SwR1 Proposal No. l4-3306
August 9, 1983

4 froposal fo

INVESTIGATION OF THE SELF-POTENTIAL MEASURED
FOR ISOLATED ROCK SAMPLES

Submitted to
The Townsend Brown Foundation

P.0. Box 1365
Avalon, CA 90704

Prepared by

Bob M. Duff
Institute Scientist

Approved:

7 E Qoo

Thomas E. Owen, Director
Department of Geosciences

SOUTHWEST RESEARCH INSTITUTE
SAN ANTONIO HOUSTON




IT.

ITT.

Iv.

TABLE OF CONTENTS

INTRODUCTION
TECHNICAL DISCUSSION

A, The Previous Experiment
B. Electric Potentiels and Fields

PROPOSED PROGRAM

Task A - Review of Literature and Pagt Experiments
Task B - Final Desipgn of the Experiments

Task ¢ - Experiments

. Task D - Final Report

ooy

PROJECT STAFFING AND TASK/TIME SCHEDULE

SOUTHWEST RESEARCH INSTITUTE QUALIFICATIONS AND
RELATED EXPERIENCE

A. General
B. Flectronic Systems Division
C. Department of Geosclences

APPENDIX A - Soutwhest Research Institute Organization Charts

and Personnel Professional Data

ii

R

cEEPE B

oh

9o Qo O



I. INTRODUCTION

Southwest Research Institute has been contracted by the Townsend Brown
Foundation in regard to replicating and extending experiments asscoclated
with the measurement and long-term recording of the self-potential of lsolated
bagaltic rocks. Of particular interest in relation to this experimental
study are the obgervable variations in the measutred data, which exhibit
diurnal, weekly, seasonal, semiannual, and annual perindicities. Im response
to the reguest for proposal, a project is described which iz aimed at conducting
a thorough and eritical examinatiom of the reported self-potential phenomena.

Self or spontaneous potentials within the earth are well known and
have been utilized for mineral exploration for over 150 yeara. One of the
earliest applications of self potentis]l meagurements Was reported by R.W. Fox(1)
in 1830 in which he utilized self potential measurements aleng the walls
of mines to locate sulphideé deposits. These potentials within the earth
originate most often from electrochemical reactions, particularly reduction-
oxidation (redox) processes., The self potentials produced by a sulfide
bady are nomrally producted by redox reactions., Water from the surface
containing desclved oxygen produces an exidizing region over a part of the
sulfide body while other parts of the surface are in a reducing environ-
ment. The resultant difference of potential batween different parts of
the body produces a current flow and an asacciated patential gradient which
15 messurable at the surface of the earth. Other glectrochemical reactions
can occur at the interface between different types of materizls. For example,
self-potentials are high at contacts between shale znd sandstone. If this
vegion is penetrated by a borehole, currents can flow in the borehole fluid
between the two layers thus producing a potential gradient which may be

meagured in the borehole. Selective diffusion or absorption of iomic charges
can also produce electric potentials between one type of geologic material

and another. Electrokinetic charge separation resulting from the flow of
ground water or porshole fluids through the porous medium can also produce
gpontanecus potentials. Thermoalectrie generation of currents and, hence,
patural potential gradients has alse been aobgerved, particularly in geothermal
regions.

A careful review of the various processes which produce self potentials
within the earth has failed to identify a process which is likely to produce
gimilar eleaectric potemtials scross an isolated rock sample. However, che
experiment conducted by T.T. Brown has shown a measurable petential. The
purpose of the propesed project ls therefore to design and carry out experi-
ments which will lead to definite identification of the source of the potentials
previoualy observed. There are a variety of well known physical phenomena
which could have produced the observed deflections of the strip chart recorder
in the previous experiments. Since there are many possiblé sources and

(1} TFox, R.W. (1830) "On the Electromagnetic Properties of Metalliferous
Veina in the Mines of Cornwall™ Philosophical Transactions of the Royal
Society, 130,299,



potentfally valid explanations of the obanrvations, a systematic and comprehen-
give investigation must be planned in order to assure that definitive results
are obtained., Within the scope of the proposed project,it should be possible
to answer the questions concerning the origin or cause of the previous obger-
vations to the satisfaction of all concerned, assuming that observations
similar to thoge obtained by T.T. Brown can be repeated.

1I. TECHNIGCAL DISCUSSION

A. The Previous Experiment

The descriptlion of the experisment conducted by T.T. Brown described
in Attachment A of the request for proposal is summarized as follows: "An
oval-ghaped basaltic reek, approximately 3 in. x 5 in. x 8 in., from the
rim of the ancient Keolau volcano on Ohau, Hawaii, is thoroughly oven-dried
and copper electrodes are painted on opposite sides. The rock is then covered
with an insulating plastic sheath and enclosed in several layers of aluminum
foil which is prounded. A 5-megohm wire-wound precision reaistor (shallcross)
ig attached to provide an electrical load., The load causes the freely-floating
sclf-potential of the rock to drop from appraximately 300 mV to a mean value
of approximately 50 mV. The rock and resistor are encased in an electrically-
shielded constant-temperature box controlled to 0.1°¢. BRC shielded cable
connects the rock to a double-throw cne-hour timing switeh, thence to a
strip-chart recorder as shown in the diagram. When the switch is in Position
1 for one minute, the recorder is directly comnected to the rock, When
in Position 2, for the remaining 59 minutes, the recorder is connected te
a fixed 50 mV constant (battery-fed) source."

A8 a parr of the propeosed project, this experiment will be duplicated
aa nearly as possible including the use of the same type of strip chart
recorder and wiring arrangement. In addition, other arrangements of this
experiment will be conducted which will be designed to test or idencify
the pozsible sources of the observed potaential and variations with time,

B. FElectriec Potentials gnd Fields

Static and quasistatic ealectrie fields, or potential gradients,
arise from chemical, thermal, or mechanical charge separation mechanisms
or from induction by a time varying magnetic field. With respeet to isclared
roek samples, the only self-contained mechanisms which would produce a poten-
tial gradient within the rock are electrochemcial or thermoelectrie. Since
the experiment was condueted with the rock in a temperature-controlled environ-
ment, thermoelectric effects within the rock itself are not likely to be
the source of the observed potential. Electrochemical processes probably
do pceur within the roek and would be dependent upon meisture content.
anever, if the roek iz macroscopically homogeneots in its chemical and
physical properties, then no net potential difference across the surface
of the rock would be axpected. For a poreantial difference to be produced
by electrochemical reactions, some nonuniformity and anisotropy must exist



which determines a unique direction within the rock., This requirement for
a unique directional property within the rock becomes clear with regard

te the gueation of which electrode om the rock will be positive and which
will be negative, It is possible that the electrodes used to contact the
rock develop a polarization and.hence a potential difference between

the metal electrode and the reck. This electrode polarization will balance
out to zers if the two electrodes are of the same matarial and of equal

area.

From these argumants it seems unlikely that the observed potemtials
originate from any physical or chemical reactions which are associated with
the composition or structure of the rock. If these conclusions are correct,
then the rock could be replaced by an equivalent electrical circuit without
affecting the measurad potential.

There may be an eéxplanation for the observed potentials other than
anergy generation or energy conversion within the rock. Altheugh thermoelectric
phenomena within the rock are improbable because of the temperature-controlled
environment, the strip-chart receorder end gother parts of the electrie eirenit
‘do not appear to have been in the controlled temperature emclosure. Thus, it is
pogsible that some thermoelectric effeet occurred between the components within
the enclosure and those exposed to ambient temperature. Another poseible origin
of the obmerved data could be slectrostatie fields which affeet the strip chart
recorder or other parts of the circuit which were not located within the shielded
enclosure. For example, the normal fair weather electric field near the gurfacae
of the earth is of the order of 140 volts per meter although it may reach much
higher values during thunderstorm activity. This fair weather field has a
mean diurnal variation of 40 to 50 volts/meter measured gver the ocean. 2)  VYhen
using sufficiently high impedance instruments, it is possible for this field to
produce measurable potentials within the circuit.

Magnetic induction would not at first appear to be a likely source
of the observed potentials fince time varying fields are requirad and the
induced voltages would also be time varying. Even if the period of the
alternating fleld were much longer than the one wminute measurement time
it would not necessarily be zynchronized with the measurement cycle and
would thus produce both positive and negative potential readings. On the
other hand, if some element in the circuit should aet to partially reetify
the alternating currents, then even ambient radio frequency fielda could
become a possible source of the observed potential.

There are thus many posasible gources of the sbzerved recorder deflec-
tions. In any experimental measurement of this type, great care must be
exercised to identrify and eliminate all extraneous sources., With careful
planning of the experiments end a thorough scientific approach to the investi-
gation, LIt should be possible to datermine the source of any potentials
which cannot be eliminated and to explain any changes Iin these potentials.

(2} Pierce, E.T., "Some Topics in Atmospheric Electricity," in Reecent Advances
in Atmespheric Blectricity-Proceedings of the Second Conference on Atmos-
pheric Electricity, 1938, Pergamon Preass.



III. PROPOSED PROGRAM

A. Tash A - Review of Literature and Past Experiments

The first task of the proposed preogram is an in-depth literature
search and review of related past experiments. This task is axpacted to
raquire two months although additional literature findings will be reviewed
throughout the project as new material is identified, The initial literature
search will utilize Southwest Research Institute's access to several computer-
based information retrieval services, The initial comcentration of rthe
search will be on published observations of self potential produced by isclated
rock samples. In additiown, however, the sesrch will be expanded to include
publicstions on 21l related phenomena and other long-term measurements of
small electrie potentisls. All identified papers will be reviewed to establish
their relevance to the project. Thoge papers which appear to contain relevant
information will be studiad in detail and an interim report summarizing
the results of the literature search will be prepared and submitted to the
Townsend Brown Foundation.

During the time period of Task A, a review of the previous self-
potential experiments will be conducted in addition to the literature search.
The Townsend Brown Foundation will ba asked to supply any other information
available for this review. The purpose of this review is, in part, to insure
that the experimental testsz are tepeated with the equipment arranged as
nearly as possible in the same manner as that used in the previous experiment.
In addition, a complete review of the previous work may idemtify other test
factors or conditions which should be included in the new experiments.

B. Task B - Final Design of the Experiments

Following the literatura search and review of the previous experi-
mentn, final designs for the new experiments will be formulated. Based
upon knowledge gained during Task A, the temtative experiments outlined
under Task C below will be changed or other experiments added. The revised
design of the experiments will be submitted to the Townsend Brown Foundation
for review and approval prior to the start of Task C.

G. Task ¢ - Experiments

The experiments which will be conducted during this prolect will
be designed with the objective of obtaining a full explanarion of all observed
slectric potentials. The starting peoint, however, will be to repeat the
past experiment conducted by T.T. Brown, with the exparimental apparatus
being as identical to the original test arrangement as posaible. For thig
experiment, the Townsend Brown Foundation will be asked to supply the original
apparatus, if available, or otherwise a complece description and specificacions
so that a duplicate test set-up may be fabricated. The original rock specimen
or a similar rock specimen will also be required. The sbility to repeat
the earlisr observations 1s necessary before an explanation of the results
can be achieved.



Additional experiments will be conducted using an avtomated digital
data recording system, The controller and data logger to be used in this
gyatem will conaist of & Hewlett Packard 9825 desktop computer available
in the Department of Geosciences. This computer will be made available for
long-~term dedicated use. The other data acquisition equipment raquired
For the tests will be purchased as part of rhe project. The equipment yecom-
mended for this purpose is:

RP Model 3497A Data Acquisition/Control Unit
with Dption 001 - Sk Digit Digital Voltmeter and
Option Ql0 - 20 Channel Relay Multiplexer

This data acquisition system can be controlled by the HP9825 degktop computer
to record data from up to 20 measurement channels at preprogrammed tlme
intervals., The Digital Voltmeter supplied as eption 001 of this aystem

has resolution down to one microvelt and an input impedance of 107 ohms.

The accuracy of this system should be more than adequate for the proposed
experiments., <The calibration of this system will be periodically checked

using a standard voltage cell. 1In addition to this data acquisition system,
three shielded temperature controlled chambers will be constructed ot purchased.

The experiments tentatively plamned to be conducted include:

Experiment #l: A second rock similar to that wzed in the repeat
of the original experimenr will be prepared in an identical manner and the
potential monitored by the digital data acquisition system. This experiment
will be conducted on a long-term monitoring basis and the data obtained
will be compared with that of the repeat of the original experiment. The
Townsend Brown Foundation may be asked to assist in obtaining suitable rock
gamples.

Experiment #2: The temperature, presgsure, and humidity both inside
of the envirornmental chamber and outside of the chamber will be recorded,

Experiment #3: An arrangement jdentical to Experiment #1 will be estab-
lished except that the rock will be replaced by carbon resistors connected between
rhe electrodes. The resistance value will Le aet to the meagsured resistance of the
rock used in Experiment #1.

Experiment #4: If non-randem electrie potentials are abserved in the
other experiments then another expsrimental arrangement will be established which
can be chanpged and tested without disturbing the long-term monitoring experiments.
Thig last experiment will primarily be used to determine the origin of potentials
recorded by the other experiments., When an outside source of potential iz found
which can be eliminated, then rhe other experiments will be modified to aliminare
this source. If all observable electric potentials are eliminated by modifieation
of the long-term experiments, or definitely identified as to their origin, then
the project will be eonszidered to have been completed.




D. Tagk D - Final Report

4 final report describing all work performed on the project and
211 findings resulting from the experiments will be prepared and submitted

to the Townsend Brown Foundatiom,
IV. PROJECT STAFFING AND TASYE/TIME SCHEDULE

The overall technical direction of the project will be the responsibi-
lity of Dr., B.M. Duff who is expected to devote at least 360 ho?rs of Fime
to the project. Mr. James C. Biard and Mr. David A. Anderson will assist
in carrying out the experiments and together are expected to devote about
700 hours of time to the project, Professional Data sheets for thefe key
individuals are inelnded. In addition,a senier technician will 3?51Et in
various ways. Dr. T.E. Owen, Director of the Department of Geosciences,
will be available for consultation. The Tagk/Time Schedule on the next
page presents 4 l5-month calendar schedule recommended for cnnducting the
proposed project tasks. This gchedule includes one visit by the Project
Leader to the Townsend Brown Foundation in California during Task A.

V. SOUTHWEST RESEARCH INSTITUTE QUALIFICATIONS AND RELATED EXPERIENCE

A. General

Scuthwest Research Institute is a not-for-profit research corporation
operating under the laws of the State of Texas to serve government, industry,
and individuals in the fialds of applied research, development, and englneer-
ing. Presant Institute employment iz 2024 of whom 863 are profesaional level
seiantists and engineers involved directly in technical work. The profes-
gional staff has over 697 deagraes from more than 160 colleges and universities,
including 102 doctorates in special fields of science and engineering.

During ir=z 1984 Fiacal Year, Southwest Research Institute received
groes revenuaez of 5120,516,364 derived from more than 950 active projects.
Sixty-six percent of these revenues were derived from research and development
sgervices for private industyy and 34 percent from services fot various agen-—
cies of government. The Institute does not engage in production manufacturiag;
however, 1t 1s particularly well qualified to perform applied research and
development and to provide one-of-a-kind prototype quantities of experimental
devices and equipment. Bacause it does not depend upon production contracts,
the Institute iz able to provide thorough and unblased services regarding the
survey, design, analysis, evaluation, selection, and recommendation of various
technlcal approaches and equipment. Many past programs have been performed at
the Institute because of this unblaszed technical positien.

Southwest Research Institure performs research and development work
in a wide variety of technical fields as illustrated by the titles of its var-
ious research divisions and departments. These include;

Applied Physics

Automotive Research

Chemistry and Chemical Engineering
Electromagnatics

Eleactronic Systems

Engineering Sciences
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Engines, Fuels, and Lubricants
Instrumentation Research

Quality Assurance Systems and Engineering
Structures Research and Ocean Engineering
U.S. Army Fuels and Lubricants Laboratory

In addition to the operating divisions and departments representing
the the various scientific and engineering disciplines, the Institute main-
taine several well-equipped in-house support facilities to provide a complete
regeateh and development capability. These include a Library facility pre—
sently contalning more than 85,000 bound volumes and aver 175,000 tachnieal
reports, a complete Machine Shop facility, and an up-to-date Editerial, Print-

ing, and Reproduction facility.

Southwest Research Institute has its principal facilities and head-
quarters in San Antonio, Texas; however, active operating centers are also
maintained in other locations. The 3SwRi-Houston Offilce is a primary center
for air- and water—-pollution studies. The TInstitute also maintaina affices
in Washington, D.C.

8. Electroalc Systems Divisiom

The Electronic¢ Systema Division is comprised of four departments:
Gaonsciences, Data Systems, Communicarions, and Bioengineering. The Department
of Geusciences conducts applied research and development programs in geophys-
{eal {instrumentation, specialized grophysical exploration systems, and elec-
tronie instrumentation, The Department of Data Systems pecforms digital sye—
tem engineering and software davelopment for applications in automatic test—
ing, data management, and digital control. The Department of Communications
provides in-depth experience in advanced communlcations bardware and electto-—
magnetic compatibflity. The Department of Bioengineering 1is engaged in the
study of behavioral effects of electrlc power system fialds and rehabilitation
enginearing for the handicapped.

C. Department of Geoaciences

The Department ol Leosciences la vigaulecd tu explors and develop
advancad concepts and wethodology in geophysical and geosclences applications
and to demonotrate those techniques and inatrumentation in practical field
studies. The principal technical applications of thiz work involve borahole
geophysical probes, high-resolution selswic and alectrical exploration methods
and equipment, ground-penetrating electromagnetic and radar techniques, and
anvironmencal monitoring -instrumentation. In addition to these developments,
geophysical applications and demonstration tests are being performed in prob-
ing both wet and dry boreholes for formatiom fracture condicions, detecting
geologle anomalies in coal seams and mine roof etructuras, surface surveys to
map man-made tunnels and abandoned mines, and collectlion of baseline environ—
mental climatic data at nuclear waste repository field sites. Recently com-—
pleted projects in Geosclences have included seismic methods for emergency
mine communlcations, detection and delinearion of soil sinkheoles and ground
subsidence anomalies, experimental analysis of electromagnetic parametars af
oll shale, development of harmonic radar systems, military intrusion datec—
tors, and remote battlefield sensors.
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80B M. DUFF, Ph.D,
Institute Scientist
Dapartment of Geosciences
Electronic Systams Division

B.S. In Physigs, Texas Technological College, 1952
M.A._ in Physics, The University of Texas, 1959
Ph.D. in Applied Physics, Harvard University, 1971

Dr. Duff is a specialist in electromagnetic theory and techniques far experimental measurement of electro-
magnetic phenomena and has presented papers an antennas and scattering problems, measurement tech-
niques, and numerical solutions of electromagnetic problems. Prior to receipt of his Ph.D., Dt. Duff’s
experience included work on the development of specialized radio receiving and signal identification systems.
His graduate studies for the doctorate concentrated on electromagnetic theory, with acoustics and applied
mathematics as minor areas. During these graduate studies, he was also actively involved in the development
of a low frequency, satellite borne, radio astronomy antenna. His doctoral thesis was an experimental analysis
of coupled, electrically thick, ¢ylindrical antennas. At Northeastern University and the University of Mis-
sissippi, he taught elestromagnetic theory courses at both the undergraduate and graduate levels, as well as
other electrical engineering courses. Whilc at the University of Mississippi, he developed extensive laboratory
facilities including automated systems for the measurement of current and charge distributions induced on
antennas and scattering structures. In addition, he has worked on numerical solutions for the potential,
cutrent, and field distributions in direct current systems; measugement of antenna properties when mounted
on finite image planes; properties of antennas in a plasma environment, numerical solutions for antenna
and scattering problems; and time domain measurement techniques.

Dr. Duff is presently engaged in the design and development of specialized antennas for ground penetrating
electromagnetic systems operating either in boreholes or on the surface. He is also responsible for work
involving the application of borehole cictromagnetic techniques for probing and/or imaging localized geo-
logic anomalies for interpreting the structural integrity of the ground for construction purposes. Additionally,
he is involved in the development of data analysis techniques for surface and borehole geophysics measure-
ments including electromagnetic, resistivity and seismic. A major program under his direction was the
development of an automatic, controiled-source, audio magnetotelluric exploration system for use in de-
tecting and mapping abandoned underground coal mine workings in the Eastern coal districts of the U.5.
Most recently, he has been involved in the probing of horizontal boreholes for site evaluation ahead of
tunnel construction and various signal analysis problems in bigenginesring.

PROFESSIONAL CHRONOLOGY: Research scientist, Defense Research Laboratory, The University of
Texas, 1952-62: graduate student, teaching assistant and research assietant, Harvard University, 1962-6;
associate professor, Northeastern University, 1966-70; patt-time post doctorate research fellow, Harvard
University, 1970-3: associate profesgor, The University of Mississippi, 1973-7; Southwest Research Institute,
19'77-(senior research scientist, 1977-9; staff scientist, 1979-84; institute scientist, 1984-),

Memberships: Institute of Electrical and Electronics Engineers, {EEE Antenna and Propagation Socicty,
Sigma Xi (Scientific Research Society of North America), Sigma Pi Sigma (Physics Honor Society), Eta
Kappa Mu (Electrical Engineering Honor Society), Tau Beta Pi (Engineering Honor Socicty), Society of
Exploration Geophysicists.
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Rasearch Sclentist
Departmant of Geosciences
Electronic Systoms Division

B.5. in Physics, Abilena Christian University, 1981
Graduate Studies in Physicz, Michigan State University, 1982
M.S. in Physics, Pennsylvania State University, 1985

Mr. Biard’s academic career has included both experimental and theoretical work, with emphasis on com-
puter-based models and data analysis. At Abilene Christian University, he helped construct a high-vacuum
system for solid-state physics applications and helped develop a computer program to model the response
of pion-nucleon resonances in elementary particle physics experiments.

As part of his graduate work at Michigan State University and Pennsylvania State University, Mr. Biard
was part of a team that designed, constructed, installed, and operated a set of electrostatic drift chamber
detectors for Experiment PS 183 at the CERN Research Laboratories in Geneva, Switzerland, He also
developed a computer data analysis program to process the data from the detectors and used this to optimize
their operation. He spent 15 months at CERN as a participant in the caperiment while complering his master’s
degrec.

Since joining Southwest Research Institute, Mr. Biard has been involved in developing data acquisition and
analysis programs for ground-penetrating radar systems for geophysical and geotechnical applications.

PROFESSIONAL CHRONOLOGY: Research assistant, Abilene Christian University, 1979-81; Michigan
State University, 1981-2; Pennsylvania State Unijversity, 1982-5; Southwest Research Institute, 1985-.

Membership: Sigma Pi Sigma.
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DAVID A. ANDERSON
Research Analyst
Dapartmant of Geoscignces
Elactronic Systems Divigion

B8.5. in Physics, Southwest Texas State Univarsity, 1983
B.S. in Computar Science, Southwest Taxas State Univarsity, 1963

As a member of the Advanced Concepts Section, Department of Geosciences, Mr. Anderson's main
responsibility is programming the various portable computers that interface to unique geophysical
probes and systems under development in the Department of Geosciences for control and data acqui-
sition, His work involves programming on a wide variety of machines such as the Coantrol Data Cor-
poration Cyber-172, Hewlett-Packard 9000 and Hewlett-Packard 9826,

Mr. Anderson has programming experiencc in various computer languages including FORTRAN,
PASCAL, BASIC and Assembly and he is familiar with a variety of operating systems including
Unix.

PROFESSIONAL CHRONOLOGY: Southwest Research Institute, 1981-{contract programmer,
1981-3; research analyst, 1984-),
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THOMAS E. OWEN
Diractor
Dapartmant of Geosciances
Elactronic Systems Division

B.5. in Electrical Engineering, Southwestern Louisiona Univarsity, 1852
M.S. in Electrica! Enginearing, The Univensity of Taxas, 1957
Ph.D. in Eimctiical Engineering. The University of Tewas, 1964

Dr. Owen is a specialist in acousics, geophysics and clectronic egineering and has presented papera on sonar transducers,
data acquistion systems, elastic surface wave phenomena, oceanographic instrumentadon, high-resolution seismic exploration
techniques, and advanced earth resistivity exploration systems and applications.

His experience i scoustics includes work in electro-acoustic ransducer design and fabrication for sonar and other underwater
acoustic systems, microphones for both subaudible and wirasonic sound, and transdueers for generating and dur.:mﬂng slagtic
waves in both homogeneous solid materials and in the carth. He bas developed instruntentation systems for airborne sound
propagation and measurements, data transmission and communications in underwater acoustics and sonar, an airborne acous-
tic systern for the measurentent of surface winds and speed of sound averaged over large arcas, and methods of pagsive battle-
field vehicle location and tracking vsing characteristic sounds emanated by such targets. Other expericnes includes theoretical
studies of shackwava propagation in the, atmotphere and ray acoustic analyses of low-frequency sound waves in the carth-
tropopavse long range propagation 2one.

His experience in geaphysical applications includes work in zeismic, clectrical and electromagnetic properties of various earth
materials, instrumentation development and ficld applications of high-resolution scismic reflection methods, analysiz and
development of deep-penstrating earth resistivity survey methods, and development of statc-of-the-art ground-penetrating
radar techniques for grologic probing applications. He has developed military-field equipment for perimeter surveillance and
intrusion detection iaing footstep-induced vibrations in the ground, a man-pocable ssismic pulse-ccho system for detection
and mapping of shallow man-made tunnels in soil, and remote battelfield scismic sensor systems for automatic location and
tracking of ground vehicles. Other experience in selsmic geophysics includes experimental evaluation of seismis methads for
emergancy communications in underground mines, design and evaluation of dry-hols scismic measurement techniques far pre-
cision compressional and shear wave velocity logging in boreholes, high-resolution seismic reflection surveys for detecting and
mapping subsurface cavities and funnels in rock, and borehole scismic reflection probing of drilled Formations for geotechni-
¢al evaluations for underground construction projects. Hit doctoral dissertation was a detailed analysis of communication
techoiques cmploying clastic wave transmission through the earth.

His experience in slecrrical and electromagnetic applications in geophysics inciudes developmental studies of high-resoluzion
sarth resistivity survey methods, instrumentation for im st measurements of electromagnedic parameters of soils and rack
materlais, and design anafyses of ground-penetrating radar techniques for both surface and borehole gealogle probing applica-
tioma. Thig work has involved the development of advanced carth resistivity technigques for detecting and mapping swbsurface
geologic anomalies and wnnel structures, innovation of advanced earth resistivity dita processing and interprotation methodo-
logy, devetopment of VHE ground-penctrating puise radar for shallow tunned detection, experimental nanosccond-prlse radar
antennas for borehole operation, and high-resolution FM-CW radar system design and performance analyses for roof coal
thickness measurements in undeérground mines. Other experience in electrical and eleccromagnetic instrumentation has entailed
design and development of electrostatic fisid and charge density meters for use in tanker ship explosion hazard studies and
adaption of VHF ground-penetration radar techniques to problems in detection of buried pipelines and hazardous ordnance
objects.

Technical activities under Dr. Owen's guidance in the Department of Gegsciences pertain to the rescarch, design, devel-
opment, and tictd application of geophysical instrumentation, high-resolution geologic probing techniques using scismic, elec-
trical and electromagnetic methods, and the analytical study and development of advanced concepts in geophysics. Projects in
these varions applications are being performed for military, government, and private industry clients.

PROFESSIONAL CHRONOLOGY: U.S. Navy, 1952-4; rescarch engineer, undersea warfare division, Defense Research
Laboratory, University of Texas, 1955-60; assistant professor of etectrical engineering, University of Texas, 1937-60; South-
west Research Institute, 1960-(senior reserrch engineer, 1960: manager, 1960-71; assistant directar, 1971-6; director, 1976-).

Memberships: American Association for the Advancement of Science, American Geophysical Union, Asoustical Saclety of
America, Institute of Electrical and Electronics Engineers. Society of Exploration Geophysicists, Socicty of Professional Well
Log Analysts, Sigma Xi Eta Kappa Mu, Tau Beta Pi.

Rev Mar/B4



