the lower reaches of streams and
rivers. In the Thames River the effects of the
tides extend as far inland as the Shetucket and
Yantic Rivers. The extent of tidal movement of sea
water in an estuary or coastal stream is dependent
on a number of factors, some of which are fresh-water
flow, range and stage of tide, climatological and
wind conditions, and man-made obstructions. In late
summer and early fall, fresh-water flow is usually
at a minimum, and the mean sea level for the period,
which controls the movement of sea water into the
estuary, is at a maximum. These conditions favor
the movement of sea water upstream. During the
spring, fresh-water flow increases to the maximum
and the sea water recedes downstream.

Sea water from Long Island Sound is carried
upstream in the estuaries and coastal streams by
each flood tide and downstream by each ebb tide.
Such tidal movements into the estuaries are accom-
panied by the continuously changing concentrations
of dissolved solids and proportions of mineral con-
stituents in the zone where sea water mixes with the
fresh-water flow from the coastal streams.

Figure 28 shows the maximum extent of sea water
influence on the chemical character of water in the
SCRBA. Sea water movement in coastal streams and
estuaries is halted in some cases by man-made dams,
by the steep seaward slope of some coastal streams,
or by natural rapids or riffles in the stream channel.

The general chemical composition of rivers and
estuaries affected by sea water is shown in table 19,
and the sampling sites are located on figure 28.
Samples were collected in September 1963 during the
minimum fresh-water flow period to illustrate the
maximum concentration of chemical constituents at the
farthest upstream influence of sea water. Signifi-
cant sites were sampled again during the following
April when fresh-water flow was at a maximum. Ana-
lyses from Long Island Sound, the Atlantic Ocean,
and general composition of sea water (Hem, 1959,

p. 10) were also added to table 19 so that the chemi-
cal quality of these waters may be compared to the
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composition of sea water.

The data indicate that there is very little
dilution in the chemical composition by the fresh-
water flow in September between the head of the
tide and the mouth of either the Mystic or Niantic
Rivers. The fresh-water streams in these areas
were at 90 percent flow duration or greater.

The most important waterway in the SCRBA is
the Thames River estuary. It is fed by numerous
small streams in its 14 mile course from Norwich
to Long Island Sound. Two major streams, the
Shetucket River and the Yantic River, converge to
form the Thames River at Norwich. They are both
affected by tidal surges of sea water up the Thames
River estuary. From the tidal basin at Norwich to
the mouth at Groton the general composition of the
estuary water is shown in table 19 to be relatively
similar and varies from 22,000 to 30,000ppm dissolved
solids. ''Pure'' sea water contains approximately
35,000 ppm dissolved solids. The dilution of sea
water by fresh-water inflow can be determined by
comparing the dissolved-solids concentration of the
estuary to that of sea water. In the area of Fort
Shantock State Park the estuary is 67 percent sea
water, and increases to 87 percent sea water at
Groton. Long Island Sound in the vicinity of Rocky
Neck State Park is approximately 92 percent sea
water.

The waters of the Thames River estuary are
usually of high salinity throughout the year, rang-
ing from nearly ''pure'' sea water in the Groton-

New London area to diluted sea water at the tidal
basin at Norwich. Although fresh water may extend
into the Norwich tidal basin at times of high fresh-
water Tlow after heavy rains in the spring, the
duration of the fresh-water conditions in the tidal
basin is relatively short. The waters in the
estuary are generally less subject to sudden changes
in salinity than are those in the lower reaches of
the river and tributary streams.

There is a fresh water-sea water interface in
the lower portions of both the Yantic and Shetucket
River above the tidal basin at Norwich during the
low fresh-water inflow period. The data in table
20 indicate that the fresh water enters a transition
zone in both rivers before flowing into the tidal
basin. During the low-flow period in September
1963 the chemical composition of the Yantic River
in the transition zone ranged from 33 percent sea
water near the surface to 80 percent sea water near
the streambed. In the SHetucket River the range
was from 12 percent near the surface to 84 percent
near the streambed. Samples from April 1964 indicate
that the sea water is pushed out of each river mouth
during the high flow period.

CONDITIONS RESULTING FROM THE
ACTIVITIES OF MAN

Man uses water for various domestic and indus-
trial needs. During its use, the quality of the
water is almost always changed. After use the water
contains more dissolved solids or is warmed or
cooler than before. Most of the major streams in
the SCRBA, and a few smaller streams receive varying
amounts of waste materials. |Industrial and commer-
cial wastes discharged into the streams and estuaries
of the area include cyanides, copper, nickel,



EXPLANATION

GROUND WATER SURFACE WATER
FOR THE ENTIRE ASEA, THE DISSOLVED-SCLIOS CONCENTRATION AVERAGED 70 PERCENT OF THE DISSCLVED SOLIDS,IN DISSOLVED SOLIDS,IN
SPECIFIC CONDUCTANCE SPECIFIC CONDUCTANCE RECONNAISSANCE DATA DURING B0% DURATION PARTS PER MILLION, PARTS PER MILUdN.
FLOW OR GREATER W3S CONVERTED TO DISSOLVED SOLIDS BY MULTIFLYING THE snscmczg»auér%%s
BY 0 70 DURING LON FLOW THE DISSOLVED SOLIDS IV STREAMS REFLECT THE MINERALOS
CONTRIBUTING GROUND WATER AQUIFER EXCEPT IN ASEAS WHERE STREAMS QUALITY IS REAVILY Q 10 o3 Less B o0 o ess
AFFECTED BY MAN'S ACTIVITY. 0 16l To 300
O 5 oo
@ 30 1o s00
@ csearer Haw so0 Py e 7o 200
e e . [ creaTeR THAN 200
STRATIFIED DRIFT. .
T - INDICATES WELL IS IN TILL
ALL OTHERS ARE IN BEDROCK
: [ exvent oF saur water inFLUENCE
AREA 1N WHEH MOST WELLS TAPPING
BEDROCK ARE LIKELY TO YIELD MOO- SITE OF SALT WATER SAMPLING
ERATELY HARD TO VERY HARD WATER. (T2BLE 20)

THE COLCR PATTERNS ARE BASED UPON THE
CHEMICAL ANALYSES OF SURFACE WATER
SAMPLES COLLECTED DURING PERODS OF
LOW FLOW BETWEEN 1983 AND i984 AKD

BASIN DRANAGE DIVIDE FIELD SPECIFIC CONDUCTANCE MEASUREMENTS
OF SURFACE WATERS aT OVER 350 SELEGTED

——— SITES THAOUGHOUT THE SCRBA DURING
OCTOBER 1984,
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Figure 28.--Maximum observed concentration of dissolved solids in surface and
ground waters in the lower Thames and southeastern coastal river basins
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Table 19.--Chemical composition of selected coastal streams and estuaries influenced by sea water invasion

{Chemical constituents in parts per million}

Dissolved
$ite no. sollds
{location Date . (residue on
in flgure of Calcium | Magnesium{ Sodium | Sulfate | Chloride| evaporation

28} Source collection (ca) {Mg} (Na) (501} (ch) at 180°C )
1 Pawcatuck River near Pawcatuck 9-24-63 268 780 7,160 1,670 12,900 24,800
2 Mystic River at 01d Mystic 9-24-63 330 1,000 g,700 1,750 15,900 30,200
3 Mystlec River at Mystic ! 9-26-63 3k7 1,000 9,620 2,210 16,500 31,600
do 2 9-26-63 351 1,140 9,520 2,330 16,700 31,400
L Poquonock River at Poquonock 9-2L-63 329 960 9,100 2,140 16,000 30,700
Bridge
5 Shetucket River at Morwich ! 9-26-63 68 142 1,310 340 2,280 4,370
do 2 9-26-63 330 990 8,730 2,160 15,600 29,500
do ! b~ 9-6h 5.6 1.0 k8 12 7.2 53
6 Yantic River at Norwich ! 9-26-63 135 430 3,280 785 6,070 11,600
do 2 9-26-63 312 977 8,350 2,020 14,700 . 28,000
do ! b= 9-64 7.0 2.1 b2 12 8.1 55
7 Thames River at Fort Shantock 9-25-63 252 8lo 6,780 1,560 12,200 23,600
State Park
8 Poquetanuck Cove at Happyland ! 9-24-63 254 820 6,820 1,590 12,400 23,500
do 9-24-63 293 923 7,870 1,910 13,700 26,100
9 Thames River at Massapeag 9-25-63 239 740 6,180 1,490 11,500 21,900
10 Thames River at Gales Ferry 9-26-63 281 gho 7,580 1,740 13,400 25,000
il Thames River at Groton 9-24-63 328 1,000 9,026 1,970 15,800 30,300
12 Niantic River near East Lyme 9-25-63 297 830 7,940 1,870 13,800 27,100
13 Niantic River at Niantic 9-~25-63 350 1,100 9,270 2,090 16, 800 32,300
14 Long lsland Sound near Niantic 9-25-63 347 1,130 9,670 2,250 16,900 32,100
Atlantic Ocean at Atlantic L1856 351 1,190 9,520 2,290 17,200 33,500
Beach, N.Y. k
Atlantic Ocean at Montauk 1-19-61 356 1,160 9,470 2,390 17, 100 32,500
Point, N.Y.
General composition of sea - 4oo 1,272 10,560 2,560 18,980 35,000

water

1 Sample collected 1 foot below water surface.

2 Sample collected | foot off bottom of streambed.

3 After J. D. Hem, 1959, U.S. Geol. Survey Water-Supply Paper 1473, p.

L]

10,



Table 20.--Comparison of chemical composition of fresh and salt water in the
Shetucket and Yantlc Rivers at Norwich during high and low fresh-water flow

{Chemical constituents in parts per million)
Calclum Magnesium | Sodium | Chloride Dissclved solids
Source and location (Ca) (Mg} (Na) (c1) (ROE- at 180°C)
LOW FRESH-WATER FLOW--September 26, 1969
Shetucket River at Smith Avenue Bridge 8.3 3.5 14 12 79
Shetucket River at Route 12 Bridge ! 68 142 1,310 2,280 4,370
Do 2 330 990 8,730 15,600 29,500
Yantic River at New London Turnpike Bridge 9.8 1.6 5.8 10 67
Yantic River at Route 32 Bridge ! 135 430 3,280 6,070 11,600
Do 312 977 8,350 14, 700 28,000
HIGH FRESH-WATER FLOW--April 9, 196k

Shetucket River at Smith Avenue Bridge 5.8 1 k.8 7.2 Lh
Shetucket River at Route 12 Brlidge 5.6 1.0 4,8 7.2 53
Yantic River at New London Turnpike Bridge 5.9 1.1 3.8 6.5 55
Yantic River at Route 32 Bridge 7.0 2.1 4,2 8.1 55

1 Sampte collected 1 foot below water surface.

2 Sample collected 1 foot off bottom of streambed.

chromium, bleaches, dyes, soap, silt, acids, and
alkalis. Organlc wastes, Including pulp fibers,
starch, grease, oil, and domestic sewage are also
present. Certain pollutants in streams, such as
detergents, dyes, pulp and paper wastes, and salts
of metals are objectionable even in small amounts
since they may impart color to the water, cause
toxiclty to animal and aquatic 1ife, or otherwise
make the water unsuitable for use,

The relatively low dissolved-solids concentra-
tion of stream waters throughout the SCRBA, even at
low flows, is {llustrated in figure 28, The maximum
dissolved-solids concentration at neariy all points
in the SCRBA is markedly less than the 500 ppm sug-
gested by the U.S. Public Health Service for potable
water supplies. Masselli and others (1963) found
that streams which receive white-water wastes from
paper and paperboard production during drought con-
ditlons may at times contain dissolved solids in
excess of 500 ppm. This condltion might occur in
Oxchoxo Brook along its lower reaches. A number of
areas associated with drainage from swamps, stagnant
ponds or highway runoff contalned water that exceeded
200 ppm dissolved-solids concentration and in some
instances over 600 ppm dissolved solids. One area
located In Montville contained drainage with a dis-
solved-sollds concentration in the order of 2,000 to
4,000 ppm. A number of industrial plants in SCRBA
center around or on estuaries, and thelr treated or
untreated waste products were discharged to the
estuarine water during the period of study,

An example illustrating the change in chemical
constltuents, resulting from discharge of industrial
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waste effluent in Oxoboxo Brook, from Oxoboxo Lake
to Uncasville is shown in figure 29. At time of
sampiing during the low-flow period a four-fold
increase In dissolved sollds along the stream was
observed. The pattern diagrams [llustrate the
significant Tncreases In concentrations of calcium,
sodium, and sulfate, The decrease in dissclved-
solids concentration in the lower reaches of
Oxoboxo Brook Is a result of a number of factors,
such as dilution through lncrease in water volume,
and storage and settling Iin ponded areas of the
brook, The waste effluent also causes an increase
in the acidity of the water in the receiving stream,
untll neutralization occurs in the lower reaches.

Poliution of natural waters by domestic sewage
is a possible hazard to public health and safety and
may stimulate undesirable growth of algae and other
aquatic plants in both flowing and Impounded surface
waters. The presence of sewage In streams may some-
times be Indicated by small amounts of detergents
which cause white foam to develop on the surface of
water in streams, particularly below mill dams or
rapids. High concentrations of organic matter from
sewage or from natural sources also may develop
foam. This foam rapldly disappears In quiet waters
below dams or raplds.

The upper limit for ABS (alkyl benzene sulfon-
ate) concentration in drinking water is 0.5 ppm as
recommended by the U.$. Public Health Service. Since
July 1965, a new detergent material LAS (linear
alkylate sulfonate}, a principal constituent of soft
detergents, has gradually replaced ABS. Detergent
residues of LAS are more readily blo~degradable than
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Figure 29.--Effect of waste effluent on the water
quality of Oxoboxo Brook

Chemical constituents increased from natural
concentrations due to industrial waste discharged
to the brook. Decrease in lower reaches is a
result of storage and settling in pondeg areas

of the brook.

those of ABS and can be reduced but not eliminated
by secondary sewage treatment (Wayman, 1965).

According to a report for the Southeastern Con-
necticut Regional Planning Agency by Metcalf & Eddy,
(1965) about 51 percent of the population residing
in the Planning Region (including essentially all of
the area covered by this report) is served by sewage
systems that are classified either as municipal,
community, or institutional. The domestic sewage
from approximately 20 percent of the population is
discharged without treatment into the waters of
the Planning Region. Of the known industrial and
commercial wastes discharged daily into the fresh
waters and coastal estuaries of the Planning Region,
approximately 49 percent is discharged directly into
the waters without treatment or with inadequate
primary treatment. With the enactment of Public Act
No. 57 in 1967, the State has charged the Water
Resources Commission with the fulfillment of policies
more explicit in the prevention, control, and abate=-
ment of new and existing pollution of all natural
waters in the State. The Commission can provide
current information at any time on the extent and
effect of pollution in the State.

SEDIMENT AND TURBIDITY

Most streams carry at times various amounts
of gravel, sand, silt and clay eroded from their
banks and channels or carried into the stream by
water running overland. Sediment in streams in
SCRBA is not a serious problem because even the
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relatively impermeable soils in areas of till absorb
a substantial part of the precipitation and the
complete vegetative cover protects the land surface
from erosion by water flowing overland.

In the glaciated crystalline uplands of eastern
Connecticut, erosion rates and suspended-sediment
concentrations in streams are comparatively low.
More sediment is present at high flows than at low
flows. Even at high flow the amount of suspended
sediment in streams of the report area is quite low,
as shown in table 21 from results of analyses of
samples from seven streams. The flow at times of
sampling was the third highest peak during the 1965
water vyear.

Turbidity, a measure of the ability of water
either to transmit or reflect light is caused by
suspended or colloidal silt or clay particles,
micro-organisms, pulp fibers, or other material
originating in the natural process of erosion, or
in sewage. Turbid water is objectionable for many
industrial uses, notably for use by the food indus-
try, the paper industry, and the textile industry, and
large amounts may injure fish and other aquatic life.

The data in table 21 suggest that turbidity
in the SCRBA is generally not potentially trouble-
some, except in the local area along the lower
reaches of Oxoboxo Brook where a sample was found
to contain 40 ppm (as silica) caused by industrial
wastes.

TEMPERATURE

Temperature is probably one of the most impor-
tant, but least discussed, factors of water quality.
The temperature of water in streams and lakes
changes continuously and varies in a complex fashion
from place to place. Temperature patterns are,
therefore, difficult to describe in detail, but the
major features can be outlined.

Temperature influences, usually directly, all
the chemical, physical, and biological properties
of water. The ability of water to dissolve or pre=
cipitate materials is dependent upon temperature,
and the aquatic life of a lake or stream may thrive
or die because of the temperature. Natural stream
temperatures are controlled largely by air tempera-
ture, solar radiation, and temperature of ground-
water runoff.

The temperature of all surface-water bodies
follows a seasonal cycle in response to air tempera=-
ture. Freezing-point temperature is reached or
nearly reached in most streams during the winter
months, at least for brief periods of time. Maximum
temperatures commonly occur in July and August.
These conditions are reflected in the average tem-
perature of the water in the Yantic River at Gilman
from October 1964 through September 1965 as shown
in figures 30 and 31.

The maximum and minimum water=-temperature dura-
tion curves for the Yantic River (figure 31) show
a narrow range in extremes. The annual extremes for
the river during this period were 83°F and 33°F;
however, the stream temperatures reached the 32°F



point at the uppermost surface layer for a short
period of time during the winter months. The maxi-
mum water temperature was 70°F or less, 70 percent
of the time and figure 30 also shows that the median
(50 percent) temperature of the stream closely
approximates the average annual air temperature

for the SCRBA.

During the 1965 water year figure 32 shows the
water temperature for the Yantic River to be very
similar to the water temperature of the Quinebaug
River at Jewett City, where a continuous record is
kept. Accordingly, the continuous thermograph at
Jewett City may be used as an approximate index of
temperature of related natural streams in the SCRBA.
Records published in an annual series of Water

Resources Data for Connecticut and current infor=
mation may be obtained from the Hartford, Connecti-
cut office of the U.S. Geological Survey.

In many smaller streams, a considerable por-
tion of flow is ground-water runoff that entered
the stream channel from the basin a short distance
upstream and has not been in contact with the air.
By contrast, in the major streams most of the
water has been flowing in stream channels for some
distance, and may have been detained in one or
more ponds. Therefore, because ground water enters
streams at relatively uniform temperatures, daily
temperature fluctuations and the annual range in
monthly average temperatures are probably somewhat
less in small streams than in major rivers.

Table 21.--Analyses of suspended-sediment and turbidity at miscellaneous stream-gaging

stations

in the lower Thames and southeastern coastal

river basins

Instan= Percent of Sediment
| ndex Source Date of taneous time flow concen- Measured
no. and collec- | flow is equaled tration load Turbidity

(P1. A) location tion (cfs) or exceeded (ppm) (tons/day)il (as ppm Si05)

1183 Pendleton Hill Brook L4-16-65 Ls 1 2 0.2 20
near Clarks Falls

1184 Shunock River near L-16-65 78 9 22 L.6 13
North Stonington

1187 Whitford Brook at L-16-65 62 8 3 5 0
01d Mystic

1276.8 Trading Cove Brook 4-16-65 24 7 8 5 5
at Montville Center

do L-16-65 26 6 8 .6 7

1277 Trading Cove Brook L-16-65 Lo 7 10 1.1 5
near Thamesville

1277.4  Stony Brook near L-16-65 Lo 5 18 1.9 5
Uncasville

1277.9 Latimer Brook at L-16-65 160 ] 12 5.1 7
East Lyme

1278 Fourmile River near L-16-65 35 2 2 o2 7

East Lyme

a/ The tons of suspended sediment that would have been carried past each station during one
day if the discharge and concentrations shown had remained the same throughout the day.

L
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The temperature of the Yantic River fluctu-

ates seasonally. The highest, lowest, and During this period there was generally only
average water temperatures in the Yantic a few degrees difference in the water temper=
River at Gilman for each month were deter- ature between the two sites.

mined from continuous temperature measure=

ments obtained about % foot above the river
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WATER IN AQUIFERS

The amount of ground water that may be recovered
by pumping from wells varies widely from place, depend-
ing on the water-bearing properties of aquifers and
on the available supply. Permeability (water-yielding
capacity) and thickness govern the rate at which an
aquifer can transmit water on a short-term local
basis. The amount of ground water that can be pumped
on a long-term or regional basis also depends on how
much is available for delivery. This includes the
amount of water from precipitation which infiltrates
to the aquifers, the amount stored there, and the
amount that can be induced to infiltrate from streams
and lakes. An understanding of the underground part
of the hydrologic cycle, is essential to sound devel-
opment and management of ground-water supplies in
the SCRBA.

AQUIFERS

Ground water in the SCRBA is obtained from three
aquifers: (1) stratified drift, (2) bedrock, popular=-
ly called ''ledge', and (3) till. The distribution
and properties of the aquifers are indicated on plate
B. Stratified drift is described first in the section
which follows because it Is by far the most important.

STRATIFIED DRIFT

Stratified drift consists of strata or layers and
lenses of water-washed and water-laid gravel, sand,
silt, and clay carried by meltwater from glacial ice
as shown on figure 34. Despite the wide size range
of its component particles, stratified drift can be
divided on a hydrologic basis into two water-bearing
units: (1) a coarse-grained unit capable of yielding
large quantities of water, i.e., up to several hundred
gpm (gallons per minute) to individual wells, and (2)
a fine=grained unit capable of yielding only small
quantities of water (generally less than 20 gpm to
single wells). The coarse-grained unit includes all
stratified drift consisting predominantly of medium
sand or coarser material. The fine-grained unit
includes the remaining stratified drift consisting
predominantly of fine sand, silt, and clay. Sub-
division of the stratified drift units is based on
surficial mapping, on published surficial maps, and
on subsurface information from drillers' logs of
wells and test holes,

Stratified drift is the most productive aquifer
in the report area and is the only one ordinarily
capable of yielding more than 100 gpm to single
wells on a sustained pumping basis. In most places
it is underlain by till, but in some places the
till is missing and stratified drift is underlain by
bedrock as shown in figure 33. More rarely, thick
till 1s underlain by stratified drift as interpreted
from well logs. Such points are shown by a "T'' and
dot symbol, as at Shantock Brook on plate B. Strati-
fied drift Is widespread in valley and lowland areas
and is scarce or absent in interstream areas and on
most hillsides and uplands. It thus covers only
about 20 percent of the report area.

Stratified drift may be overlain by other uncon-
solidated materials in places. Alluvium, where
present, is commonly thin and is mapped with the
underlying drift. Artificial fill ("made land") is
widely scattered through the expanding urban areas
of the SCRBA and at highways and bridges. However,
it is thin and most of it is above the water table;
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therefore it is mapped with stratified drift or any
aquifer that directly underlies it. Estuarine de=-
posits are widespread in some of the major valleys,
particularly in their southern reaches. These
deposits underlie or border salt water in bays and
other water bodies and are not shown on plate B.
Swamps appear on the topographic base map; swamp
deposits are outlined separately on the plate only
where they may be underlain by stratified drift,

The type of stratified drift below the water
table has a more direct influence on the yields of
individual wells than the type exposed at the dry
land surface., For this reason, plate B shows the
type of saturated stratified drift below the water
table rather than that at the land surface. The
distribution shown on the map is somewhat arbitrary °
because the two units may grade into one another
laterally, may overlie one another, or may be com-
pletely interbedded. Hence, the contact shown
between the coarse-grained and fine-grained units
commonly is less precise than is the contact shown
between the stratified drift and till. However,
any sequence of saturated stratified drift contain-
ing at least 10 feet of coarse-grained material in
the area is included in the coarse-grained unit.

The coarse-grained and fine-grained units of
saturated drift shown on plate B are generally con-
sistent enough to permit mapping in most areas
despite the diverse sources of the data. |In a few
places, however, subsurface data indicate a pre-
ponderance of fine-grained material even though
nearby subsurface information or surficial maps
indicate that at least enough coarse-grained
material is saturated to designate the aquifer as
coarse-grained. For example, well Ps 88 at Norwich
Hospital is in an area of coarse-grained stratified
drift but it reportedly penetrated chiefly fine-
grained stratified drift. The site is indicated on
plate B by a unit letter '"x'" and comparable points
elsewhere are shown by the same symbol (explanation,
plate B). Doubtless many exceptional points are not
shown because subsurface data is incomplete. Never-
theless the map can be used as a guide for the elim=
ination of unfavorable areas and for the selection
of sites suitable for test drilling. The coarse-
grained unit as defined here is more widespread
than the fine-grained unit. 1t makes up about 90
percent of the areas covered by stratified drift.

Fine-grained stratified drift, as defined, Is
limited to relatively small patches where it was
laid down in glacial lakes and the sluggish parts
of meltwater streams as indicated on figure 34. |t
is scattered throughout the SCRBA but is most abun-
dant near the northern margin of the report area.
Swamps may also be underlain by fine-grained strat-
ified drift, as are Cedar and Assekonk Swamps, and
the unnamed swamp north of Deep River Reservoir.

A narrow belt of fine-grained stratified drift forms
a terrace deposit along the east shore of the

Thames River at the U.S. Naval Submarine Base north
of the Gold Star Memorial Bridge. Fine-grained
material is actually more widespread in the SCRBA
than its distribution on the map would indicate
because, as previously mentioned, it is included
with the coarse-grained unit wherever at least 10
feet of saturated coarse-grained stratified drift
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Table 22.--Log, permeability, and transmissibility of well Ps 67 at Norwich Hospital

(Static water level 69 feet; yield 505 gpm)

Thick=
Depth to ness Estimated Estimated
bottom (m) permeability transmissibility 1/
Driller's log (ft) (ft) (P) (T = Pm)
Sand, coarse, brown and gray, and
gravel . 5 2 3 5 Lo Lo - unsaturated
Sand, muddy . & w e 6 0o v ow ow Lg 5 -- Do
Sand, gray .+ + o ¢ 4 o+ o4 4444 65 20 - Do
Sand, coarse, water-bearing . . . . . 95 2/30 2,300 59,800
Gravel, coarse, water-bearing . . . . 105 10 4,000 40,000
Sand, coarse, water-bearing . . . . 122 17 2,300 39,100
Sand, fine, brown, and clay (till?) 143 21 - -
Ledge (bedrock) at . . . . . . . . . 143 - --
Total; feet of saturated stratified
OFIFE s wise v 5 e 3 5 s 58w e s % 53 138,900 (total)

1/
2/  Lower 26 ft saturated.
is also present. As used in this report, fine-

grained stratified drift includes water-laid clay,

muck, silt, and fine sand, with particle sizes less
than 0.25 mm (millimeters).

At a few places stratified drift deposits are
of unknown grain size, because subsurface data are
lacking. These have been mapped as ''undiffer-
entiated stratified drift." They generally underlie
small areas and are more likely to contain fine-
grained than coarse-grained material.

PERMEABILITY AND TRANSMISSIBILITY

Permeability is defined as the rate at which a
unit cube of material will transmit water under
unit hydraulic gradient. The standard coefficient
of permeability used by the U.S. Geological Survey
is the rate of flow of water in gallons per day
through a cross=sectional area of | square foot of
an aquifer under a hydraulic gradient of 1 foot per
foot and a temperature of 60°F. The field coeffi~-
cient of permeability is the same except that it is
measured at the prevailing water temperature. The
water transmitting capacity of an entire vertical
section of aquifer is called transmissibility. The
coefficient of transmissibility is defined as the
rate of flow of water in gallons per day through a
vertical strip of an aquifer 1 foot wide under a
hydraulic gradient of 1 foot per foot. The coef-
ficient of transmissibility is equal to the field
coefficient of permeability multiplied by the thick-
ness of the aquifer in feet. It is expressed mathe-
matically as: T Pm where T is the transmissi-
bility in gallons per day per foot, P is the field
coefficient of permeability in gallons per day per
square foot, and m is the thickness in feet.

This relationship between transmissibility,
permeability, and thickness is very useful in esti-
mating the average permeability of vertical sections

138,900 _

k9

Transmissibility equals permeability multiplied by saturated thickness of unit.

2,620 (average permeability of saturated section)

of stratified drift deposits, as, for example, from
logs of wells and test borings.

Using permeabilities read from figure 35, the
average permeability of stratified drift was esti-
mated from 245 logs of wells, test borings, or
auger borings. The procedure for making estimates
of average permeability is illustrated in table 22.
A value of permeability is assigned to each layer
of saturated material reported in the log, and the
permeability of each layer is multiplied by the
saturated thickness to give the transmissibility.
The transmissibilities for each layer are then
totaled and the transmissibility of the saturated
section (shown within a range) for 145 sites where
logs are available are shown on plate B (only
selected test borings and no auger borings are
shown on the plate). Great care and judgment are
necessary in the interpretation of drillers' logs
in order to assign realistic values of permeability
to materials. However, experience generally allows
a fairly accurate interpretation of grain size and
sorting of materials listed in the logs and a fairly
accurate estimate of permeability values. This is
borne out by comparison of permeability values
estimated from well logs with permeability values
determined from specific capacity and pump test
data from the same wells given in table 23.

Samples of stratified drift collected from
surface exposures and from a test hole in the area
were analyzed for grain size, grain-size distribu-
tion, permeability, and specific yield; results
are given in table 2L. Permeability and median
grain size are plotted in figure 35 which includes
similar plots from data collected in the Quinebaug
River basin and Shetucket River basin (Thomas, M. P.
and others, 1967, p. 54).

As shown on figure 35, permeability increases
with median grain size. The scatter of data which
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Table 23.~-Permeability of stratified drift
{Estimated from specific capacities and logs of screened wells)

Corrected drawdown: reported drawdowns are adjusted for (1)
decrease in saturated thickness using the equatlon derived
by Jacob {Walton, 1962, p. 7) and for {2) the effects of
partial penstraticn of the pumping well (Walton, 1362, p. B).
The ratio of vertical to horizontal permeability used in the
partlal penetration correstions is assumed to ke 1:10.

Dravidowns are not corrected far dffferences in well diameters
or well efficiencies. Tests are also assured to be of
sufficient duratlon so that the effects of delayed yield
from gravity drainage on the drawdown are negliglhle.

Specific capacity; reported yield divided by corrected draw-

doRTta

Transmissibillty: determined by graphic methods described by
Keyer (1963,p, 338) and for tests of less than 20 hours or
greater than 48 hours by methods described by Walton (1962,

Saturated thickness of aquifer: full thickness of stratified
drift below water table except in wells vhere fine drift
directly overlies bedrock or overlles till (omitted) and in
arteslan wells where it is restricted to thickness of cenfined
aquifer only.

Average permeabllfty: transnissibility divided by saturated
thickness. Rounded to nearsst 100 gpd per sg ft.

Average percesbility (based on well lags): method used to
estimate permeability Is described in text. Rounded to nearest
100 gpd per sq ft.

Remarks: well in coarse-gralned unit uniess otherwise stated,

p. 12), The coefflcient of storage [S) s assumed to be
0.2 for water-table conditions and 0.002 to 0,001 for artesian
condftions.
Average
Transmiss- | Saturated Average permeability
Puzping | Reported | Corrected { Specific | Tbility, thickness permeabflity, | based en Diemater | Duration
Well yleld drawdown | drawdown capacit estirated of aquifer | estimated well legs of well of test

no. (gpm) {ft} [€23) {ggm/fti (apd/ ft) {ft) (apd/sq ft) {opd/sq ft) {in.} {hrs) Remarks

ELy 1T 75 19 .4 6,6 12,000 16 800 1,000 8 17 Probably artesian) no correctlon for de-
watering, Gravel packed,

ELy 38 102 15 5.k 18.8 30,000 75+ Log 600 10 38 Log s from ELy %0, 95 ft away., S$ituated
90 ft from ELy 39,

Ely 39 103 1z 5.0 25.8 Lo, 000 75+ 500 600 10 L8 Log Is from ELy 40, 70 ft away. Sltuated
90 ft from Ely 38.

ELy 4l 150 12.8 5.C 30.0 40, 000 29 1,400 1,600 8 12 Twenty {20} ft of slit underlying aquifer
excluded from saturated thickness. Gravel
packed.

ELy &6 208 10+ 9.2 22.6 30,000 &0 500 - & 4 Data approximate; ne correction for partlial
penctration,

Ely 56 200 30+ 15.0¢ 13.3¢ 30,000 24 1,200 1, 100 8 8 Probably artesfan; no correction for
dewatering.

Gt 28 100 24 h,7 21.3 35,000 35 1,800 200 8 13 Erave] packed,

&t 90 60 il 8. 6.9 6,000 25 250 300 2% 8 Chfefly In fine-gralned unlt overlying 8
ft of coarse-grained unit.

Gt 113 200 13 1i.5 17.4 30,000 57 500 S00 8 [, 200 Scheduted after completion of data collec-
tion; not used in averages.

Gt 114 150 10.2 2. 16.6 24,600 L5 500 700 8 22 Scheduled after cospletion of data collec-
tion; not used tn averages.

th 18 75 12+ - 6.2¢ 15,000+ 13 1,800 1,500 -- 24 Fitve [5) simllar 23-inch wells purped at
cobined rate of 75 gpot. Probably

X artesian; na correction for dewatering or
partial penetration,

Ly 2% 400 21.7 9.5 42,1 50,500 35 1,400 1,600 24 & Gravel packed.

Ly 27 125 25 ha 25.5 ko, 000 3h 1,200 1,500 8 24 Log 1s from Ly 26, about 100 ft away.

Ly 52 80 10£ L4,9 16,3+ 25,000 23 1,300 1,600 5 40

Ly 79 45 10 2,2 20.5 35,000 18 1,800 1,900 8 -

Ly 111 239 L] 6.4 37.3 60,000 71 800 1,100 8 52

Ly 116 &0 22 L.g 12,2 20,000 43 500 960 “u 140 Six (8) sinllar 2i-inch wells pusped at
combined rate of 60 gpm. Permeabllity
based on well log.is probably more
accurate.

Hv 25 90 7 4,5 20.0 35,000 iy 8oo = 10 12 Finfshed with "Bayard screen.™

Mv 29 20 2 .9 22.7 35,000 8 1,900 1,800 8 8 Log is from Mv 30, 7 ft away. Graval
packed.

Kv 48 70 25 5.7 12.3 18,600 45 k00 690 8 102

Hv 64 g0 29 13.1 6.9 15,000 21 700 1,000 8 38 Probably artesian; no correction fer
dewaterfng. Sand and graval underlie
ti1i. Slotted casing, gravel packed.

Nsn 29 223 5.4 2.4 92.9 150, 060 29 5,100 3,700 8 9 Permeabll ity based on well log Is
probably core accurate. Gravel packed,

HSn 51 225 17 6.0 3745 5,000 30 1,600 1,600 12 24 Gravel packed.

oL i5 25 10 2.0% 12,55 20,000 16 1,200 L 2 12+ Transmissibility value may be fn error
because drawdown is a substantial
fraction of orfginal saturated thickness.

oL 2% 75 1 1.7 it L2,000 21 1,900 1,500 -- 3.5 Two (2) simitar 23=inch wells 2 ft apart
pucped at cosblined rate of 75 gpm. Log
is from nearby OL 78.

oL 68 15 61 1.0% 15.0+ 20,000 24 800 aop - 2% Two {2} sinllar 2~inch wells pumped at
corbined rate of 15 gpm.

Ps 67 505 16 6.k 78.5 140, 000+ 53 2,700+ 2,600 122 43 Gravel packed.

Sn 343 150 15 6.6 22.7 39,0004 19 1,600 -- 8 10 Franselssibility value may be (n error
because drawdown is a substantial fraction
of orlgfnal saturated thickness., Gravel
packed.

Sn 155 200 L - 50,0+ 60,000 29 2,100+ -- 8 8 Data approximate; mo correctfon for
dewatering or partizl penstration.

sn 156 300 14 12.0+ 25.0% 30, 000% 4gz 700& - 2 8 Data approxirate; no correction for
partial penstration. Gravel packed.

Sn 163 880 hz.6 1.3 77.8 150,000 30 1,900 1,800 18 235 Scheduled after corpletion of date
collection; not used In averages,
Unpubiished Tog avaliable,

Wt 29 125 8.3 7.5 16.6 40,000 k3 200 900 - 53 Six (6) closely spaced 23«in wells pumped
at combined rate of 125 gpm. Perforated
casing, Probably artesian; no correction
for dewatering.

Wt 39 180 EL 4.3 41,9 50,000 hs T, 300 1, 300 1 80 TransmissTbilfty value may be in error
because drawdown is a substantial fraction
of orlginal saturated thickness.

Wt B 1852 .- - 9.2 15,000 20 800 1,000 -- B4 Five {5) closely spaced 23— inch welis
pumped at combined rate of 185+ gpm.
Probahly arteslan; no correction for
dewatering,

Wt 52 50 6.5 b2 1.9 18,000 16.5 1,100 1,500 8 48 Gravel packed.

Wes 256 736 10.9 5. 145,0 200, 000 70 2,900 3,100 2k 8 $ituated fn Rhode Isiand & few hundred

feat outside area. Gravel packed., HNew
well nearby, 75 ft deep, pumps 1,500 gpa.

51,



Table 2h.--Laboratory determinations of permeablility of stratified drift from the
jower Thames and southeastern coastal river basins

(A1l samples except no. [6 rollected from surface exposures above water table and horizontally orlented.

Repacked untess noted otherwise)

Medlan Particle size distribution (percent) Coefficient
grakn Clay | Fire to Medium specific o
bescription ¥ | {m) e | fine coaree Gravel | costfictent 2/ | (hevcont) | (oodper sabt) | tomsiion e
Sandy gravel 3.2 0.6 0.4 36,5 62.5 6.97 32,6 3,800 Hew London 9
Sandy gravel 2.05 1.0 1.4 Lg. 50,2 1.k 30.6 2,500 New London i3
Gravelly sand 1.4 .7 5.2 52.6 .5 7.33 26.9 1,300 Yontvlile 8
Sand 1.1 .5 .7 83.6 15.2 2.60 3k 630 Fontville &
Gravelly sand .88 7.9 X 69.8 214 3.43 30.3 1,200 Niantic 2
Gravelly sand .88 .7 5.0 77.6 16.7 3.33 33.5 510 Montville 3
Sand 3/ .82 1.8 1.8 95,3 1.1 2.30 30.3 g40 Norwlch 5
Sand .72 2.0 b5 85.8 7-7 2.66 30.8 1,700 Uncasvilie io
Gravelly sand .69 5 9.8 66.9 2z2.8 4. 4o 28.7 700 Uncasville 15
Sand 3/ LE6 1.3 9.5 81.0 8.2 3.25 32.6 1,100 Montville 12
Sand .62 .5 7.9 77.1 5 2.81 32.4 990 Uncasviite 3
sand R 3.2 13.0 83.6 .2 2,79 31.9 9o East Lyme 16
Sand 46 1.2 5.7 83.5 3.6 L7 37.8 860 Uncasville 7
5and Ak (%] 19.0 61.3 15.3 b5 271 290 0fd Mystic 14
Sand .28 .6 39.9 56.9 2.6 2,12 34,6 3to Niantle 1
Gravelly sand .22 3.9 55.9 28.2 t2.0 2,50 33.3 130 Colchester H
1/ Classificaticn based on Pettijohn {1957, p. 27).

2/ Uniformlty coefficlent: See sxplanation in glossary.
3/ Yot repacked; less disturbed than other (repacked) samples.

causes it to fall within a band rather than along a
straight line, Is largely a reflection of the degree
of sorting of the samples. Therefore, for any given
median grain size, well sorted materfals {fow uni-
formity coefficlients) will have higher permeability
than poorly sorted materials (high uniformity coef-
ficients). Accordingly, several of the samples col-
lected in the study area plot near the top (left)
edge of the band Indicating the relatively poor
sorting and relatively low permeability of the mate-
rials collected. This was expected as the sampling
was deliberately planned to obtain relationships for
coarse, poorly sorted stratified drift for comparison
with relatively well sorted matertals collected in the
the Quinebaug and Shetucket basins. Also, 14 of the
16 samples collected In the SCRBA were repacked in
the laboratory prior to testing; this disturbance

of natural packing and stratification undoubtedly
accounts In part for the scatter of data,

The specific capacities of 36 wells in table 24
were used to estimate the transmissibility of strati-
fled drift. The specific capacity of wells Is deter-
mined by dividing the yield in gallons per minute by
the drawdown at the end of the period of pumping.

The derivation of transmissibllity from specific
capacity is not exact because. the drawdown In a well
is often affected by inefficlency in well construc-
tion, geohydrologic boundaries, partial penetration,
and, In water table aquifers, by decrease In saturated
thickness of the aquifer during pumping. In most
cases these factors affect drawdowns adversely,
resulting In computed transmissiblilities that are
lower than actual values, The reported drawdowns in
column 3, table 2k have been corrected to allow
computations that more nearly depict actual trans-
misslbilities. Corrections of drawdowns for decreases
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In saturated thickness of the aquifers resulting
from dewatering were made using an equation
developed by Jacob (Walton, 1962, p. 7):

2

s

2m

g! = g =~

the drawdown that would occur In an
equivalent nonleaky artesian aquifer,
in ft.

Where: s! =

s = reported drawdown, under water-table
conditions, in ft.
m = initial saturated thickness of aquifer,

in ft.

After corrections for dewatering, corrections for
partial penetration were made by using an equation
developed by Butler (Walton, 1962, p., 8):

s = Cpp spp
Where: s = drawdown in pumped well for fully
penetrating conditions, in ft.
partial penetration constant for
pumped well.
observed drawdown for partial pene-
tration conditions, in ft.

Cpp =

spp

The speciflic capacity computed from corrected
drawdowns was used to estimate transmissibility by
graphic methods described by Meyer (1963, p. 338)
and Walton {1962, p, 12}, The transmissibility was
then divided by the saturated thickness to obtain
the estimated permeability shown in table 23.
Duplicate permeability values based on drillers!®
logs by use of figure 35 are shown in the same
table in an adjoining column. They agree closely



Table 25,--Summary of yield and specific capacity of drilled, driven, and dug
wells in coarse-grained and fine-grained stratified drift

(Restricted to we

Is for which drawdewn 3nd specific capacity are known)

Bepth of well Diameter of well Yield Drawdo..? Duraticn of test Specific capacity
(ft) {in} (gpm) (rt) 1/ {hrs) (apm per ft of dd) I/ Ho, of wells
Type Cearse- [Flne- Coarse- Fine- Coarse~ Fine- Coarse- Fine- Coarse- Fine- Coarse- Fine- Loarse- fine-
of grained |gralrad gralned gralred gratned grained gralad grained gralned grained gralned grained grained grained
well unit ynlt unlt unit unit unit uplt unit unlt unlt unit unlt unit unjit
Average 56 50 8.1 7 137 7 19.5 < 27 46 3 10,1 0.3 L] 2
oriTledsd &
Range 8- 136 |50 - 51 2.5 - 24 6-8 20 -—éBO L - 10 z -76 | 14-<ho 2 - hos -- 1.1 - 50,0| -- - -
Average 21 -- 51,3 -- 23 . 5 8,3 -- 5w -- AN -- 313 -
briven
Range - 28 -- 1.2- 3 -- 5~ 25 -- 5 - 11 -- 8 - 384 -~ 1.0% - 2.8] -- - --
Average 17 18 72 20 52 <13 8.1 <N 12 20 741 1.2 ELY 5
Dug
Range 8,6- 35 L4~ 20 [32 -300&| 6 -40 o500+ [<1 - 20% 1 -28 [<8-13 B 96 8- 24 S-IENE LA P B T 2 -- -
Al Average 33 28 30 16 90 1 139 i6 30 16 7.9 .9 96 F
types
comblned Range 9~ 136 [I4 -5 | 1,9 - 300&] & - LD Lt -820 <1 - 20: 1-76 |<8 -<kn W4 - 38k 1 - 24 5 - 50,00 .1 - 1.7+ - -
Cearse~
gralned
and Average 37 29 85 14 26 7.4
Flne- 103
grained Range g - 136 1.9 ~ 300+ <1 - B8G 176 b~ 30h 1 - 50,0
unit
corbined
3/ Uncorrected.
2/ Restricted to screened walls.
%:' Excludes Sn 183 except as indicated,
4/ HMoxlewa is from Sn 163; not used in averages,
5/ Includes ona battery of 20 walls pumped at comblned rate of 455 gpm for 38% hrs. Considared here

25 ope well with average yield ¢f 23,2 and average specific capaclty of 2.0 gpm per ft of dd,

with the values estimated from specific capacity
data. Transmissibility values derived from specif-
fc capacity data are shown directly on plate B,
Where values are less precise because no specific
capacity data are available, letters Indicating a
range in transmissibility based on logs are used.
Where neither numerical values nor ranges are
available, a rough estimate of transmissibility of
the stratified drift at any site can be made by
multiplying the saturated thickness of the deposits,
shown on plate B, by the average permeability.

SATURATED THICKNESS

The thickness of stratified drift below the
water table in the SCRBA ranges from a fraction of
an inch to more than 120 feet. The highest yields
are obtalned where the saturated part of the coarse-
grained unit is more than L0 feet thick. A great
thickness of saturated drift is rarely uniform in
lithology and a well screened in the coarsest mate-
rial will derive water from elsewhere In the sat-
urated section. Where stratified drift is thin
(10 to 20 feat of saturated material), only small
te moderate yields are obtainable, even where it is
coarse grained. Areas lying between the 10 foot
thickness 1ine and the outer edge of the stratified
drift generally yield only small supplies.

The contours indicating saturated thickness of
stratified drift on plate B are based on data col-
lected from 1963 to 1965, At the northern boundary
of the SCRBA area at Preston School, south of Jewett
City, they supersede older contours based on 1imited
and older data (Randall and others, 1966). The
saturated thickness contours in the valleys of the
Pawcatuck and Shunock Rivers in this report may in
turn be superseded by newer data collected by the
Rhode Isiand office of the U.S. Geological Survey
(Joseph Gonthler, personal communication) which
Indicate that the stratified drift here is thicker
than shown on plate B,
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PEVELOPMENT BY WELLS

The largest yields in the SCRBA are obtained
from wells tapping stratified drift; the average
yleld of 103 wells listed in table 25 is 85 gpm.
Yields range from less than 1 to 880 gpm, depending
in part on the type of well construction and devel-
opment. Drilled wells produce the largest yields
partly because they are deeper and thus tap a
thicker section of the aquifer; In addition, they
commonly tap the aquifer with greater efficiency
than do dug or driven wells, as indlcated In the
following section.

The highest yields from drilled wells in the
SCRBA are obtained from those that are properly
screened and developed by surging or other means.
Ali of the 36 wells listed In table 24 are screened
and over half yleld more than 100 gpm. The average
yield of 52 screened wells is 146 gpm with a range
from & to 880 gpm; by contrast, the average yield
of 13 unscreened wells that also tap stratified
drift 1s 34 gpm with a range from 9 to 110 gpm.
closely spaced battery of wells hooked up to a
common header pumped by a single pump is here con-
sidered as one well.

A

The yleld of a well s only & rough Index of
its potential. Specific capacity Is a more signl-
ficant measure because 1t Includes drawdown. The
mean specific capacity of 103 wells tapping strati-
fied drift In the SCRBA as shown in table 25 is
7.4 gpm per foot of drawdown and ranges from 0.1
to 50.0 gpm per foot of drawdown. Specific capacity
can be used to compare the relative efficlency with
which closely spaced wells tap the same aquifer.
1t can also be used to differentiate changes in
well or pump efficfency in & single well with the
passage of time. |f pumping at a steady rate results
in greater drawdowns after a period of time, the
specific capacity has decreased, and a decrease in
well efficlency Is indicated (assuming that the



saturated aquifer thickness remains the same).
Conversely, 1f the specific capacity of a well
remains the same as time goes on, but Its over-

all productivity in gpd (gallons per day) de-
creases, a decline in pump efficiency Is indicated.
Thus, periodic measurement of pumping tevels and
corresponding pumping rates can pinpoint the cause
of declining ylelds in the area.

The smallest ylelds and lowest specific
capacities in the area are obtained from driven
vells because these are generally of small di-
ameter and of shallow depth. Moreover, such wells
commonly are equipped with bullt-in screens selected

with 1ittle regard for grain size of the water-bearing

unit, Driven wells are primarily successful in
medium-grained stratifled drift. DBriving a well
Is difficult or impossible in coarse bouldery
gravel, and in fine-grained stratified drift, the
low efficiency of driven wells can result In ex-
cessive drawdowns. MNo driven wells tapping
fine-grained stratified drift are recorded in
this study.

Supplies of water adequate for many purposes
are obtalnable from dug wells. Randall and
others (1966, p. 55) concluded on the basis of
pumping tests In the Quinebaug River basin that a
dug well pumped for B hours may be expected to
have a specific capacity of at least 2 gpm per ft
of drawdown for each foot of saturated coarse-
grained stratified drift penetrated. In the SCRBA,
data from diggers or owners of 34 dug wells also
indicate an average yield of about 2 gpm per ft of
drawdown per ft of saturated coarse-grained strati-
fied drift penetrated, The wells In the report
area were pumped for periods rangling from 0.4 to
96 hours. Of these wells, 22 of 34 supply water
for industrial or public use.

bug wells are generally shallower than driven
wells but they commonly yield more gpm per ft of
drawdown. Moreover, the large diameter dug wells
enable them to serve as storage tanks. Tables
showing the capacity of round tanks per foot of
depth (Anderson, 1964, p. 151} indicate that a
dug welts of 48 inches in diameter {average for
SCRBA} holds about 94 galions per foot of depth.
A well of this diameter with an average drawdown
of 10.9 feet supplies about 1,025 gallons of water
from storage in the well opening. Thus, even
wells dug in fine-grained stratified drift may be
satisfactory for small supplies, if short periods
of intermittent pumping do not exceed the quantity
in storage plus the small amount entering the
well during pumping.

Dug weltls are the most practical type in
fine-grained stratiflied drift for other reasons.
In fine-grained materials, interbedded clay and
fine silt may clog screens, damage pumps, and
render water turbid and unfit for use, Pumping
from dug wells in fine-gratned stratified drift
avoids some of these problems because the large
diameters compensate in part for low entrance
velocities and also provide more space for set-
tling of fines. However, the shallow depths at
which dug wells are commonly completed, even when
excavated by modern mechanical equipment, limit
the saturated thickness penetrated and subsequent
settiing of fine sediment may reduce this even

5h

further. The depths of five dug wells in fine-
grained stratified drift listed in table 25 average
18 feet and range from 14 to 20 feet.

THE PUMPING TEST--
A KEY TO QUANTITATIVE HYPROGEOLOGY

A carefully planned and controlied pumping
test provides the most rellable quantitative [n-
formation on overall aquifer characteristics and
on the effects of large-scale withdrawals. As
previously indicated, preliminary estimates of
potential well yields may be made from yields of
known wells and saturated thickness of stratified
drift., Well logs and drawdown data provide a
firmer basls for estimating permeability and trans-
missibitity by means of corrected specific capacity
as described in the section entitled "Permeability
and Transmisslbility." However, they cannot be
used to make an adequate analysis of the entire
aquifer as a unit for they do not take into account
the effects of local geologic and hydrologic condi-
tions. Moreover, they cannot provide a value for
the storage coefficient (§), which must be assumed.
In the SCRBA, as elsewhere in Connecticut, the
most productive aquifers generally occupy relatively
fong narrow valleys where streams commonly act as
recharge boundaries and bedrock walls and tiil act
as Impermeable boundaries. The manner in which
these boundaries affect ylelds and drawdowns is
generally the same from place to place, but be-
cause the geometry and effectiveness of the bounda-
ries vary considerably, the magnitude of their
Influence 1s different at each site. Even If thils
were not so, differences in texture and bedding
of the stratified drift make each site unique.
Specific local conditions are best determined in
the fleld by a carefully planned and rigerously-
controlled pumping test of sufficient duration.
Essentially, a pumping test is an analysis of the
"eone of depression'' surrounding a pumping well
based on measurements of the cone!s slze, shape,
and rate of expansion and contraction. Such tests
facilitate economical construction and develop-
ment of supply wells and aid In determinating the
perennial rate at which the aquifer can be pumped.

The coefflicients of transmissibility and
storage may be determined by using a method de-
veloped by Theis and described by Wenzel {1942,
p. 87-90). The analysis Involves a formula which
relates the drawdowns near a discharging well to
the rate and duration of the discharge;

114,6 u 114.6 Q
B .60 e~ _ .
5 = = j; y du = % W(u),

ri
where u = l;ﬁZ__E and
Tt
s = drawdown, In feet, at any point of observation

in the vicinity of a well discharging at a
constant rate,

r = distance, in feet, from pumping well to obser-
vation well where ''s'" is measured,

Q = discharge of the well, in gallons per minute,

t = time, in days, since pumping started, {or

stopped),



T = coefficient of transmissibility, in gpd/ft
(gallons per day per foot),

S = coefficient of storage, a dimensionless
ratio or fraction,

W(u) = replaces the integral expression and is
called "well function of u," and

e = natural-logarithm base.

The formula is based on several simplifying
assumptions including the following: (1) the
aquifer is of constant thickness and of infinite
areal extent, (2) it is equally permeable in all
directions, (3) it receives no recharge and ex-
periences no discharge within the area of influence
of the pumping well except for the pumpage dis-
charged during the test, and (4) water can freely
enter the wells with 100 percent efficiency through-
out the full thickness of the aquifer. Despite the
fact that these assumptions are seldom realized in
practice, useful determinations of the aquifer con-
stants, T and S, can be made. Pumping tests are
avalilable from scattered parts of the SCRBA. Some
of these are listed in table 26. Some well tests
may be unusable because of variable pumping rates,
too short a period of pumping, ambiguous data, or
other inadequacies. Drillers and consultants can
provide a genuine service to well owners and others
interested in water management by careful collection
of reliable pumping test data to enable dependable
determination of the aquifer constants and to permit
efficient development of the aquifer.

BEDROCK

Bedrock, popularly called ''ledge,' underlies
the entire area. Throughout eastern Connecticut
it is a hard, dense, crystalline rock consisting
of tightly interlocked mineral grains. Several
kinds of rock, including a variety of igneous and
metamorphic types, have been described in the area.

Published bedrock maps are listed alphabetically
by author in the section entitled ""Selected
References.!" Despite mineralogic and petrologic
differences, the water yielding characteristics

of the various rocks are similar, and they are
treated as one unit in this report except where

a specific kind of rock directly affects the chem-
ical quality of the water.

Bedrock is covered by glacial deposits in
most of the basin. In the uplands, however, it
generally crops out at the land surface or occurs
beneath a thin mantle. |In the lowlands, it is
commonly buried beneath surficial deposits that
may exceed 100 feet locally. Thus the bedrock
surface resembles the land surface but is more
rugged. In most valleys the bedrock surface is
deeper at the axis of the valley and shallower
at the sides. Exceptions are not rare as illus-
trated by the bedrock outcrops in low-lying Point
Breeze near Montville. In the uplands exceptions
are illustrated by the thick glacial deposits at
Mohegan Hill. Points where thick till (more than
Lo feet) are known to overlie bedrock are shown by
a "T" symbol on plate B.

Bedrock in the area is fractured to a depth
of several hundred feet, and it is along these
cracks (joints) rather than through intergranular
openings that most ground water moves. Parallel
joints, forming a set, may intersect joints of
other sets; these intersections form enlarged
openings that store and transmit ground water.
Loughlin (1912, p. 46) mapped 2 major and 4 minor
sets of joints in the northeastern part of the
report area including parts of Ledyard, Preston,
and North Stonington. Steeply-dipping or verti=
cal joints, which are very common in the area,
may be connected by nearly horizontal tension
Joints that are roughly parallel to the configura-
tion of the bedrock surface. These ''sheeting'
joints are more common in granite and related

Table 26.--Pumping test data from wells screened in stratified drift

Coefficient of permeability

Coefficient | Saturated Estimated from cor-
Pumping | of trans- thickness Calculated from rected specific capa- Duration | No. of

Well rate missibility | penetrated transmissibility | city of pumping well Coefficient | of test observa-

no. (gpm) (gpd/ft) (ft) (gpd/sq ft) (gpd/sg ft) of storage (hrs) tion wells Remarks

Gt 113 150 1/ 30,000 57 525 0.0026 -- 2 Test by consultant,
Geraghty and Miller,
written communication
dated January 17, 1967.

Gt 114 125 1/ 19,000 Ls L5 .0002 - 3 Do

Mv 50 110 98, 000 50+ 1,950 2/ 2,100 -- L9 [ Test by Ranney Method

Water Supplies, Inc.,
processed report dated
June 3, 1954. Basic
data unavailable.

1/ Based on use of Theis type curve. Results affected by recharge from nearby pond.

2/  Based on well log.
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Figure 36.--Relationship between yield, specific capacity and depth of seven bedrock wells in Ledyard
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igneous rocks. The abundance, width, and con-
tinuity of joints vary widely from place to place,
Previous studies in eastern Connectlicut (Ellis,
1909; Loughlin, 1912; Randall and others, 1966;
and Thomas, M. P. and others, 1967) and data col-
lected for this study indicate that joints be-
come narrower and scarcer with depth so that the
probability of encountering a significant quantity
of water at depths greater than 200 to 300 feet
below the top of the bedrock is stight.

PERMEABILITY

Despite widespread fracturing, the permea-
bility of bedrock is very low. The average
permeability, based on drillers' reported yleld
and drawdown data for 262 wells in the area, Is
about 2 gpd per sq ft, comparable to average values
elsewhere in northeastern Connecticut (Randall and
others, 1966, p. 63). :

In spite of its Tow average permeability, bed-
rock yields small but dependable supplies of water
to several thousands of drilled welils in the area.
Yields reported by drillers for 274 wells sampled
for this study range from less than 1 to less
than 150 gpm and average 14 gpm. Yields reported
in gallons per minute from bedrock wells are not
necessarily true indices of the full potential
of bedrock to yield water where the factor of draw-
down is not Included. Furthermore, the reported
yield often reflects the minimum effort made to
obtain water -- for example, most domestic wells
are drilled only to depths where the amounts of
water necessary for household use are obtained
and wells are commonl§ constructed and equipped
onty to the extent necessary to enable pumpage of
these relatively small amounts.

DEVELOPHENT BY WELLS

Based on Incomplete drillers® records for a
three-vear period, it Is estimated that -more than
2,000 wells were drilled in the SCRBA in the decade
1956-65. Most of these are bedrock wells drilled
for domestlic use. The widespread occurrence of
accessible bedrock at generally shallow depths makes
it possible to drill rock wells at convenient sites
almost anywhere with savings in construction,
plping, and development costs. Nine out of ten
bedrock wells yield at least 3 gpm, the minimum
ordinarily needed for an average-sized family of
four or five. 'Dry holes,” wells too unproductive
to put into use, are scarce. Wells yielding as
much as 100 gpm are even scarcer.

The use of specific capacity data allow
analyses of well yields which more nearly provide
indices of the potential of bedrock to yield water.
However, the varlables which Influence specific
capaclty-- partial penetration, well inefficiency,
and gechydrologic boundaries-- have superimposed on
them other variables, unique to the fractured bed-
rock, which further complicate the analyses. These
variables include (1) the thickness of saturated bed-
rock penetrated, (2) the size and distribution of
water~bearing fractures, (3} the type of over-
burden, and (4) the testing procedure, particularly
the length of the test and the amount of drawdown.
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0f all the factors unique to bedrock that
complicate analyses of specific capacity data, per-
haps evaluation of the testing procedure is the
most troublesome. This is true because the draw-
down tn a well penetrating fractured bedrock seldom
Increases in direct proportion to the yield, As
the water level is drawn down below a water-bearing
fracture, the maximum yield of the fracture is
obtained regardless of any additional drawdown be-
low that fracture. An unusual opportunity to
examine the relationship between yield and draw-
down 1s provided by seven wells drilled at Gales
Ferry in the town of Ledyard as shown on flgure 36.
The wells are free of most of the man-made complica-
tions that hamper analysis of specific capacity of
bedrock wells; all were driiled in the same general
area for one owner (Dow Chemical Co.) by a single
driller, using one type of drilling rig {(air rotary)
during the same period (October 13 to November 13,
1965}, Moreover, an attempt was made to obtaln the
largest possible ylelds so that most of the wells
were drilled to depths below the first water-bearing
fractures and most were tested carefully at each
water-bearing fracture penetrated during drilling.

Well Ly 124 as shown in figure 36 penetrated
only one fracture at a depth of 73 feet
although it was completed at a depth of 168 feet,
The maximum potential vield, the yield when the
drawdown in the well corresponded with the depth
to the fracture, was 4 gpm and the specific capacity
was 1.06 gpm per ft of drawdown. As the drawdown
was Increased to the bottom of the well, the yleid
remained constant {no additional water-bearing
fractures are present}), and the specific capacity
decreased to 0.02 gpm per ft of drawdown. In
contrast, well Ly 126 penetrated six different
water-bearing fractures. The maximum yield, at
the lowest fracture penetrated, was more than three
times the combined yield of the uppermost five
fractures: accordingly, the maximuem yield (100 gpm)
and highest specific capacity (0.43 gpm/ft of draw-
down) of this well was obtained when the drawdown
was held at the level of the lowest fracture.
These two examples represent the extreme conditions=-
a decrease of specific capaelty with an increase In
depth {well Ly 124} and an Increase of speclfic
capacity with increased depth (well Ly 126), How-
ever, in both cases, once the water level was
drawn below the deepest fracture, the yield re-
mained constant with increased drawdown and the
specific capacity decreased.

Figure 37 illustrates median vields and
median drawdowns in 126 selected bedrock wells for
which data are also available on uncased bedrock
penetrated. The data suggest that median yields
increase down to uncased bedrock penetrations
exceeding 300 feet but at a decreasing rate and
at the cost of greater drawdowns. The depths of
the deepest water-bearing fractures in these wells
are not known and it is likely that some of the
apparent increase of yield with depth represents
wells that produce most of their water from shallow
depths but have been drilled deeper in hopes of
finding more water for large-scale industrial or
municipal use,

The development of the air rotary method of
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driiling makes 1t possible for drillers equipped
with these rigs to estimate their cumulative vield
and changes in yield at any depth by noting the
amount of water "blown'' out of the well during
drilling., A written record of the water discharged
by the alr compressor at various depths can help
provide the data needed to select a sultable pumping
rate and pump setting for the completed wells at
the most economical cost. Drillers using the

solid or cable tool (chop) rig can perform a siml-
lar service by bailing the water level down to

fust below each water-bearing Jjoint as it is
encountered and measuring the quantity bailed

while keeping the water level steady during testing.
Balling is more laborious than pumping and such
tests customarlly are ended after an hour or less
so that the results are less applicable to use in-
volving sustained pumping, Moreover, balling tests
can provide only a minimum figure in highly-pro~
ductive wells where the yield exceeds the rate of
bafling so that the pumping level rises Inter-
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mittently during testing.

The amount of bedrock penetrated in the seven
wells at Gales Ferry ranges widely, from 8 to 298
feet., Elsewhere in the SCRBA, bedrock penetrations
range from 5 to 689 feet, In some cases, the
yield of a well apparently tapping only a short
section of bedrock may be derived partly from up-
detected water in the overburden leakling down
around the casing., The prospective well owner may
be interested in knowing the maximum depth at
which water-bearing fractures occur. Fligure 36
shows that the deepest fracture In the wells at
Ledyard is 270 feet below the top of the bedrock.
Elsewhere in the SCRBA, at least 10 wells penetrate
more than 400 feet of bedrock; In eight of these,
water-bearing fractures occurred at relatively
shallow depths of about 20 to 180 feet below the
top of the bedrock as shown in table 27. The
average yield of the 10 wells is 7.9 gpm; un-
doubtedly most of them were carried to great
depths because of their low yields at lesser depths.
The available data Indicate that the possibility
of encountering useful quantities of water in bed-
rock penetrations exceeding 200 feet is slight and
in penetrations exceeding 300 feet it is even less.

Drilling to great depths in bedrock seldom
increases the ylteld of a well but It invariably
Increases 1ts storage capaclty. A well 6 inches
in diameter, common to household wells, holds 1.5
gallons of water for every foot of depth. Thus,
drilling 100 feet below a water-bearing fracture
increases the storage capacity of a well by 150
gallons, The storage capacities of the wells in
table 27 Increased by amounts ranging from 75 to
1,000 gallons as a result of drilling below the
jowest water-bearing joints. Storage of water in
a well may be helpful but 1s no substitute for an
adequate yield. Three of the ten wells were
abandoned or destroyed because of insufficlent
yields and two others were not in use when visited.
Morever, the advantage of deep storage may be off-
set by the added cost of a deep well and, in some
cases, by the added cost of a more powerful deep
well pump., Pumping costs Increase 1f the pump
setting Is deepened, because the head against
which the pump operates |s thereby increased.

Despite these data the owner of a small par-
cel of land may be tempted to have an unproductive
well deepened rather than have a second well
drilled nearby which will, in all 1lkelihood,
penetrate the same kind of rock. However, the
steep dip of many fractures and fracture zones
makes it possible to drill a satisfactory well only
a relatively short distance from one of low vield.
For example, Ly 122, ylelding 30 gpm, is only
about 500 feet from Ly 125, which penetrates about
the same amount of bedrock and yields 7 gpm as
shown on figure 36. Elsewhere in the SCRBA, even
closer spacing of productive and non-productive
wells indicates that the completion of a dry hole
does not rule out the possibility of an adequate
well nearby.

The selection of & site for a new bedrock welt
involves a balance between convenlence and cost.
Eills (1909) noted that in every quarry where




Table 27.--Yields of wells penetrating more than 400 feet of bedrock

Static water Depth to Depth to
Thickness level In re- shal lowest deepest
of rock lation to top water- water-

Well penetrated Yield of bedrock bearing bearing

ng. (ft} (apm) (ft) v/ fracture fracture Remarks 2/

Ety 32 Ls7 2% =10+ <155 <155 Small quantity of water encountersd at
63 ft; added 1 gpm at 180 ft; no In-
crease in yleld when deepened to 457 ft.
Data from U.S.G.5. WSP 232, p. 81, g0,

Gt 52 528 1+ +10 63 160

Mv 42 560 25 +32 <110 <110 All water obtained at depth of 108+ to
118+ ft.

Mv 73 491 <.5 =13 114 1144

Mv 96 hag i -13 - - MaxImum yield reached at depth of 150 ft,
no Increase in yleld with depth.

NL 22 420 8z + <150 <150 Yield, varlously reported at 3 to 25 gpm,
obtained at 83 ft, no increase in yieid
with depth.

Nwh 25 436 12 +48 93 93 Some water at 65 ft depth. Yield, re-
ported to be 1.5 to 3 gpm, obtalned at
depth of 180 +t.

oL 26 487 2 +39 180 180 Yield<0,1 gpm {well took 2 weeks to
fill) obtained at depth of 20+ ft,
Dynamited twice with no #ncrease in yield.

oL 52 689 0 -4 20+ 20% About six nonproductive fractures
encountered from 0 to 300% ft.

oL 71 414 28 +29 34 364 Yield 5 gpm at depth of 315% ft; total

yield increased to 30+ gpm between depths
of 315 and 365 ft. Further deepening of
vell resulted in decrease of 5 gpm In
total yleld,

indicates static water level below top of bedrock.

Y

bedrock fractures were developed over a considerable
area they constituted a series of zones of close
fracturing separated by intervals in which the dis-
tance between fractures was much greater. |t is
likely that different layers of bedrock have
responded differently to regional stresses and

that a well drilled across the strike of the
layering from a "dry'' well Is less tikely to en-
counter barren unfractured bedrock than one
drilled directly along the strike i1t the distances
are equal. Published maps showing the attitude of
the bedding in the area are listed at the end of
this report In the section entitled "Selected
References.''

What is the optimum spacing between produc-
tive bedrock wells? The scarclity of detalled sub-
surface data on Joints makes a precise answer
impossible but the high cost of land, the growing
number of wells, and the increasing cost of wells
makes some working rule desirable. A rough
rule-of-thumb is that the distances between wells
should be at least twice the thickness of the _
aquifer. As previously indicated, the water-bearing
part of the bedrock is ordinariiy about 150 feet
thick, suggesting & minimum separation of 300 feet
between wells if they penetrate average bedrock or
If evidence to the contrary Is tacking., Two closely
spaced bedrock wells in New London illustrate the
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/  (+) indigates static water level above top of bedrock:
(..
Al

1 depths are feet In bedrock, not depth below tand surface.

rule. Well NL 22 was drilled to a depth of 455
feet ‘and no water-bearing fractures were encountered
below a depth of 185 feet (150 feet below the top
of the bedrock}. 1ts yield of 8 gpm was inadequate
and a second well was drilled 150 feet away, a
distance about equal to the saturated bedrock
thickness at a site and about half the dlstance
suggested by the rule. The second well was
abandoned at a depth of 177 feet when & test In-
dicated that Its water level declined In response
to pumping from the first well. Adequate spacing
between wells does not guarantee that they wlll
yield enough water but it safeguards whatever
yields are obtainable. Where bedrock wells are
spaced too closely, their cones of depression Inter-
sect and result in steeply declining pumping
levels. The net effect Is a decrease In the
saturated thickness of the bedrock aquifer tapped
by the wells and a decrease in productivity. Well
tnterference is compiicated by extreme differences
in permeability between zones of fractured and un-
fractured bedrock. |In general, cones of depres-
sion may be expected to be shallower but to expand
more readily along the strike of the layering and
along the more highly fractured bedrock.

Faults, fractures along which differential
movement of rock masses has occurred, are an addi-
tional structural factor affecting the yields of




Table 28.--Prolific bedrock wells situated at or near faults

Topo- Depth
graphic of Depth to Specific

Well situa- well | bedrock |[Type of Yield capacity

no. tion (ft) (ft) overburden | (gpm) | (gpnv/ £t of dd) Remarks

NSn 36  terrace 65 60 stratified >40 >1.14 Well penetrates only 5 ft of bed-

drift rock. Near contact of gabbro
and gnelss., Published in Conn.
Water Resources Bull. No, 9.

NSn 40  valiey 280+ 17 tiHd <150 -- Situated near presumed eastern
extension of Honey Hill fault.
Water extremely hard.

NSn 41 valiey 280 16 till <150 -~ Situated near presumed eastern
extension of Honey Hill fault,
Water extremely hard.

Mwh 15 hillside 135 19 titl +79 Situated about one mile west of
south-trending fault and about one
mile north of north-dippling
Honey Hill fault.

Ps 59  terrace 451 25+ stratified 41 Situated close to Honey HIEIl
in valley drift fault. Depth to bedrock estimated

from casing length of 29 ft.

Ps 60  wvalley 387 20 stratified «35 Situated close to Honey Hill
terrace drift fault. Depth to bedrock estimated

from caslng length of 2i4 ft.

Ps 115  valley 96 15 stratified 8% Situated at or near Honey Hill fault.

drift Owner lTocated well site by pro-
Jjecting a line from unfrozen patches
in Avery Pond

Average -- 2h2 25 -- >80 >.70

bedrock wells. Large water-bearing openings cccur
along some fault surfaces or along fault-assoclated
joints. Well Ps 115 was located by Its owner along
a southwestern projection of a line of patches in
Avery Pond that remained unfrozen longer than usual
in winter. This well was drilled along a probable
fault and ylelded approximately 50 gpm, adequate
for a public supply serving 60 people. Table 28
lists seven wells whose high ylelds and high
specific capacities are believed to be due to their
proximity to bedrock faults. HMost of these are
close to the Honey Hill Fault, a major fault
trending eastward in the Norwich area {Goldsmith,
1963} or to its possible eastward extension.
Faulted bedrock is more likely to form valleys
where it is apt to be overlain by stratified drift,
as suggested by the table, so that part of the
above-average yields may be ascribed to other
factors. Nevertheless, the average yield of 80 gpm
in these seven wells s about 6 times the bedrock
average of 1h gpm. However, records of wells with
average or below-average yields situated near these
faults indicate that locating a single well at a
fault is no guarantee of success.
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POTENTIAL YIELD

Geologic factors other than jointing and
faulting which influence potentlal yields in bed-
rock include type and thickness of overburden,

Table 29.--Factors affecting yield of bedrock
wells in the lower Thames and southeastern
coastal river basins

Hydrolegle effects
Geologlc Above-average Average Below-average
settling ylelds ylelds ylelds
Topagraphic Valley or lowland Hillside Hilltop or
situation upland
Type of over- Stratifled drift Stratified T
burden {sand and gravei) drift or t111
Thickness of = 50 te 75 feet 0 ta 50 feet 75 to 150 feet
averburden
Rock type Gabbro, diorite Granite and Quartzite
and monzonlte gnelss,
gnelss, schist quartz
and gneliss schist




rock type, and topography. These factors have
been studied 1n southern MNew England by Cushman
and others (1953) and in the Shetucket River basin
by Thomas, M. P. and others {1967). Some of their
conclusions are summarized and adapted to condi-
tions in the SCRBA in table 29,

It is extremely difficult to separate and
evaluate these factors. For example: wells
drilled in valleys may have high yields owing to
favorable topography, to permeable overburden, or
to both. Study of a large number of wells and
their yields demonstrates that these factors are
influential even if not readily separable.

Analysis of 240 wells in the SCRBA for which
drawdown data are avallable Indicates that those
drilled into bedrock overltain by stratified drift
yield slightly more (average 15.5 gpm} than those
drilled into bedrock overlain by till or clay
{average 12,3 gpm). Rock wells cased through over-
lying sand and gravel yield more water, on the
average, despite the fact that they penetrate
about the same thickness of bedrock (average about
140 feet) as do other rock wells. Similar re-
sults were obtained from bedrock wells in the
Shetucket River basin (Thomas, M., P. and others,
1967, p. 61}, The various factors Interacting
to produce differences In bedrock ylelds in the
SCRBA are comparable to those in the Shetucket
River basin in some additional respects.

Stratified drift is more permeable and trans-
mits water to underlying rock fractures more
readity than t111, espectally when bedrock wells
are pumped (Cushman and others, 1953, p. 92).
Moreover, bedrock In valleys (where stratified
drift Is most common) receives water from till and
bedrock of the adjoining slopes whereas bedrock in
hilltops and uplands, where till is the most common
overburden, loses water to adjacent valleys, These
conditions are reflected in the higher position of
the static water level relative to the bedrock
surface in the stratifled drift-covered bedrock
wells than in the till-covered bedrock welis, The
average water level in 83 bedrock wells situated
in valleys is 12 feet below land surface whereas
the average water level in 133 bedrock wells
situated on hillsides or hilltops is 20 feet below
land surface. The pumping of a rock well on a hill
results in a cone of depression whose expansion is
limited by the size of the hill and by the lack of
a substantial upslope area contributing water; in
a valley the cone 1s capable of greater expansion
because it can move up-valley and down-valley and
because the bedrock alsc receives recharge from
surrounding till-covered hillsides.

Stratified drift also has a greater average
thickness than till. The thickness of stratified
drift averages 35 feet In 63 bedrock wells compared
to the average till thickness of 25 feet in 166 bed-
rock wells, Where overburden is thin or absent,
as on steep rocky hillsides and uplands, overlying
storage 1s largely absent and joints in the upper
part of the bedrock may be dry except after soaking
rains. Wells drilled in rocky uplands are likely
to penetrate a greater-than-average thickness of
unsaturated bedrock. The static water level is
below bedrock surface in 40 percent of the tili-
covered bedrock wells whereas it is below the bed-
rock surface In only 17 percent of the stratified
drift-covered bedrock wells,
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Some factors partially offset the advantages
favoring the bedrock wells in lowlands, Among
these mitigating factors is the occurrence of a
thin {about 8 feet) but widespread layer of tight
glacial t111 between the stratified drift and the
top of the bedrock (indicated on figure 34D).
Another offsetting influence results from head
differences in the bedrock; ground water in the
center of a valley is under greater head than 1t 1s
at higher elevations along the adjacent hillsides.
The greater head in the valley may Inhibit recharge
to the bedrock from overlying sand and gravel.

The overburden Is commonly thicker at the center

of a valley than it is at the sides and table 29
indicates that rock wells overlain by 0 to 50 feet
of overburden have higher average yields than those
covered by 75 to 150 feet of overburden. Possibly
glacial action has removed more jointed permeable
bedrock from the centers than from the sides of

the valleys. Flinally, competition for water is
more intense in valley areas where heavy pumpage
may dewater the bedrock.

In summary, the data from more than 200 wells
indicate that a varlety of factors, tncluding
structure of bedrock, thickness and kind of over-
burden, and topography influence the yield of bed-
rock wells., Above-average well yields suitable
for small industrial, commerclial, or community
supply are most likely in valleys where bedrock Is
strongly fointed or faulted and where 1t is In
hydrologlc continuity with overlying saturated sand
and gravel. The greater the number of favorable
factors 1lsted in table 29, the greater the 1lkeli-
hood of obtaining an above-average yield, but dif-
ferences between wells are moderated by a few
mitigating factors. Hence, average or below-average
yields suitable for domestic or farm use can be
obtained from bedrock almost anywhere in the basin.

TILL

Till, popularty called '"hardpan,'' is a poorly
sorted, nonstratified, unconsolidated deposit con-
sisting of boulders, cobbles, gravel, sand, silt
and clay laid down directly by glaclal ice. It may
contain thin lenses, stringers, or small irregular
masses of stratiflied sand and gravel. Till forms
a mantle covering the bedrock almost everywhere in
the basin. |t occurs just below the soil on most
hilisides, hilltops and uplands, except where bed-
rock crops out. 1t is not shown as a separate unit
on plate B but s combined with the bedrock which
underlies It everywhere and is the principal source
of water wherever till is the main surficial depos~
it.

PERMEABILITY

Permeability measurements of till in eastern
Connecticut ranged from 0.2 gpd per sq ft for com-
pact silty t11]l to 120 gpd per sq ft for loose
sandy ti1} {Thomas, M. P. and others, 1967 p. 60),
These data are based on laboratory analyses of
undisturbed samples and on pumping tests of dug
wells, A pumping test on well NSn 25, In the north-
eastern part of the SCRBA, Indicated that the per-
meability of tI11 there is about 0.48 gpd per sg
ft. The low permeability of ti1] is indicative of
its poor water ylelding capacity; it rarely yields
more than a few hundred gallons per day, even to
wells of large diameter.
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Records of a few wells pumping from ti11 indi-
cate that during droughts they are tikely to be
inadequate even for small domestic use. In Ledyard
well Ly 71, shown on plate B, was inadequate for a
family of four during August and September 1963 and
1964, This dug well contained at least 7 feet of
water in the wet season; it was pumped dry during
the dry season and recovered about 2 feet, equiva-
lent to recharge of slightly less than 50 gatlons,
in 20 hours. In Preston, well Ps 117, which was
ordinarily filled with 15 feet of water in the wet
season, was pumped dry 1n the spring of 1962 and
recovered about 15 feet, which is eguivalent to
recharge of about 550 gallons, in 12 to 15 hours.
Even 1n non-drought years, the expansion of modern
water-using appliances in the home makes 1t Iikely
that the number of dug wells in till will continue
to decline although a few may remain to supply small
amounts of water for stock or similar small-scale
use.

TH1CKNESS

Tiil in the report area ranges In thickness
from less than a foot near bedrock outcrops to at
teast 110 feet at Stonington (well Sn 160, plate B),
but commonly it is less than 40 feet. Where t111]

Is more than 40 feet thick, wells which penetrate
it, and are tightly sealed into bedrock, are unlike-
ly to be subject to contamination from near-surface
sources (see p. 82). Sltes where till exceeds 40
feet in thickness are shown by a " symbol on

plate B.

WATER AVAILABLE TO WELLS

The water potentially avallable to wells in the
SCRBA, as elsewhere in Connectlcut, is from three
principal sources: (1) ground-water outflow--the
natural discharge of ground water to streams and the
ocean, (2) induced infiltration of water from
streams that flow across the aquifers and from lakes,
and (3) water from ground-water storage. Additional~
ly, some water s available from reduction of ground-
water evapotranspiration losses; this potential is
difficult to estimate in advance of ground-water de-
velopment and is small relative to the total. There-
fore, it is not considered as a source of water, and
estimates are conservative to the extent that these
losses are reduced., The availability of water varies
with time and [s dependent on the physical charac-
teristics of the aquifers from place to place.

GROUND-WATER OQUTFLOW

Ground-water outflow conslists of ground-water
runoff in stream channels, underflow in unconsoli-
dated deposits underlying streams, and ground-water
flow directly to the sea. |In most parts of the
SCRBA, underflow in deposits underlying streams
amounts to less than % of one percent of the total
ground-water outflow. Flow directly to the sea
through aguifers adjacent to the coastllne amounts
to nearly 40 mgd, or about 15 percent of the total
outfiow of 246 mgd. Ground-water runoff, on the
other hand, forms most of the total ground-water
outflow; accordingiy ground-water runoff can be
used as a conservatlve index to ground-water out-
flow.

Most ground water moves only short distances
through the upper part of the saturated zone that
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extends from within a few feet of the land surface
down to a depth of about 300 feet. [t Is while
moving through this zone enroute to discharge
outlets-=in springs and seeps, stream channels,
lakes, ponds, and the ocean that it can be tapped
for withdrawal and use. [t can also be tapped
further downstream by capturing streamflow that

Is derlved from ground water. |In elther case,
wlthdrawal of ground water results In a corre-
sponding reduction of streamflow. Withdrawal of
fresh water through wells in the SCRBA amounted to
enly about 3,090 million gallons in 1964 as shown
on figure 45, Neariy all the ground water with-
drawn is returned to streams or underground dis-
posal units in the area so that it Is available
for reuse.

Ground-water runoff varies seasonally each
year as Indicated on figure 38 by the water-level
fluctuations in wells Gt 19, NL 15, and NSn 2%
which tap stratified drift, bedrock, and till
respectively. The rate of ground-water runoff
is highest when the water table s highest. The
water table is generally highest in late spring
and declines rather steadily thereafter during a
L to 6-month period lasting from late spring to
autumn. The decline of the water table during
this period indicates net ground-water outflow
and decreased storage. This period, hereafter
termed the pertod of no recharge, corresponds
closely to the growing season, and the ground-
water discharge stems largely from the demands of
evapotranspiration, soil moisture, and ground-
water outflow. After the growing season and when
soll moisture is at maximum capacity, recharge
from precipitation commences, water levels begin
to rise, and the rate of ground-water runoff
Increases. Usually the rise Is erratic during
the winter owing to alternate freezing and thawing
of soil and accumulated frost and snow, but In the
spring, water levels rise rapldly because snowmelt
and spring rains read!ly Infiitrate thawed so!ll,

In analyzing the potential yield of ground-
water reservoirs It is assumed {on the basis of
estimates of avallable ground-water storage) that
storage in the reservoirs 1s capable of supplying
the withdrawals during the period of no recharge,
Accordingly, with respect to withdrawals, only the
annual variations in ground-water runoff are of
Interest--as long as the withdrawal does not
exceed the annual ground-water runoff there will
be no Tong-term decline of water Jevels.

GROUND-WATER RUNOFF

Long-term streamflow records on unregulated
streams, necessary for hydrograph analyses of stream
discharges with respect to separation of the amount
of streamflow derived from the ground and the amount
derlved from overiand flow, are not available in
the report area. However, comparison of the water
budget (precipitation, stream discharge, and evapo-
transpiration) of the report area with water bud-
gets from the adjacent upstream Shetucket River and
Quinebaug River basins (table 2} indicates close
similarities in the disposition of water in all
three basins. This is to be expected because pre-
cipltatton and physlical characteristics are similar
in the three areas. Accordingly, the rate of
ground-water runoff from the SCRBA was estimated as
a percentage of the total runoff, based on comparative




Table 30.--Average annual ground-water runcff related to percent stratified
drift in the Quinebaug River and Shetucket River basins

Percent of

Percent of time stream-
Average annual ground- flows equivalent to

Drainage area underlain | water runoff based on average annual ground-
Station area by stratified hydrograph separation water runoff are equal-
no. Name and location (sq mi) darift (%) in I mgd/sq mi ed or exceeded
1254.9 Little River at 35.5 15.9 11.67 0.556 55
Harrisville
1256 Mashamoquet Brook 11.00 6.5 10.53 .502 61
at Abington
1269.1 Lowden Brook near 2.40 0 7.84 374 65
Voluntown
1269.23 Denison Brook at k.01 53.6 14,57 . 694 70
Voluntown
1196 Ash Brook near 2.73 0 6.72 .360 60+
North Coventry
1205 Ssafford Brook near 4,08 .8 8.43 A3 60+
Woodstock Valley
1198.2 Skungamaug River at 23.5 19.7 13.95 .66k 50

North Coventry

data from the upstream basins. On this basis, the
long-term annual average ground-water runoff from
the SCRBA is about 43 percent of the total measured
runoff (see p. 6 ), or about 11 inches.

Ground-water runoff varies from place to place
and year to year depending on differences in geclogy
and variations in precipitation. Analyses of flow-
duration data for several tributary basins in the
SCRBA shows that ground-water runoff increases with
an increase in the percentage of stratified drift in
the basin; this relationship was shown to be valld
on the basis of hydroleglc budget studies in several
small tributaries in the Quinebaug (Randall and
others, 1966) and Shetucket basins (Thomas, M, P. and
others, 1967) to the north.

As a basis for estimating ground-water runoff
from flow-duration data, ground-water runoffs deter-
mined by hydrograph separation methods were used to
establish the relatlionship between ground-water run-
off and the percent of time that streamflow equiva-
lent to ground-water runoff was equaled or exceeded
in seven small tributaries in the Quinebaug and
Shetucket basins. These data are shown in table 30.
The percent of time that streamflow equivalent to
ground-water runoff was equaled or exceeded for these
basins is plotted against the percent of stratified
drift In the basins on figure 39, and a line is
fitted to the data plots. Denison Brook basin, with
Sk percent stratified drift, departs from the general
relationship and Is not plotted.

Knowing the percent of stratifled drift In sev-
eral basins in the SCRBA, the graph in figure 39 was
used to estimate the percent of time In the basins
that streamflow equivalent to ground-water runoff is
equaled or exceeded, From the flow-duration data
from the SCRBA (table 5} the amount of streamflow
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equivalent to annual average ground-water runoff
was determined, These data are shown in table 31
for 2L small basins in the $CRBA and percent
stratified drift is plotted against ground-water
runoffs estimated from the flow-duration data in
figure 40.

In an area containing 100 percent stratified
drift almost all the total runoff would be ground-
water runoff, Theoretical values of ground-water
runoff were plotted on figure 40 at the 100 percent
stratified=-drift ordinate based on the assumption
that 95 percent of the total runoff from stratified
drift 1s ground-water runoff. These points were
used as guides in constructing the curves beyond
the 22 percent stratified drift ordinate in the
graphs.,

The estimates of ground-water runoff based on
the method described above assume that 1) differ-
ences In total runoff from place to place reflect
variations In precipitation, 2) the ratio of ground-
water runoff to total runoff remalns constant from
year to year, and 3) hydrologic conditions in the
SCRBA are stmilar to those (n northeastern Connecti-
cut.

The assumption that the ratio of ground-water
runoff to total runoff remains constant from year
to year introduces errors into the estimates of
ground-water runoff made from the analysis of the
streamflow data. Variations in total yearly run-
off are due mostly to variations in direct runoff,
but variations in yearly ground-water runoff are
less severe. The errors Implicit in the assumption
are smaller in basins underlain predominently by
ti1! and bedrock and larger in basins containing
significant amounts of stratified drift. This is
because variations in ground-water runoff in
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PERCENT STRATIFIED DRIFT
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PERCENT OF TIME AVERAGE ANNUAL STREAMFLOW
EQUIVALENT TO GROUND-WATER RUNOFF IS EQUALED OR EXCEEDED

Figure 39.--Percent stratified drift related to duration of streamflow

equivalent to ground-water runoff

till-bedrock basins more closely parallel variations
In total runoff than do the variations in basins
containing significant amounts of stratified drift.

The runoff values used to estimate average
annual ground-water runoff, long-term minimum ground-
water runoff, and ground-water runoff exceeded 7
years out of 10 were adjusted to average reglonal
runoff conditions to ellminate the effects of varia-
tions in precipitation from place to place. Average
annual runoff in eastern Connecticut !s about 1.16
mgd per sq mi or 24,43 Inches. Average annual ground-
water runoff for each basin listed in table 31 was
estimated by multiplying the value for equivalent
average annual ground-water runoff by the ratio of
regional average annual runoff to average runoff for
the basin as determinad from the isopleths on figure
17 (see p. 18 ). Long-term minimum runoff in
eastern Connecticut is about 55 percent of the aver-
age runoff, and the runoff exceeded 7 years out of
10 is about B0 percent of the average runoff. Accord-
ingly, the estimated average annual regionalized
ground-water runoffs for the basins were multiplied
by 55 percent and 80 percent respectively to deter=-
mine long-term minimum ground-water runoffs and
ground-water runoffs exceeded 7 years in 10.

Despite the limitations of the method used, the
curves in figure 40 provide a useful means for making
a reasonable first approximation of ground-water run-
off. The curves can be used most reliably for drain-
age basins containing less than about 20 percent
stratified drift, which includes most basins within
the SCRBA. It must be remembered that in using the
curves to determine ground-water runoff from a
particular area, the values taken from figure &40
should be adjusted to local conditions by using the
Isopleths on figure 17, as described on p. 15.
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GROUND-WATER STORAGE

The aqulifers in the SCRBA store ground water
very much like surface reservolirs store stream-
flow. The stratified drift aguifers make up a
small part of the water-bearing deposits in the
area but have large storage capacities. By con-
trast the t111 and bedrock aquifers, which make up
most of the water-bearing materials in the area,
have small storage capaclties--the til! because it
Is heterogeneous and thin, and the bedrock because
little of its volume is occupied by open fractures.

Natural depletion from storage occurs every
year during the period of no recharge, which may
last as long as six months. Thls natural depletion
s the result of two factors: (1) the discharge by
evapotranspiration during the growing season, which
both reduces recharge to the ground-water reservolir
and depletes the reservoir Itself, and {2) the
continued though steadily diminishing discharge of
ground-water {runoff). During the time that the
ground-water reservoir is being depleted naturally
by evapotranspiration and ground-water outflow, any
withdrawals by pumping, exclusive of induced Infil~
tration, must also come from storage. Thus, if
wells are to sustain their ylelds on a year-round
basis, they must depend In part upon water available
from storage for perhaps as long as six months at
a time. The amount of water which will drain from
an aquifer In a six-month period is therefore a
significant factor In evaluating the amount of water
avallable to wells. This storage factor was deter-
mined only for the stratified-drift aquifer because
only in this aquifer is it likely to have any
practical application in evaluating and developing
water supplies.
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67



Table 32,--Long-term changes of water level in wells in the lower Thames
and southeastern coastal river basins

Depth to water
below land surface

Well bepth 01d measurement [ New measurement
no. (ft) Main aquifer (ft) | (date) (ft) |(date) Remarks
ELy 26 L31 Bedrock 30 8-24-36 28.3  7-26-63 Unused,
ELy 38 100 Stratified drift 27.5 6- -35 27.3  5- 6-65 Used 6 months of year.

ELy 39 110 Stratified drift 27.5 6- =36 26,9 5- 6-65 Used & months of year.

Mv 18 15.4 Stratified drift 13.5 3-12-51 13.3  8-29-63 Supplies 5,000 gpd.

My 32 150+ Bedrock 17.5 -47 17.4  11-22-63 Supplies sanitary water
for U5 people.

Mv 33 122 Bedrock is L- -4 12.5 9-19-63

M1 223 Bedrock 55 L 56.6 9-17-65 Supplies 200 gpd.

NL 10 21.7 Til 16.6 8-20-41 17.9 8-17-64 Abandoned, Former U.S.
Geological Survey
observation well.

Ps 59 451 Bedrock 6.6 6-11-48 6.4 9-12-63 Abandoned.

Ps 67 120 Stratifled drift 68.3 7-17-50 69.7 9-11-63 Supplies 220,000 gpd.

Ps 110 109.3 Stratified drift 70.2 9-30-53 71.3 10- 7-6h Nearby zills pumping on
10-7-6k.
Ps 112 40,0 Stratified drift 6.7 10~ 2-53 6.7 10- 8-64
Wt 6 14,0 Stratified drift 9.9 11-11-37 9,9 7-18-63 Abandoned
Average (mean) 28.0 28.0

The specific yleld of an aquifer provides an
Index of available ground-water storage when water
levels are lowered for a period of time sufficlent

to allow complete drainage by gravity. Specific
yield values for materials composing stratified drift
deposits In the SCRBA range from 26.9 to 37.8 percent,
as shown In table 24, These values are In good
agreement with laboratory-determined specific yleld
values for similar matertals in northeastern Con-
necticut and in the upper Pawcatuck River basin [n
Rhode island (Allen, W. B., and others, 1963). How-
ever, they are probably too high as an index of the
amount of water that could actually be obtained from
storage because water levels would rarely be lowered
for sufficiently long perlods to attain complete
drainage. Accordingly gravity yield, which takes
into account the length of time materials are
actually subject to drainage, is the most useful
index of ground-water storage that s available for
withdrawal. The longest period of time that a
saturated section of stratified drift or other water-
bearing material would be subject to drainage with-
out recharge under ordinary conditions is the annual
L- to 6-month period of no net recharge during which
water levels decline from the annual peak in the
spring to the annual low point in the autumn. Dur-
ing this perlod, only the uppermost part of the
dewatered section would be subjected to drafnage

for the entire period, and the lowermost part of the
dewatered sectlion would be subjected to drainage for
only a few days at the end of the growing season
before autumn recharge commences., On this basis the
specific yield values determined In the laboratory
as shown in table 24 were adjusted downward to
determine a value for gravity yield of stratified
drift allowing for incomplete drainage of dewatered
section of the aquifers during L-6 months of no
recharge. A value for gravity yield of 25 percent
was computed which probably is representative for
average conditions throughout the area. This value
probably approximates the gravity yield value for
the saturated section of stratified drift at most
places in the area., It is In good agreement with

the value of 23 percent for gravity yield in the
Quinebaug basin computed by Randall and others
(1966, p. 67).

The amount of ground water In storage at the
beginning of the no recharge perlod varies each
year and is significant with respect to potential
withdrawal and amount of availabte drawdown during
the summer months. The hydrographs in figure 37
show only about two years of record but long-term
measurements for Gt 19 (Meikle and Baker, 1965,

p. 12} confirm the absence of a pronounced long-
term trend of either higher spring or lower autumn
ground-water levels. During the two-year period of
record shown in the hydrographs, the water level in
each well reached nearly the same pesk each year--
thus, under natural conditions preciplitation has
been almost adequate to replenish ground-water stor-
age to close to capacity each year, The slight
differences in the ground-water storage reflected

by the deciine in peak water levels represent only

a small proportion of the total ground-water storage.
Thus, where sustained large withdrawals are needed
during the period of no recharge when most of the
water would come from ground-water storage, the
limiting factor in the development of ground-water
supplies is the distribution of relatively thick,
permeable materials within the stratified drift
aquifer. Despite the drought, the absence of any
Tong-term downward trend In water levels in any of
the aquifers is Iindicated by table 32 which compares
old measurements of water levels in a few wells with
newer measurements separated by intervals of 11 to
30 years.

INDUCED INFILTRATION
Under natural conditions ground water In most
of the SCRBA flows toward streams and lakes. However,
pumping from wells creates cones of depression which
may extend to the surface-water body, thereby revers-
Ing the hydraullc gradient and inducing stream or
lake water to infiltrate into the ground-water
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reservoir. Thus where coarse-grained stratified
drift borders and is hydraulically connected to a
fresh=-water body, surface water is an important
otential source of water for wells.

The .quantity of water that wells could pump by
induced infiltration depends on (1) the area of
streambed that is affected by pumping, (2) the ver-
tical permeability of streambed and aquifer materials,
(3) the temperature and thus the viscosity of the
water, and (4) the vertical hydraulic gradient between
the surface-water level and the ground-water level.
This quantity may be estimated from a modified form
of Darcy's law as adapted from Walton (1962, p. 14):

Q=p' 45% A, where
m

Q = Quantity of vertical leakage of water from
stream or lake in gpd
p' = Coefficient of vertical permeability of the
deposits immediately underlying the stream
or lake, in gpd per sq ft
éﬂl = \Vertical hydraulic gradient between the surface-
o water body and the aquifer, where
Ah = Change in hydraulic head, in feet, and
m' = Thickness of the deposits retarding infiltra=
tion, in feet, and
A = Area of contact between the surface-water body

and the underlying deposits, in square feet

The vertical permeability of the uppermost depos-
its lining lakes, ponds, and streams may be the chief
factor limiting induced infiltration. These deposits
consist largely of muck, silt and fine sand, which
would restrict or prevent induced infiltration. A
pumping test at Montville by Ranney Method Water Sup-
plies (table 26) to determine whether a supply of three
to five million gpd could be obtained by induced infil-
tration from Oxoboxo Pond at Uncasville indicated the
lack of a free hydraulic connection between the pond
and the stratified drift aquifer.

A study of the vertical permeability of stream-
bed material on the Rhode Island side of the Pawca-
tuck River by the Providence, R.l. office of the U.S.
Geological Survey indicates that the fine-grained
sediments overlying the coarse-grained sediments are
discontinuous. Two additional shallow test probes on
the Connecticut side of the river indicate that fine-
grained alluvial material is also discontinuous at
these sites. Hence favorable conditions for induced
infiltration prevail along both banks in reaches where
streambed materials are coarse grained. |Induced in-
filtration probably contributes to the high pumping
rates of 736 gpm from a single gravel-packed well and
of 1,390 gpm from a battery of 102 wells of the
Westerly Water Supply Co. near the Pawcatuck River.
The wells are situated a few hundred feet east of the
State line in Rhode Island but stratified drift also
extends along the west side of the river in Connecticut.

Calculation of the maximum potential infiltra=
tion capacity of stream- and lake-bottom deposits
(table 39, column 3) is based on the equation shown
above. The widths of the larger streams such as
the Pawcatuck River are based on field measurements,
elsewhere, they are estimated from topographic maps,
as are stream lengths. Vertical permeability is
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assumed to be 50 gpd per sq ft for coarse-grained
stratified drift and 1 gpd per sq ft for fine-
grained deposits (lake-bottom and alluvial deposits).
An intermediate value of 25 gpd per sq ft is used
where both coarse=-grained stratified drift and

finer material are believed to line the streambed
along closely=spaced reaches.

The permeability of the bottom deposits, like
that of all deposits, is affected by changes in
water temperature. Warm water can infiltrate more
readily than cold water because its viscosity is
lower. Thus, during the summer, when stream and
lake temperatures reach 80°F or more, infil-
tration potential increases; during the winter,
when water temperatures drop to near 32°F,
it decreases. Randall and others (1966, p. 88)
calculated that infiltration potential per square
foot at a water temperature of 82°F in the Quine-
baug River would be about one third higher than
computed, and at a temperature of 32°F it would be
about one third lower. Figure 31 shows water-
temperature extremes of 83°F and 33°F in the Yantic
River during a one-year period through September
1965. In computing values of induced infiltration,
for the SCRBA, a water temperature of 55°F was
assumed, based on the average of 254 measurements
of streams in the area. These temperatures,
ranging from 34°F to 83°F, are listed in the com=
panion basic data report by M. A. Cervione, Jr.
and others (1968). The average annual air temper=-
ature in the SCRBA is between 50°F and 51°F and
mean daily water temperature in the larger streams
is more commonly above than below mean daily air
temperature at all seasons.

Seasonal modification of infiltration potential
is less extreme than it might otherwise be because
the summer period of relatively low water viscosity
and consequent high infiltration potential generally
coincides with the low flow period of most streams
when the water is in contact with a smaller area
of the stream channel. Conversely, the winter-
spring period of cold temperatures and high viscosity
commonly occurs during high flow periods, when more
water is in contact with a larger area of stream
channel. Moreover, enhanced scouring during peak
flow removes fine material at these times, thereby
increasing the permeability of the stream channels.
However, peak water demands occur during the follow-
ing summer season. Therefore, no great error will
be introduced if temperature corrections are neglect-
ed in preliminary estimates of induced infiltration
based on assumed vertical permeability.

Large supplies can be obtained from the strati-
fied drift via infiltration galleries, horizontal
permeable conduits for intercepting and collecting
ground water by gravity flow (Todd, 1959, p. 146).
The City of Des Moines, lowa, obtains its water,
amounting to more than 20 million gallons a day
from an infiltration gallery about 3 miles long
paralleling the Racoon River (Thomas, H. E., 1951,
p. 142). Studies have shown that as much as 90
percent of the water produced by the gallery may be
derived by infiltration from the bed of the river.
Infiltration galleries are in use elsewhere but no
such installation is known in the SCRBA. Regardless
of the method used to induce infiltration, the water
potentially available cannot exceed the amount of
water in the stream or lake unless it is recycled.
Estimates of the amount of water available from this
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Figure 41.-=Schematic diagram showing fresh-water and salt-water relationships in Thames River estuary

All wells assumed to be screened at bottom, as indicated.
(Right half of diagram adapted from U.S. Geological Survey

of movement of water.
Water-Supply Paper 1613-C.)

source should take into account the amount and var-
iations of streamflow or lake storage.

SALT WATER ENCROACHMENT
OF AQUIFERS

Salt water extends along the entire coast of
southeastern Connecticut, extends inland in many
estuaries and reaches its maximum northward extent
at the mouth of the Shetucket and Yantic Rivers at
Norwich. The subsurface relationship between salt
water and overlying fresh water along the Thames
River is shown diagrammatically in figure 41. The
idealized spatial relationships shown in the figure
are based on the work of Ghyben (1883) and Herzberg
(1901). The Ghyben-Herzberg principle provides that
fresh-water bodies in static equilibrium with sea
water will assume definite shapes based on the
difference in density. One foot of fresh water
above sea level will theoretically depress the
heavier sea water 40 feet below sea level in a
continuous homogeneous aquifer. This relationship
results in a wedge shaped fresh-water body extend-
ing inland from where it contacts sea water.

In practice, all the above assumptions are
rarely met. The aquifers may not be homogeneous
or may not be thick enough for equilibrium to be
attained. Moreover, ground waters are not static
but continually move and the contact or interface
between fresh and salt water is not sharp but may
grade through a thick zone of diffusion. Neverthe-
less the principle is generally valid and figure 41
illustrates in a general way the relationship
between fresh and salt water in the SCRBA.

The geohydrologic map, plate B shows that
stratified drift along the Thames River estuary
occurs only in scattered patches that in any single
reach may be restricted to one bank. Even where it
is continuous beneath the estuary, it is rarely
thick enough for equilibrium between fresh and salt
water to be attained. The relative impermeability
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Arrows show direction

of till and bedrock underlying the stratified
drift distorts the shape of the fresh water lenses.
Within the stratified drift, layers of differing
permeability (see log of well Ps 67, table 23)
affect the symmetry of the fresh water-salt water
interface.

Mixing of salt water and fresh water in the
zone of diffusion results from normal ground-water
movement and fluctuations in ground-water movement
resulting from tides or other causes. The width of
the zone of diffusion has been discussed by Petitt
and Winslow (1957, p. 29). Recently, Cooper (196L,
p. Cl) has suggested that where a zone of diffusion
exists, sea water is also in motion; it flows in a
cycle from the sea floor into the zone of diffusion
and back to the sea again. This cyclic flow lessens
the extent to which salt water occupies the aquifer.
The zone of diffusion as adapted from Cooper is
shown on the east side of figure 4l. Conditions
are believed to be similar on the west side of the
river wherever saturated stratified drift is exten-
sive but the diffusion zone has been omitted here
to avoid crowding. Instead, the effects of pumping
from wells near salt water are illustrated here and
are described in a following section.

Salt water has intruded aquifers in coastal and
estuarine areas where wells have been overpumped
near the sea. Table 33 lists 34 wells in which
salty water has been encountered. Each of the three
aquifers is vulperable but intrusion is most common-
ly reported in stratified drift. The high permeabil-
Ity of the stratified drift results in relatively
shallow but wide cones of depression during pumping.
Expansion of the cones during heavy and prolonged
pumping may result in their intersection with Long!
Island Sound or with a nearby estuary. Figure 42
indicates areas of stratified drift with differing
degrees of vulnerability to intrusion; zone C is
closest to salt water and is most susceptible to
intrusion; zone B is farther from the sea and intru-
sion is possible, but less likely; no cases have




Table 33.--Selected wells reported to have yielded salty water in the lower Thames
and southeastern coastal river basins

Altltude Depth Puzping Approxlrate horlzental
above Type of Statle water level tevel below distance to nearest

Well H.5.L. of well Belds Tand Date tand surface [ salt or brackish sur-

nG. (ft) well {ft) Agulfer surface (ft} measured {ft} face water body (ft) Use Remarks

fLy 26 i brl 431 Bedrock 28.3 7-26-63 200 350% Inst  Mater obtalned at depth of 100 ft. Salty,
never used.

ELy 27 15 Dug 13.7  Stratifled drift 12.1 F-26-63 -~ 600 Enst Salty; absadonad. U.S5.G.5. observatlon
well.

ELy 58 1o Bug 18 Stratlfled drift 8 J- -85 16 280 Inst Naver used,

Gt L2 8 g 10.3  Stratlfled drift 7.9 7-19-63 - 189 Inst Salty; never used, U.5.G.5. chservation
well. Chemlcal analysls.

Gt 45 12 Bug 9.6  Stratiffed drift 8.0 7-19-63 - 200+ Daa Contaminated by Poquonock River estuary

- in hurricane of 1938, Formerly sllightly
salty in dry seasons. Abandored.

Ly 29 19 bri 35 Stratifled drift 7 -63 " 220 ind Intruded by salty water In fall of 1965,
Highest chlorlde content was 360 ppm;
average was 250 ppa,

Ly 30 10 ori 35 Stratlfled drift 7 -53 -- 210 ind Intruded by salty water In 1965, Situated
10 ft frem Ly 29; spectflc capaclity and
other charscteristics slailar. Chemlcal
analysis,

ty 4b 9 bri 32 stretifled drift 7 -&t 7.5 17 Ind Supplies average of 360,000 gpd of salty
water for cooling 6 months of year.

Ly &5 26 bri1 500 Bedrock 20t -0t 200 300 frd Driller reports fresh water at depth of
200 ft; salty at greater depth. Chloride
reported to be 2,000 ppa in letier dated
1-16-81. Destroyed.

He 1 b2 pri 165 Stratified drife{?) - — -- 500 ind Salty since 19%0f. Scavanger well;
pumpad to waste 2% hrs a day. Chealcal
analysls.

My 2 Fil ork 143 Bedrock 335 8-27-63 -- 525 tnd Unused because pumpage resufts In salty

- water. Water level Influenced by nearby
puapling.

Hy 58 70 brl 329 Stratifled drift i) 8- 9-57 95 670 Test Chlaride content Increased froa 90 ppm to
157 ppn durkng 102-hr pusping test.

. Destroyed.

K4 52 Drl 200 Bedrock 8 =37 - 3,800t ind Teo szfty for Tce manufacture, Chemlcal

N analysis.

N IT7 8 orl Hig Bedrock 5.5 10-23-63 135 225 ind Sftvated 1.5 ft from KL 18, Salty;
abandoned,

NL T8 8 brl 310 Bedrock 5.5 10-23-53 -- 225 Ind STtoated 1.5 ft from KL 17, Saley;
unsultable for drlnking end coollng.

Mxh 3 29 orl 184 Bedrock 20 - <50 50 {Lon Salty; abandoned.

Heh 18 27 bri 203 Bedrock 10+ -- 180+ 1,250 Ind Became salty In 19%6; abandoned.
K+t 28 L] brl 225 Bedrock 1.1 7-24-6i4 -- 120 Com Salty; never used.

oL L8 5 Drl 110 Badrock 8.2 8. 5-57 -- 200 -- Contanlnated by ses water during floeding.
Unused,

oL 62 9 brl s2zh Bedrock 8 - 175 1,200 FS $)ightly salty.

oL 66 10 bri 45 - 60 Stratifled drift 173 . <20 500 PS Supplied 12 houses. B8ecare salty;

ar bedrock destroyed.

oL 67 10 el Le $tratlfied drift 8 -60 18+ 550% P$ Becasa salty fn 1962; destrayed.

oL 70 10 bri 28 Stratlfied drift 7 12-17-62 <28 600 (33 Used 1952-85, Sfecare salty; urused,

oL 72 10 Bug 13 - 20 Stratified drift 8 -— T2+ 550% [ Overpumped; becaze salty In 1961, Pumped
for first time In 5 years In 1985 and
produced fresh water, Unused,

aL 73 " orl 354 Bedrock 10 1- 4-35 100 260% Dom Salty; never used,

oL 7h § Dug 11123 Stratifled drift F<3 - 9t 250+ bom Bacame salty after hurricane; abandoped
or destreyed,

¥s 58 72 pril 120 Stratified drift &9 L0 90 215 knst Standby well far Ps 67 which Is 14 ft
away.

Ps 67 72 orl tzo Stratl€led drift 88,7 9-11-63 86 275 Inst  Chloride content increased from 6,5 pps in
1551 ta €95 ppm In 1953, later pumpad
fresh water at reduced rate, Chemlcal
analysls.

Ps 112 8 brl Lo Stratifled drift 6.7 10- 8-64 23 €0 Test "1531t" content lncreased from 8t to 269
ppm at depth of 63 ft.

Sn 130 8 Dug 8.6 sStratified drift 7.3 8- 8-63 -~ 50 Do Soxetloes salty following hurrfcanes.
Chenleal analysls,

Sn 139 5 Pug 8.1 Stratified drift £.7 8-13-63 -- £00 Dom. Salty following hurrfeanes. Chemlcal
analysis.

sSn 157 1z Orl 132 Bedrock 10% -34 -- 9504 PS Slightly salty in fall of 1984,

Wt 6 12 Dug 14 Stratified drift 9.6 7-18-63 - 3504 Do Chloride 11 ppm in 1937, Reported to be
salty; ebandoned.

Wt 47 10 Dug 12,3 TEl 8.4 8-19-64 2 60 Ind formerly salty. Used as discharge wall
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for waste distitled water,




been reported in this study; zone A is so remote
from saline water or is separated from it by bar-
riers such that it is considered to be safe from
intrusion regardiess of the rate or duration of
pumping. The map may be used In estimating the
1ikelihood of salt water intrusion but it Is not to
be considered a substjtute for careful testing to
delineate the precise position of the zone of dif-
fusion and the likelihood of salt water intrustion.

At Norwich Hospital, well Ps é7 and standby
well Ps 58, shown in zone C in figure 42, intermit-
tently pumped water of satisfactory chemical quality
from stratified drift at a point about 275 feet east
of the Thames River. Pumpage at a rate of about 500
gpm for about 20 hours dally supplied all hospital
needs of 600,000 gpd in 1951 and 1952, In the winter
of 1952-53, two additional pumps with a combined
capacity of 1,000 to 1,500 gpm were temporarily
Installed on the hospital grounds during construction
{(written communication dated July 20, 1955). They
pumped continuously for at least several days while
the supply well continued pumping so that the maximum
combined pumpage amounted to about 1,500 to 2,000
gpm. A pumping rate of 2,000 gpm at this site Is
theoretically capable of lowering pumping levels to
21 feet below the river level. Saline water subse-
quently intruded the aquifer. |ts progress was
marked by a hundredfold Increase in chloride content
from 6.5 ppm in April 1951 to 695 ppm in late 1952
or early 1953 {(written communication dated September
1954) and the supply wells were shut down. The tem-
porary pumps were soon removed and In 1958, daily
pumping of the supply wells were resumed at the rate
of 500 gpm but for a shorter period to supply 220,000
gpd. An additional 400,000 gpd is obtained from the
Norwich Public Supply. At this daily withdrawal,
pumpage of water of satisfactory chemlcal quality
at the hospital continued through the period of
record {19631-65).

At the Dow Chemical Co. plant in Ledyard, wells
Ly 29 and Ly 30, each situated about 215 feet east of
the Thames River estuary supplied 108,000 gpd of
water by alternate but continuous pumping from strati-
fied drift at a rate of 75 gpm. After more than a
decade of pumping, ground-water levels declined below
the tevel of the estuary in the fall of 1965 follow-
ing several years of drought, and brackish water
intruded the aquifer. The chloride content of the
water rose .to an average of 250 ppm and reached a
maximum of 360 ppm on November 22, 1965 {written
communication} and the wells were shut down. The
manner 1n which the salt water may have Intruded
laterally inland is shown diagrammatically at F on
figure #1. Resumption of pumpage on a restricted
basis in 1966 yielded water of satisfactory chemical
quality. This indicates that where intrusion Is not
too extensive, stratified drift !s permeable enough
so that salt water is flushed out within a compara-
tively short time after the natural hydraulic gradient
is reestablished. However, even short shutdowns can
be costly, particularly for large plants or public
supplies.

Lateral intrusion, rather than Intrusion from
below, [s believed to be the more common type of salt
water intrusion in the SCRBA, The likelthood of salt
water contamination due to such lateral Intrusion
may be determined if the aquifer constants, coeffi-
cient of transmissibitity (T) and coefficlient of
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storage (3) are known {see p.54 )}, For this pur-
pose, the equation s = 114%6 W(u) {see p.54 )
1s used to determine the maximum drawdown {s) at the

closest source of salt water or brackish water at
any distance (r) from the supply well pumping at
given rate {Q} in gpm. The method of computing
drawdown at any distance from a pumping well is des-
cribed by Theis In Bentall, Ray, 1963, p. 319 and

a less technical account may be found in Johnson,
Edward E., lnc., 1966, p. 109.

Estimation of theoretical specific capacity
may be very useful for preliminary indication of
lateral contamination resulting from intersection
of the cone of depression with nearby salt water.
it provides a means of predicting approximate draw-
downs in a well resulting from different pumping
rates. For example, well Ps 67, previously affected
by intrusion, taps an aquifer estimated to have a
transmissibility of 140,000+ gpd per foot accord-
ing to table 23. The aquifer Is essentially non-
confined, and for water~table conditions, the stor-
age coefficient is assumed to be 0.2. The table
indicates that the corrected specific capacity is
slightly less than 80 gpm per ft of drawdown. The
static (non-pumping) water level is about 3 ft
above sea level and pumping at a rate of 200 gpm
would theoretically result in a drawdown of 2.5 feet
tgg% = 2,5 ft) at the end of 24 hours or about a

half a foot above the sea level. However, pumping
at a higher rate of 2,000 gpm for 24 hours would
result in a theoretical drawdown 10 times as great

2000 = 25 ft) or about 21 feet below the sea level.
(g5 = 9

SimiTar drawdown estimates can be made for any part
of the report area where specific capacity can be
estimated from transmissibility and where the eleva-
tion of the water table above sea level ls known or
inferable,

0f 3% wells in table 33, at least 13 tap bed-
rock, The small and steep cones of depression
developed by pumping from the relatively impermeable
bedrock and thelr slow rate of expansion decrease
the chances of salt water intrusion. Additional
protection is afforded by the higher altitudes,
steeper hydraulic gradients, and lower pumping rates
tn bedrock wells. HNevertheless, persistent over-
pumping near an estuary or the ocean eventually
results in intrusion. Although the overall area
affected by a cone of depression In bedrock may be
relatively small, expansion along fractured zones
may be much greater than elsewhere. Bedrock wells
are the only ones In table 33 situated more than
700 feet from salt water that have been affected by
intrusion.

Dug wells constructed on low-lying land near
the sea may be subject to yet another type of salt
water contamination that results from flooding by
estuary or ocean durfng high water. Dug wells are
most vulnerable to such flooding during storms

.because many are of large diameter and of loose

construction. OFf five wells in table 33 reported
to have become saline during or following hurricanes,
four are dug wells.

In some places, salt water [ntrusion can be
prevented by the deliberate pumping of salt water




s0 as to lower its head relative to adjacent fresh
water. A ''scavenger well'' system as a solution to
the problem of vertical salt water encroachment has
been studied by Long (1965). At the Uncasville
plant of the Connecticut Light and Power Co., well
Mv 1, situated about 500 feet west of the Thames
River estuary continuously pumps salt water to
waste. Nearby well Mv 3, situated about 175 feet
north of Mv 1 and about 525 feet west of the estuary,
pumps fresh water whose chemical quality is satis-
factory for makeup water. Pumping is not metered but
pumpage from Mv | appears to be adequate to maintain
a hydraulic gradient from Mv 3 to Mv 1 so that the
latter serves as a scavenger well, Both wells were
drilled Into bedrock but Mv 1 was subsequently
plugged back to permit tapping of the overlying sand
and gravel. Thus, unconsolidated sand and gravel
and underlying bedrock appear to be hydraulically
continuous here. Undoubtedly scavenger wells can

be more widely used in coastal and estuarine parts
of the SCRBA to prevent salt water encroachment in
stratified drift or bedrock aquifers. Scavenger
wells can double as supply wells If saline water is
used for cooling or other purposes.

Another kind of well used to combat salt water
encroachment s the recharge well, which returns
used water to the aquifer. Water to be recharged
must be of suitable chemical quality to prevent con-
tamination of the aquifer and to enhance {ts com-
patability with water already in the aquifer. Water
used for cocling and other purposes has been returned
underground through recharge wells on Long Island,
New York for many years. Experience here and else-
where demonstrates the feasibllity of this method
of maintaining a fresh water body of large enough
size and head to keep out salt water.

The amount of salt water Intrusion may be ex-
pected to increase in coastal areas as the demand
for water Increases and as the number of wells
grows. Some of the problems already encountered or
itkely to be encountered, are illustrated in figure
41, Overpumping at well B has created an upward-
pointing salt water ''cone of impression' into the
fresh water lens., $alt water in the cone moves
upward at £ whereas a shallower well (€) which is
cleser to the estuary, is unaffected. Well A pumps
salt water although 1t is situated farther inland
than C which supplies fresh water, The variety and
number of problems that may arise make it necessary
to plan more carefully the development of water
supplies in areas where salt water Intrusion is a
threat. Heavy pumpage from any area in zone €,
flgure 42, should be accompanied by periodic measure-
ment of water levels In suitable placed observation
wells and by chloride determinations or measurements
of specific conductivity of ground water. Water
levels are eastly measured and can be checked by
unskilled personnel using inexpensive equipment,
Such monitoring, combined with the application of
the principles of modern gechydrology, can elim-
inate costly shutdowns and other Intrusion problems
and maintain optimum pumping rates.

QUALITY OF GROUND WATER

The chemical quality of the ground water under
natural conditions in the SCRBA s generally good
for most uses. The crystalline bedrock underlying
the report area and the glaclal drift derived from
It are composed largely of minerals which are only
slightiy soluble In water, and the dissolved-solids
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concentration of the ground water Is corresponding-
ly Tow based on the data from natural streams at

low streamflow glven in table 18 and samples col-
lected from wells shown In table 34, Of the wells
sampled, 92 percent yielded water with a hardness
of less than 120 ppm and 88 percent had a dlssolved-
solids concentration of less than 200 ppm. Iron

and manganese are troublesome const!tuents through-
out the area; approximately 25 percent of the wells
sampled had concentrations exceeding 0.30 ppm iron
and/or 0.05 ppm manganese. The probabillty of
troublesome amounts of these two constltuents is
greater [n some areas than In others as discussed
later. Along the coast and for some distance up-
stream along coastal streams brackish to salty
water occurs naturally in aquifers, or has encroached
under pumping conditions; the occurrence of salty
water has been discussed in the preceding section,

The results of the chemical and physical pro-
perties of 187 chemical analyses of water from 158
wells in stratified drift, till, and crystalline
bedrock are summarized in table 3k. Comparable
Information for the adjoining Quinebaug and She-
tucket River basins are also shown.

The most abundant dissolved chemical constit-
uents in natural ground water In the SCRBA unaf-
fected by salt-water Intruston are siltica, calcium,
sodium, bicarbonate, and suifate. Other than where
salt-water intruston has occurred, no major constit-
uent except [ron and/or manganese occurred area-wide
in concentrations large enough to 1imit the use of
ground water for most purposes. fCalcium Is dis-
solved to some extent from all rocks in the SCRBA,
but samples from a few scattered wells that con-
tained far more calcium than the area-wide median
of 12 ppm suggest that these wells cbtain water
from lenses of Impure limestone or other calcium=-
rich rocks that have been mapped in various rock
units. The ground-water runoff from aquifers that
have calcium=rich materials will yleld the higher
dissolved-solids and calclium concentrations to
streams. Surface-water samples collected from nat-
ural streams during lew flow (flow exceeded 90 per-
cent or more) would represent maximum concentratlons
that would be expected. Therefore, as shown on
figure 28, deminant calcium-rich areas generally co-
incide with drainage areas of natural streams having
relatively high dissolved-sollds concentrations.

Generally calcium, magnesium, and sodium are
present In the form of bicarbonates and sulfates in
various proportions which determine the chemical
and physical characteristics of the water. A compari-
son of some properties of calcium-sulfate waters and
calcium-bicarbonate waters is shown In table 35. Most
samples of natural ground water collected throughout
the SCRBA are of the calclum~bicarbonate type; are
not excessively hard, have a low noncarbonate (perman-
ent) hardness, and are not corrosive, A few samples
are distinctly caicium-sulfate type waters and have
a lower pH and a higher noncarbonate hardness than
calclium-bicarbonate water. The calcium-sulfate type
waters are widely scattered throughout the SCRBA and
result from localized conditions. Noncarbonate hard-
ness due to the presence of sulfates and chiorides
may form scale in pipes and botlers that cannot
readily be removed.

Gypsum, a common source of calcium sulfate, does
not occur naturally within the area, and the presence
of large concentrations of calcium sulfate in ground
water may be attributed to chemical weathering of
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Table 34.--Comparison of chemical and physical characteristics of ground water in eastern Connecticut

(Chemical constituents, in parts per million)

Dissolved Specific
solids conduct~
Mar- Sodium {residue ance
Water- gan Cal~ Mag= and Bicar- Ni~ on avap- {micro-
bearing Silica {ron ese cium nesium Potassium bonate | Sylfate trate oration Hardness mhos at
unit Basin Range (siog) (Fe) (Mn) (€a) (Mg) {Na+K) (HC03) (504) (NOB) at 180°¢) (as Cal:Ua) 25°C) oH
Lower Thames and south= Max i mum 28 8.2 0.94 418 20 T4 128 1,040 32 1,830 1,120 1,860 8.1
eastern coastal river Minimum 3.8 .00 .00 2.2 .2 2.7 0 1.6 .1 24 3 56 L4y
basins Median 17 .10 .02 i7 3.9 i2 Le 17 3.7 118 57 180 7.2
"2:’, No. of wells sampled 29 98 91 58 51 28 43 Lk 22 g7 97 97 97
E Shetucket River basin Max i mum 29 7-6 .95 a0 14 52 197 62 &3 a/ 4ot 210 617 8.0
° Minimum 6.3 .00 .00 3.2 R 3.0 3 3.5 .0 a/ 3l 12 42 5.3
= Median 17 .07 -0 15 2.4 8.0 39 17 .7 a/ 91 45 143 7.0
3 No. of wells sampled 66 63 65 67 67 67 58 67 N 68 68 58 68
L'd
é Quinebaug River basin Max imum 3L 4.8 g4 97 14 56 197 39 50 4og 279 &1y 8.6
Hinimum 6.9 .00 .60 1.4 .2 2.4 2 2.4 .0 24 7 13 g1
Median 17 .07 G0 14 2.2 7.6 g2 13 .9 100 ch 1583 7.0
No. of wells sampled g7 104 105 103 [+ 104 104 68 100 97 100 104 104
Lower Thames and south- Max imum 19 2.3 .78 50 41 314 72 109 43 1,270 296 2,170 7.7
egastern coastal river Minimum 5.6 .01 .00 .7 .1 1.6 5 1.2 .3 36 2 50 5.8
basins Median 11 .10 .02 13 3.2 12 25 17 3.2 95 k2 158 6.9
o No. of wells sampled 13 51 L9 4y 4L 36 41 38 18 51 51 51 gl
L
Z— Shetucket River basin Ma i mum 22 .35 .89 29 5.6 21 50 27 L2 a/ 167 a0 260 7.6
- Minimum 6.8 .00 .00 4.0 N 2.9 13 5.8 .1 ﬂ/ 46 15 60 6.0
ht Hedian 12 W14 .01 11 1.8 9.2 20 1 5.8 a/ Th 36 120 6.8
Lo
:;2 Na. of wells sampled 13 11 11 16 16 16 16 16 13 16 16 16 16
et Quinebaug River basin Max i mum 21 2.8 5.7 4o 6.8 63 47 37 Liy 330 108 455 9.3
Minimum 7.3 .C0 .00 2.4 .3 2.6 I .2 .0 31 9 39 4.8
Hedian 14 .06 .01 T 1.8 c.3 25 12 2.9 80 37 117 6.5
No. of wells sampled 30 34 33 35 35 35 35 34 30 34 35 35 35
Lower Thames and south- Max {mum 22 8.1 . .27 3t 6.1 30 83 41 52 678 100 1,190 7.3
eastern coastal river Minimum 6.6 .02 .00 6.4 1.8 - 1 30 .0 40 22 70 5.0
basins Median 8.6 e .01 9.2 4.2 - 23 36 11 82 36 118 7.0
No. of wells sampled 5 7 7 [ [ 1 5 2 4 8 3 a 8
E Quinebaug River basin Max imum 34 Jhy .10 72 11 Ly g3 26 28 Lk 21 550 7-7
Minimum 9.1 .00 .00 b2 1.2 3.6 15 6.9 .3 79 38 &1 5.8
Mean 15 .09 .00 i7 3.0 3.0 Ly 13 8.3 108 50 147 6.6
No. of wells sampled 12 h 12 T4 13 4 14 12 12 13 12 Th 14

a/ Dissolved solids calculated.




Table 35.--Comparison of some properties of calclium~
sulfate type and calclum-bicarbonate type waters in
the Tower Thames and southeastern coastal river
basins

Kontarbonate Speciflc

Hardness | {permanent conductance,

Well Cal- Blcars Sul+ a5 Lally | hardress as {alcroohas
ne, ctum [/ | bonate 27| fate 1/ {ppe) Cacn3) (ppm) at 25°C) pH

Calelum-sulfate typa water
Kv 3 13 9.3 sh 68 53 198 5.9
K3n 50 23 1.6 57 1,120 1,070 1,860 6,9
{alchm-bicarbonate type water

Ffr 2 18 29 3.6 21 Q 78 6.9
Hsa 1) 19 25 9.8 (] 8 126 7.5
Wt 12 16 53 12 90 2 265 7.6

If  Percent of dissclved-alneral content.

2/ Percent of dlssolved-nlneral content as carbonate.

Iron sultide minerals. Sulfuric acid, a potential
weathering agent, is a product of the oxidation of
tron suifide minerais. As sulfuric acid Is generated,
1t reacts with calcium silicate minerals and impure
limestone lenses in the rocks to form calcium sul-
fate which is dissolved readily by ground water.

As sulfate Is a substantial part of the dissolved-

solids content of atmospherlic precipitation, precipi-
tation Is a source of some of the sulfate in ground
waters,

The dissolved-solids concentration in wells
affected by sea water intrusion ranged as high as
1,270 ppm; sodium as high as 31k ppm, and chioride as
high as 607 ppm. The median values of these samples
ranged from two-to-four-fold over that of the fresh
water samples. The maximum chloride concentration
reported by private Industry was Lh58 ppm, far above
the limit of 250 ppm recommended by the U.S. Public
Health Service (1962). High chloride concentrations
cause corrosion in pipes, boilers, and other fixtures
unless special corrosion-resistant materials are
used.

IRON AND MANGANESE
CHEMICAL BEHAVIOR AND EFFECTS

Iron and menganese are usually present in ground
water in a low state of oxidation as ferrous, and
manganous fons respectively. Ferrous iron is quite
soluble under proper conditions and substantial
amounts may be present in ground water. However,
ferrous iron is unstable in the presence of oxygen
and is changed to the ferric state by the process of
oxidation, much as the iron in auto bodies, nails,
etc, will rust in the presence of water and air.

Whenever ground water containing more than about
0.3 ppm of dissolved iron is exposed to the air, It
becomes cloudy, and usually an orange-brown film
forms on the surface it contacts., Prolonged contact
forms a film or scale that Is difficult to remove.
This iron precipitate stains sinks, tubs, glassware,
and other utensils, and fabrlics. In addition, iron
precipitates can clog filters, nozzles, well screens,
and other appliances, as well as interfere with the
manufacture of many industrial products., Excessive
tron will also Impart a metallic taste to the water,
or to beverages prepared with the water. The pre-
sence of certain lron-metabollizing bacteria

(Ucrenothrix!') can further complicate these con-
ditions by forming colonies that later break loose
In massive accumulations.

Hanganese resembles iron in its general be-
havior. Water contalning more than 0.05 ppm of
manganese will darken when exposed to alr or to
laundry bleach, as If black Ink had been added to
the water. Manganese precipitate forms a black
ftim on porcelain sinks and kitchen utensils.
Because manganese is commonly assoclated with much
larger quantities of iron, however, its effects
may be masked by those of iron.

Removal of excessive iron and manganese may
be accomplished in a varlety of ways. Methods
suitable for homes and small commercial establish~
ments Include the use of water softeners (most
units will remove up to 2 to 3 ppm effectively),
chlorination-filtration units (espectally sultable
if chlorination to kill bacteria is also desired)
and manganese-greensand fllters. An excellent
discussion of the iron and manganese problem as it
applies to the domestic use of water, and of con-
trols that can be applied to remedy the sltuation
is presented by Wilke and Hutcheson (1963).

DISTRIBUTION IN GROUND WATER

Most wells In the SCRBA yield clear water
contalning little or no iron or manganese. The
percentage of wells sampled whose water contained
Iron and manganese equal to or greater than the
limits recommended by the U.S. Public Health Service
for drinking water are Indicated in the following
table:

AQUIFER
Crystalline | Stratified
bedrock drift Till
No. of wells
sampled for
iron 96 52 8
Manganese 89 50 8
Maximum concen-
tration
[ron (ppm) 8.2 2.3 8.1
Manganese {ppm) + 9k .78 .27
Percent of wells
sampled contakn-
Ing
0.3 ppm or more 27 21 25
of lron 1/
0.05 ppm or more 31 36 25

of manganese 1/

1/ Limit recommended for drinking water by
the U.$. Public Health Service

Even these percentages may be high for the report
area as a whole, because sampling was more extensive
in or near areas where lron-bearing water was known
to be a problem.

1t is possible that a well drilied almost any-
where In the SCRBA may vield ground water contalning
troublesome amounts of iron and/or manganese. How=
ever, the higher concentrations of iron and manganese
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in the waters from the bedrock aquifers occur in
areas where the rocks, mostly schists and gneisses,
contain lron sulfide and fron silicate minerals.
Figure 26 shows at least 6 places in the SCRBA,
designated by letters, where the concentration or
areal extent of iron-bearing ground water deserve
spaeclal attention. |In these places, the weathering
of the lron sulfide and iron silicate minerals leaves
a characteristic rust~colored oxide coating on sur-
faces of exposed bedrock.

Area A.--Area A occuples a portion of the town
of Colchester In the northwestern part of the report
area as seen in flgure 26. The bedrock In this area
1s a dark rusty-weathering schist (Brimfleld schist
of Rogers and others, 1959). Area A is similar to
problem area A and unit A in the Quinebaug and She-
tucket River basins respectively. Filter systems
are used on numerous wells reported by owners to
yleld iron-bearing water. The iron concentrations
in samples from 2 wells were 2.1 and 1.3 ppm, and
the manganese concentrations were 0.21 and 0.10 ppm.
Wells that obtain water with troublesome amounts of
iron probably tap water In layers of schlst contain-
ing graphite, purplish biotite, pyrite, and manganese
silicates., Wells that obtain iron-free water from
the bedrock in thls area probably tap water from thin
layers of lime~silicate and quartzose gneiss that
are found within the Brimfleld schist. Available
data indicate that approximately 50 to 75 percent of
the wells drilled in this unit in eastern Connecticut
will yield water with concentrations of iron and
manganese that require treatment before it is sat-
isfactory for domestlc or most industrial purposes.

Area B.--In the town of Preston a zone of iron-
bearing ground water clearly coincides with a rusty-
weathering graphite schist phase of the Putnam Group
mapped by Snyder {1961) in southern Lisbon and
western Preston, The graphite schist contains iron
sulfides, and chemical analyses of rock samples
show that it has nearly twice the percent of iron or
manganese as in other rock units (Snyder, 196kb).
Area B Is an extension of problem area B described
In the Quinebaug River basin report (Randall, 1966,
p. 72 and figure 44)., OFf the wells sampled In this
problem area, concentrations ranged as high as 6,2
ppm iron and 0.24 ppm menganese. A dug well tapping
till in this area yielded slightly acidic water, but
the dissolved-iron and manganese content was only
0.08 and 0.01 respectively. |t appears that dug
wells in till overlying this bedrock unit will yield
water with relatively low dissolved~iron content.

Area C.~=Several different rock types with a
great variety in mineral composition make up this
unit which underlies a part of the northwestern por=
tion of the SCRBA. The major iron-bearing ground
water in area € is restricted to a rusty-weathering
muscovite schist. A characteristic bright rust-
colored oxide coating on surfaces of exposed bedrock
Is evidence of the presence of iron-bearing minerals
in this area. Water samples from 3 wells tapping
this bedrock aquifer contalned from 0.78 to 2.4 ppm
of tron. In the pink-shaded portion of area C,
lower 1ron concentrations are found and a purplish
to brownish stain is noted on some outcrops of bed-
vrock indicating at least local occurrence of iron-
bearing ground water. Water samples collected from
wells tapping the bedrock contained from 0.03 to
¢.8% ppm of iron and 0.00 to 0.15 ppm of manganese.
This same unit 1s noted as problem area E in the
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Quinebaug River basin and unlits B and C in the
Shetucket River basin. About 15 percent of the
samples contained quantities that could cause
slight stalning of porcelain and utensils after
prolonged use (Randall and others, 1966).

Area D.=--As reported by Randall and others
{1966), a severe iron problem also occurs in a
small area around Preston City. Chemical analyses
show as much as 4.8 ppm Tron, and well owners!
complaints delineate this area along the border of
the Quinebaug River basin and the SCRBA. iron-
bearing ground water Is obtained from the stratified
drift aquifer as well as the bedrock.

The bedrock lithology and assoctated iron pro-
blems in areas A, B, ¢, D as described above and
noted both In the Quinebaug and Shetucket River
basins trend north-south in this report area and
are truncated by the Honey Hill fault. South of
this fault zone, bedrock consisting of interfingered
gnelsses and schists dominate the reglfon and trend
structually east-west rather than north-south. The
presence of the iron and/or manganese in excessive
concentrations in the water from the bedrock has a
spotty occurrence throughout that portion of the
SCRBA south of the Honey H11! fault system. The
majority of the iron-bearing ground water is in
wells tapping schists that contain biotite, garnet,
and iron sulfide minerals which weather relatively
easy.

Areas E and F.-~Area E s at Uncasville in the
town of Montville, and area F s In the extreme
southwestern part of the SCRBA In the town of 01d
Lyme as shown on figure 26, Areas E and F are in
discharge areas covered by stratified drift where
iron-bearing ground water occurs both in the strati-
fied drift and underlying schists.

Recent geologic mapping by Goldsmith (1967) in
the Uncasville quadrangle pinpoints the source of
iron In area E, as a member of the Plainfield forma-
tion which locally contains pyrite. 1in some cases
the stratified drift overlying this bedrock unit
also ylelds water containing iron and/or manganese
in excessive quantities, Water samples collected
during this study had concentratlons that ranged as
high as 2.3 ppm iron and 0.78 ppm manganese.

In the extreme southwestern portion of the
SCRBA, area F, and iron problem occurs both in the
bedrock and in the overlylng stratified drift. Of
Ll wells that were inventoried in both aquifers,
approximately 50 percent yielded water at one time
or another with troublesome amounts of iron. Ana-
lyses by the Connecticut State Department of Health
reported concentrations as high as 5.0 ppm iron and
0.26 ppm manganese. Data from L. L. Lundgren
{personal communication) Indicate that the rock unit
contributing most to the iron and manganese ground
water problem Includes numerous layers of schist
containing magnetite, pyrite, pyrrhotite, and man-
ganese garnet.

Areas E and F are probably not unique within
the SCRBA south of the Honey HEll fault system.
There are several other places in this portion of
the report area where one or two Isolated wells -
tapping stratified drift or bedrock yield iron-
bearing water, but where ltack of data prohibits
delineatton of the significant extent of poor water,




In areas where bedrock contains iron-bearing
water, the overlying deposits in recharge areas
probably will be free of iron, but deposits in dis-
charge areas are likely to contain iron-bearing
water=--water discharge upward from bedrock contri-
butes the iron to overlying deposits in discharge
areas.

HARDNESS

Hardness is a property of water that determines
the quantity of soap required to produce a lather and
the quantity of mineral scale formed in pipe or con-
tainers in which the water is heated. Hardness is
caused almost entirely by calcium and magnesium, and
generally is expressed as the amount of calcium car-
bonate (CaCO3) that would be necessary to produce the
observed effect. Other dissolved constituents, such
as iron, aluminum, strontium, barium, and zinc also
cause hardness. As a rule, however, these constit-
uents are not present in sufficient quantities to
have any appreciable effect.

The terms '"hard water'' and 'soft water' are to
some extent relative and not all authorities apply
them to the same ranges of measured hardness. The
following ranges are used by the U.S. Geological
Survey:

Hardness as

CaC0, (ppm) | Rating Suitability
0 - 60 Soft Suitable for many uses
without further
softening.
61 = 120 Moderately Usable except in some
hard industrial applica-
tions.

121 - 180 Hard Softening required by
laundries and some
other industries.

181 or more Very hard Requires softening for

most purposes

Water having a hardness of more than 120 ppm com-
monly is softened for household use. Softening

of municipal supplies is costly, but is generally
to the advantage of the community if the hardness
cannot be reduced to about 120 ppm by dilution with
softer water from other sources. The problem of
hard water and use of water softeners has been
fully described by Wilke and Hutcheson (1962).

Ground water in the SCRBA is generally soft to
moderately hard, Samples from 156 wells were ana-
lyzed for hardness and their rating as well as a
comparison of the hardness in the 3 basin studies
are reported in the following table;
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Quinebaug Shetucket

River River

basin basin SCRBA
Rating Percent of wells sampled
Soft 67 68 62
Moderately 28 23 30

hard

Hard 3 8 5
Very hard 2 1 3

The similarity of hardness in water throughout
eastern Connecticut reflects the similarity in the
lithology of the rock units and unconsolidated
deposits.

Areal variations of hardness in ground water
are shown on figure 43. Water at least moderately
hard occurs at scattered locations. There are no
extensive bedrock units composed principally of
limestone, dolomite, or marble (calcium or magne-
sium carbonate) in the report area; therefore, no
specific water-bearing formation will yield con-
sistently hard or very hard water. There are
scattered areas throughout the basins where the
bedrock contains impure limestone lenses or where
calcium silicate minerals dominate. In the stip-
pled areas shown on figure 43, the water user will
probably encounter concentrations large enough to
be troublesome for some uses. |In one particular
area in the vicinity of the community of North
Stonington, concentrations as high as 1,200 ppm of
hardness have been reported, and 2 public water
supply wells were abandoned because of hardness and
high mineralization. Water samples collected dur=-
ing this study from 8 wells tapping the bedrock in
the Pease and Susquetonscut Brook basins contained
from 40 to 168 ppm of hardness. Treatment by the
home owners would be desirable with wells yielding
water having a hardness concentration above 120 ppm.
Unconsolidated deposits with large concentrations
of calcium and magnesium minerals would in turn be
expected to yield at least moderately hard water.

The comparison of the surface water and ground
water quality data on figure 27 shows that the
relative magnitude of dissolved solids in natural
streams is related to the dissolved-solids concen=
trations in the natural ground water. The compari=
son of figures 28 and 43 shows that areas of rela-
tively high dissolved-solids concentrations also
coincide with the areas of moderately hard to very
hard water. Therefore, water from wells drilled in
stream basins where natural stream water has a high
dissolved-solids content as indicated on figure 28,
might also be expected to have a moderately hard
to very hard water.
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Figure 43.--Areal variations in hardness of ground water in the lower
Thames and southeastern coastal river basins




NITRATE, CHLORIDE, ABS, AND LAS AS
INDICATORS OF POSSIBL.E POLLUTION

Under natural conditions nitrate and chloride
are absent or present only in low concentrations in
the fresh ground water of the SCRBA although small
amounts of nitrate may occur naturally due to the
decay of fallen leaves, roots, and small organisms
in the soil. ABS (alkyl benzene sulfonate) and LAS
(1inear alkylate sulfonate) are absent under natural
conditions. Therefore, the presence of unusually
large quantities of these constituents represents a
departure from normal conditions, and in some cases
{211 cases, if ABS or LAS !s present) may be due to
some type of polliution--organic, domestic, or indus-
trial. In some localities high nitrate concentra~
tions in ground water can be attributed to infiltra-
tion of recharge through soils heavily treated with
chemical fertilizers, but most of the nitrate in
water represents the end product of aerobic decom-
position of organlic matter (sewage or animal wastes).

Samples from 44 wells in the SCRBA were analyzed
for nitrate as shown in table 34, and 10 wells
sampled were found to yield waters containing more
than 10 ppm nitrate with a maximum of 52 ppm.
Although many of the larger concentrations were pro-
bably derived from organic waste, this does not mean
that 23 percent of the wells sampled were polluted;
In many cases the source of the nitrate may have been
distant encugh so that the water was safe to drink
by the time it reached the well, since bacteria and
other contaminants may be filtered by the aquifer
material. Other forms of nitrogen that are deter-
mined in a sanitary analysis, such as nitrite,
ammonia, and albuminoid, are more rellable indicators
of incomplete decomposition of organic waste and
genuinely unsafe potabie water. The upper limit for
nitrate recommended by the U.S. Public Health Service
is 45 ppm. Water contalning nitrate In excess of 45
ppm (equivalent to 10 ppm of nitrate expressed as N
in a sanitary analysis) is unsafe Tor domestic
supply because it can cause methemoglobinemia (infant
cyanosis, or ""blue baby disease') when fed to infants
{Comly, 1945), Only one of the wells sampled ylelded
water with more than 45 ppm of nitrate.

Chleoride In fresh ground water throughout the
area is normally In low concentrations. Only a small
amount reaches the SCRBA in precipitation; the
median chloride concentration detected in rainfall
from several storms was 1.2 ppm as shown in table 3.
Chloride-bearing minerals are scarce in the crystal-
line bedrock of the report area, usually less than
0.05 percent of total rock volume., Samples from
66 wells were analyzed for chloride, and 79 percent
of them were found to have a chloride concentration
of less than 20 ppm with a median of 8.0 ppm. The
median concentration of the water from the remaining
2] percent of the wells sampled was 25 ppm. The
range In concentration was 0.0 to 194 ppm for wells
tapping crystalline bedrock and 2.9 to 43 ppm for
wells tapping stratified drift and till.

Another source that can account for the above-
normal chloride concentrations in the SCRBA other
than reflecting nearby disposal of sewage or animal
wastes is road salt. Sodium chloride or a mixture
of sodium and calcium chloride Is used extensively
15 road-salting chemicals for protection against
hazardous icing of roads, and It is possible that
road salt has infiltrated Into portlons of some aqui-
fers in the report area. One well, Fr 16, had a
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noticeable salty taste and yielded water with a
chloride concentration of 194 ppm., A high chioride
content in water causes corrosion In pipes, boilers,
and other fixtures, and is toxic to most plants.

ABS was the principal component of household
detergents prior to mid-year 1965, Its presence In
ground water results from disposal of sewage from
homes or factories to the ground. ABS concentra-
tions of about 10 ppm are typical of municipal
sewage. \Various studies have shown that 1 ppm of
ABS In drinking water can be tasted and can cause
frothing of the water. Although larger concentra-
tions of ABS are not toxic, esthetic considerations
have caused the U.S. Public Health Service (1962,
p. 24) to recommend that concentrations in drinking
water not exceed 0.5 ppm. The maximum ABS content
in samples collected from 41 wells during the study
was 0.4 ppm. However, one well inventoried was
abandoned, reportedly due to detergent contamina-
tion from laundry or kitchen waste waters. Since
Juty 1965 the ABS component of household deter-
gents has been gradually replaced by LAS, which
Is biodegradable and will disappear more readily
than ABS. However, 1f the conditions for bac-
terial actions in cesspool or septic tank efflu-
ents are unfavorable, the LAS will have little or
no opportunity to decompose.

If the population of the report area continues
to expand, the nitrate, chloride, and detergent
concentrations of ground water are likely to in-
crease also, especially in areas not served by
sewage systems. Although none of the constituents
are toxic In the concentrations ordinarily present
even in polluted ground water (except nitrate of
more than 45 ppm, as noted above), the presence of
large amounts of any or all suggests that a sub-
stantial part of the water pumped was probably
derived from disposal of sewage or other wastes
nearby, and that pathogenic bacteria or other
hazardous substances may be present.

FLY ASH

Fly ash §s an unburned by-product of burning
coal and is a source of landfill. It contains
some of the impurities that are associated with
coal in [ts natural state. When Tly-ash landfill
Is subJected to leaching, an acid may be formed
from these impurities, and other constituents such
as lron, manganese, and aluminum may be released
to the infiltration water.

In order to determine experimentally the
effect of leaching on fly ash, laboratory tests
were run on samples of fly ash by the Connecticut
Water Resources Commission and the U.S. Geological
Survey. The fly ash material was agitated in dis-
tilled water and chemical analyses made of the
drawnoff solutlion. These analyses, shown in the
following table, indicated that about 5 percent of
the fly ash is soluble in water and that the solu-
tion contained concentrations of the constltuents
considerably greater than the distilled water used
In dissolving the fly ash; for example, in the
sample analyzed by the U.S. Geological Survey,
sulfate increased from 0.0 to 241 ppm and dis-
solved solids increased from 1.7 to 742 ppm.




Chemical analyses of solutions from selected samples
from two fly-ash lTandfill deposits

Date Dissolved
of Sulfate | Chloride solids
analysis | (ppm) (ppm) {ppm) | pH
Chester=~
fleld- 7-16-64 1/ 241 “- 742 6.5
Oakdale 6-15-66 2/ 135 -- 358 5.5
Road 10-26-66 2/3/ 250 - L8 6.9
site
Hoxley
Hill 9-22-65 2/ 380 -- - 9.2
Road 7-13-66 2/ 1,100 2,400 5,328 1.8
site  10-26-66 2/ 260 5,328 hah 6.1
1/ Analysis by the U.S. Geological Survey
2/ Analyses by the Connectlcut Water
Resources Commission, Hall Laboratory
3/ lron, 0.4 ppm; aluminum, 0.5 ppm

The sulfate content of the solutions derived from
leaching the 6 samples in the laboratory ranged
from approximately 20 to 60 percent of the dis-
solved-solids concentration, with a medlan of 37
percent. Additlonal solutes dissolved from the fly
ash included minor quantities of sodium, calclum,
magnesium chloride, magnesium sulfate, iron and
aluminum.

Evidence from three localities in the SCRBA sug-
gested that a field study to determine the effects
of leaching In landfills containing fly ash was
merited. The first locailty, the so-called Chester=-
fteld-Dakdale Road site, s In the headwaters of the
Hunts Brook drainage basin about + mile upstream
from the northern limit of the proposed Hunts Brook
Reservoir. The fly-ash landfill is on the east branch
of Deep Hollow Brook, Analyses of stream water sam-
ples collected by the U.S$. Geological Survey upstream
and downstream from the landfill in July 1964 and
those perlodically sampled during 1965-67 by the
Water Resources Commisstion are summarized on figure
Liy (stations 1-8). These plots show a decrease In
pH and increases in dissolved-solids and sulfate con-
centrations on the downstream side of the landfill.

The second locallty, the so-called Moxley H1I1
Road site, is in the headwater area of an unnamed
tributary of Hunts Brook that drains into Miller
Pond (figure L4, statlons 9-11)., As at the first
locality, water samples c¢ollected by the Water
Resources Commissfon upstream and downstream from
the landfil} show an lncrease in dissolved-sollids
and sulfate concentrations on the downstream side of
the landfill., The inference Is that at both these
localities the higher mineral concentrations in
stream water In the lmmediate downstream vicinity
from the landfill results from leaching of the land-
fill by infiltrating preciplitation.

Data on the chemical qualtity of ground water
from wells In the immediate areas of these two local-
itfes Is not avallable.

The third locallty is along Stony Brook near

the Intersection of Massapeag Road and State Highway
32 in Montville where fly ash was used for landfill
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in a driveway. Analyses of ground water from spring
Mv 2sp (table 36), which issues from stratified drift
downslope from the driveway show a pH that is lower
and a dissolved-sollds content and sulfate concentra=-
tion that is several times higher than is found in
ground water occuring in stratified drift elsewhere
in the SCRBA (see table 34, p. 74)., The pH of the
landfill, as reported by the Water Resources Commis-
sion, Is also low (3.0). Again, the inference is that
water from infiltrating precipitation, septic
effluent, or lawn sprinkling may have leached the
landfill, percolated to the water table, and

moved to the discharge point at the spring.

Additional studies by the State Water Resources
Commission and other federal agencies were In pro-
gress at the time of this writing {1968}, Conclu-
sfons on the effects of this landfil] on the sur-
face-water supplies in the area will be released by
these agencies at the end of their field study.
Preliminary results from the study now being con-
ducted by the Water Resources Commission indicate
that the landfill has no adverse effects on the
chemical quality of Hunts Brook.

Table 36,-~Chemical analyses from spring
Mv 2sp in Montville near a fly-ash landf111 area

{themical constituents In parts per million}

Date of

collection 6-3-62 3/ | 9-25-63 b/ | 7-16-64 B/

Silica {S105) “— -- -

lron {Fe) - 0.l10 -

Manganese (Mn) -- 2.2 -

Aluminum (A1) 29 - -

Calcium {Ca) - 6L 55

Magnesium (Mag) -- 24 8.0

Sodium (Na} -~ 33 3k

Potassium (K) - L.o 3.5

Bicarbonate - 0 0
(HCOB)

Sulfaté (504) 350 287 198

Chioride (C1) 23 25 31

Dissolved 636 489 376
solids

Hardness as 200 260 170
€aCo

Noncarbonate hard-  -- 258 170
ness as CaC0

$pecific condugt- -- 734 550
ance (micromhos
at 25°C)

pH 3.8 4,9 k.3

a/ Analysis by Connectlicut Water Resources
Commission, Hall Laboratory
b/ Analyses by U.S. Geological Survey

SUSCEPTIBILITY OF WELLS TO
POLLUTION

Pollution of ground water is due primarily to
three causes: disposal of domestic sewage into
cesspools or septic-tank flelds; disposal of indus-
trial waste into leaching pits or lagoons; and
infiltration of water in barnyards, fields treated
with manure and chemical fertlilizers, or other sites
of abundant animal droppings.
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Explanation Explanation

o? Water—quality sampling site Chemical analyses — Dissolved solids concentration
a i — Sulfote concentration
? M= Spring (chemiol onalyses in table 36) 1964-USGS “
1965-67-CWRC — pH

o Fly-osh landfill site

Water - gquality sampling sites located on map
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The susceptibility of any given well to pol-
lution depends on three factors:

1. The distance to the nearest source of
pollution. Bacteria seldom are carried more than
100 feet from a source of dilute sewage effluent
(Mallman and Mack, 1961), but nitrate, ABS and LAS
may maintain objectionable concentrations for longer
periods and therefore travel longer distances; some
dissolved chemical pollutants may even remain in
ground water indefinitely. Few data are available
on how far viruses can travel.

2, The direction to the source of pollution.
As a general rule, ground water flows slowly and
transports contaminants in the direction of the
average land-surface slope toward the nearest per-
manent stream. Therefore, wells located downslope
from a source of pollution are usually susceptible
to contamination.

3. The depth at which water can enter the well.
Polluted water introduced to the ground at or near
the land surface will seep downward to the water
table, then move in the direction of ground-water
flow. |If the water table is relatively deep, the
distance the polluted water must travel to reach a
well is thereby increased, and oxidation in the zone
above the water table will purify organic wastes and
bacteria rapidly. 1f a well is lined with a solid
casing many feet below the water table, polluted water
may not reach the zone from which water enters the
well.

The likelihood of well contamination from bac-
teria in septic tank effluent can be evaluated accord-
ing to a system devised by LeGrand (1964). The
method involves estimates of 1) depth to water table,
2) sorptive characteristics and 3) permeability of
overburden, 4) gradient of the water table, 5) dis=
tances between well and septic tank, and 6) thickness
of overburden. Using conservative values for the
first five factors, the possibility of contamination
of a bedrock well at a site where bedrock is overlain
by 40 feet or more of till is, according to this
system, '"'possible but not likely." With normal pre-
cautions taken in the placement and construction of
the well and septic tanks, contamination is not very
likely.

Data from the Quinebaug River basin (Randall and
others, 1966) showed the importance of casing length
in reducing the chances of a well becoming polluted.
On the average, the greatest changes in water quality
took place in wells with 0 to 30 feet of casing due
to the fact that many wells with relatively casing
permit entry of water near the land surface. Many
people are aware that water in dug wells is suscepti=
ble to pollution unless the well is tightly sealed
and properly located with respect to sewage-disposal
facilities. However, Randall showed that drilled
wells with less than 30 or 40 feet of casing are also
susceptible to pollution, a fact that is not so
widely realized. Specific localities where till is
known to be at least 40 feet thick are shown on
plate B.

TEMPERATURE OF GROUND WATER

Ground water is relatively constant in tempera-
ture in comparison with water in streams and ponds.
Nevertheless, there are small differences in water
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temperature from well to well, and seasonal fluctua-
tions which occur are greatest near the land surface
and decrease with increasing depth.

Randall and others (1966) reported that the tem-

perature of water in very shallow wells in the Quine-
baug River basin can fluctuate as much as 20°F each
year, with a low of 35°F to 40°F and a high near
55°F. The temperature in such wells rises during
the spring and summer to a peak in late September,
begins to decline when average air temperature
drops below water temperature, and continues to
decline until average air temperature rises once
again above water temperature in March or April.
In localities where the water table remains more
than 30 feet below the land surface, ground water
is insulated from change in air temperature, and
seasonal fluctuations are small.

The temperature of ground water 30 to 60 feet
below the land surface in most localities is with=
in 2 or 3 degrees of the annual mean air tempera-
ture, which is about 50°F throughout the report
area (Brumbach, 1965, p. 18). Local conditions
can cause variations; for example, ground-water
temperatures are lower below forested areas than
below open fields (Pluhowski and Kantrowitz, 1963),
and may also be slightly lower than average on
north-facing slopes. Water obtained from depths
greater than 60 feet is nearly constant in temper-
ature.

EFFECT OF INDUCED RECHARGE
ON QUALITY

The pumping of wells finished in permeable
stratified drift bordering a major stream can lower
the water table enough to cause substantial amounts
of water from the stream to infiltrate the aquifer,
as pointed out on p. 69.

Water pumped from a well which depends on
induced recharge from a stream is likely to vary
widely in temperature, because of the large seasonal
temperature changes in surface water. Annual varia-
tions of 20°F to 30°F are possible (Winslow, 1962).
Minimum and maximum well-water temperatures lag
behind the corresponding minimum and maximum tem-
peratures in the stream; the farther the wells are
from where induced recharge enters the aquifer, the
longer the lag (Simpson, 1952; Schneider, 1962).

The chemical quality of the water pumped will
be intermediate between the river water and the
natural ground water in the aquifer (Klaer, 1953;
Rorabaugh, 1956). Non-marine surface water in the
SCRBA is generally less mineralized than ground
water, so that induced recharge will normally result
in an improvement of chemical quality in the aquifer.
However, along reaches of the major streams into
which considerable industrial waste effluents are
discharged, the water in the streams may at low flow
have a much higher mineral content than natural
ground water, temporarily reversing the normal con-
dition. An example of such a change would be the
discharge of spent dyes of an acidic condition which
would lower the stream water pH and therefore re=
dissolve iron and manganese complexes deposited or
fixed along the streambed and in the adjacent sand
and gravel aquifer. The pumping wells would be
inducing water with a higher and possible trouble-
some concentration of iron and manganese as may be



the case along the Pawcatuck River. The sand and
gravel beds through which the induced recharge
travels can also serve as large flilters, generally
removing all or nearly all of the bacteria, tur-
bidity, and suspended sollds that may be present in
the stream but not the dissolved constituents such
as nitrate, sulfate or lron.

Along the Connecticut coast and estuaries salt
water has Intruded aquifers at places where over-
pumping has reversed the natural hydraullc gradient
from land to sea, as polinted cut on p. 70, Induced
infiltration of the recharge water brings about
changes in the chemical quality of the ground water.
The most noticeable change is in the Increase in
chloride content of the water discharged from the
wells due to overpumpage., At Norwich State Hospital
under normal pumpage rate the chlorlde content was
6.5 ppm and rose to 695 ppm In late 1952 with over-
pumpage. [n Ledyard, Dow Chemical reported chloride
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concentratlons averaging 250 ppm after ground-water
levels declined below the level of the Thames River
estuary, Connecticut Light and Power Co. at
Uncasvilie uses a scavenger well to protect lts
fresh-water well field. Chloride concentrations

of 400 to 600 ppm were measured in thlis well in
1963-64, Besides an increase in the chloride con-
tent, changes take place In the other constituents
and propertles affecting the quality of the ground
water,

Where ponds exist on major streams, the water
table may be considerahly higher bordering the
pond than along the stream below the dam or along
parallel streams close to the pond. Consequently,
some water may seep from the pond Into the ground
and toward the lower stream channel, especially
near the dam. The effect on water quality would
be simitar to that of infiltration induced by

pumping.



WATER USE--PRESENT AND FUTURE

WATER USE IN 1964

The total amount of water used in SCRBA in 1964
is estimated at 118,260 million gallons., If the
water used by institutions, summer camps and cot-
tages, along with the estuarine water used by }ndus-
try is excluded, then the average per capita use is
estimated to be 186 gpd., Most of the water used
was withdrawn by industries for thelr own use. Al-
most all of the water used was for non-consumptive
purposes. Approximately 97 percent of the water
used by industry was withdrawn from surface sup-
plies. Cooling and processing accounted for the
largest use of water by industry; cooling accounted
for about 97 percent, and processing for about 3
percent of the water used. O0f the cooling water,

98 percent was estuarine.

The source, use, and disposal of water in the
SCRBA are summarized by figure 45, The data on
which this figure is based were suppliied by water
utilities and major industrial firms or by State
agencies. The domestic use in homes having their
own sources of water was computed by multlplying
an estimated per capita use of 70 gpd by the dif-
ference between total population and population
served by public water systems. The estimate for
agricultural use represents, for the most part,
the water needed to supply dairy cows, poultry,
and other livestock in the basin. Relatively little
water was used for irrigation. Various reports,
both by the consultants and State, indicate that
sewage treatment facilities in the basin are over-
loaded at times and proper sewage treatment of all
effluent Is not accomplished. There are also a few
communities that have efther no sewage treatment or
only a portion of the community has treatment. Pol-
tution abatement planned by the Connecticut Water
Resources Commlssion under Public Act 57 of 1967
should elimlpate these adverse conditions.

Plate € shows the locations and amounts of all
major withdrawals of water from surface-water and
ground-water sources and the points at which the
water !s returned to streams or to the ground.
Diversion of water into and out of the report area
is also shown.

Thirty-two municipal and private water-supply
systems supplied the domestic water needs of nearly
tvio~thirds the population of the report area,
Public water supplies provided about 2 percent of
the water used by industry tn 1964; however, this
represents about 40 percent of the non-marine water
used by industry. The source of water, capacity,
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type of treatment, population served, and other
important features of 23 selected systems are
described in table 37. Plate C shows the general
area served by each system and the location of
all water sources.

Residents served by the 23 water-supply sys-
tems iisted in table 37 generally receive soft water
with Tow concentrations of dissolved solids. Chem-
ical analyses of samples from 19 of the 23 water-
supply systems are shown In table 38, |In general,
all these public water supplies serve water of good
chemical quatity. With the exception of a few
relatively high iron or manganese concentrations,
the concentrations of the constituents determined
were far below the maximum concentrations suggested
by the U.5. Public Health Service. North Stoning-
ton Water Company has abandoned their bedrock wells,
NSn 40 and 41, and now use wells in stratified
drift along the Shunock River which has improved
the quality of water distributed. The fluoride
concentration in water of the Mystic Valley Water
Company water-supply system, the only system that
fluoridated its water in 1964, is at the optimum
value suggested by the U.S. Public Health Service.
Color, iron, and manganese vary considerably from
time to time, and the relatively high concentra-
tions shown in table 38 may not represent average
conditions. Such variations are particularly evi-
dent when the source of water is from a surface
suppty. Abnormalty high color and high iron or
manganese concentrations may also be the result of
some localized condition.

WATER USE IN THE FUTURE

The amount of water used in the SCRBA in 1964
will quite likely be excesded in future years. The
increase in use witl depend upon changes in the
popuiation and in the degres of industrial, agri-
cultural, and resort development. Forecasts of
such changes rely largely on study and projection
of past trends. The Southeastern Connecticut
Reglonal Planning Agency (1967} forecasts for its
region which comprises most of the report area, a
population increase of 143 percent by the year 2000,
and that for the fresh-water use for all purposes,
including industrial as well as domestic would
require as much as 135 mgd. |f these predictions
are reallzed, the total water demand in the region
in the year 2000 would be about 4 times as great as
in 1964 or about 50 billion gallons per year. The
regfon can certainly provide this amount of water.
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Figure U45.--Source, use, and disposal of water, in million gallons, in the lower Thames and
southeastern coastal river basins during 1964

Most water used in the basin is obtained from surface water sources. Industry is the
largest user of water, most of which is used for cooling and boiler feed. Estuaries
receive the largest proportion of discharge water, most of it is untreated. Most
water discharge from homes and institutions is treated and discharged to streams and
estuaries.
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Table 37.--Description of selected public water-supply systems in the lower Thames and southeastern coastal river basins

(Data are for 1964, except as noted, and are based on estimations and records received from water utility officials)

Percentage of use
Capacity Finished
Total Primary Per- | AuxilTary of Raw water | water
Town(s) Tn which pop- source cen= or treatment storage storage Total use | Do~
Public water-supply Community(ies) community(lies) lation of water tage | emergency plants (thousand | (thousand| In 1964 mes- I ndus=
system supplied served served and supply 'Xg sources Treatment (gpm} gallons) gallons) {ma) tic trial Remarks
Barrett Water Barrett Park Ledyard 230 well 100 none none e T 3 3.3 100 0 <] [¢]
Company
Best View Water Quaker HITl Waterford 200 well 100 none Disinfection - - 2 4l 98 2 0 0
Company {hypochlorite)
Black Polnt Water Black Polnt East Lyme a/3,000 3 wells 100 nane none - - 50 20.7 100 o 0 0 a/ In operation only 7 months/year.
Company Beach Club
Cedar Ridge Assocl= Cedar Ridge North Stonington 540 well 100 none nona - -- 10 11.8 100 0 0 0
atlen
Country Squire Water Avery Park Preston 96 well 100 none none - - 15 2.0 100 a 1] 0
Company
Eastern Water Com- Bel Alre Groton a/678 well 100 well Disinfection - - 10 12.1 96 0 L o a8/ also serves Junlor high school.
pany, |ncorporated (hypochlorite)}
East Lyme, Town of, Niantic a/ East Lyme 3,100 wall 100 nene none - - 100 23.7 Fi s 20 2 1 a/ In part.
Water Department
G and J Water Company, Mohegan Mentville 720 2 wells 100 none none - - a/lo 1.5 29 o] 1 a a/ 50,000 gallon storage tank was
Incorporated added in 1965.
Groton, City of, Groton Groton 28, 300 Poheganut 15.1 none  a/Coagulation 8,333 223 4,450 2,917.7 7.9 b,c/29.6 B 62.4 a/ Groton Filtration Plant-supplied directly
Water Department Reservolr {alum, soda from Poguonnock Reservolr (called Groton
smith Lake 29.4 ash, lime), 436 Reservair) .
Poguonnock sedimentation, b/ 1.4% of total consumption Is sold to the
Reservolr 17.3 rapid sand 256 Groton Long Point Assoclation, |ncerpora-
Ledyard 32.1 filtration, 476 ted, Water Department and the Noank Fire
Reservolr disinfection District Water Department. This water has
Buddington 1.4 (chlorine) 20 been included under the heading ''‘com-
Pond mercial.!
Morgan Pond 1.4 20 &/ A large percentage of water used normally
Rosemond Pond 3.3 50 under the heading ''domestic'' is sold under
commercial rates, and therefore Is In-
cluded under said heading.
Croton Leng Point Groton Long Stonington 2,000 City of 100 none a/ - - - 18.0 98 1 1 0 a/ No additlonal treatment.
Assoclation, Inc., Polnt Groton
Water Department
Lifetime Homes, Inc. The Highlands Ledyard 1,200 wall 100 well Chlorination 300 - 300 a/32.8 100 0 ] o 8/ estimated,
Lord's Paint Lord's Point Stonington a/hoo well 100 none none - - 13 8.6 100 0 o 0 a/ In operation only 7 - B months/year,
Association,
Inc., Water Dept.
Montville Water Works HMontville Manor Montville 1,696 L wells 100 2 wells none - - 65 29.6 99 1 0 0
Company
Mystic Valley Water Mystlc Groton 14,350 a/Dean Pond  b/100 well Coagulation /694 35 2,000 332.7 88 1 1 10 2/ Dean Pond flows into Palmer Pond (both
Company Stonington Stonington Palmer Pond (alum, soda 8o are called Mystlc Reserveir); Palmer
ash), sedi- Pond 1s the direct supply of the treat-
mentation, ment plant.
activated car- b/ Dean Pond and Palmer Pond supply 100% ,
bon, rapid sand except during September-November when
flltration, the auxillary well supplies 2% Well
disinfection water s pumped to Copps Brook which
(ehlorine), flows Into the reservolr.

calgon, fluori-
dation

o,

Design capacity - 2 mgd.



Table 37.--Description of selected public water-supply systems in the lower Thames and southeastern coastal river basins--Continued

Parcantaga of yaa
Lopacity Finlshed Munice
Total Primary Par- | Auxillary of Row water | water ipei
. Town{z) Tn which popu- source cen= or Treatmont storage storago Total use [ bo- Con and
Publlc water-supply Communlty{las) community{ios) Jation af water toge | emergancy plants (thousand | {thousand| in 1964 mes~ mor- leak- | ndus~
system supplled sarved sarved and supplyi (%) sourcas Troatmant (apm) gallons) galions) {mg} tic clat aga trial Remarks

Now Londen, City of, New Londoh New London 35,652 Loke Komomoc  52.1 nona  a/DisTnfection 6,944 672 6,217 1,618 b/8g 2 g o/ lake Kenomoc Filtrotlon Plant
Doparttient of Public Watarford Barnas 13.2 {chlorina), 170 b/ 0.9% of total consumptlon I3 sold to the
Works, Olvision of Montvilla Reservolr Calgon Ridgewood Park Company. Thls water han
Water Supply Bogue Brook 16.5 212 been Included undor ths heading

Resarvolr feommercial.t
Falry Lake 18.2 235

Koank Flre Glstrict, Hoark Groton o0 City of 100 nena af - - 250 26.5 9% ! 4 0 2/ Mo additlens] treatment,
Water Dopartment Groton

Horth Stonington K1 ngwood North Stonlngton h50 8/ 2 wells 2 wolis Hungerford- 125 un b/lo 7.2 58 1 1 o af  Now system of 4 grovel-packed wells along
Watar Compony Meadowcod Terry the Shunock River was Installed In 1965.

softening Test wells Indicated a potentlal of
system 300 gpm.
bf 20,000 galion storagae tonk wos added
with new aystem.

Norwlch, Clty of, Norwlch Norwich 1,418 &/ Falrview 33.7 nona  b/DIsinfection c/#,167 450 - 1,105.8 58.4 8.1 33.5 o/ Ponemah Reservolrs (Nos. 1,2,3) have o
fopartnont of Yortlc Prestan Resarvolr {ehlorine) 111 mg storage capaclty. These rasarvelrs
Public utilities, Fltehville Bozrah Stony Brook 37.5 500 owned by Norwlch but seperate Trom the
Water Divlsfon Gl tman Lobanan Resarvalr Norwlch system and serve Teftville.

Montviile bsep River 28.8 84 Pomemah flgures ore not tebulated In any
Resarvolr columns In this table.
bf At reservolra-Falrview, Deep Rlver,
At pumplng atotlon=Stony Brook Reservolr,
&/ At cach treatment plant,

Point 0'Woods Water Polnt 0'Woods 014 Lymo 8/3,200 5 walls loo wall b/ Colgen - - 17,500 22.5 99 1 0 Q 8/ In oporation only 7 months/year,
Company b/ Treatment for fron.

Ridgefield Park Ridgewocd Park Woterford 200 City of 100 nona 8/ - - - 1T 100 L] a Q o/ Mo additlenal troatment,

Compeny New London
8 Tower Wotar Company Christy Hill Ledyard 1,000 wa]l 10Q 2 wella nona - - Lo 25.9 100 o o] 1]
Estates

Westerly Water Works, Pawcatuck Stonlngton 6,786 ajwells 100 none we -- - /1,500 £/328.5 35 [ 4 55 a/ 1 gong of 64 driven walls, 1 gong of
Department of Public 85 driven wells, 1 gravel-pocked well,
Works, Rhode Isiand &/ 1Umilllon gallon storage tank wos added

in 1965 for the Paweatuck servica.
&/ Consumptlon flgures for Connectlcut
service only.

white Sands Beach Wotor White Sands Boach  Old Lyme a/700 5 wolls 180 none - - - 10 1.9 99 1 0 Q o/ In oporation only 7 months/year,

Lompany




Table 38.--Chemical analyses of water from selected public water-supply systems in the lower Thames and scutheastern coastal river basins

(Chemical constituents in parts per million. Source: F, finished water; R, raw water. Analyses by the U.S. Geological Survey.)

Man- Mag- Dissolved Spactfle Tom=
gans| Gal= | ne= Potas-! Bfear-{ Sul- sol{ds Hardnoss as CaC03 i conductanca| poraw Batargants
Date of Silleo| tron| esa | clum | stum) Sodium | slum bonatai fote | Chioride]| Fluoride | Nitrate! (resldue Calelum Non {mieromhos | ture as Turbldity
Public watat=supply system | colloction Source {s102) | (Fa)| (wn)| (ce) | (Mg)| (Mo} {K) {Heag) | (S04) {t1) {F) (K03) | at 180°C) | magreslum | cerbonats : at 25°C) (°F} | pH itolor HBAS as ppm $10y
U.5. Publlc Henlth Servico - e ~— 0.3 .05 - - - - - 250 250 oy.3 45 £00 wu e -~ -- -~ 15 0.5 5
1962 drinklng water stonds
ards {upper iImits})
Barrett Woter Compony £5-20-65 F  Well Ly 88 6 C.02 002 17 .5 N 2.6 38 12 21 6.2 14 134 57 26 150 — G4 0.1 0.8
Best Ylew Wotar Company E-19-65 R Well wt 56 §.0 .03 .0z 10 2.7 W 2.2 113 17 24 .2 1.8 100 36 16 161 £ 6.2 1 .0 W
Black Point Water Company  5-19-65 R Well ELy 3% 28 24 L0415 5.7 18 2.6 5h 23 15 .2 3.8 138 61 17 192 52 7.5 2 .1 o
Codar Rldge Assoclation 5-28-65 R Well Nsa 29 12 00 W02 B 2k 7.3 1.0 16 9.3 10 1 6.8 7 26 13 gz “a 6.7 5 -0 <7
Country Squlre Water 5-26~65 F  Well Ps 115 13 W01 L1 33 2.6 5.8 2. 96 21 7.5 -2 1.8 132 93 14 221 -~ 7.5 2 .0 -
Company
Eustorn Water Company, 5-25-65 F  well Gtz 13 L2 .23 17 6.7 14 9 31 26 30 .2 4.0 142 70 4l 215 67 3 -0 4
I ncorporated
East Lyme, Town of, 5-19-65 F Wall ELy 36 56 .03 A7 58 24 9.1 .8 13 5.9 15 .l 2.6 78 23 12 104 - 6.5 1 -— W5
Water Deparimont
& and J Water Company, 5.25-65 R Wall Hv 63 19 W06 00 7.4 2.3 6.2 .6 b 1.2 5.2 -1 3.2 &5 28 [\ 88 - 7.0 2 - WA
I ncorporatod
Fos) Graton, Clty of, Water g-24-85 R Groton Roservolr 1.9 .24 .01 A6 1.3 5 ] i1 9.3 7.6 B o 4l i7 8 & - 6.5 7 - .7
o0 Department
G~24=45 F  Groton Rasorvolr 1.9 .15 00 9.8 1.2 S .8 15 15 11 Al ] &0 10 18 101 e 6.6 3 An .7
Lifetime Homos, 6-28-65 R Well Ly 24 -- RN - - - - - 7.5 -0 - L] 21 -~ 82 - 68 - .0 -
Incorporatad
Montwi1la Mater Works 5-24-65 F Wells Wv 37 & 38 20 082 13 18 b 8.0 Tal 58 20 5.0 <4 1.4 110 62 14 153 - 6.5 3 .0 B
Company
Hystlc Valley Wator 5-12~65 R Palmer Pond Laoo,37 0 .02 A 1 55 & 9 12 8.3 B - 50 8 10 7 B4 8.4 24 - o
Company
5-12-65 F Pelmer Pond Ly .17 W02 b2 1.6 12 o 18 20 10 .0 .l 70 22 7 15 - 87 2 = 0
New tondon, Clty of, 6-24-65 F  Lake Konomoc 2.0 L5200 34 .6 4D -6 1 9.1 7.0 N .0 35 n 19 58 -~ k3 2 - .6
Dopartment of Publlc Ragarvolr
Works, Divislon of
Water Supply
Horth Stonington Water 5-25-65 R Wall Nsn b0 22 1.6 L3 k1§ 20 23 2.2 e 1,040 ) ok 41,830 1,120 1,070 3,860 - 69 3 .0 .7
Company
Werwlch, Clty of, Depart=  6-25-85 R Folrview Resorvolr 1.0 .08 .02 47 1.2 &4 1.2 ) 1 7.2 .l .3 41 17 0 68 -~ 6.5 2 - o1
mont of Publlc Utllltles,
Water Division 6u25+85 F Falrview Resarvolr 1.7 e - Lo 14 3.7 1.0 5 9.3 6.1 -1 .2 4o 16 12 62 “- 5.9 - .- ——
Polnt 0'Woods Water Company 5<18-85 R Well oL 2! 1 1.0 .13 7.1 2.1 30 1.7 5 22 16 .2 1.2 80 26 22 126 ha 5.3 3 .0 .5
5-18-65 R Well oL 23 - o Lok e - nu - - -- - - - 8o 28 - 128 50 6.6 - -
Tower Water Campany 5-20-65 F Well Ly 27 10 .63 .30 13 5.7 14 1.2 1% 25 23 B 16 123 56 iy 186 - 6.5 2 .2 A
Westorly Water Works, 5-26-65 R Wells Wes 103-106 11 .0z .03 6.2 1.5 o 1.2 22 1 9.2 .1 7.0 68 20 2 98 -~ 7.0 2 .0 Wb
Department of Publla N
Works, Rhode Island
White Sands Beach Water 5-18-65 8 Walls OL 15-17 10 SL20 .03 N 3.5 15 3.7 4 12 22 .0 27 136 42 30 184 £ 6.6 2 .1 .7

Company

o FPor optlfmum and lower 1imlts.




FAVORABLE AREA GROUND=-WATER OUTFLOW INDUCED INFILTRATION GROUND-WATE
(1) (2) (3) (4) (5) (6)
Streamflow Maximum number of
Favorable area equaled or Max imum consecutive days
plus adjacent exceeded 90 potential during 1931-60
territory which Ground= percent of induced that streamflow Average Water in aquifer
contributes water Drainage area the time dur- infiltration| of principal streamflow | storage which
ground water outflow | of principal ing 1931-60 capacity of | streams was less | during would drain dur-
under natural exceeded | streams entering for principal stream- and | than column (2) time ing the six-
| _conditions 7 years | favorable area streams entering| lake-bottom | or. column (3) listed in |month period of
Total Percent in 10 Total Percent favorable area deposits whichever is less| column (4) | no recharge
Size area stratified area stratified
Location. and extent (sq mi) | (sq mi) drift (mgd) (sq mi) drift (mgd) (mgd) (days) (mgd) (mgd)
Pawcatuck River, Laurel Glen to 2.05 8.78 L6 5.8 286 - 77 Lo 13 L3 26
White Rock a/
Shunock River, Hewitt School to .99 5.88 29 3.4 6.2 16.0 .9 11 74 .5 7o 2
North Stonington a/
Pawcatuck River, North Stonington  2.94 '8.81 4o 6.0 265 - 72 62 35 ke 50
to Pawcatuck b/
Angullla Brook, New London Turnpike 1.35 5.5h4 37 3.4 T71 0 0 2.6 -- -- 14
to West Broad Street
Whitford Brook, Long Pond to 0ld 2,02 7:21 37 L.L 7.19 15.3 .9 92 76 .5 38
Mystic ¢/
Great Brook, Ledyard Reservoir to 1.55 5.0k Lk 3.3 8.79 17.6 1.2 190 72 o7 24
Boston Post Road c/
Bartlett Brook, Williams Pond to .98 5.61 36 3.4 8.12 13.1 .8 50 71 5 8.9
Savin Lake
Yantic River, Fitchville Pond to 1.79 15.2 22 8.1 87.6 18.0 12 29 69 7.0 19
Norwich
Trading Cove Brook, Leffingwell 1.50 7.19 37 L4 4.32 8.2 3 6.0 118 il 16
School to State Highway 32
Oxoboxo Lake and Gardner Lake 1.44 L, 54 L 2.9 d/0 -- -- 460 -- -- 28
area a/
Oxoboxo Brook, Oxoboxo Lake to .62 411 27 2.3 4.87 29.0 1.2 55 63 o7 5.1
Wheeler Pond a/
Oxoboxo Brook, Rockland Pond to .26 2,48 19 1.3 9.0k 29.2 2.0 4.9 58 1.3 2.8
Uncasville ¢/
Jordan Brook, near State Highway .88 3.87 29 2.2 2.16 18.8 3 3.7 63 w2 72
85 to Waterford ¢/
Latimer Brook, Cranberry Meadow 4o 1.60 35 1.0 1.76 19.8 «3 3.5 73 -2 2.1
Brook to Connecticut Turnpike a/
Lake Konomoc area, Chesterfield .85 2.91 38 1.8 d/0 - - 100 - - L.5
to Connecticut Turnpike
Pataguanset River, Powers Lake .90 2.92 L3 1.9 3.69 22.7 of 96 68 A 10
to Gorton Pond a/ e/
Bride Brook, Connecticut Turnpike .75 3.57 38 2.2 oL 45.6 2 32 60 | 12
to State Highway 156 a/
Fourmile River, Military Reserva=- .90 3.06 Lo 1.9 2.63 10.1 o2 6.0 77 .1 8.7

tion to Connecticut Turnpike a/

&/ Part of area restricted because of proximity of salt water.
d/ No outside stream enters favorable area.
e/ Excludes Pataguanset Lake and Bosch Pond.

a/ May be hydrologically continuous with adjacent favorable area, see plate B.
b/ Substantial additional supplies in Rhode Island not considered to'be part of area.

Table 39.--Estimates of

long-term yields in favorable groul



ER STORAGE

ESTIMATED LONG-TERM YIELDS

(7)

Practical yield
from aquifer
storage during
the six-month
period of no

(A)

During recharge period (185 days)

(8)

()

()

During period of no recharge

(180 days of w

(€)

thdrawal from storage)

(F)

Average daily yield
for the year, exceeded
7 years out of 10

Use column (2) or column (3), whichever is less
Column (1) + column (2) or column (3)
If column (1) is greater than column (7), use:

_During days of deficient streamtlow

During days of adequate streamflow

Column (1)
or column (7),
whichever is

Column (1) or column (7),]

whichever is less, +

185 x column (A)
+ column (B)
x column (C)

recharge; 2 x column (1) - column (7) + column (2) Column less, + column (2) or column (3), + column (D)
1/3 of column (6) or column (3), whichever is less (4) column (5) 180 - column (4) | whichever is less % column (E) + 365
(mga) (mgd) (days) (nge) (days) (mge) (mgd) *1-0)
8.7 55. 13 49 167 55 55 A
2.4 5.3 7h 2.9 106 3.3 L,2 B
17 68 35 52 145 68 66 c
4,7 3.4 - 3.4 180 3.4 3.k D
13 5.3 76 4.9 104 5.3 5.2 E
8.0 k.5 72 4.0 108 4.5 h.h F
3.0 4.6 71 3.5 109 3.8 4.1 G
6.3 22 69 13 111 18 19 H
5.3 L.7 118 L.5 62 L7 L.6 J
9.3 2.9 i 2.9 180 2.9 2.9 K
1.7 k.1 63 2.4 117 2.9 3.4 L
.9 3.7 58 2.2 122 2.9 3.2 M
2.4 2.5 63 2.4 117 2.5 2.5 N
o 1.6 73 9 107 1.0 1.3 P
{5 2.1 - 18 180 1.5 1.8 Q
3.3 2.6 68 2.3 112 2.6 2.5 R
L0 2.4 60 2.3 120 2.4 2.4 s
2.9 2.1 77 2.0 103 2.1 2.1 T

ind-water areas in the lower Thames and southeastern coastal river basins

ge A




DEVELOPMENT OF WATER SUPPLIES

Some water may be obtained from aquifers or
streams nearly everywhere In the SCRBA but require-
ments for water vary according to the [ntended use,
and not all sources are equally suitable for all
uses. Large supplies of water can only be obtained
from some streams and some stratified-drift aqui-
fers; smaller supplies generally can be obtained
from a wider choice of source and location. An
understanding of the potentiai ylelds of alterna-
tive sources of water in an area of interest allows
the farmer, the homeowner, the industrialist, or
the water manager to determine whether he can ob-
tain a supply which is both economical to develop
and satisfactory for his needs.

SMALL SUPPLIES FOR
HOMES AND SHOPS

Enough water for the average home or small
business establishment can be obtalned from aqui-
fers almost anywhere In the SCRBA. As pointed
out under 'Water in aquifers,’ about 90 percent of
the domestic wells drilled into bedrock supply
3 gpm or more, and at least several gpm can be
obtalned in many areas of stratified drift even
from dug or driven wells. Glacial till, the
poorest aqulfer, can provide encugh water for a
home at only a few sites.

Application of geologic factors may assist in
selecting a site for a bedrock well in situations
where there are several alternatlves, such as in
the initial chofce of a building lot, but the
precise yields to be expected at a specific site
are unpredictable in advance of drilling. It
should be emphasized, however, that yieids adequate
for domestic use have been obtalined at most sites
drilled in the SCRBA. Therefore, on most house
lots, convenience may be the deciding factor in
selecting a site for a domestic bedrock weli.

Even where fracture yield is low, adequate supplies
for domestic purposes can be obtained at most sites
by surface or subsurface storage.

Dug or driven wells are most practical at sites
with a shallow water table and a substantial thick-~
ness of saturated drift and where the likelihood
of pollution is small. Dug wells in till usually
require penetration of a greater saturated thick-
ness than do those In stratified drift, because in
ti11 the drawdowns are greater and the seasonal
fluctuations of the water table are larger at most
sites, Driven wells may obtaln small supplies in
medium sand or fine gravel. Where there is a sub~
stantfal saturated thfckness of coarse-grained
stratified drift, drilled screened wells can pro-
vide satisfactory supplies for small as well as
large water needs.

The guality of naturally occurring ground water
is satisfactory for domestic and commercial use in
most places. [n some locallties ground water con-
talns excessive amounts of fron, but iron may be
removed from water by treatment. Areas where iron

is 1lkely to be a problem are described in the
section on ground-water quality. Poliution may
occur in some heavily populated areas utilizing
underground waste disposal unless wells are cased
to a depth of at least L0 feet. Each of the three
aquifers located In coastal and estuarine arsas

is vulnerablie to salt water encroachment; however,
it Is most commonly reported in the stratified
drift aquifer. Areas where salt water encroachment
Is most likely under specified conditlons are
described on pages 70 to 73.

LARGE SUPPLIES FOR
COMMUNITIES AND INDUSTRIES

Areas that have a potential for large water
supplies within the SCRBA are deplicted on plate D.
The only sources from which supplies of 100 gpm
{0.1% mgd) or more can generally be obtained are
the larger streams and the stratified drift, These
sources are closely related, for the larger streams
are bordered by stratified drift nearly everywhere,
and the ground-water runoff which sustains stream-
flow during dry weather comes largely from bordering
stratified drift. In addition, the ylelds of large-
capacity weils in stratified drift may be sustained
in part by induced infiltration from streams.

LARGE SUPPLIES FROM
STREAMS, LAKES, AND RESERVOIRS

Streamflows equaled or exceeded 90 percent of
the time are shown on plate D as an Index of sur-
face-water avajlability from unregulated streams.
These values of streamflow could be considered as
a first approximation of the average yleld available
from a low run-of-the-river Impoundment dam, as
only a small amount of surface storage or sup-
plemental ground-water supply would be needed to
provide these amounts of water continuously In most
years., The volume of usable storage In exlsting
lakes and ponds is also shown on plate D. Thus,
it shows the general distribution and magnitude of
surface-water resources in the SCRBA. However, the
reader concerned with developing a particular stream
as a source of water supply or waste dilution may
compute In greater detail such streamfiow charac-
teristics as flow duration, low-flow frequency, and
storage~-required frequency, at the slte of interest
as cutlined in the section 'Water in streams and
lakes.' The yields available from existing lakes
and reservoirs are summarized in table 12. Several
sltes in the report area have been studied for
their potential as reservoir sites by Metcalf &
Eddy {1962).

The Thames River estuary and other estuaries
in the report area are potential sources of largs




quantities of water for specialized uses where
quallity is not a limiting factor. The amount of
water in motion in the estuaries is not known at
this time. However, the theory of tidal flow is
known, and tidal volume Interchanges can be com-
puted, if proper basic data are secured. There-
fore, It is recommended that tidal volume be com-
puted in the Thames estuary because it is probable
that more water will be needed for industrial
growth, urban expansion, and anticipated anti-pol-
lutfon measures than is now readily available.

If demand for water is small in relation to
streamflow during periods of low flow, development
of a water supply may require only a small [mpound-
ment dam and intake facilities. However, if the
demand is large, then large reservoirs may be re-
quired for the storage of water. This report does
not identify nor evaluate Individual sites as to
suitability for dam construction; such evaluation
would require consideratlion of the engineering
geology of the proposed dam sites, economic losses
in the areas flooded, and other questions beyond
the scope of this report.

LARGE SUSTAINED SUPPLIES
FROM STRATIFIED DRIFT

Large supplies of ground water can be pumped
for long periods from favorable parts of the SCRBA.

These favorable areas, shown on plate D, contain

a substantial thickness (generally at least L0 ft)
of permeable coarse-grained stratified drift as
nearly as could be determined from available data
and most are favorably situated for induced Infil-
tration from a stream. Estimated long-term overall
ylelds of 18 promising areas range from 1.3 to

66 mgd (table 39, col, F). Individual wells of
targe capacity drilled in some of these areas may
pump as much as 880 gpm (Sn 163). However, within
the same areas even properly constructed and devel-
oped wells may produce only small yields at some
slites. Therefore, exploratory drilling and test
pumping are necessary to determine the optimum site
and design for development. The geohydrologic map
(plate D) is thus a guide to favorable areas and
not a substitute for fleld tests.

In other parts of the SCRBA yields of about
0.1 to | mgd can be sustained where saturated
stratffied drift 1s thinner, less permeable, or
closer to salt water. Semi-favorable areas are
also shown on plate D and are listed in table 40,
Yields from individual wells in semi-favorable
areas commonly are less than 100 gpm, but may ex-
ceed 200 gpm. Test drilling to locate favorable
sites here must be supplemented by pumping tests
designed to locate impermeable boundaries or to
determine the relation of the cone of depression
to the adjacent salt water. The overall yields In
these areas have not been estimated and it is pos-
sible that some may exceed | mgd, The methods used
to estimate long-term yields In the favorable areas,

Table 40.~-Semi-favorable ground-water areas

(Smaller volume of strati
areas [n table 33, or develop

fled drift, or lower streamfiow than
ment 1imited by proximity of salty water)

Thick=-
Symbol Length Width ness Principal stream
{P1.D} | Location and extent (ft) 1/ | (ft) 1/ | (ft) 1/ or lake Remarks

a Bell Cedar Swamp - 8,000 2,000 i5 Pendleton Hill Brook,
Spaulding Pond area Spaulding Pond

b Preston School to 12,000 2,000 30 Amos Lake, Avery Extends northwestward
Avery Pond area Pond into Quinebaug basin

c Norwich State Hospi- 8,000 2,000 30 Dickermans Brook Salt water in south,
tal to Poquetanuck cast, and west
area

d Deep River, Deep 14,000 1,000 15 Deep River, Deep
River Road to River Reservolr
Reservoir Road

e Latimer Brook, 15,000 1,000 10 Latimer Brook
Barnes Reservoir
to Silver Falls

f Pataguanset River, 5,000 L, 000 4o Pataguanset River Salt water in south
Gorton Pond to State and east
Military Camp

g Mile Creek, above 10,000 2,000 10 Mile Creek, Salt water in south

Hawks Nest Beach

1/ Approximate or average.

Swan Brook
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which are also applicable to the semi-favorable
areas, are described in the following section.

METHOD OF ESTIMATION

The tong-term yleld is the total amount of
water which could be withdrawn from an area indef-
initely without permanently lowering water levels.
Estimation of long-term yields from favorable areas
is based on available hydrogeoiogic information and
involves .assumptions because several factors vary
with time and data are Incomplete. Moreover, prac-
tical considerations 1imit water development to less
than the theoretical maximum. For example, it is
assumed that each favorable area is to be tapped by
high-capacity screened wells yielding 100 to 800 gpm
spaced 200 to 2,000 feet apart in reaches favorable
for induced Infiltration, It Is further assumed
that this pumping pattern and spacing would readily
permit withdrawal of one third of the ground water
In storage in the favorable areas during the no-re-
charge period. In reallty, more water could probably
be withdrawn by a larger number of small=-capacity
wells but the added costs involved in site acqui-
sition and in driiling, developing, using and main-
taining a greater number of wells makes this alter-
native Infeasible.

Ground-water outflow exceeded 7 years in 10
{column 1 In table 39) is a practical value of water
available from a favorable area. During the 3
vears in 10 that it fails to equal this value, it
can be augmented by ground-water storage or induced
infiltration from surface water. Ground-water out-
flow exceeded 7 years in 10 is derived from figure
40. The values are based on the percentage of
stratified drift in each favorable area and the ter-
ritory draining into it.

Streamflow exceeded 90 percent of the time
during the period 1931-60 (column 2} is a practical
value for estimating water available from induced
inftitratfon. It is available nearly all of the
time, and it is a value that minimizes the pos-
sibility of '"drying up' of the streams--~considered
undesirable in most areas. In most years streamflow
occasionally drops below the 90-percent duration
value. The maximum number of consecutive days of
such a deficiency and the average streamflow during
those perlods during the period 1931-60 are taken
Into account, For calculation of column 4, the max-
imum potentlai capacity of the stream bottom deposits
for Induced infiltration (column 3) Is taken as the
limiting factor where this value Is less than the
90-percent flow duration {column 2}. It Is also
assumed that the time of deficient streamfiow in each
area occurs during the six-month periocd of no re-
charge, which is, In fact, the time of lowest stream-
flow.

Streamflow equivalent to the 90-percent flow
duration {(column 2) was determined for all the prin-
cipal streams entering each favorable area, using
avallable flow=duration curves of the streams.
Where these curves were not available, reglonal
flow-duration curves in figure 18 based on percent
of stratified drift in the dralnage area were used
and values were adjusted to local conditions using
figure 17.
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Calculation of the maximum potential infil-
tration capacity of the bottom deposits In streams
{column 3) is based on the equation on p. 69.

The widths of the larger streams, such as the Paw-
catuck River, are based on field measurements,
elsewhere, they are estimated from topographic maps;
all stream lengths are determined from topographic
maps. Vertical permeability Is assumed to be 50 gpd
per sq ft for coarse-grained stratified drift, and

1 gpd per sq ft for fine-grained deposits {iacus-
trine and alluvial deposits). An intermediate
value of 25 gpd per sq it is used for reaches con-
taining substantial amounts of both.

Usable streamflow 1s considered to be either
the 90=-percent duration flow or the maximum poten-
tial induced infiltration capacity, whichever Is
less. The maximum number of consecutive days that
actual streamflow was less than the usable stream-
flow during 1931-60, shown In column &, and the
average streamflow during this perfod, shown in
column 5, were interpolated from graphs based on
lowest average flow for a 3l-year recurrence Inter-
val for perlods of 7, 30, 60, and 120 days from
table 8, and from the lowest dally flow not exceeded
during the same perlfods from ratios given in para-
graph 2 on page 23,

Ground water available from storage during a
six-month period of no recharge is estimated from
the volume of saturated stratified drift in each
favorable area {coiumn 6). Volume multiplied by
a six-month yield figure of 30 percent is then con-
verted to gpd for 180 days. Only one-third of this
amount is considered developable In practice during
a six-month period {column 7}. For the semi-favor-
able areas listed separately in table 40, a similar
procedure can be used, The volume of saturated
drift In any semi-favorable area can be roughly
estimated by multiplying its length, width, and
thickness {columns A, B, and €} with due regard to
the lack of accuracy Tn these averages.

SUMHARY OF ESTIMATED LONG-TERM YIELDS

Water available in the report area varies from
time to time, and the long=-term yields In table 39
are therefore selected for some expectable hy-
drologic conditions: (Column A) for a recharge
pericd of 185 days; (B and C)} for a no recharge
period of 180 days during part of which streamflow
into the favorable area is deficient; and (D and
E) during part of which streamflow entering the
favorable area is adequate; and (F) the average
dally yield for a complete year, exceeded 7 years
out of 10. The yield during deficient streamflow,
column B and € is important, it is the maximum
yleld which can be sustalned continuously through-
out the year without having to adjust wlthdrawals
to account for seasonal changes In hydrologic condi~
tions in the favorable area,

For example, in favorable area E (Whitford
Brook, lLong Pond to 01d Mystic) water avallable
from Induced Infiltration from streams s deter-
mined by the 90-percent flow duration (0.9 mgd),
which is less than the induced infiltration
capacity of the bottom deposits (92 mgd). During
the period 1931-60 the streamflow for any one year



dropped below 0.9 mgd for a maximum of 76 consec-
utive days. The average rate of induced Inflltra-
tion during such a period is therefore reduced to
the average streamflow during those 76 days

(0.5 mgd) .

The magnltude and timing of differences In
yields during the course of a particular year de-
pend largely upon the adequacy of water available
from storage and upon variations in streamflow.

For example in favorable area E, enough usable water
is In storage {13 mgd) to sustain withdrawals at

the average ground-water outflow rate (4.4 mgd)
during 180 days when L.k mgd must come entirely from
storage. Thus in this area withdrawals can be sus-
tained at the average ground-water outflow rate
throughout the year, even without induced infiltra-
tion, :

Therefore, in any favorable area where enough
water is avallable from ground-water storage, there
are merely two different yield values during the
year--one for times of adequate and ancther for
times of deficlient streamflow. |In area E, total
vield during times of adequate streamflow {289 days
out of the year) is 4.4 + .9 = 5,3 mgd, and for 76
days of deficient streamflow, 4.4t + .5 = 4.9 mgd.
The average dally vleld for the entire year is the
we]ghted average of the two values, 5.2.

In seven of the favorable areas, the amount of
water available from storage is not enough to sus-
taln withdrawals at the average ground-water outflow
rate during 180 days when withdrawals (exclusive of
induced inflitration) must come entirely from
storage. For example, along the Yantic River (fa-
vorable area H), the amount of water which can be
removed from storage in 180 days, 6.3 mgd, is 1.6 mgd
less than the average ground-water outfiow rate for
the year, 8.1 mgd. Consequently, during the six
months that withdrawals must come from storage,
pumping from this source cannot exceed 6.3 mgd, al-
though during the other half of the year (185 days)
withdrawals can be 1.6 mgd greater than average,
or 9.5 mgd, because recharge is sufficient to sus-
tain withdrawal and completely replenish the de-
pleted reservoir. In this area, streamflow was de-
ficient for a maximum of 69 consecutlve days during
the period 1931-60, Therefore total yield must be
reduced still further to take Into account such a
period of decreased water available from induced
inflltration occurring during the 69 days of pumping
from storage.

Thus in any area where usable storage is a
Timiting factor, ylelds are different for three
periods during the year. In the above example, for
the 185 day recharge period, the yield is 9.5 +
12 = 21,5 mgd; for the 69 day period of no recharge,
6.3 + 7.0 = 13,3 mgd; and for the 111 day period of
adequate streamflow and no recharge, 6.3 + 12.0 =
18.3 mgd (the figures are rounded in table 40).
average daily yield for the whole year is the
welghted average of the three values or about !9 mgd.

The
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EFFECT OF WATER QUALITY
ON DEVELOPMENT

The adequacy or utility of a water source is
dependent on the quaiity as well as the quantity
of water available. Excessively large (or small)
concentrations of various constituents may prohibit
certain uses, or at least increase cost because of
the treatment required. Table & lists the effects
and significance of a variety of constituents and
properties of the water found in the SCRBA.

Water distributed by public supplies must meet
certain water quality standards. In the report area,
the quality of such water supplies, based on the
constituents determined, 1s within the drinking-water
standards applicable to common carrlers in inter-
state commerce recommended by the U.S. Public Health
Service {1962), and which are widely accepted as
standards for public water supplies, as they are
by the State of Conmecticut. They appear in table &4
and are also given in various tabulatlons of chemi-
cal analyses throughout the report.

Industrial water-quality requirements vary
according to the specific use of the water. For
example, water used in the manufacturing of textiles
and fine paper must be soft, colorless, and low in
iron, manganese, and dissolved solids. Boiler oper-
ations require low concentrations of calcium, mag-
nesium, sulfate, and silica to avoid deposition of
hard scale which reduces efficiency. Excessive
iron, manganese, or turbldity causes spots and dis-
colorations in tanning of hides and leather goods
and in the laundering of clothes. Water-quality re~
quirements for many industries are more stringent
than those for public-water supplies. Table |
lists some of the tolerances that have been estab-
tished for certain industries, and for comparison
gives the ranges In concentration of selected con-
stituents and properties found in water in the SCRBA
during this study.

The chemical quality of most of the water in
the SCRBA in its natural state is satisfactory for
a wide variety of uses, and with sultable treat-
ment may be used for most purposes. However, the
water In certaln reaches of streams at various
streamflows contains sufficient Industrial and mu-
nicipal wastes to prohibit use for public water sup-
ply or recreation and for many industrial purposes.
Although brackish or saline water ls corrosive to
most equipment, an unlimited supply Is available
along the coast and estuaries. This source with
the use of proper equipment has a great potential
for large Industries as a coolant. In an effort to
abate polliution the State has accepted responsi-
bility under the Federal Water Quality Act of 1965
and the State Public Act 57 of 1967 by adopting
standards of water quality to both intra- and inter-
state streams. The criteria used in the classi-



flcation can be obtained from the Connecticut Water
Resources Commission.

Areas where serious ground-water quality-
problems exist are indlcated on plate D, Scattered
wells yleiding lron-bearing water outside the prob-
lem areas shown on plate D are indfcated on figure
26. Water from about 8 percent of the wells in the
report area yleld water classifled as hard or very
hard and in some areas, salt water intrusion may be
a problem.

CONSEQUENCES OF
DEVELOPMENT

Development of any water supply affects to some
extent the availability of water in the viclinity of
development, |f large supplies are withdrawn, the
effects may extend to other parts of the basin.
Although the precise consequences of development
usually cannot be predicted, in most cases in the
report area the principal effect 1s that of lowered
ground-water levels, degraded water quallty, altered
streamflow patterns or a combination of these.
Withdrawal of water from a stream naturally reduces
streamflow unless equal quantities are returned te
the stream. Impounding stream water behind a dam
may result fn more uniform flow downstream if such
an impoundment reduces peak flow or Increases low
flows. On the other hand, flow below an Industrial
dam may be erratlc 1f water s not released
continucusly.

Induced infiltration from streams reduces
streamflow by the amount of Induced infiltration.
The effects are particularly noticeable when
natural streamflow is near the 90-percent flow-
duration value, At such tlmes some reaches may
become completely dry. The precise changes In
streamflow pattern cannot be predlicted because they
depend In large degree uwpon the pattern of dlscharge
of the water used. However, unless water Is actually
transported across the divide of the watershed of
the developed area, most of the water withdrawn will
eventually return to the stream or ground-water
reservoir and thus become avallable for reuse in
the basin,

Ground-water levels are lowered In the vicinity
of any well from which water Is pumped. Knowing
the transmissibility and storage characteristics
of the aquifer, and the hydrologic boundaries, it
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Is possible to predict the amount of water-level
decline at any polnt for any given pumping rate and
time. In the report area, as elsewhare In eastern
Connecticut, the Inhomogeneity of the aquifers, and
boundary conditions iImit the use of procedures for
predicting drawdowns. For the stratified-drift
aquifer, a pumping test as discussed on page 5k

is a more practical way to determine the effects of
puiping on water levels tn a particular area.

Develaopment [nvariably results in a change [n
the quatity of water after use--usually a deteri-
oration. The type and degree of change depend on
the use to which the water is put and the treatment
it recelves before being returned to the system,

FUTURE DEVELOPMENT--ITS
EFFECT ON THE
AVAILABILITY OF WATER

Accurate measurements and complete records of
past hydrologic events cannot portray the effects
of the man-made changes that take place in the
future. The reader who wishes to evaluate the
quantIty and quality of water avallable at some
location should consider whether any major develop-
ment has taken place nearby or In portions of the
basin upstream from that Tocation since 1965, Have
there been any Important water-regulating structures
erected upstream? Have any municipal, industrial,
or agricultural users begun to withdraw large
amounts of water from the stream or adjacent stratl-
fled drift? |If withdrawals are returned to the
streams, how has the quality been changed? If the
water is being diverted elsewhere, how much is
being taken and when? Are there any new waste-
treatment plants upstream? Are there any new
major well fields or waste~disposal facilitles
nearby? Careful consideration of questions such as
these should permit local modiflcation of con-
clusions presented in the report where neces-
sary, in such a way that the report can be useful
for many years. The effects of future development
can be measured by continued operation of gaging
stations on selected streams, measurements of water
levels in selected observation wells, and monftoring
of chemical, bacteriologlcal, and physical quality
of water. Such measurements would permit a thorough
reappralsal of the water resources of the report
area should It become necessary sometime in the future
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Table 41.--Water quality limitations for industrial use and range in water quality available in the lower Thames and southeastern coastal river basins

Sodium
sulfate
to
sodium
sulfite
lron + ratlo
Color + Dlgw Hardness Han- Man- Alumi num Blcar~ Calelum|(Na50y, |Hydrogen
Turbld- 0z Con- | solved (s AlkalTnity Total Catclum| f{ren ganese | ganese oxide Si1tca iCopper |Fluoride |Carbonate |bonato |Hydroxide|suifate [to sulfide o/
ity Color &/ t sumed | exygen | Oder | CaCO3) {as CoCOs}| pH solids _(ca) (Fe) {#n) {Fettin) | (A1203} | (5102) [{cu) [(F) (¢oq) (HEog) | {OH} {Cas0s) INa2503) | (Hp$) Ramarks b/
{ppm) (pom) | (ppm) (ppm) (ppm) (ppam} E (ppim) (ppm) | (ppm) | tppm) (ppm) (ppm) | {ppm) | (ppm) (ppm)  [{ppm) } (eem) | (ppm} | (ppm} | (ppm)
Industelal use Maximum Timits or rangos In 1imits of slgnificent propertles and constituents of waters accoptable for certain Tndustrial uses.
{Source of datar American Water Works Assn., 1351, Water Quallty and Treatment, p. 66~67, unloss otherwlisa noted)
Alr condltionlng g/ - == - -— -- - - - - - 0.5 0.5 0.5 - - -- -- - - - - - 1 A8
Baking 0 10 - - - of - - - - 20 2 .2 - - - -- . - - - - .2 ¢
Bollar feed;
0-150 psi 20 80 100 1.4 - 75 [ 8.0 6 up 3,000-1,000 -~ - - - 5 Lo - - 200 50 £0 - 1:1 -
150~250 psl 10 40 50 1 - Ll - 8.5 5 up 2,500-500 - e - - .5 20 - - 100 30 40 - 2:1 3 -
250 pal and wp 5 5 10 20 - g - 9.0 £ up 1,500-100 - e - — -05 5 -— - 40 K 30 - EH -
Browing: g,
Light = 10 h/0-10 - - Low - 75 6.5-7.0 500 100-200 .l 1 .1 - h/s50 —-— 1.0 h/50-68 - = 100-200 - <2 G.h
Dark 10 h/0-10 - - Low -~ 150 7.0 & up 3,000 200-500 ol -1 -1 - h/50 - 1.0 h/50-68 - - 200-500 - $2 [N
Gonning:
Legumes 10 - o Lo Low 25-75 - -- wu - o2 »2 .2 - -— - - - - == - - 1 c
Geners] 10 - — - Tow - - - /850 L -2 -2 -2 - - -- 1.0 - - - - -— 1 [
Carbonated bavarages:i/ 2 10 10 “- 0 250 50 - 850 - .2 o2 .3 - - - -2 - - - - - 2 c
Confectionary - - - - Low - - i/ ic0 - .2 2 «2 - == - - - - - - - a2 e
Cooling k/ 50 .- e e un 50 - - - - o5 5 .5 -- - - - - e wa s - 5 AB
Food, general 1 h/s-10 - - Low h/10-250 h/30-250 -~ h/850 - .2 .2 .2 - weww B).0 -- - - - - - c
lce {raw wotar) 1/ -5 5 ~— - - - 30-50 - 300 nn .2 2 .2 L 1 == - - - - - -- -- ¢
Latndering o un . - - 50 h/8o  B/6.0-6.8 - - .2 .2 .2 - - - - - - -- - - - --
Plastles: cleor, uncclored 2 2 - - - - -- - 200 - .02 02 02 - . e - u- u- - - - b -
Papar and pulp: m/
Groundwood 50 20 - == - 180 ue wu - - 1.0 -5 1.0 -- -~ b - - - == - - “~ A
Kraft pulp 25 15 -~ -~ - 100 - - 300 - 2 -1 -2 -- - - == - - - == -- - -
Soda ond sulfita 15 10 - - - 100 - - 200 - o1 .05 .1 -- Eas e - “u - - - - - -
Light paper, high grode 5 5 - - u- 50 - - 200 - .l A5 -1 == Lo - - - -~ - - -= B
Rayon (viscose) pulp:
Production 5 5 - - -- 8 50 -= o0 - .05 .03 .05 8.0 25 5 - - - - - -- e --
Manufacture .3 - - -- - 55 a 7-8-8.3 - - 0 0 .0 - - - - -- - - - - - -
Tenning nf 20 10-100 = - - 50-135 135 8.0 - - -2 .2 .2 - -— wu B - - - - - -
Toxtiles:
Ganeral 5 20 - - - 20 - - hand - <25 .25 - - el - - - et - it - - -
Dyeing of 5 520 - - - 20 - - - - .25 .25 .25 - - e ~- - - - - - - i
Wool scouring p/f - 70 - - - 20 - - - - 1.0 1.0 1.0 - - - s . - - - - - -
Cotton bandage pf 5 H - ld Low 20 - - “n - 2 .2 -2 - bl - - au uu s - -= - -~
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Range in limits of selected properties and constituents of waters from various sources found in the lower Thames and southeastern coastal

river basins

Source
Natural Streams e 3-35 - -~ -~ 9-62 1-30 5.2-7-1  28=150 2.2-16 0.03~1.3 C.00-0.3% -- - 5.6-16  ——  wm 0 2-36 -- - - e -
{non-marine}
Contam!nated Streams 540 5-33 uu - - Hh-1,280 1-94  3.9-7.4  36-4,100 3.9-268 4101 ,00-019 me - 3.5-%1  --  9.0-0.2 0 1115 L - - - -
{non-marine,
Bedrock Wallg -~ - - - - 31,120 04105 4.4-8.1 24-1,830 z.2-416 W00-8.2  L00-.04 -~ —— 3,828 un D=1k o 0-128 - - - m— -
strotlfled Drift Wolls - - - - - 2-296 4-79  5.8-7.7 3641,270  .7-50 01-2.3  J00-.78 - - S.6-13 - «0-.2 0 5496 - -- - - -
TN Wells - - -~ - - 22-100 1-68  5.0-7.6 404878 6.4-31 W02-8.1  L00-.27 - - 6.6-22 <= ue o 1-83 -— - - - --
a/ Moore, E. W., 1940, Progress report of the commltte on quallity teleronces of watar for fndustrial uses: Jour. New England Wator Works Assoe., Vol. 54%, p. 271.
b/ A - Mo corroslvenass; B - No slime formatlfen; C - Conformance to USPHS drinkfing-water standards necossary (sec table #); D - Moaximum 1lmit of NaCl, 275 ppm.
&/ Color units, not ppm a3 erronously shown In orligine} table.
&/ Waters with algoo ond hydrogen sulflde odors are most unsultable for ole condltlening.
o/ Some hardness deslrable.
£/ Flgure glven Tn original table has boen corrected.
&/ Water for dist}11lng must moot tha same genersl requirements os for brewfng {ain and spirfts mashing water of 1ightubeer qual Tty; whiskey mashing woter of dark-beer gquallsy).
b/ MoKea, J.E., ond Walf, H.W., 1963, Watcr quallty criterfo: Gsllfornla $tate Watar Pollutlon Control Board, 2nd od., Publlcatfon No. 3-A, pp. 94-101.
1/ Clear, cdorless, sterlle woter for syrup ond carbonlzetlon. Water conslstent In character. Most high quallty f11tered municlpal water not satisfoctory for bevorages.
17 Hard candy requires pH of 7.0 or greater, as low values favor inversion of sucrosn, causing stlcky product.
k/ Control of corrosiveness Is nacessary, as ls contro! of organiams such as sulfur and Tren bacterla which tend to form slimaes.

/ Ca{HCD3)s partleiorly troublesoms. Hg{HCO3)y Tands to couse greenish color. CO2 ossfsta In preventing crocking. HoxTmum 1lmit of sulfates and chlorldes of

Ca, Mg, Ko Is 300 ppm (White butts).

12,

Unlformity of compositlon and tomporoturc desirsble. [rom objectlonable slnes celluloss adserbs fron from dllute solutfons. Manganese very objectlonshle, clogs plpelines
and Is oxldlzed to permanganates by chlorline, cousing roddish color.

Excesslva fron, mangonese or turbldity croates spets and dldcelorstlon Ih tanalng of hldes and leather goeds.

oz

Constant compoaltlon; resfdual ajumina must be leas than 0.5 ppin.

p/ Calelum, magneslum, Tron, mangonese, suspondod matter and soluble organfe mottor may bo objectTonabla.
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og _
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gpm =
gpd -
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SWL -

cfs = 646, 317
mgd = 69k gpm

cfs per sq mi
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mgd per sq mi
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square foot (feet)

square mile(s)

million cubic foot (feet)
million gailon{s)

ml1lfon gallon(s) per day
cublc foot (feet) per second
gallon{s} per minute
gallon{s} per day

part(s) per million

mean sea level

statle water level

EQUIVALENTS

gpd = 0,646317 mgd.
= 1.5“’7 CfS-

= 13,57 in. of runoff per year
same type of unlt as Inches of rainfall).

= 21.0 in. of runoff per year.

in. of water upon 1 sq mi = 17.4 mg = 2.32 mef,
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GLOSSARY

Acld; A water-soluble substance containing hydro-
gen that can be replaced by metal elements;
hence, an acld solution can dissolve many metals,

Aerosol: A suspension of microscoplcally small
solid or liquid particles In alr or gas.

Alkalt: A water-soluble substance that has the
ability to neutralize acld,

Annual flood:
water vyear,

The highest peak discharge in a

Aquifer: A unit of earth material, either consoll-
dated or unconsolidated, capable of ylelding
usable quantities of water.

Afluvium:
Silto

Stream-deposited gravel, sand, and

Artestan condition: A condition in which an aquifer
is confined between rocks or deposits of lower
permeability. Ground water in such an aquifer is
under supplemental head, or pressure, so that it
will rise above the level at which 1t Is en-
countered in a well where the aquifer Is uncon=
fined.

Bayard screen: Obsolescent term for slotted or
perforated caslng set opposite the water-bearing
materfal to act as a screen.

Bedrock: The solld rock, commoniy called 'ledge
which forms the earth's crust. In the report
area, It Is locally exposed at the surface but
more commonly Is buried beneath a few Inches to
as much as 200 feet of unconsolidated deposits.

Bedrock valley: A valley cut in bedrock partly
or entirely fliled with glacial drift.

Boulder: Any detached rock fragment larger than a
cobble; commonly houlders have been carried by
lce or other agents, as shown by the partial
roundIng.

Casing, of wells: Solid pipe, lacking open Joints
or perforations, used to seal out both water
and unconsolidated sediment from wells.

Cement grouting: Application of cement slurry to
a well to seal the annular space between the
casing and the earth materlals,

Chemical quality of water: The quantity and kinds
of material in suspension or solution, and the
resulting water properties.

Chemical weathering: The chemical reaction
between precipitation and the rocks and soils
upon which It falls, and the selective removal
of the more soluble minerals to leave behind
only slightly soluble silicate minerals.

Clay: Particles of sediment smaller than 0,004
millimeters in diameter.
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Climatic yeart A continuous 12-month perlod,
April 1 through March 31, during which a complete
annual streamflow cycle takes place from high
flow to low and back to high flows A climatle
year Is designated by the calendar year In which
it begins and that includes 9 of the 12 months,

Coefficlent of permeabllity: The standard coef-
ficlent of permeability used by the U.S. Geologi-
cal Survey is the rate of flow of water, in gal-
lons per day, through a cross sectional area of
1 square foot of an aquifer under a hydraulic
gradient of 1 foot per foot at a temperature of
60°F, The fleld coefficlent of permeabillity is
the same except that it is measured under pre-
valling conditlons, particularly with respect
to temperature of water.

Coefflicient of storage (of an aquifer): The
volume of water released or taken Into storage
per unlt surface area of the aqulfer per unit
change in the component of head normal to that
surface, Under water-table conditions,
coeffliclent of storage {s virtually equivalent
to speciflic yield.

Coefficlent of transmissibllity (of an aquifer):
The rate of flow of water at the prevalling
water temperature, in gallons per day, through
a vertical strip of the aquifer 1 foot wide
extending the full saturated helght of the
aquifer under a hydraulic gradient of 100 per-
cent {one foot per foot). It Is equal to the
product of the field coefficient of permeability
and saturated thickness.

Coefficlient of uniformity; See uniformity

coefflclient.

Coliform bacterfa: Any of a group of bacteria,
some of which inhabit the intestinal tract of
vertebrate animals. The presence of coliform
bacteria in a water sample [s regarded as
evidence of possible sewage pollution and
fecal contamination, although these bacteria
are generally considered to be non-pathogenic.

Collector well: A vertical caisson or casing,
several feet In diameter, from the bottom of
which horizontal pipes radiate in unconsolldated
material in several directions with openings
to collect water from a nearby stream, lake,
or pond,

Color, In water: The extent to which a water is
colored by material In solutlon.

Cone of depression: A dewatered underground area,
shaped 1ike a cone with its broad side up, pro-
duced by pumping a water-bearing material.

Continuous-record gaging station: A site on a
stream at which measurements of stream elevation
are made continuously, by automatic equipment,
or by observation at least once a day. These
records are converted to daily flow when call-
brated by occaslonal flow measurements.



Crystalline bedrock: Solid rock composed of
closely interlocking minerals.

Cublc feet per second {cfs}: A unit expressing
rate of discharge. One cubic foot per second
is equal to the discharge of a stream of
rectangular cross section one foot wide and one
foot deep with water flowing at an average
velocity of one foot per second.

Dip: The angle of Incllination of a Jjolnt, fault,
layer, etc. from the horizontal. A dip of
90° {s vertlcal; a dip of 0° is horizontal.

Direct runoff: Water that moves over the land
surface directly to streams promptly after
rainfall or snowmelt.

Discharge: The rate of flow of water at &
given instant from a pipe, an aquifer, a lake,
or a drainage basin, in terms of volume per
unit of time.

Dissolved soiids: The residue from & clear sample
of watsr after evaporatlon and drying of residue
for one hour at 180°C; consists primarily of
dissoived mineral constituents, but may also
contain organic matter and water of crystal-
lization.

Draft, from & reservoir: A rate of regulated
flow at which water is withdrawn from the
reservolr.

Drawdown, in a well: The difference In the water
level in a well before and after pumplng.

Drift: Unconsolidated gravel, sand, silt, or
clay deposited by glacial ice or meltwater
during the Pleistocene ice age.'

Dritied weli: A well constructed by chopping or
grinding a hole in the earth.

Driven wellt A well constructed by driving with
hammer or weight one or more lengths of pipe
into the ground, at the bottom of which is a
idrive point" consisting of screen sections to
admit water and a sharp polnt to facilitate
penetration. Such wells cannot penetrate
bedrock, tili, or coarse gravel.

Dug well: A well constructed by excavating a
hole in the ground, usually at least 2 feet
In diameter, by means of hand tools or with
power digging equipment such as clamshell
buckets or augers. Such wells are commonly
Iined with tile or with fieldstone.

Erosion; Processes by which earth materials are
loosened and physically removed from place to
place by wind or water.

Evapotranspiration: Water dlscharged to the atmos-
phere by direct evaporation from water surfaces
and moist soii and by transpiration from plants.

Fault; A fracture or fracture zone along which
differential movement has taken place.

103

Ferric lron: An oxidized or hlgh-valence form
of iron (Fe*3), Ferrous iron changes to fer-
ric iron by combining with oxygen when natural
water containing ferrous lons [s exposed to
air.

Ferrous iron: A reduced or low-valence form of
(Fet2), quite soluble in the absence of oxygen
but unstable In solutlon when oxygen 1s present.

Flood: Any high streamflow overtopping the
natural or artificial banks Tn any reach of a
stream.

Flow duration, of a stream: The percent of time
during which specified daily discharges were
equaled or exceeded In a given period. The
sequence of daily flows is not chronoliglcal,

Fracture: An opening or crack in rocks along
which water may move.

Frequency!: See ''recurrence interval.,!

Gaging station: A slte on a stream, lake, or

reservoir where systematic observations of
gage height or dilscharge are obtained.

Glaclal drift: A}l of the earth materfals In
the basins which were deposited either by the
Ice sheet or by glacial meltwater, including
stratified drift and till,

Gneiss: A coarse-gralned cyrstalline rock in
which bands of minerals alternate with other
bands.

Gravel pack: A lining of gravel placed around
the outside of a well screen to increase well
efficiency and yield,

Ground water: Water In the zone of saturation.

Ground-water outflow: The sum of ground-water
runoff and underflow; all! natural ground-water
discharge from a drainage area exclusive of
ground-water evapotransplration.

Ground-water runoff: Ground water that has dis-
charged into stream channels by seepage from
saturated earth materials.

Hardness, of water: The property of water gen-
erally attributable to salts of the alkaline
earths. It has scap consuming and encrusting
properties, and is expressed as the concentra-
tion of calclum carbonate {CaC03} that would
be required to produce the observed effact.

Inches of watert! A measurement of water volume
expressed as the depth In inches to which water
would accumulate If spread evenly over a
particular area.

Induced inflltration: Water which infiltrates from
a stream or lake into an aquifer because of
pumping of nearby wells.

Infittration gallery: A horizontal permeable con-
duit for Interception and collection of ground
water.



Isopieth; Line on a map connecting points at
which a given varlable has a specified con-
stant value.

Jolnt: A fracture In bedrock along which no
differential movement has taken place.
Leach: To dissclve out by a percolating liquid.

Limestone: A sedimentary rock conslisting chiefly
of calcium carbonate (CaC03}.

Lithology: The physical characteristics of a rock
or sediment.,

Millimeter (mm):

Mineral: A homogeneous naturally occurring in-
organic solid whose chemical composition Is
definite or varies within definite limits.
Most rocks are composed of many different
minerals.

Mineral content, of water: The dissolved inor-
ganic substances, most of which are derived
from the minerals in rocks. |t Is generally
assumed to be equivalent to the dissolved
solids.

Outcrop: Bedrock naturally exposed at the land
surface.
Overburden: All of the various unconsolidated

materfals that overlie the bedrock.

Partial-record gaging station: A site at which
measurements of stream elevation or flow are
made at irregular intervals, less frequently
than once per day.

Parts per million {ppm): A unit for expressing
the concentration of chemical constituents by
welght. A part per millfon s a unlit weight of
a constituent in a million unft weights of the
water solution, Parts per million, for sus-
pended sediment, Is computed as one miilion
times the ratio of the weight of sediment to
the welght of the mixture of water and sediment.

Pegmatite: A coarse granitic rock occurring in
dikes or veins.

Permeability: The abiiity of any earth materials,
consol idated or unconsolidated, to transmit
water., See coefflcient of permeability.

pH: The negative logarithm of the hydrogen-ion
concentration indicating acidity or alkallinity.
Ordinarily a pH value of 7.0 [ndicates that the
water 1s at 1ts neutral point, belng nelther
acidic or alkaline. Values lower than 7.0
denote acidity and above 7.0 denote alkalinity.

Pollution; "Harmful thermal effect or the contam-
ination or. rendering unciean or Impure of any
waters of the state by reason of any wastes or
other material discharged or deposited therein
by any public or private sewer or otherwlse so
as directly or indirectly to come in contact
with any waters” (Public Act No. 57, 1967).

1/1,000 of a meter or 0.04 inches.
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Porosity: The property of containing voids or
open spaces, expressed as the percent of the
total volume of rock or sediment that Is
occupled by void spaces.

Precipitation: The discharge of water, In a
liquld or solid state, from the atmosphere.

Recharge: The process{es) by which water Is
added to an aquifer; also used to express
the amount added.

Recovery, in a well: The rise of the water level
in a well after pumpling has stopped; the
distance at any time between the water level In
a well after pumping stops and the water level
that would have been If pumping had cont!nued
at the same rate.

Recurrence Interval: The average interval of
time between extremes of streamflow, such as
floods or droughts, that will at least equal
in severity a particular extreme value over a
period of many years. Frequency, a related
term, refers to the average number of such
extremes during the same period. [t cannot be
predicted when a drought or flood of a given
magnitude will occur, but the probable number
of such events during a reasonably long perlod
of time may be estimated within reasonable
1imits of accuracy.

Reference period: A perfod of time chosen so
that comparable data may be collected or com-
puted for that perlod. Streamflow data Tn this
report are based on climatic years 1930 to
1959 or water years 1931 to 1960,

Riffle: A reach of stream channel characterized
by relatively great slope, shallow water depth,
and rapid flow.

Runoff: The part of the precipitation that
appears in surface streams, Including water that
flows across the land surface to stream chan-
nels, known as surface or overland runoff, or
water that has become ground water and has
seeped Into stream channels from saturated earth
materials, known as ground-water runoff.

Saturated thickness: Thickness of an aquifer
below the water table.

Scavenger well: A weli which pumps salt water to
lower the salt water head and thus enables a
nearby supply well to pump fresh water,

Schist: A metamorphic rock with sub-parallel
orientation of the visible micaceous minerals,
vhich dominate its composition.

Screen, in a well; A cylindrical device fashioned
so as to admit water but prevent the passage of
most or all of the surrounding earth material
into the well.

Sediment: Fragmental material that originates
from weathering of rocks and Is transported
by, suspended in, or deposited by water.



Sewage: Liquid or solid waste commonly carried
off In sewers,

Stit: Rock particles bigger than clay and smaller
than sand, or between 0.00% and 0.0625 mi11i~
meter in diameter.

Sorting: An expression of the variability of
graln sizes in a sediment. Poorly sorted
deposits have a wide range in graln slzes;
well sorted deposits have nearly uniform grain
sizes.

Specific capacity, of a well: The yleld of the
well, in gallons per minute, divided by the
corresponding drawdown, In feet.

Specific conductance: A measure of the abflity
of water to conduct an electric current,
expressed in micromhos per centimeter at
25°C. Specific conductance of a water solution
is retated to the dissolved-solids content,
and serves as an approximate measure thereof.

Specific gravity: The weight of a substance
compared with the weight of an equal volume
of water.

Specific yleld: The ratio of the amount of
water, by volume, that a fully saturated rock
or unconsolidated material will yield by gravity
dralnage, to the total volume of the rock or
unconsol tdated material, commonly expresses as
a percent.

Stratifled drift: Sediment laid down by or in
meltwater from a glacler; includes sand and
gravel, and minor amounts of silt and clay
arranged in layers, and more or less well sorted.

Streamflow: The discharge that occurs in a
natural channel.

Streamline hills: Elongated hilis of till and bed-
rock shaped partly by glaclal erosion and partly
by the molding action of glactal ice as It
flowed around and over topographic highs.

Strike: A line representing the Intersection of
a joint, bed, fault, layer, or other tabular
body with a horizontal plane.

Texture?
deposlt.

The grain-size characteristics of a

Thels type curve: A curve which theorstically can
be fitted over some segment of any plot involving
water-level drawdown and time or distance measured
during a pumplng test of a well and which can be
used graphically to determine aquifer coefficients.
The coordlnates of this type curve were {irst
determined by C. V. Theis.
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Till: A predominantly nonsorted, nonstratified
material, deposited directly by a glacier and
composed of boulders, gravel, sand, silt, and
clay mixed in various proportions.

Transmissibility: The ability of a vertical
section of a rock or sediment to transmit
water. See coefficient of transmissibility.

Transpirationt: The process whereby plants with~
draw water, which is above or below the water
table, from the soil or deeper earth strata,
and release |t to the atmosphere.

Turbidity, of water: The extent to which normal
penetration of light is restricted by suspended
sediment, micrcorganisms, or other seoluble
material, Residual turbidity is that portion of
turbidity caused by Insoluble material which
remains in suspension after a iong settling
period. [t represents that which might be termed
Upermanent'’ turbidity.

Unconsclidated: Refers to loose materlals whose
constituent grains are not firmly cemented
together or interlocked.

Underfiow: The downstream flow of water through
the permeable deposits that underiie a stream,

Uniformity coefficient (Cy): A quantitative
expression of sorting of a deposit. 1t is the
quotient of (1) the diameter of a grain that Is
just too large to pass through a sleve that
aliows 60 percent of the materfal, by weight, to
pass through 1t, divided by (2) the diameter of
a grain that Is just too large to pass through a
sieve that allows i0 percent of the materlal, by
welght, to pass through. Poorly sorted deposits
kave high uniformity coefficients; well sorted
deposits have low uniformity coefficlents.,

Water table: The upper surface of the zone of
saturation in permeable earth materials., Water
jevels in shallow wells stand at the water
table when the wells are not in use.

Water-table condition: A condition In which the
water table forms the upper surface of an aquifer,
ground water is unconfined, and the water moves
solely under the Influence of gravity.

Water year: A continuous 12-month period, October |
through September 30, during which a complete
streamflow cycie takes place from low to high
flow and back to Tow flow. A water vear is
designated by the calendar year In which it ends
and that Includes 9 of the 12 months.
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