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Navy are many. The advent of long range, bottom-bounce sonars
means that the configuration of the bottom and sub-bottom is o
ever increasing importance. Some of 1 e guess work can now be
removed in determining the type and characteristics of foundations
required for both harbor and offshore structures. Other applica-
tions of seismic profiling of interest to the Navy could be
listed.

In recent years many varied projects which have dealt directly
or indirectly with seismic profiling have been conducted by Naval
activities or by organizations and firms supported by the Navy.

A few such activities are the Naval Oceanographic Office, the
Marine Environmental Division of the Naval Underseas Warfare Center
(formerly the Navy Electronics Laboratory), University of California
at San Diego and others. This work has served as a stimulus to the
Navy's interest in the sub-bottom field. At present however, very
little collected information is available within the Navy as to

the types and characteristics of the profiling equipment, the
suitability of the various techniques, and the economic factors
involved,

In recognition of the need for establishing a comprehensive
source of information on sub-bottom sounding for potential Navy
users, a study is presently being conducted by the Naval Civil
Engineering Laboratory (NCEL) to evaluate seismic profiling equip-
ment available from commercial sources, and the specific suitability
of each of the techniques. This particular study is divided into

four parts:
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low frequencies are required, but at the expense of fine detail.
As a consequence both low and high frequencies may be needed and
a good design will provide for either a wide choice of frequency
bands, or several discrete frequencies.

Most graphic recorders designed to operate with conventional
echo-sounding equipment give a presentation of bottom depth in
feet (or some other linear measurement) based on a velocity of
sound through sea water of approximately 4800 feet per second.

In adapting recorders to sub-bottom sounding work no such arbitrary
correlation can be made since the sound velocity in the different
types of sediments varies, often by a significant amount from its

value in sea water,

(c) DETERMINATION OF SOUND VELOCITY IN SEDIMENTS. Several

techniques can be used in determining the velocity of sound through
the sediments ranging from simple to the extremely complicated. If
the type of sediment is known then from tables that have been
published (23,24) a reasonably good estimate of sound velocity may
be obtained. The quality of sound transmission depends markedly on
the porosity of the sediment so that without positive evidence (for
example from a core sample) estimates of this type may be much in
error, Nevertheless, in the absence of other techniques or under
the pressure of a limited time schedule, an estimation by this method
may have to be used.

The two techniques that have been used for many years to
determine velocities of sound in unconsolidated sediments and rocks
are the wide-angle reflection technique and the seismic refraction

technique.(15) In the wide-angle reflection technique, the separation
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(d) RECORDERS. All systems utilize graphic recorders which
record intensity changes as a relative darkening of an electro-
sensitive recording paper. Automatic correlation provided by the
graphic recorder together with the ease of measuring travel time
make it most suitable for seismic profiling.

Graphic recorders may be divided into dry paper and wet paper,
and into stylus- and helix- types. The several commercial varieties
are familiar to those experienced with conventional echo sounding
equipment. Recorders also differ in the amount of sophisticated
options that they include. One significant difference from the
conventional echo sounding depth recorder is the ability of the
profiler graphic recorder to eliminate most of its trace associated
with travel time through the water to the sea floor, thus reserving
the major portion of its display for the sub-bottom profile. This
becomes a consideration in water of great depth. Additional detail

on recorders is presented in a subsequent section.
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FIGURE 8. Seismic re)clec‘h'cn Pro)ﬁile, Guls
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reflections, Furthermore, testing should be done over many

areas having different water depths and varying sediment
composition., Such locations should be known to the investigator

in advance so that he may anticipate what to expect in the profiling
results, This usually implies the services of both a competant
geologist and a geophysist on an investigating team.

An important and sometimes overlooked factor in planning a
sub-bottom survey is that of orientation of the traverse lines
to the regional topographic and structural trends. If possible,
traverses should be oriented to pass up or down regional dip
rather than along strike., Structures causing topographic irregular-
ities can normally be better depicted if crossed at high angles.

Any combination of profiling system and survey ship will have
its particular acoustic characteristics, which normally reach peaks
and nulls of noise at different propeller speeds and actual speeds
through the water, Accordingly, preliminary testing at varying
combinations of speed and acoustic band-pass filters generally
produces a better quality record, Whenever possible, the adaptability
of various units should be established by testing them in a number
of systems made up of components from various sources.

The conducting of tests, making of evaluations and comparisons,
and preparing general guide [nes on sub-bottom equipment requires
investigating personnel already completely knowledgeable in the
various techniques and the different kinds of equipment. Potential
followers of these guidelines will additionally need more than just a

fundamental knowledge of sub-bottom sounding. Within the Navy persons
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Input power: 90-140 volts AC, 45 to 70 c¢/s

Power consumption: 100 watts
Weight: 85 pounds .
Size: 9 x 28 x 21 inches
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Transducer cable length: 50 feet
Pricing range - Boomer: $520
Model 261 Tow Fish: $230

Cable: $110

Sparkarray

The Sparkarray (Model 267A) is a low frequency sound source
for deeper penetration in profiling. As electrical energy is
discharged between three electrodes and a grounded stainless steel
frame, the conducting sea water between the electrodes and the
frame is heated, vaporized, and plasma bubbles are formed. The
explosively formed bubbles generate high intensity acoustic
pulses,

The electrical energy is transmitted to the Sparkarray by
means of a 100 foot neoprene-covered cable, which is also used to
tow the Sparkarray. At slower towing s ‘:eds no tow fish is needed.
At higher speeds, weight is usually added to keep the unit at an

adequate distance beneath the surface.

Dimensions: 10 x 10 x 106 inches
Weight: 30 Hunds
Energy input: 500-8000 watt-sec.
Frequency range: 80-120 c/s
Max towing speed: 10 knots (weighted)
Pricing range - Sparkarray: $490

Cable: $280
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Characteristics of this transducer are:

Operating frequency:
Active material:
Efficiency:

Max power input
at 10% duty cycle:

Source level at max
input power:

Impedance:

Beam pattern:

Max depth:

Weight:

7 ke/s 3.5 ke/s
Lead titanate zirconate-----

30% minimum--------~---------
2000 Watts 7000 Watts
107 db 110 db

(re 1 microbar at 1 yard)
50-2000 ohms selectable-----
30 degrees conical at -3db--

100 feet ~-—=wrmemmm—m—moe—e——a

35 1bs. 60 lbs.

Model 240 Precision Acoustic Transmitter/Receiver System.

The signal generators, power amplifier, transmit-receive network,
and the receiving amplifier of the Model 415 System are combined
in the Model 240 Transceiver.
Power requirement: 115 + 10 V-AC, 50-400 cycles
Line current: Max. 5 amps, Avg. 2.5 amps.
Transmitter section.

OQutput power: variable to max. of 5 KW
Operating frequency: 3.5 kec/s nominal
Output impedance: 50 ohms nominal
Output pulse lengths: 10, 20, and 30 ms.

Pulse repetition rate: 2 PPM internal or externally keyed
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Model 400 Acoustic Bottom Penetration System. The Model 400

System is a deep water acoustic bottom penetration system in which
the operating frequency and power represent a compromise between

directivity, depth of penetration, and maximum bottom depth.

The 400 System uses three standard Edo Western components:

Model 240 HC Transducer. This is a 3.5 kc transducer consist-

ing of an array of 12 interchangeable barium titanate ceramic
elements. The 12 self-contained elements are mounted on a cadmium
plated, cold rolled steel frame in a manner so as to produce a
30-degree beam.

The efficiency of the 240 HC is reported as over 65%, thereby
producing a maximum source level of 124 db, referred to one dyne
per square centimeter at a distance of one yard. The output is
2000 watts, resulting in a maximum source level of 118 db re 1
dyne per square centimeter at one yard. Some features of this

transducer are:

Acoustic power: 8000 watts maximum

Beam width: Conical 30 degrees

Size: 35 inch diameter by 26 inch length
Weight: 800 pounds

Model 248 A Sonar Transceiver. This transceiver performs

functions similar to those of the Model 240 in the 415 System.

Primary voltage: 115V + 10%
Primary line frequency: 50-400 c/s
Power: 180 watts peak, 68 watts average at

maximum duty cycle, 45 watts quiescent.

Size: 19 x 8.75 x 15 inches
Weight: 59 pounds.
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T, H, Gifft Company
Angheim, California

Gifft facsimile depth recorders are produced in four different
models, The GDR-IC-19 is a self contained bench-mounted recorder
using 19 inch chart paper which can be combined with a sparker,
airgun, or other source for broadband continuous profiling studies.
The GDR-1C-19-T version includes an integrated sonar transceiver
and can be operated either as a recorder alone or as a complete echo
sounder. The GDR-1C-11 and GDR-1C-11-T are equivalent units using
11 inch chart paper, and are designed to be rack mounted.

Some of the characteristics of the Gifft recorders are:

Input power: 90-140 V-AC, 45-70 c/s

Power consumption: 70 watts

Weight: 75 pounds

Dimensions: GDR-1C-19-T 7% x 28 x 15.5 inches

GDR-1C-11-T two units

electronic module 5-% x 17 x 12 inches
recorder module 7-% x 15-% x 10 inches

Sweep scales: GDR-1C-19-T 1/16, 1/8, 1/4, 1/2, 1,
2, 4 seconds

GDR-1C-11-T 1/16, 1/8, 1/4, 1/2, 1,
2 seconds

Writing blade: Oscillating blade type. Blade of
different widths can be used for
different applications.

Scanner drive: DC motor with maximum power dissipation
of 3 watts.

Recording paper: Moist electrolytic type, system
compatible with Muirfax paper or Alfax
paper.
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Mystic Oceanographic Company
Mystic, Connecticut 06355

The Mystic Oceanographic Company in cooperation with Alden
Electronics and Impulse Recording Equipment Company, Del Electronics
Corporation, and Precision Surveys Corporation has developed a
basic profiling system in various types differing mainly in the size
of the sparker sound source employed. Presentation is by Alden
graphic recorder with tape presentation if desired. The system
is adaptable to digital or analog processing. Overall price for
the system ranges from $5,000 to $150,000 depending on the size
of the specific system.

1. Precision Acoustic Pulse System. This system consists

of four major components, all of which may be designed to specific I
requirements,
Sparker: Manufactured by Del Electronics, this is a 100,000
joule sparker with output characteristics - amplitude, phase, and
frequency - capable of being controlled and predicted to within 5%
to 10% accuracy, with its total energy and wave form shape adjustable
to needs.
Hydrophone: The system utilizes a standard type hydro-
phone array consisting of 9 inch length, 2.25 inch diameter hydro-
phone produced by Precision Surveys Corporation.

Correlogical Processor: This is an exclusive feature of

the Precision Acoustic Pulse System, designed and built by the
Mystic Company. It provides a matched fi' :ring and cross-
correlating function which improves signal-to-noise and signal
processing characteristics. Additional details on this are given

in a subsequent section.
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