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INTRODUCTION

The following report summarizes the e f fo r t  under this contract from its

inception April 1, 1970 to its termination June 30, 1976. The ini t ial  proposal

was to develop three systems:

1) Seismic Recording and Display System

2) Digital Magnetometer System

3) Magnetometer — Cradiometer Velocity System

Later , in September 1974 , development was started on a Hy draulic—Pneumatic

Water Gun.

The summary of the efforts on each of these systems have been reported

in the annual reports submitted each year as part of the proposal newal.

For example, the Digital Magnetometer System was reported in the first annual

report. The final unit is shown in Figures 1 and 2. It measured 14”Hx2l”Lx15”W

and weighed about 35 pounds. It was capable of marine, airborne, or portable

ground applications. It had a sensitivity of O.Sy and read out directly in

gammas. The system as shown in Figure 1 recorded on two Rustrak recorders

and a paper—tape punch. The system was used to fly aeromagnetic surveys of

parts of Montana, Utah, Wisconsin, and all of the state of Arizona as well as

for marine studies in the Great Lakes and intermountain lakes of the vest.

The annual summaries for the Fiber Optics Recording System are included

• here to show the development of the program.

_ _ _ _ _ _ _  • 
~~~~ 
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SUMMARY OF FIBER-OPTICS SEISMIC RECORDII~G SYSTEM

(1971)

The following criteria were set up to evaluate the several possible

approaches to data recording:

1. A graphic display of the seismic data is necessary.

2. There must be some improvement in the dynamic range of 22 db available

on present graphic records.

3. The seismic display system must not be more expensive than the best

commercially available unit.

4. The data must be available for study within a short period of

acquisition.

5. It must be possible to monitor the data in real time.

6. It must be possible to display data in either an X-Y mode or vari-

able density mode.

$ The biggest problem is the recording medium since it restricts the dynamic

range of the system. The ideal system would use a color medium which would

greatly expand the dynamic range. The best possibility would be to use a single

gun type W tube similar to that used by Sony. However, the optics and color

film costs are prohibitively large.

The next best medium to color film is black and white film which is con-

siderably cheaper . It offers a wider dynamic range than that available with

• dry or wet-paper type facsimile papers . It can be processed quickly, can

provide a means of making additional copies and can be reduced or enlarged.

The next p~oblem is to find some means of exposing the film with the

asimeic information . Thi. first system proposed used a CR? and an optical

system for photographing. The CR? is attractive from the standpoint of

resolution and fl.xthility, however , the optics tend to be expensive. It was

-- • • .  ••
~~~~~

•
~~~~~~~~~~~~~

—
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then suggested that instead of a standard CRT, a fiber CRT be used. The Edo

Western fiber optic recorder is a commercially available instrument , with a

film magazine as an option, that fits the requirements. The resolution is

5-10 mils which is not as good as a standard high-quality CRT, however, the

film is in direct contact with the CRT faceplate eliminating expensive optics

and distortion inherent in a standard CRT.

Instead of using the variable intensity system available in the recorder

a scheme would be utilized whereby a beam of constant intensity is turned on

for a period of time which is proportional to amplitude. Since the cathode

ray tube is photographed, the scheme is analogous to that utilized by a camera.

• By using a photomultiplier or other light detector , a closed loop system is

possible which will compensate for variations in beam intensity due to power

supply fluctuation, component aging , etc. This time-intensity system coupled

with the capabilities of photographic film offers a large dyr.mic range and

should provide information unattainable by existing systems.

The recorder also allows the possibility of recording in the X—Y mode .

Thi. could be done in real time simultaneous with var iable density display

(the two traces would follow each other on the same sweep). An alpha-numeric

CR? is also built into the recorder allowing direct notation on the photographic

film.

Several problems exist with th. photographic film that need further invest-

igation:

1. How fast can the film be proc essed? Possibly the Kodak Bimat process

could be used. Tb. main problem is that Kodak may not continue making

f 
Bimat film.

• 2. What will the time d.lay be between the film exposure and its avail-

• ability for viewing? This could be quite large at slow “chart’ speed.
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Since a new recording system is needed, is there some way to build tne

record ing system to help in data analysis? There is a considerable amount

of routine in interpretation which the recording system might help. One

possibility is to use the duration of time—intensity modulation to identify

the bottom reflection (usually a large amplitude signal) and to identify major

sub-bottom reflections. The time between these events in a single trace might

be recorded on tape and/or played onto another graphic recorder . Following

this approach maybe traces could be built up on a monitor scope and major

reflections identified. A variable spot could be moved across the face of the

tube and aligned with a reflection of interest. By pushing a button the dur-

ation of the particular time-intensity modulation could be read out or fed

back into the system to be recorded on the special recorder for further analysis.

SEISMIC RECORDING AND DISPLAY SYSTEM

(1972)

A Honeywell Model 1856 Fiber optics recorder was obtained along with a

film magazine so that photographic as well as dry—write paper could be used.

This basic recorder has a usable fiber bundle 12 cm wide by 1 cm high.

It has been possible to record marine seismic profiling data in the X—Y

mode (Fig. Za), the X-~-Z mode (Fig . 2b) , and the X-Z mode or variable density

mode or variable density mode similar to the standard graphic recorder.

It has been possible to replay seismic data , recorded on magnetic tape

at 1 7/8 ip., with speeds of 15 ip.. If a tape recorder capable of 60 ips

were available , there is no reason it wouldn’t be possible to replay data at

thos. speeds. This would mean a 3600’ tap ., which requires six hours to record

it 1 7/8 ips , could be reprocessed in 12 minutes at 60 ips.

Several additions should be added to the basic f iber-optics r ecorder .

These are s

- -a.- - - - -• — — - - • ,•——- ——•• - —
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1) Crystal controlled sweep and paper advance . Also a control wi l l  be

provided so that paper advance is in terms of sweeps/cm .

2) Delayed sweep will be added rang ing from 10-100 ms. and 1— 10 secs.

3) Using the built in record number marker , a modification will, be

added so that the numbers are recorded according to an external

timing system , i.e., every minute or five minutes , etc .

4) A data recording module will be adapted that will allow the data

to be recorded on the 3M dry silver paper . This paper must be de-

veloped with heat but it gives a record which is insensitive to

storage, pressure, or moisture .

A unique capability of the fiber—optics recorder is its high speed. Data

may be replayed through the system up to 32 or possibly 64 times its initial

recording speed. Different filters and gain techniques may be employed on the

playback to enhance the data. The biggest problem appears to be amplifiers and - 
-

filters since the data frequencies are also 32—64 times their original values.

It is particularly a problem with automatic gain controls or time varying gains

since the attack rate on most amplifiers is too low. A couple - of coumarcially

available amplifiers will be evaluated.

In order to best utilize the unique features of the fiber-optics recorder

it should be an ‘off-line’ system. A standard dry paper graphic recorder would

be used for real time recording with the fiber-optics recorder and an associated

data processing system being used to reprocess data at high speed.

Some of the things that might be done “off-line’ would be elimination of

~~~~ multiples and bubble pulse, cross-correlation and summing of adjacent traces,

re-filtering, and using different methods of gain control. A possible block—

diagram of such a system is shown in Figure 3. 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—-- —-— —~~
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It is proposed to investigate the possibility of constructing such a system.

There are several possibilities for the data processing system which should be

checked before a system is constructed.

It is essential to be able to directly compare the fiber-optics recorder and

a dry paper graphic recorder. We propose to purchase one of the new low price

dry paper models.

SEISMIC RECORDING AND DISPLAY SYSTEM

(1973)

The application of the Honeywell Model 1856 fiber—optics recorder for

recording marine seismic profiling data has been evaluated further. In general,

the f iber-optics recorder performs very well for recording seismic data.

Some problems were encountered with the recorder at very low record speeds.

When using photographic film, it was found that there was a small light leak

from the photo cell timing line generator. After consultation with Honeywell,

a modification was developed to eliminate this problem. Another problem at

low speeds was that, in the triggered record drive mode, the line spacing was

uneven. The solution to this problem was to run the record drive motor at

higher speeds and gear down the output. The problem might also be resolved by

using a stepping motor to drive the record. Another problem was the inability

to change the polarity of the input signal on the Z-axis modulation or to

eliminate DC levels that might exist on the input. However, since the recorder

was delivered in 1972, Honeywell has developed a new Video Input Circuit Card

to replace the Blanking Amplifier. This provides polarity, contrast, and do

offset control on the Z-axis input.

Other problems encountered relate to the level of the input signal. The

overall signal level is particularly critical when the signal is applied simul—

taneo usly to the vertical and Z-axis (XYZ mode). Figure 4 illustrates this

_ _ _

—~~-- 
-
-~~~--~~~~~~~~~~~ —~~ -
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problem. The far right side had an average signal recorded on tape of a con-

4 siderably larger magnitude than the left  side . The aiaplitudes of the trace

are increased resulting in an excessive overlap from one trace to the next

and a smearing effect results. A solution to this problem would be either

constant monitoring of the input signal level or design of an appropriate

AGC circuit.

The major effort of the past year has been devoted to a study of the

various recording films and papers. The major disadvantage of the Honeywell

recorder was the restriction of using either direct print paper or photo-

graphic mediums requiring wet processing in a darkroom. The direct print

paper allows rapid viewing of the data but the paper has a limited gray- scale

range and is unstable with time. The photographic films and papers have a

wide grade scale range, are stable with time, but do not allow rapid viewing.

The best compromise appeared to be the 3M Dry-Silver papers and films. - They -

of fer a wide gray scale range, good resolution, good stability with time and

rapid viewing. The only problem is that they must be developed with heat.

In order to evaluate the dry silver products, a 3M processor and Type 777

paper was obtained. Paper was exposed on the recorder using the Honeywell

Model 1218 Film Magazine and developed in the darkroom on the 3M processor .
• 

The Type 777 paper has its greatest sensitivtty to the blue—green area, whereas

the Honeywell 1856 Recorder has a P16 phosphor which is in the violet and near-

ultraviolet range. The preliminary tests, however, indicated that the 3M Type

777 paper performs quite well on the 1856 Recorder. The limitations would
t -

probably caine at extremely high speeds, beyond that of interest for the seismic
-I

application.

The next step was to modify the Honeywell 1218 Film Magazine to process

the 3M Dry-Silver paper directly. Figure Si shows the modified 1218 Magazine

attached to the front of the recorder. Figure Sb shows the magazine alone.
—

- ___-w -
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The modification to the magazine involved adding a heating elc-r~ent to the

front of the magazine. The heating element is a 1—1/2” copper tube (Fig. ti:)

with a 1000 watt calrod unit inserted inside the tube. Heat conduction

from the cairod unit to the copper tube is through aluminum chips which fill

the gap between the calrod heater and the copper tube. The copper tube is

covered with a thermal blanket to maintain a constant heat across the copper

tube. The take-up reel has been modified so that the paper is pulled through

with the take-up motor in the magazine and fed out the top of easy viewing.

If desired, this take-up arrangement may be removed and the regular take—up

reel inserted (Fig. 5d).

The temperature is controlled by means of an automatic temperature con-

troller which will be attached to the left side of the magazine.

An example of a seismic record run with the 1856 recorder and modified

processor is shown in Figure 4.  This record was run in the XYZ mode. An

example of a standard 2 modulation record is shown in Figure 6. The left side

of Figure 6 indicates a fair amount of noise due to excessive external elec-

tronic noise in the trigger channel. Figure 7 is a sample of a standard

record run on an EPC Model 4600 graphic recorder.

In order to explore the full potential of the processor, several different

types of data were run with the 1856 recorder and processor. Figure 8 is an

example of infrared scanning data over a marsh in northeastern Wisconsin.

Several tests were run to check the capabilities and limitations of the

modified processor and the 3M Dry Silver paper. In February (1973) a Honeywell

engineer and the principal investigator ran several tests with the Type 777

paper and an experimental glossy paper developed by 3M. The processor was

capable of operating from .016 cm/sec to 3.2 cm/sea, a speed range of 200:1.

The low speed limitation is partly a function of how slow the recorder could

go in the continuous record drive mode. The records in Figures 6 and 7 were

-
- I
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run at .016 cm/sec. An exanpie at 1.33 cm/sec is shown in Fi gu re 9 and at

3.2 cm/sec in Figure io. These records were recorded on Type 777 paper.

Figures 11 and 12 illustrate the sam e speeds on the experimental paper. The

experimental paper provides excellent resolution but has a very narrow range

from white- to black. An example of a different 3M experimental paper which

does seem to have a wide gray scale range is shown in Figure 13. This is a

record of scanning data recorded by Daedalus Enterprises Inc., on a 1856

recorder.

The studies on the 3M Dry Silver paper indicates that it can be developed

over a wide range of conditions. The modified Honeywell magazine provides

contact between the paper and heat source for about 1/2 cm. This means that

at .016 cm/sec the paper is in contact with the heat source for about 30

seconds, whereas at 3.2 cm/sec the paper is in contact for only 150 insec.

This considerably exceeds the specifications listed by 3M for the Type 777

Dry-Silver paper. The studies also imply that by increasing the contact area

the speed could be increased. For instance, with a contact length of 1 cm

the recording speed could be doubled to about 6 am/sec, which far exceeds

the requirements fy seismic recording but may be useful for high frequency

acoustic studies.

Since the Honeywell recorder does not have a delay trigger, a delay unit

-; was built that provides a delay up to 10 sec in 1 macc intervals.

Two modifications proposed last year will be added. These are:

1) Crystal controlled sweep and paper advance. Also a control will be

- - - provided so that paper advance is in terms of sweeps/cm.

2) Using the built-in record number marker , a modification will be added

so that the numbers are recorded according to an external timing

system, i.e., every minute or five minutes, etc.

- _ _ _ _ _ _ _  

—~~ -~~~~~~~ - -
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It had been proposed to utilize some form of digital processing to analyze

the seismic data before replaying on the fiber—optics recorder. After additional

investigation it appears that the hardware and software costs would be excessive.

The principal investigator feels that more can be done wi th analog ue systems

than has been. Along this line some of the currently commerically available

seismic amplifier systems are being evaluated. If any of these systems appear

to be useful, it is proposed to purchase it and proceed with additional develop-

ment. -

A problem common to all seismic display devices is that the dynamic range

of the display is less than that of the signal. The signal must, therefore,

undergo a conditioning process with a minimum sacrifice of information. For a

real time processor, it is necessary for the amplifier gain controller (AGC) to

operate on a running average of the output signal amplitude of the processor.

The averaging process is performed by some form of low pass filter, acting upon

the output of some form of detector.

In the case of a wide band amplifier (20 Hz to 20 KHz) too rapid an AGC

action will destroy low frequency components of the signal, and at the same

time, may not be rapid enough to act upon the high frequency components. This

would imply that the AGC reaction time should be a function of signal spectrum.

• An optimal AGC system then , should have the capability to adapt its reaction

time to the spectrum of the information being processed. In this way, the max-

imum available dynamic range of the .display is alway utilized.

The heat prccessor modification for the Honeywell magazine will be improved.

3M has offered to work with us on this and will be sending an engineer to

evaluate the processor. In addition, they will be sending more experimental

films and papers for testing. Their films have not been tested yet but they

offer the advantage of quick access and the ability to be blown up.

A - - - - -  - — --- ~~~~~~~ -~~ —
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The types of outputs available on the fiber-optics recorder have not been

fully analyzed. Some of these possibilities are:

1) Signal applied to the 2—axis only on Z modulation (XZ mode).

2) Signal applied to the Y—axis only such that the vertical deflections

are proportional to the signal strengths (XY mode).

f 3. Signal simultaneously applied to the vertical and 2-axis, resulting

in intensifying the trace at the peaks of the vertical deflection (XYZ

mode).

4. All of the following are in the XYZ -mode:

a) Output from standard amp. on Y.

Output through time varying gain (TVG) on 2.

b) Output from AGC amp. on 7.

Output from TVG amp. on 2.

c) Different filters setting to 7 and 2 simultaneously.

F
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It is the purpose of this final report to summarize the activities

since the last annual report submitted for the time period June 1, 1973 —

June 1, 1974.

— Hydraulic—Pneumatic Water Gun

The implosive generation of seismic energy offers inherent advantages

over explosive techniques. Explosive generation of seismic energy results

in considerable energy remaining in the bubble/afterflow system after initial

signal generation. Oscillations of the bubble result in secondary events of

the radiated acoustic signal. Attenuation of the secondary effects or bubble

pulse requires large arrays of energy sources or significant loss in radiated

acoustic energy.

Implosive generation of seismic energy uses the collaspe of a vacuum

volume to generate a broad band, high amplitude acoustic pulse. The transfer

of energy from the source to the marine environment must be a relatively long—

term porcess relative to explosive methods. A long—term transfer of energy

allows the use of mechanisms not practical in explosive techniques.

The system developed at the University of Wisconsin—Milwaukee uses the

implosive generation of seismic energy coupled with a highly efficient restoring

mechanism. Dynamic characteristics inherent in the vacuum volume generation

allow the use of a hydraulic/ pneumatic restoring mechanism. The use of a

hydraulic system as the pr ime energy transfer mechanism coupled with a low

compression , high pressure pneumatic system results in an extremely eff icient

system .

This system development and evaluation was reported by Bill L. Jaworaki

as his Master of Science thesis at the University of Wisconsin—Milwaukee.

A copy of this thesis is contained in Appendix II.

• — —-- — - -——--.
~~~~~~~~~
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Fibe r—O ptics Seismic Recording Syste m

The fiber—optics recording system is composed of a Honeywell Model 1856A

Oscillographic recorder, Honeywell Model 1219 photographic processor, and an

Interface Panel (IP). 
-

The Technical specification for the Model 1856A recorder and Model 1219

Processor are listed in Appendix I.

IP General Description

Figure 14 shows a functional block diagram of the Interface Panel for the

Fiber—Optic Recorder. A seismic signal coming into the unit enters the pre—

processor (P—P) board. It goes through a linear amplifier and then goes either

to the output of the P—P board or back into the P—P board where the signal is

fed into a voltage logarithmic amplifier. The -output (linear or log) from the

P—P board can either be switched to the signal output from the Interface Panel,

the Time Varing Gain (TVG) board, the Variable Area Modulator (VA) board, or

both TVG and VA.

The trigger input for the Fiber— Optic Recorder (FOR) is fed into a Time

Delay Board which can delay the trigger from 1 msec to 9.999 sec. The trigger

output to the FOR is also fed into the TVG Board to start TVG action.

The last major function contained in the Interface Panel is the motor

drive board . This board contains the circuitry to drive the stepping motor

inside the FOR which advances the recording paper.

In addition , FOR controls have been brought out to the Front Panel. These

include record number select , recorder number reset , timing line select, and

timing line mark.

A schematic of the Interface Panel wiring is shown in figure 15. The
I

front panel layout for the interface unit is shown in figure 16.
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IP Power Supply

The D C voltages required +5, +12 , +15, and —15 are provided by Powertec

sub—modules. The +5v supply is a Powcrtec module 22B—lOO and it receives its

A C input from a Stancor P8388 transformer. The +12v, +15v, and —15v supplies

are Povertec modules 22B—300. They all receive their input from a Powertec

model PT-22C transformer.

IP Pre—Processor Board

The Pre—Processor Board circuitry is modified from circuitry developed at

Lamont—Doherty Geological Observatory for a Fiber-Optic Scope Control. The

P—P Board as shown in Figure 17 contains a linear amplifiers and a voltage

logarithmic amplifier is a Teledyne Philbrick Model 4350 log module.

The only internal control on the P—P Board is a 10k offset null pot.

External controls shown in Figure 16 include a function switch to select

either positive or negative components of the input signal on a position which

allows the entire signa l to be amplif ied . A 50k attenuation control is also

available in the linear amplifier section of the board. A switch is available

to select either the linear output from the board or the logarithmic output

which in effect feeds the signal back into the board where it is acted upon

by the Philbrick 4350 log module . Front panel controls in the log amplifier

section include a log contrast pot. The overload LED is monitoring the output

from the P—P Board in both Linear and Log modes.

IP Variable Area Modulator Board

The Variable Area Modulator Board circuitry is modified from circuitry

developed at Lamont—Doherty Geological Observatory for a Fiber—Optic Scope

Control. The VA Board shown in Figure 18 contains a VCO, four quadrant

maltipliers , and operational amplifiers (EXAR XR—5200 and Motorola MC l494L).

The incoming seismic signal is amplitude modulated with a 50 k(Hz carrier.

- - — — —- —---— - __________________ — — —___t —— — — —— — In- —
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The internal controls on the VA Board include a null and symmetry control

which controls the carrier output level and syimnetry of the output waveform.

Carrier sysmetry and amplitude controls are also available. No external

controls for the VA Board are contained on the interface panel.

IP Time Var ing Cain Board

The time varying gain board circuitry is modified from circuitry developed

at Lamont—Doherty Geological Observatory. The TVG board shown in Figure 19

contains a timer , four quadrant multiplier, and operational amplifiers. The

circuit varies the gain on the incoming seismic signal according to the settings

of controls on the front panel. The TVG is initiated upon receiving a trigger

pulse from the time delay board. -

Internal controls on the TVC board include a pair of 10k balance pots.

External controls on the front panel include a gain control on the signal output.

Slope and duration controls are available for setting the rate of gain change

and the length of time over the gain changes.

IP Tr igger Delay Board

The trigger delay board shown in Figure 20 contains a 500KHz crystal

controlled oscillator, operational amplifier, nand gates, decade dividers,

and BCD—to—deeimal decoders. The circuit delays the incoming sweep trigger

signal by an amount determine by switch settings -on the front panel. This

trigger delay is sent on to the fiber—optic recorder to initiate the sweep

and the trigger delay is sent to the TVG board .

Internal controls on the time delay board include an oscillator drive ,

incoming trigger gain , and incoming triggler duration. - External controls on

the front panel include a reset button and a 4 digit switch to set the delay

f rom between 1 meec and 9.999 sec. in 1 msec steps .
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[P Record Drive Board

The record drive board shown in Figure 21 contains a function generator

whose frequency is controlled by switches on the front panel. The function

generator output [s fed into circuitry which provides the drive pulses for

a slo—syn synchronous motor.

External controls on the front panel include a coarse and fine sneed adjust

calibrated in cm/sec. The key or continuous run switch allows the unit to

drive the motor continuously at a rate determined by the speed adjust controls.

In the key position the paper will only be advanced when it received a pulse

from either an external - source or internally from the blanking pulse output of

the fiber—optics recorder, depending upon the setting of the m t—Ext. switch.

Therefore, with the switch set on m t., the paper will advance only af ter

the Fiber—Optic Recorder has received a trigger -pulse and the electron beam

swept across the Fiber—Optic Scope face.

Fiber—Optic Recorder Modifications

Figure 22 shows the wiring additions inside the FOR. The constant

velocity servo drive system in the FOR was removed (motor and tachometer)

and replaced with a Slo—Syn Model SS25—l0Ol synchronous motor. As shown in

Figure 22 the Slo—Syn motor is used as a stepping motor. The remaining wiring

additions were done in order to bring various FOR function controls to the

interface panel for easier access. The figure and page numbers referenced

on Figure 22 refer to the Honeywell Technical Manual for the Model 1856

recorder.

One additional modification that has been made to the FOR is not d ec-.

tronic. It involves removing the piece of film that is the faceplate over—

lying the flsshtube which generates the reference lines. The transverse

reference line on the film is blacked out between the horizontal reference

markers spaced 1 cm apart. 

- ~~~~~~~~~~~- ---- -
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Current Status

February 1, 1975 , the principal investigator and writer of this report

took a one year leave—of—absence from the University of Wiscorisin—Mi1wai~i- -e .

In February , 1976, this separation was made permanent and the principal

investigator is now with the U. S. Geological Survey Office of Marine (‘.eology

in Woods Hole , Mass. Because of this physical separation from the University

of Wisconsin—Milwaukee and, therefore, the necessary technical support and

equipment, it became very difficult to properly complete the instrumentation .

In June, 1976, a prototype Interface Panel , model 1856A and 1856 Honeywell

recorders , accessories, film processors, etc. were sent to:

Martin Fagot
Naval Ocean Research and Development Activity
Naval Oceanographic Lab (Code 351)
Bay St. Louis, Mississippi 39520

No coumiunication has yet been received from the NORDA group concerning -

the present status of the Fiber—Optics Seismic Recording System.

_ _ _ _ _ _-_-  -
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Appendix I

Technical Specifications

Honewell Oscillographic Recorder Model 1856A 
-

Honeywell Processor Model 1219

_ _ _  - -5-- - --- - -5 - 

I!



——-- --- ~~--- -—__--5 - -5—

Operational Specifications 

Oscillographic Recorders
MODEL 1856A

General
ThIS instrument Is designed, exce pt as noted in the detailed speclflca- Vertical Input Conn ector on
lions publIshed herein , for operatIon IA a laboratory-type environment rea r panel
II can be used. wIth adequate environmental protectIon , In non-labo a-
tory applic aIIOflS Horizontal Deflection Circuits (X-Ast s)
Recording System BandwIdth dc to 18 1Hz, 3 Cd
RecordIng Media Kodak Llnagrapti Estenrrat SensitivIty - o ~v parDIrect Print paper, wound emuls.on Out , On 3 ’lr-In maxImum Cia- cent imeter ‘t25 percent Approssn.ately - 3V to 4 3V cequlIed 101

meler roll (Spec 2) lull scale sweep -

Standar d WeIght . 8-inch WIdth . 100 loot loll P/N 15100338-001, Sweep Range s .  2~ssec perthin base , 6-inch width , 200-toot roll P/N 16757286-158
centimeter to ¶ second per centImeter in ¶ 8 c-ai ,bralrrd steps 01 I.Ektallne 12. RAFt 2490. RAFt 2491. du Pont RPR 4-Inch maximum 2 , and 5 Continuously variable verr IsOr CO(iIWI tIel4’eefl sieps dediameter roll may be used with the 1218A MagazIne creas es sweep speed at least 2 5 tImes Sweep timing accuracy ii

3M B’j nd 7170 Dry Silver Pj per arid 7859 Dry Silver Film on 4 inch ±4 percent , except on 2 ,iS /c m where i t  i$ ~ 7 pt-rcont Ur,cal,
br ated sweep times up to 2 5 seconds i- er cenlimolerma, a arneter rolls may be used with the 1219 Processor , emulsion

Out (Spec 2) Input tmpedance Great er than ¶00 lift
Recoid Drive Speeds Servo-controlled

01 cm/s.c to 50 cm/s.c in 9 calibrated steps (I . 2. 5 sequence) Linearity ±2 a percent
of lull ac4le (measured by displacement from iaeat )Speed accuracy 15 percent Vernier control provides up to 2 5 1

decrease of speed between discrete steps Pulley ratio change kit External Horizontal Input Rating Max imum ac peatito provide a 5 1 increase in cha rt drive speeds (05 - 250 cm/s ec ) -4 Cc level • ?SVis optional
Hold Ott Time Time betweenRecord Drive Modes free run sweeps Sweep times trom.

Manual MOM moment ary 1 SiC 102 macc/cm a 4 n~ ec
on). stationary ON, and OFF I rrisec to 2yts ac /cm a 4O~t ssc .

AUIO4teliC initiated *t h  $ sweep Sweep Spacing A variable contr ol
ending or sweep begirwsing (nor mat , tree run or tiiggeted mode) adt usts spacing horn approximately 40 (55Cc to approx imately 6
when Inc record Overrun and drive switches are switched ON sec in 3 steps (controlled by record speed s.t ling) to prevent over-

Record Overrun .~~~. - .  - . -  - A control switch 
lapping of recordings in tree run and triggered m0d0~

permits a programmed amount of paper travel in the automatic Trigger ing
rSCOfd drive mode This control is •dtusl$bl. from appro xi mately
150 msec so 60 sec in 3 st eps lcontr ot t .d by record speed setting) Sensitiv ity (.l, - i ss ,ii dc to I MI-li
to allow spacing between autom aticall y reco rded s gnals 2’if pk-pk Internal Cc to 75 1Hz S, cm pIt p4’ vr-r t itat diSplay Ofl

FO-CRT . With Ve rti cal Amplifier uptinu. .lI~ I illeciRecording Resolution less than 0 005
inch spot s iz, with 500 line pairs/inch. Source lnieiiijl (vertical

input), external (trigg er input) ac or dc
Reference Lines External tnpu t Impedance Greater than tOO kit(Option) A tr ansverse shunted by tess Ihan 350 pF.

reference tine may be recorded every centimeter along the record
Thu tins includes horizonta l reference markers spaced t cm apart External Input Level Max imum dc coupling.
The transverse reference line may also be trigge red by an external ac peak + dc level . ±8OV SC Coupling, ac peak + Cc level fl ias i
timing generator up to 250 lines per secon d Spacing between 2 mum ISOOV On EXT DC. the unit will be tri gqer a bl e with up to
r eference lines is I cm ±3 percent wh un triggeri ng internally ±I OV 01 dc superimposed on signal
For external trigger, triggering aigr.al should be at least 1OV pk-pk Tr igger Modes . . . . ,  Auto . Norm al Freeand within dc potentia l rang. of ±40V The slowest allowable 

Runri se time Of Pt, trigger pulse a I ms.c
Controla Ad iultab le triggerRecord Numbering level , and slop e

- : (Option) A 4-digit record AC Inputs Ext e rnal or inte rnetnumber Is record ed on the t.lt margin of the record at the begin- The tow frequency ac ~Oupted t rmit is 50 Hz

I by use 01 rear panel controls Maximum cycle rate is 3/sec 3d b at 80 MIt:

fling of each manual start of the rscord dr ive . The number is auto-
matically advanced one count slier being recorded (An internal intensity Modulation Circuits (Z.As is )link Is provided to allow flash with out advance when desired ) The
counter may be reset to zero or manual ly Iteshed and advanced Bandwidth ()own nut more than

not It) I-sCt)Od f 20V
Veth ccl Deflection Maximum Input Signal ac peati plus dc leve l
(Optio~

t 

- Automatic Sweep When vertical Input Impedance Greeter than S
- - deflection amplllier Cs not used, the recording trace on the CAT is resistance and less than 100 pF capitan ce

sweeping vertical ly at a ma.5imum rate of I cm per 25 minut es
Input Sensitivity ‘ Z axis is blanked

Sandwldth Not more than 3dB by an input variation of 2V to 5V. as determ ned by GAIN contlol
down at 75 kHz The variatio n may st art from any input voltag e Within ±SV dc as

~~~ iii~lty IV p1-pb input determined by INPUT SUPPRESSION Control PoIsti ty us set by

I ~ for I cm ±5 percent deflection when the ATTEN a set to CAL POLARITY con trol such that with + set a positive change will
position Vern ier range 1 to 105//cm- blank the CAT S and vice versa Controls located on top ol ,eco udei

Input Impedance I m.gohm ±3 flu nkIng
Record Drive Urlblanks the CR1

percent shunted by 35 pF maximum ,
Maximum Input Signal ac peak + dc for recording internet and external horizontal displays May be

level not to exCeed ±2505/. overridden by auto blanki ng and 2 axis signals
Gain Stabiti t~r ±4 percent Sweep Ho ldo ff Will blank tIle

throughout operating temperature end tine voltage ranges CAT during retrace sod rest lime

-5-- -- -- -  —-5  
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Oscillographic Recorders
MO DEL 1856A

Auto Brenking l& used on EXT Operating at an arnbsenl lcni(ieraluie 01 50 ct r’grr’es C Ine - Is ,  -
~~ ua’ .os

hOri zontal in put only The CAT will unbiank it the input signhl us selecte d were lho~c that sue t ypical of Honeywell s cic - r a l r -~ iIdI l~~ C
greate r ll’-,,~i 10 Hz arid ¶ cm This lealure may be disabled by an The estimated mean lime bclween failure assur reS al’ i xi~Oreflt ial
r uiteurral cm;ie r distribution T Ie failure rate allor atsons for the s~~ - C I (  System eie-

meritS aie suinmauiled in the table
Output Circuitry - N A NA
Gate Out During sweep Component Units F/to ’ fi rs. F/to ’ hrs.

t il anks ng I me Tt t  c impatibte (high) pulses w L  be obtained on the
GAll OUT?U1 l.1~~ ’ with a resistive load 01 not less than 10 lift Rai~ic Unit 260 02
arid ii c, i  i - - I - ~~ ’ tO~id of riot more than 50 pF tatensifier - I 53

Numeric Printer Modification Kit Record No - — 3 57 - - - —

(Option) Modilication Kit — Vertical
DetleclionAmp - - — 862

Display Three sets of Iwo
n umbers j rid an trvciu it mark appear on the right-hjind Side of the Modi f icati on Kit — Reference

Line System - -- 4 45 - - — —- 5 -  -$5 it en-Is (rum the recorder Each ntinitier IS approximately
-- inch (3s i .ni i  tii13h &iiid the entire display is appronimatci ly Y~-iflch b lat (TNA)
(I3uii m) l i t  l Ie Cfl liie display is appucix imatcl y 5/16 inch (8mm) MIBF — 1/ NAwide . anO uny Sigr iSIS which would Otho iw ise ~ippear in the Space
(iCCO pied liv the nisnitifu is are bl$nked An iilternal swit ch (on the w 1/ — * 10’
printer cjid) allows propoi operation regardless of beam scan 

— -  -  hrs
direction On ucve,se sweep , the numbers must be shilled inward
slightly to iriSuue sweep start. The highest nu m ber combination that Packaging Specificationsmay be recorded is 39 19-79

Electrical The sequence of Weight less than 80 pounds
printing a tuning mark and numbers is initiated by the print corn- (364 li9)Dimensionsmand sign al going high (+2  4V m m )  and uemaining high Ion a Bench: S lY .  inches (28 3cm) high. 16¾ inches (42 Scm) wide.minimum 01 21%) nanoseconds All numeric inputs (coded in 20- 21 inches (53 3cm) deep max Rack mounting 1OY~ inches 126 7cm)line BCD) are compatible with TTL voltage levels Binary One is
+ 2 4V Cc mm - S OV dc max Binary Zero is OV mm - + 0 4V max high, 19 inches (48 3cm) wide. 25 inches (53 Scm) deep
Inputs must be stable when the print command goes high and
remain stable for 200 nanoseconds A mating input connector Ordering Information
(Amphenol 57 30360) P/N 161505 10-01 5, us furnished Specify Hon.yweH Model IISSA Fiber Optic Un. Scan Recorder

Restrictions The numeric printer is See chart below for exact model number selection.
used only fur line scan recording Sweep speec f/ rep et ut uo n rate and
paper speed must be ad1iiSted so that Successive scans of the CAT — —

(0beam produce overlapping (or touching) tunes T tie front panel in- 0 w
t ens i ly contro l m uSt be adtusted so that the blanking amplituer can Z Z

-J a_ —

iii ~
control the bc-am intensity No restriction us placed on the lop- Selection of W o ~0 0panel controls (Polarity. Gain. Input Suppression) The Numeric Features Ia 0 Z -J as,
Ptin ter may riot lunction on sweep speeds faster than 20 micro- ~ 0 wbe tnstalted muSoCunds/cm becausfu ot digital logic reset times

~ 
C-) ~ ii,
mu iii mu 0Environmental Specifications ~ ~

Ambient Temperature Operating 010 + 50°C 1156A-I-t
(32 Ip 122°F) Non-Operahng~ —55 to +80°C (—6 7 tO 40•F.) — — — —

Record Numbering NHumidity 510 95 percent, _______________________ —- —Relative (non-condensing ) Vertical AITIP V — —
~ fitude Operating- Up lo Ref erence Lines 

— 
R 

—
50 5000 teat above sea level Non-Operating Up to 50,000 fee t _________________________ —
above sea level 50/50 lIz Power 6

Recovery brine From non-operating 400 Hz Power 
— 

4to operating environmental Conditions — 4 hours maximum — — — —
(Basic recorder includes one roll of paper , t~~ martuala , power cord

Power Requirements and fuses) -

Power 107-IVY 46 1062 1-fl. Acc•uorlss
switch selectable 214-254V . 46 to 62 Hz, 350W max Also ava i lable Part Number
for tOl-127V , 400 Hz (Internal tap changes for 98-116V . or Rack Mounting Kit 16773691-00 1
196-232V . 45-62 Hz) Lat ensi tr er I6781~29- O07

R.N.blfl ty Service Kit 16774896-00 1
The Honeywsil Model 1856A has been designed to provide t ie m.xi-
mum in reliability and minimum maintenance The design pr ogram 1218A Film Magazine with 1856A Adapter t677t236- 001
included Ovalily Assurance design review and a mean.t.me- belween- 5219 Processor with ¶554A Adapter 16791151-001
failure (NTSF) prediction -

To aid the user in determining maintenance reqxj.re,nents, the esti- lnsfruction Manual, 1656A 16779054-001
meted UTSF of arty S50A sylfem configuration can be determined Instruction Manual. 12 ISA / 1219 16791152-001
I ram th table below

This prediction was performed using MlL-HDflK-2t?A leilufi rates Rack Mount Take-up Unit t6795U?SO03
(paragraph 70) and the K-Factor s for GROUND environment A detailed Speed Change Kit 16774323-00 1parts application review (a review 10 ensure that III parts are correctly 

-
- applied and list parts are not oversvessed by voltage. Current , Power Spociol Option.or temperature) was perfor med

Sesed oil the fact that alt Ifle pans are correctly applied and are Analog Mulluptex Card ModiticatiOn SS2615
not oversiressed, the predicluon was performed in accordance with
MtL - HOSK-2t1A , para 45 , utilizing specific parts count on part types Numeric Printer Module 16792252-005

9
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Operation

To use the Model 1219 Processor , simply load the processor with

either Dry Silver paper or film and mount on the 1806A or 1856A Visi—

corder. The light-tight unit can be directly attached to the

1806A. An adapter is required to attach the processor to the

‘1S~/1856A. A darkroom or loading bag will be required to load the

processor. The processor is designed for easy loading, simply

remove the top and supply covers, insert the supply spindle into

the paper or film roll, install the supply spindle , pull the paper

across the pressure pads and platens, reinstall covers. No difficult

threading required. The loaded light—tight processor is then in-

stalled and the power cord connected to fa~~lity power.

Controls - 

-

1. Heaters - Allows selection of either one or both heaters as

required by the RECORD SPEED selection on the 1806k and 1856/

1856k. NOTE: Power is removed from the heaters when the top

cover is removed.

2. Temperature - Multiturn, calibrated dial with locking knob sets

the temperature of the heated platen(s). Required setting is

determined by the RECORD SPEED selection on the 1806k and 1856/

1856k • The higher the record speed , the more temperature

required to heat-develop the media.

3. Drive - Supplies power to the processor and drive motor. Selection

of either High or Low is as required by the setting of the RECORD

SPEED selection on the 1806k or 1856/1856k.

Indicators

1. Power — Indicates power ON/OFF to the processor.

2. Heater — Glows when heater- is on full duty cycle, cycles with

heater when temperature setting is reached.

- 
- 
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stability normally associated with wet process, photosensitive paper

and f i lm , plus the convenience of dry process. Stored under

prescribed conditions of temperature and humidity , the paper and

film have a shelf-life of 6 months or longer.

The processor accepts media rolls up to 4 inches in diameter

and 6 inches in width. The length of the recording media depends

upon thickness and is limited by the 4-inch maximum roll diameter,

typically 200 feet.

The Dry Silver paper or film is in intimate contact with the

faceplate of the FO-CRT where it is exposed , then passes over heated

platens for development of the latent image. Two heated platens

are utilized, one platen for record speeds below .1 cm/sec., both

platens above .1 cm/sec.

All operator controls are located on the front panel. The

1219 Processor has special safety interlocks built in. The power

to the heated platens is removed when the top cover is removed,

exposing the platens, and all power is removed when the unit is not

installed on an 1806k, 1856 or 1856k recorder.

~pplications

The addition of the 1219 Processor to the series 1806k Recording

Oscilloscope and 1856/1856k Line Scan Re~~rders provides unique solutions

to the following special requirements:

• When higher contrast black—on—white records are required than

obtainable with Direct Print recording materials. -

• When higher net densities are required.

• When wider range of gray scale is required.

• When the final record must be of high quality, dry-processed

- and/or reproducible.

• When the ’final record must be able to be analyzed invuediately .

_ _ _ _ _  -~~~~ 
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Oscillograph Recorder

Model 1219 Processor

Product Information

Increases versatility of Honeywell

Models 1806k, 1856 and 1856k

Visicorders by providing black-on-

white and a wider range of gray
- scale recordings.

Outstanding Features

Black-on-White Recordings
Gray Scale Recordings

• Dry Process Developing

• Processes Paper and Film
Easy Loading, Light-tight

• Recording Media Roll Diameters up to 4 Inches

• Light Weight 
-

Extends Versatility of 1806k, 1856 and 1856k.

Product Description - 
-

Honeywell’s new Model 1219 Processor is an accessory for the

series 1806k Recording Oscilloscope and 1856k Line Scan Recorders ’-,

which use photosensitive, heat-developing paper and film to record

data displayed on the fiber optic CRT. The 1219 Processor is

especially advantageous when off—line, wet chemical processing is

not available or inconvenient to use in such areas as aircraft in-

stallations for seismic or oceanography dtsplays and remote instru-

mentation vans for geophysical logging.

The 1219 Processor is designed to use 3M brand type 7770 Dry

Silver paper and type 7859 Dry Silver film. The type 7770 paper

and type 7859 film provide both high contrast (black-on-white)

or gray scale recordings. Dry Silver paper and film -offer the

- -—--5- - - —-
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Operational Specification!

Recording Media: 3M brand type 7770 Dry Silver paper or type 7859

Dry Silver film , specification 1 (emulsion in) or specification

2 (emulsion out) on a 4-inch maximum diameter roll. The 7770

Dry Silver paper and 7859 Dry Silver film (splice-free) are

available from :

3M -Company
3M Center
Building 220-9E
St. Paul, Minnesota 55101.

Writing Speed: Usable to 20,000 ips with 7770 paper. Recording

medium limited . - -

Record Speed: The RECORD SPEED selection on the 1806k and 1856/1856A

determines the 1219 Processor speed. The Drive selection on

the processor must be set to the selected speed range. For optimum

results, the normal processing speed is from .015 cm/sec. to 5.0

cm/sec. Maximum recording speed is 12.5 cm/sec. for 7770 paper

and 5.0 cm/sec. for 7859 film.

Accuracy: The record speed accuracy of the total recording system

(1219 Processor and 1806k or 1856/1856k) is better than ±10%..
,,,4,s1 4~Loading: The supply chamber ea~-be loaded using a loading bag or

under darkroom conditions. -

Recording Medium Supply Indicator: Indicates percent of 4—inch

diameter roll remaining in supply chamber.

Trace Quality: Trace quality is dependent upon the temperature

setting of the 1219 Processor; Intensity Control on the 1856/1856k;

the Focus, Astigmatism and Intensity Control settings on the

1806k, and the condition of Dry Silver paper and film. The

technical manual, supplied with each processor, gives approximate

temperature settings for various record speeds. Desired quality

~~~~~~~~~ -
~~~~~~ -s-- -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5-- 5-— — — 5- - —-- - — -



- --- -5-—--- - -

- 

—49 —
is best obtained through the trial process by the operator .

A viewing window is provided so that the operator m ay see the

results of any adjustments before the medium exits from the

processor .

Warmup Time : 20 minuteS -from initial turn-on.

Delay Between Printing and Viewing : 13 inches . 
-

Environmental Specifications (Excluding Recording Medium)

Ambient Temperature : Operating: 0 to +40’ C (32 to 104 ° F). For

best results with the medium, the recommended operating temperature

is 15 to 35’ C (5~ to 95’ F ) .

- Non-operating : —20 to +65’ C (— 40tot 149 ° F) .

Humidity : 0 to 95% relative (non—condensing) . Recommended - 0% to

50%. -
- 

-

Altitude: Operating : To 10,000 feet above sea level.

Non-operating : To 50,000 feet above sea level.

Power Requirements: 107— 127V , 48 to 62 Hz , 650 watts maximum . An

external step-down transformer (not supplied) is required for

214-254V, 48 to 62 Hz operation. Not operable on 400 Hz.

Packaging Specifications
~j ~i ~~~

Net Weight: •Less than 18 lbs. (excluding recording medium)

Shipping Weight: Less than 36 lbs. “~~~1 -

Dimensions: 8” wide, 9½” high, 16” deep maximum

(20.4 cm wide, 23 cm high, 40 cm deep).

Ordering Information

Specify: Part Number
- 

- 
Model 1219 Processor
For Model 1806k - 16791151—002
For Models 1856/1856k - 1~679ll51—001 -

(Includes Adapter Kit for 1856/1856k)

Adapter Kit (1856 or 1856k) 16791181—001

- - - - - --- —-5---.-- ---5- - - ~-— _ _ _ _ _ _  - - -
- —~~~~~~~~~~ -- .

~~~~—



——------ ---~~~~---- — -  - -—- -5- -- - -- -- 5- - -. --

—50—

Ordering Information (cont’d.) -

Part Number
Instruction Manual, 1219 16791152—001

Step-down Transformer, 7ScD watts 16791204—001
(for 214-254V operation)

- 

- 

- -
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Appendix II

The Development and Evaluation

of a New Marine Seismic Energy Source:

The HP Water Gun
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ABSTRACT

The implosive generation of seismic energy offers inherent

advantages over explosive techniques. Explosive generation of

seismic energy resul ts in consider able energy remaining in the

bubble/afterfl ow system after ini tial signal generation. Oscil-

lations of the bubble resul t in secondary events of the radiated

acoustic signal. Attenuat ion of the secondary effects or bubble

pulse requires large arrays of energy sources or significant loss

in radiated acoustic energy.

Implosive generation of seismic energy uses the collapse of a

vacuum volume to generate a broad band , high amplitude acoustic pulse.

The transfer of energy from the source to the marine environment must

L.. be a relatively long-term process relative to explosive methods. A

long-term transfer of energy allows the use of mechanisms not prac-

tica l in explosive techniques. 
- 

-
.

The system developed at the Un versity of Wisconsin -Milwaukee

uses the implosive generation of seismic energy coupled with a

highly efficient restoring mechanism. Dynamic characteristics

inherent in the vacuum volume generation allow the use of a hy lrau-

lic/pneurnatic restoring mechanism. The use of a hydraulic systei.

as the prime energy transfer mechanism coupled with a low compression ,

high pressure pneumatic system results in an extremely efficient

sys tern.

- -- - - —
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INTRODUCT iON

Most marine seismic energy sources have tradi tionally generated

acoustic signals which exhibited unwanted secondary events . Although

some systems have succeeded in significantly reducing the magnitude of

these secondary events , they still require bul ky, inefficient and often

unreliable components. The limitations imposed by the physical size

of onboard supply units have become inc reasingly serious as larger

and more powerful systems are deployed to supply greater penetration

and resolution . -

The prototype system developed at the University of Wisconsin -

Milwaukee , the Hydraulic-Pneumatic Water Gun or HP system, succeeds

- 

- 
in greatly reducing system weight while generating a signal essen-

tially free of secondary events. A reduction In total system we i ght

of approximately 60 per cent for the prototype HP system relative to

an air gun system of similar seismic power output has been attained.

An overall reduction of system weight of 75 per cent could be

achieved if a large system were constructed. The reduction in system

weight is primarily due to the use of a hydraulic system to restore

the water gun . 
-

- The HP gun uses the collapse of a vacuum bubbl e to generate the

acoustic pulse. The implosive collapse of a vacuum volume results in

essentially, a single impulsive acoustic pulse without any major sec-

ondary or bubble events. Vacuum volume generation is achieved by the

rapid ejection of a volume of sea water from the muzzle of the source.

The ejected water slug draws -a vacuum behind it which subsequently

collapses generating the acoustic signal.



2

The incorporation of a hydraulic recycling mechanism coupled with

the implosive generation of the broad band acoustic signal allows the

efficient gathering of high resolution data while still obtaining deep

penetration . Weight reduction allows a survey to he conducted from a

smaller vessel than would otherwise be possible.

- 

~~~~~~ - 5 -
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SIGW\TURE

The evaluation of the effectiveness of a seismi c energy source

ultimately rests on the quality of the data capable of being obtained

with it. Reflection seismograms record results of the convolution of

the impulse response of the subsurface with the radiated pulse when it

enters the sea bottom. Modification of the impulse response of the

earth is clearly neither possible or desirable. Improving the quality

of raw data , therefore , becomes a function of improving the quality of

the radiated acoustic pulse.

The signature of a marine seismic energy source is the graph of

the pressure versus time of the generated acoustic pulse. Two dif-

ferent types of signatures are used . The far-field signature is the

graph of the generated acoustic pulse as it appears as it enters the

sea floor at a great distance from the source. Generally, the far—

field signature implies that the longest wavelength of interest in

the acoustic si gnal is much shorter than the source-hydrophone distance.

Boundary effects, namely, the reflection of the original signal off the

air/wa ter interface, or ghost are included on the far-field signature .

The near-field signature is the graph of the acoustic signal

generated by the seismic energy source as it appears a short distance

from the source. Source-hydrophone distance is large enough such that

effects of pressure due to water displacement or afterflow are minimized .

Al so , the source-hydrophone distance is held small relative to both

air/water and water/bottom distances which guarantees sufficient boun-

dary reflection attenuation to minimi ze their effects on the near-field

signature.
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Four pa rameters a r-c useful in the eva luation of energy source

signatures. These four parameters are (Farriol , 19/ 0):

a) peak pressure in the primary pulse , 
~ina x

b) the width of the prima ry pulse at 37 per cent of peak

pressure , 9

c) the bubble period , I

d) the ratio of peak pressure of the primary pulse , ‘~max ’

to peak pressure of the secondary or bubble pulse , 
~
‘max

Figure 1 shows the idealized near-field signature of an explos i ve

___—~~~re .~~Tfle~~econdary and tertiary events or firs t and second

bubble pulses are appa rent on the explosive signature . Figure 2

shows the idealized near-field signature of the acoustic signal

generated by an isotropic impl osion. The amplitude spectra of both

— signatures is shown below the time domain signature in both figures .

~~~ 
and 0 determine the general level of the amplitude Spectrum of

the signatures . A high pass cut-off is defined by the bubble period
5- 

- 
- 

T of the explosive signature . There is no corresponding high pass

on the implosive signature. A low pass cut-off is defined by 9 on

both amplitude spectra . The ampl itude of the ripple on the explo-

sive si gnature varies as a function of the ratio of 
~
‘max to 

~max
while its period vari es as a function of T.

Fi gure 3a shows an idealized far-fiel d signature corresponding

to the near—fiel d explosive signature of Figure 1. The ghost is

• reversed in polarity by the negative refl ection co-efficient at the

air /water Interface and lags the direct arrival of the positive pres-

sure pulse by the two-way travel time from the source to the surface.

An additiona l high pass cut-off is introduced by the ghost and is a

- -
‘ - - -5-- — - ---5- - -—- 5- - —

~~~-
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FIgure 1. The idealized near-field signature of a typical explosive
energy source In the time and frequency domain.
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FIgure 2. The idealized near-f ield signature of an isotropic
Implosion in the time and frequency domain.
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Figure 3. The idealized far-field signature of a typical explos ive
energy source in the time and frequency domain.
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9
function of the t u e  1 d9  of the ghost hehi t id t h e  di i- ec t a rn val - The

ef fect  of the ghost on the envelop of the amplitude spectra of an

explos i ve far-field signature is shown on Fi gure 3b. Figure 4 shows

the effects of the ghost on the amplitude spectra of the far-field

si gnature corresponding to the nea r-field implosive signature of

Figure 2. The ghost -induced high pass determines the low frequency

fall-off of the implosive ampli tude spectra .

The purpose of a seismic energy source is the generation of an

acoustic pulse which allows the collection of information about the

subsurface at the depths of interest. The resolution and penetration

of the data are the two prime factors which determine the seismic
•-.

effectiveness of an energy source. Generally, a trade off is required

between the resolutio n and penetration in the determination of the

optimum realizable signature .

The penetration and resolution of the data are restricted by the

attenuation of the initial signal . Initially, before entering the

sea floor , the reduction of the amplitude of the signal is due pri-

man ly to the spherical divergence of the wave front. The attenuation
- - , - 

due to divergence result in a reduction in amplitude proportional to

the inverse of the distance traveled and is frequency independent.

After the wave front penetrates the sea floor , material attenuation

of Q of the subsurface also contributed to the reduction of signal
ampl i tude. The magnitude of the materiel attenuation losses inc rease

I.—
significantly as a function of frequency , approximately proportional

to frequency (Attewell , 1 966), and rapidly destroys the high frequency

energy of the seismic pulse. .Iypically, signals with two-way travel

times of greater than a few seconds contain no data with energy above

50 0r 60 Hz.

I

~~~~~~~~~~~ ~~~.‘ ~~—~~~~~~~~~~~~~~~~~ ---- ----- ~~~~ ~~~~~~~~~~~~~~~~~~~~~ --- -— ..~~~— -5--
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Data recovered by a survey is res t r i c t ed  to a frequency band deter-

min ded by the low cut-off of the far-field signature and the hi gh cu t-o f f

i m posed by the mater ial at~enuat ion of the subsurface t hrough wh i ch the

s igna l  passe d. The frequency ban d to which the ref lected energy is lini-

ited is cal led the seismic frequency band. Restr ic t ion of the data to

the seismic frequency band must be considered in the evaluation of the

signature of an energy source.

The ability to identify an individual reflector and the amount of

info rmation about the refl ecting interface is related to the inverse of

the time duration of the reflected signal . Referring back to Figures 1

and 2, the inverse relation between the time duration of the signal and

the high cut-off of its spectrum is shown. Modification of the original

far-field frequency spectrum by the ma terial attenuation of the subsur-

face significantly l owers the high cut-off of reflected signal. The

effect of reducing the upper limi t of the band pass of an implosive and

explosive far-field signatures is shown in Figures 5 and 6 respectively.

A sutstantia l reduction in the resolving ability of the filtered signa-

ture is especially apparent in the explos i ve signature . The almost to-

tal attenuation of the initial explosive pulse coupl ed with the amount

of low frequency energy initially present in the secondary events intro-

duces considerably ambiguity into the reflection record . Reduction of

the relative ampl i tude of the secondary events on the explosive record

would considerable improve data quality .

The signature of an energy source should be an acoustic pulse

- 

which allows maximum practical resolution at the depth of interest.

A signature with its energy concentrated in a sing le impulsive event

_ _ _ _ _ _ _ _ _  - 5-— 
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FIgure 5. Effects of reducing the passband of an implosive far-fiel d
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and a re lat ive ly f lat  spectrum across the seismic frequency band is

desired. Ideally, the peak in the power spectrum should be in the

higher seismic frequencies to allow greater resolution. The signature

should also have a hi gh degree of repeatability to reduce the expense

of computer  enhancement  of the data. - -

The effective generation of a marine seismi c pulse requires that

a high outward acceleration be imparted to the sea water. Explosive

sources succeed in generating the high outward acceleration as the

result of the steep pressure gradient generated at the margins of a

high pressure gas bubble. Unfortunately, the high outwa rd acceleration

intrinsica lly generates a rapid outwa rd flow of considerable energy.

Impios i ve sources rely on the rapid spherical convergence of water

flow associated with the collapse of a vacuum vo l ume to generate the

outward acceleration. Explosive sources start with a spherical velo-

j city of zero and rapidly accelerate the surrounding sea water to a

positive outwa rd velocity , while implosive source use the dissipation

of a negative inward flow to create the required outward acceleration .

The use of a model is useful in understanding the dynami c of

seismic energy generation and associated effects. Assuming incom-

pressbility for water , spherical syninetry and an infinite body of

water with constant pressure at its margins allows the use of a less

complex model without sacrificing the qualitative value of the results.

Three equations will be useful as model s with the restrictions just

described .

Bernoulli’ s equation for hydraulic flow ( Kramer , 1968):

p-P0 ~~~d
2V - 1  e 

~~

___

~ 

( 1)
r 411 dt r 32? dt

______________________________- —‘—~- — -k r • - - — 
- S_ I ~~V• 
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where : p to ta l water  pressure at radius r
from (Jilte r of bubble

P hydrostatic pressure
k~ density of water
V volu me of spherica l bubble

can be interpreted as being the sum of two components , one f a l l i n g of f

as the inverse of radius and another falling as h r 4. The two component s

can be interpreted as corresponding to:

(1) The radiated seismic signal falling off as 1/4 and being

proportional to the volu m e acceleration .

(2) Hydraulic afterflow , falling off as 1/n4 and being pro-

portional to the volume velocity squared.

The radiated seismic signal is of prime inte rest but consideration of

the effects of the hydraulic afterflow are significant as an energy con-

servation mechanism. Afterflow is the inescapable result of the spher-

ical divergence inherent in the point source nature of bubble generation .

The afterfiow serves as a mechanism for the temporary storage of kinetic

energy not itmiediately radiated in the acoustic signal . Another useful

form of Bernoulli’ s equation is

p-P0 = R 
ç 

R d2R + 2 dR 2 - 1 -CR4 dR 2
r dt2 dt n 2  dt

where : R radius of the bubble
p tota l wate r pressure at radius r

from center of bubble -

P0 hydrostatic pressure

The pressure associated with the radiated acc 1ustic signal falls off as

h r .  A seismic energy source must impart a high outward acceleration

to the surrounding water to be effective. The pressure associa ted with

water displacemen t , or afterfi ow , Is represented by the second term and

f a l l s  off as h r 4.
I
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• Most pt ese nt exp losive s iesniic cn ehqy sou rces yL ne rate the rapid

outward accelerat ion by either generating or venting h i g h  pre s sur e gas

in the sea water. The high ini tial pressure gradient established across

the bubble-water interface rapidl y accelerates the layer of water adja-

cent to the bubbl e outward . As the initial comnpressiona l wave travels

outward , it compresses the water and upon expansion there is a resulting

net outwa rd displacement. Considerable energy is contained in the after-

flow generated to compensate for the outward displacement. As the bubble

enlarges , internal gas pressure falls off but acceleration of the adja-

cent water outward continues until internal pressure is equal to the am-

bient hydrostatic pressure. The kinetic energy stored in the hydraulic

afterflow must be dissipated before the initial outward bubble expansion

can stop. Afterflow kinetic energy is primarily dissipated by continued

bubble expansion , reducing internal bubble pressure below hydrostatic

pressure.

Initial bubble expansion terminates as soon as the kinetic energy

associated wi th the hydraulic afterflow has been dissipated . The large

amount of energy remaining in the system that hasn ’t been dissipated by

acoustic radiation or thermo-viscous losses is concentrated in the po-

tential energy of the partial vacuum of the bubble. -Acting as a result

of the negative pressure gradient across the margins of the bubble , an

accelerating collapse of the bubble begins . The inward or negative

acceleration of the bubble margin continues until internal bubble pres-

sure exceeds hydrostatic pressure . The kinetic energy concentrated in

the inward flow of the surrounding water is dissipated by recompression

of the gas forming the bubble. The recompress ion of the gas results in

a re-expansion of the bubble and the cycle begins again. Unfortunately,
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a si gnif icant amount of the energy hef t  in the systeiri expr ess e s i t s e l f

— 
as a secondary acoustic signal or bubble pulse. Tire bubble pul se is yen- -

crated as internal bubble pressure climbs rapidly as a result of tire re-

compression of the gas.

The gas vented to generate the bubble serves as a pneumatic spring.

The peak pressures of each bubb le pulse tend to fall off exponentially

as a function of the damping of the system. The oscillation of the bubble

continues until the energy in the system has been dissipated by the damp-

ing effects of acoustic radiation and thermo-viscous losses or the gas is

vented at the surface. Figure 7 illustrates the bubble cycle of the typ-

ical compressed gas source and its effects on the near-field si gnature .

Equation (2) gives the velocity of the bubble margin as a function of in-

itial gas pressure relative to hydrostatic pressure (Raylei gh , 1917).

(
dR ) = 2Q Ro3 log R0 - 2P0 ( R03 - 1 ) ( 2 )
dt R3 R 3

(dR)
2 

0 where: -P0 (1 - = Q lo g R~ (3)
— dt R3 R

where : R0 initial bubble radius
R bubble radius
Q initial bubble pressure

The two zeros of (2) are given by (3). If energy was not removed from

the system through damping effects , the bubble would oscillate between

the two values of R0/R given by the zeros of (3).
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The major deficiencies of compressed gas sources ar ise as the iesul t

of the secondary events on the signature . Alt hough the high frequency

energy is concentrated in the initial event on the signature , the low fre-

quency energy is not. The effects of the material dttenuation on the

high frequency energy of the explosive seismi c pulse rapidly attenuates

the prima ry event. Reduction in the relativ e amplitude of the bubble

pulse has generally been required to improve the resolution of the data .

Various methods have been used to achieve the required bubble pulse

attenuation. Di rect reduction of bubbl e pulse amplitude is accomplished

by compensating for or dissipating afterfl ow energy , but at the expense

of sacrificing considerable energy.

Impl osive seismi c energy sources use the collapse of a vacuum bub-

ble as the prime mode of seismic energy generation . The cavitation of a

vacuum vol ume is similar dynamically to the bubble collapse but lacks

the presence of a compressible gas to regenerate the bubble. The gener-

ation of the vacuum bubble must be achieved without si gnificant acoustic

generation . The accelerat ion of the water must be held to a minimum in

vacuum bubble generation to limi t acoustic effects. Restriction of water

acceleration below an acceptable level requires that initial vacuum vol-

ume generating mechanism be a relatively long term event to impart suffi-

d ent energy to the resulting afterflow. The ability of the hydraulic

afterfh ow to absorb considerable kinetic energy allows it to serve as a -

conven ient energy s ink.

Assuming a spherica l vacuum cavity is generated , two equations are

- 
useful In understanding the subsequent collapse ( Rayheight , 1917).

II
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P = 1 + 
( z 4- 4) 4#”3 

( )
P0 44/ 3 (z - l) 1/3

r = R 4(~~I) 
~~
3for z > 4.00 (5)

= Z for z > 4.00 (6)
44Th

r = 41/3R for z >-~ 4.00. (7)

where : R0 = initial cavity radius
R = cav i~y radiusz ( R o)~
P0 = 

- 
hydrostatic pressure

p = max imum pressu re
r = radius where maximum pressure occurs

Equat ion 4 is the relation between maximum pressure in the system,

assuming pressure at the water-bubble interface remains at zero. The

max imum pressure , P. is at infinity as long as z is less than’ four. Af—

ter the value of z has exceeded four, max imum press ure occurs at a finite 
-

distance given by (5) and is greater than P. As the cavity fills up, the

max imum press ure, p, becomes very large and its magnitude and the radius

at which It occurs can be approx imated by (6) and (7). The maximum

pressure actually achieved in the collapse of a cavity is limited by the

effects of the compressibility of water. -

-
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The co l lapse of the vacuum vo lume is the result  of the riega t lye

pressure gra dient initially establi shed at the mua m - gi ns of th e  cav ity.

During the initial stages of the collapse , the gradient has gentle slope

and extends outward from the margins of the bubble a cons iderab le  d is tance.

As a result of the gradient , inward flow of water is gently accelerated.

When the radius of the collap sing cavity is reduced to approximately 1/4

of its initial volume , a region of progressively higher pressure is gener-

ated within the water a finite distance from the ma rgin of the collapsing

cavity . The high pressure developed in this region is a result of the

spherical conve rgence of the water flow. As the radius of the collapsing

cavity decreases , the magnitude of the effects of the spherical conver-

gence near its margins increases . The momentum of the i nward flowing

water at larger radius acts on the water at smaller radius which is under-

going the effects of the severe spherical convergence. The s m a l l e r  the

radius of the collapsing vacuum volume . the greater the effects of the

spherical convergence and the greater the pressure generated as a result.

A rapid exponential rise in the generated acoustic signal results from

the rising pressure. Upon total collapse , the opposing margins of the

bubble collide generating a very short duration , high amplitude “spike ”

on the signature .

The near-field acoustic si gnal generated by the collapse of vacuum

cavity typically has a very rapid , exponential rise terminat ing in a liar-

row , high ampl itude spike . Figures 2 and 4 illustrate the idealized

signatures. The high frequency , low amplitude acoustic events following

the collapse the the prima ry ~vent on actual signatures (Figure 5) ar1

probably the resul ts of elastic oscil lation of the water at the site of

— — — 
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E F F I C I ENCY

The efficiency of the seismic energy generating system becomes in-

CI- e~)Si IH~ly i mportant ~is se ism ic  ou tpu t  is increased or as survey vessel

s ize is reduced. limits on survey capa bi l i ty  can becoirre largely a func-

tion of the wei ght of the largest seismic energy source system that can

safely be stowed aboard a vessel . Restriction of seismic power output

introduced by weight limi tations often force a severe compromise between

survey speed , penetration , and shot spacing.

The amount of useful seismic power generated per pound system

weight primarily refl ects the efficiency of converting the output of a

prime mover , such as , gas or diesel engine , to desired acoustic power.

Overall efficiency generally can be expressed as the product of three

factors :

1) Power conversion and transport . The ratio of prime mover

output to usable power associated with intrinsic energy of

restored source and firing rate.

2) Conversion of intrinsic source power to acoustic power.

3) A factor indicating relative effectiveness of acoustic

output i.e. a subjective evaluation of wave form, fre-

quency con tent , etc.

Most widely used seismic energy generating systems suffer a severe

loss of efficiency due to the initial factor , power conversion - and

transport . Many are caught in a trade-off between (2) and (3), but

all leave considerabl e room for improvement in overall efficiency .

The evaluation of the effectiveness of a seismic energy gener-

ating system should also include the vessel modification and support

‘,—---- — —- - ------—-—----- -
—-—— -- - 
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E F F I C IENCY

The effic-~ency of the seismic cnergy generating system becoines in-

(1P11S 1 ugly I iuportant as seiSmic output is i flC reased or as survey vessel

size is reduced. Limits on survey capability can become largely a func-

tion of the weight of the largest seismic energy source system that can

safely be stowed aboard a vessel . Restriction of seismic power output

introduced by wei ght limitati ons often force a severe compromise between

survey speed , penetration , and shot spacing.

The amount of useful seismic power generated per pound system

weight primarily reflects the efficiency of converting the output of a

prime mover , such as , gas or diesel engine , to desired acoustic power.

Overall efficiency generally can be expressed as the product of three

factors :

1) Power conversion and transport. The ratio of prime mover

output to usable power associated with intrinsic energy of

restored source and firing rate.

2) Conversion of intrinsic source power to acoustic power.

3) A factor indicating relative effectiveness of acoustic

output i.e. a subjective evaluation of wave form, fre-

quency content, etc.

Most widely used seismi c energy generating systems suffer a severe

loss of efficiency due to the initial factor , power conversion - 

and

transport . Many are caught in a trade-off between (2) and (3) , but

a ll leave cons iderable room for improvement i n overal l efficiency.

The evaluation of the effectiveness of a seismic energy gener-

at ing sys tem should also 1nclude the vessel modification and support 

—
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- 
logist ics requi red for use. Towing and handl lug of the overboard por t ions

of the system should be possible using standard shipboard equi pmen t .

Ideall y, the on-board equipment should require no shipboard power or spe-

- 
cial modi fication of the survey vessel except tie-downs.

1~

~~6

4
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CURRENT ENERGY SOURCES

The discussion of three seismic energy generating systems wi ll

briefly summarize the advantages of the diffe rent technique s. Air guns

are the most wide ly used marine seismic energy source. Flydro_Sein *,

Vapochoc * , and the Sodera water guns are systems which use the implosive

collapse of vacuum volumes but use different mechanisms to generate the

— initia l cavity .

~1r~~n~
— Air guns use the rapid release of a volume of high pressure air

into the sea water to generate the seismi c pulse. The pressure of the

air charge varies from 500 psig --Mobil Magnetic*, 2,000 psig __ PAR* , to

8,000 psi for the Seismojet* and Unipulse * guns. Similar to most ex-

plosive energy sources , bubble pulse amplitude has proven to limi t air

gun effectiveness. Reduction of bubble pulse amplitude has been achieved

through modifying of afterfiow or statistical methods .

Two methods of dissipa ting afterflow energy to reduce bubble pulse

amplitude have been developed . The most widespread afterfi ow modifica-

-
~ 

- tion technique uses a tuned or-i face to throttle the venting of the air

chamber (Giles , 1973). The controlled lischarge of air into the expand-

ing bubble reduces the magnitude of the vacuum drawn as afterfiow energy

is dissipa ted by bubble over expansion. Reduction in vacuum volume po-

tential energy results in a less violent bubble collapse and reduced

Registered Trademarks Li Sted -in Appendix

_______________________________ 
I

p .— - - .-r — —- — --- - -- — —



—-- --~~~~~-- -- --- — -- -- ---
~~~~~

25

bubble pulse amplitude . Reduction in bubble pulse amp litude has also been

achie ved by surrounding the air gun ports wi th a perforated enclosure or

• cage. Afterfiow energy is dissipated by viscous damping as water f lows

through holes in the enclosure. Although both throttl ing devices and

cages significantly reduce the relative ampl i tudes of bubble pulses , a

considerable reduction in the initial pulse ampl i tude limi ts the use of

these techniques.

Firing an air gun at a very shallow depth is a technique capable of

eliminating secondary acoustic events . Shallow firing of the air gun al-

lows the resulting bubbl e to vent to the atmosphere before the bubble ’s

initial collapse. Venting of the bubble at the surface eliminates any

subsequent oscillation and acoustic emissinn . Two factors severely limit

the use of shallow firing. The reduction in effective coupling, result-

ing from surface unl oading effects , significantly reduces the ampl it ude

and energy of initial seismic pulse. At shallow depths , the two-way

travel time to the air/water interface is short. The time delay of the

ghost is not sufficient to isolate it from the prima ry seismi c pulse and

resul ts in a destructive interference between the two acoustic events.

Generally, the loss in energy due to the unloading and primary ghost

interference inherent In shallow firing have resulted in the use of other

~ bubble pul se suppression techniques. 
-

Statistical techniques which result in the relative attenuation of

bubble events are in widespread use. The period of bubble oscilla tion

is a function of intrinsic air gun energy and depth at which it is fired .

- The signatures of a number o1~ different air guns of various chamber 
‘vol-

umes are stacked with their prima ry pulses In phase. Since the bubble
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perio ds va ry, secondary events stack out of phase. The net result is

the enhancement of the prima ry signa l withou t si gnificantly increasing

bubble pulse amplitude . Reductions in the ratio of bubble pulse energy

to I)rilna ry pulse energy is a function of the number of guns in the array .

The efficiency of air gun systems suffers primarily as the result

of the use of high pressure air. The efficiency of commercial 2,000 psi

compressor units is generally in the five to ten per cent range . Losses

are primarily the result of re-expansion due to mechanica l clearances

and thermal effects. The efficiency of an 8,000 psi system wou ld be

lower than the 2,000 psi units.

The efficiency of intrinsic air vol ume energy-acoustic energy con-

version of air guns is one of the hi ghest for artificial explosive

sources (Kramer, 1968). The use of bu bb le pulse suppression devices to

improve the quality of the acoustic signal reduces efficiency signifi-

cantly. - Typical reductions in prima ry peak presure are about 4dB for

throttl i ng devices or cages (Giles , 1973).

Air guns using 10 i nch3 chambers or less use considerably more air

than their chamber size would indicate . The acoustic effectiveness of

the additional air used is minim al. The resulting waste of compressed

air can reduce efficiency of a system using a 1 inch 3 chamber by over

200 per cent.

Air guns are one of the most widely used seismic energy generating

systems. The effects of bubble oscillation s on the signature can be

minimized , reliability is high and the acoustic output is highly

repeatable. Shipboard equipment is large and bulky but is relativel y - 
-

rel i ab le , simple , and safe . The use of arrays is restrict:d to larger

vessels which have equipment to deploy the array and sufficient 

- -— — - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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disp lacement to carr~ the compressor system. Recen t demands for data

of greater penetration and resolution have required the use of extremely

large compressors . Large commercial operations have reached a p o i nt

wh ere , even wi t h specia l ized survey vessels , l imits on compressor s i ze

have forced compromise in data quality. Surveys conducted from small

vessels must contend wi th severe trade-offs between acoustic power ,

acoustic quality , and survey speed .

Vaporchoc

The use of steam to generate a vacuum volume for implosive gener-

ation of an acoustic signal was investigated by Rayetheon for the Uni-

ted States Navy in the early l960s (0N~ , 1965). Vaporchoc * , a commer-

cial seismic energy generating system using similar techniques was de-

veloped in France and introduced in the late 1960s (Farreol , 1970).

The acoustic si gna l is generated by the injection of a large quantity

of steam into the sea water. Injection of the steam forms an expand-

ing steam bubble. When the steam supply is turned off , the steam hold -

— 
- , ing up the bubble cools and condenses very quickly, resulting in a par-

tial vacuum. The cavity implodes , generating an acoustic pulse. Bubbl e

oscillations do not occur since all the steam has condensed before the

cavity has totally collapsed .

Figure 8 shows the far-field signature of the Vaporchoc * system.

A low amplitude acoustic event , approximately 50 msec. before the pri-

mary event, is generated during the injection of steam . The prima ry

- 

acoust ic  pulse is typical of the impulse generated by implosive energy

sources .
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The effic iency of systems using the inject ion of steam to generate

an implisive signal suffe rs from therma l losses. The therma l losses

associated with the transport of steam to the venting valve and during

“qtiiet” bubble generation reduce overall efficiency . - A large shipboard

boiler is required to supply sufficient steam and restricts the use of

the system to larger extensively modified vessels.

~~Iro_Sein *

A different approach to vacuum volume generation was used by Marine

Geophysical Services in the design of their Hydro_Sein * system. The

Hydro-Sein unit uses a hydraulically restored high speed actuator to

rapidly separate two plates (Schampf, 1968). A vacuum volume is forme d

between the two plates which collapses generating a typical implosive

acoustic pulse. Presumably, some low— level acoustic event would result

from the rapid acceleration of the metal plates . The use of hydraulic

power to restore the system enhances the efficiency of the system , but

considerable energy is lost in accelerating the relatively heavy , move-

able plate assembly. Large elevators are required for deploying the

Hydro-Sein units and extensive vessel modification is required .
-I

Sodera - Water Guns

Sodera recently introduced their lin .e of water guns (Sodera, 1973).

The Sodera guns use the rapid ejection of a water plug into the sea

water to generate a vacuum volume . An air gun is mounted with its vent-

- 
ing port behind a floating piston. The compressed air vented from the

— 

air gun rapidl y drives the piston outward ejecting the water plug.

‘1 - 

-

- — —
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Motion of the ejected water plub in the sea water  draws a vacuum behind

it. The acoustic pulse is generated by the subsequent collapse of the

V àCUUIII volUme .

The far-field si gnature of Sodera ’s Casios Wa ter Gun* is shown in

Fi gure 5. Similar to other implosive sources , the signature exhibits

- a narrow high amplitude prima ry pulse. The power spectrum of the Casios

Wa te r Gun * is flat in the seismic frequency band and has its peak power

in the 40 to 50 Hz range. Figure 9 shows a comparison of the water guns

dB spectrum and an array of 16 air guns. The amplitude spectra are sim-

ilar with the Casios Simpl on having more energy concentrated in the high

frequencies . It should be kept in mind that air gun array required 16

guns to reduce the ripple on the spectrum to the degree shown .

The efficiency of the Sodera in conversion of compressed air intrin-

sic energy to acoustic output appears to be approximately the same as a

large air gun array . It should be kept in mind that the Sodera system

- required the towing of only a single water gun . Reports indicate that

problems with reliability has limi ted widespread use of the Sodera sys-

tern (Chelminski , 1975). The Sodera Water Gun , like air gun systems , re-

quires large quantities of compressed air.
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TI lE HP SYSTEM

The HP water gun offers two prime advantages over other marine

seistiiic energy sources. A dramatic increase in eff iciency is attained

by the incorporation of a hydraulic system rather than a high pressure - 

-

pneuma t ic system as the prime energy convers ion medium. The use of the

implos ive collaps e of a vacuum vol ume to generate the ac oust ic pu lse

results in a wide band single event on the si gna ture .

The hydraulic system is used to t ranspo rt energy to , and restore,

the HP water gun. Hydraulic systems are efficient , extremely reliable ,

~nd inherently safer than comparable high pressure air systems. Con-

j version of prime mover power to hydraulic power utilizing a pump offers,

approx imately, a ten-fold increase in efficiency compared to a high

pressure compressor system. Hydraulic components are simple , sel f-lub-

ricating, rel i able mechanisms . The failure of a hydraulic line doesn ’t

have the explosive results inherent in comparable high pressure air

systems. A prime d e f i c i e n c y  of hydrauli c systems is the restriction

to applications where the rapid rel ease of stored energy is not required .

A high pressure , low compression pneumatic system is used in the

HP water gun . The pneumatic system serves primarily as a reusable

spring which stores energy and rapidly converts the stored energy into

linear motion. Triggering of the source is also accomplished through

the pneumatic system. The pneumatic system is restricted to a very low

compression ratio to eliminate the thermal and mechanical losses normally

associated with high pressure air systems. A supply of high pressure air

is required to initia lly char~e the chamber of the water gun and to

—----- - --~ - -_-- -----
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replensih losses due to restoring the water gun. Losses due to r— st or ing

the source is less than .05 Cu. in. per shot.

The rapid ejection of a water plug from the water gun generates a

vacuum vo lume which  implodes . Efficien cy in the convers i on to i n t r i n s i c

energy of the ejecting mechanism to acoustic energy is better than air

gun systems. The acoustic energy is also inherently concentrated in a

single , high ampl i tude , narrow pulse. Concentration of the energy in a

wide band si gnal coupled with the increase in efficiency of the overall

system indicates a possible evolution of the prototype into a valuable

exploration tool.

- Description and Operation

The HP water gun uses the rapid injection of a volume of water or

water plug into the sea water to generate the vacuum volume . Figure 10

shows a simplified cross section of the water gun. The water plug is

ejected from the muzzle by the rapid outwa rd acceleration of the air-

water piston assembly. Restoring of the air-water piston assembly is

performed by the hydraulic cylinder assembly. The operation cycle is

diagra nrnatically shown in Figure 11 . The hydraulic and air support sys-

tem shown in Figure 12 and the electrical control system is shown in

Figure 13.

- 
The operational cycle of the HP water gun can be divided into six -

components. figures 10 and Ila show the gun restored and ready to fire .

Air pressure in the pressure vessel is at its maximum as the air-water

- 
piston displaces , approx imate)y, one-tenth total air volume within the

vessel. Design of the prototype limi ts maximum air pressure to 2,000 psi.

-

~

- 
-
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[he al r-wa ter piston is he ld against t h e  bottom face of the valve hou-

sing by the high pressure air (Figure 10). During restoring and before

triggering, the restoring a ir solenoid valve is open . The vol ume in-

side the face sea l and between the air -water  piston and valve housing

is vented to one atmosphere through the restoring air so lenoid valve.

The diameter of the face seal , Dl , is about 1/2 inch larger than the

out side diameter of the piston body , 02 (Figure 14).  An effect ive area

of approximately 2.5 sq. in. is exposed to the high pressure air hold-

ing the piston and valve housing together.

The water gun is triggered by closing the restoring solenoid valve

and opening the firing solenoid valve . High pressure air is rapidly

injected into the volume inside the face seal . The force holding the

air-wa ter piston and valve housing together is destroyed and the two

separate (Figure 14). High pressure air now can act on the end of the

air-water piston . The air-water piston is rapidly accelerated outwa rd

and pushes the water out of the muzzle cylinder (Figure FIb). Inter-
— action bet~,een the sea water and the ejected water plug causes the flow

to diverge .

The air-water piston is suddenly stopped by the muzzle brake at

the end of its stroke. Momentum carries the ejected water plug away

from the muzzle. Interaction between the sea water and water plug

cause continued divergency of the initial linear flow . The kinetic en-

ergy of the ejected plug is dissipated as the vacuum volume is generated .

Figure)lc shows the vacuum volume after the divergent flow has been

totally dissipated. The subsequent implosion of the vacuum volume gen-

erates the acoustic radiation (Figure ild).
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The triggering of the water gun also causes the va lve contro l to

- 

l switch the two-way master control valve . Hi gh pressure output from the

hydraulic pump is now applied to the upper chamber of the hydraulic cyl-

inder (Figures 12 and 13). The valve housing hydra ulic ram is ‘pushed ’

into the high pressure air chamber until the valve housin g strikes the

end of the air-water piston (Figure lie). A rise in hydrauli c pressure

caused by the stopping of the ram is detected by pressure switch A

(Figures 12 and 13).

The signal from pressure switch A results in the opening of the

restoring solenoid valve. A 30 nisec. delay retards switching of the

two-way master control valve until pressure inside the face seal has

dropped to approximately one atmosphere. The valve housing and air-

water piston are again held together. High pressure output from the

hydraulic pump is appl ied to the l ower chamber of the hydraulic cylinder.

The valve housing -hydraulic ram “pulls ” the air-water piston into the

high pressure air chambers (Figure llf). The restoring cycle is coin-

pleted when the ram is stopped and a rise in hydraulic pressure is de-

tected by pressure switch B (Figures 12 and 13). The function control

box (Figure 13) allows either automatic or external tri ggering of the

water gun. Automatic triggering permits the maximum firing rate of

three seconds per shot. The water gun can also be m anually triggered .

A hold-restore override is used to stop triggering of the source and to

insure the source is unrestored for deployment or retrieval .

Two small compressors driven off of the prima ry hydraulic power

- system supply the air requirements of the water gun (Figure 12). In-

f itlal charging of the pressure vessel and storage tank to 1 ,000 psi

U— ~~~~~~~ —.-------- ---- - - - -- - - - -  — -- .~--~~~~~~~~---—~~—~~~~~~~~~~ - -“- -b--— -
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p takes approxi ii~ate ly four minutes. Ai r lost by restoring, a p p r o x i m a t e l y

0.05 in .3/shot , is replenished from the onboard storage tank. The com-

pressor system was used to fire a 10 cu. in. PAR* air gun . The compres-

sors were capable of firing the air gun at a sustained firing rate of

once every 17 seconds.

Figure s 15 and 16 are photographs of the system. The physical par-

amneters of the HP system are given below :

A. System
1. total weight 1 ,050 lbs .
2. deck space 15 ft. 2
3. gas engine output -(estimate ) 10 hp. air cooled

B. Source
— 

1. tota l weight 300 lbs.
2. length 6 ft.
3. volume hydraulic fluid/cycle approximately 0.5 gal .
4. maxi m um i n t r i n s i c  energy 18 ,00-0 ft. l b./shot

(10 ,000 f t .  lb./sho t wi th  present hydraulic pump unit)
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- 
Figure 10. Simplified cross section of the prototype HP water gun .
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Figure 15. Photograph of the HP water gun.
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• F!~LD TEST

Field tests of the HP water gun were conducted both in Lake

Michigan and on the east coast. The initial test was conducted in

Lake Michigan. Al though the HP system functioned well , data coll-

ected on the Lake Michigan trial was severely distorted by the

recording system. The acousti~ effect on the survey vessel ’s hull

of the water gun was noticeably louder than the effect of 10 cu. in.

air gun fi red at 2,000 psi during this test.

Tes ts were aga in conducted near Woods Hole , Massachusetts .
The second set of tests met wi th partial success. A Celesco LC* -

32 calibrated hydrophone was used and peak pressures were calculated.

A schematic of the electronic equipment used during the second test

Is shown In Figure 18.

The broad ban far-field signature of the HP water gun is shown

In Figure 19. A peak pressure of 1.6 bar-meters was calculated

for the signature. Tests were limited to maximum air charge pressures

Of 800 psi by difficulties with the hydraulic supports system.

• Visual comparison of the HP signature with the si gnature of a
40 In.3 air gun (Bolt Associates , 1975) indicates considerably greater

energy In the HP signal . An intial even precedes the primary acoustic

pulse and is generated by the rapid ejection of the water plug . The

• initial pulse peak pressure Is over 8 db down from the peak pressure

of the primary pulse.
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Figure 18. Schematic of the electronic equipment used during tests.
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The results obtained from the f ield tests show that the }I[~ system

has the potential to warrant further develo pment. A number of defi-

ciencies in tt~ prototype were discover ed during the f ield tests . The

design of a higher energy unit has been partially completed and is de-

signed to eliminate the deficiencies found in the prototype.

I

I

I
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COMPARISOU OF PRO1OTY I’ E AFID NEW DESIGN

T he design of the pro totype was aimed exclusively at the fabri-

cation of a worL~b1 c test u n i t  in the t i me span ava i l  ,ihl e. A number

of compromises were iiiade in the design to allow the use of off-the-

shel f materia ls and also allow most of the fabrication to be performed

on campus. The next model will incorporate a number of changes , both

the result of lessons learned from prototype evaluation and as a re-

sult of the relaxation of time restrictions .

• The prototype uses a double acting hydraulic cylinder to restore

the air-water piston . Fnitia lly , the double acting hydraulic cylinder

was incorporated to obtain maxim um efficiency but resulted in handling

difficulties and an excessive inc rease in weight and length. The two

hydraul ic hoses required were difficul t to handle and the exposed

hydraulic ram was easily damaged .

A single acting hydrau lic system requiring only a single hydraulic

hose has been des i gned for the new model . The single acting system

uses the va l ve housing as a piston and reduces the number of seals

required . A comparison of 20,000 ft. lb. prototype (Figure 10) and the

150,000 ft. lb. new des i gn (Figure 20) illustrates the reduction in

size achieved primarily as a result of th.e modification. The new de-

sign uses the hydraulic system to recompress the air charge. A slight

expansion of the air charge then pushes the valve housing and air-water

piston to the fully restored position . Al l sealing surfaces are also

protected from damage in the new des i gn . -

I
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I • j ftc i in t ia )  Cs t i i~ t es of the force ~er uiii t a ret a tha t could be

used to eject the water plug without s ign i f icant  acoust ic yeneration

were too low. A two-to-one reduction in the areas of the air-water

piston exposed to the air charge and water was incorporated in the

-- prototype . The reduction in area reduccd the effective force acting

on the  water and increased air-water piston wei ght. No reduction was

used in the new design. The engine-pump used in the prototype

• restricted maximufli air chamber pressure to 1 ,000 psi. A 3,500 psi

hydraulic system in the new design will allow air chamber pressures

of 3,000 psi. The combination of air-water piston design and high

pressure capability wi ll allow the definition of the acoustic effect

of much higher water plug acceleration. An optimum operating pressure

can be defined from the acoustic effects measured .

A reduction in prototype seismic signal output resulted from the

heavy mi ld steel air-water pistorn used in the prototype . The piston

assembly in the prototype weighed approximately 30 lbs. A high tensile

• aluminum alloy (7075-16) will be used in the new desi gn. Total weight

• of the aluminum piston assembly will be approximately 25 lbs. The
• 

relative reduction in pistOn weight will sign i ficantly reduce stress

levels in the muzzle brake assembly and increase the efficiency of the

new model .

Difficulties were encountered with the dynamic seals in the proto-

type. The surface finish on dynamic surfaces was not to seal manufac-

turers ’ specification. Poor surface finish resul ted in minor leaks.

The lack of venting between compound (two-way) seals resulted in air •

leaking into the hydraulic system. Air in the hydraulic system

j

- _c., ~
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resul ting in foaming arid t w i c e requi red shut t ing the syste m d~~ln dnd

bleeding the air from the entire hydraulic system . The ni~w d e s~ jn

• 

* 

vents the volulhie between colripound seals to either hydrostatic or

atmospheric pressure . The venting w i ll prevent minor leaks from

effecting the operation of the system.

Corrosion resistance was not considered in the design of the

prototype. The use of mild steel , alu m i n u m , and bronze required

the prototype to be rinsed off and sprayed with a lubricant after

each use. All exposed components of the new model will be fabricated

from stainless steel , ideally, a SAE 51431 alloy . All dynamic sur-

faces will be Delrin (trademark DuPont Co., Inc .) on stainless steel.

Ease of servicing and seal replacement was not considered in

• the prototype desi gn. All connections were made with bolts where

possible. Disassembly of the prototype into major components re-

quired approximately one hour and the use of an overhead hoist. The

new design uses ‘U” -shaped collars to secure the major components of

the new source. Use of these collars will significantly reduce ser-

vicing time . Reduction in size and weight of the new desi gn will

allow disassembly and servicing without the use of an overhead hoist.

The elimination of difficulties encountered in the prototype

coupled with ideas which evol ved during prototype fabrication and

testing should allow the eventual use of the new model as a field

unit. Seal design in the new model allows latitude for gland rede-

• sign wi thout major mod I f ica t ion of other cnwpont’n t S. In tegr I ty of

the dynamic seals appears to be the major goal which mus t. be achieved

In the new model . A considerable amount of time has been extended
)
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~~
in seal material selection and gland desi gn. At the present time , it

appi’d I~S t h a t , if seal ing di f fi cml ties are not encoun t.ert.rl , the new

IIK)dCI w i I~ ~~ : an ~fft~ctive fiel~1 u n i t .

• ~-,

A
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-~ CONCLUSION

The use of a combination hydraulic/pneumatic system to gt~nerate

seismic energy offers a combination of signal quality coupled wi th
t

operating efficiency not available in other systems . Al though only

limited field tests were conducted , analogies drawn from the signal

characteristics of Sodera Water Gun indicate the high quality signa-

ture the HP system ’s implosive mechanism can generate. Calculations

indicate the prospect of over a 1 ,000 per cent increase in overall

efficiency possible for the HP system over both air yen and Sodera

• systems.

The ptototype system did not undergo any long-term reliability

evaluation. A prime motivation for construction of a new model is

to have a field system for long-term operation evaluation . If the

reliability of the system can attain the rel iabi l i t— of air gun

systems , significant improvement in seismic energy generation will

have been ac hi eved.

4 
• 

.
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SUGG E ST IO N S F O R  F U R T h L R  SI U D Y

1. the development of a field system capable of c o n t inu OuS operation

over a long period of time .

p

2. An investigation of the potential of a totally hydraulic system.

Extremely high pessures are required on the order of 30,000 psi.

The el im i n a t ion of the air supply could justify development along

• these lines for special operation .

3. The adaptation of the HP mechanism to other applicat ions 
requiring

an efficient high-speed linea r actuator.

p

_ _ _ _ _ _ _ _ _ _ _ _  — — 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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AN’Li~D l X

LIST OF NAMES AND TRADEMARKS

Casios Water Gun Trademark Sodera Company , Toulon , Irance.

Hydro-Se in Ori ginal ly the Tradema rk of Marine Geophysical
Services - Now a part of Western Ceophysica l
Company of America .

Magnetic Air Gun Trademark Bolt Associates , Norwalk , Connecticut.

MICA Wate r Gun Trademark Sodera Company , Toulon , France .

PAR Tra demark Bol t Assoc i ates , Norwalk , Connecticut.
SEISMOJET Trojan-U.S. Powder, Manufactured and Distributed

by SIE-Dresser Sys~euis..•.

Unipulse Trademark Petty Geophysical Eng ineering Company ,
San Antoniao , Texas
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