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CONVERSION FACTORS GROUND WATER AVAILABILITY

Factors for converting English units to metric units are shown to four
significant figures. However, in the text the metric equivalents are shown
only to the number of significant figures consistent with the values for
the English units.
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Multiply English unit By To obtain metric unit
inches (in.) 2540 millimeters (mm)
feet (ft) 0.3048 meters (m)
miles (mi) 1.609 kilometers (km)
square miles (mi*) 2.590 square kilometers (km*)
cubic feet (ft*) 2.832x107% cubic meters (m?)

million gallons (Mgal) 3.785x10* cubic meters (m?)

million gallons per day (Mgal/d) 4.381x107 cubic meters per second
(m°/s)

6.309x107% liters per second (1/s)

2.832x107% cubic meters persecond

gallons per minute (gal/min)
cubic feet per second (ft%/s)

(m/s)

inches per year (in./yr) 2.54 x10*! millimeters per year
(mm/yr)

feet squared per day (ft*/d) 9.29 x107% meters squared per day
(m?*/d)
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FIGURE 21.-Wells yield as much as 1,200 gal/min I[s) from sand and
gravel in the Nashua River basin.

Water-saturated sand and gravel deposits of ice-contact and glacio-
fluvial origin in the main valleys may yield more than 300 gal/min (19
1/s) to individual wells. Much of the main valleys of the North Nashua
and Nashua Rivers below Fitchburg are underlain by fine-grained glacio-
lacustrine deposits. These fine sand, silt, and clay deposits are more than
100 ft (23 m) thick locally and yield less than 100 gal/min (6.3 I/s) to
wells. Deposits of sand and gravel within the fine-grained deposits may
yield from 100 to 300 gal/min (6.3 to 191/s). In general, tributary streams
are underlain by coarser deposits than the main valleys. These deposits
of fine sand to coarse gravel are as thick as 75 ft (23 m).

Because lithology of the water-bearing material changes over short
distances, both vertically and horizontally throughout the basin, yields
of individual wells at any location may be more or less than estimated
on the availability map. Exploratory test drilling is necessary to deter-
mine the exact location and extent of the best water-bearing deposits.
Aquifer tests are necessary to evaluate the water-yielding capability of
an aquifer at any location.

The basin is underlain by a variety of crystalline bedrock types. Wells
drilled in bedrock for domestic water supplies are commonly 100 to 200
ft (30 to 60 m) deep and generally yield 2 to 10 gal/min (0.13 to 0.63
1/s). Many bedrock wells drilled for industrial use, especially in Leomin-
ster, yield 20 to 150 gal/min (1.3 to 3.9 1/s), but most are 2 or 3 times
as deep as wells drilled for domestic use. v
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VALUES OF HYDRAULIC CONDUCTIVITY OF
SATURATED STRATIFIED MATERIALS USED
TO ESTIMATE TRANSMISSIVITY IN THE
NASHUA RIVER BASIN

Hydraulic Conductivity *

Material (K) in ft/day

Gravel:
Coarse 300-700
Medium 200-300
Fine 180-200
Fine to coarse 150-400

Sand:

and gravel 200
Coarse 90-150
Medium 70- 80
» > \ : vl y ; ; : ! 71°45° Fine 20- 30
° 20" . ) { \ N ’ ) 1 Fine to coarse 40-150
4220 - / : ' | / S : \ ‘ S Fine to medium 40-100
Silt and clay less than 10

*When range is shown, higher values were used
when lithologic log indicated that the material
was clean and well graded or that it yielded
water readily when pumped

EXAMPLE
ESTIMATING TRANSMISSIVITY FROM LITHOLOGIC DATA

STERLING WELL NO. 1

1 T T T T T T T T T T T T T T T T T T T
2L Median monthly water level 1947-73 Yearl + B LOG Saturated Hydraulic o
3 sarly median % Townsend Well thickness conductivity L' a;ls;msmwty
2 #72 (ft) (ft/day) ~ (ft?/day)
T E w Water) 0 —
o § 5 g 2 level 15‘4 Fine to medium sand 6 X 40 = 240
zZu 6 P SCALE 1:48 000 = Medium sand 10 X 70 = 700
£ =3 1 % 0 1 2 3 MILES 22 o 29[ Fine to medium sand S X 40 = 200
5@ B 2 == === ' — <y 25 Fine sand, some clay 9 X 19 = 171
8 w P L s =
: g 9 : <Z( 1 5 0 1 2 3 4 5 KILOMETERS — = [&- 28 || COal’_SC sand and small gravel 6 X 200 = 1,200
2 <« 2 e — : 1 F ] E Q 5 Medium to coarse sand
o-10 02 & D@ 50— and small gravel 10 X 80 = 800
FZ o Fo CONTOUR INTERVAL 10 FEET B Coarse gravel 11 x 500 = 5500
9 p o DATUM IS MEAN SEA LEVEL 61— g oo d
E_ w 12 E o Total transmissivity =8,811(818m2/d)
o 13 o r FIGURE 23.—Transmissivity was estimated from lithologic logs of wells
14 : and test borings.
15 Transmissivity was calculated for 200 sites by multiplying the satu-
16 Base from U.S. Geological Survey, 1:24,000 Ashburnham, Ashby, 1943-65; rated thickness of each lithologic unit by the estimated hydraulic con-
194701948[1949(1950[1951[1952/1953/1954[1955[1956[1957/1958|1959[1960(1961|1962[1963[1964|1965[1966[1967|1968(1969|1970(1971(1972(1973[1974 Aver, Hudson, 1923—66; Clinton, Shirley, 1923-65; Fitchburg, 1938-54; g y y

ductivity and then summing the products. Transmissivity was also calcu-
lated for eight locations using specific -capacity data or distance-draw-
down data from pumping tests (Hurr,1966; and Lohman, 1972). Trans-
missivity for areas where subsurface information was unavailable was

Gardner, 1943-54; Paxton, 1937-66; Pepperell, 1941-65,
Shrewsbury, 1941-53; Sterling, 1938-50; Townsend,
1942-65; Wachusett Mt., 1938-56; Worcestor North,1934-60

FIGURE 22.—Seasonal ﬂuctations and long-term trends in the water table provide an index to changes in ground-water storage.

Annual spring high-water level results from rapid recharge from melt- end of the growing season, and rises through late fall and winter.
ing snow and spring rain. Declining levels during late spring and summer Long-term water-level trends are the result of long-term precipitation

result from evapotranspiration and natural discharge exceeding recharge
to the aquifers. Generally, the water level declines until early fall, at the

trends. The low waterlevels in the middle 1960’s were caused by a period
of below -average precipitation.

estimated from surficial geology, glacial history, and hydrologic rela-
tionships.

SURFACE WATER DEPLETION
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EXPLANATION

Transmissivity, in feet squared per day and
meters squared per day

— 700 {65} ——— 2500 (232)

500 ft(152m) Distance of well from
surface-water body

FIGURE 24.- Pumping wells near surface-water bodies may cause infil -
tration of surface water.

In the Nashua River basin most unconsolidated aquifers considered
favorable for high-yield wells are in proximity and are hydraulically con-
nected to surface-water bodies. Pumping ground water from these areas
will result in reduced flows in the adjacent streams and in lowered pond or
lake levels by (1) reducing the natural discharge of ground water to the
stream or lake and (2) by inducing surface water to infiltrate through
the stream or lake bed into the aquifer and to the well, if the cone of
depression caused by pumping intercepts the surface-water body.

The effects on streamflow continue after pumping stops and may be
greater than they were during pumping. These effects can be predicted
by a method described by Jenkins (1970), if aquifer transmissivity and
distance between the well and surface-water body are known, as shown
by the example curves on the graph.
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FIGURE 25.—The chloride concentration in water from most public-sup-
ply wells in the basin is increasing, as shown by the trend in Ayer well
2 and Sterling well 38.

Chloride content in water from all municipal wells is less than the U.S.
Public Health Service (1962) recommended limit of 250 mg/1 for drink-
ing water. However, excess chloride concentrations may be a problem in
the future. Data from this basin and others in Massachusetts indicate
the increasing trend began during the late 1950’ and is continuing, pre-
sumably in response to increased highway salting and the increase in the
discharge of wastewater from the rising population. Sodium content, also
from highway deicing salt, is also increasing.

In general, ground water is soft or moderately hard (hardness 0-120
mg/l) and mildly acid to slightly alkaline (pH 6.0-7.5). Iron or manga-
nese or both in excess of the U.S. Public Health Service recommended
limits for drinking water (0.3 mg/l and 0.05 mg/l, respectively) were
present in water from 40 percent of the more than 250 municipal and
private wells for which chemical analyses were available from the Massa-
chusetts Department of Public Health.

EXPLANATION
UNCONSOLIDATED AQUIFERS

Well yield 0-100 gal/min (0-6.3 1/s)
Transmissivity 0-1,350 ft 2/d (0-125 m?/d)

Well yield 100-300 gal/min (6.3-18.9 1/s)
Transmissivity 1,350-4,000 ft2/d (125-371 m?/d)

Well yield 300+ gal/min (18.9+ 1/s)
Transmissivity 4,000+ ft2/d (371+ m?/d)

Stratified and sorted deposits of sand, gravel, boulders, silt,
and clay. Colors indicate pumping rates expected from
properly constructed wells,in gallons per minute and liters
per second. Yields are estimated from transmissivity (T)
of the aquifer; transmissivity is the hydraulic conductivity
(K) times the saturated thickness of the aquifer. Trans-
missivity is shown in feet squared per day and meters
squared per day. ft3/d il

: 2/d =—— 2/d =
NOTES: ft2/d I , m2/d =

Well yield 0-10 gal/min (0-0.63 1/s)

Various thicknesses of till (heterogeneous mixture of silt,
sand, gravel, and clay) and minor deposits of sorted
material. Not a good aquifer but, where saturated, may
provide low yields for single-family homes. Also included
are areas where bedrock is exposed.

BEDROCK AQUIFER
Bedrock underlies the entire basin. Yields commonly
2 - 10 gal/min (0.13 - 0.63 1/s) to individual wells
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Well
Number is the U.S. Geological Survey well number. Water
levels on hydrographs are in feet and meters below land
surface.

Surface-water divide
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