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SUMMARY

The 557 square miles of the lower Housatonic
River basin in western Connecticut include the basins
of two major tributaries, the Pomperaug and Nauga-
tuck Rivers. Hearly all water is derived from pre-
cipitation, which averaged 47 inches per year during
1931-60, In this period an additional 570 billion
gallons of water per year entered the basin in the
main stem of the Housatonic River at Lake Lillinonzh,
and some water was [mported by water-supply systems
from outside the basin., Almost half the precipitation--
21,6 inches--was lost from the basin by evapotranspira-
tion. Except for small amounts exported, the remainder
discharged as runoff and underfiow into Long istand
Sound,

Variations in streamflow at 6 long-term contin-
uous~-record gaging statfons are summarized in stan-
dardized graphs and tables that can be used to esti-
mate streamflow characteristics at other sites. For
example, mean flow and two low-flow characteristics,
the 7-day annual minimum flow for Z-year and 10-year
recurrence [ntervals, have been determined for many
partial-record stations throughout the basin,

0f the 37 princlipal lakes, ponds, and reservoirs
in the basin, 6 have usable storage of more than 1
biltion galicns, The "maximum safe draft rate' (des-
cribed in: "Storage of Water in Lakes and Reservoirs')
of the targest of these, Thomaston Reservoir near
Thomaston, Is 75.6 million gallons per day for the
10-year and 20-year recurrence intervals of annual
Towest mean flow,

Floods have cccurred during every month, at one
time or another. The two greatest floods on the
Naugatuck River in historical time occurred 2 months
apart in 1955, The larger, in August, had a peak of
106,000 cfs (cublc feet per second) at Beacon Falls,
Since then, the likelihood of major floods has been
considerably reduced by a program of flood control
in the basin,

Water can be obtained from three aquifers under-
lying the basin~-stratified drift, till, and bedrock,
Stratified drift covers about 16 percent of the basin,
mostly in valleys and lowlands, and its saturated part
generally ranges in thickness from 10 feet in smatl
valleys to 200 feet in the Housatonic River valley,
[ts transmisslivity ranges from O to 47,000 ftzlday
(feet squared per day), Tiil, deposited directly by
glacial ice, forms a widespread but discontinuous
mantle over bedrock In most upland areas and extends
beneath stratified drift In lowlands; it ranges In
thickness from 0 to 200 feet., The median value of
31 pubiished determinations of hydraulic conductivity
of till in southern New England s 0,67 ft/day and
ranges from 0,013 to 29 ft/day. Crystalline bedrock
underlies most of the basin and is composed princi-~
pally of granite, gneiss, and schist, Sedimentary-
volcanic bedrock underlies oniy the Pomperaug River
basin, PRegardless of rock type, water Is obtalned
mostly from fractures.

Streambed deposits are significant features of
the hydrogeclogic system because they affect the

amount of water from streams and lakes that can be
induced to infiltrate aquifers, Based on fleld
tests, characterlstic values of vertical hydrautic
conductivity of streambed deposits are 0,40 ft/day
for fine-grained deposits and 14 ft/day for gravel-
ly deposits.

Ground-water supplies generally range in yield
from several millions of gallons per day from large
well fields to 1 gpm {(gallon per minute) from single
wells. targe supplies, with ylelds of 100 gpm or
more from individual wells, are most commonly obtalin-
ed from stratified drift. Yields to be expected
from screened wells tapping this aquifer can be cal-
culated by use of a serlies of graphs in conjunction
with estimates of transmissivity and aquifer thick-
ness,

The yields of t4 principal ground-water reser-
volrs are estimated from aquifer characteristics
and also from the amount of water that can be
obtained from aquifer storage, from interception
of runoff, and from Infiltration of streamflow at
low=-flow conditions, using a hypothetical weli-
field arrangement for each reservoir, It is
assumed that Induced infiltration is restricted to
an amount equal to the 7-day annual minimum stream-
flow for a 2~year recurrence iInterval, Ylelds
range from 1.4 to 15 mgd {million gallons per day)
during pericds of no recharge, and from 2.0 to 17
mgd during recharge periods.

Small to moderate water supplies can be obtain-
ed from any of the aquifers under suftable condi-
tions., For example, data from 294 wells in the basin
indicate that yields of a few gallons per minute
can be obtalned from bedrock at most sites, The
likelihood of obtalning an adequate domestic supply
is slightly greater in granite than In schist and
also is greater where the overburden Is stratified
drift rather than till.

Chemical analyses of precipitation samples
collected monthly from five stations In the basin
during a 9-month period in 1966 show that rainfall
is acidic and that sulfate is the dominant anion,
probably because of Tndustrial fumes and smoke
within and near the basin,

Where unaffected by man's activities, water
in the basin is generally low in dissolved-solids
concentration, fs of the calcium magnesium bicar-
bonate type, and is soft to moderately hard. |In
general, streamflow is less minerallzed than ground
water, particularly when it consists largely of
direct runoff. However, streamflow becomes more
highly mineralized during low-flow conditions, when
most of it consists of mere highly mineralized
water discharged from aquifers. The median value
of dissolved-sollds concentration of water at 22
stream sites was 51 mg/1 (milligrams per liter)
during high flow, and 68 mg/1 during fow flow with-
in the study period. Iron and manganese occur
naturalily In objectionable concentrations in parts
of the basin, partlcularly in streams draining
swamps and in water from bedrock containing lron-
and manganese-bearing minerals,




Man's activities have degraded the quality of
water In streams in much of the basin, except In
the Pomperaug subbasin., In the Naugatuck River basin,
the degradation in quality Is shown by wide and
erratic changes In dlssolved-sclids concentration,
excessive amounts of certaln trace elements, a low
dissclved oxygen content, and abnormally high tem~
peratures, Ground water 1s degraded principally
by induced Infiltration of stream water containing
chemical wastes, by wastes stored on the ground and
by effluents from septic tanks.

Below its confluence with the Naugatuck River,
much of the Housatonic River and adjoining marshes,
wetlands, and aquifers contain salt water. Measure-
ments of specific conductance during low-flow condi-

viii

tions in 1969 indicate that the dissolved-soljds
concentration of water in the estuary ranged from
216 mg/1 near Twomile island to 20,000 mg/!} near
Long [sland Sound,

The quantity and quallity of water in the basin
are satisfactory for a wide varlety of uses, and,
with suitable treatment, the water may be used for
most purposes, In 1967, the total amount of water
used in the basin was about 194 biliion gallons,
About 90 percent of this was used for industrial
purposes, and 95 percent of the industrial water
was obtained from surface-water sources, in the
same year, 17 municipal and private water-supply
systems supplied water of satisfactory quality to
about three-fourths of the population,




INTRODUCTION

PURPOSE AND SCOPE

Connecticut, In common with many other States,
has experienced a rapid Increase in population In
the past few decades, accompanied by industrial
expansion, changes in agricultural technology, and
a rlsing standard of living. These changes have
contributed to a steadily rising demand for water
that is expected to continue in the foreseeable
future. Although the water that supplies this de-
mand is ample, it varies in amount and in quality
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 planning to obtain optimum
use of known water suppliies and to locate new areas
for development.

Accordingly, in 1959 the General Assembly, on
recommendation of the State Water Resources Commls-
slon, authorized a water-resources i{nventory of
Connecticut. Under this authorization, and under
supplemental authorlzations of the General Assembly,
the U,S$. Geological Survey, in cooperation with the
Water Resources Commisston and subsequently with the
Connect]cut Department of Environmental Protection,
has undertaken a series of studies to determine the
quantity and quality of water availabie in the State,
To facllitate these Investigations, the State has
been subdivided Into 10 study areas, each bounded by
natural drainage divides. (See map inside front
cover.) The resulting reports will be useful to
State, regional, and town planners, town officials,
water-utility personnel, consuiting hydrologists,
well drillers, and others concerned with the devel-
opment and management of the water resources. This
report covers the fifth of the 10 study areas. [t
is a companion report to a published basic-data
report for the same area, Connectlcut Water Resources
8ultetin 20 (Grossman and Wilson, 1970), A list of
cooperative reports dealing with water resources in
Connecticut is given on the back cover,

THE LOWER HOUSATONIC RIVER BASIN

The lower Housatonic River basin Is in western
Connecticut, as shown on the index map Inside the
front cover. The area, as defined for this report,
1s the drainage basin of the Housatonic River down-
stream from Shepaug Dam at Lake Lillinonah; it in-
cludes the basins of two major tributarles, the
Pomperaug River and the Naugatuck River, that flow
into the Housatonic River from the north, The lower
Housatonic River basln Includes 557 square miles.

The basin is characterized by rugged topography;
elevations range from sea level along the Housatonic
River between its mouth and Derby to more than 1,600
feet in the headwaters of the Naugatuck River in Nor-
folk., Steep slopes and rolling uplands rise from the
flatlands at the mouth of the Housatonic River estuary
and the bottomlands of the Housatonic¢, Naugatuck, and
Pomperaug Rivers. The Housatonic River Is affected
by ocean tides as far north as Derby, and salty water
In the estuary reaches Inland about 10 miles to Two-
mi}e Istand,

In a land-use classification, more than 75
percent of the basin Is ''vacant''; another 15 per-
cent includes water-supply lands, recreation, State
forest, or water bodies; most of the remaining land
Is residential, Urban and industrial development
ts concentrated principally in the major valleys.
The rolling uplands are largely farmed or are un-
developed. Extensive areas of steep slopes and
rocky upland interspersed with streams and many
lakes, ponds, and reservoirs give the basin much
natural beauty.

industrial deveiopment of the bottomlands and
residential development of adjacent hillsides form
the pattern of land use aleng much of the Nauga-
tuck River valley south of Watertown and along the
Housatonic River valley south of Monroe and Oxford.
Waterbury, centrally located in the Naugatuck River
valley, has earned the name 'Brass City" as the
teading center of brass manufacture in the United
States, A variety of other goods, Tncluding timing
and electronic devices, recording Instruments, tools,
afrcraft, clothing, and products made of copper,
plastic, leather, and rubber are also manufactured.

Two major highways, north-south Connecticut
Route 8 and east-west Interstate Route 8L, Join in
Waterbury; two other major highways, Connecticut
Route 15 and interstate Route 95, cross the southern
part of the basin.

' GUIDE FOR USE OF THIS REPORT

Water supplies may be obtained from streams,
jakes, and aquifers, Although the sources are
closely related, the methods used for estimating
the amount potentlally available from each, and
the techniques of development of each, are suffi-
ciently different to merit discussion In separate
sections of this report. The succeeding sectlions
discuss the gquality and use of water, '

The availability of surface water in the basin
is summarized on plate B, which locates takes, ponds,
and reservoirs with usable storage and indicates
the amount in storage, The map also shows, for all
but very small streams, mean flow and low-flow
parameters., These values exclude estimated amounts
of artificial augmentation of streamflow. Estimated
amounts of augmentation for 1931-60 are shown along
the streams. The text contains more detailed Iinfor-
mation In the section titled '"Surface Water," includ-
ing tables and graphs showing flow duration, low
flow and high flow frequency, and draft storage
relations,

The availability of ground water is summarized
on plate €, which is presented in three sections
corresponding to the basins of the Housatonic,
Naugatuck, and Pomperaug Rivers, and which shows
the areal distribution of the principal aquifers,
This plate also shows the thickness and transmis-
sivity of the stratified-drift aquifer; these para-
meters can be used with the graphs in the section
titled "Ground Water'' to estimate the potential
yields of screened wells and the distribution of




drawdowns around a well pumping at a constant rate.
Areas favorable for the development of large ground-
water supplies are also indicated on plate C. The
hydrologic models used to evaluate these areas are
Itlustrated on figure 33, and the quantities of
water potentlally available are given in table 19,

The natural quality of water in streams and
aquifers Is summarized in table 21 and Is dis-
cussed in the section titled '"Quality of Water,"
The discussion Includes the natural and manmade
aspects of water quallty that may restrict the
use of water for some purposes, Areas where
these restrictive condftions are known to exist
are delineated on maps (figs. 42, 43, and 49).

A discussion of man's use of water in 1967
Includes a table giving the suitability of water
in the basin for various Industrial uses (table
27), and an Iltustration of the source, use, and
disposal of water (fig. 60). The principal public
water-supply systems and the quality of water they
distribute are described in tables 28 and 29,

All data-collection points specifically re-
ferred to In thls report are shown on plates A or
B. Locations of these and all other sites for
which data were collected for this study are shown
on maps in the companion report {Grossman and
Witson, 1970). That report contalns well records,
Togs of weils and test holes, laboratory analyses
of sediment samples, and records of pumping tests.

In addition, it lists sources of other published
hydrologic data for the basin, including those
with records of surface water and water quality,
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THE WATER BUDGET :

The hydrologic operation of the lower Housa-
tonle River basin can be expressed by a water bud-
get, which, ilke a fiscal budget, lists receipts,
disbursements, and water on hand. The water budget
Is the quantitative expression of the hydrologic
cycle--the continual movement of water between the
oceans, the atmosphere, and the land masses of the
earth, The cycle can be considered to begin with
water vapor in the atmosphere, which condenses to
form clouds from which rain or snow falls onto the
land surface. Part of this water Is dispersed
across the land surface into streams and lakes,
and part seeps Into the ground, Much that collects
on the land surface or seeps into the ground soon
evaporates or Is taken up by plants and transpired
to the atmosphere. Some, however, moves slowly
underground toward nearby streams or the ocean,
into which it eventually discharges. Part of the
water that reaches the streams, lakes, and the
ocean also evaporates to complete the cycle,

The amounts of water stored within the basin
change continuously in response to the changing
rates at which they enter and leave the hasin,
Large amounts are stored temporarily in the at-
mosphere as water vapor, on the land surface in
streams and other bodies of water, and beneath
the land surface as ground water. None of these
amounts is constant in a given locallty, as the
water Is continually moving from place to place,
Atthough the quantities vary from year to vear,
the water budget always balances--the disburse-
ments equal the recelpts, plus or minus changes
in storage.

WATER SOURCES

Precipitation is the source of water for all
streams in the basin. During 1931-60, annual pre-
cipitation on the lower Housatonic River basin
ranged from 33 inches to 64 inches and averaged
L7 inches. During the same period, mean monthly
preclpitation--based on records from three weather
bureau stations {(U.S. Weather Bureau, 1958, 196)
walghted In proportion to the area represented by
each station--ranged from 3.0 to 4.6 Inches, Mean
monthly and minimum monthly preciplitation are even-
ly distributed throughout the year {fig. 1). On
the other hand, maximum monthly precipitation
varles wideiy, and floods that vary widely in mag-
nitude have occurred In nearly every month of the
year.

In addition to precipitation on the area, dur~-
Ing 1931-60 about 570 billion gallons of water per
year from the upper Housatonic River basin entered
the study area via the Housatonic River at Lake
Lillinonah (Shepaug Dam). In comparison with aver-
age streamflow at this site, underflow was negli-
gible. The Waterbury municlpal system diverted
about a billion gallons per year Into the basin
via the Naugatuck River, and the New Haven Water
Company diverted a like amount annually into the
basin In the Hiiford area.




(1851 Maximum,and water year in which it occurred

Mean

Minimum,and watler year in which it occurred

1956 1955
209 T
14— -
1534
124 L
4
o 1953
O 10 .
Z,
=
18

=
N 1949
Z % 193 i
=
3 | 1953 1946
[ 1938
O 6 L
@
o
a

Figure 1,==Monthly precipitation, water years 1931-60,

(1355 ]

Maximum, and water year in which it occurred
Mean

Minimum,and water year in which it occurred

1936 1955

8%

1940

1949

INCHES

1833

IN

1945

1939

RUNOFF,

0
ocr

NOY | DEC | JAN | FEB | MAR | APR | MAY | JUNE [ JULY | AUG | SEPT

Figure 2.--Monthly runoff from basin, water years

1931-60,

WATER LOSSES

Discharge from the study area is about evenly
divided between evapotranspiration and runoff, Mean
annual runoff is equivalent to about 25 inches of
water spread over the drainage area. Runoff has been
measured since 1928 on the Housatonic River at Steven-
son and since 1918 on the Naugatuck River at Beacon
Falls. These stations include the runoff from 1,806

3

of the 1,949 square miles comprising the entire
Housatonic River basin, The reported streamflow
past each gaging station in the reference period,
1931-60, is adjusted in proportion to runoff con-
tribution to represent mean monthly and mean

annual runoff for the lower Housatonic River basin,
The mean monthly runoff and minimum monthly run-
off (fig. 2) are greater in early spring than in
late summer, reflecting melting of ice and snow in
March and April and greater ground-water discharge
in the spring. During the summer, losses from
evaporation and transpiration increase., Maximum
runoff, like maximum precipitation, varies widely
from month to month and has less well-defined sea-
sonal variation; floods have occurred in nearly
every month of the year. The floods of March 1936
and January 1949 resulted from a combination of
heavy rains and rapid snowmelt, whereas the maximum
runoffs from July to October resulted from hurricanes
and other severe storms,

A part of all streamflow in the lower Housa-
tonic River basin is derived from ground-water run-
off from contiguous aquifers., During winter, when
temperatures are below freezing, and during rain-
less periods in summer and fall, the flow of streams
consists almost entirely of ground-water runoff.
Swamp storage was probably minimal during the
drought conditions prevailing during this study,
and swamp storage is not considered separately in
this report. Separation of hydrographs into prin-
cipal components indicates that approximately 40
percent of total runoff or the equivalent of 10
inches or 97 billion gallons of water per year is
ground-water runoff.,

Nearly half or about 22 inches of the water
that falls on the lower Housatonic River basin is
returned to the atmosphere by evapotranspiration.
This figure was computed from the difference be-
tween the mean annual precipitation (about 47
inches) and the mean annual runoff (about 25 inches).
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Figure 3.--Monthly potential evapotranspiration,
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The rate of evapotranspiration differs from §
month to month largely in response to changes in
air temperature and duration of daylight (Thorn-
thwaite, 1952, p. 382). Thus, evapotranspira-
tion is greatest during the growing season, April
to October, when the temperature is above freez=-
ing and the days are longest. These major fac-
tors repeat themselves with little change year
after year, and the annual evapotranspiration and
its distribution are relatively constant for a
given locality, The annual evapotranspiration
for the report area is known from the long-term
relationship of precipitation and runoff, as dis-
cussed in the preceding paragraph; accordingly,
its potential mean monthly distribution in the
study area for water years 1931-60 may be esti-
mated by a method similar to that of Thornthwaite
and Mather (1957). (See fig. 3.)
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EXPLANATION
An average water budget for the lower Housa- Evanol ’
tonic River basin, based on the factors of the i s
budget as derived by the methods described above, 14
Is shown on figure k, Precipitation during late WAEE B
autumn and winter is sufficient to cause abundant Eict !ll. _— -
runoff and an increase in storage. Precipitation ﬁﬁ&iﬂﬂaﬂgﬂs“ﬂ$ﬁ
in the late spring and summer is similar in quan- seer [ ocr [ wov T oe T ian [ res [ wan [ aem [ wav | e [ oy [ ave |B528
tity, but it is inadequate to satisfy the large
evapotranspiration losses. As a result, runoff Figure 4,--Monthly water budget for the basin,
is reduced and storage is decreased in lakes, water years 1931-60,
swamps, streams, soils, and aquifers.
U. S. GEOLOGICAL STREAM AND LOCATION DRAINAGE PERIOD OF OPERATION
SUIS’&;{%QTION SQRE{?] (Calendar years)
g8 B g g g g g
STREAM-GAGING STATIONS IN BASIN LR i e bt L Ly
<—— Reference Period ———— !
2035.1 Pootatuck River at Sandy Hook 4.2
2036 Nonewaug River at Minortown 17.2
2040 Pomperaug River at Southbury 15.3
2045 Pomperaug River at Bennetts Bridge §9.3 am
2048 Copper Mill Brook near Monroe 2.50 .
2055 Housatonic River at Stevenson 1,545 |_
2056 West Branch Naugatuck River at Torrington 334 !
2057 East Branch Naugatuck River at Torrington 13.8 H
2060 Naugatuck River near Thomaston 11.9 i
2064 Leadmine Brook near Harwinton 18.9 !
2065 Leadmine Brook near Thomaston 4.0 !
2069 Naugatuck River at Thomastan 101 i
2082.1 Mad River near Waterbury 12.0 ]
2084.5 Naugatuck River near Naugatuck b —_:_
2085 Naugatuck River at Beacon Falls 261 E
I

STREAM-GAGING STATION IN VICINITY
OF BASIN

1880 Burlington Brook near Burlington 4.12 L i ﬁ'
PLLLEL L e ettt

Figure 5.--Length of continuous streamflow records at gaging stations in the basin and vicinity, Connecticut.
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Figure 6.--Duration of daily mean streamflow of Burlington Brook
near Burlington, water vears 1931-60.
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Figure 7.--Duration of daily mean streamflow of the Pomperaug River

at Southbury, water years 1931-60.
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Figure 8.--Duration of daily mean streamflow of the Housatonic River
at_Stevenson, water years 1931-60.
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Figure 9.--Duration of daily mean streamflow of the Naugatuck River

near Thomaston, water years 1931-60.

FLOW, IN CUBIC FEET PER SECOND PER SQUARE MILE



FLOW, IN MILLION GALLONS PER DAY PER SQUARE MILE

omﬂ.l 2 5 10 20 30 40506 7 8 %N % BN 999

PERCENT OF TIME DAILY FLOW EQUALED OR EXCEEDED THAT SHOWN

Figure 10.--Duration of daily mean streamflow of Leadmine Brook
near Thomaston, water years 1931-60.
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Figure 11.--Duration of daily mean streamflow of Naugatuck River
at Beacon Falls, 1931-60,
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Table 1.--Annual lowest mean flows for indicated number of consecutive days at designated
recurrence intervals at long-term stream-gaging stations

(Flows are adjusted to the reference period April 1930 to March 1960.)

Period of
Index Drainage Tow flow Annual lowest mean flow (cfs) for Annual lowest mean flow (mgd per sq mi) for
no. area (consecu- indicated recurrence interval (yrs) indicated recurrence interval (yrs)
(p1- B) Stream-gaging station (sq m1) tive days) 2 I 5 I 10 [ 20 | 31 2 l 5 1 10 [ 20 I 31
1880 Burlington Brook near Burlington L.i2 7 1.03 0.74 0.62 0.54 0.49 0.161 0.116 0.097 0.085 0.077
30 1.36 .95 .78 .70 .62 .213  .l49 .22 .110  .097
60 1.65 1.11 .91 .82 iy .258 .74 L 1h2 128 116
120 2.35 1.48 1.24 1.03 .91 .368 .232 . 194 .161 142
183 3.42 2.10 1.65 1.36 1.19 .536  .329 .258 .213  .186
274 5.19 3.30 2.60 2.10 1.85 .813  .517 -Loy .329 .290
2040 Pomperaug River at Southbury 75.3 7 10 6.5 5.2 L.3 3.8 .086 .056 . 045 .037 .033
30 13 8.7 7.0 5.9 5.3 .112 .075 .060 .051  .045
60 17 11 8.6 T2 6.5 . 146 -094 .074 .062 .056
120 27 17 13 11 10 .232  .146 « |12 .094  .086
183 43 26 20 16 15 .369 223 < 172 o137 .129
274 75 47 37 30 26 LB 403 .318 .257  .223
2055 Housatonic River at Stevenson 1,545 T 337 240 205 176 158 <141 .100 .086 .074  .066
30 500 395 320 254 215 .209 .165 .134 .106 =090
60 600 470 380 305 270 .251  .197 .159 128 .113
120 760 550 450 395 360 .318  .230 .188 165  .151
183 1,090 740 590 490 Lo 456 .310 -247 .205  .184
274 1,680 1,200 1,020 940 920 .703  .502 .h27 .393  .385
2060 Naugatuck River near Thomaston 71.9 7 22 17 14 13 12 .198  .153 -126 117 .108
30 26 20 17 15 14 .234 .180 « 153 #1335 .126
60 29 22 19 17 16 . 261 .198 171 L1583 144
120 38 26 22 19 18 -3k2  .234 .198 L7100 L1862
183 52 34 28 24 23 467 .306 .252 L2116 .207
274 82 55 50 Ly 4g .737 Lok .h4hg L22 L4os
2065 Leadmine Brook near Thomaston 24.0 7 1.23 .58 .39 .29 .25 .033 .016 .01 .008  .007
30 2.25 .89 .58 1 «35 .061 .024 .016 -011 .009
60 3.75 1.50 1.01 .75 .6L .101 .0ho <027 .020 .017
120 8.7 3.60 2.36 1.70 1.42 .234  .097 . 064 .0h6  .038
183 16 7.5 hL.9 3.40 2.78 431 .202 .132 .092  .075
274 28 16 14 13 12 S754 431 <377 .350  .323
2085 Naugatuck River at Beacon Falls 261 7 86 68 59 50 46 -213  .168 . 146 S126 11k
30 104 81 70 60 55 .258 .201 74 L 149 -136
60 116 90 76 66 60 .287 .223 .188 L163  .149
120 150 110 92 79 71 371 272 .228 .196 .176
183 200 137 114 98 90 495,339 .282 .243  .223
274 320 220 180 152 136 .792  .GL45 AT .376  .337



SURFACE WATER

STREAMFLOW DATA

Runoff is carried by many streams draining all
parts of the lower Housatonic River basin. Fifteen
stream-gaging stations are or have been operated in
the study area, The periods of operation of these
are indicated on figure 5. In addition, partial
records and single measurements of streamflow were
obtained at many other sites from May 1965 to Septem=
ber 1966. The complete drainage system and the loca-
tions of all stream-gaging stations are shown on
plate B. The availability of all published records
through water year 1968 for streamflow in the basin
collected by the U.S. Geological Survey is shown in
the companion basic-data report (Grossman and Wilson,
1970). That report also lists publications on stream-
flow covering the reference period, 1931-60, and the
measurement period, 1965-66, In the section headed
""Selected References'' under U.S. Geological Survey.

Variations in streamflow at the continuous-
record gaging stations are summarized in this re=-
port by means of standardized graphs and tables,

To facilitate comparison between data for different
streams, the records have been adjusted to a 30=-
year reference period beginning October 1930. This
conforms with the practice of the World Meteorolo-
gical Organization (Searcy, 1959). Accordingly,
the analyses, interpretations, and regionalizations
of streamflow are based on this 30-year reference
period. The flow during this period represents

the long-term flow of a stream as long as the
pattern of regulation of storage or diversion of
water into or out of the basin remains unchanged.
The graphs or tables may then be used to estimate
the amount and distribution of streamflow at the
measured sites in the future. Thomas (1972) re-
vised many of the drainage areas slightly because
of the greater accuracy made possible by large=
scale topographic maps (scale 1:24,000).
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Figure 12.=-=Range in duration of streamflow,

Ranges are based on long-term (1931-60) stream-
flow records for the Pomperaug River at South-
bury, Housatonic River at Stevenson, Naugatuck
River near Thomaston, Leadmine Brook near
Thomaston, and Naugatuck River at Beacon Falls.

Table 2,-=Lowest mean flows for periods of 12 to 60 months at long-term stream-gaging stations
(Flows are adjusted to the reference period April 1930 to March 1960.)

Index
no. Period of consecutive months
(pl. B) Stream-gaging station 12 8 24 36 60
1880 Burlington Brook near Lt ssan Flioss Gufs)
Burlington 3.0 L6 5.2 6.0 6.6
2040 Pomperaug River at
Southbury 60 78 85 95 105
2055 Housatonic River at
Stevenson 1,340 1,580 1,740 2,000 2,220
2060 Naugatuck River near
Thomas ton 70 8L o4 107 116
2065 Leadmine Brook near
Thomas ton 22 27 30 34 39
2085 Naugatuck River at
Beacon Falls 200 255 290 350 Loo



The water=supply potential of streams is deter-
mined not only by the total amount of streamflow but

also by the length of time the various flows are
available (duration of daily flows) and by the fre-
quency with which annual low flows recur (frequency
distribution of annual low flows). Duration of
daily flows at long-term stream-gaging stations in
or adjacent to the lower Housatonic River basin is
given on figures 6=12; magnitude and frequency of
annual low flows are summarized in tables 1 and 2
and on figure 13. Burlington Brook is barely
across the divide between lower Housatonic and
Farmington River basins.

€3]
=
1=
a
8 z
g 3
Zoa 100 =
S i gm
%Emjg 1] =y éﬁ
22 4§ 3
85 wf = s L
A I R S L =
af [ § g = —~— 2o
1A I O B ~|| =&
5< L T T~ 20 EU
29 T =~ -"""'-\_ Pz
Bz | § w ~ - &z
[ = -
& z MH“NH ~l_| T
gw 1w = \-‘ S — <=
Z A0 = — s
= i~y — 1 10 @©s
=5 = >
éé 06 — — e —— q:E
—] - =2
Z L
&S = s N - £3
ég — 8 o
[ |
S EXAMPLE-A 7 day average flow of =5
& 0045 :ll_lm(spilui per day per <O
5 -02 [ square mile (5.2 cfs) or less may be =1
?,% expected once every 0 years,on the —? Zo
Sg aerage E"E
Mm
é 1 1 i 1 111 =
15 2 1 i S5 678310 Fo] k] =]
% RECURRENCE INTERVAL, IN YEARS £

Figure 13,--Recurrence intervals of low flows of
Pomperaug River at Southbury.

AREAL DIFFERENCES IN STREAMFLOW

Areal differences in annual precipitation cause
large differences in amounts of annual streamflow
from place to place within the basin. Average
streamflow in the central and extreme northern and
southern parts of the basin is 1,16 mgd per sq mi,
the same as the statewide average. Streamflow is
above average in the area north of Thomaston, as
shown by the lines of equal runoff ratio on figure
14, The lines are based on the average streamflow
at each gaging station in or near the basin; the
ratios of these average streamflows to 1.16 mgd per
sqmi (1,80 cfs per sq mi) were plotted near the
center of the drainage basins to guide the location
of the lines, Average streamflow for sites in the
basin between the long-term continuous-record gag-
ing stations may be interpolated on the figure,

DURATION OF STREAMFLOW

Whereas the amount of unregulated streamflow
differs with the amount of precipitation, the timing
of streamflow, except short term flow reflecting
the effects of precipitation intensity, depends on
the surficial geology. This relationship was shown
by M. P. Thomas (1966), who presented a family of
duration curves showing that runoff from areas in
the State underlain by stratified drift is more

evenly distributed through time than runoff from
areas underlain largely by till. The relation-
ship illustrated by the curves reflects the
greater infiltration capacity and resultant high
proportion of ground-water runoff from stratified
drift and the poor infiltration capacity and
resultant high proportion of overland runoff from
till. Stratified drift absorbs a relatively
large proportion of precipitation and stores it for
sustained release during dry weather. The curves
are based on conditions where most of the strati-
fied drift is in the central and downstream part
of a basin.

Probably because of the rugged terrain and
nonuniformity of glacial till and stratified=-
drift deposits, the streamflow data for gaging
stations in the northwestern part of the State,
including part of the lower Housatonic River basin,
do not fit a family of duration curves. Therefore,
only duration data for the long-term gaging sta-
tions are presented in this report. The series
of duration curves, figures 6-12, may be used to
estimate duration curves for sites along the
stream for which data are shown, allowance being
made for inflow between subbasins and also for
possible low-flow augmentation.

From May 1965 to September 1966, streamflow
was measured at many partial=-record sites in the
basin during periods of base flow, when the flow
was primarily from ground-water storage. These
measurements were correlated with the simultaneous
discharge of nearby streams, where long-term re-
cords were available, to estimate two low=flow
characteristics for each partial-record site and
to do the same for selected areas favorable for
ground-water development. The characteristics
estimated are the 7-day annual minimum flow for
a 2-year recurrence interval (the median 7-day
annual minimum flow) and the 7-day annual mini-
mum flow for a 10-year recurrence interval. These
characteristics, together with the mean flow for
each site as interpolated from figure 14, are
plotted on plate B,

To obtain the data plotted on plate B,
estimated amounts of industrial releases and
sewage effluent in the reference period, 1931-60,
were deducted from the total low flows. Therefore,
the figures shown at the sites are estimated
values of natural runoff, which may be used to
Interpolate figures between sites shown on the
plate. Expected amounts of future low-flow aug-
mentation should be estimated for each site and
added to the values interpolated from the map to
obtain total flows, especially in the mainstem
Naugatuck and Housatonic Rivers,

FREQUENCY AND DURATION OF LOW FLOWS

Although flow-duration curves indicate the
minimum rates of streamflow for certain percentages
of time, the knowledge of how often specified low
streamflows may be expected to recur and how long
they may be expected to last is also useful.

Annual lowest mean flows for periods as long as
274 consecutive days at various recurrence inter-
vals for long-term gaging stations are given in
table 1. The lowest mean flows for periods of

up to 60 consecutive months during the reference
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period are given in table 2, The data in table 1
can be used to construct low=flow frequency curves,
such as that for Pomperaug River at Southbury,
shown on figure 13. The duration curve and thé
low=flow frequency curve are related, and the aver=
age duration at indicated flow frequencies for
long=term gaging stations in the lower Housatonic
River basin is given in table 3. For example, the
average duration of the 7-day annual minimum flow
for the 10-year recurrence interval (plotted on
plate B) is 99 percent. That is, the 10-year
recurrence interval flow may be expected to be
equalled or exceeded 99 percent of the time. The
lowest daily discharge at 11 stream-gaging stations
in the basin that was not exceeded during six dif=
ferent periods ranging in length from 1 to 120 con-
secutive days is shown in table L,

Table 3.=-=-Average duration of annual low flows of
streams

STORAGE OF WATER IN LAKES AND RESERVOIRS

The largest of the many lakes, ponds, and reser-
voirs in the lower Housatonic River basin is
Thomaston Reservoir, with a surface area of 950
acres at spillway level and a usable capacity of
13,690 million gallons, Table 5 presents informa-
tion on the more important surface-water bodies
within the basin; additional information on the
public supply reservoirs is given in table 28,
About two-thirds of the lakes, ponds, and reser-
voirs listed in table 5 have usable storage (water
that may be withdrawn by gravity through a valve
or gate), Table 6 lists the maximum safe draft
obtainable from some of these surface-water bodies
at rates that would permit refilling within each
year of the reference period. Maximum draft rates
are given for years with low-flow conditions at
the 10-year and 20-year recurrence intervals.

The draft rates are given as annual average flow;

(For reference period April 1930 to March 1960) for shorter periods of use, they may be increased

correspondingly.

Average percentage of tire in which streanflow equaled or
exceaded the lowest mean flow for indicated number of
consecutive days or months at the folloewing recurrence
intervals 1/

Low-flow frequency data for streams at the
outlet of each of these reservoirs are presented

Period of low flow

Consecutive 2 5 10 20 31 on plate B. Methods of estimating draft rates
il W e and storage required are described in the following
1 ] Percent of time section_
7 - 55 198 99 99.3 99.5
3 1 :EE:] 96 38 39 99 Estimating the amount of storage needed
60 2 85 93 96 98 98 o . .
i ‘ S5 % - a5 5 . If the minimum flow of a stream is insuffi-
cient to meet needs, the stream may need to be
183 : & 7 L = :d dammed and the stored water released as needed
274 9 us 62 68 7 ™ to maintain the desired flow during loW-flow
365 12 = . - - 59 periods. Table 7 lists the various amounts of
A G i . _ 3 5 storage required to maintain selected rates of
. - ) ) i ) - flow at the listed gaging stations for 10- and 20-
year recurrence intervals of annual lowest mean
- % - ) 3 ) 4 flow in the reference period. The figures for
. 60 - = - - » storage required are in percentage of mean annual
5 120 - - - - 35 volume of streamflow, and selected flows to be
‘ 180 . - n - 3 maintained are in percentage of mean annual flow,
] - A ) _ i % so that the table may be used for other sites

along the same stream. The figures for the
Naugatuck and Housatonic Rivers -have been adjusted

1/ Average of percentages determined from low flow frequency-duration
relatlons at continuous-record gaging stations in or near the basin,

Table 4,-=Lowest daily discharge not exceeded during indicated number of consecutive days at selected stream-
gaging stations and year of occurrence

(For years beginning April 1 and periods of record ending March 1968)

Irdes Drainage 1 day 7 dz5s 15 days 30 days €3 dags 120 dags
P area (mgd per (rad ger (ngd per (=5d per (=gd per [rad par

(p)- 8) Stress-gaging statioa ] (sq =1) I Record besan | (efs)  sqmi]  Year | (cfs) sqml)  Yaar | (cfs) 1q i) Yerr | (cfs) 3q mi) Year | (cfs) sqml)  Year | (cfs) sqml)  Year
1853 Burlington Brook near Burlington 3/ Tz set. 1831 0.3 0.053 1565 0.56 0,083 ;gg; 059 0.032 58 1.2 0.9 1331 LAy 0.3 1955 280 0.b4 1357
205 Porparasg River at Scuthbury 75.3  Jume 1932 3.3 .028 1556 5.7 +053 :?3: 6.3 053 158 1 054 1554 14 .12 1953 2% .21 1584
043 Copper Mill Brook rear Konroce 2.50  Juome 1558 0% o190 1554 o8 Q15 1584 .03 .023 1554 .18 Nt} 1556 .18 k5 1966 1.6 41 1564
2355 Heusatonlc River at Stevenson 1,545 Aug. 1928 BH 1931 164 £058 1582 718 10 1584 432 .18 1357 755 .32 1554 Bsg .36 1364
2336 West Branch Nacgatuck River at Torrirgten 33.5 Avg. 1556 N e 1545 |51 o 1555 1.2 = 1955 6.4 ef 1552 B.6 <f 1985 14 e 1554
2057 £ast Brasch Ksugatuck River at Torrlnsten 11,6 Aug. 1536 B Lk 1557 1.3 072 1957 2.0 .12 EECRRS | % :g;; 56 .30 196 13 72 1984
2380 Neugatuck River rear Thomaston 7.9 Cet. 1932 9.5 035 1557 14 .13 1957 16 (£ 1357 5 22 e/ 3 .28 :g;; L3 Lk 1953
084 Leadnire Brook near Hanwinton 18.9 Feb. 1953 .3 .010 1555 b o1y 1554 .6 020 195% 2.0 N2 1554 4.3 15 1955 9.3 .32 1555
2085 Lesdninz Brook near Thomasten 2.0 Sepr. 1333 T 018 1557 1.8 ~0438 1553 3.5 LOF 1553 7.9 RE] 1559  16.0 b3 1943 &8 1.83 1353
2089 Naugatuck River at Thomaston (L1} oct. 1959 8.4 D54 1584 1 -070 1554 n 070 1584 3 o} 1545 Ly .28 1564 543 3 13
2085 Naugatuck River at Beacen Falls 285 Sept. 1523 4 10 1533 59 13 1933 &2 18 1931 & 2 1931 23 Jih -2 U 1] L 1332

1935

Sitvated cutside lower Housatenle River basin but close to It

L3

13

Razulated.

a
I‘».

Diversion for maiclpal supply of city of Terrington

12

la
=

Dralrage ares downstrean from Lake Winchaster.

1931, 1935, 1547, 1558, and 1557.

-
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Table 5.--Lakes, ponds, and reservoirs

o Artlfl- Water surface tepth Storags
<fal {&); Faxlmm =mamE

t::.e.l e rn::‘ll;flls Crairese Elewatlen |Hasioa Averags | Total | usaste ::::s;e::r:r
{fl. B) Kare a4 lecatlon data 1| {01 {sqel) | (scees) if} ) (i} | (s | drd) (23 Use
2035.3  Lodomed Reserwir cesr Bethlchen v A 1.35 5 550 5 n 268 %3 131 Butllc water sgply
2038.43 long Hzadow Pond at Sethleten FE 1.55 12 &34 7 L.z 150 150 a5 ecreatlon
1050 Lake Zar st Stevenson ar A& L5 1,053 33 78 CAIE R RS 2] " fowar, recreatlon
2055.03 Lake Quassapacy resr Hiddlsbery & o, 1.32 m 55 65 8.5 2,571 - 50 Racreation
#055.55 Lake Housatonic et Cerdy F& A 1,51 33 2% 26 g% 1,600 - - Powsr, [ndustry, recrestion
2055.6  PeTl Hesdow Brook Reservelr rear Terrington 3 A 1. 72 £33 L3 3.2 505 2,805 5.2 Flood coszrel, recreztion
2055.7  Korth Pand at Kerth Soshen T A 292 182 1,684 18 12.8 760 - - PBlle water suzply
2055.8  Rewten Kart Reservolr cesr Soshen T A 5.4 125 510 by 8.3 750 750 - Pslic water sopaly
055,52 Hart Erock Feaervalr rasr Goshen T A .65 i 835 ™ 0.2 3.5 - - Kot used
2055.86 \hist Pord rasr foshen T M .22 41.5 1,155 - 155 2w - - Public water sspply
055,39  StlThsater Fond st Vest Torringten F& A k2 55 235 2% M7 35 35 10 Inda3try, recreation
2055.93 Allea Lam Reservolr at West Tarricgton T A 3495 4,8 18 - 3.8 3.5 a5 - Publtc water supply
2055.6% Crystal Leke ab Vest Torrington T A bt5 6.4 123 - 8.6 18 - - Kot vsed
2056,1  Lake Wirchester at Mirchester F& A 2.23 37 1,243 16 5.2 nz Ti2 35 Irdustry, recrestion
2056.2  Park Pond at Winchester B 13 #50 767 1,135 15 186 é65 - 8 Recreatics
2086,5  East Bravch Reservolr rear Torrington 3 A 9,31 158 £65 £ 7.5 14 1,514 E) Floxd cortred, recreation
z066  Thoraston Reserwsir near Thaaasten i3 A 5.0 959 434 s Va2 13,600 13,60 zi1 Fload contral
2063 Plynauth Reservotr a2t Plysouth T A +56 37 =5 - 7 93 - - Puslle water smply
1040,2  Forthfleld Pood xt Korthfleld 3 A 2.33 74 685 |3 2.8 25k - - Reereatien
2063,3  Fystroa Po=d st Norihtield & A 0 0.3 su 13 .5 87 62,7 £ Recreatien
2069,k Narthfleld Brook Reservalr resr Themaston 23 A 5.7 7 576 56 353 763 63 23.2 Flood cortrof, recreatfon
070 Pitch Peservolr resr Thamatton W A 5.1 i3] 727 &5 1.0 1,44 1415 210 Rblic water spply
2075 Kercls Peservafr mesr Thomasten W A 12.8 152 652 &7 k0.0 1,582 1,582 354 Rebifc water sepplye
2080 Wigsa Feservolr near Thoasion Wi A 17.3 105 560 - i1y 737 1 Rublic water supply
2301,3  Hanesck Brook Reservolr resr Wsterbury 3 A n.a 6 554 3 15.2 Ltz L2 [ Fiood control, recrestion
208),55 Lake Winndczog resr Vstertown i A L 22 661 1% 9.3 b2 k=13 58 Tradfastry, recreation
081,73 Cedar Swap Pord resr Bristal 5 A o 133 1] 12 8.2 I 3 - Industry
292,33 Seovill Reservoire ot Woodtlck . 5 A 7.50 133 532 3 7.8 353 353 - Irdiatry
287,49 Hitcheock Lake rese Woodtlch 5 A .51 n2 675 12 b 2 7 - Irduatry
2082,72 Crestort BINY Retarwole near Wolestt 5 A 154 78 637 1 7.6 a7 547 B Industry
2085,27 Long Meadow Ford rear Hiddlebury fe ExY M2 3 539 v _ b 17 W 3 Pecreation
308555 Kew Nzagateck Reservalr resr Stratisville kL A 1,66 ga sw T - 8.5 506 - t PlIc water supply
20856 O1d Kaugatuck Reservalr resr Streltsville ¥ JI Y 2,43 330 63 - ma s - - Paglic water spaly
2257,1  Sean Loke rear Cxford re” LS 59 LT ] 3 a1 b6 £2,6 " Prereation
£087.3  Fest Swaw Ressrvelr mear Assoala A A A5 526 30 - 0.0 537 - - Raltc wster topply
83,1 Trap Falls Rasermir resr Huntisgton LA A 1o 34 315 - 220 b6 2,584 450 Panlic water spply
20%3,2  Beaver [3u Lake resr Kichols |13 A 2.2 s34 1 1) FAR: IS ) s 2 Pecreatien

1/ Chlefly from (A) Asscats Mater Co., [{E) Corps of englrears, (0L} Connecticut Light asd Power Co., (FE)Stare Board of Flsherles »d Game/
{N) Ha.gatusk Water Co., (S} Seovl1] Kamufacturing Ca., (T} Torrirstes Water Co., (Iv) Terryville Water €o., {W} Watertown Five District, (VY) Cley of Waterbury.

for estimated low-flow augmentation. Table 7 in-
cludes selected flows to be maintained that are

60 percent or less of the long-term average flow
(which is approximately equal to the smallest
annual mean flow) to increase the likelihood that
the storage withdrawn would refill during the

year, The figures in this table were determined
from freguency-mass curves based on low-flow fre-
quency relationships for each gaging statlion
{(Riggs, 1964), and an example is given on the table
to 11lustrate its use in estimating storage required.

A regional relation for storage required to
malntain flows at other sites in the study area is
given in table 8, and an example is given In the
table to iltustrate its use. The data are pre-
sented for various percentages of median 7-day
annual minimum flow (2-year recurrence interval)
referred to the long-term mean annual flow, so
that they may be applied to sites for which these
flow characterlstics have been estimated. Estimates
of flow characteristics for many sites in the basin
are glven on plate B, |(f plate B gives insufficient
information for Interpolation of the low-flow char-
acteristics, it is necessary to make a few base-flow
discharge measurements at the site, preferably dur-
ing a significant drought, and correlate them with
concurrent discharges at one of the long-term gaging

13

stations, where the median 7-day annual minimum filow
has been determined. A good estimate of the long-
term mean annual flow at any site may be taken from
the runoff ratlo map, figure 1k,

The storage-required values in tables 7 and 8 are
stightly smaller than the true ones because they
include a bias of about 10 percent that resuits
from approximations used in the frequency-mass com-
putation and because losses due to evaporation and
seepage are not included, These values are suf-
ficlently accurate, however, for reconnaissance
planning and for the selection of a proposed site.

FLOODS
History

Floods have occurred in the basin during every
month, at one time or another, Spring floods, the
most common, usually result from the combined
effects of snowmelt and rain; those of late summer
and fall are commonly the result of hurricanes or
coastal storms.

Since the late 17th century, there have been at
least 17 major floods in the basin., The earliest of
these, in February 1691, In Waterbury, eroded part




Table 6.--Maximum safe draft rates (regulated flows) from selected lakes, ponds, and reservoirs,
reference period April 1930 to March 1960

(Lakes, ponds, and reservolrs will refill within a year,)

Maximum safe draft rate (mgd)} Storage used at
Total during years of low-flow condi- recurrence interval
Index Drainage | usahle tlons with recurrence Interval of 10 yrs. of 20 yrs.
no. area storage

{p). B} Name and location Drainage basin (sq mt) (mg) of 10 yrs of 20 yrs {ma) (mg)
2035.3  Lockwood Reservolr near Bethlehem East Spring Brook 1.35 268 170,97 Yo.q7 157 159
2036.49 Long Headow Pond at Bethlehem Weekeepsemee River 1.55 150 K- .94 Is0 150
2050 Lake Zoar at Stevenson Housatenic River 1,545 2,476 173 158 2,476 2,476
2055,8  Reuben Hart Reservofr near Goshen Hart 8rook 5.00 750 1/3.8 1/3,8 580 626
2055.9 Stlllwater Pond at West Torrington West Branch

Haugatuck River 24,2 165 41 3.7 365 365
2056.1 Leke Winchester at Winchester Zast Branch

Haugatuck River 2.23 712 i/).2 1,2 187 202
2066 Thormaston Reservolr near Thamaston Haugatuck River 98,0 13,690 1/75.6 1/75.6 11,500 12,400
2069.3 Nystrom Pond at Horthfleld Turner Brook .20 62,7 1/, 09 /.09 14 15
2070 PltchReservoir near Thomaston Pitch Brook 5.39 1,414 8.1 176,17 922 955
2081.55 Lake Winnemaug near Watartown Watties Brook 1.27 392 /8.4 /3. 128 138
2082.79 cChestout Hill Reservolr near Wolcott o1d Tannery Brook 71 Ly /.67 1/ .67 11! 109
2084.29  Long Meadow Pond near Middlebury Long Meadow Pond

Brook 3.42 161 1.3 1.2 161 161
2087.1  Swam Lake near Oxfard tittle River .99 8.6 .55 .52 8 81
2088.1  Trap Falls Reservofr near Huntlngton Punpkin Ground

Brook 1.09 2,464 1,80 1/ 80 122 132

Table 7.--Storage

1/ Maxlmum safe regulated flow Ilmlted to 60 percent of mean snnual flow (the swallest anawal mean Flow)}

{Reference period April 1930 to March 1960)

required to maintain selected regulated flows at long-term stream-gaging stations

Recurrence Inter-

I::ex Dr:il-:ige val offa‘nnua] Indicated Flow {in percent of mean annual flow) to be mafntained

. o flow a

(g1, B} Stream-gagling statlon {sq ml} (years) 10 ! 15 I 20 I 25 i 3¢ | 35 | 4o 145 [ 50 I 55 I &0

Storage raquired {in percent of mean annial volume) to maintain indlcated f1Gw
1880 Burllngton Brook near Burltngten 4,12 10 ol 0,6 1.7 3.3 5.2 7.4 9.7 12.4 14.8 17.8 20.8
20 .8 2.3 bz 6.6 9.5 12,4 154 18.5 216 25.5
20ha Porperaug River @t Southbury 75.3 10 <5 1.7 32 540 7.2 9.7 12,3 151 17.8 20.9 24,0
20 8 2.2 WI B2 B711.6 k6 17.6 20.8 242 27.4
2055 Housstontc Rlver at Stevenson 1,545 10 Yoo .7 210 38 58 80 10.5 130 15.7 18.2 20.5
20 1.3 1.1 2.6 4.6 7.1 9.6 12,5 15.0 17.6 20.0 22.h
2060 Naugatuck Rlver near Thomaston 71.9 10 Ve 2.2 W3 ek 8.7 1.0 136 16,1 18.5 21.3 244
20 it 3.0 51 7.6 10.2 127 153 17.9 20.2 22.8 25.7
2065 Leadmine Breok near Thomasten 24,0 10 .7 3.3 53 7.4 9.912.3 148 17.5 19.8 22,6 25.1
20 2.1 L1 6.h 8.9 11.6143 168 19.3 2L.4 24,1 26,5
2085 Naugatuck River at Beacon Falls 261 o Ve 1.8 1.8 5.7 B8.310.8 13.4 16.0 19.0 22,1 25.%
20 /.8 2.4 L2 6.5 9,212.0 4.9 [17.8 21.0 25.0 28,6
1/ Adjusted for estimated low-flow augmentatlon.
Example: I at Burlington Brook the flow [s agual to the 10

30 percent of the mean annual flow In cfs would be

low-Flow characteristic values,

-year recurrence Interval 1
5.2 percent of the mean an

14

o flow, then storage required to mafntain

nual volume In cfs-days,

Sze plate B for




of the meadows, OFf similar magnitude was the wide- peak discharge and about twice the height of the

spread 'Jefferson flood" of March 1801, which tore 1948 filood. On October 16, 1955, scarcely 2
out all the bridges on the Naugatuck River., Many months later, occurred the second-largest flood in
major floods followed in the next 100 years, inctud- the 278-year period.

ing those in 1841, 1853, 1854, 1869, 1874, 1878,

1896, and 1900, The 1ikelihood of major fioods has been con-

siderably reduced by a program of flood control

General descriptive Information concerning in the basin, The Thomaston flood-control reser-
major floods in New England through 1955 is given veir, operated by the U.S. Corps of Engineers at
by Thomson and others (1964). HMore detailed records the mouth of Leadmine Brook on the Naugatuck
of the major floods of 1936, 1938, and 1955, based River, was completed in December 1960 and has a
primarily on gaging-station records, are given by usable capacity of 13,690 million galions, Smaller
Grover (1937), Paulsen and others {1940}, U.$. Geolo- flood-storage reservoirs operated by the Corps and
gical Survey (1947}, and Bogart (1960). A compila- their completion dates are: HNorthfield Brook
tlon of all flood peaks above selected magnitudes detention reservelr on Northfield Brook (1965),
for contlnuous-record gaging stations within the Hancock Brook detention reservoir on Hancock Brook

{1965), Hop Brook detention reservoir on Hop Brook

basin ts given by Green {1964},
(1968), and Black Rock detention reservoir on

A quantitative summary of major floods on the Branch Brook (1970). The Park and Forest Commis-
Naugatuck River at Beacon Falls, based on contlnuous sion of the Connecticut Department of Agriculture
streamflow records since June 1918, appears in table and Natural Resources operates a detention reservoir
9, The first fiood, that of April 7, 1924, was the on the East Branch of the Naugatuck River (since
highest at Waterbury since 1896, The '"Vermont flood" 196L) and on Hall Meadow Brook (since 1962), Com-
of November &, 1927, was the biggest since the famous pletion of the system of reservoirs in the basin
flash flood of June 28, 1869, when 13 inches of raln would reduce a peak like that of the August 1955
fell in 2 hours, Up to August 19, 1955, the all-time flood (106,000 cfs at Naugatuck River at Beacon Falls)
record flood In 278 years had been that of December by approximately two thirds, to about 38,000 cfs
31, 1948, The August 1955 flood had 3.7 times the {u.s, Corps of Engineers, written commun., 1968),

Table 8,--Storage required to maintaln selected flows at sltes on unregulated streams

(Data are adjusted to the reference peried April 1930 to March 1960, Storage estimate uncorrected for reser-
voir seepage, evaparation, and for computational blas, all of which increase the amount of storage required.)

Medlan 7-day annual .
minimum, In percent indicated flow (in percent of mean annual flow) to be maintained

of mean annual flow 10 | 15 | 20 | 25 | 30 [ a5 T uo | 45 50 55 | 60
Stofuye Fequireo {in pafcent of mean annual volume) to malntain indicated flow

2 1.8 3.3 5.3 7.4 10 12 15 18 20 23 25
o 3 1.6 3.2 5.2 7.3 9.8 12 15 18 20 23 25
-year 4 1.3 3.0 L9 6.9 9.5k 12z ¥ 17 20 23 25
recurrence 5 1.0 2.6 L4 6.4 8.8 11 T4 17 19 22 25
interval 6 .8 2.2 3.9 5.8 8.2 I 13 16 19 22 25
of annual 7 b6 1.9 3.5 5.3 7.6 10 13 16 18 21 24
lowest 8 Lo 3.1 kg 7.1 9.6 12 15 18 21 24
mean g btk 2.7 ks 6.6 9.0 12 14 17 20 23
flow 10 W3 1.1 2.4 41 6.1 8.5 11 16 19 22
11 .2 9 2., 3.7 5.7 8.0 10 13 16 19 22
12 .1 .7 1.8 3.4 54 7.6 10 i3 15 18 21
13 W1 5 1.6 3.2 5.0 7.2 9.5 12 L 18 21
2 2.2 L 6.4 8.9 iz t 17 19 22 24 2
. 3 2,0 ko &4 8.8 12 14 17 19 22 24 2;
20-year L 1.7 3.7 6,0 8.4 11 14 17 19 22 24 27
recurrence 5 t.% 3.3 5.5 7.8 10 13 16 19 22 2k 27
interval 6 1.2 2.9 5.0 7.2 9.8 13 16 19 21 2% 27
of annual 7 1.0 2.5 b5 6,6 9,2 12 15 18 21 2h g7
lowest 8 4 2.1 40 6.1 8.6 12 15 18 21 a7
mean 9 6 1,8 3.6 5.6 8. 11 17 20 2k 27
flow i0 A 1.5 3.2 5,2 7.6 11 B 16 20 23 26
i .3 1.3 2.8 L8 7.2 10 13 16 19 23 26
12 .2 1.0 2.5 L4 6.8 9.7 13 6 19 22 26
13 .1 8 2.2 Lo 6.4 9.k 12 15 18 21 25
Example: 1f at a slte on an unregulated stream the flow is equal to the 10-year recurrence interval

low flow, and the median 7-day annual minimum flow at the site is 10 percent of the mean
annua) flow in cfs, then storage required to maintaln 30 percent of the mean annual flow
in cfs would be 6.1 percent of the mean annual volume In cfs-days., See plate B for low-
flow characteristic values.
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Table 9.--Notable floods of record
(Stage of peaks, in feet above mean sea level and corresponding flows of record)

December 31, 1948

August 19, 1955

October 16, 1955

Index Harch 12, 1936 | Janvary 25, 1938 | September 21, 1938
no. Stage Flow Stage Floy Stage Flow $ta Floy Sta Floy Sta Flow
{pl- B) | Stream-gaging statlon (ft? I (cfs) (ft) (cfsjl (ft? (cfs) Efgj} | (cfsjl ffg? (c%sj’ ffgj} (cthjI
2040 Pomperaug Rlver at 179.73 5,99¢ 179.72 5,980 i81.60 7,820 179.22 5,600 187,40 29,400 181.35 §&,860
Southbury
2055 Housatonlc River at 48,48 49,500 41.78 36,000 h6.48 59,500 44,95 51,800 48.41 69,400 49,48 75,800
Stevenson
2060 Haugatuck River near  398.8f 6,50  339.01 6,830 401,33 9,978 401,47 10,200 413.40 81,600 399.74% 8,100
Thomaston
2065 Leadnlne Brook near 411,66 4,830 411.58 4,700 412.37 6,050 411.86 5,150 LI4.33 10,400 k10.83 3,080
Thomaston
2085 Naugatuck River at 167.13 23,300 166,41 20,300 167.57 25,300 167.57 28,500 180.87 108,000 168.87 30,400
Beacon Falls
(near Raugatuck)d!
1/ 0On April 7, 1924, slevation was 167,25 ft, flow 21,900 <fs; on Hov, L, 1927, elevation was 169 ft, flow 26,000 cfs.
Table 10.~-Maxlmum floods of record and mean annual floods
Maximum flood of record Mean annual flood
| ndex Dralnage Pertod of Elevation Flow Ratlo to Elevation Flow
na. area contlnucus (ft above Tcfs per mean annual (ft above cfs per
(p1. B) Stream=gaging station (sq mi) record Date ms}) (efs) sq mi) flocd ms1) (cfs) sg ml)
2035.1  Postatuck River at Sandy Hook 4,2 1966-67 3- 1«66 228,25 860 36 - - - -
2036 Nonewaug River at Minortown 17.2 1963-67 7-2%-63 359.36 1,450 87 L.2h 358.89 1,200 69.8
2037 Wood Creek near Bethlehem 3.37 1951-67 2- B-6% - 140 42 .78 - 180 53.4
2040 Pomperaug River at Southbury 75.3 1933-67 8=19-55 187.40 24, 4oo 390 16.89 178,83 2,700 35.9
2048 Copper MI)1 Brook near Monroe 2,50 195967 3-52-52 337.47 330 132 2.06 335,09 160 64,0
2055 Housatonic Rlver at Stevensan 1,545 1929-67 14-16-55 49,48 75,800 Ly 3.61 38.37 21,000 13.6
2056 West Branch Nauwgatiuck River 1
at Torrington 33.4 1957-61 Y/ 9-12-80 551.00 3,600 108 1,64 549.79 2,200 65.%
2057 East Branch Naugatuck River 1/
at Torringten 13.8 1957-62 ~ 3~ £-59 543.59 1,130 82 1.13 543.3% 1,000 2.5
2060 Haugatuck River near Thomasten 7.9 1931-53 1/ B~19-55  w13.4h  &1,600 578 11.56 196,17 3,600 50,
2064 Leadmine Brook near Harwlnton 18.9 1960-67 6~ 4-50 522,71 1,520 8o 1.22 522.00 1,250 66,1
2065 Leadnine Brook near Thomaston 24,0 1931-59 1/ 8-19-55 L4 ,33 10,400 533 5.78 L09.07 1,800 75.0
208%¥ Hancock Broak near Terryville 1,20 1260-67 9-12-60 - 130 108 1.30 - 160 83.3
2084 Hep Brook near Hiddlebury 9.04 1861-67 3-12-62 - 800 88 1.27 - 630 69,7
2085 Haugatuck River at Beacon Falls 261 1915-24, 8-19-55 180.87 106,000 Los 11,78 162.63 9,000 3k%,5
(near Haugatuck} 1923-67 1/
2087 Little River at Oxford k.60 1961-67 3-12-62 - Loo 87 1.43 - 280 60.5

1/ Subsequently affected by flood-controb reservelirs,

(See "Floods" In text.)

16




Magnitude and frequency

Knowledge of the magnitude and frequency of
floods is essential for the location and establish-
ment of encroachment lines. The maximum flood and
mean annual flood of record at gaging stations in
the lower Housatonic River basin are given in table
10. Estimates of the flood flow at any other site
can be made from figures 15 and 16, provided that
(1) the stream is unregulated, (2) it drains a
rural area,and (3) the drainage area is known. The
mean annual flood can be found from figure 15, and
flows for any other recurrence interval up to 100
years are obtainable by multiplying the value for
the mean annual flood by the appropriate ratio from
figure 16,

MEAN ANNUAL FLOOD, IN CUBIC FEET PER SECOND

DRAINAGE AREA, IN SQUARE MILES
Figure 15.,=-Mean annual flood related to size of

drainage area.

and how frequently the periods may recur,

FREQUENCY AND DURATION OF HIGH FLOWS

Table 10 and figures 15 and 16 delineate the
recurrence of instantaneous peak discharges. For
some purposes, however, it is also useful to
estimate how long periods of high flow may last

Table

11 presents the recurrence intervals of annual
highest average flows observed for various numbers
of consecutive days in the reference period, 1931~
60, at long-term gaging stations.
at Pomperaug River at Southbury, for a period of
30 consecutive days an average flow of 630 cfs
occurred on the average once in 10 years; thus
there is a 10 percent chance of a 30-day average
flow of this magnitude in any one year,

RATIO OF FLOOD FLOW TOMEAN ANNUAL FLOOD

5
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AVERAGE RECURRENCE INTERVAL, IN YEARS
Figure 16,--Flood-magnitude frequency curve,.

Table 11.=-Annual highest average flows and corresponding average elevations for indicated recurrence
intervals at long-term stream-gaging stations, reference period October 1930 to September 1960

Period
Index Oralnage |(consecu~ Annual hlghest average flow (cfs) for Annual highest elevation (ft above msl)
no. area tive indicated recurrence interval (years) for indicated recurrence interval (years)
(p1._8) | Stream-gaging station (sq ri) | days) 108 1 2 [ 5 13 25 50 1.03 | 2 1 1o [ 35 50~
. i . 1 800 1,200 2,200 4,000 8,200 13,400 171.3  172.1 173.9 176.9 1B2.6 188.4
W Teppeug Muorak w3 g S0 ‘B0 ijhoo 2,200 3,700 85,300 o R 733 18 Wéis s
7 380 550 970 1,360 1,890 2,300 170.2  170.7  171.6 72,4 1734 17441
15 280 k1o 700 950 1,130 1,180 169.9 170.3  171.0 171.6 171.9 172.0
30 210 320 180 630 830 1,000 169.6 170.0 170.5 170.9 171.3 171.7
60 160 270 350 410 530 660 169.4  169.9 170.1 170.3 170.6 171.0
150 110 210 260 300 320 330 169.1 169, 169.8 j70.0 170.0 170.1
274 70 160 200 220 250 260 168.8 169.4 169.6 169.7 169.8 163.8
20 Housatonlc Niver s 1,545 1 8,100 14,000 26,000 52,000 62,000 66,000 33.7 3.1 39.7  45.3 47,1 47.8
= epatonls Myepoas 3 7.500 12,500 21,000 39,000 42,000 kk,000 334 3.5 383 427 433 437
7 6,500 10,000 18,000 27,000 28,600 29,600 32.9  34.5 37.5  39.9  40.3  40.6
15 5,000 8,500 14,000 17,500 21,400 24,000 32.1  33.9  36.1 37.3  38.4 39,2
30 3,400 7,000 9,600 11,500 14,300 16,800 31,0 332 34A 3500 36.2 37.0
60 2,800 5,700 7,300 8,200 9,300 10,200 30.6 32.5 334 33,8 3.2 346
150 2,300 4,300 5,200 5,700 6,200 6,600 30.2 31.6 32.2 32.5 32.8 33.0
274 1,800 3,000 3,900 4,300 k80 5,000 29.7  30.7 3.4 3.6 32,0 32.1
2060 Naugatuck River near 71.9 1 gho 1,650 2,500 5,700 11,800 Z4,000 392.7 393.8 3949 398.0 L01.9 LoO7.h4
Thomas ton 3 700 1,000 1,750 3,600 5,900 7,500 392.2  392.8 39h.0 336,01 398.1 399.3
7 Loo 700 1,300 2,100 2,900 3,450 391.5  392.2  393.3 3944  395.4  396.0
15 280 530 830 1,250 1,580 1,780 391.2  391.9  392.6 393.2  393.7 394.0
30 230 410 630 820 1,000 1,100 391.0 3915  392.1  392.5 392.8  333.0
170 320 1430 510 620 700 390.8  391.3  391.6 391.8 392.1 392.2
150 130 240 310 330 370 380 390.6 391.0 391.3  391.3 391.4  391.4
274 30 180 220 250 280 230 390.5 390.8 390.9 391.0 391.2 391.2
ad a 24,0 1 320 580 1,520 2,160 3,250 L4, 800 406.3 L407.2  409.1  409.9 L410.9 Hi2,0
2065 LeFSnlAE BroolEar 3 210 360 720 1,200 1,600 1,840 405.9 406.5 407.6 L4oB.6 L09.2  h409.5
7 140 260 420 680 840 900 405.5 L06.1 406.7 Lo7.4 L407.8  L40B.0
15 10 150 290 420 460 490 4os.4 405.8 h06.2  Lp6.7 L06.B  L06.9
30 73 142 200 250 320 375 405.1  405.6  505.8  4o6.1  L06.3  L06.5
64 109 145 169 200 225 405.0 405.4  405.6 L05.7 L05.8  L06.0
150 48 82 98 110 124 132 Loh.9  405.2 405.3  Los.h  L4OS.4  405.5
274 32 61 76 84 9k 100 4o4.6 L405,0 405.1 405,72 405.3 L405.3
208 a a 261 1 2,600 5,000 6,600 20,000 45,000 87,000 123.4  125.4 126,46 131.5 136.8  141.6
> Nagabhick Blyer-at 3 1,800 3,000 5,000 9,500 20,000 3k,000 122.6  123.8 1254 127.9 131.5 134.8
7 1,300 2,000 3,600 5,600 9,800 14,700 122.0 122.8 1243 125.8 128.1 129.9
15 1,000 1,600 2,500 3,530 5,300 7,000 121.5  122.3 123.3 1243 125.6  126.6
30 720 1,220 1,890 2,500 3,310 4,000 121.0 121.8 122.7 123.3 12k.1 124.6
60 620 1,050 1,340 1,600 2,100 2,600 120.8  121.6 122.0 122.3 122.9 123.4
150 430 goo 1,000 1,110 1,220 1,300 120.4  121.2  121.5  121.7  121.8  122.0
274 310 600 750 850 960 1,040 120.1 120,8 121.1  121,3  121.5 121.6
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EXPLANATION
—
BASIN DRAINAGE DIVIDE

CONTALT

SEDIMENTARY-YOLCANIC ADUIFER
Includes conglomerats, sandstone, shale, and basalt (see table 17)

CRYSTALUINE BEDROCK AQUIFER

Schist

!liﬂill

Intludes granite, gneiss, and other coarse-grained crystalline recks

Undiffereatiated

Areas ol incomplete detailed mapping of intermixed granita and
mm s;oﬂnfmdwn%dugmmewﬁn
e stz of wel
uﬂlﬁuﬁﬂuls &t which aquife ﬁﬂahgyu ranita (6} or
-schist hllmned trom drillers’ k4 s )

Extent of aquifer units generalized from the following sorces:

m maps (see list of references). Carr (1960),
mp g Fritts 11953l. ISBR. 15653 1365h), Gates (1351
1954 1358). Christensen

52), Bates and
)andﬁammduml%

Unpublished data from R. M. Cassie (Thomaston J
! l :uﬂn;dmkwwﬁmjiml

Extent of sedmentary-voleasic unit modified from Bates (1951),
Meinoer and Stearns (1929), and Schutz (1856}, based on addional
subsurface daa.

Figure 17.--Bedrock aquifers in the basin.
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GROUND WATER

An unseen but important part of the hydrologic
wyele occurs underground, where ground water moves
through earth materials from areas of recharge to
areas of discharge, These earth matertals=--uncon~
solidated sediments and the underlying bedrock--
constitute the hydrogeologic framework for both the
movement and storage of ground water, Optimum
development and management of this resource requires
an understanding of the characteristics of this
framework, a knowledge of the amounts of water poten-
tially available, and an understanding of the func-
tioning of the ground-water system in relation to
the total hydrologic system,

THE HYDROGEOLOGIC FRAMEWORK

The physical framework for the movement and stor-
age of ground water In the lower Housatonic River
basin consists of aquifers and streambed deposits.
Each of the three aquifers in the basin--stratified
drift, till, and bedrock-~-~has characteristics and
water-bearing properties that determine its useful-
ness as a source of supply, Streambed deposits are
the transmitting medium between surface-water bodies
and aquifers. As such, they may significantly affect
the degree to which ground-water supplies can be
augmented by induced infiltration of surface water.

STRATIFIED DRIFT

Occurrence and description

Stratified drift is the most productive aquifer

n the lower Housatonic River basin, although it
occupies only about 16 percent of the basin area.

It consists of layers of sand and gravel and lesser
amounts of silt and clay deposited by glacial melt-
waters, |t occurs almost exclusively as narrow
belts In stream valleys and lowlands {plate C),
Maximum width of the aquifer is generally less than
2 miles, and In much of the basin it is less than
half a mile,

Much of the aquifer is heterogeneous, with many
abrupt horizontal and vertical changes in texture.
This heterogeneity contributes to difficulties in
ground-water exploration and in aquifer analysis,
Nevertheless, stratified drift in the Naugatuck River
valley and in upland tributaries in the basin con-
talns much coarse material, and in many areas it Is
highly productive,

Stratified drift composed of fine sand and
sandy silt is commonly broader, thicker, and more
uniform in texture that that composed chiefly of
coarser sand and gravel. In the Pomperaug valley,
the sites of old glacial lakes (Pessl, 1970) are
underlain by fine-~grafned lacustrine and deltalc
deposits that are poorly suited for development
by screened wells; they adjoin coarse-grained
deposits capable of ylelding large quantities of
water to screened wells,

Near the mouth of the Housatonic Rlver, fine
and, organle silt, and peat were deposited as
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outwash and estuarine deposits, The predominance
of these fine-grained deposits in the estuary
greatly reduces the potential for the development
of ground water-~~fresh or salty--in the area,.

Aquifer boundaries

Most stratified drift in the basin was depos-
ited In valleys and lowlands on bedrock or till-
mantied bedrock. The stratifled drift is therefore
bounded lateralty and at its base by these more
Impervious materials. Although water moves through
till and bedrock Into the stratiflied drift, Its
rate of movement is commonly slower in the bound-
ary materials, Thus, the boundaries between the
till-bedrock and stratified drift act as barriers
that restrict well yields from the stratified-drift
aquifer,

Streams traversing the valley floors may form
recharge boundarfes to the stratified-drift aquifer.
In such places, pumping from wells will reverse
the natural ground-water discharge to streams and
Induce water in the channels to Infiltrate the
stratifled drift. Aquifer-stream relationships
and the effectiveness of streams as recharge
boundaries in the lower Housatonic River basin are
discussed In the sectlon, ""Induced Infiltration.”

Thickness

The thickness of the stratified-drift aquifer
is an important factor in determining well yield.
Where other factors, such as texture, are equal,

a thick aquifer will produce more than a thin one,
because of its greater capability for transmitting
water, greater avallable drawdown, and greater
amount of water in storage. Aquifer thickness
generally ranges widely, from about 10 feet in many
small valleys and at the sides of larger ones, to
200 feet in the Housatonic River valley. The maxi-

“mum thickness at any data control point s 216 feet,

at well SH 8. (See table 12.)

Saturated thickness is determined largely
from descriptive logs of wells and test borings;
in many logs it is diffieult to distinguish strati-
fled drift from underlying till, and thus the
entire saturated section was contoured {pi. C).
However, at most sites the till is probably thin
(5 feet or less) or absent, and so In most valleys
the saturated~thickness lines closely approximate
the thickness of the stratified-drift aquifer,

The thickness of the stratified-drift aqulfer
is influenced by the configuration of the under-
lyIng bedrock surface., Commonly, bedrock is deeper
at the center of a valley than at the sides; there-
fore surfictal aquifers are usually thickest near
valley centers. The greatest thickness seldom
coincides with the course of the stream at the sur-
face,

A longlitudinal profiie along the thalweg, or
deepest part of the underlying bedrock valley,
indicates that the bedrock surface in the area
commonly forms a series of alternating shallow




Table 12.-~Transmissivity of the stratified-drift aquifer from specific capacities, logs, and pumping tests of screened wells

{(Well locations and explanation of well-numbering system on plate A, Additional well-construction
and test data listed in companion basic-data report, Grossman and Wilson, 1970,)

Wall radius: actuel radlus of well screen is 1isted throughout, However for purposes Orawdown, adJusted: reported drowdowns odjusted for the offacts of partial panotrae-
of analysls, offectlve well radius of gravel-packed wells 14 assumed to ba 3 Inchas tlon using & method described by Walton {1962, p. 7). A 1:10 retioc of vertical to
greater than actual rodius of screen. horlzontal aqulfer hydrauifc conductivity Is assumed,
Aquifer thlckness: assumed to be full thickness of saturated stratiffed drift except Speciflc capocity: pumping rate divided by drawdown.
where It is overlaln by saturated silt, muck, or peak, in which case the thickness
of thas flne~gralned deposita is not Included, and ortesiaon conditions are essumad Tronsmlasivity, ostimatad from odJusted specifle copaelty: determined by graphle methods
for the test. doscribod by Moyer (1963, p, 338), For water-table conditions, the storage coefficlent,
5, assumed to be 0.10 where t=2.0 days, and 0.20 where t=2.0 days. For arteslon
Propertlon of aquifer screenad: screen length divided by squlfer thickness, conditions, 5 ossumed to ba 0.001. Transmisslvity values rounded to 2 slgnificant flgures.
Duration of test: whare unknown, assumed te ba 1,0 day for purpesaes of analysts, Tranamissivity, estimated from logs: sse text for discussion of mathod.
< , grester than; » , loss than,
Ramarks: PL - pumping level.
Aqulfer Spac!fic capaclty Transmﬂnslvlty, T
thickness (gpm/ ¥t (fr?/day)
Screan {a, artesian From
Well enly, §, conditions Proportion uration Pumplng From From adlusted | From
redius gravel assumed) of aqul fer of test, t rate, Q bravwdaun | (1) reported | adjusted | specific | well
Wall no. {In}) pack, Sg (fe) scroaned (days} {gpm) Reported |Adjusted drowdown | drawdown capacity | log Rema rks
Town of Derby
bz 3 8 Sg &y 0.1% 2.0 575 23 7.8 25 4 13,000 28,000 Variable Q during test.
BE 4 3 Sg 87e .08 2.0 60 28 L.z 2.1 4 4,000 4,600 Pumpad slimultanecusly with DE 5,
OF 5 3 Sg 87a .09 1.0 60 17 2.6 3.5 23 6,800 4,600 Pumped simultaneouslty with DE 4. Test no. 1,
2.0 92 27 .0 3.4 23 6,800 pumped 60 gpm for | day, theop test no. 2,
92 gpm fer 1 more day.
E6 b s 51 24 4 160 19.6 6.9 8.2 21 5,200 6,800
0E 7 [ 3g 59 22 2.0 870 28 3.8 31 89 24,000 12,000 Inltial @ = 1,000 gpm; cut beek to B70 gpm
after 28 hours.
Town of M11ford
LI & 3g Ly .3 2.0 13} 18,3 8.5 8 3,400 2,700
M 2 [ 5 33 .2h 2.0 302 21 8.6 T 35 7.000 3,500 Llog Indlcates well I3 screened at 29-37 ft
S opposite "'sl1t and clay.”
<o
own _of Monreo
HO ) 5 Sq 268 .19 2.0 150 9 4.0 3.8 11 2,900 1.300
MO 42 3 5 23a <35 o 33 16,1 8.0 2.0 L 1,100 2,000
MO 43 3 s 3la W16 2 30 16.6 i3 1.8 7-0 2,000 2,100
MD 44 3 s 22n .23 4 55 4.5 5.2 3.7 1 2,800 2,900
Town of Nougatuck
NA 16 4 Sg 73 .15 - 3A &8(7) 17.0 S 22 4,200 4,000 Aloo U.S.G.5. test, 1967: 0= 235; t = 85.5;
drowdowns measured In NA 9, |0, and 113
T from pumping test, 3,350ft"/day; sce
Grossman and Wilsen (1970, table 5), for
complete data.
KA 22 g Sq a0 .22 - 1,220 11 3.7 110 330 *27,000 "I 1,000
NA 23 8 sg 100 .18 - 1,200 16.8 2.9 110 410 >27,000 23,000
NA 24 8 s 85 - - 508 64,5 22.9 2.0 22 4,200 11,000  Test no. 1, pumped 508 gpm.
- Lva 54 z1.2 8.0 22 4,200 - Test no. 2, pumped 471 gpm.
NA 29 8 sg 8 .43 - 1,157 1.5 4,1 55 280 *27,000 17,000
NA 31 & Sg 48 3 - 270 39 8.7 6.5 14 2,500 4,200 Also U.5.G.5. test, 1967+ Q= 189; t ~ 85
drowdowns measured In KA 9, 10, and 11;
see Grossman and Wilson {1970, table 5),
for complete data.
NA 35 8 Sy 105 .13 - 1,025 48 13.9 21 Th 15,000 15,000
KA 36 B 5g 102 W10 - 200 50 4.4 2.2 4 2,800 -
NA 37 - 5 15a 1.00 1.4 140 25 25.0 5.6 5.6 800 1.000
NA 38 g H 53 .28 1.0 350 25.1 9.8 13 36 7,400 5,600 NA 39 pumping during test. PL In screen.
NA 39 g 5 47 .32 1.0 175 33.5 15.4 5.l 1 2,300 2,400 NA 38 pumplng durlng test.
XA Lo 5 5 ch .19 1.0 200 2z 5.9 9.1 34 7,000 6,200 NA 38 pumping during tent?
own_of Newtown
NT 11 9 Sg B4 ) 2.0 725 50 20.0 14 15 6,400 7,400
NT 12 9 59 105 18 4.0 725 33.7 10,1 21 72 13,000 24,000
NT 14 3 59 47 W21 ] >40 15 4,9 2.7 8.2 1,600 480
Town af Oxford
ox z 8 Sq 3 .35 - 500 17.1 17 29 5,400 - PL In zcraen.
ox 3 6 s s .67 - 300 50 45.0 6.0 6.7 1,700 11,000 Test no. 1 éTssﬂ. punped 300 gem. PL In screen,
- 165 52 46.8 3.2 3.5 940 - Test na. 2 (1963), pumped 165 gpm, PL In screen.
ox h 6 59 40 - 1.4 350 2z 7.9 6 L4h 9,000 9,600
0x 5 5 5 4o .25 - 60 28 10.9 2.1 5.5 1,100 3,600
o6 8 s 52 .19 1.0 250 31 9.9 8.1 25 4,800 §,500
X 7 6 § L 227 1.0 150 25 12.0 6.0 12 2,100 7,100
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"Table 12.--Transmissivity of the stratified-drift aquifer from specific capacities, logs, and pumping tests of screened wells--Continued

Aqulfer Spacific capacity Transmissivity, T
thicknass {gpm/ft) (Ft2/day)
Screen {a, artesian From
Well only, §, condl tlons Froportion buratlon Pumping From From adjusted | From
radius gravel assumad) of aquifer of test, t rata, Q Brawdown| (ft) reported | adjusted specific | well
We!ll no. (tn) pack, Sg (fe) screened {days} {gpm) Reported |Adjusted drawdown | drewdown capacity | log Remarks
SE 5 8 s 34 R - 500 32 21.1 16 24 4,700 - PL In scroets
SE 6 |3 s 67 .18 - 1,000 31 9.0 32 e 24,000 - Screencd at 53-59 and 71-77 ft
SE7 8 § 81 .25 1.0 2,500 43 15.8 58 160 >27,000 27,000
Tour of _Shalton
SH 1A 8 Sg 170 -12 1.0 1,100 66 13.9 17 79 16,000 -
SH 2A 12 Sg 198 «15 -2 2,435 34,5 7.9 70 3o > 27,000 24,000
SH 3A 12 Sg 212 o -3 Z,343 53 1.7 4l 200 >27,000 29,000
5H 5A 12 S9 202 W15 1.0 ,204 57 13.1 39 170 > 27,000 23,000
SH & P2 Sq 203 .15 1.0 2,513 50.8 1.7 hg z20 > 27,000 H7,000
SH 7 12 Sg 191 .16 1.0 2,513 55,4 13.3 45 190 > 27,000 24,000
SH 8 12 5g 216 L1k 1.0 2,260 84 18.5 27 120 > 27,000 36,000
SH§ 12 Sg 202 .15 .5 2,360 71 16.3 33 150 > 27,000 36,000
SKE 10 12 Sg 200 .15 1.0 2,118 122 28.1 17 75 14,000 16,000  U.5.6.5. test, 1967: drawdowns messured in
SH L4 and SH 15; see Grossman and Wilson,
1970, table 5, for complete deta.
5H 27 i [ 300 .83 1.0 350 29.5 29.5 12 12 3,500 h 400 Test date apply to B-In. test well. Screen
length assumed = 25 ft.
SH 28 4 s 268 .96 .8 265 >y ) < 6.7 <6.7 <1,900 3,800 Test data apply to B-In. test well. Screan
at 29-Ch fr, PL In screen.
5H 31 5 $ 33 +30 1.0 350 24 11.0 14 32 6,700 1,600 PL In Screen.
SH 32 5 Sg 35 .28 1.0 300 18 8. 17 37 7,100 1,600
sB b 5 s 58 7 4.2 220 30 7.8 7.3 28 5,200 9,100
SB 5 5 5 63 .26 Lo 278 33.5 12.4 8.3 22 4,300 8,700 U.5.G.5. test, 1866: drawdowns measured in
9 obseryation walls; T from pump test,
10,400 ft2/day; see Grossman and Wilson
1970, table 5§, for complate data.
SB 13 3 k3 55 .05 -3 15 15 2.2 1.0 = 6.8 1,300 11,000
Town. of Stratford
3TN 3 s 21 .19 -2 31 16.2 5.2 1.9 6.0 1,100 1,100
5T 12 5 5 19 .53 - 300 12.4 2.0 24 32 7,000 540 PL In screen
TH 1 15 Sg - 19 1.0 1,300 4 8.8 sk 150 27,00¢ 13,000
™ 13 4 5 23a 43 - 155 LY B.4 11 18 5,100 2,800 Perforated casing.
™ 1k 4 H 100 .10 2.0 850 56.5 5.0 12 72 17,000 12,000
TH 15 5 5 26 «19 - 170 4.8 12 35 7,100 2,500
TH 18 8 $ 16 3 1.0 300 13.9 8.1 22 37 7,200 L 6oo
own of Waterbu
WB 2B 5 s Ls 22 -1 z00 3.0 33 100 23,000 - Varicble Q during test.
WE 3A 3 sq 25 .20 . 280 1% 7.4 15 38 7,800 -
WB 10 4 Sg 60 7 1.0 300 8 2.2 38 140 » 27,000 - PL in screen,
WB 12A 3 Sg 83 +12 - 25 63 1.3 Wbo 2.2 Loo -
WB 16 5 Sg 70 BT 1.0 600 10 1.9 g0 320 »27,000 -
wB 18 5 5 70 W1 - 100 4o 7.2 2.5 1 2,800 -
WB 334 5 5g Lo .20 ost. - 160 21 6.1 7.6 26 c,200 - Slotted screen estimatod 8 ft long.
W8 335 5 S 41 .16 -1 172 16 L.z 11 41 9,100 -
WB 339 8 sg 26 .31 " 400 13 5.1 3 78 16,000 N
WB 344 L 3 32 -3 -3 115 22 9.9 5.2 12 2,400 2,700
WB 345 4 S 39 .26 .3 150 32,7 12.4 I8 12 2,400 4,000
WB 4 s 32 .31 .3 250 21.5 2.7 12 26 5,500 2,700
WB 368 b 5 68 .15 - 115 24 5.3 4.8 22 5,000 -
wB 373 5 s 39 .26 1.0 178 26 11.6 6.1 15 2,800 1,300
WB 374 5 s 68 .13 1.0 170 52 1.4 1.3 15 2,700 4,400  PL affected by nearby pumping.
Town of Wotertown
WA 2 [ s 23 +22 1.0 50 20 5.0 2.5 1¢ 2,000 270 PL In screen,
WA S 5 5 u7 .32 1.0 300 247 1.6 12 26 5,200 7,100
WA & 5 S iy .27 1.0 300 8.8 3.5 34 86 2,000 12,000
Town of Woodbury
wY 11 4 5 14 .08 -3 107 83.2 10.8 1.3 10 z,000 3,800
WY 12 4 5 23 .22 1.0 80 H 5-9 5.0 i 2,700 1,600
WY 13 4 5 21 .2k 1.0 135 S 5.7 9.6 24 5,200 2,100
WY 1k A s 28 .36 1.0 150 18 9.5 10 20 4,300 1,900
WY 15 L s 29 7 1.0 215 19 8.5 11 39 8,700 2,000
WY 16 4 5 28 .18 1.0 130 18 Soh 7.2 24 5,200 1,900
WY 20 3 s 8o W12 - 40 &0 9.0 .67 4,4 940 -
WY 23 5 Sg sS4 .28 1.0 317 37 15.5 .6 20 4,000 4,200




troughs and crests, rather than a smeoothly sloping
profile. The thickness of the aquifer is greater
in these troughs., For example, at Waterbury and
Naugatuck In the Naugatuck River valley, the satur-
ated thickness exceeds 120 feet {(pl. C}.

The irregularities of the bedrock floor are
probably the result of differential erosion by
glacial ice, resulting from differences in bedrock
topegraphy and orfentation of the valleys, For
example, segments of the bedrock valley trending
south and southeast {pl. C), approximately paratlel
to the direction of glacial ice movement, are much
deeper than segments trending in other directions
(U.S. Geol, Survey, 1968, p. A-52), This relation=-
ship facilitated delineation of the saturated thick-
ness in the valley segment 0.3 mile east of Steven-
son Dam at Lake Zoar, for which subsurface data were
unavailable, and couid ald In further exploration
for large ground-water supplies in the Housatonic
River valley,

Transmissivity

The ease with which an aquifer transmits water,
its transmissivity, determines to a large degree the
potential ylelds of wells tapping It, Knowledge of
transmissivity In conjunction with an understanding
of boundary condlitions and storage characteristics
is used to locate areas favorable for the development
of large ground-water supplles and to estimate well
ylelds and drawdowns., The potential of the stratified-
drift aquifer to yleld large water supplies is due
targely to its high transmissivity.

In 1970 the U,S, Geological Survey adopted the
terms "transmissivity' and "hydraulic conductivity'
to replace "coefficlient of transmissibility'! and
"“coefficlent of permeabliity," respectively. The
new terms express volume of water in cubic feet
rather than gallons, (See Glossary.) Conversion
factors for the old and new terms are given along-
side the 1ist of ''"Equivalents' near the end of this
report,

The areal distribution of the transmissivity of
the stratified-drift aqulfer 1n the lower Housatonlc
River basin Is shown on plate ¢. The map is based
on 521 estimated values and shows that transmissiv-
ity generally ranges from 2,700 ft2 /day in headwater
areas, smalier tr!butary valleys, and valiey margins,
to 20,000 ft2/day In parts of the main valleys of
the MNaugatuck and Housatonic R:vers. The max fmum
value estimated was 47,000 ft%/day at well SH 8, In
the Housatonic River valley,

Transmissivity 1s equal to the product of aqui-
fer thickness, b, and the hydraulic conductivity, K,
Thus, the distribution of transmissivity reflects
the combined effects of differences In these two
factors., A thick aquifer that Is fine in texture
with low hydraulic conductivity may have a trans-
missivity equal to that of a thin aquifer that is
coarse In texture with hlgh hydraulic conductivity.
For example, the aquifer in the segment of the
Housatonic River valley south of Derby Is more than
80 feet thick but has about the same transmissivity
as the aquifer In the valley of East Branch Nauga-
tuck River, which 1s less than L0 feet thick. The
difference 1s In the texture of the deposits, In
the Housatonic River valley south of Derby, the
deposits are mostiy organic silt, peat, and fine
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sand with low hydraulic conductivities, whereas in
the East Branch Naugatuck River valley, they con-
sist predominantly of coarse gravel with high
hydraulic¢ conductivity, (
The distribution of transmissivity on plate C
is based on estimates derived from (1) pumping
tests of wells, {2) specific~-capacity data from
weils, and (3) descriptive logs and particle-size
analyses of samplies from wells and test bhorings.

Rellable estimates of transmissivity were
obtained from two pumping tests during the investi-
gation {table 12, wells NA 16 and 31; and SB &).
In both tests, wells were pumped at constant rates
for extended periods of time, and periodic water-
level measurements were made In nearby observation
wells, In a third test (on SH 10 in the Shelton
well field), no reliable estimate of transmissiv-
ity could be determined from the data. In atll
tests, the data were analyzed by applying the
Theis nonequilibrium formula (Theis, 1935), as
discussed In Ferris and others (1962, p. 92) and
Walton {1962, p. 6). Data for the three tests
are contafned in the companion basic-data report
(Grossman. and Wilson, 1970, table &)}.

Specific-capacity tests are conducted prin-
cipally to determine the yield per foot of draw-
down of a production well, but the data may also
be utitized to estimate aquifer transmissivity,
Test data and transmissivities for 84 screened
wells tapping the stratified-drift aquifer are
summarized in table 12} well locations are shown
on plate A, These data are based mostly on
driliers' records of pumping rate, drawdown in
the pumping well, and test duration. As such,
they are subject to the errors inherent in con-
ducting and reporting tests under nonstandardized
conditions., The estimates of transmissivity based
on speciflic-capacity tests are, on the whole,
conservative, because the larger drawdowns resujt-
ing from well inefficlency, aquifer dewatering, and
barrier boundaries were not considered. Exceptions
occur where a recharge boundary was intercepted
during the test, thus reducing drawdowns and giving
an unrealistically high value of aquifer transmis-
sivity. Despite thelr limitations, the tests per-
mit approximation of transmissivity, perhaps within
120 percent.

Logs of wells and test holes can also be used
to estimate transmissivity because the hydraulic
conductivity of a deposit is directly related to
differences in grain-sfze characteristics {(Rose
and Smith, 1957; Masch and Denny, 1966}, . For the
lower Housatonic River bastn, estimates of trans-
missivity were made from 505 logs of wells and
test holes. As shown in the exampie, table 13, an
estimate of hydraulic conductivity is made for each
Tithologic unit In the lTog, the estimate Is multi-
plied by the saturated thickness of the unit, and
the products are totaled to give transmissivity,

Assignment of hydraulic conductivity to the
units in each log is based on one method or a
combination of two methods. A catalogue of hydrau-
1ic conductivities assigned to drillers' terms,
surmarized in table 14, is used for logs in which !
the descriptive terms are too general to permit a
reliable estimate of specific grain-size character-
istics, For this method, transmissivities deter-




mined from specific-capacity tests of 65 wells for
which logs are also available are used as guides
in assigning the hydraulic conductivity values

to drillers' terms. (See table 12.)

A more quantitative approach is used for more
detailed logs. In these, the terminology is more
uniform and specific; descriptions are commonly
based on examination and many involve grain-=size
analyses of split spoon samples. Estimates of
hydraulic conductivity of lithologic units in
these logs are made by comparing their descriptions
with similar descriptions of 187 samples of strati-
fied drift from eastern and western Connecticut
(including 73 from the lower Housatonic River basin).
These samples, collected and analyzed by the U.S.
Geological Survey, are assigned hydraulic-conductiv-
ity values based on relationships between median
grain size, uniformity coefficient, and hydraulic
conductivity that were developed during earlier Con-
necticut inventory studies (Randall and others, 1966;
Thomas, M. P., and others, 1967; Thomas, C. E., and
others, 1968; Ryder and others, 1970). The results
are summarized in table 14, in which the analyses
are grouped according to differing grain-size char=-
acteristics for easier comparison with lithologic
units described in logs. The grain=size analyses
of samples from the lower Housatonic River basin are
tabulated in the companion basic-data report (Gross=-
man and Wilson, 1970, table 4).

Among the logs used for estimates of transmis=-
sivity are those of many test borings by the Con-
necticut State Department of Transportation. Esti-
mates of hydraulic conductivity of different litho-
logic units of sand and gravel in these logs are
listed in table 14. They are based on the same
procedure described above.

Although the methods used to estimate trans-
missivity from logs are somewhat subjective, they
are tied in with more quantitative tests and are
internally consistent. Some values determined from
specific-capacity tests are markedly different from
those estimated from logs of the same wells (table
12). In most of these instances, transmissivity
derived from specific capacity indicates the effi-
ciency with which the well taps the aquifer and is
not corrected for the net effects of boundaries,
whereas the value from the log gives a better
indication of the water=bearing properties of the
aquifer itself.

Storage coefficient

Aquifers act not only as media for transmitting
water, but also as storage reservoirs, In the lower
Housatonic River basin, large volumes of water=--many
billions of gallons=-are stored in the stratified
drift. Much as in surface-water reservoirs, water
Is almost constantly being withdrawn from or added
to aquifer storage, either by natural processes or
by manipulation.

The amount of water that can be withdrawn
from an aquifer is only a fraction of the total
in storage, The storage coefficient of water-
table aquifers commonly ranges from 0,05
to 0.30 cubic foot of water per square foot of aqui-
fer surface per foot of head change (Ferris and
others, 1962, p. 78). Nearly all this water Is
derived from gravity drainage, and thus the amount
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Table 13.=-Example of estimating transmissivity
from logs of wells and test holes

Test hole WY 12th,
U.S. Geological Survey, 1966,
L4 feet below land surface.

Drilled with power auger by
Depth to water,

Transmissivity
of unit, Kxb
(ft?/dsy)

Assigned
hydraulic conductivity, K
(fe/day)

Saturated
thicknass, b
(ft)

Depth
Froo

(fr)
To

Msterial dzscription

Topsoil and sand 0 5 1 67 67

Sznd and gravel 5 10 5 210 1,050
Sand, very fine to
fine, some silt 1/ 10 32 22 6 132

Gravel 32 33 1 Loo Loo

Sand 33 37 b &7 268

Sand, medivn to very
coarse, sore
gravel 2/ 37 Lo 3 2ho 720

Sand, fine to medium,
little coarse to
very coarse sand,
little silt, some
thin gravel beds 3/ ko 80 4o 13 520

Sand, fire to mediim,
trace coarse sand g 8l & 13 52

Till; silty, sandy,
gravelly 8 85 1

Refusal 85 = = = i

Transmissivity of stratified-drift section 3,200 ft?/day

1/ split spoon sample, 18-19.5 ft depth.

Median grain size, 0.125 m.

Uniformity coefficient, 6.9

Estimsted hydraulic conductivity & ft/day.
2/ Split spoon sample, 38-39.5 ft depth.

Mzdizn grain size, 0.86 mn.

Uniformity cozfficient, 18.6.

Estimated hydraulic conductivity 24D fr/day,
3/ S:z=ple off auger flights.

Medizn grain size, 0.19 mm.

Uniformity ccefficient, 6.6.

Estimated hydraulic conductivity 13 fr/day.

(nat including gravel beds).

available is a function of time as well as of
aquifer properties. In the lower Housatonic River
basin a value of 0.20 is assumed to be a reasonable
and probably conservative value of storage coef-
ficient applicable to long periods of drainage of
the stratified-drift aquifer.

Yields of wells

Yields of 100 gpm or more in the lower
Housatonic River basin are most commonly obtained
from screened wells tapping stratified drift.
Yield and construction characteristics of 62 such
wells are summarized on figure 27.

One of several horizontal collectors in Con-
necticut is located along the Naugatuck River near
Naugatuck. The installation (NA 34, pl, A) was
completed in 1949, Tests during the first year of
operation indicated a sustained pumping capacity
exceeding 2,6 mgd, with a drawdown of 68 feet in
the caisson, Operational yields in the late
1960's were considerably lower and were augmented
by pumpage from nearby Beacon Hill Brook. In
early 1967, for example, pumpage from the collector
average 1.5 mgd, including 1.0 mgd pumped from the
brook into the caisson.

One of two caisson wells inventoried for this
study (MO LO, pl. A) had a reported yield of 103

gpm.

Stratified drift can also be economically and
efficiently tapped for small to moderate water
supplies, Well types suitable for small to moder=-
ate yields include dug, open end, and screened wells,



Table 14,-=Hydraulic conductivity values assigned to stratified-drift units
in detailed logs of wells and test holes

Drillers' logs

Logs of wells and test holes

Logs of Connecticut Department of Transportation,
Bureau of Highways, test holes

Assigned Assigned Assigned
hydraulic Proportion of-- 2/ Median hydraulic hydraulic
Drillers!' ccnductivitT, Predominant vf-m Silt- grain Uniformity conductivit Predominant f-c f-c Silt-  conductivity
term K (Ft/day) 1/ constituent gGravel sand clay size 3 coefficient (ft/day) 3/ constituent gravel sand  clay (Ft/day) &/
Clean gravel Loo - L-Sm T vFG <80 870 Fine to - (3 Tr 240
Gravel 270 = L-sm  Tr V-6 >80 750 coarse L 95
GRAVEL
Sandy gravel 210 - L=Sm Tr c-veSd >10 310 GRAVEL Tr 270
Cobbles, hard - - L-5m cSd <80 120 = Sm L 134
packed 134
Coarse to Tr = Tr csd < b [2h) Tr 330
Hardpan gravel 80 - L
very coarse | _g.._¢ - Tr c-vesd <10 Lho L 160
Clean sand and
gravel 00 SAND L-Sm-g - Tr csd >10 230 - T T 470
Coarse sand, & T msd <3 175 Tr 210
grits, gravel 270
- Tr-L mSd 3-6 80 & - L 134
Sand and gravel zlo
. - Tr-L n5d 5716 sk Sm 95
Fine sand and Very fine
some gravel 87 Tr x Tr-L fsd <3 67 Fine to T 134
to medium
Coarse sand 134 z Tr-L fsd 3-6 27 coarse Sm - L 80
SAND
Medium sand 80 k L-Sm fsd 516 13 SAND §m Lo
Fine to coarse - -Sn-& vfsd &8 12 Tr 108
sand 5h
- ey vfsd >3 5 L z L 54
Fine sand 27 H
- Tr-L csd <20 190 sm 13
Very fine sand 7
L-Sm - Tr msd <10 160 Tr 8o
Dirty sand 5k
- Tr-L mSd 10-20 87 TF = L 21
Fine silty sand 13
- sy msd <20 47 sm 7
Fine sand and
clay 7 - £ = st - 1.3 Tr 67
silt and clay 0.3 SILT to CLAY - Su " 5t(>.035 mm) " 7 Hone - L 21
- Sm - st (<035 rm) - -3 Sm 7
- Tr - St s -1

1/ Based on transmissivities determined from

Proportional key:
&, and, 35-50 percent of unit
Sm, sore, 20-35 percent of unit
L, Tittle, 10-20 percent of unit
Tr, trace, less than 10 percent of unit

N

including well points. The choice depends upon a
variety of factors, including geologic and hydro-
logic conditions in the vicinity of the well site.

Dug wells continue to supply many homes in
areas underlain by stratified drift. Sites
especially favorable for development of dug wells
are those where the aquifer is at least 5 feet
thick and the water table is shallow and does not
fluctuate widely. Such conditions are common on
flood plains of small streams. For example, many
residents along Bronson Brook in Beacon Falls take
advantage of these conditions by using dug wells as
sources of domestic water supplies.

Small to moderate yields can be obtained from
small-diameter screened well points driven into the
aquifer. Conditions especially suitable for this
type of well are similar to those for dug wells; in
addition an aquifer consisting of well sorted sand
contributes to the ease of construction and effi-
ciency of development. Dug or driven wells are
generally finished several feet below the annual
low water table to insure against the well going
dry in a drought.

specific capacity tests; modified where detailed grain-size characteristics were known.

3/ Grain-size key

Ve, very coarse G, gravel
c, coarse sd,sand

n, medium st, silt
f, fine

vf, very fine
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4/ Based on relationships established between median grain size, uniformity coefficient, and hydraulic conductivity.

Reported yield

Unadjusted specific caopacity
(in gallons per minute)

(in gallons per minule par foot)

Range! 100-2500 Range:.3-110
Madian:300 ‘ Median112
LAND SURFACE
WATER TABLE
Well radius
(in feet)
Range: 33-1.2
Madian: 50

Aquifer thickness
(in fee,

Range:15-114
Medion: 47

Parcent of aquifer
screened

Range:8-100
Meadion:24

39 percent are gravel packed

Till or badrock
surface

(Not to scale)

Figure 27,--Yleld and construction characteristics
of 62 screened wells tapping stratified drift and
tested at 100 gpm or more.




TILL

The till aquifer consists of the saturated part
of glacial till, a nonstratified, nonsorted deposit
composed of rock particles of a wide range of sizes,
from boulders to clay, Till, popularly called
"hardpan,'' was deposited directly by glacial ice.

In the lower Housatonic River basin it forms a wide-
spread but discontinuous mantle over bedrock through=
out most upland areas and extends beneath stratified
drift in valleys and lowlands. |t was not mapped

as a separate unit but is included with the bedrock
and swamp deposits in all areas not mapped as strati-
fied drift (pl. C).

Till thickness generally ranges widely from 0
to 200 feet. In the lower Housatonic River basin
the median till thickness is 30 feet at the sites
of 240 bedrock wells. The average thickness is
probably less than this because few of these wells
were drilled in areas, common in much of the up-
lands, where bedrock is at or very near the land
surface.

Scattered throughout the basin are areas where
till is exceptionally thick, as shown on plate C.
Within these areas, its thickness is known or
assumed to be at least 4O feet; at many sites it
exceeds 100 feet. A substantial thickness of till
may increase the cost of a bedrock well because of
the greater length of casing required. On the other
hand, if saturated, it will contribute water to the
bedrock through leakage, and it may also provide
better protection from pollution by septic tank
effluents. (See discussion, '"Ground-water Contamin-
ation.")

The general absence of stratification and sort-
ing in till results in a low hydraulic conductivity.
Published results of 31 hydraulic=conductivity deter-
minations of till in southern New England show that
hydraulic conductivity ranges from 0,013 to 29 ft/
day, with a median value of 0,67 ft/day (Allen and
others, 1963; Allen and others, 1966; Baker and
others, 1964; Randall and others, 1966; Sammel and
others, 1966; Thomas, M.P., and others, 1967). Such
low values greatly limit the potential of this aqui-
fer as a source of large water supplies, even where
its thickness is substantial.

At favorable locations, dug wells in till can
provide small supplies of water for domestic and
stock uses, although their number is declining.
Seasonal fluctuations of the water table in till
areas are commonly large, and, because of the low
hydraulic conductivity, drawdowns due to pumping
are also large. Thus, optimum conditions for the
installation of a dug well require several tens of
feet of saturated section and a shallow water table.
Digging the well several feet below the annual low
water level helps to sustain the supply during dry
seasons.

Storage in the well is an important supplement
to the yield of a dug well tapping this aquifer.
Each foot of water in a well 3 feet in diameter
represents 53 gallons, The water withdrawn from
well storage is replaced by slow seepage from the
aquifer, Tests of dug wells in eastern Connecticut
have indicated that the hydraulic conductivity of
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till will commonly permit replenishment seepage
of 200 gpd, enough for the average needs of a
family of three (Randall and others, 1966); con-
ditions in the lower Housatonic River basin are
probably similar,

Increasing the diameter of a dug well
increases both the amount of water that can be
stored and the area of contact with the aquifer.
Three large-diameter dug wells (MD 1, 2, 3) are
used by the Westover Water Company to provide
part of the supply of a school and small community.
These wells are 18 feet in diameter and 16 to 20
feet deep. During the winter season the three are
pumped together 16 hours a day, but no determina-
tion of their yields has been made.

Open-end drilled wells also tap till, espe-
cially where it is thick. The depth of 12 such
open-end wells in the basin ranges from 70 to
166 feet; the median is 98 feet. Median yield is
12 gpm, slightly higher than that from open-end
wells tapping stratified drift, perhaps reflecting
the greater available drawdown in the till wells,
However, open-end wells in till may actually tap
interbedded or underlying beds of gravel. |If
gravel layers are penetrated during the drilling
of a well through thick till to bedrock, considera-
tion can be given to completing an open-end well
in the overburden.

BEDROCK

Bedrock underlies the entire lower Housatonic
River basin and is an important source of water
for several thousand homes, schools, shops, and
other establishments requiring small to moderate
amounts of water. Bedrock forms two principal
aquifers, based on differences in geologic and
hydrologic characteristics: (1) crystalline bed-
rock, which underlies most of the area (fig. 17),
and (2) sedimentary-volcanic bedrock, which under-
lies only about 11 square miles in the Pomperaug
River basin.

Several thousand bedrock wells in the lower
Housatonic River basin provide water for homes and
shops, and probably several hundred new ones are
drilled each year, Most of them provide trouble=-
free supplies that are satisfactory in quantity
and quality. The yield of a bedrock well cannot
be determined before drilling; nonetheless, a
knowledge of factors influencing aquifer productiv-
ity can sometimes be utilized in selecting the site
most likely to supply the desired yield.

Data from 294 wells in the basin indicate
that yields of a few gallons per minute can be
obtained from bedrock at most sites., The maximum
yield of a bedrock well can be determined by pump-
ing or by bailing the water down as close to the
well bottom as possible and measuring the early
rate of recovery. The effective yield of a bed-
rock well is supplemented by the amount of water
stored in the casing and rock hole. Each foot of
water stored in a 6-inch-diameter well represents
about 1% gallons. Thus, if the water level prior
to pumping is 30 feet below land surface in a well



200 feet deep, the 170 ft of storage equals 255 gal-
lons that can augment the yield of the aquifer.

Crystalline bedrock

The crystalline bedrock aquifer underlies
nearly all the lower Housatonic River basin. Most
of this aquifer is composed of a hard, dense rock
consisting of tightly interlocked mineral grains,
Common rock types include granite, gneiss, and
schist, In some areas the upper part of the bed-
rock has weathered into a crumbly mass; in other
areas mica schist is described by drillers as '"soft."
The thickness and areal extent of these weathered
zones are unknown; they are commonly cased off and
thus are not a significant part of the aquifer.

The solid part of crystalline bedrock is
essentially impervious, and water in such rock
moves largely in cracks or joints, which are most
common in the upper few hundred feet of bedrock.
Parallel joints, forming a set, may intersect other
sets, forming enlarged openings along which water
moves more readily, Many joints are vertical or
steeply dipping; others are roughly parallel to the
bedrock surface. Although the orientation and spac-
ing of joints are generally systematic, in detail
their size and distribution are irregular, and the
productivity of the aquifer differs widely from
site to site,

The heterogeneity of the crystalline bedrock
and the steep dip of its fractures make possible
the drilling of a satisfactory well close to an un-
productive one, Moving to another site in a direc-
tion perpendicular to the general trend, or 'across
the strike', of the bedrock or joints increases the
probability of intersecting different and thus per-
haps higher yielding sets of fractures.

From drillers' records of about 1,350 wells in
the basin, a sample of 294 domestic wells tapping
crystalline bedrock was selected to evaluate various
factors probably Influencing aquifer productivity.
These factors Include aquifer lithology, topographic
situation, type of overburden, and aquifer thickness,
The sample was selected so that each of these fac-
tors is well represented basinwide, Reported yields
rather than specific capacities are used in all
analyses of wells tapping crystalline bedrock, spe-
cific capacities of such wells have uncertain value
because yield is not necessarily proportional to
drawdown (Thomas, M. P., and others, 1967, p. 57).
The yields were determined by drillers by a variety
of methods and for various test durations. They do
not necessarily represent the full potential of the
aquifer at the well site, but they do represent
practical short-term yield useful for comparative
purposes, Figure 18 shows the distribution of yields
In the sample of 294 wells, The median yield is 5-6
gpm;‘about 75 percent of the wells yield at least
3 gpm, and less than 10 percent yield 20 gpm or more)

Lithology

The crystalline bedrock aquifer in the lower
Housatonic River basin may be subdivided into two
broad lithologic types, granite and schist., Granite
is used in a broad sense to include gneiss and other
similar coarse=-grained, generally hard, crystalline
rock types. Schist is characterized by the predom-
inance of the mica minerals and by foliation. The
response of these two types of rocks to stresses
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within the earth's crust differs. Granite is more
¢competent, and it responds to crustal stresses by
producing distinct and open joints, Schist is less
competent, and it responds more by slipping and
folding along foliation planes, Although joints
develop in schist, they are likely to be nearly
closed and discontinuous and therefore poor con-
duits for water.

Granite is tapped by more high=yielding wells
and fewer low-yielding ones than schist, (fig., 19).
Median well yields are 7 gpm for granite and 4 3/L
gpm for schist. These comparisons are based on
221 wells in the 294-well sample; aquifer lithology
for 73 remaining wells was indeterminable.

PERCENT OF WELLS WITH YIELDS
THAT EQUAL OR EXCEED THAT SHOWN

|

1 2 .3 4 5867891 "0
WELL YIELD, IN GALLONS PER MINUTE

Figure 18.--Yield distribution of selected wells
tapping crystalline bedrock.

The approximate extent of the principal granite
and schist units in the basin is shown on figure 17.
Other crystalline bedrock is undifferentiated on
the map where detalled mapping is incomplete, where
the rocks are too mixed to differentiate on the
scale used, or where other crystalline rocks occur
that do not clearly fit into the two principal
types. Wells drilled in areas of undifferentiated
rock, but whose type is nevertheless identifiable
from the drillers' logs, are shown on the figure
by a letter symbol.

An area of complex geology is broadly gener-
alized on figure 17. |In most areas mapped as
granite or schist, the unit shown predominates but
is not the only one; at individual sites it is
possible to drill through granite, schist, some
other crystalline rock, or a combination of these.
Published quadrangle maps of bedrock geology pro-
vide more details and descriptions, They are
listed at the end of this report in the section
""Selected References,"
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Figure 19,==Yield distribution of wells tapping
granite and schist.

Topographic position

The topographic position of wells drilled in
crystalline bedrock has been considered to in-
fluence their yields (Cushman and others, 1953;
El1lis, 1909)., However, data from 240 wells in the
lower Housatonic River basin suggest that topo=
graphy alone has little influence on well yield.
The curves of yield distribution (fig. 20) are
very similar for three principal topographic posi-
tions. A slightly smaller percentage of valley
wells is low yielding compared to hilltop wells,
but a higher percentage of valley wells yleld at
least 20 gpm, Median yield values are 5 gpm for
hilltop, 5% gpm for hillside, and L4 gpm for
valley wells, The factor of overburden type was
eliminated by using data only from wells with till
overburden in this analysis.

Qverburden type

Differences in hydraulic conductivity between
stratified=-drift overburden and till overburden may
indirectly influence the water=-bearing characteris=
tics of the underlying crystalline bedrock aquifer.
Because of its higher hydraulic conductivity,
stratified drift in direct contact with the bedrock
surface may transmit water downward to fractures
more readily than till. Figure 21 shows that wells
at sites where stratified drift Is the overburden
("stratified drift/bedrock'' wells) have a substan-
tially greater proportion of high yields than wells
at sites where till is the overburden ('"till/bedrock
wells), In both groups about 76 percent of the wells
yleld at least 3 gpm, but the median yield is 7 gpm
for the stratified drift/bedrock wells compared with
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Figure 20.--Yield distribution of wells tapping
crystalline bedrock overlain by till in
different topographic situations.

5% gpm for the till/bedrock wells; moreover, the
proportion of wells yielding at least 20,/gpm is
twice as great for the stratified drift/bedrock
wells as for the till/bedrock wells. Conversely,
where bedrock openings are small, few, or dis-
continuous, yields are low regardless of the type
of overburden.

All the stratified drift/bedrock wells are in
valleys, whereas the till/bedrock wells are dis-
tributed in all topographic situations. The dif=-
ferences in yield due to overburden type are even
more striking if yields of 54 stratified drift/
bedrock wells (fig. 21) are compared with yields
of the 56 till/bedrock wells at valley sites (fig.
20)., The results further indicate that type of
overburden is a more significant factor than topo-
graphic situation in influencing yields from bed-
rock.

Thickness of bedrock penetrated

Yield data from the lower Housatonic River
basin support the conclusion of other studies in
New England that the most productive zone of the
crystalline bedrock is the upper 200 feet and that
the probability of obtaining a substantial increase
in yield at aquifer penetrations greater than 300
feet is slight (El1lis, 1909; Cushman and others,
1953; Thomas, M. P., and others, 1967; Thomas, C. E.
and others, 1968). Figure 22 shows the frequency
distribution of yields obtained in the uppermost
100 feet of bedrock in a sample of 114 wells in the
basin that were tested at two or more depths during
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Figure 21.--Yield distribution of wells in crystal=-

line bedrock overlain by stratified drift and by
till,

drilling,
at least 1 gpm, 50 percent obtained 3-L4 gpm, and 20
percent obtained at least 10 gpm in the uppermost

100 feet of bedrock,
also shown on figure 22, is similar to that of the

More than 90 percent of the wells obtained

The distribution of total yield,

larger sample of 294 wells used in the preceding ana-

lyses. (See fig. 17.) Among the 114 wells, 47 did

not penetrate more than 100 feet of bedrock, evident-

ly obtaining sufficient yield within that range.
Table 15 shows that, after well deepening, yield

increase of most wells became smaller with each addi-

tional 100 feet of bedrock penetrated. Ten percent
of the wells yielded at least 10 gpm more after
penetrating 100-199 feet of rock, and 51 percent
yielded at least 2 gpm more.

But in the next 100-foot

interval, none of the wells yielded as much as 10 gpm

more, and 65 percent yielded an additional 1 gpm or
less.
no wells yielded as much as 5 gpm additional, and

And at rock penetrations of 300 feet or more,

the yield of only 14 percent increased at least 2 gpm.

Table 15.=--Effects of deeper penetration of crystal=

line bedrock on yields of wells

Percentage of wells showing a given
Initial yield increase after deepening
Hedizn

amount of Angunt of bed- Amount of yield increase
bedrock rock penetration I gpm yield Na.
penetration after deepening or At least increase af
(ft) (ft) less 2 gpn ] 5 gpn | 10 gpm (qpm) walls
0 - 93 100-153 37 51 16 10 2 &7
200-293 65 2] 4 0 o 23
300 or more L5 ] 14 o 0 1 7
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Figure 22.--Yield distribution of wells tapping

crystalline bedrock tested at more than one
depth during drilling.

Yield data also suggest that where the bed-
rock is unproductive in the uppermost 100 feet,
it is also likely to be unproductive at greater
depths. As shown on figure 22, none of 49 wells
whose yields in the uppermost 100 feet of bed-
rock were less than 3 gpm had a total yield ex=
ceeding 10 gpm after deepening, and the median
total yield of this group was only about 3 gpm.
Figure 23 shows that the median yield of the bed-
rock wells is inversely related to thickness of
bedrock penetrated, Evidently, the deeply pene-
trating wells were drilled at sites where the
bedrock is unproductive throughout. The median
yield of the total sample is 5% gpm, about the same
as for the larger sample of 294 wells, Similar
conditions are suggested by data from 17 domestic
wells that penetrate more than 400 feet of bedrock
(table 16). None of these wells yielded more than
1 gpm, despite a median rock penetration of 527
feet and a maximum penetration of 895 feet.

In contrast, unusually high yields are
obtained from wells in the uppermost 100 feet of
crystalline bedrock at some sites in the basin.
Even at these sites, the above-average yield pro-
bably does not extend to greater rock depths,
although the data are less definitive than those
for unproductive bedrock. Data for 24 domestic
bedrock wells with yields of at least 30 gpm
indicate that the median rock penetration was
only 70 feet. Drilling was soon halted in most
of these wells because such large yields are more
than enough for household needs. Where larger
supplies are needed for shops, schools, and fac-
tories, the tendency is to drill to greater depths
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Figure 23.--Median yields of domestic wells tapping
different thicknesses of crystalline bedrock,

Wells penetrating small thicknesses of bed-
rock have higher median yields than those
penetrating large thicknesses.

in an effort to obtain the maximum supply available.
In 16 such wells with yields of at least 30 gpm,
median thickness of bedrock penetrated was 206 feet,
with a median yield of 41 gpm. The relation of
yield to bedrock penetration in these wells is
unknown, but the fact that the median yield of the
deeper wells is only slightly larger than that of
the domestic wells suggests that the additional
depth did not result in substantially greater yield.

Sedimentary=-volcanic bedrock

Sedimentary and volcanic rocks underlie 11,2
square miles of the Pomperaug River basin in South-
bury and Woodbury (fig. 17). The aquifer consists
of a sequence of three volcanic units (lava flows)
composed of basalt, interbedded with four sedimen-
tary units, principally red and gray conglomerate,
shale, and sandstone (all the sedimentary units are
popularly termed ''red rock') (table 17). The rocks
are similar in age, type, and sequence to the bed-
rock underlying much of the Connecticut River valley
north of Middletown but are probably thinner. Schutz
(1956) indicates that the total section of the lower
Housatonic River basin exceeds 1,000 feet in thick-
ness. Near Southbury Village in 1888 a 1,525-foot
well penetrated 1,235 feet of sedimentary and
volcanic rocks underlain by crystalline rocks
(Hovey, 1890).

The sedimentary-volcanic aquifer is broken by
numerous sets of joints and by a complex network
of faults (Schutz, 1956, p. 26). Most water in this
aquifer is probably stored in and transmitted by the
joints, and most faults are too tight to yield

significant quantities of water, (Meinzer and Stearns,

1929, p. 80). Bedding planes separating layers of
sedimentary rock probably also store and transmit
water as reported in north=-central Connecticut

(Cushman, 1964, p. 31). In north-central Connecticut,

drillers report that water supplies are commonly

obtained at contacts between the volcanic and under-
lying sedimentary units (Cushman, 1964, p. 39); pre-
sumably similar conditions exist in the lower Housa-
tonic River basin. The sedimentary rocks are porous,
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Table 16, ==Hydrogeologic characteristics of 17 deep
wells penetrating more than 40O feet
of crystalline bedrock

Characteristic Median Range
Yield % gpm 0- 1 gpm
Static water level Le ft 8 - 200 ft
below land surface

Thickness of over- 21 ft 2 - 50 ft
burden

Thickness of bedrock 527 ft L28 - 895 ft
penetrated

Total depth 535 ft Lhh - 900 ft

but their pore spaces are so small that they yield
little or no water to wells (Meinzer and Stearns,

1929, p. 79).

Few wells tap sedimentary-volcanic rocks In
the lower Housatonic River basin, but available
yield data suggest that the aquifer is more pro-
ductive than crystalline bedrock. The median yield
for 42 domestic wells reported by drillers is 10
gpm (fig. 24), about twice that of wells in cry-
stalline bedrock, All the wells in sedimentary=-
volcanic rock are in valleys, where stratified
drift is the overburden; 90 percent of them yield
at least 3 gpm, and 24 percent yield 20 gpm or
more (fig. 24), The yields of four wells in simi-
lar bedrock in north-central Connecticut drilled
for large supplies are reported as 40, 97, 100,
and 150 gpm, suggesting that the sedimentary-
volcanic aquifer has a potential for high yield.

Table 17,--Geologic units of the sedimentary-
volcanic bedrock aquifer
(after Schutz, 1956, p. 6-19)

(Youngest at top, oldest at bottom)

Rock type 1 Lithology Thickness (H)] Remarks

MNo outcrops. Inferred from
topography and analogy with
rock sequence in Connecticut
River valley,

Sedimentary Sandstone and shale Eo

Volcanic Basalt 50-60 All basalts popularly called
traprock or trap.

Sedimentary Sandstone and shale ?

Volcanic Basalt > 150 Hard, massive; forms
prominent ridges.

Sedimentary Predoainantly red ? Also sandstone and, reportedly,

shale a limestone unit,
Volcanic Basalt 30 Highly porous; in outcrops

it is highly weatherad and
disentegrated,

Conglorerate, sand- 650
stone, and shale

Sedimentary

Unlike that of a well tapping the crystalline
rocks, the specific capacity of a well tapping the
sedimentary-volcanic rocks provides a guide to
aquifer productivity, because abundant closely



.[! {4
w0 IhoUSTAIA

COMMERCIAL , AND |
NORTH CENTRAL-CONNECTICUT

40

PERCENT OF WELLS WITH YIELDS
THAT EQUAL OR EXCEED THAT SHOWN
&

40 50 60 &0 100

567899 20

WELL YIELD, IN GALLONS PER MINUTE
Figure 24.--Yield distribution of wells tapping
sedimentary-volcanic rocks in the lower Housatonic
River basin and in north-central Connecticut,

spaced openings relate yield to drawdown directly.
The specific capacity of 32 domestic wells, based
on drillers! data, ranges from 0.017 gpm/ft to
12.0 gpm/ft, with a median of 0.20 gpm/ft. Note
that the specific capacity of a well also depends
on its efficiency and effective diameter, so that
specific-capacity values unadjusted for these
factors provide only approximations of aquifer
productivity,

Cushman (1964, p, 35) noted that in north-
central Connecticut, water-bearing openings extend
to greater depths in sedimentary rocks than in
crystalline rocks and may reach depths as great as
L50 feet. Conditions may be similar in the lower
Housatonic River basin, although no supporting data
are available. In the 42 domestic wells sampled,
the maximum bedrock penetration was 365 feet; the
median was 92 feet,

STREAMBED DEPOSITS

Stream or lakebed deposits may significantly
affect the rate of induced infiltration of surface
water into an aquifer. Infiltration is induced when
pumping wells lower the water table beneath stream-
bed deposits. Where streambed deposits have high
hydraulic conductivity, there is a potential for a
high rate of infiltration, but, where they have low
hydraulic conductivity, the potential is less., Some
streambed deposits in the basin are known to have
lower hydraulic conductivity than the stratified
drift,

Description

The beds of most free-flowing reaches of streams
traversing stratified drift in the lower Housatonic
River basin are gravelly. Commonly cobbles and boul-
ders line channel floors. Logs of test borings indi-
cate that along the Naugatuck River the streambed

deposits consist of 5-15 feet of compact silty gravel,

cobbles, and boulders. Along much of this river,
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the deposits practically form a cobblestone pave-
ment. Beneath the Pomperaug River channel, about

5 feet of gravel, or sand and gravel, overlies the
stratified-drift aquifer. These streambed deposits
contain less silt and are less compact than those

in the Naugatuck River valley, and in many places

it is difficult to distinguish them from the under-
lying aquifer. Conditions along smaller tributaries
are more variable, but the streambed deposits pro-
bably average 3-5 feet in thickness.

Ponded reaches of streams and much of the
lower Housatonic River are underlain by fine-grained
deposits, commonly including organic matter., Test
holes indicate 1-5 feet of mud, silt, and muck at
Stevenson Dam on the Housatonic River, and pre-
sumably similar deposits lie beneath Lake Housatonic
upstream from Derby. Borings at several bridges
that cross the Housatonic River downstream from
Derby indicate that the river is underlain by 10-30
feet of fine to medium sand and silt, commonly
with layers of peat and muck. Probably the ponded
reaches of most smaller streams in the basin are
underlain by several feet of fine-grained deposits.

In detail, streambed deposits of a particular
stream vary greatly--areally, in vertical section,
and seasonally. In free-flowing stream reaches,
riffles commonly alternate with slightly ponded
sections, and the bottom is composed of a complex
network of channel deposits, including sand bars,
gravel bars, and mud flats. The units that are
most effective in retarding infiltration may be
thin layers of mud or vegetation on the stream
bottoms, or one or more layers of silt or organic
matter within the gravelly streambed deposits or
even within the aquifer. Accumulations of mud or
leaves that may retard infiltration during part of
the year may be swept away by later high flows.
Detailed site studies over an extended period of
time would be required to assess the significance
of all these features, and only the gross aspects
are considered in this study,

Vertical hydraulic conductivity

Streams in the basin are characteristically
broad and shallow, and most infiltration is induced
vertically through the stream bottom rather than
horizontally through the sides, At the stream
gaging sites on the Naugatuck and Pomperaug Rivers,
for example (pl1. B), at low-flow conditions stream
widths are commonly 50-60 feet and mean depths
are ¥ to 2 feet, Thus, the most significant water-
bearing characteristic of streambed deposits is
vertical hydraulic conductivity, which is expressed
in feet per day for a water temperature of 16°C.
Field determinations of this parameter at Beacon
Hill Brook are based on measured streamflow losses;
others at the Pomperaug and Housatonic Rivers are
based on field permeameter tests. These determina-
tions, which range from 0.13 ft/day to 14 ft/day,
provide a general guideline for estimating vertical
hydraulic conductivity elsewhere in the basin.

At Beacon Hill Brook, opposite wells NA 16
and 31 (pl. A), the hydraulic conductivity of the
streambed is computed to be about 14 ft/day
(table 18). The streambed deposits in this reach
consist of about 15 feet of sand and gravel,
cobbles, and boulders. Streamflow measurements
were made at each end of a 632-foot reach of brook



Table 18.--Vertical hydraulic conductivity of streambed deposits, Beacon Hill Brook

as determined from measured streamflow loss

Measured gain (+ )
Combl ned or loss (-),Qi, of
pumping streamflow between Average Computed
rate of Measured streamflow (cfs) 1/ upstream and down- Stream drawdown hydraulic
NA 16 Up- Down- stream sites, exclud- tempera- | Channel beneath / conductivity 4
and 31 stream Tribu- stream ing tributary ture area, A 2/ stream, 4h 3/ of stream bed Kv &
Date (gpm) site tary site (cfs) (gpm) (°c) (ft2) (ft) (ft/day)
5-22-67 0 8.68 0.16 9.26 +0.42 +188 15 -- 0 --
6-13-67 0 4,06 .09 3.77 - .38 -170 14 -- 0 --
9-21-67 0 +79 0 .80 + 401 + b.5 18 - 0 --
10-17-67 L26 3.23 0 2.46 - W77 -345 15 8,965 8 4.2
11- 9-67 421 2.21 .19 2,14 - .26 -17 3 8,400 9 6.k

1/ Measurements are considered accurate to *5 percent.
2/ Length of reach, 632 ft.

(see table 12).

1.43 (11-9-67).

that is probably a part of the longer reach losing
water to the stratified-drift aquifer when NA 16
and 31 are pumped. Measurements made prior to
pumping from the wells to determine the amount of
streamflow pickup produced inconsistent results
(table 18), and the galin in streamflow is probably
too small to be accurately measured. Measurements
of streamflow during pumping from the wells are sub-
ject to similar limitations, but they show signifi-
cant losses even considering a possible error of

+5 percent for each measurement. The measured loss
is considered the best one available and is used to
compute the hydraulic conductivity of the stream-
bed, The equation used in the computation (table
18) is a modified form of Darcy's equation and is
discussed in more detail under ''Infiltration
capacity.' The hydraulic conductivity computed

for November is much lower than that for October
because infiltration rates were substantially
reduced by a mat of leaves that covered the stream-
bed during the later measurements. Because leaves
are swept away by later high flows, the hydraulic
conductivity computed for October (14.2 ft/day) is
considered to be more representative of the stream-
bed deposits and of relatively coarse and permeable
streambed deposits elsewhere in the basin.

Experiments with a field variable-head permea-
meter along reaches of the Pomperaug River indicate
hydraulic conductivity values of several tens of
feet per day at most sites. Along this stream,
riffles with gravelly channel floors alternate with
pools with sandy bottoms, but permeable gravel pre-
dominates. Most problems associated with using the
permeameter in coarser grained sediments are related
to sample disturbance, including compaction, chan-
neling, and suspension followed by settling of the
fine-grained fraction as the permeameter is driven
into the deposits. In addition, only the upper foot
or slightly more of the deposits could be tested,
and this topmost layer may be unrepresentative. The
net result of these limitations is a computed value
that is mostly higher than actual hydraulic con=-

3/ Based on computed drawdown at upstream and downstream sites and middle of reach.
Barrier boundaries assumed effective at 400 ft north and 500 ft south.
L/ Vertlcal hydraulic conductivity at 16°C under unit hydraulic gradient, K, =
deposits, b' = 15 ft, and temperature correction factor, C; = 1.0l (10-*7-67) and
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Transmissivity, T = 3,350 ftzlday

= 192 Qictf%¥ A, where thickness of streambed

ductivity, and a value of 14 ft/day is judged to
be reasonable for most streambed deposits of the
Pomperaug River.

The field permeameter probably gives more
reliable results in fine=grained deposits than in
gravel. Three measurements of vertical hydraulic
conductivity near the right bank of the Housatonic
River, where it is impounded by Derby dam indicate
values of 0.21, 0.38, and 0.66 ft/day (see pl. A,
SH 4, 10 and 15), indicating silty and organic very
fine sand, organic fine sand, and fine sand, re-
spectively. An average value of 0,4 ft/day is
estimated for the lake bottom as a whole, with the
recognition that its hydraulic conductivity may
range from half as much to twice as much in dif-
ferent places.

AMOUNT OF WATER
POTENTIALLY AVAILABLE

Water from wells is derived principally from
three sources: 1) ground-water runoff, 2) aquifer
storage, and 3) induced infiltration. |f with-
drawals over an extended period of time exceed the
amounts available from these sources, discounting
any used well water returned to the local hydro-
logic system, declining water levels, and eventu-
ally, declining well yields result.

Development of a ground-water supply can
reduce ground-water evapotranspiration over the
area of lowered water levels, thus providing an
additional potential source of water to wells.

The magnitude of such reduction is difficult to
ascertain, but it is probably small in this parti-
cular basin, in comparison with amounts potentially
available from other sources. Therefore, reduction
of ground-water evapotranspiration is not considered
in the estimates of the amount of water potentially
available, and therefore these estimates are con-
servative to this extent.



GROUND-WATER RUNOFF

Ground-water runoff varies throughout the year
in much the same pattern as total runoff. Hydro=
graphs of observation wells indicate that in most
years the water table declines steadily during a
L- to 6-month period from late spring to early
autumn, corresponding closely to the growing season,
This seasonal decline, illustrated for the lower
Housatonic River basin by the hydrograph for well
WY 1 (fig. 25), Indicates very little net recharge
from precipitation during the growing season. The
decline is accompanied by a decreasing rate of
ground-water runoff and a reduction in the amount
of ground water in storage. The decreased rate of
ground-water runoff and reduction in storage are
attributed largely to the seasonal demands of evapo-
transpiration, This period of declining water levels,
corresponding closely to the 6-month growing season,
is hereafter termed the period of no recharge.

2
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WATER LEVEL, IN FEET BELOW LAND SURFACE

Figure 25.==Monthly changes of water level in well
WY 1, December 1965-1967,

During the remaining months of the year, the
water table generally rises, indicating that re-
charge from precipitation exceeds ground-water run-
off and that net ground-water storage increases.

The rate of ground-water runoff also increases
because of steeper hydraulic gradients produced by
the rising water table, This period of rising water
levels is hereafter termed the recharge period.

Although the ground-water runoff rate changes
seasonally, wells can pump at constant rates through-
out the year without permanently lowering the water
table as long as total pumpage (excluding pumpage
of water that is recirculated and therefore used more
than once) does not exceed annual ground-water runoff,
assuming that adequate water is available from ground-
water storage, During the period of no net recharge,
all withdrawals will, in effect, be coming from
ground-water storage (excluding induced infiltration).
During a recharge period, recharge must be sufficient
to sustain pumping rates and to replace storage water
pumped during the period of no recharge. Thus, the
amount of water available through the interception
of ground-water runoff is determined more by the total
annual ground-water runoff and the amount available
from ground-water storage than it is by seasonal
fluctuations in ground-water runoff and storage.
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Quantitative estimates of near minimum ground-
water runoff rates can be made for any streamflow
site in the basin by utilizing the appropriate
recurrence rate curve on figure 26 in conjunction
with the Q,, 7-day annual minimum streamflow values
(that is, the lowest streamflow during a 7-day
period that ocecurs on the average of once in 2
years) shown on plate B. Figure 26 Is based on
analysis of hydrographs from three unregulated
streams with long-term streamflow records, the
Pomperaug River and Leadmine Brook in the lower
Housatonic River basin, and Burlington Brook in
the adjacent Farmington River basin., For each
station (locations shown on pl, B), annual stream-
flow hydrographs for each year of record through
1968 are used to estimate monthly ground-water
runoff rates. The rates are based on templates
derived from curves connecting the lowest daily
discharges for the periods of record, Probably
the monthly ground-water runoff rate closely
approximates the long=-term minimum ground-water
runoff rate that can be expected on the three
streams, These monthly rates are used to con-
struct ground-water runoff frequency curves, from
which the relationships between ground-water runoff
recurrence rates and the Qp, 7-day annual minimum
streamflow (median 7-day annual minimum streamflow)
are established (fig. 26), The assumption that
the Qy, 7-day annual minimum streamflow is a mean=
ingful index of near minimum ground-water runoff
seems reasonable because it occurs during the
6-month period (late spring to early autumn) when
streamflow is largely sustained by ground-water
runoff.
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Figure 26.--Relation between Qs, 7-day streamflow
and estimated annual minimum 6-month ground-
water runoff,

The Qy, 7-day streamflow (the lowest streamflow
during a 7-day peri od that occurs on the average
of once in 2 years) is related to the estimated
annual minimum 6-month ground-water runoff, The
relationship shown for selected recurrence inter-
vals is based on long-term records at Burlington
Brook, Leadmine Brook, and the Pomperaug River.



WATER FROM AQUIFER STORAGE

The amount of water that can be pumped from
aquifer storage is equal to the product of storage
coefficient and the volume of aquifer that can be
drained during the period of pumpage. To illus~
trate, 141.7 million gallons will be released from
storage if, during 180 days of no recharge in a

stratified-drift aquifer having a storage coefficient
of 0,20, the water table declines 1 foot over an area

of 1 square mile. |In reality, pumping from wells
results in coalescing cones of depression in the
water table, and it is impractical to determine
directly the volume of aquifer dewatered by pumping.
A more useful way of determing yields from aquifer
storage is to model the aquifer and its boundaries,
using the Theis nonequilibrium equation (Theis,
1935), and analyzing by the image-well method.

This method is utilized in evaluating the potential
yield from storage of the ground-water reservoirs
in the basin. (See "Potential yields of principal
ground-water reservoirs.')

INDUCED INFILTRATION

Water in stream channels and lake basins can
be an important source of supply to wells through
induced infiltration. In the lower Housatonic
River basin, wherever productive aquifers are
hydraulically connected to perennial streams
through permeable streambed deposits, conditions
are favorable for induced infiltration, and many
wells derive part of their yield by this means.

In some places a special effort is made to induce
infiltration. |In Woodbury, for example, the Water-
town Fire District derives much of its water supply
(WY 12-16, 18, pl1., A) indirectly from the Nonewaug
River, which has been diverted into a gravel-lined
canal that passes through the well field. At
periods of low flow, water is released from an up-
stream reservoir. Similarly, in Oxford, the Sey-
mour Water Company has placed its wells (0X 2-7)
alongside the Little River and nearby artificial
channels, In Naugatuck the horizontal collector
of UniRoyal, Inc. (NA 34, pl. A) is designed to
induce Naugatuck River water into the aquifer.
high mineralization of water from this well and
others in the valley suggests that river water
adversely affected by man's use moves into the
aquifer. At Shelton, the Bridgeport Hydraulic
Company placed its well field 40-100 feet from the
Housatonic River, and its wells, which pumped a com-
bined total of 3,100 million gallons during 1965,
probably derive much of their supply from the river,

The

Induced infiltration and the factors control-
ling it are well known. However, practical quanti-
tative means for evaluating the actual or potential
rates of infiltration in environments like that of
the basin are not well developed. As a result,
estimates are approximate, and detailed site studies
are necessary wherever more precise answers are
required, Nevertheless, an understanding of the
factors affecting infiltration capacity combined
with a knowledge of the hydraulic conductivity and
thickness of alluvial sediments (previously dis=
cussed) provide a basis for estimating optimum sup-
plies available from infiltration.
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Infiltration capacity

Factors affecting induced infiltration are
conveniently expressed by a modified form of
Darcy's equation:

in which

infiltration capacity, or potential
rate of induced infiltration at gre-
vailing water temperature, in ft?/day
(multiplying by 7.48 converts ft3/day

to gpd),

vertical hydraulic conductivity of
streambed deposits at 16°C, under
unit vertical hydraulic gradient, in
ft/day,

C, = factor for converting vertical hydraulic
conductivity at 16°C to vertical hydrau-
lic conductivity at prevailing water
temperature, dimensionless,

vertical hydraulic gradient, where

h = difference in hydraulic head between
the surface-water level and ground-
water level, in feet, and

b'= thickness of streambed deposits, in
feet, and

area of stream channel being infiltrated,
in square feet.

The equation indicates that the maximum infil-
tration capacity of a given reach of stream in
which K,, and b' are constant in time, can be real-
ized by establishing maximum hydraulic gradient
over the full area of channel., Gradient is maximum
when the ground-water head is at the bottom of the
streambed deposits, The difference in head is then
equal to the mean stream depth, d, plus the thick-
ness of streambed deposits, b', Additional ground-
water drawdowns do not increase the head gradient;
hydraulic gradient then varies only with stream
depth, Where streams are shallow compared to
streambed thickness, as in many streams in the
basin at low=flow conditions, the maximum hydraulic
gradient, (d + b')/b', approaches unity. Thus 1.0
is a reasonable approximation of hydraulic gradient
where d, b', and the position of the ground-water
level are unknown, but it is known or can be assumed
that d is small compared to b' and that the ground-
water level is at or below the bottom of the stream-
bed deposits.

Under conditions of high flow, hydraulic
gradient can increase manyfold, the amount depend-
ing on the amount of increase in mean stream depth.
Also during high flow, infiltration rates may
increase owing to the greater area covered by the
stream,



Substantial variations in infiltration capaci-
ties result from seasonal changes in water tempera-
ture. The hydraulic conductivity of an aquifer is
greater if the water it contains is warm water,
because warm water is less viscous than cold water.
The hydraulic conductivity at any point within the
range of most stream temperatures can be determined
by a method described by Walton and Ackroyd (1966,

p. 11).

Temperature variations of the Pomperaug River
at Southbury (gaging station 2040, pl. B) can be
used to Illustrate the resulting variations of
hydraulic conductivity. During water year 1967,
stream temperatures ranged from 0°C to 26°C, with a
daily average of 11°C. If the hydraulic conductiv=-
ity of the streambed deposits is assumed to be
13 ft/day at 16°C, the hydraulic conductivity during
that year ranged from a minimum of 8,07 ft/day at
0°C to a maximum of 16.66 ft/day at 26°C, with an
average of 11,40 ft/day, Thus the potential Infil-
tration rate ranged from 71 percent of the average
to 146 percent of the average, owing to temperature
changes alone, The above-~average infiltration rates
resulting from warm temperature may be partly offset
by below-average area of contact and mean stream
depth during the months when temperatures are high,

Rate of flow from streams to wells

The amount of water obtained from induced infil-
tration obviously cannot exceed the amount of water
in the stream channel. When the infiltration capacity
of a reach of stream is greater than the streamflow,
pumping wells near the stream might dry up sections
of the stream. Estimated infiltration capacity is
compared to the Qy, 7-day annual minimum streamflows
shown for most streams in the basin (pl. B, fig. 13,
tables 1-4), to determine the limitations, if any,
that the amount of streamflow imposes upon the amounts
obtainable through induced infiltration.

The amount of water available from induced infil-
tration may be limited by the ability of the aquifer
to transmit water to wells, Surface water that infil-
trates the aquifer flows toward wells at a rate con-
trolled by aquifer transmissivity, hydraulic gradient,
and length of the flow path. Where the flow rate
toward the well is less than the infiltration capacity
of the streambed deposits or less than the available
streamflow, the rate of induced infiltration is
limited., This limitation can be reduced by placing
wells near the river, thereby steepening the hydraulic
gradient,

Increased infiltration resulting from warm sur-
face water may be offset in part by the modifying
effects of cool water in the aquifer. The warm
water will be cooled as it mixes with the ground
water, and even if It remains warmer than the
ground water, it cannot move more rapidly toward the
wells despite its lower viscosity until the cool
water ahead of it in the aquifer is displaced.

PREDICTING YIELDS OF SCREENED WELLS

Carefully planned and executed pumping tests
provide the most reliable quantitative information
on both aquifer characteristics and potential yield
of wells. However, some preliminary estimates of
yield from wells screened in the stratified drift
can be made by using the series of graphs on fig-
ures 28-32 in conjunction with estimates of trans=
missivity and aquifer thickness.
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DRAWDOWN IN PUMPING WELL, IN FEET
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Figure 28,--Drawdown in a pumping well related to
well discharge and transmissivity.

Figure 28 relates well discharge and drawdown
for various aquifer transmissivities for a given
set of conditions. The values used to construct
the curves on f igure 28 are based on the Theis
nonequilibrium formula (Theis, 1935, p. 520),
which incorporates several simplifying assumptions.
These assumptions are seldom realized in practice,
and therefore corrections are required for drawdown
resulting from dewatering of the aquifer, for the
effects of partial penetration (30 percent pene-
tration is assumed), and for well efficiency (90
percent efficiency is assumed). For purposes of
analysis the yield of the well is considered to
be the constant rate at which it can be pumped
continuously for 6 months (180 days) with no aqui-
fer recharge (either from precipitation or induced
infiltration of streamflow) and still not draw the
pumping level below 1 foot above the top of the
screen. The total drawdown with the pumping level
at this position is considered the maximum avail-
able drawdown,
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Figure 29,-=-Maximum available drawdown related to
aquifer thickness in wells screened in lower
30 percent of the aquifer.

Maximum available drawdown is the total avall-
able drawdown with the pumping level 1 foot
above the top of the screen; this value can be
used in predicting maximum well yield.



Transmissivity and aquifer thickness can be
estimated from plate C. Once aquifer thickness is
known, maximum available drawdown for a well open to
the bottom 30 percent of the aquifer can be deter-
mined from figure 29. The well yield can then be
determined directly from the appropriate transmis=-
sivity curve on figure 28, provided that the condi-
tions listed are met. Each curve on figure 28 is
a smooth line drawn through segments of a closely
spaced family of curves representing various values
of aquifer thickness, The error resulting from
this smoothing procedure may be as much as 10 per-
cent; generally it is much less.

In practice, field conditions commonly differ
from the assumed ones. Yield will be higher than
indicated on figure 28 if field conditions differ
from the assumed conditions in the following ways:
(1) well efficiency is greater than 90 percent,

(2) well radius is larger than 0.5 foot, (3) per-
centage of aquifer screened is greater than 30
percent, (4) time of pumping is shorter than 180
days, (5) recharge, including induced infiltration,
occurs, (6) storage coefficient is greater than 0.2,
and (7) the ratio of vertical to horizontal hydraulic
conductivity is greater than 1/10 (0.10).

Yield will be lower than indicated on figure
28 if field conditions diverge from assumed ones in
the opposite directions from those listed above.
In addition, yield may be lower because of the
effects of nearby pumping wells or of barrier bound-
aries. However, either of these effects can be
taken into account by using figure 30 which gives
the drawdown in a well discharging 100 gpm when a
second well, also discharging at 100 gpm, is located
at the indicated distance from the first well., The
figure shows drawdown as a function of transmis-
sivity and distance to the second well, When a
single well is pumping 100 gpm, the drawdown result=-
ing from the effect of a single impermeable boundary
is determined by reading the distance from the
pumping well to the boundary on the horizontal scale
in the same figure and doubling it. In either case,
the drawdown of the water table caused by a pumping
rate different from 100 gpm can readily be determined
from the equation shown with the curves.

The drawdown indicated on figure 30 is for an
artesian aquifer. For a water-table aquifer, where
the drawdown of the water table is a substantial
proportion of the saturated thickness, correction for
dewatering must be made, using figure 31. The actual
drawdown of the water table, corrected for dewatering,
is determined by subtracting the adjusted drawdown
from the maximum available drawdown. The corrected
value can be used on figure 28 to estimate the yield
of the well,

The theoretical effects of well radius and per-
centage of aquifer screened on well yield are illus=
trated on figure 32, The common practice in the
basin is to screen the lower 25 percent of the aqui-
fer (fig. 27). Use of a longer well screen decreases
the maximum permissible drawdown, if the limit used
in this report (1 foot above the top of the screen)
is applied, but also decreases the head losses due
to partial penetration. Up to a screened ratio of
about 40 percent of the aquifer, the decreased
partial penetration losses are more than sufficlient
to offset the lower operating drawdown, resulting in
a higher well yield, At greater screened ratios the
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gpm in an artesian aquifer, at selected dis-
tances from a second well pumping at the same
rate; or in a pumping well located one half the
indicated distance from a single barrier bound-
ary; for selected values of transmissivity.

The curves and equation shown can be used to
estimate drawdown in an artesian aquifer
resulting from pumping at any discharge rate.

&

3

DRAWDOWN IN ARTESIAN AQUIFER, IN FEET

© © 2 30 4 5 € 70 8 90 100
AQUIFER DRAWDOWN UNDER WATER-TABLE CONDITIONS, IN FEET
Figure 31.--Drawdown in a water-table aquifer re-

lated to drawdown in an artesian aquifer of the
same thickness.

Drawdown in a water-table aquifer is larger
than that in an artesian aquifer of the same
thickness,

decrease in available operating drawdown off-

sets the lower partial penetration losses, and well
yield begins to decrease. On the other hand, if
the operating drawdown is not restricted to the
top of the screen, increasing the screen length
should produce corresponding increases in yield,
The assumption is made, of course, that the aquifer
is homogeneous and the length of well screen can
be arbitrarily increased, a situation that is un-
common. The curves on figure 32 also show that
doubling the well radius from 0.5 foot to 1.0

foot increases the yield by about 10 percent.

Yield values determined from figure 28, applicable
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Theoretical maximum yields are obtained by
screening about 40 percent of the aquifer,

to a well screened in 30 percent of the aquifer and
with 0.5-foot radius, can be adjusted for a differ-
ent percentage of aquifer screened and (or) a well
radius of 1.0 foot by multiplying the yield by the
appropriate percentage on the vertical scale of
figure 32,

Example of method
If aquifer thickness is 80 feet, maximum draw-
down for a well screened in 30 percent of it is 56
feet (fig. 29). Assuming no interference from pump-
ing wells 05
of 6,700 ft“/day, maximum yield of a proposed well
0.5 foot in radius is about 440 gpm (fig., 28).

Suppose, however, that another well situated
600 feet from the proposed well is pumping at 100
gpm. At this distance, it would theoretically
cause a drawdown at the proposed well site of 0.8
foot In an artesian aquifer (from fig. 30). |If
the distant well is pumping at a higher rate, say
L50 gpm, drawdown at the site of the proposed well
is increased to 0,8 x 450/100, or 3.6 feet (from
equation on fig., 30). Figure 31 shows that the
adjustment for aquifer dewatering is negligible.
Subtracting 3.6 ft from the available drawdown of
56 ft leaves 52.4 ft of drawdown available. With
this available drawdown, a yield of about 410 gpm can
be expected from the proposed well (from fig. 28).

Suppose further that a valley wall 800 feet
from the proposed well site acts as a barrier
boundary. The effect of this boundary would be
to increase the drawdown 0.5 ft if the proposed
well were pumped at 100 gpm (from fig. 30, using
distance = 2 x 800 = 1,600 ft). However, the
proposed pumping rate is 410 gpm, and the boundary
effect thus increases drawdown by 0.5 x 410/100 =
2,0 ft (equation, fig. 30). This value is added
to the drawdown caused by the nearby pumping well
to obtain a combined drawdown of 5.6 ft at the pro-
posed well site. Adjusting for water-table condi-
tions gives a value of 6.0 ft (from fig. 31). Sub-
tracting 6.0 ft from the maximum available drawdown
of 56 ft gives 50 ft for available drawdown. A
yield of about 400 gpm can be obtained with this
drawdown (from flg. 28),

Assume that it is feasible to screen 35 percent
of the aquifer and to use a well radius of 1.0 ft.
The yield of 400 gpm is multiplied by 1.12 (from fig.
32) to get a final estimated well yield of L48 gpm,

barrier boundaries, and a transmissivity
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Note that the final estimate of 448 gpm is a
readjustment that attempts to offset the deeper
drawdown resulting from boundary effects. The
boundary effects on drawdown can be redetermined
several times and the yield readjusted accordingly,
In addition, the nearby pumping well may also be
affected by the boundary, and, if so, its effect
on the drawdown at the proposed well site would be
greater than that determined from figure 30, How-
ever, the method presented is designed only for a
preliminary estimate of yield, and detailed refine-
ments are probably not justified. When hydrologic
and geologic conditions are complex, such as in
areas of multiple boundaries, including streams
acting as recharge boundaries, and several actively
pumping wells, and wide range in aquifer transmis=
sivity and thickness, reliable estimates of yield
can only be obtained from more complex model systems
or from actual field testing.

POTENTIAL YIELDS OF PRINCIPAL
GROUND-WATER RESERVOIRS

Stratified drift in segments of the valleys
of the Pomperaug, Naugatuck, and Housatonic Rivers
is particularly favorable for the development of
large ground-water supplies. Fourteen favorable
areas, termed principal ground-water reservoirs,
are selected for analysis of the potential yields
that might be developed from well fields. These
are outlined on plate C and are shown as simpli-
fied models on figure 33. Details of reservoir
characteristics and yield data are shown in table
19.

The 14 ground-water reservoirs are selected
on the basis of the following criteria:

(1) Maximum transmissivity of the stratified-
drift aquifer in the reservoir is at
least 27,000 ftzlday, and average trans-
missivitz was determined to be at least
L,000 ft</day.

(2) Maximum aquifer thickness is at Teast 80

feet.

(3) The aquifer is suitable for the installa-
tion and use of screened wells,

(4) The area is traversed by one or more
streams capable of supplying water for
induced infiltration.

The analysis shows that all the ground-water
reservoirs have a potential yield greater than 1
mgd. No other areas met all the above criteria
and, although there may be other areas in the basin
where 1 mgd can be developed, such development
would probably require careful management of closely
spaced wells of low yield. The potential yield of
any ground-water reservoir is determined in part
by restrictions on the amount of induced infiltra-
tion of streamflow permitted, and therefore the
pumping capacity of the 14 reservoirs may be less
than the computed yield.

In each favorable area an estimate is made of
the maximum pumping rate that can be sustained
without causing drawdown in excess of the maximum
available drawdown in the center of the area.
Estimates are made for two hydrologically signi-



INDIAN
WELL

MATTATUCK

SOUTHBURY

SHELTON-
DERBY

F

POMPERAUG

J HOUSATONIC

WATERVILLE

WATERBURY

BEACON FALLS

EXPLANATION

L NO BOUNDARY
[

N

NAUGATUCK

IDEALIZED
POSITIONS OF
BARRIER
BOUNDARIES

IDEALIZED
POSITION OF

sechanss BEYMOUR
B (z:n:il:.:llnl PINE BRIDGE

4000 FEET
1

Figure 33.--Models of principal ground-water reservolrs showing location of hypothetical pumping-well array.

Principal ground-water reservoirs occur in the valleys of the Pomperaug River (areas A, B), Housa-
tonic River (areas C-F), and the Naugatuck River (areas G-P). Estimates of yields can be determined

mathematically by idealizing the distribution of trnasmissivity and positions of barrier and recharge
boundaries. '
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Table 19.--Potential yields of principal ground-water reservoirs
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ficant periods of a year: a 180-day period without
ground-water recharge, and a period of approximately
equal length with ground-water recharge. These
estimates take into account the amounts of water
available from aquifer storage, induced infiltration
of streamflow, and ground=-water runoff.

The procedure for determining ground-water run-
off is contained in the section titled '""Ground-water
runoff." Annual minimum values of ground-water run-
off for 2=-year and 10=-year recurrence intervals are
given in table 19 (columns 11 and 12): the value
that is selected as potentially available depends
upon how restrictive are the l'imitations set for
intercepting ground-water runoff as part of the
water-management scheme,

The procedures for determining induced infiltra-
tion are contained in the sections titled "Induced
infiltration'" and '""Rate of flow from streams to
wells,"" |n the estimates of potential yields, it is
assumed desirable to restrict the quantity of induced
streamflow infiltration so as to eliminate or reduce
the number of times a stream will go dry.
annual minimum values of 7-day streamflow for 2=-year
and 10=-year recurrence intervals are given in table
19 (columns 21 and 22): the value that is selected
as potentially available for induced infiltration
depends upon the limitations set on depletion of
streamflow.

The procedures for determining the quantities
of water potentially available from aquifer storage
are contained in the section titled "Water from
aquifer storage."

The procedures for estimating the proportion
of potentially available water that can be with-
drawn on a long-term basis are the same as those
discussed in the section "Predicting yields from
screened wells."" To simplify the analyses, the

Accordingly,
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14 favorable areas are idealized as rectangles in
which the hydraulic boundaries (valley walls and
streams) are straight lines and the transmissivity
and storage coefficient within the boundaries are
averaged.

During periods of no recharge, available
ground water is considered to be derived entirely
from induced infiltration and aquifer storage:
the rate at which water can be withdrawn from a
ground-water reservoir during periods of no re-
charge and with a stream assumed to act as a fully
penetrating recharge boundary is herein termed
aquifer capacity (table 19, col. 10). Under
natural conditions, ground-water runoff is derived
from storage during periods of no recharge. Water
that can be induced from streams is limited either
by infiltration capacity (table 19, col, 20) or
streamflow (col. 21), whichever is smaller. In
the analysis, the Q,, 7-day annual minimum stream-
flow was used as the low=flow parameter.

In those reservoirs where streamflow is
smaller than infiltration capacity (fig. 34, part
A, box 1), pumpage will initially be derived from
storage, but ultimately it will be derived mostly
from induced infiltration, Streamflow will be
reduced accordingly. In determining potential
reservoir yield, Q> 7-day streamflow (table 19,
col. 21) is compared to aquifer capacity (table
19, col. 10), and the smaller of the two is the
potential yield during 180 days of no recharge.
In seven of the eight reservoirs analyzed (fig.
34, part A, box 1), the potential yield is 1limited
by the aquifer capacity; only in the Pomperaug
reservoir is the potential yield limited to the
low streamflow rate,

During periods of no recharge (fig. 34, part
A) and where infiltration capacity is smaller than
streamflow (fig. 34, part A, box 2), the potential
yield of an aquifer Is taken as equal to aquifer
capacity or to the sum of infiltration capacity
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Figure 34.--Steps used to determine potential vield of ground-water reservoirs.

For most reservoirs, potential yield during periods of no recharge equals aqui-=-
fer capacity, and for all reservoirs potential yield during recharge periods
equals ground-water runoff plus aquifer capacity.

and yield from aquifer storage (table 19, col. 8) or
to the sum of infiltration capacity and ground-water
runoff (table 19, col. 11), whichever is smaller,
In the six ground-water reservoirs analyzed (fig.
part A, box 2), available storage is equal to or
greater than ground-water runoff (table 19, col,
and withdrawals from storage are thus limited to
ground-water runoff. However, in each case, the
aquifer capacity is less than the sum of the infil-
tration capacity (table 19, col. 20) and aquifer
storage (table 19, col. 8), and the potential yield
of these reservoirs during periods of no recharge is
equal to the aquifer capacity (table 19, col. 10).

34,

113

During the recharge period (fig. 34, part B),
reservoir yield is taken arbitrarily as equal to the
sum of aquifer capacity and ground-water runoff,
Although the ground-water runoff during this period
(table 19, col. 11) is considerably greater than
the average rate for the year, some of the recharge
that would have become ground-water runoff under
natural conditions goes into replenishing aquifer
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storage depleted by pumping during the period of
no recharge. Replenishment of storage during
ground-water recharge periods enables pumping to
continue at the aquifer-capacity rate during suc=-
ceeding periods of no recharge without eventually
overpumping the reservoir. In the Pomperaug
ground-water reservoir, well yields during periods
of no recharge are limited by the low streamflow
rather than by aquifer capacity. Therefore, for
the recharge period, it is assumed that streamflow
Increases enough to exceed the sum of aquifer
capacity and ground-water runoff, and that pumping
an amount equal to this sum will, therefore, not
deplete the stream excessively.

Comparison of potential reservoir yields with
the actual withdrawals (table 19, col. 24-26) indi-
cates that only in the Southbury, Housatonic,
Shelton-Derby, and Naugatuck Reservoirs does pump-
age total even half the potential reservoir yields.
The other 10 reservoirs remained practically un=
tapped as late as 1967.



Table 20.--Source and significance of some of the chemical and physical properties of water in the basin

Chenical or physi-
cal property

silica (s10y)

Iron (Fe)

Hanganese (Mn)

Calcium (Ca)

and
magnesium (Mg)
Sodlum (Ma)

and
potassium (K)
Carbonate (C03]

and

bicarbonate (HCU3)

Sulfate {504)

Chioride {(C1)

Fluoride (F)

Hitrate (MO3)

Dissolved solids
and specific
conductance

Hardness (as ratﬂj)

Hydrogen ion
concentration
(pH)

Color

Dissolved
oxygen (0.0.)

Detergents
as MBAS

Temperature

Turbidity

Source and concentration

Dissolved from practically all rocks and solls, Usually found in the
basin In small amounts ranging from 1 to 26 mg/1. Surface water usually
has a lower concentratlon than does ground water.

Dissolved from many assorted minerals that contain oxides, sulfides, and
carbonates of iron. Decaying vegetation and ohjects made of Iron In con-
tact with water, sewage, and industrial waste are also rajor sources.
Surface water in the basin in its natural state usually has less than 0.5
mg/l, Ground water generally has higher concentrations than surface
water.

Dissolved from many rocks and soils. Often found associated with iron in
natural waters but not as comron as Iron, Surface water in the basin
usually has less than 0,1 mg/1. Ground water generally has higher concen-
tratlons than surface water.

Dissolved from practically all rocks and solls, especially calcium sili-
cates, clay minerals, and impure |lmestone lenses.

Dissolved from practically all rocks and solls. Sewage, industrial
wastes, road salt, and sea water are also major sources., Most homa water
softeners replace soluble hardness-producing minerals with sodium and
thus increase the amount of sodium present,

Results from chemical action of carbon dioxide In all natural water on
calcite and calcium silicate minerals. Decaylng vegetation, sewage, and
industrial wastes are also important sources,

Dissolved from rocks and soils containing sulfur compounds, especially
iron sulfide; also from sulfur compounds dissolved In precipitation, and
sewage and Industrial wastes,

Small amounts dissolved from metamorphosed sedimentary rocks and solls,
Relatively large armounts are derived from animal wastes, sewage, road
salt, Industrial wastes, and sea water. Chloride concentration of
natural fresh water in the basin seldom exceeds 10 mo/l,

Dissolved from assorted minerals, such as apatite, fluorite, mica, and
scapalite. Surface water in the basin rarely has more than 0.2 mg/l.
Added to some waters by fluoridation of public water supplies.

Very small amounts in natural waters from precipitation and solutien
processes. Sewage, industrial waters, fertilizers, and decaying vege-
tation are major sources. Lesser amounts are derived from precipita-
tion.

Includes all mineral constituents dissolved in precipitation and from
rocks and soils, locally augmented by mineral matter in sewage and
industrial wastes, Measured as residue of evaporation at 180°C or cal-
culated as nurerical sum of amounts of individual constituents, Speci-
fic conductance, or the capacity of water to conduct an electric current,
is used as an Index of total mineral content. In natural waters in the
basin, ground water usually has a larger concentration of dissolved
solids than does surface water. MNearly all waters sampled has a dis-
solved-sollids concentration considerably below the l1imit recommended by
the USPHS.

Hardness is prirmarily due to presence of calcium and magnesium, and to
a lesser extent to Iron, manganese, aluminum, barlum, and strontium.
There are two classes of hardness, carbonate (temporary) hardness and
noncarbonate (permanent) hardness. Carbonate hardness refers to the
hardness in equivalents with carbonate and bicarbonate; noncarbonate
to the remainder of the hardness. Most waters in the basin are classi-
fled as soft, with a hardness of less than 60 mg/l.

Water with a dominance of acids, acld-generating salts, and free car-
bon dioxide has a low pH. |f carbonates, bicarbonates, hydroxides,
phosphates and silicates are dominant, the pH is high. The pH of rost
natural waters ranges between 6 and 8.

Color iIn water may be of natural, mineral, or vegetable origin such as
iron and manganese compounds, algae, weeds, and hurus material. May
also be caused by inorganic or organic wastes from Industry. True
color of water is considered to be only that attributable to substances
in solution after the suspended material has been revoved,

The amount of oxygen from the atrmosphere that dissolves In surface water
is a function of its temperature and various physical, chealcal, and bio-
chenleal characteristics. Also from oxygen given off In the process of
photosynthesis by aquatlc plants,

M3AS is a measure of the concentratlons of detergents in water. Primary
sources of alkyl benzene sulfonate (ABS) and linsar alkyl sulfonate (LAS)
are synthetic household detergent residues in sewage and waste waters,

Temperature fluctuates widely in streams and shallow wells following
seasonal climatic changes, but wells at depths of 30 to 60 feet remaln
within 2 or 3 degrees of mean annual air temperature (8°C to 11°C for
the report area). Disposal of water used for cooling or industrial
processing may cause local temperature abnormalities.

An optical property of water attributed to suspended or colloidal matter
which inhibits 1ight penetration. May be caused by microorganisms or
algae; suspended mineral substances Including fron and manganese com-
pounds, clay or sllt, or sawdust, fibers, and other materials. May result
from natural processes of erosion or from the addition of domestic sewage
or wastes from various Industries, such as pulp and paper manufacturing.
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Significance and maxirum recommended 1imit

Forms hard scale in boilers, water heaters, and pipes. Inhibits deteriora-
tion of zeolite-type water softeners. The USPHS (U.S. Public Health Service,
1962) has not recommended a maximum concentration for drinking water,

On exposure to air, iron in ground water oxidizes to a reddish-brown precipi-
tate. More than about 0.3 mg/! of iron stains laundry and utensils, causes
unpleasant adors, and favors growth of Iron bacteria. |Iron in water is
objectionable for food and textile processing. Most [ron-bearing waters
when treated by asration and filtratlon are satlsfactory for domestic use.
The USPHS recorrends a maximum of 0.3 mg/l for drinking water.

More than 0,2 mg/1 precipitates upon oxldation. Manganese has the same
undesirable characteristics as iron but is more difficult to remove. The
USPHS recommends a maxirum of 0.05 ma/1 for drinking water.

Hardness and scale-forming propertles of water are caused by dissolved blcar-
benates and sulfates of these minerals (see hardness). Hard water Is objec-
tionable for electroplating, tanning, dyeing and textile processing. It also
causes scale formation in steam boilers, water heaters, and pipes. The USPHS
has not recommended a maximum concentration for drinking water.

Because the concentration of potassium Is usually low, sedlum and potassium
are often calculated together and reported as sodium. Quantities found in
the fresh water of the report area have little effect upon the usefulness
of water for most purposes; however, more than 50 mg/1 may cause foaming

of steam boilers. The USPHS has not recommended a maxlmum concentration for
drinking water; however, the Connecticut State Department of Health suggests
a maximum 1imit of 20 ma/1 for municipal water supplies.

Carbonates of calcium and magnesium cause hardness and form scale in bailers
and pipes, and release corrosive carbon dioxide gas (see hardness), Water of
low mineral content and low bicarbonate content In proportion to carbon diox=
ide is acidic and can be corrosive. Tha USPHS has not recommended a maximum
concentration for drinking water.

Sulfates of calclum and magnesium form permanant hardness and hard scale in
boilers and hot water pipes. The USPHS recommends a maximum of 250 mg/1 for
drinking water.

Large amounts of chloride in combination with calcium will result in a cor-
rosive solution a2nd in combination with sodium will give a salty taste,
The USPHS recommends a maxlrum of 250 mg/l for drinking water,

About 1.0 mgf1 of fluoride is believed to be helpful in reducing the Incl-
dence of tooth decay in small chlldren; larger amounts possibly cause
mottled enavel on teeth (Lohr and Love, 195L4, p. 39). Arount varles depend-
Ing on average water Intake and climate, The USPH recommends the following
maximum concentration for drinking water: Tlower, 0.8 mg/1; optimum, 1.0
ma/1; upper, 1.3 mg/l.

Small amounts of nitrate have no effect on usefulness of water. A concentra-
tion greater than 6 mg/1 generally indicates pollution. Nitrate encourages
growth of algae and other organisms which produce undesirable tastes and
odors, The USPHS recommends a maxirum of 45 mg/l for drinking water equi-
valent to 10 mg/1 of nitrate expressed as N, Waters containing rore than

L5 mg/1 have reportedly caused metheroglobinemia, which is often fatal to
infants; therefore such water should not be used in infant feeding.

Water containing more than 1,000 mg/1 of dissolved solids Is undesirable for
public supplies and industrial purposes. The USPHS recommends a maximum of
500 mg/1 for drinking water but as ruch as 1,000 ra/) can be tolerated, A
dissolved-sollds concentration of 500 mg/1 Is approximately equivalent to a
specific conductance of 800 micromhos at 25°C.

Hard water consumes soap before lather will form and deposits soap curds on
bathtubs, Water having a hardness of more than 120 mg/1 Is comonly softenal
for dovestic use. Hardness forms scale In boilers, water heaters, radlators,
and pipes,causing a decrease in rate of heat transfer and restricted flow of
water. In contrast, water having a very low hardness may be corrosive. The
USPH has not recommended a maximum hardness for drinking water. The U.S.
Geolegical Survey classification of hardness appears In the ''Hardness' sectlon
of text.

A pH of 7.0 indicates neutrality of a solution. Values higher than 7.0 de-
note alkaline characteristics; values lower than 7.0 indicate acid character-
istics, Aclid waters and excesslvely alkaline waters corrode metals, The
USPHS has not recommended a maximum pH for drinking water,

Water for domestlc and some Industrial uses should be free of perceptible
color. Color in water is objectionable In food and beverage processing and
rmany manufacturing processes. Results are usually expressed as units of color
and not as mg/l. The USPHS recommends a maximum of 15 units for drinking water.

Dissolved oxygen in surface water is necessary for the support of aquatic life
which in turn, is necessary for the decomposition of organic matter., As the
temperature of water increases, the solubility of oxygen decreases. During
the summer months when streamflow Is deficlent and stream temperatures are
highest,less oxygen Is avallable. The presence of dissolved oxygen can cause
corrosion of metals. In ground water dissolved oxygen causes precipitation

of lron and rangsnese. According to rost authorities, a dissolved-oxygen con-
tent of not less than 5,0 mg/l Is needed to support varlous types of healthy
fish. The USPH has not recommended a maxirum concentration for drinking water.

High concentrations of ABS cause undesirable taste, forming, and odors. It
often Indicates presence of sewage or Industrial waste. In mid-1965 ABS
began to be replaced by LAS. Under similar optirum conditions, LAS is rore
degradable than ABS. The USPHS recommends for MBAS a maximum of 0.5 mg/l
for drinking water,

Temperature affects the usefulness of water for many purposes, For most uses,
especially cooling, water of uniformly low temperatures is desired. A rise
of a few degrees in the temperature of a stream may limit its capacity to
support aquatic life. Warm water will carry less oxygen in solution than
water at low temperatures, and a corrosive water will become more corrosive
with increased temperatures,

Excesslve concentrations are harmful or lethal to fish and other aguatic

life. Turbidity Is also undesirable in waters used by most industries,
especially In process water. Turbidity can modify water temperature. Results
are expressed In standard units, not milligrams per liter. The USPHS recom-
mends a maxirum of 5 units for drinking water.
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Figure 35.--Chemical quality of precipitation.

Map shows welghted concentrations of four constituents and pH
at five sites sampled monthly from April to December 1966,
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QUALITY OF WATER

As water moves through different environments
its chemical composition and physical character
change. Precipitation dissolves and washes mate-
rial from the atmosphere and carries it to the land
surface. Generally the dissolved=-solids content of
precipitation is very low, but occasionally it may
be high owing to impurities in the atmosphere.
Water that falls on the basin flows over the land
surface and is further modified chemically as it
comes in contact with mineral, plant, and animal
matter. Products of reactions resulting from these
contacts are carried away to streams in solution or
suspension. Reaction rates at the surface are gen-
erally slow and the dissolved-solids content of
overland flow is lower than that of the average
stream. A significant quantity of water also
reaches streams by percolating to the saturated
zone and moving laterally below the surface as
ground water. This water dissolves solutes from
earth materials, increasing its dissolved-solids
content, as it moves slowly toward nearby streams.

Natural differences in chemical quality of
water may be masked where man has substantially af-
fected the environment. The greatest contrasts in
water quality in the lower Housatonic River basin
are between the rural, undeveloped areas and the
urban=-industrial ones. Most water in rural, unde-
veloped areas is under near natural conditions and
is of good to excellent quality. Water in highly

developed areas may be poor in quality and it is
more variable, depending upon the type and degree
of man's effect on the environment.

The chemical analyses forming the basis for
this study have been published in reports listed
in the companion basic-data report (Grossman and
Wilson, 1970, p. 6). Sampling sites specifically
referred to in this report are shown on plate B
(surface water) and plate A (ground water); detail-
ed locations of all sampling sites are shown in
the companion basic-data report (Grossman and
Wilson, 1970, pl. A). The source and significance
of the chemical constituents in water are summarized
in table 20 of this report., The chemical data and
subsequent evaluation are limited to inorganic pro-
perties determined from water samples collected in
the study area.

PRECIPITATION

Constituents derived from the atmosphere may
be a substantial proportion of the dissolved
solids carried by natural streams in the lower
Housatonic River basin at high flow. Precipita=
tion samples were collected monthly at five sta-
tions in the basin during a 9-month period in
1966. The analyses of calcium, sodium, chloride,
sulfate, and pH in the rain water and dry fallout
composites (fig. 35) are precipitation-weighted

Table 21.--Chemical and physical quality of precipitation, streams, and ground water

(Chemical constituents in milligrams per liter)

Precipitation a/

Water In strea=s under natural conditions

Honthly composite
sampled April -

During high flow
(b percent flow

During low flow

Mater In aguifers b/

(99 percent flow

Upper

Decerber 1966 at duration) at 22 duration) at 22 Stratified drift Bedrock Tin 1init in

Constituent 5 stations sarpling sites sampling sites (19 wells) (3% walls) (7 wells) drinking
or property Hedian Range Fedian | Range Fedian | Rangs Fedian | Range Pedian | Range Fedian | Range water c/
Silica (Si0y) - - L.6 2.9- 7.3 , 82 2.4 -13 12 6.6 - 17 14 5.6 - 23 15 5.6 - 20 -
Iron (Fe) - - .32 ,03- 1.2 L2 .0h - .95 .06 L00- 7 .09 .02- .57 .02 .00~ R 0.3
Manganese (Mn) - - - - - 2 .0b .00- 1.7 .03 .00- .34 .09 01- 18 .05
Calcivn (Ca) 1.4 0.0 - 4.3 5.5 3.4 - 7.0 9.8 Lo - 15 12 51 =125 T 2.7 =35 6.6 2.8 - 16 -
Magnesiun {Mg) 14 .00~ 58 1.6 .5 - 2.5 3.0 1.4 - 3.9 3.3 1.6 - B.0 4.5 .5 =16 1.8 8- 5.4 -
Sodlum (Na) 1.2 .1 - 8,6 - = = E = % = = = & A
Potassiun (K) 2 0~ 5.0 - * - - 2 - = - - - -
Sodium as sodiun (Na)

plus potassium (K) - - 5.4 2.3 - 8.3 6.4 3.2 -10 8.3 3.5-15 6.2 2.8 - b7 4.8 2.8 - 8. -
Bicarbonate (ch3) 0 0 -4 6 3 =1 28 10 - L§ 26 17 -9 50 10 -176 18 m - 28 -
Sulfate (50,‘) 6.4 2.1 - 24 14 1" - 17 i 7.5 - 18 16 5.0 - 23 13 2.3 - 36 13 Lk - 37 250
Chleride (C1) 1 .2 - 6.6 8.1 2.1 - 14 B.9 3:5 =115 1 3.8 -18 3.8 1.0 - 15 7.0 1.0 = 11 250
Nitrate (NDS) .2 0- 7.6 1.3 1 - 8.4 6 0 - 5.8 z.7 .0 - 9.5 L .0 - 16 2.0 1=- 6.7 45
Dissolved sollds
(residue on evapora-
tion at 180°C) 15 : -l 51 27 -59 68 45 - 90 9 50 -138 91 0 -192 60 29 -l09 500
Hardness as EaED3 4 1 =12 20 13 -28 37 18 - 53 Ly 22 =96 55 12 -162 2k 10 - 82 &
Noncarbonate hard-
ness as CBCO3 2 o -2 15 10 - 23 12 4 - 24 20 3 -32 7 0 =39 12 1 -39 -
Specific conductance
(microchos at 25°C) 42 W -238 72 47 <107 106 57 -150 128 72 -236 147 38 -339 N 3 -178 -
pH (units) 5.0 3.9 - 9.7 6.1 5.3 - 6.6 el 6.3 - 7.4 7.0 6.4 - 7.7 7.0 6.0~ 8.6 6.9 g2 g =
Color (units) - - 14 L -2 5 3 -200 - % - & - = 15

a3/ Corposite of L5 samples of rainfall and dry fallout collected once each ronth for 9 rmonths from each of five stations.

b/ Excludes wells believed to be heavily affected by domestic or industrial wastes and by salty water from Long Island Sound.
&/ Recormended by U.S. Public Health Service (1952),
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mean concentrations that have also been weighted
for the area covered by each station by using
the Thiessen net (Fisher, 1968, p. M4). Compar-
ing the analyses of precipitation with those
from streams under natural conditions (table 21)
shows that a sizeable part of the dissolved
solids in natural streams during periods of high
flow has been contributed by the atmosphere.

The quality of precipitation in the lower
Housatonic River basin cannot be attributed to
any dominant storm during the period of record
but rather reflects local conditions (fig. 35).
Storms passing over the industrialized cities of
Bridgeport, Danbury, Naugatuck, New Haven,
Thomaston, Torrington, and Waterbury pick up
significant quantities of gaseous and particulate
impurities from fumes and smoke and return them
to the land surface in precipitation or fallout.

Sulfate is the dominant anion in precipita-
tion (figs. 35 and 36). Although sulfur-bearing
fuels burned within the study area undoubtedly
contribute major amounts of this anion, addition-
al sulfate is derived from other industrial and
metropolitan complexes encircling the basin.

Rainfall on much of the study area is dis-
tinctly acidic, probably owing to sulfur oxides
and hydrogen sulfide in the atmosphere. Atmo-
spheric water absorbs carbon dioxide until
equilibrium is reached at a pH of 5.7 (Barrett
and Brodin,_ 1955, p. 252). A pH of 5.7 is re-
garded as the neutral point with respect to
acidity of atmospheric water solutions,

Although the amount of particulate matter
carried into the basin by a single storm is small,
the cumulative effect is significant. Values for
the load of calcium, sodium, chloride, and sul-
fate that entered the basin during the 9-month
sampling period are shown on figure 36, Of
these, sulfate predominated in all months,
tember had the heaviest rainfall during the
sampling period, and all constituents except
calcium peaked in that month, The maximum chlo-
ride load, 0.75 ton per square mile, was in
September, when storms were oceanic; lesser
amounts of chloride, usually less than 0,18 ton
per square mile, were deposited during each of
the other summer months, when storms were con-
tinental.

Sep-

SURFACE WATER AND GROUND WATER
NATURAL CONDITIONS

Despite the materials carried in precipita-
tion, the quality of water in rural, undeveloped
areas is largely unaffected by man's activities:
Samples of surface water and ground water were
collected at 82 sites in areas where water quali-
ty was considered to reflect near-natural con-
ditions, The analyses, summarized in table 21,
indicate by the low dissolved-solids concentra-
tion that the chemical quality of these waters
for most uses is good to excellent, However, as
discussed on pages 50-51, water in many parts
of the basin may contain chemical constituents,
such as iron and manganese, or may have proper-
ties, such as color or hardness, that adversely
affect its suitability for use,
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ION LOAD,IN TONS PER SQUARE MILE

AVERAGE

The dissolved=solids concentration of direct
runoff is not much higher than that of precipitation
and is generally lower than that of ground-water
runoff. Therefore, the dissolved-solids concen-
tration of streamflow at high flows, which consists
chiefly of direct runoff, is lower that that of
streamflow at low flows which consists largely of
ground-water runoff (table 21). However, the load
of dissolved solids carried by streams during high
flows is greater than during periods of low flow.
The quality of stream water at low flows closely
resembles that of ground water.
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Figure 36.--Seasonal changes in four constituents

of precipitation, April-December, 1966,
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Pomperaug River at Southbury and Hall Meadow Brook near Drakeville, water year 1967.

The relatively low dissolved-solids concentrations and small range of daily flow duration indicate
that the quality of water in these streams was relatively unaffected by man's activities.
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Two-thirds to three-fourths of the dissolved-
solids concentration of water in the basin consists
of calcium, magnesium, sodium, bicarbonate and sul-
fate. The relative proportions of these dominant
constituents show that water in the basin is gener=
ally of the calcium magnesium bicarbonate type
(fig. 37). Silica is about 10 percent of the dis-
solved solids in streams at high flow and 13 per-
cent at low flow., It composes about 15 percent of
the dissolved solids in ground water, The increase
in silica content in streams at low flow reflects
the relatively high proportion of ground-water runoff
in streamflow under low-flow conditions.

The chemical characteristics of Pomperaug River
and Hall Meadow Brook are typical of streams in the
lower Housatonic River basin in which the chemical
quality of water is largely natural. These two
streams, like streams throughout the basin, drain
areas underlain principally by highly siliceous
unconsol idated sediments and bedrock that are
relatively insoluble in water. Consequently, dis-
solved-solids concentrations, as indicated by
specific conductance,are generally low and vary
inversely with streamflow (fig. 38). During the
spring high-flow period, the sulfate ion predom-
inates over the bicarbonate ion (fig. 37) as a re-
sult of the flushing of the sulfur salts in pre-
cipitation and of dry fallout that has accumulated
in the soil and rock openings.

The range between maximum and minimum dissolved=-
solids concentration for both streams, as interpreted
from daily specific conductances is small, except
for times of storm runoff (fig. 39). The small range
and low dissolved-solids concentration indicate that
both streams are largely unaffected by inorganic con-
taminants,

The Pomperaug River has a higher base level of
dissolved-solids concentration than Hall Meadow Brook
(see fig. LO), probably because the ground-water
component of runoff from the sedimentary-volcanic
aquifer in the lower part of the Pomperaug River
subbasin is more highly mineralized than ground-water
runoff from crystalline rocks in the ramainder of the
lower Housatonic River basin.

Water of the Pomperaug River and Hall Meadow
Brook under natural conditions is soft, low in sul-
fate and chloride concentrations, and close to
neutral with respect to acidity (fig. 40). Median
iron concentrations are below 0.3 mg/1 (recommended
upper limit for drinking water as prescribed by the
U.S. Public Health Service, 1962), but iron concen=-
trations vary widely and at times exceed this
recommended limit, The chemical characteristics of
water in these two streams are representative of
streams under natural conditions throughout the
Pomperaug and Naugatuck River basins, as indicated
by the similarity in the medians and ranges of con-
centrations shown in the upper and lower parts of
figure 40, Thus, the two sites, Pomperaug River at
Southbury and Hall Meadow Brook near Drakeville, can
serve as indices of natural quality in their respec=-
tive regions.

Water from streams in the Naugatuck basin is
much higher in iron concentration than water from
the Pomperaug basin (fig. 40)., Ground water in
both basins is low in iron concentration (fig. 41),
with a maximum of 0.6 mg/1 in the Pomperaug system
and 0.5 mg/1 in the Naugatuck system, Most iron
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Fiqure 40.--Range in concentrations of selected con-
stituents in samples of natural water from streams
in the Naugatuck and Pomperaug River basins.

in the streams of the Naugatuck basin is probably
derived from the decay of aquatic plants and leaves
and is flushed mainly from swamps,

Hardness  Solfste  Chioride  Digsoled I

wo BEE0; B0 CEC EE i
-1
Ewl [V '
E 100 a
S : .
B o = EXPLANATION

L] MAXIMUM

w

[ Z . |Pemperaug

- G iy el

E V 7 ‘ét N MEDIAN
Z =)
: PIE hg MEDIAN N:ug;;}:)‘
ﬂ V OE MINIMUM
= pH =

w- L4 7‘5" ] 1=2¢
Z I”WJ & 2H
o IDEEW o Z B
g 1= - = 1205 ==

P 3 =

é i Oz
e 3 gﬁ
é o
5 1

WL LA Vi 001

Figure 41.--Range in concentrations of selected
chemical constituents in samples of natural
water from wells in the Naugatuck and Pomperaug
River basins.




EXPLANATION

. —

BASIN DRAINAGE DIVIDE

S ¢

HARONESS OF
WWATER, IN

MILLIGRAMS PER LITER

GROUND-
WATER

SAMPLING SITE

A
IATER
SAMPLING SITE

€l i 120
121 ta 183
Eeeater thaa 120

€0 or lass

ml). § |

S Swathed dokt

T Tl

B Badrack

Area in which wells asd streany may yield moderstely hard 1o hard water.

SCALE

EASE EY U § GECLOGICAL SURWEY

Fiqure 42.--Hardness of water in the basin.

47



EXPLANATION

p— e

BASIN DRAINAGE DIVIDE

STREAMFLOW SAMFLING SITE

Iren concentration et high flow (mg/l)
odl

T Iren coscentration at bow flow (mg/l)
) i.nmsu;ém:l-;lmtm equaled or
GROUND-WATER SAMPLING SITE

L]
Manginese concentration of 006 mg/l or grester
o
Irea concentration of 03 mg/l or greater

a
Tren asd masgeness concentrations less than 03 =g/l asd 005 mgA, respectively.

§ Stratified drift
T Tl
Absence of letter symbol indicates
well taps bedrock.
Areas in which water may contain excessive el irca endor

o
S
]

\."f_'\_..______
Nt

— g’

lf_\l/‘il-un—hi oF

UMASTON
\ V
+ ' L y
N } b e
Letter identifies . \ 1
A humm area f,u 1 \ I‘- ?‘ !\
1 ?}_;nr?‘» LEHE ML b)) Y A
e Ll o =) 24N
=1 3‘1 #0 T | b
SCALE ) o 1 2N
L e smm : i ’__9_,%’_7 , WARGRTOWN E -
L ——" = | s ¥ 1 A
BASE BY U 5 GIOLOGICAL SURVEY ‘l‘ & A ‘5 b
\ g
'

) s
OwWN

e [(p75
| 'Lg% / /
! 3 ué_ 7 >
\'BHDNHOE ]
2

Figure 43.--1ron and manganese concentrations in water.

48



Table 22.--Comparison of calcium sulfate and calcium bicarbonate waters in the basin

(A11 values except number of samples are median values.)

Noncarbonate
(permanent) Specific
Bicarbonate Hardness hardness conductance
(as carbonate) Sulfate as CaCO as CaCO3 (micromhos’
Type of water (percent) (percent) (mg/1) (mg/1) at 25°C) pH
Calcium=sulfate
(16 samples) 14 27 45 22 135 6.8
Calcium=bicarbonate
(23 samples) 38 4 78 L 215 75
The analyses of water from wells tapping the Hardness as Hardness
principal aquifers in the two basins (fig. Ll1) are CaCO3 (mg/1)  description Suitability

considered to represent the natural ground-water
quality throughout the lower Housatonic River basin,
Ground water throughout the study area is_princi-
pally of the'caIC|um?magneS|um\blcarbonate type
“(fig. 37), although- 16 vwells sampled yielded water
of the Jealcium sulfate type. Of the 16 wells yield-
ing calcium sulfate type water, 5 tap stratified
drift, 4 tap till, and 7 tap bedrock. The uncon-
solidated aquifers may be yielding some water that
has passed through bedrock and is, therefore, some-
what similar to water from bedrock, The Stiff-type
diagrams (fig. 37) for water of the calcium sulfate
type are skewed to the upper left and lower right.
Such water has a lower pH and a higher noncarbonate
hardness (table 22) than the dominant water of the
calcium bicarbonate type,

The chemical quality of 30 lakes, ponds, and
reservoirs, summarized in table 23, is generally
excellent and is largely unaffected by man's activ-
ities, The median dissolved-solids concentration is
60 mg/1, median hardness is 32 mg/1, and most waters
are slightly acidic.

The quality of lakes, ponds, and reservoirs is
also measured by nutrient balance, dissolved-oxygen
concentration, and thermal gradients, In the lower
Housatonic River basin, studies of the chemical
characteristics and limnology of Lake Zoar (plate B)
have been made by the Connecticut Water Resources
Commission and the State Board of Fisheries and
Game. A detailed study on the nutrient balance of
the lake by the Connecticut Agricultural Experiment
Station at New Haven was under way in 1967.

Hardness

Hardness is a property of water that determines
the quantity of soap required to produce a lather
and is expressed as calcium carbonate (CaC0,). (See
table 20.) In this report, unless otherwisé noted,
hardness refers to carbonate hardness, commonly
called temporary hardness, The familiar terms
""hard water'' and ''soft water' are imprecise and not
equally weighted by all authorities. The following

classification is used by the U.S. Geological Survey:
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0 - 60 Soft Suitable for many uses
without softening.
61 - 120 Moderately Usable without soften-
hard ing except in some
industries.

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

181 or more Very hard Softening required for

most purposes.

Table 23.--Chemical and physical quality of lakes,
ponds, and reservoirs

(Chemical constituents in milligrams per liter)

Constituent or

property Median 2/ r Range 8/
Silica (SiOz) 3.0 0.2 - 5.1
Iron (Fe) 6 .01 - .80
Manganese (Mn) .05 .00 - .21
Calcium (Ca) 8.6 2.6 - 24
Magnesium (Mg) Vs 6 - 9.0
Sodium as sodium (Na)

plus potassium (K) 5.0 1.5 - 9.2
Bicarbonate (HCDB) 20 0 - 89
sulfate (504) 14 5.6 - 30
Chloride (C1) 6.4 .2 - 19
Nitrate (NO3) .5 1 - 1.6
Dissolved solids 60 20 - 134

(residue on evapor-

ation at 180°C)
Hardness as {:al:03 32 9 - 97
Specific conductance 85 22 - 187

(micromhos at 25°C)
pH 6.8 3 = 7.5
Color 5 3 - 20

a/ Based on snalyses of single samples from 30 lakes, ponds, and reserveirs.



Water having a hardness of more than 120 mg/1 is com-
monly softened for household use. Softening of
municipal supplies is costly, but is generally
advantageous if the hardness cannot be reduced to
about 120 mg/1 by dilution with softer water from
other sources, The problem of hard water and use of
water softeners has been fully described by Wilke

and Hutcheson (1962).

Stream water throughout the basin is commonly
soft (table 21), and, although ground water is
typically harder, it is generally below 120 mg/1.
Samples from 60 wells were analyzed for hardness;
of these, 60 percent were soft, 33 percent moderately
hard, and 5 percent hard. Water from stratified
drift and till is commonly softer than water from
bedrock.

Natural water that is moderately hard to hard
is concentrated largely in three areas (fig. 42)
based on analyses from 214 sampling sites reflecting
either natural or man-affected ground and surface
water, Bedrock units throughout the basin contain
scattered limey lenses or concentrations of calcium
silicate minerals, and these coincide in a general
way with the patterned areas shown on flgure 42,
Water in these areas may be hard enough to be trouble-
some for some uses. Analyses of moderately hard to
hard water are illustrated on figure 37 by the Stiff-
type diagrams, which are characteristically enlarged,
or 'winged', along the calcium magnesium bicarbonate
axis,

Water from the Housatonic River and nearby wells
is harder than that from the streams in the basin as
a whole. The hardness associated with the Housatonic
River (stippled pattern, fig. 42) is the result of
geologic conditions upstream from the report area.

A part of the Housatonic River and many of its tri-
butaries in western Massachusetts and northwestern
Connecticut flow through extensive areas of carbonate-
crystalline bedrock (mainly marble) and glacial sedi-
ments derived from it. Cervione and others (1972,

p. 24, table 15) report that natural streams in the
upper Housatonic River basin during low=flow condi-
tions had a hardness ranging from 56 to 188 mg/1,
with a median value of 112 mg/1 for seven analyses.
In the report area, Housatonic River water at
Stevenson had a hardness ranging from 64 to 165 mg/1,
with a median of 120 mg/1 for 21 samples., The

values for natural streams at low flow throughout

the report area (table 21) had a median of 37 mg/1.

Thus the hardness characteristics of the Housa-
tonic River and well water obtained from it through
induced infiltration reflect upstream rather than
local conditions, at least as far south as its
confluence with the Naugatuck River,

Iron and manganese

Iron and manganese are only a minor part of
the dissolved solids in the basin, but, because of
their special characteristics, iron and manganese
in concentrations of 0.3 mg/1 and 0.05 mg/l or more,
respectively, are objectionable for domestic uses
(table 20). Even concentrations of iron and man-
ganese less than 0.3 mg/1 and 0.05 mg/1, respectively,
can cause staining problems for the consumer with
continued heavy water usage over a long time period.
Iron concentrations as low as 0.2 mg/1 may produce
undesirable effects particularly if appreciable
manganese is also dissolved in water. Manganese
resembles iron in its general behavior; because
manganese is commonly assocliated with iron, its
effects may be masked by those of iron,

Iron and manganese concentrations are exces=
sive in streams and aquifers in many parts of the
basin, as shown on figure 43, Chemical analyses
of 49 raw water sources from selected public-supply
systems (table 29) show 9 contained excessive iron
concentrations and 32 had excessive manganese con-
centrations,

Many streams in the lower Housatonic River
basin that drain swamps contain objectionable
concentrations of dissolved iron during high flow.
Swamp vegetation assimilates iron during growth,
and subsequent decay releases it to swamp water;
evaporation concentrates the iron, and, during
periods of heavy rainfall, the discharge from swamps
carries large quantities of accumulated iron and
also, presumably, organic matter, downstream.

Table 21 indicates that the median iron concentra-
tion at 22 stream sites was 0,12 mg/1 during a
period of low flow in August 1965, compared with

a median value of 0,32 mg/1 during a period of high
flow in March 1966, Only 27 percent of the low-flow
samples contained 0.3 mg/l or more iron, whereas

59 percent of the high-flow samples contained 0.3
mg/1 or more iron. The higher median concentration
of iron and higher percentage of samples containing
objectionable quantities of iron in 1966 are pro-
bably due to the flushing of swamp areas during the
spring thaw and periods of heavy precipitation.
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Figure 44,--Daily iron concentration in the Pomperaug River at Southbury, 1961 water year.
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Iron concentration was 0.3 mg/1 or greater 6 percent of the time, and 0.2 mg/1 or greater 22 percent of the time.
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|ron concentrations also are excessive during
low flow in streams that receive ground water from
iron-bearing aquifers. Examples in the lower Housa-
tonic River basin include the Pomperaug River and
lall Meadow Brook, as shown on figure 43, Excessive
concentrations along the Naugatuck River are dis=
cussed in a subsequent section titled ''Surface-Water
Contamination."

Daily iron concentrations in the Pomperaug
River at Southbury (fig. 44) vary widely but, like
dissolved solids (fig. 38), are generally highest
during periods of low streamflow and lowest during
periods of high streamflow., During the 1961 water
year, water samples had iron concentrations of at
least 0.3 mg/1 about 6 percent of the time, and of
at least 0.2 mg/1 22 percent of the time. Flushing
of swamps in the watershed probably accounts for the
high concentrations during February and June. lron
concentrations exceeding 0.2 mg/1 during the remain-
der of the summer-fall period probably resulted from
ground-water discharge to the river.

Iron and manganese accumulate in the bottom
material of lakes and ponds in the basin. During
early stages of turnover these two constituents
redissolve and circulate upward, remaining temporar-
ily in solution until oxidation and precipitation
transfer them downward again. Thus, these lakes and
ponds intermittently discharge the iron and mangan-
ese to streams fed by them. This condition may
account for the high concentrations of 0.66 mg/1
iron and 0,28 mg/] manganese in water from the out-
flow of Seymour Reservoir No. L in September 1966.

Aquifers in the basin that are uncontaminated
by wastes commonly yield clear water containing
little or no iron or manganese., The percentage of
wells sampled whose water contained iron or mangan-
ese at least equal to the limits recommended by the
U.S. Public Health Service for drinking water is
indicated on the following table,

AQUIFER
Strati= Crystal-
fied line bed-
drift Till rock
No. of wells sampled for:
Iron and manganese 19 7 34
Maximum concentration:
Iron (mg/1) 0.71 0.1 0.57
Manganese (mg/1) 1.7 0.18 0.34
Percent of wells sampled
containing at ]7a5t:
0.3 mg/1 iron = 21 0 12
0.05 mg/1 manganese Y 37 86 L

1/ Upper limit recommended for drinking water by
the U.S. Public Health Service.

These percentages may not reflect conditions for
the report area as a whole because sampling was more
intensive wherever iron and manganese bearing water
was known to be a problem,

High concentrations of iron and manganese in
ground water are widely distributed in the lower

Housatonic River basin; figure 43 shows four areas
where high concentrations are more .common than
elsewhere in the report area., In general, these
areas are underlain either by schist, by undiffer-
entiated crystalline rocks that may contain schist,
or by the sedimentary-volcanic aquifer, (See fig.
17.) These rock types commonly contain iron sul-
fides, iron silicates, and associated manganese
bearing minerals.

Area A on figure 43 is located in the northern
part of the basin along the western drainage divide
and includes parts of the towns of Litchfield, Morris,
and Torrington., Analyses indicate that manganese
may be more troublesome than iron here, Cervione
and others (1972, p. 61) report that 8 of 11 bed-
rock wells sampled in the upper Housatonic River
basin adjacent to area A yielded water exceeding
the U.S. Public Health Service recommended drinking-
water limits for iron or manganese,

Area B is along the eastern drainage divide
and occupies parts of the town of Bethany, Naugatuck,
Plymouth, Prospect, Waterbury, and Wolcott. With-
in the basin, it coincides with the distribution
of a rusty colored weathered schist. Concentra-
tions in this area were as high as 0.43 mg/1 iron
and 0.43 mg/1 manganese, and water from approxi-
mately 90 percent of the wells sampled exceeded
0.05 mg/1 manganese.

Area C is in the extreme southeast, along the
eastern drainage divide and includes part of the
towns of Milford and Orange. Iron concentrations
in this area are generally less troublesome than
in the two previously discussed, but locally ex-
cessive concentrations were found.

Area D is in the west-central part of the basin
and occupies parts of the towns of Southbury and
Woodbury. It coincides with the area of the sedi-
mentary=volcanic aquifer in the Pomperaug River
basin. The iron and manganese in the ground water
in this area are probably attributable to iron sul-
fide minerals. Of five bedrock wells sampled, four
had water with troublesome amounts of iron and
manganese; the maximum concentrations were 0.57
mg/1 and 0.34 mg/1, respectively. Four wells tap-
ping the overlying stratified drift in the same
area yielded samples with lesser amounts of these
constituents.

Color

small streams draining swamps in the basin are
often colored light to dark amber owing to the
presence of organic material, which releases plant
substances, such as tannin, to water. Iron may be
a significant constituent of color in water, but
it is not the only one., In autumn, large accumu-
lations of leaves release colored extracts to water.
In addition, diatoms and algae may add color to
streams. Surface water draining red or brown soils
becomes highly colored during periods of high flow,
owing to suspension of clay-size particles.

Color measurements in 22 streams sampled dur-
ing the high-flow period ranged from L to 27 color
units; the median was 14, During the low=flow
period, the range was 3 to 200 color units, with
a median of 5. Water from the site having 200



color units contained flow from a swamp. Of the 22
stream samples collected at the high-flow period,
10 exceeded the maximum recommended limit of 15
color units for drinking water (U.S. Public Health
Service, 1962). However, of the same number of
samples collected at Tow flow, only one exceeded
the 1imit. Color in water is undesirable for
laundering, ice-making, manufacturing pulp and
paper and for many other industrial uses, Gener=
ally, 5 to 10 units is permissible in water for
industrial use. Many streams in the basin exceed
these limits at times, both at high flow and low
flow.

Temperature

Temperature has varied effects on the chemical,
physical, and biological properties of water. It
influences the solubility of most minerals, the rate
of oxidation of organic matter, the settling rate of
suspended sediment, and the ease of mixing and the
degree of stratification of ponded water. For indus-
tries using water for cooling, the temperature of
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water may be more important than its chemical
quality.

The temperature of water changes continuously
and differs from place to place. As shown on
figures 45 and L6, stream temperature follows a
seasonal pattern that closely corresponds with
alr temperature., Freezing=-point temperature is
reached, or nearly reached, in most streams during
the winter months for at least brief periods of
time; maximum temperatures commonly occur in July
and August., This pattern is repeated from year
to year, although it may be slightly out of phase
in some years. The temperature of Hall Meadow.
Brook near Drakeville, in the northern part of the
report area, ranged from 0° to 26°C during the
1967 water year. In this area the mean water tem-
perature for this period (8.6°C) closely approxi-
mates the mean annual air temperature of the 1930-
63 period (8.3°C) (Brumbach 1965, p. 18). The
temperature of the Pomperaug River at Southbury,
about 27 miles south of the Hall Meadow station,
showed exactly the same range for the same period,
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Figure 45, --Temperature of Hall Meadow Brook near Drakeville and

alr temperature at Shepaug dam, water years 1966-67.

Monthly temperature of Hall Meadow Brook closely follows mean

monthly air temperature,
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Figure 46,--Temperature of the Pomperaug River at
Southbury and the air temperature at Danbury,
1967 water year.

and its mean water temperature for this period (11°C)
also approximates the mean annual air temperature
for this area (9.4°C).

Because the temperature of water is important
for various industrial uses, it was measured con=-
tinuously or once dally at five sites on streams in
the basin. Table 24 shows the extremes of these
measurements and the values equaled or exceeded for
selected periods of time.

In the lower Housatonic River basin, parts of
Beaver Dam Lake, Lake Quassapaug, Scoville Reservoir,
Stillwater Pond, and Lake Zoar are thermally strati-
fied (Connecticut Board of Fisheries and Game, 1959).

In these lakes and others like them, temperature
changes and stratification follow seasonal pat-
terns. During certain seasons of the year thermal
gradients exist between top and bottom, and bottaom
water temperature differs considerably from ambient
air temperature, as shown on figure L7. In

summer, a layer of warm water (epilimnion) 1s near
the surface; below it, In the middle layer (thermo-
cline), temperature decreases rapidly with depth;
and in the lower layer (hypolimnion) the water is
coldest, and the circulation is minimal,

The relationship of water temperature, dis-
solved-oxygen concentration, and pH to depth of
water is shown on figure 47 for selected water
bodies, based on data collected by the Connecticut
Board of Fisheries and Game., Lake Quassapaug and
Stillwater Pond, in the upper part of the figure,
show stagnant conditions, with warm water in the
upper layer and cooler water in the lower layer.
In the fall, the temperature of water in the upper
layer drops, and mixing takes place until the
entire lake is nearly uniform in temperature. Two
periods of mixing each year, in the spring and
autumn, break up the gradients and bring about a
relatively uniform distribution of all dissolved
materials in the water body. Hitchcock Lakes and
Swans Lake, in the lower part of figure 47, lack
thermal stratification,

Aquatic 1ife may be able to adjust to a sea-
sonal warming of water, but it can be destroyed by
a lack of dissolved oxygen, Within the thermocline
dissolved-oxygen content drops sharply, accompanied
by a rise in the concentration of the gases result-
ing from the decomposition of aquatic biota, Below
the thermocline, the concentration of dissolved
oxygen reaches a minimum (often zero), while the
concentration of gases of decomposition reaches a
max i mum.

During the spring and autumn overturns, the
pH of water is generally uniform from surface to

Table 2L4.--Duration of surface-water temperature in the basin

Water temperature (°C)
Equal to or greater than values shown
for indicated percentage of time

Frequency of | Water

Station Minimum 5 25 75 95 Maximum measurement year(s)
2040 Pomperaug River 0 Maximum 24 21 3 1.5 26 Continuous 1967
at Southbury Minimum 21 17.5 7.5 2 ]
2050 Lake Zoar 0 26 22 2,5 0 32 Once~-daily 1961-67
at Stevenson
2055,.61 Hall Meadow 0 Maximum 23 19 10.5 1.5 .5 26 Continuous 1966-67
Brook near Minimum 19.5 15 1.5 0
Drakeville
2060 Naugatuck River 0 26 20 12,5 4 .5 28 Once=-daily 1958
near Thomaston
2085 Naugatuck River 0 Maximum 28,5 23.5 7 3.5 30.5 Continuous 1966-67
at Beacon Falls Minimum 24 19.5 10,5 4,5 1.5
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Figure 48,--Water temperature from Shelton Reservoir and Huntington well

Tleld, and alr temperature at Bridgeport Airport, 1965-66.

(Water temperature supplied by Bridgeport Hydraulic Company)

bottom, Iron, manganese, color, and turbidity may
increase as a result of the overturn, because
oxidation-reduction processes are triggered by
dissolved oxygen and cause the iron and manganese
in the bottom materials to circulate. Thus, during
the overturn, the vertical mixing of the waters
results in a deterioration in quality.

Ground water generally has a narrower range In
seasonal temperature than surface water. For many
uses it is, therefore, a more desirable source than
surface water, particularly in summer when cool
water is needed for industrial operations and for
air conditioning. The seasonal temperature fluctua-
tions of shallow ground water lag behind those of
atmospheric temperature, but for the year, average
ground-water temperature is about the same as the
mean annual air temperature. Temperatures of shallow
ground water, surface water, and air for 1965-66 are
compared on figure 48, The ground-water temperature
only varied about 9°C throughout the year, as compared
with 23°C for surface water from the Shelton Reservoir,
Brumbach (1965, p. 18) reports that the mean annual
air temperature in the area of these two sites is
about 10°C; the ground-water temperatures illustrated
in figure 48 remained within a few degrees of this
mean.

SURFACE-WATER CONTAMINATION

Man's use of water almost always changes its
quality, Most water withdrawn from streams and wells
for domestic and industrial use is returned to streams
or to the ground with its dissolved-solids concentration
increased and its temperature changed. The extent
of manmade changes in quality depends largely on the
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degree of agricultural development, population
density, urban development, and industrialization,

Manmade changes in the quality of surface
water in the lower Housatonic River basin can be
recognized by a high dissolved-solids concentra-
tion, excessive amounts of certain trace elements,
a low dissolved-oxygen concentration, and abnor-
mally high temperatures.

Dissolved=solids concentration

The commonest effect of manmade change in the
quality of surface water in the basin is an in-
crease In dissolved=solids concentration. Figure
L9 shows relatively high concentration of dis-
solved solids in water of a few small tributaries,
along much of the Naugatuck River, and the estua-
rine part of the Housatonic River. The values
shown are close to maximum because measurements
were made during the low streamflow period in
1965, when most streamflow was in the range 90-
to 99-percent duration flow. Dissolved-solids
concentration was determined from specific con-
ductance measured in the field at more than 300
sites. The relationships used for converting
specific conductance to dissolved-solids concentra-
tion were determined from laboratory analyses of
water samples from the basin,

The Naugatuck River serves as a striking
example of a stream whose chemical quality is
largely determined by the amount, type, and timing
of manmade wastes discharged into it. During the
last century the Naugatuck valley from Torrington
to Ansonia has become highly industrialized and
urbanized, and the River has long served as a
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Fiqure 49,-=Maximum observed concentrations of dissolved solids in

streams and in ground water during low flow in 1965,

During low streamflow periods the dissolved-solids concentration of streamflow
reflects the water quality of the contributing ground water except In areas

where stream-water quality is heavily affected by man's activity.
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of Naugatuck River near Thomaston, 1958 water year

(after Cushman and others, 1965).
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Figure 52,--Range of dissolved-solids concentration and daily mean discharge for the Naugatuck River at

Beacon Falls, April 1966 through September 1967.

convenient receptacle for a growing volume of wastes.
The abruptness and frequency with which water quali=
ty changes along the stream course during the day are
striking, and manmade effects are so pronounced that
they are easily distinguishable and readily measured,

even during periods when increased runoff is effective

in diluting wastes,

Daily and seasonal variations in dissolved-
solids and iron concentrations in the Naugatuck River
at Thomaston during water year 1958 were reported by
Cushman and others (1965). As shown on figure 50,
the dissolved-solids concentration,as estimated from
specific conductance, ranged from 40 to 220 mg/1;
the time-weighted average for the 1958 water year
was 82 mg/1. Changes from day to day were more pro-
nounced during low streamflow periods than during
high periods (fig. 50), although the pattern of
seasonal change is similar to the pattern in the
Pomperaug River, which is relatively unaffected by
man's activities. Daily iron concentrations in the
Naugatuck River during the 1958 water year ranged
from 0,04 mg/1 to 1.8 mg/1 and fluctuated widely in
short periods of time, as shown on figure 51. |Iron
concentrations for the period sampled were at least
0.3 mg/1 47 percent of the time and at least 0,2
mg/1 80 percent of the time. In contrast, iron con-
centrations in the Pomperaug River fluctuated over
a relatively narrow range, and iron concentrations
exceeded 0.2 mg/1 only 22 percent of the time.

(See fig. L4,) Although the two rivers were sampled
at different times, conditions in the Pomperaug
River have probably changed little over the years.

Conditions similar to those at Thomaston, but
with a wider range in dissolved=solids concentration
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have been observed in the Naugatuck River at Beacon
Falls. Figure 52 shows maximum and minimum daily
dissolved=solids concentration as estimated from
specific conductance, and mean daily discharge
from April 1966 through September 1967; and fig-
ure 53 illustrates the character of wide and
erratic hourly changes in dissolved=-solids con=
centration. Much of the time during the 12-day
record (July 1 to 12, 1966) shown on figure 53,
dissolved-solids concentration fluctuated between
240 and 420 mg/1. However, on July 8 it rose to
about 1,300 mg/1, maximum for the period of record,
in only 4 hours. In contrast to these wide fluctu-
ations, the dissolved-solids concentration of
water of Hall Meadow Brook, a stream free of in-
dustrial discharges in the headwaters, remained
uniformly low during the same 12=-day period,
Fluctuations of dissolved=-solids concentration

in the Naugatuck River at Beacon Falls were the
smallest for the period of record from April to
June 1967, a time of reduced industrial activity

in the Naugatuck-Waterbury area (fig. 52).

Analyses of 22 water samples collected at
Beacon Falls during 1966 and 1967, span a wide
range of quality conditions and therefore can be
used in a general way to contrast the quality of
the Naugatuck River with that of the Pomperaug
River (fig. 54). Median and extreme values for
hardness, sulfate, chloride, dissolved solids, and
iron were all substantially higher in the Naugatuck
River than in the Pomperaug River.

An example of the type and magnitude of varia-
tions in water quality that may occur along the
Naugatuck River is shown diagrammatically on figure
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55, based on samples collected in August 1965 and
October 1967, The low dissolved-solids concentration
of water in Hall Meadow Brook, a headwater tributary
of the Naugatuck River, indicates water relatively
unaffected by man at the upstream end of the profile.
Dissolved-solids concentration of water in the Nauga-
tuck River in the Torrington area about doubled, i
owing chiefly to increases in sulfate, sodium,
chloride and nitrate. Between Torrington and Thomas-
ton Dam, water of relatively good quality enters from
tributaries, diluting the concentration of dissolved
solids of the River., Increased dissolved solids at
Thomaston resulted from the addition of waste effluents
there, followed by normal dilution downstream to
Waterville. From there to Ansonia, changes were
erratic, with the highest concentrations at Beacon
Falls, probably owing to effluents discharged in the
Naugatuck area., Data collected during a period of

a year showed that the magnitude of downstream
changes in chemical characteristics is at times

even greater than that shown on the profile of fig-
ure 55, For example, downstream increases in
dissolved-solids concentrations may be greater than

a hundredfold in this reach,

Characteristic of the Naugatuck River during
the period of study was its marked change In pH.
The lowest pH of the Naugatuck samples was 3.1 units.
When water becomes strongly acid (below 4,5 units)
the bicarbonate constituent becomes zero, as shown
on figure 55, Such drastic changes in pH facili-
tate mobilization of metals that have attached them-
selves to the fine sediment or in organic coatings
on sand and gravel along the streambed.
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River (after Wilson and others, 1968).

Trace elements

Examination of the concentrations of trace
elements in water of the Naugatuck River provides
a basis for evaluating the effects of industrial
developments on water quality. Plate B shows the
location of 7 sites on the Naugatuck River where
samples were collected for spectrographic analysis
by the residue method of Haffty (1960). A total
of 15 samples were collected during 1961, 1966,
and 1967; 1 to 3 samples were collected for analy-
sis at each site., More than 60 trace elements
were sought in the first samples collected, but
only 17 trace elements were present in concentra-
tions above the limit of detection in most of the
samples.

The relatively large concentrations of trace
elements in the Naugatuck River at the time the
samples were collected (fig. 56) demonstrate the
presence of industrial wastes in the river. The
median values of these elements were substantially
above the medians of major North American rivers
(Durum and Haffty, 1963), also shown on figure 56,
and most were above the highest values determined
in the headwater tributary (Hall Meadow Brook).
Concentrations of chromium, copper, and zinc
were higher than other trace elements detected in
the Naugatuck River. The median values for con-
centrations of chromium and copper were approxi-
mately 100 times those of the major North American
rivers; the median concentration of zinc was more
than 1 mg/1 in the Naugatuck River, but was below
the level of detection in more than half of the
observations in the major North American rivers.
The concentration of a few trace elements in the
basin had so wide a range that further discussion
is merited.

Aluminum is the most abundant metal on the
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Figure 56.--Concentrations of trace elements.

Medians and extremes of selected trace constituents in water from the
Naugatuck River valley compared to medians of major streams in North

America.

earth's surface, but its concentration in natural
water is commonly less than 1 mg/l. |ts disas-
sociated ion, Al1***, can be abundant in acid waters
with a pH below 5, or as a hydroxide. The concen=
trations of aluminum detected in the Naugatuck River
ranged from 0.040 mg/1 to 0,320 mg/1, with a median
concentration of 0,150 mg/1, slightly below the
median for most North American rivers (fig. 56), but
higher than concentrations in the headwaters, which
ranged from 0.035 to 0.061 mg/l1.

Chromium (total) had a median concentration of
0.5 mg/1 in the Naugatuck River, approximately 100
times greater than the median observed for the major
North American rivers and more than 1,000 times
greater than that of the natural water of the basin.
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The minimum concentration was approximately 10
times greater than the median for North American
rivers. Very little chromium in water is from
natural sources, so the values on figure 56
indicate significant introduction of chromium

into the Naugatuck River at the time of the study.

Copper had a median concentration of 0.58
mg/1 Tn the Naugatuck River, more than a 100 times
the median of 0,005 mg/1 for major North American
rivers (fig. 56); concentrations of copper in the
River ranged from 0,130 to 5.8 mg/1. Together
with chromium, copper concentrations were among
the highest of the concentrations of trace ele-
ments in the Naugatuck River, indicating signi-
ficant introduction of copper into the River at
the time of the study,



Figure 56 shows that lead, molybdenum, nickel,
silver, and zinc are a few of the other trace ele-
ments detected that had ranges and median concen-
trations greatly exceeding those of the headwaters
in the basin and the median values for major North
American rivers,

Dissolved oxygen

Dissolved=oxygen concentration of water is an
indirect measure of pollution loads of streams.
The solubility of oxygen in water is mainly a func-
tion of temperature and pressure and in fresh waters
ranges from 14,6 mg/1 at 0°C to about 7 mg/1 at 35°C
under 1 atmosphere of pressure (sea level). The
dissolved-oxygen concentration of a stream is com-
monly expressed as a percentage of the saturation
(amount of oxygen the stream can hold at a given
temperature),

Oxygen In a polluted stream may be severely
depleted by oxidation of the biodegradable material
but it may also be removed by vegetal decay and plant
respiration. On the other hand, oxygen may be added
by photosynthesis of aquatic vegetation and by
mechanical aeration of flowing water, If the rate
of depletion of oxygen is greater than the rate at
which oxygen is replenished, the stream condition
will tend to worsen.

A dissolved=oxygen survey of the Naugatuck River
on October 5, 1967 (fig. 57), showed substantial
variations in the percentage saturation of dis-
solved oxygen along the stream. Measurements were
made during a time of low streamflow, when, other
things being equal, pollution loads of streams
could be expected to be highest and dissolved=
oxygen deficiencies could be expected to be great-
est owing to minimum dilution. In areas of abundant
aquatic vegetation, such as in the headwaters area,
measurements were made between 7 and 8 a.m., to
minimize the effects of additional oxygen contributed
by photosynthesis. Downstream from Waterville, aqua-
tic vegetation is sparse, and temporal variations
of dissolved oxygen are controlled largely by varia-
tions in opaqueness of the water and the amount of
wastes in the stream. Although the measurements
shown on figure 57 span a period of only 10 hours,
they probably delineate the nature of major varia=
tions in dissolved oxygen from headwaters to mouth
with reasonable accuracy.

The Survey showed that the headwaters of the
Naugatuck River upstream from Torrington were well
saturated with dissolved oxygen and that aquatic
life was abundant. However, at Torrington, the
dissolved=-oxygen concentration of the stream was
only 16 percent of saturation, largely because of
sewage. In the reach between Torrington and Camp-
ville, many riffles produced mechanical aeration,
and the saturation increased to 68 percent. Up=
stream from Thomaston, reaeration further increased
saturation to nearly 100 percent, but, farther
downstream, discharge of sewage decreased satura-
tion by 20 percent. In the Waterville-Waterbury
area, prevailing chemical toxicity probably elimin=
ated the bacteria population; however, oxygen demand
on the stream continued, owing to chemical and
organic decomposition of wastes, and there was a LO-
percent depletion in oxygen saturation between the
Waterbury sewage-treatment plant and Beacon Falls.
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Figure 57.==Profile of dissolved=oxygen saturation
in the Naugatuck River, October 5, 1967.

North of Seymour, constrictions, riffles, and fall
promoted reaeration before the final oxygen deple-
tion in the tidal section upstream from the con-
fluence with the Housatonic River. The 30-percent
saturation measured in the last reach was equi-
valent to 2.7 mg/1 dissolved oxygen.

Temperature

As in other streams in the basin, temperature
changes of water in the Naugatuck River follow a
seasonal pattern (fig. 58), similar to the pattern
followed by air temperature; temperature decreases
in the fall, is near freezing in winter, and grad-
ually increases in the spring. However, comparison
of water temperatures given in table 24 shows that
temperature in the Naugatuck River at Beacon Falls
ranges consistently from 2°C to 4°C higher than
that in the Pomperaug River at Southbury, even
though, according to Brumbach (1965, p. 18), air
temperature is similar, The same condition is
true most of the time for the Naugatuck River at
Thomaston. These data suggest that water in the
Naugatuck River below Torrington during the period
of study was warmed by heated discharges.

GROUND-WATER CONTAMINATION

Ground-water quality in parts of the lower
Housatonic River basin has been altered by the
movement of industrial and domestic wastes into
aquifers. The alteration has resulted principally
from induced infiltration of stream water contain-
ing chemical wastes, from storage of wastes on the
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Figure 58.--Temperature of Naugatuck River at Beacon Falls

and air temperature at Mt. Carmel (9 miles east of Beacon Falls).

Jround surface, and from septic-tank effluents.
Contamination may be suspected in well water that
contains unusually high concentrations of dis-
solved solids, sulfate or trace elements, or that
contains nitrate, chloride, detergents, coliform
bacteria, or other constituents that are usually
absent or insignificant in natural water. Based
on analytical determinations and an understanding
of the local environment, the contaminants were
grouped into two classes, industrial wastes and
domestic wastes.

Industrial wastes

Water from wells tapping stratified drift in
the Naugatuck River valley contains high concentra=
tions of dissolved solids (fig. 49), is commonly
hard (fig. 42), and has high concentrations of iron
and manganese (fig, 43). Induced infiltration of
contaminated water from the Naugatuck River is
largely responsible for the poor quality of ground
water here, although chemical wastes dumped on the
ground are also a source of contamination. Figure
59 compares the chemical characteristics of 29
samples of water from wells probably affected by
industrial contaminants with those of water from
33 wells in the Naugatuck River subbasin unaffected
by industrial contaminants,

The type and degree of ground-water contamina-
tion by industrial wastes depend upon a variety of
‘omplexly interrelated factors, These include:
sineral equilibrium of the water, type and concen-
tration of contaminants, distance of the well from
the source of contamination, rate and frequency
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Figure 59.--Range in concentration of selected con-
stituents of natural and contaminated ground
water in the Naugatuck River basin,

of pumping, characteristics of well construction,
and aquifer and soil characteristics. Commonly,
water from neighboring wells differs widely in
quality, and the chemical character of water from
single wells changes from month to month., Ana-
lyses of samples from 17 wells tapping stratified
drift along the Naugatuck River in the Waterbury-
Naugatuck area showed the following median and
extreme values for selected characteristics:



Median (mg/1) Range (mg/1)

Dissolved solids 215 80-k415
Sulfate 79 21-234
Hardness 131 32-202

Sulfate concentrations ranged from 67 to 234
mg/1 (in 70 samples of water collected from WB 10a)
during 1944=59 (Cushman and others, 1965, p. J59).
This wide range can be attributed principally to
changes in the proportion of water induced from
the Naugatuck River, located only 250 feet from the
well, and to variations in chemical composition of
water in the river. (See pl. B.) Median sulfate
concentration was 94 mg/1 during August 1966 to
September 1967, equal to 35 percent of the dissolved
solids, |In contrast, the median for natural ground
water in the Naugatuck River subbasin is only 11
mg/1 (fig. 59).

Contamination from industrial wastes is also
indicated by relatively large concentrations of
several trace elements in water from wells along the
Naugatuck River valley. Dorrler (1968) reported
concentrations as high as 0,37 mg/1 chromium, 0,28
mg/1 copper, 0,47 mg/1 zinc, and 3,1 mg/l manganese
in water from six wells sampled in this area.
Figure 56 shows that concentrations of 15 of 17
trace elements in a sample of contaminated water
from WB 10a were higher than they were in a sample
of uncontaminated water from NA 16, Both wells
tap stratified drift, but NA 16 is in a tributary
valley upstream from sources of industrial contam-
ination. The concentrations of trace elements in
water from WB 10a presumably varied erratically,
just as the concentrations of major elements did,

When water from the Naugatuck River enters the
stratified drift, equilibrium conditions change and
some metals may precipitate or settle around parti-
cles of aquifer material. Infiltration of water of
higher acidity may remobilize some of these metals
and result in anomalously high concentrations of the
metals In ground water. For example, in the sample
from WB 10a (fig. 56), concentrations of eight
elements exceeded those of the median values of the
Naugatuck River; three of these=--manganese, silver,
and strontium=-exceeded the maximum determined for
the Naugatuck River,

Screens of some industrial wells in the Nauga-
tuck River valley have become heavily encrusted after
years of use. The encrustations of laterals of a
horizontal collector well, NA 35 at Naugatuck, were
reported to be 2 inches thick when examined in 1967.
In at least some installations, the encrustation is
related to the high iron and manganese contents of
well water, Commercial analyses of water collected
during 1952-66 from well NA 35 showed an average
concentration of 7.3 mg/1 iron and 5.7 mg/1 mangan-
ese. Concentrations as high as 14 mg/1 iron and
about 10 mg/1 manganese were reported. Neither the
Naugatuck River nor the natural ground water in the
area s known to have such high concentrations of
these constituents, (See figs. 43 and 59.) Pro-
bably much of the iron and manganese was redis-
solved from the stratified drift by infiltrating
river water of low pH as it moved toward the well.
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Domestic wastes

Many homes supplied by wells in the lower
Housatonic River basin discharge their domestic
vaste water into septic tanks, and effluent from
the tanks is a potential ground-water contaminant.
Under natural conditions, ground water in the
basin contains only small amounts of nitrate,
chloride, and coliform bacteria and Is completely
free of detergents., Thus, unusual quantities of
any of these constituents reflect the activities
of man.

Unusually high concentrations of nitrate in
ground water may indicated contamination by human
and animal wastes or by nitrate fertilizers, The
upper limit of nitrate recommended for drinking
water is 45 mg/1 (equal to 10 mg/l nitrate nitro=
gen in a sanitary analysis). (See table 20,)
Higher concentrations may cause methemoglobinemia
(infant cyanosis, or '"blue baby' disease) when
ingested by infants (Comly, 1945), Median nitrate
concentrations from samples of uncontaminated
water were 2.7 mg/1 for wells tapping stratified
drift and 0.4 mg/1 for wells tapping bedrock,

(See table 21.) Table 25 shows a frequency dis-
tribution of nitrate concentrations in water

from all wells sampled that tap stratified drift
or bedrock, Only two wells, both tapping bed-
rock, had water with nitrate concentrations exceed-
ing 45 mg/1. However, 11 percent of the samples
from wells in stratified drift and 18 percent of
those from wells in bedrock had nitrate concentra-
tions exceeding 10 mg/1. Where analyses also in-
clude high chloride concentrations, the water has
probably been contaminated by septic-tank effluent.

Table 25,--Frequency distribution of nitrate in
samples of ground water in the basin

(Frequency analysis of nitrate concentrations
exceeded in water from stratified drift and bed-
rock.)

Nitrate Aquifer
(NO3)
concentirations Stratified drift Bedrock
greater than (45 wells) (55 wells)
value shown No. of Percentage No, of Percentage
(mg/1) wells of wells wells of wells
L5 0 0 2 I
20 1 2 3 5
10 5 i | 10 18
5 20 Ly 19 35

Concentrations of chloride in fresh water
throughout the basin are normally low. Only small
amounts are carried into the area by precipitation
(table 21), and the medians for samples of natural
ground water were 11 mg/1 (stratified-drift aquifer)
and 3.8 mg/1 (bedrock aquifers). (See table 21.)

In ground water unaffected by salt-water encroach=
ment, a chloride concentration of 20 mg/1 or more
probably indicates man's influence, Sources of
chloride include dissolution of road salt, dis-



charge of domestic sewage, and backflushing of water
softeners. Of 106 wells in the basin analyzed for
chloride, the water of 17 percent had concentrations
of at least 20 mg/!.

The principal components of househoid deter-

gents, ABS (alkyl benzene sulfonate} and, more
recently, LAS (ilnear alkylate sulfonate), may con-
taminate ground water through discharge of sewage
and other waste waters, £Even large amounts of deter-
gents In water are not toxic, but, because of
esthetic considerations, the recommended upper limit
has been set at 0.5 mg/1 for ABS (U.S. Public Health
Service, 1962), in mid-1965 ABS was replaced by LAS,
which Is more degradable under similar conditions,
0f samples from 26 wells in the area tested by use
of the MBAS (Methylene Blue Actlive Substance) test,
9 had measurable concentrations of detergents (at
least 0.1 mg/1). Ground water in the vicinity of
these wells presumably contained some septlc-tank
effluent,

Water is consldered to be of safe bacteriologi-
cal quality for drinking if the number of collform
bacteria is no more than 1 per 100 ml {milliliter)
{membrane filter method) or is less than 2,2 per
100 ml (HPN method) (Woodhutl, 1971, p. 57); a
greater count in ground water is probably indica-
tive of pollution by sewage., In general, bacteria
from septic-tank effluent are removed near their
point of introduction by adsorption on soil parti=
cles or by filtration, In some places, the aquifer
material or the material In solutlion, such as deter-
gents, enable bacteria to move more rapidly and to
penetrate farther into the aquifer. The likeli-
hood of ground-water contamination from bacteria in
septic~tank effluent can be evaluated by use of a
system devised by LeGrand (1964}, This method,
modified for use in Connecticut, indicates that con-
tamination of a bedrock well is possible but unlike~
1y if at least 40 feet of till overlies bedrock at
the well site., Areas where till is known to be at
least 40 feet thick are shown on plate C,

TURBIDITY

Turbidity of water is the reduction of trans-
parency owing to the presence of suspended particu-
late matter that causes light to be scattered and
absorbed. Turbidity values from 2 to 10 mg/1 can
be objectlonable for many industrial uses, notably
the production of food, paper, and textiles {(McKee
and Wolf, 1963, p. 290). Moreover, high turbidity
may injure flsh and other aquatic 1ife, Turbidity
values are low for most streams In the basin
{table 26}, except for the Naugatuck and Mad Rivers,
where they were above 10 mg/1 and therefore high
enough to be objectlonable for some uses,

SALT WATER IN STREAMS AND AQUIFERS

Most natural water in the basin generaily con-~
tains less than 12 mg/1 chloride, as shown by median
values on table 21. 1in the southern part of the
area, however, the estuary, marshes, and wetlands
are exposed to tidal surges from Long Island Sound,
and chloride contents are much higher, In the
estuary, the position of the zone between fresh water
and salt water fluctuates in response to tidal and
seasonal forces, The zone moves upstream during high
tides and downstream during low tides. In late
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summer and fall, low streamflow allows the upstream
migration of salty water. In the spring and after
heavy rains, hlgh streamflow forces salty water
dovinstream. The maximum upstream extent of salt
water in the estuary during the study period is
shown on figure 49,

Sea water generally contains sbout 35,000
mg/1 dissolved sollds, of which about 19,000 mg/1
is chioride {Hem, 1970, p. 11). Measurements of
specific conductance during tow-flow conditions
in 1969 indicate that the dissolved-sollds concen~
tration of water iIn the estuary iranged from 210 -
mg/1 near Twomile island, south of the confluence
of the Naugatuck and Housatonic Rivers, to 20,000
mg/1 near the mouth. The chloride concentration
of water in the same reach ranged from 60 mg/l in
the north to approximately 10,500 mg/1 in the
south, ’

Ground water near the coast may be naturally
salty, or it may become salty where overpumping
causes salt water to encroach upon fresh-water
aquifers. A survey during 1934-38 in coastal Con-
necticut {Works Progress Administration for Con-
nectlcut, 1938) showed that many wells in the
towns of Miiford, Orange, and Stratford yielded
water with chloride concentrations greater than
10 mg/1; a maxImum concentration of approximately
1,800 mg/1 was reported in water from a well
tapping stratified drift near the mouth of the
estuary., Most of these wells are no tonger In use,

In 1954, salty water was reportedly pumped
from test wells at Sikorsky Afrecraft Division
plant north of the Merritt Parkway. ODuring the
basin study, chlorfde concentrations of 72 mg/1
and 172 mg/1 were determined In samples from two
wells adjacent to the Housatonic River, the first
in stratified drift and the second in bedrock.
These wells are located in Shelton opposite Twomile
Island, near the upstream limit of salty water in
the estuary, B '

MAN’S USE OF THE RESOURCE
SUITABILITY

The adequacy or utility of a water source is
dependent on the quality as well as the quantity
of water avallable, Excessively large concentra-
tions of some constituents and even minute amounts
of others may prohibit certain uses, or at least
increase the cost of treatment, Table 20 lists
the source and slgnificance of the principal con-
stituents and properties of the water In the
lower Housatonlic River basin,

Water distributed for public consumption must
meat prescribed minimum guality standards. In the
basin, the quality of such supplies, based on the
constituents determined, is generally within the
drinking-water standards accepted for public-water
supplies by the State, The standards appear on
tabie 20 and are also given In relevant tabulations
elsewhere in the report.

industrial water-guality requirements differ,
according to the specific use of the water, For




Table 26,~~Turbidity of water at miscellaneocus stream sites

{Locations of sites shown on plate B)

Station Turbidity, in milligrams per liter §i0»
no. Stream April 19, 1967 October 5, 1967 March 22, 1968

2035 Lake Lillinonah near Newtown 2 6

2035.05 North Branch Pootatuck River near Botsford 2 o7

2035.06 Pootatuck River near Botsford .8 .7

2035.1 Pootatuck River at Sandy Hook i

2035.2 Nonewaug River near Bethlehem 2 2

2035.4 East Spring Brook near Bethiehem 2 1

2036 Nonewaug River at Minortown 2 1

2037.5 Weekeepeemee River near Hotchkissville ! 2

2038 Sprain Brook at Hotchkissville 1 .3

20L0 Pomperaug Rlver at Southbury 4 1

2044 Transylvania Brook at South Britain 3 1

2050 Lake Zoar at Stevenson 2 6

2055 Housatonic River at Stevenson 2 10

2055.2 Eightmile Brook at Southford o7 A

2055.55 Hall Meadow Brook near Winchester L 1

2055,61 Hall Meadow Brook near Drakeville 2 2 .8

2055,96 West Branch Naugatuck River at West Torrington .8

2056 West Branch Naugatuck River near Torrington 6

2056,55 East Branch Naugatuck River near Torrington 2

2057 East Branch Naugatuck River at Torrington 25

2057.5 Naugatuck River near Torrington L 2 2

2058.9 Naugatuck River at East Litchfield 4

2059.5 Naugatuck River at Campville 3

2063 Rock Brook near Harwinton 6 i

2064 Leadmine Brook near Harwinton 4 2

2067.9 Naugatuck River near Thomaston 3

2069 Naugatuck River at Thomaston 11 4 7

2069.5 Northfield Brook at Thomaston L

2069.6 Naugatuck River at Reynolds Bridge 4

2078 East Morris Brook near Morris 3 .8

2080,49 Naugatuck River near Waterbury 5

2080.95 Naugatuck River at Waterbury 8 7 30

2081.4% Hancock Brook near Terryville 3 1 5

2081.7 Steel Brook at Waterbury 2 1 10

2081.71 Naugatuck River at Waterbury 5

2081.73 Naugatuck River at Waterbury 6

2081.74 Naugatuck River at Waterbury L

2083.2 Mad River at Waterbury 5 25 3

2083.3 Naugatuck River at Hopeville 15

2083 .4 Naugatuck River at Hopeville L

2083.5 Naugatuck River at Platts Mills 8 2

2084, 25 Naugatuck River at Naugatuck 5 15

2085 Naugatuck River at Naugatuck 13 35 20

2085.6 Naugatuck River at Pine Bridge 30

2086 Bladens River near Seymour o7

2086.05 Bladens River at Seymour 8

2086, 1 Naugatuck River at Seymour 7

2087.13 Little River at Seymour 2

2087.15 Naugatuck River at Seymour 10

2087.21 Naugatuck River near Ansonia 20

2087.26 Naugatuck River at Ansonia 18

2087.27 Naugatuck River at Ansonia 20

2087.28 Naugatuck River at Ansonia 8 15

2087.36 Naugatuck River at Ansonia 20

2087.37  Naugatuck River at Derby 15

66




DOMESTIC AND INSTITUTIONAL WATER USE - 8900 MG
SOURCE USE DISPOSAL

5630
Consumed and ==

2270 MG Evaporated 1830 MG
WkStic
6630 Mm
PUBLIC
SUPPLY
Homes, Institutions,
summer camps and cottages To Ground
%%{‘%gé 1860 MG
INDUSTRIAL WATER USE 182,680 MG
SOURCE USE DISPOSAL
1920 MG z Public Sewage
Consumed and (treatment)

43160 MG
3 Evaporated 1200 MG

STREAMS
RESERVOIRS
30620 MG
e
ESTUARINE
2380 MG,
Cooling, Boiler feed
WELLS
6520 MG AT
Rg }JJPCLY Sanitation %;:gﬁiﬁ?}:{glmuﬁ
TOTAL WATER USE 194,220 MG
SOURCE USE DISPOSAL
e
2
<5
EE Consumed and
"*2 Evaporated

STREAMS
RESERVOIRS

130620 MG
. |

ESTUARINE

4330 MG

SELF—SUPPLIED

Domestic, Institutional
summer camps and cottages

0B -

WELLS
Agricultural

Figure 60,--Source, use, and disposal of water in the basin in 1967.

Most water used in the basin was from surface-water sources. Industry was the largest user of water, most
of which was used for cooling and boiler feed. Most water discharged from homes and institutions was
treated before being discharged to the streams in the basin., The Housatonic River estuary was the final
receiving water body in the basin.
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Table 28.--Principal public water-supply systems in the basin

(Based on records from water utilities for 1967, supplemented

by estimates.)

I Treatment
Capaclty
Primary source of water of Storage (mg) Total Percentage of supply by type of use
Total Percent treatment supplled ‘ HunTcTpal
Town (s) population of plant(s) Auxlllary or Raw Finlshed In 1967 and
Public water-supply system supplied served Name supply Type(s) (mgd) emergency sources water water (mg) Domestic | Commerclal Industrial '[ leakage
Ansonla Water Co. Ansonla 19,771 Peat Swamp (Beaver Lake) Reservolr 88 Chlorination 4 Bungay Reservolr 610 None 826 a/ts 43 12
Derby Fountaln Reservolr 3.3 Hopp Brook
Seymour Mlddle Reservolr 2.2 Moulthrop Brook
Qulllinan Reservoir 6.5 Blrmingham Water Co.
Arteslan Well Projects, Inc. Torrlington 1,550 Wells 100 Chlorinatlion - Wells .03 None ko 93 0 ] 1
Blrmingham Water Co. Ansonia 11,385 Great HI11 Reservolr 34 Chlortnation Loy None 123 .02 819 a/55 30 15
Derby Lower Reservolr) "
Seymour Upper Reservolr) 3
Wells 32
Bridgeport Hydraulic Co. Shel ton b/60,700 Shelton Reservolrs, nos. 2 and 3 1.2 Chlorination, 1.6 e 2,514 .2 6,547 a2 4g 10
Trap Falls Reservolr System pH adjustment 50
Far MI11 (Isinglass) Reservolr 24.5 with Tlme or
Housatonlec well fleld 47.3 caustlc soda,
Huntlngton well fleld 2.1 additlon of
Means Brook Reservolr 24,9 calgon, fluori=
dation
Connectlcut Water Co. Beacon Falls 17,000 Long HI1l (New Naugatuck) Reservolr 60 Chlorinatlon L.8 Candee Reservelr 966 None 1,233 /28 65 7
(Naugatuck Dlvislion) Naugatuck Moody (01d Naugatuck) Reservolr 35 Wells
Waterbury Mulberry Reservolr 5
Hlllcrest Fire District, Hlddlebury 165 Waterbury, clty of, Water Department - - - None - None 3.5 a/1s 0 25
Water Department
Monroe Consolldated Water Monroe b/ 1,060 Wells 100 None - None .02 - 20 91 8 0 1
Co., Inc.
New Haven Water Co. Milford b/hg, 100 Beaver Brook Reservoelr 23 Chlorinatlon 5.0 Wells .26 1.6 1,764 a/60 38 2
(MI1ford DIstrict) New Haven Water Co. 77
distribution system
Newtown Water Co. Newtown b/ 2,970 d/Taunton (Pond) Lake 100 Chlortnation, .6 None 875 ] 77 /97 2 1
addltion of
calgon
Oakville Flre DIstrict, Waterbury 7,000 Waterbury, clty of, Water Department 100 - - None - - 173 63 3 18 16
Water Department Watertown
Seymour Water Co. Beacon Falls 8,850 Reservolrs, nos. 1, 2, and 3 52 Chlorinatlon, 3.2 Toby Brook 43 <3 550 34 5 51 10
oxford Wells 48 pH ad]ustment
Seymour with caustle
soda, additlon
of calgon
Suburban Water Service Thomaston 2,783 Thomaston (Plymouth} Reservolr 58 Chlorination - Waterbury, clty of, 93 None 3n a7 67 16
Department
Well b2
Torrington Water Co. Torrington 24,050 Crystal Lake System 4 Chlorination, 8.5 None 1,745 1.3 1,323 22 9 54 7
Allen Dam Reservolr fluorfdation
North Pond
Whist Pond
Hart Brook System 59
Reuben Hart Reservolr
Waterbury, city of, Middlebury 116,481 d/Shepaug Watershed 50 Chlorination, 35 East Mountaln 7,397 4.6 /6,348 a/69 19 12
Water Department Waterbury Shepaug Reservolr pH adjustment Reservolr
Watertown Upper Shepaug Reservolr with 1ime Waterbury Reservoir
no. 2
West Branch Watershed 50
Morris Reservolr
Pltch Reservoir
Wigwam Reservolr
Watertown Fire District, Bathlehem 5,560 Hart Farm Well Fleld System 100 Chlerinatlon 1.0 Waterbury, clty of, 321 1.0 239 55 16 19 10
Water Department Watertown Judd (Blg Meadow) Pond Reservolr Water Department
Lockwood Reservelr
Watertown (Bethlehem) Reservoir
Westover Water Co. Mlddlebury 200 Wells 160 Chlorinatien, .2 Lake Ellse .01 -3 15 15 | 0 a5
pH ad]ustment
with soda ash
Woodbury Water Co. Woodbury 1,400 Woodbury Reservolr 3 Chlorination - None .01 -2 ke 75 20 1 4
Wells 97

a/ Includes commerclal and domestic use.

b/ Company also serves area outslde of basin.
¢/ Additional sources are llsted In Connecticut Water Resources Bull. Ne. 17, 1970, p. U7.

4/ Source area located outs|de of basin.

8/ Includes water sold toc Hillcrest Flre Districe,

an-Vatertown Fire DIstrict.

Dakvllle Fire Dlstrict, Suburban Water District,



1L

Table 29.-«Chemical gquality of water from principal public water-supply systems

(Chemical constituents in milligrams per liter. Analyses by U.S, Geological Survey.)

Han- Mag- Dlssolvad T Specitlc [Tem-
Source gan- |Cal-|ne= Potasw| Blcar= | Sul- 301 Tda Hardness as (afO. conductanca | para- Patergents
pats of F, finished watar | Sillco |jron | ese |clum|dlum | Sodfum fslum |bonata | fate | Chlarldei Fluorlde | Nitrate | (residues m_[_w_xa ETum, an— {mTeromhos | ture a3
PublTe watar-supply system collection R, raw watar {5100) | (Fe) | {Mn) |{Con) [{Mg) Ha} {ry__| {Heo soL} {1y {F) (B4} [ at 180°8) |magnasium { carbonate | ay 25°G) () _eH |toler HAAT,
U.5. Public Health Sarvice (1562}
arInking-woter standards- - - = B30 0,05 = em ee e == 250 50 o 1.3 15 500 - - - LR H 0.5
racommandad_maximun
Ansonla Water Co. 10-11-66 R Pest Swamp Reservelr 5.0 ©0.31 0.8 6.8 1.9 3.8 1.6 10 19 6.4 0.2 0.1 55 25 17 82 % 6.6 [ 2,0
7-17-51 F Middle Reservolr 6.6 .15 W 72 L3 26 S 12 6.1 -2 7 Ll 23 15 63 - 6.8 8 -
10-11-66 R Middle Heservolr 5.8 .20 .07 69 2.9 3,9 |0 9 2 6.9 .1 51 29 22 kX W58 & 0
7-17- R Fountaln Resarvelr 7.8 0z .0 51 1.B 31 -2 12 4.5 3 .8 u1 20 10 61 -~ b5 2 -
10-11-66 R Fountaln Raservolir 5,8 06,03 B8 1.8 76 L3 13 19 15 .2 B 57 30 20 108 1 6.8 s -¢
181166 R Qulltinen Reservolr 1.2 % .eh 9.7 33 62 1,6 18 18 16 .z 3 67 38 22 17 [ X 6 .
Artosisn Wall Projects, Inc. 7= 166 R Woll HA 3 14 .01 W08 23 6.5 3.5 1.5 13k 7.5 5.8 2 1.8 M3 loz ] 239 - 8] 6 Al
8-17-67 R Well HA 3 i B - - 18 -~ - - -- 177 140 3 J0k R - -
- 7766 A well T 22 15 L1 e 19 76 7.6 1.6 e 6.6 5.2 2 71 78 ¢ 207 EE 6 0 a
7- 7-66 A well T3 b3 .0z 0B I 58 5.8 L6 60 8.7 o a1 5.4 99 59 10 142 - 7.3 5 B
2-1767 R Well T 23 - 050 W00 - - - -- 65 -~ - -- 15 & 16 166 - BB e -
Blrmington Water Co. 10-10-64 A Great #11] Resarvolr 5.1 ,23 .7 B3 L2 %5 15 15 17 15 .2 K] £ 0 18 13 13 69 ] .1
10-10-56 R Lower Ressrvolr T T R T I 20 13 . .7 el 40 18 130 @69 3 g
10-10-66 R Upper Reservolr 30 a1 s 86 5 72 1. 1) 30 8.0 1 1.6 72 3z 2 186 17 6.6 i .0
16-10-66 R wWeld DE 2 3 OB 15 25 6.3 7.2 30 B [E} 1 .2 16 133 a0 22 215 w77 1 .0
10-10-66 R Hell L 3 13 37 .05 30 520 3.0 78 28 36 1 41 186 9% 32 19 W 7.5 * 0
1N-16-66 R Well DE 7 12 03 L0k 25 B0 7B 2,7 % 13 [E] 2 3.z 1% 96 7 236 277 - .0
Bridgeport Hydraullc Co. 5~15-62 F Trag Falls Reservolr 7 L2010 L8 41 L0 10 16 H 1 1.2 68 3 23 9 13 6.7 6 -
&= 1-62 R Trap Falls feservelr 7. .03 7.3 16 3B o 12 1 Bl .1 1.0 57 25 35 7% 17 66 12 -
8~ 467 R Trop Falls Reservelr 09 13 3.2 66 16 30 20 iz | -5 B4 L6 2] 142 1% 7.0 12 .0
§u LT F Trap Fells Reservalr 7. A7 18 34 &9 16 ko 20 is .8 50 59 6 169 - 7 g .a
8-10-67 R well SH 10 4 W05 M 7.5 83 2.5 B9 an 12 A a0 138 ) 8 226 873 é -
8- L-§7 R well 5 27 12 L4130 3,3 1 2,8 22 21 - -- 4.0 03 b5 8 169 LAB 2 .0
[ F well sH 27 13 WO 13 3.2 25 .9 58 21 18 .2 1.0 13 [ [} 220 - 7.5 2 .0
Connactlcut Water Co., 9- |-66 K Long H111 Rasarvolr L L20 02 548 1,5 4.6 7 7 16 8.2 .1 1 52 20 15 76 26 [ L K+
{Naugatuck Div.} 9- |~G6 R Maody Resarvolr 21 .21 .ok A oLk 29 .7 5 13 4.9 2 o 38 16 12 58 2% 6.3 4 -1
9 166 R Hulbarry Reservolr H9 W85 W09 6.6 LA A3 18 b 15 6.6 2 .2 54 22 I 73 25 6.9 3 B
9- 166 R Well NA 16 i3 06 02 gk 2.6 54 LB 18 10 2 .z 5.2 80 34 18 1z 12 ) 3 .8
1= 2-86 R Well NA 36 13 ol .06 9.9 2.6 £9 1.7 19 10 1 .2 5.9 103 EH 26 116 - 71 2 -
12-13-66 R Well NA 16 13 .86 .03 9.7 2.6 58 1.6 20 12 13 R 6.5 75 ™ 18 16 7. 3 .
1-11-67 R Wail NA 16 - 03 .02 10 2,6 b64 - 13 n 12 - 6.7 88 36 10 1y - 58 - -
2-14-67 R Well NA 16 “s 06 .03 10 3.2 Bf6.2 e 19 n 14 - 6.3 82 38 22 ny o -
9u3}-67 R Well NA 16 13 OO .19 W 36 95 3. 2] 13 21 .2 17 128 50 33 177 m 63 2 --
10-31-67 R Well NA 16 - .03 .00 11 3.0 B/E0 0 - 20 n 16 - B3 8 i P 135 69 - -
12~ 6-67 R Well NA 16 - 05 .0l 31 2.9 bB.S 20 1 16 - 9.6  B5 40 23 133 I 87 - -
Monroe Consolldated Water Go., U-12-67 R uWall Mo ba 15 .00 .06 35 46 7.6 1. I8 22 12 2 B.S 104 56 26 169 e 6.7 3 .0
Inc., 9- 2-66 R Well HO 17 ook 120 33 B4 R R 13 2 6.5 41 Ab 20 125 13 639 & Nl
New Haven Water Co. 716451 R Beaver Brook Resarvelr 8.6 - - b2 6t - 5 7 h - 3.9 B4 1] 3z 155 -~ 6.8 7 .0
(Ml1ford DIst.) 5-14-62 F Doavar Brook Roservolr 4.8 .07 .1 18 58 ) 2.4k 28 3 23 W1 6.4 133 &9 45 205 15 6.7 2 -~
10-10-56 A DBeaver Brook Reservolr 8.8 .05 .03 25 9.0 17 3.8 37 36 ik 2 7.4 208 100 &9 22} 17 7.3 ¥ .0
10-10-66 A wall MI 1 15 W03 .08 30 52 o 3z 4 1 12 203 96 57 137 1z 7.3 3 -0
10-10-66 R Well M1 2 15 .38 .05 3 52 26 43 52 7 49 1 L] 21k 9 sk 363 1373 5 -0
Newtown Water Co. 8 1485 i Taunton Loka 2 .09 03 8.6 2B A7 L5 2h h 9.0 N .2 6a 3 b 10 - B3k .0
Saymour Water Co. 9= 2u66 R Seymaur Resarveir no.l 3.0 17 A7 3.5 .2 2.6 5 H 12 b0 2 .1 33 i 10 59 2k 6,2 k) .0
9= 2-66 F Sepnour Reservelr me.d 3.2 .32 b b L2 56 6 3 13 6.3 .2 .1 8 14 & & 23 6.6 5 .0
Gu tebb R Saymour Resarvalr no& 3.6 .66 28 2,6 1,0 2.2 o o h 1.8 .2 7 33 10 0 &9 2% 4.3 ] 0
ba7e67 R Seymour Reservelr no.4 3.5 W08 .21 26 .6 2l K ¢ W 2.8 2 3 27 3 5 5.6 3 .0
gm 266 R MWall OX 4 9.3 .29 L7 80 13 7.2 140 2% 10 31 .2 2,0 70 28 6 110 19 7.0 3 .0
9~ 2-66 R wWall OX & 3.5 71 .90 z3 73 L7 17 16 18 A 1.3 7% 34 FL 128 12 7.0 3 .0
Suburban Water Servica 8- 1-&6 R. Thomastan Resarvolr z,6 1z 00 4,3 01,5 3,8 w6 12 6.6 4.8 W5 45 t6 [ 0] 26 6.4 5 K]
Bu 2456 A& Wall TH 1k 9.0 o1 W00 15 Wb 55 1.9 38 7 13 .1 3.2 w2 56 " 154 - P 5 0
Torrington Water Co. 7- 666 R Rauban Hart Ressrvolr 1.0 ,07 .03 5,7 2.3 1.3 - 10 2.0 -1 6 3t 24 12 59 26 6.6 3 0
Fu 656 & Horth Pond 2 - - %0 1.0 10 5 3 2.3 .z .3 .5 0 12 3 % 6.0 5 B
L-11-67 K Neorth Pend - NN - - 2 - - - - 1z 15 4 36 3 56 - -
7- 666 K Whist Fond 416 .06 B8 k2 13 L0 30 1z 1.0 .0 .9 57 39 14 B 7 6.9 4 N
7- B-66 R Alten Dan Heservolr 2.9 7 .03 12 54 2.6 LT 53 n 3.8 a1 2 75 52 8 122 % 7.h 5 .0
7- 65 Rk Hart Grook Reservolr 4,2 =- - 12 38 3.1 1.3 14 5.0 n 7 69 s 12 12 2% 7.5 5 N
7- 6-65 R Crystal Lake .6 .80 08 13 5.3 S8 5 53 9.6 1 .z 3 86 54 " 187 % 7.3 b -
Waterbury, clty of, Water bept. b-11-57 R Wigwan Ressrvolr be 01 2120700230 3h 15 1 .2 .2 -
L1167 R Pltch Reservolr 53 .00 .0z 7.6 2.6 24 4 2 12 i 2 a8 o I b i To .
L=11-87 R Shepaug Reservolr 4.5 ,01 L6 5.5 2.0 2.1 .5 YA 12 3.0 2 Ty iz 22 10 5 H b7 a2 ‘a
‘ ‘Watertown Firs DItt., = T-66 R Judd Pond Resarvoir 1.2 - - .02, 4, K X . "
Vater Dept. LV%T R i romd Remmvelr oo e g o 2D oM A0H Ie 8 2 2 & i H b4 ot o i
Tu 7466 R Watartown Ressrvolr .6 03,06 10 A2 52 3.0 22 22 .5 A 1.5 70 L2 2k, 123 2 b "; -
7- 7-66 R Malls W 12-16 A3 w00 10 32 53 13w 1% 1 2 2.7 63 38 22 n3 — 7 3
Wastaver Woter Co. B- 2-66 R Lake Ellse 3.3 28 A2 18 3.2 8.8 1.5 26 5.6 19 N .8 71 3 1 -
B~ 2-56 R Wells WD 1-3 Bh 06 o9 5B La 57 a0 1B 54 50 e P » : 13 - 25‘ 3 2
B~ 266 F Walls MD 1-3 15 g6 67 5t 17 8@ ot @ 5.6 5.0 3 W 70 a 2 2 R S '0
8- 2-G6 R Wells MD 4,5 6.6 28 61 7.4 25 10 3.9 23 5.0 W @ .7 62 28 10 121 — &8 i o
Bu 266 F Wells Mp 4,3 6.1 .08 b 7.6 2.5 8.6 LE 3l 5.9 18 a 3 67 9 1 1t — B 4 o
2-20-67 R Walls MD 4,5 - JE Rk —— - 17 - 17 i o 7 32 18 s - 6‘3 T -
2-20-67 F Malls HD 4,5 - 370 300 - - - 14 - 17 - - n Iz 18 14 - o o
Woodbury Water Co. 8- 3-66 R Woodbury Resarvelr s - - 7.7 25 52 .0 P8 B, . .
41767 R Woodbury Roservelr P N T X T I T g S 3 =08 z W’ 22 1g 76’; I L
2. j-66 R Wall WY 1% 4 06,09 20 kO A0 LY bz 23 7.5 .0 6.0 102 66 3 158 - 7 3 "

af  Rocommended contrel limit: lower, 0,8 ma/1; optimum, 1.0 mg/).

b/ Calouletod an sodium (Na} + potasalum {K).




ABBREVIATIONS 1,000,000

800,000 100,000
fig. - figure(s) 600,000 — 80,000
] - 60,000
P. - page(s) 400,000 L
pl. - plate(s) ’ - 40,000
200,000 B
°C - degree(s) Celsius (Centigrade
gree(s) grade) L 20,000
ml - milliliter{s ™
(s) 100,000 4 $
°F - degree(s) Fahrenheit 80,000 - 10,000
i (s) 5 60,000— - 8000 Py
mat = millimeter(s - - =0
o - w
_ 1 :'g so00 [ 9090 SO
in - Inchies) né o i [ 4000 ‘E w
z —
- L <
ft foot (feet) g 5 0000 '6 =
0 o9
mi = mile(s} < — 2000 @
w 0 o [+ 4
sq ft - square foot (feet) & o 10,000 w g
Z &  soo0
< a ] — 1000 5. >
sq mi - square mlle{s) c g 6000 . 800 g g
o K L
mef - million cubic feet Eg 4000 ~ 600 g g
cu ft/day - cubjc foot (feet) per day 2 g . — 400 |
=) L W
cfs - cubic foot {feet) per second r E_ 2000 rufi
e —200 L2
csm - cubic foot (fest} per second per square t o g
mile £5 1000 30
gpm - gallon{s) per minute ﬂ:ﬁ 800— Zz
> 5 . Clo z=
gpd - gallon(s) per day Ew 600': -~ 80 X !
mgd - milllon gallons per day 3 2 = E:E
W - 40 >=
mg/1 - miltligrams per liter =K L @ 5
Wi, 200+ - 8
pg/1 -~ micrograms per liter & s L 20 % z
L
= 20
ms 1 - mean sea level 25 100 Eg
Z 0 — =
R. 1. -~  recurrence interval W 80 ] — 10 -=-;
o5 60~ — 8 <t
EQUIVALENTS 9 1 L &
u 40— i >
1 cfs = 646,317 gpd = 0,646317 mgd o ] 4 T
1 mgd = 694 gpm = 1.547 cfs 20— -
1 ¢fs per sq ml = 13,57 in of runoff per vear é‘z
I mgd per sq mi = 21,0 in of runoff per year 10- =
8 C 1
1 in of water upon 1 sqmi = 17.4 million gallons 6— 0.8
= 2,32 mef - -
o] - 0.6
1 = 0.001 meter = 0,04 i [
mm meter in | o4
1 mg/1 = 1 part per miilion {ppm) for solutions with 2] =
a density of 1,000 gram per milliliter
- 0.2
°C = 5/9 (°F-32)
1
Transmissivity (ft2/day) x 7.48 = coefficient of Logarithmic nomograph used to relate coeffi-
transmissiblifty (gpd/ft) cient of transmissibility and transmissivity; co-

efficient of permeability and hydraulic conductivity,

Hydrautic conductivity (ft/day) x 7.48 = coefficlent
of permeability (gpd/sq ft)
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GLOSSARY

4¢cld: A water=-soluble substance containing hydro-
gen that can be replaced by metal elements; hence,
an acid solution can dissolve many metals,

Aerosol: A suspension of microscopically small
solid or liguld particles in alr or gas.

Alkatl: A water-soluble substance that has the
ability to neutrallze acid,

Annual flood: The highest peak discharge In a water
year. o ' '

Aquifer: A geologic formation, group of formations,
or part of a formatlon that can yield significant
quantities of ground water,

Barrier boundary: An aquifer boundary formed by
earth materials of low hydraulic conductlivity and
across which little or no ground water can flow.

Caisson well: A well with a large~-diameter casing
of concrete, commonly at least 6 feet In diameter
and finished elther open ended or with a short
section of screen at the bottom.

Calcite: A common mineral, calcium carbonate
(CaCO3); the principal constituent of limestone
and marble.

Casing, of wells: Any construction material that
keeps unconsclldated earth materials and water from
entering a well,

Climatic year: A continuous period, April 1 through
March 31, delimiting a complete annual streamflow
cycle from high flow to low and back to high flow.
It Is designated by the calendar year in which it
begins.

Coefflcient of permeablility, P: The volume of water,
in gallons, that an Isotropic porous medium will
transmit per day at 16°C (60°F) through a cross
sectional area of 1 square foot, measured at right
angles to the direction of flow, under a hydraulic
gradient of 1 foot change In head per foot of
length of flow path; expressed in gallons per day
per square foot, Use of term has been discontinued
in reports of U.5, Geological Survey; see 'Field
coafficient of permeabillty,"”

Field coefficient of permeability i{s the same
except that [t is measured at the prevailing water
temperature. Replaced by U.S, Geological Survey
with hydraulic conductivity (in thls Glossary).
Also, see '"Equivalents" in preceding section.

Coefflcient of transmissibility, T: The volume of
water, in gallons, that the full vertical thick-
ness of an isotropic aquifer will transmit per
day at the prevailing water temperature across |
foot of aquifer width, under a hydraulic gradient
of | foot change in head per foot of length of
flow path; expressed In gallons per day per foot,
Replaced by U,S, Geologlical Survey with transmis~
sivity (in this Glossary). Also see ""Equivalents'
in precedlng section,
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Cotiform bacteria: Any of a group of bacteria,
some of which inhabit the Intestinal tract of
vertebrate animals. The presence of coliform
bacteria in a water sample is regarded as
evidence of possible sewage pollution and fecal
contamination, although these bacteria are gen-
erally considered to be nonpathogenic.

Color unit: A standard of color of water measured
by the platinum-cobalt method, with the unilt
being 1 mg/1 of platinum in water. Results are
conventionally expressed as unfts of color, and
not as mg/1.

Cone of depression: A depression produced in the
water table or other potentiometric surface by
the withdrawal of water from an aquifer; In
cross section, shaped like an inverted cone with
its apex at the pumping well.

Crystalline: Pertalning to igneous and metamorphic
rocks; the most common types in the basin are
granite, gneiss, and schist.

Dissolved solids: The residue from a clear sample
of water after evaporation and drying for 1 hour
at 180°C; consists primarily of dissclved
mineral constltuents, but may also contain
organic matter and water of crystallization.

Drawdown, s: The lowerling of the water table or
potentiometrlc surface caused by the withdrawal
of water from an aquifer by pumping; equal to
the difference between the static water level
and the pumping level,

Estuary: A body of water in which river water
mixes with and measurably dilutes sea water.

Evapotranspiration: The combined processes by
which water Is changed from a llquid to a gas
and enters the atmosphere from {1) free water
surfaces and from the land surface {evaporation),
and {2} from living plants (transpiration).

Flow duration, of a stream: The percentage of
time during which specified daily flows are
equaled or exceeded in a glven period. The
sequence of dally flows Is not chronological,

Fracture: An opening or crack in bedrock.

Gaging station: A site on a stream, canal, lake,
or raservoir for systematic observations of gage
height or discharge,

Gravel: Uncomsolidated rock debris composed prin-
cipally of particles larger than 2 mm In dlameter.

Gravel pack: A lining, or envelope, of gravel
placed around the outside of a well screen to
Increase well efflciency and yield,

Hydraulic conductivity, K: The volume of water,
in cubic feet, that an isotropic porous medium
witl transmit per day at the prevalling water




temperature through a cross sectional area of 1|
square Toot, measured at right angles to the
direction of flow, under a hydraulic gradient

of 1 foot change Tn head per foot of length of
flow path; expressed in feet per day. Replaces
coefficlent of permeabllity and field coefficient
of permeability as the quantitative expression

of permeability formerly used by the U.S. Geolog-
ical Survey,

Hydrauiic gradient, {: The slope of the water
table or potentiometric surface per unit dis-
tance in a glven direction; generally refers to
maximum slope at a glven polnt,

Hydrograph: A graph showing stage (height), flow
velocity, or other property of water with respect
to time,

Inches of water: Water volume expressed as the
depth in inches to which it would accumulate if
spread evenly over a particular area,

Induced Infiitration: The process of causing water
In a stream or lake to move Into an aquifer by
estabitshing a hydraulic gradient from the surface-

water body toward a pumping well or wells,

tsopleth: Line on a map connecting points at which
a given variable has a speclfied constant value,
The U.S. Geological Survey favors the term line

of equal value,

Line of equal value: See lIsopleth.

Lithology: The physical characteristics of bedrock
or unconsolidated deposits,

Mean: The sum of a set of individual values of any
quantity, divided by the number of values In the
set; popularly called the average.

Median: The middle value when values in a set are
arranged according to rank; It Is an average of

position, whereas the mean is an average of quantity.

Median graln size: A measure of average grafn size
obtained graphically by locating the diameter asso-
ciated with the midpoint of a particle-size dIs-
tribution,

Methylene blue active substance (MBAS): A measure
of apparent detergents, as indicated by the forma-
tion of a blue color when methylene blue dye
reacts with synthetic detergent compounds,

Micrograms per liter: A precise unit for expressing
the concentration of chemical constituents in
solution, One thousand micrograms per liter is
equivalent to | miiligram per !iter.

Milliequivalents per liter: A measure whereby unit
concentrations of all fons are chemically equiva-
fent.

Milligrams per titer {mg/1): A unit for expressing
the concentrations of chemical constituents in
solution in welight per unit volume of water.

Partial penetration: A condition in which a well is
not open to the full thickness of an aguifer.
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Pollution: "Harmful thermal effect or the contamin-
ation or rendering unclean or impure of any
waters of the State by reason of any wastes or
other matertal discharged or deposited therein
by any public or private sewer or otherwise so
as directly or indirectly to come in contact
with any waters'' (Public Act No, 57, 1967).

Recharge boundary: An aquifer boundary formed by
a stream or lake that is a source of recharge

to the aquifer.

Recurrence Iinterval: The average interval of time
between extremes of streamflow, such as floods
or droughts, that will at least equal In severity
a particular extreme value over a period of many
years, Frequency Is the average number of
extremes during the same period, The occurrence
of a drought or flood of a given magnitude can-
not be predicted, but the probable number of such
events during a sufficiently long period of time
may be estimated with reasonable accuracy.

Reference period: A period of time chosen so that
comparable data may be collected or computed for
that period, Streamfliow data in this report are
based on climatic years 1930 to 1959 or water
years 1931 to 1960,

Runoff: That part of the precipitation that appears
in streams, |t is the same as streamflow unaf-
fected by artificlial diversions, storage, or
other works of man in or on the stream channels.

Sand: Unconsolidated rock material composed prin-
cipally of particles between 0,0625 and 2 mm in
diameter,

Screen, of a well: A cylindrical device designed
to admit water but prevent the passage of most
or all of the surrounding earth material into a

well,

Sedimentary: Pertaining to rocks deposited as
sediments and later compacted or cemented fo
form consolidated rock,

Stiiceous: Contalning abundant stlica, commonly

quartz.

$i1t: Unconsollidated earth materials composed
principally of particles between 0,004 and 0,0625
mn in diameter,

Speclific capacity, of a well: The rate of discharge
of water per unit drawdown of a pumping well;
commonly expressed as gallons per minute per foot
of drawdown,

Specific conductance: A measure of the abillty of
water to conduct an electric current, expressed
In micromhos per centimeter at 25°C., it is re-
lated to dissolved-solids concentration of water
and serves as an approximate measure thereof,

Spectrographic analysis: An analytical method
based on the measurement of the spectra of 1ight
emitted by individual elements In a sample that
has been volatilized and ignited by an electric
arc,




Storage coefficient, 5: The volume of water a porous
medium releases from or takes into storage per unit
surface area of the medium per unit change in head;

dimensionless,

Streamflow: The discharge of water In a natural
channel without regard to the effect of diversion

or regulation,

Thermal stratification:
layers of water with different temperatures in most

deep open-water bodles,

Till: A predominantly nonstratified, nonsorted earth
material deposited directiy by a glacier,

Transmissivity, T: The rate at which water Is trans-
mitted at the prevailing water temperature, through
a cross sectional area of the aquifer of 1 square
foot, measured at right angles to the direction of
flow, under a hydraulic gradient of 1 foot change
In head per foot of length of flow path; expressed
in cubic feet per day per foot (ft2/day). Replaces
coefflicient of transmissibility, expressed in gal-
lons per day per foot of vertlcal thickness of the
aquifer. Transmissivity, T, equals hydrautlc con-
ductivity, K, times aquifer thickness, b,

Turbidity, of water: The extent to which penetration
of jight is restricted by suspended sediment,
microorganisms, or insoluble material,

The persistence of horizontal
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Turnover {or overturn): A natural mixing of
thermally stratified waters that commonly occurs
during early spring and early autumn, Generally
results in a uniformity of the physical and
chemical properties of the water.

Unconsolidated: Pertaining to earth materials
whose constituent particles are loose, not
firmly cemented or interlocked,

Uniformity coefficlent {Cy}: A quantitative
expression of sorting of an earth material. It
Is the quotient of (1) the diameter of a graln
that is just too large to pass through a sieve
that allows 60 percent of the mater ial, by
weight, to pass through, divided by (2) the dia-
meter of a graln that Is barely too large to
pass through a sieve that allows 10 percent of
the materfal, by welght, to pass through. Poorly
sorted deposits such as dirty gravel have high
uniformity coefficients; well sorted deposits
such as uniform sands have low uniformity co-
efficients,

Unit runoff: The runoff distributed over a unit
area, commonly the drainage area, expressed In
cubic feet per second per square mile (csm) or

Inches.
Voicanle: Pertaining to rocks formed by the cool=
ing of lava,

Water year: A continuous period, October 1 through
September 30, during which a complete streamfiow
cycle takes place from low to high flow and back
to low flow, It Is designated by the calendar
year Tn which it ends,
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