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Geohydrology and Water Quality of
Stratified-Drift Aquifers in the Middle
Connecticut River Basin, West-Central

New Hampshire

By Sarah M. Flanagan

Abstract

A study was done by the U.S. Geological
Survey, in cooperation with the New Hampshire
Department of Environmental Services, Water
Resources Division, to describe the geohydrology
and water quality of stratified-drift aquifers in the
Middle Connecticut River Basin, west-central New
Hampshire. Stratified-drift aquifers discontinu-
ously underlie 123 mi? (square miles) of the Middle
Connecticut River Basin, which has a total drain-
age area of 987 mi 2. Saturated thicknesses of strat-
ified drift in the study area are locally greater than
500 feet but generally are less than 100 feet. Aqui-
fer transmissivity locally exceeds 4,000 ft¥/d (feet
squared per day) but is generally less than
1,000 ft%/d. In only 17.2 mi? of the study area are
the aquifers identified as having a transmissivity
greater than 1,000 ft¥/d. As of 1990, total ground-
water withdrawals from stratified drift for munici-
pal supply were about 1.5 Mgal/d (million gallons
per day) in the study area. Many of the stratified-
drift aquifers underlying the study area are not
developed to their fullest potential.

The geohydrologic investigation of the
stratified-drift aquifers focused on aquifer proper-
ties, including aquifer boundaries; recharge, dis-
charge, and direction of ground-water flow;
saturated thickness and storage; and transmissivity.
Surficial-geologic mapping assisted in the
determination of aquifer boundaries. Data from
more than 1,000 wells, test borings, and springs
were used to prepare maps of water-table altitude,

saturated thickness, and transmissivity of stratified
drift. More than 11 miles of seismic-refraction pro-
filing at 95 sites was used in the preparation of the
water-table-altitude and saturated-thickners maps.
Seismic-reflection data collected along 1.6 miles of
Mascoma Lake also were used in preparation of the
saturated-thickness maps.

Four stratified-drift aquifers in the towns of
Franconia, Haverhill, and Lisbon were analyzed to
estimate the water availability on the basis of ana-
lytical ground-water-flow model simulation based
on the Theis confined-flow equation adjusted to
account for boundary effects commonly associated
with stratified-drift aquifers. Conservative esti-
mates of water availability during a 180-dey period
of no recharge were estimated to be 1.9 Mgal/d for
the Meadow Brook aquifer; 1.8 Mgal/d fcr the
Ham Branch Brook aquifer; 1.5 Mgal/d for the
Salmon Hole aquifer; and 1.4 Mgal/d for the
Haverhill-French Pond aquifer. Water-availability
estimates would be higher if periods of recharge
were accounted for and if less conservative
boundary conditions were used in the model.

Results of analysis of water samples from 26
observation wells, 3 municipal water-supply wells,
and 1 public-supply spring show that, with the
exception of dissolved iron and manganese in some
samples, water in the stratified-drift aquifers
generally meets the U.S. Environmental Protection
Agency's primary and secondary drinking-water
standards.
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INTRODUCTION

The population of the 987-square mile Middle
Connecticut River Basin, which comprises all or part of
41 towns in west-central New Hampshire, increased by
9.4 percent between 1980 and 1990 (New Hampshire
Office of State Planning, written commun., 1992).
Although the White Mountain National Forest covers
much of the northeastern part of the study area, the sur-
rounding towns have seen an increase in second-family
homes and the number of tourists that visit the area. In
addition, large ski areas in the mountains rely heavily on
local water resources for making snow to augment the
natural snow cover.

This growth in population and tourism has steadily
increased demands for water and has stressed the capac-
ity of municipal water systems. Also, stricter U.S. Envi-
ronmental Protection Agency (USEPA) primary and
secondary drinking-water regulations on the treatment
requirements of surface-water supplies have prompted
municipalities to look more closely at their ground-
water resources (U.S. Environmental Protection
Agency, 1987).

Stratified-drift aquifers discontinuously underlie
123 mi?, or 12.5 percent of the Middle Connecticut
River Basin. As of 1990, total withdrawal from strati-
fied-drift aquifers for municipal supply was about
1.5 Mgal/d (New Hampshire Department of Environ-
mental Services, Water Management Bureau, written
commun., 1991). Many of these aquifers may be
capable of supplying additional water to meet domestic,
community, and industrial water needs.

The U.S. Geological Survey (USGS), in coopera-
tion with the New Hampshire Department of Environ-
mental Services, Water Resources Division (NHDES-
WRD), has done a series of ground-water investigations
in New Hampshire that provide detailed geohydrologic
information necessary for planning for optimal use of
available water resources and for the development of
new water supplies. The study described in this report
encompasses the Middle Connecticut River Basin in
west-central New Hampshire (fig. 1). For most of the
studies, surface-water basin divides were selected as the
study-area boundaries because they are the natural
subdivision to the hydrologic system and because
stratified-drift aquifers generally do not extend across
major surface-water divides in New Hampshire. Com-
pleted studies and reports include the Nashua Regional
Planning Commission area (Toppin, 1987); the Exeter,
Lamprey, and Oyster River Basins (Moore, 1990;

Moore, 1992); the Lower Merrimack and Coestal River
Basins (Stekl and Flanagan, 1992; Flanagan and Stekl,
1990); the Bellamy, Cocheco, and Salmon Falls River
Basins (Mack and Lawlor, 1992; Lawlor and Mack,
1992); the Lower Connecticut River Basin (Moore and
others, 1994);the Middle Merrimack River Basin
(Ayotte and Toppin, 1995); the Contoocook River Basin
(Harte and Johnson, 1995); the Pemigewasset River
Basin (Cotton and Olimpio, 1996); the Winnipesaukee
River Basin (Ayotte, 1996); and the Saco and Ossipee
River Basins (Moore and Medalie, 1995). Studies near
completion include those basins of the the Upper Con-
necticut, Androscoggin, and the Upper Merrimack
Rivers (J.R. Olimpio and P.J. Stekl, U.S.Geological
Survey, written commun., 1994) (fig. 1).

Purpose and Scope

The purpose of this report is to (1) describe the
geohydrologic characteristics of the stratifiec-drift
aquifers in the Middle Connecticut River Basin, includ-
ing areal extent of stratified-drift aquifers, grond-water
altitudes, general directions of ground-water flow, satu-
rated thicknesses, and transmissivities; (2) provide esti-
mates of water available to aquifers on the basis of
analytical techniques; and (3) describe the general
quality of water in stratified-drift aquifers.

The study was limited to the collection, compila-
tion, and evaluation of data from the stratified-drift
aquifers in the study area. Water availability for selected
stratified-drift aquifers was estimated by app'ication of
an analytical technique developed by Mazzaferro and
others (1979).

Previous Investigations

Previous investigations include a reconnaissance
of the availability of ground water in the Middle Con-
necticut River Basin in west-central New Hampshire
(Cotton, 1976). A hydrologic investigation of the entire
Connecticut River Basin in New England was com-
pleted by Cederstrom and Hodges (1967). A reconnais-
sance map of the surficial geology in the Caraan area
includes parts of the Canaan, Enfield Center, and Mount
Cardigan, New Hampshire quadrangles at a scale of
1:62,500 (Denny, 1958). Numerous other stu-ies were
done by private consultants for local concerns. These
studies indicated that additional information was
needed to improve the understanding of the ground-
water flow systems, define aquifer boundaries, and
evaluate ground-water quality in the study area.

2 Geohydrology and Water Quality of Stratified-Drift Aquifers in the Middle Connecticut River Basin, West-Central New Hampshire
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Figure 1. Locations of the Mascoma, Ammonoosuc, and John's River subbasins in the Middle
Connecticut River Basin, west-central New Hampshire.
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Description of Study Area

The study area encompasses 987 mi2 in 41 towns
in Coos, Grafton, and Sullivan Counties in west-central
New Hampshire; it extends east from the west bank of
the Connecticut River (which also defines the border
between the states of New Hampshire and Vermont) to
the peak of Mount Washington (altitude 6,288 ft) in the
White Mountain National Forest (fig. 2). It is bounded
on the west by the west bank of the Connecticut River
and on the east by the surface-water drainage divide of
the Pemigewassett River Basin. Its southern boundary
is the surface-water drainage divide between the lower
part of the Connecticut River and Mascoma River, and
its northern boundary is the surface-water drainage
divide between the upper part of the Connecticut River
and the John's River.

Surface water drains to the Connecticut River,
which flows southward along the western border of the
study area. The three major tributaries are the Mascoma
River, which flows westward from Orange, N.H., and
joins the Connecticut River at Lebanon, N.H.; the
Ammonoosuc River, which flows westward from the
White Mountain National Forest and joins the Connect-
icut River at Woodsville, N.H.; and the John’s River,
which flows westward from Carroll, N.H., and joins the
Connecticut River (fig. 1) at Dalton, N.H. Minor tribu-
tary streams to the Connecticut River include Mink
Brook in Hanover; Clay, Hewes, and Grant Brooks in
Lyme; Jacob's Brook in Orford; Eastman Brook in
Piermont; Oliverian, Clark, and French Pond Brooks in
Haverhill; Roaring and Smith Brooks in Monroe; and
Bill Little Brook in Littleton (pls. 1-4).

Approach and Methods

The following approach and methods were used in
this study:

1. Areal extent of the stratified-drift aquifers was
mapped by use of soils maps (unpublished U.S.
Soil Conservation Service data on file in the
Woodsville, N.H., office). Surficial geology
maps showing only aquifer boundaries were pro-
duced for the entire study area as part of this
investigation.

2. Available subsurface data on ground-water levels,
saturated thickness, and stratigraphy of the
stratified-drift aquifers were obtained and

compiled from unpublished sources of the USGS,
the New Hampshire Department of Environmental
Services, and the New Hampshire Department of
Transportation. Additional data were ottained
from municipalities, local residents, well-drilling
contractors, and engineering consultants. The
locations of wells, borings, and springs were
plotted on base maps, and their locations were
digitized. All latitudes and longitudes are refer-
enced to the North American Datum of 1927. Per-
tinent data were added to the Ground-Water Site
Inventory (GWSI) data base maintainec' by the
USGS. Each data point is cross-referenced to a
site-identification number and to any other
pertinent information about the site.

. Seismic-refraction surveying, a surface geophysi-

cal technique, was done at 95 locations in the study
area to determine depths to the water table and
depths to the bedrock surface. Locations of these
profiles are shown on plates 1 through 4. The seis-
mic data were interpreted with a time-d-=lay, ray-
tracing computer program developed by Scott and
others (1972). Data from nearby wells end test
holes were used to verify the results of the com-
puter program. Haeni (1988b) has shown that the
actual depths to the bedrock surface are generally
within 10 percent of the estimates from seismic-
refraction surveying. Till is not identified in these
interpretations because it is generally thin and
cannot be distinguished from stratified d-ift by use
of seismic-refraction methods. Where till is
present but is not identified in the interpretation,
the computed depth to bedrock is less than the
actual depth.

. Seismic-reflection surveying, another surface geo-

physical method, was used to determine the thick-
ness of sediments underlying a section line
approximately 1.6 mi long in Mascoma Lake in
the southern part of the study area. Locations of
these profiles are shown on plate 1. Haeni (1986,
1988a) outlines methods for collecting seismic-
reflection data. Seismic-reflection results differ
from seismic-refraction results in that information
about the texture of the subsurface can sometimes
be inferred from the records produced d iring data
collection.
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5. Test borings were made at 47 locations to improve

definition of the thickness and geohydrologic
characteristics of the stratified-drift aquifers. Split-
spoon samples of the subsurface sediments col-
lected at specific intervals were used to determine
the hydraulic properties at those depths and to
determine the stratigraphic sequence of materials
composing the aquifers. Twenty-seven test bor-
ings were finished as observation wells with
2-inch-inside-diameter polyvinyl chloride casings
and slotted screens. Locations of these test borings
and wells are shown on plates 1 through 4. Water
levels were measured periodically at these wells,
and water samples were collected at selected
wells.

. Data collected as described in items 2, 3, 4, and 5
were used to prepare maps showing the water-
table altitudes and saturated thickness of the
stratified-drift aquifers.

. Hydraulic conductivities of aquifer materials were
estimated from field descriptions of the grain-size
distributions of samples from the test borings. In
these determinations, 118 of the samples were ana-
lyzed by dry-sieve analysis at half-phi intervals for
grain-size distribution. Results of these sieve anal-
yses were also compared with those from previous
ground-water studies in New Hampshire. Trans-
missivities were estimated from test-boring logs
by calculating horizontal hydraulic conductivities
for specific intervals, multiplying these values by
the saturated thickness of the interval, and sum-
ming the results. Transmissivities reported by
consultants were also obtained or values were cal-
culated from unpublished aquifer-test data. Fur-
ther discussion on the methods used to calculate
transmissivity is given in the section on "Trans-
missivity.” This information was used to prepare
maps showing the transmissivity distribution of
the stratified-drift aquifers (pls. 5-8).

‘The above maps were digitized from 1:24,000 and
1:25,000 scale-stable mylar USGS quadrangle
maps and entered into a geographic information
system (GIS) computer data base. The quadrangle
maps then were merged into one studywide

GIS coverage for each map feature. Coverages
include well, test boring, and spring locations;

seismic-refraction, and seismic-reflection-profile
locations; geohydrologic section locations; water-
table-altitude configurations; aquifer boundaries,
saturated thickness; and estimated transmissivities
of the stratified drift.

9. Low-flow streamflow measurements were made at
61 sites in the study area. Low streamflows were
used to determine the distribution of ground-water
recharge and discharge and the long-term water
availability of aquifers in hydraulic contact with
streams. Streamflow measurements, accurate to
within 10 percent, were made with USGS current
meters according to procedures described by
Rantz and others (19824, b).

10. Water availability was estimated for four aquifers
by application of a simple analytical ground-
water-flow model developed by Mazzaferro and
others (1979). The model incorporates image-well
theory (Ferris and others, 1962) and the Theis non-
equilibrium formula to solve the two-dimensional
ground-water-flow equation. The model requires
assumptions of homogeneous and isotropic condi-
tions and an initially flat water table. No-flow and
recharge boundaries are incorporated by use of
image-well theory. Estimates of maximum water
availability are constrained by availability of
induced infiltration from streams and lakes,
ground-water recharge, allowable drawdown in
the pumped well, and the size of the model area.

11. Samples of ground water from 26 observation
wells, 3 municipal water-supply wells, and 1
public-supply spring were collected and analyzed.
Field-measured properties (specific conductance,
pH, dissolved oxygen, and temperature), common
inorganic constituents, and selected trace metals
were measured. The data provided by these analy-
ses were used to assess the general quality of water
from the stratified-drift aquifers.

Numbering System for Wells and
Borings and Springs

Local numbers assigned to wells and borings con-
sist of a two-letter town designation (table 1), a supple-
mental letter designation ("A" for borings done for
hydrogeologic investigations, "B" for borings done
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primarily for bridge construction, "W" for all wells in
which a casing was set, and "S" for springs), and a
sequential number in each town. For example, the first
well listed for the town of Bath is BDW-1. Towns in
the study area for which data on wells, borings, or
springs were not obtained are not listed in table 1.
Two municipal wells just outside the study area—one
in Norwich, Vt., and one in Fairlee, Vt.,—are included
in the inventory because they provide important
information on the geohydrology of two of the aquifers
underlying the study area.

Acknowledgments

The author thanks the many private landowners
who gave permission for the USGS to drill test holes
and perform seismic activities on their lands. Without
their cooperation, much of the data collected to describe
the geohydrology of stratified-drift aquifers would not
have been available. The author also thanks the U.S.
Forest Service (for allowing access to the White Moun-
tain National Forest); the U.S. Natural Resources Con-
servation Service; the New Hampshire Water Well
Board; and the many State agencies. municipalities,
residents, consulting firms, well-drilling companies,
and private companies who provided data for this study.

Table 1. Two-letter town codes used as prefixes in
the numbering system for wells, borings, and
springs in west-central New Hampshire and
eastern Vermont

Town Code Town Code
NEW HAMPSHIRE Lebanon LH
Bath BD Lisbon LLL
Benton BO Littleton LN
Bethlehem BS Lyman LX
Canaan CcC Lyme LY
Carroll CF Monroe MU
Dalton DA Orange OR
Easton EB Orford OS
Enfield EN Piermont PD
Franconia FD Sugar Hill SU
Hanover HH Whitefield WL
Haverhill HK VERMONT
Jefferson JE Fairlee FL
Landaff LF Norwich NR

GEOHYDROLOGIC SETTING

Three types of aquifer materials that are found
underlying the study area are (1) stratified drift, which
can be a major source of ground water for municipali-
ties, (2) till, which locally can supply small amounts of
water for domestic use, and (3) bedrock, which supplies
some municipalities but more commonly provides
water to households in the study area that are not
connected to a municipal supply.

Stratified Drift

Coarse-grained stratified-drift deposits, the focus
of this study, consists of stratified, sorted, mostly
coarse-grained sediments (sands and gravels) deposited
by glacial meltwater at the time of deglaciation. Hydro-
logic characteristics of stratified drift that affect ground-
water storage and flow are related to the glaciofluvial or
glaciolacustrine environment in which the sediments
were deposited. Stratified-drift deposits are composed
of distinct layers of sediments with different grain-size
distributions, sorted according to depositional environ-
ment. For example, fast-moving meltwater streams
deposit coarse-grained sediments with large pore spaces
between grains. If saturated, these sediments store and
transmit water readily. Fine-grained sediments (very
fine sands. silts, and clays), deposited in slow-moving
lacustrine environments or ponded meltwater, do not
transmit water {reely.

Deglaciation, and the location of glacial lakes
during deglaciation, had a pronounced effect in deter-
mining the type of aquifer that was formed. Deglacia-
tion of the study area is believed to have occurred by a
systematic process of stagnation-zone retreat (Koteff
and Pessl, 1981). During deglaciation, the active glacial
ice receded to the north-northwest, leaving behind
zones of stagnant ice in contact with the active ice mar-
gin. In the areas of previous ancient glacial lakes, the
coarsest stratified-drift deposits formed were ice-
contact deltas, some of which may have been fed by
sediment in meltwater emanating from within or
beneath the glacial ice. In some upland valleys, upgra-
dient from glacial lakes, the deglaciation process
resulted in the formation of eskers, kames, kame
terraces, and outwash deposits, sometimes in contact
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with deltaic deposits. These deposits compose the
stratified-drift aquifers of these areas and are referred to
here as “fluvial-deltaic aquifers.”

A study done by Spear (1989) on pollen and plant-
macrofossil records from four small present-day lakes
in the subalpine and alpine zone of the White Mountains
in New Hampshire indicates that the White Mountain
area was deglaciated by 13,000 years before present
(BP) but that residual ice may have been in Franconia
Notch until 11,000 BP. Deglaciation of the Connecticut
River Valley was affected by one large glacial lake, gla-
cial Lake Hitchcock, which accumulated significant
thicknesses of fine-grained sediment while meltwater
from the glacier was building fairly coarse-grained
deltaic deposits within the same lacustrine environ-
ment. The elevations of former glacial-lake levels were
projected from measured altitudes of the contact
between topset and foreset beds within remnant deltas
in the Connecticut River Valley. This contact represents
the level of the glacial lake in that area at the time of
deposition (Koteff and Larsen, 1989; Koteff and others,
1993).

The primary aquifers found in areas where glacial
lakes were located in the study area consist of ice-con-
tact deltas and numerous eskers. Eskers are long ridges
of sand and gravel deposited either (1) in meltwater
channels within the zone of ice stagnation during degla-
ciation or (2) at the ice margin where it retreats in
contact with a standing water body. Retreat of the ice
margin causes deposition at locations progressively fur-
ther up the meltwater channel, thereby forming a ridge
that follows the course of the previous channel. Eskers,
or ridges of coarse-grained stratified drift, are found
throughout the study area, but are most prominent along
the main stem of the Connecticut River in Hanover, in
the Ham Branch Brook subbasin in Easton and Franco-
nia, and in the Ammonoosuc River subbasin in Carroll.
Where saturated thickness is significant, eskers and
other coarse-grained ice-channel deposits form produc-
tive aquifers. Similarly, where other coarse-grained
stratified-drift deposits are confined beneath or within
fine-grained lake-bottom sediments, such as subaque-
ous fans or distal ends of deltas, productive aquifers
may be present. The locations of confined aquifers may
be undetected in areas where subsurface data are
lacking.

Glacial Lake Hitchcock

Glacial Lake Hitchcock occupied much of the
Connecticut River Valley during deglaciation and prob-
ably early postglacial time. At its maximum, the lake
extended as far north as Burke, Vt. more than 210 mi
north of its outlet at New Britain, Conn. (Koteff and
Larsen, 1989) (fig. 3). In the study area, the lake
extended up the main stem of the Connecticut River as
far north as Dalton, N.H. (and Gilman, Vt.); eastward
up the Mascoma River Valley to Lebanon, and eastward
up the Ammonoosuc River Valley to Littleton (fig. 4).
Early in the lake’s history, while the ice margin was still
to the south in Connecticut and Massachusetts, the lake
level lowered as its outlet channel eroded downward to
resistant bedrock, after which relatively constant lake
levels were maintained as the ice retreated northward
(Koteff and Larsen, 1989).

A stabilized level of glacial Lake Hitchcock is
indicated numerous ice-contact deltas that have not
been modified by collapse and that have topset-foreset
contacts that fall along a linear plane (fig. 3). Four of
these unmodified ice-contact deltas surveyed by Koteff
and Larsen (1989) are in the study area; the rest are to
the south or in the Vermont part of the Connecticut
River Valley. The plane defined by the topset-foreset
contacts of these deltas represents the level of the lake
before postglacial uplift. This plane now, after the
postglacial uplift, dips about 4.8 ft/mi downward in the
direction of about S. 21° E. (Koteff and Larsen, 1989).
Eventually, lake levels in glacial Lake Hitchcock
lowered, and deltas were formed farther out into the
valley.

The mineralogy of glacial Lake Hitchcock lake-
bottom sediments collected by Moore and others (1994)
indicates that high-grade metamorphic rock was the
main bedrock source providing the sediment that even-
tually filled in the lake. This finding is consistent with
the type of bedrock found in northern Vermont, northern
New Hampshire, and Canada. Principal minerals found
were iron chlorite and muscovite, with lesser amounts
of quartz. Minor minerals found in the silt fraction, in
order of abundance, were garnet, hornblende, zircon,
zoisite, andalusite, tourmaline, calcite, rutile, and
kyanite.
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Glacial Lakes in Upland Valleys

Some small, short-lived glacial lakes were present
during the period of deglaciation in upland valleys, at
elevations higher than glacial Lake Hitchcock (fig. 5).
The generally northwesterly retreat of the ice front in
the mountainous terrain produced many ice-dammed
lakes. The outlets of these lakes were first controlled by
passes to the south and east of the lakes and were later
controlled by channels around the ice margin as lower
ground was uncovered toward the west, eventually
allowing lake waters to escape toward the main stem of
the Connecticut River Valley (Lougee, 1939). The larg-
est of these upland glacial lakes in the study area, from
south to north, were (1) glacial L.ake Mascoma, in the
upper Mascoma River subbasin in Canaan, Enfield and
Lebanon, (2) glacial Lake Oliverian, in the Oliverian
River subbasin in Benton and East Haverhill, (3) glacial
Lake Wild Ammonoosuc, in the upper part of the Wild
Ammonoosuc River subbasin in Easton, Landaff and
Benton, (4) glacial Lake Franconia, in the Gale River
subbasin in Easton and Franconia, (5) glacial Lake
Ammonoosuc in the upper Ammonoosuc River subba-
sin in Carroll and Bethlehem, and (6) glacial Lake
Whitefield in the John’s River subbasin in Dalton and
Whitefield (fig. 5) (Lougee, 1939). Much smaller gla-
cial lakes, probably existing only a short time, occupied
the valleys of Grant Brook and Jacob’s Brook in Lyme
and Orford, respectively. Today, Mascoma Lake in
Enfield and Lebanon, is the only significant remnant of
these glacial lakes. The disappearance of these glacial
lakes and the once higher level of modern lakes (such as
Mascoma Lake) can be explained by the removal of the
glacial ice dams, erosion of glacial drift dams by outlet
streams, or the gradual filling of these lakes over thou-
sands of years by sediment and organic matter. A brief
history of these glacial lakes and their relations among
one another and with glacial Lake Hitchcock is given
below. Arrows showing location and direction of
glacial-lake spillways (outlet passes) are shown on
plates 1 through 4.

Glacial Lake Mascoma

During deglaciation, the natural drainage to the
west in the Mascoma River subbasin was obstructed by
the ice margin, and a series of interconnecting lakes,

called glacial Lake Mascoma was temporarily formed
(fig. 5) (Lougee, 1939). At its maximum extent, glacial
Lake Mascoma had a water-surface altitude 300 ft
higher than that of present-day Mascoma Lake (1,048 ft
or 319 m). This ice-dammed glacial lake was initially
controlled by a pass west of the Mt. Cardigan Range
(about 1 mi southwest of Tuttle Hill in Orange) across
the drainage divide between the headwater area of
Mirror Lake in Canaan and Smith River in Grafton
(fig. 5, pl. 5). Waters from this glacial lake spilled
southeastward into the Smith River Valley.

Glacial Lake Mascoma maintained a water level
controlled by the Tuttle Hill pass until the next outlet
was uncovered by the retreating ice at a pass across the
drainage divide between Little Brook in Enfield and
Bog Brook in Springfield (fig. 5, pl. 5). This new outlet
allowed the lake to drain to an altitude of 1,023 ft
(312 m). When the ice margin retreated north of the
Crystal Lake Brook Valley at West Canaan and the
Mascoma River Valley (where the Mascoma River
drains into present-day Mascoma Lake), waters from
the lake escaped through these valleys, spilling south-
ward over the drainage divide and into the Bog Brook
Valley. The glacial lake drained completely by way of
marginal channels cut into Bass Hill approximately
2 mi southeast of Lebanon (pl. 5), finally allowing
drainage to enter the Connecticut River Valley, and
forming deltas in glacial Lake Hitchcock. Before the
water surface of Mascoma Lake declined to its present
level, it was controlled by a gorge of Mascoma River,
now abandoned and 60 ft above the present channel of
the river, about 1 mi southwest of Mascoma Village
(Lougee, 1939).

Glacial Lake Oliverian

During deglaciation, the westerly drainage of the
Oliverian Brook subbasin was obstructed by the ice
margin, and glacial Lake Oliverian was temporarily
formed (Lougee, 1939). During its initial stage, the lake
had an outlet pass controlled by Oliverian Notch in
Glencliff village (in Warren) at an altitude of 1,050 ft.
Glacial lake waters spilled southeastward across the
drainage divide into the valley of Berry Brook, a
tributary to the Baker River.
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When the ice margin retreated north of Catamount
Ridge, an outlet was uncovered in the headwater areas
of two unnamed tributary streams at an altitude of
approximately 790 ft. The first stream is parallel to
Brushwood Road and drains into Oliverian Brook; the
second stream is south of Dean Memorial Airport in
Haverhill and drains into Clark Brook (pl. 6). At this
outlet, lake waters spilled northward over the pass and
between two small hills, cutting channels into one of
them before entering the Clark Brook subbasin and
depositing sediment into glacial Lake Hitchcock, form-
ing deltas. Eventually, ice retreated from the Oliverian
Brook subbasin completely, allowing the lake to drain,
and the brook began to follow its present-day course to
the Connecticut River.

Glacial Lake Wild Ammonoosuc

During deglaciation, the westerly drainage of the
upper Wild Ammonoosuc subbasin, on the northern
side of Mt. Moosilauke, was obstructed by the ice mar-
gin, and glacial Lake Wild Ammonoosuc was tempo-
rarily formed (fig. 5) (Lougee, 1939). The initial outlet
of this lake was to the south at the threshold of Kinsman
Notch at an altitude of 1,820 ft (pl. 7). During this initial
lake stage, waters flowed down the notch into the head-
water area of Lost River, a tributary to the Pemigewas-
sett River. Lougee (1939) believed that eskers and
varved clays were deposited in water at depths of more
than 500 ft. Evidence of unconsolidated deposits on the
former lakebed has been found near the village of Wild-
wood (in Easton), on the northern flank of the valley,
where a domestic well (EBW-24) penetrated 80 ft of
sand and gravel before reaching bedrock.

When the northwest flanks of Black Mountain
were uncovered, the lake drained away through a series
of progressively lower outlet passes (just west of Little
Black Mountain in Haverhill) at altitudes ranging from
1,720 to 1,300 ft (pl. 7). Deltas were formed at these ele-
vations in the declining stages of glacial Lake Oliverian
at East Haverhill through the North Branch Oliverian
Brook Valley and in glacial Lake Hitchcock at Center
Haverhill through the Clark Brook Valley. Stratified
drift was deposited in the headwater area of Waterman
Brook. During this time, the Ham Branch Brook Valley
(which drains into the Gale River and is east of Black
Mountain) was covered by ice; otherwise, lake waters
would have escaped northward through an outlet pass in

the headwater area of Ham Branch Brook at an altitude
of 1,320 ft. Eventually, the ice retreated from the upper
Wild Ammonoosuc River subbasin completely, drain-
ing the lake as the river began to follow its present-day
course to the Ammonoosuc River Valley.

Glacial Lake Franconia

During deglaciation, the natural drainage to the
north in the Ham Branch Brook subbasin in IZaston and
Franconia was blocked by the ice margin, ard a series
of interconnected lakes in the upper Gale River subba-
sin, called glacial Lake Franconia, began to form (fig. 5)
(Lougee, 1939). The initial outlet of the lake, to the
south was at the drainage divide between the headwater
areas of Ham Branch Brook and a tributary to the Wild
Ammonoosuc River at an approximate altitude of
1,320 ft (pl. 7). Waters from this glacial lake spilled
southward into the Wild Ammonoosuc River Valley (by
this time, glacial Lake Wild Ammonoosuc had probably
completely drained).

The lake maintained this initial outlet until the next
outlet was uncovered at a pass in the headwater area of
Salmon Hole Brook (pl. 7). When the Salmon Hole
Brook Valley (in Lisbon) was uncovered, the lake was
drained to an altitude of 1,280 ft. During thir stage,
water spilling northeastward over the outlet pass
drained into the Ammonoosuc River Valley at Salmon
Hole (in Lisbon) and built a large delta almo<t 200 ft
thick in the deep waters of glacial Lake Hitchcock. At
about the same time, active ice occupied the Ham
Branch Brook Valley and deposited an esker in the lake
that today is parallel to New Hampshire Rou*e 118 and
just south of the Franconia Airport (pl. 7). Later, when
the ice margin occupied the lower Gale Rive- subbasin
in Sugar Hill, the lake expanded as the northward
drainage of Meadow Brook and westward drainage of
the upper Gale River subbasin were blocked by the ice.

Glacial Lakes Ammonoosuc and Whitefeld

During deglaciation, the natural drainage to the
west in the Ammonoosuc River subbasin wa<
obstructed by the ice margin, and a series of intercon-
nected lakes in the upper part of the basin, called glacial
Lake Ammonoosuc, was temporarily formed (fig. 5)
(Goldthwait, 1916; Lougee, 1939, 1940; Davis and
others, 1993). As the ice margin receded in a
north-northwesterly direction, progressively lower lake
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outlets to the west were uncovered one by one and
drained each successive stage of the lake to the level of
each newly exposed outlet.

The initial lake stage of glacial Lake Ammo-
noosuc, approximately 1,870 ft (570 m), was controlled
at Crawford Notch (pl. 8). During this stage, active ice
occupied the valley and deposited eskers in the lake
near Bretton Woods perpendicular to the mouth of the
Zealand River near Twin Mountain Village, where New
Hampshire Routes 3 and 302 intersect, and in the
Deception Brook Valley. Lake water spilled southward
over Crawford Notch (outlet 1) into the Saco River
Valley.

The second and third lake stages were created
when outlets were uncovered southwest of Twin Moun-
tain Village in Bethlehem (pl. 4): outlet 2, south of New
Hampshire Route 3 at an altitude of 1,575 ft (480 m);
and outlet 3, parallel to New Hampshire Route 3 at an
altitude of 1,475 ft (450 m) (Lougee, 1940; Davis and
others, 1993). During these stages, lake water spilled
southward over the passes into the headwaters of Gale
River and built deltas into the declining stages of glacial
Lake Franconia (fig. 5). When outlet 3 was the spillway
for the lake, an ice-contact delta, known as the Carroll
Delta, was built southward into the lake. Drainage from
within the ice to the north contributed most of the water
and sediment to the delta. The delta was graded to the
elevation of outlet 3 (Davis and others, 1993).

Outlet 3 remained the spillway for the lake until
the ice margin retreated 1 mi north to the next outlet
(outlet 4) in the headwaters of a small tributary to
Beaver Brook 1 mi east of Trudeau Road in Bethlehem
(altitude 1,378 ft or 420 m). The bottom of the Carroll
delta was eroded to the same elevation as outlet 4.

Approximately half a mile west of outlet 4, outlet
5 was uncovered at an altitude of 1,338 ft (408 m) when
the ice margin was near present-day Pierce Bridge in
Bethlehem. During lake stages 4 and 5, water continued
to spid into the headwaters of Gale River through the
Beaver Brook subbasin and deposited thick layers of
stratified drift. Currently (1993), the area surrounding
outlet 5 is used as a regional landfill.

Additional outlets in the Ammonoosuc River sub-
basin opened to the west as the ice retreated and small
ponded areas formed near the ice margin. When the ice
margin was positioned over Pine Knob (a small hill near

the town boundary between Bethlehem and Whitefield),
a pass opened in the drainage divide between Black
Brook and Bog Brook (a tributary to John’s River) at an
altitude of approximately 1,280 ft (390 m) (. 8). This
was the first outlet for the newly formed glacial Lake
Whitefield, when Carroll Stream was blocke from
draining into John’s River by the ice sheet (fg. 5)
(Lougee, 1939). For the first time, waters from this lake
spilled southward over the pass and possibly contrib-
uted sediment to the stratified-drift deposits found in the
Ammonoosuc River Valley near Pierce Bridge and
Trudeau Road in Bethlehem. Waters draining glacial
Lake Ammonoosuc were still controlled at outlet 5.

When the ice margin was near present-day
Bethlehem Hollow (pl. 8), drainage of the Ammo-
noosuc River was temporarily diverted to the Gale
River subbasin. The Ammonoosuc River flowed across
the Barrett Brook Valley along the ice front, at an alti-
tude of approximately 1,200 ft (266 m), befc-e it
reached an outlet through the Indian Brook Valley (out-
let 6) at an altitude of 1,083 ft (330 m) in Littleton
(pl. 8). Meltwater draining from the retreatirg ice and
drainage from the Ammonoosuc River flowed south-
westward through outlet 6 into the Gale River subbasin
at Sugar Hill. Glacial Lake Whitefield expanded but
was still controlled through the pass near Pine Knob.
Lougee (1939) believed that the gravelly nature of the
till between outlet 6 and the present-day course of the
Ammonoosuc River (near Wing Road) indicates that
the river had flowed to Littleton earlier but that the
riverbed had been reworked and destroyed by ice
readvancement.

The Ammonoosuc River flowed along th= ice front
when its margin was just south of Alderbroo', opening
up outlets at altitudes of 1,083 ft (330 m) and 1,063 ft
(324 m) west of Wing Road (pl. 8). Concurrently, a
second outlet for glacial Lake Whitefield was uncov-
ered in the headwater area of Burns Pond in Whitefield
at an altitude of 1,063 ft (pl. 8). Waters drairing
southward from glacial Lake Whitefield during this
stage deposited coarse-grained stratified drift to the
Ammonoosuc River Valley near Wing Road and Hazen
Drive.
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Fluvial-Deltaic Deposits

A sectional diagram showing the formation of an
ice-contact delta in a glacial-lake environment is shown
in figure 6. The Carroll Delta, which formed in glacial
Lake Ammonoosuc, is a good example of this type of
deltaic deposit. A block diagram showing the formation
of a fluvial-deltaic aquifer is shown in figure 7. The
Haverhill-French Pond aquifer in Haverhill is a good
example of this type (fluvial-deltaic) of stratified-drift

Area of debris

deposit (pl. 7). Other fluvial-deltaic aquifers are found
throughout the study area. Fluvial-deltaic aquifers in
this area can be characterized by morphosequence dep-
osition associated with stagnation-zone retreat of the ice
margin, which commonly formed glacial lakes near the
ice margin (Koteff and Pessl, 1981). The aquifers are
coarse grained near the ice-contact margin and become
progressively finer grained where the sediment-laden
meltwater lost energy downstream of the ice margin and
as it emptied into glacial-lake water.
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Figure 6. Sectional diagram of the formation of an ice-contact delta in a glacial-lake
environment. (Modified from Koteff and Pessl, 1981.)
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Figure 7. Block diagram of the formation of a fluvial-deltaic aquifer (from Ayotte and

Toppin, 1995).
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Till

Glacial till, commonly referred to as “hardpan,” is
an unsorted mixture of clay, silt, sand, gravel, and boul-
ders that was deposited directly by glacial ice. In the
study area, till lies discontinuously on the bedrock sur-
face and is generally thin. The types of till common to
this study area are brownish till (presumably oxidized)
overlying a compact, grayish till. The upper brownish
till in many localities is an ablation till composed of
loosely consolidated rock debris once carried by glacial
ice. Ablation tills accumulated in place as stagnant
glacial ice melted. The lower, compact till in many
localities is a lodgement till, originally deposited
beneath the flowing glacial ice. The thickest sequences
of till are composed of lodgement till in drumlins. In
New Hampshire, till generally lies directly over bed-
rock; however, till overlies stratified drift at numerous
locations in Bethlehem and Monroe. The deposition of
one, and possibly more, of these pockets of stratified
drift buried beneath till is from localized readvancement
of glacial ice (Crosby, 1934; Lougee, 1934). Till-
derived colluvium is a likely source for other stratified
deposits buried beneath till-like material.

Till generally is considered to be a minor source
of ground water because of its low transmissivity.
Large-diameter (usually 36 in.) dug wells in till can
provide small (generally less than 3 gal/min) amounts
of water for domestic use; however, water-level
fluctuations in till can be quite large, and dug wells
sometimes dry up during the summer. Ablation tills
containing lenses of stratified sand and gravel are the
most productive till deposits. Because sorted stratified
drift and ablation tills may grade into one another, the
distinction between the two material types is not always
clear.

Bedrock

The Middle Connecticut River Basin is underlain
by layered sedimentary and volcanic rocks that have
been metamorphosed. These metasediments and
metavolcanic rocks include phyllite, schist, quartzite,
and greenstone. The metasedimentary and metavolca-
nic rocks have been folded and intruded by plutonic
rocks of different ages. The predominant bedrock for-
mations underlying the study area are the Ammonoosuc
Volcanics of Upper and Middle Ordovician age, the
Littleton Formation of Lower Devonian age, and the
Perry Mountain Formation of Silurian age in the
western Connecticut River Valley.

Ground water from wells completed in bedrock
enters the wells through fractures that are intersected by
the well. The yields of these wells depend on the num-
ber, size, and degree of interconnection of the fractures.
Wells that penetrate bedrock commonly yield only
small quantities of water suitable for drinking and other
domestic uses. Yields for the 2,050 bedrock wells
inventoried for this study ranged from 0 to 425 gal/min;
the median was 6 gal/min. Bedrock wells are capable of
yields sufficient for municipal supply where fractures
are large and numerous (Daniel, 1987). (For example,
well LNW-1 (pl. 3) once supplied the town of Littleton
with an average yield of 425 gal/min.)

GEOHYDROLOGY OF STRATIFIED-DRIFT
AQUIFERS

The geohydrology of the stratified-drift aquifers
was described by identifying (1) aquifer boundaries,
(2) direction of ground-water flow from recharge to dis-
charge areas, (3) aquifer thickness and storage, and
(4) aquifer transmissivity. Data sources in this investi-
gation included surficial geologic maps; recnrds of
wells, test borings, and springs, and seismic-refraction
and seismic-reflection data. Results of the g=ohydro-
logic investigation are shown on plates 1 through 8.
Plates 1, 2, 5, and 6 depict the southern and c=ntral parts
of the study area, and plates 3, 4, 7, and 8 depict the
northwestern and northeastern parts of the s‘udy area
(fig. 2).

Delineation of Aquifer Boundaries and
Water Table

Stratified-drift aquifers in the study area are com-
posed of fine- to coarse-grained sands and gravels
deposited by glacial meltwaters as glaciolacustrine or
glaciofluvial deposits. Lateral aquifer bounc'aries are
defined by the contact between the stratified drift and
till and (or) bedrock. The position of this contact was
determined from soil maps, test-boring logs. and
field mapping done specifically for this studv. Bottom
boundaries, the contacts between the stratified drift and
the surface of the till or bedrock, were determined by
use of data from seismic refraction and seismic reflec-
tion and from test borings. The upper bouncary is the
water table. Water-table altitudes were determined from
wells, surface-water bodies, and geophysicel data.
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Areal Extent of Stratified-Drift Aquifers

The areal extent of the stratified-drift aquifers is
shown on plates 1 through 8. Because of the regional
scale of this investigation, aquifer boundaries are
approximate. Coarse-grained stratified-drift deposits
may underlie lacustrine deposits, but are not delineated
on the plates because of the complexity of the stratigra-
phy and the lack of subsurface data for adequate defini-
tion. Available data for coarse sediment underlying
fine-grained sediment are addressed in the section
"Description of Selected Stratified-Drift Aquifers."
Although the lacustrine sediments (very fine sands, silt,
and clay) generally are not capable of supplying ade-
quate amounts of water for domestic and community
use, the coarse-grained deposits that may lie below
could be productive aquifers.

Available data on the areal extent of the stratified-
drift aquifers in the study area were limited to one
reconnaissance map of the surficial geology of the
Canaan area in parts of the Canaan, Enfield Center, and
Mount Cardigan quadrangles, at a scale of 1:62,500
(Denny, 1958). Aquifer boundaries for the entire study
area were specifically mapped or remapped as part of
this study at a scale of 1:24,000 or 1:25,000.

Most aquifer boundaries delineated on plates 1
through 4 are shown as solid lines. In the explanation on
the plates, solid lines are defined as "approximately
located" because the boundary locations, which they
represent, cannot be ensured with great accuracy. A
solid line on a 1:25,000 scale map implies a horizontal
accuracy of + 80-ft . In most areas, the solid-line bound-
aries are nearly this accurate. Dashed lines represent
“inferred” boundaries, and dotted lines represent
“concealed” boundaries (usually beneath swamps or
other surface-water bodies).

Stratigraphic Position of Geohydrologic Units

Stratigraphic data for the geohydrologic units
in the study area were obtained from records of subsur-
face exploration. Additional test drilling and surface-
geophysical exploration (seismic refraction and marine
seismic reflection) were done to better define the
position and the type of geohydrologic units of
stratified-drift aquifers.

Ground-Water Site Inventory

Subsurface data from wells, test borings, and
springs were inventoried, and sites within or near the
stratified-drift aquifers are plotted on plates 1 through 4.
Geohydrologic data for approximately 2,770 sites were
added to the USGS computerized Ground-Weter Site
Inventory (GWSI) data base and then checkec for accu-
racy. Sixty-four percent of the data are for domestic
wells and were transferred to GWSI from the New
Hampshire Water Management Bureau data base.
Approximately 1,100 sites of the 2,770 total sites added
are in or near areas where the stratified-drift aquifers are
present. Appendix A contains selected data from the
GWSI data base for wells, borings, and springs in the
stratified-drift-aquifer areas that were used to prepare
the accompanying plates. These data include an identi-
fication number for the well, latitude and longitude,
depth of the well, water level, and yield of the well.
Stratigraphic logs of selected wells and borings in strat-
ified drift are in appendix B. These data were used pri-
marily for estimating the transmissivity of the aquifers
where no aquifer-test data or grain-size data were
available.

The following sections of this report present the
methods applied in data acquisition and interpretation.
Point data and contoured interpretive information can
be transferred digitally to other GIS data bases and the
data analyzed relative to other geographic features.
Applications of the USGS GWSI data base are
discussed by Mercer and Morgan (1981).

Seismic Refraction

Seismic-refraction surveys were completed at 95
locations (totaling more than 11 mi) to determine depths
to the water table and depths to the bedrock surface.
Survey locations are shown on plates 1 through 4. A 12-
channel, signal-enhancing seismograph was used to
record arrival times of compressional wave en=rgy gen-
erated by a sound source. The data were collected and
interpreted according to methods described by Haeni
(1988Db). Interpretive results determined with the aid of
a computer program by Scott and others (1972), are
shown in appendix C.

Seismic velocities calculated for the materials
under investigation and used in the seismic interpreta-
tions range from 500 to 1,500 ft/s for unsaturated
stratified drift, are approximately 5,000 ft/s for saturated

Geohydrology of Stratified-Drift Acuifers 17



stratified drift, and range from 10,000 to 20,000 ft/s for
bedrock. Interpreted seismic-refraction profiles in this
report show (1) the top of the profile, which represents
land surface in feet above sea level, (2) an estimate of
altitude of the water table in unconsolidated deposits at
the time the seismic data were collected, and (3) an esti-
mate of altitude of the bedrock surface. The relative
altitudes of each geophone and sound source were
determined in the field by leveling if altitude differences
greater than 5 ft between geophones were observed. The
actual altitudes, relative to sea level, were estimated
from USGS topographic maps and are assumed to be
accurate to half a contour interval, or about 10 to 20 ft.
Estimated depths to the water table and to the bedrock
surface generally compare well with control data, such
as nearby well or boring logs and water-table and
bedrock-outcrop observations. Actual depths to the
bedrock surface have been shown to be within 10 per-
cent of the estimates from seismic-refraction profiles
(Haeni, 1988b). Till is not accounted for in these inter-
pretations because it is usually thin (less than 10 ft) and
cannot be detected with seismic-refraction methods.
Where till is present in thicknesses greater than 10 ft
and is not accounted for in the interpretation of seismic
data, the computed depth to the bedrock is less than the
actual depth. Additional error results if the relief of the
bedrock surface differs considerably over distances less
than the 50- or 100-foot geophone spacing used in the
profiling.

Seismic Reflection

High-resolution, continuous, marine, seismic-
reflection data were collected along approximately
1.6 mi of Mascoma Lake shoreline. The continuous sur-
veys were done according to methods described by
Haeni (1988a). Survey data were used to map depths to
the bedrock surface along the shoreline. During data
collection, an array of receivers was towed behind a
boat that traveled slowly along the lake shoreline. Com-
pressional waves, generated from a sound source, pene-
trated the lake bottom and were reflected back to the
surface in response to the physical differences in the
underlying geologic strata. The reflected sound waves
were received at the water surface and converted to an
electrical signal that was displayed on a graphic
recorder. Data-collection results were often obscured by
strong reflectors at the water bottom. [A more complete
discussion of this technique is given by Haeni (1988a)
and by Morrissey and others (1985)].

Locations of seismic-reflection surveys along
Mascoma Lake are shown on plate 1. Seismic-reflection
records and interpreted hydrogeology from the two sur-
veys are shown in figures 8 and 9. The lake bnttom, till
and (or) bedrock surface and the type of unconsolidated
deposits are indicated.

Altitude of Water Table

The altitude of the water table in the stratified drift
is shown on plates 1 through 4. These maps were pre-
pared from (1) altitudes of streams, ponds, an- lakes as
shown on 1:24,000- or 1:25,000-scale USGS topo-
graphic maps; (2) ground-water-level data from wells
screened in the stratified drift; and (3) analysis of
seismic-refraction profiles. Water-table altitudes were
mapped for only unconfined aquifers in the stratified
drift. The altitude of the water table is controll=d locally
by the stratigraphy, which differs from place to place.
Accordingly, in areas where sands and gravels overlie
glaciolacustrine silts and clays, the water-tabl= gradient
is steep. Saturated coarse-grained stratified drift con-
fined below fine-grained material may indicate the
location of potentiometric surfaces in confined aquifers,
but the data are insufficient to contour.

Water-table contours generally indicate areas of
recharge to and discharge from aquifers. A water-table
contour that intersects a gaining stream (a stream that
receives ground-water discharge) forms a "V" whose
narrow end points upstream. A water-table contour that
intersects a losing stream (a stream that recharges
ground water) forms a “V” that points downstream.

Water-level measurements were made periodically
at 26 observation wells in the study area from June
1990 through October 1991. Hydrographs fo- 19 wells
are shown in appendix D. Long-term water-level
measurements at wells in other parts of New Hampshire
support the conclusion that natural water-level
fluctuations in coarse-grained stratified drift are usually
less than 5 ft but can be as much as 10 ft (Cot*on, 1987,
Toppin, 1987; Moore, 1990; Mack and Lawlor, 1992;
Stekl and Flanagan, 1992; Moore and others, 1994;
Harte and Johnson, 1995). Therefore, a 20- or 40-foot
contour interval for water-table altitudes under natural
conditions is reasonable when preparing a generalized
water-table map from water-level measurements made
at different times.
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Recharge, Discharge, and Direction of
Ground-Water Flow

Ground-water recharge includes natural recharge
from precipitation that falls directly on the aquifer at the
surface and infiltrates the water table, lateral inflow
from adjacent till and bedrock areas, and, in some
areas, leakage from streams that traverse the aquifer.
Natural recharge to an aquifer is the difference between
precipitation and the amount of water lost to evapo-
transpiration and to runoff. Most of the recharge in the
study area occurs in late fall and early spring, when pre-
cipitation is greatest. Estimates of ground-water
recharge to stratified-drift aquifers is approximately
half of the annual precipitation in glaciated areas of
eastern Massachusetts (Knott and Olimpio, 1986) and
in southern Maine (Morrissey, 1983). Ground-water
discharge at low streamflow was used to approximate
recharge to an aquifer. Streamflow data collected
during a period of low flow indicated that approxi-
mately half of the annual precipitation was being dis-
charged to the streams. Therefore, recharge to aquifers
was considered to be equal to approximately half of the
annual precipitation.

Recharge to stratified-drift aquifers from upland
areas not drained by streams can be estimated by mea-
suring ground-water discharge from till and (or) bed-
rock uplands that are drained by streams. Long-term
streamflow data (1963 to present) from Stony Brook
Tributary near Temple, N.H., indicate that the average
discharge from till uplands with small drainage areas
(3.60 mi? for Stony Brook) can be as high as
1.95 (ft/s)/mi? (Ayotte and Toppin, 1995). For a similar
stream in Maine, the estimated average annual lateral
inflow of ground water from upland areas to a stratified-
drift aquifer was 0.5 (ft3/s)/mi? (Morrissey, 1983).
Average annual precipitation, however, in the White
Mountains area is approximately 15 to 20 in. more than
in the lower lying areas of New Hampshire (Knox and
Nordenson, 1955). Therefore, the upland till/bedrock
areas in the study area could possibly contribute more
water to stratified-drift aquifers than upland areas
described in the above studies.

Recharge to stratified-drift aquifers from losing
streams emanating from till/bedrock uplands was docu-
mented by Randall (1978) and by Morrissey and others
(1989). This type of recharge i1s common where the
tributary streams flow over aquifers with a deep water
table relative to streambed altitude (D.J. Morrissey,
U.S. Geological Survey, written commun., 1989). For
example, a small tributary stream 2.7 mi northeast of

the town of Lisbon drains Perch Pond (pl. 3) and all
water is lost to deltaic stratified-drift deposits before
reaching the Ammonoosuc River.

Ground-water discharge includes natural discharge
from the aquifer through seepage into streams, lakes,
and wetlands; evapotranspiration; and withdrawal from
wells. During periods of low streamflow, usually in late
summer and early fall and after extended periods with-
out rainfall, streamflow consists almost entirely of
ground-water discharge. Sixty-one streamflow mea-
surements were made during low flow (streamflow
approximated 90-percent flow duration) in September
1990 and July 1991 (appendix E). These measurements
can be used to estimate recharge to aquifers in the study
area. Further discussion of these measuremerts is found
in "Description of Selected Stratified-Drift 2 quifers.”

Artificial sources of recharge to or disctarge from
an aquifer complicate the preparation of water-table
maps that are intended to represent natural conditions.
Large withdrawals of ground water affect the direction
and slope of ground-water flow in several aquifers in the
study area. Artificial recharge is not found ir the study
area.

Direction of ground-water flow in aquifers is from
areas of higher ground-water levels, or higher hydraulic
head, to areas of lower ground-water levels or lower
hydraulic head, and is perpendicular to the contours of
equal head. Arrows drawn at right angles to the water-
table contour lines are shown on plates 1 through 4 to
indicate the approximate direction of the horizontal
component of ground-water flow. In general, ground
water flows from the uplands towards the Ccnnecticut
River and its tributaries. Water-table gradients in fine-
grained stratified drift commonly exceeded 5 percent in
areas of high topographic relief. Water-table gradients
in coarse-grained stratified drift in areas of low topo-
graphic relief were less than 0.1 percent. Potentiometric
surfaces within aquifers under confined conc'itions
(coarse-grained deposits beneath fine-grained deposits)
were not contoured because of insufficient data. Alti-
tudes of the water table and direction of ground-water
flow shown on plates 1 through 4 must be considered
regional in nature, and local conditions may differ.

Aquifer Characteristics

The geohydrology of stratified-drift aquifers
shown on plates 5 through 8 is based partly on aquifer
characteristics that include saturated thickness, storage,
and hydraulic conductivity. Estimates of saturated
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thickness and hydraulic conductivity were used to cal-
culate transmissivity (pls. 5-8). These characteristics
can be used to assess the water-supply potential of
stratified-drift aquifers.

Saturated Thickness and Storage

Saturated thickness of a stratified-drift aquifer is
the vertical distance between the water table and the
base of the aquifer. Saturated-thickness contours were
prepared from test-boring and well data and seismic-
refraction and seismic-reflection profiles. For many
stratified-drift aquifers, the base of the aquifer is the
till or bedrock surface; for some aquifers, however,
the base is the contact between the upper coarse-
grained deposits and the underlying fine-grained
lacustrine deposits. Thicknesses of the fine-grained
lacustrine deposits are generally unknown, so the
saturated thicknesses depicted on plates 5 through 8
include these fine-grained deposits where present. The
saturated thickness multiplied by the specific yield of
an unconfined aquifer determines the amount of ground
water in storage.

The storage coefficient of an aquifer is defined as
the volume of water released from or taken into storage
per unit surface area of aquifer per unit change in head
(Heath, 1983). In unconfined aquifers, the storage coef-
ficient is approximately equal to the specific yield—the
amount of water released by gravity drainage from a
unit volume of aquiter per unit decrease in hydraulic
head. A value of 0.2 is commonly used for specific yield
for stratified-drift aquifers in New England (Moore,
1990) and for unconsolidated deposits in other areas
(Freeze and Cherry, 1979). Specific yields of 13 sam-
ples from southern New Hampshire ranged from 0.14 to
0.34 and averaged 0.26 (Weigle and Kranes, 1966).

Water released from storage in confined aquifers
results from expansion of water and compression of the
aquifer as hydraulic head declines. Storage coefficients
for confined aquifers, which are significantly smaller
than specific yields for unconfined aquifers, range from
0.00005 to 0.005. Smaller storage coefficients indicate
that the amount of water derived from expansion and
aquifer compression is much less than that from
dewatering by gravity drainage.

Saturated-thickness maps can be used to estimate
the amount of ground water stored in an aquifer. The
saturated volume of an unconfined aquifer is approxi-
mately equal to the sum of the products of the areas

between successive pairs of saturated-thickness con-
tours multiplied by the average saturated thickness for
each area. The volume of ground water stored in the
aquifer is the product of the saturated volume multiplied
by the porosity.

Saturated-thickness maps (pls. 5-8) we-e prepared
by use of data from surficial geologic maps, seismic-
refraction and seismic-reflection profiles, and data
entered and stored in the GWSI data base. A 40-foot
contour interval was used to show saturated thicknesses
of stratified-drift aquifers in most locations. Where data
were available, a 20-foot contour interval was added.
The values calculated for saturated thicknesses included
the thickness of all stratified-drift regardless of grain
size. Layers of fine sand, clay, and silt that overlie,
underlie, or are interlayered with the aquife- deposits
are included in the thicknesses depicted on plates 5
through 8. This inclusion is important to note where gla-
cial Lake Hitchcock and other glacial-lake deposits are
present along the Connecticut River and associated trib-
utaries. Saturated thicknesses composed primarily of
fine-grained sediments are greater than 500 ft in some
of the central part of the Connecticut River Valley in
Haverhill and Orford.

Seismic-refraction profiles (appendix C) show the
depths to the water table and depths to bedrock, but do
not show thickness of the till deposits. For the purpose
of preparing the saturated-thickness maps for the study
area, till was assumed to be thin (less than 10 ft) unless
there was available data.

Transmissivity and Hydraulic Conductivity

Transmissivity is defined as the rate at which water
can be transmitted through a unit width of 2n aquifer
under a unit hydraulic gradient (Heath, 1983). The
transmissivity (T) of an aquifer is equal to the horizontal
hydraulic conductivity of the aquifer (K) in feet per day,
multiplied by the saturated thickness (b, in ft) and is
expressed in units of feet squared per day; thus:

T = K(b). (nH

Hydraulic conductivity was estimated from grain-
size distributions of sediment samples determined by
use of the regression equation developed by Olney
(1983). In this relation, an effective grain size (D, in
Phi units) was used to estimate hydraulic conductivity
(K) with the following equation:

K=2,100%x10"9-655(Djg). (2)
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The effective grain size (D) is a controlling
factor in the hydraulic conductivity of stratified-drift
aquifers and is defined as that grain size where 10 per-
cent of the sample consists of finer grains and 90 per-
cent consists of coarser grains. Olney (1983) developed
this relation from results of permeameter tests of
stratified-drift samples from Massachusetts. Moore
(1990) found that this relation yielded results that fall
within the range of results from methods of Krumbein
and Monk (1946), Bedinger (1961), and Masch and
Denney (1966). Comparisons with aquifer-test data,
however, indicate that application of equation 2 may
not give accurate results for very coarse-grained sand
and (or) gravel. Estimates of hydraulic conductivity
for aquifers consisting of coarse sands and gravels in
this study were, in part, based on comparisons with
aquifer-test data for similar deposits.

Grain-size distribution and the effective grain
size were determined for 454 samples of stratified
drift from southern New Hampshire. Hydraulic conduc-
tivity was calculated for each of the 454 samples. The
samples were collected in the Exeter and Lamprey
River Basins (Moore, 1990), in the seacoast area and
the Lower Merrimack River Basin (Flanagar and
Stekl, 1990), in the Bellamy, Cocheco, Salmon Falls
River Basins (Lawlor and Mack, 1992), in the Lower
Connecticut River Basin (Moore and others, 1994), in
the Contoocook River Basin (Harte and Johnson, 1995),
in the Middle Merrimack River Basin (Ayotte and
Toppin, 1995), and for this study.

Hydraulic conductivities calculated from equation
2 were plotted against median grain size in phi groups,
and the resulting plot was divided into three categories
of degree of sorting (fig. 10). These categorier are used
to describe the types of stratified-drift aquifer deposits
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Figure 10. Relations among estimated hydraulic conductivity, median grain size, and
degree of sorting for 454 samples of stratified drift in southern New Hampshire. (From

Ayoftte and Toppin, 1995.)
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found in New Hampshire. The degree of sorting was
based on the standard deviation of the individual sam-
ples. If standard deviations were large (greater than
1.75 phi), the samples were considered poorly sorted;
if standard deviations were intermediate (1.25 phi to
1.75 phi), the samples were considered moderately
sorted; and if standard deviations were small (less than
1.25 phi), the samples were considered well sorted. A
regression equation was developed for each of the three
categories to determine the relation between hydraulic
conductivity and median grain size. The coefficient

of determination (R2) was 0.93 for the well sorted
samples, 0.72 for the moderately sorted samples, and
0.54 for the poorly sorted samples (fig. 10).

The calculated hydraulic conductivites, grouped
by ranges of median grain size and by ranges of stan-
dard deviation (degree of sorting), are listed in table 2.
Hydraulic conductivities were calculated for each
median phi group and were averaged to determine a
mean hydraulic conductivity per group. For example,
mean hydraulic conductivity of sediment samples
whose mean grain size was defined as medium and well
sorted was 38 ft/d (table 2).

The hydraulic conductivities in table 2 were used
to estimate hydraulic conductivities for lithologic
descriptions given in test borings and well logs. For
example, from a lithologic description of 10 ft of
moderately sorted coarse sand overlying 20 ft of well

sorted fine sand overlying bedrock, the horizontal
hydraulic conductivities assigned would be 39 ft/d and
9 ft/d, respectively. The estimate of transmissivity,
based on the same description, would be (10 ft x

39 ft/d) + (20 ft x 9 ft/d), or 570 ft*/d. Hydraulic con-
ductivities were not calculated from grain-size
distribution of very fine sand, silt, and clay deposits in
the study area because these values are less than 4 ft/d
and are considered insignificant (Todd, 1980).

Estimates of hydraulic conductivity and transmis-
sivity determined from aquifer-test data for 10 munici-
pal wells completed in stratified drift are reported in
table 3. Values in table 3 are from a variety of sources
and were determined by several analytical methods
(Theis, 1935; Jacob, 1940; Neuman, 1974). Values
reported in table 3 may not accurately represent the
hydraulic characteristics of the stratified-drift aquifers;
pumping may have caused induced surface-water
infiltration, which would have increased est'mated
transmissivities. Aquifer tests performed with small
diameter wells may have resulted in low transmissivi-
ties. Transmissivities reported from aquifer tests ranged
from 1,400 ft?/d to 36,800 ft%/d in the study area
(table 3). The areal distribution of transmissivities
reported from aquifer tests generally agree with
transmissivities from grain-size analyses (shown on pls.
5-8) where induced recharge was not affected by a
surface-water body.

Table 2. Relation of mean hydraulic conductivity to median grain size and degree of sorting of stratified

drift in southern New Hampshire

[<, actual value is less than value shown; >, actual value is greater than value shown; --, no data. Data from Ayotte and Toppir. 1995]

. Well sorted Moderately sorted Poorly sorted
Median Median grain (standard deviation (standard deviation (standard deviation
gf;li}" S!fe) description <1.25 phi) 1.25 phi to 1.75 phi) >1.75 phi)
(phi units Mean hydraulic conductivity (K), in feet per day!

-1.75 Granules - 320 40
-1.25 Granules -- 200 35
-75 Very coarse sand 970 120 25
-.25 Very coarse sand 470 78 18
25 Coarse sand 220 48 13
75 Coarse sand 110 30 Q
1.25 Medium sand 51 19 7
1.75 Medium sand 25 12 5
2.25 Fine sand 12 7 3
275 Fine sand 6 4 2
3.25 Very fine sand 3 3 --
3.75 Very fine sand 2 2 --

! Hydraulic conductivity calculated by use of methods described by Olney (1983).
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Table 3. Estimates of transmissivity and hydraulic conductivity for stratified-drift from unpublished data
and published reports, west-central New Hampshire and eastern Vermont

[gal/min, gallons per minute; ft, feet; ft%/d, foot squared per day: ft/d, foot per day)

Pumped well(s) and Pumping rate Drawdown Transmissivity Hy drfughp
town location (gal/min) (ft) (ft¥/d) con((i;:/dtl)vny
NEW HAMPSHIRE
CFW-6 (Carroll)! 322 15.56 7,000 180
CFW-44 (Carroll)! 150 - 200 3.83 3,000 - 4,700 150 - 235
ENW-29 (Enfield)! 90 - 115 3.12 3,900 - 4,500 115-132
FDW-7 and FDW-8 240 4.4-5.72 6,700 - 7,400 110-120
(Franconia)
LLW-2 (Lisbon)! 703 10.6 9,000 - 16,000 210 - 380
LNW-2 (Littleton)3 412 8.2 27,000 - 32,000 346 - 410
MUW-1 (Monroe)! 32 .88 2,400 73
WLW-6 210-250 20.81 1,400 - 1,700 20-24
(Whitefield)*
VERMONT
FLW-1 (Fairlee)! 75 0.5 13,200 200
NRW-42 975 34 36,800 360
(Norwich)?

! Unpublished data on file in the Pembroke, N.H., office of the U.S. Geological Survey.

2 Gary Smith, D.L. Maher Co, written commun., 1989.
3 D.L. Maher Co., (1989).

4 Gary Smith, D.L. Maher Co, written commun., 1990.
3 Caswell (1990).

Description of Selected Stratified-Drift Aquifers

Stratified-drift aquifers found in valleys through-
out the Middle Connecticut River Basin underlie
123 mi?, or 12.5 percent of the study area. The most
extensive and productive (or potentially productive)
aquifers are described in this section (fig. 11). Each
area is referred to by the following major units: the
Connecticut River Valley, Mascoma River subbasin,
Ammonoosuc River subbasin, and John’s River subba-
sin. Underlying aquifers present in each area are dis-
cussed from south to north or west to east. Aquifer
boundaries, data-collection locations, and altitudes of
ground-water tables are shown on plates 1 through 4.
Aquifer boundaries, saturated thickness, and transmis-
sivity of stratified-drift aquifers are shown on plates 5
through 8. Brief discussions of information shown on
the plates are included in the following section.

Connecticut River Valley Aquifers

Major stratified-drift aquifers along the main stem
of the Connecticut River in the study area extend north
from Lebanon to Littleton and underlie 43 mi2. Other

towns with underlying stratified-drift aquifers in the
Connecticut River Valley are, from south to north,
Hanover, Lyme, Orford, Piermont, Haverhill, Bath, and
Monroe (fig. 11). Aquifers underlying areas drained by
Oliverian Brook, Clark Brook, and other minor
tributary streams also are included in this section.

Connecticut Valley Esker Aquifers

Hitchcock (1878) was the first to describ= a long
and narrow, south-trending esker ridge, known as the
Connecticut River Valley esker, that formed b=neath
glacial ice along the floor of the Connecticut Piver
Valley. Hitchcock (1878) and Lougee (1939) believed
that the esker formed as a 24-mile-long contirnous
deposit from Windsor, Vt., to Lyme, N.H., and that
much of the esker is either buried beneath fine-grained
lake-bottom deposits or partly eroded away by the
Connecticut River. More recently, Koteff and Pessl
(1981) have postulated that this esker formed as part of
the systematic process of stagnation-zone retrzat. Two
aquifers (one in Lebanon and the other in Hanover) that
are part of the Connecticut River Valley esker are
described below.
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West Lebanon Aquifer

The southernmost aquifer originally deposited in
glacial Lake Hitchcock along the main stem of the
Connecticut River as part of the Connecticut River
Valley esker is west of New Hampshire Route 12A in
the southwestern corner of Lebanon (fig. 11, pl. 5).
Much of this stratified drift consists of fine-grained
lake-bottom deposits either overlain by, or interlayered
with, coarse-grained fluvial-deltaic material. Coarse-
grained aquifer material underlies the northern part of
the aquifer and may be part of the Connecticut River
Valley esker that is buried beneath younger lake-bottom
deposits. Bridge boring LHB-1 penetrated 65 ft of satu-
rated coarse sand and gravel, overlain by 15 ft of fine
sand and silt; the boring did not reach bedrock (pl. 1,
appendix B). The esker continues north of boring LHB-
1 and is exposed at the surface near the confluence of
the Mascoma and Connecticut Rivers. Bridge boring
LHB-4 penetrated the esker segment 6,000 ft northeast
of boring LHB-1. The stratigraphic log from boring
LHB-4 (appendix B) shows that the esker contains 33 ft
of medium sand and gravel overlain by 29 ft of fine to
medium sand; here also, the boring did not reach bed-
rock. Surface features shown on the Hanover, N.H.-Vt,,
USGS 7.5 by 7.5 minute quadrangle map (pl. 1) indi-
cate that the esker continues south of boring LHB-1
across the Conneccut River into Hartford, Vt.

Saturated thickness in the West Lebanon aquifer
exceeds 80 ft in some sections. Transmissivity generally
is less than 4,000 ft%/d. Potential for ground-water
production is considerable, especially if production
were close to the Connecticut River where recharge can
be induced from the river. However, because of the
proximity of the aquifer to the town landfill, the town
wastewater treatment plant (at the confluence of the
Mascoma and Connecticut Rivers), and urbanization,
water quality may be of concern.

Hanover-CRREL Aquifer

This aquifer is located in western Hanover, imme-
diately west of the U.S. Army Cold Regions Research
and Engineering Laboratory (CRREL) (fig. 11, pl. 5).
The aquifer is hydraulically connected with the
Connecticut River. Near CRREL, the esker is overlain
by approximately 90 ft of silt and clay lake-bottom

sediments. Some of the wells drilled into the aquifer
penetrated the full thickness of the esker and reached
bedrock. At observation well HHW-28, bedrock is 65 ft
below land surface. Industrial well HHW-5 penetrated
88 ft of saturated coarse-grained material and refusal
was reached on bedrock at 167 ft. Four other industrial
wells (HHW-2, HHW-3, HHW-4, and HHW-¢€) and
Hanover Water Works municipal well HHW-1 (located
1,000 ft north of the industrial wells) penetrated the
esker. Although the esker segment is long (at least

4 mi), it is very narrow, probably 1,000 ft wid= or less.
The contact between the esker and surrounding lake
sediments is fairly abrupt and steep. Test well HHW-27,
which penetrated 139 ft of fine sands, silt, and clay, is
less than 600 ft east of industrial well HHW-4, which
penetrated 42 ft of coarse-grained aquiter material
(appendix B).

Information on the hydraulic characteristics of the
aquifer is available from a study of the Norwich, Vt.,
Fire District municipal well NRW-42, 4,300 ft northeast
of well HHW-1 on the opposite side of the Connecticut
River (pl. 1). Well NRW-42 yields nearly 1,000 gal/min
from this highly permeable esker, and similar Fydraulic
conditions are at the industrial wells and Hancver
municipal well (Shoop and Gatto, 1992). Based on
results from aquifer tests on well NRW-42, transmissiv-
ity is 36,800 ft%/d and average hydraulic condu-tivity is
360 ft/d (table 3) (Caswell, 1990). This transmissivity,
however, represents the effect of a recharge boundary
(the Connecticut River), which increases availability of
water to the aquifer: hence, this transmissivity is not
representative of the hydraulic characteristics of the
aquifer.

Currently (1993), water is withdrawn from this
aquifer at a rate of 2.9 to 3.5 Mgal/d. CRREL uses the
aquifer as a source of industrial water for its refrigera-
tion system; the combined yield for CRREL’s four
industrial wells is 1,500 to 1,900 gal/min (2.2 to
2.8 Mgal/d). Hanover Water Works used to pump
from the aquifer during the summer months to augment
the town’s three surface-water reservoirs; well
HHW-1 had a yield of 500 gal/min (0.63 Mgal/d). The
Norwich (Vt.) Fire and Water District withdraws from
the aquifer as its primary source of drinking water.
Although the District’s well (NRW-42) is capzble of
yields of 725 gal/min or 1.04 Mgal/d (Caswell, 1990),
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it currently (1993) yields only 70 gal/min or 0.1 Mgal/d
(Brian McMullen, Norwich Fire and Water District, oral
commun., 1993).

Ground-water levels reported for observation
wells HHW-25, HHW-26, and HHW-27 (appendix A)
reflect nearby pumping conditions from the industrial
wells. These water levels do not match the altitudes of
the water table shown on plate 1, which are estimates of
natural or nonpumping conditions. The actual direction
of ground-water flow—not shown on plate 1—is from
the Connecticut River to the industrial wells, in
response to induced infiltration from the river.

Additional water-supply wells could be developed
south or north of the current wells; however, trichloro-
ethylene (TCE) was detected in November 1990 in
three of the CRREL industrial wells screened in the
stratified-drift aquifers and in the underlying bedrock
(Shoop and Gatto, 1992). Hanover well HHW-1, used
only intermittently for drinking water, has not been con-
taminated with TCE; however, it was shut down in 1991
because of its proximity to the contaminated wells.
Water from well HHW-1 also contained high concentra-
tions of iron and did not mix well with chlorinated sur-
face water (Ed Brown, Hanover Water Works, oral
commun., 1993). Water from the industrial wells con-
tinues to be used for cooling purposes only. The
Norwich (Vt.) Fire District municipal well is sampled
regularly for water quality and is presently (1993) still
in use.

Orford-Fairlee Aquifer

The Orford-Fairlee aquifer is in the western part of
Orford just north of Reeds Marsh (fig. 11, pl. 6). The
most productive part of the aquifer is where Jacob’s
Brook once drained into glacial Lake Hitchcock. Here,
coarse-grained deltaic deposits overlie fine-grained
lake-bottom deposits. The aquifer is hydraulically
connected to the Connecticut River. Seismic-refraction
profiles (Orford a-a’, pl. 2, appendix C.29) show the
saturated thickness to be 200 to 340 ft at the southern
end of the aquifer near Reeds Marsh and 170 to 210 ft
at the confluence of Jacob’s Brook and the Connecticut
River (Orford e-¢’, pl. 2, appendix C.31). Orford
domestic well OSW-47 (pl. 2), at the southern end of
seismic-refraction line Orford e-e’, penetrated 83 ft of
sand; the well did not reach bedrock (appendix B).
USGS observation well OSW-2 (pl. 2), at the western
end of seismic-refraction line Orford a-a’, penetrated

alternating layers of coarse-grained aquifer material
and fine-grained lake-bottom deposits (fig. 12)
(appendix B).

Although the aquifer remains undeveloped on the
New Hampshire side, it presently provides municipal
water across the State border in Fairlee, Vt. Across the
river from Orford in Fairlee, Vermont (pl. 2), water is
withdrawn from municipal well FLW-1 at a rate of only
70 gal/min (0.1 Mgal/d), but it is capable of yielding as
much as 1.0 Mgal/d (Lance Colby, Fairlee Water
Department, oral commun., 1993). Transmis-ivity
calculated from aquifer-test data for well FLW-1 is
approximately 13,200 ft*/d, and average hyd-aulic con-
ductivity is about 200 ft/d (table 3). Water from this well
has high concentrations of iron and manganese. The
town of Orford currently withdraws from a cug well
(OSW-1) to supply water to a few homes. A camp-
ground on the banks of the Connecticut River with-
draws from dug well (OSW-40) to supply water to
campsites. The most productive location on the New
Hampshire side of the aquifer may be at the northern
end where Jacob’s Brooks enters the Connecticut River
on the floodplain.

Cottonstone Mountain Aquifer

The Cottonstone Mountain aquifer is west of
Cottonstone Mountain and adjacent to the Connecticut
River in western Orford (fig. 11, pl. 6). The Connecticut
River Valley at this locality is narrow with very steep
valley walls; glacial Lake Hitchcock was more than
600 ft deep here. A seismic-refraction line (Orford d-d’,
pl. 2, appendix C.30) 3,000 ft north of the Cottonstone
Mountain aquifer shows the saturated thickness to be at
least 600 ft, yet bedrock is exposed only a fe'v hundred
feet away at the valley wall across the river in Fairlee,
Vt. About 800 ft southeast of seismic-refraction line
Orford d-d’, a homeowner attempted to have a well
installed in bedrock but abandoned the proje-t after the
borehole was still in clay at 365 ft below land surface
(OSA-1) (appendix A).

The Cottonstone Mountain aquifer consists of
coarse-grained stratified drift with saturated
thicknesses greater than 215 ft (pl. 6) and may be
associated with a previous (pre-glacial) drainage chan-
nel of the Connecticut River. Two well drille-s, attempt-
ing to install wells in bedrock, penetrated 215 ft of
permeable sand and coarse gravel deposits at domestic
well OSW-51 and 10 ft of sand and gravel d=posits
buried beneath 80 ft of fine-grained deposits at domestic
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well OSW-64 (appendix B). Neither well reached bed-
rock. Aquifer transmissivity, estimated from drillers’
logs, is probably greater than 4,000 ft%/d. If the aquifer
is hydraulically connected to the Connecticut River,
ground-water withdrawals could induce flow from the
river to the aquifer.

Oliverian Brook Aquifers

The Oliverian Brook aquifers are in the Oliverian
Brook Valley, one of the smaller tributaries to the Con-
necticut River in the study area (fig. 11, pl. 6). These
aquifers are dominated by fine-grained lake-bottom
sediments deposited in glacial Lake Hitchcock (fig. 4)
and glacial Lake Oliverian (fig. 5). Saturated stratified-
drift deposits along the Oliverian Brook Valley near
Ladd Street Cemetery east of New Hampshire Route 10
are generally less than 40 ft thick. Bedrock crops out at
the intersection of Oliverian Brook and New Hampshire
Route 10. Aquifer transmissivity ranges from 1,000-
2,000 ft?/d. Although the thickness of the saturated
stratified drift along the main stem of the Connecticut
River near the mouth of Oliverian Brook exceeds
400 ft (seismic-refraction line Haverhill a-a’; pl. 2,
appendix C.21), most of the drift is probably fine-
grained lake-bottom deposits.

Further up Oliverian Brook, towards East Haver-
hill and Benton, the valley widens into a broad fiood
plain (pl. 6). At this locality, thick deposits of fine-
grained lake-bottom sediments were formed. At obser-
vation well BOW-3 (pl. 2), coarse-grained aquifer
material grades at 12 ft into fine sand, silt, and clays; till
is present at 47 ft (appendix B). Coarse sand and gravel
deposits have been observed at the surface on the north-
ern flanks of the valley near Limekiln Road and the
White Mountain National Forest boundary, but the
thickness of these coarse-grained deposits is unknown.
Potential ground-water production is limited at this
locality by the lack of thick saturated, coarse-grained
aquifer material.

North Haverhill Delta Aquifer

A large delta formed in North Haverhill where
drainage of the lower Ammonoosuc River was
blocked by glacial ice near the present-day village of
Swiftwater (in southeastern Bath). Sediment-laden
meltwater from the Clark Brook Valley (in present-day
Center Haverhill) entered glacial Lake Hitchcock,

forming the delta (fig. 11, pl. 6). Additional sources of
sediment deposited in the delta may have been waters
draining glacial Lake Wild Ammonoosuc, as discussed
in the section on “Geohydrologic Setting.”

Saturated thickness of the stratified drift in the
North Haverhill delta aquifer increases considerably
toward the main stem of the Connecticut River (fig. 13).
Seismic-refraction profiles (Haverhill c-c’, pl. 3,
appendix C.22) show that saturated thickners is 260 to
380 ft in the main stem of the river and 70 ft (Haverhill
k-k’; pl. 3, appendix C.24) to 100 ft (Haverl=1l 1-1’;
pl. 3, appendix C.25) at Dean Memorial Airport.
Because these sediments are predominantly fine
grained, aquifer transmissivity generally is less than
1,000 ft%/d. Haverhill Spring HKS-1, also known as
Cold Springs, is in transmissive material above till and
bedrock (fig. 13, pl. 3). The spring supplies North
Haverhill Water District at a constant rate of 70 gal/min
(0.09 Mgal/d) but is capable of yielding as much as
300 gal/min (0.43 Mgal/d) (Howard Hatch, North
Haverhill Water District, oral commun., 19¢1).

Haverhill-French Pond Aquifer

The Haverhill-French Pond aquifer, no-th of
Center Haverhill and south of French Pond (fig. 11,
pl. 6), is a typical fluvial-deltaic aquifer. Fast-moving,
sediment-laden meltwater draining the retreating ice
first deposited large boulders at Swiftwater, then cob-
bles and coarse gravel south of French Pond and parallel
to French Pond Road. Evidence of these derosits at the
surface is the extensive network of rock walls built by
farmers using uniform, rounded, water-wasked cobbles
and small boulders. A gravel-pit west of French Pond
Road and south of French Pond has exposed gravel,
cobbles, and small boulders that are currently (1993)
mined to depths greater than 20 ft below the water table.
Progressively finer sediment was deposited southward
in the valley. Presently, the aquifer is drained by French
Pond Brook and Clark Brook and is connec*ed to the
North Haverhill delta aquifer at its southernmost end

(pl. 6).

Aquifer thickness is greatest in the center of the
valley (parallel to French Pond Road), where the thick-
ness of the saturated zone averages about 40 ft and
locally exceeds 80 ft. Domestic bedrock well HKW-23
(pl. 2) penetrated 115 ft of sand and gravel b=fore
reaching bedrock. Transmissivity in areas where
saturated thicknesses are greater than 80 ft exceeds

30 Geohydrology and Water Quality of Stratified-Drift Aquifers in the Middle Connecticut River Basin, West-Central Neyw Hampshire
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4,000 ft%/d. At the southern end of the aquifer, USGS
observation well HKW-22 (pl. 2) penetrated 52 ft of
silty, coarse-grained aquifer material before reaching
till (appendix B). Transmissivity, in this area, calculated
from the grain-size distribution analysis of sediment
collected during test drilling, is less than 2,000 ft%/d.
Bedrock crops out in the western and eastern valley
walls,

Currently (1993), water from this aquifer is used to
supply domestic dug wells; however, the aquifer can
potentially supply water to larger water-supply wells.
This aquifer was selected to demonstrate how water
availability can be evaluated by use of the analytical
ground-water flow model discussed in the section on
“Estimation of Water Availability for Selected
Aquifers.”

Monroe | Aquifer

Two aquifers flank the main stem of the Connecti-
cut River in western Monroe. Monroe I, east of the
Mclndoe Falls Hydroelectric Dam and less than 1,000 ft
west of Hunt Mountain Road, is part of a broad kame
terrace about 140 ft above the Connecticut River
(fig. 11, pl. 7). At this locality, two municipal wells—
MUW-1 and MUW-2 (pl. 3)—are screened in the
coarse-grained aquifer material that overlie the thick,
fine-grained lake-bottom deposits that formed in glacial
Lake Hitchcock.

Saturated thicknesses shown on plate 7 include
coarse- and fine-grained stratified-drift deposits and
locally exceed 120 ft. Although the aquifer is high
above the Connecticut River, static ground-water levels
are relatively shallow, from 10 to 12 ft below land sur-
face (appendix A). The saturated thicknesses of the
coarse-grained aquifer material in this area range from
17 ft at test boring MUA-1 to 33 ft at municipal well
MUW-1 (appendix B). At this locality, no additional
coarse-grained deposits are likely to be buried beneath
the fine-grained lake deposits. Test boring MUA-1
penetrated 83 ft of blue clay before reaching refusal on
a boulder or bedrock.

Transmissivity of the aquifer estimated from an
8-hour aquifer test on municipal well MUW-1, is
2,400 ft%/d and the average hydraulic conductivity
is 73 ft/d (table 3). Currently (1993), the town of
Monroe withdraws water from this aquifer at a rate
of 0.034 Mgal/d from wells MUW-1 and MUW-2.

Monroe Il Aquifer

The Monroe II aquifer is in the small Roaring
Brook Valley, which enters the Connecticut River at
Stevens Island and extends beneath the main stem of the
Connecticut River (fig. 11, pl. 7). The geohydrology of
this aquifer is complicated, possibly as a result of local
ice readvancement near Comerford Dam an near the
junction of the Passumpsic and Connecticut Rivers in
Vermont (Crosby, 1934; Lougee, 1934). At this locality,
2.3 mi northeast of the aquifer, Crosby (1934) and
Lougee (1934) made detailed measurements of two dis-
tinct till sheets. The lower till, described by Lougee
(1934) as “blue boulder clay,” is overlain in places by a
layer of “fine, silty sand to coarse sand and gravel” as
much as 34 ft thick. Overlying the lower till and, where
present, the sand and gravel layer is an upper till
described as “somewhat sandier and containing a
smaller portion of cobbles and boulders.” The upper till
is overlain by lacustrine clay and, above that, by an
upper layer of sand. According to Crosby (1934), ice
readvanced into glacial Lake Hitchcock from the
Passumpsic and Connecticut Valleys, passed over
stratified-drift deposits composed mainly of sand, and
mixed an unusually large proportion of sand into the
upper till layer. Ice readvancing down the two valleys
also may have blocked the Connecticut River channel,
forcing meltwater from the ice to carve another channel
east of its present location down the Roaring Brook
Valley. As the ice receded, the Connecticut River
reclaimed its old channel and abandoned th= Roaring
Brook channel, which was filled by coarse-grained
aquifer material overlying lake-bottom deposits
(fig 14).

The aquifer consists of fluvial-deltaic aquifer
material overlying lacustrine clay deposits. Saturated
thicknesses of the stratified-drift material stown on
plate 7 include coarse- and fine-grained deposits and
range from 40 to 120 ft in the Roaring Brock Valley
(pl. 7). A 1,100-foot seismic-refraction survey (Monroe
line a-a’; pl. 3, appendix C.29), completed in the main-
stem area of the Connecticut River just north of the
Monroe II aquifer, indicated that the saturated zone is
50 to 177 ft thick. These seismic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>