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1.0 INTRODUCTION s NN
The Town of Easthampton in located in wvestern Massachusettsy” just west of
Route 91 and north of the Massachusetts Tpfgp?ﬁgﬁh It;iéelocated in Hampshire
County in the vicinity of Holyoke, Northampton, nd-Hadley, as shown in

\\\‘:‘\ \‘\/‘/ -‘, \

Figure 1. — 7N

N\ € L

. S N
This study was funded under the Chapter 28§§§A§§}ier Land Acquisition (ALA)
Program. The Town of Easthampton requestedlﬁ at 50,000 dollars of the 500,000
dollars be used to further define the. Zone/2 Jand 3 areas of the Hendrick
Street and Nonotuck Park Well fields, partifularly the northern and southern
extent of these Zones. Also, this study'was intended to address the impact of
potential contamination sources on the aquifer. The remainder of the money 1is
to be spent to acquire strategic properties for the protection of the

Easthampton Aquifer.

The ALA application was submitted jointly by the Towns of Easthampton and
Southampton. Wagner Associates is conducting a similar Chapter 286, ALA
Hydrogeologic Study in Southampton.

The Easthampton Aquifer provides the Town with 100 percent of its water
supply. The aquifer system, of which the Easthampton Aquifer is a part,
extends regionally from Northampton to Southwick. Since aquifer systems
seldom are confined within Town boundaries, coordination and cooperation, such
as that between Northampton and Southampton, will aid in aquifer protection.
Increasing development pressures make it imperative that steps be taken to
protect Easthampton’s ground-water supply.

Easthampton has already adopted an aquifer protection zoning by-law. This
by-law protects the area south of Plain Street by limiting the use of salt,
herbicide, hazardous chemicals, and subsurface waste disposal. More precise
definition of the recharge areas of the Town’s well fields and extension of
the aquifer protection measures to include the entire aquifer recharge area
will safeguard the future of this aquifer and its use as an abundant supply of
potable water.
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2)

3)

4)

5)

' 'aizpb e existing data;
L€

o~ \
This review included the gogﬁiig%gg \Bﬁggll existing well logs, pump
ell

tests, and vater table records as

rds ! s any state and federal
publications covering the hydfbgigiggy of this area. All available
ted.

pumping test information was eyi;/g

Preparation of Initial Maps;

The hydrology and geology of Easthampton were quantified using a
series of maps including: 1) a surficial geologic map, 2) a water
table topography map, 3) a potentiometric surface map, and 4) a clay
isopach map.

Geophysical and Test Well Exploration;

Seven electrical resistivity soundings and two monitoring well
clusters of two wells each were installed in the central portion of
the study area.

Computer Modeling and Zone Delineation;

The McDonald-Harbough 3-Dimensional Ground-water Flow Model was used
to delineate the primary recharge areas for the Hendrick Street and
Nonotuck Well fields. This information was used along with other
pertinent hydrogeologic information to identify Zones 1, 2, and 3 for
each well field.

Land Use Survey;

Land usage within Zones 1, 2, and 3 was identified and potential
sources of contamination evaluated.
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3.0 DATA REVIEW W@wmm

All existing available hydrogeologic inf5¥<§%ionfﬁasntollected and reviewed.
The information obtained at each subsdria > 'data location was summarized in
Table 1, Subsurface Data Points and/each“data ‘point is located on Plate 1,

Subsurface Data Points Map.

The déthnpoin\s are listed in the table by year.

For example, the symbol 1-87 indicates™the first boring drilled in 1987.

Listed

as part of this phase of work.

below is a summary of the informatiéh which was reviewed and compiled
The information below is listed by well field

and then any additional hydrogeologic sources of information follow.

Lovefield Street (Maloney Property) Well Data:

1956 -

1975 -

In March, 1956, data on test well drilling, water quality testing and
the results of a pump test were presented in a report prepared by Tighe
and Bond Inc. of Holyoke, Massachusetts. The work was performed at the
Lovefield Street Well station (Maloney Property). Fourteen test wells,
both two-inch and two-and-one-half-inch diameter, were drilled. The
pump test was performed for seven days on an eight-inch diameter well.

A report was submitted to the Massachusetts Department of Environmental
Quality Engineering (DEQE) by Tighe and Bond requesting that an
eight-inch diameter pumping well at the Lovefield Street site be
alloved as a municipal water supply for the Town of Easthampton with a
maximum capacity of 1.5 million gallons per day (MGD). The report
includes test well logs, pumping test data, and water quality data.

Nonotuck Park Well Data:

1959 -

1962 -

1982 -

An eight-inch diameter well was installed in December 1959. The depth
of the well is 168 feet. A pump test was performed on the well in
December 1959. 1In January 1960, the DEQE approved this well as a
public water supply for the Town of Easthampton.

Twelve test wells were drilled in the vicinity of Nonotuck Park by R.
E. Chapman, Inc. in October 1959. Screens were left in place for five
of these test wells.

An eighteen-inch diameter well was installed in May 1962. Two pump
tests were performed on this well, one in June and one in August 1962.
IEP, Inc. was able to obtain the data from both of these pumping tests.
The data from the pump test is included in Appendix A.

Nonotuck Park Well No. 6 (eighteen-inch diameter) was cleaned by R: ‘E:
Chapman Co. when the drawdown in the well increased dramatically over a
short period of time.
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1986 - Nonotuck Park Well No. 6 was again cleaned by R.
increasing its capacity by approximately forty {pef
Department has a summary of well drawdowns for Wellh
through September 1986.

Hendrick Street Well Data: A\

1953 - In December 1953, an eight-inch we gWESKinstaliéd and a pump test was
performed by R. E. Chapman Co. eddata for tb;s pump test are

included in A ndix B. . w N
: . Append] — Vv

1956 - In May 1956, R. E. Chapman Co. p2r£8rmeq\$est well drilling in the
vicinity of the Hendrick Street Vell field. IEP, Inc. has incomplete
well logs for this well drilling, butﬁit appears that at least thirteen

wells were drilled. s
N\

1957 - The Pines - In April 1957, five test wells were drilled by R. E.
Chapman in the vicinity of the now existing pumping well called The
Pines (near the Hendrick Street Well field). In May 1957, a pump test
was performed on a ten-inch test well installed at this site. Data
from the pump test are included in Appendix C.

R. E. Chapman Co. cleaned fifty wells in the Hendrick Street Well
field. Improvements in well yields were reported by R. E. Chapman.

1959 - During May, June, and July 1959, thirty new wells were installed by R.
E. Chapman in the Hendrick Street Well field. IEP, Inc. obtained
complete logs of these test wells, including a description of well
construction and well yields.

1961 - Ten new wells were installed at the Hendrick Street Well field. A
ten-inch gravel pack well was rehabilitated by R. E. Chapman.

1962 through 1965 - Ten wells were replaced each year in the tubular well
field.

1964 and 1965 - The Holyoke Water Power Company of Holyoke, Massachusetts
performed a series of flow measurements at the Hendrick Street
Well field. These data are presented graphically on computation
sheets.

1966 and 1967 - Ten nevw (additional) wells were installed both years in the
tubular well field.



1968

1986

1986-

- Most of the wells at the Hendrick Stneet Well ileld were cleaned.

Static water table measurements before and aftér cleaning were recorded
as well as the yield from the,ﬁell after cleanlng

Well number B-1 was monltored tw1ce dally from July to September 1968.
The pumping rate and drawdown were monitored as well as the pump that
was running at the time.

e, \
Information showed that cleaning 'of The Pines Well No. 5 resulted in a
much greater yield from ‘the well .

R. E. Chapman installed six test wells near the Nonotuck Park Well and
conducted a small-scale pump test in one of the wells. Information on
these borings and the pump test are included in Appendix D.

The tubular well field at Hendrick Street was developed by R. E.
Chapman. Data on yields from the individual wells are included in
Appendix E.

Tighe and Bond Reports:

1946

1953

1955

1956

1957

1959

1960

1962

1966

Report on future expansion of the Town’s water system.
Report on Town’s water supply and distribution.

Report on pumping test performed at Hendrick Street Well field
(eight-inch test well).

Report and cost estimate for installing eight-inch test well at
Hendrick Street Well field.

Report on developing an additional water supply for the Town. The
report includes tests performed on the Hendrick Street Well field.

Report on the capacity of Hendrick Street Well field.

Letter explaining the head-capacity curve for two pumps at the Hendrick
Street Well field.

Report on construction record, well log, and pump test log of an
eighteen-inch well installed at Nonotuck Park.

Report on water supply, distribution, and pumping rates for all of the
wells in the Town. The report also includes suggestions for increasing
storage capacity in the Town.



1970 - Proposal for an engineering study of the"$6wn's water supply system.
The proposal includes a summary of when each' system 'was installed in
the Town and their yields. -

1974 - Letter to the Town suggesting that ‘a well similar to the one at
Nonotuck Park be installed at the Lovefield Street site (Maloney
property). Another letter was-=sent to ‘the Town that compared the peak
day, peak week, and peak month of pumping with the annual average water
consumption for the years 1960- 1973

Water Quality Data:

A complete tabulation of water quality for all of the wells in the Town was
kept from 1950 to 1982. Several more recent reports on water quality are also
available.

Miscellaneous Reports:

There are several miscellaneous reports on the Town wells dating from 1978 to
1986. These reports include statistics supplied to the DEQE each year
regarding the Town wells and distribution system, and water quality data from
various years.

United States Geological Survey Reports:

Several reports are available from the United States Geological Survey

(USGS) on the surficial geology and hydrology of the study area. The reports
on hydrology include studies of streamflow and water quality in the
Connecticut River Lowlands (Wandle and Caswell, 1977; Brackley and Thomas,
1978) and ground-wvater availability in the Connecticut River Basin (Frimpter,
1980; Walker and Caswell, 1977).

Several studies have been performed by the USGS on the distribution of
unconsolidated deposits in the study area (Langer, 1979; Stone and others,
1979; Larsen, 1972). Studies have also been performed on the configuration of
the bedrock surface in the Mt. Tom quadrangle (Londquist, and Larsen, 1976;
Londquist, 1973).

Smith College Reports:

Three reports on the geology and aquifer characteristics of Easthampton were
prepared by Smith College students under the direction of Professor Robert
Newton. Berndt and others (1981) discuss the geology and aquifer
characteristics of the Easthampton area. Included in the report are maps and
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The geophysical properties of the aquifer near the Maloney Street Well were
studied by Aubuchon and Gil (1986). Both seismic and electrical resistivity
techniques were used to analyze the geology of Maloney Street Well area and
the distribution of ground-water contamination in the area.

University of Massachusetts Reports:

The water quality, hydrogeology, and Pleistocene geology of the Hannum Brook
Aquifer were studied by Walsh and Sackrey (1984). Surface water quality
samples were collected to determine the migration of leachate near the
Easthampton and Northampton landfills.

The hydrogeology of Rock Valley, immediately south of the Easthampton aquifer,
wvas studied by Motts (1985) for the Town of West Holyoke. The surficial
deposits were mapped, the aquifer parameters were determined, and a
finite-difference computer simulation of the aquifer was performed in this
study.



4.0 FIELD STUDIES\ ~ \\

4.1 Geologic Reconnaissance fwmw\
On November 11, 1986, Ms. Sarah Walen'énd-Dr James Hall of IEP, Inc.,
performed a geologlc reconnaissance of ‘the study, area The reconnaissance was
performed to confirm and clarify_ €ome of “the _contdcts on Larsen’s (1972) map
of surficial deposits. Subsequent geologlc féconnalssance was performed by
Mr. Michael Hudson and Mr. Gene“ McLlnn of‘IEP Inc. during February through
April 1987. / f
;4
rd
4.2 Well Installation v

During the last two weeks of January and the first week of February 1987,
Guild Drilling Co. of East Providence, RI (Guild) installed two well clusters
(PS-1 and PS-2) in Easthampton under the supervision of IEP, Inc. geologlsts
Clusters PS-1 and PS-2 are referred to as 1-87 and 2-87, respectively, in
Table 1 and the Subsurface Data Points Map (Plate 1).

The test borings were installed using the drive-and-wash and rotary-wash
methods. The wells were constructed of 2-inch inside diameter (ID) solid PVC
riser pipe with 2-inch ID 0.020-inch factory-slotted screen. All the wells
vere finished flush to the ground and protected with a cast-iron road box.
The annulus between the PVC well and the wall of the boring was filled with
Ottawa sand and grouted to prevent flow of surface water through the annulus.
The remaining annulus between the well and the boring wall was backfilled with
sediments from each boring. Sediment samples were collected with a
split-spoon sampler and a 140-pound hammer with a 30-inch drop. Samples were
collected at lithologic changes as detected by the driller. Logs from the
borings installed by Guild for this study are included in Appendix F.

Each cluster consisted of two observation wells, one screened in the
glaciolacustrine deposits (Layer 1) and one screened in the glaciodeltaic
deposits (Layer 2). Cluster PS-1 is located on Plain Street approximately
4000 feet west-southwest of the Hendrick Street Well field. The deep boring
of the cluster (PS-1D) was installed to refusal at 182 feet below grade.
Nineteen feet of 5-inch ID casing was used during well installation, and the
remainder of the boring (160 ft) was installed with 4-inch ID casing. A
10-foot length of screen was installed at the base of the well with 172 feet
of solid PVC riser pipe.

The shallow boring (PS-1S) was installed to a depth of 50 feet, with the

lower 10 feet of the well screened and the upper 40 feet composed of solid PVC
riser pipe. Fourteen feet of 4-inch ID casing was used during the well
installation, and no drilling mud was required to keep the hole open.
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Cluster PS-2 is located approximately BOO\Ieet east of Strong Street. The deep

boring (PS-2D) was installed to refusal at 59 feet’ below grade. Ten feet of

screen was installed at the base of the well with 49 feet of solid PVC riser

pipe. No casing was used, but drilling mud was used to keep the hole open

during installation of the well. ;

The shallow boring (PS-2S) was installed’to a depth of 15 feet, with the
bottom 5 feet of the well screened and the remainder of the well solid riser.
Four inch ID casing was installed to a depth of 9 feet, and the remainder of
the well was drilled as an open hole.

4.3 Electrical Resistivity Soundings

Electrical resistivity soundings were performed for this study by John F.
Kick, Ph.D. of Dunstable, Massachusetts (Kick). The full text of Kick’s
report is included in Appendix G. Geophysical field work was performed by
KRick from the last week in January to the first week in February 1987. The
soundings were used to determine the depth to ground water, the depth to
bedrock, and the thickness of the aquifer’s confining layer. The soundings
were performed using the Schlumberger electrode configuration. Several of the
soundings were performed very close to the test wells that Guild installed as
part of this study in order to establish geologic control for the geophysical
model calibration. Soundings ER-1 through ER-7 are located as shown in Plate
1. The soundings were performed mainly in the central third of the study area
to refine the estimates of the thickness of the confining layer in the
transition zone between the confined and unconfined aquifers.



5.1 Introduction
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Both the surficial and bedrock geology of the Mount Tom area have been well
studied. In 1898, the geology of the Mount Tom area as mapped and interpreted
by Benjamin Kendall Emerson, was described in both the Holyoke Folio of the
Geologic Atlas of the United States and as Monograph 29 under "The Geology of
0ld Hampshire County" published by the U.S. Geological Survey. A detailed
interpretation of the surficial geology and a comprehensive review of the
bedrock geology of the Mount Tom quadrangle are contained in the "Surficial
Geology of the Mount Tom quadrangle, Massachusetts" (Larsen, F.D., U.S.
Geological Survey, Open File Report No. 72-219, 1972). A study of the history
of deglaciation and glacial readvance in the southern area of the Connecticut
Valley in Massachusetts, including the Easthampton area, is described in an
article entitled, "Deglaciation of the Southern Portion of the Connecticut
Valley of Massachusetts" (Larsen, F.D. and Hartschorn, J.H. from "Late
Wisconsinan Glaciation of New England" by Larson, G.J. and Stone, B.D.).
Several smaller studies performed by students at Smith College and at the
University of Massachusetts have added valuable insight into the geologic
interpretation of the Mount Tom and Easthampton quadrangles. These studies
are referenced in Section 3.0, Data Review and Evaluation.

Geologic logs from previous and on-going engineering and hydrogeologic studies
performed in Easthampton have provided information about the geology of the
study area. Additional subsurface exploration performed for this study has
consisted of boring and monitoring well installation, and geophysical
exploration in areas where geologic and hydrogeologic information was lacking.
All of these data have been integrated in this geologic summary.

Discussion about the geology of the study area in this report will center
around the surficial and bedrock geology of the Mount Tom and Easthampton
quadrangles west of the Holyoke Basalt ridge. Emphasis will be placed on the
surficial deposits which form the aquifer system studied.
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5.2 Surficial Geology

—~ \ VT
Surficial deposits in the study area have/ﬁ;éhyéﬁroégfg influenced by
glaciation. Glacial deposits in the st gy‘are£=§8h it of till, ice-contact
stratified drift, outwash deposits, glacialilaké'éeggments and eolian (wind
deposited) deposits. Comparatively small. atreds of generally thin deposits
have been formed by more recent, post-glacial “processes [consisting of
man-made filling, fluvial deposition- (alluwium),” talus (bedrock wasting from
weathering processes), wetland accuhulagionl stream terrace and wind
deposition (eolian)]. N /
Surficial deposits characteristic of the study area are shown on Plate 2
(after Larsen, F.D., 1972). Deposits are distinguished by depositional
environment and, where possible, are grouped as land forms that constitute
morphologic sequences presumed to have been contemporaneously deposited by
meltvater as the continental ice sheet retreated. A north-south projected
profile of glacial lake features in the Mount Tom quadrangle (after Larsen,
1972) show the relationship between some contemporaneously deposited sediments
seen as landforms (see Figure 2). Also located on Plate 2 are three transects
labeled A-A’, B-B’ and C-C’ along which geologic cross sections have been
constructed to represent a three dimensional interpretation of the geology in
the study area. Geologic cross sections A-A’, B-B’, and C-C’ are shown on
Figures 3, 4, and 5, respectively.

Movement or advance of the last continental ice sheet was to the south in the
study area as indicated by drumlins, striations, and indicator stones (Larsen,
1972). West of the Holyoke Basalt ridge Larsen has observed two tills (Qt on
Plate 2) deposited by that ice sheet; (1) a reddish-brown sandy till and (2) a
grayish-brown till, both of which occur in the Easthampton quadrangle and in
the north-central areas of the Mount Tom quadrangle.

Glacial retreat northward was characterized by an active ice lobe occupying
the Connecticut Valley that readvanced several times. The readvance is
evidenced outside the study area by till overlying deformed stratified drift
or lacustrine deposits.

A series of proglacial lakes formed as the ice retreated. East of the Holyoke
ridge, glacial Lake Hitchcock formed. Vest of the basalt ridge, Lake
Westfield (graded to Harts Pond gap south of the study area) formed and was
rapidly filled with river and meltwater sediments. Continued retreat of the
ice margin to a position in the northern part of the Mt. Tom quadrangle
diverted the lake drainage from Harts Pond gap to the Westfield gap, thus
marking the end of Lake Westfield. At the time of the diversion, glacial Lake
Manhan was formed between the ice front and the Timberswamp spillway located
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in the west-central section of the Mt. Tom quadrangle.‘h ressive northward
retreat of the ice margin from the Holyoke Narrows (northe of the study
area) caused the level of Lake Manhan to drop to thaf;pf Hitchcock.

Identifying stratified drift deposits as parts of morghosequences graded to
this sequence of lake levels has been used by Larsen\t¢ show that the
retreating ice margin was lobate. West of the HoL&E&e ridge there is evidence
of four stillstands or stages which resulted in theé¥deposition of outwash

deltas in proglacial lakes in the study-area. _These outwash deltas and other
associated land forms are distingQished on Plate”2 from oldest to youngest as
Qdw,, Qdw,, and Qdv,. A table associating m3jor landforms consisting of

outwash déltaic deposits with glaciallake stages (morphosequences) follows.
Figure 2 shows a graphic representation of/these morphosequences.

TABLE 2

Deltaic Deposits Associated with Glacial Lake Stages in the Easthampton Area

STAGE LAKE DEPOSIT DRAINAGE GAP
T Manhan I Barnes Delta (dez) Harts Pond
TTL Manhan II Pomeroy Street Delta (de3) Vestfield
IV Manhan III Vhite Brook Delta (deé) Timberswamp/

Westfield

Lake Hitchcock-associated deposits formed after the drainage of Lake Manhan
ITI are observed in the north-central area of the Mount Tom quadrangle, and in
large areas of the Easthampton quadrangle. Drainage of glacial Lake
Hitchcock, which transpired 10,700 years ago (Flint, 1956), caused a sudden
drop in the base level of streams that graded to the lake, thus accelerating
downcutting by streams. Evidence of such downcutting is seen outside the
study area in the form of stream terraces.

All of the glacial sediments observed in the study area were deposited during
and since the last major glaciation in the late Wisconsinan stage (which
started roughly 75,000 years ago) of the Pleistocene epoch. The Pleistocene
is the earlier of two epochs in the Quaternary which started roughly 2 to 3
million years before present. More recent post-glacial deposition occurred
during the Holocene epoch, which started roughly 8,000 years ago, the later of
the two epochs in the Quaternary. Each deposit is described below in order of
deposition from oldest to youngest. Table 3 lists the deposits for ease of
reference.
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Glacial and Post-Glacial Deposits . _ K;S}
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Deposit Geologic Timehkﬂ¥>
Alluvium : “;?
Talus A N

Peat 8 Holocenéfﬁ
Stream-terrace )

Eolian \ /

Lacustrine sediments

Outwash deposits

Ice-contact deposits Late Wisconsin
T2,

5.2.1 Glacial Till (Qt)

Generally, till consists of poorly sorted, unstratified clay through boulder
sized sediment deposited from or beneath glacial ice. Very little till was
actually observed in borings performed for this study. Areas underlain by
till were more frequently identified during the geologic reconnaissance
through topographic interpretation. Thin and discontinuous deposits of till
have been identified by Larsen on the Holyoke Basalt ridge. Thin deposits of
till, punctuated by occasional exposures of the Sugarloaf Formation, cover the
Whiteloaf Mountain high which extends from the north central region of the
Mount Tom quadrangle southward. Other smaller areas underlain by till extend
along Strong Street northward to Rubber Thread Pond, and along and east of
Florence Road, west of Route 10.

Larsen contends that 50 percent of the Mount Tom quadrangle is underlain by
three tills, two of which are represented in the study area (west of the
Holyoke Basalt ridge). All of the tills are thought to be associated with the
last major glaciation, are of equivalent age, and are interpreted as being
deposited contemporaneously with the "upper" till.

The two tills that Larsen identified in the field area are a reddish-brown
till and a grayish-brown till. The reddish-brown till is sand-rich and is
derived mainly from the Sugarloaf Formation. The matrix ranges from 68.5 to
73.5 percent sand, 13.6 to 27.4 percent silt, and 2.6 to 15.2 percent clay by
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weight. He suggests that the best exposure of this tiriﬁ&s on the" ast’side
of Route 10, six tenths of a mile north of Swanson Corners. The gb%}ish—brown
till is loose and sandy, and contains many clasts with silt capségp he matrix
may consist of 57.6 to 70.0 percent sand, 20.5 te 32.6 percent siit, and 2.6
to 21.9 percent clay. This till occurs in thesnorth-central ‘grea of the Mount
Tom quadrangle. 'Vs

s Vg

5.2.2 Ice-Contact Stratified Drift (Qic)” :

7
deposited by meltwater streams in, on, or adjacent/to glacial ice. Features
used to identify ice-contact deposits are the pr&€sence of 1) flowtill
interbedded with stratified drift, 2) collapsed/sedimentary structures
resulting from melting ice below or adjacent to stratified sediments, 3) rapid
changes in grain size, 4) large boulders contained in finer-grained sediments,
and 5) sedimentary layers containing angular clasts. If some of these
features are present, ice-contact deposits can also be recognized by several
landforms: ice-channel fillings, kames, and kame terraces.

Ice-contact stratified drift may consist of silié;prough cobble-sized sediment

Kame terraces and ice channel fillings are the only ice-contact landforms
represented in the study area. Kame terraces are flat-topped landforms
composed of stratified drift that was deposited between the glacial ice and a
wvall of till or bedrock. Terraces are commonly elongate along a valley wall
with a surface which slopes in the direction of meltwater flow at the time of
formation. When the ice melted, the stratified drift, previously supported by
the ice, collapsed forming a characteristic ice-contact slope toward the
center of the valley.

Several examples of kame terraces located in the study area. On the east side
of Broad Brook valley, roughly one (1) mile southwest of Mount Tom, kame
terraces are labeled as part of the Qdw, or the Pomeroy Street delta sequence
associated with Stage IIT of glacial Lake Manhan. Although somewhat
irregular, the top of these terraces ranges between 270 and 285 feet above
mean sea level (AMSL). A second set of kame terraces located between 1.4 and
2 miles southwest of Mount Tom level off at between 290 and just over 305 feet
AMSL. These terraces are labeled Qdw, and are graded to the Barnes delta
sequence associated with Stage II of glacial Lake Manahan. Sediments
characteristic of both of these kame terraces consist of fine to medium sand
of probable glaciolacustrine origin, variable amounts of cobbles, and pebble
gravel with a matrix of medium to coarse sand.

Ice channel fillings are seen as narrow, elongate ridges that are comprised of
melt-vater deposited ice contact stratified drift. Ice channel deposits are
classified as eskers which consist of melt-water sediments deposited in
subglacial and englacial stream tunnels, and as crevasse fillings which



consist of melt-water sediments deposited in open channels whi
blocks of stagnant glacial ice. One example of an ice ¢
observed in the study area. It is located in the Easthdm
feet south of the Northampton town line and 1000 feet we
It is not known whether the ice channel deposit is
Filling.

5.2.3 Outwash (Qdw)

\ 5
Y, oderately well sorted sand and
1%-wvatek stréams in a proglacial

Outwash consists of well washed, moderat
gravel and is deposited by high energy
fluvial environment. Coarser sediments a
progressively finer sediments are deposited“wi

the high energy of the melt-water streams drops_v

Landforms characteristic of outwash deposits evidenced in the study area are:
heads of outwash which represent the terminus of the glacial ice during
temporary stillstands and are formed during glacial retreat, associated
outwash plains, and kettles (depressions) formed by melting stagnant ice
buried by glaciofluvial sediments. Heads of outwash are frequently identified
by an ice-contact slope that drops from the outwash surface towards the
direction of ice movement. If, as is the case in the Easthampton area, a
glacial lake is formed during the glacial retreat, outwash deposits are not
deposited until the deltaic sediments reached the lake level, or new drainage
outlets are uncovered.

In the Mount Tom quadrangle, outvash deposits consist largely of the topset
beds of the deltas built into glacial Lake Manhan I (head of the Barnes
delta). These are represented as Qdw, on Plate 2 along and 3 tenths of a mile
south of Pomeroy Street). The secona stage of Lake Manhan, Manhan II, head of
the Pomeroy Street delta, is represented as Qdw, on Plate 2 parallel to and
just northeast of Phelps Street. The third stage of Lake Manhan, Manhan IIT,
head of the White Brook delta, is represented as Qdw, on Plate 2 just
northeast of Strong street. Examples of kettles are the Hampton Ponds located
at the southern extent of the study area.

5.2.4 Glacial Lake Sediments (Qlc and Qls)

Lacustrine sediments, deposited in the lakes that occupied the Easthampton
area, range in grain size from pebble gravel to clay, and occur in small areas
up to an elevation of 270 feet AMSL and more extensively below an elevation of
200 feet AMSL in stream valleys. Coarser lacustrine deposits consisting of
sand and gravel are associated with shoreline and deltaic deposits. Shoreline
or beach deposits of Lake Hitchcock, shown as Qb on the surficial map, were
deposited in shallow water as a result of wave erosion of ice—contact
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deposits. An example of beach deposits as%ecTated with Lake Hitchcock is seen
below the 250 foot elevation contour éxtendingsgbuthward from the intersection
of Hendrick Street and Route 141. N\ ", o

é,\_\\ N 'NIT“Q/

Delta foreset deposits consistjifg~ef pébblg gravel to coarse sand are
associated with the outwash dglfisﬁéquéla“ed with the glacial lake stages
referenced in Table 2 (unit%fQQVZ,dewglzﬁg Qdw, on Plate 2). No exposures of
foreset beds were observed iﬁ\gﬁe;§tud'~'rea, however Larsen notes the best
exposure is in a gravel pit—i\§5xgil%; southwest of Southampton village.

N
deposited in glacial Lake Hitchcock are
1 of the study area extending northward from
Plain Street towards Northampton ghd the Connecticut River (units Qls and
Qlc). The finer deposits area b aracterized by thin beds of silt or fine sand
alternating with variable thicknesses of clay. A likely explanation for how
these units were formed is that the finer clays and silt were deposited during
the winter when the lake was frozen over, and the coarser fine sand and silt
layers were deposited during the melt season distributed by higher energy
streams feeding the lake. The couplet or rhythmite composed of the two layers
is called a varve. Larsen has distinguished lacustrine clay (Qlc) from
lacustrine sand and silt (Qls) in the following manner: lacustrine clay is
made up of clay-silt varves where clay layers constitute greater than 10
percent of the varve thickness and lacustrine sand and silt vhere are made up
of deposits where the clay composes less than 10 percent of the varve
thickness.

—

Fine-grained lake bottgﬁ«éediﬁéuf’
most prevalent in the ﬁoizgzrn hal
h

Varves dominating the northern part of the study area form the major confining
layer influencing the Nonotuck Park well site. Thicknesses of varved clays
observed in boring logs at the site range between 61 and 100 feet. Varves
deposited in various stages of glacial Lake Manhan are observed along the
western side of Whiteloaf Mountain in the Manhan River valley in the western
edge of the study area.

5.2.5 Eolian Deposits

Eolian Mantle

An eolian mantle, or a blanket of wind blown sand, was deposited during
deglaciation and before the Easthampton area was revegetated following
glaciation. The source of mantle deposits was outwash to the west and
northwvest. Although present over most of the higher, older deposits, the
eolian mantle is missing on the postglacial stream terrace deposits and on
modern flood plains. The mantle is not shown on the Surficial Geology map
(Plate 2) of the study area.
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The eolian mantle is composed of poorly sorted to Very\poorly sb %ﬁé f)’; and
very fine sand with less amounts of medium, coarse andxvery coargh and and
silt. The mantle has no sedimentary structures,/hbwever weagh g zones
which have developed since sediments were deposited, are eyldent. Thicknesses
of up to 5 feet of mantle deposits have been* observed in tgg study area. The
contact between the mantle and underlylng,d39051bs is 31%9 r sharp or

radational.
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Sand dunes which are shown on the Surf1c1a1 mag/és Qds, were also formed by
wind transport and deposition following glaciation. Dune sands area better
sorted than eolian mantle sand, and are comprised largely of medium and fine
sand. Examples of sand dunes in the study area are seen on outwash delta Qdw
between Phelps and Pomeroy Streets, and south of Pomeroy Street between County
Road North and Broad Brook.

5.2.6 Stream Terrace Deposits (Qst)

Stream terrace deposits which were formed during late glacial and post glacial
periods, are observed as nonpaired terraces along parts of all of the major
rivers and tributaries in and proximal to the study area. Within the study
area, terrace deposits associated with post-late Hitchcock are observed along
the Manhan River on either side of the Conrail railroad track and wes: of the
Manhan.

Terrace deposits range in thickness between 2 and 10 feet. Sediments
comprising the terraces are moderately well, to moderately sorted loose,
coarse sand with components of fine sand to pebble gravel.

5.2.7 Swvamp Deposits (Qs)

Swamp deposits are observed throughout the study area occupying depressions

- that were produced by glacial activity. Glacial depressions are characterized
by rock-scoured basins and are observed along the basalt ridge, and kettles
that were formed by melting ice blocks in stratified drift.

The depressions were filled slowly with the accumulation of sediments and by
organic debris generated by vegetation over time. Swamp deposits, estimated
to range between 5 and 15 feet in thickness, are comprised of dark-brown peat,
black organic muck, and dark gray sand, silt and clay.

5.2:8 Taliis

Talus consists of slide blocks of bedrock (Holyoke Basalt), that have
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5.2.9 Alluvium Deposits (Qal)

Alluvium, represented as Qal on t
flood plains of all stream and rj
developed plains of alluvium up 0 feeg ®
along the Connecticut and Westfiel Ri;z;}.
Manhan River does not occur in broa

topography consisting of scarps and fo

Alluvium is composed of moderately to poorly sorted fine sand and silt
containing minor amounts of coarse sand and pebble gravel. In general,
alluvium observed is finer grained than the stream-terrace deposits.

5.3 Bedrock Geology (TRu)

The study area is underlain by sedimentary and igneous rocks of the Newark
Series of upper Triassic age. These deposits are flanked to the wvest, outside
the study area, by crystalline rock of probable Carboniferous age. The
Triassic sedimentary rocks which comprise the Sugarloaf Formation, are
composed of conglomerate through arkosic sandstone, to siltstone and silty
shale, all of which are of continental origin. Triassic igneous rocks in the
study area, the Holyoke Basalt, are composed largely of tholeiitic basalts
with minor amounts of volcanic agglomerate, breccia and tuff. The Holyoke
Basalt is observed in the northeast corner of the Mount Tom quadrangle. The
Triassic bedrock described is located in the northwest section of a large
graben, the Hartford Basin, which is tilted between 20 and 25 degrees to the
east-southeast.

The Carboniferous crystalline bedrock west of the study area consists of the
Williamsburg Granodiorite which is characterized by a gray, fine to medium
grained biotite granite with some muscovite. Exposures of the Williamsburg
Granodiorite are seen in the northwest corner of the Mt. Tom quadrangle on the
southeast slope of Pomeroy Mountain, an area which comprises part of the New
England Upland section of the New England physiographic province. Outcrops
observed west of the study are are well jointed.

The contact between the crystalline Carboniferous bedrock (Williamsburg
Granodiorite) to the west and the Triassic rocks (Sugarloaf Arkose) to the
east is a fault contact (perhaps the western border fault of the Hartford
Basin described above) which extends along the foot of Pomeroy Mountain



rd -‘\

parallel to Red Brook. Triassic rocks dip gently_ westwardulnto the eﬁ/}ward
dipping fault. \ Y %% \ \,

Although not well exposed due to low re51stance\to eathegggg “nd to a thick
cover of glacial drift west of the Holyoké Basalm riggg, Sugarleaf

yiy area. Some exposures
he Manhan River just

Formation is the dominant formation unde lggng the, s
are observed along Whiteloaf Mountgln ﬁﬁed Brook
west of the Holyoke Basalt. & (r"\\

Lithologies characteristic of th;\Sugarloaf Fég%atlon include a light to dark
reddish-brown arkosic conglomerate, ‘arkosey arkosic siltstone, and arkosic
Shale. It is most commonly observed ‘in e field as a reddish-brown, medium
to coarse grained arkose with or withoUt pebbles. Bedding plans, joints, and
faults through which ground water has infiltrated, are observed to varying
degrees in the lithologies exposed. Where ground-water infiltration has
occurred, particularly along the Carboniferous/Triassic contact west of the
study area, color changes in the lithologies from red-brown to greenish gray
are evident.

The Triassic igneous unit, the Holyoke Basalt, is observed in continuous
outcrop trending north 18~ east from the center of the southeastern extreme of
the Mount Tom quadrangle. The ridge of comparatively resistant basalt forms
the vest-facing cliffs on Mount Tom which border the eastern edge of the study
area. The dip slope of the Holyoke Basalt forms the eastern slope of the
Mount Tom Range.

The primary lithology characteristic of the Holyoke Basalt is a medium to
dark-gray, very fine to fine-grained basalt which is dense and homogeneous in
texture. Occasional textural variation is seen in coarse basalt pegmatite
lenses (as seen on the crest of the Mount Tom Range).

Two structural features are observed frequently in the Holyoke Basalt.
Sub-vertical to vertical columnar jointing which produces polygonal and
triangular blocks of basalt is seen along the west-facing cliff of the Mount
Tom Range. Sub-horizontal jointing (similar to sheeting) which generally dips
in the direction of the basalt contact with the Sugarloaf Formation, is
observed in most outcrops of basalt. A third, less obvious structural feature
observed in the basalt is a series of tensional faults which have offset the
Holyoke Basalt to varying degrees, as is evidenced by the irregular outcrop
pattern of the basalt.
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6.1 Drainage Basin Overview NN\ AN
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The chief surface vater bodies draining tHe ‘Study area\are Broad Brook, White
Brook, and the Manhan River. Broad Brock 4s thé;ﬁajﬁifsurface wvater feature
draining the southern portion of the study area. “Thé headwaters of Broad
Brook are in the wetland on the soutifern~slope“of Mt. Tom (elevation 540 feet
AMSL). Broad Brook drains the entdre”southermsportion of the study area until
it discharges to Nashawannuck Poh&mfuyost of ythe runoff from the western slope
of the Mt. Tom Range and the westerm.slope of Whiteloaf Mountain flows to

Broad Brook.

White Brook is a smaller stream whose confluence with Broad Brook is at
Nashawannuck Pond (elevation 150 feet AMSL), a surface-water impoundment west
of downtown Easthampton. White Brook drains a portion of the runoff that
falls on the southern slope of Whiteloaf Mountain.

Wilton Brook is an intermittent stream that discharges to Rubber Thread Pond
(elevation 150 feet AMSL). Nashawannuck Pond and Rubber Thread Pond drain to
Lower Millpond (elevation 129 feet AMSL) at Holyoke Road. Lower Millpond
discharges to the Manhan River (elevation 105 feet AMSL) at Lovefield Street.

White Brook, Wilton Brook, and Broad Brook are all grouped into the Broad
Brook sub-watershed for this study, because Wilton and White Brooks flow
predominantly on the confining layer of the Easthampton aquifer system. Flow
divides among the sub-sub-watersheds are not expected to affect the flow of
ground water, and consequently this simplification does not decrease the
accuracy of this study.

The Manhan River flows into the study area at Main Street in Easthampton is
the major surface water feature in the northern portion of the study area.
The Manhan River drains to the Oxbow. The Oxbow (elevation greater than 100
feet) is the local base level for the study area. The Oxbow is a meander
cutoff that is hydraulically connected to the Connecticut River.

6.2 Surface Watershed Boundaries

The boundaries of the study area are coincident with the surface water divides
for the Broad Brook drainage basin. The local topographic high between Pequot
Pond and Broad Brook in Southampton is a surface water divide that was used as
the southern watershed boundary for the study area. The Mt. Tom Range forms
the eastern boundary of the study area. The southwestern boundary of the
study area is defined by Whiteloaf Mountain. The rest of the western boundary
consists of the topographic high that extends north-northeast from the base of
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7.0 GROUND-WATER HYDRO%?‘@%\

7.1 Ground-Water Basin QOverview /’fk \x; xa¢; ]
The boundaries of the study area are deflned by the surface watershed
boundaries as described in Section 6.2, Suerce Watershed Boundaries. The
ground-vater flov divides are assumed Bqnc1dent with the surface water
divides. The ground-water flow dikectious}are approximately coincident with

the surface water flow directions H\the 'S udy area.

The major aquifer in the study area cenfists of the glaciodeltaic deposits
which are thought to be contiguous across the length of the ground-water
basin, based on field work and data review performed for the study. A wedge
of fine-grained glaciolacustrine deposits overlies the aquifer in the central
and northern portions of the study area. The unconsolidated deposits are
fully described in Section 5.2, Surficial Geology.

7.2 Ground-Water Flow Directions and Hydraulic Gradient

Ground-water flow in the study area is predominantly from south-southwest to
north-northeast. Ground-water flow near the eastern and western boundaries of
the study area is at an oblique angle to the regional flow direction before
entering the central portion of the ground-water basin and veering to the
north. Ground-water flow in the unconfined, southern portion of the aquifer
is predominantly horizontal. Plate 3, the Vater Table Topography Map, shows
the simulated vater table for the unconfined aquifer in the study area. As
the aquifer becomes confined near the central portion of the study area, the
vertical component of ground-water flow increases. The potentiometric Surface
Map (Plate 4), generated during the modeling portion of this study,
illustrates the head elevations for the confined aquifer. Artesian head at
the pumping stations at Nonotuck Park, Hendrick Street, and Lovefield Street
is between 5 and 10 feet above ground surface. The unconfined, southern
portion of the study area is the major recharge zone for the confined aquifer
in the central and northern portions of the study area.

The hydraulic gradient across the study area is 0.0042, from the 240 foot
contour on Broad Brook to the 110 foot piezometric contour near the Manhan
River. The surface water gradient across the same transect is 0.0043.

7.3 Ground-Water Supply

The study area uses ground water for essentially all of its water supply.
Three pumping stations supply Easthampton with water: the Hendrick Street
Well field; the Nonotuck Park Well; and the Lovefield Street Well field.

Information in this portion of the report is derived from the Easthampton



Water Department data for 1985. All of the wells in the confined
portion of the aquifer, and all vere developed by p e Lovefield
Street and Hendrick Street wells were cleane i rebruary 1986 by R. E.
Chapman Co. The total estimated safe yield Ne existing pumping stations

is 6.1 MGD. \?
The Hendrick Street pumping station is upp=ied\p a tubular well field

amé gf4gf§$31—packed vells screened in
two eigh't-inch diameter gravel-packed
wells (in reserve), and a ten-inch dia ?e{\gra el-packed well (safe yield -

0.9 MGD). The estimated safe yield from lsvsgurce is 3.8 MGD.

The Nonotuck Park well is an eighteen-inch diameter gravel-packed well. The
safe yield from this well is estimated at 1.0 MGD. The well has very low
efficiency because the screen is reported to be plugged with sand.

The Lovefield Street pumping station has one eighteen-inch diameter
gravel-packed well. The safe yield from this well is estimated to be 1.5 MGD.

Water from the well fields is stored in a 1.7 million gallon reservoir on the
vestern slopes of the Mt. Tom Range. The elevation of the surface of the full
reservoir is 390 feet AMSL.

7.4 Aquifer Characteristics

In general, primary and secondary porosity characteristic of the geologic

unit (s) will provide a major control over how ground wvater will behave in the
environment. Geologic factors that define the porosity and permeability of
geologic units are: grain size distribution, grain shape, how the grains are
packed together, and the existence and characteristics of secondary features
such as joints, fractures and faults. Porosity, expressed as a percentage, is
a measure of the volume of pore space in a unit of geologic material compared
to the total volume of that unit. Porosity thus represents potential
ground-vater storage space. Permeability, expressed in gallon per day per
foot squared, is a term vhich describes the ease with which ground water will
move through interconnected pore space is a geologic unit.

For example, sand and sand and gravel have moderate porosities and moderate to
high permeabilities. Thus, moderate volumes of ground vater can be stored in
such deposits, and those volumes of water can move through the deposits with
moderate to high ease. 1In contrast, although clay and clay and silt have
relatively high porosities, permeability values, characteristics of both are
extremely low. As a consequence, such deposits act as barriers or retardants
through which ground vater moves very slowly.
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As a rule, undisturbed bedrock is characterized’ by varlable but very low
porosities and permeabilities. However, secondary structural features such as
joints, fractures, and faults may create higher “secondary,porosity and
permeability into which or through which. ground ‘water may flow. The jointing
and faulting observed in both the Tr1a531c’sed1mentaxy and igneous bedrock
exemplifies secondary porosity and pePQ§ab1l1ty N

The geomorphology of the geologic units, cq\aneé w1th the type and density of
vegetation growing on the units will 1nf1uenqe,the1r recharge characteristics.
In general, gentle slopes and more permeable, moderately vegetated geologic
units will maximize the amount of recharge to the ground water.

As previously noted, three geologic cross sections (Figures 3, 4, and 5) have
been constructed along transects A-A’, B-B’, and C-C’ in the study area.

Cross section A-A’ (Figure 3) which is oriented roughly north-south through
the Nonotuck Park vell site bisecting most of the study area, shows a geologic
interpretation of the relationship between the geologic units supplying ground
wvater to the well. Clearly depicted in the cross section is the massive clay
unit which is responsible for the artesian characteristies aquifer supplying
the Nonotuck well and the bedrock horizon which represents the lower confining
layer of that aquifer. Also clearly shown is the absence of the clay unit in
the southern end of the study area, however the unit does extend continuously
northvard across the remainder of the study area.

Cross sections B-B’ and C-C’ were constructed across the length of the study
area in order to further describe the dimension of the aquifer system in the
study area, and to establish the eastern and western boundaries of the aquifer
utilized in the computer model. Cross section B-B’ represents the aquifer
configuration in the vicinity of the Hendrick Street well site (as seen near
the bend in section at 1-57).

Data from pump tests conducted at the Nonotuck Park and Hendrick Street

Well fields by R.E. Chapman Co. of Oakdale, Massachusetts were analyzed to
determine the characteristics of the Easthampton aquifer. The 12-day pump
test at the eighteen-inch diameter Nonotuck Park well was performed in July
1962; the 24-hour pump test in the eight-inch diameter well at Hendrick
Street was performed in May 1957; the 24-hour pump test for the ten-inch
diameter well at Hendrick Street was performed on December 1953. No analysis
vas performed on pumping test data from the Lovefield Street well.

All available aquifer test data were analyzed using straight-line techniques
(for example, Cooper and Jacob, 1946) including time-drawdown,
distance-drawdown, and time-recovery. Curve matching techniques were also
used to calculate the transmissivity and storativity values in the vicinity of
each pumping well.



The aquifer test information was input into a Pump Test Analysis‘Prggram
written by Hall Ground-Water Consultants, Inc., located 'in St. Albert,
Alberta, Canada. This program outputs the semi<log plots for all the straight
line analytical methods as well as the log-log plots for use with curve
matching techniques. The calculation of transmissivity and/storativity using
the straight line methods was also performed with the Pump Test Analysis
Program. Curve matching and calculation of transmissivity and storativity
using the log-log plots were performed-manually. Transmissivity and
storativity data are summarized in Table 4.



TABLE 4. RESULTS OF ANALYSIS OF PUMP TESTS PERFORMED
PARK AND HENDRICKS STREET WELLS

oV # T (ft%/d x 103) s Q (gpm)

Hendricks Street 8-Inch Well

W2-A 15 0.00068 800

running at 0.9 MGD
during test

102 0.0076 il Early time
156 0.0023 i Late time
142 0.0041 I All times
w2 1.6 0.04 ul Theis
119 0.0037 n CJ SLA Late time
68 0.039 n CJ SLA Early time
86 NP 1 CJ SLA RA
Va4 87 NP i CJ SLA RA
53 0.0053 u CJ SLA
137 NP i €J SLA
NA 57 0.00005 i CJ SLaA Distance-drawdown
16 0..17 " CJ SLA Distance-drawdown
Hendricks Street 10-Inch Well
0B4 Tl 0.114 725 Theis
35 0.0026 0 CJ SLA
38 NP I CJ SLA RaA
0B5 1.3 0.022 " Theis
57 NP " CJ SLA
52 NP i CJ SLA RA
23 NP & CJ SLA RA
Nonotuck Park 18-Inch Well
7B 41 0.00028 681 Theis
25 0.00035 i CJ SLA
22 NP t CJ SLA RA
8B 39 0.0017 i Theis
34 0.70 n CJ SLA
21 NP " CJ SLA RA

Abbreviations: NA-Not Applicable; cJ SLA-Cooper-Jacob Straight-Line
Approximation; RA-Recovery Analysis; OW-Observation Vell; T-Transmissivity;
S—Storativity; Q-Discharge; NP-Not Performed
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TABLE 2. RESULTS OF ANALYSIS FROM PUMP TESTS PERFORHEPg@T'NONOTﬁE;;?
PARK AND HENDRICKS STREET WELLS (Cont.) e

O # T (ft2/d x 10®) S Q (gpm) 'Méthod- Comments
= N7
™ N A by
Nonotuck Park 18-Inch Well : "4
9B 25 0.0024 681 el
31 0.0015 7 N1\ < ®51A
22 NP ¢ & "™\ N\ CJ SLA RA
A"\\' b \ v}
10B 14 NP ‘*\ . " / Theis
17 0.52 NG "//' CJ SLA
52 NP N CJ SLA RA; Late time
20 NP i CJ SLA RA; Early time
NA 4l 0.000001 1 CJ SLA Distance-drawdown
9B 19 0.0061 1080 Theis
24 0.0059 " CJ SLA
27 NP " CJ SLA RA
10B 22 057 1L Theis
17 0452 il CJ SLA
52 NP " CJ SLA RA; Late time
20 NP " CJ SLA RA; Early time
11B 1.7 0.0064 " Theis
21 0.0043 I CJ SLA
27 NP ! CJ SLA RA
13B 20 0:15 " Theis

Abbreviations: NA-Not Applicable; CJ SLA-Cooper-Jacob Straight-Line
Approximation; RA-Recovery Analysis; OW-Observation Well; T-Transmissivity;

S-Storativity; Q-Discharge; NP-Not Performed
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8.0 GROUND-WATER FLOW MODELING ‘?f»

8.1 Purpose

The purpose of the modeling portion of the studfis. to’ 1 he primary and

secondary recharge areas for the Nonotuck Par _ UHéﬂdéic treet Well fields
according to the criteria outlined in MGL c/ 2 I\\:-' ubsection follows the
quality control/quality assurance procedu outIine an der Heijde (1986).

8.2 Conceptual Model \\\\\/)

Easthampton’s aquifer is a Pleistocene glaciodelt®ic complex that consists of
medium to coarse-grained sands and gravels. The aquifer is bounded to the
east and vest by the walls of a bedrock valley. The eastern boundary of the
valley is the Mount Tom Range. The western boundary is Whiteloaf Mountain and
the ridge that extends from the northern edge of the mountain to the Manhan
River. The northern boundary of the aquifer consists of the Oxbow and
associated Connecticut River floodplain deposits. The southern boundary of
the model area is defined by a surface water (ground-water) divide between
Broad Brook and Pequot Lake.

The northern portion of the aquifer is confined beneath a wedge of
glaciolacustrine deposits consisting of sands, silts, and clays (Larsen, 1972;
Langer, 1979). The southern edge of these fine-grained deposits roughly
parallels Plain Street in Easthampton. The deposits thicken to the north
until they are truncated by Connecticut River fluvial deposits near the
northern boundary of the study area. The glaciolacustrine deposits thicken to
a maximum depth of approximately 100 feet near the northern boundary. The
southern, unconfined portion of the aquifer consists of coarse-grained deltaic
deposits. The maximum thickness of the deltaic deposits is approximately 140
feet along the axis of the bedrock valley (Londquist, 1973; Londquist and
Larsen, 1976).

The glaciolacustrine deposits are underlain by a layer of glacial till of
variable thickness. The till is underlain by the Triassic Sugarloaf
Formation, which is predominantly arkosic sandstone to conglomerate, with some
siltstone and silty shale. A detailed discussion of the surficial deposits is
included in Section 5.2, Surficial Geology.

The axis of the bedrock valley approximately reflects the topographic
expression of the existing surface valley. The unconsolidated deposits pinch
out as they approach the walls of the bedrock valley to the east and west.

Ground-water flow in the valley is from south to north, as evidenced by
potentiometric head levels in the lower aquifer and the elevation of surface
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vater features from topographic maps of the area. Artesij condi ions exfét
at the the Nonotuck Park, Hendrick Street, and the Lovef L§\§T ee
Well fields. Artesian conditions at the Hendrick Street lellssha isted

for 100 years without substantial head losses, des on tindous mping of
more than 0.9 MGD. : f/”\§, A

ins ;£e>model area. Broad
shconfluence with the
ﬁ;:$>ea. The Manhan River

flows from west to east across the northe f the model area and

drains to the Oxbow. The Oxbow is a lake t

t\\i\f/»h ught to be hydraulically Q
connected to the Connecticut River. ] bL>LM¢cQF?
Recharge is supplied to the model area through infiltration of precipitation [
falling on the valley. Additional water is supplied to the study area from iﬁnﬁﬁba%%m§£7
ground-water flow through the till layer and fractured bedrock. iﬁgﬁy (/
s ;iﬁﬁaue)

Pk,
Subsurface data (including depth to bedrock, clay thickness (Plate 5, Clay ?ELE;
Isopach Map) and lithology) were gathered from well logs, electrical g
resistivity surveys, and seismic surveys. Stratigraphic logs were collected
from borings installed for this study, from logs for the various well fields,
and the USGS in Boston, as well as several engineering studies performed for
the Town. The stratigraphic and hydrologic control for the northern portion
of the aquifer is more complete than that for the southern portion. Data
sources in this study are detailed in Section 3.0, Data Review and Evaluation.
Table 1 and Table 4 summarize the lithology and aquifer parameters used in
modeling the study area.

AN

Broad Brook is a major surface water feature
Brook flows from the southern edge of the
Manhan River in the north-central portio

8.3 Data Collection

Surficial geology was determined through field mapping and correlated with
well log data, as well as previous investigations of the study area (Larsen,
1972; Larsen and Hartschorn, 1982; Motts, 1985). The areal distribution of
surficial deposits is well-defined, but the three-dimensional interpretation
is limited by the small number of subsurface data points, especially near the
model boundaries and in the southern half of the model area.

Potentiometric head was measured in borings that extend into the confined
layer in the northern portion of the aquifer. Water table data was used for
the unconfined portion of the Easthampton aquifer. Water table elevations in
the upper layer were determined from the elevations of surface water bodies
shown on the USGS topographic maps and the depth to water in shallow borings
installed for this study.

Horizontal hydraulic conductivity (Kh) values for the lake deposits and



\ N ~
deltaic deposits were estimated from analysis of .-Ea@raﬁsﬁissiﬁi4y data.
Vertical hydraulic conductivity (Kv) could not bé calculated'from the pump
test data, because none of the pump tests were/0f sufficient duration to allow
the aquifer to begin to behave as an unconfinea\s}stém or, for Broad Brook to
begin to behave as a recharge boundary. The-k of the glaCiodeltaic deposits
was well-established from analysis of the/ﬁgmpw;ésy“data. The contrast
betveen K, and K of the lake deposits wfs<{less well-defined because of the
lack of useful field data. The K_ of the“lake deposits was estimated from
studies performed on surface water/ground—watgrni§}eraction by Winter (1976)
and McBride and Pfannkuch (1974). 42

All aquifer analysis plots are located in Appendices A, B, and C. A
discussion of the transmissivity and storativity values calculated using these
methods is located in Section 8.5, Initial Conditions and Boundary Conditions.

The hydraulic properties of the till and fractured bedrock were assumed to be
similar to the hydraulic properties of the fine-grained glaciolacustrine
deposits. No data were available on the properties of these two units, but
they are suspected to have lov transmissivities. Even though these units have
lov transmissivities, it is likely that both of these units contribute a
significant volume of water to the Easthampton ground-water flow system
because of their large areal extent. The exact value of hydraulic properties
of these units is not felt to be critical in the model, because the hydraulic
conductivity of the glaciodeltaic unit dominates the simulations. Inflow from
the till and bedrock was represented by increased recharge along the
till/stratified drift and till/glaciolacustrine deposits boundary.

The value for recharge was determined from meteorological data gathered from
1951 to 1980 by NOAA (National Climatic Center, 1982). The quantity of
recharge entering particular portions of the model was estimated based on the
horizontal hydraulic conductivities of the material on which the recharge
fell.

8.4 Model Description

The USGS modular three-dimensional finite-difference ground-vater flow model,
MODFLOW, (McDonald & Harbaugh, 1983) was used to simulate the Easthampton
aquifer. The differential equation describing three-dimensional ground-water
flow is



9/ 9x (KXx oh/9x) + a/9y (K oh/3y) + 3/3z (K ahlaz)— S sh/3t (1)

b G \
where X, ¥, and z = Dlstances along the main axes. of hydraullc conductivity,
, and K__; \ VS
b= Potent¥gmetr1c ﬁead N X«
S_ = Specific capacity <fﬁe1aquifé§?
T Time; and NS NS
W = Volumetric flux 'q}t time=ﬁ

The values for hydraulic conducti
space; head and volumetric storage
Therefore, Equation 1 can be used to
heterogeneous, anisotropic conditions

func‘l‘ns of space and time.
2§Q§ ground-water flow under
onald & Harbaugh, 1983).

MODFLOW was chosen to simulate the Easthampton aquifer because it was designed
to model three-dimensional flow and is used extensively by the USGS and
throughout the hydrogeologic consulting industry. The chief simplifying
assumption made about the model in applying the model to the Easthampton
aquifer study-was that two 1a e to descri vior of the

T system. This assumptiﬁﬁ—has made because there-are essentially two major

o

unconsolidated units in the bedrock valley, th custrine deposits and the
deltaic deposits. =ess oo
< —————

MODFLOW modules used in the simulation of the Easthampton aquifer included:
MODRIV1, MODWEL1l, MODRCH1, MODBAS1, MODMAIN, MODSIP1, and MODUTL1. The
Strongly Implicit Procedure was used for the solution algorithm in the
simulations (Weinstein and others, 1968). The closure criterion used in the
simulations was 0.01 feet, and the acceleration parameter was 1.00.

8.5 Initial Conditions and Boundary Conditions

The block-centered, finite-difference grid used in this simulation had
variable spacing, with 39 rovs, 23 columns and 2 layers. The minimum node
spacing was 260 feet, and the maximum spacing was 2080 feet. The eastern and
western boundaries of the grid correspond to the contact between the till unit
and other unconsolidated deposits in the valley.

Ten time steps were used during the transient simulations. Only one stress
period was applied for all the simulations in this study.

The aquifer vas simulated as a two-layer system, with the upper layer
consisting of the glaciolacustrine deposits (see Plate 5, Clay Isopach Map) in
the northern portion of the aquifer and the upper portion of the till,
bedrock, and glaciodeltaic deposits in the southern portion of the model area.
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The lower layer consisted of the coarse- gralned sand and’ gravel deposits,
till, and bedrock present at depth in the northern and southern portions of
the aquifer. The top of the upper layer vas Set. gqﬁhl to the elevation of the
water table. The bottom of the upper. layer and“{géxto of the lover layer wer
set at a uniform elevation o roughout the model area. This
elevation corresponds to the knownfeIEvatlo f the deepest portion of the
confining layer. The bottom of. the lower\l r was set unlformly equal to -60
feet AMSL. The deepest portion Gf the sand and gravel layer is at -60 feet
AMSL,. \ N\ /

\N\/
In the early phases of this investigation, the base of the clay layer was set
as the bottom of Layer 1 and the top of Layer 2, and the elevation of the
bedrock surface was used as the bottom of Layer 2. However, the wide
variation in bottom elevations throughout the model area resulted in
substantial numbers of nodes going dry during the steady-state runs. An
attempt was made to smooth the bottom of the aquifer by making the largest
elevation change between adjacent nodes less than 15 ft. This still resulted
in approximately 15 percent of the nodes in Layer 1 going dry. Consequently,
the bottoms of the layers were rediscretized as discussed in the above
paragraph. Flattening the bottoms of the layers alleviated the problem.

The southern boundary of the aquifer model is composed of no-flow nodes. This
corresponds to the surface water divide between Pequot  Pond and Broad Brook.
The boundary nodes along the northern edge of the model in Layer 1 are
constant head nodes. These nodes correspond to the wetland area associated
with the Oxbow. This boundary represents the outflow portion of the model
system.

The eastern and western edges of the aquifer system were set at the
till/stratified drift or till/lacustrine deposits contacts. The water-table
gradient becomes very steep outside of the till contacts. An attempt was made
to simulate the aquifer in the till areas, but was aborted because of the
difficulty in simulating the steep hydraulic gradient.

There is no record of the distribution of head levels in the Easthampton
aquifer prior to installation of the Hendrick Street Well field in the early
1900’s. At that time the head in the deep aquifer was approximately 10 to 15
feet above the ground surface. The head in the same well after roughly 100
years of continuous pumping of 1 MGD is approximately 5 feet above the ground
surface. Because of the lack of decline in head with such a large period of
continuous water withdrawal, it is assumed that the existing head distribution
in the upper and lower portions of the aquifer can be used as the initial or
static head conditions in the steady-state aquifer simulation.



Values for vertical and horizontal hydraulic c
assigned to the model on the basis of pump test
Nonotuck Park and Hendrick Street Well fi

Eﬁﬁtt;v1ty (K and K ) were
Al tefts at the
*ange in K, for the sand

in the distal deltaic
chéage ifm is probably due to a
deéi:%és compared to the proximal
tras CC) between K and K, was
, v

cogrse- grained sand and gravel
ition in HCC corresponded to
-rials. The HCC for the
glaciolacustrine deposits was estimated'h be from 0.005 to 0.001. The strong
anisotropy was suspected to be due to the presence of sand stringers and
rhythmites in the silty sand matrix of the glaciolacustrine deposits. The
complex glacial depositional environment resulted in a high degree of vertical
and horizontal heterogeneity of aquifer properties in the Easthampton aquifer.

deposits in the northern portion. The
decrease in sorting of the distal dedtad
deposits. The hydraulic conductivyt
expressed as a ratio, Kv/Kh. HCG/fg

The specific storage of the upper layer was set at 0.010 to 0.0010, and the
storativity of the lower layer varied from 0.00010 near Nonotuck Park to
0.0010 near Hendrick Street. These values are lower than the average values
calculated from the pump tests, but both are within the range of calculated
values. The low storativity values were caused by compaction of the
unconsolidated deposits during a late-Wisconsinan glacial readvance (Larsen
and Hartschorn, 1980).

Initial head values for Layer 1 and Layer 2 were taken from the USGS
topographic maps for the Mount Tom and Easthampton quadrangles and field
measurements. The 10-year steady-state solution was compared to the 50-year
steady-state solution to assess the stability of the simulation. The two
models showed no difference; therefore, the simulation is stable.

The head values for Layer 1 and Layer 2 from the 10-year steady-state solution
(10YRSS.DAT) were used as input heads for the various transient simulations.

Layer 1 of the simulation was simulated as an unconfined layer (MODFLOV type
LAYCON = 1) because a portion of Layer 1 was unconfined (the sand and gravel
deposits in the southern end of the model area) and a portion of the Layer 1
vas semi-confined (the lacustrine deposits in the northern half of the model
area). Layer 2 of the simulation was modeled as a confined layer (MODFLOW
type LAYCON=0).

Nodes along the Manhan River and Broad Brook were set as constant-head nodes
in the northern and southern thirds of the model during the steady-state model
simulations. The constant head nodes stabilized the model solution at either
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end of the model. River nodes within ZOQO feet 6f~the, pumping wells were
simulated with the Rivers package. This was“done to_,allow calibration of the
model to the river elevations close to the, pumping vells.

The courses of the Manhan River ard Broad Brook within the model area were
simulated with the Rivers package during the transient simulations. This was
done so that the constant head nodes would'net distort the simulations under
pumping conditions. The K, of the riverbed was assigned the same value as the
Kv of the formation over which the river was flowing.

Vater enters the aquifer system from the sides of the valley. The eastern and
western boundaries of the model correspond to the contact between till or
bedrock and glaciodeltaic or glaciolacustrine deposits. Early attempts at
simulation of the water table along the sides of the mountains were
unsuccessful because the large head changes between adjacent nodes caused
large round-off errors. The errors resulted in large numbers of nodes along
the boundary going dry immediately. Consequently, water entering the aquifer
from the sides of the valley was represented in this simulation by increased
recharge in the boundary nodes.

Additional recharge into the lower portion of the aquifer from infiltration
through the fractured bedrock was simulated through recharge nodes in layer 2.
Approximately 0.00001 ft/yr of recharge was added to the modeled system along
the eastern boundary of the model area.

Recharge also enters the top layer of the aquifer system through infiltration
of precipitation. The average precipitation falling on the valley was
approximately 37 inches per year (National Climatic Center, 1981).
Approximately 30 percent of the total precipitation, or 1.0 ft/yr, was
estimated to infiltrate into the ground-water flow system in the sand and
gravel portions of the aquifer. The amount of recharge entering the various
sectors of the modeled area was adjusted depending on the lithology of the
sectors. In areas of low KV, the recharge value was set as low as 0.001
Et/yr

8.6 Model Calibration

The steady-state simulation was calibrated to the observed head distributions
in the confined and unconfined aquifers derived from the observation wells,
boring logs, and topographic map. The first concern in simulating the aquifer
was the replication of the observed water table and stream elevations. The
configuration of the simulated stream and water table was a close
approximation of the observed stream and water table.

The model was also calibrated to the observed head distribution in the lower
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aquifer. The calibration goal was to simulate the a;%esian conditions
observed in the northern part of the-aguifer as cldé@ly as possible. The
observed artesian head at Nonotuc&/%;rk was approximately 10 feet and the
simulated artesian head was 1.0 foot. The calibration goal at Hendrick Street
was approximately 5 feet of artesian head and the simulated artesian head was
-2.6 feet. The head in the ldWer-layer ranged from approximately 250 feet in
the southern portion of thg/ig;ifer to approximately 130 feet in the northern
portion.

K:i:fﬁé conceptual model) of the Easthampton aquifer assumes recharge enters the

soUthernm portion of the system through infiltration of precipitation and flows
n05EE:?gggEInjzhézﬁbnilning_laxgg_until the water outflows to the Oxbow at the
northern boundary of thg’gggiiggﬁgzﬁigm. In the simulated ground-water flow
model, Techarge enters the southern portion of Layer 1 and the vertical
component of flow directs the recharge down into the Layer 2. The central and
northern portions of the simulated system show Layer 2 as a confined aquifer,
with vertical head gradients between Layer 1 and Layer 2 of up to 10 feet near

the center of the aquifer. The simulated steady-state ground-water flow
system replicates the conceptual model.

Transient simulations were conducted to simulate the results of pump tests
that were conducted at the Hendrick Street and Nonotuck Park Well fields.
The Nonotuck Park pump test was conducted during June 1962, and the Hendrick
Street pump test was conducted during May 1957.

The calibration goal for the twelve-day pump test at Nonotuck Park was 4.5
feet of drawdown in the confined aquifer 250 feet from the pumping well and
0.5 feet of drawdown 500 feet from the pumping well. No drawdown was observed
in the simulated upper layer. No observation wells were installed in the
confining layer for the pump test. The simulated drawdown in the lower layer
vas 4.1 feet at 260 feet from the pumping well and the drawdown at 520 feet
was 4.0 feet. Part of the reason for the discrepancy between the observed and
simulated drawdowns was that the head value in the simulation was averaged
over the entire area of the 260 feet by 260 feet cell, while the field
measurements vere taken at a single point. The large drawdown during the pump
test was due to the low storativity and high transmissivity of Layer 2.

The calibration goal for the Hendrick Street 25.5-hour pump test in the
ten-inch diameter well was 1.5 feet of drawdown 260 feet from the pumping
well. The simulated drawdown for the pump test was 1.4 feet 260 feet from the
pumping well. No observation wells were located in the confining layer at
Hendrick Street, and no dravdown was observed in the upper layer during the
simulations.



The mass balance errors for the steady-sta ;1h i was 0.00 percent of
total water volume and flow rate. The m ' rs for all the
simulated pump tests were less than 3 pe e and rate. The mass
balance errors were probably due to during the iterative
computation of the solution and are ugh to be considered
significant in this study.

8.7 Sensitivity Analysis

The effects of varying the grid discretizafion were not evaluated due to
budgetary constraints. Also, no additional columns, rows, or layers could be
added to this simulation because the dimension of the X-array was at the
maximum value.

The time domain discretization for the transient runs was not evaluated
quantitatively. Halving the length of the time steps in the transient
simulations did not result in any predictable increase or decrease in the mass
balance error.

A qualitative sensitivity analysis was performed during the calibration of the
Easthampton ground-water flow model. The model was sensitive to essentially
the same parameters during the transient and steady-state simulations.

The model was quite sensitive to storativity during the transient simulations,
especially in the confined portion of the aquifer. When storativity values of
greater than 0.0010 were used, little drawdown was observed 260 feet from the
pumping well; when the storativity was set to 0.00010, 1.4 feet of drawdown
was observed.

The simulations were relatively insensitive to changes in K,. Varying the
value of K, by a factor of 2 resulted in only a 20 percent decrease in
observed drawdown around the Hendrick Street and Nonotuck Park Well fields.

The model was sensitive to changes in Kv, especially near Nonotuck Park. A
minimum K_ of 0.00005 ft/day was used in Layer 1 north of Plain Street. Using
K values of less than 0.00005 ft/day did not increase the artesian head or
tHe drawdown around the pumping wells during the simulated pump test, but
using K of greater than 0.00005 ft/day resulted in the lower layer becoming

unconfined in the northern portion of the simulation.
o ———

he presence or absence of the river durlng the transient simulations did not
appreciably affect the head distributions in Layer 1 or 2. This is probably

due to the confined nature of the aquifer in the vicinity of the pumping f
ells. e

”
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The steady-state simulation was quite insensitive. to lﬁe inTii%l head values.
The only difficulties arose when the initiql’heads;werghlbwer than or equal to
the elevation of the aquifer bottom, in which case’the Qﬁes immediately went
dry. These problems arose due to initial head inputks?gérs.
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The steady-state simulation was quitré .sensitive tﬁ)@he presence of recharge in

‘ Y

Layer 2. The head values in Layer Z\were approximately the same regardless of
vhether the recharge rate in Layer 2 Gas'0.00QQI Etviyr iow .01 ft/yr.

The simulated pumping tests were quite inSEnéEtive to recharge, the presence
or absence of constant-head nodes 1000 feet from the pumping wells, and the
presence or absence of River nodes adjacent to the pumping wells in the
central portion of the model. A 20 percent increase in recharge over the
entire aquifer area resulted in ground-water mounding (approximately 300 feet
of excess head) near the eastern and western edges of the northern portion of
the model, while the southern portions of the system were relatively
unaffected during the steady-state simulations. Increasing the recharge by
20 percent only in the southern portion of the aquifer resulted in a slight
increase in head in Layers 1 and 2, with a net decrease in artesian head of 3
feet at Nonotuck Park and 0.5 feet at Hendrick Street. The steady-state
simulation was quite sensitive to the presence or absence of constant head

nodes along the course of Broad Brook and the Manhan River.

——

8.8 Data Preprocessing and Postprocessing

A Pre- and Postprocessor was used to input data to and print the output data
from MODFLOW. Hard copies of the input and output files are located in
Appendices H and I, respectively. The software was written by Hall
Groundwater Consultants, Ltd., of St. Albert, Alberta, Canada. A BASIC
program, MODGGCON, was written by IEP, Inc. personnel to convert the output
file from MODFLOV to x-, y-, and z-values. The z-values for Layers 1 and 2
were contoured on an x-y grid and printed with the Golden Graphics System by
Golden Software, Inc., of Golden, Colorado.

A BASIC program, DIFFER, was written by IEP, Inc. personnel to subtract the
head values between simulations that were run under pumping and nonpumping
conditions. The resulting data file showed the drawdown caused by the pumping
wvells and was written to the output file as x-, y-, and z-values.

8.9 Model Results and Discussion
A 10-year steady-state simulation was performed with the wells pumping

continuously at their safe yield in order to estimate the impact of prolonged
pumping on head levels in the aquifer (Plate 6). The drawdown in Layer 2 was
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greater than the drawdown in Layer 1 over the, éht;fé'model area, so the
drawdown in Layer 2 was used to outline the eﬁféets of prolonged pumping. The
maximum drawdown observed was in a zone extendlng approximately 1 mile north
and south of the pumping wells at. Hendrlck Street and Nonotuck Park, with the
drawdown decreasing at the rate of approx1mate1y one feet per 0.5 mile north
and south of the pumpin /ﬁélls The™ max1mum drawdown observed was 10.3 feet
at Nonotuck Park. The Gimulated long ‘term drawdown for the Hendrick Street
Well field was 9.6 feet.  The long term dravdown at the northern end of the
model area was 1.9 feet. No drawdbwn was detected at the southern end of the

model area in Layers 1 or 2.

The zones of contribution outlined from computer modeling of the Easthampton
aquifer are a numerical approximation of the actual physical system. MODFLOW
represents the state-of-the-art for commercially availab r modelin
technology. | Very little‘informatfvn‘waS‘EVETIEEIE-Tﬁdggifzgiipﬁig?ggpiiéeled
area; for example, little data was available on aquifer parameters along the
edges and in the southern half of the study area, as well as the flow
characteristics of the rivers in the study area. Consequently, assumptions
were made about the properties of the aquifer and the hydrologic system in |
those areas. The quality of the Zone delineation according to 310 CMR 24.06
is dependent on the accuracy of those assumptions. The assumptions were
tested during calibration of the flow model. Based on the transient and
steady state calibration runs and subject to the limitations described in this
Report, it is the opinion of IEP, Inc. that the simulated system accurately |
reflects the physical reality of the Easthampton aquifer.

—

rdingJTGHFTﬁ—EMR 24.06, the areas of aquifer resource protection are as
follows:

Zone 1: the 400 foot radius or other designated area surrounding a water
supply well, must be in compliance with DEQE Drinking Water Regulation
(310 CMR 22.00).

Zone 2: that area of an aquifer which contributes water to a well
under the most severe recharge and pumping conditions that can be
realistically anticipated. It is bounded by the ground-water divides
which result from pumping the well and by the contact of the edge of
the aquifer with less permeable materials such as till and bedrock.

At some locations, streams and lakes may form recharge boundaries.
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Zone 3: that land area beyond the area Zonexﬁ-fy hich surface

vater and ground water drain into Zon le surface drainage area as
determined by topography is commonly, cngEBHEnm_ﬁ“t the ground-water
\neate Zone 3"

drainage area and will be used to de e3%. In some
locations, where surface and gro *water drainife are not coincident,

Zone 3 shall consist of both t <fi?£g§?fﬂg§39age and the ground-water

drainage areas.
Severe recharge and pumping condition -?@;E{ efined as pumping at the safe
yield of the wells for 180 days with no recharge. This simulated drought
condition is analogous to the growing season in Massachusetts, from late
spring to early fall. During this period €vapotranspiration is greater than

or equal to precipitation except during extreme rainfall events, such as
hurricanes (Frimpter, 1982).

Zone 2 for the study area was delineated using MODFLOW, the USGS
three-dimensional ground-vater flow model. Zone 2 is defined by the drawdown
contours around the pumping wells during severe recharge and pumping
conditions. The drawdown was defined by performing two simulations: 1) the
control simulation, during which the wells were not pumped, and 2) the
pumping simulation, during which the pumping wells were operated continuously
at their safe yield. Both of these simulations were run for 180 days with no
recharge. Aside from the pumping wells, all

for the simulations. The drawdown due to pumping is calculated b

as a two-layer system, the head
distributions in Layers 1 and 2 were compared for the control and pumping

conditions. Drawdown in Layer 2 was greater than that in Layer 1.

The maximum drawdown detected in Layer 2 during the 180-da
wWas near the Hendrick Street Well field, 18.5 feet.
at the northern end of the study area, 1.9 feet. The drawdown near Nonotuck

Park was 15.8 feet, and the drawdown at the southern limit of the study area

vas 3.3 feet. The zones of influence for the Nonotuck Park Well and Hendrick
Street Well field overlap extensively in thgﬂggnLLaL—pertiUn“ofnfhe~s%udymaneawm\

y drought simulation
The minimum drawdown was

e S /
fEEET—inc. proposes that Zone 2 for the Easthampton aquifer be considered that /
portion of the recharge area which contributes flow downward into Layer 2 from |

Layer 1 under drought conditions. This vas determined by subtracting the head
values under drought pumping conditions in Layer 1 from Layer 2. The area /
where the head in Layer 1 becomes equal to the head in Layer 2 is /

approximately coincident with Pomeroy Street in Easthampton. ______ﬂ__"dff’//

LRI SR =



Analysis of the Surficial Geology Map- (Plate 2) suggests that the northern
boundary of the recharge area 1s approx1mate1y concurrent with the southern
edge of the 10-ft clay isopachj which is nearly parallel with Plain Street.
Field measurements performed at plezometer ‘wluster 1-87 indicate approximately
1.7 feet of artesian head ,dt Plain Street in the central portion of the model
area (Plate 1). Consequently, a _conservative value for the northern boundary
of Zone 2 is the contact ‘between glac1ode1talc deposits and the
glaciolacustrine deposits.  Zone 2 extends south to the surface water divide
between Pequot Pond and Broad. Brook, as shown on Plate 2. Zone 3 consists of
the till and bedrock portions of the ground-water basin which contribute
runoff to Zone 2 in the unconfined portion of the aquifer, as shown on

Plate 7.

The output from MODFLOV includes a mass balance summary that summarizes both
the rates and volumes of water moving through the simulated system. The mass
balance discrepancy in the transient simulations was probably due to round-off
error during the computation of the various solution vector, and the errors
are not large enough to be considered significant for the purposes of this
study.

Vertical leakage from Layer 1 into Layer 2 was not determined from the
simulations in this study because of the lack of adequate field data. Also,
the vertical discretization of the study area was not such that the problem of
flow from the confining layer into the unconfined layer could be effectively
addressed from the simulations.

8.10 Model Records

The output runs from all the simulations are included in Disks 1 and 2. Disk
1 contains:

EHOALS.L1 and EHOALS.L2 (the input data files for the preprocessor for
steady-state simulations)

EHOALT.L1 and EHOALT.L2 (the input data files for the preprocessor for
transient simulations

Disk 2 contains U1SS, U1TR, U3SS, U3TR, U4HS, U4NP, U4DRT, U8SS, USTR, U11SS,
U11TR, U12, (the input files for the simulations)

Disk 3 contains: 10YRSS.DAT, 10YRSSP.DAT, DRTN.DAT, and, DRTP.DAT

Disk 4 contains: HSN.DAT, HSP.DAT, NPN.DAT, and NPP.DAT (the output from the
transient calibration runs)
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Disk 5 contains the executable vers'on df MéDFLOW used for this simulations
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Disk 6 and 7 contains copies of t ;Bstprocessor programs.




9.1 Introduction

/
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&w9é ;;?}d;h%ify potential sources of

The purpose of this land use surv
s con&hyﬁ recharge areas the Town’s

contamination within the pri

existing well fields. The £upvey oncentrated within the Broad Brook
Watershed. Information w : _ the Pioneer Valley Planning
Commission, the Department N onmental Quality Engineering, the Town

Engineer’s Office, the Town F
windshield survey.

9.2 Background Information

In 1983, the Pioneer Valley Planning Commission (Commission) filed a Chapter
286 Aquifer Land Acquisition Application (ALA) for the Towns of Easthampton
and Southampton. A map entitled "Land Use in the Easthampton, Southampton and
Holyoke Area" was prepared by the Commission for that application. The map
indicated the major land uses in the Broad Brook Watershed, and was prepared
using data from Massachusetts Map Down. For this study, IEP, Inc. revised the
map to include the current layout of sewer lines, newly developed areas,
hazardous waste generators, and other potential problem areas. The
Commission’s map was compiled using Soil Conservation Service (SCS) soils
maps, which are based upon United States Geological Survey (USGS)
topographical maps dated from the early 1970’s. IEP, Inc. has updated the map
to include the developments that have occurred since that time.

9.3 Existing Land Uses

There are four major land use types in the watershed area These are:
Recreation/Forest/Wetland, Agriculture/Open Space, Residential Sewered and
Unsevered, and Commercial/Industrial and are shown on Plate 8. Each use can
effect the aquifer in a different way.

The Town of Easthampton has seen considerable development since the original
land use map was prepared. Within the primary recharge area to the Town’s
well fields, development in the Pomeroy Street area has been particularly
heavy. Sewer lines were extended to include approximately half of this
development, and an eight-inch high pressure line was extended across the
fields east of Line Street to include the Plain Street area development.

As reported by the Easthampton Fire Chief and Deputy Fire Chief, there are
many more private fuel oil tanks in the Town now than were listed by the
Commission in 1983. The Town began keeping records of underground storage
tanks in approximately 1970. Table 5 is a list of all known underground



Location

9 Brewster Ave.
7 Chapman Ave.
6 High Street
8 High Street
14 High Street
Main Street

Main Street (Lamoureaux)
Main Street (Exper. Tool)
Main St. (Easthampton Savings)

43 Main Street
19 Main Street
135 Main Street
194 Main Street
209 Main Street

Lot #22, Overlook Drive

239 Main Street

36 Overlook Drive

282
285
305
377
380
412

Main
Main
Main
Main
Main
Main

Street
Street
Street
Street
Street
Street

34 Sandra Road
5 School Street
9 School Street

4 Sheldon Avenue

6 South Street
16 South Street
74 South Street

8 Sterling Drive
Strong Street
Summit Avenue
Summit Avenue
Torrey Street

58
17
18
19
19

61

Union

Union

Street

Street
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Table 5

ks 3000
'”-\\SST\::> 1000
\\\\/ 1000

1000

2000
1000
1000
5000
1000
1000
1000
1000
1000
1000
500
1000
550
550
550
1000
500
2000
1000
1000
10000
1000
1000
1000
1000
1000
1000
1000
1000-
1000
550
(3 tanks)
1000
(2 tanks)

Contents

fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel

fuel

oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
@il
oil
oil
ol
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
0il
oil
oil
oil
oil
oil
oil

oll
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Underground Storage Tanks Located inZone II
Table 5 Cont. ™

39 West Street

87 West Street

127 West Street

6 West Park Drive
52 Westview Terrace

54 Westview Terrace

14 Vestview Terrace
39 Vestview Terrace
40 Vestview Terrace
5 Ranch Avenue

4 Park Street

81 Park Street

117 Park Street

156 Park Street

160 Park Street

180 Park Street

82 Park Hill Road
108 Park Hill Road
19 Parsons Street

133 Parsons Street
26 Payson Avenue

3 Payson Avenue

11 Payson Avenue

35 Payson Avenue

50 Payson Avenue

32 Pipin Avenue

20 Pine Street

78 Plain Street

92 Plain Street

82 Golden Drive

219 Hendrick Street
225 Hendrick Street

1 Kania Street
11 Kania Street
28 Kania Street
22 Overlook Drive
36 Overlook Drive

N

N 2000

(3 tanks)
- 2000

(3 tanks)
-~ 1000
= 1000
- 1000
- 1000
- 10000
- 550
- 500
- 1000
= 1000
- 550
- 2000
- 500
- 6000

(2 tanks)

- 1000

- 2000
- 550
- 550
- 1000
- 4000

- 1000
- 500
- 1000

- 1000

- 550
- 1000

= 1000

(2 tanks)
= 550
= 1000

= 1000

- 1000

- 1000

fuel
fuel
fuel
fuel
fuel

fuel

fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel

fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel

fuel
fuel
fuel
fuel
fuel

oil
oil
oil
oil
oil

oil

oil
0il
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil

oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil
oil

oil
oil
oil
oil
oil



15 Picard Circle
78 Plain Street
92 Plain Street
93 Plain Street
113 Plain Street
34 Sandra Road
58 Strong Street
8 Sterling Drive
84 Union Street

84 Union Street
Railroad Street
(Telephone Building)
Liberty Street

(Pump Station)
Lovefield Street
(Pump Station)

Daley Field

1000
1000
550
1000
1000
1000
1000
550
(2 tanks)
1000
1000

1500
1500

1000

fuel
fuel
fuel
fuel
fuel
fuel
fuel
fuel

oil
oil
oil
oil
0il
oil
oil
oil

gasoline

fuel
fuel

fuel

fuel

fuel

oil
oil

oil

oil

oil
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storage tanks. The private owners of these t&nké\age

equired to have the
tanks tested on a regular basis. The commerciéﬁ‘aﬁﬂ

strial users of

underground tanks must have their tanks/tested ol regular basis according to
s stated that all of the

Federal and State laws. The Fire Depaftment offiai
industries in Town are in compliance with the-F1 epartment. The Fire
Department does not have on record any wiclations/of the underground tank

¥

regulations or releases at gasolingﬂstétﬁon:ﬁfthin the watershed boundary.

\

Listed below in Table 6 are the*dompaniésh'n Easthampton and Southampton that
were on the Hazardous Waste Generators Ligt at the DEQE in Springfield. These
companies may be small or large quamtiYy/generators.



Company

DOS Concrete Service Inc.
Wemelco Way

Easthampton Dye Works Inc.
1 Cottage Street

Ed’s Autobody Non-Reg.
Mechanic Street

Everett Street Motors
158 Everett Street

Farm Petroleum Co.
Lot 15, 0’Neill Street

W. R. Grace & Co. Construction
WVemelco Way

Hampshire Experimental Tool Co.
396 Main Street

Industrial Prop. of Easthampton, Inc.
1 Ferry Street

Kellogg Brush Manufacturing Co.
122 Pleasant Street

Magnat Corporation
52 0’Neill Street

National Felt Co.
122 Pleasant Street

The October Co., Inc.
0’Neill Street

Paragon Rubber Corp./Rhodes Rubber Corp.
Spring Action Electric
Pleasant Street



Easthampton Hazardous Waste Gene
Table 6 (Continued)

Paramount Auto Body
51 Holyoke Street

Peter Rapid Cleaners
38 Union Street

The Phillip Manufacturing Co.
19 Ward Avenue

Stanley Home Products, Inc.
116-118 Pleasant Street

Stevens Elastomeric & Platic PDTS 1
1 Cottage Street - Inactive
26 Payson Street - Inactive

Stevens J. P. & Co., Inc. 1
412 Main Street (Rte. 10)

Stonington Corporation 2
45 Ferry Street

Tighe & Bond 2
50 Payson Avenue

Tubed Products, Inc. 1
44 0'Neill Street

Zonolite Division of Grace Co.
Wemelco Way

Southampton Hazardous Waste Generators List
Company Activity Type

Southampton Sanitary Engineers 1
County Road

Southampton Sanitary Landfill 1
Moose Brook Road



REFERENCES “CITED
AN
Brackley, R., and M. Thomas, 1978. Mean énnuali?ﬁh and major drainage
basins in the Connecticut Vallexfurban‘areh; tral New England. United
States Geological Survey Misc;Ilangpus Ih<f§tigations Map 1-1074-G, 2

formation constants aqg/suﬁﬁ i ill field history. Transactions of
the American Geophysical® pp. 526-534.

sheets, 1:25000. {
N 2;%1?
Cooper, H., and C. Jacob, 19967“-A;gep‘ aliz€d graphical method for evaluating

Frimpter, M., 1980. Ground-wa vdilability in the north part of the
Connecticut Valley urban are entral New England. United States
Geological Survey Miscellaneous Investigations Series Map 1-1074-I,
1:25000.

Langer. W., 1979. Map showing distribution and thickness of the principal
fine-grained deposits, Connecticut Valley, urban area, Central New
England. United States Geological Survey Miscellaneous Field Studies Map
MF-504A, 1:25000, 2 sheets.

Larsen, F., 1972. Surficial geologic map of the Mount Tom quadrangle,
Massachusetts, United States Geological Survey Open-File Report 72-104:
United States Government Printing Office, Washington, D.C., 350 pp.

Larsen, F., and J. Hartschorn, 1982. Deglaciation of the southern portion of
the Connecticut Valley of Massachusetts, in Larson, G., and B. Stone
(eds.), Late Wisconsinan glaciation of New England: Kendall-Hunt
Publishing Co., Dubuque, Iowa, pp. 115-129.

Londquist, J., 1973. Contour map of the bedrock surface, Mount Tom
quadrangle, Massachusetts. United States Geological Survey Miscellaneous
Field Studies Map MF-504C, 1:25000.

Londquist, J., and F. Larsen, 1976. Map showing depth to bedrock, Mount Tom
quadrangle, Massachusetts. United States Geological Survey Miscellaneous
Field Studies Map, MF-504C, 1:25000.

McBride, M., and H. Pfannkuch, 1975. The distribution of seepage within
lakebeds. Journal of Research of the United States Geological Survey, V.
3, No.« 55 pp. 505-512;

McDonald, M., and A. Harbaugh, 1984. A modular three-dimensional
finite-difference ground-water flow model: United States Geological
Survey, Reston, VA, 528 pp.



Motts, W., 1985. Hydrogeology of West Holyoke an :
Consultant’s report for the Town of Wes
S\ Y Y
National Climatic Center, 1982. Monthl négéalé “of ﬁemperature,
precipitation, and heating and cooli gree days, 1951-1980,
Massachusetts. Climatography 0 Qﬁiféd States, No. 81 (by State):

National Oceanic and Atmosphe tratqon, Reston, VA, 11 pp.

ap showing textures of
ley urban area, Central New
y Miscellaneous Investigations

Stone, J., E. London, and W. Langer}
unconsolidated materials, Connect
England. United States Geological S
Series Map 1-1074-B, 1:25000, 3 sheets.

van der Heijde, P., 1986. Quality assurance in computer simulations of
ground- water contamination: Holcomb Research Institute, Butler
University, Indianapolis, IN, 26 pp.

Walker, E., and W. Caswell, 1977. Map showing availability of ground water in
the Connecticut River lowlands, Massachusetts. United States Geological
Survey Hydrologic Investigations Atlas HA-563, 1:48000, 2 sheets.

Walsh, D., and Sackrey, J., 1984. Preliminary investigation of the
hydrogeology and surface water chemistry of the Hannum Aquifer in the
vicinity of the Easthampton and Northampton landfills, Massachusetts.
Unpublished Master’s thesis, University of Massachusetts-Amherst, 36 pp.

Wandle, S., and W. Caswell, 1977. Streamflow and water quality in the
Connecticut River lowlands, Massachusetts. United States Geological
Survey Hydrologic Investigations Atlas HA-562, 2 sheets.

Weinsten, H., H. Stone, and T. Kwan, 1969. Iterative procedure for solution
of systems of parabolic and elliptic equations in three dimensions:
Industrial Engineering Chemistry Fundamentals, v. 8, no. 2, pp. 281-287.

Winter, T., 1983. Numerical simulation analysis of the interaction of lakes
and ground water, United States Geological Survey Professional Paper 1001:
United States Government Printing Office, Washington, D.C., 45 pp.






— 1 IEP. PLATE 1

Fel S
C—

EXPLANATION:
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o ol X AWK A TS

S Seismic Line

———-  Electrical Resistivity Sounding

®» Subsurface Data Point
26-80 (Exploratory Test Wells, Auger Holes, Road Borings. and
Bedrock Wells: Described In Data Points Table)

L Pumping Station

e Study Area Boundary

(Includes Broad Brook And White Brook Sub-Watersheds
And A Portion Of The Manhan River Watershed)

= == Town Boundary
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IEP, Inc., Northborough, MA
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Kick, J.. 1987. Electrical Resistivity Survey, Easthampton, MA
Report For IEP, Inc

Petersen. R.. and A Maevsky, 1962 Massachusetts Basic Data
Repart No. 6, Ground-Water Series, Western Massachusetts Area
Reston VA: USGS. Table 1

F.G. Sullivan Drilling Co., Lancaster. MA

BASE MAPS:

USGS, 1979. Mount Tom Quadrangle 7 5-Minute Topographic
Map. Reston, VA: USGS 1:25000

USGS. 1979 Easthampton Quadrangle 7 5-Minute Topographic
Map. Reston, VA: USGS. 125000
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icP. PLATE 2

EXPLANATION:

Town Boundary

W Pumping Station

Study Area Boundary

A' Line of Geologic Cross Section

Qal Alluvium |
|Recent stream deposits; silt, sand, and gravel

s=mmsens
H
wn

«

Swamp Deposits
|Peat, organic muck, silt, sand, and clay.

Qds Dune Sand

Well sorted, medium to fine sand

OLOCENE

—H

Qaf Artificial Fill

Bottom Deposits Of Lakes Hitchcock
And Manhan

T Qb Beach Deposits

Well sorted sand and gravel

Qls Lake Sand Deposits

Laminated sand and silt includes proximal and distal
bottomset beds of delta

Qlc Lake Clay Deposits

Alternating thin silt layers and clay layers

PLEISTOCENE

Qst Terrace Deposits
Silt, sand, and gravel

Glacial Stream and Lake Deposits
West Of Holyoke Basalt Ridge

AL Stratified Drift
| de4, Deltaic, Lacustrine, and Ice-contact Deposits;

Fine to coarse sand and pebbles
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frda ‘ SR T A : b v — - 13 AR B e et SR o G L Qdws Deltaic, Lacustrine, and Ice-contact Deposits;
’ . : : ; . % ‘ ¥ : i Clay, silt, sand, pebbles, and cobbles.

Qdw, Deltaic, Lacustrine, and Ice-contact Deposits;

Medium to coarse sand, pebbles, and cobbles; includes
minor amounts of clay, silt, and flowtill

Qic Undivided and Unassigned Ice-contact
Deposits
Silt, sand, and gravel; displays collapse bedding.

[l L .

Ct_bmpaci to loose, nonsorted to poorly sorted, nonstratified
mixture of clay. silt, sand. pebbles, cobbles and boulders

| Tr[J—: Bedrock

Undifferentiated Triassic

Sedimentary and igneous rocks. Sedimentary rocks consist
il ’ | . ;g ; i il gy 1 L j ’ % L7 %, y of arkosic siltstone, sandstone, and conglomerates.

- G AN E 2 i RIS 0 iy gt IR e ; | L RS s e ¥ R B | S Igneous rocks consist of basalt, tuff, agglomerate, and

) ; ' ‘ N o AL Sl : ' : o Ugf volcanic, and volcanic sandstone.
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A layer of windblown sand or silt, mixed with the underlying
glacial deposits, is present over much of the area but has
not been mapped. The mantle is best developed overlying
higher, older deposits, and is generally missing over lower,
younger deposits

REFERENCES:

Larsen, F.D., 1972, Surficial Geology Of The Mount Tom
Quadrangle, Massachusetts, U.S. Geological Survey Open File
Report 72-219

Larsen, F.D., Post 1972, Additional unpublished surficial mapping
of the Easthampton Quadrangle.

Reconnaissance surficial geologic mapping was performed in the
study area in both the Main and Tom and Easthampton
quadrangles by IEP, inc. surficial geologists

BASE MAPS:

USGS, 1979 Mount Tom Quadrangle 7.5-Minute Topographic
Map. Reston, VA: USGS. 1:25000.

USGS, 1979. Easthampton Quadrangle 7.5-Minute Topographic
Map. Reston, VA: USGS. 1:25000.
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T PLATE 3

EXPLANATION:

T Fowen Boundary
—130— Equipotential Line

e Study Area Boundary

Limit of Finite Difference Grid

NOTES:
1) Elevations given in feet above mean sea level

2) Potentiometric surface contours based on
a) Interpretation of the topographic map,
b) Field observations, and
¢) 10-year steady-state ground-water flow simulation
3) Study area includes Broad Brook and White Brook
Sub-Watershed and a portion of the Manhan
River Watershed

BASE MAPS:

USGS, 1979. Mount Tom Quadrangle 7 5-Minute Topographic

Map. Reston, VA: USGS. 1:25000
USGS, 1979. Easthampton Quadrangle 7.5-Minute Topographic

Map. Reston, VA: USGS. 1.25000
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] IEP. PLATE 4

EXPLANATION:

T Town Boundary

—130—  Equipotential Line

~———e  Boundary of Study Area

Limit of Finite Difference Grid

NOTES:

1) Elevations given in feet above mean sea level

2) Potentiometric surface contours based on
a) Interpretation of the topographic map,
b) Field observations, and
c) 10-year steady-state ground-water flow simulation

3) Study area includes Broad Brook and White Brook
Sub-Watershed and a portion of the Manhan River
. Watershed

BASE MAPS:

USGS, 1979 Mount Tom Quadrangle 7 5-Minute
Topographic Map Reston, VA: USGS 1:25000
USGS, 1979 Easthampton Quadrangle 7 5-Minute
Topographic Map. Reston, VA USGS 1:25000
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icr. PLATE 5

EXPLANATION:

Town Boundary

Study Area Boundary

—70—  Isopach Lines (dashed where inferred)

NOTES:

1. Isopach lines correspond 1o the thickness of glaciolacustrine
deposits based on well logs, surficial deposit mapping, and
electrical resistivity soundings for the study area

REFERENCES:

Subsurface Data Points Table 1
Larsen, F., 1972 Surficial Geology of the Mount Tom Quadrangle
USGS Open-File Report No. 72-219. Reston, VA USGS, 272 pp

BASE MAPS:

USGS. 1979. Mount Tom Quadrangle 7 5-Minute
Topographic Map. Reston, VA: USGS. 1:25000
USGS, 1979. Easthampton Quadrangle 7 5-Minute
Topographic Map. Reston, VA: USGS. 1:25000
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icP. PLATE 6

EXPLANATION:

T Town | Boundary
e Pumping Station
—  Surface Watershed Boundaries
Limit of Finite Difference Grid

T Isodrawdown Contours

NOTES:

1. Drawdowns are referenced to Plate 4
(Potentiometric Surface Elevations)

2. Isodrawdown lines are denved from a computer simulation of
10-year steady state, normal recharge conditions with continuous

pumping at the safe yield of the wells

3. The pumping rates used in this simulation are based on
information from the Easthamplon Board of Public Works. The

pumping rates used are as follows
Nonotuck Park 18-Inch Well - 0.90 million gallons per day (MGD)

Hendricks Street Wellfield - 3. 70 MGD
The Lovefield Street well was not simulated because it was not
suspected of affecting the cones of drawdown around the other

two pumping wells

BASE MAPS:

USGS, 1979 Mount Tom Quadrangle 7.5-Minute
Topographic Map. Reston, VA: USGS. 1:25000
USGS, 1979. Easthampton Quadrangle 7.5-Minute
Topographic Map. Reston, VA: USGS. 1:25000
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PLATE 7

EXPLANATION:

Town Boundary
Study Area Boundary
Pumping Station

Zone 1:

the 400-foot radius or other designated area surrounding a
water supply well as required by DEQE for the protection
of the supply

Zone 2:

the area of an aquifer which contributes water to a well
under the most severe recharge and pumping conditions
that can be realistically anticipated (i.e., pumping at the
well's safe yield for 180 days with no natural recharge). It
is bounded by the ground-water divides which result from
pumping the well and by the contact of the edge of the
aquifer with less permeable materials such as till and
bedrack. The limit of the cone of depression (0.1 foot
drawdown) was determined using a three-dimensional
numerical ground-water flow model and then extended
upgradient to the edge of the sand-and-gravel aquifer

Zone 3.

the land area beyond the area of Zone 2 from which
surface and ground water drain into Zone 2. The surface
drainage area as determined by topography and the
ground-water drainage area as defined by the numerical
ground-water flow modeling were used to delineate Zone 3

— —
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BASE MAPS:

USGS, 1979 Mount Tom Quadrangle 7 5-Minute Topographic
Map Reston, VA USGS. 1.25000
USGS, 1979 Easthampton Quadrangle 7 5-Minute Topographic
Map. Reston, VA: USGS. 1:25000
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