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SUMMARY 

The Farmi ngton River basin covers 435 square 
miles in no r th-central Connecticut upst ream from 
Tariffville and downstream of the Massachusetts 
state line . Most water in the basin is derived 
from precipitat i on, which averages 48 inches (366 
billion gallons) per year . An additional 67 
billion gallons of wate r per yea r ente rs the basin 
from Massachusetts in the West Branch of the 
Farmington River, Hubbard River, Valley Brook and 
some smaller streams . Of the total 433 billion 
gal l ons, 174 bill i on gallons retu rns to the 
atmosphere through evaporation and transpiration, 
239 billion gallons flows out of the study area in 
the Fa rmington River at Tariffville, and 20 
billion gallons is dive rted for Hartford water 
supply . 

Variations in streamflow at 23 continuous­
record gaging stations are summarized in standar ­
dized graphs and tables that can be used to 
estimate streamflow characterist i cs at other 
sites . For example, mean flow and low-flow 
characteristics such as the 7-day annual minimum 
flow for 2-year and 10-year recurrence intervals, 
have been determined for many partial - record sta­
tions from the data for the 23 continuous - record 
stations. 

Of the 31 principal lakes, ponds, and reser­
voirs in the basin, eight have usable storage 
capacities of more than 1 billion gallons . Two of 
the largest, Colebrook River Lake and Barkhamsted 
Reservoir, have more than 30 billion gallons 
usable storage . 

Floods have occurred in the area in every month 
of the year . The greatest known flood on the 
Farmington River was in August 1955, which had a 
peak flow of 140,000 cubic feet per second at 
Collinsville. Since then, three major flood­
control reservoirs have been constructed to reduce 
the hazards of high streamflow . 

The major aquifers underlying the basin are 
composed of unconsolidated materials (stratified 
drift and till) and bedrock (sedimentary, igneous, 
and metamorphic) . Stratified drift overlies till 
and bedrock in valleys and lowlands; i t averages 
about 90 feet in thickness, and is capable of 
large sustained yields of water to individual 
wells . Based on hydrologic characteristics and 
available recharge, s i xteen strat i fied -drift areas 
are selected as the most favorable for large -scale 
development. Potential yields can be estimated by 
severa l methods. 
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Small water supplies can be obtained from all 
aquifers. Wells in bedrock yield at least one to 
two gallons per mi nute at most sites . The proba­
bility of adequate yields fo r domestic supply is 
greater from sedimentary than from crystalline 
bedrock and is also greater from stratified-drift 
overburden than from till . 

The quality of water from all sources in the 
basin is good except where adversely affected by 
swamp drainage, aquifer composition or human acti­
vities . The water is generally low in dissolved­
solids concentration and is soft to moderately 
hard . Surface water is less mineralized than 
ground water, especially during high-flow con­
ditions when it is primarily direct runoff . 
Samples of wate r collected from 20 streams during 
high flow had 34 mg/L median dissolved-solids con­
centration and 16 mg/L median hardness . Samples 
collected from the same sites at low flow had 52 
mg/L median dissolved solids and 28 mg/L median 
hardness. In contrast, water from wells had 112 
mg/L median dissolved-solids concentration and 60 
mg/L median hardness . 

Iron and manganese occur in objectionab l e con­
centrations in a few parts of the basin where 
streams drain swamps and aquifers are rich in 
iron- and manganese-bearing minerals . Five per­
cent of streams at high flow, 21 percent at low 
flow, and 7 percent of ground-water samples con­
tained iron in sufficient concentration to cause 
stains on plumbing fixtures and laundry . 

Human activities have modified the quality of 
water in parts of the basin . The high bacterial 
content of the Pequabuck River, and the high 
nitrate and chloride concentrations in some 
ground-water samples, are eYidence of man's 
influence . 

The quantity and quality of water in the 
basin's streams and aquifers are satisfactory for 
a wide variety of uses, and, with suitable treat ­
ment, may be used for most purposes . The total 
amount of water used by 21 principal public 
supplies within the basin was 29 billion gallons 
in 1970 . About 70 percent of this was used for 
domestic and commercial purposes, and nearly 30 
percent was used by industry . Analyses of water 
from these systems show good quality . 





INTRODUCTION 

PURPOSE AND SCOPE 
Connecticut has experienced a significant 

increase in population in the past few decades 
accompanied by industrial growth, changes in pat­
terns of land use, and an improved standard of 
living. These factors have contributed to an 
increased demand for wate r that is expected to 
continue . The total amount of water reachin g 
Connect i cut is sufficient for immediate and anti ­
cipated needs, but its quantity and quality can 
vary in different areas and at different times . 
Therefore, as the need for water increases, so 
does the need for accurate information to plan the 
development of nown supplies and to evaluate the 
water supply potential of new areas . 

In 1959, the Connecticut General Assembly, on 
r ecommendat ion of the Water Resou rces Commiss ion , 
authorized a statewide water-resources inv en t ory . 
Under this and supplemental authorizations of the 
General Assembly, the U. S. Geological Su rvey, in 
cooperation with the Water Resou rces Commissi on 
(later incorporated into the Connect icut 
Department of Environmental Protection), has 
undertaken a series of studies to determine the 
quantity and quality of wat er available . For 
these investi gations , Con necti cut wa s divided into 
10 study areas, each bounded by natural drainage 
divides, State boundaries , and Long Island Sound . 
(See map inside front cove r . ) The resulting 
reports are designed to be useful to planners, 
public officials, water-utility personnel, con ­
sulting hydrologists, well drillers, and others 
concerned with the development , management, use, 
conservation, and protection of water resources . 
This report describes one of the 10 study areas . 
A companion report (Hopkins and Handman, 1975) 
lists much of the data on which this report is 
based . A list of cooperative reports on the water 
r esources of other areas is given on the back 
cove r of this re port . 

THE FARMINGTON RIVER 
BASIN 

The Farmington Rive r basin is a part of the 
Connect i cut River basin and extends north into 
Massachusetts . The term "Farmington River basin" 
as used in this r epo rt concerns the Connect i cut 
part of the basin or 435 square miles out of the 
total drainage area of 577 squa re miles . (See 
figure 1. ) 

The Farmington River has its source in the 
Berkshire Hills of western Massachusetts and f lows 
souther1y th rough the Litchfield Hills of north­
western Connecticut to the town of Fa rmington . 
Here its cou rse changes significantly and it flows 
north through a broad flat floodplain to 
Tariffville where a gorge def i nes the lower limit 
of th e basin included in this report . Elevations 

range from 150 feet above sea level at Tariffville 
to mo re than 1,300 feet in the towns of Colebrook 
and Hartland in Connecticut and more than 1,900 
feet in Massachusetts . The land surface is gently 
rol ling within the valleys with high ridges and 
steep slopes dividing them. 

The basin is largely rural with farms and 
woodlands . There is some res idential and commer­
cial development, particularly in the lower part . 
The upper rea ches of the West Branch and East 
Branch are developed for wat er supply for the 
greater Hartford area by the Metropolitan District 
Commission . 

GUIDE FOR THE USE OF 
THIS REPORT 

Water supplies may be obtained from streams, 
lakes, and aquifers . Methods used to estimate the 
amount of wat er potentially available from each 
source and the techniques of development are suf­
ficiently different to be treated in separate 
surface-water and ground-wate r sections of this 
report . 

The availability of surface wat e r is sum­
marized on plateD, which shows the amount of 
available sto rage in selected reservoirs and low 
flows of major streams . St reamflow information in 
the text includes tables and grap hs of flow dura­
tion, low-flow frequency and duration, flood 
peaks, frequency of floods, and draft -storage 
re lations . 

The availability of ground water i s summarized 
on plates Band D. Plate B delineates the prin­
cipal water-bearing units and the saturated 
thic ness and composition of the stratified drift . 
The ran ge in well yield from the principal wat er­
bearing units is given . PlateD shows areas of 
stratified drift favorable for the development of 
large ground-wat e r supplies and the estimated 
amount of water available under specific con­
ditions. The text discusses the aquifers, the 
movement, and storage of ground water and the 
met hods used to estimate the yields of the 
favorable areas . It includes data on yields fo r 
each of the main types of aquifers . 

The quality of wat er is discussed in the sec­
tion "Quality of Water . " It is based pri marily on 
interpretation of samples collected in 1971 from 
41 sites on 26 streams, 7 sites on lakes and 
rese rvoirs, 108 wells and 3 precipitation­
collection sites . Individual analyses are in 
Water Resou rces Data for Connecticut, 1971-75, 
(U . S. Geol. Survey , 1972-76). Sites are located 
on plate A. 

Wat e r use is shown on plate C and discussed in 
the text . Water quality data for the principal 
wat er-supply systems are listed in tables 22 and 29 . 



All data collection points referred to in this 
report are located on plate A which was also 
published in the companion basic data report 
(Hopkins and Handman, 1975) . The basic -data report 
also contains well records, logs of wells and test 
holes, laboratory analyses of sediment samples, and 
lists sources of othe r published hydrologic and 
water-qua 1 i t .v information . 

A list of abbreviations, some common equivalent 
relations, and a glossary of technical terms are 
included at the end of this report. 
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Co ., and the R. E. Chapman Co . , cont ributed signi­
ficantly to the study . Othe r information and 
assistance were provided by pro pe rty owners , well­
drilling contractors, consultants , planning agen­
cies, and company and public officials too 
numerous to name . All have helped to make this 
repo rt possible; their contributions are sincerely 
appreciated . 

THE HYDROLOGIC CYCLE 
The hydrologic cycle is a term used to denote 

the circulation of water between oceans, land 
masses, and the atmosphere. When water vapor in 
the atmosphe re condenses to form clouds, rain or 
snow may develop and fall onto the land su rface . 
Pa rt of this water flows across the land to 
collect in streams and lakes, and part seeps into 
the ground . Much of the water on the land surface 
or in the ground is soon evaporated or taken up by 
plants and returned to the atmosp here by 
transpiration . Some, however, moves through per ­
meable soils and rocks and discharges into nearby 
streams and lakes . The part that reaches the 

streams, lakes, and eventually the oceans, is eva ­
porated to complete the cycle . 

As water moves through the hydrologic cycle, 
large amounts are stored temporarily in the 
atmosphere as vapor or clouds , on the land surface 
in streams, lakes, and oceans, and beneath the 
land surface as ground water . The amounts in 
sto ra ge change constantly as the water moves, and 
the physical, chemical, and biological properties 
also change. Quality of water in the hydrologic 
cycle is discussed separately . 

THE WATER BUDGET 
The hydrologic cycle in a drainage basin can 

be described by a water budget, which, li ke a 
fiscal budget, lists receipts, disbursements, and 
amounts on hand. The receipts of water in the 
Massachusetts pa rt of the Farmington Rive r basin 
consist almost entirely of precipitat ion on the 
a rea . Disbursements consist of surface runof f , 
ground- water runoff, and evapotranspiration . The 
receipts and disbursements of water in the report 
area in Connecticut are similar except for an 
additional disbursement, the diversion, of wat er 

from the report area to supply the needs of the 
Hartford Metropolitan District Commission . The 
amount on hand-stored within the basin is 
constantly changing . The amounts in each element 
of the budget may vary from year to year, but the 
budget always balances . Taking into account 
changes in storage, the disbursements are equal to 
the receipts . The app roximate amounts involved in 
each of the major elements of the water budget in 
an average yea r are shown in figure 2. 
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Precipitation 366 Billion 
gallons per year 

67 

Div e rsion for Hartford area 

water supply 20 Billion gallons 

per year 

Evapotranspiration 174 Billion 
gallons per year 

O RA NBY 

23 9 Billi o n gallons 
p e r y e ar 

(N e t runoff fr o m r e p o r t 

a r ea 17 2 B i ll io n ga llo n s 

per year) 

Fi gu re 2. - - Ann ua l wat er budge t for the Farming t on River bas in above Tari ff vil le 

SOURCES OF WATER 
PRECIPITATION 

Th e mean monthly and mean annual preci pitation 
on the uppe r Fa rmi ngton Ri ver basin above 
Ta r iffv i lle fo r the refere nce pe r iod October 1930 
to Septembe r 1960 are given i n tabl e 1. The mean 
monthly and mean annual wate r bud get on the pro­
j ect a rea are given in table 2. The data were 
computed f r om five long-te rm weathe r stations , 
i ncludin g one i n Massachusetts , and were wei ghted 
in propo r tion to t he area rep res ented by each sta ­
t i on . Figu re 3 , whi ch inc l udes data from tab l e 2, 
shows that mean monthly precipitation is quit e 
uni f orm th roughout th e year, rangin g fro m 3. 25 
in ches in February to 4. 56 inches i n November ; the 
a vera ge i s 4. 04 in ches pe r month . Minimum monthly 
prec ipit ation ran ge s from 0. 53 inches (September 
1948 ) to 1. 93 in ches (July 1939) . Ma ximum mont hly 

4 

Table 1. --Mean monthly and mean annual precipitation 
and runoff fo r the Farmin gton Rive r basin above 

Ta r iffville 
(Data fo r 1931 -60 wate r yea rs, i n inches of wate r ) 

Fa rmington Rive r basin above Ta r iffville 
(577 mi2) 

11onth Prec i pi tat ion Runoff 

October 3. 71 l. 21 

Novembe r 4.43 l. 97 

Decembe r 3.85 2.09 

Janua ry 3. 78 2. 37 

Feb r uary 3.09 l. 99 

Ma rch 4. 18 4. 12 

Ap ri 1 3. 94 4.68 

t1 ay 3.87 2.68 
June 4.20 1. 64 

Ju ly 4.09 . 97 
August 4. 39 1. 10 
Se pt ember 4 . 20 1. 04 

Annual total 
(wat er yea r) ....... . 47 . 73 25 .86 



precip itation ranges from 5.42 inches (February 
1951) to 25 .35 inches (August 1955) . The mean 
annual precipitat ion of 48 .42 inches is equiva lent 
to 366 billion gallo ns on the report area of 435 
square miles . 

Table 2 . --Medn monthly and medn annual water budyet calculdted 
tor the Fanning on Rlver bas1n prOJect uca 

ron h 

October 

Nove-mber 

Ot>cel"!ber 

January 

February 

11arcn 

Apnl 

Junt: 

July 

August 

(Oa a for 1931-60 watt:>r yedrs . 1n lnches of water ) 

PrPclpl­
ta 10n 

3 . 74 

• .so 
3 . 97 

3.91 

3.25 

4 . 31 

4 .04 

3. 8 

4 . 17 

3. 9 

4.35 

~._15 

------ ---
PreciplldllOn 

run us 
Evapo rans- t•vapotrans-

plratlon p1ra 1on 

I. 72 

. 73 

!J . 20 

!_/ .20 

!_! . lU 

. 38 

1.50 

2. 84 

3. 80 

4.40 

3. 96 

-1.:.!! 

72 . 97 

2 .02 

3. 83 

3 . 77 

3 . 71 

3.05 

3 . 93 

2. 54 

I. 14 

. 37 

- . 47 

. 39 

__2_,_!_1 

25 .45 

Runo f 

1.22 

1.89 

2.01 

2 . 38 

2.05 

4 . 10 

4 . 32 

2.o2 

1.61 

I . Ol 

1.15 

_1 . 0_2 

25 .45 

Change 

'" StOrdgel/ 

0 . 80 

1.94 

I. 7b 

1. 33 

1.00 

.17 

• I . 78 

1.48 

I. 3u 

1.49 

. 76 

_ .J..5 

141nus SliJn tnd1Cd es ne loss 1n s orage . no s1gn lndlCdt~s nt't !Jdln . 

Evapo ranspird 100 estHlldlfd tor lmt>S when a1r tempera ure was above 
freeZing . It is aSSuflled to be uro when ~nr temperd urL• 15 at bi•Jo-.., 
freez1ng . 
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Figure 3.--Mo nthly prec ipitation 

STREAMFLOW AND UNDERFLOW 

Prec i pitation is t he only natural sou rce of 
wat e r fo r all the s tream basins that are ent irely 
within the pro ject a rea . However, a substa ntial 
source i s st reamflow entering from Massachusetts­
est imated to be 67 billion gallons per yea r. 
Underflow in to the basin i s negligible . The 
inflow-outflow rattern of s treamflow i s shown in 
figure 2. 
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LOSSES OF WATER 
RUNOFF 

Long-t erm reco rds of r unoff are available for 
the Farmington River ba s in . The mean monthly and 
mean annual runo ff on the total basin above 
Tariffville for the refe rence pe ri od October 1930 
to Sep tember 1960 a re given in table 1. The mean 
monthly and mean annual runoff on the project a rea 
are gi ven in table 2. The data we re computed from 
reco rds of gag in g stat i ons on the Farmington Rive r 
at New Boston, Ma ss . and Ta r iffvil l or Rainbow, 
Conn . Figure 4 shows that the mean monthly runoff 
follow s a ma rked seasonal cycle, being much lower 
in July and September (1 . 02 inches) than Apr il 
(4 . 32 inches) . Minimum monthly values also vary 
seasonally , ran ging from 0. 28 inches (September 
1957) to 1. 84 inches (April 1946) . This cycle 
reflects a combination of causes , among which are 
increased evapo ration and transpiration during the 
summe r, storage of wa te r as ice and snow du rin g 
the winte r, and increased ground-water r unoff in 
the sp rin g. Maximum monthly runoff varies widely, 
ran gin g fro m 4.1 5 inches (July 1935) to 12 . 70 
inches (August 1955) . 
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Figure 4. --Monthly runoff 

EVAPOTRANSPIRATION 
Much of the precipitation on the basin is 

return ed to the atmosphere by evapo ration and 
transpiration . The combined process, eva ­
pot ranspiration, i s difficult to measu re directly 
and i s commonly comp ut ed as a r ema inde r after all 
other ga in s and losses have been accounted for . 
Measurement s of reservoi r and ground-water levels 
indi cate that surface-water and grou nd-water 
sto rage have not changed substanti ally over long 
pe ri ods of time . Therefore, mean annual eva po ­
transp irat ion i s est imated to be equal to mean 
annual precipitation (4 8. 42 inches) minus mean 
annual runoff (25 . 45 inches) , or 22 . 97 inches . 



Evapotranspiration rat es change throughout the 
yea r in response t o changes in air temp erature and 
du rat ion of daylight (Thornthwaite, 1g52, p. 382) . 
They are highest during the growing season, April 
through Octobe r, wh en the temperature is hi gh and 
daylight hours are increased . The cycle repeats 
itself with little chan ge yea r after yea r, and 
annual evapotranspiration is relative ly constant 
for a given locality . Theoretical mean mon thl y 
evapotran sp iration rates are computed by a method 
s imila r t o the one described by Thornthwait e and 
Mather (1957) and a re shown in table 2 and in 
figu re 5. 
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Figure 5. --Monthly evapotransp ira tion 

STREAMFLOW, UNDERFLOW, 

AND DIVERSIONS 
Based on a mean ann ual r unoff of 25 . 45 inches , 

the mean annual streamflow from the project area 
totals 192 bill i on gallons, which, combined with 
the 67 bill i on gal l ons pe r yea r ente rin g the basin 
f rom Massachusetts, totals 259 billion gallons per 
yea r . About 20 billion gallons per yea r of this 
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total is diverted for municipal supply of th e 
Hartford metropolitan area . Unde rflow out of the 
basin is negligible . 

SUMMARY OF THE WATER 
BUDGET 

The mean monthly water budget for the basin i s:1 
shown in fi gu re 6 and tabulat ed in tabl e 2. 
Precipitation in late autumn and wint e r exceeds 
evapotranspiration, which results in increased 
storage and abundant runoff . Precip i tation in 
late sprin g and summer is gene rally less than eva­
potranspi rati on; this results in decreased s t orage' 
and sharply reduced runo ff . Sto ra ge of wat e r may 
thereby change in lakes, stream channel s , 
aquifers, and so i 1 s . 
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Figure 6. --Mea n monthly wate r budget 



Table 3.- -C hemical and physi cal pro pe rti es of prec ipi tation and dry fallout 

[Compos it e monthly _samples from Co l eb rook, Bu r lington, and New Brit ain, April to November, 
1971. Concentrat1ons of chem i cal constituents in milli grams per liter. Individual 
analyses are in Wat e r Resources Data for Connecticut (U . S. Geological Su r vey, 1971-72) ] 

Constituent 
or 

property 

Colebrook 
l p 

Median Ra nge 

Calcium (Ca) 0. 6 

Magnes ium (M g) .1 0 

Sodium (Na) 

Potass ium (K) 

Ammon i um ( NH4) 

Bica rbonate 
(HC03) 

Su lfat e (S04) 

Chloride (Cl) 

Nit rate (N03) 

Disso lved 
solids, cal ­

culated 

Ha rdness, as 
CaC03 
(Ca + Mg) 

Ha rdn ess, as 
CaC03 
(Noncarbonate) 

0 

. 4 

. 3 

. 79 

4. 6 

.38 

1. 99 

9 

2 

Specific co n- 38 
ductance 
(mic romhos at 

250C) 

pH 4.5 

0. 1 - 8 

. 01 - . 7 

0 1.7 

0 .8 

.31- 2.84 

0 - 15 

2 12 

.1 0- 2 

. 66- 3. 5 

5 37 

0 - 23 

0 - 15 

14 - 62 

4. 3 - 6 . 7 

Number of samples ....... 24 

Station: 
Bu rlin gton 

2P 
Median 

1.1 

• 1 

• 7 

1. 07 

2 

5.4 

. 50 

2. 3 

16 

3 

0 

38 

5. 6 

24 

Range 

0. 3 - 5 

.01 - . 5 

. 4 - 22 

. 2 - 3. 2 

. 1 - 19 

0 30 

2.3 26 

.2 - 3. 1 

.88- 38 

6 101 

14 

0 14 

17 - 151 

4. 5 6 .8 

7 

New Britain 
3P 

Median Range 

0. 6 0 3 

.1 0 .01- . 38 

.8 . 3 - 3 

.4 0 2.3 

. 74 . 27- 1.42 

0 0 2 

6 . 1 2 - 11 

.80 .3 - 6. 5 

1. 10 0 3. 98 

13 3 - 23 

2 0 9 

2 0 7 

37 24 - 69 

4. 5 3. 8 - 5.6 

24 

All 
stations: 

Median 

0 .6 

0 

. 01 

.8 

. 4 

. 93 

5 . 6 

.6 

1. 9 

12 

2 

38 

4 . 6 

Range 

0 B 

. 01- . 7 

0 ?.2 

0 3 . 2 

. 10- 19 

0 30 

2 26 

.10- 6. 5 

0 38 

3 - 101 

u 23 

0 15 

14 - 151 

3.8 - 6 .8 

24 



WATER-QUALITY CHANGES 

WITHIN THE HYDROLOGIC CYCLE 
Wat er moving through the hydrologic cycle 

unde rgoes changes in chemical and physical prope r­
ties . As it falls as rain or snow , it picks up or 
dissolves particles and gases from the atmosphere . 
Once on the gro und, water cont inues to be mod ifi ed 
by react ions with soils , rocks , and organic 
matte r . Its chemist ry depends largely on the com­
posit ion and phy s ical properti es of th e mate rials 
it contacts and on the length of time of contact . 
Thus, slow moving ground wate r gene rally i s mo re 
highly mineralized than su rfa ce run off . Lakes and 
st reams are a mixtu re of surface runoff and 
ground-wat e r runof f and are li kely to be inter­
med iate in mineral content . The quality of water 
in the diverse envi ronments of the hydrologic 
cyc l e is shown in fi gure 7 . 

Water quality is modified by the activities of 
ma n at all stages of the hydrologic cycle . For 
example, soot and moto r exhaust may affect the 
compos i t i on of precipitat i on ; animal wastes , fe r­
ti li ze r s , pet rol eum res idues , and road salts may 
degrade the qual ity of surface runoff ; leachate 
f rom landfills and sept ic tanks may conta mi nat e 
ground wat e r and industrial wastes may contaminate 
streams and ground water. On the other hand, 
water can be treated to remove pa rti cles and solu­
tes to pu ri fy it . Figure 8 shows some man-induced 
chan ges in wa te r quality . 

QUALITY OF PRECIPITATION 
Rainfall composition varies conside ra bly from 

place to place, from sto rm to sto rm, and within a 
storm . The path of an airmass has a majo r 
influence on the composition of precip itation . 
Rain from sto rms from the ocean contains signifi ­
cant concent rations of chlo r ide and sodium ions, 
espec ially near the coast . St orms that have 
passed ove r industrial a reas contain i mpurities 
derived from fumes and smoke -- particularly 
sulfates and nitrates . High sulfate concentration 
i s usually associated with acid rain whi ch is com­
mon near urban a reas . Dust, salt sp ray, 
indust ria l wastes , unbu rned fuel , pesticides and 
ag ri cultu ral chemicals a re dissolved and removed 
f rom the atmosphe re by precipitat ion. Initial 
rainfall in a storm may contain hi ghe r con ­
cent rations of di ssolved solids than are contained 
in lat er rainfall. 

Precipi tation samples were collected at two 
sites within the basin, and one site just south of 
the basin during April- November 1971, as shown 
in figure 9. Fo r each station a composite sample 
containing all t he prec i pitat i on and a ll the dry 
fallout for each month was analyzed . Values shown 
in figure 9 represent mate ria l from both sources . 
The monthly composite analysis wa s weighted to the 
monthly precipitation total for the calcu lation of 
each chemical paramete r . The results of the ana­
lyses of samples fro m Coleb rook , Bu rlin gton, and 
New Britain are summarized in table 3 and th e 
sites are locat ed in fi gure 9 and on Plate A. 
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Atmospheric wat er will adso rb ca rbon dioxide 
until equ ilibrium is reac hed at a pH of 5 . 7 
(Barrett and Brodin , 1955 , p. 252} . A pH of 5.7 
i s , therefore, rega rded as the neutral point with 
respect to ac idity of atmospheric wat er (a pH of 
7. 0 is neutral for water solutions at the earth's 
surface) . Tabl e 3 shows that the median pH at 
eac h of the s it es is below 5. 7, whi ch indicates 
acidic condit i ons . The gene ral acidity is 
ascribed to the react ion between sulfur dioxide 
and water . Most of the atmospheric sulfur dioxide 
i n the basin originates in urban areas to the 
south and west. 

Although the amount of mate rial ca rri ed into 
the basin by a single sto rm is small , the cumula ­
t ive effect is substantial . Dur i ng t he 8-month 
sampl in g per iod, the total amount of 
prec ipitati on -born e mate ria l that reached land 
su r face in the bas in was about 38 ,000 tons . Th e 
amounts of calcium, sodium, sulfate, and chloride 
that en tered the basin du ri ng this pe ri od are 
shown in figure 9. 

QUALITY OF RUNOFF 
The quality of runoff under natural condit i ons 

is dete rmin ed by the composition of precip itati on, 
the type of ea rth mate ri als encountered and the 
length of t i me runoff is in contact with earth 
mate rials . During periods of high flow most of 
the water in a st ream channel is direct run off . 
Its composition is close to that of precipitation 
wit h a lower concent ration of dissolved solids and 
lowe r pH than stream water at low flow . During 
periods of low flow, most of the water in a stream 
channel is f rom ground water; its dissolved- solids 
concentration and pH are higher . 

Water pe rcolating in t o the ground dissolves 
mo re rock and soil than does wate r flowing over 
the surface . Thus ground wate r contains higher 
concent rations of dissolved solids . These rela­
tionships are shown in tabl e 4, whi ch summa ri zes 
di ssol ved - sol i ds concent rati on and pH of precip i­
tation , surface wat er, and grou nd-water samples . 

More detailed information on the quality of 
surface water and ground wat er i s included in the 
section titled "Qual ity of Wate r ". 

n,ssor;e<r--
\Oilds, 1n 'lt!dldn 
mill I grd-~S Rctn!il' 
Pt-r lltf'r 

pH Medun 
Range 

12 
l • 101 

4 . 6 
3. 8 • 6 . 8 

rlunDe r of Sd pies 24 

36 
26 . 149 

6 . 7 
6 .4 ~ 7. 2 

----- -----------

4) 112 
20 19 36 - 189S 

6 . 8 7.8 
~ - 2 • 7 .8 6 . 8 • 8 .4 

40 88 

20 88 
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0 Precipitation-Water from the atmoephere 
dheolvee duet particlea and f&llll but h 
low in dheohed-mineral eoncentratione 
and II acidic. ~ 

Surface runoff carrlea toil particlee and 
ortanic materiah, turbidity and aediment 
loada increaee . Dheolved tolida lncreaee 
alithtly. Temperature• follow aeaaonal 
temperature• but are h11 extreme . 

Iron, m&DI&Illll and color in twamp water and 
lte dow1utream dhchart• increaeea eeaeonally. 
Swamp water reapondt rapidly to variation• in 
air temperature . 

~,r~ 

0 Stor•1• of water in lakee, pouch, and reeer•olre 
roducoo turbldlt1 and oodlmont load whllo ounllrht 
bloochoo out color. Thermal otrotltlcotlon In doop 
water deplete• os71en in Ute lower l&Jire. 

Fi gure 7.--Qua l ity of wat er in the hydrologic cyc le 

0 

® 

Evapotranepiration mo"Yea in vapor form from the 
land ourhco to tho otmoophoro. Atmoophorlc 
wotor II lowut In dluolnd-oolldo content of 
any In tho cycle . 

(!) Wotor In bedrock hu • quality dotormlnod by 
compooltlon of bedrock and of tho ourflclol 
motorlolo throurh which tho wotor puuo . 

Wotor In otrotltlod drift boo • quolltJ lorrolJ 
dotormlud b1 compoolt1o11 of ourtlclol motorlolo. 
Dheol..-int of carbonate mlnerah lucreaeee hardnete . 
Ground water oloo mono upward from tho bedrock 
and lntluoncoo tho quollt1 of wotor Ill tho ourtlclol 
dopoolto . 

IDtlltrotlon lncruooo tho minora! rorlon of water 
durlllr low-tlow porlodo. Tho more hlrblJ mlurollood 
rround-wotor runoff 11101 oubotonthliJ lllcroooo tho 
mineral collttnt of UD&ller etreame. 

[Wa te r is mo st pure as vapor in the atmosphere; i t becomes progressively more mineralized as it moves through the cycle ] 
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0 Gaeeoua, liquid, and eolid materiale produced by man'• 
acttvlttee are dhaolved and absorbed by precipitation 
and returned to earth . Sulfur, lead, unburned hydro ­
carbona. aoot, and fly aah all contribute to mioeralh ­
ation of preclpltatlon before it reacbee land aurface . 

[;;\ Petroleum residue from paved area•, leachate from waatea, 
\:,1 fertllh:era !rom lawna and gardena , are all carried by 

runo!! !rom populated areaa. Conatructlon In developing ~ 

@ Industry contributes waste to the air, water, and around. 
Many lnduatrial waatea are diftlcult and expeneive to 
treat . Often direct dhcharre to etreame ia the dhpoeal 
method employed and miles of downstream reach are 
contaminated aa a result . Budai of aolid waate merely 
delaya the eventual diecharge of the noxious material 
Into nearby waterways or the rround-water reaervolr . 

area a increaaea turbidity. Salt uaed ln winter road main - C:. ........................ -........ , ..... -..... ·~ ,-----., - :___ 
Animal waetea and !ertili~era are carried by run o ff fr o m ---

@ Ho usine developments remote from urban areas lack 
central water aupply and eewaee treatment !acillties. 
Improper deslan and placement of individual welh and 
septic tanka may lead to Jaree-acale aquifer contamina­
tion and serious health problema . 

aarlcultural and atock areaa . 

Sewaee treatment plants bring sewage effluents back to 
acceptable leveh, but the nutrient value of the treated 
water is blah. This autrhnt-ricb water baatens eutrophic ­
ation and atlmulatee algal bloom downatream. 

0 Heavily pumped welh near etreama receivl na waetea may 
induce poor quality aurface water into the aquifer . 

0 
I 

Lakes and ponda which receive nutrients {nitrate and 
phoephate lone} and aedlmenta are prematurely aced . 
Continuation reaulta In unel1htly &11&1 blooms in aummer . 

Figu re 8 .--Effects of human activities on wat er quality 

G 

(!) 

Reservoirs and other impoundments improve water quallty 
by trappln1 sediments. Turbidity and color of the water 
Improve with atora1e. Exceeaive aedimente wlll 1radually 
fill reeervoira, reducin1 capacity and eventually end their 
ueefulneae . 

Foaail fu el plants contribute large amounta of materiale to 
the air which precipitation eventually return• to the earth . 
Water ueed to cool the ltneratore of theee plante h returned 
to the atreams at an l.ncreaeed temperature. 

Intenaive development can cauae contamination of 1round 
water and pollution of the lake because of waste disposal 
problema . 

[C hemical and physical properties are modif i ed , usual ly resu l ting i n dete r io r at i on i n qua li ty ] 
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[Accumu l at ion of calcium, sodium, sulfate and chloride, April to November, 1971] 
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SURFACE WATER 

STREAMS 
The source of the Farmington River is its West 

Branch, which originates in Massachusetts and 
drains 104 square miles before entering 
Connecticut. The East Branch also rises in 
Massachusetts as Hubbard River and Valley Brook, 
which together drain 28 square miles above the 
Connecticut border . Other smaller streams add to 
these to make a total of 142 square miles of 
drainage area in Massachusetts . The project area, 
or that part within Connecticut, covers 435 square 
miles . Runoff records are available for the three 
main streams mentioned at sites near the border . 

The amount of streamflow passing any point 
within the basin varies continuously. A con­
tinuous reco rd of streamflow for the Farmington 
River at the downstream end of the project area at 
Tariffville and at Rainbow (stations 01189995 and 
01190000) from August 1928 to the present is 
available. Twenty four other continuous or par­
tial records for other streams within the area and 
for one in Massachusetts at New Boston are also 
available, as shown in table 5. Locations of 
stream-gaging stations are shown on plate A. 
Records of streamflow from 1913 through September 
1960 have been published annually in a series of 
U.S . Geological Survey water supply papers 
entitled "Surface Water Supply of the United 
Stat es" . They have also been published from 
October 1960 to September 1964 as "Surface Water 
Records of Connecticut " and from October 1964 to 
September 1982 as "Water Resources Data for 
Connecticut." All of these publications are 
listed under "U.S. Geological Survey " in the 
"References" at the back of this report . 

REGIONAL STREAMFLOW RELATIONS 
Streamflow records are the basis for deter­

mination of water-supply potential and are used to 
estimate mean annual flows, duration of flows, 
frequency and duration of low and high flows, and 
magnitude and frequency of floods. For the pur­
pose of this study, all records were extended or 
shortened to 30-year reference periods, beginning 
in April or October 1930 and ending in March or 
September 1960, so that comparable estimates could 
be made for any selected location. Short-term 
records were adjusted by (1) selecting a long-term 
site nearby with similar geologic characteristics, 

12 

(2) c~aring the flow-duration and low-flow fre­
quency curves for the long-ten. site with its con­
current short-term curves. and (3) if the 
dist ributions were si•ilar. then the short-term 
site was adjusted accordingly . The period April 
1930 to March 1960 includes the 1930-59 climatic 
yea rs and October 1930 to Sept~r 1960. the 
1931-60 water years . These reference periods con­
form with the practice reca..ended by the World 
Meteorological Organization (Searcy. 1959) and 
are consistent with previous reports in this 
ser1es . Duration of flows and frequency and dura­
tion of low flows during this 30-year period of 
record were adjusted to the statewide average ~n 
annual streamflow for the reference period. 1.16 

million gallons per day per square •ile (1 . 80 
cubic feet per second per square •ile). 

Regional relationships are used to transfer 
data for a known site to one where no data exists. 
These relationships aay be applied to any site 
provided that no diversion. regulation, or signi­
ficant urban develop.ent exists upstreaa. They 
can also be applied to the part of a drainage area 
downstream from a point of diversion. If the 
amount and time distribution are known at a point 
of partial diversion, appropriate adjustllent to 
the regional relationship aay be aade. Regulation 
can be adjusted similarly. 

A report on the natural drai nage areas of 
streams and lakes in Connecti cut (Thoaas. 1972) 
provides information on the s i zes of drai nage 
areas at specific sites. 

MEAN ANNUAL FLOW 

The discharge passing a point depends upon 
size and topography of the upstrea drainage area. 
precipitation, evapotranspirati on. surface- and 
ground-water storage, and the infl uence of· aan on 
the system. The areal variation i n the aean 
annual runoff of unregulated streaas-streaas with 
discharges not affected by upstrean control s i s 
shown by lines of equal streagfl ow ratio (f i gure 
10). These lines represent the ratio of l ocal 
mean annual runoff to the average statewide value 
of 1.16 million gallons per day per square ile 
(1 . 80 cubic feet per second per square i l e) for 
the reference period water years 1931-60. To 
determine the amount of streamflow at a specifi c 
site, use a weighted average ratio representati ve 
of the entire upstream drainage area. 



Table 5.--Periods and types of streamflow record s at gagin g stations 

Station Drainage 
no. area 

(pl . A) Station name (mi2) 

01185500 West Branch Farmington River 92 
at New Boston, Mass. 

01186000 West Branch Farmington River 131 
at Riverton. 

01186100 Mad River 18.5 
at Winsted. 

01186400 Sandy Brook 34.9 
at Robertsville. 

01186500 Still River 84.7 
at Robertsville. 

01187000 West Branch Farmington River 217 
at Riverton. 

01187300 Hubbard River 20.7 
near West Hartland. 

01187400 Valley Brook 7.03 
near West Hartland. 

01187680 Cherry Brook 8.23 
near Canton Center. 

01187700 Cherry Brook 12.6 
at Canton Center. 

01187800 Nepaug River 23.5 
near Nepaug. 

01187850 Clear Brook .59 
near Collinsville. 

01187980 Farmington River 360 
at Collinsville 

01188000 Burlington Brook. 4.13 
nea r Burlington 

01188090 Fa rmin gton River. 378 
at Union ville 

01188100 Roaring Brook 7.60 
at Unionville. 

01189000 Pequabuck River 45.4 
at Forestville. 

01189180 Hop Brook 1.52 
at West Simsbury. 

01189190 St ratton Brook 1.41 
at West Simsbury. 

011 89200 Stratton Brook 5.13 
near Simsbury . 

01189210 Hop Br ook 10.8 
nea r Simsbury 

011 89300 East Branch Salmon Brook 12.4 
at North Gra nby. 

01189390 East Branch Sa lmon Brook 39 .5 
at Granby . 

011 89400 West Branch Sa lmon Brook 15 .7 
at West Granby . 

01189500 Salmon Brook 67.4 
at Granby . 

0118999 5 Farmington River 577 
at Tariffville. 

01190000 Farmington River 589 
at Rainbow . 
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Type 
of 

record 

Continuous 

Do. 

Do. 

Low flow only 
Continuous 

Do. 

Do. 

Do. 

Do. 
Peak flow only 
Continuous 

Low flow only 

Continuous 

Peak flow only 
Continuous 

Do. 

Do. 

Do. 

Low flow only 
Peak flow only 

Continuous 

Do. 

Do. 

Low flow only 
Peak flow only 

Continuous 
Do. 

Low flow only 

Continuous 

Low flow only 

Continuous 

Peak flow only 
Continuous 

Continuou s 

Period of 
reco rd 

(wate r years) 

1913 to cu rrent year 

1955 to current year 

1957-69 

1961 -67 
1968-76 
1948-67 
1969 to cur rent y ear 
1929-55 

1938-55 
1956-78 
1940-72 
1973-74 
1967-71 

1961 -66 

1918-55 , 
1958-72 
1973-84 
1917-73 

1963- 77 

1931 to current year 

1977 to current year 

1961-78 
1962-68, 
1971-84 
1941 to current yea r 

1967-71 

1967-71 

1961-71 
1964-66, 
1972-84 
1966-71 
1966-71 

1961-65, 
1967, 

1969-73 
1964-76 

1961-65, 
1967-73 
1946-63 

1913-28 
1928-39 , 
1971 to current year 
1940 to current year 
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EXPLANATION 

Drainage basin divide 

1.10- 1.1 0 Line of equal runoff ratio 

This e x presses the ratio of local 
mean annual runoff to the approx­
imate statewide mean of 1.16 
million gallons fer day (1.80 cubic 
feet per second per square mile 
during the reference period 
October 1930 to September 1960. 
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Figure 10 . --Areal variations in mean annual runoff 

FLOW-DURATION CURVES 
Cumulative frequency curves, called flow­

duration curves, show the average percentage of 
time the specific daily flows are equaled or 
exceeded at sites for which continuous records of 
daily flow are available. Flow-duration curves 
based on continuous records from stream-gaging 
stations in the Farmington River basin for the 
reference period 1930-60 are shown in figures 
11-16 . Also shown are the minimum and maximum 
limits of duration in a single year. 

A family of regional flow-duration curves 
developed by Thomas (1966) for ungaged sites, 
shows the effect of basin surficial geology on the 
shape of the curves. Regional flow-duration cur­
ves based upon gaging-station records in the phy­
siographic region known as the "Litchfield Hills" 
apply to this basin and are shown in figure 17 . 

14 

In general, the curves show that streamflow from 
area s having a large proportion of coarse-grained 
stratified drift is more evenly distributed in 
time than streamflow from areas mantled largely by 
till. This reflects the generally large infiltra­
tion rate and storage capacity of coarse-grained 
stratified drift and the resultant high proportion 
of ground - water runoff from these deposits . In 
contrast, the uneven time di stribution of 
streamflow from till a reas reflects the low 
infilt rat i on rate and low storage capacity of 
these deposits and the resultant large proportion 
of surface runoff . 

The flow-duration curves shown in the figure 
apply only to unregulated streams if their mean 
annual streamflow is 1. 16 Mgal/d/mi2 (1 . 80 
ft3/s/mi2), the statewide average for the 
reference period 1930-60 . They may be used with 
f i gure 10 and the diagram in figure 18 to estimate 
flow-duration cu rves for ungaged s i tes on unregu­
l ated st reams in the basin . 
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Figure 17 . --Regional duration curves of daily mean streamflow 
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Fo r example , assume that an average flow­
duration curve is needed for the pe riod 1930-60 
for a site with a drainage area of 8 .0 mi2 , of 
which 1. 6 mi2, or 20 percent of the total, con­
sists of stratified drift . The s ite is located 
where the mean annual streamflow for the upstream 
drainage a rea (f rom fig . 10) is 1. 06 times the 
statewide average . The flow-duration curve for 
this site is that shown in figure 17 for 20 per­
cent s trat i fied drift. Values of flow from this 
curve must be mu ltiplied by the drainage area, 8 . 0 
mi2, and by the ratio 1. 06 to give the average 
flow-du ration curve for this site for the pe riod 
1930-60 . Th e res ult in tabular fo rm is: 

Pe rcenta ge 
of time 1 5 10 30 50 70 90 95 99 

Averaye 
flow 6832 23 11 5.5 3.3 1.7 1.4().75 
equaled or 
exceeded , 
in Mgal/d 

Maximum and min imum flow-duration curves fo r 
single yea rs may be est imated by relati onsh i ps 
shown in fi gu re 18. For examp l e , if the flow of 
3.3 Myal/d was equaled or exceeded 70 pe rcent of 
the time on the average flow-duration cu rve shown 
in the table above, th en during the driest year of 
the period 1930-60 this flow wa s probably equaled 
or exceeded 44 pe rcent of the ti me , and during the 
wettest year, 91 percent of the time . These cu r­
ves can be used to estimate wat er availability 
du rin g wet- and dry-year extremes for reservoir 

10 20 ~0 40 70 80 90 100 

MA XI MUM OR M INI MUM PERCENT OF T IM E DAILY FI.O W EQU ALEO OH 
EXCHIJED T il E SELECTED VALUES IN A SIN GLE YEAH 

Figure 18. --Range in duration of st reamflow, 
1931-60 wate r years 
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design and for indu ced recharge to aquifers adja­
cent to streams . 

Any diversion or regulation upstream from a 
selected site would requi re adjustments to the 
natural flow-duration curve . 

LOW-FLOW FREQUENCY CURVES 

Occu rrences of low flow are best shown by fre­
quency cu rves of annual lowest mean flows for 
various periods of consecutive days as derived 
from long-term streamflow-gaging stations . 

Commonly used indices of low flow are the 
lowest annual mean flow for (1) 30 consecut ive 
days having an average recu rren ce interval of 2 
years (30-day, 2-year low flow), and (2) 7 con­
secutive days having an average recurrence inter­
val of 10 years (7-day, 10-year low flow) . 
Techniques for describing low-flow frequency hav e 
been presen t ed by Riggs (1968) . 

Frequency chara cte risti cs of low flows at 
long-term streamflow-gaging stations , for the 
reference pe ri od April 1930-Marcll 1960, are given 
in table 6. A graphical representation i s shown 
in figure 19 for the stream- gag in g station on the 
Fa rmington River at New Boston, Massachusetts. 
Re lation s between poi nts on duration cu rves and 
ooints on low-flow frequency curves for this area 
are given in table 7. 

The Sta te of Connect i cut and its Depa rtment of 
En vi ronmenta l Protection, in their report on c ri­
teria for water-quality standards (Connecticut 
General Assembly, 1967, Public Act No . 57), recom­
mend that the streamflow to whi ch these standards 
apply be the 7-day, 10-year low flow. 
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Table 6 . --Annual lowest mea n f low s fo r indicated pe riods of consecutive days 
and indica t ed recu rrence intervals at long -term stream-gagi ng stations 

[Flows are adjusted to the reference period April 1g3o to March 1960.] 

Station Pe ri od Annual lowes t mean flows {ft3/s) for indi ca t ed 
no. consec utive recu rrence intervals in years 

{pl . A} Station name days 1.2 2 3 5 10 20 31 

01185500 West Branch Farming t on 3 37 I 7 II 6. 2U 3 . 60 2.60 1.80 
River at New Boston, Ma ss . 7 44 21 15 9. 50 6. 10 4. 50 3. 30 

30 65 36 28 21 15 12 9.50 
60 83 48 39 30 24 19 16 

120 113 68 55 47 39 32 28 
183 143 86 72 62 52 45 39 
274 192 11 7 95 83 72 62 54 
365 244 147 118 104 90 79 70 

01 187000 West Branch Farmington 3 69 45 37 31 23 I 7 15 
Rive r at Rive rton . 7 84 53 45 36 28 23 19 

30 129 76 64 50 40 32 26 
60 168 93 78 63 50 40 36 

120 238 127 104 86 71 60 54 
183 320 166 132 113 97 84 79 
274 449 240 192 168 147 130 121 
365 594 367 320 281 229 212 186 

01187300 Hubbard River near 3 2. 25 1. 27 . 90 .62 .40 .26 .20 
West Hartland . 7 2. 50 1.40 1.01 . 70 .44 . 28 .22 

30 3. 95 2. 32 1. 73 1. 23 .8 1 . 55 .43 
60 6 . 25 3 .60 2. 60 1.83 1.1 8 .77 .60 

120 11.6 6 .60 4 . 70 3. 30 2. 11 1.38 1.07 
183 20 . 9 12 . 5 9 .40 6 .80 4.55 3.10 2.45 
27 4 34 .0 23 .0 18.3 14 .4 10 . 5 7.80 6.50 
365 53 .0 36 .8 32 .4 25 . 5 19.9 15.1 13 . 1 

01187400 Valley Brook near 3 . 79 .44 . 35 .29 .22 . 19 . 17 
West Hartland. 7 . 9U .48 .38 .33 . 26 . 22 . 20 

30 1. 50 . 71 . 57 .48 .40 . 32 .30 
60 2. 35 1.13 .89 . 71 .59 .4 5 .40 

120 4. 55 2. 20 1. 75 1. 35 1.06 . 81 . 71 
183 8 . 00 4.00 3 .05 2. 30 1. 75 1. 35 1.18 
274 16 . 5 8 . 20 6 . 30 4. 60 3.45 2. 75 2.30 
365 30 . 5 15 .0 11.5 8 . 50 6 . 70 5.50 4. 60 

01 187800 Nepaug River near 3 3 .56 1. 57 .95 . 56 .31 .1 7 .12 
Nepaug 7 3. 90 1.69 1.1 7 . 78 .47 . 30 . 23 

30 5. 22 2. 66 2. 00 1. 50 1. 04 . 78 .64 
60 7.83 4. 09 3. 02 2. 25 1.66 1. 25 1. 01 

120 15 .2 7.70 5 .65 4. 29 3.25 2.41 2.02 
183 23 . 6 12 . 7 9 . 53 7. 38 6 .02 4.84 4.06 
274 36 .8 22 . 5 17 . 7 15 .0 12. 9 11.6 10.0 
365 49 . 9 35 . 2 30 . 2 28 .4 25 . 7 23 .8 22 . 7 

01187850 Clear Brook near 3 1.10 .60 .48 .40 . 34 . 30 . 27 
Colli nsv ille 7 1.16 .65 . 52 .44 . 38 . 35 . 32 

30 1.28 . 76 .63 . 54 .49 .45 .43 
60 1.38 .85 . 7 2 .62 . 55 . 52 . 50 

120 1. 52 .97 .82 . 71 . 64 .61 .58 
183 1.68 1.08 . 93 .81 . 72 . 67 .64 
274 1.89 1.26 1.07 . 93 . 81 . 74 . 70 
365 2.25 1. 55 1. 32 1.15 . 99 .88 .83 

01188000 Burlington Brook 3 1.28 .93 .82 .73 . 66 .62 .60 
near Burlington. 7 1.42 1.08 .95 .85 . 76 . 71 .68 

30 2. 20 1.40 1. 20 1.08 .97 .88 .84 
60 3.00 1. 70 1.45 1. 27 1.14 1.07 1.02 

120 4.60 2. 35 1. 99 1.63 1.52 1.49 1.40 
183 6.60 3.25 2.63 2.19 2. 01 1. 95 1. 88 
274 11.0 5.25 4. 00 3. 25 2. 97 2. 89 2.80 
365 16 .4 7. 90 5 .80 4.7 5 4.40 4 . 20 4.07 

01189000 Pequabuck Rive r 3 19.0 14.0 12.0 10.7 9.50 8 .60 8 . 15 
at Forest vi lie. 7 22.5 16.7 14. 7 12. B 11.3 10 .0 9 . 50 

30 27.0 20.3 17.9 16 .0 14.2 12. 8 12.2 
60 32 .5 22 . 5 19.6 17 .4 15.5 14.3 13 .8 

120 47.5 29. 0 24 . 2 21.2 18 .8 17.4 17 .0 
183 58 .0 33 . 5 27.5 23 .8 21.0 19 . 2 18 . 5 
274 84 .0 49.5 40. 0 33. 8 29 .0 25 . 9 24.5 
365 120 76.0 58 .0 51. 0 42.5 37 .0 34 .0 

01189995 Farmington River 3 320 225 195 16!! 144 127 110 
at Tariffville . 7 343 240 205 178 155 138 125 
{1940-60 at Rainbow} 30 422 286 238 208 18b 168 157 

60 490 330 275 235 210 188 176 
120 605 405 340 290 250 215 200 
183 720 485 410 350 295 255 236 
274 970 640 530 450 380 335 307 
365 1,400 860 690 570 480 440 400 

01190000 Farmington River 3 210 117 91.0 72 .o 56 .0 45 .0 40.0 
at Rain bow. 7 310 218 193 175 155 138 130 
{1930-39 at Tariffvill e} 30 405 280 250 225 200 180 170 

60 455 308 270 242 217 197 188 
120 595 385 337 298 258 228 213 
183 770 470 400 348 303 272 258 
274 1,002 630 525 455 403 372 358 
365 1,240 810 670 590 535 495 4 75 

20 



Table 7.--Rela ti on of duration c urves to low-flow f r equency curves 

[The examp le s hows that the JU-day, 2-yea r low flow is equivalent 
t o the flow at 90 pe r cent on the flow -duration cu rve .] 

Period of 
I ow flow 

Ave ra ge percenT""'""ftime on the dura t1 on cu rve fo r 1nd1cated 
recu rre nce i nterva 1. in years ~ on the fr equency cu rve 

in 1.2 
consec ut ive 

~-----

2 
(median 
Le.!d_ 
I I 

92 I 97 I 

7 ~ I H I 

G~~~~-=--B 
60 74 85 

120 

183 

274 

365 

61 

49 

35 

25 

75 

65 

50 

37 

98 

97 

94 

90 

81 

72 

57 

44 

10 

99 . 2 99 . 7 

98 99.2 

96 98 

94 96 

87 92 

77 84 

63 70 

50 56 

20 31 
(driest 

ear 

99.8 99 . 9 

99.6 99.7 

99 99 . 3 

98 98 

95 96 

88 91 

75 78 

62 65 

Th e lowest mean f lows for 7, 15, 30 , 60, and 
120 consecutive days at long-term gaging stations 
in the basin for the period April 1930 to March 
1960, and the climatic year in which they 
occurred, are given in table 8 . 

ANNUAL HIGH-FLOW FREQUENCY CURVES 

Annual high-flow frequency curves are used to 
calculate storage for flood control. The 
r ecurrence intervals of highest annual mean flows 
for various periods of consecutive days at long­
term gaging stations are given in table g. This 
table shows, for example, that the annual highest 
mean flow for 30 consecutive days at the 10-year 
recurrence int erval on West Branch Farmington 
River at New Boston, Massachusetts is 900 ft3 /s. 
Thus, there is a 10-percent chance that a 30-day 
highest mean flow of 900 ft3/s will be exceeded in 

Tao1e 8 . --Annual l~est me.tn flows fo r 1nd icated consecuttve days ell long - ten~~ stream-gag1ng stdt.lons 

(flows in the years indicated were the lowest dur1ng the penod Apnl 1930 to Kdrch 1960] 
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any one year . The instantaneous peak discharge 
(0 consecutive days) at 10-year recu rrence inter­
val i s 8 ,000 ft3/s . 

STORAGE OF WATER 
EXISTING LAKES, PONDS, AND 

RESERVOIRS 
Stora ge information for selected su rfa ce -water 

bodies in th e area is prese nted in tabl e 10 . The 
volume of usable water in sto ra ge i s def ined as 
that whi ch may be withdrawn by gravity through a 
valve or gate . Hater-quality information on the 
public water-s upply re se rvoirs is given in table 28. 

DRAFT-STORAGE RELATIONS 
If th e min i mum fl ow of a st ream is inadequate 

fo r a projected rate of use, a dam and reservo ir 
may be constructed to store wat er for subsequent 
release to maintain the desired flow . Table 11 
shows the frequency with which various amounts of 
storage are requ ired to maintain selected rates of 
regulated flow at long-term stream-gaging stations 
based on record~ for the reference period . Values 
of storage required for a recurrence interval of 2 
years apply for the condition of median annual 
streamflow, and values for a recurrence interval 
of 31 yea rs apply for the condition of lowest 
annual streamflow. The unde rlined values in tab le 
11 are greater than the total volume of streamfl ow 
in some years and would not be replaced every 
year . The fi gu res are based on frequency-mass 
cu rves th at in turn are based on low-flow fre­
quency relationships . 

Table lO . --Ava1lable data for selected lakes . ponds . and reservo1rs 

Sta 10n no . 
(pl . A) Name and I oca 1 on 

Ia -
ural (N) 

or 
art 1-

' c ral (A) 

01185000 Ot 15 Reservoir at Cold Spnng . A 
f·ass .Y 

01185700 Abbey La>e near : ontvli I e. ass . 

01185710 Wes La e near Hontvli le, ~ass . A 
01185850 Co 1 ebroo~ R 1 ver La~ e near A 

Colebroor . 
01185860 Howells Pond near 'rlest Hartland . A 

01185880 Har land Pond near 1.1es Hartland . II&A 
01185900 •.Jes Branch Reservoir near A 

R 1 vert on . 
01186005 Burr Pond a Burrv1ll e . 

01186080 Ru99 8roo~ Reservoir near 
Wlns ed . 

01186090 f·ldd R1ver Reservoir near 
Wlns ed . 

01186140 Crystal La<e ReservOir near NtA 
W1ns ed . 

01186150 Sucker Broo, Reservo1 r near A 
W1nsted . 

01186160 H1 ghland Lake at .l1ns ed . I&A 

01186248 Gaylord Pond near Rober sv•lle . A 
01186300 Ooo 11 tIe Pond near North liM 

Co I ebroo< . 
01186320 La.e Tnan9le a florth Colebrook . A 
01187030 West Hrll Pond near W1ns ed . N&A 

01187500 Barkhamsted Reservoir near A 
Bark har!'IS P.d . 

01187600 East Branch Reservorr at A 
New Hartford . 

01187900 flepau9 Reservoir near A 
ColllnSvllle . 

01188150 Terryvrlle Reservoir no . 3 near A 
Terryvi lie . 

01188200 Br i sto 1 Reservorr no . 4 near A 
Harwin on . 

01188250 Bnstol Reservoir no . 5 near A 
Terryvi lie . 

01188300 Bristol Reservoir no . 2 near A 
Terryvi lie . 

011883!>0 BriStol Reservoir no . 3 near A 
TerryVllle . 

01188400 Old Iarsh Pond near Terryvrlle fi&A 
01188450 BrlS ol Reservoir no . I a A 

Terryville . 
01188492 Dunham fli II Pond near BriStol . A 

01188500 Whigvrlle Reservoir at Whi9v1lle . A 
01189110 S•msbury Reservo! r at West A 

Srmsbury . 
01189360 1ani ook La e ne.r Granby . II&A 

[n.d . No da a was avarlable] 

ur-
face 

Ora in­
age 

area 
(mr2) 

Sur- eleva-
face 10n l/ 
area (f above 

(acres) sea level) 

15 . 9 1 . 100 

I . 75 54 

1. 46 83 
119 ,210 

I . 50 17 

. 26 49 
127 190 

I. 32 85 

2 . 39 45 

18 . 3 188 

1. 10 116 

3 . 15 54 

7 .05 447 

1. 42 43 
. 90 19D 

3 . 42 50 
1. 32 238 

52 . 5 2 .276 

61 . 2 437 

31 . 6 850 

.09 5 . 6 

I. 77 42 

I . 14 

. 31 

5 . 78 

2 . 24 
. 43 

. 19 

4 . 10 
. 87 

I . 55 

40 

19 

4 . 3 

135 
33 

27 

11 
9 . 9 

54 

I ,419 

1,479 

I. 57> 
79D 

1,132 

1.155 
641 

988 

1,032 

983 

I ,D19 

935 

881 

54 
1,390 

1 ,035 
938 

530 

420 

482 

829 

852 

88D 

877 

670 

688 
599 

921 

570 
450 

194 

ax1- Aver-
mum age 
depth depth 
( ft) ( ft) 

34 . 5 16 . 3 

34 17 ,47 

Storage 

Total Usable 
(Hga I) (I· gal) 

5 , 84D 

306 

5 .84D 

218 

23 
194 

13 .6 3 8 212 
80 . 74 44.7 6 44 . 7 b 

II 6 . 4 34 .8 n . d . 

24 
100 

9 . 9 156 n . d . 
47 .0 2 , 800 2.800 

13 5 . I 147 n . d . 

. a. 

151 

44 

63 . 2 

62 

60 

ID 
61 

115 

58 

100 

12 

32 

n . d . 

51 . 6 

18.9 

32 . 4 

19 . 7 

4 . 4 
29 .8 

4 . 4 
24 . 6 

42 . 9 

21 . 0 

34 . 6 

9 .0 

18 .0 

44 15 . 7 

25 15 .B 

5 . 35 

13 . 4 
7 . 3 

8 . 5 4 .a 
28 17 .8 
31 17 .6 

20 8 .0 

225 n . a . 

3,160 3 . 140 

1,065 450 

650 480 

2.845 1 .070 

61 
1,930 n .d . 

71 . 4 64 . 7 
I . T 60 n .a. 

31,800 30,300 

2. 990 2. 940 

9 , 665 9 ,4 D 

16 . 5 n . d . 

249 n . d . 

200 n . d . 

98 n . d . 

7. 5 n . a . 

589 n . d . 
74 . 7 n . d . 

42 . 3 22 . 9 

64 .8 37 .8 
56 .9 n . d . 

145 n . d . 

y Taken from U. S . Geological Survey 7lf2 -mrnute quand r an9le . Elev a tions a r e those fr om dat e of su r veys . 

y lorth o area shown on plate A. 
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Present use 

Conserva 1 on , 
recreation 
Mul 1 purpose 
reservo1 r 

Do . 
Do . 

Recrea tl on 

Do . 
Compensa len 

Recrea t 1 on 

Water supply 

Multipurpose 
reservo1 r 
Water supply 

Flood control 

Recrea 100 and 
indus ry 
Recreat 1on 
Industrial 

Recreat 10n 
Recreat 1on and 
industry 
Wa er supply 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . 
Do . 

Rec reat i on 

Wate r supp ly 
Do . 

Rec r eat 10n 

Source of data 

U. S . Departmen of A9ricul ure. 

Do . 
U. S . Army Corps of En~Jlneers . 

Connec 1cut Slate Board of 
~ 1 sheri es and Game . 

Do . 
11etropol1 an 0Jstrlc 

Cormnss1on, Har ord, Conn . 
Connec 1cu S ate Board of 
FlsheriPs and Game . 

W1ns ed Wa er Department . 

U. S. Army Corps o Eng1neers . 

Winsted WtJ er Oepar ment. 

U. S . Army Corps of Engrnpers . 

Conn . S ate Soard of 
Fisheries and Game . 

Do . 
Do . 

Do . 
Do . 

f-1e ropo\1 an 01Strtct 
CorM\iSSJOn, Hartford . Conn. 

Do . 

Do. 
Terryville wa er Co . 

Br1s ol Water Oepar m nt 

Do . 

Do . 

Do . 

Do . 
Do . 

Connecticu t St ate Board of 
Flsherles and Game . 
ew Br lt<n n Water Department . 

Vi l la9e Wate r Company . Simsbury. 

Connec t 1 cu t State Board of 
F1 sheri es and Game . 



Table 11.--S or age r equi r ed to main tain indica ed r egu lated 
flows at long-term stream-gaging stallons 

[Data are adJusted o he r eference period A · 1 1930 
excep t fo r figu res underlined: hese woul/~~k e long!~ Ma~~h 1960 : Stor a ge r equired woul d r ef lll dur~ng a year . 
evaporati on , and for compu t atlonal bias all of wh ich · a ldo rage l S un~orrected fo r rese rvotr seepage , 

• w u tnc rease t e amount of storage required . ] 

Recu r - Haximum 
renee s orage 
inte r- needed fo r 
va I of refilling 
annua 1 during 
I owest the year 

Stat ion Dr ainage mea n of I owes Sto rage r equired (Hgal/mi2) to ma1n ta 1n ind1cated regulated low [(igal/d)/mi2] llo . are~ flow mean flow 
_(p~-S~~~e _ ___lm_i_L_(J.ears) (Mga I /mi 2) 1LIO o . 1su. zo 0.25 0.30 0.35 0. 40 0.45 0. 50 0.55 0.60 0.65 0. 70 0. 75 --u.s~-l.Jlll--
01185500 West Branch 92 . 0 1. 2 130 

Farmington 2 78 2. 0 4 . 0 6 .0 8 . 0 10 14 20 28 
~ 1 ve r 5 

0 . 5 1.0 2 . 5 3 . 0 6 .0 8 .0 12 . 5 IS . 5 20 27 33 40 57 73 54 1.0 2 .0 3 .0 5 . 0 8 . 5 12 16 21 27 34 40 4g 57 67 8g 116 at Ne~<~ Boston, 10 48 l. O 2 .o 3 . 0 6 .0 8 .0 12 16 21 27 34 43 52 62 74 84 109 IT6 Mass . 31 40 l.O 3 .0 5 . 0 9 . 0 14 l 26 34 ~ .?]. ~ 12 §! lOT l"Tb I5.)J zoo 
01187000 Hes Branch 217 1. 2 150 1.0 I . 5 2 . 0 2 . 5 3 .0 5 . 5 Farmtngton 2 7 .0 g . o 12 16 20 28 37 112 2 . 0 4 . 0 6 . 0 8 .0 ll 16 22 28 36 43 50 59 76 R 1 vt>r ~3 5 100 1.5 4 . 0 7 . 5 12 17 23 30 40 so 60 70 82 92 116 140 at R 1 vert on . 10 76 1. 0 3 . 0 6 . 5 ll 16 22 30 39 49 9 IT9 154 70 81 92 l 04 31 60 2 . 0 6 .0 ll 17 23 31 39 49 60 !.Q §l E .@§ no 148 Tn: 
01137300 Hubbard R1 ver 20 . 7 1. 2 192 3 .0 5 .0 10 IS 18 22 28 34 near 2 14 7 38 42 46 52 64 77 l. O 3 . 0 6 . 0 10 IS lg 24 29 35 40 46 53 61 67 75 91 Jog Hest Hartland . 5 113 2 . 0 7 .0 12 18 24 31 38 46 54 62 70 79 89 g9 109 130 152 10 93 5 . 5 10 16 23 30 38 4 7 !>6 65 74 84 94 lOS 117 128 m T!fo 31 66 8 . 0 15 23 31 41 51 61 !.1. 83 2.?. lQ.I! l2T 134 147 .l.6J: 191 £2_( 
01187400 alley 8roo. 7 .03 1.2 40b 2 .0 4 .0 6 .0 9 . 0 12 16 20 26 31 36 41 47 3 66 76 n~ar 2 189 2 . 0 4 .0 8 .0 13 18 25 31 38 45 52 59 68 76 84 101 120 lies Hart land . 5 109 2 . 0 6 .0 ll 16 24 31 39 46 55 65 74 84 95 106 117 141 I b7 10 87 3 .0 7 .0 13 20 29 37 46 55 66 76 87 99 112 125 n-u 168 197 31 60 5 .0 II 18 28 37 46 57 ZQ .!!1 .22 ill .!.?..... m T5 m Ii} 23~ 
01187800 llepaug R 1 ver 23 . 5 1.2 198 1. 0 2 . 0 4 . 0 7 . 0 10 12 IS 19 23 28 33 37 42 53 66 ncar 2 113 1. 0 3 . 0 6 .0 10 13 17 23 2 34 41 47 !>4 62 71 79 99 118 Nepaug . 5 67 3 .0 .o 10 IS 22 30 3H 46 55 64 73 84 9!> I 04 Ill 143 m 10 53 3 .0 8 . 0 14 21 29 37 45 48 65 75 85 8 109 Ti2 ITS Tr6 199 31 44 5 . 0 10 17 26 3b ~- i§. §.!! !l 21 104 ITS m ill if IO:T !..4J: 
UIJS7850 Clear Broo 0 . 59 1.2 85 

near 2 66 4 . I) Coll1nsvllle . 5 41 . 90 J . O 5 .0 6 .0 11 21 10 32 . 90 1.8 3 .0 , . ll 7 .0 II 18 30 
31 27 . 90 1.4 2 . 3 3 . 7 6 .0 7 .o 10 14 25 .:!_b 

Oli~HOUO Hurl1 ny on 4 . 13 I . 2 153 2 .0 3 . 0 4 . o 5 .0 7 . 0 10 14 18 22 27 37 7 
Broo' 2 125 1. 0 3 . 0 5 . 0 7 .o 9 .0 13 20 24 30 36 42 48 57 72 HH 
n ldr , 7H 2 . o 4 .0 8 . 0 12 18 24 31 38 46 54 2 72 HO IOU 123 
Hurl1ng on . 10 oJ 1. 0 3 . 0 6 .0 II 16 23 30 37 46 55 64 73 H3 9if ITti 145 

31 52 2 .0 4 . 0 8 .0 14 21 30 37 47 .L §2 ~ ~ tOT JT4 I4J 173 

0118 ouo Pequabuck R1 ve r 45 . 1. 2 16H 1. 0 2 . 0 4 .u 6 . 0 H.O II 13 16 I 23 32 44 
d 2 117 2 . 0 3 .0 6 . o g _o 14 19 26 34 42 so bO 79 98 
fores ville . 5 74 4 . o 8 . 0 15 22 30 39 48 58 68 79 91 115 I 2 

10 60 3 .0 . o 11 19 28 37 8 58 70 82 9<r JUT IT4- m 
31 45 2 .0 5 . 0 9 .0 18 27 36 ~ ~ 1J. ~ 2:6: I~ 124- 155 .!._8_9 

01189995 Farming on 511 I . 2 13!> 2 . 0 4 . 0 6 .0 8 .0 11 IS 20 25 33 4b 
R1 v~r 2 69 1. 0 3 .0 5 .0 8 .0 12 18 24 31 38 4/ 55 75 95 
d 5 57 2 .0 5 .0 10 17 24 32 43 53 64 77 89 ITS 143" 
Tar1f ville . 10 55 2 .0 4 . 0 8 . 0 17 24 33 43 54 b4 IT lf8 102 T30 m· 

31 48 3 .0 8 . 0 14 23 32 41 g ...i L ~ .!..OJ: m Til 186 
------------------ - ------------------------------------------------------------

By relating unit runoff for various flow fre­
quencies to percentage of drainage basin underlain 
by coarse-g rain ed stratified drift, frequency-mass 
curves can be generated fo r ungaged sites . 

The amounts of sto ra ge required to maintain 
various draft rates in previously unregulated 
st reams are presented in table 12 . These data are 
shown for i ndicated percentages of drainage area 
underlai n by coarse -gra ined strat ifi ed drift. 
Interpolations between percentages giv en may be 
made if necessary . Sto ra ge used to provide regu­
lated flow would be rep laced within one yea r. 
Table 12 is based upon an average streamflow of 
1. 16 Mgal/d/mi2 fo r the reference period. Before 
table 12 can be app li ed to a particular site, the 
rate of regulated flow and the amount of storage 
required must be adjusted to the average 
st reamflow at that s i te by using the appropriate 
ratio dete rmi ned from figure 10 . 
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The amounts of stora ge required according to 
tabl e 12 are smaller than the true values because 
they include a bias of about 10 percent, wh ich 
results from the use of the frequency -mass curve . 
Moreover, losses due to evaporation and seepage 
from the reservoir are not included . The amounts 
shown in the table are sufficiently accurate for 
preliminary planning and for tentative site selec­
tion . Furthe rmore, regulat ed flow rates assume 
continuous use and may be increased propor­
tionately if use is intermittent. 

Following i s an exampl e for a site with a 
draina ge area of 6 . 0 mi 2 , 30 percent of which is 
covered by stratified drift, and located where the 
mean annual streamflow is 1. 06 times the statewide 
average . To determin e the amount of stora ge 
required to maintain a regulated flow of 2. 3 
Mgal/d at this site, 1) dfvide 2. 3 Mgal/d by the 
draina ge area of 6. 0 mi 2 , whi ch results in a unit -



Tabl e 12 . - -S torage r equire d to maint a in indicated r egulat ed flows at s ite s on unregulate d s treams r e l ated to s urfi ci al geol ogy 

[Data are ad j us t e d to th e re fe rence pe ri od Apri 1 1930 - March 1 g6o and to an a ve rage streamflow of 1.16 (Mgal/d)/mi 2 · 
St o ra ge r eq ui r ed would be repl e nished within a y ear. Storage i s uncorrec t ed for re se rvoir seepa ge , 

e va pora t i on , a nd f or bi as in computation, all of whi c h incre ase the amount of s tora ge r eq ui r ed . ] 

Ma ximum amount 
o f sto r age 

Pe rce nt of wh i c h would 
a rea covered Recurrence be r ep l e n ished 
by coa r se- i nter va 1 dur i ng th e yea r 

flow (Mga 1/d ) / mi 2 
~ [~~ ~ \t ed ?~w~~~u~!a n of a nnua l 1 owes t St o rage r eq uire d (Mgal f mi 2 ) t o mai nta i n in di cated r egulated 

mean f l ow 
dri f t f l ow (years ).!/ (Mga l / mi 2 ) 0. 10 0 . 15 0 . 20 0 . 25 0 . 30 0 . 35 0 . 40 0 .4 5 0 . 50 0 . 55 0 . 60 0 . 65 0 . 70 0 . 75 0 . 80 0 . 90 1. 00 

0 
2 10 2 3 6 9 13 18 24 31 38 46 54 63 72 82 92 102 
5 66 9 14 20 27 34 42 50 59 69 80 92 104 117 130 14 4 

10 61 11 18 26 35 45 56 
31 48 18 27 37 47 

10 
2 95 1 3 7 II 16 22 28 35 43 51 60 69 ]g 89 109 131 
5 67 I 5 9 14 20 28 37 46 56 67 

10 59 3 7 13 20 29 39 49 
31 44 5 II 19 29 39 

20 
2 90 I 4 8 12 18 24 31 39 47 55 64 73 
5 61 3 6 I I 18 25 32 40 48 58 

10 55 2 6 I I 17 24 32 4 1 5 1 
3 1 44 4 10 16 24 33 43 

30 
2 82 I 3 6 10 I S 20 27 34 42 50 59 77 
5 57 2 6 10 I S 21 28 35 44 53 

10 52 4 8 14 21 29 37 46 
3 1 44 8 15 22 30 38 

40 
2 78 2 5 8 12 18 24 31 39 47 65 
5 53 2 4 8 13 18 24 31 39 47 

10 48 l 3 7 12 18 24 3 1 40 
31 43 2 6 12 19 26 35 

50 
2 l 3 5 9 13 18 24 32 48 67 
5 50 6 10 15 21 27 34 42 

10 49 10 15 22 29 37 45 
31 45 15 22 30 39 

60 
2 l 4 7 I I 16 22 36 54 
5 48 5 8 12 17 23 30 38 

10 47 7 12 17 23 30 39 
31 43 13 19 26 34 42 

80 
2 I 4 7 16 29 
5 44 2 4 8 12 17 29 

10 43 3 7 12 17 23 38 
31 42 8 13 18 25 33 

100 
2 3 II 
5 3 I I 21 

10 6 15 29 
31 12 25 40 

y Values fo r r ecu r rence i nte r va l of 2 y ears rep resent th e med i an year of th e re fe rence per iod , and values for recur rence i nter val s 
o f 3 1 year s r epr esent t he d r ies t yea r of t he refe r e nce pe r iod . 
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Table 13 .-- o able loods of reco rd 

------------------------------------------------

Station 
No . 

(pl . A) 

St ream and 
I oca t 1 on 

11ar . 19, 
Elevation 

(ft above 
sea level) 

1936 

Flow 
(ft3/s} 

Sept . 21 , 1938 
Eleva 10n 

(f t above Flow 
sea level) (ft3/s) 

------------------
01185500 \lest Branch 768.86 

Farmington Rive r 
at New Boston , Mas s . 

01186000 West Branch 
Fa rmington River 
at Rive rt on 

01186230 St1ll Rive r 
Winsted 

01186500 St iII R1 ver 
at Robe rt s vi lie 

01187000 Wes Branch 
Farmington Rive r 
a Rivert on 

01187980 Fa rmington R1ve r 
at Collinsville 

01188000 Bu rl ing on Brook 
nea r Bu rlin gt on 

01189000 Pequabuck R1ve r 
at Fo res tville 

01189500 Sa lmon Br ook 
near Granby 

011899g5 Fa rmington Rive r 
a Tar1ffville 

01190000 Fa rm•ngton R1ver 
a Ra1nbow 

485 .64 

266 . 5 

720 . 58 

143 . 61 

9,080 771 . 15 18,500 

30,600 37 ,UOO 

19 ,900 490 . 17 37 '100 

34,000 270 .9 54 ,000 

533 721 . 24 676 

205 .0 3,800 

26,900 144 .2 29 ,900 

26 ,60U 29 ,900 

l·lodi 1ed pea s show1ng effect of regulat1on of Mad R1ver , Sucker Brook , 
Colebrook R1ve r flood-control rese rvo1rs const ructed after 1955, 
from !·la s ter lanual of Rese r voi r Regulation , Fa rm1ngton R1ve r water shed 
(U . S. Depa rtm nt of he Ar my , Co r ps of Enginee r s, 1970) . 
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Dec . 31 , 1948 
Elevation 

(ft above Flow 
sea level) (tt3/s) 

768 . 71 II , 700 

520 .36 9,550 

486 . 17 22,000 

?65 . 9 32,000 

720 .87 5 I 

204 .42 3 ,260 

162 .54 3 ,4 40 

49 . 19 26 ,500 

Aug . 19 , 1955 
Elevation 

( t above Flow 
sea level) (ft3/s) 

Oct . I 1955 
Eleva 10n 

(ft above Fl~w 
sea level) (tt /s) 

---------------------
772 . 27 

506 . 70 
~495 

526 . 7 2 
*525 .9 

492 . 52 

280 .8 
*274 

723 . 22 

210 .94 

172 .57 

58 .86 
*55 .8 

34 ,30U 

57,200 
* 4,700 

4 ,000 
' 31 , 700 

lUI ,000 
*31,9UO 

140,000 
•61 '300 

I ,69U 

II, 7UO 

40 .00U 

69 ,200 
' 52 ,50U 

767 . 56 7 ,910 

498 .07 10,600 

52U . 26 9,27U 

2U,OOO 

720 . 24 475 

205 . 39 4 '170 

I b I . I 7 10,800 

51 . 71 34,7UU 



regulated flow of 0 . 383 Mgal/d/mi2; 2) for a 
d ra ina ge a rea 30 percent of 1~hi ch is covered by 
stratified drift, a recurrence interval of 31 
years (driest yea r ) , and a regulated flow of 0. 383 
Mgal/d/mi2, by interpolation in t able 12, the 
required storage is 27 .3 Mgal/mi2; 3) adjusting 

for the statewide averaye mean annual flow 
(27 . 3 x 1. 06 = 25 .8 Mgal/mi 2) or at total of 
155 million gallons fo r 6.0 square mi l es 
(25 .8 x 6.0); and 4) adjust i ng fo r bi as, evapo ra­
tion , and seepage rai ses t his to about 170 mi ll i on 
gallons . 

FLOODS 

HISTORY 
Floods have occurred in the Farmington River 

basin in every month of the year . Spring flooding 
is the most common and usually results from the 
combined effects of rapid snowmelt and rain , 
whereas summer and fall flooding are commonly the 
result of hurricanes . 

Since the first settlement of the region in 1633, 
there have been many severe floods . Notable 
historic floods that have occu r red include: 

January 1770 
March 1801 
November 1853 
May 1854 
October 1869 

December 1878 
r~arch 1896 
November 4, 1927 
March 19, 1936 

September 21, 1938 
December 31, 1948 
August 19, 1955 
October 16, 1955 

The flood of August 19, 1955, was the most 
severe of record and was probably the largest of 
any since at least the "Jefferson Flood" of March 
1801 . Elevations of observed flood peaks at long ­
term stream-gaging stations in the basin from 
Ma rch 19, 1936 to October 16, 1955 are given in 
table 13 . 

Following the flood of August 1955, many flood 
protection reservoirs and stream improvements were 
completed within the basin . The Corps of 
Engineers, U. S. Army, now has three large storage 
reservoirs, Colebrook River Lake, Mad River, and 
Sucker Brook, located in the basin (see Plate A) . 
The Soil Conservation Service of the U. S. 
Department of Agriculture also has floodwater 
retarding structu res on the Clam River in 
Massachusetts . The effect of the storage in these 
reservoirs upon the flood peaks of August 1955 has 
been estimated by the Corps of Engineers and these 
modified peaks are also shown in table 13 . The 
capacities and other technical data for some of 
the reservoirs are listed in table 10 . 

Descriptive information on the major floods in 
New England through 1955 is given by Thomson and 
others (1964) . More detailed records of the major 
floods of 1936, 1938, and 1955, based primarily on 
gaging-station records, are given in Grover 
(1937), Paul sen and others (1940), U. S. Geological 
Survey (1g47), and Bogart (1960) . Partial ­
duration series of flood peaks above selected 
bases for 7 long-term stream- gaging stations in 
the Farmington River basin were compiled by Green 
(1964) . 
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MAGNITUDE AND FREQUENCY 
Knowledge of the magnitude and frequency of 

flood-peak stages and di scha rges i s esse nt i al fo r 
land - use planning, design of flood-cont rol struc­
tu res, highways and bridges, and for delineation 
of flood - prone areas . The maximum flood of record 
and median annual flood at gaging stations in The 
Farmington River basin a re given in table 14 . For 
prelimina ry planning , estimates of the flood flow 
fo r any recurrence inte r val at all the sites 
listed in the table and for all ungaged sites 
within the basin where the drainaqe area is 2 
square miles or more can be made from figures 20 
and 21. More detailed methods of estimating flood 
flows fo r Connecticut are avai !able (Weiss, 1975; 
Weiss, 19!B) . The median annual flood at a site 
has a 50 percent chance of occurring in any year 
and may be estimated from figure 20 if the 
drainage area is known . Peak flows for other 
recurrence intervals up to 100 years {!-percent 
chance of occurring in any year) are obtained by 
multiplying the median annual flood by the 
appropriate ratio for any selected recurrence 
interval determined from figure 21. The total 
area of swamps, ponds, lakes, and overflow areas 
within the basin, expressed as a percentage of the 
total drainage a rea, indicates the effect basin 
storage has upon the shape of these curves . 

It must be emphasized that the curves in 
figures 20 and 21 apply only to unregulated 
streams draining rural areas; flood peak 
discharges in urban areas are significantly higher 
because pavement and storm sewers shorten the con­
centration time of the runoff . 

The te rms "recur rence interval" or "return 
period" , commonly used in comparing the ~severity 
of floods, are based upon a continuous series of 
annual flood events . The recip rocal of the 
recu rrence interval is the probabil i ty; it is the 
percent chance of a flood of a given magnitude or 
greater occu rr ing within any one yea r . In the 
design of structures such as br idges or culverts , 
it is necessary to consider the probability that a 
flood peak discharge with a selected annual 
recur rence i nte r val wi ll be exceeded wi thin the 
design lifetime of the st ructu re . Tab l e 15 pre­
sents this relationship and is based upon the 
binomial distribution P = 1- (1-p) n, where P is the 
probability that an annual flood with a selected 
recu r rence i nte rval, or its reciprocal "p" , wi ll 
be equaled or exceeded withi n "n" numbe r of yea rs . 
This relat i onshi p has bee n discussed i n de t ail by 
Ma rkowit z (1971 ) . 
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Tabl e 14 . --Maxi mum flood of record and median annual flood at stream-gaging stations through 1982 

Maximum flood of reco r d Ratio to 
median 

Median annual flood (u nregula ed) 
Elevation Sta ion 

No. 
(pl. A) Station name 

Ora i nage 
area 
(mi2) 

01185500 We s t Branch 92 .0 
Farming on Ri ver 
at ew Boston , Mass . 

01186000 Hest Bran ch 131 
Farmington Ri ve r 
a Rive rton 

01186100 Mad River 18 . 5 
at Winsted 

0 11 86400 Sandy Br ook 34 . 9 
at Robe r sville 

01186500 Still Rive r 84 . 7 
a Robe rt svi ll e 

01 187000 es t Bran ch 217 
Farmington Rive r 
at Rive rton 

01187100 11o r ga n Br ook 7 . 06 
near Wins ed 

01187300 Hubbard Rive r 20 . 7 
nea r West Ha rtland 

01187400 Valley Brook 7 . 03 
near West Hartland 

01 187500 East Bran ch 52 . 5 
Farmington Ri ver 
a t out let of 
Bark ha ms t ed Rese r-
voi r near Ba r ha msted 

01187550 Beave r Br ook 4 . 96 
nea r Ba r k hams ted 

Ol1B7680 Che rry Brook 8 . 23 
near Canton Cente r 

01187BOO Nepa ug Rive r 23 . 5 
near Nepaug 

OIIB7B50 Clear Br oo . 59 
nea r Collinsv ill e 

01187980 Farming on Rive r 
a Collinsville 

0118BOOO Burlington Br ook 
near Bu rl ing on 

01188100 Roa ri ng Br oo 
a Unionville 

0118gooo Pequabuck River 
at Fo r es vi lie 

0 11 89300 Eas Bran ch 
Salmon Br oo 
at o r h Granby 

OI IB9390 Eas Branc h 
Salmon Br oo 
a t Granby 

01189395 Wes Branch 
Salmon Broo 
a Wes Granby 

01189500 Salmon Br ook 
near Granby 

01189995 Farmington Rive r 
a Ta r i ffvi lie 

01190000 Fa rming on Rive r 
a Rainbow 

360 

4 . 13 

7 . 60 

45 . 4 

12 .4 

39 . 5 

I I. 7 

67 . 4 

577 

589 

Period of 
continuous 

r ecord Date 

Elevation 
( t above 
sealevel) 

1915-82 Aug . 19 , 1g55 772 . 27 

1956-82 Aug . 19, 1955 506 . 70 

1957 -69 Aug . 19 , 1955 776 . 0 

1961 -67 , Aug . 19, 1955 
1968-76 
1949-82 Aug . 19, 1955 526 . 72 

1930 - 55 Aug . 19, 1955 492 . 52 

Aug . 19, 1955 

1938-55, Aug . 19, 1955 611 . 12 
1957-82 
1941 -7 4 Aug . 19, I 55 56 5 . 70 

Aug . 19, 1955 536 . 26 

Aug . 19 , 1955 

Aug . 4, 1969 

1918 -55 , Aug . 19, I 55 
I 58-72 
1922-73 Aug . 19 , 1955 493 . 62 

1963-77 Aug . 19, 1955 280 . 8 

I 32 - 82 Aug . ]g , 723 . 22 

1962 - 82 Feb . 2, 1973 

1942 -82 Aug . 19 , 1955 210 . 94 

1961 - 65 , Aug . 19, 1g55 
1967-73 

1964-76 Sep t . 26 , 1975 170 . 58 

Aug . 19, 1955 

1947 - 63 Aug . 19, 1955 172 . 57 

1913-28 , 
1929-39 , 
1971 - 82 
]g40-82 

Sept . 22, 1938 144 . 21 

Aug . 19 , 1955 58 . 86 

Table 15 . --Probabili ty of r ecu r rence of annual flood pea s 
and h1gh mean diSCha r ges 

[Example shows that t here is a 72 pe r cent chance for a 
flood peak w1 h a 20 -yea r recurrence inte rval o be equaled 

or exceeded w1 h1n a 25 -yea r pe ri od] 

Recu rrence 
i n e rva l 
of annua I 
flood pNk 

(yea r s) 

Probabil1 y (perccntchance) hat an annual fl ood 
peak or high mean discha r ge wit h a selected annual 

recurrence interval will be equaled or exceeded 
_ _ withl_n he 1nd1cafed peri

1
od, in yea r s 

10 25 50 100 

I 

I 0 10 65 93 I 
- ---------------1 I 
- ~-- -----5 _____ 4!!._ _ _ ~ 92 

50 

100 

200 

500 

18 

10 

0 . 5 

.2 

40 

22 

12 

64 

39 

22 

10 

87 

63 

39 

18 

28 

F 1 ow anfou
0

a
0

dl 
(ft3/s) [(ft3/s)/ml2] 1 

34 ,300 

57 , 200 

10 , 200 

10 ,100 

44 ,000 
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GROUND WATER 

HYDROGEOLOGIC SETTING 
The Farmington River basin is unde r lain by 

three principal geologic units: bedrock, till, 
and stratified drift . These units form the physi­
cal framework for storage and movement of ground 
water; they differ significantly in geologic ori­
gin and in water-yielding characteristics . 
Bed rock underlies the entire basin and is discon­
tinuously covered by unconsolidated till and 
strat ified-drift deposits . All the subsurface 
units have openings that can store and transmit 
water . 

MOVEMENT AND STORAGE 
Unlike surface water that i s present in 

discrete channels or depressions in the land sur­
face, ground water is present everywhere beneath 
the basin . The water table defines the top of the 
saturated zone within which the open spaces in 
earth materials are completely filled with water . 
The water table forms springs and swamps where it 
intersects the land surface and locally coinc ides 
~~ ith the water level in most streams, ponds, and 
lakes . 

Movement of ground wat er is go verned prin­
cipally by the size of the subsurface openings and 
the pressure or head of the water within the flow 
system . Unconsolidated materials, such as stra ­
tified drift and till , have many open pore spaces 
between the individual grains . If the po re spaces 
are saturated and interconnected, they provide for 
sto ra ge and are conduits for movement of water . 
Porosity, the ratio of open space to sol i d matrix 
in Earth materials, is expressed as a percentage 
and fo r unconsolidated mate rial ranges from 20 to 
50 percent (Todd, lg59} . 

Most open spaces in the bedrock underlying this 
area occur as fractures (joints and faults) . The 
rocks have some intergranular (primary) porosity, 
but i t is less sign ificant than in unconsolidated 
mate rial s . Based on limited data (Randall and 
othe rs, 1966}, primary porosity of crystall ine 
bedrock in Connect i cut ran ges from about 1 to 3 
pe rcent . Measured primary porosities of sedimen­
tary rocks are hi gher; ranging from 2. 9 to 11 .6 
pe rcent (Haeni and Anderson, 1980, p. 43} . Many 
of the intergranular spaces in bedrock are not 
interconnected, however, and are of littl e con­
sequence to ground-water movement . 

The head in a ground-water flow system is a 
measu re of the potential energy of the fluid; 
ground wat e r flows in the direction of decreasing 
head . Diffe rences in the altitude of the water 
table in an unconfined flow system, one in which 
the wat er table i s at atmospheric pressure and is 
free to rise and fall, indicate the direction of 
horizontal ground-water flow . 
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In general, the altitude of the water table is 
highest under hills and lowest at streams . 
Consequently , ground water moves downward along 
this hydraulic gradient from uplands to adjacent 
streams where it discharges . Most of the dry­
weather flow of natural streams in the basin con­
sists of ground-water discharge that is termed 
ground -water runoff . 

Ground-water flow systems differ in size and, 
within the Farmington River basin, are of three 
gene ral types: 

(1} Reg ional--v ery large scale ground-water 
flow systems that extend under one or 
more major surface-water drainage divi-

des . Water moving through the sedimen­
tary rocks beneath parts of the 
Farmington River basin may be part of a 
regional flow system . Present data are 
insufficient to define the extent or 
magnitude of such systems . 

(2} Subregional--moderately large ground­
water flow systems that are generally 
confined to the areas drained by major 
perennial streams . They extend laterally 
from drainage divide to drainage divide 
and vertically to depths where either the 
bedrock has no interconnected fractures 
or a re gional system is present . 
Sub regional systems occur in both uncon­
solidated deposits and bedrock . In this 
area, they are the most hydrologically 
sign ificant system and are the ones most 
frequently tapped for ground -wa ter 
supplies . 

(3} Local -- small ground-wate r flow systems 
that develop around ponds, small st reams , 
and swamps . These systems are generally 
superimposed upon a larger , subregional 
system and commonly exist only a few 
months of the year . Their size varies 
considerably , chiefly in response to pre­
cipitat ion . Data that can be used to 
def ine the lateral and vert i ca l extent of 
local flow systems are sparse . 

The gene ral pattern of grou nd-wat er flow that 
is most common in the study a rea i s ideali zed in 
figure 22 . At a given site, all three types of 
flow systems may exist; several local systems may 
be incorporated within a subregional system, 
which, in turn, is part of a re gional one . 

Ground-water flow systems are dynamic, with 
water continually entering and leaving . Under 
conditions of equilibrium, the systems are in 
dynamic balance and water entering or leavin g must 
be accounted for . In the equation that describes 
this balance, water entering a ground-water system 
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is treated as one item , grou nd-wate r recharge; 
water leaving the system is divided into several 
components . For a natu ral system where there is 
no pumping from the aquifer, the balance can be 
expressed as shown : 

GW(r) = GW(ro) + GW(et) + U + S, 
where: 

GW( r ) 
GW(r o) 
GW(et) 
u 
s 

Ground-water recharge, 
Ground -water r unoff to streams, 
Ground -water evapotranspi ration , 
Underflow, 
Changes i n ground-wate r storage . 

All of the above te rms are defined in the 
glossa ry at the end of th i s repo rt . 

Ground-wate r recha r ge under natural conditions 
is de r ived f rom precip i tation that percolates to 
the satu rated zone . It generally occurs during 
t he nong rowing season (mid -October to mi d-Ap ri l) . 
Gr ou ndwate r discha r ge (GW(ro) + GW(et) + U} occu rs 
th roughout the yea r . The di rfe rence between 
rec har ge and discha rge du r ing any pe r iod i s equal 
to the change in ground-water storage . 

Although grou nd wate r appea rs to be a 
widesp read resource , its availability varies over 
the basin and i s dependent on several factors . 
The ~ie l d of an i nd i vi dual wel l i s related to: (1) 
phys1cal characte ri stics of the saturated earth 
mate r ials t hat cont rol the t ransmissivity and 
sto rage coefficient, (2) the a real extent and 
satu rated thickness of the materials, and (3} the 
c~a racteristics of the well such as depth, 
d1amete r, and type of finish . The quantity of 
wate r that ca n be developed by a well or a group 
of wells is also dependent on the amount of 
available recha rge . 

AQUIFERS 
Aqu i fers are geologic formations, group of 

fo rmations, or part of a formation that contains 
sufficient saturated permeable materials to yield 
significant quantities of wate r to wells and 

' \ ' 

,, 
' \ ' ,, 

, , 

sp r ings . The composit i on, distribut i on, an d 
hydrologic cha racte r istics of the st rati f i ed 
drift , till , and bedrock aqu i fe rs are disc ussed in 
t he sections t hat follow. The a rea l dis tribu t i on 
of st ratified drift and til l is shown on plat e B 
(back pocket}; bed rock uni t s are shown in f igu re 
23 . In most of t he bas i n, bedrock i s over l ain by 
t i ll , st ratif i ed dr ift, or bot h. The gene ral spa­
ti al re l at i ons hi ps bet ween the t hree aquife r un its 
a re shown i n f i gu re 24 . 

STRATIFIED DRIFT 
St rat i f i ed drif t , th e most producti ve of t he 

aquife rs , i s composed of i nte rbedded laye rs of 
gravel , sand, s i lt , and c l ay . Most of t hese 
mate ri als were deposited du ri ng the last degla ­
ci ation of sout hern Ne w Engla nd and gene ra ll y 
occu r in valleys and lowlands that were the 
drainageways fo r gl ac i al meltwate rs or the sites 
of tempo rary gl acia l l akes . In this study , mi no r 
amounts of unconsol i dated sediments of nonglac i al 
origin -- fo r example, recent al l uvi um - - a l so are 
i ncluded within the st ratified drift . About 22 
percent of the basin or 125 square mi les is 
covered by strat i fied dr ift; its thick ness exceeds 
400 feet in places and ave rages about 100 feet . 

Coarse sand and gravel gene rally occur in t he 
narrow , shallow valleys and fine sand , silt, and 
clay in the broad deep valleys . Extens i ve f i ne­
grained deposits occur in the easte rn pa rt of the 
main Farmington valley from the Avon-Simsbury town 
line to the Massachusetts state l i ne (see pl ate B) . 

Stratified drift commonly has abrupt ho r izon­
tal and vertical changes i n texture . (See logs of 
selected wells and test holes in the companion 
basic data report, Hopkins and Handman , 1975} . 
Although this variability complicates ground-water 
exploration and development, the yields and 
response to pumping of individual aquife rs can be 
evaluated . The amount of water that can be pumped 
from an aquifer depends on the following facto rs: 

(1} Hydraulic properties 
(2} Hydraulic bounda r ies 
(3} Natural recharge 
(4) Induced recharge 
(5) Well-co nst ruction characte r istics 

from Mazzaferro and others, 1979 

Figu re 24 . --Block di ag ram showing i deal i zed spatial relationships bet ween prin ci pal aqu i fe r s 
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Each of these factors is discussed below . 
Yie ld data f rom wells tappin g stratified drift are 
included in table 16, and y ield fre4uency i s shown 
in figures 25 and 26 . The yields of screened 
wel ls give a better indi cation of the productivity 
of stratif i ed drift than the yields of open-end 
wells because the latter are less efficient . 

-------

Tat>lt.> lb . --Ytelds of wells 

( aximUfT\ , rn1n1mum , and npd1an ylPlds ol wells 
tapping bpdroc J. and stra 1 fted drt ft] 

- - --- -----------
Yteld 

WPll typt.· Flu:1t>cr -J:-~'-~fm:n m~~-e%n Aqui ft• r (f>n1Sh) of wt>lls 

frYsYa11Tn-e -b-P.d ro-6 : -- -- -------
lgnPOUS (t ra~rOC • ).1_1 Open hoi(' 16 100 2 . 0 8 . 0 
lleta·,orphtc _/ Do . 331 200 . I 5 .0 

S+ldlnrntary b~drocd/ Do . 4SI 400 . 2 8 .0 

)traufu~d dn I I Do . 64 I SO 2 .0 18 

)r.ra 1'1ed dnftl/ Screen~d 44 I ,4DO 4 . 0 141 

]._/ Well dldneter 6 !OCht•S 

?../ \<-1ell dldMetPr 6-10 lncht-s 

3/ Sc reen dtaMt·ter 6-100 Inches . Includt's 
- wlrt--wound and shutter scrt•l•ns . 
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Fi gure 25 . --Yi e~~~en cy of 44 sc reened we l ls 
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tapping st rat if i ed drift 

Hydraulic Properties 

Satu rat ed thickness, transmissivity, and 
storage coefficient are characte ri stics of an 
aqu i fer that describe its abil ity to sto re , 
transmit, and yield wate r . 

Saturated thickness . --The saturated thi ckness 
of an unconfined, stratified-drift aquifer is the 
vertical distance from the wat e r table to the bot­
tom of the aquifer . (See figure 27 . ) Satu rat ed 
thickness determines the potential drawdown at a 
well s i te . 

The total satu rat ed thickness and gene ral 
1 i thol oyy of the major st rati fi ed-d ri ft deposits 
in the basin are shown on plate B. It identifi es 
the predominantly coarse-grained deposits , the 
fine-grained deposits, and the areas known to have 
coa rs e ove r fine-g rained and fin e over coa rse­
grained deposits . Areas that have little or no 
subsu rface data are mapped as having inferred 
coa rse- or inferred f in e- gra in ed deposits . If the 
entire sect ion is composed of fine-g ra ined 
mate ri al, available drawdown is unimpo rtant, as 
the sat i sfacto ry installation of screened wells is 



STRATIFIED DRIFT 

BEDROCK 

from Mazzaferro and others (1979) 
Saturated strat if ied dr ift at this point 
and everywhere beneath 40 foot con ­
tour line is inferred to be 40 feet thick. 

Figu re 27 . --Block diagram showing how va riation s in saturated thickness 
of stratified drift are shown by lines of equal saturated thickness 

precluded . If the saturated stratified drift is 
coarse -grained throughout its vertical extent, the 
drawdown available for the development of wells is 
equal to the total saturated thickness; if it i s 
coarse -grained at the surface and fine-g rai ned at 
depth, drawdown available for development is equal 
to the satu rat ed thickness of the coa rse- grained, 
upper part of the section . Hhere fine-grained 
material overlies coa rs e-grained mate ri al, 
available drawdo~m is equal to total saturated 
thickness as in the case of sections that are 
coarse-g rained throughout . 

Saturated thicknesses range from less than 10 
feet near the till-bedrock margins to more than 
360 feet in parts of Pla invill e, Farmington, and 
Simsbu ry . Gene rally, saturated stratif ied drift 
more than 100 feet thick contains significant 
amounts of fine-grained material . Detailed stu­
dies will be needed in these areas to determine 
the feasibility of ground-wat er development . 

Transmissivity . --Transmissivity describes the 
rate at which water moves through the aquifer . It 
is equal to average hydraulic conductivity (a 
measure of the r ate at whi ch water moves through a 
unit area of the aquifer) times the saturated 
thickness . Both transmissivity and hydraulic con­
ductivity are more completely defined in the 
glossary . 
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Point transmissivity values shown on plate B 
are computed from specific -capacity data or esti­
mated from the relationship between grain size and 
hydraulic conductivity (Krumbein and Mon , 1942; 
Rose and Smith, 1957; t~asch and Denny, 1 g66} . 
Transmissivity values based on specific capacities 
of 29 high-capacity wells tapping stratified drift 
and computed using the Theis method (Theis, 1963} 
are shown in table 17 and on plate B. The table 
also lists the data used to calculate the 
values . The rati o between vertical and horizontal 
hydraulic conductivity (Kv:Kh} of 0 . 10 is an esti­
mate based on evaluations of the materials 
described in drillers' logs . 

Transmissivities estimated from the rela ­
tionship between hydraulic conductivity and grain­
size distribution are used to further define the 
transmissivity distribution of stratified drift in 
the basin . Logs of wells and test holes, together 
with grain - size analyses of sediment samples , 
allow estimates of transmissivity to be made, 
although gene rally less accurate than thos e 
de rived f rom specific capacity data . Table 18 
gives an example of the procedure used for esti­
mating transmissivity from the log of a test 
boring . Values of hydraulic conductivity are 
assigned to each lithologic unit of the log . 
These values are multiplied by the saturated 
thickness of the unit and totaled to obtain the 
transmissivity of the section . 



Tabl e 17 . --Tran smissivity of stratified drift 

[Transmissiviti es are computed from specific capacities using the Theis method (Theis, 1963) . 
Drawdowns _used to calculate adjusted specific capac iti es are corrected for the effects of pa rti al 

penet rat1on( But l e r, 1957 ) . All Kv/Kh values assigned as vertical to horizont al hydrauli c con -
duct1v1ty rat1os equal 0 . 10 . Spec ific capacity values in gallons per minut e pe r foot of drawdown . ] 

-------

Pumping Observed 

Hell No . .!./ 
rat e dr11~rn Specif)c (gal/min) (observed 

A 290 250 11 22 
BS 4 800 32 25 
135 148 l ,400 28 50 
BS 198 150 14 10 
BS 220 350 7 50 
BS 221 302 10 30 
BS 222 350 25 14 
BS 225 500 13 38 
BS 227 15 9 15 10 
BS 228 198 21 9 
F 97 190 42 4 
F 100 132 4 33 
F 204 175 8 21 
F 248 726 42 1 7 
F 249 870 30 29 
F 255 100 6 16 
F 268 110 4 27 
GR 66 510 38 13 
NH 132 275 50 5 
PV 24 265 74 3 
PV 33 240 29 8 
PV 57 500 19 26 
PV 63 700 33 21 
Pt1 2 488 33 14 
5 I 37 265 11 24 
5 I 81 400 50 8 
Sl 84 1 '200 26 46 
51 230 700 13 53 
51 285 710 19 37 

---- -------

ll See plat e A for location. 
~/Ass umed value ; see t ex t . 

Hydraulic conductivity valu es are es timated 
for litholog ic units described in each well and 
test -h ole lo g by eitl1er of two methods . The first 
is bas ed on materials descriptions commonly used 
by dr illers in southern New England . (See table 
19 . ) These values are based on an evaluation of 
selected well and test-hole logs from areas where 
hydrologic informati on is reliable . The second 
method is used fo r test holes where grain-size 
characterist i cs of the mate rial s penetrated have 
been measured. Values are based on relationships 
established between median-grain size and unifor­
mity coefficient (an index of sorting) of 
stratified -drift samples and laborat ory deter ­
minations of horizontal hydraulic conductivity 

Ave rage 
hyd rauli c Sto ra ge 

Tran smissivity {apacity 
adjusted) con1ucti)ity 

ft/d 
coeff ici ent£/ 

(dimensionless (ft2/d) 

36 
62 

11 7 
17 
47 
33 
25 
58 
34 
21 
16 

11 8 
43 
65 

138 
29 
43 
32 
17 
32 
29 

127 
87 
44 
36 
42 

101 
153 
107 

35 

ratio) 

225 0 . 20 4,500 
192 .20 13 ,500 
368 . 20 25 , 700 
102 . l 0 3,300 
404 . 20 7, 300 
230 . 20 4,800 
130 . 20 4,300 
284 . 20 9,700 
22 1 . 20 6 ,600 
11 3 . 20 3,700 
78 . 20 3,300 

515 . l 0 26 ,300 
222 . 10 8 ,900 
158 . 20 13,400 
315 . 20 29 , 900 
215 .1 0 5,600 
437 . 1 0 9,200 
93 . 20 6 ,200 
41 . 20 3,300 
40 . 1 0 5,800 
99 . 20 5,600 

323 . 20 29,100 
179 . 20 19, 300 
151 . 20 8 ,000 
173 . 20 5,700 
127 . 20 9, I 00 
269 . 20 17,800 
45 2 . 20 32,500 
292 . 20 22,200 

(Randall and othe rs , 1966; Thomas, M. P. , and 
others, 1967; Thomas, C. E. and others, 1968 ; 
Ryde r and othe r s, 1970) . This relationship be­
tween grain- size characteristics and hydraulic con ­
ductivity i s shown in figure 28 . This method is 
probably more accurate than the first but neithe r 
are as accurat e as values from properly conducted 
aquifer tests . At sites on plate B, ttle va lues of 
transmissivity calculated from t he logs of wel Is 
and t es t hol es are generally lower than the values 
calculated from specif i c-capacity data . This may 
be due to the effect of induced recha r ge from 
nearby streams on the specif ic-capacity data . The 
values estimated for logs, however, are at best 
only fair approximations . 



Tabl e l B. --Example of estimating t ransmissivity f r om logs of wells and test holes 

[Test hol e F 6th . Drilled with power auge r by U.S. Geological Survey , 1971 . 
Depth to wat er, 9 feet below land surface ] 

---------------------------------

Mat erial s description 

--------
Sand , fine to very fine , and silt; 

ew scattered pebbles ; yellow-brown . 

Sa nd , coarse, and some medium sand; 
little very coarse sand; littl e fine 
sand; t race fine gravel; t race fine 
sand; ye 11 OYI-brown.l./ · 

Silt and some ve ry fine sand; little 
fine sand; trace clay; trace medium 
and coarse sand£/ . 

Sa nd, med ium, with little fine and 
little coarse sand ; t race silt and 
very fin e and very coa r se sand; 
sca tt e red fine gravelll· 

Sand, coarse to fine , and f ine gravel; 
little silt . 

Gravel, coarse to ve ry fine; very 
coarse to very f1ne sa nd, silt 
and clay, red -bro•m; tlll4 / . 

Refusal (till)21 · 

Depth belo•1 
land surface 
From To 

( ft) 

0 6 

6 - 19 

19 - 25 

25 - 33 

33 - 41 

41 - 45 

At 45 

Satu rat ed 
thic ness 

(b) 

( ft) 

0 

10 

6 

8 

8 

4 

Assi gned 
hydraulic 

conductivity 
(K) 

(ft/d) 

15 0 

2 

110 

100 

Calculated 
t ransm i ssivity of 
lithologic unit 

(b X K) 

( ft2/d) 

15 00 

12 

880 

800 

Transmis s i vity of sa t urat ed st rati f i ed dri t 3 ,19 2 ft2/d 

ll Split - spoon sample , 12 - 13 . 5 ft depth . 
Med ian grain size , 0 . 6 mm . 
Uniformity coeff ici ent 10 .0 . 

~/ Sp li -spoon sample , 22 - 23 . 5 ft depth . 
Med ian grain size , O. D5 mm . 
Unifo rmity coeff i cient 4.8 . 

lf Sp lit- spoon sample , 27 -28 . 5 ft depth . 
l~ ed ian grain s iz e, . 31 mm . 
Uniformity coef fici ent 3. 1. 

if Spl it-spoon sample 42-43 . 5 ft depth . 
Median grain siz e 0 . 4 mm . 
Uniformity coeff i cient 200 . 

21 Spl it-s poon sample , at 45 depth . 

36 

Med ian grain size , I . 0 mm . 
Uni ormity coe ficient 420 . 
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Figure 28 . --Relationship between hydraulic conductivity, median grain size, 
and so rtin g in st ratifi ed -drift aquifers 

Table 19 . --Hydraullc conduct1v1ty values for es ti mating 
transmlSSlvlty of s rat ified dr 1ft 

[1-lodiflPd from Ryd rand othe r s , 1970 , page 21] 

Oesc ri pt1on 
(f r om dnllers' logs) 

Es ima ed 
median 

grain size 
(mm) 

Clay 0 . 02 

ery f1np sand, si It . 07 
and clay . 

Very f1ne sand 

F1ne sand 

Fine to m dium sand 

Sand 

Coa r se sand and clay 

Oi rty gravel 

11edium o coa rse sand w1t h 
gra vel and layers of clay . 

11ed 1 um sand 

F1ne t o mPdium sand, some 
medium to coa rse grav e l. 

Coa r se sand 

Medium to coarse sand . 
very f1n e gravel . 

Medium sand and grav el 

Coa r se sand and grave l 
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Storage coefficient . --Th e sto ra ge coefficient 
of an aquifer is a measure of its ability to store 
or yield water . Storage coefficient under uncon­
fined conditions is equivalent to specific yield 
and is dete rmined by the drainage by gravity of 
available po re spaces . It is dependent upon 
grain - size distribution of the sediment and pe riod 
of drainage (Johnson , 1967 ; Lohman, 197<J) . The 
storage coefficient of unconfined aquife rs 
generally ranges f rom 0. 1 to 0. 3 and averages 
about 0. 2 (Lohman, 1979) . Stora ge coefficients 
may vary with time; data based on short drainage 
periods must be adjust ed to compensate fo r the 
fact that gravity drainage or release from storage 
is not instantaneous . In this report, some analy­
ses use adjusted stora ge coefficients where 
dr ina ge pe riod s a re of sho rt duration . Storage 
coefficients in table 17 are based on con ­
siderations of both drainage pe ri ods and mate rials 
descriptions . Storage coeff i cient rep resents a 
volume-to-volum rati o and is dimensionless . 

Hydraulic Boundaries 

One of the assumptions of the nonequ ilibrium 
equation for ground- 1-1ater flow to a well (Theis, 
1935) is that the aqu ifer is of infinite areal 
extent . The strat ifi ed-dri ft aquife r s in the 
Farmington River basin a re not infinite; they are 
limited by natural features that fo rm hydraulic 
boundaries . Such boundar i es affect the hydraulic 
continuity of aquifer s and are of two types : 
Line-source boundaries and imp ermeable -barri e r 
boundari es . The e ff ec t of each type on the 
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response of an aquifer to pumping is described in 
Ferris and others (1962) and in Lohman (1979) . 
Contacts between stratified drift and bedrock are 
examples of impermeable-barrier boundaries . 
Perennial streams and lakes hydraulically con ­
nected to an aquifer are examples of line-source 
boundaries . The general effect of impermeable ­
barrier boundaries is to increase drawdown at a 
pumping well, whereas line-source boundaries 
reduce it. Both alter the shape of the cone of 
depression . 

Natural Recharge 

atural recharge of stratified drift is 
largely determined by the amount of precipitation 
that reaches the water table and the amount of 
water that flows into the stratified drift from 
adjacent till and bedrock deposits . In areas 
where recharge by induced infiltration of surface 
wate r is unlikely, natu ral recharge is a measure 
of the amount of ground water available to sustain 
long-te rm pumpage from wells . Where induced 
recha rge is likely , higher pumping rates are com­
monly feasible . If induced recharge is insignifi­
cant, long-te rm withdrawals in excess of the 
average annual recharge from precipitation and 
subsurface inflow are possible but wi 11 be accom­
panied by a decrease in storage and a 
corresponding decline in ground-water levels . 
Induced recharge is discussed in a later section . 

Du r ing a period with no net change in storage, 
the amount of natural recharge to an area is 
approximately equal to ground -water discharge, 
which includes some or all of the following com­
ponents: 
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(1) Ground -wate r runoff to streams 
(2) Underflow to adjacent basins 
(3) Ground-wate r evapot ranspi ration 
(4) Pumpage 

Grou nd-wate r runoff and underflow, wh en com­
bined, are te rmed ground- wate r outf l ow and 
gene ra ll y accou nt fo r most of the disc harge from 
an area of little pumpage . Ground-water outflow 
has been used as a conservative estimate of 
natu ral recharge for othe r a reas in Co nn ect i cut 
(Randall and others, 1966; Ryde r and others, 1970; 
Cervione and others, 1972) . 

Accu rate estimates of recharge requi re data on 
the magnitude and distribution of ground-wate r 
evapotranspiration and pumpage from a basin . If 
there is a smal l amount of pumpage in the basin, 
and ground -wate r evapot ranspiration is considered 
to be a redist r ibution of water within the 
aquife r , then the ground -water outflow is a reaso­
nable, conservative estimate of the amount of 
natural recharge to the aquifer . 

Hydrologic studies elsewhere in Connecticut 
indicate that the amount of ground-water outflow 
is related to the percentage of stratified drift 
in the drainage basin (Randall and others , 1966; 
Thomas, M. P. , and others, 1967; Ryder and others, 
1970; Cervione and others, 1972; Mazzaferro and 
others, 1979) . The relationship between the per­
centage of the total basin area underlain by 
stratified drift and the percent of total runoff 
that is ground -water outflow is shown in figure 
29 . The data are from several drainage basins in 
Connecticut , Massachusetts, and ew York . The 
line of relation in figure 29 was developed by 
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MEASURED PERCENT OF DRAINAGE AREA UNDERLAIN BY STRATIFIED DRIFT (X) 
fr om Wauaf e r r o a nd o tbeu, (197 9 ) 

Figure 29 . --Relationship between ground -wate r outflow and pe rcentage 
of drainage area underlain by stratified drift 
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from Mazzaferro and others, 1979 

(1) Measure the area of stratified drift and adjacent till and bedrock (Are a A) 
from which ground water flows into the stratified drift. ---------------------- 2.17 mi 2 

(2) Measure that part of Area A underlain by stratified drift (shaded area)-------- 1.43 mi2 

(3) Determine what percent (X) of Area A is stratified drift (X 1.43.:.. 2.17)------· 66 percent 

(4) Calculate ground-water outflow (Y) from Area A as a percent of mean 

annual runoff from Figure 38 ------------ ·----------------------------------- 76 percent 

(6) Calculate mean annual runoff from Area A as determined from Figure 10 
(Runoff=l.06 (ratio at point of interest) x 1.16 x 2.17)-------------------------· 2.64 :Wgalld 

(6) Calculate average annual ground-water outflow (76 percent of 2.64 :Wgalld ---- 1.98 Mgalld 

and: 

cround-water outflow equaled or exceeded 7 years out of ten by multiplyinc 
the avera1e annual ~tround-water outflow by 0.80 (0.80 x 1.98 :Weal/d)---- 1.68 li~talld 

and: 

longterm mm1mum ground-we ter outflow by multiplying the average annual 
ground-water outflow by 0.17 (0. 17 x 1.98 mgalld) ---------------------------- 0.79 :Wgal/d 

These coefficients (0.80 and 0.17) are the ratios of total runoff equaled or 
exceeded 7 years in 10 and the minimum total runoff to the mean runoff of 
Burlin~tton Brook at Burlin~tton (30 years of record). 

£_~~_3_0 . - -The metho~_t2_(__e_?J:._i_!~_ting .9_r~und - 1·1at e r outflow from a st ratified -drif t aquite r 



linear regression . It is described by Mazzafe r ro 
and others (1979), and can be expressed as: 

Y = 35 + 0.6X 

Where: 

Y = ground -water outflow as a percentage 
of total runoff 

X percentage of total basin area underlain 
by stratified drift 

The graph can be used to estimate average 
annual ground-water outflow, the ground-
water outflow equaled or exceeded 7 years in 10, 
and the long-tenn minimum ground-water outflow 
from stratified-drift deposits in nonurbanized 
parts of the Farmington River basin . The first 
value represents a conse r vative estimate of 
natural recharge during average years, and the 
latter two values represent estimates during dry 
and extremely dry years . The method is based on 
one developed by Cervione and others (1972) and 
assumes that the ratio of ground-water outflow to 
total outflow remains nearly constant from year to 
year . The procedure consists of six steps, which 
are illustrated and described in figure 30 . 

The constant (O .HO) used in figure 30 is the 
ratio of the annual runoff equaled or exceeded 7 
years in 10, to the mean annual runoff of 
Burlington Brook at Burlington (station no . 
01188000) during the 1931-60 period of record . 
The results of this process, shown in step 6 , 
represent conservative estimates of natural 
recharge during average years, 1. 98 Mgal/d, and 
during dry years, 1. 58 Mgal/d . 

Induced Recharge 

Withdrawal of water from wells near streams 
and lakes can lower ground-wat e r levels to the 
extent that water flows from the surface-water 
body into the aquifer . Recharge by induced 
infiltration is illustrated in figure 31, which 
shows cross sections of a stream-aquifer system 
under natural and pumping conditions . Most of the 
stratified-drift aquifers in the Farmington River 
basin are hydraulically connected to perennial 
streams, and induced recharge can increase the 
long-term yield of the aquifers . If the adjacent 
surface-water body is a major stream, induced 
recharge can assure a continuous water supply 
substantially higher than available from only 
natural recharge . The quantity of ~1ater that will 
infiltrate from a st ream or lake is dete rmined by 
(1) vertical hydraulic conductivity and thickness 
of streambed mate rials, (2) viscosity of the sur­
face ~1ater, (3) average head difference between 
the surface-1·1at er body and the aquifer, and (4) 
total area of the streambed through whi ch 
infiltration takes place . These factors can be 
used in a modified form of the Darcy equation to 
estimate potentia l induced recharge (Walton and 
others, 1967): 
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Where: 

Rr =potential recharge by induced infiltra­
tion, in ga llons per day (gal/d), 

Ar 

average infiltration rat e per square 
foot of streambed per foot of head 
loss, corrected for a given surface­
wat r temperature, in gallons per day 
per square foot per foot (gal/d/ft2)/ft, 

(a) average head loss over the infiltra­
tion area or (b) average depth o water 
in the stream for a particular stream 
stage, depending upon whethe r the water 
table is above (a) or below (b) the 
streambed, in feet (ft), 

total area of infiltration, in 
square feet (ft2) . 

Streambed materials have a major influence on 
infiltration rates and on the recharge potential. 
Sediments in a streambed are variable because of 
current velocities, channel configuration, source 
material, aquatic vegetation, and other factors . 
These variations occur in three dimensions, as 
well as over a period of time . Streambed 
mate rials often occur as complex assemblages of 
organic and inor ga nic particles that range in size 
from clay to boulders . St reams alternately scour 
and deposit bed materials in response to run off . 

L AND SURF A CE -WATf.B TABL._E._ 

GROUND WATER flO W li NES 

NATURAL CONDITIONS 

PU MPING WEl l 

----
GROU ND WA TER HO W LI NES 

BEDROCK 

PU MPING CONDITIO NS 

(f r om Maz za f e rr o und o th e r s 1979) 

Figure 31 . --Generalized diagram showing natural 
conditions in a stream-aquifer system contrasted 
with pumping conditions 



Layers of decaying foliage often constitute a 
significant part of the bed material along sec ­
tions of the major streams during fall and winter 
months . The changes in sediment composition with 
time and distance can cause variations in the ver­
tical hydraulic conductivity of the streambed 
sediments and the dependent infiltration rate . 

Spa rse data are ava i labl e on the infiltration 
rates of streambed materials in southern New 
England . A rate of 59 (gal /d/ft2)/ft at 1ooc was 
determined for a sand and gravel streambed in 
southwestern Connecticut (Ryder and others, 1970) . 
Ce rvione and others (1972) discuss a rate of 105 
(gal/d/ft2)/ft at 10°C for a poorly sorted gravel 
streambed in the lower Housatonic River basin . 
Gonthie r and others (1974) report infiltration 
rates rangin g from 5 to 20 (gal/d/ft2)/ft for 
coarse-g rained sediments and a maximum rat e of 525 
(gal/d/ft2)/ft, all at 15 .60C, for st reambed 
mate rial s in the lower Pawcatuck River basin, 
Rhode Island . 

Temperature of surface wat er also affects the 
induced recharge potential. As water temperature 
decreases, viscosity increases, and infiltration 
rates are reduced . A decrease of 1oc lowers the 
infiltration rate 2. 7 percent (Rorabaugh, 1951) . 
Du rin g the 1976 water year, mean monthly surface­
water temperatures of the Farmington River at 
Rainbow (station 01190000) ranged from 23 . ooc for 
July to o. ooc for January . This seasonal decrease 
in wat er temperature would r esu lt in more than a 
50 percent decrease in the infiltration rate 
during the colder period. 

Well Co nstru ction Characte risti cs 

The const ruction characteristics of a well 
tapping a stratified-drift aquifer are important 
determinants of its yield . Well-construction 
characteristics alone may account for more than 50 
percent of the drawdown in a pumping well . It is 
necessary to consider the type of well construc ­
tion and development best suited fo r the aquifer 
at any site in order to optimize well yield . 
Se veral types of we ll construction are us ed to 
develop water from strat ifi ed-drift aquifers . All 
are basically intake structures that allow water 
to enter the well wh ile preventing the entrance of 
aquifer mate rial s . 

Dug wells can be developed in all types of 
stratified-drift aquifers . They are usually lined 
or cased with concrete or ceramic "culvert" tile 
or open-jointed fieldstone, and are as much as 
several feet in diameter and as deep as a few tens 
of feet . They are gene rally the only type of 
const ruction that i s effective in fine-grained 
aquifers where the upper coa rs e material is not 
saturated. A fine-grained aquifer yields water 
s 1 owly, but some intermittent demands, par ­
ticularly domestic uses, can be satisfied by the 
stored water in a large-diameter dug well . For 
examp l e , a well 3 feet in diameter dug 10 feet 
below the wat e r table contains about 530 gallons 
of wat e r. If the pump intake is set 5 feet above 
the bottom of the well , about 265 gallons is 
available for use from storage in the well . If 
this amount of wat er i s withdrawn in a sho rt 
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period, the well would refill to its pre-pumping 
level in a period of several hours, at which time 
another 265 gallons would be available. 

Drilled open-end wells can be developed in 
coarse-grained aquifers to supply enough wate r for 
most domestic and some commercial uses. This type 
of construction consists of a blank casing, 
usually 6 inches in diameter, installed to the 
bottom of the drilled hole, which commonly ends in 
sand and gravel, or gravel . This construction 
technique i s particularly suitable where a coarse­
grained aquifer is overlain by a substantial 
thickness of fine-grained material . The yield of 
open-end wells is generally low because of the 
1 arge dra1~down within the ~1ell resultin g from the 
vertical convergence of flow lines in the aquifer 
toward the bottom of the blank casing during 
pumping . The yields of 64 open-end wells in the 
basin summarized in table 16, range from 2 to 150 
gal/min with a median yield of 18 ga l/min . 
Reco rd s of these wells are given in Hopkins and 
Handman (1975) . 

Wells of small diamet er (gen e rally 4 inches or 
less), const ru cted of a blan k casing finished at 
the bottom with a short perforated section 
(commonly called a well po int or sand point), ca n 
supply adequate amounts of wat e r for domestic and 
small - scale commercial, industrial, irrigation, 
and public water-supply uses . This type of well 
construction is particularly suitable for deve­
loping water from coarse-grained aquifers and from 
the uppermost saturated coa rse material of fine­
grained aquifers . However, such wells are 
generally install ed only where the water table is 
within 20 to 25 feet of land surface because of 
limited lifting ability of the connonly used 
suction-type pumps . Greater pumping lifts could 
be obtained in 2- to 4- inch diamete r wel ls by use 
of a jet-type pump and in 3- to 4-inch diameter 
wells by use of a submersible pump . 

Wells greater than 4 inches in diameter, 
fin i shed with a screen and properly developed, can 
yield large supplies of water for industrial, 
irrigation, and public-supply uses . Such wells 
are generally constructed of a blank cas in g 
finished at the bottom with a cont inuous-slot or 
shutter-type well screen of selected length . The 
size of the open slots or shutters in the screen 
is co~nonly based on the grain- size distribution 
of the aquifer material adjacent to it . Some well 
screens may be enclosed within an artificially 
emplaced envelope of gravel ("gravel-packed ") . 
Large-diameter screened wells are particularly 
suitable for developing water from coarse -grained 
aquifers and f rom the uppermost coarse material of 
fine-grained aquifers . They are most effective 
when the screen i s set in the deepest part of 
these water - bearing units as is practical . The 
large diameter allows the installation of turbine­
type pumps (including submersib l es) capable of 
pump in g seve ral hundred or even thousands of 
gallons per minute . The yields of 44 large­
diameter screened wells in the basin summarized in 
table 16 range from 4 to 1,400 gal/min, a median 
yield of 141 gal/min (Hopkins and Handman, 1975). 



The design of large-diamete r screened wei Is 
should be given ca reful attent i on . The rela ti ve 
length of the screened section of a well can have 
a significant effect on well yield and, mo re 
impo rtantly , on specific capaci ty (the yie l d pe r 
foot of drawdown) . A typical l ar ge -diamete r 1·1el l 
is sc reened and open to only a pa r t of an aquife r-
generally the lower part, the refo re , t he well 

only partially penet rates the aquife r . The f rac ­
tion al or pa rtial penetration (sc reen length 
di vided by satu rated thickness of the aquife r ) of 
25 screened wells in the basin ranges from 0. 07 to 
0 . 66 wi th a med i an of 0. 21 . Pumping f rom a 
pa rtially -penetrating well causes flow l i nes i n an 
aquife r to converge ve rtically toward the sc ree n. 
This results in greater drawdowns in and adjacent 
to the well than would occu r if i t fully 
penetrated the saturated thickness . This addi ­
tional drawdown can be estimated f rom data on wel l 
diamete r, pumping pe r iod , degree of pa rt ial 
penetration, and the rat i o of ve rtical to ho r izon­
tal hyd raul i c conductivity of the aquife r . The 
estimated additional drawdown can then be 
subtracted f rom the total drawdown to dete rmine 
what the yield and specific capacity would be if 
the wel l was f ully penet rat i ng . Fr om data in t he 
companion basic-data r epo r t (Hopkins and Handman, 
1975), the ca l culated specif i c capacity of 29 
large-diamete r screened wells in the basin ranged 
f rom 3.6 to 50 .0 gal/min per foot with a median of 
21 . 8 gal/mi n per foot . The drawdown in these 
wells was adjus t ed for the effects of pa rtial 
penetrat i on . The resulting adjusted specific -­
capac i ty values ranged from 16 . 1 to 153 .8 
gal/mi n/f t wi th a median of 43 . 7 gal/min/ft . If 
these 29 wells had been fully penetrating , thei r 
y i elds at the same pump i ng levels would have been 
about two times greate r . 

Di amete r also can directly affect the yield 
and spec i fic capacity of a sc reened wel l . The 
effects of diameter and partial penetration are 
il l ustrated in f i gure 32 . The graphs suggest that 
fo r a sc reened well to be most efficient , it 
should have the largest diamete r and longest 
sc reen possible . Howeve r , i n practice , pumps 
gene rally are placed seve ral feet above the top of 
the sc reen and, because y i eld is commonly con ­
sidered to be di rectly related to drawdovm, a 
relative ly sho r t sc reen i s used to increase 
available drawdown. The net result , hov1ever , is 
to i ncrease drawdovm and decrease yield because of 
pa r tial penetrat i on effects . A bette r practice 
might be to dete rmine the opt imum t rade-off bet ­
ween drawdown and sc reen length by using the 
desi red well yield as a guideline . Fi gu re 33 
shows the effect that changes in pa rtial penet ra­
tion have on the yield of a wel I with the pumping 
leve l kept I foot above t he sc reen . Yi eld shows 
init i al increases, reaches a max i mum at a pa r t i al 
penet ration of about 0 . 4, and then dec reases with 
increasing screen length . The graph , fro111 Ryder 
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and ot hers (1 98 1}, is based on s pec ific aqui fe r 
and well chac t eri s ti cs , but t he re l ati onshi ps 
sh ow n apply to al l ran ges of aquif er cha rac­
t eri st i cs , well diame t er, and pumpi ng per iod . 
Al t houg h a pa rt ia l penet rati on of 0 . 4 app ea rs to 
be t he bes t tra de -of f based on hydrauli c criteri a , 
the cost of the well may al so be an important con­
s i de rat i on . Th e cos t of a sc ree n i s directly 
relat ed to it s le ngth . Not e on fi gure 33 that 
wel l yi el d only increases 7 perce nt as partial 
penet ration i ncreas es f rom 0.3 t o 0. 4, in contra st 
to a yi eld in crease of 21 perce nt as pa r t i al­
penetrati on in creases f rom 0. 2 t o 0. 3. Th erefo re , 
a parti al penetration of about 0. 3 may be ec onomi ­
cally mo re fa vorabl e th an 0. 4. The use of thi s 
t rade -off result s i n a s hort er and t herefore l ess 
cos tl y scree n whil e sacri f i cin g only 7 pe rcent in 
well yi eld . 
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on the spec i f i c capac ity of a sc reened well 
tapping stratified drift 
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Figure 33 . --Ma ximum well yield in relation to 
partial penetration in a screened well 
tapping stratified drift 

Est imating Maximum Well Yields 

The maximum yield of a screened well is con­
s idered to be that rate that can be sustained 
throu gh a period of little or no natural recharge 
and result in a pumping level app roximately one 
foot above the top of the sc reen . Carefully 
planned and executed pumping tests provide the 
most reliable informat ion on potential yields of 
wells. The yield of a screened well tapping a 
coarse-grained aquifer can be est imated, however, 
by us e of the cu rves in figure 34 that relate 
yield to saturated thickness for seven values of 
transmissivity and three values of well radi us . 
The values used to construct the curves on figure 
34 are based on the Theis nonequi librium formula 
(Theis, 1935, p. 520) . These cu rves apply only . 
for the followin g conditions: (1) pumping rat e 1s 
constant through the 180-day period of little or 
no recharge, (2) pumping level at the end of the 
pumping period is l foot above the top of the . 
screen, (3) the screen is set in th e lowest th1rd 
of the aquife r (partial penetration equal to 0. 3), 
(4) the storage coe ff i cient of the aqu1~er 1s 
approximately equal to 0. 2, (5) the aqu1 fer 1 s 
more or less uniform and of infinite areal extent . 
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The following example illustrates how the cur­
ves in figure 34 and the data on plate B can be 
used to estimate maximum well yield . At a 
hypothetical site in the basin, from plate B, the 
saturated thickness of a coarse -grained aquife r, 
which makes up the entire saturated section of 
stratified drift, is approximately 70 feet and the 
transmissivity at a nearby site is 5,000 ft2/day . 
The curves in figure 34 indicate that a properly 
developed 8-i nch well with 21 feet of sc reen set 
at the bottom of the aquifer (partial penetration 
equal to 0.3) can be expected to have a maximum 
yield of approximat ely 300 gal/min through the 
period of little or no recha r ge (180 days) . 

In practice, field conditions connonly differ 
from the assumed ones . Yield will be higher than 
indicated on figure 34 if field conditions differ 
from the assumed conditions in one or more of the 
following ways: {l) well efficiency is greater 
than 90 percent, (2) well radius is larger than 
l . 0 foot, (3) percentage of aqu ifer screened is 
greate r than 30 percent , (4) time of pumping is 
less than 180 days, (5) recharge, including 
induced infiltration, occurs, (6) storage coef­
ficient is greater than 0. 2, or (7) the ratio of 
vertical to horizontal hydraulic conductivity is 
greater than l :1 0 (0 . 10) . 

Yield will be lower than indicated on figure 
34 if field conditions diverge from assumed ones 
in the opposite directions from those listed 
above . In addition, yield may be lower because of 
nearby pumping wells or of impermeable-barrier 
boundaries . However, either of these effects, i f 
present, can be taken into account by using the 
Theis equation and the method of images . 

Areas Favorable for Lar ge-Sca le Ground-Water 
Development 

Sixteen areas in the basin that are conside red 
the most favorable for the large-scale oevelopment 
of ground wat er for industrial, commercial, irri-

gation, and public-supply uses are shown on 
plate D. These a reas are selected because of the 
following favorable geohydrolog i c condit ions: 
(l) they are underlain by a coarse - grained aquifer 
that in most places makes up the enti re saturated 
section of stratified drift, (2) the satu rat ed 
thickness of the aquife rs i s at least 40 feet, and 
(3) they are traversed by a stream or streams that 
have a long-term 90 - percent flow duration equ iva­
lent to at least l Mgal/d . These conditions are 
significant because the amount of water that can 
be pumped from an area depends partly on aqu ifer 
characteristics, especially transmissivity and 
saturated thickness, and partly on the long-term 
"dependable " streamflow that can be induced to 
infiltrate into underlying and adjacent aquifers 
by pumping wells . A number of low-flow statist i cs 
can be used as indices of available streamflow. 
The one that appears to have the most significance 
is the lon g-te rm 90 - percent flow duration. 

The long-term 90- percent flow duration of 
streams entering the favorable areas provides a 
rough index of the dependable amount of water 
available . Such data for large streams should, 
however, be used with caution, pa rti cularly if the 
90-pe rcent flow du ration value is 10 Mgal/d or 
greate r . The quantity of ground water that could 
actually be developed in areas traversed by such 
st reams may be significantly l ess than the 



streamflow shown on plateD because the hydraulic 
characteristics and boundary conditions of the 
aquifer may not allow such a large quant ity of 
water to infiltrate from the stream or to be 
pumped from wells . It is also important to 
realize that well fields placed along small 
streams may signif icant ly reduce the streamflow in 
the vicinity of the well field . This can affect 
downstream users unless the water is returned to 
the stream near the point at which it is 
withdrawn. 

Techniques Available for Estimating Well and 
Aquifer Yield 

The quantity of ground water available for 
development from a stratified-drift aquifer can be 
estimated by a number of analytical techniques . 
Each technique requires the aquifer system be 
simplified to varying degrees , and each ha s dif­
ferent data requi rements and computational 
complexities . The estimates provided by these 
techniques depend heavily on the specific tech­
nique and the extent to which the actual field 
conditions meet the simpl ifyin g assumptions . 

The following examples are intended to help 
water-resources planners and managers choose a 
method of analysis that best fits their individual 
needs. Other studies in Connecticut have applied 
these techniques to aquifers that have hydrologic 
characteristics similar to those of stratified­
drift aquifers in the Farmington River basin . For 
each example, a brief description of the method, 
the information that can be derived, the data 
required, the reference on the method, and a 
reference to a study in Connecticut that used this 
technique are provided . Prior to utilizing any 
technique, the hydrologic problem and the limiting 
assumptions of the method must be clearly 
understood . 

A. The long-term yield of an individual well can 
be approximated by a simplified form of the 
Theis equation (Theis, 1935). The derivation 
of this simplified equation, the assumptions 
made with respect to aquifer cond itions and 
well characteristics, and examples of its use 
are given in Mazzaferro (1980, p. 17-19). The 
method only requires estimates of aquifer 
transmissivity and saturated thickness and can 
easily be solved manually or on a hand calcu ­
lator . This method is most applicable to 
simple hydrogeologic settings . 

B. More precise estimates of short - or long-term 
well yields and resulting drawdowns at points 
in the aquifer can be computed using the non­
equilibrium equation of Theis (1935). Aquifer 
transmissivity, available drawdown, and speci­
fic yield (or storage coefficient) must be 
known or estimated . The time of pumping and 
well radius must also be specified . The 
underlying assumptions governing the use of 
this equat i on are contained in Ferris and 
others (1962). The analysis can be carried 
out by hand or by using a programmable calcu ­
lator and an example of the application of 
this technique is presented in the previous 
section of this report titled "Estimat ing 
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maximum well yields''. This technique is most 
suitable if the aquifer is extensive and has 
relatively uniform hydrologic charac­
terist i cs . 

C. Reliable estimates of individual or aggregate 
well yields and resulting drawdowns in 
aquifers tapped by severals wells and bounded 
by one or more hydraulic boundaries such as 
valley walls and streams can be computed by 
the non -equilib r ium equation (Theis, 1935) and 
image-well systems developed from the theory 
of images (Ferris and others, 1962) . In this 
method, drawdown in an individual well is 
calculated the same way as in the previous 
technique but the changes in drawdown, and 
consequently yield, due to the presence of 
hydraulic boundaries and other pumping wells 
are accounted for. The phys ical features that 
constitute hydraulic boundaries can be 
streams, lakes, impermeable valley walls, or 
adjacent stratified drift of low hydrauli c 
conductiv ity. Manual and programmable calcu­
lator solutions can be used for this technique 
but compute r solutions are mo re efficient . 
Examples of the use of this technique are 
shown in Cervi one and others (1972), and 
Mazzaferro and others (1979) . 

D. Mathematical models that simulate ground-water 
flow in complex hydrologic systems have become 
feasible through the use of high speed com­
pute rs and powerful numerical techniques. 
These models enable hydrologists not only to 
evaluate aquifer yields but also to predict 
the effects of pumping and nat ural stresses on 
a stream-aquifer system . This technique is 
the most applicable to complex hydrologic set­
tings and problems . Many aquifer flow models 
have been developed to solve hydrologic 
probl ems . The most common are two-dimensional 
models that assume aquifer characteristics are 
homogeneous in depth but heterogenous in areal 
extent , and three-dimensional models that can 
simulate flow systems where aquifer cha rac­
teristics vary both with depth and area . A 
wide variety of data is usually requ ired in 
detailed model simulations, whereas only 
limited data is necessary if the flow model is 
being used to develop conceptual understanding 
of the flow system. The U. S. Geological 
Survey has developed and widely uses a two­
dimensional model (Trescott and others, 1976), 
and a three -dimensional model (Trescott, 1975, 
and Trescott and Larson, 1976) . This tech­
nique allows a resource ma nager to evaluate 
several alternative development schemes and to 
predict the hydrologic impact of a stream­
aquifer system. For an example of the ~e of 
this technique in Connect icut, see Haeni 
(1978). 

Each of the techniques discussed can be 
applied to the 16 favorable a reas shown on plateD 
to obtain quantitative est imates of the available 
ground water . The selection of a specific method 
should be based on the type of information needed . 
To use techniques C or D, additional data about 
the hydrologic system will be needed for each 
area. 
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TILL 
Till is composed of unsorted or poorly sorted 

gravel , sand, silt, and clay pa rti cles deposited 
directly by glac ia l ice. It forms a discontinuous 
mantle over most of the bedrock in the basin and 
covers about 75 percent of the land surface . In 
the lowlands, till 5 to 10 feet thick is commonly 
overlain by stratified drift . In the uplands, 
till thickness averages about 25 feet and in pl a­
ces exceeds 100 feet. Wells penet rating thick 
till sections are shown in plate B. Figure 24 
shows the gene ral spatial relationship between 
till and other subsu r face units in the basin and 
plate B shows the areal distribution of till and 
bedrock . 

Till formerly was an impo rtant aquifer that 
suppl ied water for fa rms, rural homes , some subur­
ban dwellings, and comme rcial establishments . 
Yields of individual wells in till, however, are 
only ma rginally adequate for domestic needs . 
Water levels in till decline rapidly during 
pe r iods of little or no ground-wate r recharge. 
This factor and the thinness of saturated till in 
many areas commonly led to well failures during 
the summer . Another facto r cont ributing to the 
abandonment of the till aquife r as a sou rce of 
supply is the susceptibility to contamination by 
su rfa ce runoff, septic-tank effluent, barnyard 
drainage, and other pollutants . 

The amount of water potential ly available f rom 
individual wells in till is relatively small . 
Data from othe r pa rts of sou thern New England 
indicate that the hydraulic conductivity of till 
is generally less than 5 feet per day (Randall and 
others , 1966; Sammel and others, 1966; Mo rri s and 
Johnson, 1967}, and its saturated thickness in the 
Fa rmington River basin is generally less than 20 
feet . A recent study of tills in eastern 
Connecticut by Torak (1979} yielded values of 
horizontal hydraulic conductivity ranging from 
about 0 . 13 to 47 feet per day . These values were 
from analyses of slug injection and slug 
withdrawal tests . 

Wells in the basin where till is reported to be 
at least 40 feet thick are shown on plate B. In 
these and other areas with thick deposits of 
satu rated till, 1 to 3 gal/min of water may be 
developed . Wells in such areas might be adequate 
for uses requi ri ng small quant ities of water. 

BEDROCK 
Bed rock, commonly called ledge, underlies the 

entire basin , and except for localized exposu res, 
i ~ over l ain by varying thicknesses of stratified 
drift and till . Bedrock is saturated with water 
at some depth everywhere in the basin and forms a 
s i gnificant aquifer f rom the standpoint of number 
of wells supplied . 

Bed rock aquife rs in the Farmington River basin 
include sedimentary and crystalline (igneous and 
metamorphic) units . Th ey are important sources of 
wat er for many homes, commercial establishments 
and institutions. Development of these aquifers 
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is concent rated in areas where publ i c wat e r 
supplies are not available . Areal dist ribut ion of 
the bedrock aquifers i s shown in figure 23 . 

The sedimentary units can supply wa ter to 
individual wells in amounts adequate fo r most 
domestic and commercial uses and many industrial, 
irrigation, and public - supply uses . In contrast, 
the crystalline units can supply wat er to indivi­
dual wells in amounts adequate only for domestic 
and small-scale commercial uses . 

On a regional basis, the yields of wells 
tapping bedrock are determi ned by the amount of 
recharge to the bed rock aquifers and the ability 
of the aquifer to t ransmit water . Based on an 
estimate for metamorphic bedrock in the upper 
Housatonic River basin (Cervione and othe rs, 
19 72} , natural recharge from precip i tation is 
estimated to range from 7 to 10 inches per yea r 
for bedrock in the basin . The rate at which 
bedrock transmits water depends on the hyd rau li c 
gradient and the characteristics of the open spa­
ces within the rock . There are two types of ope­
nings that allow movement of water: (1) 
inter granular, and (2} fractu re . In general, the 
intergranular (p r ima ry) openings in all three 
bedrock types are small and poorly connected . 
Even in sedimentary bedrock where these primary 
openings are generally more abundant and better 
connected than those in igneous and me tamorphi c 
roc k, their contribution to the yield of wells is 
negligible relative to the contribution from open 
fractures . Secondary openings, formed after con­
solidation of the bed rock, include crac ks, joints, 
and faults . Fracture openings in bedrock commonly 
are fou nd only within several hundred feet of the 
bedrock surface . They are larye in comparison to 
primary openings, are generally interconnected, 
and make up the network that transmits most of the 
water . For a given hydraulic gradient, the rat e 
at which wat er moves through the secondary ope­
nings is dete rmined by the size, distribution, 
orientation, and degree of interconnection between 
the openings . These characteristics a re , in turn, 
influenced by bedrock composition, geologic 
history, and topography . 

The distribution and orientation of the secon ­
dary openings of a bedrock unit may follow a regu­
lar pat tern that allows a general prediction of 
the yields of t ypical wells tapping the roc k unit . 
At specific sites, however, such predictions are 
impracti ca l. Of ten a well with an adequate yield 
can be drilled close to an unproductive one . The 
yield, depth , or best location for bedrock well s 
at a pa rti cular site in the basin cannot be deter­
mined before dri lling . Stat istical analyses based 
on yield data from wells tapping the three bed rock 
aquifers of the basin, however, can provide 
gene ral info rmation regarding the expected perfor­
mance of new wells . (See table 16 . } 

Wells that tap bedrock aquifers essential ly 
have the same type of construction regardless of 
bedrock type or int ended use . In gene ral, a hole, 
6 to 12 inches in diamete r, i s drilled through any 
unconsolidated mate r ial present and into 
unde rl ying bedrock by eithe r the compressed -air 
down -h ole hammer or cable-tool method . The uncon-



solidated material is kept out of the hole by 
setti ng a blan k casing down into the underlying 
hard rock . After the cas in g is set, drilling in 
rock i s then gene rally continued until an adequate 
yie ld i s obtained . The finished well consists of 
the blank cas i ng exte ndin g through t he uncon­
solidated mate ri als and into underlying bedrock; 
be low it, the hol e extends uncased into the 
bed rock . Wat e r flows through the rock f ractu res 
from the saturated bedrock to the uncased hole . 

Sedimentary Bed rock 

Sed i me nt a ry bedrock of Tria ss i c and Ju rassic 
age underlies abou t 114 square miles of the 
central part of the Farmington Ri ver basin (fi g. 
23) and i s the ch i ef bedrock aquifer in terms of 
areal extent, degree of development, and yie l ds of 
well s . It cons i sts of sandstone, s ilt stone, and 
shale, wi th lesser amounts of conglomerate and 
limestone. Basalt i s int erbedded with the sedi ­
menta ry rocks but are pa rt of the i gneous aq ui fer 
that i s discussed sepa rat ely . The sedimenta ry 
rocks a re extensi vely faulted and gene rally dip to 
the east . Although accurate estimates are not 
availab l e, the average thickness of sed imentary 
and int erbedded i gneous rocks in th e bas in pro­
bably exceeds 4 ,000 feet . 

The wate r-bea rin g chacte r i stics of these rocks 
are inadequately defined . Most ground water pro­
bably occu rs in fractures (joints and faults), and 
in openings that may exist along the bedding pla ­
nes that sepa rat e the individual laye rs . Some 
water, however, may occur in intergranular ope­
nings as it does in unconsol idated aqu ifers . 

Reported yie l ds of 457 wells tapping sed imen­
ta ry bed rock range f rom 0. 2 to 400 gallons pe r 
minut e (gal/min ); the med i an yield is 8 gal/min . 
The maximum and med ian yields are greater than 
those of the othe r bedrock aquife r s in the basin . 
The yield frequency data in figure 35 indicates 
that 95 percent of the wel ls in sedimentary 
bedrock yielded 2 ga l /min or mo re. The water 
needs of a typical family can be met with as 
little as 1 gal/min , if sto rage is sufficient. 
Therefo re, the chance of drilling a successful 
domestic well i n sedimentary bedrock is high . 

Igneous Bed rock 

Igneous bedrock outcrops occur over an area of 
about 6 squa re miles of the eastern and cent ral 
part of the Farmington River bas i n (fig . 23) . It 
cons i sts princ i pal ly of basalt and diabase un it s , 
that a re interbedded with and int rude th e sedimen­
tary rocks . Three basalt flows, each f rom 50 to 
500 feet th i ck (Krynine, 1950) account for the 
igneous rock in easte rn po r t ion s of the basin . A 
diabase intrusive unit, 300 to 500 feet thick, 
fo rms the r idge in the cente r of the basin 
(Sc hnabe l, 1960, Sc hnabe l and Er i c, 1965). At 
depth, the diabase may extend ove r a muc h larger 
area t han i ts outcrops suggest . It is the same 
age as and i s stratig rap hi cal ly related to th e 
sed iment ary units, and it i s not uncommon for 
i ndividual well s to tap both types of rock . Only 
data from well s fi ni shed exc lu s ive ly in igneous 
bedrock a re used in the yield analyses of that 
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aquifer . Although it occurs close to and is 
int erbedded with sedimentary bedrock, igneous rock 
i s mo re like metamorphic rock in its water­
yield i ng chara cte risti cs . 

Yields of 16 w ~lls tapping igneous rocks r ange 
from 2 to 100 gal/min, and the med ia n is 8 
gal/min . Mo st wells tapping this aquife r will 
yield supplies of water adequate for domestic pur ­
poses . Yield-distribution data shown in figure 36 
indicate that 95 percent of the wells tapping 
igneous bedrock yield 2 gal/min or mo re . The 
median y i eld is higher than that of metamorphic 
roc k and is the same as that of sedimentary rock . 
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Metamorphic Bedrock 

Metamorphic bedrock directly underlies about 
300 square miles, or two-thirds of the Farmington 
River basin . (See fig . 23 . ) It extends to great 
depths and is the basement complex beneath the 
sedimentary and igneous rocks of the region . The 
metamorphic rock aquifer consists prin cipally of 
gneiss and schist (Rodgers and others , 1956, 
1959), and inc I udes small amounts of other meta­
morphic and igneous rock types . Simila r assembla ­
ges are collectively termed "crystalline bedrock" 
or "noncarbonate bedrock" in othe r reports of this 
series . 
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Yields of 331 wells tapping the metamorphic 
bedrock aquifer ran ge from 0. 1 to 200 gal/min, 
with a med ian of 5 gal/min . Fi gu re 37 shows the 
well-yield frequency of this aquifer . The figure 
shows that 95 percent of the wells yield 0. 75 
gal/min or more . This is less than half the com­
parable figure (2 gal/min or more) for the sedi­
menta ry and igneous roc s (see figs . 35 and 36) , 
and indicates that marginal yields may be mo re 
common in wells drilled in metamo rphi c rocks . 
Nevertheless, the chance of obtaining a yield 
satisfactory fo r domestic needs is good . 
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Wilson and others (1974) showed that the yield 
of crystalline bedrock is dependent to some degree 
on topographic position of the site, type of 
crystalline bedrock (for example , granit e or 
schist), type of overburden (t i 11 or stratified 
drift), and thickness of bedrock penetrated . 
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Water Supplies from Bedrock 

The bedrock aquifers of the Farmington River 
basin can supply amou nts of water adequate for 
domestic needs at most sites . The sedimentary 
bedrock aquifer is the most productive in terms of 
med ian and maximum well yields; the two 
crystal line bedrock aquifers are about equal . 
(See tab l e 1 6 . ) 

Predictions of well yields at specific sites 
are not possible . Yields of wells penetrating the 
same thickness of aquifer, in the same area, may 
vary considerably because of differences in the 
size, spacing, and orientation of interconnected 
rock fractures. The yield of a wel 1 generally 
increases with depth but at a declining rate 
because the number and size of water-bearing frac­
tures decrease with depth. 

QUALITY OF WATER 
The water in streams is derived from ground­

water and surface-water runoff, which, in turn, 
are derived from precipitation . Quality of stream 
water largely depends on the quality and propor­
tions of these sources . When streamflow is low, 
practically all the flow is ground-water runoff, 
and its composition is similar to that of ground 
water . The chemical quality of ground water in 
areas unaffected by man depends on the minerals in 
the ea rth materials and their solubility in ground 
water and the lenqth of time the minerals and water 
are in contact. Therefore, the areal distribution 
of dissolved-solid concentration of surface water 
du ring low streamflow can provide an indication of 
the natural chemical quality of ground water and 
its relation to the geology . 

\~ater in streams at hi gh flow is a mixture of 
ground-wat er runoff and surface -water runoff, and 
its chemical quality is intermediate . The physi ­
cal quality of wat er during high flow is affected 
by the qua lity of precipitation and by suspended 
sediments. The suspended-sediment load is related 
to the erodibility and type of earth material 
bein g e roded . 

Man's activities alter the chemical and physi­
cal quality of su r face water . Sediment loads, for 
example, may be augmented by ea rth materials 
disturbed by const ru ct ion or by farming. Chemical 
quality can be alte red by c ro p fertilization, road 
salting , sewa ge disposal, atmospheric deposition, 
and refuse disposal nea r streams . 

The quality of ground water may also be 
affected by fertilizers, road salts, septic-tank 
leaching fields, leachates from solid-waste dispo­
sal , infiltration from streams carrying waste, 
water-softening effluents, and by leachates from 
industrial-waste lagoons . 

St reams 

DISSOLVED SOLIDS 
SURF ACE WATER 

The dissolved-solids concentration in streams 
during low flow is an indication of their chemical 
qua lity . The maximum dissolved-solids con­
centrat i ons obse r ved in the Farmington River basin 
during this study are shown in figure 38 . Maximum 
concentrations in much of the basin are 100 mg/L 
or less although those of many streams draining 
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the eastern valley and the southe rn pa rt of the 
basin range from 100 mg/L to about 300 mg/L . The 
relatively low concentrations in most upland areas 
are due to the following factors: (l) these areas 
lack extensive indu strial and urban development 
and gene rally reflect the natural quality of 
water, (2) they are underlain by metamorphic r ocks 
that are less soluble and less permeable than the 
sedimentary rocks of the eastern part of the 
basin, (3) the upland areas have topographically 
steep slopes so that su rface runoff is more rapid, 
allowing less time for solution of minerals . 
Figure 38 shows the dissolved-solids concentration 
in streams which can be compa red . Figure 39 shows 
the distribution of major rock types and developed 
areas based on building density . Developed areas 
are scattered throughout the basin with majo r con­
centrations in a band passing through Bristo l, 
Avon, and Simsbu ry, and another centered at 
Winst ed . 

The wide range in dissolved-solids and chemical 
composition from place to place is a result of 
differences in the properti es of soils and rocks, 
patterns of land use, and precipitation quality . 
Concent rations generally increase from the head­
waters to the mouths of streams owing to prolonged 
contact of water with soils and rocks but may also 
differ because of the differing capacity of 
suspended particles to take up and hold ions . 
Pronounced changes mark inflows of chemically dif ­
ferent water from tributary streams, springs, 
sewage outflow, or industrial e ffluents . 

The source and significance of the most common 
constituents in wat er in the Farmington River 
basin are listed in table 20 . Silica, calcium, 
sodium, bicarbonate, sulfate and chloride, whi ch 
together account for more than 90 percent of the 
total dissolved solids in the samples analyzed, 
are derived from se veral sources . Silica, 
calcium, anct bicarbonate are dissolved from soi I 
and rock; sulfate is contributed by precipitation 
and by organic shale layers in sedimentary rocks ; 
sodium and chloride come mainly from sewage, 
industrial wastes, road salts, and precipitation. 

Table 21 shows overall quality of streams in 
the basin by summarizing analyses of samples 
collected at the 20 sites shown in figure 40 . The 
concentrations of most constituents are hi gher in 
streams draining areas underlain by sedimen tary 
bedrock . Calcium, magnesium, sulfate, and bicar­
bonate show the greatest difference between areas . 
Concentrations of most solutes are lower du rin g 
high flow than during low flow . Variations wit 
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Chemical constituen 
or physical pro perty 

Si 1 ica (S102l 

Iron (Fe) 

!-~anganese (11n) 

Calcium (Ca) and 
mag nes i urn (l~g) 

Sodium (Na) and 
potassium (K) 

Carbonate (C03) 
and 

b1carbonate (HCOJ) 

Sui fate (S04) 

Chloride (Cl) 

Fluoride (F) 

:<itrate (N03 

Specif ic conductance 

Dissolved solids 

Table 20 . --Source and sign1f1cance of common constituents of natural wat er 

Source and concentration 

Dissolved from practically all roc ks and soils . Most water in the basin 
contains amounts ranging from l to 20 mg/L . 

Dissolved f rom mi nerals that contain oxides, sulfides , and ca r bonates of 
i ron . Decaying vegetation , iron objects that a re in contact with water , 
se1<age, and indust r ial waste are also majo r sou rces . 1·1ost water in the 
basin has less than 0 . 5 mg/L . 

Dissolved from many rocks and soi Is . Con•nonly associates with iron in 
natural wate rs but less common . 14ost water in the basin has less than 
0 .01 mg/L . 

Dissolved from rocks and soils, especially those contain1ny calcium 
silicates , clay mine rals , and ca rbonate lenses . 

Dissolved f rom practically all r ocks and soi Is . Sewage, industrial 
wastes , road salt, and sea wate r are also major sources . Most home 
water softene r s inc rease the amount of sodium in water by exchangi ng it 

or calcium and magnesium . 

Disso lved from carbonate and calcium s ili cate minerals by reac tion •lith 
carbon dioxide in wat er . Decaying vegetation, sewage, and industrial 
wast es are also impo rtant sou rces . 

Dissolved from r ocks and soi l s containing sulfu r compounds , especially 
iron sulfide; also f rom su l fur compou nd s dissolved in precipitation, and 
sewage and indust r ial wa stes . 

Dissolved from rocks and soi ls in small amounts . Ot he r so ruces are ani­
mal wastes , sewage, r oad salt , industrial wa stes , and sea water . 
Chloride concentration of natu ral fresh water in the basin is less than 
20 mg/L . 

Dissolved f r ~n mine rals . Nat ura l wat er in the basin has up to 1.2 mg/L . 
Added to public wat er suppl i es by fluor idati on. 

Sewa ge , indust r ial wastes , fertilizers, and decaying vegetation are 
majo r sources . Lesse r amounts are de ri ved from precipitation and 
solution processes . 

Specific conductance~ or the capac ity of wat er t o conduc t an elect r ic 
current, is an index of t ota l dissolved mi neral content . 

Includes alI disso lved mine ral consti tuent s de rived f rom solution of 
rocks and soi ls . Locally au gme nt ed by mineral ma tte r in sewa ge and 
indust r ial wa stes . Measu red as residue on evapo rati on at 180°C or 

Significance and recommended maximum limit.!./ 

High concentrations precipita t e as ha rd scale in boilers, wat er heate r s , 
and pipes . Inhibits det eri orati on of zeolite-type wate r softeners and 
co rrosion of iron pipes . 

On exposu re to a ir, i ron in ground wat er oxidates to a reddish-brown 
preci -pitate . 11ore than about 0 .3 mg/L s t ains laund ry and utensils , 
causes unpleasan t odo rs , and favo rs growt h of iron bacteria . Iron in 
wat er is objectionable for food and textile processing . Most iron­
bea ring waters , wh en treated by aeration and filtration , are satlsfac ­
to ry for domestic use . 

lore than 0 .05 mg/L oxid i zes to a black precipitate . Manganese has 
the same undesirable characte r is ti cs as iron but is mo re d1f fi cult t o 
remove . 

Ha rdness and scale - fo rming proper ti es of water are caused pr1nc i pal ly 
by dissolved bicarbonate and sui fates of calcium and magnesium . (See 
hardness . ) Ha rd wat er is objectiona ble fo r elect roplat1ng, tanning, 
dyeing and textile process i ng . It also causes scale formation in 
steam boilers , wat er heaters, and pipes . 

Because the concentrat i on of po t assium is usual ly low , sodium and 
potass ium a re often ca lcu l at ed t ogethe r and r epo rted as sodium . 
Quanti t ies found in the fresh water of the repor t area have 1 itt le 
effect upon the usefulness of water fo r most pu rposes ; howe ve r, mo re 
than 50 mg/L may ca use foaming in steam boilers . Twenty mg/L is the 
maximum permi t ted fo r people rest ri c t ed to a low salt diet . 
Recommended max imum 20 mg/L fo r finished v1ate r . 

Carbonates of ca lc ium and magnes ium cause hardness, form scale in 
boile r s and pipes , and r elease corross ive ca rbon dioxide gas . (See 
hardness . ) Water of low mine ral con t en t and low bicarbonate content 
in propo r tion t o ca rbon dioxide is acid ic and co r rosive . 

Sulfates of calcium and magnesium cause pe rmanen t hardness and fo rm 
hard scale in bo il e r s and hot water pipes . Recommended max imum 250 
mg/L . 

Large amou nt s in combination with calcium will r esu lt in a corrosive 
solu ti on and in combinat ion •lith sodium wi II give wat er a salty 
taste . Recommended maximum 250 mg/L. 

Abou t 1.0 mg/L of flu or ide r educes the i nci de nce of tooth decay in 
yo un g chi ld ren; larger amounts ma y cause mo ttling of tooth enamel, 
depending on avera ge wat er intak e and cl imat e (Lohr and Love , 1954, p. 
39) . Recomme nded 1 imi t s: 0 .8 to 1. 2 mg/L for artifi c ially 

luoridated wat e r: max i mum 2.0 m9/L for nat ural wat er . 

Small amounts have no effec t on us efu lness of wat er. A concentration 
greater than 10 mg/L genera lly indicates pollution . Nit rat e encou ra ges 
growth of algae and other orga nisms which produce undesi rabl e tastes 
and odors . Wat er con ta ini ng mo re than 44 mg/L has reportedly caused 
me thomoglobi nemia , whi ch is often fatal to infants (Comly, 1945) . 
Recomme nded max i mum 10 mg/L of nit rate exp ressed as N, which is 
equivalent t o 44 mg/L nitrate exp ressed as N03 . 

A spec ifi c conduc tance of SUO mic romhos at 25 °C is approximately 
equivalent t o a dissolved-solids concentration of 500 mg/L . 

Wat er cont ai nin g mo re than l ,000 mg/L dissolved solids is undesirable 
for publi c and pr ivate suppl i es and most indu s trial pu rposes. 
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...... 

Hardness (as CaC03) 

Hydrogen ion (pH) 

Color (plati num­
cobalt units) 

calculated as numerical sum of amounts of ind ividual cons tituents. In 
the basin, ground water gene rally has a higher concentration of 
dissolved solids than does surface water . 

Prima rily due to calcium and magnesium , and to a lesser extent to 
i ron, manganes e , aluminum, barium, and strontium . There are two 
classes of hardness, carbonate (temporary) and noncarbonate 
(permanent) . Ca rbonate hardness refe rs to the hardness balanced by 
equiv alents of carbonate and bicarbonate ions ; noncarbonate refers to 
the remainder of the hardness . Most water s in the basin are 
classif ied as soft to moderately hard . 

Wat er having concent rations of acids, acid -generating salts, and free 
ca rbon dioxide has a low pH. Where carbonates, bicarbonates , hydroxi­
des, phos phates and si licat es are dominant, the pH is high . l~o st 
natural wat ers ran ge between 6 and 8 . 

l~ay be imparted by iron and manganese compounds, algae, weeds , and 
humus . l~ay also be caused by inorganic or organic wastes from 
industry . True colo r of water is considered to be only that remaini ng 
in solution after the suspended ma teria l has been removed . 

D1ssolved oxygen (D .O. ) Derived from the atmosphe re and from photosyn thesis by aquatic vegeta ­
tion . Amount varies with t empe rature and pressure and decreases durin g 
breakdown of wast e ma t erial. Concentration can be expressed in mg/L 

ne t ergents as I~BAS 

Tempe rature 

Tu rbidity 
(J ack son units) 

or as a pe rcentage of satu ration . 

11BAS (me thylene blue active substance) is a me asure of the concentrations 
of detergents in water . Pr imary sources of alkyl benzene sulfonate 
(ABS) and 1 inear alkyl sui fonate (LAS) are synthetic household 
det ergent res idues in sewage and waste wate rs . 

Fluctuates seasonally in streams and shallow aquifers . At depths of 
30 to 60 feet , ground-water temperature remains within 2"C or 3"C of 
mean annual air t empe rature (g •c to ll "C for the r epor t area ) . 
Disposal of water used fo r cooling or indust rial processing may cause 
local temperature anomalies . 

An optical prope rty of wat er attibuted to suspended or co lloida l 
matter whi ch inhibit s light penet ration . 11ay be caused by micro­
organisms , algae, suspended mine ral substances including iron and 
manganese compounds , clay , silt, sawdust , fibers , or other materials . 
l~ay result from natu ral processes of e ros ion or from the addition o 
domestic sewage, wa stes from industries such as pulp and paper manu -

acturing, or sediment from const ructi on activities. 

Hard wat er uses mo re soap to lather and deposits soap cu rds on 
bathtubs . Wate r havin g a hardness of more than 120 mg/L is commonly 
softened fo r domestic use . Hardness fo rms scale in boilers , wat er 
hea te rs , radiators and pipes , causing a decrease in rate of heat 
transfe r and r estricted flow of wate r. In contast , water havin g a 
very low ha rdness may be co rrosive . A classif i cation of hardness 
appears under "Ha rdness" in t he section entitled "Quality of surface 
wat er." 

A pH of 7.0 indicates neutrality of a solution. Values higher than 
7.0 denote alkaline cha racte r istics; values lower than 7.0 indicat e 
acid charac t erist i cs . Acid wate rs and excessive ly alkaline wat ers 
co r rode metals . Recommended limits 6 . 4 to 8 . 5 for finished water . 

Water fo r domestic and some i ndust r ial uses shou l d be free of pe r cep­
tib le color . Color in wate r is objectionable in food and beve rage 
processing and many manufactu r ing processes . Usually expressed in 
units of color rather than in mg/L . Reco1mnended maximum 20 standa rd 
units fo r raw water , 15 units for finished water . 

Dissolved oxygen in su r face water is necessary fo r suppo r t of fish and 
other aquatic life . It causes precipita t ion or i ron and magnenese in 
well wate r and can cause cor rosion of metals . Standards fo r ma ny 
st reams and lakes in t he basin are given in "Connecticut wate r 
quality standa rds" (Connecticut Depa r tment of Envi ronmental 
Protection, !g77) . 

High concent ration of ASS caused undesi rable ctaste , foaming, and 
odors . Ind i cates presence of sewage or industrial waste . In 
mid-lg65, ASS gradually replaced by LAS, which is mo re degradable . 
Recommended maximum for 1-\BAS 0 . 5 mg/L . 

Af fects the usefulness of water fo r many pu rposes . For most uses, 
especial ly cooling, water of uniformly low temperatu res is desi red . A 
ris e of a few degrees in the temperature of a stream may limit its 
capacity to support aquatic life . Wa rm water car ries less oxygen in 
solution and is more cor rosive than cold wat er . 

Excessive concentrations are harmful or lethal to fish and other 
aquatic life . Tu rbidity is also undesi rable in waters used by most 
indust r ies, expecially in process water . Tu rbidity can modify water 
temperatu re . Expressed either in standard units or in mg/L silica . 
Recommended maximum 5 units for raw water, I unit for finished water . 

I/ Standa rds fo r drinking wat er recommended by the Connecticut Department of Health 
- (Conn . Ge neral Assembly, 1975) . 
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Table 21 .--Chemical and physical properties of wat e r from r ep resentative st reams 

[Concent r ations of chemical constituen ts in milli gra ms pe r lit e r] 

St reams dra ining areas underlain by: 

Sedimenta ry roc k Crystallin e r ock 

Cons tituent 
or 

property 

Silica (Si02l 

Iron (Fe) 

!anganese {11n) 

Ca I c i urn ( Ca ) 

llagnes i urn (l~ g) 

Sodi m (Na) 

Po tassium (K) 

Bica rbonate (HC03) 

Sulfat e (S04) 

Chlo ride {Cl) 

Fluo ri de (F) 

Phosphat e (P04) 

Nit rate (NO]) 

Dissolved so l ids 
(s um of const it­
uents) 

Hardness , as CaC03 

Hardness , as CaC03 
(noncarbonate) 

Alk alinity , as CaC03 

Spec ific conductance 
(m icromhos a 25 °C) 
pH 

Tu rbidi y , in 
Ja c son units 

Color in platin um­
coba lt units 

No . of sites sampled 

At high flow Y 
Median Range 

9 . 3 

,.. 06 

0 

9 . 0 

1. 8 

3.6 

. 2 

22 

18 

4 . 3 

.03 

. 10 

52 

28 

14 

18 

78 

7 . 0 

0 

18 

5 . 0 - 12 

.04 - . 12 

0 0 

7 .0 - 25 

.8 - 6 . 6 

2. 0 - 5 . 9 

. 1 .8 

12 74 

12 - 25 

2 . 3 - 15 

.02 - . 10 

0 1. 6 

44 - 11 3 

23 - 90 

34 

10 - 61 

67 - 200 

6 . 7 7 . 5 

0 

4 - 35 

6 

1_1 Five - percent du r ation flow, 11ay 10 , 197 1 
!I Ninety-five pe r cent duration flow, August 26 , 19 71 

At low flow ?.f 

Median Ra nge 

12 

. 08 

.02 

22 

4 .0 

4 . 5 

.5 

66 

14 

5 . 2 

100 

70 

14 

54 

.1 

. 03 

. 60 

164 

7 . 3 

0 

2 

8 . 6 17 

.03 . 54 

0 . 03 

10 43 

1. 4 - 11 

2 .4 7 . 5 

. 3 -

22 - 150 

9 . 7 - 41 

1. 7 

0 

0 

11 

.8 

. 1 

. 06 

0 4.0 

51 - 182 

31 - 138 

8 36 

18 - 123 

81 - 288 

6 . 9 - 7. 8 

0 

8 

6 
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At hi gh flow y 
Med ian Range 

5.6 

.08 

0 

4 

9 

2. 2 

. 4 

6 

9 . 3 

3 . 0 

. 01 

0 

28 

12 

8 

42 

6. 4 

0 

14 

2.8 

0 . 4 

0 

2 

.6 

1.1 

. 2 

2 

. 5 

9 . 1 

. 52 

.05 

8 

2 . 9 

2 . 7 

11 

14 

1.1 - 51 

0 .07 

0 2 .4 

20 - 11 8 

32 

3 - 25 

2 9 

26 - 224 

5 . 2 6 . 8 

0 0 

3 - 30 

14 

At 1 ow f 1 ow_ £1 

r~edian 

9 . 8 

. 18 

.02 

6 

1. 5 

3.3 

.8 

18 

7 . 4 

2 . 7 

. 1 

. 02 

. 40 

42 

20 

6 

15 

64 

6 . 9 

4 

0 

Range 

4 .6 

.03 

2 

.5 

1.7 

. 4 

5 

15 

. 35 

21 

7 . 3 

37 

2.8 

56 

18 

. 5 - 76 

0 

0 

0 

. 1 

1. 2 

• 7 

25 - 199 

- 82 

0 58 

3 - 46 

29 - 3 75 

5 . 9 7 . 4 

0 2 

- 30 

14 



flow result primarily from changes in the relative 
contributions of ground-water and surface runoff . 
The ground-water contribution to streamflow is 
relatively stable when compared to the surface 
runoff which varies with rainfa ll and with the 
seasons. During low flow much of the water in a 
stream channel is ground-water runoff (base flow) 
wh ich, under natu ral condit ions, is more highly 
mineralized than surface runoff . Furthermore, 
wastes are more diluted during high flow . The 
concent ration of dissolved material in most 
streams is, thus, inversely related to streamflow . 

The inverse relationship between streamflow and 
solute concentration is complicated by variations 
in the chemistry of precipitation, concentration 
by evapo ration from the basin, biological pro ­
cesses, temperature, and human activities, all of 
which cause variations in st ream quality with 
time . Time and space differences in dissolved­
solids concentrations of several streams in the 
Farmington Rive r basin are illustrated in 
figure 40 . 

Urban development affects the dissolved-solids 
concentration of surface water in a variety of 
ways . Runoff from rural areas may contain animal 
wastes and fertilizers but generally its com­
position is simila r to that from natural areas . 
In the suburbs there is a higher density of septic 
tanks and disposal basins that release wastes to 
the saturated zone from which ground water is 
discharged into streams and lakes . 

Citi es rely less on septic tanks, yet the 
dissolved-solids load is high even in completely 
sewered area s . (Plate C shows sewered areas in 
the basin . ) Wastes from industries and from 
sewage-treatment plants may be discharged directly 
into streams . Runoff from streets and highways 
contains roadside litter, salts used to melt snow 
and ice, chemicals used to control vegetation and 
insects, or it may be contami nat ed by accidental 
spills from vehicles, tan ks , or pipelines . Storm 
sewers located below the water table may intercept 
ground water and discharge it to st reams . 

The inverse relationship between streamflow 
and dissolved-solids concentration becomes more 
complex after development . Man -made changes in 
topography, vegetation, and pe rcentage of imper­
vious area in a basin affect the flow charac­
teristics of its streams . Stream quality 
generally deteriorates during low flow because 
sewage and other effluents are not suff i ciently 
diluted . If surface runoff is significantly con­
taminated, however, it will degrade, rather than 
improve stream quality . Urban storm water may 
contain more dissolved solids than ave rage 
domestic waste water . Sartor and Boyd (1972) 
determined that urban runoff contributes more 
pollution load during the first hour of a moderate 
to heavy storm than would be contributed by raw 
sanitary sewage f rom the same area during an equal 
period of time . 

Selective discharge of industrial effluent 
during hi gh flow, regulation of flow by reser­
voirs, diversion of wate r into and out of the 
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basin, and overflow from combined storm and sani­
tary sewer lines also alter th e natural rela­
tionship between quality and streamflow. 

Figure 41 shows specific conductance and daily 
mean discharge for the Pequabuck River at 
Forestville (station 01189000) and the Fa rmington 
River at Tariff ville (station 01189995) for 1971. 
A comparison of the two graphs shows more 
variation in discharge and a higher average speci ­
fic conductance in the Pequabuck River . These 
differences result pr imarily from the different 
type and degree of urban and indu str ial develop­
ment in the drainage a reas of the two streams . 

The qual i ty of the Mad-Still-West Branch 
Farmington and the Pequabucv-Farminqton Rivers is 
shown in graphic stream profiles (figs . 42 and 
43). These profiles are based on data collected 
during low - flow conditions in August 1971. Both 
streams drain areas which are cente rs of popula­
tion and industrial development . (See fig . 39 . ) 

The concentrations of individual ions in each 
sample are illustrated by a modified Stiff method 
(Stiff, 1951) . Cations are plotted to the left, 
anions to the right, and the resultin g points con­
nected to give an irregular polygonal pattern. 
The shape of the patte rns emphasizes similarities 
and differences in water composition; the width of 
the patte rn gives an app roximate indication of the 
total ionic content. The Stiff patterns in 
figures 42 and 43 show the progressive effects of 
effluent discharge and urban runoff . The most 
upstream diagram in each figu re (stations 01186095 
and 01188145) represents natural qu ality . Ca l cium 
and bicarbonate are the predominant ions . The 
patterns are wider and the shapes are different at 
each successive downstream site . Sodium and 
chloride proportions are greater . The increase in 
specific conductance (upper gra ph) indi cates 
effects of human activities . The conductance is 
greatly reduced, and Stiff patterns are narrower, 
indicating lower concentrations below the 
confluence with the West Br anch Fa rmington and 
Farmington Rive rs, owing to dilution by the 
greater volume of water in these streams . 
However, there is some degradation of the larger 
streams by inflow from the Still and Pequabuck 
Rive rs . This can be seen by comparing the 
diagrams at station 01186450 (above the confluen­
ce) with that at station 01186800 (below the 
confluence) on the West Branch Farmington Rive r. 
Simila rly, compare th e diagrams at stations 
01188090 and 01189035 on the Fa rmington Rj ver. 

Lakes and reservoirs 

Compared to streams, lake water has a mo re 
constant composition . Impoundment decreases tur­
bidity, sediment load and bacterial concen­
trations, and sunlight has a bleaching effect, 
redu cing the colo r. Fluctuations in qual ity 
follow annual and daily cycles and are related to 
the biological productivity of lakes . Reducing 
condit i ons at the bottoms of st ratified lakes lead 
to the production of nitrite, ammonia, hydrogen 
sulfide and fer rous iron . St ratification of lakes 
is discussed in the section titled "Temperature . " 
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Many l akes in the study area are artificial 
impoundments used for public wat er supply . They 
are protected from contamination and retain much 
of their natural quality . Table 22 summarizes the 
chemical quality of wat er samples from the eight 
principal public-supply reservoirs serving the 
basin . The water has low dissolved-solids con­
centrations; the med ian of 36 mg/L is less than 
the median (43 mg/L} in water from streams in the 
basin . 

!dOl 22 . ·-(h H.,• ,uut ~'l.)"SICd prop••rtt .. s ol w.tt ~ r rQr!'l publiC wat .. r-s•_J;l?IJ rdt-r,olrs 
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co<ltoc•,.d 1n 'jOvf'nbt•r .tnCJ 0Pc~~:r, 1!111, frcn ~·llht rt::servOirS . C~ll:'tt: andiJSIS I·Jr 
t'dCI'I \1'!! IS tn .4a:."'r ~t-so~,~rct>'O D<~td 4 0r Conn~::Ctlc.ut , 197t (U . Ii . r.,.oloqlCal Sur'ICJ . l9~S ) . 
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GROUND WATER 

The majo r inorganic constituents of ground 
water in the Farmington Rive r basin are the same 
as those in su rface water: silica, calcium, 
sodium, bicarbonate, sulfate, and chloride . 
Const ituents are dissolved in various comb inati ons 
depending on natural conditions and on human acti­
vities . Natural factors affecting ground -water 
quality include climate; subsurface flow patte rn s; 
the chemistry of precipitation, the texture and 
mineralogy of soil and aquifer materials; and 
biological processes . Pr incipal human factors 
include discharge of sewage and animal wastes, 
spreading of chemical fertilizer and road salt , 
and disposal of solid wa ste . 

Table 23 summarizes the chemical and physical 
characteristics of water from majo r aquifers. 
Water quality can be evaluated by crnnpariny the 
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concentrations of constituents with the maximum 
concentrations recommended for drinking water by 
the Connecticut Department of Health (Connecticut 
General Assembly, 1975) . Locations of wells 
sampled are shown on plate A and distribution of 
aquifers is shown in figure 23 and on plate B. 

Predominant io~s 

Most ions in water are derived from the 
minerals of unconsolidated deposits and rocks near 
the land surface . Their concentrations are 
influenced by crystal size , grain size of sedi­
ment, rock texture, regional structure, frac­
turing, duration of weathering, and ground-water 
flow patterns . 

Calcium and bicarbonate ions predominate in 
water from 67 percent of the 108 wells sampled. 
This type of water tends to be slightly basic and 
soft to moderately hard . Of the calcium bicar­
bonate waters tested, 99 percent have a pH equal 
to or greater than 7.0 (neutrality) and only 13 
percent are rated as hard or very hard . (Table 25 
explains hardness classification . ) Distribution 
systems carrying calcium bicarbonate water are 
unlikely to fail through corrosion or to be 
plugged by hard scale precipitate . 

Some deep wells in the basin yield sodium 
bicarbonate water that may have been naturally 
softened by ion exchange . Chemical reactions in 
such water raises its pH . So dium and bicarbonate 
ions predominate in three samples from sedimentary 
bedrock in the basin . These samples are basic (pH 
7.8 to 8 .1) and very soft (hardness 0 to 20 mg/L). 

Effects of aquifer type 

Most surficial materials in the Farmington 
River basin have been transported by glac iation 
and are not enti rely derived from local bedrock . 
Furthermore, bedrock is a complex mixtu re of 
minerals and diffe rs in composition areally and 
with depth . Waters from various sources mix as 
they move from one aquifer or type of rock to 
another . Therefore, water composition is not 
di rectly related to a single mine ral species or 
simple assemblage . It differs areally, with 
depth, and with time . However, certain charac­
teristics of water from different aquifers in the 
basin are evident (table 23} . 

Unconso lidated sediments such as stratified 
drift and till y i eld water containing com/ 
paratively high concentrations of dissolved 
solids, pa rtly because of the large surface area 
pe r unit volume available for mineral dissolution. 
The quality of water from shallow wells in highly 
permeable sediments is susceptible to modification 
by chemical reactions in the soil and to pollution 
f rom su rface and near-su r face sources . 

The qua lity of water in stratified-drift 
aquifers reflects the composition of both the 
drift and the underlying bedrock as well as other 
factors discussed above . Stratified drift, in 
most places, is derived from, and is similar in 
composit ion to the underlying bedrock. In a few 
places, however, it consists of materials derived 
from bedrock of a different composition . Its 



Ta ble 23 .- -Chemical and physi ca l pr operties of gro und wat e r 

[ ConcPntrat ions o chem1cal constituents 1n 1111l l 1grams per liter . Based on analyses 
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water may differ in quality from that of the 
underlying bedrock . Till is of mino r i mpo r tance 
in the Farmington River basin and water from only 
one well in till has been sampled fo r this study . 

Under natu ral conditions, the chemical com­
position of ground water from sedimenta ry bedrock 
is simila r to that of wate r from streams draining 
a reas unde r lain by sedimentary bedrock, and ground 
water from crystalline bedrock is similar to water 
f rom streams draining crystalli ne bedrock . This 
is especially true during low-flow conditions . 
Solute concentrations are higher in ground water 
than in surface water , but relative proportions of 
most solutes a re similar . An except i on is the 
higher proportion of bicarbonate ions in ground 
wate r . The disp roportion results from reactions 
invo l vi ng dissolved carbon diox i de i n the so i l and 
the unsatu rated zone . Growi ng plants can produce 
2 to 10 liters of carbon dioxide pe r squa re mete r 
of su rface per day i n soi 1 (~lhite and ot hers, 
1963) . Some of this dissolves in wate r passing 
th rough the soil and reacts with mi nerals to form 
soluble ca rbonates and bicarbonates . 

Sedimentary bedrock , composed of sandstone , 
siltstone , conglomerate , and shale, is an impor ­
tant aquifer in the easte rn pa r t of the basin 
(fig . 39) . The stratigraphic and areal differen­
ces in composition of these rocks account fo r much 
of the wide range of solute concent rations in the 
wate r they produce . 

Crystalline - bedrock aquife rs consist pr ima r ily 
of metamorphic rocks in the central and weste rn 
part of the basin and generally northeast- ­
southwest t rending igneous units in the east . 
Water from these aquifers contains low con ­
centrations of dissolved solids (table 23) . Water 
moves th rough them chiefly along joints and frac ­
tu res so that only a small su r face area is open to 
chemi cal attack . Furthermore , the crystalline 
rocks to a large degree a re composed of slightly 
soluble mi nerals . These factors account fo r the 
low concentrations of solutes in water from 
crystalline bed rock in the basin . 

Changes with time 

Ground-water qual i ty changes with time , prin ­
cipally in response to changes in recharge from 
various sources, pumping, and land use, especially 
in shallow strat i fied-drift aquife rs . Variations 
may be related to seasonal changes in recharge and 
vegetal growth and decay, and to the effects of 
human activities, such as induced recharge of sur­
face wate r . 

Induced recharge can improve or degrade the 
quality of water in an a qui fer . As surface wate r 
infiltrates into an aquifer due to pumping of a 
nea rby well, its quality is modified by filt ra­
tion, chemical, and biological action . Sediments 
lining the stream or lake filter out bacteria and 
suspended solids , but most dissolved constituents 
pass through . Water in an area of induced 
recharge is a mixture of ground water and surface 
water . Its quality depends on relative propor­
tions of these tv1o components . Su rface water 
generally is l ess mineralized than ground wat er , 
hence rec har ge by induced infiltration is li ke ly 
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to result in an i mp rovement i n quali t y . Wh ere 
su r face wate r is pol l uted , however, in duce d 
recha rge may cause a deterio rat i on in qua li ty . 
Dete ri orat i on is most l ike ly du r ing pe ri ods of low 
st reamflow when st reams receivi ng sewage and 
indust r ial discha r ge may be mo re hi gh ly mi nera­
l i zed than natu ral ground water . 

IRON AND MANGANESE 
I ron and ma nganese constitute on ly a small 

pa r t of the dissolved-so l ids concent rat i on in 
water in the Farm i ngton Rive r basin . Al though 
concent rat i ons of these t wo ions a re low, they are 
t roub l esome i n some pa r ts of th e bas i n. Di ssolved 
iron exceed i ng 0. 3 mg/L and manganese exceeding 
0. 05 mg/L a re problems fo r domest i c and i ndustrial 
users because they precip i tate on exposu re to air . 
Reddish - brown iron oxides and black or gray manga­
nese oxides discolor fabrics and f i xtu res . High 
concent rations a l so i mpa r t an objectionable taste 
to water . Many i ndustrial processes , suc h as 
baking, canning, laundering, tanning, and textile 
ma nufactu r ing , require concent rat i ons less than 
0 . 2 mg/L fo r each i on (see table 30) . 

Table 24 summa r izes the i ron and ma nganese 
content of wate r i n the study area . I r on con­
centrations are higher than manganese con ­
centrations in g5 percent of the samples tested . 
Only 10 pe rcent of the samples contain objec­
tionable amounts of eithe r ion . Crystall i ne 
bedroc and the stratified drift ove r lying it con­
ta i n abu ndant mi nerals ri ch in iron and manganese . 
Wate r f r om st reams and wells i n a reas underlain by 
crystalline bedrock is , therefore , the mo re li ely 
to contain excessive iron and manganese con­
centrations than wate r from areas underlain by 
sedimentary bedroc . Figure 44 shows the distri ­
bution of these ions in wate r in the basin . 

Surface water contains as much iron and manga­
nese as ground water . Therefo re , it is unlikely 
that ground water is the only sou rce of iron and 
manganese in streams of the basin . The highest 
amounts are from streams dra i ning swamps . Median 
concent rations a re higher at low flo w than at high 
flow because the re is less dilution of swamp 
discharge by surface runoff . 

Iron and manganese dissolved f r om mine rals in 
soils and r ocks either remain in solution or a re 
redeposited , depend i ng largely on the ox i dation 
potent i al and pH of the wate r . Or ga ni c materia l s, 
as well as rocks and mine rals , supply iron and 
manganese to natu ral wate r s . Or ganic mate r ials 
accumulate in soils , marshes , bogs , o r gani~- r ic h 
shales , and lake sediments in the basin . 

Iron and manganese are essent i al fo r t he meta ­
bolism of fungi, bacteria , aquat i c and land 
plants , and many animals . Aquatic plants take 
these nutrients from bottom sediments or di rect ly 
f rom water; land plants ext ract them from soil . 
Dead plants accumulate as i ron - and manganese­
rich oryanic debris in soil and bottom mud . A 
reducing environment caused by decay of or gan i c 
sediments , by inundation of soil , or by oxygen 
depletion in the bottom of deep lakes , can retu rn 
iron and ma nganese to solution . 
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Table 24.- -Iron and manganese concentrations in surface water and ground water 

SURFACE WATER 

Streams draining a reas underlain by: 
Concentrat i on Sedimenta ry bedrock Cry stalline be_d_r_o_c_k ____ _ 

Reservoirs Constituent in mi l lig ra ms 
per liter High flow.!/ Low fl ow.U High flow.!/ Low flow~/ 

Median 0 .06 0 .08 0. 08 0 . 18 0 . 21 

Ir on Range .04 - . 12 .03 - . 54 .04 - . 52 .03 - . 65 . 1 0 - . 94 

Pe rcent 
exceeding o:Jll 0 16 7 23 38 

Median 0 
Range 0 Manganese 

.02 0 . 02 . 04 
0 - . 03 0 - . 05 0 - . 35 0 - . 16 

Percent 
exceeding 0 .05l/ 0 0 0 38 38 

Number of samples ......•.....•.•. . . 6 6 14 14 8 

GROUND \~ATER 

TYPE OF AQUIFER 

Concentration 
in millig rams 

per liter 

St rat ifi ed drift underlain by: Sedimenta ry 
bed rock 

Crystalline 
bedrock Constituent Sedimenta ry Crystalline 

bedrock bedrock 

I ron 

Manganese 

Median 
Range 

Percent 
exceeding 0.311 

Median 
Range 

Percent 
exceeding o . o5l/ 

0 .06 
. 01 

5 

0 
0 

10 

Number of samples .•.. . . • .•.. .. .. 20 

- . 65 

- . 28 

1/ Five percent du ration flow , May 10, 1971 

0 .08 0. 05 
. 03 - . 43 .02 - . 33 

25 2 

0 0 
0 - . 46 0 - 1. 2 

12 2 

8 41 

0 .08 

11 

0 
0 

8 

. 03 - 2 . 2 

.31 
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2; Ninety-five percent duration flow, August 26, 1971 
l! Higher concentrations may cause stains on laundry and fixtures 

Microbiota play an important role in acce ­
lerating chem ical reactions involving iron and 
manganese . Anaerobic bacteria can reduce iron and 
manganese precipitates and bring them into solu ­
tion . Other types of bacter ia oxidize dissolved 
iron and manganese causing precipitation of 
oxides . 

HARDNESS 
Hardness in water results pri marily from the 

presence of dissolved calcium and magnesium and to 
a l esse r extent from dissolved barium, strontium, 
ma ngan ese , and iron. These ions precipitate in 
the presence of soap and, when heated, they form 
encrustations. Solut ion of minerals in soil and 
rock , and runoff containing agricultural lime or 
calcium compou nds used to melt ice and snow from 
roads, contributes calcium and magnesium . 
Hardness classification of the U. S. Geological 
Survey and suitability of water of dif erent hard­
ness ranges for domestic and industrial use is 
given in tabl e 25 . 

Surface wate r in the basin ranges from soft to 
hard, as shol'm in table 26 . Streams contain 
harder wat e r during low flow, when streamflow con-
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sists pr i marily of ground water, than during high 
flow. Streams drainin g areas underlain by sedi­
mentary bed rock conta in harder wat e r than those 
draining crystall i ne bedrock because the calcium 
and magnes ium carbonates in sedimenta ry rock are 
more abundant and more soluble than a re the 
calcium and magnesium s ilicates in crystalline 
rock. Ha rdness of st ream wat er is further 
influenced by the exchange capacity of bottom 
sediments and suspended sediments . Wh en sediment 
concentration is high, as during flood stage, mo re 
calc i um may be adsorbed than dissolved . 

Table 25 . --Hardness of wate r and res ultant suitability 

Ha rdness as CaC03 , 
Desc riptive rat ing range in mg/L 

So t 0- 60 

11oderately hard >60 < 120 

Ha rd >120 i 180 

Very hard >180 

Sui ta bi 1 i ty 

Suitable fo r ma ny uses 
without softe ni ng . 

Usable except for some 
i ndustria l appli ca ti ons . 

So ft enin g req uired by 
laundri es and for most 
domest ic uses . 

Sof t enin g requi red fo r 
most pu rposes . 
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Table 26 . --Hardness of water f rom streams, reservoirs and we ll s 

SURFACE WATER 

St reams draining a rea s unde rla in by: 
Sedimenta ry bedrock Crystal lin e bedrock 

Reservoirs 
High fl owl/ Low flow~/ H i g ti f l ow .. U Low f low~/ 

Hardness 
in(mg/L) : 

Median 
Range 

Pe rcent of samples 
rat ed as 

Soft 
Moderately ha rd 
Ha rd 

Number of samples 

Hardness 
i n(mg/L): 

per liter 

Median 
Range 

Percent of samples 
rated as: 

Soft 
Mod e rat e ly hard 
Hard 
Very hard 

Number of samples 

28 
23 - 90 

67 
33 
0 

6 

Stratif i ed dr ift 
Sedimenta ry 

bed r ock 

73 
44 -1 90 

25 
60 
l 0 

5 

20 

1/ Five pe rcent duration flow, May 10, 1971 

70 
31 - 138 

33 
33 
33 

6 

GROUND WA TER 

TYPE OF AQUIFER 

underla in b~: 
Crystalline 

bedrock 

24 
12 -83 

88 
12 

0 
0 

8 

12 
7-32 

100 
0 
0 

14 

Sedimenta ry 
bedrock 

68 
0-1,25 2 

40 
38 
10 
12 

42 

20 
7-82 

93 
7 
0 

14 

16 
ll -ll 0 

88 
12 

0 

8 

Crystalline 
bedrock 

48 
6-1 81 

59 
22 
16 

2 
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II Ninety-five pe rc e nt duration flow, August 26, 1971 

Ground water in the Farmington River basin 
r anges from soft to very hard, depending 1 argely 
on the mineral composit i on of the aqu ifers th rough 
which it passes (table 26) . Local differences in 
hardness of ground water reflect differences in 
composition of aquifers or zones within them . 

The distribution of hard and very hard water , 
as shown in figure 45 and in table 26, is related 
to the areal extent of the sed imentary bedrock but 
is not rest ri cted to any aquifer or locality. The 
range of values is greatest in wat er from sed imen­
ta ry bedrock because its composition diffe rs f ro1n 
place to place and changes with depth; moreover, 
it includes some beds of ca rbonate rock . 
St ratified drift overlying sedimentary bedrock has 
a hi gh percentage of wells yi eld i ng moderately 
hard to very hard water chiefly because of minera­
logy and the fact that it has a de vel oped soil 
zone in which near-su rface reactions increase 
calcium solubil ity . 
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Hard water is objectionable to domestic and 
i ndustrial users, but because it is not ha rmful to 
health, the Connecticut Department of Health ha s 
not set limits on hardnes s i n drink in g water. 
Possible harmful or benef i cial effects of hardness 
on health hav e been suggested, but the re su lts are 
inconclusive. Muss {1962) for example, found an 
inverse statistical relat ionship between the in ci­
dence of heart attacks and ha rdness of water . 
Connec ticut was rated as a low-hardness, high-­
heart-attack state in his study . 

Hard water i s commonly softened by t he ion­
exc hange method in which sod ium is exchanged for 
calc i um . Because excess ive sod ium can be harmful 
to people who require a sodium-free di et , this 
method shou l d be used advisedly . Ext remely soft 
water i s undesirab l e for some indust ri al uses as 
it tends to be co rro sive; i t i s undes irab l e f or 
irri gation as it "puddl es" on t he so il su rface . 



CHLORIDE 
Chlo ri de in wate r of the Farmington Rive r 

basin is mainly derived from atmospheric precipi­
tation and solution of minerals in soil and rocks . 
Additional chloride is from sewage, indu st rial 
wastes, road salts, fe rtil izer , animal wastes, and 
backflu shin g of water softeners . 

Under natural condit i ons , mos t surface water 
in th e stu dy a rea is low in chloride . Before 
1905 , chlo ride ranged f rom l mg/L in the southern 
pa rt of the basin to 2 mg/L at the Massachusetts 
border (Jackson, 1905) . These values are based on 
analyses of rese rvoir samp les and represent mini­
mum values for natural water . Since that t i me 
concent rations in rese rvoirs have increased, as 
shown in table 22 , although they are still low . 
Th e increase may be natural, resulting from 
cha nged sto rm paths , or ma n made , resulting from 
contaminants such as road salt and sept ic-tan k 
eff luent, or a combinat i on of these . 

Simi l ar increases in chlo ri de concent rations 
we re observed in other reservoirs in Co nn ecticut 
(Con nect i cut Depa rtme nt of Health, 1946, 1971} and 
in t~ass achus et ts (Terry, 1974} indicating that the 
trend is reg ional if not mo re wides pread . Terry 
att ributes the i ncrease in Massachusetts to road 
salt and this is proba bly the majo r cause in most 
Connecticut rese rvoirs as wel l . The la rgest 
inc rease in chloride concent rat i on was between 
1945 and 1966 , a period of ra pid development . 
Many roads were built and sa lting to de-ice pave­
me nt became prevalent . It was also a period of 
chan ging weather conditions , wh en a four -year 
drought in the mid -1 960's may have contribut ed to 
the increase in chlo ride concen tration . 

High chlo ride concent rati ons are not toxic, but 
they affect the taste of wate r and inc rease its 
corrosiveness . Fu rthermo re , chlo ri de derived from 
road salt or backflushing of water softeners can 
be accompanied by hi gh co ncentration s of sodium 
which are harmful to people rest ri ct ed to low­
sodium di ets . Chlo ride derived from sept i c tank 
effluents or barnya rd drainage can be accompanied 
by high concent rati ons of nitrate ions. Nitrate 
is believed to be harmless to adults, but i n 
i nfant s and in some animals it i s converted to 
nitrite by ba ct eri a in thei r di gest ive tracts . 
Nit rite in the bloodstream converts hemoglobin to 
meth emog lobin, result in g in oxygen deficiency 
which ca n be fatal (National Academy of Sc iences 
and National Ac ad emy of Enginee rin g, 1973} . 
Ni t rate does not affect the industrial use of 
wat er . The Co nnecti cut Department of Health 
(Conne cti cut Ge nera 1 Assembly , l 975) r ecomme nd s a 
maximum chloride concen tration of 250 mg/L in 
drin kin g wate r, bas ed on consideration of taste; a 
maximum sodium conc entration of 20 mg/L, bas ed on 
requ ireme nts of low - salt diets; and a max i mum 
nit rat e plus nitrit e nitro gen concentration of 10 
mg/L (eq uivalent to 44 mg/L nitrat e) for preven­
tion of methemoglobinemia . 
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No samples collected in the Farmington River 
basin exceeded the recomme nded limit for chloride . 
One shallow well (SU 57) and one sample from the 
Pequabuck River (station 011 88497}, howeve r, 
exceed the limit for nitrat e. Some samples from 
the Pequabuck and Sti ll Rivers and from 12 wells 
in the basin contain excess ive sodium con­
centrations . 

Chlor ide concentration greate r than 20 mg/L 
and nitrat e concentration greate r than 10 mg/L 
generally indicate contamination resulting from 
huma n activities . Th ese li mit s are both exceeded 
in ten pe rce nt of the ground water samp l es and in 
some Pequabuck and St il l Rive r samples . Ch loride 
and sodium concentrations are both greater than 20 
mg/L in 5 percent of the ground-water samples and 
in wat er f rom the Pequabuck and St ill Ri vers . 

Figu re 46 shows the distribution of t hese ions 
in water in the ba s in. The relat i onship of high 
chloride, nitrate, and sodium concentrations to 
deve l opment is strong, · as can be seen by comparing 
figures 46 and 39 . 

TRACE ELEMENTS 
Two reservoirs and two streams in the basin 

were sampled fo r trace e l eme nt s in October 1970 as 
pa rt of a nationwide reconnaissance undertaken to 
provide a baseline survey of water sources fo r 
metropol it an areas (Durum and ot her s, 1971 ) . 
Trace elements in su rfa ce wat er ca n be indi cato rs 
of industrial wastes , and in certa in con­
centrations can be toxic to plants and animals . 
Fo r thes e reasons the Con necticut Department of 
Health has es tabli shed max imum pe rmissib le levels 
for trace meta ls in dr ink in g wate r (Connecticut 
General Assembly , 1975 ) . Th e results of the su r­
vey and of analyses of wate r samp l es from three 
other res ervoirs, one othe r stream, and five wells 
in the basin are shown in ta ble 27 . The surface 
wate rs contained concentrations substantially 
below the Connec ti cu t Depa rtment of Health limits . 
Samples from two industrial wells , BS 95 and 
PV 28, howeve r, contained excess ive concent rati ons 
of dissolved chromium . 

Trace e lements were further analyzed in 
mon thl y samples from the Farmington River at 
Tariffville (station 011 89995} and the Pequabuck 
River at Forest vill e (station 011 89000} in 1971 . 
Some of th e Pequabuck sa mples exceeded Department 
of Healt h limits for chromium and copper and also 
contained hi gh concentrations of zinc . 

A broad spectrum of metals was tested in wat er 
samples collected at 20 s ites as pa rt of the 
Ma d-St ill-West Branch Fa rmin gton and Pequabuck - ­
Farmington profil es invest i gated in August , 1971 . 
(See discussion under "Dissolved Solids " and 
f i gures 42 and 43 . ) High concent ration s of alumi­
num, ch romium, and ni ckel were detected in the 
St ill Ri ver at Rivert on (stat i on 011 86800} and of 
aluminum, boron , chromium, coppe r, nickel, and 
zinc in the Pequabuck River at Fo restvi ll e 
(stations 01188497 to 011 89010} . These metals are 
derived from industrial wastes and a re not removed 
at sewa ge treatment plants . 
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Table 27. - -Trace elements in public water supplies, rivers, and wells 

[Concentrations in micrograms per liter] 

Hexa-
val ent 
chro-

Station mi urn 
Water body and location No . (cr+6) 

Barkhamsted Reservoi r 01187500 3 
near Barkhamsted 

Nepaug Rese rvoir near 011 87870 3 
Collinsville 

Crysta l Reservoir 011 86140 0 
near Winsted 

Bristol Reservoi r 
No . l. at 01188450 0 
Te rryville 

Fa rmington Reservoi r 01189028 0 
at Farmington 

Sti ll Rive r 
near Winsted. 01186240 6 

Pequabuck Rive r 
at Forestvill e . 01189000 0 

Bu rlin gton Brook 
near Bu rlin gton . 01188000 0 

Large No rth 
American streams .l/ Median 5.8 

100 largest U. S. 
cities, Median .43 
treated water .~/ Range 0- 35 

5 wells in the 
Fa rm ington River r~edian 0 
basin . Range 0-140 

Permitted rnaximuml_/ 50 

1/ Durum and Haffty (1963) . 
Z; Durfor and Becker (1964) . 
3; Standa rd s fo r drinking water, Connecticut 
- (Connecticut General Assembly, 1975). 

BACTERIA 
Coliform bacteria in water samples are used by 

the Co nnecticut Department of Health as an indica­
tion of recent pollution by human or animal 
wa stes . The Department recomme nds limits of 
20,000 coliform colonies per 100 ml (milliliters) 
in raw surface-water sources of drinking water . 
Conce ntrations up to this limit can be reduced to 
safe levels (1 colony/lUG ml) by chlorination . 
Figure 47 shows the wide range of bacterial con­
centrations in monthly samples from different 
sites in the Farmington River basin . The lowest 
concentrations are from Burlington Brook from 
which all samples meet DepartmerJt of Health stan­
dards. In contrast, the Pequabuck River at 
Farmington contains hi gh concentrations of coli­
fo rm bacte ria. The hi gh ratio of fecal colifo rm 

Dis-
solved 

Co- Ar- Cad- Mer- Cop-
Lead Zinc ba lt senic rn i urn cury per 
(Pb) (~(Co) (As) (Cd) (Hg) (C u) 

7 l 0 0 0 0 0 0 

2 l 0 0 0 0 

0 0 2 ll 0 0 

0 0 2 5 0 

4 30 2 2 0 

6 0 0 l 0 0 0 

8 0 0 l 0 6 0 

0 0 0 

4.0 0 0 

3. 7 8 . 3 
0-62 0-610 0-250 

0 10 l 50 
0 0-640 0-3 0-70 

50 50 10 2 500 

Department of Health 
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to streptococci shows that th e pollution is par­
tially a resu lt of human wastes. 

Figure 48 summarizes bacte rial concentrations 
in wate r samples from Bu rlin gton Brook near 
Burlington (station 01188000) and the Farmington 
River at Tariffville (station 01189995) for the 
9-year period ending in 1g7g . The median coliform 
concentrations, with one exception, are below the 
recommended limit in both st reams , indicating 
pollution is minimal. The low ratio of fecal 
colifo rm to streptococci in the Bu r lington Brook 
samples shows that human wastes are not polluting 
this stream. The decrease in the fecal coliform 
bacteria median concentrat ion s hown in the 
Farmington River samples after 1973 is probably 
due to expa nd ed sewage treatment in compliance 
with Public Act No . 57 -- the "Clean Water Act" 
(Connecticut General Assembly, 1967) . 
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Figure 47 . --Bacteria in st ream-water samples, 
1975 water year 

SEDIMENT AND TURBIDITY 
All streams carry sed iments e roded from the 

land . The quantity ca rr ied at any time depends on 
e rosion processes in the stream basin, that are 
related to climate, vegetation, and soil and rock 
pro pe rt ies . The sediment l oad general ly increases 
with increased st reamflow and resultant higher 
veloc iti es . Clay and silt-sized sediments are 
suspended by turbulent flo~1 , thus they move 
read ily through the chann el system. Coarse­
grained sa nd and gravel hav e a faster set tling 
rate and move by suspens i on for only sho rt distan ­
ces ; mo re commonly they roll or bound along the 
stream bottom . 
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Turbidity, or cloudiness, of wat er i s a result 
of the scattering and absorption of light by 
suspended pa rti cl es . The particles may be organic 
mate rial s ; clay, silt, or sand grains e roded from 
th e land; or organic compounds and inorganic par­
ticles derived from industrial or domestic wastes . 

Human activ ities ca n great ly alt er the sedi­
ment regimen of a stream . Some chan ges in land 
use resul t in profound chan ges in sediment produc­
tion . Ag ri cultu ral land, fo r example , has a 
greate r sediment y i eld than has wooded land, and 
const ru ction sites have an even higher yield . 
Urbanization inc reases the amount of overland flow 
and the frequency and magnitude of peak flows by 
increasing the number and size of i mpe rviou s areas 
in a bas i n. This commonly results in increased 
sediment discharge downstream. Storm sewer s , 
however, can increase peak flows without 
increasing sediment discha rge . 

Highway const ruction also increases sediment 
loads . Pa ri zek (1971) repo rt s sediment yields of 
3 ,000 tons per mi le during hi ghway cons truction in 
Maryland . The sed i me nt i s de riv ed from f resh road 
cu t s, new embankments and borrow pit s, and 
destruction of pre-const ru ct ion vegetation . 
Divided highways requi re exposure and denudation 
of 10 to 35 acres pe r mil e of road du rin g 
construct i on . Even after paving and seeding have 
been completed, increased disc har ge and redi rected 
runoff from pavements and embankments may result 
in further e ro sion . 

In the Farmington River basin, as e l sewhe re , 
e rosion from croplands , st reambanks, and construc­
tion areas can be t rou blesome . An additional 
sediment load results f rom the sp reading of sand 
on road su r faces in winter . Only 43 percent of 
the 930,000 tons of sand used on Connecticut roads 
in a typical winter is swept up . Much of the rest 
is washed into nearby wat ercou rses , especially in 
rural areas where road s do not have catch basins . 

The consequences of an increased sediment load 
a re twofold: (1) changes in st ream and rese rv oir 
mo rphology, and (2) changes in the prope rties of 
sediment -laden wat er. Se diment accumulation in 
rese rv oirs, for example , decreases sto ra ge capa­
city and increases the cost of wate r treatment . 

An in crease in suspended pa rti cl es causes a 
chain of react i ons by reducing penet rat ion of 
solar light and heat . Warming of near-surface 
water reduces it s density and inhibit s vertical 
mi xing . This reduces the downward tran sfer of 
oxygen whi ch i s requ ired by plants and animals . 
Sed iment and turbidity also affect the viscosity 
of water, the concent rations of minerals dissolved 
in it, and its adsorption of toxic mate rial s . 
These facto rs cont rol the aquatic life and biolo­
gic productiv i t y of a wat e rway . Some sed iment i s 
benef i cia l in providing nutri ents for plant s . 
Excess ive sed ime nt , however, can change the flora 
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and fauna by its abrasive effects, by reducing 
l ight transmission, and by blanketing bottom 
dwellers, thereby reducing the food supply for 
some animals . Increased sediment and turbidity 
thus decrease the recreational and aesthetic value 
of a waterway . 

Excessive tu rbidity is objectionable for most 
industrial uses and is undesirable in drinking 
water . Coagulation, sedimentation, and filtration 
processes can remove particles and reduce tur­
bidi ty, but such treatment increases the cost . 

Excessive turbidity is objectionable for most 
industrial uses and is undesirable in drinking 
water . Coagulation, sedimentation, and filtration 

processes can remove particles and reduce tu r­
bidity, but such treatment increases the cost . 

Sediment and turbidity of streams in the 
Farmington River basin are low except where 
affected by human activities. Samples collected 
mont hly from Burlington Brook (station 01188000) 
had turbidity values ran ging from 0 to 6 JTU 
(Jackson Turbidity Units) with a median of 1 JTU 
and those from the Farmington River at Tariffville 
(station 01189995) ranged from 1 to 10 JTU with a 
median of 1 JTU . Although the amounts of 
suspended particles in streams in the basin are 
not generally high enough to be objectionable 
problems do occur during periods of construction . 
Such problems can be minimized by stabi li zing 

FA RMI NGTON RIVER AT TARJFFVILLE 
( Station 01189995 ) 

~~t •·.·.· 
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Figure 48 . --Concentrations of bacteria in Burlington Br ook near Burlington 
and the Farmington River , at Tariffville, 1971-75 water years 
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exposed cuts and fi lls , cons tructin g t empo rary 
ea r th ba rri e rs to r educe th e veloc i ty of s t onn 
r unoff , adjust i ng t ime schedu l es t o reduce expo­
su re of so i 1, and by bu i !di ng s treets para ll el t o 
t opog raph i c cont ou rs . Probl ems ca used by road 
sanding i n winte r ca n be reduced by usi ng less 
sand pe r appl i ca ti on, sweeping mo re frequent ly , 
and const ruc ti ng sedimen t t rap s . 

DISSOLVED OXYGEN 
The concent rat i on of diss ol ved gases , 

control l ed by the t empe rat ure , pressu re , and 
bi ochem i ca l cond i t i on of the wat er, has a profound 
effect on aquat i c life . Adequat e di sso l ved oxy ­
gen , for examp l e , i s necessa ry for i t s su r vi va l 
and rep roduct i on. Fi sh requ ire concent ra t i ons 
above 4 mg/L to su rvi ve f or lon g pe ri ods of t ime 
and th i s mi ni1num i s not met in t he deep I aye rs of 
so1ne l akes i n summe r . (See Hi gh lan d Lake i n 
f i s . 53 . ) l) i sso l ved oxyge n f l uct uates dai ly i n 
response t o cyc l es of tempe rat ure and bi ological 
activ i ty . In su rface wate r i t i s derived di rec t ly 
f rom the atmosphe re or as a byp roduct of photo ­
synthesis . Much is consumed by bi ol ogic act i vi ty 
and by decay of or ga ni c mate rial s . The amou nt 
presen t at any t ime r ep rese nts a balance be t ween 
oxy~en - p r oduc i ng and oxygen- consum i ng processes . 

Di sso l ved oxygen dec reases wi th i nc reas i ng tem­
pe rat ures . F i gu r~ 49 shows th i s relat i onship fo r 
Bu rli ngton Br ook (s t ati on 01188000) and fo r the 
Fa rmi ngton Ri ve r at Ta rif fv ill e (s t ation 
01189995) . Concent rat i ons ranged fro1n 7. 0 mg/L 
when the ~~ate r tempe ratu re was 14. 0°C to 12 .0 mg/L 
when the wate r was 1. ooc at Bu rli ngton Br ook and 
f rom 7. 0 mg/L at 20 . ooc to 11 . 5 mg/L at 1. ooc at 
the Fann i ngton Ri ve r site . Monthly sa:nples f rom 
Bu r l i ngton Br ook we re 67 to 87 pe rcent satu rat ed 
wi tll oxygen , whereas those f rom the Fa rmi ngton 
Rive r were 67 to 105 percent satu rated . 
Supe r atu ration i s caused by inc reased stream 
tu rbu l ence . 

Haste ass i mi l at i on involves the oxidat i on of 
biodegradable or ganic mate ri al , a process ~~ hich 
consumes oxygen . The concent ration of di ssolved 
oxygen is the refo re an indi rect 1neasure of st ream 
pollut i on . Or yanic pollution consumes dissolved 
oxygen , and thereby i nc reases the toxic i ty of 
po ll utants . Consumed oxygen is replenished by 
reae ration . Both oxidat i on and reae ration a re 
funct i ons of temperature . High temperatu res 
increase the act i vity of mi croo rgani s:ns but a 1 so 
dep l ete the di sso l ved oxygen they requi re . The 
optimum tempe ratu re fo r waste assimil ation depends 
on the composit i on of the wastes and on the spe ­
c i es of 1nic roo rganisms i nvolved in thei r break ­
do'''" . 

Figures 42 and 43 st10w disso l ved oxygen profi ­
les along the Mad -St i ll - West Branch Fa rmington 
Rivers and Pequabuck - Fa rmington Ri vers . Da i ly 
fluctuations i n response to ten1pe ratu re and bi olo ­
gica l act i vi ty i n these st reams a re overshadowed 
by diffe rences result i ng from human act i vi t i es 
such as discharges by i ndust ri es and sewage­
t reatment plants . 
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T E MPERATURE , IN DE G REES C ELSIUS 

Fi gu re 49 .-- Relat i onsh i p between d i ssolved - oxy~~ 
content and wate r te,npe ratu re , Farm i ngton Rivec_ 
at Ta ri f f vill e and Bu r l i ngton Brook near 
Bu rLington , -1 971~72 wate r years 

TEMPERATURE 
Te~pe ratu re affects both t he physical proper ­

ties of wate r and the chem i cal and biological pro­
cesses that take place in it . These processes 
affect man's use of wa e r fo r domest i c supply , 
ag r icultu re , i ndust ry , and waste ass imilat i on . 
Cool wate r, up to looc , is best fo r domestic 
supply because che1nical and biochemical react i ons 
i n v1arme r wate r produce undes i rable tastes and 
odors . On the othe r hand , wanner wate r responds 
bette r to t reatment ; flocculation rates i nc rease 
and ch l or ine has a greate r effect on bacte r ia . 
Successful fish and wate r life cu l tu re requires a 
nar rov1 range of 11ate r tempe ratu re . A great or 
sudden i nc rease can cause rap i d death and a 
mode rate i nc rease can cause s 1 ov1 death of f i sh by 
i nc reasing the ir metabol i c rate and oxygen 
requi reme nts and by dec reas i ng thei r res i stance to 
disease and tox i c substances . Ag r icu l tura l uses 
requ i re mode rat e temperatu res because ext reme tern­
pe ratu res of irr igat i on wate r affect cr op , growt h. 
Some injust ri a l uses , such as pape r and pu l p pro­
cessi ng, r equ i re a unifo rm tempe rat ure and any 
inc rease in t he te,nperatu re of v1ate r used fo r 
cool i ng pu rposes can be cost l y. 

STREAM S 
!\ we II shaded st ream, ted pri ma ril y by ground 

wate r , has a r st ri cted range of tempe rat ure . It 
app rox imates that of t he ~1 a t e r in th e aquif er th at 
disc harges i nt o i t (mea n an nua l a i r tempe rat ure ), 
except du rin g f reez i ng wea th er . Shaded s treams 
fed by s n o ~1melt a l so have a narrow t empe rature 
range . St reams fed l ar ge ly by su rfa ce runoff fr om 
r a i nfal l show grea t er seasonal variation s than do 
those fed pri ma ril y by groun d-wat e r runoff . 



St reams in th e s t udy a rea a re fed by grou nd 
wate r and su r face r unoff i n propo r tions that vary 
th roug hout th e yea r . Th ei r t empe ratu re fo ll ows a 
seasonal cyc l e co rrespondi ng to that of t he ai r . 
This r el ati ons hi p i s ill ust rated in f i gu re 50 . 
f.\ax imum wate r t empe ratu re of Bu r l i ngton Br ook 
(s t at i on 01188000 ) was 23 . 5°C in July and August 
of 1971; mini mum ~1 as 0°C i n Nove•nber , Decembe r, 
Janua ry , Feb r uary , an d Ma rch . This range i s 
rep resenta tive of st reams i n t he bas i n. 

" .--,---,----,,--,---,-----r.=---r-.--,----,- --,--, 
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Fi gu re 50 .- - Tempe ratu re of Bu rli ngton Brook and 
air tempe ratu re at Bu r ling t on, 1971 

Fi gu re 51 s hows du rat i on cu r ves of max i mum and 
minimum dai ly tempe ratu re fo r Bu r l i ngton Br ook at 
Bur li ngton , the Pequabuck Ri ve r at Fo restvi l le , 
and the Fa rmin gton Ri ve r at Ta ri ffv ill e . The 
median wat er temperature at the Ru r lington stat i on 
is 1ooc , which is about 1 deg ree hi gher than mean 
annual air tempe ratu re at that site . The othe r 
two st reams a re warmer; median at the Pequabuck 
River station is 12oc and that at the Fa rmington 
Rive r stat i on is 11 . soc . 

Destruct i on of streambank vegetat i on t hat sha ­
des the water inc reases rad i at i ve sola r heat i ng , 
result i ng in mean annual wate r tempe ratu re that i s 
highe r than mean annual air tempe ratu re . 
Defo restat i on al ong some reaches and di sc harge of 
eff l uent int o the Pequ abuck and Fa rmin gton Rivers 
both cont r ibute to the ir elevated tempe ratu re . 
These facto rs also cause tempe ratu re diffe rences 
alo ng di ffe rent r eac hes of a st ream . (See t em­
peratu re prof il es , f i gu res 42 and 43 . ) 

Use of st r am wate r ca n also affect it s t em­
pe ratu re . Reser voi r s , fo r examp l e , alte r down­
st ream tempe ratu res t o vary i ng deg rees depend ing 
on the ir s i ze , t ype of const ruct i on, and ope rating 
sc hedule . Re lease of bottom ~1ate r fr om a rese r ­
voir duri ng t he summe r commonly dec reases the tem­
pe ratu re of wate r down st ream. Di scharge of 
indust ri al was t es and coolin g wat er genera ll y 
i ncreases s tream t empe ratu re; di sc harge f rom 
power- ge ne ratin g pl ants ca uses t he grea t est 
in creases . Oth er huma n act ivi t i es that mod i fy 
so l a r ra di at i on, f orest rad i ati on, and ground ­
wat er in f l ow a l so affect s tream t empe rat ure . 
Co nstruc tin g new pond s , cl ea r i ng st reambanks of 
vege t ati on, in sta llin g sewe rs , and pa ving pa r ts of 
a bas in have been s hown to s i gnif i cantly affect 
su rface -wat er t empe rature in Long Island 
(P luhowsk i, 1970). Fi gures 42 and 43 show 
down st ream vari ati ons in t empe ratu re in st reams 
af fe cted by huma n act i vi t i es . 
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Fi gu re 51.--Du rat i on of max i mum and min i mum daily 
tempe ratu res of th ree st reams, 1971 

LAKES AND RESERVOIRS 

Tempe ratu re di st ri but ion i n l akes i s 
con t rolled by density, which can cause strat i f i ca ­
t i on. Th ermal ly-strat i f i ed la es i n the 
Fa rmi ngton bas i n i nc l ude Ba rkhamsted Reservoir , 
Doolittle Lake , Hi gh l and Lake , and Hest Hi ll Pond 
(Connecticut Boa rd of Fi she ri es and Game, 1959) . 
Tempe ratu re f l uctuat i ons and st rat i f i cat i on i n 
lakes follow a seasonal patte rn , as i l lustrated in 
f i gu re 52 . Stra ti f i ca ti on affects wat er quality , 
espec i al ly in summe r and du ri ng the spring and 
fa ll ove rtu rn. In summe r, warmer , l ess dense 
wate r (ep ili mnion) floats on deepe r, cooler water 
(hypo li mn i on) sepa rat ed by a zone of steep change 
(meta li mni on) . Circu l at i on between the layers i s 
mi ni mal . Dissolved oxygen concentrat i on is 
lowe red i n the hypol i mn i on , making it unsu i table 
fo r f i sh and other aquatic life . In sp r ing and 
fal l , wate r te•nperatu re and density a re unifo rm 
throughout the lake allowing free ci rculation of 
the wate r . This brings i ron, manganese , and 
decomposed organic mat e rials to the su r face, 
caus i ng a seasonal increase in colo r and tu rbidity 
and a gene ral dete r io rat i on of wate r qual i ty . 

Fi gure 53 illustrates the relationship between 
wate r dept h and selected quality pa ramete rs i n 
lakes and ponds in the basin . Both stratified and 
nonst ratif i ed lakes are i ncluded for comparison . 
Dissolved oxygen and pH grad i ents are caused by 



ctif t usion of ai r a t the su r face , photosyn t hes i s in 
the uppe r regions , and resp i ration of plan t s and 
animals and decay of organic matte r at depth . The 
profiles a re based on unpublished data co l lected 
by the Connecticut Bu reau of Fi sheries and Game 
(now the Connect icut Depa rt me nt of Envi ronme nta l 
Protection , Fi sh and Wate r Li fe Unit ) . 
SU RF A CE OF 
WA TE R BODY ~~A-~~~~~~~~~ 
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WA TE R TE M PE RA TURE 

EPILIMNI ON 
( t o p lay er) 

M ET ALIMNI ON 
( transiti o n la ye T) 

HYPOLIM N I ON 
( b o ttom l aye r) 

~u re 52 . - -Seasonal tempe ratu re va ri at i ons i n 
the r ama l ~t ra ti f i ed l akes , ponds , an~ 
rese r voi r s 

GROUND WATER 
Ground -v1ate r temperatu re i s mo re stab l e than 

su r face -1·1ate r tempe ratu re . Sha ll ow ground v1ater, 
less than 30 feet be l ow l and surface , fl uctuates 
daily and seasonal ly due to conduct i on f rom the 
su r face . The range of f l uctua ti on dec reases 1·1ith 
depth . At about 30 feet gr ou nd-wate r tempe ratu~ 
is app roximate ly equal to mea n annua l ai r tem­
peratu re and f luctua t es l ess tha n o . soc annua ll y. 
Fr om 30 to 60 feet wate r t empe ratu re may be 10 
to 2oc hi gher than loca l mean an nua l air tem­
pe ratu re . Be l o1·1 60 feet wate r tempe ratu re 
i nc reases about l°C per 100 feet i n response to 
the geo t he rma l grad i ent . 

Di f ferences i n ground-v1ate r tempe ratu re from 
one place t o anothe r can occu r natu ral ly as a 
resu lt of (1) l ocal recha r ge of wate r hav i ng a 
diffe rent tempe ratu re , (2) in t e rcept i on and 
1 a t era 1 t rans fe r of geothe rma 1 heat by moving 
1r1ate r, (3) ve r tical flo w, and (4) chemica l r eac ­
t i ons i n t he aquife r . Ar ea l vari at i ons can al so 
be t he resu l t of human activ i t i es suc h as the 
i nject i on or induced i nf iltrat i on of ~~ ann l'later, 
or of rad ioac tive or organ i c pollut i on . Ground ­
wate r tempe ratu re f luc t uates seasonall y i n a reas 
of i nduced recharge , but to a lesser degree than 
su r face wate r . 

WATER USE 

USE IN 1970 
The tota l amount of wa t er used by 21 pr inc i pal 

public supp l ies se rvi ng the basin in 1970 i s es t i ­
mated at mo re than 29 bi ll i on gal lons . Roughly 
half of th i s was used by custome rs wi thin the 
bas i n. About 70 pe rce nt of the to t al was used fo r 
domest ic and commercial pu rposes , an ave rage of 
136 gall ons pe r cap i ta pe r day . The source of 
wate r, capacity and type of t reatment , and popula ­
tion supp li ed by these systems i s shown i n table 
28 . All su r face -wate r suppl i es are ch l or i nated at 
cent ral dist ri bution po i nts t o meet St ate bac ­
te ri ol og i cal s t anda rds . The a reas se rv ed by pri n­
c i pal systems and 1 oca t i ons of wat er sources are 
shown on pl ate C. 

Al though much of the wate r used i n th e bas in 
rece ives some t rea t me nt befo re di sposal , th e 
qua lity of the t rea t ed ef fl ue nt depends on t he 
type of wat r use and the s i ze , age , and type of 
t he t r atment fac ility . Th e se1'1er- se r vice a reas 
and the l ocat i ons of sewage- t reatment fac i l iti es 
ar shown on pla t e C. 
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The wate r uti li t i es listed i n t able 28 
gene ral ly supply sof t t o mode rately ha rd water 
with low disso l ved - so li ds content . Chemica l ana ­
lyses of samples from 15 of t hese systems are 
shown i n t ab l e 29 . The wate r i s of good chemi cal 
qual i ty and meets the s t anda rds requ ired by the 
Connecticut Departmen t of Healt h (Con nect i cut 
Genera l Assembly , 1975) . 

FUTURE USE 
Project i ons of popu lati on and wate r co nsumption 

to t he yea r 2000 have bee n prepa red by t he 
Con nect i cut Deve l opment Comm i ss i on {l 963a , 1963b) . 
Us in g f i gu res adj ust ed to 1970 popula ti on and 
wat er use , the projec t ed wate r demand fo r t he 
St ate for t he year 2000 i s abo ut 189 bil li on 
ga ll ons pe r yea r, a 67 pe rce nt i ncrease ove r 1970 . 
If the inc rease in dema nd i n the Fa rmin gt on Ri ver 
bas i n is s imi l a r , app roxi mate ly 18 bil l i op ga ll ons 
pe r yea r will be needed. Thi s projec t ed dema nd 
rep resen t s only about 7 pe rce nt of t he ave rage 
ann ua l ru no f f for t he 1930 -60 pe ri od of reco rd . 
Thi s in dica t es t ha t wat er needs i n th e yea r 2000 
ca n be me t by sources i n th e bas in . More grou nd 
wate r will probab ly be used in th e futu re , and 
r euse of wat e r wi 11 in crease . 
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Table 28 .--Pr incipal pub I i c water -supply systems se r ving the basin 

[Based on records and est i mates f r om wat e r uti I it ies fo r 1970] 

Esti-
mated Percent of use 
popu- Safe Sto ra ge Total Oomest JC MunJCtpal, 

Towns l at ion Treat- yield capacity use and com- Indus- leakage, 
Water supply system se rved se r ved.!/ SourceY ment~/ (Mga l /d) (Mga I) (Mgal).Y mercia I t rial etc. 

Avon Water Co . Avon 2,800 Tot a I supply: 
New Hartfo r d Gr ound water: 
Simsbury Wells Nos . l-5 None 1.00 0 . 40 104 78 8 14 

Bristol Water Oept . Bristol 54 ,000 Total supply : 7 . 50 1 , 980 63 35 
Su rface water: 
Bristol reservoir No. l Cl , Cc ,F, 74.7 

F I, T 
Rese rvoirs 2-7(Storage) None 1,140 

Gr ound wat e r: 
Gr avel we lls Nos. l ,2 Cl , Cc ,F I 
Mix St reet Wells Nos. 

3-5 Cl , Cc , Fl 

Ches tnut Heights Realty Su ffi eld 83 Tot a I supply : . 07 1. 20 100 0 
Ground water: 

Well None . 01 

Collinsvil l e Wate r Co . Canton 2 , 130 Total supply: 70 . 4 93 0 
(Suburban Wate r Avon Surface water: 
Service) . Bu rlington Nepaug Aqueduct Cl ,Cc,St 0 

Hucklebe r ry Hi ll Sp r ing None 0 

Fa r mington Wat e r Co. Fa r mington 3,000 Total supply : 90 . 2 
Su r face water : 

Fa r mi ngton (Wadsworth) 
Rese rvoir Cl, F . 21 

Nepaug Aqueduct Cl 

Heritage Woods Avon 50 Total supp ly: 0. 27 100 0 
Grou nd wat e r : 
Caisson Well No . I Cl ,Cc 

Lakeview Apa rtments Fa r mington 500 Tot a I supply: • 14 12 . 9 100 0 
Ground wate r: 
Drilled well No . Cl 0 
Dr i I led wel l No. none 0 

(Emergency) 

Metropolitan Dist r ict Farmington 389 ,000 Total supply: 82 . 0 20.700 64 33 
Commission (Hartfo rd ) Su rfa ce wat er: 

Nepaug Rese rvoir C I, Cc ,F l 9 , 665 
Bark hams ted Reservoi r Cl ,Cc,Fl 31 , 800 
Reservoirs outside the 

basin 1,290 

New Britain Water Dept. Pla invi lie 100,000 Total supply: 14 . 3 4,510 100 0 0 
Bristol Surface water : 
Farmington Rese rvoir s Cl , Cc,F ,Fl, T 2 , 360 

Nepaug Aqueduct Cl 
Ground water: 

White Bridge wells Cl , Fl 

New Hartford Water Co. New Ha rt ford l ,050 Total supply : . 24 7g . 5 40 "52 8 
Su rfac e water: 27.0 

New Ha rtford Reservoir Cl l. 50 
Ba r khamsted Aqueduct Cl 

Ground water : 52.5 
Gr avel packed we II None 
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Table 28.--Continued 

Esti-
mated 

Pe r cen t of use popu - Safe Storage Tot a I Domest i c Municipal . Towns I at ion Treat- yield capacity use and com- Indus- leakage, Water supply system served served.!/ Sou rce£/ men tlf (Mga I /d) (Mga I) (Mga I)~/ me rcia I t ria I e t c . 

Plainvi l i e Wat e r Co . Pla invi lie 15, 500 To t a I supply : 2. 7 644 68 24 8 Farmington Su rfa ce Wat e r : 25 . 4 Br istol Plainvi lie (Crescent 
La ke ) Rese r voir CI , Cc ,F,T 160 . 

Ground wat e r: I. 20 
Woodford We lls Nos. I, 
2,4 ,5 Cl 423 

Johnson Cl 195 
Bri stol Wat er Oept . C I, Cc ,F I 
New Br itain Water Oept. None 

Poets Co rn e r Water Co. Gr anby 70 Tot a I Supply : 
Ground wat e r: 

. 04 4.20 100 0 0 

Dr il l ed well No. I None 

Salmon Brook Dist ri c t Granby 500 Tota I supp ly: .48 12.5 100 0 0 
Gr ound wat e r: 

Grave l packed we ll No . I Cl .1 0 

Tarif fvi li e Fi r e Dist ri c t Si ms bury 1,500 To t a I s upply: . 35 54 .8 85 0 15 
(Subu r ban Water Se rvi ce) Ground wat e r: 

Gravel packed we II No. I Cl . 30 

Te rryvi lie Water Co. Plymouth 4. 780 To ta I supply : . 92 176 69 13 18 
Su rfa ce wat e r : 
Rese rvoir Nos . 1- 3 Cl 19 . 1 

Gr ound wat e r : 
Grave I packed we II s Nos . Cl 

I ,2 

Unio nvi lie Water Co. Fa r mington 3 ,500 Tot a I supp ly: 236 90 10 0 
Avon Su rfa ce wat e r : 1. 30 

Met ropo l itan District 
Comm i ss i on (Nepau g 
Aqueduct) Cl 

Vi II age Wate r Co . of New Ha rt ford 300 To t a I supply: . 90 8 . 2 100 0 
of New Ha rtford . Sur face wate r: 

Village Water Co . 
Rese rvoi r Cl 

Vi II age Wat e r Co . of Simsbu ry 10,410 Tota I supply: 2.1 2 341 
Simsbury. Su rfa ce wat e r: 

Simsbury (Tulle r ) CI, Cc,F ,T 56.9 
Gr ound wat e r: 

Grave I packed we II s 
Nos . 1-4 CI,Cc . 86 

Wells Acres (Farmington Fa rmingt on 250 Tot a I supply: . 02 5 .1 0 100 0 0 
Wate r Co. Ground wat e r 

0 r i II ed we II s None 

Wes t Hill Lake Wa ter New Ha r t ford 460 Tot a I supply: .04 100 0 0 
Assoc iation Gr ound wat e r: 

Ori lied well No . 2 None 

Winsted Water Dept . Wi ncheste r 8 ,300 Tot a I supp ly : 2. 62 707 
Su r f ace wa te r: 
Crysta I La ke Rese r voir Cl I ,060 
Rugg Br ook Rese rvoir Cl 225 

I/ Includes some popu lation ou t side the basin . 
II Includes some sources outside the ba s in and eme r gency s up p I i es . 
3/ CL, c h lo r ination; Cc , co rrosion cont rol; F, fi ltration; Fl , flou ri dat ion; St, strainers; T, taste and odo r contro l. 
!I In c ludes some wa te r used outs ide t he ba s in. 
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Tdble 29 . -- Chemical dnalyses of Wdter from principal public-wate r supply systems 

[Concent rat ions of chemical constituents in mill1g r dms per liter . Andlyses by the U. S . Geological Su r vey] 

Water-supply 
system .!.1 

Bristol Water Dept . 

Chestnut Heights 
Realty, Suf ield 

Fdfmington Wdter Co . 

Heritage Woods , Avon 

Lakeview Apdftments, 
Farming on 

Odte of 
collect ion 

11 - 19 - 71 
I 1-16 - 71 
I 1- I 6-7 1 

12 - 2- 71 

I 1 -19-7 I 

1 I -29 - 71 

11etropolitan DIStrict 12-3-71 
Corrrniss1on , Hdftfo r d.U 12-3-71 

tlew Hartford Wa er Co . 11 -1 7-71 

Pldinville Water Co . 

Salmon Broo 
D1 strict, Granby 

Tdfiffville F1 re 
District, Simsbury 

Te rryville Water Co ., 
Plymou h 

Villdge Wa er Co . , 
New Hut ford 

11 -30-7 I 

4-28-70 

12 - 9-71 

I 1-24 - 71 

11-4-71 

11-1 7-71 

Sou rce of Wdter 

Bri stol Rese rvoi r o . I 
Well o . 1 
Well o . 3 

·~ell 

Si t e Si l1ca 
no . .!.1 (Si02) 

011B8450 5 . 8 
BS 148 18 
BS 225 13 

su 228 15 

Fumington (Wadsworth) 01189028 5 .8 
Reservoir 

Caisson Well o . I 

Well No . 1 

Bd r khamsted Rese rvoir 
epaug Rese r voi r 

A 290 

F 237 

15 

13 

01187500 3 . 2 
01187870 6 . 8 

New Hdftfo rd Rese rv oi r}/ 01187150 7. 7 
Well H 100 9 . 2 

Johnson Ave . Well 

We 11 

Well 

Well 

Vil !age Water Co . 
Rese rvoi r 

63 14 

GR 66 15 

SI 37 12 

PM 10 

01187160 12 

VIllage Wdter Co . , 
S1msbury 

12-8-71 S1msbu ry (Tul Ie r ) 0118gl70 5 . 2 

43 8 . 7 12 

We 1 1 s Acres , 
60 2 .4 
(Fa rmington 
Farm in gton 

13 
Wdter Co . ) 

16 

Reservoir 
12-14-/1 Well 51 230 12 

19 

12-2 - 71 Well F 234 14 

Winsted Water Dept . 11-18-71 Crystal Lake Rese •voir 01186140 3. 2 

Dr inking WHer Standardsil 

1/ Locations a re on pldte A 

I ron 
(Fe) 

0 . 12 
. 11 
.04 

.08 

. 14 

. 01 

.05 

. 10 

.36 

. 28 

.06 

.03 

. 10 

.06 

. 10 

. 37 

Man­
gan­
ese 
( l~ n) 

0 .04 
.00 
.00 

.00 

.00 

.00 

.00 

. 16 

.06 

.02 

.00 

.00 

.02 

.02 

.00 

.00 

. 94 . 15 

Ca 1-
cium 
(Ca) 

3. 0 
20 
20 

30 

32 

17 

49 

3 . 0 
3 . 5 

3 . 0 
3 .0 

35 

Ha g­
ne-
s i­
urn 
(Mg) 

1.1 
4 . 6 
2 . 9 

2 . 1 

6 . 6 

4 .8 

1.7 

. 9 
1.4 

1.0 
1.0 

3 .4 

26 2. 8 

58 11 

6 . 5 2 . 0 

6 .0 2 .0 

6 .0 1. 7 

.07 .00 20 

.05 .02 21 

. 13 .03 4 . 1 1.3 

2; Supplies water o New Hutfo rd dnd Unionville 
!t Rese rv oi r samples twice, mean values a re listed 
!I Connecticut Depa rtment of Health (Connecticut Gene ral Assembly, 1975) 
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l. 

Po­
So- tas­
dium sium 

Bi­
car· 
bon­
ate 

(HC03) (Na) (K) 

20 

3 .4 
11 
12 

3 . I 

8 .8 

8 . 1 

6 . 3 

0 . 7 
1. 3 
1. 3 

8 
34 
53 

I . 1 65 

.6 71 

1. 7 50 

. 7 122 

2 . 2 .6 6 
3 . 6 1. 0 10 

2 . 6 
2 . 7 

6 . 7 

• 7 
. 7 

8 
8 

. 3 86 

5 . 3 .6 58 

7 . 7 1. 0 67 

8 . 5 I . 5 16 

5. I . 9 16 

4 . 0 . 8 16 

2 . 3 .8 10 

Ca r ­
bon 
diox­
ide 
(C02) 

2. 7 
2 . 1 

3 . 3 

2 .0 

4 . 9 

2 . 2 

2 . 9 

3 .4 

2 . 6 

SuI­
fdte 

(S04 ) 

9 . 3 
31 
18 

13 

26 

1 7 

I 9 

g .2 
10 

9 . 4 
6 . 3 

15 

15 

140 

I 2 

11 

10 

10 

Chl or­
ide 
(CI) 

5.5 
20 
19 

2. 7 

32 

I 3 

16 

4 .o 
6.9 

3 .8 
3. 5 

15 

8 .6 

5.4 

13 

8 . 7 

9 . 1 

4 . 2 
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Table 29.--continued 

Dissolved Color 
sol ids Specific Tern- (plat- Deter- A I ka-

Fluor - Phos- Ni- (sum of Ha rdness as CaCD3 conductance per a i Ollll - gents I ini ty 
ide phate trate consti - Non-car- (mi cromhos ture coba It as as 
(F) (P04) (N03) tuents) Ca + Mg bonate at 25°C) (OC) pH units) MBAS CaC03 

0 . 0 0.02 0.0 33 12 5 4B 6.0 6 . 5 0 . 04 7 
.I 8 . 0 131 69 41 200 12.0 7.3 28 
. I 5. 7 118 62 18 191 12.0 7.6 43 

.I 25 124 84 30 186 11 . 0 7 . 5 53 

.l . 06 2 . 2 149 110 49 271 4 . 0 7.2 10 .04 58 

. 0 7.5 109 62 21 167 15 .o 7.6 41 

. I 4.9 171 129 29 280 13.0 7 . 6 100 

.I .01 .o 26 II 6 41 6 . 6 0 . 02 5 

.I .04 .2 39 15 6 57 7 .o 5 .03 8 

.0 .01 . 2 32 12 43 6.6 22 .03 

.I 4.9 36 12 46 9 . 0 6 . 8 

. 0 13 144 102 31 228 10.5 8 .2 

.I 20 122 76 29 188 10.0 7 . 5 48 

. 2 6.2 274 190 135 405 12 . 0 7 . 5 55 

.0 4 . 9 66 24 II 103 13 .5 7.0 13 

.I . 02 .4 54 23 10 76 3.0 6.8 .04 13 

. 0 .07 .0 45 22 9 74 9.0 6.8 20 . 02 13 

0 4 . 0 99 54 18 165 9.0 6.9 . 02 35 

0 2.2 109 60 11 176 7.6 49 

.1 .10 .4 33 16 50 7 . 5 6 . 4 200 . 03 8 

2.0 44 6.4-8.5 20 .5 
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DEVELOPMENT OF WATER SUPPLIES 

The developme nt of a supply at a part i cular site 
should consider the quantity and quali ty of the 
wat er available and the requ ireme nts of its 
intended use . Wat er i s gene ral ly available from 
streams an d aquifers throughout the basin, but 
these sources have limitations that must be pro­
pe rly evalu ated prio r to development . The limita ­
t ions commonly require that development plans 
consider treatment, low - flow augmentation, auxi­
liary storage, and reuse . The f inal dete rmination 
of the suitabil ity and economic practicality of 
wa te r- supp ly development at a given site is based 
on the advantages and limitations of the alter­
native wate r sou rces potentially available . 

In the study area, large supplies of wat er can 
be obtained only from the large r streams and from 
stratified -dri ft aquifers with favorable hydraulic 
characteristi cs . Smaller supplies can be obtained 
from a wide vari ety of sou rces and locations 
including smaller streams, ponds , bedrock, till, 
and the less favorable stratified -drift aquifers . 

LARGE SUPPLIES 
Areas in the basin potent iall y capable of pro­

viding supplies of wat e r for industrial, pub lic 
supply, and othe r la r ge uses a re shown on plate D. 
The major streams and the stratified-drift 
aquifers are the only sources capable of y i eldin g 
l arge qu antiti es of wat e r for a sustained pe ri od . 
These sou rces are commonly adjacent and hydrauli­
cally interconnected . Ma jo r st reams a re bounded 
by stratified dr if t in many places and, where 
hydraulically continuous wi th the st ratified-d r ift 
aquifers, sustain or augment yields f rom wells . 
Du ri ng periods of little or no surface runoff, 
streamflow is maintained by ground-wate r runoff 
from the st ratified drift . This relation between 
streams and stratified-drift aquifers is imp ortant 
because withdrawal s from wells du rin g critical dry 
periods may result in dim i nish ed flows in adjacent 
streams . 

SURFACE WATER 
Flows of the larger s treams equaled or 

exceeded 90 pe rcent of the time are shown on plate 
D. These values are an inde x of su r face -wate r 
availability from un regulated streams and are 
approximations of the average yields available 
f rom low, run-of- th e-r ive r impoundment dams . Only 
small amounts of surface storage or supplemental 
ground wat e r wo uld be needed to maintain the se 
amounts continuously during most yea rs . Plate D 
also shows the sto ra ge capacities and locations of 
selected su r face- wa ter rese rvoirs . In addition to 
th e 90-pe rce nt du rat ion -f low figures shown on the 
plate, developing a particular stream for wat er 
supply or effluent dilution requires mo re detailed 
information, such as flow du rati on, low- flow f re­
quency , and storage- requi red f requency . Methods 
to dete rmine these characteristics a re outlined in 
the section titled "Surface Wate r . " Usable 
storage of selected lakes and ponds is summarized 
in table 10 . 
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If the required quan tity is a small f raction 
of low streamflow, development of a wat e r supply 
may requ ire only a small i mpou ndme nt and inta ke 
st ru cture . If the requ ired quantity i s large, a 
sto ra ge rese rvoir may be requi red . Although iden­
ti fying and evaluating suitable dam sites involves 
engineering geology, economi c, and en vironmental 
po li cy considerations beyond the scope of this 
report, topography, geology , an d population den ­
s ity of the basin indicate that construct i on of 
addi t ional large sto ra ge reservoir s i s i mpractical 
in many areas . However, storage capac ity of the 
basin's existing rese rvoir s (table 28) i s probably 
mo re t han adequate to meet the needs of the 
bas in' s population in the year 2000 . 

GROUND WATER 
Sixteen areas underlain by st rat if i ed drift 

a re shown on plate D. These have the most fa vor­
able chara cteristics for large-scale development 
of ground water . The methods that ca n be used to 
determine t hei r longterm yields are described in 
the ground-water section of this report . 

SMALL SUPPLIES 
Water supplies adequate for homes and small 

businesses can be obtained from wells almost 
anywh ere in the basin . Under cu rrent practices , 
most wells are completed in bed rock, but in many 
st ratified -drift areas , where the wate r table is 
close to land su r face , shallow dug or dr iven wells 
yield adequate supplies . Most ground water in the 
basin is suitable for domestic and commercial use 
without treatment . In some areas, high con ­
cent rati ons of iron and manganese or hardness may 
requ ire treatment fo r ce rtain uses. The problems 
of excessive iron , ma nganese, and hardness are 
dis cussed in detail in the section titled "Qual ity 
of Wat e r . " 

WATER QUALITY AND 
DEVELOPMENT 

Decisions to develop wa te r supplies should 
conside r the intended use of the wat er becaus e th e 
requi r eme nts differ for public, industrial, and 
agricultural supplies . Although wate r of poor 
quality can be treated to meet th e minimum s tan­
da rds for any use, the expe nse involved can make 
such t reatment impractical . 

A fu rth er cons ideration i s the fact that use 
of wat er generall y resul ts in deterioration in its 
quality . The type and deg ree of the deterioration 
depend on how the wat e r is used and what treatment 
it receives before bei ng discharged to th e system . 
Therefore, the quality and quantity of the wat e r 
that i s available, its intended use, and the 
eff ect of its us e on th e system shou ld be taken 
into account. 

Water fo r public supply in Connecticut must 
meet s tandards established by the Connect i cut 
Department of Health (Co nnecticut Gene ral 
Assembly, 1975) . Where some const i tuents exceed 



the limits, concentrations ca n be reduced by dilu­
tion or by treat me nt . Table 29 lists the prin­
cipal sources of public supply serving the basin, 
their physical and chemical properties, and sta n­
dards for drinking water . The chemical quality of 
these suppl ies is within the recommended li mits. 

Requi reme nts fo r some industries are more 
stringent than thos e for drinking wat er. Such 
indus tries may routinely treat wat er, whereas 
industries having less strict requirements omit 
treatment. Table 30 comp ares the requi rement s for 
several indu stries with the quality of wat er from 
various sources in the Farmington River basin . 

The chemical quality of most wat e r in the basin 
in its nat ural state is satisfactory for a wide 
vari ety of uses . In some areas, how ever, 
excessive concent rations of iron, manganese, or 
hardn ess are present . In addition, some surface 
wat ers and contiguous aquifer s may at times con­
tain suff i cient indust rial and municipal wastes to 
prohib it use of their wat er for public supply, 
rec reat ion, and some industrial purposes . To 
decrease pollution, the Sta t e has adopted quality 
standards fo r streams under Public Act 57 
(Connecticut Gene ra l Assembly, 1967) . Criteria 
used in the classification of streams ca n be 
obtained from the Connecticut Department of 
Envi rommental Protection {1977) . 

Table 30 . --Limitallons on water que~lny fo r industnal use and range of water qua 11 ty 

[ ax1mum limits or ranges 1n limitS of s1gn1 1cant propen1es and canst 1 uents of wa ers dcceptable 
for indus rial uses . Sou rce of da a: Water Quail y Trea tment, Ame n can Water Wor s AssoClation, 
1951 , p. 66 - 67 , unless o he rw lSe no ed . Cheoncal constnuen s 1n mlll1grams per Iller . ] 

------
Co lo r 

Tu r bidity (pIa 1 num- Total F I uor- Cu- BlCcH-

(Jac son cobalt Hardness Alkalinity diSSOlved CaiCHll1l I ron Manganese $1 I 1Ccl ide bona ~ bona " 
Sou rce un1 s) units) (as CaC03) (as CaC03) pH sol ids (Ca) (Fe) (Hn) (5102) (F) (C03) (JICOJ) 

----------- -----
Surf ace Wa er : 

Rese rvoirs: 0- 200 II- 110 5- 58 6 . 4-7 . 2 26- 149 3 .0 - 32 0 . 10-0 -94 0-0 . 16 3 . 2-12 U-0-1 6- 71 

St reams draining 
areas under! a in by: 

Sedimenta ry 
bed roc 0-2 1- 35 23- 138 10-123 6 . 7-7 .8 44- 182 7 .0- 43 .03- . 54 0- . 03 5 .0-17 0- . I 0 I ?-150 

Crystalline 
b drock 0-2 2- 30 7- 82 2- 46 5 . 2-7 .4 20- 199 2-0 - 21 . 03- . 65 0- . 35 2 . 8-15 0- . I 2- 56 

Ground Water: 

Aqu1fers: 

Strat 1 f1ed 
dr! ft 12- 190 7- 86 6 .8-8 . 3 36- 284 3 . 0- 58 .01- . 65 0- . 46 6 . 9-24 0- . 3 0 .8-8 . 7 8-105 

Sed1m ntary 
bedrock 0-1252 16-138 7 .2-8 .4 47-!895 . 1-419 . 02- . 33 0-1 . 2 8 . 5-30 0-1.2 .8-4 . 9 20-1 b8 

Crystal! ine 
6- 181 7-127 7. 0-8 . 3 45- 328 I. 9- 65 .03-2 .2 0- . 31 7 .8-22 0-1 .0 .8-2 .6 8-1 5 bedrock 

--------------

81 



oc 
OF 

ABBREVIATIONS 

- degrees Celsius 
- degrees Fahrenheit 

e. s . t. - Eastern standard time 
fig. - figure 
ft - feet 
ft2 
ft3/d 

- square feet 
- cubic feet per day 

ft3Js 
(ft3/s)/mi2 
gal/d 
gal/min 
(gal/min)/ft 
in 

- cubic feet per second 
-cubic feet per second per square mile 
-gallons per day 
- gallons per minute 
-gallons per minute per foot 

inches 
K 
(lb/d)/mi2 
Mgal/d 
(Mgal/d)/mi2 
mg/L 

-hydraulic conductivity 
-pounds per day per square mile 
-million gallons per day 
-million gallons per day per square mile 
-milligrams per liter 

mi miles 
mi2 - square miles 
ml -milliliters 
mm - millimeters 
p. - page 
pl. - plate 
ppm -parts per million 
ug/L -micrograms per liter 
umho - micromhos 

EQUIVALENTS 

°C = ( °F - 32) X 0. 555 

ft3/s - 646,317 gal/d = 0. 646317 Mgal/d 

(ft3/s)/mi2 = 13.57 inches of runoff per year 

in of water upon 1 mi2 = 17.4 million gallons 
2. 32 million ft3 

Mga l/d = 5g4 gal/min = 1. 547 ft3/s 

1 (Mgal/d)/mi2 - 21.0 inches of runoff per year 

mg/L = 1 part per million (ppm) for solutions 
with a density of 1,000 grams per milliliter 

mm = 0.001 meter= 0.039 in 
' 

Hydraulic conductivity (ft/d) x 7. 48 =coefficient 
of permeability in gallons per day per square foot 

Transmissivity (ft2/d) x 7. 48 =c oefficient of 
transmissibility in gallons per day per foot 
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GLOSSARY 

Aquifer: A geologic formation, group of for­
mations, or pa rt of a formation that contains 
suff icient satu rated permeable mate ri als to 
yi e l d significant quant i ties of wat er to wells 
and springs . 

Basalt: A fine-grained, dark-colo red, igneous 
rock, commonly called trap rock. 

Base flow: Th e portion of streamflow derived 
f rom ground-water discharge . 

Bedrock: So 1 i d rock, commonly ca 11 ed "1 edge," 
that forms the Earth's crust. It is locally 
exposed at the surface but more commonly is 
buried beneath a few inches to more than 300 
feet of unconsolidated deposits . 

Carbona t e rock: A roc k cons istin g chiefly of 
carbonate minerals, such as limestone or dolo­
mite . 

Cas in g of wells : Any construction material that 
keeps unconsolidated ea rth mate r ials and water 
from en tering a well . 

Climatic yea r: A continuous 12-month period, 
Ap ri l 1 through March 31, during whi ch a 
comp l ete annual st reamflow cycle takes place 
from high flow to low and back to high flow . 
It is designated by the calendar year in which 
it begins, and that includes 9 of its 12 months . 

Coeff ici ent of permeability: The rate of flow of 
water, in gallons per day, through a cross sec­
tional area of 1 square foot of a satu rat ed 
material under a hydraulic gradi ent of 1 foot 
per foot at a temperature of 16°C. Replaced by 
the U. S. Geological Survey with a term-­
hydraulic conductivity (in this Glossa ry) . 
Also, see equivalent values in preceding sec ­
tion . 

Colifo rm bacteria, total: A particular group of 
bacteria that are used as indicators of poss i ble 
sewa ge pollution . They are cha ra cte ri zed as 
aerobic or facultative anaerobic, gram-n egative, 
nonspore-forming rod-shaped bacteria which fer­
ment lactose with gas formation within 48 hours 
at 35°C. In the 1 a bora tory, these bacteria are 
defined as the organisms whi ch produce colonies 
within 24 hours when incubated at 35 °C + 1. 0°C 
on M-Endo medium (nutrient medium fo r bacterial 
growth). Their concentrations are exp ressed as 
numbers of coloni es per 100 ml of sample . 

Coefficient of transmissibility: The rate of flow 
of wat e r at th e prevailing wat er temperature, in 
ga llons per day, through a vertical strip of an 
aquifer 1 foot wide extending the full thickness 
of the aqu i fer under a hydraulic gradient of 1 
foot per foot . It is the product of the field 
coeffic ient of permeability and saturated 
thickness of an aquifer. Replaced by the U. S. 
Geological Survey with a new term 
"t ransmissivity " (in this Glossary) . Also, see 
equivalent va l ues in preceding section. 
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Cone of depression: A depression produced in a 
water table or other potentiometric surface by 
the withdrawal of water from an aquif er ; in 
cross section, shaped li ke an inverted cone with 
its apex at the pumping well s . 

Crystall ine: Pertaining to igneous and meta­
morphic rocks; the most common types in the 
basin are basalt, diabas e , granite, gneiss, 
schist, and phyllite . 

Diabase: A medium- to coarse-grained, dark 
igneous rock, similar to basalt. 

Direct runoff: Water that moves over the land 
surface directly to streams or la kes shortly 
after r a i n fa 11 or s n owm e 1 t. 

Drainage basin, drainage area: The whole area or 
entire land surface that gathers water and 
contributes it ultimately to a particular stream 
cha nn el, lake, reservoir, or other body of 
water . 

Drawdown: The lowering of the wat er table or 
potentiometric su rface caused by th e withdrawal 
of wat er from an aquifer by pumping; eq ual to 
the difference betwee n th e static wat e r l evel 
and the pumpin g water l evel . 

Epilimnion: The top layer of wat e r in a thermally 
stratified lake, pond, or reservoir; it is bet­
ween the surface and the metalimnion . 

Evapotransp iration: Loss of wat er to the atmo­
sphere by direct evaporation from wat er surfaces 
and moist soil combined with transpiration from 
living plants . 

Flow duration, of a stream: The percentage of 
time during which specified daily discharges 
have been equaled or exceeded within a given 
time period . 

Fracture: A brea k or opening in bedrock along 
which water may move . 

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

Gneiss: A coarse-grained metamorphic rock with 
alternating bands of granular and micaceous 
mine ral s . 

Granite: A coarse-grained, 1 i ght-col ored, igneous 
rock . 

Gravel: Unconsolidated rock deb ri s composed prin­
cipally of particles lar ge r than 2 mm in 
diameter . 

Gravel pack: A li ning or envelope of gravel 
placed around the outside of a well screen to 
increase well efficiency and yield . 

Ground water: Water in the saturated zone . 



Ground -water discharge: The discharge of water 
from the saturated zone by (1) natural pro­

cesses such as ground-wate r runoff and ground­
water evapot ranspiration and (2) discharge 
through wells and other man-made structu res . 

Ground-water divide: A hypothetical line on a 
water table on each side of which the water 
table slopes downwa rd in a direction away from 
the line . In the vertical dimension, a plane 
across which there is no ground -water flow . 

Ground-water evapotranspiration: Ground -water 
discharge into the atmosphere in the gaseous 
state either by direct evapo ration or by the 
transpiration of plants . 

Ground-water outflow: The sum of ground -wat er 
runoff and underflow; it includes all natural 
ground-water discharge from a drainage area 
exclusive of ground -wate r evapot ran spiration . 

Ground-water recharge: The addition of water to 
the saturated zone by (1) natural processes, 
such as infiltration of precipitation and (2) 
artificial processes such as induced infiltra­
tion, recharge th ro ugh basins, sumps, and other 
manmade structures . 

Ground-water storage: The quantity of water in 
the saturated zone . 

Ground-water runoff : Ground water that has dis ­
charged into stream channels by seepage from 
saturated earth mate rials. 

Head, static: 
water column 
supported by 
point. 

The height of the surface of a 
above a standard datum that can be 
the static pressure at a given 

Hydraulic boundary: A physical feature that 
limits the areal extent of an aquifer . The two 
common types of boundaries are termed 
impermeable -barri e r boundaries and line-source 
boundaries . 

Hydraulic conductivity (K): A measure of the 
ability of a porous medium to transmit a fluid . 
The material has a hydraulic conductivity of 
unit length per unit time if it will transmit, 
in unit time, a unit volume of wat er at the pre­
vailing kinematic viscosity through a cross sec ­
tion of unit area, measured at ri ght angles to 
the direction of flow, unde r a hydraulic gra ­
dient of unit change in head over unit length of 
flow path . In previous reports of this series, 
hydraulic conductivity is expressed as coef­
ficient of permeability 

gallons ft3 
K ft/day 

day ft 2 ft/ft day ft2ft/ft 

Hydraulic gradient: The change in stat i c head per 
unit of distance in a gi~en direction. If not 
specif i ed, the direction is generally understood 
to be that of the maximum rate of decrease in 
head . 
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Hypolimnion: The dense laye r of wate r in ather­
mally stratified lake , pond, or reservoi r ; it is 
beneath the metalimnion . 

Igneous: Descriptive term for rocks formed by 
solidification of molten or partially molt en 
magma, such as basalt or granite . 

Impermeable-barrier boundary: The contact between 
an aquifer and adjacent impermeable material 
that limits the areal extent of the aquifer. 
Fo r example, the termination of permeable 
valley-fill deposits of sand and grave l against 
t he bedrock valley walls. Its significant 
hydraulic feature is that ideally no ground 
water flows across it. 

Inches of wate r : Water volume expressed as the 
depth, in inches, to which it would accumulate 
if spread evenly over a particula r a rea . 

Induced in filtration : The process by whi ch water 
infilt rates an aquifer f rom an adjacent surface­
water body in response to pumping . 

Induced recharge: The amount of water entering an 
aquifer f rom an adjacent surface-water body by 
the process of induced infiltration. 

Kinematic viscosity: The ratio of the viscosity 
of a fluid to its density . 

MBAS (Methylene blue active substance): A measure 
of apparent detergents . Th i s determination 
depends on the fo rmation of a blue color wh en 
methylene blue dye reacts with synthetic 
detergent compounds . 

Mean (arithmetic): The sum of the individual 
values of a set, divided by thei r total number . 
Also referred to as the "a verage. " 

Median: The middle value in a set of values 
ar ranged according to rank. It i s an average of 
position, whereas the mean is an average of 
quantity . 

Metamorphic: Desc r ipti ve term for rocks such as 
gneiss and schist which have formed , in the 
solid state, f rom othe r rocks . 

Overbu rden: All the various unconsolidated 
mate ria ls that overl ie th e bedrock. 

Pa rtial penetration: A condition in whi ch a.. we l l 
is not open to the full satu rat ed t hi ckness of 
an aquifer. 

Phyllite: A fine -grain ed, metamorphic rock, slml­
lar to schist, often havin g a silky appearance. 

Porosity: The prope rty of a roc k or uncon­
solidated material of containing voids or open 
spaces; i t may be exp ressed quantitatively as 
the rat io of the volume of it s open spaces to 

its total volume . 

Precipitation: The discharge of wat er from the 
atmosphere, either in a liquid or solid state . 



Recurrence interval: The average interval of t ime 
between extremes of streamflow such as floods or 
droughts, that will at least equal in severity a 
particular extreme value over a period of many 
years . Frequency, a related term, refers to the 
average number of such ext remes during the same 
pe riod . The date of a drou ght or flood of a 
gi ven magnitude cannot be predicted, but the 
probab l e numbe r of such events during a reaso­
nably l ong pe ri od of time may be es timated 
within reasonable limits of accuracy . 

Refe rence pe r iod: A period of time chose n so that 
comparable data may be collected or computed 
fo r that period . St reamflow data in this repo rt 
are bas ed on c li matic years 1930 to 1959 and 
wat er years 1931 to 1960 . 

San ds ton e: A fine t o medium-grained sedimentary 
rock composed principally of quartz and feldspar 
grains . 

Saturat ed thic kness : Thickness of an aquifer 
below the wat e r tabl e . 

Satu rat ed zone: The subsurface zone in whi ch al l 
open spaces are filled with wat er . The water 
table is th e upper li mit of this zone . Water in 
the saturated zone is unde r pressu re greate r 
than atmospheric . 

Sc hist: A metamorphic rock with subparallel 
ori entation of the visible micaceous min erals , 
whi ch dominate its composition . 

Se diment: Fragmental mate rial that ori ginates 
f rom weathe rin g of rocks . It can be transpo rt ed 
by , suspended in, or deposited by water . 

Sed imentary: Descriptive te rm for rock formed of 
sediment such as sandstone or shale . 

Shale: A fine-grained, lamina.ted, sedimentary 
rock composed pr in ci pally of clay - s i zed pa r­
ticles . 

Spec ific capacity, of a we ll: The rat e of 
discharge of wat e r divided by the corresponding 
drawdown of the water 1 evel in the well 
(gallons per minute per foot) . 

Spec ific yield: The ratio of the volume of wat er 
whi ch a saturated rock or soi l will yield by 
gravity, to its own volume. 

Storage coefficient(s): The volume of wat er an 
aquifer rel eases from or ta ke s into sto rage per 
unit surface area of the aqui fe r per unit change 
in head . In an un conf i ned aquife r , the sto rage 
coefficient is virtually equal to the specific 
y i el d. 

St ratified drift: A predominantly sorted sediment 
laid down by or in meltwater from a glacier; 
includes sand, gravel, silt, and clay arranged 
in laye rs . 

Thermocline, metalimnion: Th e middle zone in a 
stratified lake, pond, or r eservoir, between the 
epilimnion and the hypolimnion, in which the 
change in t emperature with depth exceeds 1°C per 
meter . 
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Till: A predominantly nonsorted, nonstratified 
sediment deposited directly by a glacie r and 
composed of boulders, gravel , sand, silt, and 
clay mixed in various proportions . 

Transmissivity (T): The rat e at whi ch wate r of 
the prevailing kinematic viscos i ty is 
transmitted throu gh a unit width of aquifer 
under a unit hydrauli c gradi ent . Equa l to the 
average hydrauli c conductivity times the 
saturated thickness . In some pr.e vious reports 
of this series, transmissivity is exp ressed as 
the coeffic i ent of transmissibility . 

Trans pi ration: The process whe reby plants release 
wat er vapor to the atmosphere . 

Unconfined aquife r (water-table aquifer): One in 
whi ch the upper surface of the saturated zone, 
the wat er table, is at atmospheric pressure and 
is f ree to rise and fall. 

Unconso lidat ed: Loose, not firmly cement ed or 
int erl ocked ; for example , sand in contrast to 
sandstone . 

Underflow: The downstream flow of wat e r through 
the pe rmeable deposit s that underlie a stream . 

Uniformity coefficient: An exp ress ion of the 
va ri ability in sizes of grains that constitute a 
granula r material . It is th e ratio d6old10• 
where d60 is the particle diameter co rresponding 
to 60 pe rcent finer on the grain-size distribu­
tion cu r ve , and d10 is the pa rti cle diameter 
correspond i ng to 10 percent finer on the same 
cu rve. 

Unsatu rat ed zone: The zone between the water 
table and the land surface in wh ich all the open 
spaces are not completely filled with wate r and 
the water is under less than atmospheric 
pressu re . 

Water table: The uppe r su r face of the satu rat ed 
zone . 

Wat er year: A continuous 12-month pe riod, 
Octo ber 1 through September 30, dur in g whi ch a 
complete streamflow cyc l e takes place f rom low 
to hi gh flow and back to low flow . It is 
designated by the calenda r yea r in wh ich it 
en ds, an d that i ncludes 9 of its 12 months . 

Wentworth grade scale: A grain-size classifi­
cat ion system based on particle diameter, the 
divisions of whi ch are as follows: boulders, 
great er than 256 mm; cobbles, 256 to 64 mm; 
pebbles, 64 to 4 mm; very f in e gravel, 4 to 
2 mm; very coarse sand, 2 to 1 mm; coa rs e sand , 
1 to 0. 5 mm; medium sand , 0. 5 to 0. 25 mm; fine 
sand, 0. 25 to 0. 125 mm; ve ry f in e sand, 0. 125 to 
0. 063 mm; silt , 0. 063 to 0. 004 mm; cl ay, smaller 
t han 0. 004 mm . This gra de scale is used for 
sediment desc r iptions in this report . 
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