Report of field tests and discussions conducted during ¥fisit
of E. Ralph at Petty Laboratorlies, San Antonie, Jan, 24-28,1963

The experiments conducted atthe Petty Laboratories with
continuous waves as preported in their "Interim Technical
Report No., 1" (Oct, 1, 1962) were encouraging. ggals trans-
mitted from a weak source (a 25 watt speaker) were~detected
at distances of 10 feet or more st frequencies up to 800 cps.
S8ince then, eguipment has been constructed for experimentation
with pulsed waves at repetition rates of 5, 10, and 20 cps.

With this and various assessories, including the oscillo-
scoplic detector constructed by G. MacLaughlin, laborstory and
field tests were conducted by Art Hasbrook, Andrew Bergquist,
and Ellz, Ralph on January 24 and 25th.

First of all, we found out that the synchronigzation circuilts
of the MacLaughlin detector were not stable until the amplitude
of the pulse to be detected exceeded 30 volts, Therefore, this
instrument was set sside, and experiments were continued with
the Petty Hewlitt-Packard oscilloscope as a visual detector and
recording escillograph (installed in truck) for permanent records,
Both of these, when triggered by the start of the impulse,
afforded measures of time delay or, in effect, sonic wave trans-
mission time through the earth.

The results of the experiments with pulsed waves, at first
glance, were discouraging., Maximum discernible transmission
distance at 600 cps and repétition rate of 20 cps (as determined
by reception of a signal distinguishable above noiee background)
was 6 feet., However, examination of the oscillograph records
revealed that a large percentage of the start of the wave, the
vital part for pulsed wave reception, was being lost because
of the slow response time of filters and other circuit components.

In discussions of this and of futwee plans on January 28th
with W, Harry Mayne, Art Hasbrook, Andrew Bergaquist, and Eliz.
Raloh, the following stevns were outlined

1) To conduct experiments with a simple step function, etc,

in order to adiumst circuits for optimum reception of the start
of a pulsed wave, and to adjust filters, etc. for maximum re-
ception at 600 cps.

2) To obtain a more powerful sveaker and one designed to operate
at 600 cps.

3) To experiment with a source with excessive power such as

the Edgerton Model 230 Boomer which produces 1000 watts at

1 second repetition rate. (E. Ralph to try to obtain loan of
this from Prof. Edgerton at MIT or from Woods Hole Oceanographic
Institute).

4) To study the possibility of "enhancement" of the received
pulse by macnetic storage -- possibly by the storage of 100
passes,
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It was felt that it might be possible to complete the
basic "transmitter" experiments within s month, and that then,
with more information in hand, a decision could be made as to
whether and if so, when, a workable set of egquipment could be
assembled for trail in Itddy and, of course, for finding Sybaris.

I should like to extend my thanks to Mr. Mayne, Mr. Has-
brook, and to Mr. Bergguist for their kind hospitality during
my visit in San Antonio, and to mention that the experiments
which they have conducted so far &re the first (to my knowledge)
which have produced some useful information about the behavior
of sonic waves at shallow depths, Thelr testing site with
geopvhones and blocks of concrete planted at vartéous depths
and the instruments which have been assembled provide the
reoguisite foundation for the construction of a workable set
of esquipment,

Elizabeth K. Ralph, Assoc. Dir,
Applied Science for Archaeology
University Museum, Univ. of Pa,
Philadelphia 4, Penna.

February 3, 1963
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SOKIC ARCHANCLO ICAL PROBE

Cuwsary of Iroject work as of

3 duly 1963

Initial devolopment concernsd basic considerations and determination of
necesesyy field sxperminemts, reparation included cutfitting a truek with
the necesssry nsirunentation for f1seld expaineats,

The prouless of transducer coupling %o sarth and the propagastion of
enor'zy in ‘he sarth ware iiz":é‘t. iavestigated, Results indlcaled high vi.coc:it.}'
eil to be the best coupling mn&iﬂl wnd propagetion messurensnta at the
labaratory indloated an avarage signal decay of approxddmately 3 db per foot
at 00 cre, 7The test site was then moved to a location 1f miles south of
San santondo anc the 3 & par foot attemuation in earth confirmed Ly tests
of one way travel seasureserds to calibrated detectors in drilled holes,
tepuation measurenents vere sade in a freguengy range of 200 to 1200 eps,

ne attenvelion rate of snerygy from sources below LU0 eps 1s sufficlently

low to etwou y the cantinued imwestipation of the reflsctiocn method for
‘ny relatively swll sasonty objects near the surface,
adta with £

th simulated targets wad prepared with oconcrete cylinders
apr and 5 fest thick bwrled at depths te the top of the

11.5 and 24 feet, These tarpets ere availasbls for future
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The precee’ing tests wers performed using eant-im‘une propagation, A
pulse unlt was then consiructed to te used with either the “aclaughlim IC
oscilloscope or couventional oseilloscope, Provision was made ‘o a repetition
rate of either 9, 10 or 20 pulses per second with a variable pulse duration
at a frequency of 600 cpe,

“#ith a pulse power scurce ths underwater epesiter (University 'M2FUW) proved
to have a -ajar resonsnce of 125 cpe and acoustic power less than with
continuous wave operation, Ths spesker was adjusted to & rescname of 600 cpe,
but resulied in still further reduction in acoustiec power output,

A loan of Ir, Idgerton's "Ploger® gystem was srranged by Miss Ralph, of :
T™he ‘niversity Museum, Resonence of ﬁhil device was 9 kops and as expected,
severs signal decay cccured thru the earth wedium, Cil coupling to esrth
proved superior over water, Maximum dotectalle sedsmdc emorgy wes at a
distence of 3 feet thru the earth, The Maclaughlin axploration system was
again tected after a previous failure end indicated comparable results to the
equiment initially supplied “or the project, Following the work with the
"Flaoger”, a loan of Ir, Edgerton's "Q000MS Boomer System® Iincluding 2 experie-
mental 500 WS transdue:rs was arrsnged by Miss Ralph, The "Bocmer® produced
3 eycles of e 4 kops pulse in water, Raecords indicated lowsr frequencies tham
600 cps predominate snd 3 foot resolutiom wes not achieved, The test '.1“ wRS
then moved nerth of San Antenio to check on reflections from larger objects
(1imestone beds), Records indicate probable reflecticns at 24 feet and deeper,
Those results are in agreenent with previous work at this site, Iynamite cape
were fired in the same position as the "Boomer® transducers, Results were
comparable to the "Eoomer® with an additiomal inorease in scoustie power output,
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Acoording to information received from Italy, the largest buried objects have
been walls one meter thick, amd it is doubtful that any pavesent exists.
These tests for larger cbjects using frequencies belew 600 eps were disecntinued
on the basis that & resolution of 3 feet (er a frequeney of spproximately 600
cps) dafinitely is required,

| The test site was next moved south of Sem Antonio, Recordings were nade
using the "Zcomer” transducer amnd the simulated targets. Uifferent detectay
arrays and transducer locations were tried in relation to the 2L foot deep
target, FPossible reflections in the recorded seiswie enerygy were indefinite
on the records,

Tests were made using the "1000W8 Bocmer® tramsducer and a continuvously
tuned filter emplifier, Recards show a preponderance of onergy at a fre=-
queney of 350 cps anc below, An additional 12 emitterefollower detectors have

been constructed and are rsady for field use,

Additional tests planneds

1. The ovalmation of & Barius Mtinate transducer snd & 2000 velt pulse
power supply at a frequency of 600 cps with varisble pulse duration,

2, Poesibility of record enchancement using sn available Sigma~Flux direct
magnetic recording syeten of the miere head type for the addition of miltiple
energy pulses, This system to be made available by Petty Geophysical Enginsering
Company without charge to the projeet,

3 Possibility of acditional record improvemewt by use of Mticétiltm
at both detectors and smplifiers te removed undesired snergy.

The above tests to be made using the existing low power tranducers but a
more powerful transducer would be desiyuile if ome een be made available te the

project,

“Je
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E&uaim and nco-stl

Tests to date indicate a high power, diserete freguency (600 cps) acoustis
energy souce will be needed for future tests, Use of a sigmal enhancement
techndque such a9 magnetic recording, mey alse will be required.

Aeuﬁimﬁmof&mmﬂlmﬂwlmm
appears to offer the Lest possibilities for a sucecessful mwux i
ploration system,

If the afarementioned maguetie system is feasible, one of the majar needs
of the project vill be satisfied, If this magmetic system is nct satisfactery,
then either the constructiem, er purchase of suagnetic system is necessery at
considerable ex; ense,

A transduoor rescnant at, or neer 600 cps and considerably more pover is
also required, With present imfermstion, the most prorising transducer is one
of 100 watts from Massa Cobu, &t & cost of $3200,00, Several of these would
probably be required, These transducers cam be stacksd, or added together for
more powar, Mest of the other manufacturers of scurces ecortacted either have
nothing available or their equipmemt is classified,

If a loan of the equipment needed ocould be arranged, them the future
monetary requirements could be reduced accordingly,

ohe
O, A -




Suantity Item Estimated Cost
1 Truek-2-wheel drive 3/L ton with light weight
cab $ 3.13000“)
1 DrilleAuger type, vehicle mounted ‘ 750,00
8 Audio amplifiers-varisble filters in 250 te
1000 cps range, 80 db calibrated attenuators,
no AOC 5,200,00
1 Photo-paper recorder-miunimum chart speed SO
inches per second 4, 050,00

INCORPORATED 1932

November 5, 1963
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Magnetic recorder system-custom designed with
6 channel multitraek 100 multiplicdity capabilities

15,£90,00
23 Acceleration detectors-part of present :roject
1 Switching contrel unit for detectcrs
1 Shooting box for dynsmite caps 200,00
1 Tektronix type 321 I Cscilloscope 765,00
1 Hewlett rackard transisterized AC Meter €75.00
1 Hathaway ‘ocel l-1 Audio signel generator 210,00
1 Simpson “odel 260 Meter 58.60
10 Assorted hand digping tools 50.00
Asstd, Wire and cables 200,00
Asstd, Small hand tools, soldering irons, ete. 00

Yacteniezl farts lotal ==

:

Labor for engineering, assembling, testing, etc. of abowe 15,870,00

Salary for technician for three months in Italy 3, 000,00

Labor Total : m e
1 £dgerton, Germeshausen and Gerier 1000 watt-seeond

"Boomer® 3,500,00

1 3 kw Zeus 115 VAC rortavle Power :lant 431,25

1 Truck=2 wheel drive 3/L tom 2,700,00

! ;513;51-*[;
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The list of the proposed equipment is attached, The total bid for the
equipment is $56,719.65, This bid does not include the eost of
transporting the equipment to Italy; the cost of transporting e
technician fram San Antonio, Texas and return; the technician's expenses
while in Italy; nor explosives, recording paper, and magnetic tapes used,
The salary for the technician on this triv 1s included as shown on the

equipment list,
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Sonte Archemelogioa) Probp

A mecting wee held July 9, 1963 te discuss the Somic Archasclogical Frobe
Project, 7he meeting was held at the Petty Ceophymicel Engineering offices im
San Antomie, The morning discussion imcluded Mr, F,L, Johnson of Sam (41
Conpany, the advisar for the project, amd Mr, Pred H, Lindall, Mr, Scott Petty,dr.,
m.mnnm,m.umwwm.nmwammmwmé
the Petty Co, The same group with the exveption of Mr. Lindall continued the
discussion after lumch,

¥r, Jobnson opened the mesting Yy giving a resums of the history of the
project, iHe poloted cut the need of a eciic probe or similar device to locate
archasolorical objects buried 30 feet or more in earth, Yar this probe to be
pseful 4t -uet be stle to reliably defime a 3 foot cbjeet burisd at a depth
of abtout 2 feet, Nr. Johoson voiced the opiuiom that a 10 foot penstration
limit would remove 50 or more of the valus of
greater utility if it were completely portable but a light sounrted
undt would have practical applicaticm, A 600 eyols per second or higher frequenay
source of sulficient power =ust be
g further ststed that if the problems of obtaiming such a souree
it to the ground to reslise a readadble signsl from sm object at lsast 2L feet
decp is not feasable the projeet should be abandoned,

i
:
g
:
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Mr, Gergquist presonted a short resume of the power sources ir
including blasting caps, low powered speasers with continucus and pulsed imouts,
the Sdzerton "Pinger® and "Boomer® snd the possibilities of a Barium Titanmate
transducer now under test, A chart giving msasured attenuation rates of evergy
at different frequencies travelling threugh earth was discussed with particular
interest in the 3 dd per foot attemaation rate at 600 eps,

A geuersl discussion was held cencerming the preblems of transducers, ceapling
transducers to earth, record help by filtering, and record eshancemut by magnetis
recording and signal stacking, With gignal losees over a two way travel time st
600 eyeles of perhaps 200 db the probles is quite great, dut Mr, Mayne believes
perhaps LO ¢ imrovement could be realised from a 100 or more head
nagmetic recording device end about 2L & frem improved filtering technigues, The
desireeble approach would be to realise mest e all the improvement in the
trangcucer=coupling device mo it was decided %o devote the

present project to iovestigating this part of the system,

3 ﬂ": |
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contact Faul “lipsch for consultation on the transcducer problem,

“he nany trunsdurer=coupling arrangerents discuseed varied from purely

mochstical coviees soch ag GO0 cycls resopant steel diaphras =mas and resongnt

Loame nechenically ex~ited to elactroe=ncchanical devices such ae the alove
axclied by syncronoud off cember moters or other elactronic asane and high
powered escaker type Jdevices operating in a fluldd, The ma netostrictive

deviced tricd to dato wers also evalusted, Tt wae decided to coutinue tests

on the barium titanats crystal tramsducer &3 a possible discrets GO0 cyels

POWME sGrce even thoush power of the ;reseut unit is far toc low to approsch

dewirsd penetration,

Possiblo =achanical coupling devices varied from hgavy plat.s to e

netal cylinders burisd 1in holea, The use of veliiels welght was not discounted,

“ludd couplars included wuter, vilg, nmude and other fluids,

he meetin: endwxd ou & note of ocptimiss, The ;robleme are grest but the

solution 1s certainly within the realw ef feasibility,

£
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Petty Laboratories, Inc.
San Antonio, Texas

Experimental Tests With the Edgerton,

Germeshausen & Grier "1000 WS Boomer System”

Initial tests were made in a brown sandy-clay soil having an average velocity
of 1900 feet per second, Signals were recorded using acceleration type detectbrs
carefully planted in the earth.

Two vertical spreads of detectors were used, with plants in separate holes of
3, 5, 7 and 15 feet depth and arranged on an 18 inch radius about a transducer
hole, The other spread had detectors planted in holes of 16, 26 and 31 feet depth,
The 500 WS transducer was suspended in the center hole of the spreads; while the
1000 WS transducer was located as close as possible to the detector spreads. The
1000 WS transducer hole was lined with a thin plastic material to prevent loss of
the water coupling medium to earth,

The 1000 WS and 500 WS transducers proved to be excellent sources of high sonic
power and the sonic signal was detected to a distance of 30 feet through earth,
Frequencies below 600 cps largely predominate so apparently the pulse from the
transducer is either altered or suffers severe high frequency attenuation through
the earth,

In another test detector plants were spaced horizontally at intervals across
a concrete targét which is 3 feet in diameter and 2l feet deep, The 1000 W3
transducer was moved from one hole to another along-a line of holes spaced at
intervals of 0, 5, 10 and 15 feet, with the "0" hole directly above the target.
Detectors were then spaced at one and two foot intervals along this line across
the optimum distance for signal reflection from the target,

No definite reflectioné were recorded with either method, The aﬁéence of 600
cps or high frequency energy probably resugts in no measureable reflection from
a target of fractional wavelength, | |

In order to determine the feasibility of recording seismic signals from larger

=1=




buried objects, another test site, characterized by chalk and limestone series
immediately beneath a thin layer of soil, was chosen, Hard sections are present
below 18 feet and hard limestone at forty eight feet., Also, the chalk is a

good high frequency medium in comparison with the sandy-clay soil of the initial
location, Four transducer holes were dug 6 feet apart along a horizontal line,
with holes of two foot depth for detectors drilled on either side of the
transducer holes, Records were made using smplifiers with high pass LOO cps, high
pass 200 cps and broadband filters, Results indicate possible seismic signal
reflections from the 2l foot and deeper limestone beds,

No further work was performed on this site, Information was received, fram
Miss Ralph, that the largest buried objects of interest have walls no more than
one meter thick, with no pavement in association. So, conbinued experiments to
improve results from continuous beds is outside the scope of this project,

Based on results to date, it is thought that a high power discrete frequency
source of sonic power is necessary for possible detection of small objects buried

in alluvium to depths of 30 feet,
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Petty Laboratories, Inc,
San Antonio, Texas

SONIC ARCHAEOLOGICAL PROBE

Summary of Activities

August 1963

Further investigation of methods tq produce high power sonic energy in earth
were conducted, Various sizes of steel plates were coupled to earth with mud
and detectors planﬁed at various depths below the plates, The plates were then
pulsed with various weight balls dropped from different heights.

Based on the above tests, a plate one inch thick by thirty inches in diameter
was fabricated for tests at the site south of San Antonio. At the 7 foot target
location, a detector was buried 2 feet from the surface and directly above the
target. A seven foot detector, previously buried directly on the concrete target,
was also used, The steel plate was mud coupled to the earth above this location
with an additional detector cemented to the plate for an impact, or break time
pulse.

Steel balls of weights from 16 grams to 93 grams were dropped from a 3 foot
height and recordings made of the seismic signal amplitude. The soil above the
target has a velocity of approximately 800 feet per second indicating an un-
consolidated condition still exists, Sufficient signal amplitudes were achieved,
but of frequencies-of less than 600 cps, therefore indication of reflections on
the recordings were indefinite,

The steel plate was then moved to a previously undisturbed soil location
with detectors buried at seven feet and two feet intervals directly below the
plate. Again ball drop tests were made on the plate. An increase in velocity

of the soil and also an increase in frequency were recorded,

o T o




An attempt was then made to determine the characteristics of the steel plate
plant. A driver-detector assembly consisting of calibrated HS-1 detectors was
cemented to the plate. The driver detector was driven at various frequencies
for the earth plant; then the plate was suspended in air at the laboratory and
the driver was again driven at the various frequencies, Results from these tests
indicated that insufficient drive power was available to result in a meaningful
plant characteristic curve,

Present plans include use of separate ceramic transducers cemented to the
steel plate and used to pulse the plate at the discrete frequency of the trans-
ducer. A power supply capable of a variable positive voltage from O te 16,000
volts will be readied to furnish the high voltage pulse required by the ceramic

transducers.
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Petty Laboratories, Inc, g =
San_Antonio, Texas /\\

SONIC ARCHAEOLOGICAL PROBE

Summary of Activities

Septenber 1963

Investigation is continuing in a search for, or development of, a high
power sonic source of discrete 600 cps frequency for use as a transducer in
the project., Further tests using ceramic transducers to pulse thirty inch
diameter plates are planned and equipment is being readied for this purpose,

Eight ceramic transducers have been received and have been polarized at
the laboratory, These are to be stacked between an aluminum and steel plate
and compression loaded., This arrangement will be surface planted at the test
site .in brown sandy-clay soil along with acceleration type detectors planted
at two and seven foot intervals directly below the plate for signal and
frequency comparison with the previously reported ball drop tests on the
steel plate,

A laboratory high voltage power supply is available for use to pulse the
ceramic transducers for these experiments, Also, a thirty thousand volt
pulse power supply has been furnished by The University Museum to the project
for these tests,

Another activity during the month was the preparation and mailing of
Interim Technical Report No, 2, This report covered the experiments and the
results obtained with the Edgerton, Germeshausen and Grier, Inc. "Boomer
System"., Copies of this report were sent to Dr, Edgerton and the usual

addressees,




TR=-11 Transducer (High Power Low Frequency Transmitter)

This is a high power transducer approximating an 11" cube and
capable of generating 1 kw of underwater acoustic power in the LOO
cycle region when arranged in an array such that rho-c¢ loading is
achieved, The transducer is an extremely rugged electromagnetic unit
which weighs 150 1bs. and will withstand submerged depths up to 3000
ft. DC polarization is required for operating the unit. The impedance
of the transducer under normal operating conditions is approximately
100 ohms. .This transducer is usable in many types of arrays and baffle
systems where extreme high power is desired for low frequency operation

such as in long range ocean survelillance,




PETTY LABORATORIES, INC,

San Antonio, Texas

RESEARCH AND DEVELOPMENT PROGRAM

FOR

SONIC ARCHAEOLOGICAL PROBE

PETTY LABORATORIES, INC., a Texas corporation, with its office

and principal place of business in San Antonio, Texas, herein styled

"PETTY", is willing to undertake research and development in the field
of sonic and seismic measurements in the earth in an effort to develop
a suitable method, instrumentation and interpretational techniques for
locating buried archaeological ruins and artifacts, and THE UNIVERSITY
MUSEUM, UNIVERSITY OF PENNSYLVANIA, located at Philadelphia,
Pennsylvania, herein styled THE UNIVERSITY MUSEUM, wishes to support
such research and development, and to that end PETTY and THE UNIVERSITY
MUSEUM makerand enter into this agreement as follows:

I.

PETTY agrees to conduct research and development work, in its
laboratory and at selected field sites, leading to suitable methods and
design and construction of instrumentation for use of sonic or seismic
measurements in locating buried archaeoclogical ruins, and will carry
on such work in an economical and prudent manner consistent with its
other normal business activities during the remainder of the present
year 1961 and as much of the year 1962 as is required. For the purposes
of the present work, the archaeological ruins are defined as buried
masonry walls and floors from a few feet to tens of feet in extent and

buried under 10 to 30 feet of alluvium, The research and development




work contemplated hereunder will be conducted in a logical sequence of
phases including a preliminary study to determine the most suitable
method of sonic or seismic probing, field experiments for evaluation
of that method as to practicability, development and construction of
an experimental model of instrumentation required for utilization of
that most suitable method, and tests and evaluation of the exéerimental
model at suitable archaeological sites.

THE UNIVERSITY MUSEUM agrees to support that research and devel-
opment program up to an overall financial limit not to exceed THIRTY
TWO THOUSAND TWO HUNDRED DOLLARS ($32,200.0d), payable by it on monthly
billings from PETTY. Subject to such changes and modifications as may
be advisedly determined jointly by PETTY and THE UNIVERSITY MUSEUM, the
research and development work as provided for and contemplated hereunder
is and shall be under the control, direction and management of PETTY,
who specifically undertakes and agrees to.conduct and carry on the same
in a good faith effort to develop a workable method of sonic or seismic
archaeological exploration and to design and construct suitable and
usable instrumentation for implementing that method.

11,

In return for support of the research and development program
provided hereunder, THE UNIVERSITY MUSEUM shall be entitled to have and
receive the following:

(1) A monthly written summary from PETITY showing the general
nature of research and development work being conducted and
progress made during the preceding month, together with billing
for services actually performed during the month in accordance

with rates specified in schedule "A" attached.




(2)

(3)

(4)

(3)

(6)

(N

A written technical report from PETTY following completion of
each major phase of the program and describing in detail the
research and development activities and results achieved
during that phase.

A final report upon completion of the overall program including
full details on all research and development work, design and
construction of instrumentation and field tests conducted in
evaluation of the method and instrumentatiomn.

The final experimental model of the instrumentation as developed
and constructed under this program and as utilized in field
tests, including complete instructional information as to
functioning, operating and interpretational procedures.
Unlimited licenses for its own USfAPndegefny and all paE;:ichﬁ:
applied for hereunder and the right to use, for itselfikﬁithout
charge, any method, process or system originating out oflthe
research and development program conducted hereunder, without
otherwise restricting PETTY'S ownership of all such patents,
methods, processes or systems, and their enjoyment, use and
exploitation thereof.

The right to consider and evaluate jointly with PETTY, at the
conclusion of each phase of the program, the results and
findings of that phase and to plan and determine jointly with
PETTY any changes or modifications to be made in the following
phase or phases.

The right to designate suitable archaeological sites, in the

southwestern or western part of the United States, at which

field tests of the experimental model of the sonic probe will

oo o
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ATTEST:

be conducted, and to participate in such field tests.
The right and privilege to participate in any continuation,
extension or succession of this program as may be carried on

by PETTY. 1In the event a continuation, extension or succession
of the research and development program inaugurated hereunder
be determined upon and should THE UNIVERSITY MUSEUM not wish

to participate therein and fail or refuse to do so, the same
may be carried on without participatiom by THE UNIVERSITY
MUSEUM and in such event THE UNIVERSITY MUSEUM shall have no
right or interest therein nor in any results #chieved therefrom,
which limitation shall not restrict rights and interest of

THE UNIVERSITY MUSEUM hereunder as are expressly provided

above.

EXECUTED this the :3::f day of é:klff:%ZLftJ 1961

PETTY LABORATORIES, INC,

A
By
PETTY

ATTEST:

Secreti&y a

THE UNIVERSITY MUSEUM, UNIVERSITY OF PENNSYLVANIA

By

THE UNIVERSITY MUSEUM

Secretary




PETTY LABORATORIES, INC.

(o ot

San Antonio, Texas

PROPOSED

DEVELOPMENT PROGRAM

SONIC ARCHAEOLOGICAI PROEE

FOR
The University Museum

University of Pennsylvania




PETTY LABORATORIES, INC.

San Antonio, Texas

PROPOSED
DEVELOFMENT PROGRAM

SONIC ARCHAEOLOGICAL PROBE

Summarys:

The object of this development program is to provide a sonic
probing system suitable for use in exploring and outlining, from the
surface of the earth, archaeological ruins and artifacts buried under
shallow alluvium., It is understood that such ruins usually are char-
acterized by masonry walls and floors, perhaps some tens or more feet
in extent, covered by as much as twenty or thirty feet of deposited
material; also, that various artifacts of considerably smaller dimen=-
sions are frequently associated with the ruins,

Initislly a preliminary study will be made to determine the required
characteristics of the system and the most suitable techniques and
arrangement of sonic equipment which might provide the desired indica-
tions, particularly with respect to depth of penetration and resolution.
Next, local field experiments will be underteken, with available lab-
oratory equipment for the most part, to determine feasibility of the
selected arrangement as well as to indicate any special instrumental
or operational problems. On the basis of the above work an experimental
model of the proposed equipment will be developed and constructed.

Field tests will be made on this model to determine actual performance

in locating and outlining buried ruins and objects under wvarious sub-




surface conditions. As a result of these tests and evaluation, rec-
ommendations will be made as to any necessary modifications or changes
in design required in construction of a prototype suiteble for produc-
tion.

Phase I - Preliminary Study

Feasibility of the proposed sonic method appears to depend largely
on the amount of penetration and resolution which can be achieved with
equipment of size, weight and complexity suited to mobile or portable
operations. Therefore this initial phase will be devoted largely to a
search and study relating to the system characteristics required to
supply the desired indications under typical subsurface conditions, as
well as the instrumental and operating limitations. Ior example, such
factors as opﬂimum frequency range, necessary energy levels, propagation
problems, coupling means etc. will be covered. In addition to general
arrangement of the required instQumentation will be determined.

As a result of this study conclusions will be reached as to the
feasibility of the general method and recommendations will be made
concerning local field experiments to be carried out in the following
phase.

Phase II = Field Experiments

Field experiments will be conducted, in the viecinity of San Antonio,
to determine practicability of the proposed method and arrangements.
Measurements will be made of the propagation characteristics of a typical
subsurface and the effects of buried obstacles will be studied. Various
methods of coupling the probe to the earth will be investigated. In
this work presently available laboratory equipment will be used insofar
as practical; some special components, such as power transducers, may
be required.
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As a result of this experimental evaluation of the basic system,
it will be possible to specify the optimum operating parameters and
necessary features for the first model of the equipment.

Phase III = Development and Construction of Experimental Model

Based on the preceding study and field experiments, an experimental
model of the equipment, suitable for field tests, will be developed and
constructed. Emphasis will be placed primerily on satisfying the basic
principles of operation. In brief, the object will be to produce a
reliable developmental model which will be satisfactory for extensive
field tests of the method.

Considerable development of circuitry and special components will
be required, in addition to the design of the overall instrumentation.
Certainly the sonic power source or transducer will require special
attention. In this model no undue efforts will be made, however, toward
features such as extreme miniaturization, very low power requirements
and the like,

Phase IV - Iield Tests and Evaluation of Experimental Model

Field tests of the expéfimental model will be conducted at selected
sites in the southwestern part of the United States. For these tests
the equipment will be installed temporarily in a suitable vehicle with
necessary test equipment and accessories for operation in relatively
remote areas. In addition to indicating the general performance of the
equipnent under field conditions, these tests will provide information
on speciszl operational and instrumental problems,

At the conclusion of the field tests a comprehensive report will
be prepared, including recommendations as to modifications and redesign

required for a prototype model of the equipment.




Phase V - Modification and Resdesign for Prototype

In this phase any necessary modifications and redesign will be

made in the experimental model so as to result in a prototype suitable

for production.




BEstimated Time and Cost Schedule
for
DEVELOPMENT PROGRAM

SONIC ARCHAEOLOGICAL PROBE

Phase I - Preliminary Study ‘
Duration: 1% months @ $1500/month N
Estimated Fee $2,250

Fhase IT = Field Experiments
Duration: 3 months @ $2100/month
Special Equipment: {1000
Estimated Fee $7,300

Phase III - Development and Construction of
Experimental Model
Duration: 3% months @ $2100/month
Equipment and Components: $8000
Estimeted Fee $15,350

Phase IV = Field Tests and Evaluation of
Experimental Model
Duration: 2% months @ $2600/month
Vehicle Installation and Mileage: %800
Estimated Fee $7,300

Phase V - Modification and Redesign for Prototype '%;g 700

Model /
Duration: ) As required in contract

Costs ) extension or continuation.
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SONIC ARCHAEOLOGICAL PROBE

Summary of Activities
May-June 1962

Development activities during the past two months have been concentrated
primarily on ¢ (1) efforts to provide efficient coupling between the traﬁs-:f o
ducer source and the earthj (2) propagation measurements over a wide fréquéncy
range andg (3) design and construction of suitablg detector=preamplifier
agsemblies for use in more extensive measurements,

1, Transducer Coupling to Earth

Efficient coupling of the transducer source to the earth has proven to be
a considerable problem, as expected, requiring extensive experimental tests,
For the initial measurements the transducer has been installed in a hole,
about one foot deep, which is lined with a thin plastic material to prevent
loss of the coupling fluid and subsequent variations in the coupling conditiens.

After same preliminary measurements utilizing water as the mediﬁm, it was
decided to try other fluids of higher viscosity. A starch mixture, in which
the viscosity could be changed over rather wide limits, improved the measured
signal from the source by. three to five times, depending on the viscbsity,
frequency and other factors, Due to same lack of control with the starch
(which tends to thicken as the water evaporates), the medium recently has been
changed to SAE 1),0 lubricating oil which has a high viscoesity, is quite stable
and apparently very suitable for the purpose,

On an absolute basis, of course, the coupling efficiency is relatively low
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due '_to the limited dimensions of the source and the characteristics of the
soil, Since maximum coupling efficiency is a vital factor in providing a
useful system with relatively low power, attempts will be made to improve

the coupling as the measurements progress.

2. Propagation Measgremonts

A series of initial measurements was made at the laboratory site where
the immediate subsurface is fill consisting of clay mixed with gravel and
boulders, As indicated by a relatively few measurements over distance of
several feet, the total signal decay (including attenuation and geometrical
spreading) averages about 10 db per foot at 500 cps, While these tests were
limited to relatively short distances and made under quite high noise levels,
information was gained as to the overall instrumental requirements,

Upon completion of the initial tests, work was transferred to a rural
site about 18 miles south of San Antonio. The subsurface consists of a very
dry sandy clay soil followed by sandy clay and soft clay down to the maximum
depth of interest., Spnic velocity to about 30 feet has been determined by
previous measurements, in the vicinity, to be about 1900 feet per second.

Measurements have been made thus far in- drill holes from the surface down
to about nine feet; Using a transducer arrangement with high viscosity fluid
in a hole about eighteen inches deep and a continuous=wave input of 30 watts
maximum, goed signal transmission has been achieved over distances up to
about 8 feet, It has been found necessary to use quite narrow bandpass filters
to achieve acceptable signalc.-toa-noisé ratios. From tests to date, it appears
that the same arrangement will provide useful signals dewn to 10 er 12 feet.

Although the measurements are still in progress, the indicated total
signal decay is about 10 db per foot in the foot in the frequency range 500
teo .6.00 ¢ps; for the near-surface materials., As the depth inqreases it is te

be expected that the signal losses will become somewhat less,

-




Further significant improvements in overall performance could result from

use of various signal enchancement techniques in the detectiom arrangement,
In summation, it is probable that all possible approaches must be utilized to

provide adequate signal under the power limitations necessitated by porta-

bility and economic considerations,
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BID PROFOSAL

DEVELLIMENT OF SONTC ARCHAECLOGI AL FROBE

Experimenta o date have ylelded informaticr as to the insirumentation
Becespary for an initial field instrument design for the locaticem of
relatively larye objects buried at de 4. to 3C feet., Thiz egui ment
will also include sufficient frequency sdectivity to insure its
usefulness as a tool in the loeati n of amsll objecte, Additional
experimentation is needed to obtain cxitive small object resolution but
this instrumentation ocupled with a suitabls tranaducer or emergy source
may achieve desired resolutiom, Fxperiments at the site using the 200
cycles per second to 1000 cycles per secund selective band width filters
of the amplifiers will be needed to check this resclution capability,

The Edgerton, Osrmeshausen and drier, Ine, 1000 watt-sesond "Eoomer”
system and the electric blasting cap are the best energy sources tried

but both have a preponderance of low frequency energy, The smplifiers
will have filters desigeed to minimize the masking of high frequenc;

sonic signals by the low frequencias feneratsd by the transcucer, The
magnetie tape reeording equipment is designed to further enhance the
reflected sonic signal from buriec cblects by adding recet:i::iie signals
to reinforce the small reilected ener;yy in order Lo make these reflections
recognizable in the random backiround noise and socurre hash,

The powsr susply and equirwent ussd with the "Sowmer" is quite larpge and
relatively heevy so am extra vehicle would be needed as a transport if 1t
is used. Light trucks for this use may be leased for LTS per month

less gas and oil, Tae "Foomer" has mary disadvantages and would be rather
difficult to use in the field but is incluced in this bid tecause it is
one of the more succeseful scnic eneryy scvrces of the many tested, It

is hoped that with these funds a still more successful source, batter
designed for field use, will be Jeveloped, The blasting cap has obvious
disadvantaszes but is a good energy sour-e easy to transport,

The drill proposed is a simple auger type powared Ly a power takeoff from
the vehicle motor. Ne mechanical pull down featurse are included in this
bid but a design to allow at least 10 feot hole depth is included,

T LY




Petty Laboratories, Inc.
San. Antonio, Texas

SONIC ARCHAEOLOGICAL PROBE DEVELOPMENT

Report of Activities
October=November 1962

le Deeper Detector Spread

A group of four deep detector holes has been drilled around a central
driver hole at the test site, These holes, with depths of 16, 21, 26 and 31
feet, will provide for measurements to maximum depths required in the present
program, Acceleration detector-preamplifier units have been planted in all
of the holes for use in attenuation measurements. Recordings have been made
of received signals at all detectors, using continuous-wave output from the
driver,

2, Simulated Buried Targets

Three simulated archaeological targets have been constructed at effective
depths of 7, 11.5 and 24,3 ft. Holes three feet in diameter were drilled,
with a foundation drill, to depths approximately three feet deeper than the
desired final depths. Concrete was then poured into the holes to form targets
3 ft. in diameter by 3 ft. thick. After the concrete had hardened, the hole
was filled with the excavated material, These prepared targets will be used in
reflection tests utilizing primarily pulse transmissions.

3, Tests with Explosive Sources

Brief tests have been made with dynamite caps as sources and a detector
planted over the targets to receive possible reflected energy. The resulting
recordings are inconclusive due to the poor signal-to-noise ratios,

k. Equipment Preparation

Development work is in progress on a synchronized pulsing arrangement for
use with the driver and display oscilloscope. The fundaméntal frequency will be
6L0 cycles per second and the pulse duration and,regﬁtion rate will be adjustable,
s0 as to provide for optimum coverage of different dépth intervals and different
sonic velocities in the earth,

5. Visit by University Museum Director

During the visit by Dr. Rainey, on November 31, an inspection trip was
made to the test site south of San Antonio, Work in progress was discussed and
it was agreed that the tests utilizing sonic impulses should proceed in an
attempt to detect reflected energy from objects at shallow depths.
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Petty Laboratories, Inc,

San Antonio, Texas

SONIC ARCHAEOLOGICAL PROBE

Report of Activities

December 1962

Activities during the month have been restricted largely to design and
preparation of the equipment for pulse measurements and tests,

A pulsing unit is being designed and built for use with either the
MacLaughlin unit or a conventional oscilloscope. Provision is being made for
a repetition rate of either 5, 10 or 20 pulses per second, A pulse duration
control is provided for selection of from % to 2 cycles of 64O cps waveform
for excitation of the transducer; additional pulse length can be provided
readily if desirable, The basic 610 cycle signal may be obtained either
from an internal oscillator or from an external signal generator,

Inquiries have been made to a number of manufacturers of sonic transducers
for information on higher power units suitable for use in this frequency
range, It is hoped to locate a unit capable of supplying sonic pulses, into

fluid, of hundreds of watts of peak power at 6L0 cycles and with suitable

transient response,




Petty Laboratories, Inc,

San Antonio, Texas

SONIC ARCHAEOLOGICAL PRCBE

Repert of Activities

January 1963

A sonic probe pulse unit was completed and tested. Results of use of pulsed
power to driver, or underwater speaker, indicate that maximum power is consider-
ably reduced from steady state, or continous wave operation. Horizontally
spaced detectors and driver of one foot depth from surface were used in field
testing. Information from recordings of the detected signal indicate a resonant
frequency of 125 cps with 2 small 640 cps pulse component for the underwater
speaker diaphragm. This speaker resonance was not apparent from previous con=
tinuous wave operation,

During the latter period of January, Miss Elizabeth K. Ralph brought the
MacLaughlin oscilloscope and detector to San Antonio for testing and application
to the field experiments.

In testing the MacLaughlin equipment it was found that the device was
evidently not functioning properly., As covered in Miss Ralph's report of work,
the MacLaughlin oscilloscope required an excessively large minimum detected
pulse of 30 volts. Further test were then conducted using a Hewlitt-Packard
130B oscilloscope and Petty detection equipment. As mentioned previously a large
part of the emergy detected from the driver was at a frequency of 125 Ccps.

A discussion of future plans included the use of a "Boomer, developed by Dr,
Edgerton of M,I,T., for use as a driver capable of 1000 watts of power with

resonance about 600 cps,




Miss Ralph contacted Dr. Edgerton before leaving and he had no "Boomer"
available, but was forwarding a "Pinger" resonant at 9000 cps for evaluation

in a week or two.

Immediate plans are for work on filtering of detection equipment and alter=

ing resonant frequency of driver, pending arrival of "Pinger" from Dr. Edgertomn,




San Antonio, Texas

Petty Laboratories, Inc, ((lgf&;

SONIC ARCHAECLOGICAL PRCBE

Summary of Activities

February 1963

Several methods for altering resonant 125 cps of frequency of driver, or
underwater speaker, diaphragm were tried. The most successful was the applicat-
ion of a reversable cement to the outer edge of the diaphragm to "stiffen" it.
Resonant frequency could be altered to 600 cps and higher without power deterior-
ation,

Inqdiries were sent to various sources for information concerning higher power
drivers resonant around 600 cps., The replies were as follows: negative from
General Instrument Corp (Harris)s Massa-Cohu has a TR-11 transducer capable of
100 watts of acoustic powers and University Loudspeakers, Inc, had no higher
power units available, but would be happy to engage their Laboratory in this
work,

The Edgerton "Ping" transducer and power supply, resonant at 9 kcs, was re-=
ceived on the 18 of February. The "Pinger" required a 200 volt positive pulse
trigger so additional circuitry was added to the Sonic Probe Pulse Unit to
furnish this output. Attenuation measurements with the "Pinger" indicated severe
signal decay at 9 kes through a typical earth medium. Maximum detectable energy
was 3 feet with the "Pinger" coupled to earth with SAE 250 weight oil, Coupling
of energy from "Pinger" to earth with water and oil tried, with the latter
proving the superior coupling medium., Tests with the repaired MacLaughlin

oscilloscope and detector indicated comparable results as presented above,

i . e




Dr, Rainey and Miss Ralph visited the laboratory on the 25th of February and
discussed present status of project and possible use of equipment in Ttaly
this coming season. Various exploration plans were discussed and driver=
detector spread arrangement was proposed based upon satisfactory preformance of
the Edgerton "Boomer" as a sonic power source. Also discussed, was the possible
use of magnetic recording equipment for signal enchancement as a future require-=
ment far detection, if "Boomer" power source is not adequate,

Miss Ralph called Dr. Edgerton and explained the results of testing the
"Pinger", she also sent a written report of this work along with a copy of the
Petty report titled "Propagation Measurements In Typical Earth" to him. Dr.
Edgerton promised to send a "Boomer" sonic device ﬁo San Antonio on or about

the Lth of March.
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Petty Laboratories, Inc,

San Antonio, Texas

SONIC ARCHAEOLOGICAL PROBE

Report of Activities

March 1963

A control unit was constructed with provision for 12 detectors with
separate batteries, The truck wiring was modified for multiple spread
detector arrangement,

On the 11th of March, the "Boomer" power supplies and transducers
arrived, furnished thru the courtesy of Dr. H.E, Edgerton of Edgerton,
Germeshausen and Grier, Inc. Included were two 500 watt experimental and
one 1000 watt transducers,

Holes were dug as near as practical to the shallow apnd deep vertical
detector arrays for the 1000 watt transducer, Previous driver holes in
centers of the detector arrays were used for the smaller 500 watt trans=-
ducers. Driver holes were lined with thin plastic material to prevent loss
of coupling fluid.

Transducers were tried with both shallow and deep vertical detector arrays
and the seismic energy recorded. The records indicate lower frequencies
than 600 cps are produced.

Dynamite caps were also fired in water filled center driver hole with the
deteétor array. - Recordings of the seismic energy were very similar to those
produced by the "Doomer" transducers,

The "Boomer" system is an excellent source of high power acoustic energy,
but the results so far indicate seismic signals of much lower frequencies

than 600 cps, Apparently the initial pulse of the "Boomer" transducer in

T




water is either altered or suffers high frequency attenuation in the earth
medium, Previous results of impulsed continous wave seismic recording
indicates a gradual build=up of 600 cps energy thru about 3 or Ly cycles, A
pulse of discrete frequency is desirable in the region of 600 cycles,
Further work is in progress using horizonfal spreads of detectors spaced
along the optimum angle with the "Boomer" transducer to attempt to obtain
reflections from a concrete target 3 feet in diameter and 25 feet deep.

Detectors and transducer moving along an axis over the target will be tried.




: g Gl
Petty Laboratories, Inc. £E?S ,,f’////

San Antonio, Texas
SONIC ARCHAEOLOGICAL PROBE

Report of Activities

April 1963

The months acitivies concerned experiments with the Edgerton, Germeshausen and
Grier, "1000 WS Boomer System,"

In one Method, horizontal detector arrays were spaced at intervals across a
3 foot diameter comcrete target 2l feet deeps The 1000 Watt Second "Boomer" trans-
ducer was moved from one hole to another with these holes spaced 5 feet apart
across the target., Recordings were made using detectors planted 2 feet deep on
either side of the transducer location,

In another experiment, the 1000 Watt Second transducer was spaced along a line
at 5, 10 and 15 feet intervals from a point directly above the 2l feet deep target,
Detectors were then spaced along this lime, across the optimum distance for re=-
flection, at one and two foot intervals, ‘

No definite reflections wers obtained from the target with either method, The
loss of higher frequencies thru either attenuation, alteration, or both by the
earth medium probably results in no measurable reflection with a target of fract-
ional wave length,

In order to determine the feasibility of recording reflections from larger
buried objects, a test site was chosen approximately 10 miles northwest of San
Antonic, This site has Austin chalk mixed with surface soil thru several feet of
the surface, Limestone beds are at depths from 20 to LB feet deep with the
remainder of brown clay, The Austin chalk is a good high frequency medium as
compared to the sandy clay of the test site south of San Antonio.

Four transducer holes were dug 6 feet apart along a horizontal line with 2
foot deep detector holes on either side of each iransducer hole,

Recordings were taken at each transducer position with filter settings of high-
pass L0OO cps, high-pass 200 cps and broad-band amplifiers, Records indicate
possible reflections from the 2L foot and deeper limestone beds,

According to information received from Italy, the largest buried objects have
been walls about one meter across with no pavement in association, Therefore
orders of higher resolution for detection of the buried objects are necessary for
the sonic archaeological probe., Further work will continue based on using another
type of transducer,




Petty Laboratories, Inc,

San Antonio, Texas

SONIC ARCHAEOLOGICAL PROBE

Report of Activities

May 1963

Additional tests with the Edgerton, Germeshausen and Grier, "1000 WS Boomer

System" were conducted at the test site south of San Antonio,

The 1000 watt second transducer was placed in a ome foot deep plastic lined
hole with a thin mud mixture, This was an attempt to improve the coupling to the
earth medium, Also the plastic liner was removed from the transducer hole and
thenthe hole was filled and kept full of water while the transducer was in
operation, Neither experiment resulted in any appreciable improvement in results

as compared to those previously taken,

Recordings were made with a continuously tumed filtered amplifier and these

records indicated the preponderance of energy was at 350 cps and lower frequencies,

Dynamite caps were substituted for the transducer in the water filled hole
with a cap suspended at the approximate location at the transducer plate, Record-
ings were made at filter settings of high-pass LOO cps, high-pass 200 cps and
broad=band amplifier, Results indicated an increase in acoustic enefgy produced,

but of frequencies very similar to that produced by the "Boomer" system,

Dr, Edgerton's "1000 WS Boomer System” was returned to him on 23 May 1963,

as he requested, with appreciative thanks for the loan of his equipment,

A Barium Titanate type transducer is now available for evaluation and a

suitable power supply is being developed for this unit,




Petty Laboratories; Inc,
San Antonio,Texas

SONIC ARCHAEOLOGICAL FROBE

Summary of Activities

June-July 1963

Tests were conducted with a ceramic transducer, using a previously tested
underwater speaker as a reference for corﬁparisono A 2000 volt rms power source
of 600 cps discrete frequency was constructed to drive the transducer which had a
resonant frequency of 6000 cps.

The transducer was tested with a vertical spread of detectors planted at depths
of 3, 5 and 7 feet, Detector holes were drilled on an 18 inch radius around the
transducer hole of 1 foot depth., The transducer was pulsed with 2 to Ly cycles of
a cycle per second waveform,

In the first test the ceramic transducer was cemented to the botteom of the
hole with thick mud, Records of the signal output of the transducer were taken
with the detectors at distances of 2059 .3 and 6 feet, The maximum distance for
useful signal amplitude was L.3 feet,

In the second test the ceramic transducer was suspended at different levels in
an oil-filled hole, A maximum signal through the earth was recorded when the
transducer was against the bottom of the hole, The maximum distance for useful
signal amplitude was L.3 feet, with approximately 3 db signal increase in comparisqn
with the tests using mud coupling, Next the underwater speaker was placed on the
bottom of the oil-filled driver hole and a signal to a distance of 6 feet was
recorded, The gain in signal output, using the speaker versus the ceramic trans-
ducer, was approximately 20 db at a distance of h.3 feet,

The sonic signal amplitude of the speaker was encouragings therefore; a hole
was dug directly above the 7 foot concrete target, with a detector planted
directly on top of the target and other detectors planted on an 18 inch radius

around the drive hole, Backfill material in the hole above the target is
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urconsolidated, as velocity measurements far the signal at 7 feet were less than
the normal velocity of this soil, Possibility of reflections exists omn the
records, but reflection quality must be improved for definite identification of
buried objects.

Three detectors were planted around the 7 foot deep target and detectors
connected in parallel in an attempt fo phase out noise or unwanted signals. No
improvement of reflected signal was indicated,

On 9 July 1963, a meeting was held in San Antonio with Mr. F.L, Johnson of
Sun 0il Company to discuss the present status and future progress of the sonie
probe program, Tt was decided that. a transducer of considerably higher power of
discrete frequency is necessary for any future tests,

Mr, Paul Klipsch has been engaged as a consultant to the program to suggest
methods of producing high sonic powers, Alse, inguiries are being made of
various sources to determine the possibility of high power drivers adaptable to

piston operation in a fluid coupling medium,
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b Jject
The object of this development

l.fmdth-unhs
archasological ruins snd cbjests buried under shallow (up to thirty fest
alluvium, location of stoms snd masoury srtifaste having & miaimum
Muiwdﬂrutuﬁuﬂluhﬂrﬂ.deﬂﬂhm
extent, is desired,

Initial Attemuation Teste
8, Detestars

Detectors used are of the aceeleration type using a barium titamate
cersaic erystals with a counterweight snd an emitter-followes preazplifier
intesrated in a single case and pewered from a surfase battery,

b, Transducer to Zarth Coupling luvestigatioms

Efficiont coupling of the traseducer to the esrth has proven to be
and is 3 considersbls problem

Transducer holes have been dug to a depth of one foot to reduce surface
soil losses and to diameter to f£it the tramsducer, The holes have been lined
with a thin plastic to prevent the loss of the coupling fluid, Initially
wvater was used ac a medi then fluids of higher viscosity to increase the
coupling efficiemey, A u;--n-nh nixtare, with which the viscosity could
be changed over wide limits, improved the measured sigmal from the trassducer
source by three to five times, Becsuse of lack of contrel ever aglng of the
w&m-,mmuum-mwumuomdlmm
to SAE 250 wt. oil., The SAE 250 wt, oil was the heaviest obtainsble leoeally,
and is quite stable, Tnis oil provided s repeatable coupling medium far
transcucer tests,

Coupling efficiency is relatively low dus to the limited disensions
of the transducer diaphragm snd characteristics of the scil impedsnoe versus
coupling flvid and transduser, .

3
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¢e [rivar Units Tested

1. Univergity PAHF Model 100 watt (30 watts applied) driver umit
had too small s diaphrags snd required an air coluan between fludd and
disphragn, This greatly imereased the impedance wismatoh te fluid,

2o Under viater Spealssy

Uuiurdvmwmmaasnmmm
chosen because of a largssr dlaphragm, This speaker has & hemispberical
plastic piston about 2} inches in dismeter and the piston is driven
directly by the volee cedl widch is cemented im place, This
worked relatively satisfactorily and provided minimum detectable sigmal
to 30 feet, one way travel, using s sharp filtered amplifier to improve
the signal to nolse ratio, and a pulsed continuous wave of 400 cps,

3. Pulse Tests of Tramsducer Sourves

3ince ultimate wee of a pulse reflection arrangement was
intended, circuitry was devised for pulsing the MM2FUW underwater speaker,
Initial tests indicated major resomance at 125 cps inm the fluld media,
Modifications were made by stiffening the élaphragm serround) so as to
raise the resonant frequeney to 600 cpsj however, these changes resulted in
considerable loss of mamimum permisssble power,

Lisdted attemptes were then made to obtain reflected signals
from shallow concrete targets, but Do recognissble return sigmels were
noted and the tests were not carried to ¢ definite conclusion,

Arrangensuts were made next, through the University Yuseum, fur
a loan frem Ir, mumu.iuwmnm-w
transducer and a 1000 watt-gecond sooar "boomer” transducer which operates
on the principle of eleectromagnetic repulsiom,

Tosts nade with the "pingwr® in the usual oil coupling medium
to earth resulted im a two-way detectabls signal only to a depth of about
3 feet, ividently the earth attenuation at 9 ks is excessive,

Tests next were made using the mmm-w ina
water-illed hole, The rated impulse of the transducer inm water is 3 or
hcycluurhmrrwm the recorded wave when coupled

through earth shows ensr aliulurbduBSOupo. This wave form of
huﬂmjsﬁep--' hahﬂh#)ﬂfut,\dth.vq
good signal te noise ratio (about Q).

In reflection tasts utilising the "bomer® over a concrete targst
Jtmummmrmmna—teum-u indieations
of reflected energy were indefini There wers, however,some iadlo:ua-
of return signals (4a the form of mma.)nmmm
elapsed travel times,
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Additional tests were made with the "boomer® a chalk
subsurface underlain by limsstone bdeds 23 to S0 feet desp, The predominant
rocarded frequoncies agais were below 350 eps, but there were rather

definite indications of shallow reflsctions,

It ia concluded that She "boomer® is an excellent sourcs of high
power acoustic energy, but the resulting seismic frequencies are such lower
than the desired 600 ops, If the "boomer®™ could be redeaigmed to furnish
3 or L cycles of discrete 500 cpe energy, it would appear to have exvellent
possibilities e a high power contrellable scuroce,

Tests presently are beimg conducted on a ceramic transducesr
(barium titanate?), about Sei® diameter by 4" thick, with a loaded rescnance
of & ko, The unit is being drivem by a pulse of variable duration and 600
eps basic frequency, Results thus far indicate messureabls one-wsy signals
to a depth of five feet when the transducer is couplsd to earth through a
stiff mod medium, An amplifier with a sharply tumed (00 cpa filter was used

in the detection arrangement,
he Other Suggested Tramsducers

vmuuwldmuhdrimmhnohuamm
with the ;rimary objectives of producing quite large amounts of acoustis

power with relatively simple equipment, These inelude arrangements ass

(1) a steel drum hesd in which the head is struck mechanically
end the resulting vibratiocons ceupled %o the earth through a fluid medium)

(2) a resonant pipe or red which is struck mechanically so as
to produce large asplitude vibrations in a fluild-filled holej

(3) various eceentric flywheel types of vibrators using
syuchronous motors to obtaim the basie frequency and cluteching to furnish
an impulse of chosen duration; and

(L) a spring-mounted 600 cps mechanically rescnant plate system
which is etruck with a hammer to produce large amplitude vibratioms which
are coupled to the earth (P,L, Johnsom), It shoald be moted that all of
these mechanical eystems are relatively uncomtrollable as to pulss length
etc.} Lhus they are suitable only “or rough detersimations of possible
energy transmissicn at OO0 cpe,

Other suggested sonic power sources have imcluded special electre=
nagnetic moving coil arrangewents to drive a solid metal piston whioh in
turn drives the fluid medium, Various other types well-kn«wm in the
literature have besn considered alsoj for exsmple, the 2 kw Fessenden
os¢illa'or much used by Fvisoe in his earth iuvestigatiome (Proe, Physical
Soe, vol, 6L, Part A, #376 By aleo, New Zealand Journal of Science and Tech,

R D
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vel, 35, Seet, B, July M’L Ve XKI, Pe 939=9593 Geophy.
Prospect v, 5, no. L, p. 38)=392). The high power generater devised by
St, Clair, for use at 10 ke,, alse offers poesibilities (Review Scient,
Instruments, May 15L1),

5e Conclusions

deterzing the possibility of obteiming pulse reflectiouns frem small objects
at the 30 foot depth, FPoseibilities of conwerving the radisted energy

by boamin; should be investi ated, Possible improvesents in the traneducer=
sarth coupling arrangemsnt should be investigated carefully,

Uuofnlimlcnhmtmhnummohumtumadm
may be required in the mgasurements werk,
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COMMON REFLECTION POINT HORIZONTAL

DATA STACKING TECHNIQUES

W. HARRY MAYNE

ABSTRACT

Techniques are described whereby multiple coverage of the
subsurface is recorded. Detector spreads and shotpoints are
arranged so that the channels representing common depth points
are recorded with appreciably different horizontal distances
between the shotpoints and detector stations. The channels which
have a common reflection point are combined, or stacked, after
appropriate corrections for angularity, and travel time to datum
have been applied.

Reflections which follow the assumed travel paths are
greatly enhanced, and other events are reduced.

Methods for attenuating multiple reflections with respect to
primaries are discussed in considerable detail,

Typical field comparisons between conventional and stacked
traverses are shown to illustrate the degree of improvement

which can be obtained in the signal to noise ratio.

General considerations applicable to field usage, and the
geographic range of field experience are summarized.

GEOPHYSICAL ENGINEERING . ELECTRONICS . METAL PRODUCTS




COMMON REFLECTION POINT HORIZONTAL

DATA STACKING TECHNIQUES *

W. HARRY MAYNE

INTRODUCTION

Improvements in the signal to noise ratio of seismic signals has
been a continuing project with geophysicists for many years. As certain
problems have yielded to solution, new ones have been encountered.
From Klipsch (1936), Rieber (1936), Poulter (1950), Woods (1953).
Reynolds (1954), Parr (1955) to Graebner (1960), various techniques
have been described to utilize the noise attenuation properties of multi-
element arrays.

Applications of these and related techniques, either singly, or
in combination, have produced solutions to many difficult problems. As
the multiplicity is increased to cope with still more difficult situations,
‘'however, we are eventually confronted with an inherent limitation. As
the arrays become larger and larger, the subsurface area which is av-
eraged increases correspondingly, In practice the summation or in-
tegration of reflection arrivals from a subsurface area theoretically as
great as ten acres may result from pattern dimensions of less than 700

* Presented at the 31st Annual SEG Meeting, Denver, November 8,
1961.




ft. This, of course, tends to obscure the very detail which is being

sought. The multiple-coverage, common-reflection point technique was
devised to provide a practical means of increasing multiplicity without

this limitation.

DESCRIPTION OF THE METHOD

Multiple coverage of the same subsurface with different shot and
detector positions has been suggested for several purposes. Green
(1938) advocated multiple paths centered about a common depth point to
eliminate the effect of dip on velocity determinations.

This writer (1956) proposed that the information associated with
a given reflection point, but recorded with a multiplicity of shotpoint
and geophone locations, be combined algebraically after applying
appropriate time corrections. Thus, if the reflected signals received
along the several paths are adjusted for coincidence, their resultant
sum will be proportional to the number of signals. Perturbations
following other than the postulated ray paths will not be coincident, and
hence will be degraded relative to the reflections. For random
incidence the average theoretical enhancement will be proportional to
the square root of the number of signals. This is analogous to pattern

performance. Since, however, the source and receiving points have




been selected so that the reflection point is common to all paths, the
limitations of conventional pattern techniques no longer apply. The
horizontal spacing between source and receiver is restrioted only by
the following considerations.

1. The greatest distance which will permit coincidence adjust-

ments of the requisite accuracy. The probable error in the

postulated stepout increases with distance and must be kept
small with respect to the reflection period.

2. The greatest distance over which the reflected signal;s'

persist with adequate similarity.

Magnetic tape recording equipment, Loper and Pittman (1954),
has become readily available, and has made the necessary summation
processes convenient and economical.

FIGURE 1 illustrates one simple field procedure for obtaining
multiple coverage of the subsurface. This 24 detector station arrange-
ment has the unique property of recording data from a specific reflection
point on the same channel throughout a sequence of 12 shots. The mul-
tipligity; i. e. the number of available paths which have a common
reflection point, is 12 or one-half the number of stations in the spread.
Note that the progressive variation in horizontal distance between the

shotpoint and detector for the end stations is 22 intervals., Thus




summation of the number one channels of the 12 shots is equivalent to a
12 element array with a total length of more than one-half mile if
typical station intervals are used. This is, of course, many times
longer than would be permissible with conventional techniques, and thus
provides effective attenuation of events with extremely great apparent
wave lengths. Each of the shots recorded in this manner will require a
different moveout correction program, but summation can be made

without channel transposition.

ALTERNATE ARRANGEMENTS

It is possible to develop the desired multiple coverage in a
variety of ways. In the following examples, 24 detector station spreads
will be used. If a standard split spread configuration is preferred, the
arrangement of FIGURE 2 can be used. In this example both the spread
and shotpoint are advanced two intervals so that a symmetrical setup is
maintained. The depth points corresponding to each shot have been
indicated by the dots underneath the setup. It is seen that channels from
a total of 12 shotpoints must be used to obtain the full multiplicity of six.

The table of FIGURE 3 shows the channels recorded from each
shotpoint which are used to compose the 24 depth points under Shotpoint

s




In each of the previous examples only one shot is made into each
instrument spread. FIGURE 4 illustrates a sequence which also yields
six fold multiplicity using three shots per spread, but allows the spread
to be moved six stations ahead each time. FIGURE 5 shows the cor-
responding channel composition schedule.

The preceding examples point the way to the general expression

for the multiplicity of any particular progression. Thus if:

M = path multiplicity (as previously defined)

N = number of detector stations in the spread

n = number of stations by which the spread is advanced
S = number of shot positions for each spread

the following expression will define the multiplicity for any sequence.
M = NS/2n

FIGURE 6 illustrates a third arrangement which develops six
fold multiplicity. This is similar to the sequence of FIGURE 2 since
the shot location and spread are both advanced two stations, and only a
single shot per spread is taken. The shot is located at the end of the
spread thus changing the geometry of the common reflection point paths.
FIGURE 7 shows the channel composition scheldule, This type of arrange -

ment is particularly efficient in attenuating multiple reflections.




MULTIPLE REFLECTIONS

Powerful evidence confirming the existence of multiple reflec-
tions was presented by Ellsworth, Sloat et al (1948). Later experience
has indicated that occurrence of this insidious form of '"noise' is
dangerously common.,

The common-reflection point technique can be an excellent tool
in reducing multiple reflections even though they defy exact analysis.
FIGURE 8 illustrates a rather typical example. A hypothetical velocity
function of 60004.2Z has been assumed. An objective of major interest
is postulated at a depth of 8, 960 ft and vertical two way time of 2.300
sec. The second order reflection (simple multiple) from a shallow
reflector at 3,710 ft would also have a total travel time of about 2.300
sec. The relative strength of the two reflections will, of course,
depend on the respective refleqtive indices, and the reflective index of
the transition boundary where the near surface reflection occurs.
Since the travel path of the multiple is confined to a low velocity zone,
it will exhibit the stepout shown by the upper curve of FIGURE 8. The
deep primary reflection will follow the stepout shown by the middle
curve. The lower curve shows the difference in stepout between the
two events. Hence if a number of channels with different shotpoint to

detector distances are combined so that the primaries are in coin-




cidence, the multiples will be out of phasé as indicated by the lower
curve, For example, suppose we combine five paths, and the multiple
has a period of 0.035 sec. Attenuation behaviour will be the same as a
five unit pattern array. Hence we must have a minimum of 0.035/5 or
0.007 sec difference in stepout between the successive paths, or a total
of 0,028 sec between the extremes if adequate attenuation is to be
obtained. The estimated distances required to establish the necessary
differences are indicated in FIGURE 8 by the circled points numbered
one through five on the lower curve. Note that the distance to the fifth
or fartherest channel in this example is 4,500 ft. Shorter distances
will seriously reduce the attenuation and should not be considered.
Longer distances will not seriously affect the attenuation, but become
increasingly unwieldy. Obviously paths with a common reflection point
must be used if excessive subsurface averaging is to be avoided. Of
equal importance is the fact that the amount and direction of dip of either
reflector is not significant if common-reflection point geometry is
applicable.

One problem is apparent from FIGURE 8. Since the differential
stepout versus distance curve is not linear, the distances are non-
uniform. Suppose that data are to be recorded using the spread arrange-

ment of FIGURE 6. If the required 0.028 sec stepout is developed




between a station 1 and a station 21 (FIGURE 7), our station interval

should be 4500/21 or approximately 215 ft. FIGURE 9 shows the compar-
ison between the theoretical stepout desired, and the actual values ob-
tained. These approximations yield better than 4.5 to 1 theoretical
improvement in the primary to multiple ratio, aséuming sinusoidal waves.
There is so little stepout difference between the nearest channels (1 thru
4) and their next corresponding common reflection point channels (5 thru
8) that better attenuation is obtained if channels 5 thru 8 are Qmitted..
Use of all six channels reduces the corresponding ratio to 2.5 to 1.

The common reflection point technique is also advantageous when
inverted polarity mixing is used to attenuate multiple reflections. This
form of skip mixing is effected by first adjusting the multiples to time
coincidence. After adjustment the polarity of one channel is reversed,
and it is then combined with any normal polarity channel having similar
wave form and amplitude.

Attenuation of the multiple reflection will be limited only by the
degree of wave form identity between the two signals, and the precision
of the phase and amplitude adjustments.

Destructive interference will also attenuate the primary reflec-
tions unless they happen to be approximately one-half cycle out of phase

on the channels which are combined. This means that the differential




stepout between the multiple and the prim-ary reflections must be one-half
the period of the primary reflections, and the resultant primary reflection
puise will be broadened by one-half cycle. Thus for a primary reflection
period of 0.035 seconds, FIGURE 8 indicates that channels separated by a
spread distance of approximately 3,500 feet must be selected to avoid
attenuation of the primary reflection. Although fortuitous dip relations
might permit combination of channels closer together, this illustrates the
order of subsurface averaging which will probably occur.

'This excessive subsurface averaging will be avoided if common
reflection point channels which possess the proper difference in stepout
are used. The multiple reflection will be attenuated as before, but use of
the common reflection point technique will eliminate subsurface averaging

and also make the process independent of the dips involved.

DATA COMPARISONS
FIGURE 10 illustrates a conventioﬁal traverse in the Powder River
Basin of Wyoming compared to the same traverse with 12 fold multiplicity.
Shot pattern, geophone arrangement and playback settings were identical.
FIGURES 11 and 12 show a similar comparison in Southern

Oklahoma.
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FIELD EXPERIENCE

Considerable field experience in a wide variety of terrain has been
‘accumulated. While experience has varied somewhat from place to place,
certain common considerations have become apparent.

1. Filter: Because of improved attenuation of ""ground roll" and

other extraneous low frequency noise, wider band filters can

generaily be used. They are preferable because reflection

character and apparent damping are improved, and the required

correction precision is somewhat reduced.

2. Spreads should be as long as practicable. Not only are they

more efficient from a production standpoint, but data quality is

enhanced, Detector stations should be at least 220 ft apart, and

440 ft is desirable if conditions permit. The longer spreads are

much less vulnerable to multiple reflections, and complement

the multiplicity obtainable with conventional pattern arrays.

3. The most effective shot and detector patterns permitted by

economic considerations should be employed. The added mul-

tiplicity available with this technique should be used as a

supplement to normal good practice and not in substitution

therefore.

4, Preliminary traverses in an area should be recorded with
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greater multiplicity than may be necessary. Test processing

can then be performed to select the most economical arrangement.
5. Corrections for moveout, weathering, and elevation must be
accurately determined and precisely applied. Careful editing

of corrections, and deletion of obviously poor data can be of

great benefit.

6. Approximately the same daily production can be maintained
using this method as would be attained with conventional

operations.

CONCLUSION

The common reflection-point, horizontal data stacking technique
has added a new order of magnitude to the usable dimensions of multi-
path pattern array geometry. Signal to noise ratios have been enhanced
well beyond the saturation point of conventional pattern methods. Field
effectiveness has been demonstrated in Mississippi, South Louisiana,
the deep Frio and Wilcox trends of the Texas Gulf Coast, the Delaware
and Palo Duro Basins of Texas, the thrust areas of Southern Oklahoma,
the Powder River Basin of Wyoming and Montana, and Colombia, South

America.
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FIG. 1. Common channel spread sequence giving 12 fold multiplicity. Detector spread advances one station,
shotpoint backs up one station for a total of 12 recordings. Common depth points are recorded on the same
channel throughout each sequence of 12 recordings.
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FIG. 2. Symmetrical straddle spread sequence giving six fold multiplicity. Detector
spread and shotpoint are advanced together by two stations for successive recordings.

S.P DEPTH POINT  NO.

NO. |1 ([2]3|4[S|6 7 |8[9/10/1[1213]14]15]i6]17 18 [19]20] 21[22]23]24
| |24

2 |20(21|22|23|24

3 [l6|i7|18 19 |20/ 2i|22|23|24

4 | -]13]14[IS|16]I7|I18|19(20/21(22|23 |24

S [9[10[1l 12| -[13]14(15(16]|17|18(I9 |20|2122|23|24

6 [5/6/7(8|9(10[11]12]-I13[I14]I15|16 (IT (1819 |20|2!|22(23 |24

T |1[2[3]|4|5(6|/7|8|9|10[11]12]-|13[14|15]|16|17 18|19 |20|21|22/23
8 1[{2]3|4/S5|6[7(8|9(10/1[12]-[13]4|15[16(I17|18(19
9 112|3|4(5[6|7 (8|9 /l0jl12]|-]13[1415
10 112/3|4(5(6(7|8|9/10{11]12
1] 1/2|3/4|5|6|7|8
}4 1234

FIG. 3. Table illustrating the channel combination schedule for data recorded using the
spread sequence of Figure 2. Depth points of the stacked resultant are composed of the
channels included in each vertical column, as recorded from the indicated shotpoints. Depth
points of the stacked resultant correspond to those recorded on channels one thru 12 of shot-
point 7 respectively. Stacked depth point 13 is under Shotpoint 7, and stacked depth points
14 thru 24 correspond to those recorded on channels 13 thru 23 of Shotpoint 7 respectively.
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FIG. 4. Non-symmetrical spread sequence which gives six fold multiplicity using three shotpoint locations for

each detector spread.

Shotpoints spaced two intervals apart.

The detector spread is advanced six stations forward after each sequence of three recordings
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FIG. 5.

Table illustrating the channel combination schedule for data recorded using the

spread sequence of Figure 4. Depth points represented by the stacked data are the same as
those recorded from Shotpoint 2 C.
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FIG. 6. Single-ended spread sequence giving six fold multiplicity. Shotpoint and spread advanced together
by two stations between successive recordings. Similar arrangements with the shotpoint at one end of the spread
are preferred for use in attenuating multiple reflections.

S P DEPTH POINT  NO.
Nno.[112[3[a (56| 7[8]o10] n1213[14[15]i6]17 [18]19]20] 21]22[23]24
| |21]22[23|24
2 |17 18|19 (20|21 |22[23|24
3 [1314]15]16[17|18]19 [20|21|22]23|24
a |9 fiofui2]i3)ia]is]ie]i7]i8 |19 |20|21|22|23[24
5 |5|e|7[8]910]nfi2)iz[ia]15]16]17[18]19 |20
6 |1|2]3]a]s]e|7|8|9li0|11]12]13]14]15]16]17 18]19|20| 21[22|23|24
7 1[2]3]a[5|6|7|8]|9]i0|n|12]13]14|15]16]17 [18]19]|20
8 1|{2|3|a|5|6|7|8]|9l0[1]12[13]14]15]16
9 1{2]3]a]s5]e[7][8]9]io1]i2
10 I|2|3|a|5|6|7]|8
I 1 [2]3]a

FIG. 7. Table illustrating the channel combination schedule for data recorded using the
spread sequence of Figure 6. Depth points represented by the stacked data are the same as
those recorded from Shotpoint 6.
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FIG. 8. Stepout as a function of shotpoint to detector distance for a primary reflection and a multiple with

the same total travel time. Assumed veloclty function is typical of the Gulf Coast of Texas. The lower curve
represents the difference in stepout between the multiple and the primary at each distance. The circled points
numbered one thru five on the lower curve show the distance at which channels should be recorded to obtain
infinite theoretical attenuation of a multiple with a period of 0.035 sec. Corrections for the moveout of the
primary would be applied, and the five channels combined to produce a single resultant.

STATION

NO. DISTANCE

ACTUAL
STEPOUT

STEPOUT FOR
OPTIMUM ATTENUATION

! 215

0

S 1070

9 1925

006

.007

13 2785

Ol

.014

17 3640

0I9

.02l

2l 4500

.028

.028

ACTUAL ATTENUATION OF 5 CHANNEL SUMMATION > 4.5 TO |

FIG. 9.

Table comparing the actual stepout differences obtained with the desired theo-

retical optimum values when the spread arrangement of Figure 6 is adapted to the example

shown in Figure 8.

The detector spacing is chosen to provide the desired overall difference

in stepout between the nearest and the fartherest common-reflection point channels recorded.
More attenuation can be obtained by using only five channels as shown, since there is so
little difference in stepout between channels one and five. Station interval is 215 ft.




CONVENTIONAL SINGLE COVERAGE
FILTER: OUT— 42 MIXING: 40% TAPERED

HORIZONTALLY STACKED TWELVE FOLD COVERAGE
FILTER: OUT— 42 MIXING: 40% TAPERED
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FIG. 10. Comparison of the same traverse recorded with conventional single coverage and stacked 12-fold

multiplicity in the Powder River Basin of Wyoming.

identical for both sections.

Shot and detector patterns, and playback settings were
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SOUTHERN OKLAHOMA
CONVENTIONAL COVERAGE
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Conventional single coverage traverse recorded in Southern Oklahoma indicating highly complicated
. and playback settings are identical with those used for Figure 12.

FIG. 11.
geological conditions. Shot and detector patterns




SOUTHERN OKL AHOMA
HORIZONTAL 12 FOLD COVERAGE
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