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are included in appendix 1. Wells and testholes are
identified by local and USGS identifiers.

(2) Geologic investigations—Geologic
investigations were carried out in the study area to
delineate the extent and physical properties of the
surficial materials and the lithology and structure of
the underlying bedrock. All available exposures of
surficial matenals and bedrock were examined, and
all lithologic logs from wells and testholes were
analyzed. Geologic sections were constructed from
this information.

(3) Well installation—Three deep bedrock
wells (TH-1, TH-2, TH-3) and two shallow wells
(SW-1 and SW-2) screened in unconsolidated mate-
rial were installed by the USGS in the study area.
This was done to obtain continuous bedrock core
and split-spoon samples of unconsolidated materi-
als, to provide sites for borehole-geophysical mea-
surements, to provide additional water-level and
water-quality measuring points, and to establish
appropriate measuring points for hydraulic testing
of the bedrock aquifer while pumping water from
the existing domestic well (CS-221). The bedrock
wells were installed by first augering to bedrock and
casing off the unconsolidated materials with 5- or
6-in. inside-diameter (i.d.) PVC; casing was then
cemented to the bedrock and grouted around the
annular space. Bedrock was drilled by wire-line
coring with a 4.5-in.-diameter diamond-embedded
bit to a depth of about 100 ft below land surface.
This process produced an approximate 4.75-in.-
diameter open borehole and 2.25-in.-diameter core.
Sites for two bedrock wells were chosen along the
direction of bedding strike to the north and south of
the existing domestic well (CS-221). The other bed-
rock well was located to the east (along the dip
direction) of the domestic well. Shallow wells were
augered to refusal/bedrock, and 2.0-in.-i.d. PVC
casing and slotted screens with 0.01-in. openings
were installed. The annular space around the cas-
ing/screen in both wells was filled with sand, and
the upper few feet around the casing was grouted
with bentonite.

(4) Borehole-geophysical logging—Bore-
hole-geophysical logging was conducted to identify
fractures and bedding planes that are water-bearing
pathways in the bedrock, to measure flow and water
quality of the borehole fluid, and to define bedrock
lithology in the existing domestic well where no
core was available. Borehole-geophysical logs

were collected in bedrock wells TH-1, TH-2 and
TH-3, and CS-221. Types of logs collected include
caliper, EM conductivity (formational resistivity),
natural gamma, fluid resistivity (conductivity), fluid
temperature, and heat-pulse flowmeter; data were
recorded on paper and stored electronically in digi-
tal format. Acoustic~televiewer images were made
in the field with a polaroid camera. Borehole televi-
sion images were viewed on a color monitor during
the logging and were recorded by a video-cassette
recorder and stored on video tape. Copies of all
recorded borehole logs are on file at the USG™ Con-
necticut District office in Hartford, Conn.

The basic logging equipment and the proce-
dures used in borehole logging are descrit~d by
Keys (1990). More detailed information on the
application of borehole-geophysical logs to geohy-
drologic investigations may be found in Keys
(1990) and Hearst and Nelson (1985). Qualitative
analysis of borehole logs collected at a site in New
Jersey, where the bedrock geology 1s similar to that
in Cheshire, 1s described by Williams and Conger
(1990).

(5) Surface-geophysical survey—An azi-
muthal square-array, electromagnetic resistivity
survey was done in the open field on W. Johnson
Ave. east of CS-221. (See fig. 2.) This surface-geo-
physical technique is used to detect the pr=sence
and orientation of water-bearing zones in th= frac-
tured sedimentary bedrock aquifer. The decta are
used to determine directions of anisotropy within
the bedrock and can yield an estimate of the fracture
porosity. Data were obtained and analyzed using the
techniques described by Lane and others (1935).

~ (6) Aquifer tests—Four short-duratior aqui-
fer tests were conducted to provide estimetes of
hydraulic properties of the fractured-bedrock aqui-
fer and to determine its response to hydraulic stress.
Aquifer tests also were done to better understand
the hydraulics of the domestic well and the h: drau-
lic connections between the water-bearing zones
near the domestic weil.

(7) Hydrologic measurements—Wate~-level
monitoring was conducted to determine ground-
water levels, ground-water-flow directions in the
study area, and responses of the ground-water sys-
tem to natural or induced stress. Continuous water-
level monitoring was conducted at 10 observation
wells (6 bedrock wells and 4 wells screened in
unconsolidated materials) for various lengths of
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time from December 1994 to July 1995. Water lev-
els in observation wells were measured using a
float-counterweight system connected to a punch-
tape recorder. Measurements were also made witha
chalked steel tape with 0.01-ft graduations to verify
the accuracy of the automatic recorders. Hydro-
graphs for the 10 wells are shown in appendix 3. In
addition, water levels were measured using an elec-
tric tape in 12 other observation wells and at the
upper and lower ponds (fig. 2) for a synoptic water-
level measurement on June 8 and during the aquifer
tests in July 1995.

Stream discharge (current meter and weir
measurements) was measured at two locations on
Judd Brook and at one location on the Tenmile
River (fig. 1). Computed stream discharges were
checked and plotted to develop a rating curve for
each gaging site. Stream stage and stream discharge
were measured using established methods
described by Buchanan and Somers (1969), Carter
and Davidian (1968), and Rantz (1982). All stream-
flow records are on file at the USGS District office
in Hartford, Conn.

(8) Conceptual modeling—Steady-state
ground-water flow in the Cheshire area was simu-
lated to determine characteristics of regional
ground-water flow and to visualize the effect of
geologic heterogeneity on local ground-water flow.
Ground-water flow was simuiated by using a
numerical simulation code known as MODFLOW
(McDonald and Harbaugh, 1988). The directional
components of the average linear ground-water
velocity were computed by use of the USGS pro-
gram MODPATH (Pollock, 1994) and displayed by
use of the program Tecp[ot](Amtec Engineering,
Inc., 1994).

(9) Water-quality sampling—Water-quality
sampling was conducted to assess water quality in
the study area after drilling and installation of new
wells and during aquifer testing.

Overview of Water-Quality Degradation

The quality and degradation of ground water
has been investigated at several manufacturing
facilities in the Cheshire study area since at least the
1980°s. The results of several of these investiga-

|Use of tradenames is for identification pur-
poses only and does not constitute endorsement by
the U.S. Geological Survey.

tions were summarized for the USEPA in a report
prepared by Metcalf and Eddy (1993). [ ata pre-
sented in that report indicate that contamination in
the study area is unlikely to have originated at man-
ufacturing facilities outside the study area.

Ground-water contamination by volatile
organic compounds has been documented at CS-
221 beginning in 1984. Contaminants identified
include 1,1,1-trichloroethane (TCA), tetrachloroet-
hene (PCE), trichloroethylene (TCE). 1,1-cichloro-
ethene (DCE), 1,1-dichloroethane (DCA),
ethylbenzene, benzene, toluene, o-xylene, m-
xylene, and chloroform. Compounds det=cted at
CS-221 in January 1986 include benzene, chloro-
form, TCA, carbon tetrachlonde, and TCE at con-
centrations ranging from 0.1 to 27 ug/L;
compounds detected at CS-221 in Jure 1986
include styrene, ethylbenzene, isobutyl t=nzene,
chloroform, carbon tetrachlonde, TCE, methylene
chloride, and PCE at concentrations ranging from
0.1 to 27 ng/L (Metcalf and Eddy, 1993, p. 2-17).
Ground-water samples analyzed by gas chromato-
graph during this investigation showed no detection
of either PCE or TCE, but did show detections for
DCE (0.6-1.2 ug/L) (S. Clifford, U.S. Environmen-
tal Protection Agency, written commun., 1994;
1995). CS-221 1s completed in bedrock and proba-
bly was drilled before April 1960. The well was
taken out of service as a domestic supply well in
December 1987. Prior to our investigation, the last
time ground-water samples were collected from the
well was in August 1987.

Contamination at the 604 W. Johnson Ave.
property has been associated with a 10,000-gallon
underground No. 4 fuel oil storage tank formerly
located near the two ponds (approximately 500 ft
north-northeast of CS-221) (Metcalf and Eddy,
1993). The No. 4 fuel oil tank had replaced a previ-
ously used tank at the site, which perhaps I ad con-
tained No. 2 fuel oil (NUS Corporation, 1986a).
Other possible sources of contamination include the
lower pond on the property, into which wastewater
effluent from manufacturing processes at the site
was allegedly discharged prior to 1983 (Metcalf
and Eddy, 1993, p. 2-3); an underground drain pipe
that extends from two in-ground concrete pits
inside the building to the lower pond (Met:alf and
Eddy, 1993, p. 2-5); surface dumping that mray have
occurred in areas surrounding the building as evi-
denced by stained soil (Metcalf and Eddy, 1993,
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Table 1. Discharge at streamflow-gaging stations, Cheshire study area, Cheshire,

Connecticut

[All discharge measurements are in cubic feet per second; USGS, U.S. Geological Survey;
D.A., drainage area, miZ, square miles; --, not measured]

Judd Brook at W. Judd Brook at Tenmile River at W.
Johnson Ave. 30 Knotter Dr. Johnson Ave.
Date of measurement (USGS 01196083; (USGS 01196085; (USGS 01196095;
site 1 on figure 1) site 2 on figure 1) site 3 on figure 1)
D.A. 5.12 mi? D.A. 5.59 mi? D.A. 16.9 mi2
07-20-94 1.6 1.8 6.6
09-08-94 3.1 3.0 13
10-20-94 4.0 4.1 15
01-25-95 16 -- --
03-08-95 12 12 44
04-17-95 7.6 -- --
05-16-95 6.9 6.5 29
06-07-95 4.7 35 12

data reports titled “Water Resources Data for Con-
necticut.” The mean annual flow determined for the
gaging station at Southington for the period of
record (water years2 1988-94) is 35.1 ft/s; annual
runoff during this period was 2743 in.
(2.02 (ft3/s)/mi2), which 1s close to the basin aver-
age of 25.98 in. cited above. Streamflow at the Wall-
ingford station 1s regulated by reservoirs and mills
upstream of the station.

Three partial-record streamflow-gaging sta-
tions (fig. 1) were established in July 1994 to pro-
vide data on flow characteristics in the study area.
Two stations were established on Judd Brook—one
at W. Johnson Ave. (USGS 01196083) and one at
the south end of the 30 Knotter Dr. property (USGS
01196085). The third station (USGS 01196095) is
located on Tenmile River, about 3,500 ft below the
confluence with Judd Brook. Drainage areas for the
three stations are shown in table 1. Using an aver-
age surface runoff value of 1.91 (ft3/s)/mi2 for the
Quinnipiac River Basin, mean annual streamflow

>Water year s the 12-month period, October |
through September 30. It is designated by the calen-
dar year in which it ends and which includes 9 of
the 12 months. Thus, the year ending September 30,
1988 1s called the 1988 water year.”

for the three stations is estimated to be 9.8 ft3/s at
station 01196083, 10.7 ft>/s at station 0119€085,
and 32.3 ft3/s at station 01196095,

Several discharge measurements were made
at these stations (table 1). Measured discharge 2t the
two stations on Judd Brook ranged from 1.6 to
16 ft’/s during the study. Measured discharge zt the
station on the Tenmile River ranged from 6.6 to
44 ft/s during the study; the higher discharge mea-
surements on Tenmile River reflect the larger d-ain-
age area of the Tenmile River station than that of
either Judd Brook station. Measured discharge was
largest during January and March 1995 and small-
est during July 1994. Because of the small differ-
ence in drainage areas between the two statiors on
Judd Brook, it is difficult to conclude from the dis-
charge data whether Judd Brook is gaining or lcsing
over the reach between partial-record gages.
Ground-water-level measurements, described later
in the report, indicate that Judd Brook 1s an area of
ground-water discharge and therefore, should be
gaining over the reach. Whether or not Judd Brook
is gaining or losing (or both, depending on the time
of year), the data shown in table | indicate that this
total gain or loss is likely to be relatively small and
difficult to quantify.
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The primary source of recharge to the
ground-water-flow system is precipitation; recharge
from private septic systems may be a local second-
ary source. Recharge to glacial stratified deposits in
the Quinnipiac River Basin has been estimated by
Mazzaferro and others (1979) using streamflow
records. The rate of ground-water outflow from
drainage areas in Connecticut determined by
streamflow analyses has been correlated to the per-
centage of total basin area underlain by glacial strat-
ified deposits. Maximum rates of ground-water
outflow, for basins underlain by 100 percent strati-
fied deposits, have been estimated to be about
95 percent of total surface runoff, or, for the Quin-
nipiac River Basin, about 24.7 in. About 40 percent
of the drainage basin of the two Judd Brook dis-
charge stations is underlain by stratified deposits.
Using the estimation technique described in Mazza-
ferro and others (1979), this would correspond to an
annual ground-water outflow rate from the area
drained by Judd Brook equal to 60 percent of
annual surface runoff, or about 15.6 in. of natural
recharge to the Judd Brook drainage basin per year.
Natural recharge from precipitation directly to till
and bedrock of the Quinnipiac River Basin is esti-
mated to range from 7 to 10 in/yr (Mazzaferro and
others, 1979) or about 27 to 38 percent of surface
runoff for the period 1930-60.

Reported yields of 64 wells screened in strat-
ified drift in the Quinnipiac River Basin range from
14 to 2,000 gal/min, with a median yield of
500 gal/min (Mazzaferro and others, 1979). The
median reported yield of 13 wells screened in strat-
ified drift in the Cheshire study area 1s 100 gal/min,
but the range is 4 to 1,750 gal/min. The yields of
wells screened in till in Connecticut are low and
typically are marginally adequate for the domestic
needs of most households (Mazzaferro and others,
1979). Reported yields of 925 wells that tap sedi-
mentary bedrock in the Quinnipiac River Basin
range from O to 305 gal/min, with a median yield
for all wells of 10 gal/min (Mazzaferro and others,
1979). Reported yields of 31 wells that tap sedi-
mentary bedrock in the regional area range from
1.5to 75 gal/min, also with a median yield of
10 gal/min.

The hydraulic properties of glaciolacustrine
deposits in the study area have not been previously
measured. In the Quinnipiac River Basin, Mazza-

ferro and others (1979, p. 41) report extimated
hydraulic conductivities of 5 ft/d for very fine sand,
silt, and clay. Stratigraphically lower glaciolacus-
trine sediments consist of varved silt aad clay.
Melvin and others (1992a) report mean hydraulic
conductivities for varved clay, measured using lab-
oratory methods, ranging from a vertical h:draulic
conductivity of 0.001 ft/d to a horizontal h-draulic
conductivity of 0.82 ft/d. Barlow (1994, p. 10)
reported horizontal h3ydrau1ic conductivities of
1.6x 104 to 1.1 x 107 fv/d and vertical hdraulic
conductivities of 7.0 x 107 to 1.0 x 107 fvd for
three samples of glaciolacustrine deposits from
Cape Cod, Mass., that consist of more than 91 per-
cent silt and clay.

Coarse-grained stratified drift, consisting of
sand and sand and gravel deposits, 1s present in the
regional area both at the surface, and in the subsur-
face beneath glaciolacustrine silt and cley. Well
records indicate that buried coarse-graine strati-
fied deposits can produce significant y‘elds of
water. Horizontal hydraulic conductivity of coarse-
grained stratified deposits estimated from available
hydrogeologic information for the Quinnipiac
River Basin and other areas in the glaciated north-
eastern United States is 100 to 650 ft/d (Mazzaferro
and others, 1979; Randall and others, 19¢8; Leg-
gette, Brashears, and Graham, Inc., 1992).

Well CS-216 (fig. 2), which is about 1,500 ft
southwest of the domestic well (CS-221), 1s
screened in sand and gravel beneath 63 fr of fine
sand, silt, and clay. The well was under artesian
conditions when first drilled and flowed at a rate of
about 10 gal/min; the reported yield of the well 1s
400 gal/min (R.J. Viselle, Sima Drilling Co., writ-
ten commun., July 1994). Currently (February
1996), about 70,000 gal are pumped each work day
(5 days per week) over a 12-hour period; th= well is
off during other times (Ray Roberts, Erickson Met-
als, oral commun., February 1996). Ground-water-
level data collected in several wells in tle study
area as part of this investigation and discus:ed later
in this report did not show any daily cyclic fluctua-
tions, which might have been indicative of pumping
at well CS-216. As shown on figure 4, the well most
likely pumps from buried coarse-grained deposits
that are recharged west of the well between the well
and the Western Highlands. There are several rea-
sons why pumping at well CS-216 is very unlikely
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to affect ground-water flow and contaminant trans-
port at the study site. These include: the likely pin-
chout of buried coarse material between the well
and the study site (figs. 4 and 5); the likely west-
ward recharge area to the well; the lack of obvious
response in water levels at wells within the study
site to daily pumping cycles; and the large distance
of the well from the area of contamination.

Melvin and others (1992a) summarized
hydraulic properties of tills derived from sedimen-
tary rocks of central Connecticut and west-central
Massachusetts. They reported horizontal hydraulic
conductivities of these tills of 7.9 x 10 to 3.4 ft/d
and vertical hydraulic conductivities of 5.1 x 10 to
3.4 ft/d. The hydraulic conductivity of till derived
from sedimentary rocks 1is typically about
8.5 x 107 ft/d (Melvin and others, 1992b). Values
reported by Melvin and others (1992a; 1992b)
agree with those cited by other investigators (Maz-
zaferro and others, 1979; Randall and others, 1988:
Stephenson and others, 1988). Melvin and others
(1992a; 1992b) also report a porosity of these tills
that ranges from 18 to 40.1 percent, with a typical
value of about 25 percent.

Estimates of the hydraulic properties of sedi-
mentary bedrock similar to that in the study area
were made in Durham, Conn. and indicate a range
of transmissivity from less than 1 to about
1,700 ft*/d, a storativity generally of about 1074, an
intergranular porosity of about 5 percent, and frac-
ture porosity estimated at two sitestobe 1.1 and 2.7
percent (Melvin and others, 1995).

Water Use

Residences in the immediate vicinity of the
study area, including the residence at the site of
CS-221, receive public water from the South Cen-
tral Connecticut Regional Water Authority (RWA).
In addition, private wells operate in the area, includ-
ing a large-capacity well (well CS-216, fig. 2) that
pumps an average of about 70,000 gal/d for non-
contact cooling at the Erickson Metals Corporation
(Ray Roberts, Erickson Metals Corporation, oral
commun., 1996). This well is screened in coarse-
grained stratified drift. The RWA operates a cluster
of five public-supply wells at the North Cheshire
Well Field about 2 mi southeast of the study area
(fig 1). These wells are screened in coarse-grained

stratified drift and pumped an average of
1.53 Mgal/d during 1993 (Bob Toring, South Cen-
tral Connecticut Regional Water Authority, written
commun., 1994).

The Southington Water Department service
area includes only a small part of the town of
Cheshire; that area is located about 1 mi ncrthwest
of the study area (Jim Geis, Southingtor Water
Department, oral commun., 1994). The Scuthing-
ton Water Department operates a public-supply
well (Southington #2) about 1.7 mi northeast of the
study area (fig. 1). An average of 0.63 Mgel/d was
pumped from this well during July 1992 through
June 1993 (Jim Geis, Southington Water Depart-
ment, oral commun., 1994).

Many, but not all, residences and commercial
facilities along W. Johnson Ave. and Knotter Dr. are
connected to the town sewer system. The property
at 604 W. Johnson Ave. was connected to th= sewer
system in 1983, and the property at 30 Knctter Dr.
was connected in 1981 (Len Cunningham, Town of
Cheshire Building Department, oral commun.,
1996). There is no sewer connection at the site of the
domestic well (CS-221); wastewater is discharged
to a septic system at the back of the residence.

GEOHYDROLOGIC CONDITIONS IN
THE CHESHIRE STUDY AREA

The Cheshire study area (fig. 2) is situated on
the western side and at the southern end o¢ a low
bedrock hill in the Quinnipiac lowland; de=p bed-
rock valleys filled with glacial lake sediments lie to
the west, south, and east of this hill (Mazzaferro,
1975). To the west of the study area, Judd Brook
flows through a broad, approximately 1-mi wide
valley and joins the Tenmile River to the south of
the study area. Several ponds are present in the
study area. At 604 W. Johnson Ave., the lower pond
(figs. 2 and 6) is in part natural, but it has been exca-
vated and expanded from its original extent. The
upper pond is about 7 ft higher than the lower one
and is an artificial impoundment. Geohyc'rologic
units present in the study area include fine-grained
glacial stratified deposits, glacial till, and fractured
sedimentary bedrock. The geohydrology of the
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As seen in the Route 691 outcrop (fig. 9), the
eastward dipping strata are cut by a consistent set of
high-angle fractures. These fractures are present
mostly in the channel sandstone units, where they
are typically spaced 1 to 5 ft apart and are oriented
perpendicular to bedding (paleovertical orienta-
tion). Measurements of fracture orientations at the
Rt. 691 outcrop show that this fracture set has an
average strike direction of N. 23°E. and average dip
of 60° to the WNW. The paleovertical orientation
and northeast trend of these fractures indicates that
they formed early in the history of the Hartford
Basin while it was still subject to the northwest-
southeast extensional stress of rifting. Strmlar frac-
ture sets have been observed elsewhere in the Hart-
ford Basin (Hubert and others, 1992, fig. 25) and in
similar rocks of the Newark Basin in New Jersey
(Vecchioli and others, 1969; Morin and others, in
press).

Rose diagrams of fracture and bedding strikes
from the Rt. 691 outcrop and from borehole acous-
tic-televiewer logs in the deep bedrock wells are
shown in figure 11. Also shown are lower hemi-
sphere stereonet plots of poles to bedding and frac-
ture planes that illustrate the orthogonal relationship
between bedding planes and high-angle fractures.
The slight difference in average orientations
between features measured in outcrop and those
measured from borehole logs can be attributed to
the likely condition that the boreholes are somewhat
deviated from vertical; measurements of dip angle
are, therefore, apparent and somewhat less than the
true dip.

Caliper, TV camera, and acoustic-televiewer
logs, as well as examination of cores, indicate that
fissile zones parallel to bedding in the siltstone units
are present in a number of places in the deep bed-
rock wells; these zones produce breakouts in the
borehole wall that can be seen on caliper logs. Some
breakouts also occur at the base of channel sand-
stone units. High-angle fractures also produce brea-
kouts in the borehole wall; all locations where the
orientation of high-angle fractures could be mea-
sured from the acoustic-televiewer log in the bed-

rock wells are shown on figure 10, in appendix 2.
On sections B-B' and C-C' (figs. 7 and 8), the high-
angle fractures are shown as red lines at their proper
orientation projected onto the line of section. The
distances to which these fractures extend beyond
the borehole is not known. The orthogonal relation-
ship between high-angle fractures and tedding
planes is not clear on the geologic sections t ecause
of the vertical exaggeration of the sections as well
as resulting apparent dip due to projection. Heat-
pulse flowmeter measurements, borehole-fluid con-
ductivity, and temperatures logs indicate that
important water-bearing zones in these rocks
include some, but not all, fissile zones that are par-
allel to the bedding plane and some high-angle frac-
tures. The high fluid-resistivity values in the lower
part of TH-2 (fig. 10) and TH-1 (appendix 2) are due
to high sediment content in the water at these zones.

An azimuthal square-array resistivity survey
was conducted in the open field immediately east of
CS-221 (see location on fig. 2) to detect the presence
and onentation of steeply dipping, saturated open-
ings (fractures or bedding-parallel features) at depth
in the bedrock. Composite resistivity values for 3-,
4-, and 6-m (shallow) and 9-, 13-, and 17-m (deep)
arrays are shown in figure 12. All except the upper
3-m array show higher resistivity in a WNW-ESE
direction than in other directions. The primary
anisotropy in the rock 1s therefore interpreted to
trend in a NNE direction (15°- 30° azimuth). This
direction is consistent with the average stike of
high-angle fractures measured in outcrop and in the
bedrock wells (fig. 11). A possible secondary frac-
ture onentation can be interpreted from tte data
having an azimuth of 330° - 345°; the effect of the
secondary orientation on the data set 1s small. indi-
cating a less steeply dipping, less numerous, less
open, or less pervasive fracture set. Analysis of the
data for the primary fracture set yields an est'mated
fracture porosity in the rock of 0.02 with a standard
deviation of 0.003 based on a specific conductance
of ground water of 500 uS/cm (as measured from
borehole fluid-resistivity logs).
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Figure 11. Rose diagrams showing strike of bedding and fractures (a, c). Lower
hemisphere stereo-net contoured plots of poles to bedding planes and fracture planes
(b, d), Cheshire study area, Cheshire, Connecticut. (Note the orthogonal relation between bedding
planes and fractures planes in Rt. 691 outcCrop data and the borehole acoustic-televiewer data from bedrock wells.)
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Ground-Water-Flow System

Ground-water and surface-water levels were
monitored during the investigation to better under-
stand the ground-water-flow system at the study
area, including the interaction between the uncon-
solidated deposits and underlying fractured bed-
rock. In addition, hydraulic tests of the fractured
bedrock, including four short aquifer tests and bore-
hole heat-pulse flowmeter tests at wells CS-221,
TH-1, TH-2, and TH-3, were done to improve the
understanding of the fractured-bedrock flow sys-
tem.

Measurements of the yield and hydraulic con-
ductivity of glacial deposits in the study area have
been reported. Most well yields from unconsoli-
dated (glacial) deposits reported by Ground Water
Associates (1980) were 1 gal/min, although one
well (A-5), located near the lower pond at 604 W.
Johnson Ave., screened in 3 ft of medium gravel at
a depth of 54 to 57 ft below land surface, yielded
5 gal/min. These low yields likely result from the
low hydraulic conductivities of the fine sand and silt
and till deposits in the study area. The low yields
might also have been caused by the type of pump
used in the test or by well-construction techniques.
Hydraulic conductivity of unconsolidated deposits
at 30 Knotter Dr. was determined by use of slug tests
(ALTA Environmental Corporation, 1994b, p. 7 and
Appendix F). At well HOLO-4, which is screened
in a silty sand layer, an average hydraulic conduc-
tivity of 2.73 ft/d is reported. Hydraulic conductiv-
ity at wells OW-5S, OW-6S, and OW-7, which are
screened in a fine to medium sand layer, ranges from
0.37 to 1.58 fr/d.

Water Levels

Continuous water-level records provide
information on the response of the ground-water-
flow system to precipitation and on the hydraulic
connection between unconsolidated deposits and
bedrock. Ground-water levels were monitored at 10
observation wells in the study area during the inves-
tigation. The 10 well sites at which water levels
were monitored are CS-221, TH-1, SW-1, HOLO |,
A-2, A-5, SW-2, TH-2, TH-3, and OW-4D. Water-
level records are shown in appendix 3; the locations
of these 10 well sites are shown on figure 2. Synop-
tic measurements of ground-water and pond levels
also were made at 29 observation wells and 2 pond

stations on June 8, 1995 to determine ground-water
levels and flow directions throughout the study area
at one point in time.

The longest period of continuous water-level
monitoring was at well CS-221—from late Novem-
ber 1994 through August 1995. This well is cased
14 ft through unconsolidated materials and the
upper part of bedrock and is an 82-ft open hole in
the bedrock formation. The water-level records
from this well and from observation well A-2,
which 1s a 2-in. well screened near the water table
in unconsolidated deposits, indicate that ground-
water levels in both the unconsolidated depnsits and
fractured bedrock respond quickly to prectpitation
(fig. 13 and appendix 3), and that there appears to be
good hydraulic connection between the urconsoli-
dated deposits and underlying fractured bedrock.
The latter point is evidenced by the corre'ation of
water-level fluctuations between the urconsoli-
dated deposits and fractured bedrock.

The largest fluctuation in ground-water levels
during the investigation was nearly 12 ft at TH-I
(appendix 3), which is cased to a depth of 18 ft
through the unconsolidated materials and is a 90-ft
open hole in bedrock. Smaller fluctuations of about
3 ft took place during the investigation in observa-
tion wells screened in unconsolidated deposits.
Generally, larger ranges in ground-water-level fluc-
tuations were observed in bedrock wells than in
wells screened in the unconsolidated deposits.
These larger fluctuations likely result f-om the
lower storage capacity of the fractured bedrock than
that of the unconsolidated deposits.

The synoptic measurement of grourd-water
levels on June 8, 1995 was used to determine the
distribution of ground-water levels and to better
understand ground-water flow directions. As seen
in the continuous water-level records (fig. 13;
appendix 3), June 1995 was a period of relatively
low ground-water levels in the study area. In fact,
ground-water levels were below normal 1n June
1995 for this part of Connecticut (B.S. Davies, U.S.
Geological Survey, written commun., 1995).
Twenty-nine ground-water levels were measured at
22 sites; in addition, surface-water levels in the
upper and lower ponds at 604 W. Johnson Ave.
were measured (see table 2). Of these 31 water-
level measurements, 22 were used to construct a
map of the water-table altitude on June 8., 1995
(fig. 14.)
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Table 2. Ground-water and pond-level measurements in the Cheshire study area on
June 8, 1995

[USGS, U.S. Geological Survey; MP, measurement point; Altitudes to sea level datum; PVC, top of
polyvinyl chloride casing; BR, bedrock, UC, unconsolidated deposits. Sources of data for unit and
screened interval: 1. this investigation; 2. John Sima dnlling company; 3. Ground Water Associates,
1980; 4. HRP Associates, 1987; 5. Haley and Aldrich, 1993; 6. ALTA Environmental,1994b; 7. ALTA
Environmental, Fax to J. Dolan, U.S. Environmental Protection Agency, 5/23/95]

. Source of
Well Depth to Altitude of Altitude of Screened “:lct:.?eﬂigf data for
number MP .water, . MP, .water, unit interval, unit and
in feet in feet in feet in feet s‘creened
interval
HOLO-1 Platform 12.30 152.46 140.16 BR 138 to 118 4
HOLO-6 PVC 8.05 144.57 136.52 ucC 138 to 118 5
HOLO-5 PVC 4.01 140.69 136.68 ucC 134 t0 114 5
OW-8 PVC 9.16 141.07 131.91 ucC 137 to 120 5
OW-9S PVC 7.08 138.47 131.39 UC 136 to 126 6
OwW-9] PVC 4.64 138.47 133.83 UcC 90 to 80 6
OW-10S PVC 4.46 135.77 131.31 UC 133to0 123 6
OW-10I PVC 2.25 134.50 132.25 UC 96 to 86 6
OW-48§ PVC 8.23 140.00 131.77 UC 135to0 120 5
OW-4] PVC 6.48 138.78 132.30 uC 110 to 100 6
OwW-4D PVC 6.45 138.77 132.32 BR 95 to £5 7
OW-7 PVC 8.76 141.72 132.96 uC 126 to 116 5
OW-58 PVC 7.26 140.10 132.84 UC 132 to 122 5
OW-5D PVC 9.34 141.95 132.61 BR 114 to 104 7
OWwW-3 PVC 6.20 139.14 132.94 UC 136 to 122 5
OWwW-2 PVC 8.16 140.10 131.94 UC 135 to 120 5
HOLO-4 PVC 3.19 134.66 131.47 uC 134 to 119 4
OW-6S PVC 2.58 134.79 132.21 uC 109 to €9 5
OW-6D PVC 3.19 135.44 132.25 BR 96 to £6h 7
HOLO-3 PVC 4.49 136.05 131.56 ucC 135t0 116 4
HOLO-2 PVC 4.20 136.97 132.77 UcC 130to 110 4
TH-1 Platform 12.46 158.85 146.39 BR 140 to 50 1
SW-1 Platform 12.30 158.70 146.40 ucC 153 to 143 1
SW-2 Platform 15.85 155.00 139.15 uC 142 to 132 1
A-2 Platform 6.66 147.35 140.69 UucC 131 to 126 3
A-5 Platform 2.60 140.33 137.73 UC 84 to 1 3
TH-2 Platform 15.58 153.15 137.57 BR 130 to £6 1
CS-221 Platform 24.90 162.17 137.27 BR 138 to €h 1.2
TH-3 Platform 25.75 162.80 137.05 BR 155 to €5 1
Upper pond  Bolt on tree 142.34
Lower pond  A-5 134.98
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Response of the Fractured-Bedrock Aquifer to
Hydraulic Stresses

Four aquifer tests were done during the inves-
tigation to characterize the response of the frac-
tured-bedrock aquifer to hydraulic stress. These
tests were done to (1) improve an understanding of
the hydraulic connections among fractures near
CS-221, (2) estimate hydraulic properties of the
bedrock aquifer near CS-221, and (3) improve an
understanding of the hydraulics of this well. Only
three of the four tests are reported here. One test was
done on December 16, 1994, and two tests were
done on June 15 and 16, 1995. During the test on
June 16, measurements of borehole flow were made
in TH-2 and TH-3 using a heat-pulse flowmeter.
The test not reported here was done in May 1995 to
aid in the design of the two tests done in June 1995.

The first test was done at CS-221 on L'ecem-
ber 16, 1994 to determine the relation between
pumping rates and drawdowns at the well and to
estimate the hydraulic properties of the bedrock
aquifer at the well site. Three pumping ratez were
used during the test: 2 gal/min for the first 59 min-
utes, 4 gal/min for the next 90 minutes and
6 gal/min for the final 60 minutes. Wate~-level
recovery was measured in the well for 57 minutes
following the cessation of pumping. The static
water level at the well site was 23.5 ft below top of
casing. Drawdown and recovery of water levels at
CS-221 during the aquifer test are shown on figure
15. Although water levels were also measured at
well HOLO-1 and TH-1, no observable draw1owns
took place at these sites during the test.
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Figure 15. Drawdown of water level at CS-221 during aquifer test on
December 16, 1994, [gal/min, gallons per minute]
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The maximum drawdowns measured at
CS-221 during the aquifer test were 6.8 ft for a
pumping rate of 2 gal/min (after 50 minutes total
pumping time), 17.1 ft for a pumping rate of
4 gal/min (after 140 minutes total pumping time),
and 29.3 ft for a pumping rate of 6 gal/min (after
200 minutes total pumping time) (fig. 15). The spe-
cific capacity of CS-221 was calculated for each of
the three pumping rates. Specific capacity of a well
is its yield per unit of drawdown after a given time
of pumping has elapsed (Driscoll, 1986). Pumping
from a well in an unconfined flow system decreases
specific capacity as the pumping rate increases,
because the saturated thickness of the aquifer in the
vicinity of the well is reduced by dewatering of the
aquifer. Specific capacity of CS-221 was calculated
at the end of each of the three pumping periods
when drawdowns were maximum during the
respective pumping periods. The specific capacities
calculated for the well were 0.29 (gal/min)/ft when
pumping at 2 gal/min; 0.23 (gal/min)/ft when
pumping at 4 gal/min; and 0.20 (gal/min)/ft when
pumping at 6 gal/min.

Water levels recovered quickly after the pump
was turned off; water levels recovered to within
1.19 ft of static conditions after 57 minutes of recov-
ery (fig. 15). Wellbore storage can significantly
affect the drawdown response at a pumped well
shortly after pumping begins. The water pumped
from CS-221 shortly after each of the increases in
pumping rate likely has two sources: (1) water
pumped from storage within the wellbore and
(2) water from the aquifer. If all water had come
from storage within the wellbore, the rate of draw-
down in the well for a pumping rate of 2 gal/min (for
the 0.5-ft wellbore) would have been 1.36 ft/min.
The actual observed rate of drawdown was only
0.49 ft/min during the first 10 minutes of pumping,
indicating that most water pumped at the well ong-
inated from water released from the aquifer.

Ground-water samples were collected at
CS-221 during the aquifer test on December 16.
Seven samples were collected from the pump dis-
charge over the 3-hour duration of the test and were
analyzed on site using a portable gas chromato-
graph with a photoionization detector (S. Clifford,
USEPA, written commun., 1994). All samples were
found to contain 1.1 DCE in a range of 0.60 to
0.96 ug/lL and toluene in a range of 0.83to
4.70 pg/L. One sample collected during the middle

of the test was analyzed at USEPA Region 1 labora-
tory using gas chromatography/mass spectroscopy
that showed concentrations of 0.40 ug/L for both
1,1,1 TCA and 1,1 DCA.

Aquifer tests were conducted in the study
area on June 15 and 16, 1994. CS-221 was pumped
at 2 gal/min for 200 minutes on June 15 and at
4 gal/min for 270 minutes on June 16. Wa‘er levels
were measured at several observation wells prior to,
during, and after the tests (figs. 16 and 17). The only
wells at which drawdown caused by pump’ng could
be clearly identified were CS-221, TH-2, end TH-3
(shown on fig. 16). Water levels at ottar wells
showed little to no response to the short intervals of
pumping, with the possible exception of HOLO-5,
which 1s screened in unconsolidated deposits (fig.
17). The drawdown at wells CS-221, TH-2, and
TH-3 during the test of June 16 (pumping rate of
4 gal/min) was nearly double that for the test of
June 15 (pumping rate of 2 gal/min), which indi-
cates that there was a nearly linear resporse to the
increase in pumping rates from the first tc the sec-
ond test.

Transmissivity, storage coefficient, and hori-
zontal hydraulic conductivity of the bedrock aquifer
near CS-221 were estimated using drawdown data
from the two tests. The drawdown data were ana-
lyzed using two methods: the Theis curve-matching
method and the Jacob semilogarithmic method,
which 1s based on an approximation to the Theis
method (Kruseman and de Ridder, 1991, p. 61-67,
223-225). Two assumptions were required in the
application of the two methods to the analysis of the
drawdown data. First, and perhaps most impor-
tantly, it was assumed that the bedrock aqifer can
be represented by a porous medium. Borehole-geo-
physical logging done as part of the investigation
indicates that ground water does not flow evenly
through the aquifer, as it would in a porous medium.
Instead, flow is through discrete zones occupied by
high-angle fractures or fissile beds. These zones are
sufficiently fractured that they are ind-vidually
equivalent to a porous medium. Second. it was
assumed that the change in saturated thickness due
to pumping was sufficiently small relative to the
total saturated thickness so that equations that apply
strictly to confined aquifers (in which the saturated
thickness does not change) could be used.
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The Theis curve-matching method requires = 3.14, dimensionless;
that the time-drawdown data be plotted on logarith-

. ¥ = draw .
mic axes. The data are then matched to a type curve S drawdown at the match point, in

(the Theis curve) that is widely available in text- feet;
books on ground-water hydrology and a match S = storage coefficient of the aquifer,
point is determined from the overlay of the two dimensionless;

graphs (Kruseman and de Ridder, 1991, p. 61-64).
Four data values are determined from the match
pOil’ltZ first, values of time (r*) and drawdown (s*) u = a dimensionless parameter at the
are read from the graph of time-drawdown data; match point; and

second, values of the dimensionless coefficients
u and W(u) are read from the type curve. The four
data values are then used to determine transmissiv-
ity (7) and storage coefficient (S) of the aquifer
from the following two equations:

t* = time at the match point, in mirntes;

r =radial distance of the observat'on
well from the pumped well
(CS-221), in feet.

r= -2 ww M |
4ms* The portion of the Theis curve that matches
u each of the data curves is shown on figure 18.
S = 4Tr* = (2)  Results of the Theis analysis for TH-2 and TH-3 are
4 summarized in table 3. Values of £*= 500 minutes
and s*= 0.1 ft were used in each of the four curve
o o matches. Horizontal hydraulic conductivity of the
where T = transmissivity of the aquifer, in bedrock aquifer was determined by dividing the
feet squared per minute; calculated transmissivity by the saturated thickness
Q = pumping rate of the well, in cubic of the aquifer at each well. A lower bound on the
feet per minute; horizontal hydraulic conductivity was determined
W(u) = a dimensionless parameter at the by using a saturated thickness at each well eaual to
match point; that at the beginning of each test.

Table 3. Results of Theis analyses for aquifer tests on June 15-16, 1995

Dimension Dimension Transmis- Saturated Horizental
Radial less -less Sivi Storage thickness hydraulic
distanceto g coefficient . o, coefficient, at condu-tiv-
Well coefficient in feet . . . )
well W(u) at dimension- beginning ity,
. u at match squared .
in feet oint match ¢ da less of test, in feet per
P point per cay in feet dav
Test of June 15
TH-2 90 0.02 0.10 - 30 1.0x104 76.5 0.29
TH-3 130 13 A2 37 4.0x104 70.5 22
Test of June 16
TH-2 90 .02 045 27 9.4x107 76.5 25
TH-3 130 13 .065 40 4.3x10% 70.0 L7
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The Jacob semilogarithmic method consists
of plotting drawdown data against the logarithm of
ttme and finding a period of time during which the
data points follow an approximately straight line.
As seen on figure 19, data for wells CS-221 and
TH-2 follow approximately straight lines during
parts of each test. For the test of June 15, drawdown
data at CS-221 and TH-2 follow approximately
straight lines from about 10 minutes after the start
of pumping until the end of pumping at 200 min
(fig. 19A). Drawdown data at TH-3 also appear to
follow a straight line after about 90 minutes of
pumping (fig. 19A). For the test of June 16, draw-
down data at CS-221 and TH-2 follow approxi-
mately straight lines after about 20 minutes of
pumping and those at TH-3 after about 100 minutes
of pumping. After about 150 minutes of pumping,
the rate of drawdown at CS-221 and TH-2 appears
to decrease. This decrease in the rate of drawdown,
which is similar to the response of a leaky-confined
or unconfined aquifer, may be the result of leakage
from the unconsolidated deposits that overlie and
bound the bedrock or from fractures within the bed-
rock aquifer that are beyond the immediate connec-
tion between CS-221 and TH-2 and TH-3.

The period of the tests during which the data
follow approximately straight lines are used in the
analysis of transmissivity, storage coefficient, and
horizontal hydraulic conductivity. Transmissivity
and storage coefficient of the aquifer are calculated
from (Kruseman and de Ridder, 1991, p. 66):

_ 9
T = 2.3047““ (3)
2.25T:,
r

where As = drawdown on the semilogarithmic
plot for one logarithmic cycle of
time, in feet (fig. 19); and

to = time at which the straight lines
intersect the time- (or x-) axis on
figures19A and 19B, in minutes.

The Jacob semilogarithmic method is a math-
ematical approximation to the Theis equation that is
valid only after a sufficient period of pumping has
elapsed and is dependent on several factors, such as
the distance to the observation well. The criteria
that were used to determine a length of time that
was sufficient for each test were based on thore pro-
vided by Kruseman and de Ridder (1991, p. 67 and
223). These criteria are often used 1n the anal sis of
aquifer-test results. For observation well TH-2, the
time criterion used was (Kruseman and de Fidder,
1991, p. 65):

2

r=S

tmin > m ? ()

tmin = time (in minutes) beyond which
the Jacob semilogarithmic analysis
is valid, and

u =0.1.

Kruseman and de Ridder (1991, p. 67) state
that the error between use of the semilogarithmic
analysis and that of the Theis equation for a value of
u of 0.1 1s less than 5 percent. For the pumped well
itself, CS-221, the time criterion (based on ¢ more
stringent value of #=0.01) used was (Kruseman and
de Ridder, 1991, p. 223):

where

25(r,)?
4

. 6
min > T ’ ( )

rc = radius of the unscreened part of the
well where the water level is
changing (about 0.25 ft for
CS-221).

Results of the four analyses from CS-221 and
TH-2 are shown 1n table 4. Although analyse: were
attempted for the results at TH-3 for both aquifer
tests, the pumping period did not meet the criteria of
equation 5 and are not reported. Horizontal hydrau-
lic conductivity was determined by dividing the cal-
culated transmissivity by the saturated thickress of
the aquifer at each well at the beginning of each test.

where
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Figure 19. Drawdown of water level at CS-221, TH-2, and TH-3 during

aquifer tests of June 15 (A) and June 16, 1995 (B). Straight lines through

data are for semilogarithmic determination of transmissivity.
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The eight calculated values of transmissivity
range from 27 to 46 ft%/d, and the storage coeffi-
cients range from 8x107 to 4.3x10". Horizontal
hydraulic conductivities of the aquifer over its
entire saturated thickness range from 0.35 to
0.60 ft/d. Actual fracture-zone widths are on the
order of 0.5 ft; therefore, hydraulic conductivities
of these zones range from 54 to 92 ft/d and are
higher for zones less than 0.5 ft thick. Estimates of
the two properties are fairly consistent between the
two tests and between the two analysis techniques.
The estimates of transmissivity fall within the range
of transmissivity reported for similar sedimentary
rocks at a site of ground-water contamination in
Durham, Conn. (Melvin and others, 1995, p. 51)
and are similar to those reported by others for simi-
lar sedimentary rocks (mudstones, siltstones, and
sandstones) of the Passaic Formation of New Jersey
(Morin and others, in press).

Ground-water samples were collected in the
study area during the aquifer-testing period, the
week of June 13-17, 1995. On June 13-14, before
pumping at CS-221 began, water samples were col-
lected at TH-1, TH-2 (two samples at depths of
25 and 40 ft below top of casing), TH-3, CS-221 (at
a depth of 50 ft below top of casing), HOLO-1,
HOLO-5, HOLO-6, SW-1, SW-2, A-2, A-3, and
A-5. Samples were collected using a tefion bailer
and analyzed using a portable gas chromatograph
equipped with a photoionization detector (S. Clif-
ford, U.S. Environmental Protection Agency, writ-
ten commun., 1995). Most samples contained no
detectable contaminants. However, a water sample
from HOLO-5 contained a DCE concentration of
0.8 ug/LL and a PCE concentration of 3.9 ug/L; a
water sample from SW-1 had a toluene concentra-
tion of 0.3 Ug/L; and a water sample from A-5 had
a toluene concentration of 30 Ug/L. Also, a strong
petroleum odor and an o1ly sheen on the surface of
the standing water was noted at well A-5. One water
sample was collected from CS-221 during the aqui-
fer test on June 15, and three samples were col-
lected during the aquifer test on June 16. In all four
samples, DCE was found at concentrations of 0.8 to
1.2 ng/L. Two water samples were collected at well
TH-3 before and after the aquifer test of June 16.
Two samples also were collected at well TH-2 after
the aquifer test of June 15 and during the aquifer

test of June 16. No volatile organic constituents
were detected in the samples collected from these
two wells.

Heat-pulse flowmeter measurements were
made in TH-1, TH-2, TH-3, and CS-221 under non-
pumping and single-well pumping ccnditions.
Measurements made under nonpumping conditions
indicated that there was virtually no consistent,
measurable flow in the boreholes; thus, the vertical
hydraulic gradient was very low in those wells.
Measurements made in each well as the well was
being pumped (single-well pumping conditions)
indicated that flow occurred in fissile zones and
high-angle fractures. Fissile zones and high-angle
fractures usually are indicated on caliper logs by an
abrupt increase in borehole diameter. Fissile zones
and high-angle fractures were distinguished from
each other using continuous cores, boreho'= televi-
sion, and acoustic televiewer logs. All measurable
borehole flow in CS-221 occurred at a high-angle
fracture (fig. 20). Flow in TH-1 was associated with
a highly broken (perhaps weathered) zone near the
top of the well (fig. 21). Flow in TH-2 wzs associ-
ated with two fissile zones (fig. 22). Although the
upper fissile zone in TH-2 is not well defin=d on the
caliper log, it was present in the core and visible on
the television log. When TH-3 was pump2d at the
same rate as TH-2 or CS-221 (0.5 to 1.0 gal/min),
the water level in the well did not stabiliz:, conse-
quently the pumping rate was lowered to about
0.25 gal/min. Even at this reduced pumpirg rate, a
fissile zone which probably contributed to flow was
located above the water level in the we'' during
pumping and could not be measured. Mcst of the
flow entered the well from a fissile zone zt an alti-
tude of about 110 ft (fig. 23). The flowms=ter tests
during pumping indicate a lower specific capacity
at TH-3 (0.018 (gal/min)/ft) than at TH-2
(0.053 (gal/min)/ft).

Hydraulic testing of wells TH-2, TH-3, and
CS 221 indicates that the hydraulic propertes of the
aquifer near the boreholes differ from well to well.
A higher rate of borehole flow was observed in
TH-2 than in TH-3 during the June 15-16 aquifer
test. This may indicate that the hydraulic connec-
tion is better between TH-2 and CS-221 than
between TH-3 and CS-221. Also, it was noted that
the specific capacity of TH-2 1s higher then that of
TH-3 by a factor of three. The specific canacity of
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both wells is lower than that of CS-221 by a factor
of ten, posstbly because of differences in the drill-
ing method or because the water in CS-221 flows
from a high-angle fracture, which intersects several
fissile zones.

Heat-pulse flowmeter measurements made in
observation wells TH-2 and TH-3 during the June
aquifer test (multi-well heat-pulse flowmeter logs
on figs. 22 and 23) showed that the aquifer system
1s formed by connected fissile zones and high-angle
fractures. While CS-221 was pumped, water
entered TH-2 at the upper fissile zone, flowed
downward through the borehole, and flowed out at
the lower fissile zone (fig. 24). Under the same
pumping conditions, water entered TH-3 at the
upper fissile zone, flowed downward through the
borehole, and flowed out at the lower fissile zone

(fig. 24). No measurements of borehole flow were
made in CS-221 during the aquifer test becanse the
well was not large enough to accommodate the
pump, discharge line, and the heat-pulse flowmeter;
however, the only source of water to CS-221 under
single-well pumping conditions was the higl -angle
fracture (fig. 20) and the same flow condition« prob-
ably existed during the aquifer test, even though the
test was conducted at a higher pumping rate
(2 gal/min) than the single-well test (1 gal/min).
Water must enter the high-angle fracture in the area
between CS-221 and TH-2 and between (CS-221
and TH-3 where it intersects the water-bear'ng fis-
sile zones present in TH-2 and TH-3 (fig. 24). The
total volumetric flow measured in TH-2
(0.047 gal/min) was three to four times greater than
that in TH-2 (0.014 gal/min).
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Figure 20. Caliper log and single-well heat-pulse flowmeter log at well
CS-221, Cheshire, Connecticut
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Figure 21. Caliper log and single-well heat-pulse flowmeter log at well
TH-1, Cheshire, Connecticut.
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Figure 22. Caliper log and single-well and multi-well heat-pulse flowmeter logs at
well TH-2, Cheshire, Connecticut.
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Figure 23. Caliper log and single-well and multi-well heat-pulse flowmeter logs at
well TH-3, Cheshire, Connecticut.
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Figure 24. Schematic section showing ground-water flow during
pumping of CS-221, Cheshire, Connecticut.
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CONCEPTUAL MODEL OF GROUND-
WATER FLOW

Three scales of ground-water flow have been
identified for areas of the Quinnipiac River Basin
by Mazzaferro and others (1979). The first scale
consists of local flow systems, which are small
ground-water-flow systems that develop around
ponds, small streams, and swamps and are in exist-
ence only a few months of the year. The second
scale consists of subregional flow systems that are
moderately large systems generally confined to
areas drained by perennial streams, including Judd
Brook, Tenmile River, and the Quinnipiac River.
Mazzaferro and others (1979) characterize these
subregional systems as those that extend vertically
downward to depths at which the bedrock has no
interconnected fractures. These subregional flow
systems are the most significant with respect to
hydrologic analyses and are the ones most fre-
quently tapped for ground-water supplies. A third,
deeper (or regional) flow system is defined by
ground-water flowpaths that extend under one or
more major surface-water drainage divides.

Steady-state ground-water flow in bedrock
and fine-grained unconsolidated deposits in the
Cheshire regional area was simulated to (1) deter-
mine if existing estimates of hydraulic conductivity
and recharge are compatible with the subregional-
flow-system concept of Mazzaferro and others
(1979), (2) determine the lateral extent and depth of
subregional ground-water flowpaths, (3) estimate
the rate and direction of ground-water flow along
subregional flowpaths, and (4) visualize the effect
of geologic heterogeneity on ground-water flow.
The approach used to meet the first three objectives
was to simulate ground-water flow over a large area
(the regional model), using a numerical simulation
code known as MODFLOW (McDonald and Har-
baugh, 1988). To meet the fourth objective, flow
was simulated over a much smaller area (the gener-
alized local-scale model).

Regional-scale model

The regional model area (fig. 25) is similar in
extent to the regional study area (fig. 1). The
regional model was based in part on two hypothe-
ses: (1) the average hydraulic conductivity and
recharge is the same everywhere in the region; and
(2) that a large enough block of aquifer (called a
Representative Elementary Volume, or REV) is suf-
ficiently fractured for the fracture system to act as a

porous medium, and ground-water flow can be
described by Darcy’s Law. The first hypothesis was
assumed to be true because the rocks throughnut the
regional area are geologically similar, except for the
West Rock Diabase. The diabase is not areally
extensive (see figs. 3 and 5) and is unlikely tc affect
average regional properties, even though it might
have an effect on ground-water flowpaths in the
south-central part of the model grid. It would be dif-
ficult to prove the second hypothesis; however, if
the results of the regional simulation were
extremely unreasonable, the hypothesis would most
likely not be vahd.

The model grid and boundary conditions
were selected to be consistent with the amcunt of
available data, time constraints on the study, and the
stated purposes of the study. The model grid has
100 columns, 100 rows, and 4 layers. The column
and row spacing represents a uniform 250 ft, and
the layer spacing represents a uniform 100 ft,
except the top layer (layer 1), which is a wate-table
layer and has a variable thickness. The bottom of
layer 1 is at a uniform altitude of 100 ft; the tnttom
of the layer 2 is at sea level, and so on through the
remaining layers. Materials present above sea level
(layers 1 and 2) include coarse-grained glacial
deposits, fine-grained glacial deposits, and bedrock
(fig. 5). In this study, coarse-grained glacial depos-
its were not simulated. The typical horizontal
hydraulic conductivity of coarse-grained glacial
deposits is approximately one hundred times the
hydraulic conductivity of fine-grained glacial
deposits and sedimentary rock. Because of th's con-
trast, ground-water flowpaths in the coarse-grained
glacial deposits would tend to be horizontal and to
discharge to perennial streams rather than into bed-
rock or fine-grained glacial deposits. For example,
ground-water flow in the large sand deposit near
Route 10 (fig. 5) is probably horizontal toward Ten-
mile River and the Quinnipiac River. Thus, the flow
system in most coarse-grained glacial depcsits 1s
superimposed on deeper flow systems and can be
omitted for the purposes of this study. Other coarse-
grained glacial deposits, such as the sand and gravel
west of I-84 (fig. 5), are thin and small ir areal
extent relative to the scale of the simulated area and
also can be omitted. Fine-grained glacial deposits
(including till) and bedrock were combined for lay-
ers | and 2 because their hydraulic properties are
similar. Layers 3 and 4 represent only bedrock.
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Figure 25. Model grid and boundary conditions for the regional model at the Ch=shire
study area, Cheshire, Connecticut.
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The active model grid extends from the west-
ern border fault to the Quinnipiac River (fig. 25)
and from the headwaters of Judd Brook to the north
and Tenmile River to the south. These boundaries
roughly approximate the drainage areas of Judd
Brook, Tenmile River, Honeypot Brook, and an
unnamed tributary of Tenmile River (fig. 25) that
are underlain by sedimentary rocks. The ground-
water basin was assumed to have a similar areal
extent, with the following exception. An area that is
underlain by crystalline bedrock west of the west-
ern border fault was excluded from the model for
two reasons. First, much of the area underlain by
crystalline rock is very steep and has a thin cover of
till; thus, recharge would be much smaller than in
areas underlain by sedimentary rock, which tend to
be much flatter. Second, much of the area underlain
by crystalline rock drains internally into lakes and
(or) impoundments that are local ground-water dis-
charge areas. The western border fault, which sepa-
rates the two rock types, 1s considered to be
essentially a no-flow boundary. The north and south
model boundaries, which approximate ground-
water flowpaths, also are considered to be no-flow
boundaries.

The source of ground water to the region is
recharge from precipitation; the discharge of
ground water is primarily to streams that drain the
area. A uniform recharge rate of § in/yr was applied
to the entire modeled area. This rate reflects esti-
mated recharge rates 1n till and bedrock settings in
Connecticut (Melvin and others, 1995). In areas
underlain by coarse-grained glacial deposits, this
rate reflects only the water that passes from the
coarse material into the underlying bedrock or fine-
grained glacial material. Ground water discharges
to the Quinnipiac River, Judd Brook, Tenmile
River, Honeypot Brook, and an unnamed tributary
of Tenmile River (fig. 25); these streams are repre-
sented by constant-head cells. The hydraulic head at
each constant-head cell was set to the altitude of the
water surface, which was estimated by using the
30-m-resolution digital-elevation-model (DEM)
data for the Southington and Meriden quadrangles.
In the Cheshire regional area, the DEM does not
accurately represent land surface in the relatively
flat valley bottoms; however, it does represent the
main topographic features at the regional scale.

An estimate of regional average hor’zontal
hydraulic conductivity was used to construct a
regional model. There are few reported values of
horizontal hydraulic conductivity of fine-grained
deposits and bedrock in the area, and this is a source
of uncertainty 1n the regional model. The horizontal
hydraulic conductivity used in all layers of the
regional model was 0.40 ft/d based on a range of
0.35 to 0.60 ft/d calculated from two aquifer tests
conducted at the Cheshire study area. The hydraulic
conductivity at the regional scale was assume to be
equal 1n all directions; this assumption was tezted in
a sensitivity analysis.

Simulated hydraulic heads and flows were
compared to land-surface altitudes from the DEM
data and measured streamflow, respectively, to
show that the model was reasonable (fig. 26). The
model was considered reasonable if simulated
water levels were between stream-surface a'titude
and land-surface altitude. In some discharge areas,
the simulated hydraulic heads seem to be above
land surface because the cross section did nct nec-
essarily pass through the point on the DEM that was
used as the constant-head value at a stream. In gen-
eral, however, the simulated water table was a sub-
dued replica of the land surface, a condition that 1s
generally true of water-table altitudes. The ground-
water contribution to streamflow upstream from
streamflow-gaging stations was less than 50 p2rcent
of the lowest measured streamflow (table 1). This
seems reasonable because most of the streamflow at
low flow most likely represents discharge from
coarse-grained stratified drift, and this discharge
was not considered in the simulations.

In order to determine whether the re3ional
model was reasonable, alternative simulations were
run with plausible-but-different estimates of
recharge and hydraulic conductivity. The resulting
water-table altitudes were compared to land-srface
altitude. The following changes in the model pro-
duced water-table altitudes that were signifizantly
above land surface: horizontal hydraulic conductiv-
ity in the row direction (east-west) decreased by a
factor of 10 relative to the column direction (north-
south); horizontal hydraulic conductivity ir both
directions decreased by a factor of 10; recharge rate
increased by 4 in/yr; and vertical hydraulic ccnduc-
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tivity decreased by a factor of 10. Lowering the
recharge rate by 4 in/yr and increasing the horizon-
tal hydraulic conductivity by a factor of 10 resuited
in water flowing from the streams into the aquifer;
this is not likely because streams may lose flow
where they flow over coarse-grained deposits above
the water table, but not generally where they flow
over fine-grained sediments in valley bottoms.

In this regional simulation, the fine-grained
glaciolacustrine deposits were considered to have
similar hydraulic properties to glacial till and bed-
rock. A possible refinement to the model might be
to use a recharge rate through fine-grained glaciola-
custrine sediments lower than the one used in this
model. In the alternative simulations, the effects of
changing two parameters simultaneously were not
considered. In other words, offsetting changes in
two parameters could produce the same water-table
altitudes as did the regional model. In general, how-
ever, the alternative simulations were less satisfac-
tory than the regional model simulations.

Ground-water flowpaths were illustrated by
particle tracking (fig. 27), which shows that the
regional model is dominated by subregional-scale
flow systems (Mazzaferro and others, 1979) in
which perennial streams form hydrologic divides
that separate the region into smaller flow systems.
Local flow systems, which are in existence only a
few months of the year, were not simulated.
Regional-scale flow systems were not evident from
the particle tracking because the model was too
general to detect less prominent regional flowpaths.
Factors that may increase the prominence of
regional-scale flowpaths include (1) hydrologic
stresses that produce large hydraulic gradients, such
as pumping; (2) large, extensive horizontal fauits or
fractures; and (3) deep flow from areas underlain by
crystalline rock. Paths of ground-water flow are
much longer and deeper, and ground-water flow is
slower regionally than subregionally.

The regional-scale model also was used to
estimate the average linear velocity of ground-water
flow in the study area. The average linear velocity
is the rate at which a particle placed in the ground-
water-flow system would travel with no dispersion,
or, the average rate at which a cloud of particles
would travel with dispersion. In the 250-by-250 ft
cell containing CS-221, simulated ground-water
flow was 0.4 ft/d (coincidentally, the same as

hydraulic conductivity) in a direction S.42°W.
(hg. 28), using a bulk porosity of 0.02, which was
obtained from square-array resistivity measure-
ments in the study area. The typical horizontal and
vertical lengths of flowpaths that pass through
CS-221 were approximately 1,000 ft and 100 ft
respectively. The actual ground-water flowpaths are
highly controlled by the spacing, orientatio~, and
hydraulic conductivity of fractures and wovld not
appear as illustrated in figure 28.

Generalized local-scale model

Solute transport in the study area is domi-
nated by features smaller than the size of a model-
grid cell in the regional model. To test the eff=cts of
generalized local-scale features on ground-water
flow, a second model—based on geologic ani geo-
physical investigations in the area—was u=ed to
visualize ground-water flow in a hypothetica' aqui-
fer system that was consistent with observations in
the area. Use of the simulation to predict hydraulic
heads was not possible because of the paucity of
points at which the orientation and magnitude of the
hydraulic conductivity was known. Visualizing
ground-water flow in fractured rock is difficult
because the direction of hydraulic gradient and
hydraulic conductivity are not necessarily coinci-
dental, and this can produce preferential flov/paths
that are spatially complex.

The generalized local-scale model was based
in part on the hypothesis that ground-water f'ow in
fracture zones at the local scale can be described by
Darcy’s Law, as discussed in the section “Response
of the Fractured-Bedrock Aquifer to Hydraulic
Stresses.” The REV in the generalized local-scale
model is a smaller block completely composed of
discrete zones that contain fissile zones, high-angle
fractures, or unfractured rock matrix, rather than a
large homogeneous block of fractured rock as in the
regional-scale model. The flow system at the gener-
alized local scale was made as realistic as possible
given the available data; however, this simulation
should not be used to predict ground-water f'ow in
the study area.
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Field data indicate that the aquifer system
consists of alternating beds of fine- and coarse-
grained rock (see fig. 9), each of which have a char-
acteristic type of fracture. Ground water flows in
the fine-grained rock units in fissile zones that are
parallel to bedding. Ground water also flows in
high-angle fractures that are perpendicular to bed-
ding. The high-angle fractures generally do not
extend through the fine-grained rock; however,
some fractures do reach a fissile zone within the
fine-grained rock. Many more fractures were
observed in outcrop and in wells than were included
in the model because field data showed that only a
small subset of these fractures were hydraulically
significant. The combined fracture types form an
aquifer system in which ground water follows a
stair-step flowpath horizontally through fissile
zones and vertically through high-angle fractures.

The average spacing of hydraulically signifi-
cant features was estimated from the frequency of
their occurrence in TH-2, TH-3, and CS-221. Fewer
dipping features are intercepted by a vertical well
than would be intercepted by a line perpendicular to
the feature. To correct for this, the corresponding
perpendicular distance is calculated by multiplying
the distance the well penetrates rock by the cosine
of the dip angle. Wells TH-2, TH-3, and CS-221]
were completed approximately 90 ft into rock. The
high-angle fractures dip at 60° and the perpendicu-
lar distance is 45 ft; the fissile zones dip at 20° and
perpendicular distance is 85 ft. Three wells are used
in this analysis, so the perpendicular distances are
multiplied by three and divided by the total number
of features in the three wells. The average spacing
of the five fissile zones and one high-angle fracture
(shown on figs. 20, 22, and 23) are 51 ft and 135 ft,
respectively. These values were used to develop a
generalized local-scale model gnid (fig. 29B). The
model grid represented an area 200 ft square, and
mode] grid cells represented areas 10 ft square, so
there are 20 rows, 20 columns, and 20 layers. The
model grid differs slightly from site conditions in
the following ways: (1) fissile zones and high-angle
fractures were simulated as 10 ft thick, when in fact
their true thickness is usually less; (2) high-angle
fractures were simulated as striking in the same
direction as fissile zones, when in fact their strikes
are about 26° apart; and (3) the average spacing of
hydraulically significant features was used, but the

averages were based on a small number of features
and thus may be in error. Despite these dif‘erences,
the model grid is sufficient for the purposes of this
study.

The generalized local-scale model grid corre-
sponds to the area of the regional-scale mcdel con-
taining CS-221 (row 29, column 36, layers 1 and 2
of the regional model). The volumetric flow rates
from the regional model were assigned to fracture
zones on the outside of the model grid. Flows from
each face of the top layer in the regional mo-el were
applied uniformly to fractures on the corresponding
faces in layers 1-7 of the generalized local-scale
model, and flows from the second laye- of the
regional model were applied in a similar fashion to
layers 8-20. The transmissivity of individnal frac-
ture zones was obtained by multiplying the hydrau-
lic conductivity from the regional mode' by the
thickness of each fracture zone. The nonfractured
rock matrix was assigned a hydraulic conductivity
two orders of magnitude lower than that of the frac-
tures. The hydraulic conductivity of the roc matrix
is not known, but it is probably lower than the
assigned value. A two order-of-magnitude contrast
was used because the hydraulic gradient is low and
the rock is essentially impermeable (Anderson and
Woessner, 1992).

The simulated generalized local-scale
ground-water-flow system was illustrated using
traces from particles that were placed in a hvpothet-
ical well in the center of the model grid, 100 ft from
each side. The well was assumed to be ope~ to two
fissile zones—between altitudes of 20 to 30 ft
(upper flow zone) and between altitudes cf -20 to
-30 ft (lower flow zone). Twenty particles were uni-
formly spaced along a vertical line in each zone and
were traced forward and backward from their initial
locations (fig. 29A and 29C).

Ground-water flow from each set cf Initial
particle locations took place in two distinct flow
zones, an upper flow zone and a lower flow zone.
Although both flow zones included several fissile
zones and high-angle fractures, mixing of water
between the two zones was minimal. In fact,
ground-water flowed in distinctly differert direc-
tions in each of the two flow zones—grourd water
in the upper zone flowed to the west-southwest, and
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the range in ground-water levels was larger in the
fractured bedrock than in the unconsolidated mate-
rials. These larger fluctuations result in part from a
lower storage capacity of the fractured bedrock than
that of the unconsolidated matenals. Synoptic
water-level measurements made in June 1995 indi-
cate that the hydraulic gradient near the water table
slopes predominantly from a low hill on the eastern
side west and southwest toward a pond and wet-
lands along Judd Brook. The direction of flow near
(CS-221 1s west-southwest, and the recharge area to
(CS-221 (at the time of measurement) 1s east-north-
east of the well.

Several short-duration aquifer tests were
done to gain an understanding of the hydraulic
properties and response of the fractured-bedrock
system to pumping at CS-221 (at rates of 2 and
4 gal/min). The results of these tests indicate good
hydraulic connection between CS-221 and two bed-
rock wells located along bedding strike 90 ft to the
north and 130 ft to the south. Observation wells
located transverse to the strike of bedding did not
respond to pumping during the timeframe of the
aquifer tests (200 and 270 minutes). A response was
not likely because these wells do not intersect the
same water-bearing zones as the pumped well, and
one well was located 430 ft from the pumped well.
A range of transmissivity of 27 to 46 ft%/d for the
fractured-bedrock aquifer system was calculated
from the aquifer tests.

A numerical ground-water-flow model of the
regional study area developed during the investiga-
tion indicates that perennial streams within the
region, including Judd Brook and the Tenmile
River, form hydrologic divides that separate the
larger region into hydraulically independent flow
systems—that is, ground-water flowpaths do not
extend across perennial streams. The regional
model was also used to determine the direction and
average linear velocity of ground-water flow in the
local study area. In a cell representing a 250-by-250
ft area of the regional model containing CS-221, the
direction of ground-water flow was S. 42°W. and
the velocity of flow was 0.4 ft/d.

A conceptual model of ground-water flow
was developed for the study area. The bedrock-
aquifer system consists of alternating beds of fine-
and coarse-grained rock. Ground water flows in the
fine-grained rock units in fissile zones that are par-

allel to bedding, and between fissile zones ir high-
angle fractures that are perpendicular to bedding.
The result is an aquifer system in which ground
water follows a stair-step flowpath, flowing hori-
zontally through fissile zones and vertically t! ~ough
high-angle fractures. A generalized local-scale
ground-water flow simulation for a 200-by-200-by
200-ft cube surrounding CS-221 included a nonspe-
cific but realistic pattern of rock and fracture geom-
etry as determined from geologic and geopt sical
investigation and general characteristics of flow as
determined from aquifer tests done in the stuc'y area
and regional model simulation. In the simulation,
ground water flowed in upper and lower zones
where flowpaths differed but generally were from
northeast to southwest; flow occurred predomi-
nantly in fracture sets (as opposed to the rock
matrix) and some flow was short-circuited by high-
angle fractures. Flow in the high-angle fractures
was more southerly than the flow in the fissile
zones.

Several conclusions concerning ground-
water flow in the Cheshire study area can be drawn
from the data that were collected and the conceptual
model developed during this investigation:

(1) The flow of ground water from the study
area to public supply wells at the North Cheshire
Well Field is extremely unlikely under any possible
conditions. The stratified-drift aquifers in this area
discharge to streams that separate ground-water
flow at the North Cheshire Well Field and the
Cheshire study area.

(2) Ground water in the study area flow: pref-
erentially in discrete fracture zones, which have a
predominant north-south orientation. The calcu-
lated range of transmissivity of the fractured bed-
rock is 27 to 46 ft*/d; because individual water-
bearing fractures zones are thin, hydraulic conduc-
tivities are potentially as high as 92 ft/d.

(3) The natural head gradient in the study area
slopes westward to southwestward. North-south-
trending fractures provide preferential pathways for
ground-water flow. The ground-water flow-direc-
tion lies between the direction of the gradient and
the orientation of preferred pathways. Therefore,
the probable source area of ground-water flow to
the domestic well CS-221 ranges from north to east
under low-pumping rate conditions. Low pumping
rates were used in the aquifer tests and local-scale
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model simulation and also are presumed to have
existed during the time the well was used for
domestic-water supply.

(4) Ground water at 604 W. Johnson Ave.
flows westward and discharges to the ponds located
on the property. Contamination in the overburden at
this site is likely to have moved westward over
time. If contamination entered fractured bedrock at
this site, it may have entered ground water that
flowed to the domestic well (CS-221) during the
time the well was in use, because fracture zones at
the two sites are connected hydraulically. However,
no contamination was found during this investiga-
tion in two bedrock wells installed on the property
at 604 W. Johnson Ave.

(5) This study illustrates the complexity of
ground-water flow in fractured rock. In particular, it
shows that an open borehole is not an optimum
sampling point because water from many different
zones may be combined, and that, under pumping
conditions, the relative proportions of water from

each zone may change. The testing done for this
study indicates that ground water flows in discrete
zones and that these zones are not confined to single
fissile zones; thus, solutes may migrate across bed-
ding through high-angle fractures. The hydraulic
connection of fractures from one well to another
cannot be determined solely from geologic analysis
because not all geologic features are hydraulically
significant. If ground-water flow occurs in discrete
zones, as simulated in this study, the directions of
flow can be different in each zone; it is not possible
to determine flow directions solely from hydraulic
heads that are measured in each individual fracture.
To determine flow directions on the basis of hydrau-
lic heads, a complete knowledge of the spatial dis-
tribution of hydraulic conductivity is necessary.
Because this knowledge is nearly impossible to
obtain, a distinct chemical signature or artificially
introduced tracer may be the only way to d=terrnine
the direction of ground-water flow in these rocks.
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 GLOSSARY

Aquifer Test—A test to determine hydrologic
properties of the aquifer involving the with-
drawal of measured quantities of water from or
addition of water to a well and the measurement
of resulting changes in head in the aquifer both
during and after the period of discharge or addi-
tions.

Arkose (lithic arkose)—A feldspar-rich sandstone,
typically coarse-grained and pink or reddish,
that is composed of angular to subangular grains
that may be either poorly or moderately well
sorted and is usually derived from the rapid dis-
integration of granite or gramtic rocks.

Artesian A quifer—An aquifer bounded above and
below by confining units of distinctly lower per-
meability than that of the aquifer itself.

Bioturbation—The churning and stirring of a sed-
iment by organisms.

Breccia—A coarse-grained clastic rock, composed
of angular broken rock fragments held together
by a mineral cement or in a fine-grained matrix.
It differs from conglomerate in that the frag-
ments have sharp edges and unworn comners.

Caliche—A reddish-brown to buff or white calcar-
eous material of secondary accumulation, com-
monly found in layers on or near the surface of
stony sotls or arid and semiarid regions, but also
occurring as a subsoil deposit in subhumid cli-
mates. It is composed largely of crusts of soluble
calcium salts in addition to such matenals as
gravel, sand, silt, and clay.

Channel Sandstone—Sands and fine gravels
deposited in stream beds or other channel that
have become lithified into rock.

Diabase—An intrusive rock whose main compo-
nents are labradorite and pyroxene and which is
characterized by ophitic texture. The term corre-
sponds to what is now recognized as diorite.

Drawdown—The vertical distance the water eleva-
tion is lowered or the reduction of the pressure
head due to the removal of water; also, the
decline in potentiometric surface at a point
caused by the withdrawal of water from a hydro-
geologic unit.

Evapotranspiration—The combined loss of water
from a given area by evaporation from th< land
and transpiration from plants.

Ferroan Calcite—An tron-rich calcite.

Fissile—Capable of being easily split along closely
spaced planes.

Glaciolacustrine—Pertaining to, derived from, or
deposited in glacial lakes, especially said of the
deposits and landforms composed of suspended
material brought by meltwater streams flowing
into lakes bordering the glacier, such as deltas,
kame deltas, and varved sediments.

Head—The height of a vertical column of water
whose weight, if of unit cross section, is equal to
the hydrostatic pressure at a given point.

Hydraulic Conductivity—The volume of water
that will move through a medium in a unit of
time under a unit hydraulic gradient through a
unit area measured perpendicular to the direc-
tion of flow.

Hydraulic Gradient—A change in the static pres-
sure of ground water, expressed in terms of the
height of water above a datum, per unit of dis-
tance in a given direction.

Laminae—The thinnest recognizable unit layers of
original deposition 1n a sediment or sedimentary
rock, differing from other layers in color, com-
position, or particle size.

Lodgment Till—A basal till commonly character-
1zed by compact fissile structure and containing
stones oriented with their long axes generally
parallel to the direction of ice movement.

Overbank Mudstone—Fine-grained sediment
(silt, clay, and fine sand), deposited from sus-
pension on a flood plain that cannot be con-
tained within the stream channel, that has
become lithified into rock.

Paleosol—A buried soil horizon of the geonlogic
past.

Porosity—The property of a rock or unconsoli-
dated material of containing voids or open
space; it may be expressed quantitatively as the
volume of open spaces to total volume of the
rock or material.
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Potentiometric Surface—An tmaginary surface

representing the total head of ground water and
defined by the level to which water will rise in a
well. The water table is a particular potentiomet-
ric surface.

Transmissivity—The rate at which water of the

prevailing kinematic viscosity is transmitted
through a unit width of the aquifer under a unit
hydraulic gradient. More simply, transmissivity
is a measure of the ability of an aquifer to trans-

Specific Capacity—The rate of discharge of water mit water.

from the well divided by the drawdown of the
water level within the well.

Varve—A sedimentary bed or lamina or sequence
of laminae deposited in a body of still water
within 1 year’s time, specifically, a thin pair of
graded glaciolacustrine layers seasonal y depos-
ited, usually by meltwater streams, in a glacial
lake or other body of still water in front of a gla-

Synoptic Measurements—A group of measure- cier.
ments made simultaneously.

Storativity—The volume of water an aquifer
releases from or takes into storage per unit sur-
face area of the aquifer per unit change in head.

Tholeiitic Basalt—A silica-oversaturated basalt
characterized by the presence of low-calcium
pyroxenes.
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APPENDIX 1: Record of inventoried wells and testholes,
Cheshire study area, Cheshire, Connecticut

[See figure 2 for locations]

67



A/PRII'SOT 0¢ ad 0T 6'€S1 08/01 yzY SO EMO
A/ V1 /PRISsfgg - ve 191 T | S 1 08/01( Wig s MO
SISPISSQ/[OWIS'S) |} - 1 ovi Ll ¢¢ql 08/01 yiog SO MO
Jwgquspws osips g - 48 - €1 LS gsel 06/6 ¢TC SO SV
3N VPSICT 1 -91l Juimoy ¢C 09¢] 08/6 p€T SO €-V
Qus‘(dstgt 9Tt - Igl o 8-¢ 61 gevl 08/6 ¥¢C SO [
M/Imz/ 1z /80 'SOWS ISR SJA T/ 7z
FNISWSAp/BNSOWMT/SONIS RS H/S1 RO ZE1- Th LI -Gl (44 129! S6/y 97T SO T-MS
¢ xipuadde ‘o] 2100 32§ 96 - O¢| te ARXS 96 49 $6/T LTTSD HL
A/SpIASg/sw-Jg/swg  gpl- €61 91 Sl-01 91 WAY So/v BLTCSO I-MS
¢ x1puadde ‘0] 2100 33§ (S- Opl s°Ll S1-¢ 801 S'LSI v6/T1 7TT SO I-HL
*AAY UOSUYOL ‘AA JO Y)IOU SI[OY)SI) pUe S[PIAL
(3393) (1993 (F2Yy1uUdIPI (3ao0daa suyy
(1993) y
[eAxdyul (399)) uf ‘umouy (3993) 92BLIMS - SOHSN) ul pasn)
301 PAUdIIS o010} J198ued) J0Y jo u M o _.o _.W. P Jaquinu Jdquinu
Jo ydaq Jd1BM yidog PUtld 1ed AoYISN 3oyIsn
> IPpMUV
Py o3 yydaq 10 [PM J0 [I9M
H [esnjal
N aoel) q siap|noq
)] alnl ) n
ws awos |2 Aejo
160 ajeiawo|buo? 2 pue 1S Nis
ys aleys JA aul Alaa s pues
Isis auo)syjis | auy b (joneib
1SS auo)spues w wnipsw yu yonuwl
N4 )oo0ipaq 0 asieo? S] |losdoy
Him )o0Iipaq palayjeom A 9s1e00 A1aa Je 1

JO wonoq 01 yidaq :ajoy jo yidaq ‘feassiul 1nojuod i-g 10 Y-01 yum sdew ojydeibodo) wou) perewnss 1004 1saieau 0) painsesw SapPNIYY |oAs| Bas

:uwinjo2 Boj ul sjoquids 0} Ay

[o1q€jIEAR 10U BlED ‘--- ]88} UI [RAIBIUI JO SSBUXIY) :BO| {|aAd| BaS aA0ge 1938} Ul ‘[BAIBUI PaUaIds JO apnilly ‘dS1
Mmo[aq 188} Ul ‘o04paq Jo doy ay) o} yidaq 204 0) yideq (S Mojaq 1894 ul ‘[aad] Jajem Buidwnduop 1eyem 0} Yyida(] "as] mojeq 199} ul 8oy

aA0qe 199} Ul (S} wniep adeuns-pueT :apniijjy ‘UMo) B Ul [jom yoea o) paubisse jequinu jenijuanbas Asning jeaibojoan) ‘g n Jeiuspl SHSN]

INDIOIUUO)) DHYSIY) ‘Bate Apn)S JNYSIY)) YY) UJ SI[OY}SI) PUB S[[IAA

68 Geohydrology and Conceptual Mode! of a Ground-Water-Flow System Near a Superfund Site in Cheshire, Connecticut



Is®pPc/ReL - A So¢l l6/L Y6 SO 1ozd
ISSOL/V0L/P®ISS  8II-8€l Sl 6-C ST 0Pl L8/6 1€£2SD 9-O0'TOH
1L/8N['so-w g/ PpISTl/ISWSSW-] 9 ] - pEL V-1 Lz 0ovl L8/6 0€T SO S-OTOH
SIISHPG/IS®SIZ 9l - €01 SE- | Ll 0cel 98/8 12 SO +#-OTOH
IDPE/SW-IH 81T - €€l S-2 Ll SHEl 98/8 0vT SO ¢-OTOH
ISHLPIT/SIY 0Ll - 0€l S-T ST 0'sel 08/8 6£2SD -O'TOH
FSIZ/AM/ows s sI0l QI - 8€I I 91 -9 €€ S161 9%/8 €22 SD 1-O'TOH
¢ xipuadde ‘301 9100 93§ 69 - GG [4 (62 - €2) 86 0291 Sol 87T SO €-HL
¢ xipuadde ‘3o[ o13ojoyi] 93§ 99 - gy | S~ 6T- 1) 96 0’191 122 SO 122 SO
.w>< :om=~—c~. .>> .uc p—u-OW w@—ce_umg ﬁ:.w m——w>>
Ys 291818 1JOs ¢ /130 ] 1SS0Q /YS ¢ /P W IS‘S} 9 - 9 61 6'€St 08/01 U6 SO 0ZMO
SISPUBISS 6 /D WIS'S] 6 - 6 81 1'8S1 08/01 U6 SO 61M0
A/YSPAIoS /[0 RISy - 6 el 4 0'9S| 08/01 e SO 81 MO
A/1P@Is'SIGI/[IosSYoRIQ [ /PRISSIy - 0c 9°¢l 0 0'SS1 08/01 U6 SO LIMO
NHUOY/IS®SJWS ‘O] /oIS g - 1T 701 12 €651 08/01 Y06 SO 91 MO
SISC/IOWISSIGE - Se $9 S's 0’0 08/01 Y68 SO 110
NIUo¥/s}g - 6 0'S 6 8 ¥l 08/01 188 SO 6MO
Yluoy/pPRIS‘syOr - 0t €6 0l S'0S1 08/0% Y g SO 8MO
MUOY/PRISY/PRISS)T — $¢ L€l 17 S'0S1 08/01 4198 SO LMO
/PRSI - L1 oyl Ll 'S 08/01 yiIgg SO 9MO
A/1PRISS) L] -~ L 9'Cl Ll g 08/01 yirg SO SMO
d/PyIssyig - 1T 9'C1 1 0ovl 08/01 yieg SO rMO
(199)) (193} (s3yruapt  (310daa siy)
) (199))
[eAIR)UL (199)) uf ‘umouy (199)) SOHSN) Ul pasn)
c ddejans PILiLIp
dog PaURIIS 201 0) J1 ‘98uea) ajoy jo uel 10 e J_quinu dquou
jo ydag Idjem pdag puel 3 ed Ioysay 3loY1sa)
IpNuNY
PpMUY o} pdaqg 10 [PA 10 IBM

PINUIUO))--JNINIIUUOC)) DIIYSIY) ‘edle APN)S IIYSIY)) Y} Ul SI[OY)S) pue S[[PAA

69

APPENDIX 1



N /VIE/SJAWSISQZ /81T - It S 4 ocl vL61 Yz SO Yl ¢ SO
/1€/3sg/PRISIp/So-w | - 14 SL GEI 0L6!1 yesd P e Sd
VE/SOJO/IS®S)T] /S P WS IS /IS WSSz - uimoy #01 9¢1 L6l YLISD YLl SD
- 1$-1Y cot suimoy 01 SEl €8/01 91280 912 SO
/1S /I8N 9 /1SN P &b
R/SINPISOI/PWSISGG/SW-J L /PWSISCH 98 - 96 €T % SHEl v6/L e€HT SO 101-MO
Su-jL/PwWSIS ¢y €71 - €€1 Sy SIl GEl v6/8 £¥T SD SOI-MO
/LY /PRISCIT/IPWSISGE] /1S ws /8¢
‘SW-§ 7] /1S WS ‘Sui-§ C'7/FW-J WS IS ‘SFCGC/SI] 08 - 06 Ly-9v L'8S 3¢ v6/L BL€T SO 16-MO0
1S WS ‘SwW-§ ¢°C/FW-JWS IS 'S ¢C /S| 97| - 9€l €L-L 2 3€1 v6/8 LET SD S6-MO
A/VL/PRISYT/ISHISW-;9 /1SSyl 021 - LEI Ly 01-9L Ly 6€1 16/8 Z€T SO 8-MO
A/ /1SR POL/SIS/IeS 911 -9T1 ve 6-S'L T 6€1 16/8 ££2 SO L-MO
ISCCTIG/MPRISET/SHI] 98 -96 te € C'8p £¢l S6/v BZHZ SO ags-mo
A/V99/ISWPE/SFION s ¢/ 1SN ‘'SW-§S/Je ¢ 66 - 601 9've 8CZ-L0 9'¥¢ €€l 16/8 W SO S9-MO
ISSCO/SISSLI/VIT/IR L $O1 - bl 3Ll 6 ESY 6€1 S6/b vGET SO as-mo
A/ VL /sP‘pPRIsg/yey 72l -TEl 8l SL-9 31 6€1 16/9 GET SO SS-MO
B9/ €8¢
1802915 G'Q/ISISG/1Q /10 ISC] /IS WS ‘SW-f G| 68 - GG S'6-9 8'LS 3¢l S6/Y 622SD ay-mo
1856 Q/1S°T/sul-§ 9y cg¢
SJNISW PG /ISWS SW-y ] JBW-yws syg/siz 001 - 01! 99-+'9 6¢ 3¢ 1 v6/L 67T SO MO
PNspIsg/sw-fz /e L 0Tl - SEl 98-2 Ll 8¢ 06/1 B6ZT SO SH-MO
Puassyor /el ZTl - LET 99-7 L] $'gel 06/1 9¢Z SO ¢-MO
SJws IS¢ /1S Sie 0TI - SEI 8-C Li ST 06/1 867 SO MO
ISy M L/ sw-f L LZ] - LEL L 9-1 2 6€1 68/9 YiL6 SO I-MO
M/INGCT/ISPPLI/fRY S'LT S'LT SEl 16/L 196 SD zozd
(339)) (333} (933) (Jaynuapt  (xodoaua siy)
[eATul (3993) uj ‘usouy (3993) sougIns —— S$HSN) ur pasn)
dorq PIUIAIIS ¥}J0.1 0) J1 ‘98ueld) 3oy jo puey o Sn.ﬁ Jaquinu Jaquinu
Jo yydaqg Jajem ydaq 2::“2 ajoyisaN I0Y)Sa}
IpMM VY 0) pdaQq 10 [I9M 10 [IPAM

PONUIIUO0))--JNIJIIUUO)) DIYSIY)) ‘BB APN)S AIYSIY)) Y} UI SI[0Y)SI) PUE S|PAA

70 Geohydrology and Conceptual Model of a Ground-Water-Flow System Near a Superfund Site in Cheshire, Connecticut



APPENDIX 2: Record of borehole geophysical and core

logs, Cheshire study area, Cheshire, Connecticut

APPENDI) 2 71



feet

Well name CS-221
Location Cheshire
Altitude TOC 162.17
Date 12/14/94
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EXPLANATION FOR LITHOLOGIC LOG
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high-angle fracture measured from acoustic televiewer log
numbers are dip azimuth and dip angle

Overbank mudstone unit; dotted zones are fine sandstone,
heavy dashed lines indicate fissile zone in siltstone unit
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EXPLANATION FOR CORE LOG
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Wellname TH-2
Location Cheshire

Altitude TOC 153.15
Date 05/04/95
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Geohydrology and Conceptual Model of a Ground-Water-Flow System Near a Superfund Site in Cheshire, Connecticut
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APPENDIX 3: Record of water-level fluctuations at

selected wells, Cheshire study area, Cheshire, Connecticut




S3HONI NI ‘NOILV LIdID3Hd

Ot

|

I‘l_llllrllll"lv_t‘l_rlllllll

}

LN S B S N S B Bt B I A S ML NN S RN A B

('pe109)100 Blep Ou ajedlipul SUCKENON|} |9A8)-18)eMm Ul syesaiq)
‘uonels buibeb Agieau je (sieq pijos) uoiendioaid pue 1z2z-S9 ||eM Je (8ul] pIjoS) suoienion|j |SAS|-I81ep

0ci
cai

vel

4921
1821
ogt
H2e1
vl
oet
4741&/\. +8et
$o¢r
H2ri
-
skld!

18¥1

_ ! _ : _ 0S4

1334 NI “12A371 H31vMm 40 3aNLULV

78 Geohydrology and Conceptual Model of a Ground-Water-Flow System Near a Superfund Site in Cheshire, Connecticut



S3HONI NI ‘NOILY 1Id103Hd

LN LA

LI L B A B R B

bny

(‘pa109]|09 BlEP OU BJEdipUl SUOIIBNON| |OAS|-181EM Ui SHealg)
‘uoljels Buibeb Agiesu e (s1eq pijos) uoieudioald pue [-H ! l|lam e (8ul) pHOS) suoien)on|l jaAs)-18)e//,

oel
el

el

19¢1

8¢l

1

oyt

1

4

1245

|

1

ol
8yl
10S1
1SSt

!

1951

1334 NI “13A31 431V 30 3aNLULTY

418Gl

oil

1 1 ! i 3 1 L J ] OO—.

79

AP™ENDIX 3



S3IHONI NI ‘NOILVY LIdID3Hd

TrrTTlI_[J

('pe108jj00 BlEP OU BJEDIPUI SUOIIBNION|) [9AS|-18)eM U| Syea.iq)
uoiiels Duibel ngivou Je (siky pijus) Uuijejididuid puk L-pAs Jlom je (eul] pijos) suoenjonj) [easi-ielen

Bny Ainp aunp Aepy 5661 iy JeN ge4 uep 09 V661 AON

N L AL L KL

¢t

veEt

19¢t

18¢€t

NLILTY

0V ©
m

o

qcvl T
alidd
a4

mk:ids

1t

[qV) (o]

L 2
1334 NI 13A3T1 HILYM

L
<
n
2

1941

18G1

O_. 1 i I 1 | L ! 1 O@r

80 Geohydrology and Conceptual Model of a Ground-Water-Flow System Near a Superfund Site in Cheshire, Connecticrt



S3IHONI NI ‘NOILV 1IdID34d

ot

TTTI!Y|IlI|1vllllll[rllll1T‘lI]lrllIIIIIIIIIIIIIII

Bny

Anp

aunp

Aepy

G661

('pe109||00 BJEP OU 8)EDIPUI SUOIIENION|) [9AS]-18jeMm Ul Syealq)
‘(s1eq pijos) uoneys Buibeb Agieau je uonendioald pue -QTOH |IoM 1B (8ul] pIIOS) SUOKENION|) [2AS]-18YeM

Jdy

Je

god

uer

|

1

1

1

0ci
éch
1445
9ct
8¢l
gl
ANS
12973
91

8El

ovl

A4

17445

orl

8ri

oSl

1334 NI “13A371 H31VM 40 3aNLILTV

81

AFPENDIX 3



S3IHONI NI ‘NOILV 1IdIO3Hd

okt

—r vy r vy T

LS

Ly SRR LR

bny

AIn

aun

S661

Jdy

(‘pe108]j00 B)EP OU 8}1EBJIPUI SUOENION]) |OAB]-19YEM Ul SYEBaIg)
‘(sieq pijos) uone)s Buibeb Aglesu je uonepdiosid pue g-y [|om Je (aulj pljos) Suonenion|} |aAs|-181e A

JEBN

Jo

ue

38Q

v661

L

0c!t
ctl
pEL
9€1
8€1
ovi
el
144
vl
1214
0st
csi

1213

961

851

091

1334 NI 13A3T H3LVYM 40 3anilLV

82 Geohydrology and Conceptual Model of a Ground-Water-Flow System Near a Superfund Site in Cheshire, Connecticut



S3IHONI NI ‘NOLLY 1id1034d

1|||l4|IIIITI‘II‘I\lli}llllllllllllI]llr‘lll

Ot

Bny

('p®199]|00 BlEP OU B}BDIPUI SUOIIBNION|) [SAS|-18]eM Ul s)ealq)
‘uonels Buibeb Agqieau e (sieq pijos) uoneydidald pue G-y ||9m Je (sulj pIjoS) suonenion|) [8AS|-181ep

G661 766 |
Alnp aunpr Aepy Idy J8Q AON

Jep qe4 uer
I L A _._ﬁ_: )
jéct

83

APTENDIX 3



S3HONI NI ‘NOILVLIdIO3Hd

ot

(‘EeICE)ICT EIER CL €lECIEUL SUOHENONY, [OASI-I9)EM Ul SHeaIg)
‘uone)s buibeb Agiesu je (sieq pijos) uonendioaid pue g-pS [1om e (Sul] pljos) suoenion|j |aAs|-I81e |

G661 v661
Bny Aine aunr Aen 1dy uep 08Q] AON

e\ God
— e L | L —. — 4- — |-|—|-|MON_‘

J

-1¢¢}t

1vct

1921

kA
Hoel
1ze1
el
Hoel
—_ H8€1

vt

akad’

1334 NI “13AT1 H3LVM 40 3anNLiLv

vyl
19vi

18v1

llll]\lliJl]1|lIﬁTﬁllrllll‘rrl[r]_lllllll[lrlllll
[

1 1 L 1 1 1 ] | 1 Om—.

84 Geohydrology and Conceptual Model of a Ground-Water-Fiow System Near a Superfund Site in Cheshire, Connecticrit



I NI ‘NOLLY LIdIO3Hd

ot

LANELEN S S R S BALR et A N

T T T

ol

AR N AR Sun SR RN B B S B

Bny

("PO109}j00 BlEP OU B1BJIPUI SUOIFENIONY) [OAS]-191BM Ul S)eslq)
‘uoljels Buibeb Agiesu je (sieq pijos) uoneidioald pue g-H1 jj1om Je (sul PIjos) suolenion)) |JoAs}-191ep

G661 661

Ainp Ae idy 99(]

AON

oel

el

12

9t |

8t

)4

cvi

124"

ol

8ti

0St

1334 NI “13A3T H3LVM 40 3anliLv

85

AP®ENDIX 3



SIHONI NI ‘NOILVY LIdIO3Hd

Ot

| L

ﬁ'lllll‘rllli‘lTrllvll‘llll||1|s|lr||l|11|

Bny Anp aunp

N AN

Aewy

G661

1dy

(‘pe108||00 BlEp OU B1BJIPUI SUCIIENION|} [BAS|-i9)BM Ul S)Heaig)
‘uoijels buibeb Aqieau Je (sieq pios) uoneudioald pue g-Hl I19m Je (aull p1jos) suoieniony) |aAS|-181BAN

ep

ged

uep

09

661

AON

|

i

| ] | J | | I S |

!

1

0cl
¢cl
11
ocl
8¢t
01598
cel
el
ott
8et
ort
cri
44:

ovi

8ri

0S1t

1334 NI “T13AFT HILVYM 40 IANLILLTY

86 Geohydrology and Conceptual Model of a Ground-Water-Flow System Near a Superfund Site in Cheshire, Connecticut



S3HONI NI ‘NOILVY LIdIO3Hd

IIl[lr‘rllllllell]i/!Tllr!]lllllll‘vﬁl]ll
Il

o
—

('p8108]j02 BlRp OU 8)BIIPUI SUOHENION|) [9AS]-18)eMm Ul syesiq)
‘uoljels buibeb Agqiesu je (sieq pijos) uonendiosid pue gyMO [1B8m 1. (8u) pljoS) suoieNnion|) |8Ad|-Jejep

G661 V661
by Ane aunp Aepy Jdy ie uep 00Q AON

IR L A _.2_4. T KL

J

1¢¢1

1vel

1921

8¢l

-10€1

N 1¢€1

Vel

1334 NI “13A31 H3LVAM 30 3aNLLTY

19€1

18¢€1

1 1 1 | L | | | i O.V_.

87

APPENDIX 3



88 Geoaydrology and Conceptual Model of a Ground-Water-Flow System Near a Superfund Site in Cheshire, Connecticut



