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AVAILABILITY OF GROUND WATER IN THE 
BRANCH RIVER BASIN, PROVIDENCE COUNTY, RHODE ISLAND 

By H. E. Johnston and D. C. Dickerman 

ABSTRACT 

Stratified g lacial drift consisting largely of sand and gravel constitutes 
the only aquifer capable of supporting continuous yields of 100 gpm (6.3 1/s) 
or more to individual we lls. The aquifer covers about a third of the 79 mi 2 

(205 km 2 ) study area, occurring main ly in stream valleys that are less than a 
mi le wide. Its saturated thickness is commonly 40 to 60ft (12 to 18 m); its 
transmissivity is commonly 5,000 to 8,000 ft 2 /day (460 to 740m2 /day). The 
aquifer is hydraulically connected to streams that cross it and much of the 
water from heavily pumped wells wi ll consist of infiltration induced from them. 
Potential sus tained yield from most parts of the aquifer is 1 imited chiefly by 
the rate at which infiltration can be induced from streams or low streamflow, 
whichever is smaller . Ground-water withdrawa ls deplete streamflow; and if 
large-scale development of ground wate r is not carefully planned and managed , 
periods of no streamflow may result during dry weather. 

Potential sustained yield varies with the scheme of well development, and 
is evaluated for selected areas by mathematically simulating pumping from 
assumed schemes of we! Is in models of the stream-aquifer system. Results 
indicate that sustained yields of 5.5, 3.4, 1.6, and 1.3 mgd (0.24, 0.15, 
0.07, and 0.06 m3 /s) can be obtained from the stratified-drift aquifer near 
Slatersville, Oakland, Harrisville, and Chepachet, respectively. Pumping at 
these rates wil 1 not cause streams to go dry, if the water is returned to 
streams near points of withdrawal. A larger ground-water yield can be 
obtained, if periods of no streamflow along reaches of principal streams are 
acceptable. 

Inorganic chemical quality of water in the stream-aquifer system is 
suitable for most purposes; the water is soft, slightly acidic, and generally 
contains less than 100 mi lligrams per litre of dissolved sol ids. Continued 
good quality ground water depends on maintenance of good quality of water in 
streams, because much of the water pumped from we! Is wil 1 be infiltrated from 
streams. 
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INTRODUCTION 

This report deals with ground-water resources of the part of the Branch 
River basin in northwestern Rhode Island upstream from the U.S. Geological 
Survey gaging station at Forestdale, Rl, an area of 79 mi 2 or 205 km2 (fig. 1). 
It is one of a series prepared in cooperation with the Rhode Island Water 
Resources Board to provide quantitative information on the availability of 
large supplies of ground water in Rhode Island. 

The area is a thinly populated section where either surface-water or 
ground-water resources are available to meet long-term needs of public-supply 
systems. The area has several ponds, lakes, reservoirs, and a moderate amount 
of swampy area; it is drained by several perennial streams. Reservoirs that 
impound the principal streams originally were constructed to supply water for 
power generation, processing, and waste disposal for textile mills, but are 
used now largely for recreation. 

Two additional reservoirs have been proposed: one on Tarkiln Brook in the 
eastern part of the basin would provide 5.4 mgd (0.24 m3 /s); the other on 
Nipmuc River in the northern part of the basin would provide 9.0 mgd or 
0.39 m3 /s (Metcalf and Eddy, 1967). Most of the water would augment public
supply systems in northern Rhode Island. Neither site is in an area where 
large scale development of ground water is feasible. 

Precipitation, the source of virtually all water in the area, as recorded 
at Greenville, Rl, (fig. 1) between 1941-68, ranges from 30 to 60 in (76 to 
152 em) and averages 46 in (117 em). Half is returned to the atmosphere by 
evaporation and transpiration, chiefly during the growing season (April to 
October). Nearly all the remaining half, representing the water available for 
withdrawal by man, is discharged from the area as runoff. Runoff during the 
same period, as measured at the Forestdale gage, ranged from 12 to 36 in (30 to 
91 em) annually and averaged 23 in (58 em). Average runoff of 23 in (58 em) is 
equivalent to 1.1 mgd/mi 2 (0.05 m3 /s), or 87 mgd (3.81 m3 /s) f rom the 79 mi 2 

(205 km2 ) study area. 
Ground-water resources in the basin are relatively undeveloped, and, as a 

consequence, data necessary for describing accurately the hydraulic properties 
of the aquifer and for making accurate estimates of potential ground-water 
yield are sparse. 

Water occurs in three hydraulically interconnected aquifers: bedrock , 
till, and stratified glacial drift. Each aquifer yields usable quantities of 
water to wells, but only the stratified drift can continuously supply 100 gpm 
(6.3 1/s) or more to individual wells. Most wells constructed in the till and 
bedrock yield sufficient water to satisfy domestic and other needs requ1r1ng 
only a few gallons per minute; yield generally does not exceed - 20 gpm 
(1.31 1/s). 

Principal emphasis is placed upon evaluation of the 
hydraulic characteristics of the stratified-drift aquifer. The 
characteristics of ti 11 and bedrock are considered briefly, 
contribute water to recharge the stratified drift. 

hydrology and 
water-yielding 

because they 

Surface water and ground water are so intimately interrelated that they 
cannot be considered as separate water resources. One cannot be developed 
without having impact on the other. Pumping several million gallons per day 
from wells can cause noticeable depletion of streamflow, and regulation of 
streamflow can significantly affect the yields of some wells that derive most 
of their water from stream infiltration. 
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EXPLANATION 
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Figure 1.- Location of the Branch River basin . 
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The principal objectives of this report are to (1) provide a map showing 
the areal variation in saturated thickness and water-transmitting capacity of 
the stratified-drift aquifer, (2) estimate the potential sustained yield 
obtainable from the aquifer in areas considered favorable for development of 
large supplies of ground water, and (3) evaluate the effects of ground-water 
withdrawals on the low flow of streams. 

Previous Studies 

Maps delineating the principal ··stratified-drift aquifer and mu ch of the 
basic hydrologic data on which this report is based are contained in reports by 
Richmond and Allen (1951), Hahn (1961), Hahn and Hansen (1961), John son (1962), 
and Hansen (1962a, b). Detailed descriptions and maps of the bedrock geology 
which include part of the basin east of the confluence of the Chepachet and 
Pascoag Rivers are given in reports by Richmond and Allen (1951), and Quinn 
(1967). 

Lang (1961) appraised the hydrologic importance of the principal g round
water reservoirs in 17 areas of Rhode Island. The area covered by this report 
includes all his area 1 (Upper Branch River area) and a small part of his 
area 2 (North Smithfield-Woonsocket area). 

Definition of Terms 

The geologic, hydrologic, and chemical terms used in this report are 
defined as follows: 

Aquifer: A formation, group of formations, or part of a formation that contains 
enough saturated permeable material to yield significant quantities of water to 
wells and springs. 

Bedrock: The solid rock, commonly called 11 ledge, 11 that forms the earth's crust. 

Biochemical Oxygen Demand (BOD): The amount of oxygen required by bacteria 
while stabilizing decomposable organic matter under aerobic conditions . 

Coliform bacteria: A group of bacterial organis ms used as an indicator of the 
sanitary quality of water. The number of coliform colonies per 100 mill il itres 
is determined by the immediate or delayed incubation memb rane filter met hod. 

Color: The extent to which a water is colored by 
determination is based on an arbitrary standard 
The intensity of color is rated numerically from 
equivalent to 1/100 that of the standard. 

material in solution. Color 
whose color is rated at 500. 
0 to 500, a color of 5 being 

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

Drawdown: The difference between the nonpumping and pumping water level in a 
well or aquifer caused by the withdrawal of water from the well. 

Ground-water evapotranspiration: Ground water discharged into the atmosphere in 
the gaseous state by direct evaporation and by transpiration of plants. 
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Ground-wate r outflow: That part of the discharge from a drainage basin that 
occurs through the ground. 

Ground-water runof f : That part of the runoff which has passed into the ground, 
has become ground water, and has been discharged into a stream channel as 
spring or seepage water. 

Hardness: A physical-chemical characteristic of water attributable to the 
presence of alkaline earths (principally calcium and magnesium) and expressed 
as equivalent calcium carbonate (CaC03). The following classification is us ed 
by the U.S. Geological Survey: soft, 0-60 mg/1; moderately hard, 61-120 mg/1; 
hard, 121-180 mg/1; very hard, more than 180 mg/1. 

Hydraulic conductivity: The volume of water at the existing kinematic viscosity 
t hat wil 1 move in unit time under a unit hydraulic gradient through a unit area 
measured at right angles to the direction of flow. Expressed herein in feet 
per day. These values may be converted to gallons per day per square foot by 
multiplying by 7.48. 

~draulic gradient: Change in static head per unit of distance in the direction 
of the maximum rate of decrease in head. It is the slope of the water table. 

Induced infiltration: The process by which water moves into an aquifer from an 
adjacent surface-water body, owing to reversal of the hydraulic gradient, in 
response to pumping. 

Overland flow: The flow of rainwater or snowmelt over the land surface toward 
stream channels. After it enters a stream, it becomes runoff. 

~: Symbo l denoting relative concentration of hydrogen ions in a solution; pH 
values range from 0 to 14--the lower the value, the more acid the solution; 
that is, the more hydrogen ions it contains. A value of 7.0 is the neutral 
point; values greater than 7.0 indicate an ~lkal ine condition; values less than 
7.0 indicate an acid condition. 

Runoff: Part of preci pitation that appears in surface streams. It is the same 
as st reamflow unaffected by artificial diversion, storage, or other works of 
man in or on stream channels. Includes both surface- and ground-water runoff. 

Saturated thickness: The thickness of an aquifer below the water table. As 
measured for the stratified-d rift aquifer in this report, it is the vertical 
distance between the water table and the bedrock surface and in places includes 
til 1 present between the stratified drift and the bedrock surface. 

Specific capacity: The specific capacity of a well is the rate of discharge of 
water f rom the well divided by the drawdown of water level with i n the well. 

Specific conductance: A measure of the 
electric current , expressed in micromhos 
to the concentration of ions in solution 
dissolved-sol ids concentration of water. 
of waters in the study area by a factor of 
dissolved solids, in milligrams per litre. 

~-

ability of a water to conduct an 
per centimetre at 25°C. It is related 
and may be used for approximating the 
Multip l ying the specific conductance 
0 . 55 gives an approximate measure of 



Specific yield: Ratio of volume of water a fully saturated rock or unconsol
idated material wil J ' yield by gravity drainage, given sufficient time, to total 
volume of rock or unconsolidated material; commonly expressed as percentage. 

Stratified drift: Unconsolidated sediment that has been sorted by glacial 
meltwater and deposited in layers, or strata. 

Streamflow: The discharge that occurs in a natural channel. 11Streamflow11 is 
more general than runoff, as streamflow may be applied to discharge whether or 
not it is affected by diversion or regulation. 

Surface runoff: That part of the runoff of a drainage basin that has not passed 
beneath the surface since precipitation. It is also defined as that part of 
runoff which travels over the soil surface to the nearest stream channel. 

Til I: Predominantly nonsorted, nonstratified, unconsolidated sediment deposited 
direct I y from g I a c i e rs. 

Transmissivity: Rate at which water of the prevailing kinematic viscosity is 
transmitted through a unit width of aquifer under a unit hydraulic gradient. 
It is equal to the product of hydraulic conductivity and saturated thickness. 
Expressed herein in cubic feet per day per foot or, more simply, feet squared 
per day. To convert values to gal Ions per day per foot, multiply them by 7.48. 
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WATER USE 

Approximately 3.0 mgd (0.13 m3 /s) of surface water and 1.3 mgd (0.06 m3 /s) 
of ground water was used in 1968. All but 10 to 15 percent (Hurray, 1968) was 
used for nonconsumptive purposes and was available for reuse. Host of the 
surface water was withdrawn and used by industry for processing and cooling. 

Wells owned by 12 public-supply systems and I industrial park pumped 
0.75 mgd (0.03 m3 /s), of which 0.65 mgd (0.03 m3 /s) was pumped - from the 
stratified-drift aquifer. Privately owned wells pumped 0.55 mgd (0.02 m3 /s), 
chiefly from the bedrock aquifer. 

Evaluation of long-term needs of pub I ic water-supply systems indicates 
that requirements will be about 3 mgd (0.13 m3 /s) by the year 2020 (Metcalf and 
Eddy, 1967). 

STREAMFLOW 

Knowledge of streamflow characteristics is required to evaluate potential 
streamflow-depletion effects resulting from ground-water withdrawals, and to 
determine streamflow potentially available for diversion to wells as induced 
infiltration. Determination of the ground-water runoff component of streamflow 
also provides a measure of ground-water recharge. 
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Records of mean daily flow and station descriptions at gaging stations on 
Nipmuc River near Harrisville, Chepachet River at Chepachet, and Branch River 
at Forestdale are published in annual reports of the Geological Survey. (See 
SELECTED REFERENCES.) Flow-duration curves, which show the percentage of time 
specified flows were equaled or exceeded in a given period, were prepared from 
data at these stations (fig. 2). Short-term (1964-68) flow-duration records of 
Nipmuc and Chepachet Rivers are adjusted to the period 1941-68 by correlation 
(Searcy, 1959) with the record at the Branch River gage. Streamflow at th e 
Branch River gage was affected by regulation prior to 1958, but nearly 
identical flow-duration curves are obtained for periods when streamflow was 
regulated (1941-57) and when it was essentially unregulated (1958-68), in di 
cating that effects of regulation do not significantly impair usefulness of th e 
1941-68 curve for predicting duration of flow. 

Low-flow characteristics of streams are particularly important, because 
streamflow-depletion effects resulting from ground-water withdrawals are mos t 
severe during periods of dry weather. Low-flow frequency curves for the Branch 
River at Forestdale (fig. 3) show how often specified low flows are expected to 
recur and for what periods of cor:secutive days they are expected to last. 

Streamflow measurements were made at several points in the Branch River 
basin (fig. 4) during low-flow periods in August and September 1968. Measure
ments were made in Nipmuc River basin when streamflow was equivalent to that 
equaled or exceeded 82 percent of the time. All other measurements were made 
when the unregulated streamflow was equivalent to that equaled or exceeded 
93 percent of the time. 

Components of Runoff 

Runoff in the study area consists of surface runoff and ground-water 
runoff. Surface runoff is derived from precipitation and snowmelt that has 
flowed directly over land surface or has fallen directly upon swamps, ponds, , 
lakes, streams, and stream impoundments. Unless detained in surface storage, 
most of it leaves Branch River basin as streamflow within a few days. Ground
water runoff is the part of precipitation that has percolated to the water 
table and flowed slowly through the ground to springs, swamps, ponds, lakes, 
and streams. Because it rec:ches streams gradually, it sustains flow of unregu
lated streams during dry weather. Ground-water runoff provides a measure of 
ground-water recharge. It is water that could have been intercepted by wells. 

Separation of hydrographs of Nipmuc and Chepachet Rivers gives hydrographs 
of the components of surface- and ground-water runoff (fig. 5). The ground
water runoff component was determined by means of rating curves prepared by 
plotting mean daily streamflow against mean daily ground-water level on days 
when all or most of the runoff was judged to consist of ground water. Mean 
daily ground-water level was determined from three observation wells, Bur 187, 
Bur 279, and Glo 293 (fig. 1). A table of mean daily ground-water levels was 
then used in conjunction with the curves to construct a continuous hydrograph 
of ground water contribution to streamflow in the basins during 1968. 

Measured runoff during the 1968 calendar year was 24.5 in (62 em) from 
Nipmuc River basin and 25.8 in (66 em) from Chepachet River basin. Hydrograph 
separation indicates ground-water runoff made up 10.6 in (27 em), or 43 per
cent, of the runoff from Nipmuc River basin and 13.3 in (34 em), or 52 percent, 
of the runoff from Chepachet River basin. In terms of runoff per unit area, 
ground-water runoff averaged 0.51 and 0.63 mgd/mi 2 (0.02 and 0.03 m3 /s), 
respectively, from Nlpmuc and Chepachet River basins. 
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During 1968, runoff from Branch River basin was 25.3 in (64 em), 2.2 in 
(5.6 em) above the long-term (1941-68) average; precipitation at Greenville was 
48.2 in (122 em), 2.1 in (5.3 em) above the long-term (1939-68) average; and 
average ground-water level, as recorded in three key observation wells in the 
stratified-drift aquifer, showed a net annual dec! ine of 3 in (7.6 em). 
Ground-water runoff may be considered nearly equivalent to the long-term 
average, because precipitation and runoff during 1968 were only slightly above 
long-term averages and because net annual ground-water storage dec! ined only 
s 1 i ght 1 y. 

Effects of Geology ~nd Topography on Runoff 

Surficial geology and topography affect the percentage of precipitation 
that becomes surface runoff and ground-water runoff. Steep slopes and low
permeability soils derived from till in uplands promote overland flow to 
streams. Low to moderate slopes and high permeability soils derived from 
stratified drift in lowlands promote rapid infiltration of precipitation. As a 
result, runoff from areas covered by till is dominantly surface runoff, whereas 
that from areas covered by stratified drift is dominantly ground-water runo f f. 
Average annual ground-water runoff in eastern Connecticut (Randall and others, 
1966, p. 66) makes up as much as 86 percent of average annual runo f f fro m 
stratified drift, but only about one-third of the runoff from till. On Long 
Island, NY, ground-water runoff constitutes as much as 95 percent of the r unof f 
from stratified drift (Pluhowski and Kantrowitz, 1964, p. 35). 

In Nipmuc and Chepachet River basins 30 percent of runoff fro m areas 
underlain by till and 90 percent of runoff fro m areas underlain by stratified 
drift were assumed to be ground-water runoff. Average annual ground-water 
runoff was then calculated by weighting the percentage of till and strati f ied 
dri ft in each basin. The results were compared with those obtained by 
hydrog raph separation for 1968, a near average year. The results by the 
percentage method and hydrograph separation method were 11.5 and 10.6 in (29 
and 27 em), respectively, for Nipmuc River basin and 13.3 and 13.3 in 
(34 and 34 em) for Chepachet River basin. 

Average ground-water runoff per square mile from each material for the 
entire basin was determined by using runoff data from the gaging station at 
Forestdale and the above percentages. As stated previously, annual runoff at 
Forestdale ranges from 12 to 36 in (30 to 91 em) and averages 23 in (58 em). 
Assuming runoff is distributed evenly over the basin, ground-water runoff fro m 
stratified drift would range from 11 in (28 em) or 0.52 mgd/mi 2 

[0.009 (m3 /s)/km2 ] to 32 in (81 em) or 1.51 mgd/mi 2 [0.026 (m3 /s)/km2 ] and 
average 21 in (53 em) or 1.0 mgd/mi 2 [0.017 (m3 /s)/km2 ]. Ground-wat-er runoff 
from till would range from 4 in (10 em) or 0.19 mgd/mi 2 [0.003 (m3 /s)/km2 ] to 
11 in (28 em) or 0.52 mgd/mi 2 [0.009 (m3 /s)/km2 ] and average 6 in (15 em) or 
0.29 mgd/mi 2 [0.005 (m3 /s)/km2 ]. 

AQUIFERS 

Bedrock Aquifer 

Water in igneous and metamorphic bedrock occurs almost exclusively in a 
network of irregularly spaced fractures, which decrease in size and number 
downward and become sparse below a depth of about 300 ft (91 m). The 
probability of obtaining significant quantities of water from bedrock below a 
depth of about 250ft (76 m) is small. 
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Reliable domestic supplies can be obtained from bedrock almost anywhere in 
the study area. Yield of 129 wells penetrating an aver~ge of 160 ft (49 m) of 
bedrock ranges from 1 to 100 gpm (0.06 to 6.3 1/s); the median yield is 8 gpm 
( o. so 1 Is). 

The low median yield and large average depth of bedrock penetration by 
wells indicate that average trans missivity of bedrock is low. The water 
transmitting capacity of the bedrock is probably about the same as that in 
eastern Connecticut. Analysis of specific-capacity data from wells of similar 
depth and yield in eastern Connecticut indicate average transmis s ivity of 
bedrock is 33 ft 2 /day (3.1 m2 /day) (Randall and others, 1966, p. 63; Thomas and 
others, 1967, p. 61). 

Natural recharge to the bedrock aquifer results largely fro m downward 
movement of water from till or stratified drift on hills and slopes. Natura l 
discharge occurs principally by upward movement through till and strat ified 
drift in valleys to streams. Subsurface flow fro m bedrock to strat i fied dri f t 
is a source of recharge to the stratified-drift aquifer, and is discus sed in a 
later section. 

Till Aquifer 

Saturated till constitutes an aquifer capable of yielding only s mall, an d 
in places unreliable, supplies to large-diameter wells. Nevertheless, t he ti l l 
aquifer, which covers 70 percent of the Branch River basin ups tream from the 
stream gage at Forestdale, i s a source of water for many homes . A well dug 
several feet below the annual low water l e vel can usually supply avera ge 
domestic needs throughout the years. 

Till is a very poorly sorted, nonstratified, dominantly sandy depos it 
composed of varying proportions of clay, silt, sand, gravel, and boulders. It 
covers the bedrock surface in uplands and occurs beneath the stratified-dri f t 
aquifer at most places in lowlands. It is as much as 130 ft (40 m) thick and 
average s about 20 ft (6.1 m). 

A yield of 2 gpm (0.13 1/s) or less is typical of till wells in the study 
area (Richmond and Allen, 1951, p. 39), indicating that the capacity of the 
till aquifer to transmit water is low. Hydraulic conductivity of the till is 
probably similar to that in southern Rhode Island (Allen and others, 1966) 
where an average of 0.7 ft/day (0.21 m/day) was determined from a small number 
of pumping tests and laboratory analyses of sediment samples. 

Ti 11 functions as a reservoir which absorbs several inches of precipi
tation annually. Much of this recharge is gradually discharged as ground-water 
runoff to nearby streams, or as ground-water flow to the underlying bedrock and 
adjacent bodies of stratified drift. This ground-water flow from till is a 
minor source of recharge to the stratified-drift aquifer and is discussed under 
the section on recharge to the stratified-drift aquifer. 

Stratified-Drift Aquifer 

Stratified drift consists of layers of sorted gravel, sand, silt, and clay 
that were deposited from glacial meltwaters. These materials cover about 
30 percent of the basin, chiefly in valleys (pl. 1) which served as glacial 
melt-water channels. Areal extent, saturated thickness, and transmissivity of 
the stratified-drift aquifer in the Rhode Island part of the basin are shown on 
the geohydrologic map (pl. 1). 
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Saturated thickness of the stratified-drift aquifer generally is 40 to 
60 ft (12 to 18m) near the axes of principal stream valleys. Maximum known 
saturated thickness is at Chepachet, where a well 177ft (54 m) deep penetrated 
25ft (7.6 m) of uns~turated and 110 ft (33m) of saturated stratified drift 
and 42 ft (13m) of bedrock. 

Lithologic composition of the stratified drift is known from logs of 
103 wells and borings and from examination of exposures. The aquifer consists 
chiefly of sand and gravel interbedded with a moderate amount of silt and very 
1 ittle clay. The sediments are moderately well to well sorted and occur in 
lenticular beds of small areal extent. In a few pla·ces, as in Chepachet River 
valley between Keech Pond and Chepachet, fine to medium sand, silt, and a few 
thin interbeds of clay cover as much as 50 ft (15 m) of coarse sand and gravel. 

The water table slopes toward streams, ponds, swamps, and reservoirs, 
which are sites of ground-water discharge, as shown on water-table maps (Hahn 
and Hansen, 1961; Johnson, 1962). During dry weather in summer and fall, 
maximum depth to the water table is commonly no more than 10 ft (3 m) in areas 
of low topographic relief; it is as much as 50ft (15m) below the surface 
locally, however, in areas of moderately high relief. The water table 
fluctuates annually from 1 to 3ft (0.3 to 0.9 m) in valley bottoms and from 
7 to 10 ft (2.1 to 3m) in hilly areas. 

Storage and Transmission Characteristics 

Specific yield and transmissivity are hydraulic characteristics that 
determine the capacity of an aquifer to store and transmit water. The specific 
yield of unconfined sand and gravel aquifers is generally between 10 and 
25 percent (Johnson, 1967). An average specific yield of 20 percent is assumed 
for the stratified-drift aquifer in all subsequent computations. An aquifer 
having a specific yield of 20 percent will yield from storage about 42 mill ion 
gallons (159 mill ion 1 itres) of water from an area of l mi 2 (2.6 km2 ) over 
which the water table is lowered an average of 1 ft (0.3 m). 

The stratified-drift aquifer in the basin contains several bill ion gallons 
of water in storage, much of which is available for use. Utilizing ground
water storage by lowering the water table several feet below normal late summer 
and fall level, however, will e f fectively stop all ground-water runoff from the 
aquifer area affected by pumping. In addition, during periods of low flow, 
most or all of the streamflow in the area affected by pumping may leak into the 
aquifer, resulting in lengthy periods of little or no streamflow. 

In following sections, estimates are made of quantities of water that can 
be obtained from the stratified-drift aquifer without unduly depleting 
streamflow during periods of low flow. The estimates would not provide for 
optimum use of ground-water storage. 

The ability of an aquifer to transmit water to wells is determined by its 
transmissivity. The transmissivity of the stratified-drift aquifer was esti
mated from 1 ithologic logs of 103 wells and borings and from specific-capacity 
data for 5 wells. These estimates were used as control points in constructing 
a transmissivity map of the aquifer (pl. 1). Each layer in lithologic logs was 
assigned a value of hydraulic conductivity which was multiplied by saturated 
thickness of the layer to get transmissivity. Transmissivities of individual 
layers were then summed to get the transmissivity of the part of the aquifer 
described in the log. Hydraulic conductivity was estimated from a relationship 
between aquifer test data and lithologic logs in southeastern Rhode Island 
(Rosenshein and others, 1968, p. 10). 
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Material 

Gravel-----------------------------------
Sand and gravel--------------------------
Sand------------------------------------
Fine sand--------------------------------

Hydraulic conductivity 
(ft/day) (m/day) 

470 14 3 
200 61 
110 34 
so 15 

Specific capacity, expressed in gallons per minute per foot of drawdown, 
is determined in part by the ability of an aquifer to transmit water and may be 
used to estimate transmissivity. Derivation of transmissivity f rom specific 
capacity is not exact because drawdown is commonly affected by head loss 
related to well construction characteristics, partial penetration of the 
aquifer by the well, dewatering of the aquifer, and geohydrologic boundaries. 
The combined effect of these factors is usually to decrease specific capacity, 
and transmissivity computed from unadjusted specific capacity is usually les s 
than the actual transmissivity of the aquifer near the well. 

The estimates of trans missivity (table 1) are based on specific-capacity 
data computed from drawdowns that have been reduced to account for effects of 
well loss, partial penetration, and dewatering (Walton, 1962). Averag e 
hydraulic conductivity (transmissivity divided by saturated thickness) computed 
from specific-capacity data is in reasonable agreement with that computed from 
lithologic logs of borings near the pun,ped wells (table 1). 

Hydraulic conductivity of the aquifer determined from all lithologic logs 
and specific-capacity data ranges from 13 to 480 ft/day (4 to 146m/day) and 
averages 170 ft/day (52 m/day). 

Table I.--Transmissivity and average hydraulic conductivity of stratified
drift aquifer estimated f rom specific-capacity data and lithologic logs 

(See plate 1 for location of wells and page v for metric conversion factors) 

Well no. 
Diameter of well (in) 
Pumping rate (gpm) 
Length of test (hrs) 
Reported drawdown (ft) 
Drawdown, adjusted0 (ft) 
Specific capacity, 
adjusted (gpm/ft) 

Transmissivity, 
estimated (ft 2 /day) 

Saturated thickness 
of aquifer (ft) 

Average hydraulic conduc
tivity, estimated (ft/day) 

Average hydraulic conduc
tivity, estimated from 
lithologic logsC(ft/day) 

Bur 9 
--1-2 

350 
29 
17 

9.3 

37 

7' 100 

38 

190 

210 

Bur 149 
12 

350 
8 
8 

4.8 

12,900 

27 

480 

210 

Bur 359 
24 

400 
20 

18.9 
9.1 

44 

7,800 

30 

250 

160 

Nsm 
ga 

500 
120 

30.8 
13. 3 

37 

8,400 

59 

150 

150 

310 
24 

6 75 
47 

39.5 
16. 1 

42 

6,800 

59 

115 

ISO 

Nsm 356 
24 

353 
93 

28.5 
1 3. 9 

25 

4,900 

48 

100 

100 

aS-in casing and screen removed for construction of 24-in gravel-packed well. 
bDrawdown adjusted for wel 1 loss, dewatering, and partial penetration. 
CNumber of lithologic logs in immediate vicinity of pumped well used to obtain 
average hydraulic conductivity: Bur 9, 15 wells; Bur 149, 5 wells; Bur 359, 
7 wells; Nsm 310, 6 wells; and Nsm 356, 2 wells. 
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Natural Recharge and Discharge 

Natural recharge to the stratified-drift aquifer results from infiltration 
and percolation of precipitation to the water table and from subsurface inflow 
from till and bedrock. Natural discharge occurs as ground-water runoff to 
streams, ground-water evapotranspiration, and subsurface outflow from the 
basin. 

Recharge to the aquifer is equal to discharge plus or minus changes in 
aquifer storage. Over a period of many years, however, net changes in storage 
in an undeveloped aquifer tend to be so small that average annual recharge is 
effectively equal to average annual discharge. 

In the section on components of runoff, ground-water discharge to streams 
is estimated to average 1.0 mgd/mi 2 [0.17 (m3 /s)/km2 ] or 21 in (53 em) 
annually. Ground-water evapotranspiration is estimated to average 0.1 mgd/mi 2 

[0.002 (m3 /s)/km2 ] or 2 in (5.1 em) annually, similar to that determined in 
southeastern Rhode Island (Rosenshein and others, 1968) for Annaquatucket River 
basin which is largely covered by stratified drift. Discharge from the aquifer 
as ground-water underflow beneath Branch River at Forestdale is negligible. 
Average annual discharge and recharge are, therefore, estimated to be 
1.1 mgd /mi 2 [0.019 (m3 /s)/ km2 ] or 23 in (58 em) annually. 

That part of the recharge contributed by ground-water inflow from till and 
bedrock can be estimated by substituting estimated values of average transmiss
ivity and hydraulic gradient for till and bedrock aquifers into a modified form 
of the Darcy equation. The equation may be expressed in the form Q =TIL; where 
Q is flow, in ft 3 /day; Tis transmissivity, in ft 2 /day; I is hydraulic gradient 
in ft/ft; and L is length, in ft, of the section through which flow occurs. 

Average transmissivity of the till is estimated to be 3.5 ft 2 /day 
(0.3 m2 /day), the product of the previous estimate of . hydraul ic conductivity of 
0.7 ft/day (0.2 m/day) for till and estimated average saturated thickness of 
5 ft (1.5 m). Average transmissivity of the bedrock is assumed equal to the 
previous estimate of 33 ft 2 /day (3.1 m2 /day). The hydraulic gradient (slope of 
the water table) in both till and bedrock aquifers near the perimeter of the 
stratified-drift aquifer averages 0.04 ft/ft (0.04 m/m), or about 200 ft/mi 
(38 m/km). 

Substituting these values into the above equation gives values for ground
water inflow to the stratified-drift aquifer of 740 ft 3 /day/mi (13 m3 /day/km), 
from the till aquifer and 7,000 ft 3 /day/mi (123 m3 /day/km), from the bedrock 
aquifer. The perimeter of the stratified-drift aquifer above the stream gage 
at Forestdale, including the part of the basin in Massachusetts, is about 
116 mi (187 km). Total ground-water inflow is, therefore, about 0.9- million 
cubic feet per day, or . 6.7 mgd (0.29 m3 /s). This is the equivalent of about 
5.3 in (135 mm) of recharge annually to the 26.5 mi 2 (68.6 km2 ) of stratified
drift aquife: above the gage. 

These calculations indicate about 23 percent of natural recharge to the 
stratified-drift aquifer is from ground-water inflow from til 1 and bedrock. The 
remaining 77 percent is from in fi ltration of precipitation. 

From a practical standpoint recharge available for development by wells is 
equal to ground-water runoff. Discharge of ground water to the atmosphere by 
evapotranspiration may be pn~vented if the water table is lowered below roots 
of plants. However, prevention of substantial amounts of ground-water evapo
transpiration would require that the water table be lowered several feet below 
streambeds throughout the growing season resulting in periods of l ltt le or no 
streamflow for periods of 6 months or more. 
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Recharge from Induced Infiltration 

Water flows naturally from the stratified-drift aquifer to the streams. 
Reversal of the water-table gradients by pumping from wells will reduce the 
ground-water runoff to streams and, if the duration of pumping is sufficient, 
it wi 11 cause the water to move from the stream into the aquifer. The most 
heavily pumped wells will derive a significant part of their yield from this 
induced infiltration, because the sites that are favorable for high-capacity 
wells are generally no more than a few hundred feet from a stream. 

The cone of influence of a continuously pumping well close to a stream 
having a good hydraulic connection with the aquifer will spread beneath 
the stream unti 1 sufficient head loss and streambed area are developed to cause 
the water to infiltrate the aquifer at a rate nearly equal to the pumping 
rate. Under such conditions, the cone of influence will stabilize, and 
the well yield wi 11 be sustained largely by induced infiltration (Walton, 
1964). 

In the narrow parts of the aquifer along the Branch River, wel 1 yields 
wil 1 be supported mainly by induced infiltration because the aquifer s torage 
is too small to support large withdrawals. Consequently, the maximum 
dependable yield will be governed chiefly by low streamflow entering the 
area of pumping influence or by the amount of infiltration that can be 
induced. 

The amount of infiltration induced is dependent largely upon the vertical 
hydraulic conductivity of the streambed, the viscosity of the water as deter
mined by its temperature, the streambed area of infiltration, the position of 
the water table beneath the stream, and the hydraulic properties of the 
aquifer. 

The reported measurements of the infiltration rates of streambeds in 
New England are scant. Rosenshein and others (1968), using a pumping test 
method, determined the hydraulic conductivities of 3 and 16 ft/day (0.9 and 
4.9 m/day) for the sand and gravel bed of a river in southeastern Rhode Island. 
These would permit infiltration at rates of 0.87 and 5.66 mgd/acre/ft of head 
loss [2.87 and 18.7 (m3 /s)/km2 /m], respectively. Ryder and others (1970), by 
direct mea surement of the streamflow loss, determined an infiltration rate 
equivalent to 2.57 mgd/acre/ft of head loss [8.47 (m3 /s)/km2 /m] at l0°C for a 
streambed consisting of sand and gravel in southwestern Connecticut. These 
values are generally higher than those which have been obtained for streams in 
glaciated areas in other parts of the country and perhaps are not 
representative of the average conditions in the study area. Schicht (1965), 
for example, lists the infiltration rates (adjusted to a stream temperature of 
4°C) for eight stream reaches in Illinois, Indiana, and Ohio that range from 
0.037 to 1.010 mgd/acre/ft of head loss [0.12 to 3.33 (m3 /s)/km2 /m]; the median 
is 0.183 mgd/acre/ft of head loss [0.60 (m3 /s)/km2 /m]. 

The beds of streams that drain the stratified-drift aquifer consist 
chiefly of sand and gravel. The infiltration rates of these streambeds 
very likely are within the ranges of 0.037 to 5.66 mgd/acre/ft of head loss 
[0.12 to 18.7 (m3 /s)/km2 /m]. For purposes of computing the recharge from the 
induced infiltration, a value of 0.2 mgd/acre/ft of head loss 
[0.66 (m3 /s)/km2 /m] was assumed. Bottoms of reservoirs and other stream 
impoundments are subject to less scour than streambeds and their infiltration 
rates per foot of head loss are expected to be smaller. Accordingly, a 
value of 0.04 mgd/acre/ft of head loss [0.13 (m3 /s)/km2 /m] was assumed for 
them. 
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Computations of potential recharge from induced infiltration can be made 
by the followin g equation (Schicht, 1965, p. 50): 

where 

Ri potential recharge by induced infiltration, in mgd 
It average infiltration rate of streambed for a particular surface water 

temperature, in mgd/acre/ft 
sr average head loss within streambed area qf infiltration or average 

depth of water in stream for a particular stream stage, depending 
upon the position of the water table, in ft 

Ar =streambed area of infiltration, in acres 

The maxi mum potential infiltration f or a given stream reach and the infil
tration rate can be approximated by substituting average stream depth into the 
term sr· 

Ground-Water Withdrawals and Streamflow Depletion 

Streamflow depletion caused by g round-water withdrawals from the 
s tratified-drift aquifer is likely to be the most significant consequence of 
extensive ground-water development in the Branch River basin. During periods of 
low streamflow, large ground-water withdrawals may reduce natural streamflow 
below that required by downstream users for supply or waste dilution. I f 
sustained withdrawal from a well exceeds flow in a nearby stream, the reach of 
stream within the cone of pumping influence may go dry. 

The impact of ground-water withdrawals on streamflow in the study area 
will be determined chiefly by the rate and duration of withdrawals, location of 
wells, and disposition of the pumped water. 

The relation of stream depletion to duration of pumpin g , and the distance 
between a wel 1 and stream, can be estimated from graphs (fig. 6) constructed 
f rom an equation by C. V. Theis (1941). Distances and hydraulic characteristics 
used in constructing the graphs are representative of conditions li kely to 
exist in th e study area. In the example, if the source of recharge is a 
s tream, streamflow is being reduced by an amount equal to 51 percent of the 
pumpin g rate. 

Figure 6 shows that the greatest impact on streamflow wi 11 result from 
s ustained pumping from wells placed close to streams. Ultimately, of course, 
withdrawal of water from any well in the Branch River basin, if not ret urned to 
the basin, will deplete streamflow by an amount approximately equal to that 
withdrawn. 

Stream depletion caused by ground-water withdrawals can be minimized by 
(1) concentrating withdrawals in the lower part of the basin where streamflow 
is large, (2) returning pumped water to streams near points of withdrawal, 
(3) pumpin g from wells no nearer than several hundred feet from streams during 
critically dry periods, and (4) releasing water from existing reservoirs during 
dry periods in amounts adequate to offset depletion. 

Existing pumping centers are scattered, and most of the small amount of 
water pumped is returned to the ground through onsite disposal systems to 
become available for reuse. Ground-water withdrawals caused relatively 1 ittle 
s treamflow depletion in 1968. 
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Increase in the rate of withdrawal to the 3 mgd (0. 13 m3 / s) required by 
public supply systems in 2020 would have relatively littl e effect on the f low 
of streams, provided the increase is obtained from wells scattered throughout 
the basin and provided the method of disposal remai ns unchanged. Disposal of 
this amount of water to sewer systems, however, might produce some noticeable 
effects on the low-flow of streams between pumping centers and points of sewage 
return. 

POTENTIAL SUSTAINED YIELD OF SELECTED AREAS OF THE STRATIFIED-DRI FT AQUIFER 

Potential sustained yield available from four areas (fig. 7) of the 
stratified-drift aquifer is estimated by means of mathematical models that sim
ulate field conditions. These areas have been selected because transmissivity 
and saturated thickness of stratified drift permit continuous withdrawals of 
l mgd (0.04 m3 /s) or more from a small number of wells and recharge can support 
such withdrawals. Potential sustained yield of an area, as used herein, refers 
to the amount of water that can be withdrawn continuously from an assumed 
system of wells without (l) causing water levels to decline below the top of 
well screens, (2) exceeding recharge during an exceptionally dry year, and 
(3) causing stream reaches to become dry annually for extended periods of time. 

Water continuously available for development in modeled areas is assumed 
equal to (l) minimum annual rate of ground-water runoff from the area of 
stratified-drift aquifer affected by hypothetical pumping wells, plus (2) rate 
of the potential induced recharge from surface sources during low-flow period s. 
Minimum annual rate of ground-water runoff is as sumed to be 0.5 mg d/mi 2 [0.02 
(m3 /s)/km2 ], and the area of aquifer affected by pumping is esti mated from 
distance-drawdown curves used to evaluate the model aquifer. Recharge available 
from induced infiltration is estimated by the equation on page 18. Infiltration 
rates are assumed to be 0.2 mgd/acre/ft [0.66 (m3 /s)/km2 /m] for streams and 
0.04 mgd/acre/ft [0. 13 (m3 /s)/km2 /m] for stream impoundments. The area of 
infiltration is assumed to be equivalent to the surface-wa ter area within the 
confines of the modeled areas. Average head loss caused by pumping with in the 
area of infiltration is esti mated with the mathematical model. Streamf low 
continuously available for infiltration is estimated from figures 2 and 3. 
Stream depletion caused by ground-water withdrawals is li mited to an amount 
that would seldom cause streams to go dry, assuming that the re gimen of flow 
entering each development area will not change appreciably. 

The stratified-drift aquifer in each area is idealized into a rectangular 
model to simplify mathematical analysis of the effects of ground-water 
withdrawals. The sides of the model are either recharge boundaries represented 
by streams, ponds, and reservoirs or barrier boundaries represented by 
relatively impermeable bedrock valley walls. In places, simulated _barrier 
boundaries are arbitrarily placed across zones of high transmissivity to 
represent maximum interference from potential ground-water withdrawals in 
adjacent areas. The transmissivity for each model is determined from the 
transmissivity map weighted for the area within each range of transmissivity. 
A storage coefficient of 0.2 is assumed. Because historical pumpage and water
level data needed to verify the models are not available, each model is 
designed to represent conservative approximations of geohydrologic conditions. 

Each model (example, fig. 8) consists of (1) a scale drawing of the 
idealized model aquifer showing real or hypothetical pumping wells, (2) an 
array of image wells that simulates the effects of aquifer boundaries, and 
(3) distance-drawdown curves. 
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Hypothetical pumping wells in the models have an assumed radius of l ft 
(0.30 m), and are screened in the lower half of the saturated zone. Wells are 
spaced 800 to 2,200 ft (244 to 671 m) apart and are pumped at rates of 
300 to 650 gpm (19 to 41 1/s) for 100 to 365 days. Pumping periods of 365 days 
are used where continuous recharge is potentially available from induced 
infiltration from streams, ponds, and reservoirs. Shorter pumping per iod s are 
used in one area where withdrawals are assumed to be from aquifer storage . 

The total drawdown in actual pumping wells results from (l) head loss in 
the aquifer necessary to support the pumping rate, (2) interference caused by 
other pumping wells and geohydrologic-· boundaries, (3) reduction in aquifer 
thickness by dewatering, which reduces aquifer transmissivity, (4) the effect 
of partial penetration of the aquifer by the well screen, and (5) well
construction characteristics that affect the velocity of flow into and within 
the well. Computed pumping rates and resultant drawdowns used in the models 
are approximations of values, because none of the above drawdown increments can 
be determined accurately in advance of well construction and test pumping . 

Total _drawdown for a given rate and duration of pumpin g was computed for 
each well as follows (equations and theory for steps 1-3 are described by 
Ferris and others, 1962): (l) drawdown in the aquifer at the well face caused 
by pumping the well was computed by the Theis nonequilibrium equation; 
(2) drawdown or buildup resulting from geohydrologic boundaries was determined 
by image-well theory and this, plus drawdown caused by other hypothetical 
pumping wells, was added to the value in step l; (3) total drawdown was then 
adjusted for effect of dewatering by the equation 

s = m [l - 1(1 - 2s 1/m)] 

where s is drawdown that would be observed, s' is drawdown that would occur if 
the aquifer were not dewatered (the drawdown from step 2), and m i s initial 
saturated thickness; (4) drawdown in step 3 was then adjusted for the effect of 
partial penetration by a method described by Butler (1957, p. 160) and by 
Walton (1962, p. 8); screen length was related to final saturated thickness 
(initial saturated thickness minus drawdown from step 3), and a ratio of 
vertical to horizontal permeability of l to 50 was assumed; (S) to drawdown in 
step 4 was added an increment of drawdown, s, caused by well-entrance loss, 
which was estimated by the equation s = CQ2 (Jacob, 1946), in which C is the 
wel 1-loss constant, in sec2 per fts, and Q is the well discharge, in cubic feet 
per second; a well-loss constant of l was assumed. 

Slatersville Area 

The area along trre southeastern shore o f the upper Slatersville Reservoir 
is one of the most prom1s1ng areas for ground-water development. Saturated 
thickness and transmissivity of the aquifer are relatively large, and the 
potential for inducing recharge from the reservoir seems good. Three auger 
borings indicate that the aquifer in a buried preglacial channel defined by the 
60ft (18m) saturated-thickness line (pl. l) consists of as much as 75ft 
(23m) of saturated medium to coarse sand and gravel. 

The upper reservoir covers an area of approximately 147 acres (0.59 km 2 ) 

and averages about 8 ft (2.4 m) deep. Maximum depth along its southeastern 
shore is about 12ft (3.7 m). Both the upper and lower reservoirs are used 
chiefly for recreation rather than for regulating r·iver flow. Inflow to and 
outflow from the reservoirs are normally about the same as flow of Branch River 
measured by the gage at Forestdale, a mile downstream. 
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The water which is available for infiltration from surface inflow to the 
reservoir and reservoir storage is larger than can be developed by wells. The 
surface inflow to the reservoir is 76 mgd (3.3 m3 /s) for more than 50 percent 
of the time and 9 mgd (0.4 m3 /s) for more than 99 percent of the time (fig. 2). 
The ground ··water runoff available for development during dry years from 
an area of 0.5 mi 2 (1.3 km2 ) of stratified drift is about 0.25 mgd 
( 0 • 0 1 m3 Is ) • 

The model aquifer (fig. 9) used to evaluate 
the Slatersville area is designed to simulzte the 
the aquifer and the overlying surface reservoir. 
8,700 ft 2 /day (810m2 /day) is assumed. A recharge 
from a reservoir area of about 65 acres (0.3 km2 ). 

potential sustained yield of 
hydraulic connection between 
A weighted transmissivity of 

boundary simulates recharge 

Si mulated withdrawals (table 2) from a line 
reservoir and spaced 800 ft (244m) apart indicate 
as much as 5.5 mgd (0.24 m3 /s) is obtainable. At a 
(0 . 24 m3 /s) , drawdown beneath the reservoir would 
nearly 8 mgd (0.35 m3 /s) if the infiltration rate 
0.04 mgd/ac re/ft of head loss [0.13 (m3 /s)/km2 /m], 
potential rate of infiltration exceeds the design 
results are probably reasonable. 

of six wells close to the 
that a continuous yield of 
withdrawal rate of 5.5 mgd 

result in infiltration of 
of the reservoir bottom is 

as assumed. Since the 
withdrawal rate, model 

Sustained ground-water withdrawal of 5.5 mgd (0.24 m3 /s) wi 11 deplete 
surface outflow from upper and lower Slatersville Reservoirs by nearly the s~me 
rate. Low flow of the Branch River at Forestdale (fig. 3) is 7.1 mg d 
(0.31 m3 /s) on the average of once every 25 years. Thus, if runof f continues 
as in the past, withdrawal of 5.5 mgd (0.24 m3 /s) will seldom, if ever, cause 
outflow from reservoirs to cease. 

Table 2.--Summary of data obtained from mathematical model of the 
Slatersville area at a withdrawal rate of 5.5 mgd 

(Pumping rate, six wells at 640 gpm* each; pumping period, 365 days; 
effective radius of wel 1, 1 ft; screen length, 25ft; water available 

above top of screer., 35 ft; drawdown data are given in feet; 
see page v for metri c conversion factors.) 

Remaining 
Drawdown due to Total drawdown 

Hypothetical Aquifer Aquifer Part i a 1 Well drawdown - available 
pumping loss and dewatering penetration loss in pumped above top 
well interference well of screen 

1 18.36 4.30 6.02 2.03 30.71 4.29 
2 19.12 4.73 5.59 2.03 31.47 3.53 
3 19.62 5.20 5.45 2.03 32.30 2. 70 
4 19.62 5.20 5.45 2.03 32.30 2.70 
5 19.12 4.73 5.59 2.03 31.47 3.53 
6 18.36 4.30 6.02 2.03 30.71 4.29 

*Total withdrawal, 3,84o gpm (5.5 mgd). 
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Oakland Area 

The Oakland area, where the Pascoag River and the Chepachet River meet to 
form the Branch River, is favorable for ground-water development because of a 
combination of moderate to high aquifer transmissivity and saturated thickness 
and large potential recharge from induced infiltration of streamflow. The 
data from nine auger borings indicate that the stratified-drift . aquifer 
consists largely of medium to coarse sand and gravel having an estimated 
transmissivity in the range of 6,300 to 13,000 ft 2 /day (590 to 1,200 m2 /day) 
(pl. 1). The saturated thickness of the aquifer is 40 to 60ft (12 to 18 m) 
over much of the area and, in places, is as great as 80 ft (24 m). Streams 
cover approximately 6 acres (0.02 km 2 ) within the area to be modeled, and 
water depths average 3 ft (0.9 m) or more at low flows. The streambed 
mater ials are largely sand and gravel; therefore, high infiltration rates can 
be expected. 

As in the Slatersville area, the potential ground-water yield is governed 
largely by the rate at which the streamflow can be induced into the aquifer. 
The surface inflow to the modeled area is estimated to be 7 mgd (0.31 m3 /s) 
for more than 99 percent of the time, which compares with the estimated 
maximum infiltration at low flow of about 3.6 mgd (0.16 m3 /s). Ground
water runoff which is available for development during the dry years from 
an area of 1 mi 2 (2.6 km2 ) of aquifer is about 0.5 mgd (0.02 m3 /s). The 
total water continuously available for development is, then, at least 4 mgd 
(0.18 m3 /s). 

The model aquifer (fig. 10) used to evaluate potential sustained yield of 
the Oakland area is representative of the stream-aquifer system. \.Jeighted
average transmisSIVIty of the mode led area (pl. 1) is 6,700 ft 2 /day 
(620m 2 /day). Simulated withdrawal (table 3) from four wells close to a 
recharge boundary, representing effects of stream infiltration and spaced 
1,000 ft (300m) apart, indicate that a continuous yield of 3.4 mgd (0.15 m3 /s) 
is obtainable. It is likely that as mu ch as 4 mgd (0.18 m3 /s) could be obtained 
with one more well. Continuous ground -water withdrawal of 4 mgd (0.18 m3 /s) 
would seldom if ever cause principal rivers within the modeled area to go dry. 

Table 3.--Summary of data obtained from mathematical model of the 
Oakland area at a withd rawal rate of 3.4 mgd 

(Pumping rate, four wei Is at 590 gpm* each; pumping period, 365 days; 
effective radius of well, I ft; screen length, 25ft; water available 

above top of screen, 35 ft; drawdown data are given in feet; 
see page v for metric conversion fa ctors.) 

Remaining 
Drawdown due to Total drawdown 

Hypothet i ca I Aquifer Aquifer Partial Wei I drawdown available 
pumping Joss and dewatering penetration Joss in pumped above top 
wei I interference wei I of screen 

1 18.o8 4. 10 5.90 1.80 29.88 5. 12 
2 18.42 4.42 6.07 1.80 30.71 4.29 
3 18.42 4.42 6.07 1.80 30.71 4.29 
4 18.08 4.10 5.90 1. 80 29.88 5.12 

;''Total wi thdrawa1, 2,360 gpm (3. 4 mgd). 
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Harrisville Area 

A comparatively thin, about 40 ft (12m), segment of the stratified-drift 
aquifer near Harrisville is favorable for ground-water development because of 
its moderate transmissivity and the substantial potential for inducing recharge 
from streams and a stream impoundment. Transmissivity, estimated from 
1 ithologic logs of 31 test borings and from specific-capacity data for 2 wells, 
is in the range of 2,000 to 13,000 ft 2 /day (190 to 1. 200 m2 /day) (pl. 1). 
Maximum infiltration capacity at low flow through a streambed area of 
approximately 6 acres (0.02 km2 ) and a stream-impoundment area of approximately 
18 acres (0.07 km 2 ) is estimated to be slightly more than 3 mgd (0.13 m3 /s). 

Surface inflow to the area modeled is estimated to equal or exceed 3 mgd 
(0.13 m3 /s) 99 percent of the time. Ground-water runoff available for 
development during dry years from an aquifer area of approximately 2 mi 2 

(5.2 km2 ) is about 1 mgd (0.04 m3 /s). Thus, a nearly continuous s upply of 
4 mgd (0.18 m3 /s) is available for development. 

The model aquifer (fig. 11) used to evaluate potential sustained yield of 
the Harrisville area represents the stream-aquifer system. The recharge 
boundary represents the approximate effect of induced recharge f rom Pascoag 
River. Barrier boundaries placed across transmissive parts of the aquifer at 
the upstream and downstream ends of the area modeled represent interference 
from possible ground-water withdrawal in adjacent areas. Weighted-average 
transmissivity of the area modeled is 6,700 ft 2 /day (620m2 /day). 

Simulated withdrawal (table 4) from four widely spaced wells, one of which 
(Bur 149) is a public-supply well owned by the Harrisville Fire District, 
indicates that a sustained yield of 1.6 mgd (0.07 m3 /s) is obtainable. 
Possibly, a pumping capacity of as much as 4 mgd (0.18 m3 /s) could be developed 
from additional wells. However, sustained withdrawal of 4 mgd (0 ~ 18 m3 /s) might 
cause the flow of Pascoag River to cease for a week or more during low-flow 
periods. Sustained withdrawal of 1.6 mgd (0.07 m3 /s) would not cause the river 
to go dry. 

Table 4.--Summary of data obtained from mathematical model of the 
Harrisville area at a withdrawal rate of 1.6 mgd 

(Pumping period, 365 days; effective radius of well, 1 ft; drawdown 
data are given in feet; see page v for metric conversion factors.) 

Water DrawaoWn due to Total 
Hypothet- Pumping Screen avail- Aquifer Aquifer Partial Well draw- Remaining 

ical rate* length able loss dewatering pene- loss down _drawdown 
pumping (gpm) above and tration in available 

well top of inter- pumped above top 
screen ference well of screen 

1 
2 
3 
4'"''' 

300 
300 
300 
200 

20 
20 
20 
10.5 

20 
20 
20 
21.5 

12.77 
11.59 
11..20 
11.07 

*Total withdrawal, 1,100 gpm (1.6 mgd) 
**Real pumping well Bur 149 
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Chepachet Area 

The area between Smith and Sayles Reservoir and Chepachet is favorable for 
development of 1 mgd (0.04 m3 /s) or more because of high aquifer transmis
sivity, availability of a large volume of water in aquifer storage, and poten
tial for inducing a moderate amount of stream and reservoir infiltration. Data 
from 12 wells and borings indicate that the aquifer is as thick as 110ft 
(34m), consisting of a fine-grained upper part and a coarse-grained lower 
part. The upper part of the aquifer corisists chiefly of fine to medium sand 
with some interbedded silt and a few thin layers of clay. The lower part of 
the aquifer consists of as much as 50 ft (15m) of fine to coarse sand and 
gravel. A transmissivity of 10,900 ft 2 /day (1,010 m2 /day) is estimated from 
the lithologic log of one well that penetrates the entire aquifer 
thickness. 

The maximum area of aquifer from which wells can divert water is about 
1 mi 2 (2.6 km2 ). Within this area the aquifer contains about 2.5 bill ion 
gallons (9.5 billion litres) of water in storage, assuming a specific yield of 
20 percent. This is more than enough to support withdrawals at a rate 
approaching the average annual rate of recharge from precipitation and 
potential induced infiltration from bodies of surface water. 

The average annual rate of recharge from precipitation on the ground
water diversion area is equivalent to 1 mgd (0.04 m3 /s). The maximum potential 
average annual recharge from induced infiltration is difficult to estimate 
because fine-grained sediments in the upper part of the aquifer may 
restrict infiltration. However, if an infiltration rate of 0.04 mgd /acre/ft 
of head loss [0.13 (m3 /s)/km2 /m] is assumed for beds of all water bodies, 
maximum infiltration would average about 0.6 mgd (0.03 m3 /s). Under 
conditions of intensive ground-water development, infiltration would be 
induced from a streambed area of about 1 acre (0.004 km 2 ) where the stream 
depth averages about 1 ft (0.30 m), a pond area at Chepachet of about 
3/4 acre (0.003 km2 ) where water depth averages about 2 ft (0.6 m), and 
an area of about 3 acres (0.01 km2 ) of the Smith and Sayles Reservoir where 
the water depth averages about 4ft (1.2 m). The average annual recharge 
available for development by wells is, therefore, estimated to be at least 
1 • 6 rng d ( 0 • 0 7 m3 Is ) • 

The model aquifer of the Chepachet area (fig. 12) is designed as a storage 
reservoir from which withdrawals are made under conditions of no recharge. The 
weighted transmissivity of the aquifer is 6,700 ft 2 /day (620m2 /day). 
Simulated withdrawals (table 5) from two wells spaced 2,200 ft (670 m) apart in 
the central part of ·the modeled area indicate that yields of 1.9 mgd 
(0.08 m3 /s) for 100 days, 1.6 mgd (0.07 m3 /s) for 200 days, an.d 1.3 mgd 
(0.06 m3 /s) for 365 days are obtainable. 

The effect that ground-water withdrawals will have on low streamflow 
within the Chepachet area is uncertain. If hydraulic connection between the 
streams and the aquifer is poor, a continuous withdrawal of 1.3 mgd (0.06 m3 /s) 
might be maintained without causing streamflow to cease during most summer 
droughts. However, surface inflow to the ground-water diversion area is 
estimated to be only 0.2 mgd (0.009 ~/s) for about 99 percent of the time, 
and, if the hydraulic connection between the aquifer and streams is good, the 
sustained ground-water withdrawal at a rate of 1.3 mgd (0.06 m3 /s) could cause 
streamflow within the Chepachet area to cease for periods of several weeks 
during drought. 
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Table 5.--Summary of data obtained from mathematical 
model of the Chepachet area 

(Effective radius of well, 1 ft; screen length, 25ft; water 
a~aila~le above top of screen, 65ft; drawdown data are 
g1ven 1n feet; see page v for metric conversion factors.) 

Pumping Drawdown due to 
rate --AA~q~u~i~f~e~r~--~~A~q~u~i~f~e-r~~~Pa~r-t~ia~l--~W~e~l~l 
(gpm) loss and dewatering penetration loss 

interference 

Total 
drawdown 
in pumped 

well 

100-day withdrawal at 1,300 gpm (1.9 mgd) 

650 

650 

550 

550 

450 

450 

26.91 

26.91 

6.03 

6.03 

23.85 

23.85 

2. 10 

2.10 

200-day withdrawal at 1,100 gpm (1.6 mgd) 

28.22 

28.22 

6.83 

6.83 

25.38 

25.38 

1. 49 

1. 49 

365-day withdrawal at 900 gpm (1.3 mgd) 

30.26 

30.26 

8.22 

8.22 

23.58 

23.58 

Gazzavi lle Area 

1.00 

1.0 

58.89 

58.89 

61.92 

61 .92 

63.06 

63.06 

Remaining 
drawdown 
available 
above top 
of screen 

6. 11 

6. 11 

3.08 

3.08 

1 .94 

1.94 

The Gazzaville area, between the mouth of Sucker Brook and Gilleran Pond, 
in the Chepachet River valley seems to be favorable for ground-water 
development of 1 mgd (0.04 m3 /s) or more, but 1 ittle is known about the 
lithologic and hydraulic characteristics of the stratified-drift aquifer. Data 
from a few wells indicate that its saturated thickness is 40 to 60ft 
(12 to 18 m) near the Chepachet River and as much as 80 ft (24m) between the 
river and Sucker Pond (pl. 1). In constructing the transmissivity map, the 
aquifer in much of the Gazzaville area was assumed to have an average 
hydraulic conductivity typical of sand. The bed of the Chepachet River is 
composed chiefly of sand and gravel and its infiltration capacity is probably 
high. 
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It is estimated that ground-water withdrawal could be sustained at a rate 
of 1.5 mgd (0.07 m3 /s) during periods of dry weather without causing the 
Chepachet River to go dry. Surface inflow to the Gazzaville area equals or 
exceeds 1.8 mgd (0.08 m3/s) 99 percent of the time (fig. 2) and ground-water 
runoff to the river below the gage is estimated to cause the 
99-percent-duration flow at Gilleran Pond to be 2.0 mgd (0.09 m3/s). It is 
probable that a combined pumping capacity in excess of 2 mgd (0.09 m~s) could 
be developed from several wells. Sustained withdrawal of as much as 2 mgd 
(0.09 m~s) during dry summer and fall months, however, might cause flow of the 
Chepachet River to cease for several days on the average of once every 
10 years. 

CHEMICAL QUALITY· OF WATER 

The chemical analyses of water from the stratified-drift aquifer indicate 
that it is suitable for most purpo~es. The water is soft and typically 
contains less than 100 mg/1 (milligrams per litre) dissolved solids . Th e 
principal cations of calcium, magnesium, sodium, and potassium are generally 
present in concentrations less than 15 mg/1, and the principal anions of 
bicarbonate, sulfate, and chloride are general Jy present in con centrations 
I ess than 20 mg/ I. I ron and manganese occur in con cent rations I ess than 
or not greatly exceeding the respective limits of 0.3 and 0.05 mg/1 recom
mended for these constituents in public water supplies (U.S. Pu b lic Health 
Service, 1962). The pH, a measure of the hydrogen-ion concentration, generally 
ranges from 5.5 to 7.0. The water in this pH range is generally somewhat 
corrosive. 

Analyses of the samples collected from streams at 12 sites (figure 13, 
tab I es 6 and 7) in the basin during September 1968, at a time wh e n the 
unregulat e d streamflow was virtually all ground-water runoff, indicate that 
the ch emical quality of low streamflow was much the same as that of the ground 
water in the stratified-drift aquifer. However, concentrations of iron and 
manganese were somewhat higher in the stream samples than in the well samples. 
The median concentrations of iron and manganese were 0.03 and 0.05 mg/1, 
respectively, in the ground-wa t e r samples and 0.32 and 0.11 mg/1, respectively, 
in the surface-water samples. The general similarity in chemical quality of 
ground water and surface water indicates that only small amounts of the 
constituents in tables 6 and 7 are being added to streams as a result of human 
activities. 

The quality of the Clear, Pascoag, and Branch Rivers i~ affected by 
industrial discharges, which consist largely of textile wastes. The stream 
reaches most affected are designated by the letters C and 0 on figure 13. The 
contaminants added to streamflow are chiefly organic, which is of significance 
where the well discharge is likely to be substantially derived from induced 
infiltration of streamflow. The suspended matter, turbidity, color, and 
bacteria associated with organic contaminants will be largely or entirely 
removed from the water as it infiltrates the streambeds and flows through 
aquifer materials to the wells. Most inorganic chemical constituents in 
surface water, on the other hand, wi II not be removed. Water from wells 
deriving most of their supply from the infiltration of water from streams and 
reservoirs wi 11 have an inorganic chemical composition simi Jar to that of the 
surface-water body. 
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Class A 
Class B 

Class C 

Class D 

WATER USE CLASSES 

Suitable for water supply and all other water uses. 
Suitable for bath ing, other recreational purposes, agricultural uses, and 
industrial processes and cooling; acceptable for public water supply with 
appropriate treatment. 
Suitable for fish and wild life habitat, recreational boating, and indus· 
trial processes and cooling; under some conditions acceptable for 
public supply with appropriate treatment. 
Suitable for naviagation, power, certain industrial processes and cool· 
ing, and migra tion of fish . 

o 5,QOO w.poo Feet 
11-----+f------T, 
0 1,500 3,000 Meters 

EXPLANATION 

D 
Strattf1ed drift 

D 
Till 

Contact 
(Dashed where in ferred) 

Refuse disposal site 

0 7 e::, 2 
Surface water Ground water 

Miscellaneous-chemical ana lysis- site 

Number indicates sample in chemical analysis table 

--··- ·· ........._ 
Basin boundary 

0 
1972 proposed water" qual ity class 
Classifications conform to the water quality 
classifications adopted by the New England 
Interstate Water Pollution Control Commission 
(R.I. Department Health , 1967) 

Figure 13. - Water quality classes proposed for stream reaches 
in the Branch River basi n by the Rhode Island 
Deoartment of Health and location of sampling 
sites for chemical ana lyses in tables 6 and 7. 

-34-



Tab le 6.--Chemica l analyses of water f rom selected wel ls 

(Chemical analyses in milli grams per litre.) 
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w 
Vl 

I 
1 Bur 9 Sand and grave 1 5-1 3- 68 la la a . 25 a . 29 11 2. 3 15 3. 5 18 19 23 a la las 37 22 178 6 . ~ 2 
2 Bu r 5~ do . 5-1 5- 68 11 7. 3 . a l . a~ ~ . 3 l. a 5.8 1. 3 la 7. a 11 . 1 . 2 ~8 1 ~ 6 73 6 .~ 3 
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Round Top Brook nea r 
Harrisvi li e 
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Nipmuc Ri ve r nea r 
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Harri svi li e 

Pascoag River at 
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Sucke r Brook at 
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An indication of the organic content of streamflow of the Clear, Pascoag, 
and Branch Rivers is provided by analyses of a series of samples collected by 
Rhode Island Department of Health (1967) over a 2-day period during July 1966. 
Flows during this period were approximately equivalent to those equaled or 
exceeded 68 percent of the time. The average 5-day BOD (biochemical oxygen 
demand) load at 10 sampling sites ranged from 0.9 to 20 mg/1 and was 5.0 mg/1, 
or more, at five sites. Concentration of coliform bacteria ranged from 23 per 
100 ml (millilitres) to 2.4 million per 100 ml, and in some samples at 9 of the 
10 sites coliform concentration was 2,300 per 100 ml or more. 

An indication of the inorganic chemical quality of streamflow in reaches 
affected by discharges of industrial waste is given by analyses of samples 4, 
5, 10, and 12 in table 7. The chemical quality of these samples differs 
1 ittle, if any, from that of samples from stream reaches that do not receive 
industrial-waste discharges. 

Inasmuch as the chemical quality of water pumped from wells may be highly 
dependent upon the chemical quality of streamflow, continued availability of 
water of good quality from wells is dependent upon continued avai labi 1 ity of 
water of good quality in streams. 

CONCLUSIONS 

The stratified-drift aquifer in the part of the Branch River basin in 
Rhode Island will yield several million gallons of water per day to a 
reasonably small number of wells having individual yields ranging from 300 to 
700 gpm (19 to 44 1/s). The total yield obtainable from the aquifer wi 11 
depend in large part on where wells are located, how they are pumped, whether 
the used water is returned to the basin or exported from it, and on acceptable 
limits of stream depletion during periods of low flow. 

Although aquifer characteristics are not well known in some parts of the 
basin, a moderate number of lithologic logs and specific-capacity data indicate 
that the aquifer is composed largely of moderately to highly transmissive 
deposits of sand and gravel. Throughout much of the basin the aquifer has a 
saturated thickness of 40 to 60 ft (12 to 18m) and a transmissivity between 
5,000 and 8,000 ft 2 /day (460 and 740 m2 /day). 

Virtually all the water pumped from wells in some areas favorable for 
development of large supplies wi 11 be derived from infiltration induced from 
streams. Aquifer yield from most of these areas wi 11 be dependent on the 
amount of streamflow continuously available for infiltration during periods of 
low flow or the rate at which streamflow can be induced into the aquifer. 

Although the aquifer contains large amounts of water in storage, effective 
use of this storage will generally be possible only if extended periods of no 
streamflow near pumping centers are an acceptable consequence of development. 
Substantial lowering of ground-water levels necessary to make effective use of 
aquifer storage will cause streamflow to cease near some pumping centers for 
extended periods of time during droughts. 

Mathematical models simulating ground-water withdrawals in the 
Slatersville, Oakland, Harrisville, and Chepachet areas indicate that 
continuous yields of as much as 5.5, 3.4, 1.6, and 1.3 mgd (0.24, 0.15, 0.07, 
and 0.06 m3 /s), respectively, are obtainable from these areas. The computed 
yields represent estimates of amounts practically obtainable from a reasonably 
small number of large-diameter screened wells. They are not necessarily 
indicative of optimum or maximum yields obtainable from the stratified-drift 
aquifer. Additional amounts are available from areas not modeled. 
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Location of wells shown in the mathematical models was chosen for ease of 
computation and is not necessarily the best possible site for a well. Simi Jar 
yields may be obtainable in modeled areas with a different arrangement and 
number of wells. 

Ground-water resources potentially available for development are more than 
adequate to meet anticipated public-supply needs in the study area in the fore
seeable future. The total potential ground-water yield of 12 mgd (0.53 m3 /s) 
obtainable from modeled areas is 4 times the estimated public-supply 
requirement of 3 mgd (0.13 m3 /s) by the year 2020. More than 12 mgd 
(0.53 m3 /s) can be developed in the basin, if (1) streamflow depletion 
resulting from ground-water withdrawals is disregarded, (2) pumpage is returned 
to streams near points of withdrawal, and (3) releases are made from existing 
surface reservoirs to offset adverse effects of streamflow depletion. 

Optimum development of available ground-water supply in the study area may 
be determined by the amount of streamflow depletion that can be tolerated. 
Avoiding undesirable streamflow depletion wi 11 require coordinated management 
of withdrawals from all pumping centers and of releases from surface 
reservoirs. Management of the complexly interrelated stream-aquifer system may 
best be accomplished with the aid of electric-analog or digital models. Models 
of a stream-aquifer system, when based on adequate geohydrologic data, permit 
rapid evaluation of effects of different schemes of ground-water development 
and surface-reservoir operation on ground-water levels and streamflow regimen. 

The inorganic chemical quality of ground water from the stratified-drift 
aquifer and associated streams is generally good. The water is soft, slightly 
acidic, and typically contains less than 100 mg/1 dissolved sol ids. However, 
because much of the water potentially available to wells is induced 
infiltration from streams, continued good chemical quality in aquifers wi 11 
depend largely on continued good chemical quality in streams. 
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