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Five areas in Connecticut being studied in 1965 under the water resources inventory program.

ON THE COVER

The Quinebaug River near Jewett City, looking downstream; State Highway 12 and
New Haven Railroad bridges at lower left, Connecticut Turnpike in middle
distance. A good deal is known about the hydrology of this locality. River
flow has been measured since 1918 just downstream from the railroad bridge;
average flow has been 810 million gallons per day. Water temperature ranges
from 32° to 84° F. During 1956, river water at this point contained an |
average dissolved mineral content of 53 parts per million. Test borings for !
the Route 12 and Connecticut Turnpike bridges suggest that the lowland along . |
the railroad may be a good site for the development of large ground-water
supplies. Photo courtesy of Connecticut Light and Power Co.
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SUMMARY

The Quinebaug River basin Is blessed with a
relatively abundant supply of water of generally
good quality which Is derived from precipitatien
that has fallen on the basin. Annual precipita~
tion has ranged from about 30 to 67 inches and
has averaged about 45 inches over a ll-year
period, Approximately 21 inches of water are
returned to the atmosphere each year by evapora-
tion 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 basin in the
Quinebaug River. Buring the autumn and winter
months precipitation normally is sufficient to
cause a substantial increase in the amount of
water stored underground and in surface reser-
volrs within the basin, whereas in the summer
most of the precipitation is lost through evapora-
tion and transpiration, resulting in sharply
reduced streamflow and lowered ground-water
Tevels,

The amount of water that flows out of the
basin in the Quinebaug River represents water
potentially available far use by man. Annual
runoff from the entire basin has ranged from
about 11 to 38 inches since 1918, and has aver-
aged about 24 inches (310 billion gallons).
Although runoff Indicates the amount of water
potentially available, part of the water could
never be tapped by man., 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 it
flows through the area or s 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 pre-
cipitation, on the size of drafnage area, on the
thickness, permeability, and areal extent of
aquifers, and on the variations in chemical and
physical quality of the water.

pDifferences in streamflow from point to
point are due primarily to 1) differences In the
proportion of stratified drift in the drafnage
basin above each point, which affect the timing
of streamflow, 2) and differences in precipita-~
tion, which affect the amount of streamflow.
Information on streamflow from gaging stations
may be extended to ungaged sites by accounting
for both of these factors in calculations.

Future floods on the French River or the
upper Quinebaug River are unlikely to cause major
damage, so long as buildings are not constructed
below the highest flood elevations to be expected
with the present system of reserveirs for flood
control.

Ground water can be obtained from wells any-
where in the Quinebaug River basin, but the amount
obtainable from individual wells at any particular
point depends on what aquifers are present. For
practical purposes, the earth materials in the
basin comprise three aquifers--stratified drift,
till, and bedrock,

Till and bedrock are widespread in extent
but can provide only small to moderate water
supplies. Till is tapped chiefly by dug wells;
permanent supplies of more than 200 gpd can be
cbtained from dug wells at a majority of sites
in areas of till, but there are many sites where
the till is too impermeable or too thin to pro-
vide this much water throughout the year. The
coefficlent of permeability of till ranges from
about 0.2 gpd per sq ft to 55 gpd per sq ft. Bed-
rock is tapped chiefly by drilied wells, about 85
percent of which will supply at least 3 gpm.
vVery few, however, will supply more than 50 gpm.

Stratified drift is the only aguifer gen-
erally capable of yielding 100 gpm or more to
individual wells. 1t occurs chiefly in lowlands,
covers about 25 percent of the basin, and over-
lies till and bedrock except in & few narrow bed-
rock valleys where it occurs beneath till. Drill-
ed wells In stratified drift with at Teast 9 feet
of screen yield from 2 to 195 gpm per foot of
drawdown. Tests of several dug wells suggest
that most could supply 8 to 4B gpm per foot of
drawdown for an 8-hour period. Permeability of
stratified drift Is retated to grain slize; co-
efficients of permeability range from 20 to
20,000 gpd per sq ft, and predominantly coarse
deposits have an average coefficient of permeabil-
ity of 900 gpd per sgq ft over the basin.

The amount of ground water potentially
available depends on the amount of water that
infiltrates to the water table (natural recharge).
Recharge in areas of stratified drift Is more
than twice that in areas of till, Recharge varies
from year to year, but in stratified drift it
exceeds 17 Inches (equivalent to 0.82 mgd per sg
mi} in 7 years out of 10 in most parts of the
basin,

Wells tapping stratified drift can obtain
additional amounts of water by means of induced
infiltration from adjacent streams and lakes.

From data on permeability, saturated thick-
ness, recharge, gravity yield, well performance,
and streamflow, preliminary estimates of ground-
water availabitity can be made for any point in
the basin. Long-term ylelds were estimated for
29 areas that are especially favorable for devel-
opment of Targe ground-water supplies., Detailed
site studies to determine optimum yields, draw-
downs, and spacing of individual wells are needed
before major ground-water development is undertaken
in these or other areas.

The chemical quality of water in the Quine-
baug River basin is generally good to excellent.
Samples of naturally occurring water collected
from streams coniained less than 74 ppm of dis-
sotved solids and less than 36 ppm of hardness.
Water from wells is more highly mineralized than
naturally occurring water from streams. Even so
only 5 percent of the wells sampled yielded water
with more than 140 ppm of dissolved solids or
water with more than 121 ppm of hardness. Ground
water in the eastern one-third of the basin has



less than 60 ppm of hardness, and most streams in

this area contain especially soft water.
Even in the major rivers, which are used to
transport industrial waste, the dissolved chemi-

cal content [s not great; the median dissolved-
solids content of the Quinebaug River near its
mouth is only 53 ppm. The French River, which
carries the largest proportion of industrial
wastes of any major stream in the basin, general-
ly contains about 175 ppm of dissolved solids at
low flow. Hardness rarely exceeds 40 ppm in the
major streams, and trace elements such as copper,
chromium, and lead in several samples are below
the upper limits recommended for drinking water
by the U.S. Pubtic Health Service. However, con-
sideration of factors such as dissolved oxygen,
color, odor, and coliform bacteria has led the
New England Water Pollution Control Commission to
classify most Connecticut portions of the Quine-
baug and French Rivers and some reaches of a few
other streams as unacceptable for bathing, recrea-
tion, public water supply, and some agricultural
uses.

tron and manganese in both ground water and
surface water are the only constituents whose
concentrations commonly exceed recommended limits
for domestic and industrial use. A large majority
of the wells in the basin yield clear water with
little or no fron or manganese. Nevertheless,
there are several localities, chiefly in the
western part of the basin, in which most wells con-
tain enough iron and/or manganese to be trouble-
some for most uses. In many of these localities
the poor water is restricted to certain bedrock
unfts that contain abundant iron suffide minerals.
In a few other localities in lowland areas, iron-
bearing ground water occurs in both the lower
part of the stratified drift and the upper few
feet of the bedrock.

Iron concentrations in naturally occurring
stream water exceeded 0.3 ppm under low-flow con-
ditions at 50 percent of the sites sampled; the
percentage of samples containing more than 0.3 ppm
of iron probably would have been higher had some
of the sites been sampled at lower streamflows.
Large concentrations of iron in stream water

result from discharge of iron-bearing ground
water or from the discharge of water from swamps.
in swamps the iron is released largely from
decaylng vegetation.

The iron content of the Quinebaug River has
been increased substantially above natural levels
by the disposal into the river of industrial
waste; iron exceeds 0.3 ppm 75 percent of the
time where the river enters the State, and 45
percent of the time at Jewett City. Upstream
from Putnam, iron-oxide sediment or sludge
derived largely from industrial waste has accumu-
lated on the river bottom. Little of this waste
goes {nto solution at present, but should the
acidity of the river Increase sharply the dis-
solved iron content would increase also. Unless
the method of disposal of the iron-oxide waste is
changed and the present sludge removed from the
strea, the esthetic and recreational value of
the permanent pool above the West Thompson flood-
control dam will be seriously Timited.

Ground water more than 30 feet below tand
surface has a relatively constant temperature,
usually between 48° and 50° F. Water temperature
in very shallow wells may fluctuate from ahout
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
85° F occasionally during summer.

The quantity of suspended sediment trans-
ported by streams In the basin is negligible.
Turbidity in major streams generally has been
about 8 ppm; values large enough to be trouble-
some may occur locally.

The total amount of water used in the Quine-
baug River basin for all purposes In 1961 was
about 4.8 billion galions, which is equivalent
to 243 gpd per person. Public water systems
supplied the domestic needs of nearly half the
population of the basin in 1961; 10 systems were
sampled, all of which provided better water than
specified in U.S. Public Health Service drinking-
water standards.
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WATER RESOURCES INVENTORY OF CONNECTICUT

Connecticut, in common with many other States,
has experienced a rapid increase in population over
the past few decades, accompanied by jndustrial ex-
pansion, changes in agricultural technology, and a
rising level of material culture. All of these
changes have contributed to a steadily rising de-
mand for water that is expected to continue into
the foreseeable future. Although an ample supply
of water reaches Connecticut each year, the amount
and quality of the water vary from place to place,
from season to season, and from year to year.
Therefore, as the need for water increases, so does
the need for accurate information and careful plan-
ning to obtain the optimum use from existing sources
and to locate new ones.

Accordingly, in 1959 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. Geological Survey in coopera-
tion with the Water Resources Commission is
undertaking a series of studies aimed at deter-
mining the quantity and quality of water that is
availahle at any location in the State. To sim=
plify the calculation and description of water
quantities and relationships, the State has been
divided into 10 study areas bounded by natural
drainage divides: five of the ten areas are
being studied as of July 1965 and are shown on
the map inside the front cover. Reports resul-
ting from these studies will be useful to State
and regional planners, town officials, water-
utility personnel, consulting hydrologists,

well drillers, and others concerned with the
development and management of water resources.

This report, covering the Quinebaug River
basin of northeastern Connecticut, is the first
prepared under the water resources inventory
program,

QUINEBAUG RIVER BASIN

The location of the Quinebaug River basin is
shown in figure I. The Quinebaug River drains a
total area of 743 square miles, of which 425
square miles are in Connecticut, 260 square miles
are in Massachusetts, and 58 square miles are in
Rhode Island. Two major streams, the Quinebaug
River ttself and its largest tributary, the French
River, enter the Connecticut portion of the basin
from Massachusetts and one major stream, the Moosup

River, enters Connecticut from Rhode Island.

The information presented in this report
pertains only to the Connecticut portion of the
basin except that enough data were collected in
Massachusetts and Rhode Island to define the
quantity and quality of water entering Connecti-
cut,
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pany officials too numerous to mention by name.
The contributions made by all these individuals
and agencies have helped to make this report more
complete and more useful,
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Figure 1.--The Quinebaug River basin is located in northeastern Connecticut and adjoining parts of Massachusetts and Rhode Island.



Overland runoff reaches Clouds moving over the basin consist of
streams during and soon
after rain. The largest rates
occur on till-bedrock hills,
and when the ground is

frozen.

areas to the south or west,

Infiltration; In late spring
and summer, most infiltrat-
Ing precipitation remalns
in the soil zone and is
evaporated or transpired by
plants. During the rest of
the year, most percolates
down to the water table.

Zone of aeration; spaces
between grains filled
mostly with air, Some
moisture present, which
supplies needs of plants,

April
Water table {

+

VAR

-~

Zone of saturation; all spaces
filled with ground water.

This well would have to be

moisture evaporated elsewhere, usually in Transpiration by plants and evaporation cause
water loss from all earth surfaces. Rates are
largest from lakes, rivers, and swamps; rates
from woodland exceed those from meadows.
Moisture returned to the air is carrled off by
the wind to fall as rain elsewhere.

e b
e SR
Ky

— -

s — -—— T o

Discharge of industrial or munic-
ipal waste to streams usually
increases temperature and/or
chemical content.

|dealized paths of ground-
water movement-- general-
ly downward beneath the
hills, upward near the

EVAPORATION &
«~ TRANSPIRATION

@ 7 streams, but in detail

following local avenues of
high permeability.

This large-capacity well

obtains part of its supply
from the river by induced
infiltration,

Ground-water discharge
seeping into streams along
their banks and bottoms is
the source of streamflow
in dry weather.

deepened to provide water
in October.

Water table in till has large
seasonal change, is moder-
ately deep in early autumn.
Water table below hill or
terrace of sand is not much
higher than the nearest
stream, and shows rela-
tively small seasonal change.
Water table at land surface
in swamp,

Figure 2.--The hydrologic cycle in the Quinebaug River basin.

EXPLANATI ON

STRATIFIED DRIFT TILL
(sand, gravel, silt) (hardpan)

Water occurs between individual grains.

\AX]

BEDROCK
Water occurs mainly in fractures,and thus a well may penetrate
many feet of rock below the water table before obtaining water.







GUIDE FOR USE OF THIS REPORT

Water supplies may be obtained from streams
and lakes or from aquifers., Although the water
from these two sources is so closely connected as
to form one water supply for the area, the methods
used for estimating the amount of water avallable
from each source at a particular Tocation 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
discussed in separate sections of this report,

The reader of this report who s primarily
interested in determining the availability and
quality of surface water in a particular part of
the area should look first at the map summariz-
ing the water available {plate D). From this map
the reader may locate lakes and ponds which have
water in usable storage and determine amounts of
usable storage. The same map shows, for all but
very small streams, the streamflow that will be
equaled or exceeded 90 percent of the time at any
peint on the stream, Plate D also shows the
stream reaches which contain Tess than 5 ppm
{parts per mitlion) of dissolved oxygen and/or
objectionable amounts of dissolved or suspended
matter or coliform bacteria, at least at low
streamflow, as a result of activities of man.

Additional information on surface water is
contained in the text. Included are tables and
graphs showing flow duration, low-flow frequency,
flood peaks, frequency of floods, and chemical
quality of water. A method is described {p. 22)
whereby the relatlonship between surficial
geology and runoff can be used to estimate flow
duration at any point atong streams in the Quine-
baug River basin.

The reader of this report who is primarily
interested in determining the availability of
ground water in a particular part of the area
should laok first at the geohydrologic map
{plate B). From this map the reader may determine
the principal water-bearing unit in the area of
Interest. The explanation on the map describes
the permeabllity of each unit and the yields to
be expected from individual wells,

Additioral information on the availability
of ground water and information on the quality
of ground water is shown on the map summarizing
water available (plate D). This map shows areas
of stratified drift deposits that are favorable
for the development of ground-water supplies,
quantities of ground water available in each of
these areas, and areas where ground water con-
tains objectionable amounts of iron and manganese.

The methods used in determining the ground-
water information shewn on plates B and D are
described in greater detail in the text, pages
85 to 89,

The tables and ilfustrations in this report
serve to summarize large amounts of basic hydro-
togic data collected during this study. The
detailed records and measurements of individual
wells, streamflow, and quality of water are
included in the companion basic data report by
C. E. Thomas, Jr. and others (1966).

For readers of this report unfamiliar with
some of the technical terms that are used, a
glossary 1s given at the end of the report.

THE HYDROLOGIC CYCLE

In order to understand the occurrence and
availability of water in the Quinebaug River
basin, it fs necessary to know something about
the hydrologic cycle. The hydrologic cycle is a
continuous natural phenomenon having no beginning
and no ending, However, from man's viewpoint, it
can be considered to begin when precipitation
falls from clouds onto the land surface., Part of
the water from precipitation flows across the
land surface into streams and part seeps into the
ground. Much of the water that remains in the
ground or on the land surface is soon evaporated
or taken up by plants and returned to the atmos-
phere. Some, however, moves slowly underground
toward nearby streams into which it eventually
Seeps. Part of the water which reaches streams,

lakes, and the ocean is also evaporated, thereby
forming clouds and recommencing the cycle. The
hydrologic cycle as it occurs in the basin is
itlustrated diagrammatically in figure 2.

As water moves through the hydrologic cycle,
large amounts are stored in the atmosphere as
water vapor, on the land surface in streams and
larger bodies of water, and beneath the land sur-
face as ground water. Hone of these amounts s
constant in any given locality, as the water is
constantly moving from place to place. Keeping
track of these changing amounts of water is the
task of the hydrologist. The changes that take
place in the Quinebaug River basin are described
in more detall on the following pages.



PRECIPITATION

Precipitation has been measured for many
vears at various points In and near the Quine-
baug River basin., The average amount of pre-
cipitation on the basin for each month from
October 1918 through September 1962 was computed
from records at many U.S. Weather Buresu sta-
tions 1n or near the basin and is given in table
1. In computing these values, data from the
different precipitation stations were weighted
in proportion to the area within the basin
represented by each station. Rain that falls
near the end of a menth and snow remaining on
the ground at the end of a month frequently
contribute to streamflow in the following month.
Accordingly, to facilitate comparison with
streamflow later in this report, the values in
table T have been adjusted for temporary surface
storage of snow or raln, if any, at the end of
each month. The data are compiled in periods of
12 months, @ctober 1 through September 30, which
are known as 'water years'' and are the same per-
lods for which streamflow data are reported.

Figure 3, which is based on data in table 1,
shows that mean monthly precipitation 1s rela-
tively uniform throughout the year, ranging from
4,77 inches in March to 3.02 inches in February;
the average over the year is 3.73 inches per
month. Minimum monthly precipitation is also
relatively uniform, but maximum monthly precipi~
tation varies widely, Average annual precipita-
tion over the basin during the water years 1319-
1962 was Uh.81 Inches, and ranged from 29.66
inches (1957 water year) to 67.24 inches (1938
water year).
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Figure 3.--Monthly precipitation.

STREAMFLOW AND UNDERFLOW
INTO REPORT AREA

1f the entire Quinebaug River basin is con-
sidered, precipitation is the sole source of water,
There are nc pipelines or canals that bring
water Into the basin., Furthermore, ground-water
divides coincide with topographic drainage divides
and no ground water enters the basin by under-
ground flow from adjoining basins.

However, this report is concerned primarily
with the Connecticut portion of the basin, and
water does enter Connecticut from Rhode !sland
and Massachusetts, both on the surface and

underground. The average annual streamflow
entering the Connecticut portion of the basin is
about 30 billion gallons from Rhode Istand and
105 billion gallons from Massachusetts. The net
annual underground flow inta Connecticut is about
2 hillion gallons from Rhode Island and 0.3
bitlion gallons from Massachusetts.

RUNOFF

gunoff from the Quinebaug River basin has
been measured since 1918 at the Jewett City gag-
ing station on the Quinebaug River about 6 miles
above the mouth. Records at this point represent
runoff from 711 of the 743 square miles composing
the entire basin., Total runoff for each month
from October 1918 through September 1962 is given
in table 2: annual runoff during this period
ranged from 11.39 inches (water year 1930) to
38.32 inches (water year 1938) and averaged 23.98
inches. Figure 4, which is based on data in
table 2, shows that mean monthly runoff follows
a marked seasonal cycle, being much greater for
March {#.11 inches) than for August (0.88 inches);
minimum monthly runoff follows a similar cycle.
This cycle reflects a combination of causes,
amonyg which are increased loss of water by evapo-
ration and transpiratlon during the summer months
{see p. 8 ), melting in March and April of ice
and snow stored on the land surface during the
winter, and greater ground-water discharge in the
spring due to the higher water table at that time.
Maximum monthly runoff, like maximum monthly preci-
pitation, varies widely, and does not show a

Mean and minimum monthly precipitation in
the Quinebaug River basin for the water
years 1919-62 are both relatively uniform
throughout the year, but maximum precipi-
tation varies widely from month to month.
The data have been adjusted for temporary
surface storage of snow and rain at the
end of each month. Water years in which
maximum and minimum precipitation occurred
are indicated.

seasonal cycle because occasional large floods have
occurred in nearly all months of the year. The
great flood of March 1936 was due to a combination
of heavy rains and rapld snowmelt; the largest
monthly runoff totals recorded In July, Augqust,
September, and October were due to passage of
severe storms and hurricanes across Connecticut.

The relationship of total runoff to precipita-
tion is plotted on figure 5. The straight Tine
drawn through the plotted points represents the
relationship ‘'precipitation minus runoff equals
evapotranspiration.” Most years in which precipi-




Table I.~-Monthly and annual precipitation in inches for the Quinebaug River basin above Jewett City for
water years 1919-62, computed from records of the U.5. Weather Bureau and Connecticut Park and
Forest Cammission. Figures have been adjusted for temporary surface storage of snow or rain,
if any, at end of each month. Maximum and minimum amounts are underlined.

Water

Year Oct., Nov, Dec. Jan. Feb. Mar.  Apr, May June July  Aug. Sept. Annual
1919 1.36 2,83 3.35 4,97 2.88 6,42 3.70 5.77 3.20 k.52 3.28 B.03 5o.1
1920 2,90 4,17 3.28 1.00 2.74 9.28 5.51 4,33 6,62 32.68 3.48 3,22 50.21
1921 4.84 LH.ogso L.88 2.09 2,16 L.2k L,y3  3.70 .36 7.79  3.28 2.04 45,00
1922 t.45 6,65 2,71 1.55 2,94 5,00 4.0b 4,172 &9k 5.hg 6.05 k49 51.43
1923 3.0t 1.48 .92 5,61 2,02 6.25 2.8 417 4,34 3,10 2.47 2.72 38.94
1924 4,75 3.89 5,40 5,54 3,64 3,13 5,8 3.83 L70 1,95 4.9t L.5p L7.06
1925 .29 1,87 . 2.54  1.51 3,33 5.07. 2.60 2,73 3.51 5,79 3.00 2.67 34,91
1926 L,29 3.47 2.88 2.77 4,09 4.33 2.51 2,31 1.88 4,96 4,09 1.72 39.30
1927 4,56 5.03 1.71 5.19 2,13 2,68 2.43 3,69 3.10 3.08 7.75 1.73 43,08
1928 6.15 6,32 5,86 2,49 4,21 1.8 3.8 1.64 s5.03 5.34 4,78 3,33 50.89
1929 2,86 t.05 3.41 3.93 2,53 L.93 6,93 4,98 1.75 1.22 2,00 1.26 36.85
1930 2.34  3.06 3.68 2.9 3,06 2.93 1.86 3.02 2.67 2.85 1.68 F.37 31.01
1931 2.78 3,60 .59 3.27 3.10 6.63 2.96 hL.ho 6.65 -2.98 5,68 1.26 43,99
1932 2.15 .76 3.77 5.12 2.09 L4.95 2,59 2,23 3,23 2,28 5,77 7.03 k1,97
1933 6,05 5.8% 2,09 2,02 3.00 7.64 6.40 2,21 3,24 344k 4,52 8.34 5h.79
1934 3.20 1.79  1.53  6.11 .67  7.43 4,87 hk.yj9 4,80 2.29 2.97 6.04 L6, hg
1935 5.22 2,06 5,21 4,63 2,01 3.61 2,93 2,05 6.58 3.26 .19 3,90 42,65
1936 .51 3.84 1.02 s5.45 3.66 11.53 3,17 2,18 2,85 1.91 L.88 4,27 L5, 27
1937 4,13 1,13 8.59 5.2% 2,09 3.49 4,31 2,98 3.95 3.56 6.17 4,57 50.21
1938 Loze  3.44  5.93 5.39 2.43 2.56 2.74% L6 7,24 11.64  4.36 13.09 67.24
1939 2.76  2.49 4,36  2.43 LT 5,11  4.82 .94 3,27 1.69 7.18 3.07 42,23
1940 2.45 L,07 3.05 3.69 34 7.09 6,15 2,82 5,68 L.gk 1.38 2.88 4, 54
1941 1.01 6.544 3.18 77 3.31 2.53 1.20 3.62 4.i5 5.54 3,51 .91 316.17
1942 1.99 2,92 3.16 3.33 3.57 7.44 .92 2,71 3.86 5,25 h,22 1.92 .29
1943 Lo 5.60 4.38 3.93 3.6 3,73 3.L7 4.7k 2,01 3.8 1.71 .52 k1.59
1ol 5,26 4,35 I.0l F.30 2.34 4,78  L4.36 1.37 5.07 .70 1.36 8.9 41.39
1945 .92 L,65 3.55 2,32 L.70 2.8 3,70 s5.49 5,01 3.07 3.30 1.7 52,30
1946 2.1 L,70 490 3.25 3,15  3.01 2.20 5.4 3.70 3.22 7.99 1.70 k5,39
1947 1.56  1.42 2,82 3.25 .59  hL.sh L,o9o  3.06 3.64 4,77 2.4 3,24 36.24
1948 .27 5,96 1,07 t.4h  L.54 6,39  3.83 6.41 5.25 4.73 2.25 .69 43,83
19kg 2,71 5,95  2.7% 3,04 3,16 1.97 L.97 §.37 A7 0 1,200 2,95 5,26 38.89
1950 .46 3,42 2,93 3.4o 3.10  bL.21 L4120 3.4 3.90 2.3k 5.3h 2,47 39.83
1951 2.25 5,45 1,66 4,31 5.82 4,32 4b49 4,60 3.06 2.6k 5.35 2.3} 46,25
1952 3.70 8.60 5.08 4.8 2,75 3.72 3.75 4L.70 5.5%  t.94% 7,14 2.92 5k, 65
1953 .74 2,20 3.79 6.22 3,92 9.00 65.61 4,33 1.97 3.82 2.31 1.39 Le. 30
1954 .67 5,57 6.38 2,02 2.23 5.10 4,99 3.8 3.1l 3.16 5.91 9.19 56.19
1955 2,20 L.92 5,25 1,89 4,21 4,26 3.20 1.90 3.22 3,10 1h.36 3.8 52.35
1956 7.12 5,77 L7h 2,77 5,46 2,39 6.68 2,37 3,03 4,23 T1.26 k.81 46,63
1957 2,12 3,82 3,74 2,50 2,03 3.31 4,39 1.79 1.36 .89 2,19 .52 29.66
1958 2,49 4,65 6,88 7.23 .63 4,86 6.07 k4,55 2,19 5.78 4.34 5.69 55.36
1959 3.86 1.89 3.55 2.98 3.24 5,17 4,79 1.45 L.60 6,32 1.75 2.00 L1.60
1960 7.08 &5.55 3,51 3,81 5,68 2,28 4,70 4.58 1.72 6.h2 2,67 6.73 54,73
1961 2,94 3,58 3,73 .61 6.32 3.4 5,09 4.85 2.70 2,84 3.78 5.60 45,18
1962 2.39 3.29 2,43 5.1 .37 4,51 3,50 2.22 4,38 1.85 4.01 3.36 38,44
Average 3.14  3.96 3.48 3.48 3.02 L.77 4,06 3.52 3.69 3.77 L.11  3.81 L, 81
Average

1931-60  3.14 4,16  3.55 3,60 3.05 L4.86 L.11  3.45 3,81 3.73 4,22 L,o6 45,68



Table 2.--Monthly and annual runoff in inches for the Quinebaug River basin above Jewett City for the
water years 1919-62. Maximum and minimum amounts are underlined.

Water

Year Oct. Nov. bec. Jan. Feb. Mar. Apr. May June  July  Aug. Sept. Annual
1919 1.09 1.35 1,95 2,99 1.80 5.22 4,25 3,19 1.2k 1.1t 0.8 2,21 27.22
1920 1.31  2.02 2.95 1.16 1.39 8.23 5.02 3,91 3.44 .64 1.0 .66 32,74
1921 .1 1.50 3,31 2.48 1.55 4,16 3.09 z.74 1.2k 1,99 1.18 .78 24,93
1922 .53 1.10 2,28 1,02 l.k2 4,06 3,75 2.63 2.12 2,25 1.65 2.73 25,54
1923 .30 1.07 1,01 3.15 1,70 L.o5 3.75 2.88 1.12 .77 .68 .48 22,86
1924 .89 1.45 3,55 3.h2 1.60 2.43 5,17 2.88 1.18 .61 .59 .64 2k
1925 .50 43 .73 .51 2,21 2,92 2,05 1.38 .80 .79 .79 .54 13.65
1926 68 1.1 1.95  T1.61 2.02 3.67 2.97 1.6} .88 .55 L7 .38 18. 14
1927 .50 1.65 1.61 2.64 2,31 3,27 1.76 1.75 1.29 .66 1,29 .98 19. 80
1928 1.75 L.5é L4.72 2,69 3.32 2,50 2,8 2.43 1.82 1.79 1.16 1.07 30.70
1929 .99 .96 T1.28 2.58 2,27 L,39 bL.hh 3.9] 1.16 .62 s .32 23.37
1930 .34 b .80 1.5t 1.67 2.20 1,85 1.0l L 72 .39 24 .22 11.39
1931 .21 .38 A6 .73 1,08 3.63  3.20 2.51 2.71 .91 .73 .52 17.03
1932 .37 .37 .70 1.82 t.67 2.4y 3.4y 1.37 L7 48 .59 1,35 15. 34
1933 2,22 %37 1.98 2,14 2,30 L4.66 5.95 1,90 1.24 .54 .51 1.7h4 29.50
1934 1.3t 1.07 LW 3,0t 1.17  L4.28 L.95  3.10 1.53 .61 .57 1.22 24,27
1935 l.94 1.68 2.88 4,18 2,52 4,18 3.29 .78 1.82 1.0l .55 .63 26,46
1936 .38 Jh9 .86  2.43  1.46 W1.24  L.57  2.0h4 .96 .57 .48 .76 26.24
1937 .99 .86 4,35 4,53 2,78 3,08 3.25 2.35 1,30 .82 91 1,19 26,41
1938 1.20 3.11 3.66 3.58 2,93 2.69 2.3k 1.79 2.23 6.66 2.63 5.50 38.32
1939 2.31  1.96 3.61 2.19 3.1t 4.8l 5.09 .74 .88 g 61 .66 27.5%
1940 .67 1.6% 1.52 1.80 1.2% 3,07 Z.64 2,92 2,53 1.h9 .65 .54 25,68
19414 .53  1.58 1,73 1.57 2.32 1.98 1,92 1.46 1.19 .79 .70 A7 16.24
1942 .31 .54 .83 1.28 1.74 5.83 2,15 1.27 .94 .94 .77 48 17.08
1943 .67 1.53  3.39 2.78 2,95 4,60 2.58 340 1.27 .59 .55 .36 24,62
1944 .50 1.19 .76 .58 .96  2.50 3.44 1.78 1.26 .66 .36 1.02 15.01
19ks .80 1.60 2.76 " 2.62 '1.86 &5.16 2,38 3.61 1.98 1.04 .67 .50 24,98
1946 A 1,07 2.76 3.4 2,52 3,64 1.64 2,28 2.ho L7300 1.4 .76 23.10
1947 1.09 .65 L83 1.60h 1,70 3,03 2.89 2.41  1.43 .75 .61 .68 17.81
1948 430 1,73 1.29 1.24% 2,18 6.27 4,00 3.86 3.83 1.79 75 .39 27.76
1949 b2 10170 16 2,92 2074 3,000 2,76 1.99 .78 .30 .32 .39 17.95
1950 .30 TS .86 1.56 1.93 3,30 3.25 2.63 1.78 67 .70 .52 17.96
1951 A5 1,22 2,16 2,92 L4.Bs 3,91 4,57 2.24 1.55 .77 .60 .50 26.04
1952 .63 3.89  3.78 L34 3.31 L.32  3.19 2.78  2.60 .63 .95 .56 30.98
1953 .51 L5 1,43 3,48 Lo02 6.6 6.6L  3.49 .86 .hg .36 .26 28,54
1954 .37 1.48 3,72 1,86 2.2h 3,56 3,64 3.15 .98 .59 .79 4.k 26.79
1955 .71 3.29 L.58 2.71 2.he  L,o2 2,54 1,95 1.02 .55 6.35  1.73 32.94
1956 5.32 5.ho 1.65 2,42 2,90 3.74 6.56 2.40 1.54 .78 .34 Lt 33,46
1957 .61 89 2.10 2.11 1.8 2,71 3.86 t.0k it .22 .16 5 16,11
1958 .22 A3 1.9t L2z 2,18 4,78 575 ko7 1.5 .87 1.1 1.17 27.87
1959 t.97 1.94 2.35 1.68 2,00 L4.52 L.75 1.82 1.1 1.79 48 48 2k, 92
1960 1.21 2,22 3.95 2.88 3.74 2.4y 5.02 2.h41 1.03 .70 .73 1.28 27.64
1961 1.07 1.87 1.78 t.72 2.78 4,59 L.03 3.20 1.73 .63 Ao 1,12 25.01
1962 1.16 1.06 1.26 3,34 1.36 4,17 3.97 1.65 1,16 Lol 36 .38 20.31
Average 0,98 1.57 2.15 2.40 2.23 411 3.78 2.43 1.48 0.99 0.88 0.98 23,98

Average

1931-60 1,00 1,62 2,18 z.49 2,36 4,13 3.91 2,38 1.50 .98 .91 1.02 24, 48



tation was substantially greater than the previous
year plot below the average line, whereas most
years substantially drier than the previous year
plot above it. This scatter Is expected because
the runoff lags behind the precipitation owing to
storage in the ground and in lakes, ponds, and
swamps. Consequently, there appears to be excess
runoff during a dry year following a wet year
because of the drainage of this water from stor-
age. Conversely, there appears to be too littie
runoff during a wet year following a dry vyear
owing to the replacement of storage. For example,
precipitation in the 1959 water year was nearly
th inches less than the preceding year, which
resulted in generally lower ground-water levels
{see figure 42) and probably also reduced the
amount of water stored In lakes, ponds, swamps,
and the ground. Thus the runoff in 1959 included
moisture stored from the previocus year(s), and
amounted to 60 percent of the precipitation, or

7 percent above average.
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Figure 4.--Monthly runoff from the Quinebaug
River basin,

Total runoff consists of both direct runoff
and ground-water runoff., To determine the amount

‘of ground-water runoff from the basin above Jewett

City, and thereby also determine the amount of
direct runoff, a ground-water rating curve, figure
6, was constructed using the record of water-table
fluctuations in well Pl 1 in Plainfield, 7 miles
north of Jewett City. For months in which rain-
fall was so small that nearly all the streamflow
was ground-water runoff, month-end water Tevels

in this observation well were plotted versus the
corresponding flow of the Quinebaug River; these
plots permitted the construction of the strafght-
line graphs in figure 6. By means of these lines,
the ground-water runoff corresponding to any
measured water level in well P1 1 could be estima-
ted for each month of the year.

Mean monthly and minimum monthly runoff
from the Quinebaug River basin for the
water years 1919-62 follow a marked
seasonal cycle, being much greater for
March than for August. Maximum monthly
runoff varies widely and does not follow
a seasonal cycle. Water years in which
maximum and minimum runoff occurred are
Indicated,

39
38 &
37
26|
35
b (o]

g i ° :

r

g a3l 5 &

= 30

= 29
20) o A @ "

w27 =

L ol © a A

g & EXPLANATION

E 25| 9 ), .

24 c Preciplotion versus rund

» 23 Ty = off in a singte yeor

E3F]

R & Triangts Indicates 1hal

< 2qf ° a ecipitollon wes at
19 least 3 inches greoter
18] 9{ than previous year
17, = & e
51 @ [} @ Circle indicales that
15 precipitaiion was ot |
14 leost 3 inches less fhan
13! previous year
2t o
V803i 323334353537 29 954041 4345 34 4546 4T 4549 505 55 53 54 5556 575A 59606 2 E3 6965 Caeven

AKNUAL  PRECIPITATION,

1N INCHES

The straight line indicates that, on the average, runoff from the Quinebaug River
basin 1s equal to precipitation minus 20.8 inches {20.8 inches is the average
evapotranspiration loss, which remains about the same each year}. The scatter
of data points is due largely to changes in the amount of water stored underground

from year to year.

Figure 5.--Relation between precipitation and runoff,




GROUND-WATER RUNOFF IN THE QUINEBAUG RIVER AT
JEWETT CITY, CUBIC FEET PER SECOND, I943-62
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Filgure 6,--Relation between ground-water level
in well P! 1 and ground-water runoff in
Quinebaug River at Jewett City.

EVAPOTRANSPIRATION

A substantial part of the water that falls
on the Quinebaug River basin as rain or snow is
returned to the atmosphere by means of evapora-
tion and transpiration. Water left standing on
the land surface after a rain is soon evaporated,
and water is evaporated from the surfaces of
lakes and streams and from pores in the soil.
Plants withdraw large amounts of moisture from
the soil and rocks both above and below the water
table and control the temperature of their leaves
by releasing this water to the atmosphere in a
process known as transpiration. The total amount
of evapotranspiration (evaporation plus transpira-
tion) in a particular locatity is difficult to
measure, and was computed as a remainder after
all other gains and losses of water were measured
or estimated. That is, if it is assumed that
long term storage remained substantially the
same {an assumption supported by evidence from
ground-water levels and reservoir levels) evapo-
transpiration is equal to the average precipita-
tion on the basin (&4.81 inches) minus the average
runoff (23.98 inches), or 20.83 inches.

The effects of evapotranspiration on ground-
water levels and on ground-water runoff are
indicated on figure 6, Studies have shown that
changes in the rate of evapotranspiratien 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; Cclark, 1963).

Thus evapotranspiration is greatest during the
growing season (April through Gctober} when
temperatures are above freezing and the days are
longest. Because these major factors repeat
themselves with relatively Iittle change year
after year, the annual amount of evapotranspira-
tion and its distribution through the year are

For any given depth to ground water as
measured in wells, there is a correspond-
ing amount of ground-water runoff. Ground-
water runeff is greater during the non-
growing season (late autumn and winter)
than during the growing season {spring and
summer), as shown by the series of sloping
lines on this graph. The reduction in
ground-water runoff during the growing
season reflects water loss by evapotrans-
piration; evapotranspiration is negligible
during the winter months,

retatively constant for a given locality. The
apnual amount of evapotranspiration in the Quine-
baug River basin is known from the long-~term
relationship of precipitation and runoff discussed
in previous paragraphs, so a theoretical average
monthly distribution of evapotranspiration was
computed by a method similar to that of Olmsted
and Hely (1962, p. 13). The monthly variations

in evapotranspiration computed for the period
1943-62 are illustrated in figure 7.
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Evapotranspiration in the Quinebaug River basin
is greatest during the growing season (April -
October} when temperatures are above freezing
and the days are longest.

Figure 7.--Monthly evapotranspiration In the
Quinebaug River basin,



THE WATER BUDGET

Just as the financial operation of a house-
hold or business firm can be expressed by a money
budget, so the hydrologic operation of a drainage
basin can be expressed by a water budget which
lists receipts, disbursements, and water on hand.
Receipts of water in the Quinebaug River basin con-
sist of precipitation; disbursements consist of
runoff, both direct runoff and ground-water runoff,
and evapotranspiration, including evapotranspira-
tion from ground water as well as from the surface
water and the soil moisture above the water table.
The amount of water on hand--stored within the
basin--changes continuously in response to chang-
ing rates at which water enters and leaves the
basin.

A monthly water budget for the Quinebaug
River basin (table 3) lists values for the factors
of the budget discussed in the preceding para-
graphs. As illustrated in figure 8 the budget
shows that precipitation during the autumn and
winter months is sufficient to cause substantial
increases in storage as well as to produce
abundant runoff, whereas similar amounts of pre=-
cipitation in the late spring and summer months
are not adequate to supply the large evapotrans-
piration losses, resulting in sharply reduced
runoff and a decrease in storage. The increase
or decrease in storage within the basin, as
shown in the last column of table 3 may be either
as ground water, as surface water in lakes and
stream channels, as soil moisture, or combinations
of these. |t should be noted that the precipita-
tion values used (see table 1) have the effect of
eliminating from the budget temporary storage of
water as ice and snow.
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Figure 8.--Monthly water budget.

Table 3.--Monthly water budget for the Quinebaug
River basin in inches of water over the

basin. Average for water years 1943-1962,
Runoff Evapotranspiration
Ground Ground Change in
Manth Precipitation | Total water | Total water storage
October 314 0.99 0.47 1.56 0.40 +0.59
Hovermber 4.57 1.68 .67 .68 .22 +2.21
Decerber 3.51 2,22 .98 .20 .oh +1.09
January 3.32 2.53 1.18 .20 0 + .59
February 3.44 2.52 1.31 .20 0 + .72
March L.21 Lok 1.35 .37 .10 - .20
April b 4y 3.90 1.26 1.24 .34 - .70
Hay 3.76 2.61 .04 2.54 .55 -1.39
June 3.30 1.50 1 3.54 .69 -1.74
July 3.38 .75 L7 414 i -1.51
August L .60 .36 3.68 .65 - .16
Septerher 3.69 .63 .39 2.56 .52 + .50
Water year Ly, 88 23.97 10.19  20.91 L.zk 0

WATER QUALITY IN THE
HYDROLOGIC CYCLE

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 impurities from the air.
Some of the mineral matter in these particles is
dissolved by the water. The gases which make up
the atmosphere, including carbon dioxide, oxygen,
nitrogen in its 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.' Samples of precipitation
were collected for chemical analysis at three
sites in the Quinebaug River basin. The analyses
are summarized in table &4 and the locations of
the sites are shown on plate A.

part of the dissolved chemical content of
precipitation that falls on the Quinebaug River
basin is of local origin, but part has been trans-
ported from elsewhere by the wind. For this
reason, the direction of movement of air masses
influences the chemical quality of the precipita-
tion. Most of the storms from which precipitation
samples were obtained approached the basin from
a westerly direction, and the proportion of
different constituents was fairly uniform from
storm to storm. However, a storm on June L, 1963
yielded rain with substantially more sodium and
potassium than other storms. This storm approach-
ed the basin from the south, having originated as
a hurricane, though it was reduced to a minor
storm before reaching Connecticut. The sodium
and potassium probably were derived from salt
spray over the ocean.

sulfate is a substantial part of the
dissolved-solids content in all samples, having
values as high as 47 ppm. Carroll (1962, p. 7)
suggests that industrial activity and ocean spray
are the predominant sources of sulfate in precipi-
tation. Because most storms from which samples



Table 4.--Sunmary of chemical analyses of precipitation samples from
the Quinebaug River basin, Connecticut.

{Chemical constituents in parts per million)

1P: Collection site 2P: Rain gage at 3P: Rain gage All precipita-
Station number on River Read, 1 mile | Pachaug Forest at State tion sampling
and location west of East Putnam Ranger Headquarters, Forest Nursery, sites
1.5 miles northeast 0.5 mile south
of Voluntown of Voluntown
Period of June, July, August May, June 1963 Jan., Aprili,
Collection 1963 May, June 1963
Calcium (Ca)
Median 1.6 L.o 3.0 2.8
Range 1.3-4,0 2.6-5.2 1.8-13 1.3-13
No. of samples 5 3 6 4
Sodtum (Na)
Median 0.5 0.6 0.8 0.6
Range 0.3-1.4 0.6 0.4-2.8 0.3-2.8
No. of samples 5 2 7 14
Potassium (K)
Median 0.4 0.6 0.3 0.3
Range 0.1-.9 0.2-1.0 0.3-0.7 0.1-1.0
No. of samples 5 2 7 h
Blcarbonate (HCO3)
Hedian 6 13 10 1o
Range b-10 7-18 824 L-24
No. of samples 5 3 7 15
Suifate (50y)
Median 7.0 8.2 6.0 7.3
Range L,5-14 7.3-8.9 4, 9-ky k. 5-k7
No. of samples 5 3 7 15
Chloride (C1)
Median 0.4 1.2 1.0 0.6
Range 0.1-.6 1.0-1.4 0.2-1.9 0.1-1.9
No. of samples 5 3 7 15
bissolved solids
(Residue on eva-
poration at 180°C)
Median 18 - 22 20
Range 11-27 - 16-31 11-31
No. of samples 5 -- 4 9
Hardness as CaCD
Calcium, magnesium
Median 12 T 18 12
Range 5-16 9-77 5-77
No. of samples 5 1 6 12
Noncarbonate
Median 6 1 3 3
Range 1-13 2-9 1-9
No. of samples 5 1 L 10
Specific Conductance
{micromhos at 25°C)
Median 28 51 42 36
Range 18-54 31-60 26-188 18-188
No. of samples 5 3 7 15
pH
Median 5.9 6.5 6.4 6.3
Range 5.8-6.3 6.2-8.1 5.9-6.8 5.8-8.1
No. of samples 5 3 7 15




were obtained approached the basin from the west,
presumably industrial waste discharged into the
atmosphere west of the basin was the principal
source of sulfate in the precipitation.

The precipitation that reaches the land sur-
face begins immediately to pick up additional
quantities of solids eroded from the land surface
and dissolved from earth materials at and beneath
the surface. Water moving across the land surface
and In the stream channels dislodges particles of
sail, siit, sand, and occasionally gravel; this
material is carried In suspension or is rolled
along channel bottoms. Soil erosion Is not a prob-
lem in eastern Connecticut due to the generally
permeable soils and the nearly complete cover of
vegetation that holds and protects the soil.
Generally, sediment Toad increases as streamflow
increases, and the highest sediment loads occur
during the spring thaw and following severe storms
such as hurricanes when streamflows are highest.

Water that percolates Into the ground has
much more opportunity to dissolve soil and rock
materials than water which simply flows across the
land surface. Accordingly, ground water contains
higher concentrations of dissolved solids than do
precipitation or water that flows overland. For
this reason, streams generally contain the greatest
concentrations of dissolved solids during periods
of low streamflow when most of the water is ground-
water runoff and contaln the least concentrations
of dissolved solids during periods of high flow
when most of the water represents direct runoff
mixed with ground water aiready present In the
channel. Comparison of the average chemical
character of streamfiow during periods of high flow
with the chemical character of precipitation sug-
gests that a considerable part of the dissolved
chemical content of direct runoff [s already pre-

sent by the time the water reaches the land surface.

MAN’S EFFECT ON THE HYDRO-
LOGIC CYCLE

The hydrologic cycle Is a fundamental process
of nature, and the manner Tn which it operates
cannot be altered by man. However, man can and
does influence--deliberately or coincidentally--
the amount of water stored on the surface and
underground, the relative proportion of direct
runoff, ground-water runoff, evapotranspiration,
and also the quality of the water.

The amount of runoff from the Quinebaug
River basin has probably not been changed signi-
Ficantly by man, but the time within which runoff
leaves the basin following storms has been changed
somewhat. During the 19th century the natural
forests of the basin were largely converted to
farmland, but during the 20th ecentury forests have
returned to cover much of the land surface. This
reforestation may have resulted In a modest
increase in evapotranspiration and a decrease in
direct runoff, reducing total runoff slightly
while making it more uniform throughout the year.
{See Trousdell and Hoover, 1955; Schneider and
Aver, 1961,) There are many old industrial dams
in the basin, most of which no longer operate to
regulate streamflow, but which do delay and lower
flood peaks; the numerous large ponds on the
Pachaug River are partly responsible for the

notably low stages that accompany floods of this
stream. Obviously, these dams increase surface-
water storage above natural conditions; they also
increase ground-water storage by raising the local
water table above its natural level. The gradual
urbanization of parts of the basin has the oppo-
site effect: bulldings, pavement, storm sewers,
and simitar structures increase direct runoff and
bring [t to the streams more quickly than normal,
but at the same time decrease ground-water recharge
and lower the water table locally.

The timing of runoff has been altered by
the storage and release of water from a few dams
by industry: this regqulation produces abrupt
fluctuations tn streamflow that are noticeable at
low flow in a few places. 1In addition several
flood-control reservolrs recently have been con-
structed in the northern part of the basin to
store the runoff from major floods and release it
gradually over a periad of days or weeks,

The net effect of activities of man are
difficult to evaluate, but it appears that in the
Quinebaug River basin the timing of runoff is
affected more than the quantity of runoff.

only a slight amount of water 1s actually
removed Trom the basin because of man's activi~
ties, Including evaporation caused by man. A
considerable amount of water is withdrawn from
reservoirs and wells for various purposes, but
even this Is relatively small in relatlon to total
runoff, and most of the water is returned to the
ground or the streams within the basin no more
than a few miles from the point of withdrawai.

Water guality s changed by man in numerous
ways. Some of the smoke, soot, and fumes dis-
charged into the air from industries, homes, and
vehicles in and beyond the basin is incorporated in
local precipitation, and some settles directly on
the land surface. These materials contribute to
the dissoived solids content of runoff., So do ma-
nures, chemical fertilizers, and pesticides spread
on agricultural tands and leached by infiltrating
preclipitation. Most of the water withdrawn from
streams or wells and used by industry Tor cooling,
washing, and other purposes {s returned to streams
or to the ground at a higher temperature or with a
higher dissolved solids content than when with-
drawn. Waste discharge from most industrial plants
in the basin is extremely diluted at high flow, but
at low flow the quantity of stream water is not
sufficient to dilute the waste and its presence is
detectable along portions of the larger streams by
field observation as well as by chemical analysis.
Disposal of domestic sewage to streams has created
offensive conditions in a few places, and disposal
to the ground has contaminated nearby wells in a
few crowded localities. The numerous excavations
made during the construction of highways, buildings,
and other structures result in temporary rapid
erosion that contributes to the sediment and furbi-
dity carried by streams. No matter how effective
man's treatment of waste effluent, or curtailment of
exhaust smoke, or stabllization of soil erosion, there
will still be an increase in the dissolved mineral and
suspended sediment content of the water in a habi-
tated basin over the amounts supplied by natural
processes. Keeping this Increase within acceptable
timits will be one of the major tasks of the future
in the event of substantial urban expansion.




WATER IN STREAMS AND LAKES

Runoff from the Quinebaug River basin is
carried by numerous streams, both large and small,
which extend into all parts of the basin. The
complete stream system is shown in blue on the
large maps accompanying 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 obtained at 13 stream-gaging
stations within the basin for periods ranging from
18 months to 45 years as shown in figure 9. In
addition, discontinuous or partial records and
single measurements of streamflow have been ob-
tained at many other sites In the Connecticut por-
tion of the basin during the period from July 1961
through September 1963, The locations of gaging
stations within the Quinebaug River basin are
shown on Plate A. All records for 1961-63 are
given either in annual publications entitled
""Surface-Water Records of Connecticut" or in the
companion basic data report (Thomas and others,
1966), and continuous records are published in a
series of U.S. Geological Survey Water-Supply
Papers entitled ""Surface Water Supply of the
United States.!'

The variations
record and partial-record gaging stations are sum-
marized in this report by means of standardized
graphs and tables familiar to hydrologists., In
order that the graphs for different streams be com-
parable, the data for each stream have been adjus-
ted to represent a 30-year reference period hegin-
ning fn either April or October 1930. - This con-
forms with the practice agreed upon by the World
Meteorological Organization (Searcy, 1959).
Accordingly, the analyses, interpretations, and
predictions with respect to streamflow are based
on this 30-year reference period. Assuming that
the flow during this reference period represents
the long-term flow of the streams and there have
been no changes in the pattern of regulation of
storage within the basin or diversion of water
into or out of the basin, the graphs or tables
may be used to estimate the amounts of stream-
flow that will occur in the future at-the measure-
ment sites. Of course, streamfliow varies from
place to place along each stream as well as from
time to time. Therefore, a method is described
In a following section that permits the estima-
tion of flow duration at any unmeasured point
along the streams of the basin.

U,5. GEOLOGICAL STREAM AND LOCATION DRAINAGE PERICD OF OPERATICGN
SURVEY STATION AREA (catendar years)
NUMBER {sq.mi)
2 2 Y 2 2
o o 2 ] -3
il LLLilrit |l]l|||l}_]|IlI!I]l!—lli]illl!Plll
Reference period
liBO Wood River at Hope Valley, R. L 72.4 | SR
1183 Pendlston Hill Brook near Clorks Falls,Conn. 3 85 |}
1205 Safford Brook near Woodstock Valley, Cann, 4,08 i
1210 Mount Hope River near Warrenville, Conn, 27.8 tl
1230 Little River near Hanover, Conn, 29.1 :
1235 Quinebaug River at Westville, Mass. 93.8 ]
[

1240 Quiretuug River at Quinebaug, Conn, 157 [
1245 Little River at Buffumville, Mass. 27.7 {
1250 French River at Webster, Mass, 85.3 :

5
1254.9 & Little River at Harrlsville, Conn, 35.5 }

Q
12585 § Quinebaug River at Putnam, Conn. 33l R
{256 i Mashamaquet Brook at Abington, Conn. 11.0

I~ ]
1260 § Five Mite River at Killingly, Corn. 58.2

B
i265 & Moasup River al Moosup, Conn, 83.5
1269.1 Lowden Brook near Voluniown, Conn. 2.40
1269.23 Denisen Brook at Valuntown, Cann. 4.0l
1269.5 Pachaug River ot fachoug, Conn, 50.4
1270 Quinebaug River ot Jewst! Cily, Conn, T &

1 13 1.1.1.1 L 1 1 41

Figure 9.--Length of continuous records at stream-gaging stations,
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Information on streamflow Is presented in
the following order on succeeding pages: first,
the continual variation in the rate of flow of
streams fs summarized by graphs, known as flow-
duration curves, and by tables. Second, the fre-
quency with which specified low flows recur fis
given by low-flow frequency graphs, and by tables.
Third, maximum safe draft rates are given for exis-
ting lakes or reservoirs having usable storage,
and the fTrequency with which various amounts of
storage in a reservoir would be required to main-
tain selected rates of streamflow is indicated.
Fourth, high streamflow is discussed, including
historical accounts of major floods, since 1690.
Tables indicating the magnitude and frequency of
major floods and other periods of high streamflow
at gaging stations and a method Tor estimating
flood frequency at unmeasured sites are included,

VARIATION IN STREAMFLOW

The variation in rate of flow of streams
may be represented by graphs, known as flow-
duration curves. Figure 10 includes the flow-
duration curve and two photographs of Kitt Brook,
one when the flow was at the rate equaled or
exceeded 40 percent of the time and the other
when it was at the rate equaled or exceeded 90
percent of the time.

The variation in flow of the Quinebaug River
at Quinebaug is shown by a flow-duration curve in
figure 11; supplemental curves included on the
same graph show the timits within which this vari-
ation in flow has ranged in single years. These
timits may be estimated for partial-record or un-
measured sites from the curves in figure 17.
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in a single yeor within the reference perlod

Flow~duration curves for other long-term
continuous-record gaging stations in the basin
are presented in figures 12 to 16, Flow-duration
data and average flow for all gaging stations in
the Connecticut portion of the basin are summar-
ized in table 5. Locations of these gaging
stations appear on plate A. Streamflow data in
table 5 are given as flow per square mile above
the gaging station to facllitate comparison be-
tween streams: as explained beyond the data in
table 5 may be used to estimate the average flow
for selected consecutive=day periods of Towest
flow in a year and the expected recurrence of
that flow.

Areal varlations in annual precipitation
and In surficial geology cause significant vari=-
ations in streamflow within the Quinebaug River
basin. Annual precipitation is higher in the
eastern part of the basin {Knox and Nordenson,
1955) and in the southern part {Gossliee and Brum-
bach, 1961, p.3) than in the central part.
Streamflow reflects the variation in precipita-
tion, for, as shown by isopleths on figure 18,
streamflow is near or slightly below basin-wide
average over & broad area through the center of
the basin and notably above average near the
southeastern border. The isopleths were drawn
by determining the average streamflow at each
gaging wstation in or near the basin, and plotting
near the center of the areas drained the ratios
of these average streamflows to the basin-wide
average istreamflow of 1.16 mgd per square mile
{1.80 cfs per square mile).

While variations In precipitation cause
variations in the amount of runoff, variations
in geology cause varfations in the timing of run-
off. M. P. Thomas has discussed the variations
in runoff caused by variations in geology for
eastern ‘and southern Connecticut {Thomas, M.P.,
in press) including the Quinebaug River basin.

These curves may be used to estimate the
percents of time specific daily flows
probably were equaled or exceeded during
abnormally dry or abnormally wet years at
partial-record stations or ungaged sites.
For example, if a certain flow was equaled
or exceeded 50 percent of the time on the
average (as determined from table 5 or
figure 19), then from these curves, during
one dry year it is possible that the same
flow was equaled or exceeded as Iittle as
27 percent of the time (minimum in a sin-
gle year), or during one wet year the same
flow was equated or exceeded as much as

77 percent of the time {maximum in a sin-
gle vyear).

Figure 17.--Range In duration of streamflow, October 1930 to September 13960,




Table 5.--Duration of daily flow at gaging stations in the Quinebaug River basin.
(Data are adjusted to the reference period October 1930 to September 1960 on basis of long-term streamflow records)

Percent of | Average
Stream and place of drainage flow
Index measurement Drainage area {million
number (P indicates partial- area |covered by { gallons Flow, in million gallons per day per square mile, which was
(P1.4) record gaging station) (square | strati- per day equaled or exceeded for indicated percentage of time
miles) | fied persq.[ 1 | 5 | 10] 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90| 95 | 99
drift mi le) :
1240 Quinebaug River at Quinebaug 157 - 1.13 5.8 3.2 2.% 1.65 1.25 1.05 0.80 0.61 0.45 0.31 0.19 0.12 0.05
1250 French River at Webster, Mass. 85.3 - l.20 6.5 3.3 2.5 1.70 1.3 1.05 .85 .69 .56 .h2 .26 .12 .05
1253 English Neighborhood Brook at 4.99 1.8 1.18 8.7 3.9 2.8 1.8 1.3 87 62 .39 g 10 .oh 02z .01
North Woodstock P

1254 Muddy Brook at East Woodstock P 13.2 3.8 1.18 8.7 3.9 2.8 1.8 1.3 .90 .65 &1 .22 A1 L) | .00
1254.4  Mill Brook at South Woodstock a/ P 5.56 o0 1.16 7.7 3.7 2.6 1.8 1.3 90 L6545 .26 14 L06 L0402

1254.9  Little River at Harrisville b/ P 35.5 15.9 1.16 7.5 3.7 2.6 1.75 1.3 .94 .68 .50 B4 28 18 15 L2

1255 Quinebaug River at Putnam 331 - 1.1k 5.7 3.2 2.4 1.7 1.25 1.0 .79 .60 4L L31 190 Lt L07
* 1256 Mashamoquet Brook at Abington P 11.0 6.5 (i;i?? 7.4 3.7 2.6 1.8 1.3 97 .7 .51 .33 .20 ;:101 .07 .04
1256.5 MWappoquia Brook at Pomfret 4,28 L.e 1.17 8.4 3.9 2.8 1.8 1.3 .90 .63 .4l .22 0,12 .05 .03 .01
Landing P
1257 Mashamoquet Brook at Pomfret 28.6 6.6 1.17 8.1 3.8 2.7 1.8 1.3 .90 .65 L4 .25 14 .06 .03 .01
Landing P
1258 Five Mile River near East 10.3 33.0 1.16 5.4 3.2 2.4 1.7 1.3 1.05 .84 .65 .51 .39 .26 A7 .04
Thompson P .
1258.5 Five Mile River at Quaddick P 2h.3 32.9 1.16 5.h 3.2 2.4 1.7 1.3 1.05 .84 .65 .51 .39 .26 .17 .05
1258.8 Mary Brown Brook at East Putpam P 8.42 22.1 1.18 7.8 3.7 2.7 1.75 1.3 .80 .65 Jhs .29 .20 .13 .08 .03
1259 Cady Brook at East Putnam P 8.02 29.0 1.16 6.8 3.5 2.6 1.75 1.3 .97 .71 5% .3/ .z4h .13 .09 .05

1259.5 Five Mile River near East Putnam P 47.8 30,4 1.16 6.3 3.6 2.5 1.75 1.3 1.0 .78 .58 .43 .30 17 .11 .03
1260 Five Mile River at Killingly 58.2 29.0 1.1 5.5 3,2 2.4 1.7 1.3 1.05 .84 .84 .52 .41 .28 .19 .08

1260.4+ Bog Meadow Reservoir outlet at 4,94 - 1.18 6.8 3.7 2.6 1.8 1.35 1.05 .87 .7 .58 .47 .36 .28 .20
East Killingly P




61

1261 Whetstone Brook at Elmville P 13.5 - 1.18 7.4 3.8 2.7 1.85 1.35 1.05 .81 .69 .55 .45 .37 .31 .23

1262.5 Moosup River at Sterling P 42,3 29.3 1.26 6.8 3.7 2.8 1.85 1.4 1.1 B .83 Jh4s 31 .19 .14 .08
1263 Quaduck Brook at North Sterling P 8.22 17.5  1.23 7.1 3.8 2.7 1.85 1.4 1.05 .78 .58 41 26 .14 .10 .06
1263.5 Quaduck Brook near Sterling P 18.8 18.6  1.2h 7.1 3.8 2.7 1.85 1.4 f.05 .8 .59 .3 .17 .08 .05 .03
1264 Snake Meadow Brook near Almyville P 8.45 15.3  1.16 7.1 3.6 2.6 1.75 1.3 1.0 .71 .54 .36 .25 L1612 .06
1265 Moosup River at Moosup 83.5 2h. L 1.23 6.5 3.8 2,7 1.85 1.4 1,05 .84 .65 .43 .26 .14 .08 .04
1266 Blackwell Brook near Brooklyn P 16.9 8.4k 1.18 7.8 3.8 2.7 1.8 1.3 84 68 .47 .27 .16 .07 .05 .02
1266.5  Mill Brook at Packer P 17.1 2.4 T.16 7. 3.7 2.6 1.75 1.3 .9% .68 .48 .36 .26 .19 .14 .09
1267 Kitt Brook near Canterbury P 11.1 22.8  1.15 8.1 3.7 2.6 1.75 1.3 .90 .65 .43 Lok 14 07 .05 .03
1268 Cory Brook near Canterbury P 5.k 9.1  1.14 7.1 3.7 2.5 1.7 t.25 .97 .74 .5k .25 .10 .03 .0z D1
1269 Beach Pond outlet near Voluntown P 5.40 - 1.26 7.1 3.9 2.8 1.85 1.4 1,05 .82 .58 .3 .20 .11 .07 .04
1269.05 Great Meadow Brook near Voluntown P 5.14 17.5  1.23 6.8 3.7 2.6 1.8 1.35 1.05 .78 .59 .32 .11 .04 .0z .01
1269.1 Lowden Brook near Voluntown P 2.40 0 1.22 8.4 3.9 2.8 1.8 1.35 .97 .71 .48 .28 .16 .07 .ok .02
1269.2  Mount Misery Brook near Voluntown P 7.66 18.1 1.24 7.1 3.8 2.7 1.85 1.35 1.05 .81 .59 L1 .27 .15 .lg .06
1269.23 DPenison Brook at Voluntown P 4.01 53.6  1.29 k8 3.1 2.4 1.75 1.4 1.25 .0 8% .71 .58 k5 .37 .26
1269.25 Myron Kinney Brook near Voluntown P 4,25 30.1 1.25 7.1 3.8 2.7 1.95 1.k 1.05 .81 B0 W43 L2900 17 .12 .07
126%.3 Pachaug River at Glasgo P 37.0 31.0  1.28 6.0 3.5 2.6 1.85 1.4 1.15 .90 .71 .87 .43 300,23 .15
1269.4 Billings Brook at Glasgo P 5.69 i3 1.26 5.0 3.2 2.5 1.75 1.% 1.15 97 .81 .65 .52 .39 .33 .21
1269.5  Pachaug River at Pachaug P 50.4 37.7  1.28 6.0 3.5 2.6 1.85 1.4 1.5 .90 .71 .57 .43 .30 .23 .1k
1269.8 Pachaug River at Hopeville P 58.6 38.0 1.28 6.0 3.5 2.6 1.85 1.4 1.2 .90 .71 .56 40 .30 .23 .14
1270 Quinebaug River at Jewett City 711 - 1.16 5.4 3.3 2.5 1.7 1.3 1.05 .81 .65 .50 .36 .21 .13 .03
1271 Broad Brook near Preston P 12.7 21.8  1.21 6.8 3.6 2.6 1.8 1.35 1.05 .78 .58 .41 .27 .15 .10 .06

a/ Does not include area above or flow from Wappaquasset Pond.
b/ Flow has been adjusted to include an average of 1.4 million gallons per day (0.04 mgd per sq mi) diverted just upstream by city of Putnam.
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Figure 18.--Areal variation in average streamflow.
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His conclusions with respect to the variation of
runoff with geology are summarized in the family
of flaw-duration curves shown In figure 19,

These curves show that runoff from areas under-
lain targely by stratified drift is more evenly
distributed throughout time than is runoff from
areas underlain largely by till. These relation-
ships reflect the poor infiltration capacity and
resultant high proportion of direct runoff from
till and the greater infiltration capacity and
relatively high proportion of ground-water run-
of f from stratified drift. The stratified drift
absorbs a relatively large proportion of the
precipitation and stores it for sustained release
during periods of dry weather.

The curves shown in figure 19 may be used to
estimate flow duration at any unmeasured site in
the basin, provided the percent of stratified
drift above the unmeasured site is accurately
determined from plate B and the runoff is adjus-
ted by use of the isopleths on figure 18 to
account for variations In precipitation on the
streamflow,

FREQUENCY AND DURATION OF
LOW FLOWS

Although flow-duration curves such as those
shown In figures 10-16 and figure 19 indicate the
minimum amounts of streamflow available for speci-
fied percentages of time, the water manager also
needs to know how often specified low streamflows
are expected to recur and for what periods of time
they are expected to last. Recurrence intervals
of annual lowest mean flows, averaged over periods
as long as 365 consecutive days, at long-term con-
tinuous-record gaging stations in the Quinebaug
River basin are given in table 6, and similar data
for periods up to 30 years are given in tahle 7.
Low-flow frequency data also may be presented in
graphs as {flustrated in figure 20 for the stream-
gaging statlon on the Quinebaugy River at Quinebaug.
The average flow for a selected consecutive-day
period of lowest flow in & year and the expected
recurrence interval of that flow for all gaging
stations in table 5 other than long-term
contlinuous~record stations can be estimated by
using tables 5 and 8, The same can be estimated
for unmeasured sites on unregulated streams by

using table 1t and figures 18 and 19. (See
example on tahle 8.)
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Figure 20.--Recurrence intervals of specified low flows of the Quinebaug River at Quinebaug.
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Table 6.~-Recurrence Intervals of annual lowest mean flows at long-term stream-gaging stations in the Quinebaug River basin.
(Flows are adjusted to the reference period April 1930 to March 1960 except for French River at Webster which is based on perioed of record April 1949 to March 1960)

Drainage Period Annual lowest mean flow, in cubic feet per second, Annual lowest mean flow, in million gallons per day per
I ndex area {consecu~ for indicated period of consecutive days and in- square mile, for indicated period of consecutive days
number (square tive dicated recurrence interval, in years and indicated recurrence interval, in vears
(P1. A) | Stream and place of measurement miles) days) 1.2 2 3 5 10 20 31 1.2 2 3 5 10 20 31
1240 Quinebaug River at Quinebaug 157 3 36 23 18 13 G.2 6.6 5.4 - - - - - - -
7 53 gL 26 20 14 9.8 8.1 0.218 0.t40 0.107 0.082 0.058 0.0&C 0.032
30 74 45 36 27 19 13 1 <305 2189 48 111 .078 .054 045
60 g1 59 45 34 24 17 14 -375 243 185 140 .099 .070 .058
120 120 80 63 L9 35 25 21 Lhoh o .329 L2595 .202 Jdh 103 .086
183 170 il5 91 72 a2 39 33 .700 473 .375 .296 214 .161 .136
27k 250 180 150 125 96 75 &5 1.029 LT .618  .515 .395 +309 .268
365 320 250 220 19¢ 150 125 110 1.318  1.030 .906 .783 .618 515 453
1250 French River at Webster, Mass. 85.3 3 19 12 10 7. 5.2 3.8 3.1 - - - - - - -
7 41 28 22 17 13 9.5 8.0 .31 212 L1670 .129 .098 072 .061
” 30 55 38 30 23 17 12 10 17 -288  .z27 74 129 091 076
60 63 47 37 29 21 16 13 .523  .356  .280 .220  _15%  .121 .098
120 82 56 L 35 25 19 16 621, R | 265 . 189 o L121
183 110 74 59 L& 34 25 21 .833 .561 447 349 .258 .189 .159
274 170 115 91 71 52 33 33 1.288 .871 L6906 538 .39 .296 250
365 - - - - - - - - - - - - - -
1255 ~Quinebaug River at Putham 331 3 87 61 &0 Lo 31 1 20 - - - - - - -
- 7 120 84 69 56 k3 - 33 29 .234% L85 L1350 109 .084 064 .057
30 150 110 20 74 56 4k 38 .293 2215 176 L4 109 -086 074
60 180 130 110 a0 70 5L 47 . 351 L2584 215 176 L137 .105 .092
120 250 180 150 120 95 74 [ 488 .351  .293  .234 .85 1L 125
183 340 250 200 160 130 100 85 .664 H68 0 L3900 L3102 .254% .195 . 166
274 520 380 320 260 200 150 130 1.015 .74z .625 .508 -390 .293 254
365 700 540 460 380 300 240 210 1.367 1.054 .898 ThI .585 468 410
1260 Five Mile River at Killingly 58.2 3 19 i5 13 11 9.0 7.4 6.7 - - - - - - -
7 29 22 19 16 14 11 10 .322 L2450 L2110 178 .55 122 117
30 36 28 24 21 17 LT 13 400 311 .266 0 1233 .18% -155 L 1EL
60 & 32 28 24 20 17 15 455 .355 311 .266 .222 .189 .166
120 51 40 35 30 24 20 18 .566 A4k .388 0 L3133 -266 .222 .200
183 63 4o 42 36 30 25 22 .699 LS4 L4668 400 .333 .278 L2k
274 90 70 61 52 k2 15 31 899 77 877 U577 Jhe6 .388 .34k
365 120 96 85 74 61 51 45 1.332 1.066 <Ok 821 677 .566 .500
1265 Moosup River at Moosup 83.5 3 13 7.8 6.2 5.0 3.9 3.2 2.9 - - - - - - -
7 23 13 1 8.5 7.0 5.6 4.9 .178 . 101 085 .069 .054 043 .038
30 31 19 16 13 9.7 7.5 6.5 .2ho 470 o128 01 .075 .058 .050
60 L1 24 20 16 12 9.5 8.0 317 .186 .155 L124 .093 074 .062
120 66 38 30 2k 18 13 11 L5111 .29F  .232  .186 .139 .101 .085
183 92 58 48 40 3t 25 22 712 g L3720 L300 240 194 J170
274 155 105 90 7h 60 50 Ll 1.200 813 .697  .573 bk .387 .3
365 195 150 130 110 gt 76 70 1.509 1.16% 1.006 .851 704 .588 542
1270 Quinebaug River at Jewett City 7H 3 160 53 67 46 36 32 30 - - - - - - -
7 280 200 170 40 110 a7 76 .255 .18z .Is4h 127 .100 .079 .063
30 330 250 200 170 130 100 90 . 300 .226  .182  .155 .118 .091 .082
60 40D 300 250 200 160 120 110 . 364 .273 .227 .12 145 .109 .100
120 570 k10 350 290 220 170 150 .518 .373  .318  .z264 .200 .155 .136
183 770 550 L] 380 290 230 200 700 =500 418 . 345 .264 . 209 182
274 1,160 g70 730 610 430 390 340 1.054 .790 .66k 554 L4368 . 355 .309
365 1,460 1,160 1,020 80 700 580 520 1.327 1.05%  .027 .782 .636 .527 473



Table 7.--Lowest mean flows for periods of 1 year or more at long-term
stream-gaging stations in the Quinebaug River basin.
(Flows are adjusted to the reference period Aprit 1930 to March 1960)

I ndex Lowest mean flow, in cublc feet per second,
number Stream and place for indicated period of consecutive months
(Pt. A} of measurement 12 18 24 36 60 120 180 360

1240 Quinebaug River 110 160 183 200 215 230 248 278
at Quinebaug
1255 Quinebaug River 210 350 390 &10 440 470 530 585

at Putnam

1260 Five Mile River L4s 68 74 80 85 93 104 107
at Killingly

1265 Moosup River 70 105 111 118 129 13k 146 164
at Moosup

1270 Quinebaug River 520 750 830 900 970 1,050 1,100 1,280
at Jewett City

TJable 8.--Average duration of lowest mean flows for
streams In the Quinebaug River basin,

Example shows that for any partial-record gaging station or unmeasured sfte
an 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 exceeded 90 percent of the time.

Average percent of time during the reference period
April 1930 to March 1960 ijn which streamflow equaled

Period of low flow or exceeded the lowest mean flow for indicated re-
Consecutive  Consecutive currence  interval in vears 2/

days months 1.03 1.2 2 3 5 10 20 31

3 -= 73 9k 97 98 98 99 -- --

7 = 66 89 9k 96 97 98 98 99
30 1 55 83 90 { 93 95 96 97 98
60 2 b2 78 8 83 92 95 96 97
120 4 30 67 77 82 86 90 gk 95
183 6 22 56 68 73 78 8l 88 91
274 9 17 39 51 57 63 71 77 81
365 12 15 29 39 b 51 58 bt 68
-- 18 - - ee ee e ew ae 53
-- 24 - - - e an - - 50
- 36 -- -- -- -- -- -- ~- L7
- 60 -- -~ -~ - -- -- -- Lk
-- 120 — - — = a- - - 42
-- 180 -- -- -- -- - - -- 39
.- 360 -- - - - -- - -- 35

a/ For periods of 12 months or less, the lowest mean flow is the annual’lowest
mean flow, and values for recurrence Interval of 1.03 years represent the
wettest year of the reference period, for 2 years, the median year, and for
3! years, the driest year. These percentages are hased 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 Quinebaug River basin,
(Indices are medians of the annual lowest mean flow for perlods of 7 and 30 consecutive
days, adjusted to the reference period April 1930 to March 1960 on basis of long-term

streamflow records )

Annual lowest mean flow having a recurrence

Drainage interval of 2 years for number of consecutive
Index area days ind]cated
number (square {mitlion gallons
(P1.A} | Stream and place of measurement miles) {cublc feet per second) per day per
. square mile)
7 days 30 days 7 days 30 days

1240 Quinebaug River at Quinebaug 157 34 Lé 0. 14 0.19
1250 French River at Webster, Mass. 85.3 28 38 .21 .29
1253 English Nelghborhood Brook ’

at North Woodstock 4,99 .2 .3 .03 .0h
1254 Muddy Brook at East Woodstock 13.2 A o7 .02 .0h
1254,k Mi11 Brook at South Woodstock a/ 5.56 .2 .5 .02 .06
1254.9 Little River at Harrisvilie b/ 35.5 8.5 10 A5 .18
1255 Quinebaug River at Putnam 331 Bl 1o .16 .21
1256 Mashamoquet Brook at Abington 11.0 1.3 1.8 .08 10
1256.5 Wappoquia Brook near Pomfret Landing  £.28 .2 .3 .03 .05
1257 Mashamoquet Brook at Pomfret Landing 28.6 1.6 2.6 . Ok 06
1258 Five Mile River near East Thompson 10.3 3.1 L,2 .20 .26
1258.5 Five Mile River at Quaddick 24.3 7.5 10 .20 .26
1258.8 Mary Brown Brook at East Putnam 8.42 1.3 1.7 .10 .13
1259 Cady Brook at East Putnam 8.02 1.3 1.6 | A3
1259.5 Five Mile River near East Putnam 47.8 9.3 i3 .13 7
1260 Five Mile River at Killingly 58.2 22 28 .25 .31
1260.4 Bog Meadow Reservoir outlet at

East Killingly L.,oh 2.3 2.7 .30 .35
1261 Whetstone Brook at Elmville 13.5 6.8 7.7 «33 .37
1262.5  Moosup River at Sterling 42.3 9.9 12 .15 .19
1263 Quaduck Brook at Morth Sterling 8.2z 1.4 1.8 11 L1
1263.5  Quaduck Brook near Sterfing 18.8 1.7 2.2 .06 .08
1264 Snake Meadow Brook near Almyville 8.45 1.8 2.1 b .16
1265 Moosup River at Moosup 83,5 13 19 .10 .15
1266 Blackwell Brook near Brooklyn 16.9 T.h 1.9 .05 .07
1266.5 Mill Brook at Packer 17.1 o .5 .15 .19
1267 Kitt Brook near Canterbury i1l .9 1.2 .05 .07
1268 Cory Brook near Canterbury 5.4k .2 .3 .02 .03
1269 Beach Pond outlet near Voluntown 5.4ho .6 .9 .07 .11
1269.05 Great Meadow Brook near Voluntown 5. 1h .2 .3 .03 04
1269.1  Lowden Brook near Yoluntown 2.40 .2 .3 .05 .07
1269.2  Mount Misery Brook near Voluntown 7.66 Tk 1.8 .12 .15
1269.23 Denison Brook at Yoluntown L, 01 2.5 2.8 Ao W45
1269.25 Hyron Kinney Brook near Voluntown k.25 .9 1.t i A7
1269.3  Pachaug River at Glasgo 37.0 14 17 .ok .30
1269.4  Billings Brook at Glasgo 5.69 3.1 3.k .35 .39
1269.5  Pachaug River at Pachaug 50.4 19 23 .24 .30
1269.8  Pachaug River at Hopeville 58,6 E] 23 .2k .30
1270 Quinebaug River at Jewett City 711 200 250 .18 W23
1271 Broad Brook near Preston 12.7 W2 .3 0 .15

a/ Does not include area above or flow from Wappaquasset Pond.

b/ Flow has been adjusted to include an average of 1.4 miliion gallons per day

(0.04 mgd per square mile) diverted just upstream by city of Putnam,
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The curves shown in figure 19 may be used to
estimate flow duration at any unmeasured site in
the basin, provided the percent of stratified
drift above the unmeasured site is accurately
determined from ptate B and the runoff is adjusted
by use of the isopleths on figure 18 to account
for variations in precipitation on the streamflow.

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
diminish below these values In 1 year out of 2,
on the average, Accordingly, these two values
are termed "indices of low-flow frequency'! and are
presented in table 9 for all gaging stations in
the basin.

The lowest Tlows of record (1918-63) of the
Quinebaug River at Jewett City for perlods of 7 to
120 days occurred during the climatic year April 1,
1957 to March 31, 1958. Records at the other long-
term gaging stations do not go back to 1918, but

unless the pattern of regulation was quite dif-
ferent in the early years, it is likely that the
lowest fTiows at all gaging stations since 1918
atso occurred in climatic year 1957. For each of
these gaging stations, the lowest daily flows
rot exceeded for specified perfods during the
1957 climatic year are given in table 10, Data
for the French River at Webster and the Five
Milé River at Killingly are not shown on a per-
square~mile basis; daily flows of these streams
are greatly influenced by regulation at lTow
stages and hence the data apply only at the
gaging stations. Unit flow figures are given
for gaging stations on the Quinebaug and Moosup
Rivers, however, and can probably be applied to
other locations on these streams. For the
Quinebaug River, differences between the figures
for successive gaging stations should be dis~
tributed proportionately,

Table 10.--Lowest daily flow not exceeded during varfous numbers of consecutive days in the summer

of 1957 at long-term stream-gaging statlons in the Quinebaug River basin.

Flows during

the summer of 1957 were the lowest during the period August 1918 to September 1963.

Lowest dally flow, fn cubic feet | Lowest daily flow, in million
Drainage | per second, not exceeded during gallons per day per square mile,
I ndex area indicated number of consecutive not exceeded during indicated
number | Stream and place (square days number of consecutive days
(P1.A) | of measurement miles) 7 15 30 60 120 7 15 30 60 120 .
1240 Quinebaug River
at Quinebaug 157 1 15 17 23 43 0,045 0.062 0.070 0.095 0.177
1250 French River at
Webster, Mass. 85.3 25 28 36 55 70 -- - - - --
1255 Quinebaug River
at Putnam 331 36 36 L3 4e 77 070 .070  .084  ,090 ,I50
1260 Five Mile River /
at Killingly 58.2 228 27 3 37 Ly - -- - - .
1265 Hoosup River b/ b/
at Moosup 83.5 7.82 8.7 1 13 26 060 < .067 ,085 .101 .20
1270 Quinebaug River
at Jewett City 711 99 118 133 177 256 .090 J07 0 L1210 L1610 233

a/ A lower flow of 21 cfs oceurred in 1943.

b/ A lower flow of 7.2 cfs (0.056 mgd per sq mi) occurred in 1953,
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Table 11.~-Lakes, ponds, and reservoirs in the Quinebaug River basin.
{Most of the data from the State Board of Fisheries and Game )

Maximum
amount of
Drainage | Area of Total Usable storage used

I ndex Natural (N} area water |Surface Maximum | Average | storage storage during 1963
number or (square | surface |elevation | depth depth | {million | (million | (million
{P1.A) Name and location Artificial (A) | miTes) | {acres) | (feet) (feet) | (feet) | gallons) | gallons) | gallons) Present use
1231.8  Mashapaug Lake at : Industrial and

Mashapaug df NA 480 297 706 43 18 1,770 1,300 - Recreation
1234.8  Breakneck Pond near Union N 1.65 105 679 4 5.0 171 None —— Not used
1254.29 Wappaguasset Pond near )

South Woodstock A .87 100 g7z i1 5.8 194 159 158 a/f Recreaticn
1254.5 Roseland Lake at

South Woodstock N 30.2 88.0 286 20 10 296 None - Recreation
1257.29 Alexander Lake near Rogers N 1.06 190 251 53 24 151 None - Recreation
1257.4 Danielson Mill Pond

at Danielson A 384 77.4 190 11 3.4 86.8 86.8 -— Not used
1257.5 Little Pond near

East Thompson N .84 65.4 478 14 7.8 165 None - Recreation
1257.6  Long Pond near East Thompson NA .25 20.8 478 19 9.3 63.3 None - Not used
1258.49 Quaddick Reservoir at Quaddick NA 24.0 L&y 403 22 6.4 1,010 957 340 b/ Recreation
1260.19 Killingly Pond at

East Killingly NA 1.31 137 587 20 16 518 490 88.3 Industrial
1260.3 Alvia Chase Reservoir at

East Killingly A 1,04 52.4 565 8 3.1 53.3 51.8 4h. 6 Industrial
1260.35 Middle Reservoir at

East Killingly A 4.55 116 563 5 3.1 116 116 29.9 Industrial
1261.1  Five Mile Pond at Danielson A 77.6 43.0 210 13 2.4 58.8 57.1 - Not used
1261.2  Quinebaug Pond near Danielson N 1.26 70.6 197 31 16 368 None - Recreation
1264.49  Moosup Pond near Almyville NA 1.06 97.2 280 26 9.3 295 None - Recreation
1266.49 Packer Pond at Packer A 17.0 35.3 142 7 2.9 33.7 33.7 - Not used
1268.9  Aspinook Pond at Jewett City A 648 333 97 27 8.7 LY 800 _— Not used
1268.99 Beach Pond near Voluntown NA L,70 394 296 65 20 2,633 1,290 59.8 ¢/ Recreation
1269.2k Beachdale Pond at Voluntown A 30.7 4.9 266 10 2.8 42.2 35.9 -- Recreation
1269.29 Glasgo Pond at Glasge e/ A 37.0 184 183 26 6.6 395 350 -- Recreation
1269.35 Billings lLake near Glasgoe NA .66 105 353 33 14 Leg 205 - Recreation
1269.37 WaWog Pond near Glasgo A 1.4 s5h.3 292 7 L.o 70.7 None e Recreation
1269.49 Pachaug Pond at Pachaug A 50.1 831 161 18 6.1 1,640 1,640 875 a/ Recreation
1269.79 Hopeville Pond at Hopeville A 58.6 149 Ths 16 L.e 225 225 —— Recreation
1269.9 Ashland Pond at Jewett City A 59.1 102 127 17 6.1 200 None ~-— Not used

a/ Pond was drained; water was not used,

b/ Includes 142 million gallons over-crest storage behind 1.0 ft of stop planks.
¢/ Over-crest storage behind 0.6 ft of stop planks,

d/ Located west of the area shown on Pl. A.

&/ Includes Doaneville Pond.
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Table 12.--Maximum safe draft rates (regulated flows) from selected ponds and reservoirs or combinations thereof in
the Quinebaug River basin for the reference period April 1930 to March 1960.

(Ponds and reservoirs will refill within a year)

Pond or
reservoir, Total Meximum safe draft rates (regulated flows})
or Drainage |usable
Index combination area storage Drijest year Median vear Wettest vear
number thereof, {square | (mitlion (million (mitlion (million
(P1.A) Stream and location miles) gallons) | (cubic feet gallons | (cubic feet | gallons |{cubic feet | gallons
per second) | per day) | per second)| per day)| per second)| per day)
1231.8 Quinebaug River Mashepaug Lake at Mashepaug 4.802/ 11,3002/ 2,23/ T.h 2/ 7.6/ 4.9 2/ 17 a/ 1 &/
1254.29 Mill Brook Wappaquasset Pond near
South Woodstock 0.97 159 0.36 0.23 1.5 0.97 3.2 2.1
1257.4 Quinebaug River Danielson Mill Pond at
Danielson 384 86.8 Lo 29 120 78 340 220
1258.49 Five Mile River Quaddick Reservoir at : .
Quaddick 24.0 957 16 10 27 17 63 4
1260.19 Whetstone Brook Killingly Pond at East '
' Killingly 1.31 490 - - - - - -
1260.3 " " Alvia Chase Reservoir at
East Killingly 1.44 51.8 - - - - - -
1260.35 " " Middle Reservoir at
East Killingty 4._55 116 2.5 1.6 L.7 3.0 12 7.8
- t B Middle and Alvia Chase
Reservoirs - 168 3.7 2.4 5.l 3.5 13 8.4
- H H Middle and Alvia Chase
Reservoirs and Killingl
Pond Y - 658 4,02/ 2.62/ 7.78/  5.02/ 158/ 9.72/
1261.1 Five Mile River Five Mile Pond at Danielson 77.6 57.1 21 14 ] 26 g6 62
1266.49 Mi11 Brook Packer Pond at Packer 17.1 33.7 4.0 2.6 6.4 | 18 12
1268.9  Quinebaug River Aspinook Pond at Jewett City 648 800 130 / ah 260 170 720 hLén
1268.99 Pachaug River Beach Pond near Voluntown L.70 1,290 2.62 1.73/ g8.02/ 5.29/ 168/ 102/
1269.24 " " Beachdale Pond at Voluntown  30.7 35.9 - - - - - -
1269.29 " H Glasgo Pond at Glasgo 37.0 350 17 11 29 19 67 L3
- " " Glasgo and Beach Ponds - 1,640 29 19 L7 30 100 65
1269.35 " " Billings Lake near Glasgo .66 205 - - - - - -
1265.49 H " Pachaug Pond at Pachaug 50.1 3,64@ 36 23 57 37 130 a4
- il " Pachaug and Glasgo Ponds - 1,990 38 25 61 39 140 90
- H H Pachaug, Glasgo and Beach ' /
Ponds - 3,280 452 292/ 76 49 160 100
1269.79 " " Hopeviile Pond at Hopeville 58.6 225 22 14 38 25 82 53
- 1" " Hopeville and Pachaug Ponds - 1,865 42 27 63 41 150 97
- i 1 Hopeville, Pachaug and
Glasgo Ponds - 2,215 43 28 67 43 160 100
- " " Hopeville, Pachaug, Glasgo /
and Beach Ponds - 3,505 532 302/ 81 52 180 120

a/ |If ponds and reservoirs are to refill within a year,

total storage will not be used.



Table 13.--Storage required at long-term gaging stations in the Quinebaug River basin. (Data are adjusted to the
reference period April 1930 to March 1960. Storage required would refill during 2 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 which would increase somewhat the amount of
storage required )

62

Maximum amount
of storage
which would
refill during
Recurrence | the year of

interval annual lowest Storage required, in million gallons per square mile, to maintain indicated
Drainage | of annual mean flow, regulated flow, in million gallons per day per square mile
Index Stream and area Towest inmillion
number place of {square | mean flow gallons per

(P1.A) measurement | miles) | {years) a/ | square mile [0.10[0.15[0.20[0.25]0.30]0.35]0.40]0.45]0.50]0.55 0.60(0.65(0.7010.75(0.80(0.90 1.00

1240 Quinebaug River

at Quinebaug 157 1.2 - .- - - - - 1 2 L 7 10 14 18 23 29 35 49 63
2 - - - - I 3 6 10 15 21 27 33 40 47 55 63 79 96
5 87 - 1 307 2 17 2% 31 39 47 56 65 7h 83 93 116 140
10 76 - 3 7 12 19 26 34 43 53 63 73 8% 9k 108 117 12 187
31 61 2 7 W 22 31 k0 50 61 72 8 97 110 123 132 146 17k 204
1255 Quinebaug River
at Putnam 331 1.2 - - - - - - 2 3 5 8 1tz 16 20 25 30 3% 50 65
2 - - - 1 2 5 8 12 16 22 29 36 43 51 60 77 96
5 77 - - 1 L 8 12 19 26 3 L2 51 60 69 79 91 115 140
10 63 1 7 13 21 29 37 46 56 67 78 90 103 116 k2 170
31 49 13 9 16 25 36 47 59 72 8 97 109 122 136 150 177 208
1260 Five Mile River
at Killingly 58.2 1.2 - - - - - - - 1 3 5 8 12 16 21 26 Lo 56
2 - - - - . 2 3 5 8 12 18 24 32 4o 48 65 83
5 77 - - - 2 5 8 13 20 28 36 L5 54 64 74 94 117
10 64t = - = 2 h 9 17 26 32 40 43 53 69 80 93 118 145
3 49 - - ] B o112 20 29 38 49 61 73 8 28 11z J25 153 181
1265 ‘Moosup River
at Moosup 83.5 1.2 - - - - - 2 3 g g 10 13 17 21 25 30 35 46 59
2 - - - - 3 6 10 14 19 24 30 3% k2 50 58 66 83 100
5 $8 - 1 5 8 13 19 25 32 4o 47 55 63 71 81 90 111 131
10 84 - 3 8 13 20 26 33 41 43 57 66 75 84 g4k 104 127 152
31 67 2 7 13 20 27 3% 43 51 60 70 81 92 103 116 129 154 182
1270 Quinebaug River
at Jewett City 711 1.2 - - - - - - 1 3 5 8 12 16 20 24 29 33 46 58
2 - - - - 1 2 5 8 1t 15 21 27 34 42 50 58 74 9]
5 79 ~ - 1 k8 12 17 23 30 38 4 5 65 74 B3 1ok 128
10 68 - 1 307 12 18 26 34 L2 51 61 71 81 92 1ok 128 155
3 56 '3 8 15 22 31 b 52 63 74 86 97 110 122 136 162 190

3/ Values for recurrence interval of 2 years represent the median year of the reference period
the driest year of this period. 4 period, and for 31 years,
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Table 14.~-Storage required for unmeasured sites on unregulated streams in the Quinebaug River basin. (Data are adjusted to the reference
period April 1930 to March 1960 and to an average flow of 1.16 miliion gallons per day per square mile. Starage raquired would
refil) during @ year except for figures underiinad which would require more than a year to refill. Storage is uncorrectad for
reservoir seepage, evaporation, and for bias in computation procedure, all of which increase somewhat the amount of storage

required }
Maximum amount
of storage
which would
refill during
Recirronce the year of
Percent of interval annual lowest Storage required, in millien gallons per square mile, to maintain indicated
area coverad of apnual mean flow, regulated flow, In million gallons per day por square mile
¥ lowost inmillion
stratified mean flow gallons per
drife (years) a/ square mile 0.10 ! 0.15 l 0.20 I 0.25 | 0.30 | 0.35 l 0.40 | 0.kg | 0.50 1 4,55 I 0.60 1 0.65 | 0.70 | 0.75 l 0.80 I 0.90 | 1.00
o 1.2 - 1 3 & 9 12 17 23 29 35 41 48 55 &2 69 76 92 108
z 137 3 7 13 12 26 33 41 49 57 6 75 - 93 102 12 132 152
5 92 7 1h 22 3 40 49 59 69 79 g0 el Ml2 1@k 137 ysp )77 3205
- 10 66 1 20 30 i 52 8k 76 8 1oy nkx Ty 1k 153 18 qR1 209 239
3 34 15 27 Ao 53 &£ & 8% 1 I3 W Ty ] loo 208 2y 265 -
16 1.2 - - - 2 4 7 10 14 18 22 27 32 37 43 49 55 69 85
2 118 - 2 5 9 15 21 28 35 L2 49 57 65 73 81 90 108 126
5 gl 2 5 12 13 27 35 Ly 53 62 72 83 94 105 16 58 152 176
10 70 5 n 18 26 35 53 8L 75 86 98 111 lza 137 iso 178 207
33 4g & 25 37 4 62 75 k] ie2 W 13m0 1WA 153 174 T90 22% 255
20 1.2 - - - - - 2z i 3 9 12 16 20 25 36 36 43 57 71
2 - - - - 2 H 9 14 19 25 32 39 46 54 62 70 87 105
5 b - - 3 7 13 19 26 34 42 5 60 &9 78 88 99- 122 146
10 Th - 2 6 n 19 27 36 46 57 &8 920 Jo1 113 125 150 175
31 57 - 4 11 20 20 L3 53 &5 27 8 102 115 128 J42 56 I8k 214
30 1.2 - - - - - - - 2 4 & g 13 18 23 29 35 48 64
2 - - - - - 1 3 6 10 4 20 27 34 I 49 57 74 53
5 78 - - - 1 & 8 % 20 27 34 43 52 62 72 82 ﬂ% 126
10 62 - - 1 4 8 14 20 28 3% L 36 & 77 8 Tor 126 355
31 51 - - 2 8 14 23 33 L 56 68 80 92 Tob 1z 133 1 190
4o 1.2 - - - - - - - 1 2 5 8 1 14 i9 24 36 50
2 - - - - . - 2 5 8 11 16 21 28 35 59 77
5 72 - - - - 1 3 é 19 15 21 29 37 L5 Sh 6l 8 105
10 63 - - - - 2 3 11 17 24 32 4y 50 60 i’} 81 105 159
3 51 - - - 1 & 12 19 27 37 47 58 70 82 25 108 135 165
50 1.2 - - - - - - - - - - 3 3 5 2 12 16 27 40
2 - - - - - - - - - 2 4 8 12 18 24 31 Lg 64
5 33 - - - - - - 1 3 [ 11 16 22 29 37 46 ,g% 88
10 57 - - - - - - 3 7 12 17 24 32 i1 51 g2 H g
31 47 - - - - - 2 7 13 20 29 39 L) 8o yal 83 1o 138
&0 1.2 - - - - - - - - - - - - 2 5 i 10 19 3
2 - - - - - - - - - 1 4 7 10 15 21 34 49
5 59 - - - - - - - - z 5 8 13 19 26 34 52 %_a
10 53 - - - - - - - 1 b 9 14 20 28 36 kg 55 E51
31 he - - - “ - - 1 4 9 15 24 33 42 52 63 En L
a0 1.2 - - - - - - - - - - “ - - - - 1 3 13
2 - - - - - - - - - - - - - - 1 4 12 25
5 - - - - - - - - - - - - - 2 5 iy 22 38
10 Lo - - - - - - - - - - - 1 4 8 15 30 48
31 38 - - - - - - - - - - 1 10 17 21 b 8
100 1.2 - - - - - - - - - - - - - - - - - 1
2 - - - - - - - - - - - - - - - - - 5
5 - - - - - - - - - - - - - - - - 2 1
10 - - - - - - - - - - “ - - - - - 5 14
£l - - - - - - - - - - - - - - - 1 2 26
a/

Values for recurrence interval of 2 years reprasent the median yeor of the reference period, and for 31 years, the.driest year of the rcferecnee pariod.



STORAGE OF WATER IN LAKES
AND RESERVOIRS

EXISTING LAKES AND RESERVOIRS

There are many lakes, ponds, and reservoirs
within the Quinebaug River basin. The largest is
Pachaug Pond on the Pachaug River, which has a
surface area of 831 acres and usable storage
capacity of 219 million cublc feet (1,638 miflion
gallons). Table 11 presents Information concern-
ing the more important lakes and ponds, with the
exception of the public-supply reservoirs for
which information is given in table 31.

Many of the lakes, ponds, and reservoirs in
the basin have no usable storage; that is, the
water they contain is not subject to withdrawal
by gravity upon opening a valve or gate. For
those listed in table 11 as having usable storage,
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. Haxi-
mum draft rates are given for the wettest and
driest years of the reference period and also for
the median year, 1t should be noted that the
draft rates shown apply for 2&-hour per day use
and may be increased If the perifod of use is
reduced.

Since all reservoirs listed on Whetstone
Brook in the Five Mile River basin and also
those on the Pachaug River have a common owner-

ship, each may be operated In combination with
those upstream. Results of these combined opera-
tions also are shown in table T2,

Flow-duration and low-flow-frequency data
for gaging stations at the outlet of these
reservoirs, on which these draft-storage tables
are based, have been presented in tables 5 and 8.

ESTIMATING THE AMOUNT OF
STORAGE NEEDED

IT the minlmum flow of a stream is insuffi-
cient to supply a projected rate of use, 1t may
be possible to construct a reservoir from which
stored water can be released as needed to main-
tain the desired flow. . I|f the frequency with
which different amounts of storage would be
required is known, then the cost of providing
the storage may be balanced against the loss
caused by insufficient supply. The Information
presented, in table 13 for the five long-term
continuous-record gaging stations In the Quine-

“baug River basin shows the frequency with which
various amounts of storage would have been
required to maintain selected rates of regulated
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 copnditions, The rates of regulated
flow are presented per square mile of drainage
area so that the table may be used for other sites
along the same streams, provided that the percent

£l

of the area covered by stratified drift is not
appreciably different. Most of the amounts of
storage shown in the table would have been
replaced every year, but the larger amounts

which are underlined are greater than the total
volume of streamflow in some years and hence would
not have been replaced every year. The storage
figures were determined from frequency-mass curves
based on low-flow frequency relationships for each
gaging statfon, using methods described by Hardi-
son and Martin (1963).

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 percentages of area covered by strati-
filed drift; interpolations between these percent-
ages may be made. Storage used to provide regula-
ted flow as indicated would be replaced each year
except for underlined values; the underlined
values represent storage required to malntain
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 streamfiow of 1,16 mgd per square mile,
before It can be applied to a particular site the
rates of regulated flow and amounts of storage
must be adjusted to the average streamflow at that
stte by multiplying by an appropriate ratio
determined from figure 18,

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 comparison between proposed sites.

FLOODS

HISTORICAL ACCOUNT

Floods may occur in the Quinebaug River basin
during any month of the year., Spring floods oceur
reguiarly in the basin, and are sometimes accompa-
nied by destruction from moving ice, Floods also
occur in late summer and fall, the result of tropi-
cal hurricanes or other storms moving northeastward
along the Atlantlic coastline. General descriptive
information concerning major floods within the basin
through 1955, extracted from newspaper accounts
and other public and private records, is published
in U.S. Geological Survey Water-Supply Paper 1779-M,
Quantitative measurements of major floods of 1936,
1938, and 1955, based primarily on gaging-station
records, are published in Water-Supply Papers 798,
867, 966, and t420. A compilation of all flood
peaks above selected magnitudes for continuous-
record gaging statlons within the basin is pub-
Tished in Water-Supply Paper 1671,

Since about 1690, when the region was first
settled, at least 15 major floods have occurred
in the basin. The three earliest floods known
occurred in 1720, 1784 and 1789. On February 7,
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1807, there occurred the greatest flood that the
oldest inhabitants had ever witnessed. |t was
followed by other major floods in 1837 and 1867,
and on October &4, 1869, there occurred another
flood greater than the oldest inhabitants at

that time had ever seen, surpassing the Tlood of
1807 over most of the basin. On March 26, 1876
there occurred an even greater flood which
exceeded the previous record floods of October 4,
1869, and of February 7, 1807, Never within the
memory of the oldest inhabltants of Putnam at
that time had there ever been such a flood on the
Quinebaug and French Rivers. Damages were the
greatest ever experienced, and the rivers were
full of cotton bales, sacks of wool and the debris
of mitls, buildings, dams and bridges. Ten years
later, Fehruary 13, 1886, the basin was subjected
to a flood that exceeded even that of March 26,
1876. 1t was the most severe flood ever known

in New England up to that time and was occasioned
by several inches of snow being carried off by 2
two~day rafn, Most of the ice went out before
the peak stages were reached, but damages were
still extensive to bridges, buildings, and mill
dams, many of which had survived several previous
floods. During the next 40 years the flood
events which occurred were of minor signjficance.

Continucus records of streamflow have been
obtalned at Jewett City since July 1918, and a
summary of major flood events in the basin since
that date appears in table 15, The flood of
November 4, 1927, did not approach the magnitude
of the great flood of 1886 except on the eastern
tributaries where peak stages were about a foot
lower_ than in 1886. The two floods of March
1936 were less in magnitude than the 1927 flood
on the eastern tributaries, but in the remainder
of the basin flows were from two to three times
‘those observed in 1927 and the water was higher
than it had been In the previous record flood of
1886. The flood of July 24, 1938, produced flows
similar to those observed in March 1936 on the
lower and eastern tributarles but no records
were broken. On September 21, 1938, a severe
hurricane again produced record-breaking floods
tn the upper part of the basin, but flooding in
the eastern tributaries was nominal. The peak
fiow of the Quinebaug River at Putnam was 20,900
cfs and exceeded the flow In March 1936 by 3,700
cfs. There was considerable property damage in
the upper end of the basin from these record-
breaking fiows, and throughout the basln wind
destruction was very great. This event was the
greatest catastrophe in New-England since Its
first settiement by white man up to that time.

On August 19, 1955 there occurred the greatest
flood of historic time in the upper part of the
basin and along the main stream to I1ts mouth.
South of Putpam the tributaries were not greatly
affected, since the heaviest rainfall {up to
about 17 inches in a four day period immediately
preceding the Tlood)} occurred north of Putnam.

On the eastern tributaries the record flood still
remains that of February 13, 1886, and the second
highest flood probably was either that of March
12, 1936, or July 24, 1938, for they were very
similar in size. The small tributaries entering
the river below Putnam from the west probably
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experienced their highest historic flood on
September 21, 1938.

Since 1958 four large flood-control reservoirs
have been constructed in Massachusetts at East
Brimfield and Westviile on the Quinebaug River and
at Hodges Village and Buffumville on the French
River. The total storage capacity of these reser-
volrs is 2.943 million cubic feet. Recently com-
pleted in 1965 is another flood-control reservoir
at West Thompson, Connecticut, which has a storage
capacity of 1,115 million cubic feet. The degree
to which storage in all § of these reservoirs
would have modified the river elevations and flows
recorded in major floods of the past, from studies
made by the Corps of Engineers, is Included in
table 15. Future floods of similar magnitudes
would be modified to the same degree by these
reservoirs, so that the possibility of major dam-
age from future floods on the French or upper
Quinebaug Rlvers is remote, as tong as buildings
are not constructed below the highest modified
flood elevations shown in table 15.

MAGNITUDE AND FREQUENCY OF FLOODS

Knowledge of the magnitude and frequency of
floods is essentfal to the water manager concerned
with the location and design of flood-control and
routing structures and the establishment of Tlood
plain encroachment lines. The magnitude and
frequency of floods at twelve gaging stations in
the Quinebaug River basin are given in table 16,
For gaging stations on the Quinebaug and French
Rivers, the stages and flows actually measured for
the period before the construction of the flood-
control reservoirs are given and, in addition,
modified Figures are given indicating probable
stages and flows that would have resulted had the
reservoirs been In existence at the time,

For unmeasured sites within the basin where ;
the drainage area is 10 square miles or more,
estimates of the instantaneous peak discharge of
a flood flow for any recurrence interval can be
made from figures 21 and 22 which have been
reproduced from a flood-frequency study made by
the U.S. Geological Survey (Green, 1964). The
mean annual flood at any site can be found from
figure 21 when the drainage area is known. Flood
flows for other recurrence intervals up to 100
years are the product of the mean annual flood
and the appropriate ratios for any selected recur-
rence Intervals from figure 22,

FREQUENCY AND DURATION OF HIGH
FLOWS

The flood-frequency information in table 16
and figures 21 and 22 1s presented in terms of
the recurrence of instantaneous peak discharges.
For some purposes, however, it Is also Important
to estimate how long periods of high flow may be
sustained and how frequently these periods may
recur. Table 17 presents the probable recurrence
intervals of annual highest average flows for
periods of 0 (fiood peak), 1, 3, 7, 15, 30, 60,
150, 274, and 365 days at long-term continuous-
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Table 16.--MaxTmum flood of record, mean arnua] flood, and mognitude and frequency of flood flows and correspondi ng floed elevations
for gaglng stotlens In the Quinebaug River basin.

{The toble lncludaes chservod data which are based on actual maasurements, ond modifioad data which Indlcate the flood

elavations and flows that would probably have occurred 1f the East Brimfield, Westville, Hodgas Village, Buffumville,
and Wost Thompson fleod-contrel reservolrs had boan in operation during the perlod of contlinuous records. Modified
dats were furnishod by the Corps of Engineers, U.S. Army )

HMeximum flood of record

Moan annual flood

Elavatlon) Flow Elevation Flow
{feet Cubic {foat Cubic Flood flow, expressed as ratic to Flood olavotion, in feet abova mean sca
Drotnage | PerTod above Cuble feot per | Ratio abova Lfuble foot par mean annual flood, for wvarious level, for various recurrence Tntervals
Index Ohserved or oren of can- mean faat second te mean mean feet second recurrehce Intervals In yoars fn years
number | Stream and placo | modified by {square | tinuous sea par per sg annual aed per por g
(P1.4) of mensurement flood control | miles) | records Date lovel) | sacond  mile flood Toval} second mlle 5 10 20 Lo 60 a0 5 10 20 4o &0 100
12h0 Quinobaug Rivar
at Quineboug Observad 157 1931«63  Aug. 19, 1955 350.5 49,300 34 24,0 3h7.2 2,050 13.1 1.5 2.1 3.0 42 52 7.2 3484 349.7 351.3 3534 355.0 257.0
Hodifled 359.7 36,000 n 7.6 - - n 1.2 1.5 1.8 2.4 2.8 7 347.8 348.4 343.0 350.2 351.0 352.6
1250 Franch River ‘a: .
Wobster, Mass. Obsarvad §5.3 1948-63 Aug. 19, 1955 - 432,814,400 169 13.7 4143 1,050 12,3 148 2.0 3.1 .8 6.3 9.1 Lis.5 417.2 419.8 L23.2 A426.2 4315
Modi flad 423.0 4,500 n 4,67 - - - 1.0 1.05 1.5 L6 2.1 3.0 Lih.3 K145 14,8 418.9 17,2 4i9.5
1253 EnglTsh Nelghbor-
hood Brock at
North Woodstock Observed 54,99  1962-63 Apr. 1, 1962 - s 23.0 e.B2 - olh0 028.0 - - - - - - - - - - - -
1254.9 Little River at
Harrisville Observed 35.5 1961-63 Mar.13, 1336 - 2,920 82.7 ok 86 oR60.5 2600 elé.g - - - - - - - - - - - -
1265 Gulnebaug River
at Putnam Chaarved m 1925-63 Aug.19, 1955 43.h 48,000 145 0.7 225.9 &, 500 13.6 1.5 2.0 6 3.5 4.1 5.1 227.9 229.6 231.4 233.6 235.0 237.1
Modiflod 231.6 12,000 - 2.67 - - - 1.85 1.1 1.5 1.2 1.4 1.6 226.2 226.4 226.5 226.8 227.5 22B.)
1260 Flve Mile River .
at KiliTngly Obsorved 58.2 1937-63 July 24,1938 230.7 2,480 42.6 4,013 226.3 600 10.3 4 2.0 2.85 3.2 3.7 5.0 227.1 228.1 228.8 229.8 230.4 231.2
1263 Guaduck Brock at
North Starling Observed 8.22  1961-63 Sept.21,1961 - 320 38.9 el .60 - 0200 ezl 3 - - - - - - - - - - - -
1265 Meosup River at . '
Moosup Cbacrvad B3.5 1932-63 Map. 12,1936 204.8 4,080 48.9 2.81 201.7 1,450 17.4 A 1.7 2.0 2.5 2.8 3.0 202.5 203.1 203.8 2044 204.8 205.2
1266 Blackwall Brook : .
near Brooklyn Observed 16.4 1962-83 Apr. 1, 1962 141.9 460 40,2 ol.2b4 eldi.4 - e530 032.3 - - - - - - - - - - - -
1269.5 Pachaug River at .
Pachaug Observed 49.9 1962-53 Sept.21,1361 150.5 728 14.8 57  el50.6 o750 al5.0 - w - - - - - - - - - -
1270 Qulnebaug River
at Jewatt Clty Cbaerved m 1918-83 Aug. 20,1955 92.1 40,700 57.2 479 76.8 8,500 12,0 1,35 1.7 2.0 2.5 2.9 3.3 758.8  80.6 B2.5 841 B5.5  B6.7
Mediflad 83.0 17,500 24.6 2,06 - - e .15 1.3 1.5 1.7 1.8 za 77,6 7B.5  79.6 807 B1,] 82.6
1271 Brood Brook noor
Proston Observed 12.7 1962-63 Sept.21,1961 - 720 56.6 el bl - €500 a3g.4 - - - - - - - - - - - -

e Estimoted,




Table 17.-~Magnitude and frequency of annual highest average flow at long-term gaging statfons In the Quirebaug River basin.

{Data for indlcated recurrence intervals and Indlcated perfods of consecutive days have been adjusted to the reference perfod October 1930 to

September 1960.

Data for Quinebaug and French Rivers have been modified for the effect of flood control In East Brimfield, Westville,
Hodaes ¥illage, Buffumville and West Thompson Reservoirs )

Dralnage
I ndex area Period Annual highest average flow, Ir cubic feet per second,
number {square {consecu= for indicated recurrence interval, in years

(P1.A} Stream and place of measurement miles) tive days) 1.03 2 5 10 25 50 100
1240 Quinebaug River at Qufnebaug 157 o 950 1,850 2,600 3,100 4,100 5,600 7,600
1 820 1,600 2,300 2,800 3,790 5,000 6,800
3 760 1,400 2,100 2,500 3,100 4,000 5,200
7 £50 1,100 ,650 2,100 2,600 3,200 4,000
15 550 850 1,256 1,600 2,200 2,500 3,100
30 450 700 1,000 1,250 1,700 2,100 2,400
60 350 550 go0 400 1,200 1,400 1,800
150 250 450 550 600 700 800 ase
274 zio 350 400 i50 560 550 600
365 190 310 350 400 420 450 00
1250 French River at Wabster, Mass, 85.3 [ 500 950 I,000 1,100 1,460 2,000 3,800
1 450 900 1,000 1,000 1,300 1,700 2,600
3 Loo 750 1,000 1,000 1,100 1,200 1,600
7 350 600 950 1,0G0 1,000 1,100 1,200
15 300 500 750 800 1,000 1,000 1,100
30 250 hoo £59 650 750 950 1,000
60 200 350 400 500 550 600 7C0
150 150 250 300 350 350 oo filih]
274 120 210 250 260 280 300 300
365 110 190 210 230 250 250 250
1255 Qutnebaug River at Putnam 331 q §,900 3,800 4,700 5,000 5,200 5,800 7,000
1 1,700 3,600 4,500 4,800 5,000 5,400 6,500
3 1,550 3,000 k500 4,600 k900 5,000 5,200
7 1,350 2,400 3,600 4,500  4,Bo0 4,800 4,900
15 1,100 1,900 2,800 3,600 4,500 4,500 4,700
10 900 1,500 2,200 2,700  3,B00 3,900 4,500
£0 750 1,200 1,650 1,550 2,400 2,700 3,200
150 550 900 1,159 1,360 1,L50 1,600 1,800
274 450 700 850 950 1,050 1,100 1,260
365 Loo 650 750 850 300 950 1,000
1260 Five Hile River at Killingly 58.2 Q 300 550 850 1,200 1,750 2,300 3,0C0
i 280 500 800 1,100 1,550 2,200 2,700
3 250 450 700 800 1,250 1,700 2,200
7 220 400 580 700 950 1,200 1,500
15 180 300 H50 5eo 700 8oo 1,000
0 150 250 360 Leo 550 600 700
60 130 200 24 300 hoo 420 450
150 100 150 130 200 250 260 270
274 80 130 150 160 180 190 150
365 70 120 130 140 150 160 160
1265 Moosup River at Hoosup 83.5 0 680 t,300 2,000 2,560 3,200 3,800 4,500
1 580 1,200 1,700 2,200 2,800 3,500 4,200
3 500 800 1,300 1,500 2,200 2,600 3,200
7 430 650 954 1,160 1,500 1,800 2,200
15 350 500 700 800 1,050 1,250 1,500
30 280 400 550 609 650 200 1,050
60 220 350 400 500 550 600 700
150 160 250 300 320 50 Lot Loo
274 120 210 250 260 280 300 300
355 110 150 210 230 250 250 250
1270 Quinebaug River at Jewett City 7H o 4,000 7,800 9,600 11,000 13,000 15,000 18,000
1 3,500 7,200 9,600 11,000 13,000 15,006 18,000
3 3,300 6,200 8,600 9,600 11,000 12,500 14,000
7 2,700 4,900 7,200 8,600 9,600 10,500 11,500
15 2,300 3,900 5,600 6,800 8,400 9,000 9,600
30 1,900 3,200 4,500 5,200 6,400 7,000 8,000
60 1,550 2,600 3,500 4,000 L, 700 5,000 5,700
150 },200 2,000 2,500 2,700 3,000 3,200 3,500
274 950 1,600 1,900 2,000 2,200 2,300 2,400
365 850 1,400 1,700 1,800 ,900 2,000 2,100
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Figure 21,-<Mean annual flood flows vary with size of area drained.

record gaging stations in the Quinebaug River
basin. For the gaging statlons on the Quinebaug
and French Rivers, adjustments have been made for
the effect of storage in flood-control reservoirs
upstream. For example, table 17 indicates that
the highest average flow of the Quinebaug River
at Quinebaug for a period of 30 days would be
1,250 cfs once in 10 years, on the average, and
thus there is a 10 percent probability that high
flows of this magnitude would occcur in any one
year. The peak flow recurring once In 10 years
would be 3,100 c¢fs and the corresponding peak
elevation 348.4 feet; these flood peaks would
probably occur within the 30-day period for which
the estimated average flow is 1,250 cfs.

QUALITY OF WATER IN STREAMS
NATURAL CONDITIONS

The chemical quality of water in streams in
the Quinebaug River basin under natural conditions
is excellent. A summary of analyses of stream-
water samples collected at 21 sites (see Plate A)
substantially unaffected by man's activities is
given in table 18, The complete analyses are
given in the companion basic-data report (Thomas
and others, 1966). The excellence of the chemi-
cal quality of stream water is emphasized by the
contrast between the maximum amounts of dissolved
mineral constituents of samples listed in table
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18 and the upper limits for the same constituents re-
commended by the U.S5. Public Health Service (1962) for
drinking water. The maximum dissolved solids

content of 74 ppm in these samples, for example,

is far below the recommended upper Timit of 500

ppm in drinking water. Hardness of these same

samples ranged from 7 to 36 ppm; water having

hardness in this range is classified as soft water.

The most common constituents in naturally
occurring water in streams in the basin are those
listed in table 18; silica, calcium, sodium,
bicarbonate, and sulfate comprised about 80 per-
cent of the dissolved solids in most samples
collected. These mineral constituents are present
largely as a result of the solution of soil and
rock materials at and below the land surface;
however; precipitation is also the source of
relatively large amounts of mineral matter,
chiefly calcium, bicarbonate, and sulfate.

The dissolved solids concentration of stream
water varies with rate of streamflow. Streams
generally contain the teast concentrations of dis-
solved solids during periods of high streamflow
when the stream water contains its highest propor-
tion of direct runoff, and the greatest concen- '
trations of dissolved solids during periods of
Jow streamflow when the stream water contains its
highest proportion of ground-water runoff.

The relatively low dissolved solids concen-
tration of stream water during periods of high
streamflow Is shown in table 18 and also in
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Ratio of flood flow to mean annual

Floods several times as large as the

mean annual flood will occur at
infrequent intervals., |f the mean
annual flood for any particular site
is read from figure 2}, figure 22 may
be used to estimate how frequentiy
flood flows as much as 5 times the

v mean annual flood may be expected at
,/////// that site.
=
L1
//
LI 315 2 3 45 10 20 30 4050 00
Recurrence interval, in years
Figure 22,--Magnitude of flood flows varies with average intervals
between their recurrence.
figure 23. The remarkably uniform and low con- buting to the streamflow. Thus, at low stream-

centration of all mineral constituents in these
samples indicates that the chemical quatity of
water in streams at high streamflow represents
chiefly the quality of the preceding precipita-
tion, modified somewhat as it flowed overland to
streams and mixed with ground water already in
the channels of the streams.

Table 18 and figure 23 also |llustrate the
relatively high mineral concentrations in stream
water in the basin during perfods of low stream-
flow. They indicate that the dissolved-solids
concentration at low streamflow has ranged from
26 to 92 ppm. At all sites the dissolved-salids
concentration of water in the streams is greater
at low streamflow than at high streamflow.
Silica, which makes up more than 50 percent of
the mineral composition of the rocks of the basin,
is a relatively minor constituent at high flow
but averages about 20 percent of the dissolved
solids concentration at low flow., These changes
in silica and dissolved solids concentration
result from the presence of relatively large pro-
portions of ground water in the stream channels
during periods of low streamflow. E£ven under
tow-flow conditions, however, it is important to
note that half of the streams contained Tess than
55 ppm dissolved solids.

As stream water during periods of low stream-
flow is derived largely from ground-water runoff,
the chemical quality of the stream water represents
an average of the quality of ground water contri-
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flow the dissolved sollds concentration of stream
water varies from place to place in the basin,
showing the effect of different geolagic environ-
ments on the chemical quality of stream water.

For example, the dissalved solids concentration
and hardness of stream water In the northwest
cerner of the basin, even though low, are rela-
tively much higher than elsewhere {see figure 23).
Also, the sulfate concentration in stream water

on the east side of the basin at low flow

averaged 6.8 ppm, not much above the concentration
at high flow (6.0 ppm), and it was similar to con-
centrations measured in precipitation (table 4);
on the other hand, streams on the west side of

the basin increased in average sulfate concentra-
tion from 7.3 ppm at high flow to 14.8 ppm at low
flow., The greater concentration of sulfate In i
streams in the western part of the basin parallels |
the occurrence of Tron-bearing ground water 5
{figure 43}, which suggests there is a somewhat

greater proportion of iron sulfide minerals In the

bedrock west of the Quinebaug River.

FRON AND COLOR

Iron makes up only a small fraction of the
total dissolved solids in naturally occurring
stream waters in the Quinebaug River basin, but
it deserves special discussion because [t is the
only constituent present in amounts large enough
to be troublesome (an Iron content of 0.3 ppm or
more is objectionable for domestic and many indus-
trial uses). More than 50 percent of the sites



Table 18,--Summary of chemical analyses of water from representative streams
in the Quinebaug River basin under natural conditions.

(Chemicatl constituents in parts per million)

Concentration In water Concentration In water Upper limit

samples collected at high samples collected at in drinking

flow (flow that was equaled | low flow (flow that was water, as
Constituent or or exceeded less than 20 equaled or exceeded more | recommended

property percent of the time from than 65 percent of the by U.$. Public
1930 to 1960 a/ time from 1930 to 1960 b/ | Health Service
Range | Average Range | Average {1962)

Silica (5i0,) 15 - 0.5 5.2 18 - &3 -
Iron (Fe) 0.13 - .05 0.08 0.91 - 0.13 0.4 0.3
talcium (Ca) 6.5 - 1.8 3.2 1 - 1.8 L.g -
Magnesium (Mg} 1.8 - .5 1.3 2,7 - .8 1.8 -
Sodium (Na) 5.4 - 2.3 3.3 5.4 - 2.8 3.9 -
Potassium {K) 2,6 - .5 1.0 2,7 - .3 1.1 -
Bicarbonate (HCO3) 17 -4 10 29 - 8 16 -
Sulfate (S0,) 10 - L.h 6.8 29 - k5 9.6 250
Chloride (C1) 8.1 - 1.8 4 5.2 - 2.1 3.8 250
Nitrate (N03) 1.6 - 0 .3 3.6 - .7 1.k Ls
Dissolved solids £2 - 16 30 7h - 26 Y he & 500

(calculated)
Hardness as CaC0g 22 - 7 13 36 -1 20 -
Noncarbonate hardness g -1 5 23 -1 7 -

as Calo

3

$pecific conductance gl - 32 51 104 - Ls d/ 68 4/ -

{micromhos at 25°C)
pH 6,8 - 5.2 [ 6.7 - 5.8 6.2 -
Color 25 - 12 & 75 - 3 30 i5

a/ Onme sample from each of 21 sites.
b/ oOne sample from 17 of the 21 sites sampled at high flow.
</ Range 92-26 ppm, average 54 ppm, including values calculated from

field specific conductance measurements and plotted in figure 22.
d/ Range 132-45, average 83 Including field measurements made at
streamflows equaled or exceeded more than 80 percent of the time.

e/ oOnly 4 values-

sampled on streams essentially unaffected by man
had water containing more than 0.3 ppm of {ron

at low flow, and the percentage probably would
have been higher If some of the sites had been
sampled at lower streamflows. These excessive
concentrations originate in fron-bearing ground
water which is present locally in the western part
of the basin and from water in numerous swamps
which occur throughout the area.

To study the effect of swamp environments on
the iron concentration of stream water, several
water samples were collected in and near a swamp
south of Quinebaug Pond shown in flgure 24.
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Water entering the swamp from Quinebaug Pond and
James Brook contains relatively little dissolved
iron, but water in the swamp and in Quandock
Brock just below the swamp outlet contains
increased concentrations of dissolved iron at
both high and low streamflow. The source of the
iron is the decaying vegetation in the swamp.
All plants require a continuous supply of iron
during the growing process and extract it from
vater or soil during the growing season; after
the growing season the iron requirements of the
plants diminish and decay of vegetation releases
dissolved iron to the swamp water., The table on
figure 23 indicates that the iron content of the
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Under natural conditions, water in
streams has a smaller dissolved solids
concentration at high flow than at low
flow, due to the large proportion of
overland runoff in the stream at high
flow., Areal variations in dissolved
solids also occur, and both dissolved
solids and hardness in stream water In
the northwestern part of the Quinebaug
River basin are consistently above
basin-wide average, Despite these
differences, quality is excellent
throughout the basin under natural
conditions.

8IS

Figure 23.--Areal variation in dissolved-solids content and hardness
of naturally occurring stream water.
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SITE IRON IN PPM
SITE DESCRIPTIONApril 23,1June 27,
NO. 1963 1963
| Quinebaug Pond 0.0l | 0.01
outlet
2 | Within swamp .18 77
3 James Brook 03 .06
4 Quandock Brook Al 47
Public water-supply
S| well (kieo) | %] O
20
Water-quality sampling slte
"Ji:;&-;.
S
Swamp areq

Qo il

Danielson
I
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T e—
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Water dralning from swamps Is likely to contalin higher concentrations of dissolved solids than water
entering the swamps, at both high and low streamflow.
commonly increases several-fold during the growing season.

The iron concentration in swamp water

Figure 2h.--Dissolved-iron concentrations In water in and
near swamp below outlet of Quinebaug Pond.

water in the swamp south of Quinebaug Pond increased

four-fold between April 23 and June 27, 1963, as
did the water in Quandock Brook, which drains the
swamp. This sharp increase in iron content of
swamp water so early In the normal growing season
may be due to the premature desth of a substantial
part of the swamp vegetation resulting from the
drying up of the swamps in the summer of 1963, a
very dry vyear,

The decaying organic material in the Swamps
imparts a brownish-yellow color to water dralning
from them. Iron may be a significant constltuent
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of organic color in water, but the amount of iron
does not necessarily correlate with the amount of
organic color. Like dissclved solids in general,
color is greatest during periods of low stream-
flow and decreases during periods of high stream-
flow. Measured color In streams associated with
swamps was as high as 75, The determination was
made by comparing a column of the water sample
with a column of equal height of an arbitrary
standard whose colar is rated at 500. ({See Hem,

1959, P 1*9)-




CONDITIONS RESULTING FROM THE
ACTIVITIES OF MAN

When man develops water for his use, the
quality of water is almost always changed, and
generally the quality of water after use s
poorer than it was in its original condition.

All the major streams in the basin and a few of
the smaller tributarfes are at places polluted,
industrial wastes discharged into the streams of
the Quinebaug River basin in Massachusetts and
Connecticut include cyanide, copper, nickel,
chromium, grinding rouge (iron oxide), bleaches,
dyes, soap, and acids and alkalis. Organic
wastes, including sugar, starch, pulp fibers,
blood, feathers, grease, and domestic sewage are
also present. The principal objectlionable pollu-
tants in the streams are iron, detergents, dyes,
textile wastes, pulp and paper wastes, and pickl-
ing tiquors from metal fabrlcation; these wastes
are objectionable because even in small amounts
they may impart a color to the water or otherwise
make it unsuitable for many uses.

Despite the fact that at places pollution
increases the dissolved solids content of stream
water significantly above that of the naturally
occurring water, the maximum dissolved solids
content observed was only about 21% ppm (in a
sample from the French River collected on July 31,
1962}, far below the upper Timit of 500 ppm
recommended for drinking water by the U.S5. Public
Health Service.

The chemical quatity of stream water in the
heads of the Quinebaug and French Rivers is
simllar to that of naturally occurring stream
waters in the Quinebaug River basin in Connecticut;
however, the Quinebaug and French Rivers are pol-
Tuted by discharge of industrial wastes between
their heads and the Massachusetts-Connecticut State
line. The effect of this pollution is illustrated
by figures 25 and 26. The variations of chemical
quality of water with streamflow at a point in the
Quinebaug River are illustrated in figure 25 which
is a graph of dally mean discharge and a dally
specific conductance measurement for the Quinebaug
River at Putnam for the period October 1, 1957 -
September 30, 1958. (Specific conductance is a
rough measure of the dissolved solids concentra-
tion of water.} The graph shows that as stream-
flow decreases (from May to October) dissolved
solids concentration increases, but as streamflow
increases (from November to April) dissalved
solids concentration decreases., Variations in
amounts of industrial wastes discharged upstream
caused rather large daily fluctuations in dissolved
solids concentrations during periods of low stream-
flow, particularily during October and November
1957, when there was almost no variation In stream-
flow from day to day. On the other hand, during
periods of high streamflow, when there was an
abundance of water to dilute and transport the
wastes, daily fluctuations in dissclved solids
concentration were relatively small.

The variation in chemical quality of water
along the Quinebaug River is fllustrated in figure
26, which shows that at very high streamfiow (2
percent duration flow) there is I1ttle change in
the dissolved solids concentration of the water
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from Quinebaug to Jewett City. However, at very
low streamflow {95 percent duration flow) not only
is there a significant increase in the dissolved
solids concentration but there also Is signifi-
cant variation in chemical quality along the river.
From the sampling site at Quinebaug to that at
Grosvenor Dale there is a slight decrease in the
dissolved solids content of the water; at the
sampling site at Putnam, however, the dissolved
solids content is much greater due chiefly to the
Industrial waste carried by the French River which
enters at West Thompson. This industrial waste

ts high In sodium and carbonate, as indicated in
figure 26. At low flow sodium concentrations in
the French River and in the Quinebaug River above
Putnam exceed 50 ppm, which is enough to cause
foaming in steam boilers. From Putnam to Jewett
City, the most downstream sampling point, the
dissolved solids concentration decreases from
about 120 ppm to about 76 ppm due to inflow of
less highly mineralized water from the ground and
other tributaries.

The effects of both pollution and seasonal
variation in streamflow on chemical quality in the
Quinebaug River are summarized by figure 27, which
shows the variation in dissolved solids and hard-
ness ocbserved at 3 statlons along the river.

The slope of the tines reflects the increase in
concentration fram high to tow flow. Both dis-
solved solids and hardness at afl 3 stations
remained well above the average values for
naturally-occurring stream water at high and low
flow {tabie 18), reflecting the presence of
wastes in the Qulnebaug River. However, even at
Putnam the entire range represents soft water.

TRON IN THE QUINEBAUG RIVER

One of the most objectionable pollutants in
the Quinebaug River Is iron oxide. The iron oxide
is in the form of grinding rouge discharged as
waste into the river north of the Connecticut-
Massachusetts boundary. The finely-ground iron
oxide powder is carried downstream in suspension;
as the water passes through relatively quiet
stretches of the river, part of the suspended
powder settles to the bottom. From the Massachu~
setts boundary to Putnam the Quinebaug River con-
sists of a serfes of pools and riffles, and the
largest accumulations of grinding rouge settle
to the bottom within the quiet pools., No grind-
ing rouge has been observed south of the northern-
most dam at Putnham.

The waste water containing suspended grinding
rouge also contains dissolved iron. Analyses of
water collected during this investigation suggest
that the waste water contains about 7 times as
much fron in sotution as does the water in the
river above the disposal site In Massachusetts.
Much of the dissolved iron in the waste probably
is oxidized in the rlver and settles to the river
bottom with the grinding rouge.

[ron concentration in the Quinebaug River
increases as streamflow decreases, in general,
but comparatively large fluctuations occur from
day to day. Figure 28 shows graphs of iron con-
centration in the Quinebaug River at Jewett City,
Putnam, and Quinebaug as determined once each
day during the water years 1956, 1958, and 1960
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The dissolved solids concentration of water in the Quinebaug River at Putnam varies inversely with rate of flow.
flow from October 1957 through April 1958 was accompanied by a decrease in dissolved solids concentration at Putnam, but as flow declined

during May and June dissolved solids increased once more.

concentratjon was approximately equal to 0.62 times specific conductance plus 7.

An irregular increase in

Anatyses of 24 water samples showed that for this year, dissolved solids

{After Pauszek, 1961, p. 55.)

Figure 25.--Dissolved solids, as estimated from specific conductance, and daily mean discharge, Quinebaug River at Putnam.

Daily flow, in million gollons per doy, of the Quinebaug Rlver at Putnam
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Figure 27.--Variation of dissolved solids and
hardness at 3 stations on the Quinebaug River.

respectively. At each site, the greatest iron
concentrations occur during the summer perfod of
low streamflow. However, the very sharp peaks
and valleys in the graphs of iron concentration,
which are especially prominent at Quinebaug and
Putnam, are not due entirely to natural fluctua-
tions in river flow and may be caused by varla-
tions In the discharge of industrial waste into
the river above the sampling sites.

Figure 28 also shows that lron concentrations
decrease downstream from Quinebaug to Jewett Clty
at low streamflows, but even at the most downstream
sampling point the concentration is 0.3 ppm or more
(the 1imit above which tron becomes objectionable
for most domestic and many industrial uses) for
L5 percent of the time. Near the Massachusetts
State line at Quinebaug, the iron content is 0.3
ppm or more for 75 percent of the time.

The large amount of suspended and dissclved
iron in the Quinebaug River favors the growth of
iron bacteria, as evidenced by reddish-brown
"'s]ime't growing on the rocks and streambed in the
river channel. At times the ''slime" apparently
settles to the bottom and forms a reddish-brown
sludge. This sludge, the growing slime, and
grinding rouge in suspension or on the river
bottom give the river a reddish appearance even
though the water itself usually is not colored.
The slime produced by iron-lfoving bacteria, like
the grinding rouge, has not been ohserved south
of the upstream dam In Putnam.

Because the grinding rouge tends to settle
out in the quiet stretches of the river from the
Connecticut-Massachusetts boundary to Putnam,
accumulatlons of rouge cen be expected in the
recreational pool behind the flood-control dam
recently completed at West Thompson. Such
accumutations would serlously limit the esthetic
and recreationat value of the pool.

Through the years, large quantities of iron
oxide have accumulated on the river bottom above
Putnam. Little of this iron waste goes into
solution under present conditions, but should the
acidity of the water rise sharply due to future
waste-disposal practices or an accidental spill,
Increased concentrations of dissolved iron would
be expected along the entire length of the Quine-
baug River in Connecticut.

Recent research has demonstrated that various
processes may be used to remové grinding rouge
from the waste discharged into the streams, and
steps are anticlpated to alleviate this source of
pollution of the Quinebaug River {oral communica-
tion, W. H. Taylor, in testimony before the
Natural Resources and Power subcommittee of the
Committee on Government Operatlons of the U,S.
House of Representatives, Hartford, Connecticut,
October 4, 1963). However, present river-bottom
accumulations are beyond the reach of any such
treatment, and would require many years to dis-
sipate by natural processes.

DETERGENTS

Detergents are objectlionable pollutants in
streams because even small amounts not toxic to
humans will cause foam on water surfaces. Large
quantities of foam have been observed from time
to time at the base of several of the old textile-
miil dams in the basin, such as the dam on the
Quinebaug River at Danielson or that on the French
River at Grosvenor Dale shown in figure 29. The
foam quickly disappears in the quiet waters below
the dams. Only small quantities of detergents
are present in the major streams, but these quanti-
ties are sufficient to cause foaming where the
water 15 aerated as it spifls over riffies or dams.
Other factors, such as high concentrations of
organic matter from sewage or from natural sources,
may contribute to the foam.

Concentrations of ABS (alkyl benzene sulfonate),
a principal constituent of 'hard' detergents, were
generally less than 0.5 ppm, the upper limit
recommended for drinking water by the U.S. Public




5

24
2.1
=
R
=
1.5
2 e
9 Quinebaug River at Quinebaug, 1959-1960 (Station 1240, plate A) \ | “ Il /\ ]
@ - \\ Iron- concentrations 0.3 ppm or greater 75 percent of the fime )\ J\ /\\/ \ A j\/\jb\ vw\ J\’J
a & !\\HJ\,\/AL' Nnu“ \-/U‘/\ju LA U/ W}A\’f\ v |
_ -3_ N\/VV\’\/\A"'\V\'A\'—/\[J\ an -\UA\'_AVV/\ VVA \/\NW UA !\ij \/\/\\jl
"My UM
S 4 Quineboug River at Putnam, [957-1958 (Station 1255.01, plate A) ,
= Iron concentrations 0.3 ppm or greater 71 percent of ihe fime A
N & AVA il ) A h\j LW AUAL ’\\UAU. o
: I A Wk eV
© 3 \JAW y g ¥ A
o \/\‘*\/ "\m/\fﬂ W
—-=0
Quinebaug River at Jewett City, 1955-1956 (Station 1269.99, plate A) |
8y Iron concentrations 0.3 ppm or greater 45 percent of the time /\/W\JL/\ J\\/\/V\_/\/U\ |
S :- ‘l/\ AAA‘JA f\!\/\/\f\"\.l_r’“\;\!\ A e, l.l A AA'A A hr Y !V' Af\ ./\aAfA 4 nf\uf nﬁ A !ll,\.-
S| IBVA ‘V =Y uv\z-vJ\/\lJ \V\MJ \/\'\/,JW\A\[\WV VWV RISVARRvAY ¥ WVV\A\/U \J_/\JW\/\/\JV ]
o OCTOBER NOVEMBER | DECEMBER JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER

Iron concentrations
from June through
25. Iron content
the Massachusetts

in the Quinebaug River are highly variable from day to day, but in general are greatest during the period of low streamflow
October; for example, compare the iron content at Putnam shown above with the dajly streamflow for the same period in figure
decreases downstream from Quinebaug to Jewett City, indicating that a substantial part of the iron enters the river north of

line.

Figure 28.--1ron concentrations in the Quinebaug River at Quinebaug, at Putnam, and at Jewett City.



Figure 29,--Foam on the surface of the French
River below the dam at Grosvenor Dale.

Health Service, The meximum concentration of ABS
In water samples from 13 sites along the Quine-
baug, French, Little, Five Mile, Moosup, and
Pachaug Rivers was 0.8 ppm, in a sample from the
French River at Wilsonville: although this con-
centration does not indicate that the water is
toxic, it does indicate the presence of sewage

in the water.

As of July 1965 the detergent industry has
replaced the '‘hard" ABS material in household
detergent with a readily biodegradable LAS
(linear alkylate sulfonate) material. This means
that where there is proper sewage treatment, the
esthetic problem of foam from detergents residues
witl no longer occur when only LAS is present.

SEWAGE

Sewage from several community-wide sewer
systems, individual homes, and groups of homes
dlscharged directly into streams at several
locations {n the basin. In 1965 treatment was
provided to sewage discharged from the munici-
palities of Putnam, Plainfield Village, and
Banielson. The elimination of individual sources
of sewage discharge, the treatment of community
sources, and the improvement of existing sewage
treatment facilities is part of a continuing pro-
gram of the State Water Resources Commission.

At any given time the Commission can provide
current informetion on the extent and effect of
this type of pollution.

SEDIMENT AND TURBIDITY

Most streams carry at times various amounts
of gravel, sand, silt, and clay eroded from thelr
banks and channels or carried into the streams
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by water running overltand. In the Quinebaug River
hasin, sediment in streams is not a serious pro-
blem because even the least permeable soils in
areas of till absorb a substantial part of the
precipitation and the complete vegetative cover
protects the Tand surface from erosion by water
flowing overland.

A reconnaissance inventory of sediment in
streams was made in 1962-1963 during periods of
high streamfiow following storms. Sediment con-
centrations were determined for 15 sites on 8
streams. In addition, data are available from a
few measurements made in 1956 and in 1959, Sedi-
ment concentrations ranged only from 2 to 32 ppm
and when converted to sediment Toads (concentra-
tion times discharge) ranged from less than 1}
ton per day to more than 215 tons per day. These
measurements represent near-peak sediment loads
for the storms sampled; average loads would be
much less, The measured sediment loads varied
widely and shouid not be used as a basis for long-
term predictions, The larger loads occur during
spring thaws, intense thunderstorms, or other
periods of high runoff. The highest loads during
the sampling period appear to have resulted from
sediment contributions from areas of bridge or
residential construction.

Turbidity of water is caused by suspended
or colloidal silt or clay particles, micro-
organisms, pulp fibers, or other material origi-
nating in the natural process of erosion, in
sewage, or In industrial wastes. 1t is objection-
able for many industrial uses, notably for use by
the food industry, the paper industry, and the
textite Industry, and large amounts may injure flsh. | '
and other aquatic life.

The available data suggest that turbidity of
stream waters is potentially troublesome at least
tocally within the basin. The variation of
turbidity with streamflow at a site is iilustrated
by data collected from 1950-1953 by the Water
Resources Commission on the Quinebaug River at
West Thompson. The data show that the turbidity
ranged from 1 to 40 ppm, and that the highest
values were reached immediately following intense
storms during August, September, and October when
streamflow is low. Studies by the Water Resources
Commission on the major streams of the basin
Iindicate that the larger streams have the higher
turbidities because they contain greater amounts
of industrial wastes; generally the turbidity was
about 8 ppm.

TEMPERATURE ' |

The temperature of water in streams and lakes
changes continuously and varies in a complex i
fashion from place to place. Temperature patterns
are therefore difficult to describe in detail,
but the major features can be outlined.

The temperature of all surface-water bodies
follows a seasonal cycle in response to changes
in air temperature. Freezing-point temperature
is reached in most streams during the winter
months, at least for brief periods, Maximum



The temperature of the Quine-
baug River fluctuates seasonal-

1y, The highest, lTowest, and
average water temperatures in
the Quinebaug River at Jewett
City for each month were

determined from continuous
temperature measurements
obtained about 3 feet above
the river bottom. During Tow-

flow periods tn 1962 and 1963,
the river averaged about k.5
feet deep at the measurement
site,

Temperature {°F), Quinebaug River ot Jewett City
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Flgure 30,--Temperature of the Quinebaug River at Jewett City

Table 19.--Variation In water temperature in the Quinebaug River.

Minimum Water temperature (°F) which was Max imum
) water equal to or less than values shown | water
Type of Water | temperature | for indicated percentage of time temperature
Station measurement | years {°F) 5 25 50 75 95 (CE}
Quinebaug River Once-dally 1960 32 33 37 c6 70 78 82
at Quinebaug
Quinebaug River Once-datty 1958 32 34 43 56 68 78 80
at Putnam
Quinebaug River Continuous 1959~ 32 33 38 52 70 78 8L
at Jewett City 1963

temperatures commonly occur in July or August.
The maximum, minimum, and average temperature
of the water in the Quinebaug River at Jewett
City for each month from January 1962 through
June 1963 is plotted in figure 30; monthly
average temperatures at other locations on
large streams in the basin would probably be
very similar. Except when the water surface is
frozen, diurnal temperature fluctuations occur
following similar changes in alr temperature.
Mean daily water temperature in the larger
streams 1s more commoniy above than below mean
daily air temperature during all seasons of the
year,

Because of the Importance of temperature in
various industrial uses of water, a continuous

record of the temperature of the Quinebaug River
at Jewett City has been obtained since 1958,
River temperature was also measured daily for
1-year periods at Quinebaug and at Putnam. Table
19, based on these records, shows what tempera-
tures the river water remained below during 5,
25, 50, 75, and 95 percent of the time.
s

The data in table 19 and additional informa-
tion collected from reconnaissance temperature
surveys indicate that there is generally only a
few degrees difference in the temperature of the
Quinebaug River between the Quinebaug, Putnam, and
Jewett City sites. Accordingly, the continuous
thermograph at Jewett ity can be used as an
approximate index of temperature along the entire
length of this river in Connecticut, Records are
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Figure 3l.--Vertical temperature gradients at
selected points along the Quinebaug River
and In Pachaug Pond.

published in an annual series of U.S. Geological from air temperature. During hot, sunny weather
Survey Water-Supply Papers, and current informa- in July, 1963, vertical temperature gradients
tion can be obtained from the Hartford, Connecti- were noted almost everywhere in Pachaug and Hope-
cut office of the U.S. Geologlcal Survey. ville Ponds, and also in pools or ponds on the
Quinebaug River which were deeper than 6 feet or
In many small streams, a considerable pro- out of the main current (figure 31}, These
portion of the flow represents ground-water gradients reflect heating of the surface water
runoff that entered the channel a short distance during the day and accumulation of cool ground-
upstream and has not been long in contact with water discharge near the bottom. In streams with
the air. By contrast, most of the water In the appreclable flow, these gradients probably dis-
major streams has been flowing in stream channetls appear on cool days or at night. On some of the
for some distance, and may have been detained in larger lakes, however, thermal stratification is
one or more ponds, Therefore, because ground maintained throughout the summer and winter seasons,
water enters streams at a relatively uniform with vertical circulation occurring only in the
temperature, diurnal temperature fluctuations spring and fall when the water is near its greatest
and the annual range Tn monthly average temper- density at 39.2° F (Nordell, 1951, p. 118). This
atures are probably somewhat less in small spring and fall turnover or thermocline effect
streams than in the major rivers. During hot sometimes causes troublesome turbidity in reser-
weather in July, 1963, all but one of the volrs. The Connecticut State Board of Fisheries
tributaries entering the Quinebaug River between and Game (1959} reports that portions of Alexander
Wauregan and Jewett City were observed to con- Lake, Beach Pond, Beachdale Pond, Long Pond,
tribute water several degrees cooler than the Moosup Pond, Packer Pond, and Roseland Lake are
main river (the exception being Mill Brook, on thermally stratified.
which there is a large pond just above the
mouth). Return of water that has been used for indus-
trial cocling and air conditioning to streams may
In bodies of quiet water, including lakes have a marked effect on stream temperature and may
and natural pools along river channels, thermat -cause local thermal stratification. However,
gradients may exist between top and bottom, and temperature irregularities due to waste discharge
bottom temperatures sometimes depart considerably are few and small in the basin, (

48




WATER IN AQUIFERS

The amount of water that may be obtalned
from a well at any site within the Quinebaug
River basin depends chiefly on the capacity of
the water-bearing deposits to transmit water and
on the thickness of those deposits. 0On the other
hand, the amount of water that can be obtained on
a long-term basis over a wide area depends not
only on the water-transmitting capacity and thick-
ness of the underlying deposits but also on the
amount of water that Infiltrates the deposits
from precipitation, the amount of water that can
be induced to infiltrate the deposits from
streams or lakes;, and the amount of water that is
stored in the deposits. These factors, which
must all be considered in developing and manag-
ing ground-water supplies in the basin, are
evaluated in this section of the report.

AQUIFERS

With respect to the development of water,
the water-bearing deposits in the basin can be
grouped into 3 principal aquifers: bedrock,
which underlies the entire basin; till, which
directly overlies the bedrock at most places
throughout the basin; and stratified drift, which
overlies till and bedrock within most valleys.
The relative position of each aquifer is shown in
figure 2 and in figure 32, diagram D.

STRATIFIED DRIFT

The stratified drift is the most important
agquifer In the Quinebaug River basin, as 1t is
the only one generally capable of yielding 100
gpm (gallons per minute) or more to individual
wells, Although widely distributed, it occurs
chiefly in lowlands and covers only about 25 per-
cent of the basin {plate B}. It consists of
layers of sand, gravel, silt, and (in a few
places) clay. Variations in the proportions of
these different-sized materials are important,
because layers composed of the coarser sizes--
gravel or medium to very coarse--are the only
ones that can transmit large quantities of water
to wells., Therefore, on plate B the stratified
drift is subdivided into coarse-grained deposits
and fine-grained deposits.

The distribution of these deposits reflects
their manner of origfn, as shown in Tigure 32.
Nearly all of them were laid down by or in melt-
water released as the ice sheet which formerly
covered Connecticut melted {figure 32, diagram A}.
The deposits mapped as coarse grained were laid
down by rushing melt-water streams along channels
or in small ponds beside and atop masses of melt-
ing ice {figure 32, diagram B)., These deposits
are extremely heterogeneous. tndividual layers
range in average grain size from cobble~boulder
gravel to silt. Some layers are well sorted;
that is, they contain grains all about the same
size. Others, poorly sorted, contain mixtures
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of many different sizes; some very poorly sorted
layers consist of a tough mess of silty sand and
gravel resembling concrete. The important thing
about these deposits is that some coarse, well
sorted beds capable of transmitting & substantial
amount of water are present at most sites,
although the heterogeneity of the deposits means
that some sites are much more favorable for well
construction than others.

Most of the deposits mapped as fine grained
were laid down in shallow lakes and broad flood
plains which occupied many of the Targer valleys
for a while after most of the nearby ice had
meTted (figure 32, diagram C). Commonly these
fine-grained deposits consist of silt or silt and
clay at the bottom but grade upward to very fine
and fine sand. These fine-grained deposits are
almost everywhere capped by a layer of pebbly
medium to coarse sand 5 to 25 feet thick, which
originated as glaclal stream-bed or delta deposits.
Where present-day rivers cross the fine-grained
deposits, relatively coarse alluvium forms the
capping layer. The coarse capping layer that
overties fine-grained deposits Is commonly above
the water table, but in some natural depressions
or broad flood plains the capping layer extends
below the water table and can be tapped by shallow
wells.

Some predominantly cearse-grained deposits
were laid down atop glaclal ice and they collapsed
when the ice melted. 1o some places they were
later buried or overtapped by fine-grained deposits,
as shown In figure 32, diagrams B and C. The fine-
grained deposits can be mapped with fair accuracy,
but it is much more difficult to map the areal
extent of the underlying coarse-grained deposits.
In areas mapped as partly or entirely fine grained,
there are many feet of sediment too fine to yield
water to a screened well, but coarse-gralned
deposits may be present below the fine-grained
deposits. Areas where coarse-grained deposits
are known or inferred to underlie the fine-grained
deposits are shown on plate B. Such buried coarse-
grained deposits appear to be widespread; where
present they are an important aquifer, although
they are thin 1n some places, and the overilyling
fine material may limit recharge.

PERMEABILITY

Descriptions of aquifers must be translated
into quantitative hydrologic terms to be of maxi-
mum value in estimating the yields of wells. One
of the most useful terms Is the coefficient of
permeability (hereafter called simply permeability)
which is a quantitative expression of the water-
transmitting capacity of earth materials. The
permeability is defined as the rate in gpd (gallons
per day) at which water will pass through a cross-
sectional area of 1 square foot under a hydraulic
gradient of 1 foot per foot. The permeability,
which depends on the size and degree of intercon-
nection of openings in water-bearing materials,
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In an idealized valley Tike many in the Quinebaug River basin, glacial ice sheet fills the valley, but
Predominantly coarse stratified drift is deposited by streams (B). Some

is beginning to melt (A).
coarse deposits collapse as buried ice melts, and fine sediment capped by & thin coarse layer is

deposited (C).

The present-day situation (D}; the 3 different classes of.stratified drift labeled at

the base of the block are represented by map patterns on plate B.

Figure 32.--0rigin of stratified drift deposits.
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was determined for materials from aquifers in the
Quinebaug River basin by laboratory methods and
for saturated sections of aquifers by analyses of
water-level data collected during pumping tests
of wells.

Laboratory measurements of permeability and
grain-size distribution were made on 14 undis-
turbed samples of stratified drift (table 20).
Inciuded in these 4 samples were 6 samptes of
fine-grained deposits and 8 samples of coarse-
grained deposits, The coarse-grained deposits
include several of the best sorted layers examined
during field work, and 2 unusually poorly sorted
layers; their permeability ranged from 40 to
23,000 gpd per sq ft. The samples of fine-grained
deposits were oriented vertically because their
permeabiTity in this direction (which is generally
smaller than horizontal permeability) affects the
rate of recharge to any underiying coarse-grained
deposit; values ranged from 0.2 ta 39 gpd per sq
ft.

Permeapbility increases with increasing median
graln size. A plot of permeability versus medfan
grain size is shown in figure 33 for each of the
samples in table 20, and for 12 samples of strati-
fied drift from the $hetucket River basin, which
adjoins the Qulnebaug River basin on the west.

For comparison, a line is included that represents
the average relation between permeability and
grain size of alluvial materials in the Arkansas
River valley of Arkansas, plotted from adjusted

data given by Bedinger (1961, p. €32). The

scatter of data is related in part to differences
in sorting or siltiness of the different samples.
Most of the Connecticut samples plot to the right
of the Arkansas 1ine, which is not surprising
because many of the samples from both the Quine-
baug and Shetucket River basins were deliberately
collected as examples of the materials In the

best sorted layers of the stratified drift. This
group of especially well sorted samples (including
those with sorting coefficients of 1.3 to 1.4 in
table 20) appear to define a line representative
of maximum permeability (figure 33)--that is, if
the median grain size of a layer is known, Its
permeability is unlikely to exceed that correspond-
ing to this tine, and may be fess. A tentative
line of minimum permeability versus grain size,
Intended to represent typical poorly sorted layers,
is sketched on figure 33; data for 2 samples of
sandy til] (table 23} were considered. Not

enough Is known concerning the proportion and
permeabiltity of moderately to poorly sorted

layers in the stratified drift, but available

data suggest that average conditions In Connecticut
are no less favorable than the average line based
on Arkansas data, and may be very simifar to it.

Using the relationship shown in figure 33
between permeability and median grain size for
the Quinebaug and Shetucket River basins, it was
possible to estimate the permeability of strati-
fied drift at many places where descriptive logs
of materials penetrated by wells are the only dats
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The line of maximum permeability was defined by undisturbed samples from Connecticut tested in the

laboratory.

The Arkansas average line was defined by laboratory tests of drill cuttings, adjusted by

the results of pumping tests (Bedinger, 1961}, and may approximate average conditions in Connectlcut.

Figure 33.--Relationship between permeability and medlan grain size of stratified drift.
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Table 20.--Laboratory determinations of permeability of stratified drift from the Quinebaug River basin.

Particle~size analysis

Percent Percent Percent Percent Percent
clay silt fine sand- medium gravel Median Laboratory
(<0.004 mm) {0.004- very fine sand- (2 mm) grain coefficient
0.0625 sand very coarse size Specific of
mm) (.0625- sand {0.25~ (miTli-  Sorting . Sample yvield permeability
Description 0.25 mm) 2 mm) meters)  coefficient 1/ orientation {percent) (gpd per sg ft)
sandy gravel 2/ 1.8 3/ 2.1 29.0 67.1 3.5 2.36 Horizontal  36.1 23,000
Sandy gravel 2.4 8.4 24 4 64.8 3.4 2,71 do 35.3 10,000
Sandy silty gravel & 2.4 8.0 3.0 18.7 67.9 3.3 1.96 do 24.6 20,000
Sandy gravel 2/ 5.1 8.2 21.3 65.4 2.95 1.93 do 36.6 16,000
Gravelly silty sand & 7.6 10.0 9.5 32.0 40.9 1.65 3.8 do 241 4o
Gravelly sand 0.6 4.0 75.2 20.2 0.88 1.77 do 43.6 7,400
Sand 1.3 9.1 82.6 7.0 0.64 1.49 do 56.8 5,700
Sand 0.4 20.6 79.0 0 0.36 1.31 do by 4 1,800
Silty sand 0.2 22.8 76.2 0.8 0 0.08%4 1.33 Vertical 41.4 39
Sandy silt 0.2 55.4 i, 2 0.2 0 0.059 1.41 do Lok 18
Sandy siltt 2.4 85.6 12.0 0 0 0.029 1.64 do 31.0 ]
Sandy silt 2.0 80.0 16.8 1.2 0 0.027 1.64 do 27.5 1
Stlt 5.4 92.8 0.8 1.0 0 0.0185 1.56 do 25.7 0.7
Clayey silt 2/ 14.5 82.5 3.0 0 0 0.0145 1.81 do 13.9 0.2
1/ The sorting coefficient is an Tndex to the mixtures of grain sizes in earth materials. A material with a sorting coefficient
of 1 is perfectly sorted; that is, it consists entirely of grains of the same size. A material with a sorting ceefficient of
less than 2.5 is considered well sorted, and a material with a coefficient of more than 4.5 is considered poorly sorted.
2/ Selected as probably the most permeable beds observed in surface exposures, with the exception of scme openwork pebble gravels
which were too coarse to fit in sample can.
3/ Percent clay and silt combined.
4/ Selected as examples of coarse sand to granule gravel that were well sorted except for a substantial silt content. Such beds
are fairly common in the predominantly coarse-grained deposits. In the first sample the silt formed a coating on each grain;
in the second it partially filled the interstices.
5/ Includes one layer 3/8-inch thick that Ts about 90 percent clay broken into blocks along joints.
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Type of material at well site:

Table 21.--Results of pumping tests on wells in stratified drift in the Quinebaug River basin.

well sites and from driller's log at site of P1 185.

Type of analysis:

N, Theis non-equilibrium method (ibid. p. 103).

Specific capacity from test:

during first minute after shutdown of pump.

Inferred from geohydrologic map at dug Estimated specific capacity after 8 hrs pumping: Estimated by method

described by Walton (1962, p. 12).

B, 'bailer" method (Ferris and others, 1962, p. 92); Dug wells: Dug wells are constructed with fieldstone 1inings.

Drilled well: Drilled well is cased to 50 ft, screeped 50-64 ft.

Based on rate of recovery of water level

Estimated B-hour
specific specific
Saturated Specific | capacity capacity
thickness Duration | Pumping| Coefficient of Coefficient of | capacity | after 8 hrs | per foot of
penetrated | Type of material | of test rate transmissibility | Type of | permeability from test | pumping saturated
well no. (feet) at well site {minutes)| (gpm) {gpd/ft) analysis | (gpd/sq ft) {god/ft} (gpm/ft) penetration
Dug wells
Sg 79 4,37 Fine-grained 3 Lg 577 B 120 2.3 0.8 0.2
deposit; coarse ‘
cap may be thin
Th 21 2.35 Fine-grained 5 28 4,200 B 1,400 16.7 8 3.3
deposit; coarse ’
cap may be thin
P15 1.3 Fine-grained 5 27 5,600 B 2,500 19 a,7 7.5
deposit, with
coarse cap
Ki 55 4.08 Fine-grained 4 L2.5 5,410 B 1,150 18 8.7 2.1
deposit, with 90 20 5,400 N d 10.5 9.7 2.4
coarse cap
Vo 1ha 5.63 Coarse- 7 38 2 - -~ --
grained 50 36.5 30,000 (?) BN #,000 (?) 58 48 8.6
deposit
Vo 7 5.2 do 8 28 11,000 B 2. 500 31 17.5 3.3
75 36.5 16,300 N ? 23 21 4
Vo 93a 5.0 Coarse~ L 30.5 5,000 B 900 20 9.7 2
grained
deposit; may
bottom in till
Drilled well
P1 185 50 Coarse- 1,140 1,500 100,000 N 2,000
grained

deposit; over-
lain by about
20 ft of fine-
grained deposits




available. From these data it is estimated that
the average permeability of the predominantly
coarse-grained deposits shown on pltate B ranges
from 200 to %,000 gpd per sq ft and averages
about 900 gpd per sq ft over the basin. The
average permeability of the fine-grained deposits
may range from 50 to about 500 gpd per sg ft,
exclusive of the thin and commonly dry coarse
capping layer which has a permeability of 500 to
4,000 gpd per sq ft. Vertical permeability of
the fine-grained deposits is controlled by the
finest layers and may be as low as 0.2 gpd per
sq ft where clay layers are present {table 20).

Permeability of stratified drift was also
estimated from specific capacity data based on
drillers' reports of yield and drawdown for 16
wells with 9 to 18 feet of screen. Methods des-
cribed by Theis (in Bentall, 1963) and Walton
(1962, p. 12) were used. Permeability thus
estimated ranged Trom more than 40 to more than
3,500 gpd per sq ft and the median was 400 gpd
per sq ft. Many of the results are probably
lower than the true values because the methods
used assume that the wells tap the aquifer with
maximum efficiency, but the figures are useful
because they approximate the average for the
entire saturated thickness of the aquifer at the
well sites.

Analyses of pumping tests on wells at 8
sites in the Quinebaug River basin gave values
of permeability that ranged from 120 to %,000(?)
gpd per square foot. Complete analyses of the
water-level data collected during the pumping
tests are not given here, but the data are given
in a basic-data report companion to this report
(Thomas and others, 1966) and the results are
summarized in table 21, The values of permeabil-
Tty computed from these pumping tests are similar

to those for simitar stratified drift materials
determined from pumping tests in nearby Rhode
fstand (Allen and others, 1963; Allen, written
communication) and in New York (Heath and others,

1963, p. 107-125).
SATURATED THICKNESS

Stratified drift that is above the water
table during dry weather i1s of little value as a
source of water, no matter how thick and permeable
it may be. The water-yielding potential of strati-
fied drift is directly proportional to how far it
extends helow the water table--that Is, to its
saturated thickness. S$aturated thickness of
stratified drift within the Quinebaug River basin
is shown on plate B.

As indicated by plate B, saturated thickness
exceeds 40 feet over large areas, and in a very
few places the saturated thickness exceeds 120
feet. Commonly, however, areas of greatest satu-
rated thickness are also areas with a substantial
thickness of fine-grained relatively Impermeable
sediment (see Tigure 32, diagram D). There are
also many areas where the stratified drift is
only a few feet thick or is located high on valley
walls where it is easily drained, and thus the
saturated thickness is small. |In areas indicated
on plate B as having saturated thickness less than
160 feet the stratified drift cannot provide large
water supplies,

DEVELOPMENT BY WELLS

Drilled wells.-~More than half the wells In
the Quinebaug River basin reported to yield more
than 100 gallons of water per minute are drilled,
screened wells tapping stratified drift, as are
many wells that yleld 50 to 100 gpm. The char-
acteristics of wells in this basin drilled for
Industrial, commercial, or public-supply purposes

Table 22,--Characteristlics of drilled tndustrial, public-supply, and commercizal
wells tapping stratified drift in the Quinebaug River basin.

Characteristic Range Median Number of wells
Depth (feet) 3zt - 85 61 24
Saturated penretration (Feet)i/ 2h - 70 39 24
Length of screen (feet) 0 - 18 10 23
Reported yield {gpm) 6 - 1500 95 24
Specific capacity (gpm/Ft)g/ 0.4 - 195 7 23
Specific capacity per foot 0.007- 3.7 .18 23

of saturated penetration

Diameter 6 inches - - to
& inches - - 6
10 inches - - 6
12 inches - - 1
18 inches - - 1

Wells with Specific capacity 2/ 2& - 195 12 16

9 to 18

feet of Specific capaclty per 0.04 - 3.7 .29 16

screen foot of saturated

penetration

1/ Six wells reported to penetrate full thickness of stratified-drift
aquifer; several others may closely approach full penetration.

2/ Adjusted to 8-hour pumping period by use of curves presented by Walton

{1962,p. 13},
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and finished in stratified drift are summarized

in table 22, The last 2 lines of the table show
that the median specific capacity of weils of this
type with at least 9 feet of screen Is 12 gpm per
foot of drawdown, and for each foot penetrated
below the water table the specific capacity
increased by a median value of 0,29 gpm per foot
of drawdown. These values probably come closest
to approximating the potential of wells tapping
stratified drift in favorahle localitles.

Dug wells.--Dug wells tapping stratified
drift are in common use In the Quinebaug River
basin, expecially for supplying private homes,
Most are reported to provide sufficient water
for the intended purpose, but few owners know
just how many gallons per minute their wells will
deliver. Results of pumping tests on 7 such
wells are given in table 21, At 4 of the well
sites fine-grained deposits occur beneath a
coarse cap, but test results suggest that only
well $g 79 penetrates the fine-grained deposits.
It is concluded from the last column fn table 21
that a dug well pumped for 8 hours should be able
to obtain about 2 gpm per foot of drawdown for
each foot of saturated medlum to coarse sand or
gravel that it penetrates, and might obtain more
at some locations.

Dug wells are especlally suited to areas of
stratified drift where the water table is close
to land surface but the saturated thickness is
too small for other types of wells, or where
only a few feet of saturated coarse-grained
deposits overlies fine-grained sediment. 1In
such areas, several dug wells spaced 100 ft or
more apart might together be able to provide a
few hundred gpm. Small suppiies, such as for
private homes, can be obtained from fine-grained
deposits. For maximum yield, perforated concrete
or metal casing, laid stones, concrete blocks, or
some other open construction should be used below
the water table rather than solid tiltes, and a
gravel envelope around the well may be desirable
in sand depostts., The principal difficulty with
this type of well is that of digging far enough
below the water table so that adequate drawdown
can be maintained when water levels are low In
late summer. For this reason, the best time to
dig a well fs when water levels are already low,
and it Is desirable to construct the well so that
it can later be deepened if necessary. Where
bacterial purity Is important, as in domestic or
public supplies, care In location and in construc-
tion of the upper part of a shallow well is
necessary; suggestions are provided in a pamphlet
by the Connecticut State Department of Health
{1948).

Driven wells.--Driven wells ("drive points'!)
are fairly common in the basin; most of them
utilize screened well points 2 or 3 feet long
and supply a few gpm for private homes and camps.
Littie specific information on driven wells was
obtained during the investigation. Where the
stratified drift is neither too gravelly for easy
driving nor too fime to yield water, this is the
most economical form of wel! construction, although
selection of the screen size best matched to the
grain size of aquifer materials is a matter of
trial and error. 1In areas underlain by fine-

-grained deposits (plate B), a well driven too

deeply will encounter non-water-yielding fine and
very fine sand or siltt; pulling the point back
into the coarser capping layer (if saturated) is
easler than driving deeper and in many places is
more likely to produce an adequate quantity of
water.

Jetted wells, --Many test wells 1n the basin
have been constructed by the jetting methed, but
onty a few permanent wells. They cannot penetrate
gravelly stratified deposits. Jetted wells may
have longer, more carefully chosen screens than
driven wells,hence larger yields. In some places,
groups of jetted or driven wells pumped together
provide substantial supplies of water. For
example, six 2-inch wells, each about 30 feet
apart, owned by the Jéwett City Water Company
have been pumped at 180 gpm together; the wells
average 50 fest in depth and have 6-7 feet of
screen exposed to the aquifer.

TiLL

TIT1 occurs just below the land surface over
large parts of the Quinebaug River basin, includ-
ing all major hills and uplands (see plate B),
and underlies stratified deposits in the lowlands,
ft is a predominantly nonsorted, nonstratified
material, composed of clay, silt, sand, gravel,
and boulders mixed in various propertions. Thin
tenses and irregular masses of stratified sand,
silt, or gravel occur Interbedded with the til}
here and there.

Till is made up of particles scraped and
plucked from the bedrock as the ice sheet flowed
southeastward across the Connecticut landscape.
Part of the till was probably smeared onto the
rock surface beneath the moving ice, and part was
debris in or on the lce sheet that was let down
on the land surface as the ice melted. The lenses
of stratified material probably are deposits from
glacial meltwater laid down in tunnels In or below
the ice.

PERMEABILITY

The permeability of till varies from place
to place in the basin depending on the proportion
of sitt and clay in the till and on whether
lenses of stratified materfal are present. As
determined in the laboratory, the permeabililty of
6 undisturbed samples of tiltl ranged from 0.2 to
30 gpd per square foot (see table 23). Included
tn these 6 samples are &4 samples of relatively
silty till which have the lower permeability
values in the table and 2 samples of relatively
sandy till which have the higher values.

As determined from pumping tests on 8 unused
dug wells lined with fieldstone, the permeability
of t111 ranged from 0.48 to 55 gpd per square foot.
Each well was pumped for 4 to 7 minutes at rates
as great as 45 gpm, and the volume of water pumped




Tablte 23.--Laboratory determinations of permeability of till
from the Quinebaug River basin.

{A1] samples oriented in a vertical direction)

Depth below Coefficient
natural Particle-size analysis Specific of
land surface | Percent | Percent | Percent | Percent | Sorting yield permeability
Location (feet) clay sile sand gravel | coefficient | (percent} | (gpd per sq ft)
Black Hi11 &d., 1,200 ft. 1/ 17 . 12.0 27.4 48,1 12.5 4.33 L,6 0.2
east of Exley Rd., Plainfield
Pit, 500 ft. north of Ennis Rd.-- 57 11.8 37.0 3h.7 16.5 4.59 4 .7
Allen Hil] Rd. Intersection,
Brooklyn ~
West end large pit west of Green Pit floor i0.0 34.8 4o.7 14,5 5.58 3.9 6
Hollow Rd., 500 fi. 5ou}h of
Fall Brock, Killingly 1
East of new Rt. 12 expressway, & 5.0 4.5 L2.5 18.0 4,50 12,2 Wb
just north gf Kitlingly Drive,
KiTltagly L
Pit, 700 ft. east of Copnecticut 9 3.5 29,4 iy, 3 22,8 6.07 20.3 17
Turnpike, south of Moosup River,
Plainfiele 2
Reddcut north of Evergreen St., 3 k.0 26.8 45.8 23.k 6.18 20.9 3c

east of EveE?reen Cemetery,
Plainfield &

1/ Selected as example of firm, relatively silty till.

2/ Selected as example of

was measured in Targe cans., Complete analyses of
the water-level data are not given here, but the
water~level data are given in the companion basic
data report (Thomas and others, 1966}, Water-
tevel recovery was analyzed by the "bailer't method,
and transmissibility and permeability were com-
puted in the same manner as in similar tests on
wells penetrating stratified drift (see p. 54},
Results of the tests are summarized in table 24.

Pumping tests of wells NSn 25, Po 60, and
Th 57 indicate permeabilities similar to those
determined in the laboratory for samples of Tirm,
silty till {table 23), and tests of Wk 19 and
Yo 88 indicate permeabilities similar to those
determined in the lTaboratory for samples of
moderately sandy till, though for Vo B8 the
result may be an average of the relatively
permeable fine sand reported at the bottom of
the well and less permeable til) opposite the
sides. Wells Bk 5k, Po 64, and Po 62 probably
penetrated sand lenses or very sandy till,
because the permeabilities are higher than would
be expected of most of the till in the basin.
In general, the permeabilities determined from
the pumping tests appear to be consistent with
the laboratory determinations of permeability.

TH1CKNESS
Where till immediately underlies the land
surface, it is generally between 10 and 35 feet

thick, At many places, however, outcrops of the
underTying bedrock protrude through the titl
cover, Although the actual patches of bare bed-
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moderately sandy, easlly-crushed, tI17.

rock are small, ranging in area from a few square
feel to a few hundred square feet, in localitles
where they are numerous the till is only a few
feet thick. A layer of till atop the bedrock is
also assumed to be present beneath the stratified
drift in lowlands.

Abnormally thick accumutations of till occur
In some bedrock valleys, in drumlins (see Tigure
34), and in sidehil! accumulations within the
basin. Most of the valleys in which streams
flowed before the last glaciation had a roughly
north-south trend, and thickness of tillt in these
valleys s generally within the range given above.
However, there also were short valleys or valley
segments that trended east-west. These east-
west valleys were more or less perpendicular to
the direction of fce movement, and some of them
were almost completely Tilled with till.

Locally within the basin thick accumulations
of till occur on the flanks of large bedrock
hilts; some form lobes or mounds resembling drum-
lins, others lack any special shape. They appear
to be most numercus on the north or narthwest
sides of bedrock hitls, but other orientations
are also common.

Most areas of thick till are small--nearly
all occupy much less than one square mile--and
the information available from well records and
outcrops is sparse. Areas in bedrock valleys, in
drumlins, or in sidehill accumulations where till
is known or inferred from the available data to
be more than L0 feet thick are indicated on




Figure 34.--A drumlin near Pomfret Center: the
hill north of Hamlet Farm Road, vlewed from
the northeast,

plate B. Til} of this thickness affords important
protection to drilled wells tapping the under-
lying bedrock, because bacteria present in septic-
tank effluent discharged near the land surface
stand very little chance of penetrating to the
bedrock. -

DEVELOPMENT BY WELLS

Drilled wells.--Till itself is much too
impermeable to yield a significant amount of
water to a drilled well, and sand or gravel
lenses sufficiently thick and permeable to do so
are rarely found within the till. However,
permeable coarse-grained stratified drift, which
can be tapped by drilled wells, does occur be-
neath the thick till in most of the east-west-
trending bedrock valleys previously discussed.
In nearly all of these valleys, cne or more
drilled wells are reported to penetrate several
feet of gravel or sand between till and bedrock,
or are cased through many feet of unconsolidated
deposits but completed in some permeable layer
above bedrock. Most of these wells are domestic
or farm wells whose average reported yield and
specific capacity are about half as large as
carresponding values for similar wells tapping
stratified drift where it lies atop the till In
major valleys. These deeply-buried sand and
gravel deposits may have been laid down by melt-
water flowing away from the advancing ice sheet
and tater buried by till as the ice flowed over
them. Their thickness is not generally known,
but is estimated to range from about 10 to L0
feet. Because of their small extent, shown on
plate B, and the likelihood that all recharge
must move through relatively impermeable till or
bedrock, they are probably not of major importance,
although they undoubtedly are capable of further
development,

Dug wells,--Large-diameter dug wells are the
only practical means of tapping Impermeable
materials such as till. Many gallons of water
are stored within such wells, ready for immediate
withdrawal; the water withdrawn is replenished in
the well by slow seepage from the till during non-
pumping periods. Thirty years ago, nearly all
homes, farms, and shops in upland areas depended
for water supply on wells dug in till. Many of
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A well (Po 93) drilied at the house
visible at the highest point on this
hill reached bedrock at a depth of
188 feet. The smoothly-rounded

shape evident from the photograph is
also clearly shown on the topographic
map. (See plates A-D; well location
on plate A,} Drumlins are especially
numerous in Pomfret and Woodstock.

these dug wells have been replaced by drilled
wells tapping bedrock, commonly because thelr
yields were inadequate, at least during periods
of drought, but many others are still in use and
new ones are continually being dug.

The yields of 8 dug wells tapping till in
the Quinebaug River basin were tested during this
investigation; results are summarized in table 24,
The flgures in line | indicate the slow rate of
replenishment in these wells; for example, If
each well had 3 feet of water in it and were
pumped down 2 feet, water would enter at rates
ranging between 0.01 and 1.7 gpm. The 3 least
productive of these wells would be inadequate
for most homes today. At the other 5 sites, how-
ever, according to rough estimates in Iine L
total replenishment would probably exceed 200
gallons in the course of a day, enough for the
average family, as long as the water table did
not drop within 2 feet of the pump intake. It Is
concluded that permenent supplies of better than
200 gallons per day could be obtained from dug
wells at a majority of sites in areas of till,
but that there are many sites where the till is
too impermeable or too thin to provide this amount
of water throughout the year. Modern excavating
equipment permlts digging farther below the water
table than is normally possible by hand labor, and
the current practice of digging & large hole and
surrounding the tower few tiles with gravel in-
creases the amount of water in storage In the well
and, to some extent, increases the yield. HNever-
theless, a well dug when water levels are not
near thelr seasonal low should be constructed so
that it can be deepened if need be, unless it
already bottoms on bedrock or a large boulder,

BEDROCK

Bedrock underlies the entire basin, and
though it is covered by till or stratified drift
in most places, bedrock commenly crops out en
hilltops and roadcuts. The cover of till and
stratified drift deposits Is thin compared to
the relief of the bedrock surface, so the major




Table 24.--Results of pumping tests on dug wells in till
in or near the Quinebaug River basin,

Well no. (A)
Depth (feet) (B)

Saturated thickness
penetrated at time
of test (feet} (C)

Length of time pumped
{minutes) (D)

Volume pumped
{gallens} (E)

Maximum drawdown
during test {feet} (F)

Average rate of
recovery during first
6.1 ft of recovery

(gpm) (G}

Specific capacity based
on first 0,1 ft of
recovery (gpm/ft} (H)

Specific capacity per
foot of saturated
thickness penetrated
{gpm/Fe/fr} (1)

0DATA FROM PUMPING TEST

Amount of recovery
during tst 24 hours of
recovery (gallons) (J)

Average drawdown during
Tst 2& hours of recovery
(feet) (K)

Estimated recovery in

2t hours with an average

drawdown of 2 feet

{(gallons) (L)

Coefficients of:
Transmissibility {gpm/ft) (M)

Permeability (gpm/sq ft) (N)1/

1/ The coefflcient of permeability is the coefficient of transmissibility divided by the

Bk 54  Po6h Po62 Vo8 2 WkI9  Th 57 Po 60 NSn 25
14,7 12.4 | 12,9 | 12.0 ) 21,9 | 17.6 | 27.0
4,23 2.0 1 558 | 6.53 3.35 | b6 1.10 | 5.46
7 N 5 L.5 4 5 L 7
77.5 137 151.3 180 18.5 | 135 139|213
.33 1.87 1z | 2.2 1.28 1.08 | 1.08 | 3.34
.26 81 | 2.3 4 .03 0053 .038
.93 Al o163 1.0y .34 .03 0052 .012
.22 .22 .29 16 .10 007 L0051 .002
752/ | 25,8 L1s6 ¥ 1752 | 105 30 8.8 |35.8
7 .97 571 1. .69 .92 | .ok | 3.02
880 260 {510 [310 300 66 17 24
264 137 | 280 150 77 9.7 | 2 2.6
55 50 IS 21 20 2 .75 A48

saturated thickness and is reduced slightly to allow for the entrance of water through
the bottom of the well.

2/ Recovered virtually to extrapolated static water level in one day or less.

3/ Owner reports bottom of well is fine sand.
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hills and valleys in the present landscape reflect
the hills and valleys in the bedrock surface. The
bedrock extends downward many thousands of feet,
although only the uppermost few tens or hundreds
of feet are of any significance as an aquifer.

The bedrock consists entirely of hard,
crystalline rocks. Geologists have divided these
rocks into several formations and groups, but
because there are no significant differences in
their water-bearing characteristics, they are not
differentiated as formations for purposes of this
discussion. Rodgers and others (1956, 1959) and
Dixon {1964) give detaited descriptions of the
lithology and mineralogy of these rocks; some
additional information appears in this report in
the section on chemical guality of ground water.

Nearly all of the bedrock in the basin is
so)id and unaltered by weathering. The mantle of
soft, weathered rock that tay on the ground sur-
face prior to glaciation was largely removed by
the fce, so there are only a very few localities,
protected from glacial erosion or underiain by
rock extraordinarily subject to weathering, in
which the upper few feet of the bedrock are soft
and rotten.

PERMEABI LI TY

Spaces between the Individual mineral crys-
tals that make up crystalline bedrock are few,
microscopically small, and poorly connected.
Consequently, the intergranular permeability of
crystalline bedrock 1s so minute as to be Tnsigni-
ficant. Samples of several types of bedrock from
the basin were tested in the laboratory and found
to range in permeability from 0.00002 to 0.000%
gpd per sq ft (table 25). A drilled well penetrat-
ing 200 feet of such bedrock would have a yield
of only 0.007 gpm, if all the water had to enter
through intergranular pore spaces. Virtually all
bedrock wells yield considerably more than 0.007
gpm, so 1t Is apparent that water reaches such
wells along avenues other than intergranular pore

spaces. Many studies have shown that in crystalline
bedrock, virtually all water movement occurs along
fractures (also referred to as jolnts, 'veins',
orseams’’) in the rock. Fractures are readily
visible in most roadcut ocutcrops, and following a
rainstorm water may occasionally be observed
seeping from these fractures. Two good exemples
of fractured bedrock are shown in figure 35.

The occurrence and distribution of fractures
in the crystalline bedrock of Connecticut are des-
cribed and related to well yields in a classic
study by E¥lis (1909}; nothing as complete has
been published since. One of the most important
characteristics of fractures is their irregular
spacing; Ellis noted that in every quarry where
fractures were developed over a considerable area
they constituted a serles of zones of clese
fracturing separated by intervals In which the
distance between fractures was much greater (see
figure 35, photograph B). Because of this irregu-
lar spacing, some wells penetrate many tens of
feet of 'dry' rock, not having intersected any
significant water-bearing fractures; yet there
may be nearby wells which obtained substantial
yields from water-bearing fractures at shaliow
depth.

To learn more about the water-bearing char-
acteristics of bedrock, pumping tests were run on
10 drilled wells tapping bedrock, and results
were compared with drillers! yield tests of the
same wells. Data collected during the pumping
tests are given in the companfon basic-data report
(Thomas and others, 1966), and are summarized in
table 26 along with data from the drillers! tests.
Even though pumping levels were not measured
exactly In many of the drillers' tests, specific
capacities based on drillers' data fall in nearly
the same rank as those computed from pumping
tests. After adjusting test results to represent
a time Interval similar to that used by drillers,
the ratios in the last column were computed; for
most wells, multiplying the drillers' specific
capacity by 1.5 gives a value close to the adjusted

Table 25.--lLaboratory determinations of permeability of non~fractured
bedrock from the Quinebaug River basin, :
{A1] samples cored paralie] to foliation or_lineation)

Specific
gravity ' Specific Coefficient
Site from which sample of rock Porosity yield of permeability
was collected Rock type material {percent) {percent) {gpd/sq ft)
Quarry off Pine Hill granitic 2.567 1.5 0.7 0.0004
Road, Sterling gneiss
State Route 14, first mica 2.82 2.8 1.7 . 00004
roadcut east of Kitt schist
Brook, Canterbury
Quarry south of All hornbiende- 2,80 0.7 0.0 . 0000k
Hal Tows Road feldspar
Wauregan, Plainfield gnelss
Quarry on State Route quartzite 2,68 2.2 1.2 .00003
L9, southern Voluntown
Conn. Turnpike at amphibolite 3.07 2.0 1.7 .00002

Taylor Hill,
Griswold
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State Route Th, near Moosup, just west of Moosup River bridge.

Bedrock outcrops in highway cuts exhibit more fractures than
are present in similar rock some distance below the surface,
but the series of flat, parallel fracture surfaces which can
be seen sloping steeply downward and to the left across this
entire outcrop may extend to considerable depth and serve as

avenues of water movement.

U.S. Route &, Killingly, just west of Franklin Avenue. Zones
of closely~-spaced vertical fractures near the right-center and
left of the photograph alternate with zones in which the
fractures are more widely separated. A series of widely-

spaced fractures sloping gently to the left is also visible.

Figure 35.-~Fractures in crystalline bedrock,



Table 26.--Results of pumping tests on wells in bedrock
in the Quinebaug River basin.

Ratio of
Data based on drillers! a/ specific capac-
measurements Data from pumping test = fty from pump-
Penetra- Specific ing test
Well tion of capacity, {adjusted to
no. Distance | saturated from recov- | 2-hour hasis),
{observa- from bedrock Length Average | ery rate to specific
tion wells | pumped below Specific |[of time rate of | except as capacity from
in paren- well casing Yield | capacity |pumped pumping | noted drillers’
theses) 2 (feet) (feet) {gpm) {apm/ft) {minutes) (gpm) {gpm/fFt) measurements
Ki 193 - 100 122 b8 oo 123 8.0 7.0 2/ 6.7
(Ki 202) 151 (>20) >1.5 "
Bk 49 - 118 30 L 59.5 8.1 1.8 &/ 7
Ki 199 - 100& 16 .18 ¢/ 120.8 2 b/ 1.2
(ki 200) 133 (40) (.34) 26 7.3 3 '
Ki 200 - 120 8 07 o/ o 6.4 2q B/ ]
(Ki 200) 195 (ho)  (.34) 7 ! ’ ’
PT 294 - 92 5 054 1.3 L. .10 1.4
Ki 218 - 1z 4 .03 9.5 LR .06 1.5
Wk 72 - 337 .25 .017 - & . & .ol 1.8
Cy 115 - 150 4 028 & 8.5 1.3 .08 2.1
Vo 145 - 155 6.5 .ob< 35.5 6.9 .09 2
Vo 146 - 312 0.75 .o02 & 10 k.3 .017 6.5

a/ Tests using observation wells, all water-level measurements In observation well. Other tests,
all measurements in pumped well,

b/ Estimated from transmissibility and storage values computed from test.

&/ Water pumped with compressed air, reportedly from bottom of well; no pumping water level
existed, but a pumping level 10 feet above the bottom was assumed in order to estimate
speciflc capacity.

4/ Computed from pumping rate and drawdown at time of shutdown.

e/ Slug test; 10.2 gallons of water added in one-half minute.

test results. Thus, the data reported by drillers
appear to provide a consistent and reasonable
means of evaluating the water-yielding capacity
of bedrock.

Specific capaclities were computed for 247
wells in the Quinebaug River basin from drillers!?
measurements of yield and water level., These
data plotted versus the saturated, uncased thick-
ness of bedrock penetrated (figure 36} show that
on the average, wells penetrating less than 60
feet of bedrock have larger specific capacities
than deeper wells., This cannot mean, of course,
that after a well is drilled deeper a larger
drawdown is required to obtaln the same yield.

It may be that some of the deeper wells had
relatively large specific capacities at shallow
depths, but as they were drilled deeper two
factors operated to reduce specific capacity;
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{a} pumping could now lower water levels helow
the shallow fractures, so thelr yield no longer
responded to increased drawdown (see figure 37},
and (b) the deeper parts of the bedrock were
lacking in fractures. On the other hand, it may
be that the deeper wells were drilled at sites
where there were no fractures at depths less than
about 60 feet and only a few fractures at greater
depths. Thus, the variations in specific capacity
shown in figure 37 could reflect efther irregu-
larfty in the areal spacing of fractures or a
decrease in the number and size of fractures with
depth.

These results are compatible with those of
other writers (E1lis, 1909; Cushman and others,
1953) who concluded that fractures decrease in
number and size with depth, hence the chances of
obtaining additional yield decreases as & well is
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‘Figure 36.--Median specific capacities of wells
penetrating bedrock in the Quinebaug River basin,

A. Drawdown 40 feet, yield 5gpm, specific 8. Drawdown 80 feet, yield &gpm, speclfic
capacity 0.125 gallons per minute per foot capacity 0.075 ‘g_clllons per minute per foot
5 gpm’ LAND SURFACE 8 gpma ) L AND SURFACE
v Vi Eery 77 v rra s FITATET I T 77 I rialdlid
o o
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VA N/ AA\Y Y. 2 TN RE N 7 N7 NH 77 bras TN T NN
fand surface)i| S i tand surface)l| © 1 %/
¥ @
x —
PUMPING LEVEL~J & Jf/
(50 feet below tand [ 1| | T[4gpm g i4gpm
surface) maximum yield of 2 8  moaximum yield of
: upper fracture z )i upper fracturs
obtained af 40 DE )
fesf of drawdown }
4
PUMPING LEVEL l W
{20 feet belowland| _| |_
surface)
yleld of boitom a yield of bettom
% fracture af =
S 40 feet of g
a drawdow o
ottom of well Bottom of well
180 feet below (180 feet balow
fand surface} Tgpm fand surface)

The well obtains all its yield from 2 fractures, one 40 feet below the static water level and the other
150 feet below static water level near the bottom of the well. |f the water level is drawn down L0

feet by pumping (diagram A} the maximum yield of the upper fracture, &4 gpm, is obtained, and the yleld
of the Tower fracture is 1 gpm; the specific capacity is 4 gpm + 1 gpm = 0,125 gpm per foot. If the
water level is drawn down 80 feet by pumping {diagram B) the Zaliton the Tower fracture is doubled and
therefore its yield is doubled; however, the head on the upper fracture could not be increased after the
water level dropped below it, and therefore its yield remains 4 gpm, the same as it was at Lo feet of
drawdown. The specific capacity at 80 feet of drawdown is therefore ﬂsi_g = 0,075 gpm per foot, or a
little more than one-half the specific capacity at 40 feet of drawdown:

Figure 37.--Decrease in specific capacity with increased drawdown in a well penetrating fractured bedrock.
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drilled deeper, especially if penetration of bed-
rock exceeds 250 feet,

The average permeability of bedrock as a
whole--that is, the net permeability of the near-
ly tmpermeable non-fractured rock and the
relatively permeable fractures in it--was esti~-
mated to be about & gpd per sqg ft on the basis
of the specific capacity data for 247 wells
mentioned previously. The data were analyzed by
stightly extrapolating theoretical graphs pre-
sented by Walton (1962) and assuming an average
coefficient of storage (.001)} and average test
duration {2 hours far domestic wells, & hours
for commercial or industrial wells). The compu-
tations are summarized below.

Commercial-
industrial
wells

Pomestic-
farm wells

Number of wells 219 28

.25

Median specific
capacity {gpm/ft)

Median specific ,263
capacity adjusted
to 6~inch_radius

(gpm/ft) X

Specific capacity .30
increased to
represent condi-
tions: of small

drawdown (gpm/ft) 2/

Estimated 2 hrs 230 -
coefficient
of trans-

missibility
{gpd/ft} 3/

& hrs - 4og

87

Median saturated 66
thickness of
bedrock penetrated

{Teet)

3.5 L6

Average permeability

{gpd/sq ft)
Average permeability of bedrock {rounded} 4

1/ virtually all wells tested had 6-inch

diameter (3-inch radius).

2/ Value for domestic-farm wells multiplied
by 1.5 (typical ratio from last column
of table 30}, |Increase for commercial-
industrial wells should be less, as many
such wells are tested with moderate
drawdowns.

tnterpolated between graphs for 60-minute
and 8-hour pumping pericds presented by
Walton (1962).

In view of the irregular distribution of water-
bearing fractures in bedrock, evidenced by the
range of specific capacities, this value of
average permeability is significant chiefly for
regional study of water movement or for com-
parison with other aquifers.
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DEVELOPMENT BY WELLS

Drilled wells.--There are several thousand
drilted wells tapping bedrock within the Quinebaug
River basin. Most of them provide small supplies
for homes or farms, and are reported to be adequate.
Using the data plotted in figure 36 it is estima-
ted that at BS percent of the sites in the basin,

a well penetrating 100 feet of bedrock could
supply at least 3 gpm, which is enough for an
average home. Wells reported to yleld more than
50 gpm are rare,

One locality, namely that part of the commun-
ity of Moosup west of Lake Street and Whitney
Hill, is unusually favorable for development.
Mearly half of the 46 bedrock wells Inventoried
there were reported to yield 20 gpm or more. This
tocality is astride the largest fault In eastern
Connecticut {see Goldsmith, 1963)}. However,
records of scattered wells along the fault zone
north as far as Killingly Center indicate no con-
tinuation of the favorable conditions at Moosup.
Typical outcrops in the fault zone are a ground-
up, fine-grained, tightly packed rock which
suggests very high pressure at the time of fault-
ing {Pixon, wrltten communication); hence there
is little 1ikelihood that rock movement along the
fault would have produced many openrings along
which ground water could now travel easily.
Possibly the higher permeability of the bedrock
at Moosup and locally for about 2 miles to the
south is due to related but younger minor faults
wihich produced near-vertical Intensely fractured
zones here and there atong the main fault {Dixon,
written communication}.

Dug wells.-~In some localities within the
basin where the overburden is only a few feet
thick, a few large-diameter dug wells have been
extended several feet into bedrock, usually by
blasting. Wells of this type are fairly numerous
in north-central Voluntown. Thelr water-yielding
potential appears to be similar to those of wells
dug in till.

WATER AVAILABLE TO WELLS
GROUND-WATER RECHARGE

The amount of water that could be pumped out
of an aquifer over a period of years without
excesslve local water-level decline depends on the
amount of water that enters or recharges the
aquifer during the same period, The minimum amount
of recharge that might be expected in a very dry
one-year period is of particular interest in
estimating potential development because 1t sets
the upper 1imit at which ground water can be with-
drawn year after year without removal of ground
water from storage, Therefore, it is Important
to evaluate the amount of recharge to aquifers in
the Quinebaug River basin.

NATURAL RECHARGE

During any period when there is no net change
in the amount of water stored underground, recharge




must be balanced by an equal amount of discharge.
Therefore, recharge conveniently may be estima-
ted indirectly from studies of ground-water
discharge.

Ground water is discharged chiefly by ground-
water runoff (seepage into streams). 1t was
estimated previously (table 3) that ground-water
runoff from the Quinebaug River basin averages
about 10 inches per year. This represents ground-
water runoff from terranes of many kinds within
the basin., Records of streamflow indicate,
however, that ground-water runcff is greater from
areas underfain by stratified drift than from
areas underlain by til1l (figure 19); to evaluate
the ground-water runoff from areas underlain by
various proportions of these deposits, detailed
studies were made in four small stream basins
tisted in table 27. As an example, computations
used in the evaluation of ground-water runoff
from Denison Brook are illustrated in figures
38-40. Similar analtyses were used for all four
stream basins listed in table 27.

For each small stream basin a hydrograph of
mean dafly streamflow (see figure 40) was com-
puted from daily or continuous stage records.
Daily ground-water runoff was computed from the
streamflow data using both the rate of streamflow
recession during long rainless periods (figure 38)
and the relation of water levels in wells to
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Each point represents a 10-day period during
which the streamflow declined steadily and
probably consisted wholly of ground-water
runoff.

Figure 38.--Composite streamflow recession
curve for Denison Brock at Collins
Dam near Voluntown.
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ground-water runoff in the streams (figure 39).
For each day on which ground-water levels were
measured, the corresponding ground-water runoff
was determined from the curves in figures 38 and
39, and hydreographs of ground-water runoff were
constructed beneath the hydrograph of mean daily
streamflow on figure 40. The best estimate of
ground-water runoff probably is intermediate be-
tween the extremes as determined from the
recession curve and the ground-water rating
curve., Accordingly, an adjusted ground-water
runoff hydrograph was constructed on figure 40
using the shape of the hydrograph of ground-water
runoff plotted from the ground-water rating curve
and the troughs on the hydrograph based on stream-
flow recession as guides.
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Figure 39.--Ground-water rating curve for Denison
Brook basin,

Ground-water discharge also takes place by
underflow, by pumping, and by evapotranspiration.
The computed underflow is small but is included
in the estimated recharge for the four small
stream basins studied. Pumping was neglected, as
the net discharge by this means is insignificant
in the key basins. The average amount of ground-
water evapotranspiration over the Quinebaug River
basin as a whole is somewhat less than half as
great as ground-water runoff (table 3). Ground-
water evapotranspiration could not be accurately
estimated in the key basins, and because It is
uncertain how much could be salvaged by man under
conditions of maximum development, ground-water

evapotranspiration was neglected in the computation

of recharge. Thus, ground-water recharge as
estimated in this report is sltightly conservative.
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Figure 40,--Hydrographs of streamflow and ground-water runoff from Denison Brook basin.

Because discharge can be equated to recharge
only if there is no net change In storage, annual
recharge was computed for the 12-month period
from August 1962 through July 1963 in which there
oceurred the smaliest net change in ground-water
levels and thus a negllglible change in storage.

Recharge, considered equivalent to ground-
water runoff plus underflow is given for this
period for each key basin in table 27, column ¥,
These values apply only to the basins studied
and to a particular year. Differences in pre-
cipitation that accur from year to year and
from place to place within the Quinebaug River

bastn may be expected to cause differences in
natural recharge. The many years of hydrologic
records In selected tributary basins that would
be needed to define such differences in recharge
are not available. However, iIf it is assumed
that recharge varies fro