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CONVERSION FACTORS 

The following factors may be used to convert 
publi shed herein to the International Sys tem of Units 

the U. s. cus tomary uni ts 
(S I ) : 

Multiply u.s. customary un its 

inches (in) 

feet (ft) 

miles (mi) 

square miles (mi 2 ) 

ga 1 1 on s ( ga 1 ) 

mi 11 ion gallons (10 6 gal) 

gallon s per minute (gal/min) 

mill ion gallons per day 
(Mgal/day) 

By 

Length 

25.4 

.0254 

.3048 

1. 609 

Area 

2.590 

Volume 

3.785 

3785 

Flow 

.06309 

.06309 

6. 309 x 1 o- s 

43.81 

.04381 

iv 

To obtain Sl unit s 

mi 11 i meters (rrrn ) 

meters (m) 

meters (m) 

kilometers (km) 

square kilometers (km2 ) 

1 i ters (L) 

cubic meters {m3 ) 

cubic meter s (m3 ) 

cubic hectometers {hm3 ) 

liters per second (L/s ) 

cubic decimeter s per 
second (dm3 /s) 

cubic meters per second {m3 / s ) 

cubic decimeters per second 
(dm3 /s) 

cubic me t e r s pe r second (m3 / s ) 



GROUND-WATER RESOURCES OF THE 

UPPER WINOOSKI RIVER BASIN, VERMONT 

By Arthur L. Hodges, Jr., Richard E. Willey, 
James W. Ashley, and David Butterfield 

ABSTRACT 

Ground water in the upper Winooski River basin occurs in bedrock, and in 
overlying unconsolidated deposits of glacial or1g1n. Bedrock in the area is 
composed of a series of metamorphic and igneous rocks. Median yield for 126 
wells in four different bedrock formations ranges from 5 to 6 gallons per min­
ute (0.32 to 0.38 1 iters per second), and median depth ranges from 130 to 
200 feet (40 to 61 meters). Lineaments, interpreted as fracture or breakage 
zones in bedrock, were mapped to identify zones where well yields are expected 
to be higher than average. 

Unconsolidated deposits in the upper Winooski River basin include unsorted 
ti 11, and water-sorted clay, silt, sand, and gravel. Prorerly constructed wells 
in sa turated deposits of sand or gravel having high permeability ca n yield 
large quantities of water. Twenty-six domestic wells in these unconsolidated 
deposits have a median yield of 18 gallons per minute (1. 1 1 iters per second) 
and a median depth of 58 feet (17.6 meters). 

Chemical analyses of water from s ix wells in the upper Winooski River 
basin indicate a median hardness of 120 milligrams per liter (a s CaC03), wh ich 
is moderate ly hard. I ron and manganese are common const ituents of ground water 
in the area, and several analyses show concentrations of these elements which 
exceed recommended National Academy of Sciences and National Academy of 
Engineering (1973) li mit s for public drinking water supplies. 

INTRODUCTION 

Purpose of Investigation 

This report describes the ground-water resources and related geologic 
environment of the upper Winooski River basin and is a part of a continuing 
program to locate and evaluate ground-water resources in Vermont. The program, 
begun in 1965, is a cooperative study program carried on by the u.s. Geological 
Survey and the State of Vermont. Field work for the investigation was started 
during the s umme r of 1972 and continued through October 1975. 

The purrose of the work was as follows: to determine the thickness and 
extent of the water-bearing unconsolidated deposits, to evaluate the hydraulic 
properties of these water-bearing materials and their potential yield, to 
evaluate the potential yield of bedrock aquifers and to evaluate the variations 
and concentrations of chemical constituents in the ground water and their 
effect on its general use. 



Location and Extent of Area 

The 203 mi 2 (526 km2 ) area of investigation includes all or parts of th e 
Towns of Cabot, Calais, Harshfield, \~oodbury, and Worcester in the northeast 
corner of Washington Coun ty (fig. l) and lies adjacent to the Barre-Montpeli er 
area, a major commercial, industrial, and governmental center • 
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Figure ].--Location of study area 
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Previous Investigations 

One ground-water study and a number of geologic report s , mostly at the 
reconnaissance level, have been made covering all or part of the study area. 
The Department of \.Jater Resources of the State of Vermont in cooperation with 
the U.S. Geological Survey has published a Ground Water Favorabil ity Map of the 
Winooski River Basin, Vermont (Hodges, 1967). Geologic studies include bedrock 
mapping and reports by Cady (1956), Hall (1959), Doll and others (1961), and 
Konig (1961); and surficial mapping by Doll and others (1970), and Stewart and 
MacCI intock (1969). A nore recent report (Stewart, 1971) provides general 
information on geology for environmental planning. 

Methods of Investigation 

Field mapping was undertaken to delineate and iden t ify unconsolidated 
materials, their origin and character, and to map bedrock exposures. Sei sm ic 
refraction profiling was carried out to determine the thickness of unconsoli­
dated deposits in various areas where water saturated coarse grained material s 
appeared sufficiently thick to yield large quantities of water to wells. 
Location maps and seismic refraction profiles for 10 sites tested are shown on 
plate 4 and in figures 2 and 3. 

Based on the results of the seismic investigations, wash borings were ma de 
at 23 s ites to obtain detailed lithologic descriptions of the underlying uncon­
solidated deposits. These borings were made during the summers of 1973 and 1974 
and involved a total of about 1,200 linear feet (360m). 

Location, construction, and hydrologic data for 186 priva te ly owned water 
wells were obtained. Most of these wells were drilled into bedrock and provided 
information on thickness and character of the unconsolidated deposit s , and the 
nature and yield of the bedrock aquifer. 

Water-quality analyses of surface water from 23 sampling sites were made 
by the Vermont Department of \.Jater Resources between 1953 and 1965. Thirteen 
dril Jed we ll s from which water had been chemically analyzed by the Vermont 
Department of Health were located in the field. 

Aerial photographs were examined for geologic information with particular 
emphasis on the character and location of surficial material, borrow pits or 
quarries, and linea ments . 

The strat i g raphic nomenclature used in this report is that used by the 
Vermont Geological Survey and does not necessarily follow the usage of the u.s. 
Geological Survey. 

Well-Numbering System 

Data on wells and borings used in compiling this report are given in 
tables 6 and 7. Well and boring identification numbers used in this report are 
composed of a two-letter town code, the Jetter 11 W'' or 11 X11

, and a sequential 
number. The Jetter 11W11 designates a well while 11 X11 represents a test boring. 
The Jetter codes for the five tov-ms in the upper Winooski River basin are: 
Cabot, CA; Calais, CB; Marshfield, ME; Woodbury, X6; and Worcester, X9. 
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BEDROCK 

Bedrock formations in the upper Winooski River basin are primarily meta­
morphic rocks of Cambrian to Devonian age. Detailed geologic description s are 
provided in the map reports of Doll and others (1961), Cady (1956), Hall 
(1959), and Kon i g (1961). Metamorphic rocks, which underlie approximately the 
western 80 percent of the study area (see plate 1), are compact and altered, 
and con sist of phyllite, schist, slate, quartzite, and sl ightly metamorphosed 
limestone. The older Stowe and Missisquoi Formati ons are separated by an 
unconformity from the Shaw Mountain Formation and the younger formations above. 
This unconformity also marks the change between the green argillaceous rocks of 
Stowe and 11issisquoi Formations and the brown-weathering calcareous rocks of 
the Shaw Mountain, Waits River, and Gile Hountain Formations above. 

Granitic intrusive bodies underlie approximately the eastern 20 percent of 
the study area and occur as small, isolated bodies in the north-central and 
south-central parts (see plate 1). The large body in the east i s the Knox 
Mountain pluton. 

Throughout the report area, most of the ind ividual water users depend on 
\vells drilled into bedrock for water supplies . In the metamorphosed rocks, 
virtually all pore space has been eliminated between the individual grain s 
which make up the rock. Therefore, in these rocks water moves principally 
through the joints and fractures. Si mi larly, in the massive igneous intrusive 
rocks wate r movement is in joints and fractures; and their interconnection and 
saturation determine the yield of a bedrock well . Bedding and s chi stosity of 
the metamorphic rocks appear to have little or no effect on well yield. 

In areas of thin, unconsolidated deposits, zones of concentrated joints or 
fractures can be identified by use of aerial photographs and topographic maps. 
These features are called 11 lineaments 11 and appear on maps and photographs as 
lines or narrow zones of marked topographic or tonal change. Wetter or dryer 
conditions are frequently noted on the lineaments by tonal contrast. Recent 
studies in Delaware (Woodruff ana others, 1972) have sh own that wells drilled 
to intersect lineaments have substantially higher yields than wells located a~ 
random. A study in the Barre-Montpelier area (Hodges and others, 1976a) also 
suggests a correlation between higher yields and the proximity of wells to 
1 i neamen ts. 

Although lineaments occur throughout the area, the frequency of occurrence 
is greatest in the weste rn 80 percent of the area underlain by metamorphic 
rocks as shown on plate 1. The predominant trend is northwest--striking at 
right angles to the trend of the regional structure. 

Median yields (table 1) of 5 to 6 gal/min (0 .32 to 0.38 L/ s) for wells in 
bedrock in the upper \.Jinooski River basin are generally lower than yields for 
similar rock types in the Barre-Hontpelier area (Hodges and others, 1976a) or 
the White River Junction area (Hodges and othersp 1976b). These lower median 
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yields ma y be substantially influenced by the very small number of high volume 
commercial-industrial water users in the report area. However, a well yield of 
5 to 6 gal/min (0.32 to 0.38 L/s) is generally adequate for domestic needs. 

The total thickness of unconsolidated deposits which, in the upper 
Winooski River basin, varies from zero at bedrock outcrops to more than 275 ft 
(84 m) in Calais (well CBW52), can directly affect both the availability of 
water and the cost of construction of a water system. Thic k deposits of till 
or fine-grained sediment may retard the movement of water into bedrock 
fractures, while thick saturated deposits of san d and gravel can readily 
recharge the bedrock aquifer. Where the unconsolidated deposits are fine 
grained or have insufficient saturated thickness to yield adequate, dependable 
quantities of water to fit the user's needs, it is necessary to case through 
them and dri 11 into bedrock. The length of casing required to case off the 
unconsolidated deposits can have a significant impact on the total cost of the 
water system. Estimates of the length of casing needed can be deter mined from 
the map sh owin g the thickness of unconsolidated deposits (plate 2) prepared 
from analysis of well-con struction data in table 6, lithologic log s in table 7, 
and seismic- s urvey data in figures 2 and 3. 

The data in table 1 on med ian depth of we lls drilled in each formation 
suggest that where massive , generally brittle rock types are present, such as 
quartzite or granite, adequate yields may be obtained with sha llower wells than 
in areas underlain by incompetent phyllite and schist. Wells were shallowest 
in the Moretown Member of the Missisquoi Formation, with a median depth of 
130ft (40 m) for 35 wells. The next deeper we lls were loca ted in the granitic 
intrusive areas, followed by wells in the Barton River Member of the Waits 
River Formation, with the deepest wells being located in the Gile Mountain 
Formation. The median depth for 19 wells 1n this last formation is 200 ft 
(61 m) . There appears to be a direct relationship between the massi veness or 
competence of rock type, the degree of jointing and fracturing, and the extent 
to which these breaks in the rock remain open to transmit water . It i s 
expected, however, that with depth there is a di minishing probability of 
increa s ing well yield because the weight of overlying rock closes the joints 
and fractures . 

Table 1.--Range, median yield, and depth of selected wells by type of material 

Number Yield Depth Median * 
Type of wel l of (gal/min) (ft) yield/foot 

wells median range me dian range [(gal/min)/ft] 

We 11 s finished in bedrock: 
Granite (nhu) 10 5 1-35 150 63-225 0.032 
Gile Mountain Formation (Dg) 19 6 .5-300 200 100-320 .o 30 
Waits River Formation (Dwb) 

Barton River 11ember 62 6 1-100 174 21-340 .034 
Miss i squo i Formation 

Moretown Member (Omm) 35 6 o-so 130 35-500 .038 
Domestic we 11 s finished in 

unconsolidated material 26 18 1-90 58 6-155 .310 

*Median yield per foot drilled ( tota 1 depth). 
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UNCONSOLIDATED DEPOSITS 

The unconsolidated deposits found in the upper Winooski River basin are a 
result of several periods of glaciation during Pleistocene time. Moving ice 
removed soil and rounded and shaped the bedrock surface as the ice flowed over 
the study area. The ice also deposited a mantle of till over bedrock. Till is 
an unsorted mixture of rock fragments which range in size from clay to 
boulders. 

Most areas throughout the upper Winooski River basin are covered with 
till, with moderately to very thick deposits (as much as 275 ft, 84 m) being 
located near South Cabot, the southeastern section of Marshfield, and substan­
tially filling Carr Brook valley located west of the village of East Calais. 

Two types of till ha ve been described in the upper Winooski River basin 
area by Stewart and MacClintock (1969). Basal til l is compact, gray, and 
commonly fissile, suggesting a subglacial origin. Ablation till i s a loose 
mixture of brown sand, cobbles, and boulders containing minor amounts of silt 
and clay. Stewart and MacClintock (1969) ascribe the formation of this material 
to slow settling of suprag lacial debris during ice wasting . Water velocities 
were assumed to be only fast enough to remove clay and silt while leaving the 
larger particles behind. 

Glacial meltwaters also carried, sorted, and deposited rock and soil 
debris. Streams in channels in and under the melting glacial ice formed long, 
sinuous deposits of sand and gravel . Deposits of this type are potential 
aquifers and are found throughout the length of the valley of the Kingsbury 
Branch and Cooper Brook from Hardwick to Plainfield. Streams also deposited 
layers of silt, sand , and gravel in some valley areas along the margins of 
melt ing ice. Deposits of these types are potential aquifers and are found 
throughout the upper Winooski River basin (plate 3). The largest is located 
around Nichols Pond on the Woodbury-Hardwick Town boundary. Large, temporary 
lakes were formed in most river valleys . Silt- and clay-laden waters entering 
these lakes deposited fine-grained sediment over the lake bottoms which remain 
as large flats and terraces in valleys today. The most prominent terraces are 
located along the lower Kingsbury Branch, Cooper Brook, and the Winooski River 
from Marshfield to Plainfield. Some terraces are also found along the Middle 
Branch in the Town of Worcester. 

Water Availability in Unconsolidated Deposits 

Water fills the pores between grains of unconsolidated deposits below the 
water table, but not all of it may be available for use. The rate at which 
water will flow through a deposit (hydraulic conductivity) is a major aquifer 
characteristic which controls well yield. Generally, coarse-grained and well­
sorted deposits have the highest hydraulic conductivities and will provide the 
highest yields to wells. Silt, clay, and till with low hydraulic conductiv­
ities yield little water to wells. 

The sustained yield of an aquifer i s governed by its rate of recharge and 
the amount of water held in storage. The amount of water held i n s torage is 
related to the type of material within the aquifer, the areal extent of the 
aquifer, and its saturated thickness. Delineation of aquifers by predominant 
material type and approximate mini mum saturated thickness (plate 3) was 
obtained from a study of the sur ficial geology, drillers' records of water 
wells, U.S. Geological Survey test borings, and seismic information. Estimates 
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of the total thickness of unconsolidated deposits are presented in plate 2, but 
insufficient data exist to construct a saturated thickness map of the study 
area. Because aquifers in Vermont are commonly small, the availability of 
water from this is ultimately dependent on the rate of recharge. This is 
discussed more fully under the Recharge and Discharge section of this report. 

Ti 11 

Shallow, large-diameter dug wells are used to obtain water from till. 
Wells in ablation till usually yield more water than wells in basal till 
because ablation till has a loose, sandy texture and, therefore, has a higher 
hydraulic conductivity. Because wells in till are usually shallow and located 
on hillsides where water-table fluctuations are greatest, they are more suscep­
tible to failure or to a reduction in yield during drought than wells in other 
aquifers. 

Fine-grained Deposits 

Unconsolidated deposits over much of the valley areas along the main stem 
of the Winooski River in Marshfield and Cabot and the lower Kingsbury Branch 
consist of lake bottom deposits composed of fine sand, silt, and clay. Thes e 
and similar deposits throughout the area are mapped as fine-grained deposits 
(plate 3). Some are covered with an unsaturated veneer of sand and gravel. The 
fine-grained deposits have a low potential for ground-water yield because of 
their low hydraulic conductivity. However, lenses of coarse-grained, inter­
calated material occur in them at some locations and may yield moderate 
quantities of water suitable for domestic and some commercial supplies. 
Although these fine-grained deposits may not readily yield water to wells, they 
do hold large quantities of water which are available for slow release to 
supply adjacent streams and unconsolidated aquifers, or underlying bedrock 
aquifers. 

Sand and Gravel 

Sand and gravel deposits, where they have sufficient saturated thickness 
and are readily recharged, offer the greatest ground-water potential in the 
study area. The most extensive sand and gra vel aquifer is located along the 
Kingsbury Branch between South Woodbury and East Calais (plate 3). This 
location and other similar areas underlain chiefly by saturated medium sand to 
gravel deposits with a total thickness of more than 20 ft (6 m) are capable of 
yielding more than 200 gal/min (13 L/s), sufficient to meet some commercial­
industrial or municipal needs. Areas underlain mainly by saturated fine sand 
to gravel deposits having a total thickness of more than 20 ft (6 m) should 
yield 50 gal/min (3 L/s) to 200 gal/min (13 L/s), sufficient to meet light 
industrial and small public supply requirements as at Woodbury well X6W2 
(plate 3 and table 3). Recharge from precipitation alone is commonly inadequate 
to sustain high yield wells in aquifers with small recharge areas. However, 
induced infiltration from adjacent surface waters can provide additional 
recharge for such aquifers to sustain high yield wells. 
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Estimated Yield of Stratified Deposits 

Twenty-three test wells were drilled in stratified drift deposits at 
selected locations to provide data for estimating potential ground-water 
yields. Seven test wells penetrated water-saturated granular materials of 
sufficient thickness (at least 17 ft) to have some potential for ground-water 
development. Because aquifer tests were not made, estimates of ground-water 
yield at the seven test sites are based on an indirect method (Lohman, 1972, 
p. 53) using the lithologic description of materials sampled. Estimated values 
for hydraulic conductivity (table 2) were assigned to each lithologic unit 
described in table 7. The assigned hydraulic conductivity was multiplied by 
the saturated thickness of each unit and the products were summed to provide an 
estimated transmissivity value for each test well site in table 3. 

Table 2.--Estimated hydraulic conductivity for various materials 

[Modified from tables by Lohman (1972, p. 53), 
and Ryder and others (1970, p. 21).] 

Materia 1 

Clay-------------------------------------------­
Ti 11-------------------------------------------­
Silt--------------------------------------------
Silt and very fine sand-------------------------
Silt and clay----------------------------------­
Silt and gravel---------------------------------
Fine sand, very fine sand and silt-------------­
Clayey fine sand to fine gravel----------------­
Fine sand with clay layers---------------------­
Fine sand, some clay and gravel-----------------
Fine sand---------------------------------------
Fine and medium sand with clay layers----------­
Fine sand and medium sand-----------------------
Sandy till--------------------------------------
Fine sand to fine gravel-----------------------­
Medium and coarse sand, clay layers-------------
Alluvium----------------------------------------
Sand and gravel, some clay----------------------
Medium sand-------------------------------------
Medium sand and coarse sand--------------------­
Medium sand, some fine sand to fine gravel------
Sand and gravel---------------------------------
Fine gravel and sand---------------------------­
Hedium and coarse sand, some gravel and silt----
Fine gravel-------------------------------------
Medium and coarse sand and gravel--------------­
Coarse sand to gravel, some fine to medium sand­
Coarse sand and cobbles-------------------------
Gravel------------------------------------------
Cobbles and gravel------------------------------
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Estimated hydraulic 
conductivity 

(feet per day) 
I 
I 
1 
1 
1 
2 
2 
5 
5 

10 
15 
20 
25 
25 
30 
40 
so 
60 

100 
125 
300 
500 
600 
700 
800 
900 
900 

1000 
1000 
1000 



Well yields were computed from the estimated transmissivity values and the 
maximum allowable drawdown, selected as the difference between the static water 
level and 1 ft (0.30 m) above the top of the screen, using the Theis non­
equilibrium equation (Lohman, 1972, p. 8). The drawdowns were then adjusted 
for thinning of the aquifer due to dewatering and the effects of partial 
penetration of the aquifer by the well screen (Cervione and others, 1972, 
p. 50-55). If the adjusted drawdown exceeded the maximum allowable drawdown, 
the calculations were repeated until a well yield was obtained where the 
resultant drawdown did not exceed the specified limit (table 3). 

The estimated yield for each site applies strictly to a well 24 in 
(610 mm) in diameter, 100 percent efficient, that has been pumped continuously 
for 200 days. It is also assumed that the horizontal hydraulic conductivity is 
10 times greater than the vertical hydraulic conductivity and the average 
storage coefficient is 20 percent. 

Hydrogeologic boundaries, although not considered in these calculations, 
can also affect well yields and resultant drawdowns. The effects of impermeable 
boundaries (bedrock, till, clay) decrease well yield by increasing drawdown; 
recharge boundaries, as a result of induced infiltration from surface-water 
bodies, increase well yield by decreasing drawdown. 

The foregoing methods give qualitative estimates for the potential yield 
of wells in stratified-drift deposits, but systematic exploratory drilling and 
aquifer testing are necessary for locating large capacity wells. 

Table 3.--Estimated transmissivity and yield at selected test-well sites 

[Estimated yields apply strictly to a 100 percent efficient, 24-in (610 mm) 
well that has been pumped continuously for 200 days with the pumping level 
maintained at 1 foot (0.30 m) or more above the top of the screen. For a 
full discussion of the methods used and conditions assumed, see the text.] 

Well or boring number CAW21 CBW7 MEXl X6W2 X6W3 X6W4 X9Wl 

Total depth (ft) 36 84 23 30 20 35 63 

Saturated thickness (ft) 34 67 17 27 17 31 63 

Length of screen, 
estimated (ft) 10 19 5 5 5 10 10 

Maximum allowable 
drawdown (ft) 23 42 11 21 11 21 52 

Transmissivity, 
estimated (ft 2 /day) 23,000 20,000 10,500 5500 8500 24,000 5000 

Wel 1 yield, estimated 
(gal/min) under con-
ditions described in 
this report 875 1275 225 150 200 875 275 
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RECHARGE AND DISCHARGE 

Water movement into and out of the project area can be expressed by the 
following equation: 

P = R + ET + liS 

Where P =precipitation, R =runoff, ET = evapotr~nspiration, and liS= 
change in storage. At the Edward F. Knapp Airport, Berlin, near the study area, 
precipitation averages 34 in (864 mm) per year, with somewhat more during 
summer than winter. 

Of the precipitation each year, evapotranspiration returns an average 
equivalent of 14 in (360 mm) of water to the atmosphere (Hodges, Butterfield, 
and Ashley, 1976a). Evapotranspiration is the sum of direct evaporation of 
surface water, the sublimation of snow, and the transpiration of living 
organisms. Most evapotranspiration occurs during the spring and summer growing 
season with the result that ground-water levels decline during this period as 
trees and plants remove water from the ground and release it to the atmosphere 
as water vapor. Killing frosts in September or October end the yearly growth 
cycle, cause transpiration rates to decline, and result in the rise of ground­
water levels. 

An average of 20 in (508 mm) of water per year leaves the area as runoff. 
This includes water that runs directly over the land to the streams, and that 
which seeps into the ground, recharges ground-water bodies, and then discharges 
to the streams. Ground-water discharge to streams forms a significant propor­
tion of the total streamflow and sustains flow during periods of little or no 
rainfall or below-freezing temperatures. 

Normally, ground-water levels at central Vermont (Hodges, Butterfield, and 
Ashley, 1976a) have a seasonal high in March or April, coinciding with melting 
of the snowpack and break-up of ice in the rivers and a seasonal low in 
September or October at the end of the growing season. This sequence, however, 
can be modified by excessive rainfall or drought. The change in ground-water 
storage over the years is probably negligible because decreases in storage 
during dry years are offset by increases in storage during wet years. 

CHEMICAL QUALITY OF WATER 

Chemical analyses of 13 ground-water samples (table 4) and 38 surface­
water samples (table 5) were obtained from several governmental agencies for 
comparison in this study. 

Eight of the analyses of water from wells contained one or more constit­
uents that equaled or exceeded the recommended or maximum allowable 1 imits of 
concentration adopted by the National Academy of Sciences and National Academy 
of Engineering (1973) for drinking water supplies. Of the eight samples in 
which the limits were equaled or exceeded, the recommended limit for manganese 
was exceeded in four samples, the recommended limit for iron was exceeded in 
two samples, and the maximum allowable limit for nitrate was exceeded in three 
samples. 

Surface 
tions (plate 
are shown on 

water in the upper Winooski River basin was sampled at 23 loca-
4) to determine chemical composition. Analyses of these samples 
table 5. Surface waters showed a median pH of 7.7 and a median 
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hardness of 105 mg/L (milligrams per liter) as CaC03. This compares with a 
median pH of 7.2 and hardness of 120 mg/L for ground-water samples. Surface 
water is generally more alkaline than ground water. The most alkaline of the 
surface-water samples came from three streams originating principally from the 
area of the Knox Mountain pluton in the southeast corner of the study area. 

Hardness is a 
Hardness is largely 
and is expressed as 
used in various u.s. 

Hardness 

term applied to the soap-neutralizing power of water. 
determined by the concentration of calcium and magnesium, 

calcium carbonate (CaCO ). The following ranges have been 
Geological Survey repor?s to classify hardness: 

Hardness as Caco 3 (mg/L) Descriptive rating 

0 - 60 Soft 
61 - 120 t1ode rate 1 y hard 

121 - 180 Hard 
181 or more Very hard 

While soft and moderately hard water can generally be used without treat­
ment except for some industrial purposes, hard water frequently requires 
treatment (softening) for use in laundries, some industrial and most domestic 
uses. Very hard water requires softening for most purposes to make the water 
usable and to prevent damage to water-supply and water-using equipment. 

Median hardness of the six ground-water analyses in the upper Winooski 
River basin was 120 mg/L, ranking the water as moderately hard to hard. 
Therefore, treatment of some water may be required. 

The degree of hardness shown by these ground-water samples generally 
reflects the regional trends found in surface-water samples, wherein surface 
waters originating from calcareous rocks (Gile Mountain and Waits River 
Formations) show the highest levels of hardness (106 to 252 mg/L). Surface 
waters flowing from the area of the Knox t1ountain granite show lower levels of 
hardness (88 to 96 mg/L) and streams underlain by quartzite and slate (Moretown 
Member of the Missisquoi Formation and Stowe Formation) show the lowest levels 
of hardness (18 to 24 mg/L). 

Iron and Manganese 

Iron and manganese are minor constituents of water, but excessive concen­
trations, particularly of manganese, may have harmful effects on health (Vase, 
1972). The National Academy of Science and National Academy of Engineering 
(1973) recommended a maximum limit of 0.3 mg/L of iron and 0.05 mg/L of mangan­
ese in drinking water supplies. The median iron content for all wells sampled 
(table 4) was 0.03 mg/L, although samples from two rock wells were more than 
double the recommended limit. Iron found in the water may be from many sources 
in the upper Winooski River basin. Host bedrock formations in the report area 
contain iron-bearing minerals. Magnetite is listed as a common accessory min­
eral by Cady (1956) and Konig (1961), and was commercially extracted from sand 
deposits near East Calais during the 1800's (Konig, 1961). Iron in ground water 
may increase as a result of reducing conditions produced by decaying organic 
matter in aquifers or derived from industrial waste and dumps (landfills). 

-19-



Median manganese content for v1ells sampled was 0.03 mg/L, which approaches 
the li mit of 0.05 mg/L recommended by the National Academy of Science and 
National Acade~y of Engineering. However, three domestic wells and one public 
water-supply well sampled showed excessive manganese. Manganese is not a major 
part of the mineral composition of any rock types identified by Cady (1956) or 
Konig (1961) in the upper Winooski River basin. It may be derived from minerals 
in which it is a minor constituent, or from industrial wastes and dumps. The 
lack of an obvious source of the ~anganese suggests that only an in-depth s tudy 
could determine the factors contributing to excessive levels shown in table 4. 

SUMMARY 

Ground water can be obtained in quantities suitable to sustain s ingle­
family domestic and far~ supplies from wells drilled in bedrock nearly every­
where in the upper Winooski River basin. The median yield for 126 domestic 
supply wells in four different bedrock formations is between 5 and 6 gal/min 
(0.32 to 0.38 L/s). The median depths for wells in the four different forma­
tions range from 130 to 200ft (40 to 61 m). In the area studied, bedrock well 
yields are more dependent on rock fracture than rock type; generally, wells 
located in fracture zones have the greatest yields. Some fracture zones appear 
as 1 inear features (linea~ents) on aerial photographs or topographic map s 
(plate 1). Lineaments may be used for well-site selection to enhance the 
probability of obtaining higher-than-average well yields. 

Water-saturated sand and gravel aquifers capable of yieldin~ up to 
1,000 gal/min (63 L/s) to individual wells, sufficient to sustain commercial, 
industrial, or ~unicipal supplies, are found in valley areas of all five towns 
in the study area. These potential sources of large supplies are found 
throughout the length of the valley of the Kingsbury Branch and Cooper Brook 
from Hardwick to Plainfield. Water availability and location of sand and 
gravel aquifers in the valley areas are described on plate 3. 

Of the 23 test wells drilled for this study, 7 penetrated water-saturated 
sand and gravel of sufficient thickness to have potential for ground-water 
development. Well yields for these seven sites, calculated from geohydrologic 
data from the test wells, ranged fro~ 150 to 1,275 gal/min (9.5 to 80 L/s). 

Chemical analyses of 13 ground-water samples and 38 surface-water samples 
were used to evaluate water-quality conditions in the basin. Eight of the 13 
analyses of ground water revealed one or more constituents that equaled or 
exceeded the maximum allowable limits for iron, manganese, and nitrate as 
nitrogen in drinking water. Iron and manganese occur naturally, but nitrate is 
an indication of pollution from hu~an or animal wastes or from fertilizer. 
Surface water and ground water were found to be moderately hard to hard. 
Hardness is derived from carbonate minerals in the bedrock and overlying 
unconsolidated deposits, and can be reduced through treatment. 

Ground-water resources in the basin are of adequate quantity and quality 
to meet foreseeable needs. Although resources capable of sustaining municipal 
supplies occur in the basin, they are located only in some valley areas. Test 
drilling and exploration within these aquifers would be a necessary forerunner 
of any development. Except for localized water-pollution problems and some 
instances of excessive levels of iron, manganese, or hardness, which can be 
controlled with treatment, the chemical quality of ground water is suitable for 
drinking. 
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TABLE 6.--DESCR IPTION OF SELEC TED WELLS, TEST WELLS AND BORINGS 

LOCAL WELL NUMBER : LET TER PREFIX INDICATES--A, U. S. GEOLOGICAL SURVEY AUGER BORING; B, BRIDGE BORING; R, ROADWAY BORING; 
W, WELL OR TEST WELL; X, MISCELLANEOUS TEST BOR I NG . 

LATITUDE-LONGITUDE: NUMBER FOLLOW I NG DECIMAL POINT I S A SEQUENTIAL NUMBER FOR WELLS OR BORINGS IN A 1-SECOND GRID . 

ALTITUDE OF LAND-SURFACE DATUM : ALTITUDES ARE EXPRESSED IN FEET ABOVE MEAN SEA LEVEL . 

METHOD DRILLED : A, AIR-ROTARY ; B, BORED OR AUGERED; C, CABLE TOOL; D, DUG; H, HYDRAULIC-ROTARY; J, JETTED; P, AIR­
PERCUSSION; R, REVERSE-ROTARY; T, TRENCHED; V, DR IVEN; W, DRIVE-WASH . 

WELL F INI SH : C, POROUS CONCRETE ; F, GRAVEL WALL WI TH PERFORATED OR SLOTTED CASING ; G, GRAVEL WALL WITH COMMER C IAL SCREEN; 
H, HOR I ZONT AL GALLERY OR COLLECTOR; 0 , OPEN END; P, PERFORATED OR SLOTTED CAS ING; S , SCREEN; T, SAND POINT ; W, WALLED OR 
SHORED; X, OPEN HOLE IN AQUIFER (GENE RALL Y CASED TO AQUIFER). 

WELL DEPTH: DEPTH OF F I NISHED WELL, IN FEET BELOW LAND SURFACE. 

WELL USE: A, ANODE; D, DRA INAGE ; G, SEISMIC HOLE; H, HEAT RESERVOIR; 0, OBSERVATION; P, OIL OR GAS; R, RECHARGE; T, TEST; 
U, UNUSED; W, WATER WITHDRAWAL; X, WASTE DI SPOSAL; Z , DESTROYED . 

WATER-BEAR II~G MATER .IAL: PRINC I PAL WATER-BEAR I NG ZONE. 

ADJECTIVE (F I RST CHARACTER) 
1 VERY FINE GRA INED 
2 F INE GRA I NED 
3 MEDIUM GRAINED 
- COARSE GRAINED 
5 VERY COARSE GRA IN ED 
6 CLAYEY 
7 S I LTY 
8 SANDY 
9 GRAVELLY 
0 CAVERNOUS 
A ARGILLACEOUS 
B BOULDERY 
C CALCAREOUS 
D DENSE 
E CONCRET IONARY 
F IRON STA INED OR IRON CEMENTED 
G GRANULAR 
H HARD 
I INTERBEDDED 
J JO INTED OR FR ACTURED 
K COLUMNAR 
L LAMI NATED OR BANDED 
M MASSIVE 
N NONCALCAREOUS 
0 ORGAN IC 
P POORLY SORTED 
Q CHERTY OR SIL I CEOUS 
R REDBED 
S SOFT 
T "SALT AND PEPPER" 
U UNCONSOLIDATED 
V SEM ICO NS OL IDATED 
W WELL SORTED 
X CROSS BEDDED 
Y SHALY OR SLATY 
Z WEATHERED 

LITHOLOGY (SECOND CHARACTER) 
A ALLUVIUM 
B SED IMENTARY ROCK, 

UNCLASS IFIED 
C CONGLOMERATE 
D DOLOMITE 
E GYPSUM OR ANHY DR ITE 
F SHALE 
G GRAVEL 
H IGNE OUS , GRANULAR 

(GABBRO , GR ANITE, ETC.) 
IGNEOUS, APHANITIC OR 
GLASSY (BASALT , ETC.) 
IGNEOUS, UNCONSOLIDATED 
(TUFF, VOLCANIC ASH) 

K SAPROLITE 
L LIMESTONE 
M MARL OR SHELL MARL 
N METAMORPHI C, COARSE 

GRAINED (GNE I SS, MARBLE, 
QUARTZITE) 

0 METAMORPHI C, FINE GRAINED 
(SCH I ST, SLATE) 

P CLAY 
Q S I LT OR LOESS 
R SAND AND GRAVEL 
S SAND 
T TILL 
U UNCONSOLIDATED SEDIMENT 
V SAND STONE 
W SILTSTONE 
X SILTY SAND 
Y CLAYEY GRAVEL 
Z OTHER 

WATER LEVEL: LEVELS ARE GI VEN I N FEET BELOW LAND SURFACE; " +" I NDICATES WATER LEVEL ABOVE LAND SURFACE; "F" INDICATES 
FLOWING WELL. 

WATER USE: A, AIR COND I TION ING; B, BOTTLING; C, COMMERC IAL; D, DE WATE RING; E, POWER GENERAT ION; F, FIRE PROTECTION; 
H, DOMESTI C; I, IRRIGATION; M, MED I CINAL; N, INDUSTRIAL ( INC LUDES MINING); P, PUBLIC SUPPLY; R, RECREATION; S, STOCK; 
T, IN STITUTIONAL; U, UNUSED; V, REPRESSURIZATION; W, RECHARGE: X, DESALINATION--PUBLIC SUPPLIES; Y, DESALINATION--OTHER 
SUPPLIES. 

' PUMPAGE/YIELD: IN GALLONS PER MINUTE (GAL/MIN) . 

PUMPAGE/DRAWDOWN: THE DI FFERENCE BETWEEN STAT I C WATER LEVEL AND PUMP I NG LEVEL. 

PUMPAGE/TIME: THE FOLLOWI NG CODES ARE USED FOR PUMPING PER IODS OF LESS THAN 1 HOUR: A, THROUGH 15 MINUTES; B, 16 TO 
30 MINUTES; C, 31 TO 11 5 MINUTES; D, ~ 6 TO 59 MIN UTES . 

LOG: D, DRILLER ' S LOG; E, ELECTRIC LOG; G, GEOLOGIST ' S LOG (LOG AVAILABLE IN TABLE 7) . 

QW : TYPE OF CHEMICAL ANALYSIS AVAILABLE IN TABLE ~ . C, COMPLETE; J , CONDUCTANCE AND CHLORIDE; K, CONDUCTANCE; 
L, CHLOR I DE ; M, MULT I PLE (INCLUDES ONE COMPLETE AND ONE OR MORE PART IAL ); P, PARTIAL . 
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442437N072181S . I 
442402NQ7218SO.I 
442402NOI2 18S0 . 2 

4 442400N0721B51 . 1 
~ 442337N0721954 . 1 

b 442336N0 7 21950 . I 
7 4422 !4N0722019 . J 
~ 442327N012!9SS . J 
9 442335N072!9S7 . J 

10 442330N072!956 . J 

II 442325N0722003 .J 
I? 442334N07?.1927 . J 
13 4421SIN0721857.1 
)4 4 4 240 ) 0/2 134 2 . 1 
IS 4474S3N072 1 35~ . J 

16 44261RN0721R24.1 
17 4426 15N0721810.J 
!A 4424S5N07220~S.J 
!9 442427N0722004.J 
20 442349N072!713ol 

21 442435N072!848ol 
?? 442312N072200S . ! 
21 442420N0721800 . J 

I 441830N0722630 o1 
7 44!9!2N0722650 .1 
3 44!83~N0722648 .1 
4 441834N0722653 . ! 
S 44 ! 847N0722652 . 1 

~ 442042N0723057.! 
7 442238N0722SJ4.! 

442 45N0721904 . ) 
9 44!9 12N07227J 0 .! 

10 44 ! 9!2N0722 7!0. 2 

II 4420J2N0722647 . 1 
17 4420!8N0722647 . 1 
I ~ 4420 4 4N0722737 . ) 
J4 4420S3N0722755 .1 
IS 442?4)N07224JS .J 

16 447244N07225JO . J 
17 4423?8N0722640 . ! 
lA 4420 12N07229!4 .J 
!9 442!29N0722837.J 
70 442!55N0722 43.! 

21 442J44N0722929 . ! 
22 44205 N072295!.! 
23 442100N0722958 . ! 
7 4 442003N0722900 . ! 
?5 442003N0722900 . 2 

76 442003N0722900 . 3 
27 442? ! 3N07229S3 .! 
?~ 442?30N0722944 . ! 
29 44224SN0722 30 . 1 
30 442?58N0722922 .1 

3 1 442~JON0722933 . J 
1? 44l943N072300 J . I 
33 44I949N07230!3 . J 

4 44)948N0723017. t 
3S 4420?.7N0723037.J 

3~ 442039N0723IOS . J 
37 442!26N0723l!S . J 
3P 44 7202N0723047 . 1 
39 442242N0723023 . J 
40 442104N07230!7 .J 

41 442104N072J0!2.1 
4? 44?246N0723008 .! 
43 44273 1N072J003 .! 
44 4421 1 N0/23123.1 

44 231 ONO 7 225 13 . I 

46 442151N0722428.! 
47 442 ?2N0722647 ol 
•A 44265SN0722407.1 
49 4426SIN0722106 . J 
SO 442134N0723130 . 1 

ALTI ­
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!Fll 

1210 
970 
950 

1020 
940 

930 
9!0 
950 
940 
~4S 

940 
Ill 0 
li dO 
1620 
1660 

1460 
1360 
1280 
1360 
1120 

1080 
920 

1280 

730 
770 
730 
750 
780 

12 70 
880 
7b0 
RoO 
860 
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760 
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~00 

I 160 

•so 
lObO 
I<&O 
940. 
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1260 
1240 
1200 
1200 
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1300 
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1290 
1280 
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I 080 
10&0 
I 080 
II 70 
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1480 
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I 20 
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TA8Ll &. --DESCRIPTION OF SELECTED WELLS • TEST wELLS • ANO ~OR INGS -- CO TINUED 

OWN[P OR USEW 

CAdOT TOWN 
CABOT C~[AMERY 
CA80T C~E A~ I<Y 
CAHOT CREAMERY 
><OkSE CEC I L 

81< I M8L£CO><HE ~ 
~[ AN GEPAL O 
HIC<FOQO A E 
LA."1Ph(H( MAROL D 
.~QR5E CEC I L 

CAI-IPENTEH HAZlL 
PISTO E LE ON 
CA&OT CRE AM[ RY 
S VEL GEORGE 
INtA~NAT ION D 

P I KE PHILLIP 
SE ARLI': S ROAERT 
CHAT(N E:. W 
BO THfl LD T 
8UK,..J NG HAM W 

US GEOL SURVEY 
MI ODLETON OAVI O 
C A ~O T TOWN 

BARTLETT 01 10 
CO l EY PAUL 
[ A TON Ell ZABE T~ 
~~ At(NSW OR TH EAI--tL 
ABbOTT MIL TON 

LANl SR AOFORO 
US GfOL SU4VEY 
CAMPBELL C 
CALAI S ELEM SCn 
CALA I S ELEM SC~ 

COAN NILES 
COff R IN JOrlN 
COLl VlkGI lA 
MU~ELL fOR~EST 
fkANKLIN DAV I D 

lLORED OW( N 
DA IL EY • B~YANI 
I<OLMOUEST 
S TOWELL JUNE 
CHf:.SAU>. OL IVI E"" 

OH M N PAUL 
SCnOFF C~ARLES 
RUlLL H A ~OLD L 
RUDIN ANDREw 
CUPEL A"'D W 

•JIN STON JOHN 
PURCHASE R 
MAI'L[ CO~N R 5 I 
BE TZ [0WARIJ 
H0k f EVA 

DI CKENSON 
SL AYT ON ELG I N 
SUCHOM L fkANK 
AOAM(N 1 MUS SCH 
SCOTT RO~E~T 

LAN CLAIP 
CtiE~PINGTON J 
M(tjP JOE ALa RT 
CHlR~ I NGTON J 
LEND PH I L JP 

LAfOUNTAIN C 
tlROWN(LL J 
OH O~GE DON AL D 
LE VIN HERBERT 
CALAIS TOWN 

STUKE ~ERB[~T 
~AT ES WILLIAM 
"""' llH ~OGE~ 
LEONARD RUDOLPH 
RUSSELL WI LLJ AM 

WEL L 

M~~~~~ OIAM-I fJN- I~DE~P-T_ti_I_U_S~l r;~T ~:~~~~ 
DRILLED ETER IISH I I BED- MATERIAL 

1949 c 
1938 c 
1960 
1900 
1965 0 

1958 c 
! 973 " 
J97 2 p 
1973 p 
1968 p 

I 68 P 
1970 p 
1970 p 
197 1 p 
1972 p 

1971 p 
19M P 
1972 p 
1972 p 
1972 p 

1973 w 
19 72 p 
1968 ~ 

1949 c 
1966 p 
1950 c 
1964 M 
1963 H 

1967 p 
1 ~ 7 3 w 
1970 p 
1970 p 
1970 p 

1968 p 
19 72 p 
1968 p 
1970 p 
1970 p 

19 70 p 
1970 p 
19 73 
1971 p 
l9b9 p 

1 ~68 p 
J91J p 
1973 p 
1968 p 
19 72 p 

1973 
1973 p 
1973 p 
19 70 p 
1969 p 

I 970 P 
IQ69 " 
1973 p 
1970 p 
197 1 p 

1973 p 
1972 ~ 
1 ~ 74 p 
I ~74 P 
1972 p 

1968 p 
196~ p 
1973 p 
l <H) P 
19 7S p 

1968 p 
19 7S " 
197 3 
1969 p 
) Q7C. p 
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22S w 
320 w 
300 u 
zoo w 

6 w 

12 4 w 
t> l w 

2SS 
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169 w 
262 w 
34 2 -
245 " 
185 w 
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202 w 
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29~ 
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30 
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160 w 
100 " 

250 w 
70 w 

12S 
62 

160 • 

90 • 
75 w 

100 w 
ss w 

142 w 

130 w 
127 w 
205 
230 

76 

192 w 
198 
182 
2 10 w 
190 w 

I S 
s 

13 
35 

6 

6 
17 
20 

6 
3 I 

s 
& 
9 
8 
9 

ss 
8 

2S 

39 
20 
16 

I SO 
! 00 
49 
65 
so 

30 
2 1 

6 
70 

6 
10 

6 
6 
3 

4 

6 
3 

40 
9 
4 

4 
8 

I 0 
7 
6 
3 
0 

6 
4 

100 
9 

6 
7 
4 

19 
9 

OL 
OL 
OL 
2S 

OL 
G 

G 

p 

·• A TER PUMP AGE 

LEVEL I D• TEiUSE YTfLOiiiiiiTTHE LOG o, 
IMoAS-1 I I 

lfll I URED I ! GPM I I IFTI I !HRI 

2 

12 
21 
20 

2J 
40 

F 
IJS 
20 

I S 

8 

2 
6 

I 0 

I 0 

18 
16 
30 
I S 

7 

)0 
12 

0 
I Q 

5 
32 
12 
I 0 
40 

4S 
6 

20 
s 

10 
I S 

7 
I 0 
I S 

2 
9 

10 

10 

I S 
12 
12 

10 
a 

I 0 

20 
3S 
14 

p 

N 
u 
N 

11-66 H 

H 

R- 73 H 

11-72 
H 

4 - ~~ c 

4 - 68 " 
10 - 70 H 

k - 70 N 
- 71 H 

1-72 H 

2- 71 H 
rl 
H 
rl 

10 -7 2 H 

7 - 73 u 
I 0 - 72 

6 - 6 p 

- 4Q H 
H 
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6 -7 0 H 
7 - 70 rl 

10 - 70 H 
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LATIT UOt ­
LDNGI TUOt 

5 1 442235N0722947.1 
52 442? 17N0722620 . 1 

I 441905N0722626.1 
7 44221SN072292S . I 
3 442235N0723006 . 1 

44!~24N072240! . 1 
441919~0122254 . 1 

441952N07223~2 · 1 
442001N0722409.! 

5 441948N0722238 . ! 

~ 44) Q45N0722240 .t 
7 441818N0722 4 02 . 1 
A 4416 33N0722213 . ! 

II 44 1719N0722434.1 
12 44 1802N0722345 . 1 

13 442?18N0722300 . I 
14 442?05N0722245 . 1 
I S 44 2!0SN0 722326 . 1 
t• 442IOON0722223·1 
17 4420!SN0722447 . ! 

18 442020N07224 23 .1 
19 4420 1~N 0 722405 · 1 
20 4420 09N07 224 10 . 1 
2 1 44201SN0722226 . 1 
22 441950N0722 244.1 

?3 441954N0722239 . 1 
24 4 41 90 IN072252~ .1 

25 44IA42N0722522 . 1 
?~ 44 2050N072 180 7 . 1 
2 7 44 2058N0721807 . 1 

7~ 442016N072! 71 5 ·1 
?9 441936N07217 25 . 1 
30 44}74qN0722505 . ) 
31 44I742N0722SII.! 
1? 44 17SON0 722422 . 1 

33 441753N0722349 . 1 
34 44IA OON07223 17.1 
3~ 441A00N07?2304 . ! 
1~ 441750N 0 722303 . 1 
31 44l747N0722 24 &. l 

A 4417 0SN0722236 . 1 
39 441655 072220 4 . 1 
40 4416)7N072221 .1 
41 44I~47N0722215 . 1 

42 441740N07223SO . I 

41 44!7!0N0722452 . 1 
44 44l6JJN07224JO. J 
45 442l42N0722210. ! 
46 441 !SN07 2220I · I 
4A 44IAS7N07?2527.! 

AL T I­
TUDE 

Of LSD 
If r > 

1220 
900 
720 

!ISO 
1220 

BdO 
810 

I 340 
1325 

790 

790 
890 

I 30 
755 
8 70 

1460 
1320 
1260 
1280 
1400 

1300 
1260 
1320 

780 
800 

BOO 
1230 
1180 
1480 
14 60 

1620 
1750 
1060 
1000 
940 

AOO 
920 
960 

1000 
1040 

1200 
1380 
1320 
1410 

760 

760 
118 0 
1260 
1420 
1200 

44 2 1?6N0 72 !950 . I 1060 

I 442402N0722452 . 1 
2 442456N0722S24 ol 
3 44 c60 2N0 7227 46 . t 

44 2620 0722458 .! 
44 c 42 I N0722220 .1 

44242 IN 0722439 .1 
7 44 ? 4 20N0722b l4.) 
8 44 2503 0722736 .1 
Q 44261AN0722424 . 1 

10 442 25N07U4S6.! 

11 442800N0722429. 1 
12 442830N072 2)45.1 
11 442749N072241 8 . 1 
14 442AJON0722&44 . l 
I S 44 2933N0 722530 . 1 

I~ 4420 )N072252 1 . 1 
17 442ASAN07226 2 1.1 
!A 442737N072250 4 . 1 
19 44?7 00N07?2SOO . I 
?0 44 2523N0722 13S .! 

93S 
I 0 40 
ll7S 
1260 
1480 

114 0 
1180 
1?00 
1360 
11 80 

11'·0 
920 

1480 
I ?60 
)4£. 0 

)£.40 
)4 80 
1220 
I ? 4 0 
I 70 

TA BLl 6 . --0ESCR I PT I ON Of SEL ClEO WELLS . TEST W LLS • AND BOR IN&S - - CUNTII<UEO 

SMI Trl GER AL D 0 
S ILBEPMAN R 
US GEOL suR v Y 
US GEOL SU~VE Y 
US GEOL SU~VEY 

H AI!f S J S 
1'\ J Mfi A. Ll (r1Ar~OL~ 

P IT KIN BE LM ON T 
P I TK I N RO AL O 
Ru&ERTS ~AYMOND 

CHURCt1 R C 
WELCH JOHN 
WILLA RD 
NELSON DR IV E IN 
US GE OL SURVEY 

ENNIS LtELANO 
OA TL EY ROBERT 
8RO• N LEON 
HEALEY JERI 
MOULTON WI LLI AM 

COOLING ROdERT 
t1 I GGS ALAN 
P IT KI N ROYCE 
HR IHBLECOHBE S 
8UWNHAM 

P0~£~5 r<[NN[ Th 
t1ITCOM& "'AHLON 

FO WL ER FREO 
CNAM8(FilA IN 
(t1 AM 8ERLA I"' 

HOR SE CEC IL 
CAM PBELL R 
NUNZ IOTO Q 

LOSO LARRY 
J0N,..50N MA RTIN 

!WINfiELD rl S 
SC H~O TH R!Ct1ARO 
HLACr< BURN GP(UG 
J ACOBSfN t LEND 
P(A <;ON JAMES 

OAVJS N IL 
110RTON THO~Sl ' I 
NELSON PAUL 
BOISSE HENPY A 
BROwN ST ANLEY 

O~TON ED WIN L 
BAlf S EVELYN 
LINONEP DANIEL 
rRA 'S ~Ob£41 
RAb iN JUL €~ 

US G OL SU~VEY 

BtAUC HA MP L c 
us GEOL suovE Y 
US GEOL SU~VE Y 
US GEOL SU~VEY 

ILLINGHA M D 

TUtK[P EL WI N 
OS I(k PIC~AQO 
VOZlELLA M 
LE ARO ROY A 
C00P($0N & hAT(t-~ 

SE LI GA 0 
fLlTCHER r-t OWAPO 
Vl f)Cjh l.. (; AM 
GALLAGHfR JOHN 
WILLIAM S V 

wILL I A~S Jn .. 
covRCMA IN r 
PO TVIAN ~ADLEY 

t" CCOY ALI Cl 0 
ROU WIN LLOYD 

YEAR/ 
HFTHOO 
O~ ILL EO 

fEET dl lR ­
OIA>< -I FIN=iDEPTHIUSE TO bEARING 

TER 11 5M I I kEO - "'1Al [RIAL 
liN> I I IFTll ROC~ 

CALAIS --CUNTINUEO 

19 7£. p 
1972 H 
1973 w 
19/£. 
I 74 

1958 

I 946 C 
19b l p 
1964 c 

I 6S A 
196 1 p 
1964 
1972 p 
1973 

19 71 p 
19 71 p 
196A P 
}Qt)ft p 
1973 p 

)Qb9 p 
1970 p 
1968 p 
1969 p 
19 70 p 

1969 
10 72 p 
1969 p 
1969 p 
1969 p 

1972 p 
19 70 p 
}Q7J p 
1968 p 
197 p 

)Q 9 ..., 
) Q08 p 
1968 p 
JQo9 P 
107? p 

1973 p 
19b8 
19o8 P 
1069 p 
I 970 P 

1970 p 
IO 8 P 

1970 p 

I 941 0 
I 73 
1973 
197£. 
I 68 

I 68 P 
1073 
19 70 
1073 
1968 p 

1473 p 
1973 
107<; p 
19b9 
1969 p 

197£. 
) Q7) 
19 73 p 
1973 
1Q7£. p 

9 
2 
2 
2 

8 
6 
6 
s 
8 

6 
6 
6 
6 
I 

6 
6 

6 
7 
6 

6 
6 
6 
6 
6 

6 
7 
7 
6 

6 
6 
6 

6 

6 
6 
b 
6 
6 

6 
6 

6 
6 

2 

0 

0 

X 
0 
0 

0 

' 0 
0 

WOOO~URY 

48 
I 
I 
I 

6 
6 
6 
6 

6 
6 
7 

6 
6 

0 

0 
0 

-23-

}£.9 w 
275 l 
II 5 1 

15 
31 

194 .. 
2 10 w 
lOS 
140 
ISO o 

87 
430 
120 w 
350 

47 

175 
250 
125 
100 
148 

100 
195 
300 
114 w 
100 w 

100 "' 
17S • 
220 " 
22S w 
180 

41 w 
ISO 
3 15 
255 
uo 
£.50 'Ill' 

1£. 2 w 
63 
81 • 

lSI w 

5 4 w 
6 w 
32 .. 
5 4 w 

2 7S • 

160 
1oO w 
125 " 
22S w 
165 

44 

12 
30 
35 
25 

180 w 

5 1 • 
J2S w 
160 
90 

ISO 

ISS 
48 

185 
130 
247 

130 
I 0 I 
180 
18~ 
173 

8 

5 
100 

10 
6 

98 

20 
10 

4 
IS 

3 

IS 
46 

8 
I 0 
69 

I 0 
8 
8 

20 
30 

25 
I 7 
40 
18 

1S8 
0 

100 

IS 

8 7 

70 
8 

!98 

I 0 
I R 
2 1 

7 
30 
24 

so 
17 
36 
20 
24 

MH 
R 

R 

G 

G 
2G 

3R 
~ 

R 

R 
k 

" AllR 

LEV(LIOATiilst YTL:DiDoli!ME" LO<> o. 
IM AS- I I I 

lfTI IUR 0 I ((,PM) I fFT) I (HR) 

IS 

20 
s 

30 
2 

2b 

10 
so 
so 

8 
15 

I 0 
IS 

20 
12 

40 
f 

20 
I S 

15 
40 

6 

I 
6 

30 

7 

5 
3 
3 

14 

s 
12 
IS 

20 
90 

l A 
I S 

16 

rl 
t1 
u 
u 
u 

c 
c 
rl 
rl 
rl 

- 05 H 
H 
rl 

c 
7-73 u 

- 71 H 
t. - 7) H 
s - ~a H 

rl 
H 

8 - 69 rl 
1!-70 rl 
7-6A rl 

10 - 69 H 
I0 -7 0 rl 

6 - 69 H 
-7 2 H 

rl 
7-69 H 
6 - 69 H 

H 
- 70 H 

8 - 73 H 

S- 68 rl 
11- 73 H 

rl 
I 0 - 68 H 
9 - 6 H 

H 

6 - 73 H 
H 

H 
H 

7- 70 c 

7- 7 0 '1 

7-68 H 
H 

4 -7 0 H 
rl 

u 

H 

7- 73 u 
7-7 3 u 

-74 u 
rl 

t. - 68 

A-7 0 rl 
10 -73 rl 

'> - 6R 

rl 
I 0- 73 rl 

S-75 T 
H 
H 

H 
9 -7 J f1 
b- 73 H 

H 
8 -7 4 H 

IS 
3S 

2 
!. ~ 

2 0 
1 . 5 

20 
!. 5 

12 
I 

30 
3 
2 

! . 5 
2~ 

o.s 

20 

30 
s 
6 
I 
5 

I S 
s 

20 
5 

4 

9 
20 

6 

5 
90 
30 
I 0 
30 

15 
I S 

4 

10 
I 0 

30 
IS 
15 

30 

10 

6 
I '> 
10 

2 
I 
I 
A 
I 

2 

I 
2 

I 
A 
1 
2 
2 

2 
2 
2 
I 

I 
I 
2 

B 
2 
3 

0 
0 
OG" -
OG" -
Ou" -

0 
DG" -

0 
D 
0 
0 
0 

0 
D 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
n 
0 
0 

0 
0 

0 
0 

OGo: 
Q(,O: 

p 

OG" -
0 

0 
0 
0 

0 
0 
0 
0 
0 



TA BL l 6.--DESC~ l 11 0 Of S(LECTEO WELLS • TES T WELLS • AND 80~ 1NGS - - CON IJNUED 

LOCH 
""'fll 

NUMHP 
LA II TUDE ­
LONG I TUDE 

• w 
w 

21 ••2b l l 0 722530 . 1 
n •42"10 07225•o .J 
?3 ••2500N0722448 . 1 

I • • 2"00..,07227 • 2 . 1 
? 442 71 0N072251 . } 

ALI I ­
TUDE 

Of LSD 
(f!J 

13•0 
1350 
1080 
1175 
1190 

OwN[~ OR U,ER 

S I LK ~ER I ON 
PUU I N ANOY 
LA MPiilRE C 
US GEOL SURVEY 
US u OL SURVEY 

44 2 71 ON072251 • 2 1 190 US GEOL SU~Vl Y 

• • • w 

w 
• 
w 

"' • 
w 

"' w 
w 
w 

w 

" w 
w 

• 
w 
w .• 
w 

w 

w 
w 

.• 
w 
w 
w 
w 

w 
• 
w 

I 442?05N0 723307 . 1 
? • • 2230N072325 .1 
1 442102N07233 3 1. 1 
4 t. t. 2 103N0 72J)t.O . l 
, 4 4 2 1 1 1 N~72325 1 . 1 

f, 4 42156N072323 1.1 
1 4 4 2 15•N0 723230 . 1 
~ 442 1 ,QN0723232 ·1 
9 4 42?06N0 723233 . 1 

In 442147N0723350 .1 

II 442 147N0723350 . 2 
I? 442 l 42N0723340 . 1 
11 442?27N072330~ . 1 
14 442231N0723 14.1 
I ~ 44??32N07?3233. 1 

Jf, 442?12N07232)3 . 2 
11 44 ??) 7N0 723234 .1 
I ~ 4 4224 1N0 / 23235 .! 
IQ 442300N0723 138 . 1 
20 44 2) 17..,07232 19.1 

2 1 4 4 24 03N0 7231 38 .! 
?2 44 2• 03N0 723 138 . 2 
2 1 ••2•05N0723 14 0 . 1 
?4 44?4 08N0 7 2J l 3~ .1 
25 442552N0 72320 7 . 1 

2h 442418N07?.3300 . J 
2 1 442 S9N0 723309 . 1 
?.A 44?.?5 7N072331? . 1 
?o ••??SO 07233 "5 . 1 
30 4 4 2305NO 123406 . 1 

"' I t.t.2'i29"'1072334 ~ . 1 

3? 44252?N072J4 09 . ! 
33 '•42358N0723• 23 . 1 
)4 442Jl9N07234 2 .} 
3~ 4423?2N0 7234 ? . 1 

1 44 2J40N0 7235 15 . 1 
3 7 442337N0 723S I 2 . 1 
)q 442407N072353 1 . 1 
)Q 4 4230QN0 7 234 l ~ .l 
40 44 2?54N072J427 . 1 

to) t.42?S IN072)4 2 7 . 1 
42 4 t. ??4)N0 7 2) 4 22 . I 
43 442 II N0 72 3 S l 3 .1 
44 44?306N0 723517 . 1 
45 442?SJN0 723SS6 . 1 

41., 4422'4~N072)54) .) 

t.7 44??44N 0723SJ8 . t 
t.A 442?4hN072J534 . 1 
t.q 4422 19N072 242 .1 
~0 ••2251N0723 Oh .l 

~I 4 42257N0 72341 9 . 1 
I 44??J1N0 723305 . 1 
? 44?233N07 23305 . ? 
) 442304N0723304 . } 

•• 230 1N0/23258 . 1 

~ 442303N07232~B .I 

A 4'•?7 0 N072331Q .J 
1 442219N0723242 .1 
A 44 2?40N0723302 .1 

750 
7•0 
760 
710 

Ill 0 

10 7 0 
l OrlO 
1020 
o2o 
750 

IJS ~EOL SU~VEY 
US GtOL SU~ V EY 
LAM OUNT AI N t1 J~ 

MALLE~Y JOHN 
OUOGE PICH I [ 

r-tA f.lT IN ~UOOL PM 
OOUUE HA~~y 

wELCH SCOT I 
Pl kR Y L AW ~ENCE 
Sllf"f(N OTT O H 

7S0 STEf fEN OTT O H 
QO NE L SON JERQY 

790 R I CHAPDSON W 
780 M~XMAM C)IJPPL Y 

780 OOOGE SHEL uON 

780 
760 
11 0 

1020 
84 0 

II 00 
II 00 
1080 
1080 

Q30 

DAY DAVI D 
HlARTH Sl DE [N T. 
"'AXHAM OAVIO 
IOOL 
BEAUREGARD P G 

WlLOER DARW IN 
IIIIL OER WAYNE. 
ol LOER RA Y~OND 
L ONS<E RONALD 
DODGE HE AT H 

840 NOVAI<. JOHN C 
A20 LEE N(WTOr., .J~ 

780 ~ I CHA ROSON W 
00 liOUGES ART~UR 

94 0 o< O~S~ ROSE~ T 

1240 
lt. OO 
1240 
1080 
II 00 

11 60 
I I 30 
1•20 
950 

117 0 

114 0 
11 60 
1340 
1•20 
I t.40 

1420 
1430 
14 30 
740 
110 

11 50 
7SO 
75 0 
74 0 
730 

730 
750 
7•0 
110 

wt ~ r t..~ 

8 AWRETT .J A-1 5 
COURCrlA I NE P 
Swd I SER CLYDE 
HOVEY lf(J LLARO 

5 ,..1 TH FAY 
Uhri N "4 AJ.lliN 
MA R TIN HOWA QQ 
OUHUCE J OSEPH 
fkAZ 1 fR DOUGLAS 

NELSON J ~,..1y 

FRAZI EP r<. "4NllH 
NY~ERG JOE 
BLOCK .JOHN 
rtULTS -.J LLI AH 

HULl OOUGLAS 
"4A kOfN ro~o 
WOO l R~ fRE D 
MA XhA,... DA VI D 
J .J SN A(t< BAQ 

G~tEN J AMES 
US u OL SUR VEY 
US GEOL SUR VEY 
US (, OL c;.u~ vEY 

US GEOL ~UR VE Y 

lJS C.EOL SURVEY 
US G OL SURVEY 
US GEOL SU4VEY 
US G OL SU<I VE Y 

Yt.A~/ 

Mf ! HOO 
DR 1 LL ED 

fEE T 
UlAM-l f lN=iOEPT HIUSE TO 
ETEP ll SH I I ED -
< IN I I I If II I ROC~ 

w0008URY --CON I 1 NUEO 

1972 p 
1973 
I 97 1 P 
19 75 w 
19 73 

1973 

1973 
19 73 • 
1 QJO P 
1970 p 
197 1 p 

1967 p 
19 71 p 
1968 p 
1968 p 
1969 p 

1960 p 
197t. p 
1971 
1973 
1968 p 

1974 p 
1972 p 
1960 p 
l obs P 
1968 p 

1970 p 
l ~ 71t p 
19 70 p 
1970 ~ 
196 7 p 

19 71 p 
1971 p 
196 7 p 
19 70 p 
1968 p 

I 72 P 
196A P 
1 ~•2 P 
1 ~73 p 
197 

1960 p 

19 71 
197 1 p 
1Q1) p 

1972 p 

19 7 3 p 
1972 p 
1968 p 
1972 p 
1970 p 

1068 p 
1971 
19 71 p 
l 96 1t 

19 7S 
19 73 w 
I 9 73 W 
19 74 w 
l 74 w 

19 74 w 
1 'i 74 w 
1974 w 
}Q74 

6 
6 
6 
2 
2 

wORCES TER 

I 
1 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
h 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

1 
6 
6 
6 
6 

6 
2 
2 
2 
2 

2 
2 
2 
2 

X 
X 
X 
X 
X 

X 
0 
X 
X 
0 

X 

0 

-24-

247 'W 
182 w 
230 w 

20 I 
2 1 I 

63 
135 
CO l W 
24 2 w 
1 2~ w 

1S6 • 
2 15 w 
126 
10 I w 
~00 u 

295 u 
61 

182 w 
121 w 
102 

149 w 
202 w 
162 w 
190 • 
202 w 

122 w 
90 w 

142 w 
14~ 
l i S 

134 
}l.ol w 

35 
89 w 
82 w 

225 
100 w 
61 w 

180 
2 1S w 

I SO 
130 
102 
52 w 

130 

63 w 
122 w 
220 • 
24 1 w 

82 

2 10 
62 

122 • 
11 8 w 
82 

14 0 
21 
19 
32 
1 0 

25 
8 7 
2 1 
62 

I S 

• 
1 

136 
12 
3S 
s 

14 
40 
12 

8 
39 

65 

16 
•s 

125 
85 
12 
9S 
10 

2 
10 

2 
8 

30 

4 5 

• 
1 
2 

16 

so 
23 
20 
17 
15 

22 
40 
12 
30 

3 

25 
3 
1 
0 

17 

18 
18 
10 

li B 

32 

oAT ER ­
blARlN~ 
MAT ER IA L 

4P 

R 

WAT ER PUMP AGE 

LEVEL I OAT E I USE YiEi:Oi()o!TiHf LOG ow 
IMEAS -1 I I 

<fll lURED I <GPMI I(F"l)I(HR I 

12 

• 2 
19 
12 

8 

• 
40 

3 
10 

I S 
4 

0 
15 

6 
10 

50 

35 
12 

6 

15 
f 

20 
1 0 

20 
5 
f 

f 
3 

f 
8 

10 

60 

H 
10 -73 H 

H 

u 
u 

u 

8 - 73 u 
6 - 7 3 u 
5 -7 0 li 
9 - 70 li 

li 

3- 67 H 
10 -71 H 

2 - 6 8 H 
9 - 68 H 

H 

H 
10 - 74 H 

3 - 71 li 
3 -7 3 "' 
S- 68 H 

6 -7 4 H 

9 -72 H 
1-69 H 
6 - 68 li 
8 - 68 H 

8-70 M 

H 
8 -7 0 li 
1-10 H 

H 

6 -71 H 

10-67 li 
11 - 7 0 H 

9 - 68 H 

H 
7-68 H 

11-72 H 
8 - 73 H 
8 - 73 H 

li 
11 - 71 li 

7-71 H 
10 - 71 H 
8 - 72 H 

9 - 73 H 
9-72 H 

H 
6 - 72 H 
5 -7 0 H 

5 - 68 H 
H 

H 
p 

c 

H 
u 
u 
u 
u 

u 
u 
u 
u 

4 

3 

•S 
1 
6 
1 
s 

• 
2 

}. 5 
3 
z 
z 

50 
12 
30 
20 

6 
20 

6 
10 

6 

20 
2S 

3 
20 
25 

20 
2 0 

9 
6 

so 

l. S 
1 

2 
20 

3 
2 
4 

I S 
6 

d 
) 

1 
1 
6 

1 
10 

6 
26 

5 

2 
9 

D 
D 
D 
DG" -
DG" -

OG" -

DG" 
DG" -
D P 
D 
D 

D 
D 
D 
D 
D 

p 

2 D 
1 D" 
I D 
1 D 

I 
1 
I 
2 
2 

1 
I 
1 
2 
8 

D" 

D 
D 
D 
0 
0 

D 
D 
D 
D 

1 0 
1 0 
2 D 
1 0 
I D 

8 
2 
I 
I 
1 

D 
D 
0 
D 
D 

D 
D 
D 
D 
0 

D 
D 
0 
D 
D 

D 
D 
0 
0 

D 
DG 
DG 
DG 
DG 

p 

p 

p 
p 

OG" -
OG" -
OG" -
DG" -



Table ] .--Drillers ' logs of selected wells and borings 
(l)epths are given in feet below land s urface . ) 

CABOT 115 . 
~dry • •• ••• ••••• • •• • •••• • ••• • 

Sand , f ine , sa tu rated ••• ••• ••• •• • 
CABOT 119 . 
~. and dirt •••• •••••• •• ••• • • 

Hardpan (t11 17 ) • • •• • •••• ••••• •• • • 
Rock , green •••• • ••••• •••• • • •• • • •• 

CABOT 1121. 
Sand ; g ravel ; some brown clay 

ba 11 s •••• ••••• ••••••••••••• •••• 
Sand , medium to coa r se; g ravel • •• 
Grave 1, fIne to me.d i um; some 

coarse sand ............ .... . ... . 
S 11 t , gray; and very f Ine sand ••• 
Sand , dark gray; and g ravel; 

some clay; cobbles •• •••• •• • • ••• 
Boulder or bedrock ••• • •••• •••• ••• 

CALAIS 117 . 
Sand, fine , brown , and very f i ne 

sand ; si lt; some gra\lel ••• •• ••• 
Sand , fine , brown , a nd very fine 

sand; s i 1 t; trace of gr a ve 1 
some cementing of san d •• •• •.•• • 

Sand , fine , b rown; very fine 
sand ; silt (Increasing with 
depth) •••• ••• • •• •••••••• • •••• • • 

Sand , fine , brown; very fine 
san d; si lt; with cemented laye r 

Sand , medIum , some fIne sand , 
some coarse sand to fine gravel 

Gravel, fine to medium, dark in 
color ; some fine to mediUf'l 
sand; broken , coarse g ravel •••• 

Sand, coarse ; coarse g ravel; 
some fine to medium sand •. • ••• • 

Sand , fine, gray ••••• • ••••• •• • •• • 
Gravel, fine ; and brown sand ••• • • 
Clay , gray ; a nd fine , sha rp 

grave l (t i117 ) ; takes water 
rapid l y at 95 feet. • • •••• • •••• • 

Silt; medlurr~ to coarse sand; 
gravel • ••• •••• ••• •• ••••• • • •• ••• 

Sand , medl um to coarse , gray , 
sharp; gray wash water ; 
a 1 ternate I y takes a II wate r ••• • 

Sand , fine to medil.JTI , g ray to 
green; fine , white , quartz sand 

Sand , fine to med ium, gray; some 
clay ; takes most wash water •••• 

Sand , fine to medium , gray ; some 
c lay; coarse , g ray sand •• ••• •• • 

Sand , coarse , gray; and fine , 
s harp grave l; some fine , gray 
sand ; gray wash water •• • • ••• •• • 

Sand , fine , g ray; and coarse , 
gray sand; medIum grave 1; 
gray wash water • • • •• • • • ••• • .••• 

Sand , fIne , gray; and medIUM grd­
vel; sand Increases wl th depth , 
grains sha rp and angular • ••• • •• 

Sand , fine to coarse , g ray ; SOflle 

fine gravel ; takes wash water 
readily •.. .•• • •• •• ••• • • •• • • • ••• 

Sand , very fine to medium , gray , 
brown flecks, sharp g ra Ins •• • • • 

Sand, fine to coarse , gray ; fine 
sand Increases with depth , 
takes water readily • ••• ••••• •• • 

Sand, medIum to coarse ••• • • • ••• • • 
Sand , fine to medium, g ray, 

cou ld not penet rate further •••• 
CALA IS 11 16 . 

Gravel , and clay •••. • • ••• ••• ••• •. 
Sand dOd c l ay • •• • • .•••••••• ••• •• • 
Grave I .• • •• •••••••• •. • •• •• ••••..• 

CALA IS 1145 . 
Sand . • ..•••••••.•••• ••••• •• . •••• . 
Grave I •• .••••• •• • ••••• ••• • • •• • .•• 

CALAIS X I. 
~Inc to medium , ye ll ow­

brown; minor g ra"e l •• • • •••••• • • 
Sand , very fine to fine , clayey 

to s ilty , gray; some fine to 
medium , yel l ow- hrown s and wl th 
grave l (probab l y from 0 to 
15f t zone) ••••••••••• •• •••• •• • 

th 

0 6 
6 8 

0 10 
10 35 
35 - 122 

0 - 21 
21 26 

26 36 
36 37 

37 42 . 5 
42.5 - 45 . 1 

0 15 . 1 

15. 1 - 2 1. 2 

21.2 - 37 . 4 

37 . 4 - 44 . 5 

44 . 5 - 59 . 5 

59 . 5 - 65 

65 73 
73 78 
78 84 

84 - 95 . 5 

95 . 5 - 100 . 7 

100 . 7 - 110 . 2 

110 . 2 - 115 

115 - 127.4 

127.4 - 132 . 7 

132 . 7 - 138 

138 - 143 . 3 

143 . 3 - 149 . 4 

149 . 4 - 159 . 9 

159 . 9 - 165 . 3 

165.3 - 170 . 6 
170 . 6 - 176 . 3 

176 . 3 - 19 1.6 

0 8 
8 70 

70 81 

0 70 
70 76 

0 15.0 

15 . 0 - 19 . 8 
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CALAIS Xl (Cont.) . 
Silt , gray; minor, very fine to 

fine sand •• • • ••• ••. • ••• •• . . .• • • 
Clay , g ray; s ilt ; very fine sand . 
Silt and clay , gray • ... • •.•.••••• 
Si lt, clay, gray; minor very fine sand . 
Clay , gray; si lt; "ery fine sand . 
Sand , very fine, gray; silt; 

SDnle clay ••••.•••• •• •. •. •.• .•• • 
Si lt, gray ; ve r y fine sand; 

some clay • .• ••.• • ••. ...•. • ... .• 
Silt , gray; very fine sand; clay . 
Silt; very fine sand ; trace of 

g ray clay; sand may be 
increa sing with depth ••. •• • • •.. 

Silt; "ery fine s and ; trace of 
c lay ; could drive casing only 
to I OS f t; washed ahead to 
115 ft. •• . •••••••••••• •• • • • • • .. 

CALA IS X2 . 

~--····················· · ·· OrganIc swamp deposit , gray -
black • • • • •••••••• ••• • • ••••• ••• • 

Bou I ders . •• .• • •.•. •••••• •••••.• . • 
Si It, b rown; and gray clay •• . . ••• 
Si It , brown; g ray clay ; till 

fragments; could not 
penetrate further .• . .. • •• •••• •• 

CALA IS X3 . 

~--· ···· ······· · ······ · ···· Organic swamp material •.. •.•• .•.• 
Silt , brown; some very fine sand. 
Silt , brown; some very fine 

sand; trace of pebb 1 e s ... . • • ..• 
S i I t , gray; pebb 1 es .... .•• • •• •.• . 
Si lt , gray; clay •••• •• •. • . ..• •••• 
Si lt , gray ; sma ll flat pebbles 

(concretions?) • • • ••.. • .• . .••••• 
Till; could not penetrate further 

HARSHfl ELO 116 . 
Clay, b lue •.•• .... . ..... • •.•. • . •. 
Gravel •••••• •• ••• • .•.• .••• ••• .•.. 

HARSHFIELO 1112 . 
Clay; sand; gravel; topsoil; 

stat ic water level at 2 . 0 feet 
be l on land surface . • .•. •• • •. .•• 

Clay , g ray; sand; gravel ••••. .• •• 
Sand , very fine , g ray; silt. • ••• • 
Sand , fi ne , gray ••. . • •.....• •. • •• 
Sand , medium to coarse , g ray to 

yellon; gravel; s ome silt 
ball s ; most rock fragments 
are broken granIte •. . • .. ....... 

Ti II , very sandy , yellow- gra y; 
high percentage of granit i c 
fra gments in medium to coarse 
sand and grave 1 ••. ••••.•• • •••• • 

Ti II; broke off drill rod 
at 57 . 5 ft •• • ••• ••••• •••• • • • ••• 

HARSHFIELD 1135 . 
Sand • • ••• • ••• . • . .••.•.••••••••••• 
Clay •.•.•• ••• ••• • • ... .•• •• •• •• ••• 
Gravel; sand ••••••• • • ••.•..• . •. •• 

HARSHFI ELO 1136. 
Sand; bou I ders ••••••••..•• . •• •••• 
Gravel, fine ................. .. . . . 

HA RSHF I ELD 1138 . 
Boulders and gravel. •• •• • . . .• •••• 

HARSHF IELO 1140 . 
(Sand?) ... ..... . . . ... ........... . 
Grave I ••.•••••..• •• . •• • • • • . • •.•. . 

HARSHFIE LD 1141 . 
Sand , fine ; boulders • ...•• • • ••• • • 
Gravel , fine ••••.••.....••••.•••• 

HARSHF I ELD XI. 
Si It , g ray , wet at 6 feet .. ...... . 
Sand , medium to coarse; fine 

g ravel; sat urated . . ..•. . .•.•••• 
Sand , very fi ne to medium , gray •• 
Sand , very fine to medium , gray ; 

c lay ; g ra\lel ••••• . ..••••.. . •.•. 
Sand , very fine , gray . •. ••••••••• 
Clay; f i ne gravel. •••• . •.. . ••••• 
Cobbles ; some sand ; clay • •.• • • ••• 
Boulders ; cobbles: could not 

penetrate fur ther • • •• • • •• • .••• • 

De th 

19.8 - 24 . 4 
24.4 - 39 . 6 
39 . 6 - 45 . 9 
45.9 - 51 . 2 
51.2 - 61.5 

61.5 - 68 . 0 

68 . 0 - 78 . 1 
78 . 1 - 83.3 

83.3 - 87 . 8 

87 . 8 - 115 

0 

3 7 
7 8 
8 14 

14 15 

0 4 
4 5 
5 15 

15 20 
20 25 
25 26 

26 30 
30 30 . 8 

0 87 
87 - 98 

0 18 . 8 
18 . 8 - 24 . 0 
24 . 0 - 35 . 6 
35 . 6 - 40.9 

40 . 9 - 46 . I 

46 . 1 - 52 . 4 

52 . 4 - 57 . 5 

0 40 
40 50 
so 63 

0 40 
40 81 

54 

0 20 
20 35 

0 45 
45 54 

8 23 
23 25 

25 30 
30 39 
39 40 
40 44 

at 44 



Table 7.--Dri tiers' logs of selected wells and borings (Continued) 
(r>epths are given i n feet bel0o-1 land surface .) 

IIOODBURV 112 . 
No saMJ)le; static water level at 

0 . 5 feet below land su rface •• •• 
Sand , fine , gray- brown ; very fine 

san d; SON! s ilt; traces of fi ne 
gravel; coarse sand; no clay • • • 

Sand, medii.J'I'I; coarse g ravel ••••• • 
Sand, medium ; f ine !)ravel ; 

coarse sand •• . • •• •••• • •• •• •••• • 
Sand , 'lery fine to coa r se; some 

c lay; take s water readil y •• . ••• 
Cou l d not penet rate further •••• • • 

IIOOOBURV 113 . 
Sand , brown; fi ne , sharp !)ravel ; 

sand f ractIon I ncreasl ng 
below 16 feet. • •• • • •• •• • • •• • • •• 

Gravel ; fine and very fine , 
gray sand ; (laminated?) ; g ravel 
lnc reas ing at 30-3 1 feet ••• • ••• 

Sand , fine , dark gray; fi ne 
pebb I es; some s i 1 t ; (probab 1 y 
mat r ix a round cobb le s) • • • • ••• • • 

Drove casin g to 33 . 6 ft ; 
cou l d not penet rate furt her ; 
washed ahead • • •• • •• • • • •••••••• • 

IIOOOBURV 114. 
Sand , mediUTI to coa r se , brown; 

SOIT'e si lt; gravel; cobbles ; 
s tatic water level at 2. 5 feet. 

Sand , coarse ; broken cobbles • •• • • 
Cobb le s , broken , black and 

whIte ; some sha rp grave I • • ••••• 
Ti II; cou ld not penet rate fur ther 

IIOODBURV 116. 
Grave l, fine; fine sand •••••• • • •• 
Coarse g rave 1 •• •• • ••••• ••••••••• • 

IIOODBURV WI I • 
Sand •••••••••• • •• • ••••••••••••• • • 
Shale (7); 9 ravel •• •••• •• • • •••••• 
Sand ••.• •• • •• • • ••• • •••• • •••• •. ••• 
Grave 1 ••..•••••• • •• • • ••• ••••••••• 

IIOODBURV 1112 . 
Sand • • ••••••••• •• •• •••••••••••••• 
Gravel , fi ne •• •••••• • •• • •• • •• • • • • 

IIOODBURV X I. 
Sand , b rown ; coarse g ravel ••••••• 
Drove casing to 20 .5 feet; coul d 

not penet rate further ••••••••• • 
\IOODB URV X2 . 

Fi ll , roadway ; til l • • • • •••••••••• 
Could not penet rate further • ••••• 

\IOOOBURV X3 . 
Fill, roa~ay; bou lders ; ti 11 • • • • 
Could not penet rate further ••••• • 

WORCESTER Il l. 
San d, brc:;r..~n ; gr avel • • ••• ••••• •• •• 
Clay , g ray • •• ••.••• •• • •• •• • •• • ••• 
Clay, gray ; silt ; artesian f low 

at 37.6 feet ••• •• • •••••• • •• • ••• 
Si l t , gray • ••••. •• .•••• • •••••. •• • 
Si l t , gray ; sand ••••••••••••••••• 
Crave I, fIne; gray s I I t. • ••••. •. . 
Could not penetrate further 

(bedrock or bou lde r ) • ••• •• • •• • • 
WORCESTER 112. 

Sand; grave I ••••• •••••••••••••• • • 
Sand, fi ne (muscovi te fla ke s) , 

g rades to gray clay •••• •• •••• •• 
Cl ay , a ray • ••• • •• •••••• •••••••••• 
Sand , fi ne , 9 ra y ; some fi ne 

gravel a top; static water 
I eve I at 3 . 5 feet •••••• • ••••••• 

Sand , fine g ray ; g ray c l ay layers 
Clay , gray •••.• .•• •••••• • •• • ••••• 
Sand , fine •• ••••••• •• •• • • • ••••• • • 
Cl ay , gray • .••••••• • ••• •• •• • ••• •• 
Sand , fine and rredi um, gray; some 

coarse sand ; s tatic wate r level 
at 14 feet be low land s urface •• 

Sand, fi ne and mediUM , g ra y ; and 
cl ay l ayers •••• ••• • •• •••••• ••• • 

Sand , fine , c l ayey , gray; some 
coarse sand •• •.• ••• •• • ••••••••• 

Sand , fine , clayey , g r ay; trace 
of g rave I ••• • ••••••••• • ••••..•• 

Sand , fi ne , clayey , g ray; some 
coarse sand ; very fine g ra vel •• 

e t 

II 

II - 24 
24 - 25 . 5 

25 . 5 - 30 

30 31 
at 32 . 4 

0 - 20 . 5 

20 . 5 - 31 

31 34 . 6 

to 34 . 6 

0 - 25 
25 30 

30 35 
35 39 . 8 

0 51 
at 51 

0 - 80 
80 - 11 0 

110 - 140 
140 - 157 

0 30 
30 48 

0 16 

at 20 . 5 

0 8. 5 
at 8 . 5 

21.4 
at 21 .4 

0 18 
18 32 . ~ 

32 . 4 - 37 . 6 
37 . 6 - 53 
53 - 54 
54 63 . 4 

at 63 . 4 

12 

12 - 20 
20 34 

34 - 41 
41 - 52 
52 - 67 .s 
67 . 5 - 68 
68 75 

75 80 

80 as 
85 - 90 

90 95 

95 - 112 
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IIORCESTER 112 (Cont.). 
Sand , fine , clayey , gray ; coarse 

sand 1 ncreas i ng ; some fine 
gravel at 120 ft ; static water 
level I ft above land surface • • 

Sand , fi ne to coarse , sharp; some 
gravel; clay; s tatic water level 
21.4 ft below land s ur face ••••• 

Sand , coarse , sharp , gray; s i I t; 
clay • ••• ••• •••••••••••••••••••• 

Sand, coarse , gray •.. ..•• •••.•••• 
Weathered rock fra nt s; sharp, 9ray 

to g reen (bedrock or bou·fder) • • 
WORCESTER 1112 . 

Cl ay , blue •• ••••.••••••••.•••• •• • 
Silt; fine sand; clay • .• .•..... . • 
Gravel , fine ••••..••••• •••••• .••• 

WORCES TE R 1115 . 
Gravel; fill •••••• •••• . .•...••••. 
Clay •••••••••• • •••••• •• ••• ••••••• 
Crave 1 ....•.•••.•.. • •• ...•• • • . ••• 

IIORCESTER XI . 
Alluvium •.•••.•• •• , ••.••• . ••••••• 
Clay , g ray; san d; rock fragment s . 
Cou ld not penetrate furthe r 

(bedrock or boulder) • • •• •• •••• • 
WOR CESTE R X2 . 

All uvium ; s a nd; gravel. ......... . 
Clay , gray ••• • • ••.•• •• ••••••••• •• 
No s ample .•••••••. • ••••••.•.••. .. 
Could not penetrate further 

(bed rock or boulder) ••• •• •••••• 
WORCESTER X3 . 

Sand, brown ; si It ; pebbles ; 
stat ic water level about 10 ft . 

S i It , gray ; some clay .•• •..•• .••• 
Clay , g ray • • .••••. • •••.•••••• . ••• 
Clay, g ray; rock fragments • • .•••• 
Could not penetrate further 

(bed rock or boulder) •••••••••• • 
IIORCESTER X4. 

Sand , brown; gravel •• • •• •• • •••••• 
S I I t , g ray ••••••.••. . •••.•. ..•. •• 
Clay , gray • .•••••••••••••• • ••• • •• 
Clay , gray ; some sha rp pebbles ••• 
Si It , gray; clay •••••..••••••• ••• 
S i lt , g ray ; clay ; some pebbles ••• 
Si I t , gray ; clay ••..•.••.•••. • .•• 
S i 1 t , g ray ; c I ay ; some pebb I es •• • 
S il t , gray ; trace of clay •• . ••• • • 
Silt , gray •• • ••••• ••••• •••••••••• 
Could not penetrate further 

(bed rock or boulder) ••••••••••• 
IIORCESTER XS . 

Si It, brown; coarse sand; sa turated. 
Gravel, coarse, brown •.•••••••••• 
Clay , g ray; stopped at 25ft. •••• 

IIORCESTER X6 . 
Grave I , brc:;r..~n • •• •• ••• • •• • • • •• • •• • 
Sand , fine , brown ••••••.. • • .• • • •• 
Clay , gray; dry • . •. • •.• •• •. •.•• •• 
Clay , gray; si It; very fine 

s and; layered ••• • • •••••••• •• ••• 
Clay , gray •••••••••• • • • ••.••••••• 
Silt , gray; some clay ••••• •• ••••• 
Sand, very fine, g ray ; some 

si lt; fine s and •• ••• •• •• •••• ••• 
Sand , very fine , g ray; trace 

of gra ve 1 ••• • •• • •• • •••••••••••• 
Till ••••• • •• • •••••••••••••••••• •• 
Coul d not penet ra te further 

(bed rock or boulder) ••••• • •••• • 
IIORCESTE R X7 . 

Clay , gray; dry •••••••••••••• ••• • 
Clay , gray ; wet •• • •• • •• ••• .•••••• 
Cou ld not penetrate further 

(bedrock or boulder) ••• ••• • •••• 
IIORCESTER X8 . 

Sand; gravel; wet at 9 feet. ••• •• 
Si It , brown .•••• •• .••.•••••••.••. 
Si l t , g ray •••••..••• • • ••..•••.• •• 
Cl ay , gray and brown ; laminated •• 
Cl ay , gray ; si lt .•••..• • •••• • ••• • 
Clay, gray; trace of pebbles ••••• 
S i It , g ray- green •..••• • •••.• • •••• 
Cou ld not penetrate fur the r 

(bedrock o r boulder) ••••••••• •• 

De th 

11 2 - 120 

120 - 130 

130 - 132 
132 - 135 

135 - 136 

0 20 
20 55 
55 61 

0 5 
5 95 

95 - 101.5 

0 17. 4 
17. 4 - 20 . 7 

at 20 . 7 

0 14 
14 16 . 5 
16 . 5 - 19 . 4 

at 19 . 4 

0 10 
10 15 
15 30 
30 31.5 

at 31.5 

0 9 
9 IS 

15 20 
20 25 
25 39 
39 - 45 
45 50 
so 55 
55 60 
60 69 . 7 

at 69 . 7 

0 7 
7 9 
9 25 

0 8 
8 15 

IS 21 

21 - 25 
25 so 
so 75 

75 80 

80 85 
85 86 . 6 

at 86 . 6 

0 3 
3 21 

at 2 1 

0 14 
14 19 
19 20 
20 25 
25 45 
45 55 
55 61.5 

at 6 1. 5 
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