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Sea level: 1In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD 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.
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CONTINUOUS SEISMIC REFLECTION PROFILING OF HYDROGEOLOGIC FEATURES
BENEATH NEW RIVER, CAMP LEJEUNE, NORTH CAROLINA
by
Alex P. Cardinell, Douglas A. Harned, and Steven A. Berg

ABSTRACT

Continuous seismic reflection profiling of the New River within the
Camp Lejeune Marine Corps Base was conducted to collect data for use in
describing the structural and depositional setting of the surficial and
Castle Hayne aquifers and other hydrogeologic units underlying the New
River. The Castle Hayne aquifer serves as the prinicipal water supply for
the Base.

A medium-power, wide-frequency seismic system was used to collect more
than 100 miles of continuous single-channel, shallow-water seismic
reflection records in the study area over a 4-day period in December 1987.
Positioning of the seismic boat was controlled by an onboard integrated
navigation system throughout the survey. LORAN C and Global Positioning

Systems were integrated to plot position during the profiling.

The Castle Hayne aquifer and deeper aquifers show continuous reflectors
throughout the study reach and gently dip to the southeast. There is no
evidence of faulting across the New River. The younger, shallower
reflectors generally are undifferentiated and lack the lateral continuity of

the underlying older reflectors.

Paleochannels of Quaternary and Tertiary age were found at several
locations and depths in the New River. If paleochannels filled with
permeable material exist beneath the present land surface, these features
could act as conduits for ground-water flow or movement of contaminants

between the surficial and Castle Hayne aquifers.

INTRODUCTION

Camp Lejeune Marine Corps Base is located in Onslow County, in the

Coastal Plain of North Carolina (fig. 1). The Base presently (1988) covers



77°30°

34°45

34°30°

710

JACKSONVICLEY

{ Monttord
\ Point

[ANSSY

[l
CAMP LEJEUNE MILITARY \
RESERVATION

&\
ot N

COASTAL \
ONSLOW
PLAIN COUNTY

2 3 MILES
8 KILOMETERS

Base 1aken from Defense Mapping Agency Hydrographic Center,
Camp Lejeune Special Map, 1 50,000

Figure 1.--Camp Lejeune Marine Corps Base
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an area of 164 square miles (mi2?), including 30 mi? of the New River
estuary, which bisects the Base. The total military and civilian population
of the Base is about 68,000 people.

Since Camp Lejeune was first opened in the late 1930's, freshwater has
been supplied from wells that tap sands ‘and limestone between about 50 and
300 feet (ft) below land surface. Over the years, as the Base'’s functions
and population have grown, more than 100 wells have been drilled and
operated to satisfy increasing demands for water. In 1986, ground-water
withdrawals ranked among the largest in the State and were estimated at 7.5
million gallons per day (Mgal/d) (Harned and Lloyd, 1988).

An increase in the amount of waste generated by Base operations has
accompanied the growth of the Base (Putnam, 1983). As a result, significant
amounts of wastes containing hazardous compounds have been disposed of or
spilled on the Base. Most of the disposal and spill sites are underlain by
sand and lack barriers to prevent downward movement of waste to the water
table and into the ground-water system. Consequently, some wastes have
contaminated the ground water locally, and hazardous compounds have been
detected in several supply wells causing them to be abandoned.

In addition to the threat of contamination from waste-disposal sites,
saltwater that occurs in the tidal reaches of the New River, its
tributaries, and in the deeper parts of the ground-water system also poses a
threat to freshwater parts of the supply aquifer. Lowered hydraulic heads
around wells located near the saltwater may induce saltwater flow toward the
wells.

The U.S. Geological Survey, in cooperation with the U.S. Marine Corps,
began a 4-year study in May 1986 to describe the ground-water resources of
the Marine Corps Base at Camp Lejeune, North Carolina, and to construct a
ground-water flow model that can be used to evaluate alternative ground-
water management practices. An important step in connection with the flow
model is the description and mapping of the sediments that make up the
aquifers and confining units in the ground-water system. A description of
the hydrogeologic framework of the aquifers will provide a physical basis

for estimating the parameters of the ground-water flow model.



Hydrogeologic data are not available for nearly 20 percent of the Base
area represented by the New River. 1In order to obtain data defining the
continuity of sediments and structures that lie below the New River, a

seismic reflection profile of the river was planned and executed.

Purpose and Scope

This report presents the methodologyiand results of seismic reflection
profiling of the New River area. More than 100 miles of seismic reflection
profiles were collected in the New River and parts of the Intracoastal
Waterway. A review of methodology and equipment used is followed by data
interpretation, which consists primarily of presentation of selected
examples of subsurface features and theirghydrologic implications. Five
seismic profile segments are used to show examples of the new information on
the continuity and structure of the Castle Hayne aquifer and the other
sediments that underlie the New River. |The seismic data obtained will be
useful for the construction and interpretation of the hydrogeologic

framework of the Camp Lejeune area.

Hydrogeologic Setting

The sedimentary Coastal Plain aquifers and attendant confining units
consist of interbedded sands, clays, alcareous clays, shell beds,
sandstone, and limestone (LeGrand, 1959; Winner and Coble, 1989). They are
layered, interfingering beds and lenses that locally gently dip and thicken
to the southeast. In North Carolina, they thicken from zero at the western
boundary of the Coastal Plain province to more than 10,000 ft (Winner and
Coble, 1989). 1In the Camp Lejeune area, the sedimentary sequence is about
1,500 ft thick and overlays igneous or metamorphic basement rocks. These
sediments were deposited in marine or negr shore environments. The Castle
Hayne aquifer and the surficial aquifer ar% the principal aquifers for the
water supply of Camp Lejeune. Locally, the strike of these beds in the Camp
Lejeune area is N 79° E, and the dip is 17 feet per mile (ft/mi) to the

southeast.

The surficial aquifer is composed of a series of sediments, primarily
sands and thin, discontinuous clays, that overlie the Castle Hayne. These

deposits are post-Miocene in age and range from 50 to 100 ft thick. The



surficial aquifer is not used directly for water supply and is reported to
have areas contaminated by waste disposal, particularly in the northern and
north-central parts of the Base (Putnam, 1983).

The Castle Hayne aquifer is composed of a series of sand, limestone,
and clay beds that are in the Oligocene River Bend Formation and the middle
Eocene Castle Hayne Formation. Supply wells tap the upper part of this
aquifer between a depth of 50 and 300 ft. The Castle Hayne aquifer ranges
in thickness from about 250 ft in the northern part of the Base to about 400
ft in the southeastern part. This aquifer is the most productive in North
Carolina (Coble and others, 1985) and is a critical water-supply source for
the southern coast and east-central Coastal Plain. Onslow County and Camp
Lejeune lie within the area where this aquifer contains freshwater suitable
for water supply; however, the proximity of saltwater in the New River
estuary and in the aquifers that lie below the Castle Hayne is of concern in

managing local withdrawals from the aquifer.

The Beaufort aquifer lies below the Castle Hayne aquifer and consists
of a sequence of sediments that are primarily sands and thin clays. These
sediments are in the Paleocene Beaufort Formation and range in thickness
from a few feet in the southwestern part of the Base to as much as 100 ft in
the easternmost part. This aquifer may contain saltwater in the southern
and eastern parts of the area. The descending sequence of Peedee, Black
Creek, and upper and lower Cape Fear aquifers, which lie below the Beaufort
aquifer, are composed of sediments in the Cretaceous Peedee, Black Creek,
and Cape Fear Formations. The aquifers in rocks of Cretaceous age are the
most widely used for water supply in the Coastal Plain; however, in the Camp

Lejeune area, they contain saltwater.

New River Setting

The New River estuary is approximately 30 mi? in area or about 20
percent of the total Base area and splits the Base into two parts. The
river is shallow, with depths ranging from 2 to 5 ft in most areas to a
maximum of about 15 ft. The central channel of the river has been dredged
to allow navigation by boats. Tidal currents deposit soft sediments and
organic mud in the deeper parts of the estuary and at the mouths of several

tributaries. Because the sediment layers of interest are at relatively



shallow depths and the New River is shallow and a relatively sheltered basin
from most ocean storms, the area is well suited for a shallow seismic

reflection profile.
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SEISMIC REFLECTION PROFILING

Continuous marine seismic reflection profiling provides a means for
studying the structure of rocks and sediments beneath the floor of water-
covered areas and is limited to water bodies. The continuous single-
channel, seismic reflection profiling system used for this study provided
virtually continuous record of reflected seismic echoes in the upper 300 ft

of sediment. Poorer quality data was obtained to depths of about 600 ft.

Principles of Seismic Reflection Profiling

The hydrogeologic system beneath Camp Lejeune is a multi-layered medium
with nearly horizontal layering. Because individual layers with different

'Use of brand/firm/trade names in this report is for identification purposes
only and does not constitute endorsement by the U.S. Geological Survey.
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lithologies have different velocity and density contrasts, part of the
seismic wave front generated by an acoustic source will be reflected back
from each layer interface. The number of interfaces reflecting energy to
the surface and the strength of the returned echo depend on the power and
frequency spectrum of the source, the velocity-density contrast at the
interfaces, and scattering, spreading, and absorption losses within the
medium itself. Horizontal resolution is determined by firing rate, vertical

resolution by the returned frequency, and depth by source type and strength.

The reflection produced by a layered boundary is a function of the
acoustic impedance. Both unconsolidated and consolidated units within the
section have different densities (d) and sound wave propagation speeds (v).
Each medium is characterized by its acoustic impedance (z), which is the
product of density of the medium multiplied by the velocity of the sound
wave through it:

z = dv. (1)
The amount of energy reflected depends on the contrast in acoustic impedance

on both sides of an interface and is defined by the reflection coefficient

(R):

T d v2 + d, v, (2)
where:

d1 and d2 and vy and v, are densities and propagation speeds (acoustic

velocities), respectively, of adjacent layers or statigraphic units.

Reflection coefficients of typical geologic boundaries are presented in
table 1.

The necessary quality, extent, and resolution of continuous seismic
reflection recording depend on the purpose of the study. Degrading factors
within the medium are dispersion, selective frequency filtering in sediments
and rocks, attenuation, especially by soft and/or gassy sediments, side

echoes, multiples, and scattering. Other factors include limitations and



nonlinearity of the amplifiers and filters, signal to noise ratio of the
cable used, the quality of the acoustic signal, and the response of the
hydrophones.

|
Table 1.--Reflection coefficients (R) of typical geologic boundaries

(from Sylwester,§1983)

-+

Geologic boundary f R
Water-sand 0.3 -0.4
Water-limestone .5
Water-clay/silt 1 - .2
Water-mud .05- .1
Water-air -1
Mud-clay/silt .1
Clay-sand .1
Sand-limestone .2
Clay-limestone .3
Sand-granite b

The boat is equipped with either a hull-mounted or towed sound source
that pulses at regular intervals as the boat travels along a selected
course. A receiver (hydrophone) or groups of receivers (streamer cables)
towed behind the boat pick up the reflect%d echoes. The relation of the
acoustic paths (ray paths) to the acoustid source, reflecting surfaces, and
hydrophones are shown in figure 2. The depth to a reflector can be computed
if the velocity of the wave front is known. The end result is a time
section, which represents the two-way travél time of the seismic wave front
from the sound source to a reflector and back to the hydrophones placed in
the streamer cables. This time section provides continuous representation
of the reflectors beneath the vessel. A more detailed discussion of the
principles of seismic reflection profiling | can be found in Dobrin (1976),
Telford and others (1976), and Sylwester (1983).
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Figure 2.--Ray paths from acoustic source to hydrophones for

single-channel seismic profiling.

Selection and Use of Continuous Seismic Reflection Profiling Equipment

Very little was known about the lithologic or acoustical properties of
the New River bottom sediments. Tidal currents move up the New River
estuary daily depositing fine grained sediments and organic mud. Available
U.S. Geological Survey quadrangle maps indicated that parts of the New River
channel and Intracoastal Waterway had been dredged and the material was
placed in nearby sections of the New River. Consequently, there was the
possibility that the combination of shallow water and the unknown acoustic
properties of the river bottom might reduce or impede penetration and

resolution in some reaches of the river.

In order to determine which of two profiling systems to use, a test
profile was run with two different systems: a medium power, wide-frequency
system and a low power, low-frequency (400 hertz) system designed for use in
areas where sediments are difficult to penetrate. The results indicate that
both systems penetrated the river bottom except where soft river bottom
sediments occurred. However, greater vertical resolution was obtained with
the medium power, wide-frequency system. The system used is the Geopulse

System manufactured by Ferranti Ocean Research Equipment (ORE).



Survey Methodoiogx

Continuous seismic profiling requires (1) a rapid-pulse sound source,
(2) a hydrophone or groups of hydrophones (streamer cable) to receive
reflected signals, (3) a signal processor to amplify and filter the
hydrophone output, and (4) a graphic reco#der to record and display the
reflection profile. A magnetic tape recording of the raw, unfiltered signal
is usually made for subsequent analysis. A navagation system should be used
for accurate position location. A diagrém of a typical seismic profiling

system is shown in figure 3. !

BOAT WATER
Portable 3.5 kilowatt portable | Power |supply Ag&::r;séic ggggfsigg
electric electric generator for ener >
generator 9 Sou cegy source pulse
(
Graphic Trigger
recorder pulse
A
|
i ifi i i Hydrophone Direct arrivals
Filtered and amplified signal pr%lggsaéor aray ang reflected
’ (streamer) signals
I
Raw amplified signal Trigger
Tape
recqrder

Figure 3.--Main components of hig*]-resolution continuous

seismic reflection system.

The survey was conducted along a 25-mile stretch of the New River and
Intracoastal Waterway using a 24-foot barge boat equipped with a shipboard
navigation system (fig. 4). The acoustic-source catamaran (fig. 5) and the
hydrophone array placed within the streamer cable were towed approximately
50 feet behind the boat on opposite sides of the wake, with the catamaran
towed even with the midpoint of the hydrophpne array. Boat speeds were kept

in the 2- to 3-miles per hour range while profiling.
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