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FOREWORD

This study was suthorized by a letter, dated 12 July 1967, from the
Division Engineer. U. S. Army Engineer Division, Lower Mississippi Valley
(IMVD), to the Director, U. S. Army Engineer Waterways Experiment Station
(WES), subject "Status of Soils Division Projects for MRC and IMVD for
FY 1967 and Request for Funds for Prcjects for FY 1968."

The conduct of this study and the preparation of this report were ac-
complishked by Dr. R. T. Saucier of the Geology Branch, Soils Division, WES,
during the period August 1968 to December 1969. Direct supervision of this
study was prcvided by Dr. C. R. Kolb and Mr. W. B, Steinriede, Jr., of the
Geology Branch; general supervision was provided by Mr. J. P, Sale, Chief
of the Soills Division,

Director of the WES during the conduct of this study and the prepara-
tion of this report was COL Levi A. Brown, CE. Technical Directcis were

Messrs. J. B. Tiffany and F. R. Brown.
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NOTATION

Since many of ine symbols and sbbreviations used in this report are not

widely used outside the fields of physics and acoustics, the following

ra

T

list is included for reference:

AC alternsting current
cps cycles per second
db decivels
fps feet per second
J Jjoules
keps %ilocycles per second
msec milliseconds
psig pounds per square inch gage
v volts
W watts
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in thls report can be converted to

metric units as follows:

Multiply By
inches 2,54
feet 0.30L8
cubic inches 16.38706k
pounds 0.45359237
pounds per square inch 0.070307
krots (nautical miles 1.852

per hour)

xi

To Obtain

centimeters
meters

cubic centimeters
kilograms

kilograms per square
centimeter

kilometers per hour




SUMMARY

A literature survey was conducted, data sheets were examined, discus-
sions were held with manufacturers and users, and field tests were per-
formed to as .ess the current status of acoustic subbottom profiling systems.,
Ephasis was placed on estzblishing operating principles, methods of survey
operation, inherent capabilities and limitations, envirnmmeantal restrictions,
and availability, particularly from the standpuint of conditions and prob-
lems in the Iowe» Mississippi Valley area.

Acoustic profiling systems are commonly classified sccording to the
marnod by which the sound ener.y is produced, i.e, plezoelectric and megnre-
tostrictive transducer pingers, electromechanical-type transducers or
boomers, sparkers and arcers, gas guns, air guns, and cthers. The various
sour:i sources achieve differant degrees of resolution and penetration,
largely because of differences in the frequency spectrum of the acoustic
energy they generate., However, because of an inherent inverse relstionship
between degree of resolution aud depth of penctration, it is impnssible to
achieve both high resolution and deep penetration with any acoustic system--
a compromise 1s elways nccessary.

Depending upon the sound svurce used, either transducers or hydrophones
of various designs are used to detect the acoustic signals reflecting from
subbottom horizons. Graphlc recorders of elther helix or stylus types,
using either wet or dary paper, are used with nearly all acoustic profiling
systems; however, magnztic-tape recording and digital conversion for signal
processing and pleyback also are being used with the more elaborate systems,

Interpretaticn of acoustic suhbottom profiles requires an awareress of
end possible corrections fcr variations in horizontal and vertical scalss
caused by several factors such as variations in the snund velocities of the
sediments. Recognition of complicating multiple reflections, an vnderstand-
ir. of why various horizons may or may not produce reflectiors, and recogni-
tin of certain characteristic "signatures" are also important in record
intery etation,

Operctionel considerations such as slze and welght of equipment,
power generation requirements, and possible need for towed transducer ve-
hicles are important in system selection for a particular survey. Environ-
mental considerations such as water salinity and water depth can slso in-
fluence system cselection,

Previous applications and potentiel capablilities of acoustic profiling
systems for the detection of burled erosion surfaces, correlation between

xiil

PP

TR S SN
crie

4 M gt el

LR

2 hicenoi R B




borings, construction materials surveys, bedrock surveys, fault detection
and Jelineation, and reservolr sedimentation studies are discussed.
Thoughts and observations are advanced regarding the relative advantages of

purchasing or leasing acoustic systems and contracting for geophysical sur-
vey services.,

xiv
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ACOUSTIC SUBBOTTOM PROFILING SYSTEMS
A_STATE-OF-THE-ART SURVEY

PART I: INTRODUCTION

Purpose

1. This state-of-the-art survey was conducted to provide an up-to-
date assessment of the variety, nature, utilization, and operational cepa-
bilities and limitations of acoustic subbottom profiling systems. Although
the entire fleld of overwater contimuous seismic reflection profiling was
assessed, particular attention was devoted to those systems which appear to
be applicable to the geological problems and conditions occurring in the
Lower Mississippl Valley, i.e. ergineering-geologic investigations in shal-
low, fresh to brackish water bodies.

Scope

2. Most of the information in thils report pertaining to the classifi-
caticn, operational characteristics, and capabilities of the acoustic sys-
tems was obtalied as a result of a comprehensive literature survey. Addi-
tional informiation, valuavle in providing a moure thorough tabulation of
availsble systems (table 1), was obtained from brochures, catalogs, and
data sheets supplied by manufacturers and sales representatives,

3. Project funds and scheduling permitted brief personal contacts
with a selected number of commercial firms, governmental agencies, and
university-affillated research organizations in the New Orleans-Houston-
Galveston-Corpus Christl areas of Loulsiana and Texas., In addition, a trip
was made to San Diego, Californla, to contact several manufacturers and to
discuss the fleld of acoustic profiling with personnel of the U. S, Naval
Undersea Research & Development Center and the Scripps Institution of
Cceanography . #

¥ Complete names end iddresses of all firms, agencies, and organizations
mentioned in this report are contalned in Appendix A.
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L, Reports including the results of various acoustic profiling sur-
veys were obtained for the purpose of this study from several Corps of Engi-
neers (CE) district offices from whom surveys had been conducted. In addition,
the writer was able to conduct a brief field test using a pinger system
operated vy the U. S. Army Engineer District, New Orleans (NOD). This re-
port also includes discussions of and evaluations resulting from a survey
made with a boomer system in a project supervised by the writer for the U. S.
Army Engineer District, Mobile (MDO).

5. The intent in this investigation was to define the basic opera-
tionsl acoustic systems through a representative sampling process. No at-
tempt was made to identify or evaluate all available models or units or
necessarily to tabulute complete operational characteristics on any one
unit. Although it is felt that the survey of the field has beer »-asonably
thorougn, it is quite probshle thet certain less well known models or manu-
facturers have been overlooked. The numerical data presented in table 1 and
elsewhere in the report were obtained primarily from published sources; no

attempt was made to verify these data with the manufacturers or operators.



PART II: PRINCIPLES OF OPERATION

The Basic System

6. All continuous subbottom profiling systcms are dependent upon gen-
eration of relatively low-frequency, regularly pulsed acoustic energy (sound)
and the detection and recording of that part of the sound outrut that is re-
flected back from boundaries between subbottom materials of different acous-
tic impedance.l The acoustic energy is introduced directly into the water
beneath or behind a moving voat. Reflections resulting from eech separate
sound pulse are detected and are asutomatically correlated and successively
recorded on a moving-paper cr chart recorder;2 hence, a crogs section with

constant scales is produced (fig. 1). The horizontal scale is determined by

SURVEY OPERATION

SURVEY RECORD

HORIZONTAL
DISTANCE

WATER BOTTOM

REFL, HORIZON1

\
)

Fig. 1. Operating principle of a typical acoustic subbottom profiling
system (mod!fied from reference 3)
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the speed of the boat, and the vertical scale is controlled by the travel
time of the sound waves in the water and sediment or rock.

7. As 1llustrated in 7ig. 2, &ll acoustic subbottom profiling systems

1RIGGER

ENERGY STORAGE ___,_@._._

SOURCE UNIT TRANSDUCER
}
}
|

SYNCHRONIZING SIGNAL |

- e w— . — ———

SIGNAL
RECORDER PROCESSING TRANSDUCER

Fig. 2. Basic components of any acoustic subbottom profiling system
(taken from reference k)

have certain essential functional components. The systems differ sulstan-
tially only in regard to the type of energy or sound scurce employed, and
the systems are classified and commonly named accordingly (see Part ITI of
this report). Other components such as transducers and recorders vary rel-
atively little from one system to another and usually only in regard to de-
sign. Although some interchangeability of components consequently 1s pos-
sible (e.g. a given hydrophone may be used with several different sound
sources ), this 1s not & normal or recommended procedure. The most satisfac-
tory and efficient systems in current use are the result of considerable ex-
perimentation and testing aimed at selecting components that yleld the high-
est possible electronic and/or acoustic compatibility.

History of Development

8, The first renlization that echoes or reflections of acoustic
energy could be obtained from subbottom layers or horizons was mede only
about 50 years ago.2 At that time, shallow subbottom layers were sometimes
detected under idesl conditions in shallow-water areas using echo sounders
and graphic recorders. It was not until about 20 years ago that it was dis-

covered that penetrations of scveral hundred feet could be obtained in deep




water using high explosives as an energy source.

9. Although several systematic acoustic subbottom surveys were mede
using modified echo sounders in shallow coastal or inlend water bodies dur-
ing the late 1940's and early 1950'3,5
fically for obtalning subbottom penetrations and reflections was not opera-
tional until about 1954, This instrument, built by the Magnolia Petroleum
Co, (now Mobii Cil Corp.), is the now-famous Sonoprobe.6 During the suc-

the first instrument designed speci-

ceeding decade, all of the major energy sources now in use and the systems
designed around them were developed and made operational,

10. At the present time, hundreds of acoustic subbottom profiling
svsiems have been manufactured and are being used throughout the world. As
indicated in table 1, at least 1Z systems (or most of the major components
of a system) are commercially available. These systems generally are the
smaller, lower powered, high-resolution, shallow-penetrating systems useful
for detailed studies of stratigraphy and sedimentation rates and patterns.
Intermediate-sized systems capable of moderate penetration with moderate
resolution have been developed and are installed in virtually every oceano-
graphlc vessel operated by oceanographic institutions and federal agencies.
These systems, alsc available through contracted geophysical services from
several commercial firms, have been perhaps most widely used for geological
and geophysical studies of continental shelf structure, stratigraphy, and
mineral resources. The higher powered, deep-penetrating, low-resolution
systems have been employed in studies of earth crustal structure but are
most widely used by geophysical firms in search of petroleum resources. In
fact, acoustic profiling systems have almost entirely replaced the offshore
seismic reflection operations using dynamite that were so popular as recently
as 5 years ago.

11. Excluding the simpler, lower powered, shallow-penetrating systems,
the current state-of-the-art of acoustic subbottom profiling is such that
nearly all systems in use were custom-made for a particular purpose or a
particular operating enviromment, So-called general purpose systems are in
use and generally are the ones commercially available; however, the wide
range of utilization usually has been achieved only with a sacrifice in

resolution or penetration, or both.




Inherent Limitations

12, Regerdless of the energy source used, it 1is vhysically impossible
to achieve both high resolution (apility to resolve closely spaced reflect-

ing horizons) and deep penetration. As has been concisely explained,l the

sttenuation of the amplitude of an acoustic signal in a given bottom sedi-
ment is roughly a constant in terms of the wavelength of the signal, This
constant is usually expressed in decibels per wavelength. Thus, if a signel
with a frequency of 1 kilocycle per second (kcps) and a wavelength of 5 ft¥
travels through 100 £t of sediment with an attenuation of 4 decibels (db)
per wavelength, it is attenuated by 20 do. If, however, the signal frequency
1s lowered to 100 cycles per second (cps) with & wavelength of 50 ft, the
attenuation will be only 2 db. Therefore, the lower the frequency used, the
deeper the penetration for a given attenuation., It would thus seem desir-
gble to use as low a frequency as possible in subbottom profiling, but this
has one serious drawback. The lower the frequency of the signal transmitted,
the longer must be the length of the output pulse, and thus the poorer the
ability to discriminate between adjacent strata, since no structure closer
together physically than the pulse length multiplied by the veloclity of the
signal can be recorded.

# A table of fuctors for converting British units of measvrement to metric
units 1s presented on page xi.




PART III: SOUND SOURCES
Introduction

13. As indicated in fig. 3, eiergy released from the combustion of

GAS GUNS

AIR AIR GUNS

l—o— COMPRESSOR
SPARKERS

RECIPROCATING ELECTRIC STORAGE
ENGINE GENERATOR CAPAC'TORS ARCERS

TUREBINE

GAS BUBBLE

FUEL AND OXIDIZER

EDDY-
CURRENT
TRANSDUCER

MAGNETO-
STRICTIVE
TRANSDUCER
AMPLIFIER PINGER
——— | (SONAR)
! PIEZO-

ELECTRIC
TRANSDUCER

MOVING PISTON
OR DIAPHRAGM

Fig. 3. Morphology of common sound sources used in subbottom profiling
(modified from reference 4)

fuel is commonly converted to acoustic energy or sound in one of five basic
ways for use with a subbottom profiling system. The purpose of a sound
source is to produce a high-intensity, compressional wave in the water in

& desired frequency band, Ideally, the signal should be of short duration
and must be repeateble at short intervels,

14, For the most part, the different sound sources represent more
than just attempts by diffe.ent manufacturers or developers to accomplish
the same goal by slightly different methods. Although there is some over-
lap or accomplishment of simlilar effects, each sound source represents a




fairly discrete range of operating frequencies and, consequently, discrete
resolution and penetration capabllities,

15. The order in which the sound sources are dlscussed represents a
quasi-continuum from the standpoint of frequency end, hence, resolution and
penetration, Pingers generate the highest frequencies eand produce the high-
est resolution, but achieve the shallowest penetration; air guns and gas
guns, on the other hand, generally produce the lowest frequencies and yleld
the poorest resolution, but achieve the deepest penetration,

Pingers

Piezoelectric transducer type

16. Jor ell practical purposes, & piezoelectric transducer-type
pinger or "sonar" system is 1ittle more than an echo sounder or fathometer
that operates at a frequency of usually not over 12 kcps. The pinger probes
currently available (see table 1) for subbottom profiling achieve penetra-
tion largely because of their relatively intense acoustic signal (usually
over 100 db) and achieve high resolution because of their extremely short
pulse length (frequently less than 1.0 msec).7

17, Aside from the recorder (to be discussed in Part IV of this re-
port), the essential and unlique components of & pinger system are & trans-
ceiver (or trans-driver) and either one or two submersible transducers.

The transceiver contains the electronic driver circuitry (power supply,
storage capacitors, and discharge and triggering circuitry) and amplifiers
and is either housed separately in small metal cabinets,9
FGAG Pinger Probe (fig. 4) and the Edo Model 415 (fig. 5), or is built intc
the recorder, such as in the Ocean Sonics Model OSR-119T/XD-5. The trens-
ducers used with most pinger systems consist of an array of ammonium dihy~

such &g in the

drogen phosphate (ADP) crystals immersed in oil in a cylindrical- or
conical-shaped aluminum housing. Some pingers like the EG&G and Edo sys-
tems use a single transducer for the transmitting and receiving functions,
whereas others like the Ocean 3onics system achieve highest resolution by
using a separate transducer for each function although the use of Just one
is possible,
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18. Although the operational characteristics of the pingers ere es-
S sentially fixed, some systems such as the Edo system have provisions for
L . . changing the pulse length and others such as the EG&G and Ocean Sonics sys-
i tems permit the selection (by simple switching) of from %wo to four dif-
ferent operating frequencies,

A ko

Ty

Magnet:ostrictive transducer type

19, The Sonoprobe system developed by the Magnolia Petroleum Co, and
the Elac Botton Penetration Sounder (table 1) are the only known systems
that utilize magnetostriction® rather tlian the piezcelectric effect in the

transducers to produce acoustic signals, The Elac system, manufactured in

west Germany and distributed in the U, S, by Brown and Ross, Inc., is com-

mercially avallable; however, only several models of the Sonoprobe were

TR

ever built, and these are now in the possession of and used only occasionally

by such groups as the Scripps Institution of Oceanography (SIO) and the
Southwest Research Institute (SWRI).
20, Rather than & transceiver, botn the Sonoprobe6 and the Elac

systems employ & pulse generator or pulser and & separate amplifier, The
S Elac system uses a single transducer, but two transducers are required oS
with the Sonoprobe., Compared with the piezoelectric-type transducer, the %”
megnetostrictive-type transducers are large and heavy. This is particu- L
larly true in the case of the original Sonoprobe system which, partly be-

cause of its prototype nature, was somewhat crude and heavy and used vacuum-

tube circuitry rather than solid-state circuitry. It is belisved that some

modifications, inciuding the conversion to a plezoelectric-type receiving

transducer, have been made to the Sonoprobe used by the SIO.

Boomers

f} 21, The popular terms boomer, pulser, snappei, and thumper all have

been used, sometimes synonymouslyv, to refer to severel acoustic subbottom

. * Magnetostriction involves the linear expansion and contraction of an iron
rod through a gradually increasing longitudinal magnetic field, wheress
the plezoelectric effect involves the expansion and contraction of a
crystal through the application of an electric field.

Al
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profiling systems that utilize an electromechanical-type transducer, The
best known and most widely util'zed electromechanical transducer, now re-
ferred to as the boomer,lo was developed sbout & decade ago by Mr, H, E,
Edgerton of the Massachusetts Institute of Technology. The basic boomer, or
Standard Boomer, although modified and improved several times, recently has
been largely superseded by the High-Resolution Becmer, which 1s operated as
a proprietary system by EGE&G International,

22, Fxcluding a recorder and towed hydrophone, the basic boomer sys-
tem consists of three basic components: & power supply, a capacitor bank,
and a transducer.8 The power supply converts 110- or 220-volt (v) alter-
nating current (AC) to 3500 to 4OOC v by means of & transformer, Once rec-
tified, the current is stored in a capacitor bank which, on earlier models,
held 1000 joules (J) but which was later expanded to holid 13,000 J to handle
more powerful transducers,

23, The boomer transducer, an early model of which is 1llustrated in
fig. 6, consists of a flet coll of wire which is magnetically coupled to

WATERPROOF
_~CONNECTORS ™

N

EPOXY WITH
SAND FILLZR

RECTANGULAR
WIRE COIL

MOUNTING
HOLE

AUJMINUM
PLATE

Fig. 6. EGXS Standsrd Boomer transducer
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either one or, in later models, two spring-loaded aluminum plates.lo

Whnen energy from the capacitor bank is discharged into the coil, induciion
currents are created that violently repel the plates, resulting in a sharp
positive pressure or acoustic pulse. Either a spring or & rubber member
forces the plates back asgainst the coil after each repulsion., In the
Standard Boomer, cavitation results behind the plates upon iunitial repul-
sion and sometimes, to a lesser extent, when the plates are returned to
the coll. Since cavitation also results in an acoustic Julse, each outgoing
signal therefore may consist of two or three separate pulses over & period
of 10 msec or more,

24, The presence of cavitation pulses in the acoustic signal re-
sults in a long and "dirty" signal and, hence, pocr resolution, This fact
Plus the fact that cavitatlion phenomena result in rapid wear and eventual
destruction of the plates in the transducer were instrumental in the devel-

opment of the High-Resolution Boomer. The transducer in this syscem oper-

ates in & manner quite similar to that of the Standard Boomer but, as a
result of the addition of certain patented improvements, without cavita-
tions.ll Hence, it produces a clear, discrete acoustic pulse., Partly be-

cause of greater efficlency, the High-Resolution Boomer transducer is nor-
mally operated with between 200 and 500 J of stored energy rather than with
several thousand or more,

25. The transducer of the Lister Bubble Pulser12 operates on es-
sentially the same principles as those of the boomers; however, as indicated
in table 1, the dominant fraquency is lower and the pulse length 1s con-
slderably longer, suggesting deeper penetration but poorer resolution capa-
bilities., However, the Lister system is considerably smaller and lighter
and operates on an appreciably smaller amount of stored energy (16 J, nomi-
nal), Both EG&G boomer systems and the Lister system employ a float as-
sembly or catamaran-type vehicle (fig. 7) for towing the transducers behind
the survey boat,

Sparkers and Arcers

26. The discharge of stored electrical energy between electrodes in

13




Fig. 7. FBG&G High-Resolution Boomer transdi r mounted on float essembly

salt water to create a spark and a consequent hig -intensity pressure pulse
is without doubt the most widely utilized and versatile sound source for
subbottom profiling. The ability to easily control the energy level of the
source permits "talloring" the frequencies in the acoustic pulse tc accommo-
date either high resolution with shallow penetr.tion or low to medlum de-
tail with deep penetration.13 Dr. J. B. Hersey of the Woods Hole Oceano-
graphic Insiitute (WHOT) patented the technique over 15 years ago,lu and it
was developed further at the Lamont Geological Observatory.l5 Personnel
from the observatory later founded the Alpine Geophysical Associates, Inc.,
one of the first and still prominent firms engaged in acoustic subbottom
profiling.

27, Similar to boomer sv-tems, the basic components of a sparker or
arcer system consist of a power supply (transformer and rectifier), a ca-
pacitor bank, an underwater spark transducer or electrode, plus & recorder

and towed hydrophone.16 Congiderable evolution of electrode configuration
has occurred in the short history of its use, The initial electrcde,

1k




closely resembling an automotive-type spark plug (hence the name "sparker"),
consisted of a central arode and an encircling ca,thode.15 Subsequent modi-
flcations have included the nse of two closely spaced bar-type electrodes,17
an insulated bar or cable with an outside cathode shield,18 two parallel
cables (one with a tungsten anode electrode and the other serving as a
cathode or ground),lb' and most recently, the direct discharge of electric-
ity from an electrode to a sea water ground.19 The name "arcer'" originated

g
3
53
]
ri
§
z
y

with the use of the latter configuration where, because of considerably
higher energy levels, the electricity can arc between two separate elec-
trodes. Whereas a single electrode was normally used with earlier sparker
or arcer systems, it is now common practice to use an array consisting of
multiple electrodes such as the one illustrated in fig. 8.

28. The initial high-pressure pulse produced by an underwater
electrical discharge results from the formation and rapid expansion of a

Fig. 8. EGRC International, Inc. Sparkarray electrode assembly
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bubble composed of steam plus ilonized gas or plasms.* As the steam cools
and returns to a liquid form, the bubble collapses or "implodes", producing
& gsecond pressure puise that is nearly an order of magnitude greater than
the initial pulse.l3 Thus, the resultant acoustic signal is rather long
and consists of two major pulses which, together, provide the low-frequency
components necessary for deep penetration,

29, The magnitude of the initial pulse is determined by the voltage
level of the capacitor bank, and the "lifetime" of the bubble iz = function
of several factors, including the amount of energy stored in the capscitor
bank. As a consequence, it is possible, by changing the voltage and/or the
amount of stored energy, to achieve widely varying results in terms of
resoluticn and penetration. As indicated in teble 1, sparker and arcer
energy levels vary from as little as 50 to 100 J (tne higher resolution,
shallower penetration systems) to as much as 160,000 to 200,000 J (achieved
through the use of multiple eiectrodes and for very deep penetration).

Gas Guns

30, Developed about 10 years ago by personnel of the Lamont Geolog-
ical Observatory,ao the gas gun is probably the mechanlcully simplest of
the repeatable acoustic sound sources. The orisinal ges gun, called the
"RASS" (table 1), consists of a small (2 by 6 in.) combustion chamber into
vhich is fed contimuously a 1:5 mixture of propane and oxygen.3 The mix-
ture is exploded at the desired rate by energlzing an electrode or spark
Plug. It is housed in & torpedo-shaped body or "fish" for smooth towing,
with only the combustion chamuc+ opea to the water, Energy released by the
gun is characterized by dominantly low frequencies (less than 100 cps)
vhich are desired for deep penetration; however, the low frequencies and
the presence of bubble pulses result in poor resolmbi.on.:l

31, Possibly the greatest development and modifications of the gas
gun sound source have been made by the Sinclair 011 & Gas Co., The Sinclair

* When considered in this regard, both sparker and arcer systems can be
referred to simply as plasma systems.

16




Dinoseis System21 (table 1) incorporates a botiom plate and an exhaust
valve-vent nystem which results in a completely self-contained explosion.
Since the gas is vented tc the surface, there is no distortion of the
signal by bubtle noises, Furthermore, the bottom plate is designed to
avoid the problem of cavitation., Designed for deep penetration for petro-
leum exploration, the Dinosels gas guns are quite large and heavy, ranging
in welght from 70C to 7000 1b.

32, In most gas gun systems, liquefied oxygen and propane are used
ond are stored in deck-mounted tanks, Aside from receiving and recording
components, only & minimal electrical generstion system is needed for the
detonating energy.

Air Guns

33. Air guns generate very low-frequency acoustic energy as a re-
sult of the explosive release of high-pressure air directly into water,

The spectrum of the acoustic signal created by an air gun is a function of
the amount of air released, the pressure of the alr, and the rapidity with
which 1t is released.23

34. Although each of the air guns listed in table 1 was developed
separately during the last decade and differs significantly in basic design,
they all involve séveral air chambers, pistons, and various seals and
valves, The operating components of the PAR Air Gun, & proprietary product
of Bolt Associates, Inc., and the most widely used air gun, are illustrated
in fig. 9.

35. To achieve maximum flexibility in the "tailoring" of the output
signal, Bolt Associates, Inc., has developed four PAR Air Guns that cover
the range from 1 to 2000 cu in.22 All four guns require the same eleciri-
cal triggering pulse and all four operate at a maximum pressure of 2000
pounds per square inch gage (psig). The smallest gun, covering the range
from 1 to 10 cu in., weighs 26 1b, and the largest gun, covering the range
from 200 to 2000 cu in., weighs 875 1b, It is common practice to employ an
array of guns of various sizes to produce the desired signal, and as many
a3 30 guns have been used in a single operation,
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Fig. 9. Operating components of a PAR Air Gun

36. Towing assemblies of various configurations have been devised
for alr guns. Typically, high-pressure air is supplied to each gun from a
dlesel-engine-driven compressor by flexible, armored air hoses. All guns
are connected to a firing contrel circuit and are triggered by electrical
pulses generated under the control of the recording system,

Others

37. Ir all of the energy or sound sources discussed so far, the out-
going signals have certain inherent pulse shape or duration characteristiecs
(i.e. the wave form) that cannot be changed. Some enhancement and/or de-
convolution of the signal to achieve higher resolution therefore can be ac-
complished, in effect, only by filtering the returning signal tefore it is
recorded, An alternate approech to the problem is to transmit a controlled
wave form or signal, an apﬁroach attempted by the Raytheon Company with its
hydroacoustic transducer.2

18




38. The system developed by Raytheon consists c¢f a recorder and
hydrophone plus a signal processor and the hydroacoustic transducer.25 The
signal processor generates a wideband signal, the precise characteristics
of which are determined by a reference signal stored in memory in a replica
correlation receiver, The excitetion signal is then amplified and con-
verted into a hydraulic signal and transmitted into the water by the trans-
ducer. Fun:tional components of the transducer include & hydraulic pump,
0il reservolir, servo valve, and a hydraulic ram or piston, The mechanical
response of the piston faithfully follows the frequency and ampliiude of
the remote-control reference signal,

39. Although & long pulse length results from the hydroacoustic
transducer, resolution is indicated as being moderately goed..e5 The pene-
tration is probably equal to that of a low- to medium-powered sparker but
with better resolution, largely because of the absence of bubble pulse ef-
fects, The entire transducer is relatively heavy (about 2800 1b) and is
normally connected by hydraulic lines to & hydraulic supply housed aboard
ship.

4O, In addition to the Raytheon hydroacoustic source, there are
several other sound sources used in continuous subbottom profiling that do
not fit into the above-mentioned classification, However, since they are
relatively large and heavy systems designed for deep penetrations and used
almost exclusively for petroleum exploration, they are not discussed or
evaluated in this report. Included in this category is the WASSP, or
exploding-wire system, of the Teledyne Corp., the Hydro-Sein system of
Marine Geophysical Services Corp, (utilizing a massive implosion as the
sound source), and the Vibroseis system of the Continental 0il Co. (utiliz-

ing & servo-controlled vibrator as the sound source).
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PART IV: RECEIVING AND RECORDING COMPONENTS

Eygroghones

41. In the case of pinger systems, it has been found to be practical
and desirable to detect acoustic signals reflecting back from subbottom
horizons by & single recelving transducer whic. sometimes also serves as a
transmitting transducer. Since the operating frequencies of pingers are
significently higher then the frequencies contained in boat '"moise', it is
not necessary to position the recelving trensducer away from the survey
boat .

42, With all other types of sound sources, however, it is essential
to use a towed hydrophche. Most frequently, the hydrophone is of the line-
array or streamer type, consisting of a series of pressure-sensitive detec-
tors or elements contained in an oil-filled, neutrally btuoyant, neoprene or
plastic hose, A search of the literature revealed the use, by various
groups, of hydrophone arrays varying in length from about 10 to 100 ft,
with from & to 100 detectors (usually plezoelectric ceramic devices) per
array; however, most appear to use an array of 10 detectors in & hose of
about 12 to 2% ft in length, Typically, the detectors are connected (either
in parallel or in series) and a single channel carries the generated elec-
trical pulses to the recording components.

43, All hydrophones are designed to yleld the highest possible
signal-to-noise ratio with a given system and sound source. The nolse fac-
tor involves "self-noise" generated by motion of the hydrophone through the
water, noise of the boat's machinery transmitted into the water, vibrations
transmitted down the towing ca.ble,h and strumming of the towing cable
itself.ah Since most of this noise propagates horizontally, the linear

(and consequently directional) nature of tha hydrophone results in the sound
reaching individual detectors at slightly differing times and hence is un-
correlated, Signals reflecting from subbottom horizons move vertically up-
ward and usually reach all of the detectors similtaneously; hence, they are
correlated and result in the generation of a stronger electrical pulse than

does the noise,
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L4, As would be expected, the larger and more elaborate hydrophones
are needed and are used with the lower frequency, more deeply penetrating
systems 1n which the reflecting signals frequently are much weaker, In the
design of most hydrophones, the number of detectors and the total length of
the array are determined by the signal frequency band.gh The total length
should be greater than the wavelength corresponding to the loweat signal
frequency that is to be recorded, The meximum spacing betweeu detectors
should be less than one-half the wavelength corresponding to the highest
signal frequency to be recorded,

45. Dozens of domestic firms manufacture hydrophone components, and
several fabricate arrays to customers' requirements; however, most arreys

are custom built by the various operators of acoustic profiling eguipment.
Recorders

Analog recorders

L6. All analog or graphic recorders in use with acoustic profiling
systems are modifications of facsimile recorders using electrosensitive
paper.h They are normally classified as either helix or stylus types and
use either wet (actually only damp) or dry paper.

L7. Wet-paper helix recorders, first developed by the WHOI and
called precision graphic recorders or PGR,8 are probably most frequently
used: popular brands include the Aiden, Alpine, Bludworth, and Muirhead
recorders. In these recorders, on electrical signal passes from a negative
helix through the damp, chemically treated paper to & positive fixed or
slowly moving electrode, Ferrous ions are deposited on the paper in shades
of intensity (sepia colored) that depend on the strength of the electrical
signal, Figures 10 and 11 1llustrate two types of wet-paper recorders in
widespread use,

48, Dry-paper stylus recorders, first developed at the Lamont Geo-
logical Observatory and called precision depth recorders or PDR, operate by
means of an electrical signal on a moving electrode that burns off & thin

layer of the recording paper to expose a black underlying layer. The West-

rex recorder and Edo Corporation's Precision Bathymetric Recorder (see fig. 5)
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Fig. 10. Gifft recorder (now manufactured by Hydro Products) as used with
Ocean Sonics, Inc., and Ocean Research Equipment, Inc., pinger systems

Fig. 11. Recorder used with EG&G High-Resolution Boomer system




are examples of this type. In general, dry-paper records are more durable,
easier to work with, and less subject to wrinkling than wet-paper records;

he sever, helix-type recorders are generally more accurate and more depend-

able than stylus-type recorders.

49, Some recorders of both types use paper with widths of only 8 or
9 in,; however, widths of 11.5 in, and 19 in. are probably most common,

A1l recorders offer a choice of varicus sweep speeds that enables the user
to select the vertical scale most suited to the water depth and depth of
bottom penetration cncountered. Recorders used with deeply penetrating
systems may provide several sweep speeds between 0.25 and 5,0 sec (or 0-600
and 0-12,000 ft )* for example, while those used with shallower penetrating
systems may provide selecteble sweep speeds between 0,05 and 1,0 sec (0-120
and 0-2,400 ft).

50. Both Alden and Alpine; and possibly other firms, manufacture
dual-channel or multiple-channel recorders.2 These permit the simultaneous
recording of either two separate sound sources {such as a 50- and a 200-J
sparker fir:d alternately, as does Alpire) or differential filtering of a
single source to record the lower frequencies on one channel and the higher
frequencies on the other. This produces two adjacent records with the
same horizontel and vertical scales that might contain substantially dif-
“erent data in regard to resolution and penetration,

Signal processing
51. After a reflecting signal has been detected by & transducer or

hydrophone, it must be emplified and filtered before it can be recorded,
Pre-amplifiers or simple linear amplifiers are otten incorporated in the
hydrophone itself as an initial amplification technique. The usual next
step is to pass the signel through an active variable band-pass filter to
exclude undesirable frequencies. Final amplification is accomplished by
onz of several types of gain control incorporated in the recorder.

52, Simple linear amplification 1s usually undesirsble since it re=~

sults in overloeding of the recorder and sometimes burning of the i=cord

# (Calculated using an assumed sound velocity in water uf 4,800 feet per
second (fps).
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by early arriving strong signals and no recording of later arriving weak
signals.u A simple manually adjustable gain control can be used to am-
plify signals from a certain subbottom horizon at the expense of other
signals; however, it 1s only slightly more complex to incorporate into a
recorder & time-variable gain (TVG) that raises the amplification of the
system at some arbitrary function of time after either the initial impulse
or the water-bottom refiection., It is also possible to use an automatic
gain control (AGC), but this results in the loss of all informetion about
the relative strength of signals from different horizons. A delayed auto-
matic gain control (DAGC), which reduces amplification at & fixed time
after the beginning of a strong signal, dces, however, preserve some ampli-
tude information,

Other recording techniques

53. It is now almost universal practice on the part of geophysical
and petroleum companies conducting petroleum exploretion surveys with
deeply penetrating sound sources to record all returning signels on mag-
netic tape. This can be accomplished with or without the simultaneocus use
of an analog recorder., Magnetic-tape recording is also Leing employed on
an ever-increasing scale by the various operators of sparke. or arcer sys-
tems, The value of tape recording lies in its ability to record the entire
return signal spectrum without first having to remove mostly undesirable
but sometimes useful frequencies that would clutter an analog recording.
Data on tape can be processed or digitally converted for later playback,
with selentive filtering and "experimentation' taking place at that time.
Thus, it is frequenitly possible to ultimately extract a greater amount of
information in the areas of weak signals or high background noilse through
this recording technique. Most operators of pinger and boomer systems
feel that the types of surveys that are conducted with these sound scurces
do not werrant the appreciable expenditures necessary for tape recording
facilities,




PART V: PERFORMANCE CHARACTERISTICS

Resolution and Penetration

54, As indicated earlier, it is not possible to achieve both high
resolution and deep penetration regardless of the sound source used, Both
parameters are influenced by the wavelength (a function of frequency), pulse
length, and pulse configuration of the outgoing acoustic signal., Except for
several exceptions to be discussed later, the subbottom materisls play a
passive role in this regard, Nearly all acoustic surveys are conducted in

areas of saturated, fine- to medium-grained, unconsolidated to weakly con-

golidated sediments of marine, estuarine, deltalc, and/or lacustrine origin.

55. Pinger systems are usually capable of resolving individusl layers
less than 3 ft apart and sometimes less than 1 ft apart, but the total depth
of penetratior is rarely greater than 100 ft. Examples of records obtained
with two different pinger systems are shown in plates 1 and 2, The High-
Resolution Boomer system of EG&G International, Inc,, operating with lower
frequencies and longer pulse lengths, can achieve resolution of less than
5 ft with penetrations of 200 ft and occasionally more. Plates 3 and L
illustrate the types of records obtained with this system. In contrast, the
Standard Boomer, although able to penetrate to depths possibly as great as
1000 ft, yields much poorer resolution., As indicated in plate 5, a single
reflecting horizon appears as & series of parallel lines on the record as
a result of the cavitation pulses in the signal, The effect of the multiple
lines 1s to decrease the resolution to 10 ft or more.

56, Multiple-line rendering of a single reflecting hoiizon 1s most
pronounced with sparker and arcer systems because of bubble pulse effects
(plate 6)., The result of this is limitation of resolution to not less than
5 ft even with the lower powered systems, Plate 7 is an example of & moder-
ately high-resolution, 1500-J ercer system record In which 1t can be seen
that resolution i1s limited to at least 15 ft, However, effective penetration
is probably about 1000 ft., For comparison, the arcer record shown in plate 8
was obtained with a 160,000-J system and indicates maximum resolution of
about 100 ft, The effective penetration in this case 1s more than 5000 ft,
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Conslderable enhancement of spurker or arcer records is possible through de-
convolutisn or removal of bubble pulse effects by computer date processing;
however, this is normally done only by the larger geophysical firms,

57. Air gun and gas gun 3ystems achieve resolution and penetration
comparsble to those achleved by the higher powered arcer systems., Single
reflecting horizons are not characterized on the records by multiple lines;
however, resolution is still relatively poor because of the long pulse
lengths. An example of a record obtained with a reletively high-resolution
alr gun system is shown in plate 9,

Record Characteristics and Interpretation

Accuracy
58, Even at very high sweep speeds, the average analog recorder is

quite accurate (usually to less than 0,1 percent of full scale) and able to
record far more than can be detected, However, appreciable variations can
occur in both the horizontal and vertical scales, and corrections usually
must be mede.

59, The horizontal scale of any acoustic subbottom profiler record
is dependent upon the chart paper feed rate (s constant for any sweep speed)
and the speed of the boat, Since the latter is variable because of currents,
wind, etc., it is advisable to mark the record with an event mark correspond-
ing to a known point as frequently as possible. Time-dependent event marking
i{s available on many recorders but is less accurate over long distances,

60. Almost &ll recorders automatically provide horizontelly ruled
depth scale lines at a fixed interval, This interval is normally based on
the average speed of sound in water, i.e. 4800 fps. Since the verticel
scale of the record is actually one-way travel time, a time of 1 sec is
roughly equal to 2400 ft, for example, Below the water bottom in the sedi-
mentary column, this sound velocity can be used with reasonable accuracy
for thin sequences; however, in thick sequences, it should be abandoned in
fevor of & value representing the average sound velocity of the sediments
(often 7000 fps or more). The latter is admittedly complex but can be
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determined by seismic refraction profiles, wide-angle reflection profiles,
or test borings.ao

61. A further source of error is present in depth determinations as
& result of the fact that the indicated depth of a reflecting horizon can be
as much as one-half wavelength greater than its true depth.26 Obviously,
this becomes & significant problem with the low-frequency, long-wavelength
sound sources, To further complicate the matter, the use of gain control
cen have the effect of reducing the spparent depth of & reflecting horizon,
Since it is not possible to correct for either effect, one must simply be
alert to & possible source of error of & particular magnitude.
Multiple reflections

62, A problem common to all continuous recording profiling systems is
27

recognition of multiples, Multiples occur when sound energy reflects from
the water bottom, travels back to the alr-water interface, and 1s reflected
downward & second time, When sufficlent energy is involved and sediment
conditions are ~conducive, as many as four or five or even more round trips
can occur,

63. Interpretation can become complex when multiple reflections are
mixed with reflections from subbottom horizons., However, they can generally
be identified and separated from subbottom reflections by recognizing that
the first multiple appears on the record at twice the depth and twice the
slope of the water bottom. Each succeeding multiple is displaced downward
a distance equal to the depth of the water, Plate 10 is an example of a
High- Resolution Boomer record showing three multiple reflections. Most major
geophysical companies have computer programs which permit them to remove
multiples: hcwever, this is seldom economically justified for purposes other

than petroleum exploration,

Effects of Environment

64, It should constantly be kept in mind that various subbottom hori-
zons produce or do rnot produce acoustic reflections because of relative dif-
ferences in acousti: impedance. Impedance is primarily a function of density
and it may or mey not have a direct relaticnship with lithology. In other
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words, a contact between materials of different lithology such as sand and
clay might not produce a refilection, whereas a contact between a zone of
dense sand and a thicker layer of looser seand might produce a strong reflec-
tion, Many poseible combinations of conditions such as this can occur in
most sedimentary sequences.

65. Although no acoustic subbottom profiling survey should be per-
formed without "absolute" subbottom conmtrol in the form of borings, it is
not surprising to occasionally find an apparent major lack of agreement be-
tween the two because of the above-mentioned occurrences, Certain features
such as the top of bedrock or erosicnal surfaces on weathered formations nor-
mally will be quite apparent in both; however, it 1s not uncommon for bedding
visible in cores to be invisible on the acoustic records and, conversely, for
detalled bedding indicated on acoustic records to be indiscernible in cores
or boring logs. The latter situation is by far the more common, and therein
lles one of the primary advantages of acoustic profiling. It is often pos-
sible to discern and follow bedding and/or geologlc structure in cases where
it is impossible to correlate between even closely spaced borings because of
& lack of visible marker horizons,

66, Much research has been conducted in an effort to perfect a method
of classifying bottom or subbottom sediments according to some measuravle
characteristic of its reflected acoustic signal; however, results have been
disappointing.28 Many variables guch as constancy of ontput energy are in-
volved, and differences in the character of reflections among widely varying
materials are subtle,

67, Experience with acoustic reflection profiling systems has indi-
cated a few cases in which the lithology of a reflecting horizon can be in-
ferred with reasonable accuracy, When pinger systems are involved, concen-
trations of calcareous materials such as shell reefs or coral banks produce
very strong reflections and, because of this, no acoustic energy remains to
reflect from deeper horizons, This produces a characteristic "signature"
such as those shown in plates 2 and 11, Plate 11 also illustrat:s how the
appearance of the reflections or signature changes when & diff.r:1t sound
source (with lower frequencies) is used.

68, With considerable experience in & given area and a "fecl™ for
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local conditions, 1t 1s sometimes possible tc infer sediment types in other
ways, For example, with high-frequency systems, it is usually possible to
differentiate areas of soft clays and silts from areas of dense sands at the
immediate water bottom, The latter materials allow much shallower penetra-
tion and usually result in a serles of multiples, However, these are not ab-
solute criteria because the presence of air bubbles or gas bubbles (due to
seration, bacterial action, or decaying organic matter) can have essentially
the same effects.29
69. 1In general, interpretation of acoustic profiling system records
1s dependent upon identifying morphology and geologic structure rether than
lithology. Such features as angular unconformities, erosional surfaces,

lenticularity and cross-bedding, original dip structures, faults, folds, and

domes are used for Interpretive purposes.27




PART VI: OPERATIONAL CONSIDERATIONS

Vessel Requlremencs

70, It has been stated that effective acoustic profiling systems can
be mounted in almost any craft except possibly a canoe:2 this may be tech-
nically correct fcr the smaller pinger systems, but it is far from being
practical, As far as weight of equipment alone is concerned, the pinger
systems, exclusive of power-generating equipment, involve a total weight of
at least 150 1b and frequently more., The boomer systems and smaller sparker
or arcer systems involve equipment weights of several hundred pounds, and
the more powerful arcers and air and gas gun systems involve weights of
thousands of pounds, Considering that most surveys invclve several persons
(a boat operator, acoustic system operator and possibly an assistant, and
usually at least one observer) and that at least minimal weather protection
must be provided and seaworthiness assured, it 1s seldom practical to con-
duct a survey of any type in & boat less than 20 to 25 ft in length, Motor
launches, small cabin cruisers, workboats, and sometimes small barges usually
meet minimm requirements for pinger, boomer, and small sparker or arcer
system surveys provided they are not excessively noisy or prone to vibra-
tions, Most of the higher powered systems are either permanently mounted
or are built in the form of modular units for installation aboard ocean-
going vessels of 100-ft length or greater, For shallow-water operations,
large barges have been used in numerous instances.

71, Most pinger systems require only 115-v, 60-cps electrical energy
of less than 500 watts (w). Energy requirements increase to only several
kilowetts for the boomer systems but rise abruptly to much higher levels for
the sparkers snd arcers. 1In almost all known cases of operatinn, the power
source 1s a system separate from the vessel's power system since the latter
i3 seldom able to meet the demands of the acoustic sound source, Although
air guns and gas guns require very little electrical energy, large-capecity
and usually quite heavy compressors are needed for air guns, while heavy and
bulky liquid oxygen and propane cylinders are needed with gas guns,

72, The speed at which surveys can be performed depends, of course,
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upon vessel capabilities, weather conditions, and similar considerations,
but the towing characteristics of acoustic system components are frequently
the primary determining factors. Sparker and arcer systems, employing
streamlined electrode assemblies and transducers, usually permit the highest
operating speeds (10 knots or more)., In systems in which a towed vehicle

or "fish" is used to house the transducers (see figs. 5 and 12), speeds of

Fig. 12, Ocean Research Equipment, Inc,, towed transducer vehicle

up to 20 knots have been achileved, Speeds this high are unusual, however,
and are normally not attempted because of the decrease in horizontal resolu-
tion that results,

73, Operations in shallow water present certain special problems re-
garding transducers, The use of towed vehicles is impractical if not im-
possible in water less than 5 ft deep, particularly at low speeds (when
steep towing angles result), "Over-the-side" mounting of pinger system
transducers by means of a rigid but adjustable frame or rack fastened to the
boat 1s commonly used for shallow-water operations, This arrangement allows
operating speeds of 3 to 5 knots, but care must be taken to ensure against
turbulence near the transducers which might result in formation of alr bub-
bles and a9 consequent drastic attenuation of outgoing signals, The trans-
ducers of certain of the lower frequer..y pinger systems such as the Edo
Model 415, 3.5-kcps system are rel ... Jy large and heavy (33 in. in diam-
eter and 45 1b); consequently, a boat of su' antial size is needed to sup-
port them in over-the-side mounts.
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Environmental Factors

74, All sound sources discussed in this report will operate equally
well In elther fresh water or saline water except sparkers and arcers,

These systems must have water with a salt concentration of at least 15 parts
per thousand (ppt) in contact with the electrode in order for a spark or arc
to form, Several organizations have adapted lower powered sparkers for use
in fresh or brackish water by enclosing the electrode assembly in a flexible
polyethylene bag filled with a saline solution, This technique has proven
to be generally undesirable from the operational standpoint because of the
poor towlng characteristics of the assembly and its fragility., 4 slightly
differing approach to the problem, such as the use of a streamlined, torpedo-
shaped, semirigid housing of polyvinyl chloride (FVC) filled with a circu-
lating salline solution, has been shown to be more effective; however, no
operational units are known to be available commercially.

75. Some problems associated with operating acoustic profiling sys-
tems in shallow water have alrealy been mentioned, In addition, shallow-
water depths can have the effect of producing numerous wmltiple reflections
and sometimes also can present problems associsted with transducer ringing.
This phenomenon, which 1s a reverberation following each ping, or signal,
is usually demped out in deeper water, In shallow water, it can cause con-
siderable noise, loss of resolution, and ghost echos, Systems that use
separate transmitting and receiving transducers largely avoid this problem,
and sirgle-transducer systems under development by several companles will
incorporate ringing damping devices,

76. Side echos occasionelly can be a sericus problem when operating
acoustic profiling systems in narrow streams or close to steep underwater
vanks, Excluding pingers, all major sound sources are basically omni-
directional: pinger transducers do concentrate the ocutgolng signals; how-
ever, beam widths seldom are narrower than 30 deg, Consequently, if a
sound source is positioned closer to a bank or side slope than to the water
bottom, the first reflections recorded will be from the bank or slope, and
these will be mixed and ; 9ssibly confused with reflections from horizons be-
low the bottom, An experienced interpreter often can determine that side
echos are being recorded because of characteristic cone-shaped signatures.
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PART VII: CAPABILITIES AND APPLICATIONS

Coestal Ares

Pleistocene deposits

T7. Excluding petroleum exploration, probably the most widespread
and successful application of acoustic subbottom profiling in the Gulf
Coast area has been in delineating the top of the uppermost Pleistocene
formation, The top of the Pleistocene deposits 1s a relatively dense weath-
ered horizon that is separated from the overlying Recent deposits by &an
erosional unconformity; hence, it is normally a strong reflecting horizon.

78, Some of the earliest applications of the Sonoprobe system took
place in Galveston Bay and Corpus Christi Bay, Texas, and on the shallow
continental shelf areas of Texas and Loulsiena where the Pleistocene deposits
were detected and faults, folds, and domes in them were delineated in de-
tail to depths of 50 to 60 ft.6 The same system was employed later with
considerable success in delineating burled valleys or entrenchments in the
Pleistocene deposits in other Texas coastal bays3o and in Breton, Chande-

31 During the conduct of this state-of-the-
art survey of acoustic systems, ithe writer talked with representatives of

leur, and Mississippli Sounds,

several firms that cumulatively had acquired thousands of miles of acoustic
profiler records in various bays of the Gulf Coast, These records, ob-
tained for purposes such as pipeline surveys, clam or reef shell resource
surveys, and foundation investigations, indicated penetration to the Fleis-
tocene deposits was achieved in possibly half of the total distance surveyed,
79. The acoustic characteristics of tl.. Recent sediments of the
coastal area are normally such that even the high-frequency pinger systems
can p.netrate through 20 to 4O ft or more of the sediments and obtain re-
flections from the Plaistocene deposits, Plates 2 and 11 indicate the pene-
tration and resolution capabilities of 12-kcps pinger systems in Corpus
Christi Bay. Plate 12 was prepared to show comparative penetration capabil-
{ties of the Elac 18-kcps pinger system and the Edo 3,5-kcps system under
similar conditions (but not in exactly the seame area) where Pleistocene
deposits are exposed at the bottom or are veneered by only a thin layer of
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Receri sediments. Plate 13 illustrates the resolution and penetration
achieved with an EGAG 12-kecps pinger probe in the eastern end of Leke Pont-
chartrain, This system, operated by the NOD,32 w3 able tc detect the top
of the Plelstocene deposlits through as much as 25 ft of Recent sediments
where they consisted of interbedded clays and siiis; however, where the Re-
cent sediments consisted of sands, penetration was generally less than 10 ft,
and the ton of the Pleistocens ~ould not be detected except at widely scat-
tered locations.

80. Sparker systems prcducing reiastively high-frequency 2nergy have
been used with considerable success in mapping the top of the Pleistocene
deposits in Corpus Christi Bay (plate 11) and in Matagorda snd Galveston
Bays33 to depths as great as 80 ft below the bottom. Systems of medium- to
high-power output lack resolution capebilities sufficient to delineate the
top of Pleistocene deposits; however, major stratification within the de-
posits can be detected for studies of structural relationships.

Ship channel surveys

81. The value thet can be derived from supplementing 2 boring program
for new ship channel construction or existing channel enlargement with a
high-resolution acoustic profiling survey has been demonztrated cn seversl
occasions,2’11’33 Not only is it often possivle to significantly reduce
the scope of the drilling program, it is normally possible to correlate
horizons between borings by other thsn a "straight-line™ method and to de-
tect unpredictable occasional occurrences of features such as buried reefs,
bedrock pinnacles, and filled channels that could be missed in even & de-

talled drilling progran.
82, Acoustic systems that have been used successfully in surveys of

this type include pingers, boomers, and relatively low-powered sparkers or
arcers, Since penetration of more than several tens of feet is not needed,
gelection of a system can be made primarily in terms of resolution capabil-
ities and frequency and power output in relation to the anticipaled sediment
types. For example, a boomer system would be preferable to a pinger rystem
where coarse-grained sediments such as sandc or graveis are suspected or
¥nown to be present, A sparker system might prove to be more effective 1if
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Congtruction materials surveys

83, Both the U, S. Geological Survey (USGS) and the U, @ Army
Coestal Engineering Research Center (CERC) have extensively utilized acous-
tic profiling systems in survzys of mineral resources and construction
materials on the U, S, continental shelves., In the Sand Inventory Programs
of CERC on the Atlantic continental shelf between Maine and Florida, sparker

and air gun systems have been used succesafully, The greatest amount of

useful information has been ovtained by operating two sound sources and
using dual-channel recording. In areas where the bottom sediments can be
penetrated by the higher frequency sound, penetration with high resolution
has been achieved to the desired depth of about 25 ft. Rather than obtaining
no subbottom information where the sediments cannot be penetrated by the
higher frequency sound, the simultaneous recording of lower frequency sound
with the dual-channel system has resulted in obtaining some information in
these areas to the desired depth but with a moderate decrease in resolution.

84, Pinger systems should not be overlooked for application in con-
struction materials surveys. The fact that the high-frequency sound carnot
penetrate coarse-grained materizls and reef deposits and consequently pro-
duces & characteristic strong reflection or signature can be of considerable
value in such surveys. Thelr use would permit the location of the upper
surfaces of such deposits but would not permit determinations of deposit
thickneeses. However, once a scurce 1s located by an acoustic survey, its
origin usualiy can be inferred from its surface morphology (e.gs relict
beach, reef, channel fi11). Probable thicknesses of deposits then can be
inferied from a general knowledge of local geologic history,

Alluvial Valley Area

Bedrock surveys

85, Acoustic subbottom profiling systems have been used with consid-
erahle success in bedronk surveys along several of the larger rivers in the
Lower Mississippi Valley area.3h’35 Systems that have been used include the
EG&G High-Resolution Boomer, sparkers, and gas guns. The purpose of the

surveys was to evaluate the proximity of bedrock to the channel bottom and
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to locate faults in connection with site selection and site evaluation
studies for major structures,

86, Since virtually all major rivers in the Lower Mississippi Valley
ares are underlain by coarse-grained alluvial sediments (sands and gravels),
pinger systems cannot be used for bedrock surveys. Boomer systems probably
cannot be effective where the alluvium is greater than 50 or 60 ft thick.
Sparker or arcer systems have been used successfully; however, operation of
a plasma system in fresh water is difficult and could be precluded by &
number of environmenta. conditions such as strong currents or floating ice,
Although gas gun systems have also been used successfully, they afford the
relatively lowest resolution and may be undesirable in inland use near pop-
ulated areas because of safety factors associated with liquid oxygen and
propane,

87. It 1s believed that air gun systems could be used quite effec-
tively and possibly even most effectively for bedrock surveys in large
rivers, These systers afford the user considerable lstitude in " . 3isring”
a power output and f'.:giency spectrum to achleve maximum resolution anc
penetration, A wide range of gun assemblies 1s possible depending unon tne
number of guns used, the sjzes of the guns, and the operating air pressure.
A1l air gun systems can be operated at power output levels and rrequaucles
that would permit penetrat.ons through several hundred feet ol coarse-
grained alluvium,

Site evaluaticns
88, The writer 1s not aware of cas s in the Lower Mississippi Valley

area where acoustic systems have been used for detalled investigations of
specific sites for structures such as locks .nd dams. However, the bene-
fits that could result from surveys of this type might be substantlal,
particularly 1f bedrock faults are suspected oi- known to be present, Even
unier ideal conditions, accurate mapping of faults located beneath & stream

and/or alluvium 18 time-consuming and requires closely spaced and detailed
subsurface control, On the other hend, there is probably no type of geo-
logic structure that can be drlineated more readily and more accurately by
acoustic profiling systems than a fault, provided that some reflecticns can
be obtaired from bedding plenes or similar features, This is normally
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possible in most types of carbonute or clastic sedimentery rocks,

89, All factors considered, boomers and air guns would appear to
offer the best possibilities for surveys of this type. Some operational
problems could be associated with running cross sections or transverse
survey lines with conventional craft on narrow streams; however, other pro-
cedures such as the use of small barges or floats and bank-anchored cables
could be utilized., Problems associated wilth conducting a survey in a nar-
row channel could possibly be minimiied by scheduling the survey for perilods
of bankfull discharge or even overbank flooding provided that other factors
such as current velocity are not adverse, In either case, it might be ad-
vantageous tc devise special transducer and/or hydrophone configurations

particularly suited to local conditions.
Reservoirs

90. Although probebly too few tests have been made to indicate con-
clusively, preliminary indications are that artificial bodies of water
present special problems regarding acoustic subbottom profiling. As ex-
perienced in & reservoir in Georgia,29 penetration of only several tens of
feet of alluvium by a boomer sound source was found to be essentially im-
posslble even after conslderable experimentation, The indicated reason for
this failure was the presence of countless smell air bubbles remaining en-
trapped in the aerated or weathered zone of the floodplain after submergence
brought ahout by reservoir f1lling., It was concluded that the reservoir is
not old enough (about 8 years old) for the air to have become dispersed nor
deep enough {ebout 40 ft) for the air to have become campressed sufficiently
to negate its attemiaticn effects, Although probably not present at this
site, gas bubbles resulting from the decay of organic matter in an old soil
horizon would have had & similar deleterious effect,

91. Ther= are no known cases that would help in estimating how old
or how deep & reservoir must be to negate the elfects of alr or gas bubdbles,
In all probability, a simple answer to this is not possible since there are
probably other factors involved such as quantity of air or gas and the fre-

quency of the sound energy used in the survey,
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92, It is known, however, that considereble success has been achieved
in reservoirs in delineating the thickness and extent of sediments deposited
subsequent to reservoir filling., These normelly contain no air or gas bub-

bles, are considerably less dense than prereservoir deposits, and can be

penetrated to depths of several tens of feet by even the higher sound fre-
quencies (i.e, 12 kcps).5 Since both the water bottom and the bese of the

sediments (a strong reflector because of reasons just mentioned) can be de-
lineated with accuracies of about 1 ft or less with pinger probes, it is
not necessary to conduct anmial or periodic fathometer surveys and prepare
comparative profiles in studies of reservoir sedimentation. At any glven
time, a pinger probe survey could be made to determine the water depth and
the total amount of sediment accumulated to that time without profile
comparison,

Adeptation for Land Use

93. Although acoustic profiling. systems are currently exclusively
waterborne because of the inherent necessity of introducing the sound pulses
directly into water, attempts have been made to ground-couple transducers
for overland surveys., Research directed toward this goal, promoted in
large measure by an urgent need for an effective method of locating Viet
Cong turnels, has involved investigations of such techniques as (a) suspen-
sion of transducers in fluld-filled rubber or polyethylene begs placed in
contact with the ground, (b) introduction of acoustic emergy into the ground
by means of spiked rollers or wheels, and (c) pouring water on the ground
surface or rapidly excavating and f11ling shallow trenches with water to
vermit the use of conventional transducers., All known attempts of this type
have been unsuccessful in regard to the higher frequency systems, largely be
cause of an inability to completoly saturate the ground end disperse trapped
air above the water table, It is possible to propagate low-frequeacy sound
effectively under these conditions; however, this type of sound lacks the
desired resclution capabillities,

9L. Similar problems would probably be encountered in most, if not

all, cases of attempted utilization in marsh or swamp areas. Transducers
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of the smaller systems such as pingers and boomers could he¢ wounted on a
sled or skid-type platform for towlng behind a marsh buegy, air boat, or
similar vehicle capable of negotisting extremely shallow water. However,
since nearly all such areas experience seasonal drying and contain decaying
organic matter, air and/or gas will usually be present in the upper few
feet of sediment and will preclude the effective use of high-frequency

acoustic systems.
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PART VIII: SYSTEM SELECTION

95. The present state-of-the-art of acoustic subbottom profiling i1s
such that it is inadvisable, if not impossi®»le, to recommend the use of a
specific system for a pa.ticular problem or location, Conslde:ing only cer-
tain obvious factors such as the frequency of ihz sound energy or the power
output, there are usually several different systems that would appear to be
applicable; however, the final selection of a system must be based on a con-
sideration of numerous less obvious factors, Even then, there can be only
a limited amount of confidence as to whether satisfactory results will be
obtained, Unfortunately, an actual field test 1s almost always the only
way to ascertain performance capabllities.

96, Theoretical capabllities of systems are known or can be deter-
mined from the mechanical or electronic deslgn of the system. On the other
hand, it is seldom possible to determine the acoustic characteristics (1.e.

velocities, magnitude of impedance of reflectors) of the sediment and/or

rock to be penetrated, Therefore, only operational considerations remain
as facters to> = evaluated in system selection, Included in this are fac-
tcrs zuch as size and weight of components, necessity for towed transducer
vehicles, p~we. ge.eration requirements, type and operational characteris-
tics >f recorder, and hyd~ophcne configuration, Information of this type
is normal®  not com-ained in manufacturers' brochures or promotional liter-
ature; hcwever, most, if not all, manufacturers can provide technical data
sheets and syc*em specifications,

¢, In the opinion cf the writer, acoustic systems are not suffi-
ciently w11 developed or versatile to warrant development or purchase by a
CE district office for geologic investigational use, This oplnion has been
derived fror &n awareness of the variety of projects (and geologic settings)
in which systems could be used, the relatively short period of time neces-
sary to corduct any given survey, and the relatively low ra.e of recurrence
of projects of a particular type or in a particular environment, A possible
exception to this might be & situation in which a relatively low-cost system
such as & pinger probe could be acquired for a number of similar projects

such as reservoir sedimentation surveys.
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98. 1Insofar as is known, all major systems can be either leased
or can be obtained by means of contracted geophysical survey services.
Ieasing 1s recommended as being most economic for the smaller and simpler
systems (pingers or boomers) provided that technicians are available for
operation and routine maintenance, Sparker or arcer anr® air or gas gun
systems are so complex that at least one well-treined technician or engl-
neer would be needed for their use; therefore, leasing is not recommended,

99, Contracted geophysical services frequently appear outwardly
expensive; however, detailed cost analvses involving factors such es equip-
ment maintensnce and perscnnel availabllity usuvally prove otherwise. TFur-
thermore, geophysicists and/or engineers thoroughly familiar with the sys-
tem and interpretation of the data can often obtain appreciably better sur-
vey results,

100, At the present time, oceanographic and merine geophysical activ-
ities are at an ebb for possibly several reasons, one of which is certainly
the reduction in Federal support and Federal agency activities, This fact,
combined with others such as increasing competitlon &nd continuing develop-
ment of new models or systems, is certainly to the advantage of the CE,
Since CE offices have had relatively little experience with acoustic pro-
filing systems, there are indications that at least several manufacturers
or geophysical firms would welcome opportunities to promote systems and
demonstrate capabilities on an actual-cost basis, The current situation is
considered essentially one of proven capabilities but declining activity in
geophysical oceanography and mineral exploration geophysics as compared with
only partially demonstrated capabllities and increasing activity and interest
in engineering geology.
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APPENDIX A
ADDRESS LIST FOR REFERENCED AGENCIES AND FIRMS

Alden Electronic & Impulse Recording Equipment Co., Inc,
1 wWashington Street

Westboro, Massachusetts 01581

(617) 366-Lu6T

Alpine Geophysicael Associates, Inc,
65 Osk Street

Norwood, New Jersey 07648

(201) 768-8000

Bolt Associates, Inc,

10 Fitch Street

Norwalk, Connecticut 06855
(203) 866-h0L8

Brown and Ross, Inc,

T70 Shore Walk

Lindenhurst, New York 211757
(516) 88L-7171

Continental 0il Company
Ponca City, Oklshome 7h601
(Los5) 762-3u456

Edo Western Corporation
2645 South Second West

Salt Laeke City, Utsh 84115
(801) L86-7u481

EG&G Internationsl, Inc,
Geodyne Division

151 Bear Hill Rosd

Waltham, Massachusetts 02154
(617) 899-3710

Environmentel Sclence Services Administration
Coast & Geodetic Survey

Washington Science Center

1180 01d Georgetown Road

Rockville, Maryland 20325

(301) 656-14088

General Oceanographics, Inc,
17611 Bascom Street

Irvine, California 92664
(Tik) 633-0282




Huntec Iimited
1450 O'Connor Drive
Toronto 16, Canada
(416) T751-1244

Hydro Products Division
Dillingham Corporsation
11803 Sorrento Valley Road
San Diego, California 92121
(714) 453-2345

Kelvin Hughes America Corp.
115 Eastern Avenue
Annapolis, Maryland 2140k
(301) 267-8103

Lamont-Doherty Geological Observatory
Palisades, New York 10964

(914) 359-2900

Lister Enterprises

P. O, Box 101

University Station
Seattle, Washington 98105
(206) 325-5497

Marine Geophysical Services Corporation
Subsidiary of Alpine Geophysical Assoc,, Inc,
6218 Evergreen Street

Houston, Te.'as 77036

(713) T74-Th3h

Muirhead Instruments, Inc,
1101 Bristol Road

Mountainside, New Jersey 07032
(201) 233-6010

Oceanonics, Inc,

Division of the Rucker Company
6210 Evergreen Street

Houston, Texas 77036

(713) 771-5731

Ocean Research Equipment, Inc,
P, O, Box 709
Falmouth, Massachusetts 02541
(617) 548-5800

Ocean Sonics, Inc,

12% Lomita Street

El Segundo, California 9Q02L5
(213) 322-6881




Raytheon Company, Inc,

Marine Products Division

213 East Grand Avemue

San Francisco, California 94080

(L15) 598-7u7h

Scripps Institution of Oceanography
la Jolla, California 92038
(T14) 453-2000

Sinclair 01l & Gas Company
Box 7190

Tulsa, Oklahoma 74105
(518) 245-1357

Southwest Research Institute

Oce&en Science & Engineering Laboratory
P. O. Box 260u

Corpus Christi, Texas 78403

(512) 883-2921

States Electironic Corporation
Bludworth Marine Division

10 Adams Street

Linden, New Jersey 07036
(201) 925-8650

Teledyne Industries
Geotech Division

3401 Shiloh Road
Gerland, Texas 750LO
(214) 271-2561

Texas ASM University
Department of Oceanography
College Station, Texas 77843
(713) 845-3211

United Geophysical Corporation
The Bendix Corporation

2650 Bsst Foothill Blvd.
Pasadena, California 91109
(213) T795-0k21

U. S. Geological Survey

Office of Marine Geology & Hydrology
345 Middlefield Road

Menlo Park, California 9L025

(k15) 325-2k11

U. S, Naval Undersea Research & Development Center
San Diego, California 92132
(714) 222-6311
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