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Hydrogeology and Water Quality of the Nutmeg Valley 
Area, Wolcott and Waterbury, Connecticut 
By John R. Mullaney, Remo A. Mondazzi, and Janet Radway Stone 

ABSTRACT 

Hydrogeologic investigations in an indus
trial area in Wolcott and Waterbury, Connecticut, 
have provided information on the geology, 
ground-water flow, and water quality of the area. 
Ground-water contamination by volatile organic 
compounds was discovered in the 1980's in the 
Nutmeg Valley area, where approximately 43 
industries and 25 residences use ground water for 
industrial and domestic supply. Unconsolidated 
surficial deposits, including glacial stratified 
deposits and till, are more than 85 feet thick and 
are interconnected with the underlying bedrock. 
The horizontal hydraulic conductivity of the strat
ified deposits ranges from 0.8 to 21 feet per day. 

Water in the surficial aquifer generally flows 
toward discharge points along Old Tannery Brook 
and the Mad River. Water in the bedrock aquifer 
flows through low-angle unroofing joints, high
angle fractures, and foliation-parallel fractures. 
Most high-angle water-bearing fractures strike 
north with an easterly dip. Most of the water 
pumped from bedrock wells in the study area 
comes from shallow fractures that are probably in 
hydraulic connection with the surficial aquifer. 
Short-circuit flow between fracture zones in wells 
is a likely pathway for contaminant transport. Dur
ing periods of low streamflow, only a small 
amount of ground water discharges directly to Old 
Tannery Brook or to the Mad River. The amount of 
discharge is on the same order of magnitude as the 
estimated ground-water withdrawals. 

In northern parts of the valley bottom within 
the study area, downward vertical hydraulic gradi
ents were present between wells in the surficial 
and bedrock aquifers. In southern parts of the val
ley, however, vertical gradients were upward from 

the bedrock to the surficial aquifer. Vertical gradi
ents can change seasonally in response to different 
amounts of ground-water recharge and to stresses 
caused by ground-water withdrawals, which can in 
turn facilitate the spread of contamination. 

Vapor-diffusion samplers were installed in 
streambeds to identify zones where water contain
ing volatile organic compounds was discharging to 
streams in the study area. Three areas with high 
vapor conc.entrations of trichloroethene and tetra
chloroethene were identified. Concentrations of 
trichloroethene as high as 30,000 parts per billion 
by volume were detected. 

Three of 44 wells sampled contained con
centrations of volatile organic compounds, includ:.. 
ing trichloroethene and tetrachloroethene, above 
primary drinking water standards. Based on the 
findings of this and previous investigations, water 
in the bedrock aquifer in the southern part of the 
study area is likely to contain trichloroethene, tet
rachloroethene, and 1, 1, !-trichloroethane. Volatile 
organic compounds also were detected in stream 
samples from the downstream end of Old Tannery 
Brook and the Mad River. Concentrations of major 
ions and trace elements (with one exception) did 
not exceed primary drinking water standards in 
any ground-water or surface-water samples col
lected. 

Ground-water samples collected downgra
dient from the Waterbury North End Disposal 
Area contained ethyl ether, chlorobenzene, and 
elevated concentrations of dissolved solids, simi
lar to samples of landfill leachate and ground
water samples collected from springs and wells 
adjacent to the landfill. 
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INTRODUCTION 

Ground-water contamination by volatile organic 
compounds (VOCs) and inorganic constituents has 
been identified in an industrial area along the Route 69 
corridor near the Wolcott/Waterbury, Connecticut town 
line. The area commonly is referred to as the Nutmeg 
Valley Superfund Site (fig. 1). The area was classified 
by the U.S. Environmental Protection Agency 
(USEPA) as a Superfund site on the National Priorities 
List on March 31, 1989 (U.S. Environmental Protec
tion Agency, 1989). Approximately 43 industries and 
25 residences in the area withdraw ground water for 
industrial and domestic supply, primarily from the bed
rock aquifer. Past disposal of industrial chemicals has 
been implicated in contamination of water from supply 
wells sampled by local, State, and Federal agencies 
during 1979-95. In addition, a landfill for the City of 
Waterbury (the North End Disposal Area) is located 
upgradient from the Nutmeg Valley Superfund Site 
(fig. 1, pl. 1). 

In 1995-96, the U.S. Geological Survey (USGS), 
in cooperation with the Town of Wolcott and the 
USEPA, reviewed existing hydrogeologic and water
quality information, and collected new hydrogeologic 
information near the contaminated areas (Stone and 
others, 1997). In 1997, a second phase of investigation 
was begun to collect new information on the hydrogeo
logy and water quality in and near the Nutmeg Valley 
Superfund Site. This new information will provide a 
framework that can be used by the USEPA, other regu
latory agencies, and private parties to help develop 
Superfund Remedial Investigation/Feasibility Studies 
that may be required at individual properties contained 
in the Nutmeg Valley Superfund Site. The report refers 
to the "Nutmeg Valley study area" or "study area," 
which includes the Nutmeg Valley Superfund Site and 
adjacent areas within one-half mile of the Superfund 
Site boundaries and is roughly coincident with the 
extent of the map coverage of plate 1. 

Purpose and Scope 

This report describes the hydrogeology and 
water quality of the Nutmeg Valley study area in Wol
cott and Waterbury, Connecticut. It summarizes previ
ous or ongoing investigations to 1998 and provides 
new information collected by the USGS in 1997-98 
during the second phase of investigation. This informa
tion includes an analysis of data collected using vapor-

diffusion sampling as a reconnaissance tool to deter
mine the location of VOC-contaminated ground-water 
discharge to surface water, test-hole and monitoring
well data to determine geology and hydraulic proper
ties, analysis of ground-water levels and water-table 
fluctuations, ground-water-flow directions, and a 
detailed analysis of ground-water quality. The report 
also includes an interpretation of borehole-geophysical 
logs collected at seven wells in the study area and sum
marizes information on stream-discharge measure
ments and surface-water quality at several locations in 
the study area. The report discusses the interaction 
between aquifers, as well as the interactions between 
ground water and surface water and also describes the 
techniques of investigation, which may have applica
tion to other studies in similar hydrogeologic settings. 

Previous Investigations 

The hydrogeology of the area was first described 
by Wilson and others (1974) as part of a regional study 
of the hydrology of the lower Housatonic River Basin. 
Surficial geology of the area was described by Stone 
and others (1992) and LaSala (1961) and the bedrock 
geology was described by Rodgers ( 1985), Fritts 
(1963), and Gates and Martin (1967). 

· The geohydrology and historical water quality of 
the Nutmeg Valley Superfund Site and adjacent areas 
was most recently described by Stone and others 
( 1997). The report contains information on the physio
graphic, geologic, and hydrologic framework, water 
use, history of ground-water and soil contamination, 
and presents a preliminary conceptual model of 
ground-water flow in the Nutmeg Valley study area. 
According to this report, the VOCs most commonly 
detected in supply wells tapping the crystalline-bed
rock aquifer included trichloroethene (TCE), tetrachlo
roethene (PCE), and 1, 1, }-trichloroethane (TCA). 
Concentrations of TCE were as high as 320 j..Lg/L in 
samples collected from supply wells in 1985. Stone and 
others (1997) concluded that concentrations of VOCs 
have decreased with time in samples from 12 bedrock 
wells that supply water to businesses in the Nutmeg 
Valley area. The authors of the study also concluded 
that at locations where the top of the bedrock was near 
land surface, the water level in the bedrock aquifer 
rises quickly in response to precipitation. This has 
implications for contamination of the bedrock aquifer 
in these areas. The report also concluded that effective 
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annual ground.~wa.ter recharge (the amount of precipi
tation that infiltrates into the ground minus the amount 
lost to evapotranspiration) to aquifers in a 0.9-mi2 area 
surrounding the Nutmeg Valley Superfund site is 
14 inlyr, and that 56 percent of the recharge is to strat
ified-drift areas and 44 percent is to areas covered by 
till deposits. Stone and others ( 1997) concluded that 
past and present pumping from the bedrock aquifer 
may have facilitated or induced flow of contaminated 
ground water down ward from the surficial aquifer into 
the bedrock aquifer. The report indicates that an up-to
date assessment of the water quality of the stratified
drift aquifer would be useful because much of the pre
viously collected information was collected over a long 
period of time for the purpose of examining site-spe
cific problems. 

In addition to the work conducted by the USGS, 
several other studies were conducted or were ongoing 
during 1997-98. An ongoing site investigation contin
ued during 1997-98 at 1240 Wolcott Rd. (plate 2), 
focusing on a former lagoon area on the east side of the 
property that was used until 1977 to treat wastewater 
from the manufacturing process (Loureiro Engineering 
Associates, 1998 a, b). This area was previously inves
tigated during 1990-95 (HRP Associates, 1996 a, b, c). 
Loureiro Engineering Associates (1998 a, b) reported 
that high concentrations of TCE, cis 1 ,2-dichloro
ethene (c 1,2-DCE) and PCE were detected in soils in 
and around the former lagoon area in August 1997. The 
highest detected concentrations of VOCs in soil were 
TCE-1,200,000 J.Lg/kg, c 1,2-DCE--40,000 J.Lg/kg, 
and PCE-46,000 J.Lg/kg. Total petroleum hydrocar
bons were detected in soil from the former lagoon area 
at concentrations up to 4, 790 mg/kg. The lagoon area 
and other parts of the property are underlain by an 
organic silt and clay deposit overlying sand. As part of 
the recent investigations, new well clusters were 
installed up gradient and downgradient of the former 
lagoon area. Continuous samples of the unconsolidated 
deposits were collected for VOC analysis. High con
centrations of TCE, c 1,2-DCE, and PCE were detected 
in the soil samples from areas in and just below the pre
viously mentioned fine-grained deposit. TCE also was 
present in sediment samples from the bottom part of the 
sand and gravel aquifer above the bedrock aquifer in 
two borings downgradient from the former lagoon area 
(Loureiro Engineering Associates, 1998a). Free-phase 
solvent was observed in one boring located downgradi
ent from the former lagoon. The highest concentrations 
of TCE detected in ground-water samples collected 
from the surficial aquifer in March 1998 was 

180,000 J.Lg/L, viny 1 chloride-1900 J.Lg/L; and c 1,2-
DCE- 40,000 J.Lg/L. Samples collected as part of the 
regular quarterly monitoring continued to show low 
concentrations of VOCs (primarily TCE) in samples 
from wells in the bedrock aquifer. The report (Loureiro 
Engineering Associates, 1998b) states that it is possible 
that the bedrock aquifer downgradient of the former 
lagoon may have been affected by on-site contamina
tion of the surficial aquifer. 

· The following paragraphs summarize other 
reports or information obtained by the USGS during 
the second phase of this investigation. 

A fuel oil leak from an underground-storage tank 
was discovered at 7 Town Line Rd. and reported by 
Connecticut Department of Environmental Protection 
(CTDEP) personnel in Apri11997. Contaminated soil 
was removed along with two underground-storage 
tanks (Connecticut Department of Environmental Pro
tection, 1997a). 

An oily sheen was discovered by a USEPA con
tractor and investigated by the CTDEP in May 1997 at 
3 Town Line Rd. The CTDEP investigation revealed 
that an oily seep had entered the unnamed tributary to 
Old Tannery Brook. Analysis of water samples col
lected from small-diameter wells installed and sampled 
by CTDEP personnel indicated the presence of a kero
sene-like free-phase product. It was believed that the 
contamination emanated from a former drum storage 
area (Connecticut Department of Environmental Pro
tection, 1997b). 

A site investigation was conducted during 1997-
98 at 3 Tosun Rd. in the Nutmeg Valley site related to 
the transfer of ownership of an undeveloped (formerly 
residential) property (HRP Associates, 1998). No con
taminants were discovered in the ground-water sam
ples collected from three bedrock wells or in one well 
installed in the surficial aquifer underlying the western 
part of the property. Contaminated soil was discovered 
beneath and west of an old garage and from an old 
debris pile. Contaminants included petroleum hydro
carbons, lead, and VOCs. The source of the contami
nants was reported by HRP Associates as waste 
associated with vehicle repair and paint-related prod
ucts. Contaminated soil was removed from the prop
erty. 

Soil contamination was discovered during build
ing expansion at 64 Wolcott Rd. in June 1998 (EEW 
Management, 1998). The contaminated soil was near 
the location of a former waste-oil underground storage 
tank, a former drum storage area, and a former septic 
tank. Soil samples contained high concentrations of 
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total petroleum hydrocarbons, napthalene, and lower 
concentrations of other organic volatile and semi-vola
tile constituents including TCA, 1,2,4-trimethylben
zene, 1,3,5 trimethylbenzene, acetone, ethylbenzene, 
isopropylbenzene, methylene chloride, methyl tert
butyl ether (MTBE), n-butylbenzene, a-xylene, p-iso
propyltoluene, sec-butylbenzene, PCE, toluene, TCE, 
m and p-xylenes, 1, 1-dichloroethene, (1,1 DCE), c 1,2-
DCE. Many of the compounds also were detected in 
samples of sediment collected near the water table dur
ing the drilling of test borings. Samples collected from 
the on-site supply well located under the building con
tained no detectable levels of VOCs or heavy metals. 
During past sampling rounds conducted in 1981 and 
1985, water from this well contained chloroform, car
bon tetrachloride, TCE, pentane, and PCE (Stone and 
others, 1997). 

Regular monitoring continued during 1997-98 at 
the Waterbury North End Disposal area (Fuss and 
O'Neill Inc., 1997, and 1998 a,b). The landfill, in the 
northwestern part of the study area, is in the process of 
closure and no longer accepts waste. Previous sam
pling results were described by Stone and others 
(1997). Samples were collected from seven existing 
monitoring wells around the landfill, two commercial 
supply wells on Swiss Lane, one domestic well, the 
landfill leachate-collection system, and a brook and 
pond adjacent to the landfill. Samples were analyzed 
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for VOCs, metals, anions, chemical- and biological
oxygen demand, and other characteristics. Many of the 
samples collected in October 1997 and January 1998 
had specific conductance higher than 500 J.ts/cm, indi
cating high concentrations of dissolved solids. Concen
trations of chloride were 695 and 724 mg/L, 
respectively, in samples of leachate from the collection 
system. Several VOCs were detected at low concentra
tions in the landfill leachate including 1,4-dichloroben
zene, chlorobenzene, c 1,2-DCE, vinyl chloride, 
benzene, xylenes, and 1,2-dichlorobenzene (Fuss and 
O'Neill Inc., 1998 a,b). Samples collected from a mon
itoring well downgradient from the landfill, but upgra
dient of Swiss Lane (MW-J, WC 49) had high 
alkalinity and high concentrations of chloride and man
ganese. Samples from this well also contained the 
VOCs 1,4 dichlorobenzene, chlorobenzene, chloroet
hane, and benzene. 

Information on VOC samples collected from 
1981-95 was provided to the USGS by one property 
owner for the supply well at 17 Town Line Rd. (Joseph 
Macary, Joma, Inc., written commun., 1998 and HRP 
Associates, i995) Analysis of the data shows a declin
ing concentration in VOCs, primarily TCE, since 1985 
(fig. 2). A sample collected from this well (WC 101, pl. 
1) by the USGS is included on figure 2. 

++t-+ 

+*+ 
++ + 
+*+++ + 

+ 

1988 1990 1992 1994 1996 1998 

Figure 2. Concentration of trichloroethane at 17 Town Line Road, Wolcott, Connecticut, 1981-98. 
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DATA COLLECTION AND ANALYSIS 

The methods used to study the hydrogeology and 
water quality of the Nutmeg Valley study area included 
(1) test-hole drilling and monitoring-well installation, 
(2) water-level monitoring, (3) hydraulic (slug) testing 
of wells drilled in surficial materials, ( 4) geologic map
ping, (5) borehole-geophysical logging, (6) streamflow 
measuring, and (7) ground-water and surface-water 
quality sampling, including vapor-diffusion sampling 
forVOCs. 

Test-hole drilling and monitoring-well 
installation 

Test holes were drilled and observation wells 
were installed to ( 1) help further define the geometry of 
the surficial and bedrock aquifers underlying the Nut
meg Valley study area, and (2) provide locations for 
water-level measurements, slug tests, water-quality 
sampling, and borehole-geophysical logging. Drilling 
sites were selected in areas where geologic and water-

quality data were absent and to characterize the hydro
geology of the study area. 

Wells were installed in clusters at seven loca
tions. in the study area. Data collected at the well clus
ters were used to determine vertical hydraulic gradients 
and vertical differences in hydraulic conductivity and 
water quality. At these locations, wells were installed 
near or just below the water table and (or) at the bottom 
of the surficial aquifer. In addition, at five locations, 
wells were installed in the intermediate part of the surf
icial aquifer. A total of 18 wells were installed in the 
surficial aquifer and 7 wells were installed in the crys
talline bedrock aquifer (pl. 1) with open intervals to a 
depth of at least 90 ft below the bedrock surface. 

Wells were installed in the surficial aquifer using 
a hollow-stem auger drill rig operated by USGS per
sonnel. At most sites, split-spoon samples were col
lected every 5 to 10 ft down to bedrock or refusal to 
determine changes in lithology. The split -spoon sam
ples were chemically screened with a photoionization 
detector to determine the presence of VOCs. The split
spoon sampler was cleaned with a soap/tap water solu
tion after each use. After reviewing the field notes and 
lithologic information, up to three depths in the surfi
cial aquifer were selected for monitoring-well installa
tion. Wells were constructed of 2-in. schedule-40 
polyvinyl chloride (PVC) casing and 2-ft slotted 0.010-
in. well screens. Short well screens (2ft) were used to 
ensure that water-level measurements and water-qual
ity samples represented discrete parts of the surficial 
aquifer. Wells were completed by packing the screened 
interval, and the overlying 5 to 10ft, with silica sand or 
by allowing aquifer materials to collapse around the 
well screens during removal of the hollow-stem augers. 
The remaining annulus around the wells was sealed 
with at least 5 ft of either a bentonite slurry or bentonite 
pellets placed above the screened interval. The remain
der of the hole was backfilled with collapsed material 
or drill cuttings from the hole. A locking cover and 
cement seal were placed at land surface. All drill tools 
were steam cleaned after completion of each hole. 

Bedrock monitoring wells were installed by a 
private contractor using mud-rotary and air-rotary per
cussion drilling. The overburden was drilled with an 8-
in. rollerbit, using air or mud-rotary methods, depend
ing on the thickness and composition of the surficial 
deposits. At least 20 ft of 6-in. steel casing was 
installed to a minimum of 4 ft below the bedrock sur
face. The interface between bedrock and overburden 
was grouted with Portland cement in four wells. 
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Because of difficult drilling conditions, three of the 
seven bedrock wells were not grouted; however, at 
these locations, casing was driven up to an additional 
20 ft into bedrock. Drilling continued to at least 90 ft 
below the bedrock surface. Drilling logs for well clus
ter locations are shown in appendix 1. 

Water-level monitoring 

Ground-water levels were measured at newly 
installed wells and some existing wells to determine 
(1) water-table altitude and general ground-water-flow 
direction, (2) vertical hydraulic gradients between 
selected depths in the surficial and bedrock aquifers, 
(3) the range of ground-water-level fluctuations in 
recharge versus discharge-dominant parts of the 
ground-water flow system, and (4) locations where 
nearby ground-water withdrawals affect water levels. 

To accomplish these goals, water levels were 
measured in three different ways: ( 1) water levels were 
measured manually in 75 wells during September 1-3, 
1998 to create water-table and potentiometric surface 
maps; (2) water levels were measured manually on a 
monthly basis in 25 wells drilled for this study; and 
(3) water levels were measured continuously with pres
sure transducers in selected wells for varying periods 
of time to determine the effects of withdrawals on 
water levels. 

Hydraulic testing of wells 

Slug tests were conducted in 13 wells in the 
study area using an air-pressurized method for induc
ing an instantaneous change in the water column in the 
well. The pressure transducer was lowered into the well 
after the depth to the water surface from a measuring 
point was measured with an electric tape. The pressure 
transducer was connected to a portable computer 
allowing continuous monitoring of water-level 
changes. After the water level in the well had stabi
lized, the system was pressurized with approximately 
5 lb/in2 from a portable air tank. The water level was 
monitored until stable conditions were again achieved. 
A quick-release valve was opened at this time to 
release the air pressure in the casing and begin the 
recovery part of the slug test. The water level was 
allowed to recover to within a few hundredths of a foot 
of the stable water level, and the test was terminated. 

Multiple slug tests were performed at four wells to 
determine the reproducibility of the tests. 

The slug tests were analyzed using methods 
described by Bouwer and Rice (1976) for unconfined 
aquifers with partially penetrating wells and methods 
described by Cooper and others (1967) for confined 
aquifers with fully penetrating wells. 

Geologic mapping 

Geologic mapping was conducted to delineate 
the extent and physical properties of the surficial mate
rials and the lithology and structure of the underlying 
bedrock. All available exposures of surficial materials 
and bedrock were examined, and the strike and dip of 
bedrock fractures and foliation were measured. Aerial 
photographs was used to delineate geologic contacts 
where there were no exposures of surficial materials. 
Early aerial photographs (1965) were used to view 
landforms and surficial deposits prior to development, 
so that materials beneath areas of more recent exca va
tion or filling could be mapped. All lithologic logs from 
wells and test holes were analyzed, and geologic sec
tions were constructed from this information. 

Borehole-geophysical logging 

Borehole-geophysical logs were obtained in 
eight bedrock wells in the study area during May and 
June 1998. The primary purpose of borehole logging 
was to determine the location and orientation of water
bearing fractures in each well. The location and orien
tation of fractures was determined primarily with the 
use of caliper, fluid conductivity and temperature, 
down-hole television camera, borehole image process
ing system (BIPS), and acoustic televiewer (ATV) log
ging tools. Heat-pulse flowmeter logs were run under 
static and pumping conditions to determine the location 
of water-bearing fractures. Another reason for logging 
was to determine the lithology of the bedrock. This was 
done primarily with the use of the natural gamma, tele
vision camera. and BIPS. In addition, formational 
resistivity, borehole radar (two wells), and borehole
deviation logs were obtained. 

Many of the borehole-geophysical techniques 
that were used are described by Keys (1990). The prin
cipal application of many of the borehole-geophysical 
tools is shown in Melvin and others (1995, table 1). 
Selected logs are shown in appendix 2; the remainder 
are on file at the U.S. Geological Survey office in East 
Hartford, Connecticut. 
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Streamflow measurements 

During 1996-97, as part of the first phase of this 
investigation, streamflow was measured intermittently 
at two sites on the Mad River, one site on Old Tannery 
Brook, one site on an unnamed tributary to Old Tan
nery Brook, and one site on the Mad River outside the 
study area (Stone and others, 1997). Streamflow mea
surements continued at these sites (table 1) during 1997 
and 1998 to develop a stage-to-discharge relation (rat
ing curve) for each station. Three additional stations 
were established and measured once or twice when sur

face-water samples were collected. No rating curve 
was established for these water-quality stations. Stream 
stage was determined by measuring down from a refer
ence point near each of the five sites where a stage-to
discharge relation was established. Stream stage and 
discharge were measured using methods described by 
Rantz (1982). Streamflow measurements made using 

these methods are subject to an accuracy of plus or 
minus 5 percent under good conditions. 

Water-quality sampling and analysis 

Samples were collected during 1997-98 to deter
mine the current water quality of the study area. Types 
of samples collected by the USGS included vapor-dif
fusion samples, ground-water samples, and surface
water samples. Vapor-diffusion samples were collected 
during July and November 1997. Ground-water sam
ples were collected from May to September 1998. Sur
face-water samples were collected in July 1998. In 
addition to the samples collected by the USGS, the 
Chesprocott Health District collected and analyzed 
ground-water samples for VOCs from a mixture of 35 
residential and commercial properties in the Nutmeg 
Valley study area during July and August of 1998 (Lor
raine DeNicola, Chesprocott Health District, written 
commun., 1998). 

Table 1. Description of surface-water discharge and water-quality sampling stations in and near the Nutmeg Valley study 
area, Wolcott and Waterbury, Connecticut 

U.S. Geological 
Location 

Drainage area Water-quality 
Survey Identifier In square miles samples collected 

01208270 Mad River below Finch Brook, Wolcott, Connecticut 12.4 yes 

01208280 Old Tannery Brook at Tosun Road, Wolcott, Connecticut 2.74 yes 

01208283 Unnamed tributary to Old Tannery Brook upstream of .23 yes 
Swiss Lane, Wolcott, Connecticut 

01208285 Unnamed tributary to Old Tannery Brook at Wolcott .45 no 
Rd., Wolcott, Connecticut 

01208286 Unnamed tributary to Old Tannery Brook above confiu- .64 yes 
ence with Old Tannery Brook, Wolcott, Connecticut 

01208288 Old Tannery Brook above confluence with Mad River, 3.71 yes 
Waterbury, Connecticut 

01208290 Mad River at Sharon Road, Waterbury, Connecticut 16.0 yes 

01208295 Mad River at Frost Road, Waterbury, Connecticut 16.9 no 
(Shown in fig. 1) 
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Vapor-diffusion sampling 

Areas where V OC-contaminated ground water 
was discharging to surface water were delineated using 
vapor-diffusion collectors installed in the bottom sedi
ments of the Mad River, Old Tannery Brook, and an 
unnamed tributary of Old Tannery Brook. The method 
used was similar to that described by Vroblesky and 
others (1996). 

Vapor-diffusion collectors were prepared by 
placing a clean, uncapped 40-mL vial in a polyethylene 
bag and removing excess air from the bag so that one 
smooth layer of polyethylene tightly covered the open
ing of the vial; this created a membrane permeable to 
VOCs but not to water. Strapping tape or cable ties 
were used around the outside of the bag to wrap the 
polyethylene firmly against the vial. The VOC vial and 
bag were then placed inside another sealable polyethyl
ene bag. The second bag was sealed using the same 
approach. The outer bag was used to reduce abrasion of 
the inner bag, to prevent residual carryover of contam
ination by keeping the inner bag from contacting con
taminated soil, and to optimize the integrity of the 
bottle seal by eliminating sand from bottle threads. For 
sample replication, two individually wrapped 40-mL 
vials were placed in the same outer bag and sealed. The 
vapor-diffusion collector, which then consisted of one 
or two uncapped 40-mL glass vials enclosed in two 
sealable polyethylene bags, was attached to a wire sur
vey flag to be easily located during retrieval. Upon 
retrieval, the outer bag was removed and the vial was 
immediately sealed with a septum cap (Vroblesky and 
others, 1996). 

Installation of each vapor-diffusion collector 
was accomplished using a 14-in. garden spade to open 
an approximately 1-ft deep cavity in the stream sedi
ment. A vapor-diffusion collector was placed in the 
cavity, and the streambed material collapsed around the 
collector as the spade was withdrawn. The remaining 
hole was backfilled with the surrounding streambed 
sediment. The distance between collectors ranged from 
100 to 200ft along the streams. Collectors were placed 
in the center of the streams and in transects across the 
stream at selected locations. 

Vapor-diffusion collectors were installed at 154 
locations in the streambed sediments of the Mad River, 
Old Tannery Brook, and the unnamed tributary to Old 
Tannery Brook from May 12-27, 1997 and subse
quently retrieved from July 8-10, 1997. Fifteen repli
cates were collected. Vapor-diffusion collectors for the 
second sampling round were installed at 128 locations 
on the same three streams from October 23-28, 1997 

and retrieved from November 11-13, 1997. Eight repli
cates were collected. 

Vapor-diffusion samples were analyzed in the 
field by USEPA personnel operating a portable gas 
chromatograph with a photo-ionization detector and 
using an air-screening method for VOCs (U.S. Envi
ronmental Protection Agency, 1998). 

Six substream ground-water samples were col
lected on November 12 and 17, 1997, for comparison 
with vapor-diffusion samples, from an area along Old 
Tannery Brook where high concentrations ofTCE were 
detected during both rounds of vapor -diffusion sam
pling. A stainless-steel mini-piezometer and a manom
eter similar to that described by Winter and others 
(1988) was used to collect substream ground-water 
samples and to measure vertical hydraulic gradients. 
To collect the samples, the mini-piezometer was driven 
to a depth of 1.5 to 3.5 ft below the streambed. A fluid
metering pump with a teflon hose was attached to the 
piezometer, and the water was purged for a short time. 
Temperature, specific conductance, pH, and dissolved 
oxygen were measured during purging. When the water 
cleared, samples were collected for VOCs in 40-mL 
glass amber vials and preserved with 1: 1 hydrochloric 
acid. One water sample was collected during the 
retrieval of the vapor-diffusion samplers and was 
screened for TCE and PCB by the method used for the 
vapor samples. Five other water samples, collected 1 
week after the vapor-diffusion samplers were retrieved, 
were sent to the USEPA Region I laboratory in Lexing
ton, Massachusetts, for quantitative analysis by 
USEPA method 524.2. 

Thirty-nine measurements of the vertical
hydraulic gradient between the ground water and 
streams were made at selected locations ~here vapor
diffusion samples were collected. The purpose of the 
gradient measurements was to determine where 
upwar<;l gradients were present to assist in interpreta
tion of the vapor-diffusion data. Specific conductance 
of the ground water and surface water also was mea
sured at many of these locations. 

Ground-water sampling 

The purpose of the ground-water sampling pro
gram was to determine the water quality in (1) the surf
icial aquifer in areas in the Nutmeg Valley study area 
that had not been previously sampled, (2) the residen
tial area on Tosun Rd. including two businesses (pl. 1), 
and (3) the part of the study area adjacent to the North 
End Disposal Area. Samples were collected from new 
observation wells installed by the USGS, supply wells 
at homes and businesses, and from some observation 
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wells installed by private consultants. Samples also 
were collected from one spring adjacent to the North 
End Disposal Area. 

Observation wells in the surficial aquifer were 
sampled with the use of a small positive-displacement 
submersible pump constructed of stainless steel and 
Teflon components. These observation wells were sam
pled usmg a low-stress, low-flow samplillg technique 
(U.S. Enyjronmental Protection Agency, Region 1, 
1996). Some slight modifications were made to the 
method because it was very difficult to achieve the 0.3-
ft millimum drawdown recommended. Bedrock obser
vation wells were sampled with the same pump and 
methods; however, the pump intake was placed next to 
water-yieldmg fracture zones that were identified dur
ing borehole-flowmeter tests. 

Water levels ill supply wells were measured 
where possible. Supply wells were sampled with exist
ing pumps at higher flow rates than observation wells, 
up to several gallons per millute, until the field param
eters-temperature, dissolved oxygen, pH, specific 
conductance, oxidation-reduction potential (ORP), and 
turbidity- had stabilized and the plumbing system had 
been purged. Samples were collected from a teflon tube 
attached to outside taps on the buildings. No wells with 
treatment (such as softeners or filters) were sampled 
without disconnecting or bypassing these systems. 

Water samples were sent to the USEPA Region I 
laboratory in Lexington, Massachusetts, for analysis of 
anions, dissolved trace metals, cyanide, and VOCs. An 
alkalinity titration was performed on a filtered sample 
by USGS personnel in the field using methods 
described by Radtke and Wilde (1998). The methods 
used for sample analysis are shown in table 2. In addi
tion to the regular samples collected, quality-assur
ance/quality- control (QA/QC) samples were collected, 
including replicates and equipment rinsate blanks. 
Analytes were selected on the basis of the contamina
tion history as reported by Stone and others (1997). 

Surface-water sampling 

The purpose of the surface-water sampling was 
to determ:i]J.e the quality of water entering and leaving 
the Nutmeg Valley study area during low-flow condi
tions when ground-water inflow was the primary 
source of water to the streams. Surface-water quality 
samples were collected from six locations (table 1, pl. 
1) in the study area. Samples were collected for the 
same constituents and analyzed by the same methods 
as the ground-water samples listed above. In addition, 
total (unfiltered) trace element samples were collected 
at each location. Sampling stations were established on 
the Mad River in upstream and downstream parts of the 
study area. Additional stations were established on Old 
Tannery Brook at Tosun Rd., Old Tannery Brook near 
the confluence with the Mad River, the unnamed tribu
tary to Old Tannery Brook upstream of industrial areas, 
and the unnamed tributary to Old Tannery Brook at the 
confluence with Old Tannery Brook. Samples were 
collected during low-flow conditions on July 27-28, 
1998. River discharge was measured concurrently with 
the sampling, so that changes in the loads of constitu
ents could be determined between upstream and down
stream sampling points. One sample was collected 
from the upstream site on the unnamed tributary 
(01208283, pl. 1) during a·storm to determine if runoff 
from the North End Disposal Area was contributing to 
the water-quality conditions of the study area. 

Samples from Old Tannery Brook and the 
unnamed tributary to Old Tannery Brook were col
lected using a point-sample method, because the 
streams were narrow and shallow. Samples (with the 
exception ofVOCs) were collected from the wider and 
deeper Mad River by compositing samples using an 
equal-width increment method (Edwards and Glysson, 
1988). VOC samples were collected using a point-sam
ple method from the deepest part of the Mad River. 

Table 2. Analytical methods used to analyze samples from the Nutmeg Valley study area, Wolcott and Waterbury, 
Connecticut, July to September 1998 · 

Analysis 

Anions 

Trace metals and cations 

Cyanide 

Volatile organic compounds 

Method and reference 

USEPA method 300.0, Ion chromatography (EPA/600/R-93/100) 

USEPA method 200.7, Inductively coupled plasma using ultrasonic nebulization. 
Methods for the determination of metals in environmental samples supplement l 
OEPAJ6001R-94/lll) 

USEPA method 335.2, CLP-M, Method for total cyanide analysis by Midi distiUation 
OEPA/540/R-95/121) 

USEPA method 524.2 Method for determination of organic compounds in drinking 
water-supplement III (EPA/600/R-95/131) 
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HYDROGEOLOGY OF THE NUTMEG 
VALLEY AREA 

Two principal aquifers underlie the Nutmeg Val
ley study area-an unconsolidated surficial aquifer 
composed of glacial till, glacial stratified deposits, and 
postglacial alluvium (hereinafter referred to as the surf
icial aquifer in this report), and a crystalline bedrock 
aquifer composed of well-foliated gneiss and gra
nofels. A regional description of the surficial deposits 
~d bedrock geology in the Nutmeg Valley study area, 
mcluding a description of the physiography and hydro
logic framework is given in Stone and others (1997). 

Surficial aquifer 

Surficial deposits in the study area consist of gla
cial till, glacial stratified deposits, and postglacial 
floodplain deposits (alluvium and swamp) (fig. 3). The 
subsurface distribution of coarse-grained (sand and 
gravel) and fine-grained (very fine sand, silt, and clay) 
textural units varies vertically and laterally within the 
glacial stratified deposits (figs. 4a-c). The total thick
ness of surficial deposits ranges from 0 to greater than 
85 ft (fig. 5). The thinnest surficial deposits are in the 
upland areas on the perimeter of the study area, and the 
thickest materials lie beneath the Mad River valley. 

Glacial till is present at land surface in most of 
the upland parts of the study area; it is locally absent 
where bedrock crops out at land surface (fig. 3). This 
material was deposited directly by glacial ice and con
sists of a nonsorted, nonlayered mixture of grain sizes 
with a matrix of 65-85 percent sand, 20-30 percent silt, 
and (or) 5-10 percent clay; larger rock fragments 
(including large boulders) generally constitute 20-30 
percent of the total volume of material (Melvin and 
others, 1992b). Till forms a thin (less than 10-ft thick) 
blanket over bedrock in most places; locally, however, 
it is thicker. In the study area, till more than 25 ft in 
thickness is present northeast of the North End Dis
posal Area, at the south end of the Tosun Rd. residential 
area, and on a hillside in the southeast part of the study 
area (fig. 5). 

Glacial stratified deposits up to 85 ft in thickness 
overlie till and bedrock in the Mad River valley; they 
are present at and below an altitude of 525 ft. These 

. materials consist of well sorted to poorly sorted layers 
of gravel, sand, silt and clay. Coarse-grained deposits 
of gravel, sand and gravel, and sand are the predomi
nant materials in the Mad River valley; these sediments 
were deposited by glacial meltwater as deltas in a small 
glacial lake at and in front of the retreating ice margin. 

The subsurface sand and gravel present at wells WC 
84-86, :vc 80-83, and we 40 (fig. 4a and b) is the col
lapsed Ice-contact part of a deltaic sequence in the 
southe~ part of the study area. Fine-grained deposits 
?verlymg the sand and gravel in these same wells and 
ill we 91-94are glaciolacustrine sediments that accu
mulated in tl,-!~ glaciallak~in front of the next deltaic 
sequence to, the north. Sands and gravels penetrated in 
wells we 106, we 67, we 87-90, we 95-96, and we 
91-94 (fig. 4b, pl. 1) are part of the second deltaic 
sequence. 

Postglacial alluvial and swamp deposits are gen
erally .less than 10ft in thickness and overlie glacial 
deposits on the floodplain surfaces of the Mad River 
and Old Tannery Brook. These streams have incised 
~eeply into glacial stratified deposits during postglacial 
t:lme. The texture of the alluvium beneath the flood
plain ranges widely from gravelly sand deposited in 
former stream channel positions to fine sand and silt 
with significant amounts of organic material (muck) in 
overbank deposits laid down during floods. 

The horizontal hydraulic conductivity of glacial 
stratified deposits ranged from 0.8 to 21 ft/d (table 3). 
The ~etho4 for slug-test analysis described by Bouwer 
and Rice (1976) was judged to be more representative 
of field conditions than that by Cooper and others 
( 1967), because the Bouwer and Rice method applies 
to unconfined aquifers with partially penetrating wells 
and short screens. The lowest value of hydraulic con
ductivity (0.8 ft/d) was determined from analysis of a 
test conducted in well we 86. This well is screened in 
fine deposits that are present in the valley bottom of the 
study area (fig. 3). The highest calculated hydraulic 
conductivity (21 ft/d) was in we 88, which is screened 
in fine sand with medium to coarse sand. The median 
horizontal hydraulic conductivity of wells screened in 
glacial stratified deposits, excluding well we 86 
(screened in fine deposits), is 6.8 ft/d. These values are 
in the range of those reported by Mazzaferro and others 
(1979) for glacial stratified deposits with a median par
ticle diameter of very fine to fine sand. The glacial 
stratified deposits in the study area may contain a large 
percentage of fine material in the matrix. 

One test was conducted in well WC 84 screened 
in glacial till. The calculated hydraulic conductivity for 
the screened part of this well was 2.7 ftld. This value is 
the same as the median value reported by Randall and 
others (1988) for surface tills derived from crystalline 
bedrock. Horizontal hydraulic conductivity of glacial 
tills derived from crystalline rocks are reported by 
Melvin and others (1992 a, b) to generally range from 
4 X 1 o-2 to 24 ftld. 
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Figure 3 . Distribution of surficial deposits, Nutmeg Valley study area , Wolcott and Waterbury , Connecticut. 
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EXPLANATION 

PO TGLA IAL DEPO IT 

ARTIFICIAL FILL-- Shown onl y at orth End Dispo. al Area. Smaller areas of 
fill are pre ent throughout the utrneg Valley study area. Small areas of artifi
cial fill shown in fi gure 4a. 

LL VIU 10VERLYI GSA DA ' DGR EL-- and. gravel. sik. and 
some organic rmterial, on the nood plains of modern streams: verlies glac ial 
sand and gravel described be low. 

ALLUV IUM OVERLY ING FINE DEPO IT OVERLY! G A D A D 
GRAVEL--Alluvium o erlyi ng fine depo it. and sand and grave l described 
below. 

SWAMP--Muck and peat that contain minor amount of sand . s ilt , and clay. 
accumul ated in poorly drained area . Genera lly less than I 0 feet thick. 

GLACIAL MELTWAT R DEPO IT 

All orted and stratified edi ments composed of gra el. sand. silt and clay 
laid down by nowing meltwater during retreat of the Ia t ice heet: include. 
minor len e of nowtill and other diamict ediments. 

Fl E DEPOSITS--Composed of fine sand, silt and clay particle generall y 
in well ort ed, thin layers of alternating ilt and cl ay and (or) very line and; 
loca ll y may con tain len es of coar er materi al. Fines, if pre. cnt , overly . and 
and gravel described below. 

SA D A D GRAVEL--Campo eel of mixmre of grave l and and within indi
vidual layers and a alternating layer . Sand and gravel layer generally range 
fro m 25 to 50 percent gravel particles and from 50-7 5 percent sa n I part icle . 
Uni t contains zones loca ll y that are emirc ly sand (Shown in fi gure 4b.) 

GLACIAL ICE-LAID DEPOSITS 

TLLL--Poorl y sorted. generall y nonstratified mixtu re of grain s izes ranging 
from clay to large bou lders: the matrix ofm o. ttill i compo eel dominantly 
sand and silt. 

BEDROCK 

TAl E MOUNT AI FORMATIO --Bedrock Outcrops 

Figure 3. Distribution of surficial deposits, Nutmeg Valley study area, Wolcott and Waterbury, Connecticut--Continued 
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Figure 5. Thickness of surficial deposits in the Nutmeg Valley study area, Wolcott and Waterbury, Connecticut. 
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Table 3. Hydraulic conductivity of surficial deposits estimated from slug-test analysis, Nutmeg Valley study area, Wolcott and 
Waterbury, Connecticut 

Horizontal hydraulic Horizontal hydrau-
USGS local conductivity calcu- lie conductivity 

Screened 
well number Date slug lated using method calculated using 

interval in Description of 
(location test(s) described by method described 

feet below material screened 
shown on performed Bouwer and Rice by Cooper and 

pl. 1) (1976) others (1967) (feet 
land surface 

(feet per day) 

WC80 07/21/98 
test 1 15 
test 2 13 

WC81 07/21/98 
test 1 2.7 
test 2 3.1 

WC82 07/21198 17 

WC84 08/27/98 2.7 

WC85 09/10/98 8.3 

WC86 08/27/98 0.8 

WC87 08/27/98 5.7 

WC88 08/27/98 21 

WC89 08/27/98 9.2 

WC91 07/24/98 2.6 

WC92 07/24/98 9.7 

WC93 07/24/98 2.6 

WC95 07/21198 
test I 8.2 
test 2 11 

WC97 09/08/98 4.3 

WC98 09/08/98 6.1 

WB406 08/04/98 6.8 

Bedrock aquifer 

Bedrock in the study area consists of several 
lithologic types in the Taine Mountain Formation 
(Rodgers, 1985); these include well-foliated gneiss, 
granofels, and local pegmatite sills. Orientations of lay
ering and fractures in these rock types were measured 
at four outcrops (numbered 1-4 in fig. 6). Strike and dip 
of foliation measured at the bedrock outcrops ranges 
from NNW strike (azimuth 320-345°) with near verti
cal dip at outcrop 1, toN strike (azimuth 5°) withE dip 

per day) 

65.48-67.48 sand, medium to coarse, 
53 some gravel 
53 

37.94-39.94 sand, fine to coarse, lami-
13 nated 

16 

72 10.18-12.18 sand, medium to coarse, 
well sorted 

4.1 64.38-66.38 till 

31 35.94-37.94 sand, medium to coarse, 
some fine sand 

0.3 14.57-16.57 sand, very fine, and silt 

11 47.86-49.86 sand, fine to coarse, lami-
nated 

74 28.53-30.53 sand, laminated fine, and 
sand, medium to coarse 

41 10.23-12.23 sand, laminated, fine to 
very coarse 

7.4 40.06-42.06 fine to medium sand, some 
gravel 

31 26.55-28.55 sand, fine to medium, some 
coarse to very coarse, 
laminated 

0.6 11.57-13.57 sand, very fine, and silt 

16.49-18.49 sand, fine to very coarse, 
46 some gravel 
35 

4.1 36.07-38.07 sand and gravel 

18 13.14-15.14 gravel, with very fine to 
coarse sand matrix 

31 16.91-18.91 gravel, with poorly sorted 
matrix 

of 55° at outcrop 2, to NNE strike (azimuth 40°) with 
SE dip of 40° at outcrop 4. Some fractures are parallel 
to foliation at the outcrops. 

Lithologic differences in the subsurface bedrock 
are discernible on the BlPS logs from the bedrock wells 
(fig. 7). Well-foliated gneiss is the predominant rock 
type in the stratigraphic sections penetrated by the 
seven bedrock wells in which borehole logs were col
lected. In most wells, the foliation strikes north with an 
easterly dip of approximately 50-60°. 
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Figure 6. Bedrock-surface altitudes, location of bedrock outcrops, and location of bedrock wells in which fracture orientations 
and flow measurements were made, Nutmeg Valley study area, Wolcott and Waterbury, Connecticut. 
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In the bedrock aqui fer, water is stored and trans
mitted through a syste m of interconnec ted frac tures. 
Fractures in crystalline bedrock in the region consist of 
three types-(!) horizontal to subhori zontal (low
angle) fractures ("unroofing" joints) that parallel the 
bedrock surface and were generated by removal of 
overlying rock by eros ion over geolog ic time; 
(2) tectonically generated high-angle frac tures ; and 
(3) layer- or foliation-parallel fractures that may be 
either high- or low-angle depending on the orientation 
of foliation in the particular area. All three types of 
fractures are present in the study area and their orienta
tions have been measured at bedrock outcrops and in 
six of the seven bedrock wells . Northwest-striking 
high-angle fractures predominate at the outcrops 
(fig. 8a) . 

A total of 98 fractures were measured in the 
6 bedrock wells-47 were nearl y horizontal or low
angle fractures dipping less than 45° (represented in 
fig. 8b by the concentration near the center of the plot), 
and 51 were high-angle fractures dipping more than 
45° (fig . 8c). Although preferred orientations for high
angle fractures differ somewhat from well to well, 
north-striking, east-dipping, high-angle fractures pre
dominate in the bedrock wells (fig. 8c). 

Comparison of fi gures 8a with 8b and 8d with 8e 
shows different fracture sets measured at outcrops from 
those measured in the bedrock wells; however, it is 
likely that bedrock-fracture orientations in outcrop 
areas are actually similar to those in areas of bedrock 
wells. High-angle fractures are preferentially exposed 
in outcrops, which have large horizontal and small ver
tical extent (fig. 8a). Conversely, in wells, high-angle 
fractures are less frequently intercepted by the vertical 
well bore and low-angle fractures are preferentially 
sampled (fig. 8b). Another reason for the difference in 
fracture sets measured is that the vertical outcrop faces 
in the study area are generally aligned N-S and do not 
expose the predominant set of north-s triking fractures 
measured in the bedrock wells (figs. 8d and 8e). 

Water-producing fracture zones, defined by 
increases in flow of at least 0 .01 gaVmin between mea
surements, were identified in seven well s with the use 

of heat-pul e fl owmeter test . Each of the seven wells 
had fro m 4 to 10 wa ter-producing zones. The general 

pattern of trike and dip of water-bearing fractures 
(identified from heat-pulse fl owmeter logs) and mea-

ured in BIPS logs was similar to that of a ll fractures 

measured (fig. 9a). These water-bearing frac ture 
include 19 high-angle fractures and 25 low-angle (le s 
than or equal to 45°) fractures. The trike and dip of the 
high-angle water-bearing fracture i primarily to the 

north and east respectively, simi tar to that of the folia
tion measured in outcrops. Secondary high-angle 

water-bearing fractures strike northeast (fig . 9c) and 
dip to the northwest. 

Heat-pulse flowmeter informati on (fig. 10) indi
ca tes that in some wells , mo t of the water comes from 
shallow fractures at or near the bott m of the casing. 
Some of the flow could be related to leakage around the 
casing at its j unct ion with the bedrock urface; how
ever, it is more likely that shallow low-angle fractu re 
intersect the wells at these locations. These fractures 

(observed in BIPS and ATV logs) probably are in con
nection with the surficia l aquifers through nearby high
angle fractures that intersect the bed rock surface. 

Ground-water movement between the bedrock and the 
surficia l aquifers and contaminant transport likely take 
place through these high-angle fractures, depending on 
location in the ground-water-fl ow system and rates of 
ground-water withdrawal. 

At least two wells (including WC 96 and WC 94) 
had ground-water flow between fractures under non
pumping conditions. Flow was downward in WC 96 

and upward in WC 94. The static flow that took place 
at these location s was caused by differences in hydrau
lic head between fracture zones. The gradients are 
probably natural in these case , because no pumping 
effects were observed in pressure-tran ducer data col
lec ted from these wells. The hea t-pulse fl ow meter data 
for these wells show that bedrock well s can prov ide 

short-circuit pathways between fracture zones; this 

may have caused or facilitated vertical transport of 
VOCs in the bedrock aquifer in the study area in the 

past. 
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a. Fractures measured at outcrops n=40 b. All subsurface fractures measured in wells n=98 

N 

c. High-angle subsurface fractures measured in wells n=51 

Lower-hemisphere equal-area-net plots of contoured poles 
to fracture planes. Density contour interval 1, labeling interval 4. 

Figure 8. Orientation of fracture planes measured in outcrops and bedrock wells, Wolcott and Waterbury, Connecticut. 
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d. Strike of fractures in outcrops n=40 Dip direction -of fractures in outcrops 

e. Strike of high-angle subsurface fractures n=51 Dip direction of high-angle subsurface fractures 

Rose diagrams 

·Figure 8. Orientation of fracture planes measured in outcrops and bedrock wells, Wolcott and Waterbury, 
Connecticut-Continued. 
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N 

a. Subsurface water-bearing fractures n=44 b. Subsurface high-angle water-bearing fractures N= 19 

Lower-hemisphere equal-area-net plots of contoured poles 
to fracture planes. Density contour interval 1, labeling interval4. 

c. Strike of high-angle subsurface water-bearing fractures n=l9 Dip direction of high-angle water-bearing subsurface 
fractures 

Rose diagrams 

Figure 9. Orientation of water-bearing fractures measured in outcrops and bedrock wells, Wolcott and Waterbury, Connecticut. 
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Figure 10. Caliper logs with percentage of flow (from heat-pulse flowmeter tests) in specific water-bearing fractures-Continued. 
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Ground-water flow 

Water in the surficial aquifer generally flows 
toward discharge points along streams in and near the 
study area (fig. 11 ). Shallow ground water discharges 
to Old Tannery Brook from the west, north, and east. 
Water may discharge at some points on the unnamed 
tributary to Old Tannery Brook, but it is likely that the 
water from the stream recharges the ground water in 
the lower reaches near the confluence with Old Tannery 
Brook (discussed later in this report). Ground water 
also discharges to the Mad River. Ground water from 
beneath the layers of fine-grained sediments may dis
charge to the Mad River beyond the limits of these 
semi-confining layers near the area just north of Sharon 
Rd. Ground-water-flow direction in the stratified gla
cial deposits may be affected locally by horizontal and 
vertical variations in hydraulic conductivity. 

The general direction of ground-water flow in 
the bedrock aquifer is downslope from upland areas 
and southeast in the valley bottom (fig. 12) toward the 
Mad River, except in the Tosun Rd. residential area, 
where the general flow direction is to the southwest. 
The direction of ground-water flow in the bedrock 
aquifer is likely to be affected locally by the orientation 
of fractures. Water in the bedrock aquifer flows through 
high-angle and low-angle fractures; therefore, vertical 
and horizontal anisotropy may be affecting local flow 
directions in the bedrock. 

Hydraulic gradients and interaction between 
surficial and bedrock aquifers 

Horizontal hydraulic gradients estimated from 
water-level measurements made in September 1998 
ranged from 0.002 ft/ft to 0.02 ft/ft in the glacial strati
fied aquifer. Locally, steep gradients may be caused by 
the low hydraulic conductivity of the thick fine-grained 
deposits in some parts of the site. The horizontal 
hydraulic gradients are lowest where the fine-grained 
deposits are thin or absent and materials are generally 
coarse. Horizontal hydraulic gradients in the surficial 
till deposits ranged from 0.04 ft/ft to 0.13 ft/ft. Gradi
ents in the till deposits may be controlled by the steep
ness of the underlying bedrock surface and variations 
in hydraulic conductivity. Horizontal hydraulic gradi
ents in the potentiometric surface of the bedrock aqui
fer ranged from 0.01 ft/ft in the valley bottom to 
0.5 ft/ft in the Tosun Rd. residential area. 

Vertical hydraulic gradients (both upward and 
downward) were present at some well clusters that had 

wells in the bedrock and surficial deposits. This indi
cated the potential for upward ground-water flow from 
the bedrock to the surficial aquifer at some locations 
and downward flow in other places. During September 
1-3, 1998, water-level measurements indicated that 
downward gradients from the surficial aquifers to the 
bedrock aquifers were present at well clusters we 95-
96, we 91-94, we 87-90, and we 109-110 (HRP 
Associates, 1998-MW 1, MW2), located primarily in 
valley bottoms in the northern parts of the study area. 
These measurements show that the water in the surfi
cial deposits had the potential to recharge the bedrock 
if a good connection is present between the fractures in 
the bedrock and the surficial materials. Where down
ward vertical gradients are present, dissolved contami
nants are potentially able to move from the surficial 
deposits to the bedrock1. It is possible that these down
ward gradients may decrease in dry years, and the 
boundary between recharge and discharge areas may 
shift. 

The September 1998 measurements also show 
that upward hydraulic gradients were present at well 
clusters WB 404-407 and We 80-83, in the southern 
part of the study area, close to surface-water bodies. 
These two well cluster sites represent places where 
water from the bedrock presumably moves upward into 
the surficial deposits toward the discharge areas along 
the Mad River, probably near the southern boundary of 
the study area. The upward gradient at well cluster WB 
404-407 may be caused by nearby pumping (WB 346) 
of the surficial aquifer for lawn irrigation. 

The magnitudes of the vertical hydraulic gradi
ents between the surficial deposits and bedrock were 
not calculated, because it was beyond the scope of this 
investigation to determine water levels in specific frac
tures. Water levels in bedrock wells represent an aver
age of the hydraulic heads in all of the water-bearing 
fractures. Individual measurements of water levels in 
isolated water-bearing fractures would be necessary to 
determine actual vertical hydraulic gradients. Water
level altitudes grouped by well cluster for measure
ments made during 1998 are shown in appendix 3. 

1Several of the VOCs detected (inclucling TCE, PCE, and 
TCA) in the study area, could have been originally present as 
dense non-aqueous phase liquids (DNAPLs). DNAPLs can sink in 
aquifers regardless of vertical hydraulic gradient direction. The 
sinking of DNAPLs is another possible mechanism of downward 
transport of contaminants from the surficial aquifer to the bedrock 
in the study area. 
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Figure 11 . Altitude of the water table and direction of shallow ground-water flow in surficial aquifers, Nutmeg Valley study area, 
Wolcott and Waterbury, Connecticut , September 1-3, 1998. 
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Figure 12. Altitude of the potentiometric surface and generalized ground·water-flow direction in the bedrock aquifer, Nutmeg 
Valley study area , Wolcott and Waterbury, Connecticut , September 1-3, 1998. 
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Figure 13. Water-level altitudes at wells WC 84-86 screened in surficial deposits, Wolcott , Connecticut, April to 
September 1998. 

Vertical hydraulic gradients also were present 
between different depths in the surficial deposits during 
September 1-3, 1998 and on other occas ions when 
water levels were measured. At four well clusters with 
three surficial wells (We 84-86, w e 80-82, w e 87-89, 
and WB 404-406), the intermediate-depth well had the 
highest hydraulic head (appendix 3 ). This relation was 
different at some of the well clusters during different 
times of the year. For example, during most of the year 
at well cluster WC 84-86, the shallowest well (We 86; 
sc reened in fine-grained materials) had the highest 
water altitude, indicating dow nward recharge potential. 
However, the gradient between well s we 86 and w e 
85 changed due to lack of recharge in September (fig. 
13). During times of the year when ground-water 
rec harge takes place, water can move downward from 
the shallow part of the aquifer to deeper parts of the 
aquifer, but when rec harge is reduced, flow in the inter
mediate parts of the aquifer would be horizontal. The 
changing head patterns could facilitate contaminant 
d istri but ion. 

A large upwa rd grad ient was present between 
well s WC 8 1-82 near the Mad Ri ver (fig. 14). Thi s may 
result from a fin e-grained layer between the two well 

screens at this location that impedes upward flow to the 
Mad River. The head difference between these two 
wells was 2.65 ft, and the upward gradient was 0.1 ftlft. 
Some of this water may be able to discharge upward 
through the fine-grained layers, but it is likely that 
much of the water moves laterally downgradient until a 
discharge pathway through coarser material s is 
encountered (fig. 15). 

Seasonal water-level fluctuations 

Water levels measured monthly at well WB 93, 
located outside the study area in Waterbury, Connecti
cut, were at or slightly above normal during most of 
1997 and 1998 (fig. 16). Water levels in thi s well have 
been measured as part of the USGS statewide ground
water-level network since 1944. Water levels were sim
il ar to the long-term median for September 1998, when 
measurements were made for the water table and 
potentiometric surface maps described prev iously. 

Water levels in the study area were highest from 
April to May 1998 and lowest from August to Septem
ber 1998. similar to those shown in figure 16. The water 
levels show a pattern that is coincident with peri ods of 
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1998, Nutmeg Valley study area, Wolcott and Waterbury, Connecticut. 
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rec harge. di sc harge. and evapot ranspiration of ground 
water. A large percent age of ground -water recharge in 
Connec ticut takes place during the non-growing season 
from October to May (Melv in . 1986). Ground -water 
leve ls ri se when rec harge is larger than the amount of 
water disc harging from the aquifer. From May to Sep
tember, ground -water leve ls generall y decline because 
recharge is less than ground-water discharge. 

The range of natural water-leve l fluctuations 
from April to December 1998 was 2 to 4 ft in areas 
underl ain by glacial stratifi ed deposits on the va lley 
bottom and as large as II ft in a bedroc k well (WC 100) 
near Swiss Lane on a hillside. Water levels in wells WC 
95-96 (located on a terrace) decli ned throughout the 
time period that they were meas ured, indicating that 
recharge may be delayed to late winter or early spring. 
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Manual water level measurements are shown in appen
dix 3. 

Water leve ls also were measured continuou ly 
fo r sho11 periods of time in nine well s usi ng pressure 
transducers with data loggers. These measurement s 
were made to determine aqu ifer response to prec ipita
ti on and ground -water wit hdrawa ls. Water levels in 
we 85, sc reened at intermediate depth in the stratified 
glacia l aquifer (located about 400 ft from the nea re t 
strea m, Old Tannery Brook) responded quick ly to pre
cipitati on during periods of rec harge (Apri I to June and 
September to October) and generally declined for most 
of the summer when evapotranspiration was taking 
place. Water leve ls began to ri se aga in in September in 
response to rec harge (fi g. 17) . Additional hydrograp hs 
showing data measured by pressure tran ducers are 
shown in appendix 4 . 

Median (1944-1997) 

Water level well WB 93 

[) J F M A M J J A s 0 N [) 

1998 

Figure 16. Water levels in well WB 93, Waterbury , Connecticut, 1997-98, and median monthly water levels for the period of 
record. 
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Figure 17. Continuous water levels at wel l WC 85, screened in strati fied glacial deposits, Wolcott , Connecticut , and dai ly 
precipitation at Burl ington, Connecticut , April to October 1998. 

Water-level fluctuations due to ground-water 
withdrawals 

The ana lys is of data from pressure transducers 
instal led in four well s showed that ground-water wi th
drawa ls were affec ting ground -water leve ls at three or 
more locations in the study area during 1998. Although 
publicl y-s upplied water is ava ilable to most bus inesses 
in the study area, approximately 28 bus inesses used 
water from their ow n we ll s for industria l process ing, 
cooling, vehic le washing, lawn irrigati on, or for rest
room facilities. Approximate ly 27 add iti onal well s are 
used for domestic supp ly. 

Water levels in monitoring well s w e 38 (BR-2) 
and We 41 (MW-11) at 1240 Wolcott Rd. flu ctuated at 
regular daily intervals during April to May 1998, indi
cating that nearby pumping, most likely for indu tri al 
purposes, caused the fluctu ati on (fi g. 18 ). These water
leve l fluctu ati ons may be caused by ground -water with
dra wa ls used fo r cooling at 7 Town Line Rd., direct ly 
across Town Line Rd . from 1240 Wolcott Rd . (Mr. 
Garthwa it e, Line Man ufac turing, oral commun. , 1998 ; 
Goodkind and O'dea 1985). A well -completi on report 

for a well at 7 Town Line Rd. (We 125, pl. 1) indicates 
that the bedrock well is 225 ft deep and yields 
30 gal/min. From the water- level data collected, it is 
apparent that the pumpage has affected water levels in 
the bedroc k as well as in the boltom of the surfic ial (till ) 
deposits where we ll w e 41 is screened, and that the 
surficial and bedrock aqu ifers arc in hydrau lic connec
tion . The vertica l hydraulic gradients between the two 
we ll s varied during the dai ly pumping cyc le. When the 
water levels had recovered fully from the effec ts of 
pumping, the grad ient was upward from the bedrock to 
the surficia l aquifer, and water- leve l al titudes differed 
by about 0.2 ft . Toward the end of dai ly pumping, the 
grad ient was reversed, and the water level in w e 4 1 
was hi gher than that in w e 38 by about 0.2 ft. Thi s 
exampl e illustrates how contamination in the surfi cial 
depos its may be induced to move into the bedroc k aqui 
fer in response to pumping a bedrock we ll (fig . 18) . The 
data al so ind icate that the effects of pumping in the bed
roc k aquifer extend latera ll y downgradi ent at least 
200ft from the pumped well. 
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Figure 18. Water levels in wells WC 38 and WC 41 , 1240 Wolcott Road , Wolcott, Connecticut , April to May 1998. 

In the past, ground-water withdrawals in the 

Town Line Rd . area were larger than current withdraw

als. A report from Goodkind and 0 ' dea ( 1985) shows 

that other bu sinesses located along Town Line Rd. pre

viously used ground water for supply. Currently, these 

businesses are eithe r not ac ti ve or have been connected 

to the public water supply. The report states the well at 

17 Town Line Rd. was pumped at the rate of 3 gal/min 

for use by one mac hine during the day shift. This 

former use tran slates to about l ,400 ga l/d , ass uming an 

8-hour shift. It is poss ible that in the past, pumping 
stresses in the bedrock aquifer may have affec ted the 

di s tribution of contaminants by inducing contaminated 

g round wate r to move fro m the surfic ial aquife r to the 

bedrock aq uife r. 

C urrent ground-wate r withdrawals near Town 
Line Rd. inc lude an undetermined amount of g round 

wate r pumped at 1240 Wolcott Rd . to seasonally irri

gate law ns. The we ll is adjacent to the south s ide of the 

building. No info rmatio n was available on the con
structi on of thi s we ll o the r than that it withdraws water 

from the bedrock aq uife r (B ud Hansen. Highland ITW, 

oral comm un. , Jul y 1998). 

Anothe r area w here g round-wate r levels we re 

affec ted by pumping is a long Sharon Rd. in Wat erbury 
at USGS well WB 406 (fig . 19). Thi s we ll is sc reened 

nea r the water table in the g lacia l stratified deposit s on 

property owned by the U.S. Pos tal Service. Water lev

els in thi s we ll may be affec ted by pumping in the surf

ic ia l aquifer. A we ll on the o ppos it e side of Sharon Rd. 

(16 Sharon Rd.) is used for lawn irrigat ion. Wate r is 
withdrawn from the surfici a l aquife r at we ll WB 346 

(pl. I ), which is about I ,000 ft from well WB 406 (Rob

ert Garthwaite, C ly-De! Manufacturing, or::ll commun ., 

December 1998). The we ll -completion report (WB 
346) indicates a y ie ld of 250 ga l/min and that the we ll 

is 27 ft deep , 8- in . diameter, with a I O-ft sc reen on the 
bottom. Pumping from the surfic ia l aquifer may be 

inducing upward fl ow from the bedrock aquife r. Pump

ing effects were apparent even after the summer irriga

ti on season had ended , indicating that there may be 
o ther nearby ground-wate r withdrawals. 
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At well we 99 installed adjacent to the Tosun 

Rd. residential area, daily water- level fluctuations were 

observed in the bedrock aquifer due to ground-wate r 

use for domestic purposes (fig. 20). Water leve ls gener

a ll y bega n to dec line in the ea rl y morning and recov

e red in the early afte rnoon. Ground water is w ithdrawn 

by 22 res idences and at leas t 4 businesses in thi s part of 

the stud y area . S tone and others ( 1997) reported that 

the average es timated use of ground water by res idents 

on To un Rd . was about 6,000 ga l/d. This area is served 

by public sanitary sewers, so the onl y water returned to 

the aquife r would be that used for lawn irrigat ion or 

othe r outdoor use . The continuous water-level data 

indicate that we 99 is hydraulically connec ted to at 

leas t some of domes ti c suppl y wells in thi s area. The 

analys is of BIPS data from well we 99 show that the 

11 2 

w 
(.) 11 .4 

< WB 406 
u.. 
a: 11 .6 ::J 
(/) 

Cl 
z 11.8 

< 
_J 

;: 12.0 

0 
_J 
w 12.2 
Cil 
1-w 

12.4 w 
u.. 
z 
_J 

12.6 

w 
> w 12.8 
_J 

a: 
w 13.0 1-
< ;: 

13.2 

primary wa ter-bearing fractures are hi gh ang le and dip 

to the northwest. Other wate r-bea ring frac tures arc 

nearly horizontal and probably provide connec tions 

between the hi gh ang le, north-dipping fractures. 

Other ground-wate r users inc lude at least six 

bus inesses in the Swiss Lane/Venus Drive area. Sec

ondaries Inc. reported that they use ground water for 

processing (John Haras , Secondaries Inc., ora l com

mun ., June 1998). Wate r levels were not monitored 

with pressure transducers in thi s area. Several busi

nesses a long Wakelee Rd . and homes and businesses 

a long Wolcott Rd . and Nutmeg Val ley Rd . are currently 

using ground water. No major water-level fluctuati ons 

assoc iated with pumping were noted in we lls we 96, 

we 94, and we 101 (appendix 4) . 
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Figure 19. W ater- leve l fluctuations in well WB 406, Sharon Road, Wa terbury, Connecticut , September to November 1998. 
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Figure 20. Water-level fluctuations in well WC 99 , Tosun Road , Wolcott, Connecticut , May to June 1998. 

Streamflow 

Discharge measureme nts were made intermit 
tently from August 1996 to July 1998 to de termine the 
stage- to-di sc harge re lati ons at several location s in the 
study area (table 4). Rating c urves for each strea mfl ow 
measurement site are shown in appendi x 5. Es timates 
of flow duration were not made because streamflow 

may be affected by upstream sto rage and reg ul ati on o n 
the Mad Ri ver and Old Tannery Brook. T he di scharge 

measurement s a lso can be used to de termine the 
amount of water di scharg ing from the study area under 
different fl ow conditions. During low-flow peri od s, 
when the flow of the M ad Ri ve r at the dow nstream end 

of the study area (0 1208290) was 10 ft3 Is or less, and 
a ll fl ow in the streams is like ly derived from g round
wate r di sc harge, streamflow gain s in the tud y area 

ranged from 0.3 to 1.4 ft 3/s be tween the upstrea m Mad 
Rive r stat ion (01208270) and the downstream station 
(0 1208290). Thi s ga in in di scharge is equiva lent to 
0. 19-0.93 M ga l/d. Stone and others ( 1 997) reponed 
that estimated ground-wate r withdrawa ls fro m the 

Superfund S ite and adjacent areas to be about 0.09 
Mgal/d. Beca use most of the water withdrawn from 

wells in the tudy a rea is di scharged to sanitary sewers , 

the cumu lati ve lo ng-term e ffect of ground-wate r with

drawals from the area may be a reduc tion in g ro und 

wate r di scharge to streams in the stud y a rea during 

peri ods of low streamfl ow. 

Meas urements were made during low fl ow at 

additi onal locations during Jul y 27-28, 1998 in con

junction with surface-wate r-quality sampling (tabl e 5). 

The gain in strea mfl ow on the prev iously menti oned 

sec ti on of the Mad Ri ve r was I. 13 ft3 /s The fl ow at the 

downstrea m end of Old Tannery Brook was 0.98 ft :l/s. 

or abo ut 87 percent of the gain on the Mad River. T hi s 

indicates that the re is onl y a small amount of g round 

water di sc harge direc tl y to the Mad Ri ver from the 

stud y area. Most of the increase in fl ow of the Mad 

Ri ve r ca n be attributed to the infl ow from Old Tannery 

Brook north ofTosun Rd . The diffe rence in fl ow alo ng 

Old Tanne ry Brook between upstream and do wnstrea m 

stati ons was 0 .23 ft 3/s, o r abou t 20 pe rcent o f the 
streamflow ga in between the two Mad Ri ve r stations. 

The flow of the unn amed tributary to Old Tannery 

Brook represented only about 2. 7 pe rcent of the ga in . 

Several othe r small streams may contribute to this total. 
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Table 4. Measurements of stream discharge in and near the Nutmeg Valley study area, Wolcott and Waterbury, Connecticut , 
1996-98 

I D1schargc 111 cub1c r~ct ptT second ] 

Mad River below Mad River at 
Mad River at Frost 

Old Tannery Brook Unnamed tributary 
Road Date of Finch Brook, Sharon Road, 

Waterbury, Conn. 
at To sun Road , at Wolcott Road, 

measurement Wolcott, Conn. Waterbury, Conn. Wolcott, Conn . Wolcott, Conn . 
(USGS 01208270) (USGS 01208290) 

(USGS 01208295) 
(USGS 01208280) (USGS 01208285) 

(shown on fig. 1) 

08/22/96 2.19 25 2.45 0.34 0006 

09/23/96 70.2 5.07 

09/2 6/96 27.6 28 5 34.7 .01 

I 0/2 1/96 4.06 

I 0/24/9 6 82.8 90 .1 

II /26/96 4 .42 

12/02/96 116 

12/ 12/96 55 .5 134 

12/20/96 128 108 17.0 

0 1/ 14/97 19.4 

0 1/ 15/97 22.6 

04/25/97 33.6 5. l4 .48 1 

05/20/97 45 .0 

05/28/97 148 17.8 194 

05/29/97 2.36 .068 

06/26/97 1.98 3.34 

06127197 5 54 104 .006 

I 0117/97 6.59 7.68 9.12 3 15 

02/03/98 20.4 27 .4 3.89 .274 

02/04/98 345 

02118/98 4 .33 

06/04/98 24.7 30.2 4.35 

07/27/98 .752 01 3 

07/28/98 7.45 8.58 
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Table 5. Stream-discharge measurements made during low-flow sampling, July 27-28, 1998, 
Nutmeg Val ley study area, Wolcott and Waterbury, Connecticut 

Station number Date 
(location shown on pl. 1) discharge measured 

U nnamed tributary to Old Tannery Brook sites 

0 1208283 

0 1208286 

O ld Tannery n•·ook sites 

01 208280 

01 208288 

Mad River sites 

01 208270 

0 1208290 

Ground-water and surface-water 
interaction 

7/27/98 

7/27/98 

7/27/98 

7/27/98 

7/28/98 

7/28/98 

Verti ca l hydraulic g rad ients between the g round 
water and surface water were measured at 30 locati ons 
along O ld Tannery Brook, the unnamed tributary to 
Old Tannery Brook, and the Mad Ri ver (fig. 2 1) to 

assist in inte rpre ting the results of va por-di ffusion sa m
pling . Some head meas urement s were made more than 
once to determine the effec ts of di ffe rent strea mfl ow 
conditions o n gradients between the ground water and 
the strea m. Measurements were not made at locati ons 
where the strea mbed material was g ra vel o r bou lde rs 
beca use the mini-pi ezometer was not durable enough 
to be dri ven into hard sediment s. The measure ments 
indicate that g round wate r di scharged to O ld Tanne ry 
Brook at many loca ti ons where the hyd rauli c- head 
measurements were made, and the verti ca l hydra uli c 

grad ient was from 0 to 0.2 ft/ft. Meas urements of spe
cific conductance of ground water and the stream water 
were made to ensure that leakage was not tak ing place 
around the mini -piezomete r. Typically, the g round 
wate r had hi ghe r spec ific cond uctance than water in the 
trea ms, except at ite U 200. 

Head measurements were made at two loca ti ons 
(OT 1900 and OT 2025; fi g. 2 1, pl. l ) a long O ld Tan
nery Brook about 5 days apart , before and after a pre
c ipitation event. The upward gradi ent at one loca ti on 

Drainage area in 
Discharge 

square miles 
in cubic feet per 

second 

0.23 0.02 

0.6-t 0.03 

2.7-t 0.75 

3.7 1 0.98 

12.4 7.45 

16.0 8.)8 

(OT 1900) decreased from 0 I to 0 ft/ft. fo ll owi ng the 

precipitat ion (table 6). Grad ient s may reverse at many 

loc ati ons, espec iall y in respon e to a large prec ipitat ion 

event. Meas urement s made a t two transects (OT 2850 

and OT 2900) across O ld Ta nne ry Brook were variab le 

and indicated that the head di stri bu ti on wa s d iffe rent 

even where measure ments were onl y 5 ft apart (tab le 

6). Head measureme nts in two tran sec ts across the Mad 

Ri ver near the southern e nd of the Nutmeg Va lley s ite 

al so indica ted that thi s reac h o f the ri ve r is receiving 

di sc harge fro m the aquife r. The hydrau lic g radi ents 

measured between the strea m and gro und wa ter in the 

unnamed tributary to O ld Tanne ry Brook from vapor

diffusion sampling locati ons U 200 to U 600 was 

downward , indicating that the stream is rec ha rg ing the 

g round wate r bet ween these locations. Measurement s 

made during low-s treamfl ow condi t ions on Jul y 28, 

1998 were s imilar ; stream levels were hig her than 

ground- wate r levels. T hi s reac h of strea m potentiall y 

loses wate r to the aquife r dur ing most fl ow conditions 

(table 6). An ana lys is of aerial pho tographs from the 

present and from 1965 and earli e r indi cates that thi s 

sec ti on of the stream has been moved more than once 

during the past 40 years. Re-routing the strea m channe l 

upgradient from its former position possibly has sepa

ra ted the stream from the wate r tab le, resulting in a 

water level hi ghe r than tha t in the aqu ife r. 
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Table 6. Measurements of vertical hydraulic gradient between surface water and ground water and specific conductance 
measurements in surface water and substream ground water at vapor-diffusion sampling locations along streams draining the 
Nutmeg Valley study area, Wolcott and Waterbury, Connecticut, November 1997 and July 1998 

[Site locations shown on plate l. A negative gradient indicates water level in the stream was higher than ground-water level. flS/cm, microsiemens per 
centimeter; ° C; degrees Celsius; lew, left edge of river looking downstream; rew, right edge of river looking downstream; *,specific conductance may not be 
representative of ground water because gradient is negative or zero] 

Depth of head Vertical 
Specific Specific 

Location conductance conductance 
(shown on Date 

measurement in hydraulic 
of ground of s urface Remarks 

pl. 1) 
feet below gradient In 

water in water in 
streambed foot/foot 

JlS/cm at 25°C flS/cm at 25°C 

OT 1550 11/26/97 2.80 0.003 267 

OT 1650 11/26/97 1.85 0.080 199 168 

OT 1800 11/26/97 2.60 0.000 *164 

OT 1900 11121197 3.15 0.100 

OT 1900 11/26/97 2.20 0.000 209 170 

OT 1900 11126/97 2.90 0.009 170 4 feet from previous 
measurement 

OT2025 11/21/97 1.70 0.010 273 

OT2025 11126/97 1.72 0.020 265 

OT2200 11121/97 3.70 0.200 242 Flowing 

OT 2350 11/21197 3.60 0.003 365 

OT 2500 11/21/97 2.25 0.010 343 

OT 2850 lew 11/12/97 2.75 0.050 331 

OT 2850 11/17/97 2.10 0.200 335 220 

OT 2850 rew 11/17/97 2.65 0.200 330 220 
OT 2900lew ll/17/97 1.70 0.030 322 
OT2900 11/17/97 2.40 0.020 349 213 
OT2900rew 11/17/97 3.30 0.070 350 207 
OT 3125 11/21197 3.45 0.030 136 

OT3275lew 11/21197 2.60 0.050 121 
OT 3275 11/21197 3.00 0.040 137 
U200 11/21197 2.70 -0.140 *148 358 
U200 07/28/98 3.10 -0.019 *136 
U300 11/21/97 3.65 -0.005 *385 
U300 07/28/98 3.60 -0.049 *198 
U400 11/21/97 3.45 -0.040 *295 
U400 07/28/98 2.35 -0.006 *175 
u 500 11/21/97 1.70 -0.140 *427 
u 500 07/28/98 3.10 -0.142 *235 
u 600 11121/97 1.70 -0.006 332 
u 600 07/28/98 2.60 -0.042 *209 
U700 11/21/97 1.15 0.000 Compact gravel 

bottom 
MR 3200lew 11126/97 2.40 0.012 239 153 
MR 3300 lew 11126/97 3.00 0.044 183 
MR 3300 11126/97 4.00 0.024 193 
MR 3300 rew 11/26/97 4.00 0.020 165 
MR 3700 rew 11126/97 2.20 0.082 407 
MR 3700 11/26/97 2.50 0.217 189 
MR3700lew 11126/97 1.80 0.157 246 
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Figure 21 . Locations where vertical gradient was measured between streams and ground water, Nutmeg Valley study area, 
Wolcott and Waterbury, Connecticut, November 1997. 
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WATER QUALITY OF THE NUTMEG 
VALLEY AREA 

Samples were collected during 1997-98 to deter
mine the current water quality in the Nutmeg Valley 
study area. Sample types collected by the USGS 
included ground-water and surface-water samples. 

Ground Water 

Ground-water samples were collected from 
newly installed and existing monitoring wells, supply 
wells at homes and businesses, and one spring. Vapor
diffusion samples also were collected to indicate the 
quality of ground water discharging to streams in the 
study area. 

Volatile Organic Compounds 

Samples for volatile organic compounds 
included vapor-diffusion samples, six substream 
ground-water samples, and samples from wells as indi
cated above. In addition to the samples collected by the 
USGS, the Chesprocott Health District collected and 
analyzed ground-water samples for VOCs from 35 res
idential and commercial properties in the Nutmeg Val
ley study area during July and August of 1998. 

Vapor-Diffusion Sampling 

Vapor-diffusion samplers were deployed and 
analyzed twice during 1997. The samplers were to be 
retrieved during baseflow conditions when ground
water was discharging to streams; however, some pre
cipitation did occur in July and November 1997 during 
sampler retrieval. Sampling locations for the second 
round of sampling differed slightly from those of the 
first round. Additional transects across streams were 
installed in areas ofVOC detection, and samplers were 
not installed in the unnamed tributary to Old Tannery 
Brook in the area directly east of the North End Dis
posal Area because the stream was nearly dry. 

Results from the first round of sampling were 
primarily limited to analysis of the compounds TCE 
and PCB. The gas chromatograph was calibrated for 
these compounds, as well as for benzene, toluene, eth
ylbenzene, and xylenes (BTEX). Tape used to wrap the 
samplers during the first round of sampling was found 
to contain BTBX compounds; therefore, the detections 
of these compounds in the first round of vapor-diffu
sion sampling are not reported. Concentrations ofTCE 

in July 1997 ranged from undetected (less than 5 ppb) 
to 4,800 ppb (appendix 6). Concentrations of PCE 
ranged from undetected (less than 5 ppb) to 781 ppb. 
The highest co~centrations were in zones along the 
lower reach of Old Tannery Brook and along the Mad 
River (fig. 22). 

The second round of samplers was retrieved in 
November 1997 to determine if the July 1997 results 
were reproducible. To avoid problems with contamina
tion by B TEX compounds, cable ties were used to 
secure survey flags to the samplers rather than tape. 
One problem occurred during the calibration of the gas 
chromatograph-the retention time window was ini
tially set in a manner which did not include the reten
tion time for PCE; therefore, PCE analysis was not 
performed for many of the samples. Because the reten
tion time window was shifted, however, the compound 
c 1,2-DCE was able to be identified, but not quantified. 
The pattern of VOC detection was similar to that of the 
July 1997 samples, but with fewer detections of PCE 
and additional locations with detections of c 1,2-DCE 
(fig. 23). As in the first round of sampling, the highest 
concentrations and most frequent detections were 
south of Town Line Rd. along the lower reaches of Old 
Tannery Brook and the Mad River. Concentrations of 
TCE in vapor ranged from the reporting limit (trace, 
<25 ppb) to greater than 30,000 ppb (appendix 7). Con
centrations of PCB ranged from the reporting limit 
(trace, <25 ppb) to 390 ppb. Concentrations of benzene 
ranged from trace to 51 ppb. 

TCB and PCB were detected in several of the 
same stream reaches in July and November 1997. The 
highest vapor concentrations were detected along Old 
Tannery Brook at vapor-diffusion sampling locations 
OT 2850 and OT 2900. This area is adjacent to a known 
contamination area on the western side of Old Tannery 
Brook that contains primarily TCB, PCE, vinyl chlo
ride and c 1,2-DCB in soils and ground water (Loureiro 
Engineering Associates, 1998a, b). Ground-water con
tamination by TCE also has been documented on the 
eastern side of Old Tannery Brook (HRr:> Associates, 
1991). 

Other high vapor concentrations of VOCs were 
detected at MR 2090-2200 and MR 3500-3700 along 
the Mad River. These areas are near the eastern and 
southern limits of the fine-grained deposits and may be 
zones where ground water from below the fine-grained 
deposits (figs. 3 and 15) discharges to the Mad River. 
Another stream reach where VOCs were detected in 
vapor samples was between U 1200 and U 1900 along 
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Figure 22. Distribution and concentration of trichloroethene and tetrachloroethene in streambeds by vapor-diffusion sampling 
and analysis method, Nutmeg Valley study area , Wolcott and Waterbury, Connecticut, July 1997. 
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streambeds by vapor-diffusion sampling and analysis method, in the Nutmeg Valley study area, Wolcott and Waterbury, 
Connecticut, November 1997. 
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the unnamed tributary to Old Tannery Brook. Several 
other locations had trace to 100 ppb concentrations of 
TCE or PCE. Variations in vapor concentrations were 
observed in transects where samplers were installed in 
the center and edges of the channel. Variations are 
probably due to the direction from which the VOCs 
originated, and variations in percent organic matter, 
reduction oxidation potential, and streambed-hydraulic 
conductivity. 

The field gas chromatograph was only calibrated 
for measurement and identification of TCE, PCE, and 
BTEX compounds; therefore, other VOCs also could 
be present. In fact, many of the vapor-diffusion sam
ples analyzed had unidentified peaks on the chromato
gram indicating the presence of additional organic 
compounds. The results of the second round of vapor
diffusion sampling in November 1997 indicated c 1,2-
DCE was present in many samples. This compound is 
a transformation product of PCE and TCE (Pankow 
and Cherry, 1996). 

Substream ground-water samples were collected 
at selected locations where VOCs were detected by 
vapor-diffusion sampling along Old Tannery Brook to 
compare concentrations (table 7). A comparison of 
TCE concentrations in vapor and ground water shows 
that the relation in concentration was variable. Concen
trations in ground water and vapor are not directly 
comparable, because laboratory and field conditions 
were not similar, samples were not collected from pre
cisely the same location and because of the reasons 
cited previously for variability in the transect data. The 
vapor diffusion method was a valuable reconnaissance 
tool, but should not be used to infer ground-water con
centrations. 

Concentrations in vapor ranged. from 0.27 to 
27.3 times higher than concentrations in the substream 
ground-water samples. In addition, PCE was detected 
in some vapor-diffusion samples but was not detected 
in any of the ground-water samples. Variations in the 
relation between substream vapor and ground-water 
concentrations are probably related to substream varia
tions in hydraulic conductivity, _percent organic matter 
in sediments, redox conditions, hydraulic head, and the 
physical/chemical properties of the VOCs. 

Well samples 

Samples collected from May to September 1998 
from 44 wells and 1 spring in the Nutmeg Valley study 
area were analyzed for VOCs. VOCs were present in 
samples from 13 wells, but samples from only 3 wells 
contained concentrations of VOCs above the USEPA 
Maximum Contaminant Levels (MCLs) for drinking 
water (table 8, fig. 24). 

PCB and TCE were detected at concentrations 
above the USEPA MCL of 5 f.!g/L at wells WB 404 and 
WB 407. TCA also was detected in samples from these 
wells. TCE was detected above the MCL in samples 
from WC 101located at 17 Town Line Rd. The trans
formation product c 1,2-DCE was also detected in WC 
101. This well has a history of VOC detections, but 
concentrations ofTCE have been decreasing over time 
(fig. 2). 

The sampling results show that many samples 
from wells in the surficial and bedrock aquifers were 
generally free from detections. 

TCA, c 1,2-DCB, 1, 1 dichloroethane (DCA), and 
PCB, were detected in well WC 95 (screened at the 
water table in the surficial aquifer) at concentrations at 
or slightly above the reporting limit of 1 f.!g/L. The 
compound DCA is a known transformation product of 
TCA, and c 1,2-DCB is a transformation product of 
PCB and TCB (Pankow and Cherry, 1996). Other 
detections of VOCs in samples from the surficial aqui
fer had fairly low concentrations. Chloroform was 
detected at or slightly above the reporting limit of 
1 J..tg/L in samples from four wells. This compound is 
commonly detected in ground water in urbanized areas 
(Grady and Mullaney, 1998). Chloroform is present in 
most public water supplies treated with chlorine. The 
chloroform could originate from watering of lawns or 
from leaky water or sewer lines, or from the degrada
tion of carbon tetrachloride (Pankow and Cherry, 
1996), which was previously detected at high concen
trations in ground water in the Nutmeg Valley area 
(Stone and others, 1997). Benzene was detected at 2 
ppb in samples from well WC 89. This well is screened 
near the water table in the glacial stratified aquifer. 
Stone and others ( 1997, pl. 4) summarized data from 
two bedrock supply wells near well WC 89 that con
tained benzene and other B TEX compounds, indicative 
of gasoline contamination. 
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:I: Table 7. Concentrations of volatile organic compounds in vapor and ground water and field measurements for surface-water and ground-water quality at the '< 
Q. 

downstream end of Old Tannery Brook, Nutmeg Valley study area, November 12 and 17, 1997 .., 
0 
co 

[Vapor concentrations are in parts per billion by volume; ground-water concentrations in micrograms per liter. lew, left edge of river looking downstream; rew, right edge of stream looking downstream; "' 0 
0 *, sample screened for VOCs in the field ooJy; **, cis 1 ,2-Dichloroethene not quantified; ns, not sampled; na, not applicable; nd, not detected;<, less than; >, greater than; +, indicates upward gradient from 
co ground water to the stream] '< 

1:1) 
::s 
c. 1 '1 
=E Trichloroethene 

cis 1,2-
Dichloro- Vinyl 

Field measurements 1:1) Dichloroethene chloride ;- ethene .., 
0 
c: Specific 9:!. 
;::;: conductance 

Dissolved Gradient '< 

s. Sampling 
Temperature 

in pH in 
between 

:;: location Ground Ground Ground Ground microsie-
oxygen, stream and 

Date Vapor Vapor** in degrees standard In 
"' (shown on water water water water mens per ground z Celsius units milligrams 
c: pl. 1) centimeter at 

per liter 
water in feet 

3 25 degrees per feet 
"' co Celsius 
< 
9:!. 

OT 2850 11117/97 1,065 *113 yes, high <1 10.4 331 +0.05 cr ns ns 
'< lew )> 

co 
_!~) OT 2850 11117/97 trace 39 nd 23 <1 3.6 9.5 335 6.1 0.6 +.09 
~ 
0 

OT 2850 11117/97 77 30 yes, high 26 <1 <1 9.8 330 6.6 2.2 +.19 0 
0 rew = 1:1) 
::s 

OT2900 11117/97 >30,000 1,100 yes, high <1 2,100 <1 9.6 322 6.4 .6 +.03 c. 
=E lew 
Q) 

Q .., 
OT2900 11/17/97 789 2,900 nd 1,200 <1 <1 9.1 349 6.3 .6 +.06 C" 

c: .., 
::< 

OT 2900 11/17/97 <25 2,700 yes, high 1,000 <1 <1 9.6 350 6.4 5.1 +.07 0 
0 rew ::s 
::s 
('I) 

a Old 11117/97 ns ns ns ns ns ns 2.3 220 7.6 13.4 na 
r;· 

Tannery s. 
Brook 
atOT 
2850 

Old 11/17/97 ns ns ns ns ns ns 3.0 213 7.3 12.9 na 
Tannery 
Brook 
at OT 
2900 



Table 8. Detections of volatile organic compounds in ground-water samples collected May to September 1998 in the Nutmeg Valley study area, Wolcott and 
Waterbury, Connecticut 

[All concentrations in micrograms per liter (parts per billion). Only detected compounds shown. <, less than specified reporting limit; e, estimated value below the calibration range; mb, monitoring well in 
bedrock aquifer; md, monitoring well screened in deepest part of surficial aquifer; mi, monitoring well screened in intermediate part of surficial aquifer; ms, monitoring well screened near the water table in 
the surficial aquifer; bs, supply wells at a business that tap bedrock aquifer; TCA, 1,1, }-trichloroethane; TCE, trichloroethene; PCE, tetrachloroethene; c 1,2-DCE, cis 1,2-dichJoroethene; 
DCA, 1,1 dicbloroethane; USEPA MCL (in bold), U.S. Environmental Protection Agency maximum contaminant level for drinking water;-, no MCL established] 

USGS 
1,1 ,2-

local well 
number c 1,2- Chloro- Tetra- Ben- Ethyl Chloro- 1,4-

Chloro-
Trichloro, 

Well type TCA TCE PCE DCA hydrofu- Dichloro- 1,2,2-
(locations DCE form zene Ether benzene 

benzene ethane trifluoro-
on pl.1, 

ran 

fig. 24) 
ethane 

US EPA 200 5 5 70 5 100 75 
MCL 

WB404 md 2 7 8 <1 <1 10 <1 <3 <1 <1 <1 

WB405 mi <1 <1 <1 <1 <1 2 <7 <1 <3 <1 <1 <1 <1 

WB407 mb 4 9 13 <1 <1 <1 <7 <1 <3 <1 <1 <1 

we 49 mb <1 <1 <l <1 <1 <1 <7 2 17 4 2 2 <1 

=E 
we 80 md <1 <1 <1 <1 <1 <7 <1 <3 <] <1 <1 <1 

~ we 83 mb 2 2 1e <1 <1 <1 <7 <1 <3 <1 <1 <1 <1 m 
:::0 
0 we 84 md <1 <1 <1 <1 <1 le <7 <1 <3 <1 <1 <l <1 c: 
l> 
r we 87 md <1 <1 <1 <1 <1 1e <7 <1 <3 <l <1 <1 <1 
~ 
0 we 89 ms <1 <1 <I <1 <1 <1 <7 2 <3 <] <] <1 <1 ., 
-t 
:I: we 95 ms 2 <1 1e 2 2 <1 <7 <1 <3 <1 <1 <1 <1 m 
z 
c we 100 mb <1 <1 <1 <] <1 <1 <7 <1 8 le <1 <1 <1 -t s:: m we 101 bs <1 10 <1 le <1 <1 <7 <1 <3 <1 <1 <1 <1 G) 

< 
l> we 1o3 bs <1 <1 <1 <1 <1 <1 4e <1 3e <1 <1 <1 <1 r r 
m 
-< 
l> 
:::0 

~ 

A 
~ 



The USGS sampled seven newly installed wells 
in the bedrock aquifer along with six bedrock-supply 
wells in the Tosun Rd. residential area, six bedrock
supply wells at businesses, one former supply well, and 
three bedrock monitoring wells installed by private 
consultants for other site investigations. VOCs were 
detected primarily in bedrock wells that are in the 
downgradient part of the Nutmeg Valley study area 
(fig. 24). The wells WC 83 and WB 407 are downgra
dient from areas where past VOC contamination of 
ground water in the bedrock aquifer has been docu
mented. The compounds detected in these wells 
included TCA, TCE, and PCE. These three VOes were 
the most frequently detected contaminants in the bed
rock supply wells sampled in the Nutmeg Valley study 
area (Stone and others, 1997). 

Water-level measurements indicate that the 
water levels in bedrock wells We 83 and WB 407 are 
higher than the water levels in the wells (We 80 and 
WB 404 respectively) screened in the surficial aquifer, 
just above the bedrock, in each well cluster. This indi
cates an upward gradient from the bedrock to the over
lying surficial aquifer and that ground water from the 
bedrock aquifer containing VOes is possibly discharg
ing to the surficial aquifer. Samples from we 80 con
tained TeA, and samples from WB 404 contained 
TeA, TeE, and PeE. 

Many samples from wells in the bedrock aquifer 
contained no VOes at concentrations above the report
ing limit. No VOes were present in the six supply wells 
sampled in the Tosun Rd. residential area or in samples 
from two businesses located adjacent to the residential 
subdivision. However, some samples collected in the 
residential area by the ehesprocott Health District dur
ing 1998 contained the gasoline additive MTBE (Lor
raine DeNicola, Director of Environmental Health, 
Chesprocott Health District, written commun., Sept. 
14, 1998). MTBE has been frequently detected in 
ground water and storm water runoff since it was intro
duced as a gasoline additive to improve air quality. The 
source of low concentrations of MTBE in ground water 
has been attributed to its common presence in urban air 
and stormwater (Lopes and Bender, 1998). MTBE 
analysis was not included in the USEPA method used 
in this investigation. 

Samples were collected by the Chesprocott 
Health District at 35 residential and commercial prop
erties. No VOCs were detected above MCLs in any of 
the samples. The compounds MTBE, chloroform, tolu
ene, PCB, TCE, TCA, and methylene chloride were 
detected at low concentrations in samples from some 
wells (Lorraine DeNicola, Director of Environmental 
Health, Chesprocott Health District, written commun., 
Sept. 14, 1998). The reporting limit for VOes for the 

samples collected by the Chesprocott Health District 
was 0.5 J..Lg!L; this is lower than the 1-J..Lg!L reporting 
limit for the samples collected by the USGS and ana
lyzed by the USEPA. 

Samples collected from wells in the Swiss Lane 
area, downgradient of the North End Disposal Area, 
included three supply wells located at businesses (WC 
102, 103, 104), one sample collected from a spring near 
we 104, and two bedrock monitoring wells-one well 
installed by the USGS at the end of Swiss Lane (WC 
100) and one existing monitoring well located immedi
ately downgradient from the North End Disposal Area 
(WC 49, also known as MW-J). Several of these sam
ples contained the compound ethyl ether at concentra
tions ranging from the reporting limit of 3 J..Lg/L to 17 
J..Lg!L. Ethyl ether was previously detected in samples 
collected by the Chesprocott Health District during 
1991 (Stone and others, 1997) from well WC 104, in 
samples from a former supply well at Raypax Inc., and 
at Richards Metals. The highest concentration of ethyl 
ether was present in samples from well we 49, adja
cent to the North End Disposal Area. Samples from 
we 49 also contained detectable concentrations of 
benzene, chlorobenzene, I ,4 dichlorobenzene, and 
chloroethane. These compounds, with the exception of 
ethyl ether (not included in previous analyses), were 
previously detected in samples from We 49. The com
pounds benzene, chlorobenzene, 1,4 dichlorobenzene 
also were previously detected in samples from the 
landfill leachate-collection system as part of the regular 
quarterly monitoring program for closure of the North 
End Disposal Area (Fuss and O'Neill, 1997, 1998a,b). 
ehlorobenzene also was detected below the calibration 
range in samples from we 100. 

Inorganic Constituents 

Water samples collected by the USGS also were 
analyzed for major anions, selected trace metals and 
cations, and cyanide. Temperature, pH, specific con
ductance, and dissolved oxygen also were measured at 
each well during or immediately after collection of 
water samples (table 9). Qualitative measurements of 
turbidity and oxidation-reduction potential also were 
made during sampling. 

Analytical results for major ions and field mea
surements were grouped by well type and location so 
that comparison of selected constituents could be made 
(table 9). The groups included monitoring wells 
installed in bedrock aquifers, supply wells at busi
nesses, supply wells at residences on Tosun Rd., wells 
and a spring near the North End Disposal Area, and 
wells screened in the bottom, middle, and top of the 
surficial aquifer. 
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Figure 24. Detections of volatile organic compounds in wells sampled May to September 1998 in the Nutmeg Valley study 
area, Wolcott and Waterbury, Connecticut. 
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Table 9. Field measurements and concentrations of major ions and cyanide in samples collected from wells in the Nutmeg Valley study area, 
Wolcott and Waterbury, Connecticut 

[All units in micrograms per liter unless otherwise noted; Temp., temperature; °C, degrees Celsius; j.tS/cm, microsiemens per centimeter; HC03,bicarbonate ion; CaC03, calcium carbonate, S041 sulfate; 
N03, nitrate; med, median (medians in bold type); ND, not detected; e, estimated; well type codes: mb, monitoring well in bedrock; bs, bedrock aquifer supply well at a business; ds, bedrock aquifer supply 
well at a residence; NEOA, ground-water samples collected near Waterbury North End Disposal Area (type of well varies); md, monitoring well screened in deepest part of the surficial aquifer (may be 
screened in till or glacial stratified deposits); mi, monitoring well screened in intermediate part of glacial stratified aquifer; ms, monitoring well screened in shallowest part of glacial stratified aquifer; 
-, not applicable] 

USGS local 
identifier 
(location Type 
shown on 

pl. 1) 
We83 mb 

WC90 mb 

WC94 mb 
we 96 shal- mb 

low sample 

WC96 deep mb 
sample 

We99 mb 
we 108 mb 

we 109 mb 
WB 407 mb 

medmb mb 

WC57 bs 

we 58 bs 

WC78 bs 

we 101 bs 

med bs bs 

WC67 ds 

we 106 ds 

we 107 ds 

we 111 ds 

we 112 ds 

we 113 ds 

med ds ds 
We49 NEDA 

mb 

Sample 
date 

6/26/98 

6/25/98 

6/26/98 

6118/98 

6/18/98 

6/15/98 
7/07/98 

7/07/98 
6/02198 

6/10/98 

7/09/98 
7/23/98 

7/06/98 

7/06/98 

6/10/98 

6/10/98 

7/09/98 

7/09/98 

7/09/98 

9/03/98 

we 100 NEDA 6/25/98 
mb 

we 102 NEDA 6/09/98 
bs 

we 103 NEDA 6/09/98 
bs 

We104 NEDA 6/09/98 
bs 

Temp. 
in °C 

12.1 

12.2 

15.5 

12.8 

15.6 

10.5 
13.1 

11.7 
10.5 

12.2 

15.5 

13.2 

14.2 

14.9 

14.5 

15.0 

11.7 

11.7 

13.4 

13.1 

12.2 

12.7 

12.3 

10.9 

11.5 

13.2 

15.9 

pH 
(stan
dard 

units) 

7.1 

8.6 

6.6 

5.9 

6.0 

6.5 
6.5 

6.4 
6.7 

6.5 
6.3 

6.7 

6.9 

6.8 

6.8 

6.9 

6.6 

6.2 

6.1 

6.5 

6.6 

6.5 

7.0 

6.3 

5.5 

6.6 

6.2 

Specific. 
conductance 

j.tS/cm at 
25° c 

250 
157 

196 

178 

181 

62 

88 
57 

314 

178 
150 

238 
262 

314 

250 

164 
183 

181 
125 

144 
165 

164.5 

1602 

803 

91 

677 

481 

Dis
solved 
oxygen 

2.3 

2.7 

8.3 

8.9 

3.9 

11.5 
10.1 

4.6 
4.0 

4.6 

8.3 

5.8 

5.6 

0.7 

5.7 
9.7 

7.6 

9.3 

8.5 

8.6 

7.3 
8.5 

0.3 

3.7 

8.1 

3.3 

5.1 

HC03 

77 

52 

48 

18 

18 

23 

33 

19 

81 
33 

33 

54 

68 

68 

61 

45 

45 

37 
23 

35 

43 
40' 

537 

245 

10 

226 

134 

Alkalin
Ity, as 
CaC03 

63 

47 

39 

15 

15 

19 

27 

15 

66 
27 

27 

45 

56 

56 

51 

37 
37 

30 
19 

29 

35 

33 

440 

201 

8 

185 

110 

Ca 

30.9 

22.0 

22.4 

9.8 

9.3 

8.5 

10.3 

5.2 
40.2 

10.3 

15.1 

26.7 
35.2 

19.4 
23.1 

19.1 
18.6 

18.5 

10.1 

15.1 
17.5 

18.0 
174.0 

111.0 

8.2 

92.6 

63.0 

Mg 

7.6 

2.4 

2.2 

2.2 

2.1 

0.8 

2.6 

1.0 

6.7 

2.2 

2.0 

6.8 
6.2 

3.8 
5.0 

4.0 

5.8 

4.1 
2.5 

3.0 

5.0 
4.1 

30.9 

14.0 

1.2 

9.2 

7.0 

F 

ND 
0.06e 

ND 

ND 

ND 

ND 

ND 

NO 

ND 

ND 

ND 
ND 

0.26 

ND 
ND 

ND 
ND 

ND 

ND 

0.96 

ND 

NO 

ND 

0.19 

Cl 

26.3 

11.4 

26.3 

36.2 

37.2 

1.73 

1.1 

1.73 
35.1 

26.3 

16.4 

38.6 
39.4 

51.5 
39 
21.6 
26.6 

24.7 

19.7 

19.2 

21.7 

21.65 
247 

128 

10.3 

98.1 

61.7 

Br 

ND 

ND 

ND 

ND 

12.5 

11.5 

13.3 

10.4 

ND 10.4 

ND 7.85 

ND 11.2 

ND 5.83 

0.09e 20.8 

11.2 
ND 12 

ND 6.67 

ND 11.1 
0.05e 15.7 

11.55 

ND 8.87 

ND 7.38 

ND 11.8 

ND 9.48 

NO 9.49 

NO 8.04 

9.175 
1.43 49.7 

0.59 20.9 

NO 16 

0.44 19.6 

0.39 38.3 

N03 

5.86 

2.2 

3.01 

1.88 

0.95 

ND 

0.96 

0.35 

9.27 

1.88 
5:04 

5.78 

2.71 

2.79 

3.91 

l.S6 
2.88 

4.51 

2.15 

1.91 

2.41 

2.28 
1.34 

0.06a 

ND 

ND 

0.73 

Cyanide 

<0.04 

<0.04 
<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.08 

<0.08 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 
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Table 9. Field measurements and concentrations of major ions and cyanide in samples collected from wells in the Nutmeg Valley study area, 
Wolcott and Waterbury, Connecticut--Continued 

[All units in micrograms per liter unless otherwise noted; Temp., temperature; °C, degrees Celsius; ).tS/cm, rnicrosiemens per centimeter; HC03,bicarbonate ion; CaC03, calcium carbonate, S04, sulfate; 
N03, nitrate; med, median (medians in bold type); ND, not detected; e, estimated; well type codes: mb, monitoring well in bedrock; bs, bedrock aquifer supply well at a business; ds, l)edrock aquifer supply 
well at a residence; NEDA, ground-water samples collected near Waterbury North End Disposal Area (type of well varies); md, monitoring well screened in deepest part of the surficial aquifer (may be 
screened in till or glacial stratified deposits); rni, monitoring well screened in intermediate part of glacial stratified aquifer; rns, monitoring well screened in shallowest part of glacial stratified aquifer; 
-, not applicable] · 

USGS local 
identifier 
(location Type 
shown on 

pl. 1) 
WB 410 NEDA 

medNEDA 

WC80 

WC84 

WC87 

WC91 

WC98 

WB402 

WB404 

medmd 

WC81 

WC85 

WC88 

WC92 

WB405 

medmi 

WC82 

WC86 

WC89 

WC93 

WC95 

WC97 

we uo 
WB401 

WB406 
· medms 

Undevel-
oped areas 

spring 

NEDA 

md 

md 

md 

md 

md 

md 

md 

md 

mi 

mi 

mi 

mi 

mi 

ms 
ms 
ms 
ms 

ms 

ms 
ms 
ms 
ms 
ms 

ms 

Sample 
date 

6/09/98 

6116/98 

6/29/98 

6/03/98 

6/22198 

5/29/98 

7/01/98 

6/01/98 

6116/98 

6/29/98 

6/03/98 

6/22198 

6/01/98 

6116/98 

6/29/98 

6/03/98 

6/22198 

6/18198 

5/29/98 

7/07/98 

7/01/98 

6/01198 

Temp. 
in °C 

13.9 

12.8 
11.7 

12.0 

11.0 

12.5 

12.7 

13.7 

12.3 

12.3 
11.9 

11.2 

10.3 

13.1 

15.1 

11.9 
12.8 

17.0 

9.4 

13.7 

14.3 
.11.8 

13.8 

16.5 

9.6 

13.7 
11.0 

(Grady and Mullaney, 1998) med 10 samples 

pH 
(stan
dard 
units) 

6.9 

6.4 

6.6 

6.8 

6.0 

6.2 

6.2 

5.5 

7.4 

6.2 

6.2 

6.0 

5.7 

6.2 

7.7 

6.2 

5.6 

6.5 

5.7 

6.0 

5.8 

6.3 

5.9 

6.9 
6.2 

6.0 
6.1 

Specific. 
conductance 

J.lS/cm at 
25° c 
422 

579 

276 

227 

120 

241 

ll5 
351 

198 

227 

225 

268 

93 

290 

160 

225 

156 

192 

147 

550 

231 

164 

48 

123 
51 

156 
61 

Dis
solved 
oxygen 

9.5 

4.4 

1.3 

3.0 

2.0 

9.1 
4.9 

10.4 

1.9 

3.0 

0.3 

3.4 

0.1 

6.7 

5.8 

3.4 

5.0 

1.4 

0.1 
0.0 

5.6 

6.0 

9.2 

0.4 

11.2 

5.0 

8.5 

82 

180 

66 

66 

34 

29 

35 

6 
62 

35 
40 

34 

22 

39 
47 

39 
26 

74 

30 

127 

30 
38 

10 

62 

34 

16 

Alkalin
ity, as 
CaC03 

67 

148 

54 

54 

28 

24 

29 

5 

51 

29 

33 

28 

18 

32 

39 

32 
21 

61 
24 

104 

24 

31 
8 

50 

28 
13 

Ca 

39.4 

77.8 

10.8 

23.7 

10.8 

10.2 

ll.5 
13.0 

19.6 

11.5 

14.8 

17.2 

7.4 

11.3 

9.5 
11.3 
16.5 

18.3 

10.9 

23.3 

12.3 

14.9 

4.3 

9.9 

3.5 

12.3 
5.0 

Mg 

10.2 

9.7 

3.1 
6.7 

2.6 

2.4 
2.9 

2.8 

5.8 

2.9 

4.1 

5.1 

1.9 

2.7 

4.0 

4.0 

5.4 

6.9 

3.4 
6.7 

2.7 

3.5 

0.6 

5.0 

1.0 

3.5 

1.6 

F 

ND 

0.06a 

NO 
ND 

NO 
ND 

ND 

0.16 

NO 
NO 
ND 

0.05e 

0.28 

NO 
0.18 

NO 
ND 

0.07e 

ND 

ND 

0.07e 

ND 

Cl 

40 

79.9 

44.4 
29.8 

8.16 

48.3 

6.28 

82.3 

29.8 

29.8 

34.8 

54.2 

6.39 

59.9 
11.6 

34.8 
5.38 

23.2 
22.3 

105 
46.4 

14.8 

1.76 

5.99 
2.09 

14.8 

3.8 

Br 

0.31 

OA15 
ND 

NO 
NO 
NO 
NO 
NO 

OJJ7e 

0.05e 

ND 

NO 
ND 

ND 

O.<Xle 
O.<Xle 

NO 
0.08e 

ND 

NO 
NO 
ND 

ND 

0.015 

74.8 

29.6 

10.4 

8.95 

12.4 

11.4 

11.6 

13.5 

7.1 

11.4 
17 

10.7 

11.4 

10.7 

14.3 

11.4 
31 

0.13 

9.05 

8.69 
11.9 

12.5 
6.66 

3.39 
6.34 

8.69 

8.15 

ND 

1.92 

3.77 

1.02 

3.89 
1.52 

18.3 

2.92 

2.92 

1.78 

3.81 
1.09 
4.54 

ND 

1.78 

12 

NO 
0.16 

0.16 
2.26 

8.39 
0.88 

0.5 
0.28 

0.69 
0.21 

Cyanide 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.08 

<0.04 

<0.04 

<0.04 

<0.04 

0.052 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 

<0.04 
<0.'04 

<0.08 

<0.04 

ND 



With the exception of one sample, concentra
tions of major ions did not exceed any US EPA MCLs. 
Many samples from wells in the surficial aquifer did, 
however, show some degradation of ground-water 
quality caused by human activities. Water samples 
from well WB 402 contained concentrations of nitrate
nitrogen at 18.3 mg/L, higher than the USEPA MCL of 
10 mg!L. Other samples collected also had elevated 
concentrations of nitrate and chloride with respect to 
ambient concentrations reported by Grady and Mul
laney (1998) (table 9). Values reported by Grady and 
Mullaney are for shallow wells screened in glacial 
stratified deposits derived from crystalline bedrock in 
forested areas of New England. Comparisons may not 
be valid for bedrock aquifers, because it is expected 
that ion concentrations may be higher in wells open to 
crystalline bedrock aquifers than those screened in 
surficial aquifers, presumably because the contact time 
with geologic materials may be longer. Elevated con
centrations of chloride in many samples are probably 
due to the runoff and infiltration of road salt used for 
winter deicing of roads and parking areas. Sources of 
elevated nitrate may be from runoff of lawn fertilizers, 
effluent from former septic systems, and leakage from 
sanitary sewer lines. 

In general, the group of samples that had the 
highest measurements of specific conductance and 
alkalinity and the highest concentrations of chloride, 
bromide, sulfate, calcium, and magnesium were those 
coll~ted adjacent to the Waterbury North End Dis
posal Area. The concentrations of bromide were much 
higher in this group of wells than in any other, and 
although the concentrations are not above MCLs, it 
may indicate that ground-water quality is affected by 
leachate from the landfill. The median bromide con
centration for this set of wells was 0.42 mg!L but was 
generally detected at or below the reporting limit in 
ground-water samples from other parts of the study 
area. In addition, samples from this group of wells had 
the lowest nitrate concentrations. 

Samples of landfill leachate collected by Fuss 
and O'Neill Inc. ( 1997, 1998a, b) had high specific con
ductance, alkalinity, and concentrations of chloride. It 
is likely that water containing high concentrations of 
dissolved solids originating at the North End Disposal 
Area has affected water quality in the Swiss Lane Area, 
which is located downgradient. There also have been 
instances of contamination of soil and ground water by 
VOCs at several businesses in this area (Stone and oth
ers, 1997)~ therefore, other local sources of contamina-

tion by inorganic constituents cannot be completely 
ruled out. Samples from the supply well for Roann 
Electronics (WC 102), also located adjacent to the 
North End Disposal Area, showed little or no degrada
tion in water quality. For example, the specific conduc
tance of samples from well WC 102 was 91 flS/cm 
compared to 803 flS/cm at nearby well WC 100, and 
677 flS/cm at well WC 103. It is possible that well WC 
102 is intersecting different fractures or a more local 
flow system than the other wells. The construction 
characteristics for well we 102 are unknown. 

Wells installed in the shallowest part of the surf
icial aquifer, with one exception, contained some of the 
lowest concentrations of dissolved inorganic constitu
ents. One well in this group, we 93, had a high specific 
conductance and elevated concentrations of chloride, 
which may be the result of runoff and infiltration of 
road salt-it is near an area where road runoff collects 
from uphill sources. Three bedrock wells (We 99, 
we 108, we 109) on or downgradient from undevel
oped properties had the lowest concentrations of major 
ions of any samples collected. Concentrations of major 
ions and trace elements indicate that water from these 
wells may resemble predevelopment concentrations in 
the bedrock aquifer. 

Only one well (WC 92} on Nutmeg Valley Rd. 
contained detectable concentrations of cyanide. The 
concentration in samples from WC 92 was 0.05 mg/L, 
which is below the USEPA MCL of 0.2 mg/L. This 
well is near areas of former reported cyanide use (Met
calf and Eddy, 1992). 

Trace Elements 

Samples collected for trace elements did not 
exceed any USEPA MCLs (table 10); however, several 
samples exceeded USEPA Secondary Maximum Con
taminant Levels (SMCLs) for iron and manganese. 
Iron and manganese are likely to be present naturally in 
ground water from the study area. Some elevated man
ganese concentrations may be due to the presence of 
rock containing manganese-rich minerals or sediment 
with manganese oxide coatings (Hem, 1985) underly
ing parts of the Nutmeg Valley study area. Other possi
ble natural sources include wetland areas and buried 
swamp deposits beneath water bodies in the study area. 
Wilson and others (1974) reported concentrations of 
manganese in surficial aquifers up to 1. 7 mg!L for surf
icial aquifers in the lower Housatonic River Basin and 
up to 0.34 mg!L in bedrock aquifers. Samples from 
well WC 49 (MW-J) adjacent to the North End Dis-
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posal Area had the highest concentration of manganese 
at 21,600 J..tg/L, or 21.6 mg/L. Fuss and O'Neill Inc. 
(1997, 1998a,b) reported that the landfill leachate from 
the North End Disposal Area contained concentrations 
of manganese (9.35 to 11.1 mg/L), and iron (5.6 to 7.8 
mg/L) in samples collected fromApril1997 to January 
1998. The elevated concentrations of manganese and 
iron reported in wells sampled in the Swiss Lane area 
likely result from downgradient migration of landfill 
leachate to this area. Concentrations of manganese and 
iron depend on sample pH and the local oxidation
reduction potential. Manganese and iron may precipi-

tate from ground water if the ground water encounters 
or mixes with waters containing higher dissolved oxy
gen (Hem, 1985). Conversely, reduced waters, such as 
those beneath a landfill, may be able to dissolve man
ganese and iron coatings from unconsolidated deposits 
or from the fracture surfaces of the underlying bedrock, 
causing high concentrations in downgradient waters. 
Elevated concentrations of iron may be present in situ
ations similar to those associated with manganese. 
Other factors that may affect the concentration of iron 
include the presence of bicarbonate and sulfate and 
bacterial reactions (Hem, 1985). 

Table 10. Concentrations of dissolved trace elements detected in samples collected from wells in the Nutmeg Valley study 
area, Wolcott and Waterbury, Connecticut 

[All units in micrograms per liter unless otherwise noted. AI, aluminum; Ba, barium; Cu, copper; Fe, iron; Mn, manganese; Ni, nickel, V, vanadium; Zn, 
zinc; <, less than specified reporting limit; well type codes: mb, monitoring well in bedrock; bs, bedrock aquifer supply well at a business; ds, bedrock aqui-
fer supply well at a residence; NEDA, ground-water samples collected near Waterbury North End Disposal Area, type of well varies); md, monitoring well 
screened in deepest part of the surficial aquifer (may be screened in till or glacial stratified deposits); mi, monitoring well screened in intermediate part of 
glacial stratified aquifer; ms, monitoring well screened in shallowest part of glacial stratified aquifer] 

USGS 
local 

Identifier Well Date 
AI Ba Cu Fe Mn Nl v Zn 

(location type sampled 
shown on 

pl. 1) 

We83 mb 6/26/98 5.4 5.9 <1.5 42.5 10 <6 <1.5 <15 

We90 mb 6/25/98 11.2 7.4 <1.5 10.6 2.7 <6 3.1 <15 

We94 mb 6/26/98 <5 3.2 <1.5 <5 2.9 <6 <1.5 <IS 

We96 mb 6/18/98 <5 3.8 <1.5 359 49.5 <6 <1.5 <1.5 
shallow 
sample 

We96 mb 6118/98 <5 5.3 <1.5 83.2 218 <6 <1.5 3.2 
deep 
sample 

We99 mb 6/15/98 <5 <1.5 <1.5 <5 10.2 <6 <1.5 <1.5 

we 108 mb 7/07/98 <5 3.5 1.9 <5 <1 <6 <1.5 6 

we 109 mb 7/07/98 <5 <1.5 <1.5 40.9 22.8 <6 <1.5 <1.5 

WB407 mb 6/02/98 <10 21.4 9.6 42.5 4.8 <6 <1.5 <12 

We 57 bs 6/10/98 <10 6.2 13.9 <5 <1 <6 <1.5 27.2 

We 58 bs 7/09/98 <5 4.5 21 <5 <6 <1.5 17.8 

We78 bs 7/23/98 <10 1.9 7.1 <20 <1 <6 1.6 <30 

we 101 bs 7/06/98 <5 7.4 <1.5 2,630 509 <6 <1.5 9.6 

We67 ds 7/06/98 <5 6.6 37.7 <5 3.1 <6 <1.5 <15 

we 106 ds 6/10/98 <10 21.5 27.1 <5 <1 <6 <1.5 <12 

we 101 ds 6/10/98 <10 1.6 10.3 12.1 <1 <6 <1.5 65.8 

we 111 ds 7/09/98 <5 9.1 11.3 <5 <1 <6 <1.5 9.7 

we 112 ds 7/09/98 <5 13.5 14.3 <5 <1 <6 <1.5 11.4 

we 113 ds 7/09/98 <5 106 18.8 <5 <1 <6 <1.5 11.5 
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Table 10. Concentrations of dissolved trace elements detected in samples collected from wells in the Nutmeg Valley study 
area; Wolcott and Waterbury, Connecticut--Continued 

[All units in micrograms per liter unless otherwise noted. AI, aluminum; Ba, barium; Cu, copper; Fe, iron; Mn, manganese; Ni, nickel, V, vanadium; Zn, 
zinc; <, less than specined reporting limit; well type codes: mb, monitoring well in bedrock; bs, bedrock aquifer supply well at a business; ds, bedrock aqui-
fer supply well at a residence; NEDA, ground-water samples collected near Waterbury North End Disposal Area, type of well varies); md, monitoring well 
screened in deepest part of the surficial aquifer (may be screened in till or glacial stratified deposits); mi, monitoring well screened in intermediate part of 
glacial stratified aquifer; ms, monitoring well screened in shallowest part of glacial stratified aquifer] 

USGS 
local 

identifier Well Date 
AI Ba Cu Fe Mn Ni v Zn (location type sampled 

shown on 
pl. 1) 

We49 NEDAmb 9/03/98 16 65.1 <1.5 421 20,600 <15 <1.5 <30 

we 100 NEDAmb 6/25/98 10.4 45.3 <1.5 3,340 352 <6 <1.5 9 

we 102 NEDA bs 6109198 132 8.5 16.7 <5 72.2 <6 <1.5 28.2 

we 103 NEDA bs 6/09/98 10.4 38.7 10.1 <5 3,240 <10 <1.5 <40 

we 104 NEDA bs 6109198 <10 14.5 130 <5 346 <10 <1.5 39.4 

WB410 NEDA 6109198 <10 10.6 <1.5 <5 116 <10 <1.5 <12 
spring 

We80 md 6/16/98 <5 7.5 <1.5 8.1 428 <6 <1.5 <15 

We84 md 6/29/98 <5 12.4 <1.5 <5 392 <6 <1.5 <15 

We87 md 6103198 <10 11.1 21.9 12.2 184 <6 <1.5 <12 

We91 md 6/22/98 5.5 6.8 <1.5 6.2 794 <6 <1.5 <15 

We98 md 5/29/98 <10 11.4 21.3 23.1 35.3 <6 <1.5 <12 

WB402 md 7/01198 80.8 127 2.4 <5 68.8 <6 <1.5 96.6 

WB404 md 6/01198 <10 9.7 50.6 <5 1,010 <6 <1.5 <12 

We81 mi 6/16/98 <5 10.7 <1.5 10.5 471 <6 <1.5 <15 

We85 mi 6/29/98 <5 21.4 <1.5 <5 256 <6 <1.5 15.5 

We88 mi 6/03/98 <10 7 19 10.5 18 <6 <1.5 <12 

We92 mi 6122198 7 13.7 <1.5 61.2 81.9 <6 <1.5 <15 

WB405 mi 6/01198 12.9 6.1 6.8 6.2 247 <6 <1.5 15.9 

We82 ms 6/16/98 15.6 19.6 <1.5 13.6 98.3 <6 <1.5 <15 

We86 ms 6/29/98 <5 50.3 <1.5 2,560 107 7.3 <1.5 <15 

We89 ms 6/03/98 <10 14.1 20.8 15.3 192 <6 <1.5 <12 

We93 ms 6122198 8.1 34.4 <1.5 1,300 153 <6 <1.5 <15 

We95 ms 6/18/98 38.1 18.2 <10 295 979 11.8 <1.5 4.3 

We97 ms 5/29/98 <10 9.2 5.6 22.4 729 <6 <1.5 <12 
we 110 ms 7/07/98 <5 1.8 <1.5 <5 5.1 <6 <1.5 <1.5 
WB401 ms 7/01/98 <5 2.2 <1.5 <5 55.4 <6 <1.5 <1.5 
WB406 ms 6/01/98 <10 2.3 31 11.4 92.5 <6 <1.5 <12 
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Surface Water 

Water samples were collected during low flow 
on July 27 and 28, 1998 from six locations on three 
streams draining the Nutmeg Valley study area to 
determine the surface-water quality when streamflow 
is derived primarily from ground-water discharge. 
Measurements of stream discharge were made concur
rently so that instantaneous constituent loads could be 
determined. One sample was collected from station 
01208283 on the unnamed tributary to Old Tannery 
~rook during a high-flow event on July 1, 1998 in 
response to 3.8 in. of precipitation (as measured at Bur
lington, Conn.) to determine if surface runoff from the 
North End Disposal Area contributed to water-quality 
conditions in the study area. Surface-water sampling 
locations are shown in plate 1 and on figure 24. 

Volatile Organic Compounds 

VOCs were detected only in the downstream 
reaches of two rivers draining the study area (table 11). 
TCE, vinyl chloride, and c 1,2-DCE were detected in 
samples collected from the downstream end of Old 
Tannery Brook (station 01208288), and TCE and c 1,2-
DCE were detected in samples from the Mad River at 
Sharon Rd. (station 01208290). The results of the sam
pling show that VOCs were not present above the 

1-J..tg/L reporting limit in areas upstream from the study 
area. These data compare well with the results of the 
vapor-diffusion sampling, which showed several areas 
mostly along Old Tannery Brook and the Mad River 
where VOCs were discharging to surface water. Vinyl 
chloride was detected at the USEPA MCL of2 J..tg!L in 
Old Tannery Brook; all other VOC detections were 
below USEPA MCLs. 

Instantaneous loads of VOCs were determined 
by multiplying the instantaneous discharge by the VOC 
concentration. Results have been converted to grams 
per day (table 11). The mass ofVOCs discharging from 
Old Tannery Brook on July 27, 1998 (assuming tlle 
flow and concentration were stable on that day) was 
about 29 g, of which 10 g were TCE. The load ofVOCs 
in the Mad River at Sharon Rd. on July 28, 1998 was 
equivalent to about 63 g/d, of which 42 g were TCE. It 
is not certain whether or not the loads of VOCs calcu
lated are representative of the average concentrations 
in the streams because width-integrated samples were 
not collected, and it is likely that water discharging to 
the Mad River from Old Tannery Brook is not well 
mixed with the Mad River by the time it reaches Sharon 
Rd. Also it is likely that some loss of VOCs to the 
atmosphere by volatilization would be expected. The 
calculations have been made to help understand the 
mass of VOCs leaving the study area through streams. 

Table 11. Concentrations and instantaneous loads of volatile organic compounds detected in surface-water samples from the 
Nutmeg Valley study area, Wolcott and Waterbury, Connecticut, July 1998 

[ffls, cubic ft per second; TCE, trichJoroethene; Jlg/L, micrograms per liter; g/d, grams per day; c l ,2-DCE, cis 1,2-dichloroethene: <less than; 
-,not applicable; *, stormftow sample (all other samples during low flow)) 

Station 
Drainage Vinyl lnstanta-number Dis- lnstanta- c 1,2- lnstanta-

(location 
Date area in 

charge 
TCEin chlo- neous 

DCE sampled Jlg/L 
neous 

ride in load in 
neous 

shown on 
square 

in W/s load in g/d in Jlg/L load in g/d 
pl. 1) miles Jlg/L g/d 

Unnamed tributary to Old Tannery Brook sites 

01208283* 7/01198 0.23 1.70 <1 <l <1 

01208283 7/27/98 0.23 .02 <1 <1 <1 

01208286 7/27/98 0.64 .03 <1 <I <1 

Old Tannery Brook sites 

01208280 7127/98 2.74 0.75 <1 <1 <1 

01208288 7/27/98 3.71 .98 4 10 2 5 6 14 

Mad River sites 

01208270 7/28/98 12.4 7.45 <1 <1 <1 

01208290 7/28/98 16.0 8.58 2 42 <1 21 
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Inorganic constituents 

Samples were collected from the six surface
water sites and analyzed for inorganic constituents 
including field measurements, major ions, cyanide, and 
dissolved and total trace elements (tables 12 to 14). No 
samples contained concentrations of inorganic constit
uents higher than any USEPA MCLs, and cyanide was 
not detected in any samples. The results show a general 
increase. in concentration of dissolved ions from 
upstream to downstream on the three streams sampled 
during low-flow conditions (July 27-28, 1998). The 
largest increases in concentration were between sta
tions 01208283 and 01208286 on the unnamed tribu
tary to Old Tannery Brook. The increases are 
presumably due to solute inputs from industrialized 

parts of the Nutmeg Valley study area. The headwaters 
of this stream include part of the North End Disposal 
Area. Elevated concentrations of bromide (with respect 
to other surface-water samples) were detected in high 
and low-flow surface-water samples collected from the 
unnamed tributary. Ground-water samples collected 
from near the North End Disposal Area also contained 
elevated concentrations of bromide, therefore, surface 
water samples from the unnamed tributary to Old Tan
nery Brook may contain some water that is derived 
from ground-water discharge or overland runoff from 

. the vicinity of the North End Disposal area. Samples 
from the unnamed tributary also contained higher con
centrations of aluminum, copper, and zinc than any of 
the other surface-water samples collected. 

Table 12. Values of field measurements in surface-water samples collected in the Nutmeg Valley study area, Wolcott and 
Waterbury, Connecticut, July 1998 

[mi2, square miles; ft3/s, cubic ft per second; °C, degrees Celsius; ~tS!cm, microsiemens per centimeter; mg/L, milligrams per liter; HC03, bicarbonate ion; 
CaC03, calcium carbonate;*, stormflow sample (all other samples during low flow)] 

pH 
Specific 

Dis- Alkalin-
Station number Drainage Dis- Temper- conduc- · 

Date '¥ (stan- solved HC03 ity as 
(location shown area charge ature tance 

on pl. 1) 
sampled 

(mi2) (W/s) (oC) dard 
(J.l.S/cm 

oxygen (mg/L) CaC03 
units) 

at 25°C) 
(mg/L) (mg/L) 

Unnamed tributary to Old Tannery Brook sites 

01208283* 7/1/98 0.23 1.70 17.6 7.3 212 9.6 38 31 

01208283 7/27/98 .23 .02 16.8 5.9 110 3.8 18 15 

01208286 7/27/98 .64 .03 19.7 6.9 258 7.2 45 37 

Old Tannery Brook sites 

01208280 7/27/98 2.7 .75 22.9 7.1 136 8.5 19 16 

01208288 7/27/98 3.71 .98 20.8 6.8 154 7.9 20 17 

Mad River sites 

01208270 7/28/98 12.4 7.45 22.1 7.1 133 8.8 16 13 

01208290 7/28/98 16.0 8.58 21.9 6.9 144 7.6 18 15 
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Table 13. Concentrations of dissolved anions, cations, and cyanide in surface-water samples collected in the Nutmeg Valley 
study area, Wolcott and Waterbury, Connecticut, July 1998 

[AU concentrations in milligrams per liter. ND, not detected;<, less than specified reporting limit;*, stormflow sample (all other samples during low flow)] 

Station 
number 

Date Phos- Magne-{location Fluoride Chloride Bromide Sulfate Nitrate Calcium Cyanide 
shown on 

sampled phate slum 

pl. 1) 

Unnamed tributary to Old Tannery Brook sites 

01208283* 7/01198 ND 24.2 0.19 ND 27.5 0.74 13.4 4.8 <0.08 

01208283 7127/98 ND 19.7 .17 ND 9.1 .35 4.8 2 <0.04 

01208286 7/27/98 ND 39.5 .15 ND 21.2 1.13 17.5 4.6 <0.04 

Old Tannery Brook sites 

01208280 7127/98 ND 24.2 ND ND 9.2 .68 7.3 1.9 <0.04 

01208288 7/27/98 ND 27.6 ND ND 9.4 1.03 8.1 2.1 <0.04 

Mad River sites 

01208270 7/28/98 ND 27.3 ND ND 7.3 1.3 6.6 1.8 <0.04 

01208290 7128/98 ND 28.9 ND ND 7.8 1.61 7.5 2 <0.04 

Table 14. Concentrations of trace elements detected in surface-water samples collected in the Nutmeg Valley study area, 
Wolcott and Waterbury, Connecticut, July 1998 

[All concentrations in micrograms per liter.<, less than; D, dissolved (filtered through a 0.45-micron filter); T, total (unfiltered);*, stormfiow sample 
(all other samples during low flow)) 

Station number 
Sample 

(location shown Date sampled Aluminum Barium Copper Iron Manganese Zinc 
on pl. 1) 

type 

Unnamed tributary to Old Tannery Brook sites 

D 7/01/98 92.1 17.6 7.8 288 13 23.1 
01208283* T 7/01198 163 20.8 17.9 542 97.1 -31.6 

D 7/27/98 178 16.6 4.6 127 67.4 46.3 
01208283 T 7/27/98 230 17.6 5 232 128 51.6 

D 7/27/98 17.4 13.5 2.8 187 270 <30 
01208286 T 7/27/98 32.7 14.1 5.4 628 291 <30 

Old Tannery Brook sites 

D 7/27/98 <10 6.9 <1.5 162 20.6 <30 
01208280 T 7/27/98 29.9 7.5 <1.5 452 46.8 <30 

D 7/27/98 <10 9.3 <1.5 219 123 <30 
01208288 T 7/27/98 27.8 9.5 <1.5 552 127 <30 

Mad River sites 

D 7/28/98 11.6 8.9 <1.5 289 111 <30 
01208270 T 7/28/98 44.2 10.7 <1.5 1,490 237 <30 

D 7/28/98 <10 9.4 <1.5 182 Ill <30 
01208290 T 7/28/98 42.3 10.2 <1.5 1,270 143 <:30 
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SUMMARY AND CONCLUSIONS 

Ground-water contamination was identified by 
Federal, State, and local government agencies during 
the 1980's at an industrial area on the Wolcott/Water
bury, Connecticut town line. Previous studies of the 
Nutmeg Valley Superfund Site have shown that the 
most commonly detected volatile organic compounds 
(VOCs) in supply wells were TCE, PCB, and TCA. 
Concentrations of VOCs in some wells have been 
decreasing since 1985. The highest concentrations of 
VOCs (primarily TCE and its transformation products) 
in soil and ground water in the study area were detected 
during a study of a former waste-disposal lagoon by a 
private consulting firm. Free-phase TCE was present in 
some samples at depth in the surficial aquifer at this 
location. 

The USGS has conducted two phases of investi
gation on the hydrogeology and water quality of the 
Nutmeg Valley Superfund site and adjacent areas. The 
report from the first phase included information on the 
physiographic, geologic, and hydrologic framework, 
water use, history of ground-water and soil contamina
ti~n, and presented a preliminary conceptual model of 
ground-water flow in the Nutmeg Valley study area. 
The focus of the second phase, completed during 1997-
99, and described in this report, was to determine aqui
fer properties, aquifer geometry, ground-water-flow 
directions, interactions between bedrock and surficial 
aquifers, interactions between ground water and sur
face water, and general ground-water and surface
water quality of the study area. 

Surficial deposits in the study area consist of 
glacial till, glacial stratified deposits, and postglacial 
floodplain deposits. The thinnest surficial deposits are 
in the upland areas surrounding the study area, and the 
thickest surficial deposits (greater than 85 ft) are in two 
areas--one near the confluence of Old Tannery Brook 
with the Mad River, and the other on a terrace near the 
western edge of the Tosun Rd. residential area. The 
horizontal hydraulic conductivity of coarse-grained 
glacial stratified deposits ranged from 2.3 to 21 ftld. 
The horizontal hydraulic conductivity of fine-grained 
lacustrine deposits and till determined from two slug 
tests are 0.8 ft/d and 2.7 ft/d, respectively. 

Bedrock in the study area consists of well-foli
ated gneiss, granofels, and local pegmatite sills. Well
foliated gneiss is the predominant rock type penetrated 
by seven bedrock wells in which borehole logs were 
collected. In most of the wells, the strike of foliation is 

consistently oriented north with an easterly dip of 
approximately 50° to 60°. 

Water in the bedrock aquifer flows exclusively 
through systems of interconnected fractures, which 
may be divided into three types-horizontal to subhor
izontal (low-angle) fractures that are "unroofing" joints 
parallel to the bedrock surface, high-angle fractures, 
and layer- or foliation-parallel fractures. Low-angle 
fractures measured in bedrock wells had varying orien
tations, whereas high-angle fractures strike north and 
predominantly dip east. Heat-pulse flowmeter logs 
indicate that a large percentage of the water in some 
wells comes from shallow, low-angle fractures at or 
near the top of the bedrock surface. Ground-water 
recharge (natural and induced by pumping), discharge 
to and from the surficial aquifer, and contaminant trans
port may take place through high-angle fractures. 
Short-circuit pathways between fracture zones are 
present and may have facilitated vertical and lateral 
spreading of VOCs in the bedrock aquifer. 

Ground-water-flow directions in the surficial 
aquifer are generally toward discharge points along 
streams. Water from shallow depths discharges to Old 
Tannery Brook from the west, north, and east. Water in 
deeper parts of the surficial aquifer likely flows under 
Old Tannery Brook and discharges to the Mad River in 
the southern part of the study area. The Mad River is 
the discharge area for the larger scale flow system, 
which includes the intermediate depths in the surficial 
aquifer and the underlying bedrock aquifer. General
ized ground-water-flow direction in the bedrock aqui
fer is primarily southeast toward the Mad River, except 
in the Tosun Rd. residential area, where the general 
flow direction is southwest. Fracture orientation may 
control local ground-water-flow directions in the bed
rock. 

Water-level measurements made in September 
1998 indicate that some northern sections of the study 
area are recharge areas and have downward vertical 
hydraulic gradients-from the surficial aquifer to the 
bedrock aquifer. The southern, downgradient sections 
of the study area have upward vertical hydraulic gradi
ents-from the bedrock to the surficial aquifer. In the 
past, contaminants could have moved downward,. from 
the surficial to the bedrock aquifer, or upward, from the 
bedrock to the surficial aquifer, depending on location 
in the ground-water-flow system. Vertical hydraulic , 
gradients also were present in the surficial aquifer. An 
analysis of long-term water-level measurements shows 
that vertical gradients in the surficial aquifer are tempo-
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rally variable and may change in magnitude and direc
tion in response to variations in ground-water recharge. 
This is one possible mechanism to spread contamina
tion vertically. 

Water levels in wells rose quickly in response to 
recharge.(April to June 1998) and generally declined 
during most of the summer because of ground-water 
discharge and evapotranspiration. The analysis of data 
from pressure transducers installed in four wells 
showed that ground-water withdrawals are currently 
affecting ground-water levels at three or more locations 
in the study area. Pumping from wells completed in the 
bedrock aquifer can affect water levels in wells in both 
the bedrock and surficial aquifers to a distance of at 
least 200ft from the pumped well, causing normally 
upward gradients from the bedrock to the surficial 
aquifers to reverse. This illustrates how contamination 
can spread from the surficial aquifer to supply wells. 
Patterns of water-level fluctuation in the Tosun Rd. res
idential subdivision show that some fracture pathways 
likely connect domestic-supply wells. Pumping from a 
well completed in the surficial aquifer on Sharon Rd. 
affects water levels as far as 1,000 ft from the pumped 
well. This pumping, along with other unknown nearby 
pumping in the Sharon Rd. area, may be inducing flow 
upward from the bedrock aquifer and could possibly 
affect flow patterns in the surficial aquifer. 

During low flow, when discharge of the Mad 
River at Sharon Rd. is 10 ft3/s (cubic feet per second) 
or less, and all flow in the streams is likely derived from 
ground-water discharge, streamflow gains ranged from 
0.3 to 1.4 ft3/s in the Mad River between upstream and 
downstream measurement points. The gain in stream
flow in the study area is equivalent to a ground-water 
discharge of0.19 to 0.93 Mgalld (million gallons per 
day) (0.05 to 0.25 Mgalldlmi2), and is only slightly 
larger than estimated ground-water withdrawals from 
the study area. Low-flow measurements made in July 
1998, in conjunction with surface-water quality sam
pling, indicated only a small amount of ground water 
(0.15 ft3/s) discharged directly to the Mad River from 
the study area and that the part of Old Tannery Brook 
in the study area contributed about 20 percent of the 
streamflow gain between the upstream and down
stream Mad River stations. 

Vertical gradients were generally upward 
between ground water and streams at locations along 
Old Tannery Brook and the Mad River. The lower 600 
ft of the unnamed tributary to Old Tannery Brook had 
a downward vertical gradient from the stream to the 

ground water, indicating that surface water recharges 
the surficial aquifer at this location. This could provide 
a pathway for contaminant migration if the water in the 
unnamed tributary contained contaminants. 

Concentrations of TCE measured in vapor-diffu
sion samplers in July and November)997 ranged from 
less than the detection limit to greater than 30,000 parts 
per billion by volume. The highest concentrations were 
in zones along the lower reach of Old Tannery Brook 
and along the Mad River near the southern boundary of 
the Superfund Site. The compounds PCB, c 1,2-DCE, 
and benzene also were detected at some locations. The 
area of detections along the lower reach of Old Tannery 
Brook may be related to the presence of a known 
ground-water contamination plume near the stream 
that contains TCE. The area with the second highest 
concentration of TCE in vapor-diffusion samples was 
along the Mad River just north of Sharon Rd.; this high 
concentration may be related to the discharge of ground 
water to the Mad River from beneath a semi-confining 
layer of fine-grained deposits. VOCs were detected in 
vapor-diffusion samples at several other locations, 
including areas along the unnamed tributary southeast 
of Swiss Lane and Venus Drive and locations along the 
Mad River upstream from Old Tannery Brook. 
Ground-water samples were collected from below the 
streambed of Old Tannery Brook at two locations with 
the highest vapor concentrations of TCE. These water 
samples contained TCE concentrations ranging from 
30 to 2,900 J.tgiL (micrograms per liter), c 1,2-DCE 
concentrations ranging from less than 1 to 1,200 J.lg/L, 
and 1,1-DCA concentrations ranging from less than 1 
to 2,100 J.tgiL. 

Fourteen of 44 ground-water samples collected 
from May to September 1998 contained detectable 
concentrations ofVOCs; however, samples from only 
three wells contained concentrations of VOCs above 
USEPA Maximum Contaminant Levels. The sampling 
indicated that some locations and depths in the surficial 
and bedrock aquifers are free from contamination by 
VOCs. Based on the 1998 sampling, previously exist
ing data, and the general direction of ground-water 
flow, it is likely that VOCs (primarily TCE, PCB, and 
TCA) are present in the bedrock aquifer in the southern 
part of the site, specifically south of the unnamed trib
utary to Old Tannery Brook, south of Town Line Rd., 
and west of the Mad River. No VOCs were present in 
any of the six wells sampled in the Tosun Rd~ residen
tial area or in samples from two businesses located 
adjacent to the residential subdivision. However, some 
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samples collected in the residential area by the Ches
procott Health District during 1998 contained MTBE. 
No VOCs were detected above MCLs in any of the 
samples collected by the Chesprocott Health District, 
but other VOCs including chloroform, toluene, PCE, 
TCE, TCA, and methylene chloride were detected at 
low concentrations in samples from some wells. 

With the exception of one monitoring-well sam
ple, concentrations of major ions or trace elements in 
ground ·water did not exceed any USEPA MCLs. Con
centrations of inorganic constituents in some wells 
were higher than ambient levels, indicating some deg
radation of ground-water quality caused by human 
activities. One monitoring well screened in the inter
mediate part of the surficial aquifer and located on Nut
meg Valley Rd. contained detectable (but below the 
MCL) concentrations of cyanide. 

VOCs were detected in samples from the two 
major streams draining the study area. TCE, vinyl chlo
ride, and c 1,2-DCE were detected in samples collected 
from the downstream end of Old Tannery Brook, and 
TCE and c 1,2-DCE were detected in samples from the 
Mad River at Sharon Rd. 

No surface-water samples contained concentra
tions of inorganic constituents higher than any USEPA 
MCLs, but the sample results showed a general 
increase in concentration of dissolved ions from 
upstream to downstream on the three streams sampled 
during low flow on July 27 and 28, 1998. Ground-water 
discharge to the streams in the study area contributes to 
an increase in the mass of dissolved constituents leav
ing the site.-primarily chloride, bicarbonate, sulfate, 
nitrate nitrogen, calcium and magnesium. 

Water samples collected downgradient from the 
Waterbury North End Disposal Area show degradation 
in water quality. The VOCs ethyl ether and chloroben
zene were detected in some wells on Swiss Lane down
gradient of the landfill. The low concentrations of these 
VOCs may be caused by migration of leachate from the 
landfill, because samples of leachate from the landfill 
and water from a monitoring well (located upgradient 
of Swiss Lane) contain some of the same VOCs. 

Samples from wells downgradient from the 
North End Disposal Area also had the highest measure
ments of specific conductance, alkalinity, and the high
est concentrations of chloride, bromide, sulfate, 
calcium, and magnesium. Samples of landfill leachate 
collected by private consultants as part of the landfill
monitoring program also had high measurements of 
specific conductance and alkalinity and concentrations 
of chloride. It is likely that water with high concentra
tions of dissolved solids originating at the landfill has 
affected water quality in the Swiss Lane area. 

Samples collected from the unnamed tributary 
upstream from the Superfund site contained elevated 
bromide concentrations similar to ground-water sam
ples collected downgradient from the North End Dis
posal Area. These concentrations suggest solute 
contributions from ground-water or surface-water run
off from the North End Disposal Area, which is located 
in the upstream drainage area. Stormflow from the 
unnamed tributary may subsequently contribute inor
ganic constituents to the ground-water system because 
a downstream reach, near the confluence with Old Tan
nery Brook, had downward vertical gradients, indicat
ing flow from the stream to the surficial aquifer. 
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Appendix 1. Lithologic logs of wells in surficial deposits, Nutmeg Valley study area, Wolcott and 
Waterbury, Connecticut -

Depth Interval 
Description of material (feet below land surface) 

WC-80 

Gravel, sandy, medium to coarse, some very coarse, few granules 

Sand, gray. medium to coarse, some very coarse, silty, micaceous 

Sand, gray, fine to very fine, silty, micaceous 

Sand and Gravel, reddish brown; sand, medium to very coarse; some laminations 
of fine sand, olive 

Till 

Bedrock 

WC-84 

Artificial fill 

Sand, gray and brown, fine to very fine, silty, clayey 

Sand and Gravel, gravel, orange brown, some 2 inch; sand, reddish brown, fine to 
very coarse 

Till 

Bedrock 

WC-87 

Sand, fine, silty 

Sand, rusty orange, medium to coarse 

Sand and Gravel 

Sand, layered, fine to coarse 

Till 

Bedrock 

WC-91 

Silt, organic, black 

Sand, laminated, gray, very fine, silty, micaceous 

Sand and Gravel; sand, fine to medium, orange brown, some coarse to very coarse; 
· gravel some 2 inch 

Till 

Bedrock 

WC-95 

Artificial fill 

Sand and Gravel; sand, fine to very coarse, 

Till 

Bedrock 

WC-97 

Soil, gravelly 

Sand and Gravel; sand, reddish brown, fine to very coarse, little granules 

Till; refusal at 41.5ft 

WB-404 

Soil, gravelly 

Sand and Gravel; sand, fine to very coarse; gravel, pebbly gravel, some cobbles, up 
to 3 inch 

Till (and or) weathered rock? refusal at 55.5 ft 

0 

5 

11 

27 

69.5 

76 

0 

3 

29 

61 

67 

0 

4 

5 

8 

53 

63 

0 

8 

25 

44 

46.5 

0 

5 

25 

31 

0 

2 

39 

0 

2.5 

29 
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Appendix 2. Selected borehole geophysical logs, Nutmeg Valley study area, 1998 
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Appendix 3. Water-level altitudes at wells/well clusters 
measured by the U.S. Geological Survey, 1998 

[All water-level altitudes are in feet above sea level; rob, monitoring well 

in bedrock aquifer; md, monitoring well screened in deepest part of surfi- Water-surface altitude 

cial aquifer; rni, monitoring well screened in intermediate part of surficial Date WC84 WC85 WC86 
aquifer; ms, monitoring well screened in shallowest part of the surficial md mi ms 
aquifer; bs, supply well at a business (unused);-, not measured] 

04/21/98 459.53 459.58 460.04 

04/23/98 459.31 459.39 

Water-surface altitude 05/21/98 459.31 459.37 459.46 
Date WB407 WB404 WB405 WB406 

05/28/98 459.01 
mb md ml ms 

04/23/98 453.43 455.27 459.94 06/29/98 458.32 458.34 459.46 

05/05/98 461.99 457.41 457.08 459.99 08127/98 457.85 457.88 

05/26/98 461.97 09/01/98 457.64 457.69 457.65 

06/01/98 459.42 459.47 459.71 09/10/98 457.71 

06/02/98 461.69 
10116/98 458.7 458.76 459.38 

08/04/98 460.69 458.31 458.80 458.61 
12/03/98 458.28 458.33 458.7 

08/25/98 460.16 

09/01198 460.25 457.71 458.41 458.08 

09/10/98 460.26 458.03 

10/16/98 461.10 458.93 459.54 459.20 

12/03/98 460.61 458.47 459.06 458.75 
Water-surface altitude 

Date WC90 WC87 WC88 WC89 
mb md ml ms 

04/23/98 460.64 461.02 460.91 

05/04/98 460.74 461.15 461.14 

Water-surface altitude 05/20/98 460.75 
Date WC83 WC80 WC81 WC82 

mb md ml ms 06/03/98 460.55 460.71 461.08 461.03 

04/14/98 457.81 457.65 452.87 06/08/98 460.22 

05/20/98 458.13 457.96 457.98 454.61 06/25/98 459.83 

06/16/98 457.57 457.59 454.5 08/27/98 459.19 459.55 459.44 

06/26/98 457.03 09/01/98 458.83 458.9 459.23 459.12 

07/21/98 456.88 456.76 456.77 453.87 
10/16/98 460 459.99 460.5 460.51 

08/04/98 456.68 
12/03/98 459.54 459.58 460.03 460.01 

08/25/98 456.27 

09/01198 456.44 456.3 456.31 453.66 

09/03/98 456.25 

09/08/98 456.44 

10116/98 457.29 457.14 457.15 454.35 

12/03/98 456.94 456.8 456.8 454.21 
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Water-surface altitude Water-surface altitude 

Date We94 We91 We92 WC93 
Date We97 We98 

mb md ml ms md ms 

04/08/98 462.62 462.74 462.71 
05/29/98 456.83 456.68 

05/04/98 462.52 462.65 462.84 462.84 
09/01198 455.77 455.53 

09/08/98 455.79 455.56 
05/12/98 463.33 

10/16/98 456.71 456.44 
05/28/98 462.48 

12/03/98 456.3 456.04 

06/22/98 461.87 462.06 462.09 

06/26/98 461.51 

07/08/98 461.67 

07/21/98 461.26 Water-surface altitude 

Date we 100 
07/24/98 461.41 461.55 461.76 461.83 mb 

09/01198 460.54 460.67 460.84 460.85 05/26/98 536.98 

10116/98 461.53 461.66 461.84 461.97 06/25/98 534.25 

12/03/98 461.04 461.18 461.37 461.51 07/27/98 533.21 

09/01198 527.81 

10/.16/98 530.11 

12/03/98 532.67 

Water-surface altitude Water-surface altitude 

Date Date we 101 WC96 We95 
mb ms bs 

04/08/98 473.22 
05/14/98 461.32 

06/12/98 460.14 
05/28/98 471.55 473.08 

07/06/98 460.05 
06/04/98 471.4 

07/08/98 459.94 

06/18/98 470.91 472.41 
07/21198 459.52 

07/08/98 470.72 08/04/98 459.31 

07/21198 471.73 09/01198 458.94 

09/01198 468.89 470.26 09/08/98 458.96 

09/08/98 468.66 09/10/98 458.92 

10/16/98 468.6 469.81 
10/16/98 459.86 

12/03/98 459.41 
12/03/98 468.12 469.22 
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Appendix 4. Continuous water-level measurements in selected wells in the Nutmeg Valley study area, Wolcott and Waterbury, 
Connecticut, 1998 

[mb, monitoring well in bedrock aquifer; md, monitoring well screened in deepest part of the surficial aquifer; mi, monitoring well screened in intermediate 
part of the su~cial aquifer; ms, monitoring well screened in shallowest part of the surficial aquifer; bs, supply well at a business (unused)] 
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Appendix 5. Rating curves at U.S. Geological Survey streamflow-gaging stations, Nutmeg Valley study area 

Unnamed Tributary to Old Tannery Brook at Route 69 (USGS 0 1208285) 
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Mad River below Finch Brook (USGS 01208270) 
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Appendix 6. Vapor-diffusion sampling results in July 1997, Appendix 6. Vapor-diffusion sampling results in July 1997, 
Nutmeg Valley study area, Wolcott and Waterbury, Nutmeg Valley study area, Wolcott and Waterbury, 
Connecticut Con~ecticut--Continued 

[See plate 1 for locations of sampling sites; TCE, trichloroethene; PCB, tet- [See plate 1 for locations of sampling sites; TCE, trichloroethene; PCE, tet-

racbloroethene; ppb, parts per billion by volume;-. no detections above rachloroethene; ppb, parts per billion by volume;-, no detections above 

reporting limits; trace, less than or equal to 5 ppb; rew, right edge of water reporting limits; trace, less than or equal to 5 ppb; rew, right edge of water 

looking downstream; lew, left edge of water looking downstream] looking downstream; lew, left edge of water looking downstream] 

Location Date sample TCE PCE Location Date sample TCE PCE 

Identifier analyzed (ppb) (ppb) Identifier analyzed (ppb) (ppb) 

uo 7/9/97 U5000 7110/97 

UlOO 7/9/97 U5100 7/10/97 

U200 lost lost U5200 7110/97 

U300 7/9/97 U5300 7110/97 

U400 7/9/97 uc lost lost 

U500A 7/9/97 UE lost lost 

USOOB 7/9/97 UF 1 7/10/97 

U600 7/9/97 UF2 7110/97 

U700 7/9/97 trace Stream-water 7110/97 

U900 7/9/97 21 
sample at 
U5000 

UlOOO 7/9/97 34 
Stream-water 7/10/97 

UllOO 7/9/97 sample at 
U1200 7/9/97 73 348 site F 

U1300 lost lost OTO 7/8/97 

U1400 7/9/97 OT 100 rew 7/8/97 

Ul500 7/9/97 trace OTI90 7/8/97 

Ul600 A 7/9/97 17 trace OTI90 lew 7/8/97 
U1600 B 7/9/97 20 trace OTI90 rew 7/8/97 

Ul700 7/9/97 OT200 7/8/97 

01800 7/9/97 OT300rew 7/8/97 

U1900 7/9/97 OT400A lost lost 

U2000 7/9/97 OT400B lost lost 

U2100 7/9/97 OTSOO rew 7/8/97 

U2200 7/9/97 OT600 7/8/97 

U2300 7/9/97 OT700 7/8/97 

U2400 A 7/9/97 OT800 7/8/97 

U2400 B 7/9/97 OT900 7/8/97 

U2500 7/9/97 OT905 rew 7/8/97 

U2600 7/10/97 trace OT905 ct 7/8/97 

U2700 7/10/97 OT905lew 7/8/97 

U2900 7/10/97 OT1000 7/8/97 

U3100 7/10/97 OT1150 7/8/97 

U3300 7/10/97 OT1275 A 7/8/97 

U3400 A 7/10/97 OT1275 B 7/8/97 

U3400 B 7110/97 OT1400 7/8/97 

U3600 7/10/97 OT1450 rew 7/8/97 

U3800 7110/97 OTI450 lew 7/8/97 

U4000 7110/97 OT1500 7/8/97 

U4200 7/10/97 trace OT1625 7/8/97 34 

U4300 7/10/97 OT1700 7/8/97 
U4400 A 7/10/97 OT1800 7/8/97 
U4400 B 7/10/97 trace OT1900 7/8/97 

U4550 7110/97 OT1930 7/8/97 

U4600 7110/97 OT1930 rew 7/8/97 

U4800 lost lost OT1930 lew 7/8/97 
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Appendix 6. Vapor-diffusion sampling results in July 1997, Appendix 6. Vapor-diffusion sampling results in July 1997, 
Nutmeg Valley study area, Wolcott and Waterbury, Nutmeg Valley study area, Wolcott and Waterbury, 
Connecticut--Continued Connecticut--Continued 

[See plate 1 for locations of sampling sites; TCE, trichloroethene; PCE, tet- [See plate 1 for locations of sampling sites; TCE, trichloroethene; PCE, tet-
rachloroethene; ppb, parts per billion by volume; -. no detections above rachloroethene; ppb, parts per biLlion by volume; -, no detections above 
reporting limits; trace, less than or equal to 5 ppb; rew, right edge of water reporting limits; trace, less than or equal to 5 ppb; rew, right edge of water 
looking downstream; lew, left edge of water looking downstream] looking downstream; lew, left edge of water looking downstream] 

Location Date sample TCE PCE Location Date sample TCE PCE 
identifier analyzed (ppb) (ppb) Identifier analyzed (ppb) (ppb) 

OT2000A 7/8/97 45 MR1300B 7/9/97 trace 

OT2000 B 7/8/97 33 MR1520rew 7/9/97 

OT2100 7/8/97 MR1575 7/9/97 

OT2200 7/8/97 MR1800rew 7/9/97 15 

OT2275 7/8/97 MR1900rew 7/9/97 

OT2350 7/8/97 24 MR2000rew 7/9/97 

OT2350 lew 7/8/97 43 MR2090 7/9/97 

OT2350 rew 7/8/97 MR2090rew 7/9/97 31 trace 

OT2400 7/8/97 MR2090lew 7/9/97 

OT2500 7/8/97 MR2100 7/9/97 852 96 

OT2600 7/8/97 MR2200A 7/9/97 4,700 781 

OT2700 A lost lost rew 

OT2700 B lost lost MR2200B lost lost 

OT2800 7/8/97 370 200 rew 

OT2850 7/8/97 trace 
MR2300 7/9/97 

OT2850 rew 7/8/97 426 
MR2400 7/9/97 12 

OT2850lew 7/8/97 1,480 MR2500 7/9/97 20 trace 

OT2900 7/8/97 4,800 320 MR2600 7/9/97 32 24 

OT3140 7/8/97 231 
MR2620rew 7/9/97 18 

OT3250 7/8/97 178 
MR2620 7/9/97 trace 

OT3275 7/8/97 trace 
MR2620lew 7/9/97 18 trace 

OT3275 rew 7/8/97 
MR2780 7/9/97 

OT3275lew 7/8/97 
MR2900 lost -lost 

Old Tannery 7/8/97 
MR3000A lost lost 

Brook MR3000B lost lost 

stream MR3100 7/9/97 47 
water MR3150 rew 7/9/97 trace 
sample at MR3150 7/9/97 
Town Line 

MR3150 lew 7/9/97 Rd. culvert 

Stream water 7/8/97 6 MR3200 7/9/97 

at OT3300 MR3300 7/9/97 

MROrew 7/9/97 MR3400 lost lost 

MRlOOrew 7/9/97 MR3500 7/9/97 trace 

MR200rew 7/9/97 MR3600 7/9/97 28 29 

MR400rew 7/9/97 MR3700A 7/9/97 1,740 89 

MR500rew 7/9/97 MR3700B 7/9/97 2,050 106 

MR630A rew 7/9/97 MR3800 7/9/97 

MR630 Brew 7/9/97 MR3950 7/9/97 216 36 

MR700rew 7/9/97 Mad River 7/9/97 

MRSOOrew 7/9/97 stream-

MR900 lost lost 
water at 
MR200 

MRlOOO lost lost 

MRllOO rew 7/9/97 

MR1200 7/9/97 

MR1300 A 7/9/97 43 48 
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Appendix 7. Vapor-diffusion sampling results in November 1997, Nutmeg Valley study area, Wolcott and Waterbury, 
Connecticut 

[See plate 1 for locations of sampling sites; TCE, trichloroethene; PCE, tetrachloroethene; c 1,2-DCE, cis 1,2-Dichloroethene; ppb, parts per billion by vol-
ume; -, no detections above reporting limits; y, detected but not quantified; trace, less than or equal to 25 ppb; rew, right edge of water looking downstream; 
lew, left edge of water looking downstream;>, greater than] 

Location identifier 
Date sample TCE PCE c 1,2-DCE 

Benzene 
analyzed (ppb) (ppb) (ppb) 

uo 11/12/97 

U100 11112/97 

U400 11112/97 

usoo 11112/97 

U600 11/12/97 

U700 11112/97 

U800 11/12/97 

U900 11/12/97 

U1000 11/12/97 

UllOO 11/12/97 

U1200 A 11/12/97 

Ul200 B 11112/97 

U1300 11/12/97 

Ul400 11112/97 

U1500 11112/97 

U1600 A 11/13/97 104 101 y 

U1600 B 11/13/97 93 93 y 
U1700 11/13/97 65 

U1800 11113/97 y 

U1900 11113/97 60 y 

U2000 11/13/97 y 
U2100 11/13/97 y 

U2200 11113/97 trace 

U2700 11/13/97 

Stream-water sample at UO 11/12/97 

Stream-water sample at upstream side 11/12/97 
of Rt. 69 culvert 

OTO 11113/97 153 

OTIOO lew 11/13/97 

OT190 lost lost lost lost 

OT300rew 11/13/97 

OT400 A lost lost lost lost 

OT400B lost lost lost lost 

OT500 rew 11/13/97 

OT600 11/13/97 

OT700 11/13/97 

OT800 11/13/97 y 

OT900 11/13/97 

OT1000 11/13/97 47 

OT1150 lost lost lost lost 

OT1275 11/13/97 

OT1325 11/13/97 

OT1400 11/13/97 

OT1500 lost lost lost lost 

OT1625 11/12/97 

OT1625 rew ll/12/97 
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Appendix 7. Vapor-diffusion sampling results in November 1997, Nutmeg Valley study area, Wolcott and Waterbury, 
Connecticut--Continued 

[See plate 1 for locations of sampling sites; TCE, trichloroethene; PCB, tetrachloroethene; c 1 ,2-DCE, cis 1 ,2-Dichloroetbene; ppb, parts per billion by val-
ume; -, no detections above reporting limits; y, detected but not quantifi.ed; trace, less than or equal to 25 ppb; rew, right edge of water looking downstream; 
lew, left edge of water looking downstream;>. greater than] 

Location Identifier 
Date sample TCE PCE c 1,2-DCE 

Benzene 
analyzed (ppb) (ppb) (ppb) 

0Tl625lew 11112/97 

OT1700 11112/97 

0Tl800 11/12/97 

OT1930 lew lost lost lost lost 

OT2000 lew 11112/97 78 

OT2000 11/12/97 25 y 

OT2000 rew 11/12/97 trace 

OT2100 11/12/97 57 
OT2275 11/12/97 34 

OT2350 11/12/97 trace 

OT2350 rew 11/12/97 

OT2350 lew A 11/12/97 37 

OT2350 lew B 11/12/97 39 

OT2400 11/12/97 

OT2500 11/12/97 

OT2550 11112/97 y 
OT2600 11/12/97 

OT2670 lew 11/12/97 

OT2670 11/12/97 160 y 

OT2670 rew 11112/97 57 y 

OT2800 A 11/12/97 263 246 y 

OT2800 B lost lost lost lost 

OT2850 11/12/97 trace 

OT2850 lew 11/12/97 1,065 y 

OT2850 rew 11/12/97 77 y 

OT2900 lew 11/12/97 >30,000 y 

OT2900 11/12/97 789 y 

OT2900 rew 11/12/97 y 

OT2970 11/12/97 63 y 

OT3140 lew lost lost lost lost 

OT3140 lost lost lost lost 

OT3140 rew 11112/97 36 

OT3170 11/12/97 36 

OT3250 Jew 11/12/97 316 y 

OT3250 11112/97 

OT3250 rew 11112/97 

OT3275 11112/97 

OT3275Jew 11112/97 3,400 

Stream water at Town Line Rd. 11112/97 
culvert, OT2400 

Ground-water sample ar OT2850 few II!f2/97 lf3 

Stream-water sample at OT3275 11/12/97 

MR200 rew 11/13/97 51 

MR400 rew 11113/97 trace 

MR600 11/13/97 trace 

MR800 rew 11113/97 47 trace 
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Appendix 7. Vapor-diffusion sampling results in November 1997, Nutmeg Valley study area, Wolcott and Waterbury, 
Connecticut--Continued -
[See plate I for locations of sampling sites; TCE, trichloroethene; PCE, tetrachloroethene; c 1 ,2-DCE, cis 1 ,2-Dichloroethene; ppb, parts per billion by vol-
ume; -,no detections above reporting limits; y, detected but not quantified; trace, less than or equal to 25 ppb; rew, right edge of water looking downstream; 
lew, left edge of water looking downstream; >, greater than] 

Location Identifier 
Date sample TCE PCE c 1,2-DCE 

Benzene 
analyzed (ppb) {ppb) (ppb) 

MR1000 11/13/97 

MR1200 11/13/97 

MR1300A 11/13/97 

MR1300B 11/13/97 

MR1400 11/13/97 trace 

MR1500 11/13/97 106 

MR1590 11/13/97 

MR1710 11/13/97 

MR1800rew 11/13/97 36 y 

MR1900 rew 11/13/97 y 

MR2000rew 11/13/97 

MR2100rew 11/13/97 

MR2100A 11/13/97 

MR2100B 11/13/97 

MR2100lew 11113/97 

MR2200rew 11113/97 1,200 190 y 

MR2200A 11113/97 y 

MR2200B 11/13/97 y 

MR2200lew 11/13/97 520 390 

MR2400 11/13/97 trace 

MR2500rew 11/13/97 trace 

MR2600rew 11113/97 

MR2900 11/13/97 trace trace 

MR3100 rew 11/13/97 y 31 

MR3100A 11/13/97 trace 

MR3100 B 11/13/97 

MR3100 lew 11/13/97 20 

MR3300 11/13/97 y 

MR3500 11/13/97 8,000 y 

MR3600 11/13/97 2,940 y 

MR3700A 11/13/97 137 126 y 

MR3700B 11/13/97 126 y 

MR3700rew 11/13/97 

MR3700lew 11/13/97 702 y 

MR3950 11/13/97 

MR4000 11/13/97 trace 
MR4100 rew B 11/13/97 trace 
MR4100rew A 11/13/97 trace 
MR4200 11/13/97 

MR4200rew 11113/97 
MR4200Iew 11113/97 

MR4300 11/13/97 

MR4400 11113/97 y 

Stream-water sample at MR300 11/13/97 -
Stream-water sample at MR4000 11/13/97 
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Appendix 8. Selected characteristics of wells inventoried/installed by the U.S. Geological Survey 

[See plate l for locations of wells. Well type: md, monitoring well screened in deepest part of the surficial aquifer (may be screened in till or glacial stratified deposits); mi, monitoring well screened in inter

mediate part of surficial aquifer; rns, monitoring well screened in shallowest part of surficial aquifer; ds, supply well at residence; ss, supply well tapping surficial aquifer; bs, supply well at a business; source 
of land-surface altitude data: m, map; s, surveyed; r, reported; cr, only elevation of top of casing reported; depth to water: water level in feet below measuring point if altitude of measuring point reported, oth
erwise water level in feet below land surface;>, greater than;-, data not available) 

U.S. Geo-
logical Other name or 
Survey property owner 

identifier 

WB344 

WB345 

WB346 

WB393 

WB397 

WB398 

WB399 

WB 400 

WB401 

WB402 

WB403 

WB404 

WB405 

WB406 

WB407 

WB408 

WB409 

WB410 

Cly-Oel well I 41 

Cly-Oel well 2 41 

Cly-Oel well 3 41 

63 Wakelee Rd. 41 
Amp RFW-1 

Highland MW-9S 41 

Highland MW-90 41 

Highland MW-80 41 

Highland MW-8S 41 

Highland MW-70 41 

Highland MW-7S 41 

MW-F, NEOA 41 

U.S. Postal Service 41 

U.S. Postal Service 41 

U.S. Postal Service 41 

U.S. Postal Service 41 

Highland MW-10 41 

Highland BR-1 41 

Spring 41 

c: 

Latitude 
(degrees 
minutes 

seconds) 

Longitude 
(degrees 
minutes 

seconds) 

.2 
0 
2 .... 
II) 
c: 
0 
(,) 

0 

34 8 73 0 

34 7 73 0 

34 4 73 0 

34 26.8 73 0 

34 23 73 0 

34. 23 73 0 

34 22.1 73 0 

34 22.2 73 0 

34 24.8 73 0 

34 24.8 73 0 

34 24.9 73 0 

34 13.2 73 0 

34 13.2 73 0 

34 13.2 73 0 

34 13.2 73 0 

34 20.9 73 0 

34 20.9 73 0 

34 32.6 73 0 

15 

5 

10 

4) 

iU 
c 

12109/56 

12109/56 

12109/56 

11110/95 

5.2 03/16/90 

5.3 03114/90 

5.6 03/13/90 

5.5 03/16/90 

9.2 03/13/90 

9.2 01/24/90 

22.2 

10.3 03/31198 

10.3 03/31198 

10.3 03/31/98 

10.3 Q4/30/98 

2.5 07/18190 

2.6 07/02190 

15 

Q) 
Q. 

~ 

~ 

ss 

ss 

ss 

ms 

ms 

md 

md 

ms 
md 

ms 

mb 

md 

mi 

ms 
mb 

md 

mb 

spring 

~ 
E 
Q) 
(,) 
cu 
't: 
::s 
Ill , 
c: 
.!! 
0 
Q) 

'"0 .a 
;:; 
<i 

460 

455 

455 

497.58 

481.47 

481.73 

484.24 

483.58 

497.04 

497.37 

574.62 

470.37 

470.43 

470.37 

470.34 

479.51 

479.51 

565 
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'i 
Q) 
(,) 
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::s 
<{I 

'"0 
c: 
.!!! 
"o 

Q) 
(,) 

~ 
0 

(/) 

m 

m 

m 

cr 

cr 

m 

~ 
E 
'E 
'(5 
Q. 

C) 
c: 
"t: 
::s 
II) 
cu 
Q) 

E 
0 
Q) , 
~ 
< 

G) 
.! 
E 

~ 
0 
.l: 
'E. 
Q) 

c 

35 

40 

44 

18 

20 

45 

42 

23 

50 

20 

470.18 50 

470.21 31 

470.29 19 

470.7 160 

77 

98 

~ 
E 
Ci 
2: 
Q) 

£ 
c: 
4) 
Q. 
0 

0 
Q. 

.s 
s 
.l: 
'E. 
Q) 

c 

35 

34 

27 

8 

10 

35 

28 

12.5 

38.5 

2 

48.45 

28.74 

16.91 

76 
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91 
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(,) 

.E 

.5 
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Q) 
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.... II) .t:, 
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Q)_ 

c ~ 
0 

Ci) 
..0 

9.11 

14.37 

18.44 

9.38 

8.13 
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cu 
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iU 
~ 
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'C 
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E 
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0 
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~ 
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Source of 
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data 

Well comple
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tion report 

Well compJe. 
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Roy F. 
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1996 

HRP, l996b 

HRP, 1996b 
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USGS 

USGS 

USGS 

USGS 

HRP, 1996b 
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Appendix 8. Selected characteristics of wells inventoried/installed by the U.S. Geological Survey--Continued 

[See plate 1 for locations of wells. Well type: md, monitoring well screened in deepest part of the surficial aquifer (may be screened in till or glacial stratified deposits); mi, monitoring well screened in inter
mediate part of surficial aquifer; ms, monitoring well screened in shallowest part of surficial aquifer; ds, supply well at residence; ss, supply well tapping surficial aquife~; bs, supply well at a business; tsource 
of land-surface altitude data: m, map; s, surveyed; r, reported; cr, only elevation of top of casing reported; depth to water: water level in feet below measuring point if altitude of measuring pointreported. oth
erwise water level in feet below land surface; >, greater than;-, data not available] 

U.S. Geo· 
logical 
Survey 

Identifier 

Other name or 
property owner 

Latitude 
(degrees 
minutes 
seconds) 

Longitude 
(degrees 
minutes 
seconds) 

c 
.2 
't) 
::s .... c;; 
c 
0 
u 
0 
.!! 
C'G c 

WB 72TH Existing USGS 41 34 11.6 72 59 54.6 1966 

WC38 

WC39 

WC40 

WC41 

WC42 

WC43 

WC44 

WC45 

WC46 

WC47 

WC48 

WC49 

wcso 

WC51 

WC52 

WC53 

WC54 

WC55 

testhole record 

Highland BR-2 

Highland BR-3 

Highland BR-4 

Highland MW-11 

Highland MW-5 

Highland MW-26 

Highland MW-27 

Highland MW-6 

MW-B,NEDA 

MW-C,NEDA 

MW-H,NEDA 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

34 24.8 73 0 2.2 07/16/90 

34 24.1 73 0 5.3 05/22195 

34 21.2 72 59 55.7 05122195 

34 24.8 73 0 2.3 07/18/90 

34 24.8 73 0 2.5 01120/90 

34 20.5 72 59 57.6 05/14/93 

34 23.5 72 59 56.5 05/18/93 

34 24.4 73 0 4.5 01124190 

34 54 73 0 33 07/22182 

34 49 

34 53 

73 0 
73 0 

24 

22 
07/21182 

06/18/90 

MW-J, NEDA 41 34 44 73 0 15.5 06/19/90 

28 Town Line Rd. 41 34 19.7 72 59 44 07/0ln4 

41 Garthwait Rd. 41 34 22.5 72 59 30.3 10/16/92 

10 Venus Dr. 41 34 33.5 73 0 10.1 01/16/96 
MW-8a 

10 Venus Dr. 41 34 33.3 73 0 8.5 01/16/96 
MW-6c 

Frenchie Cons. 41 34 37.5 72 59 49.9 10/17/91 
HE-4 

Frenchie Cons. 41 34 36.4 72 59 48.8 10/17/91 
HE-2 

8. 
~ 

~ 

test 
hole 

mb 

mb 

mb 

md 

ms 

ms 
ms 
ms 

mb 

mb 

md 

mb 

bs 

ds 

ms 

ms 

ms 

ms 
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. 5 
Q) 
u 
C'G 
't: ::s 
en 

"t:J c 
.!!! 
0 
Q) 

"t:J 

s 
< 

455 

475.23 

482 

468.14 

475.3 

475.28 

472.03 

464.88 

478.77 

698.29 

709.65 

691.6 

658.32 

465.89 

480 

520.67 

513.7 

473.79 

473.22 

s 
C'G 
"t:J 
GJ 

"t:J s 
1ii 
GJ u 
~ 
::s 
~ 
'C 
c 

.!!! 
0 
Q) 

~ 
::s 
0 
(/) 

m 

m 

j 
.5 
c 
8. 
en 
.5 
:; 
en 
m 
E 
0 
Q) 
'C s 
< 

j 
.5 

; -0 

a 
Q) 

c 

49 

49 

103 

43 

16 

27 

20 

18 

27 

36 

40 
46 

155 

245 

14 

15 
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Wilson and 
others, 
1974 

HRP, 1996b 
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AEI, 1994 
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Appendix 8. Selected characteristics of wells inventoried/installed by the U.S. Geological Survey~~Continued 

[See plate l for locations of wells. Well type: md, monitoring well screened in deepest part of the surficial aquifer (may be screened in till or glacial stratified deposits); mi, monitoring well screened in inter
mediate part of surficial aquifer; ms, monitoring well screened in shallowest part of surficial aquifer; ds, supply well at residence; ss, supply well tapping surficial aquifer; bs, supply well at a business; source 
of land-surface altitude data: m, map; s, surveyed; r, reported; cr, only elevation of top of casing reported; depth to water: water level in feet below measuring point if altitude of measuring point reported, oth
erwise water level in feet below land surface; >, greater than;-, data not available) 

U.S. Geo
logical 
Survey 

Identifier 

WC56 

WC57 

WC58 

WC59 

WC60 

WC61 

WC62 

WC63 

WC64 

WC65 

WC66 

WC67 

WC68 

WC69 

Other name or 
property owner 

Frenchie Cons. 
HE-1 

Latitude 
(degrees 
minutes 

seconds) 

Longitude 
(degrees 
minutes 

seconds) 

1: 
0 

:u 
2 
u; 
1: 
0 
(.) -0 
G) ... 
ca 
c 

41 34 35.5 72 59 50.2 10/17/91 

Getty Gas Station 41 34 31.6 73 0 4.3 05/0lnl 

25 Nutmeg VaHey 41 34 29.8 72 59 44.7 04117/87 
Rd. 

Wolcott Mfg. & 41 34 46 72 59 50 05/25/93 
Tool MW-3a 

Wolcott Mfg. & 
Tool MW-3 

Wolcott Mfg. & 
Tool MW-2 

Wolcott Mfg. & 
Tool MW-1 

41 34 46 72 59 50.1 05/25/93 

41 34 45.8 72 59 50.2 05/24193 

41 34 46.1 72 59 50.9 05/24193 

WolcottTooland 41 34 45.3 72 59 50.6 08/08161 
Mfg. WSP 

63 Wakelee Rd. 41 34 29.3 73 0 8.9 11/10/95 
AmpRFW-2 

63 Wakelee Rd. 41 34 28 73 0 7.6 ll/10/95 
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63 Wakelee Rd. 41 34 29.2 73 0 6.5 11110/95 
AmpRFW-4 

111 Tosun Rd. 41 34 30.8 72 59 41.6 05116/94 
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well con
struction 

data 

Heynen, 1991 

498.07 Well comple-
tion report 

415.35 Well comple-
tion report 

507.73 EEW, 1994 

506.45 EEW, 1994 

512.68 EEW, 1994 

514.38 EEW, 1994 

507.08 WelJ comple-
tion report 

Weston, 1996 

Weston, 1996 

Weston, 1996 

421.57 WelJ comple-
tion report 

HRP, 1991 

HRP, 1991 
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Appendix 8. Selected characteristics of wells inventoried/installed by the U.S. Geological Survey--Continued 

[See plate 1 for locations of wells. Well type: md, monitoring well screened in deepest part of the surficial aquifer (may be screened in till or glacial stratified deposits); mi, monitoring well screened in inter
mediate part of surficial aquifer; ms, monitoring well screened in shallowest part of surficial aquifer; ds, supply well at residence; ss, supply well tapping surficial aquifer; bs, supply well at a business; source 
of land-surface altitude data: m, map; s, surveyed; r, reported; cr, only elevation of top of casing reported; depth to water: water level in feet below measuring point if altitude of measuring point reported, oth
erwise water level in feet below land surface; >, greater than; -, data not available] 

U.S. Geo
logical 
Survey 

identifier 

WC70 

WC71 

WC72 

WC73 

WC74 

WC75 

WC76 

WC77 

WC78 

WC80 

WC81 

WC82 

WC83 

WC84 

WC85 

WC86 

WC87 

WC88 

WC89 

Other name or 
property owner 

32 Wolcott Rd. 

16 Wakelee Rd. 

148 Tosun Rd. 
Flammia 

114 Tosun Rd. 

108 Tosun Rd. 

78 Tosun Rd. 

72 Tosun Rd. 

Brave Equip. 
MW-1 

Latitude 
(degrees 
minutes 

seconds) 

Longitude 
(degrees 
minutes 
seconds) 

41 34 29.4 73 0 3.1 

41 34 34.7 73 0 3.2 

41 34 30.7 72 59 49.2 

41 34 32.6 72 59 40.1 

41 34 31.6 72 59 39.2 

41 34 35.4 72 59 40.7 

41 34 35.5 72 59 41.7 
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u 
:::::1 

-= "' c 
0 
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.! 
C'O c 

41 34 25.6 72 59 38.3 09126190 

31 Nutmeg Valley 41 34 27.7 72 59 39.4 
Rd. Maaco 

Joseph Pagano 

Joseph Pagano 

Joseph Pagano 

Joseph Pagano 

Mattatuck Scrap 
Metal 

Mattatuck Scrap 
Metal 

Mattatuck Scrap 
Metal 

Sendzimir estate 

Sendzimir estate 

Sendzimir estate 

41 34 16.7 72 59 55.1 03/24/98 

41 34 16.7 72 59 55.1 03/24/98 

41 34 16.7 72 59 55.1 03/24/98 

41 34 16.7 72 59 55.1 04/28198 

41 34 21.4 72 59 49.2 03117/98 

41 34 21.4 72 59 49.2 03/18/98 

41 34 21.4 72 59 49.2 03/18198 

41 34 23.9 72 59 40.6 03/26/98 

41 34 23.9 72 59 40.6 03/26/98 

41 34 23.9 72 59 40.6 03/26/98 
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67 
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63 
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5.72 457.64 
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5.73 457.65 
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Source of 
well con
struction 

data 
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well 

Dug well 

CTDEP, writ
ten com
mun., 1996 

384.1 USGS 

384.29 USGS 

384.25 USGS 

389.41 USGS 

395.13 USGS 

395.13 USGS 

395.18 USGS 

400.82 USGS 

400.88 USGS 

401 USGS 
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Appendix 8. Selected characteristics of wells inventoried/installed by the U.S. Geological Survey--Continued 

[See plate 1 for locations of wells. Well type: md, monitoring well screened in deepest part of the surficial aquifer (may be screened in till or glacial stratified deposits); rni, monitoring well screened in inter
mediate part of surficial aquifer; ms, monitoring well screened in shallowest part of surficial aquifer, ds, supply well at residence; ss, supply well tapping surficial aquifer; bs, supply well at a business; source 
of land-surface altitude data: m, map; s, surveyed; r, reported; cr, only elevation of top of casing reported; depth to water: water level in feet below measuring point if altitude of measu.ring point reported, oth
erwise water level in feet below land surface;>, greater than;-, data not available] 

U.S. Geo
logical 
Survey 

Identifier 

WC90 

WC91 

WC92 

We93 

WC94 

WC95 

WC96 

WC97 

WC98 

We99 

we 100 

we 101 

Other name or 
property owner 

Sendzimir estate 

Joseph Macary 
(Joma) 

41 

41 

Latitude 
(degrees 
minutes 

seconds) 

Longitude 
(degrees 
minutes 

seconds) 

c 
.2 
<:; 
2 
u; 
c 
0 
(.) 

0 
Cl) 

c; 
c 

34 23.9 72 59 40.6 04/28198 

34 29 72 59 53.6 03/23/98 

Joseph Macary 
(Joma) 

41 34 29 72 59 53.6 03/24/98 

Joseph Macary 
(Joma) 

41 34 29 72 59 53.6 03/24/98 

Joseph Macary 
(Joma) 

41 34 29 72 59 53.6 04/30/98 

National Die Co. 41 

National Die Co. 41 

McVerry 41 

McVerry 41 

Hytchko 41 

Roann Electronics 41 

17 Town Line Rd. 41 
Joseph Macary 
(Joma) 

34 30.7 72 59 58.8 03118/98 

34 30.7 72 59 58.8 05/05/98 

34 15 72 59 46.8 03/27/98 

34 15 72 59 46.8 03127/98 

34 37.7 72 59 38.2 05/01/98 

34 40.3 73 0 9.3 04/27/98 

34 24.5 72 59 57 05/14198 

WC 102 Roann Electronics 41 34 38.6 73 0 11.1 

We 1 03 Marson Fasteners 41 34 36.6 73 0 I 0.5 

We 104 Secondaries 41 34 32.6 73 0 15 
(Electro Power 
GW-l,GW-2) 

WC 106 117 Tosun Rd. 41 34 31.7 72 59 41.4 03/05/81 
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G) 
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546.53 165 

465.76 61 
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417.73 USGS 

418.16 USGS 
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130ft depth 
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Appendix 8. Selected characteristics of wells inventoried/installed by the U.S. Geological Survey--Continued 

[See plate 1 for locations of wells. Well type: md, monitoring well screened in deepest part of the surficial aquifer (may be screened in till or glacial stratified deposits); mi, monitoring well screened in inter· 
mediate part of surficial aquifer; ms, monitoring well screened in shallowest part of surficial aquifer; ds, supply well at residence; ss, supply well tapping surficial aquifer; bs, supply well at a business; source 
of land-surface altitude data: m, map; s, surveyed; r, reported; cr, only elevation of top of casing reported; depth to water: water level in feet below measuring point if altitude of measuring point reported, oth
erwise water level in feet below land surface; >, greater than;-, data not available] 

U.S. Geo
logical 
Survey 

Identifier 

Other name or 
property owner 

Latitude 
(degrees 
minutes 
seconds) 

Longitude 
(degrees 
minutes 
seconds) 

41 34 34.7 72 59 45.4 

41 34 39 72 59 47.9 

41 34 40.9 72 59 50.1 

41 34 40.9 72 59 50.1 
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0 u 
0 
~ c 

wet07 

we I08 

We109 

we uo 
we 111 

54Tosun Rd. 
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66Tosun Rd. 41 34 34.4 72 59 42.7 03/17/87 

Well2 

we 113 

we 114 

We115 

129 Tosun Rd. 

123 Tosun Rd. 

Anstro MW-3 

Marson MW-2 

we 116 Marson MW-3 

we 117 Marson MW-1 

41 34 33.2 72 59 42.5 

41 34 32.3 72 59 42 

41 34 42 72 59 46.2 10/15/97 

41 34 37.8 73 0 11.6 

41 34 36.1 73 0 10.7 

41 34 35.9 73 0 12.1 

we 118 Existing well 41 34 26.3 72 59 42.1 
Sendzimir estate 

we 119 Existing well 41 34 27 72 59 21.2 
Maaco property 

We 120 10 Venus Dr. 41 34 35 73 0 9.5 
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we121 10 Venus Dr. 41 34 35.2 73 0 8.6 
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Appendix a. Selected characteristics of wells inventoried/installed by the U.S. Geological Survey--Continued 

[See plate 1 for locations of wells. Well type: md, monitoring well screened in deepest part of the surficial aquifer (may be screened in till or glacial stratified deposits); mi, monitoring well screened in inter-
mediate part of surficial aquifer; ms, monitoring well screened in shallowest part of surficial aquifer; ds, supply wen at residence; ss, supply wen tapping surficial aquifer; bs, supply well at a business; source 
of land-surface altitude data: m, map; s, surveyed; r, reported; cr, only elevation of top of casing reported; depth to water: water level in feet below measuring point if altitude of measuring point reported, oth-
erwise water level in feet below land surface; >, greater than; -, data not available] 
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we122 10 Venus Dr. 41 34 34.7 73 0 7.7 - 513.61 - - - - - 8.43 505.18 - HRP, 1996d 
MW-4 m 

We123 Highland MW-28 41 34 22.2 72 59 56.9 05/18/93 md 467.4 c - 64 54 2 67 - - 400.4 HRP, 1994 

we 124 Talk of the Town 41 34 35.9 73 0 0.3 04/21/69 
bs 

515 - 203 30 6 12 - - 503 Well comple-
restaurant 

m tionreport 

we 125 Line Manufacturing 41 34 26.8 73 0 3.6 08/07/65 
bs 

475 - 225 47 6 18 - ---- 457 Well comple-
m tion report 

we126 ParMW-1 41 34 38.1 72 59 48.2 06/08/84 
md 

485 - 19 3.5 - 18.5 - ---- 466.5 Roy F. Weston 
m 

Inc., 1994 

we 121 MW-D,NEDA 41 34 39.7 73 0 22.9 7113-
mb 

713 - 28 10 2 8 - - 705 AEI, 1994 
19/82 

m 

we 128 Waterbury Heat 41 34 34.1 72 59 59 04/30/87 499 - 20 9.8 2 20 - - - HRP, 1986 
Treating ms m 
WHTIMW 

we 129 Dollinger 41 34 30.6 73 0 9.4 - bs 
555 - - - - 8 - - 547 Well comple-

m 
tion Report 



90 Hydrogeology and Water Quality of the Nutmeg Valley Area, Wolcott and Waterbury, Connecticut 



M
ullaney and others, 1

9
9

9
-H

yd
ro

g
e

o
lo

g
y and W

ater Q
uality of the N

utm
eg V

alley A
rea, W

olcott and W
aterbury, C

o
n

n
e

cticu
t

U
.S

. G
eological S

urvey W
R

IR
 R

eport 9
9

-4
0

8
1

 

.,. 

II) 


