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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
Length
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square foot (ft?) 0.09290 square meter
square mile (mi?% 2.59 square kilometer
Flow
cubic foot per second (ft¥/s) 0.02832 cubic meter per second
mile per hour (mi/h) 1.609 kilometer per hour
million gallons per day (Mgal/d) 0.04381 cubic meter per second
Density
pounds per cubic foot 0.01602 grams per cubic centimeter

(b/ft’)

Sea level: In this report "sea level” refers to the National Geodetic Vertical datum of 1929--a geodetic datum
derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly
called Sea Level Datum of 1929.



Use of Ground-Penetrating Radar for Water-Table
Mapping, Brewster and Harwich,
Massachusetts

By David G. Johnson

ABSTRACT

More than 125 miles of continuous ground-penetrating
radar profiles of the sand and gravel aquifer on Cape
Cod, Massachusetts, were made in the towns of Brew-
ster and Harwich. Penetration of the radar signal
ranged from less than 3 feet in areas containing clay
near the surface, to more than 95 feet in clay-free sand
and gravel. About 60 percent of the radar profiles
showed water-table images that were easily identified
on the graphic record.

Depths to water were calculated from the radar records
using an average signal velocity of 0.45 feet per nano-
second in the unsaturated zone. Comparison of depths
to water derived using ground-penetrating radar with
the altitude of water levels measured in wells and
ponds at 85 sites showed an average difference of about
7 percent (1.8 feet) with standard deviation of 6.4
percent (1.8 feet). Additionally, good agreement was
achieved between water-table altitudes calculated
using ground-penetrating radar and seismic-refrac-
tion methods with altitudes determined at selected
observation wells.

Ground-penetrating radar was used in conjunction
with water levels measured at ponds and wells to
construct a water-table map with 2-foot contours in the
45-square mile area of Brewster and Harwich. The
radar proved unsuccessful in determining zones of
contribution to pumping wells, but provided sufficient
water-table information to delineate a ground-water

mound at a septage disposal bed and steep water-table
gradients toward a stream near the Harwich landfill.

INTRODUCTION

As water demand and the amount of disposed waste
increase with population, effective land-use planning
and management is needed to protect ground-water
quality. Maintenance of ground-water quality is espe-
cially important on Cape Cod, where the principal
aquifer is a sole-source water-table aquifer that is
directly recharged from land surface.

Generally, directions of ground-water flow can be de-
termined from water-table maps, which can be con-
structed from water levels measured at ponds and
wells. Water levels are generally site specific and
interpretations between measuring points must be
inferred. To produce detailed water-table maps, many
wells are typically drilled in areas of interest to refine
the accuracy of the maps. However, because well
drilling is an expensive and, often, slow process, alter-
native methods are needed to obtain reliable water-
table information.

One alternative method using ground-penetrating
radar (GPR) has been used successfully to determine
depth to water from the land surface in small areas
with homogeneous surficial geology (Collins and Doo-
little, 1987; Shih and others, 1986; Wright and others,
1984; Ulriksen, 1982). However, there remained a



need to test the applicability of the method over large
areas with diverse surficial geology.

In 1986, the U.S. Geological Survey (USGS), in coop-
eration with the Massachusetts Department of Envi-
ronmental Protection, Division of Water Pollution
Control, and the towns of Brewster and Harwich,
Massachusetts, began a water-table mapping pro-
gram designed to answer several questions: Can GPR
provide continuous water-table profiles in areas of
Cape Cod where surficial geology is diverse? Ifso, can
this data be used to determine water-table altitudes
jand to improve the precision of water-table maps?
‘Can GPR be used to determine water-table altitudes
in areas that contain no water-table ponds or observa-
tion wells? And finally, can GPR be used to determine
zones of contribution to pumped wells and the approx-
imate direction of ground-water flow at waste-dis-
posal areas?

Purpose and Scope

This report describes the use of GPR for determining
water-table altitudes in the aquifer in the towns of
‘Brewster and Harwich, Massachusetts. Discussions
of the hydrogeology of the area, the GPR equipment,
and survey techniques used in this study are provided.
Special attention is given to interpreting the GPR
record, depth of penetration of the GPR signal, proper
identification of the top of the saturated zone, and
estimating or calculating the velocity of the GPR sig-
nal in the unsaturated zone. The GPR results are
compared to data from ponds and wells and to results
obtained using seismic-refraction. In addition, the
use of GPR for determining zones of contribution to
pumped wells, and direction of ground-water flow
near waste-disposal areas is described.

Previous Studies

Studies of the Cape Cod aquifer by the USGS (Frimp-
ter, 1973; Frimpter and Gay, 1979; Guswa and
LeBlanc, 1985; LeBlanc and others, 1986) and Horsley
(1982), describe the ground-water-flow system and
provide some information about ground-water quality.
A water-table map with a contour interval of 10 ft was
produced by LeBlanc and others (1986). Although this
map indicates the general direction of horizontal

ound-water flow on the Cape, it does not contain
sufficient information for detailed delineation of zones
of contribution to wells or for determination of de-

tailed ground-water-flow patterns near waste-dis-
posal areas.

Two studies described the use of GPR in the outwash
plain on Cape Cod. In the Town of Falmouth, in
southwestern Cape Cod, Wright and others (1984)
used GPR to study an underground sewage plume and
found GPR to be ineffective for detecting the sewage
plume, but effective in detecting the water table and
subsurface stratigraphic features. In the Town of
Mashpee, also in southwestern Cape Cod, Shih and
others (1986) used GPR to measure depth to the water
table at depths of up to 36 ft in well-drained, coarse-
textured, upland soils, and 5 to 8 ft in poorly drained,
coarse-textured, coastal plain soils.
|
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Description of the Study Area

The study was conducted in the 45-mi2 area of the
towns of Brewster and Harwich (fig. 1). The combined
year-round population is about 16,000, and increases
greatly during the summer because of an influx of
seasonal residents and tourists. Although greatest
along the shorelines, development is proceeding rap-
idly in inland forested areas and around fresh-water
ponds,

The study area is characterized by gently rolling hills
and plains that are forested with pine and oak trees
and cantain scattered fresh-water ponds. Ahigh ridge
runs from the southwest to northeast near the center
of the study area. The southeastern side of the ridge
slopes gently to Nantucket Sound in Harwich. The
northwestern side slopes more steeply to Cape Cod
Bay in Brewster. Elevations range from about 150 ft
in the eastern part of Brewster to sea level along the
coasts. Wetland areas are present along the lower















































































