
AD-AIOI 547 LITTLE (ARTHUR 0) INC CAMBRIDGE MA F/G 14/2
IDENTIFICATION AND EVALUATION OF UNDERGROUND OBSTACLE SENSOR EM-ETC(U)
JAN 80 J S HOWLAND, R H BODE OAAK7O-79-D-0036

UNCLASSIFIED NL

EmmhnmNmumu
IlEEllEEllllEEEEI-EhmmhmhEEE



* LEVEkI

I IDENTIFICATION AND EVALUATION OF
UNDERGROUND OBSTACLE SENSOR

0EMBODIMENTS FOR THEIR APPLICABILITY
* ~ TO THE COMBAT ENGINEERS'

" RAPID EXCAVATION MISSION(S)

report to

US ARMY MOBILITY EQUIPMENT RESEARCH
I AND DEVELOPMENT COMMAND

CONTRACT NO. DAAK7O-79-D-0036

ORDER NO. 0003 ,

JANUARY 1980 -

I .. G - %,

Arthur D Little Inc



I!

DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



I IDE.NTIFICATION AND EVALUATION OF

UNDERGROUND OBSTACLE SENSOR EMBODIMENTS

I FOR THEIR APPLICABILITY TO THE COMBAT ENGINEERS'
RAPID EXCAVATION MISSION(S),,

Report to

-I* US Army Mobility Equipment Research

and Development Command

Contract No. DAAK70-79-D-O0036

I ~Janagpi8 ON(1 *

p Arthur D UttlelInc



FOREWORD

This document summarizes key findings and presents the background

material relevant to the study entitled, "Identification and Evaluation

*1 of Underground Obstacle Sensor Embodiments for their Applicability to

the Combat Engineers' Rapid Excavation Mission(s)". The report presents

a systems analysis approach and evaluation of:

* Survey of pertinent information relating to ground

exploration using seismic, acoustic, or other methods

consistent with MERADCOM's R&D Program for Passive

Protection Achieved by Rapid Excavation in a Military

Environment. (Subtask 1)

* Evaluation of each underground obstacle sensor embodi-

ment for its applicability and value to the combat

engineers' rapid excavation mission(s), (Subtask 2)

* Results as regards feasibility, costs, and benefits of

each concept and the most promising concepts translated

into preliminary system specifications covering the pro-

Ijected underground obstacle sensor field embodiments.
(Subtask 3)

1 -The salient finding of this study is that there is not currently
available any underground obstacle detection system that can be readily

I .transformed into an embodiment suitable for the combat engineers' field

fortification rapid excavation mission.

The conclusion of this study presents a need for subsequent evalu-

ation as follows:

One specialized underground radar system is available commercially

and two others will likely become available in the near futu~re. With

either of these systems, a significant survey could be made utilizing

skilled operators and a known terrain in Central Europe in which field

fortifications rapid excavation obstacles have been pinpointed through

probing and bore hole techniques. This experimental survey would yield

ii
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a potential benefit cost analysis without attempting to develop a

military embodiment of the electromagnetic pulse reflection methodology.

This report is submitted to US Army Mobility Equipment Research and

- I Development Command (MERADCOM) Fort Belvoir, Virginia 22060 by Arthur D.

Little, Inc., 20 Acorn Park, Cambridge, Massachusetts 02140, and was

prepared under Task Order No. 3 of Contract No. DAAK70-77-D-0036. This

report was prepared under the guidance of Miss Guice Sarazen, and Messrs.

Jerry Dean, Frank Tremain, and Harry Keller of MERADCOM. Questions of a

technical nature should be addressed to Robert H. Bode, 617-864-5770, the

Manager of the study or to John S. Howland, the principal author and

principal investigator. Technical questions concerning seismic reflection

or refraction techniques should be addressed to Peter von Thuna, the

I principal investigator for seismic and related technologies.
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~1.0 INTRODUCTION

This report sumarizes the key f Indings and background Investigationis

from work conducted under Task 0003 of* Contract DAA7O-9-D-0036 entitled,.

1"Identification and Evaluation of Underground Obstacle Sensor Embodiments'
%:for -1their Applicability to the Combat Engineers Ri-ap id .Excavation Hission(s)"..

2 -20 OBJECTIVE ~ ~

Thbe task objective'has been: First, ithet'identicaonoal

~known promising techniques for sensing undergrotund obatacles that would
impede or preclude the combat engineers' rapid excavation mission(s) In-

a military environment,'and second, the analysis of the most promising'
detection techniques to determine their applicability to rapid excavation,

~~field fortification missions..*4

-W.
4. WR

This sbakincluded a literature'search and review of all pertinent

information relating to potential methods of 1r n exlrtion in" th

*range of'interest. Principal researchers were interviewed and existing .~<j

hardare was studied. ~:

Subtask 2: Analysis. ,'*. ~ *

Based upon Subtask I Information, each promising concept was examined

*for, the range of variables~ of interest In the combat"'engineers', rapid.
' excavation mission (s). 4~4.

Subtask 3: Cnlsons, Benefits, and Specifications.;
I.. . - .4 C

Conclusions were then drawn as to the feasibility of each exploration

or obstacle detection concept, and for each feasible concept, costs,

benefits, and preliminary system specifications were compiled for a pro-

jected field embodiment. .. .-

~. " ... Arthur D little Inc
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iia ,o 4.0 BACKGROUND .. ,

Arthur D. Little, Inc.,' recently completed a task for formulating

an R&D program for passive protection achieved by rapid excavation in a .'.

military environment for the time frame 1985 to 1995,. (1) ."0. .

The results of this program indicated that the'major missions for" -
the combat engineers will consist of rapid excavation of long, relatively,-'. ...

narrow trenches to provide protected fighting, firing emplacement and

non-combat defilade positions for tanks, armored personnel carriers,

mobile ordnance, and miscellaneous non-combat vehicles. The request and

frequency requirements for these field fortifications In a short time.:.

frame imposes an excavation need to accomplish these trenches within*,.

short time periods ranging fo7.to 20 minutes - " -n

.' The excavation equipment which will likely be used for such missons

I will1 consist of improved, high capacity military versions of conventional

scoop-type excavators or continuous chain or wheel excavators designed

especially for the military mission. S. .

Both of these types of excavators are limited in their ability to ' ,
in , . .-. t

handle underground obstacles. Neither can excavate through underground

ledge or consolidated rock. The scoop excavators could handle rock or
boulders up to several-feet in diameter but most continuous excavator,

,,, concepts would be limited to rocks smaller than about two feet in dia- '

'I ''-~"~ meter.' Unrotted ground'roots 'oriogs would'present a serious obstacle " .

1K to either type of machine. Likewise, man-made obstacles such as pipes

or buried foundations would also impede these devices. ,., .

The study of Reference (1) included a detailed analysis of the
-4. , ., . 1, . .i';.l.: combat excavation tasks requested during one play period of the E-FOSS

war games. It was found that the three tasks shown schematically in

Figures S-l, S-2, and S-3 represent 92.2% of total excavated volume

: , and 81.3% of on-site duration for the mix of equipment assumed.' Each

of these excavations takes the form of a trench with a depth of 5 feet,

below grade. The widths of the trenchesvary from 11.5 to 17.7 feet

and the lengths vary up to about 100 feet. The remaining excavations

*Numbers in parentheses refer to references in the Bibiliography.

S-2 , ,
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vary widely in form as shown in Figure S-4. However, the maximum depth

of the excavations is 2 meters (6.7 feet). Most of the specific exca-

vations have maximum depths below grade of 6 feet or less..

Since these excavations are required in very short periods during

or preparatory to combat, the effectiveness of machinery available to

the engineer units can be maximized by minimizing the possibility of

false starts or trial and error procedures for. the'location of obstacles

,, which would prevent the excavation in a specific location. For this

reason, a need exists for a very rapid method of surveying the proposed-

site of the potential field fortification to detect any obstacles, within

five feet of the surface, which would deter or defeat accomplishing,

with the available equipment, the excavation for the field fortification.

A secondary objective of the survey method is the detection of

tunnels or voids below the five foot depth. Each of the major excavations

will be used as a protected or defilade position -for a vehicle. If a

significant void exists below the trench, the bottom may cave in and trap

the vehicle. .... ,

5.0 FINDINGS ; .. " ..

5.1 The salient finding of this study is that there is not currently

* available any underground obstacle detection system which can be readily

transformed into an embodiment suitable for the combat engineers' field

fortification rapid excavation missicn. ...

5.2 There are two detection technologies which provide promise for the

future development of a suitable embodiment of a detection system for the

combat engineers' field fortification rapid excavation mission, namely,

- Electromagnetic pulse reflection (radar).'

5. Seismic reflection or refraction techniques__

5.3, A number of substantially similar underground pulse radar systems

have been developed by prior researchers and are and will be produced by

several firms and research organizations. Most of this prior work has

been aimed at detecting cavities, buried utilities, items of ordnance,

and geological strata. Little prior work has been aimed specifically

S-6
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at geological obstacles, such as large rocks and boulders. It also;,-.

- appears that it is not always possible to distinguish between hard and

soft materials, thus clay lenses appear similar to rock layers or cavity

boundaries.

5.4 While penetration to depths of five feet is clearly feasible in

many soils by underground pulse radar, it is known that in moist clays,

or salty soils, penetration is very difficult. Seismic methods have a

significant relative advantage over radar methods with their capability

I of propagating signals in saturated soils. Hence, seismic methods repre-

sent a complementary methodology to radar.

5.5 The basic difficulty with seismic methods is the relative difficulty

of coupling the seismic transducers to the ground.,

5.6 Radar represents a potentially fast, portable dynamic technique of.

obstacle detection, while seismic methodologies represent a slow, static,

!| "heavier and bulkier technique. -.

.6.0 CONCLUSION

One specialized underground radar system is available conmercially

and two others will likely become available in the near future. With

either of these systems, a significant survey could be made utilizing

skilled operators and a known terrain in Central Europe in which field

fortifications rapid excavation obstacles have been pinpointed through

probing and bore hole techniques. This experimental survey would yield

a potential benefit cost analysis without attempting to develop a military

embodiment of the electromagnetic pulse reflection methodology.I"
7.0 RECOMMENDATIONS

7.1 Undertake field tests with commercially available ground radar

, systems in the geographical areas of interest (e.g., Central Europe,

. Middle East, Korea, etc.). Surveys should be conducted over known ter-

rain having field fortification rapid excavation obstacles and/or cavi-

ties. If any given location has a significant seasonal ground- water

variation, tests should be run at different seasons.

S-10
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7.2 If the commercially available system still appears promising after

these tests with skilled operators, a program to develop effective target

recognition and/or imaging equipment should be undertaken.

S-11I!
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1.0 Information Survey - Subtask 1.

Subtask 1 included a literature search and review followed by inter-

views of the key researchers for the promising detection methods. Several

specific embodiments of the ground radar concept were identified which are

either available products or are in advanced stages of development and

these were investigated. Finally, a field test of both bore hole and

surface antenna radar tests was attended. This information survey is

covered in this section of the report.

1.1 General Studies.

The only general study for a similar detection objective found in

the search was that of Gates and Armistead (2). This study was performed

for the Electric Power Research Institute and the U. S. Department of the

Interior and was aimed primarily at detection methods to support trenching

for the underground installation of utilities. As such and from the

military standpoint, it overstresses man-made obstacles such as existing

pipes, drainage conduits, and foundations. In general, many of the

selected sites of interest for this application had been previously

excavated for earlier public work and did not contain ledge or large

boulders.

*The general conclusion reached by Gates and Armistead is that pulsed

UHF radar in the 0.4 to I GHz frequency range is the most promising single

method; however, it is not suitable for wet soils. In compacted or satu-

rated soils an acoustic pulse-echo (Sonar) in the 1 to 10 kHz frequency

range is better. Less promising, especially for the type of natural

(ledge and boulders) obstacles of interest here, were magnetic methods.

However, Gates and Armistead proposed the development of a mobile

system consisting of these three methods along with a computer to process

the data and interpret the detector information.

The estimated speed of detection is not determined explicitly in

the study. However, a statement that the cart could be driven at one mph

is made. This, of course, is about 1.5 feet/second which is in the range

of interest if a wide enough path could be detected on each traverse at

this speed.

Arthur D little Inc
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Based upon the work of Gates and Armistead (2) and a survey of the

other literature, the matrix of applications of Table 1-1 was constructed.

This lists the general methods that have been applied or investigated for

various detection, prospecting, or survey tasks in various fields. It

can be seen that many of these techniques are available as commercial

equipment or are commonly applied to a variety of geological or geo-

physical survey tasks. However, most have either not been applied or

have only been investigated in an R&D program as an adjunct to rapid

excavation tasks.

Table 1-2 summarizes the physical characteristics of a number of

actual or potential survey methods and their applicability against the

specific types of targets of interest in this study. Based upon this

preliminary evaluation, the only methods that appear to be promising

against all of the targets are seismic and acoustic, mechanical probes,

or ground-penetrating radar.

Each of these general methods are discussed in the following sub-

sections to summarize the conclusions of prior investigators and the

prospects of application to the field fortification excavation missions

of interest.

1.2 Electrical Properties.

Gates and Armistead provide a good summary of electrical and low-
frequency or long-wave electromagnetic methods. These have been used

extensively for geophysical prospecting and exploration. The major

methods are as follows:

e Electrical Well-Logging - The resistivity of the ground

is measured by multiple electrodes lowered into holes.

o Galvanic Resistance - Probes are used to introduce a

current into the earth and to map the resulting potential

field. The observation scale is typically hundreds or

thousands of feet and objects in the range of tens of

feet cannot be resolved.

1-2
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* Induced Polarization - Low frequency voltages are applied

3 to the ground, and the resulting polarization gives

information on the macro-structure of the medium. Again,

the scale of observation is large and unsuited to this

application.

I Radio Wave - Very low frequency radio waves are used in

airborne surveys to prepare maps of surface conductivity

over very large areas.

e * Induction - This is the common metal detector which

operates at about 100 kHz and as high as 5000 kHz. They

are quite effective for buried metal objects but are

ineffective for non-conducting objects (see Fountain (3)).

I None of the above methods has any promise at all for our application.

Gates and Armistead (1) concluded that the resolution required in this

type of application must be many orders of magnitude greater than that

achievable at a frequency below 1 MHz. Lytle, et al., (4) found that

Itunnels could be detected in a cross-borehole technique using a trans-

mitted signal in the range of 60 MHz.

Thus, a probing frequency between 60 KHz and 1 GHz is likely to be

required. Since the application will likely preclude the use of bore-

holes or insertion of electrodes due to time limitation, an echo-sounding
or radar technique is the most promising.

L 13 Radar.

Radar technology is well advanced for use in the atmosphere or space,

L but underground radar is in its infancy (2). There are two basic types

of system, pulse and continuous wave (CW) systems. Gates and Armistead

L (2) state that the CW type produces an echo that is much more difficult

to interpret than a pulse system and that the latter can be more easily

L developed at this point.

In fact, every system investigated to date in any detail is a pulsed

system (2, 5-17). For example, Southwest Research Institute investigated

a pulse radar with a bandpass between 30 Miz and 300 MHz for detection of

L 1-5
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deeply buried ordnance and concluded that the concept was feasible but a

L[ reliable system would require a long-term design and development program

(6). Aiming at site investigation in advance of rock tunnelling, Ensco

concluded that radar can detect geologic structures of interest to

planners at ranges greater than 25 feet (16, 17). They made use of a

proprietary pulse radar developed by Geophysical Survey Systems, Inc.,

(GSS) of Hudson, New Hampshire (9). This system is also cited by Gates

and Armistead (2) as a promising starting place for the development of

the utility trenching detector. Building on the basic GSS antenna design,

Ensco has recently developed smaller, more portable electronics and read-

out equipment which are permissible for coal mine operation.

Another major center of pulse-radar development is the Ohio State

University Electroscience Laboratory (7, 8, 10-15). Most of the work

covered in the references obtained are aimed at geological surveying in

hard rock in advance of rapid excavation or tunnelling. The system

reportedly has promise for this application which, of course, is the

same one investigated by Ensco with the GSS radar.

Recent work at Ohio State has been concerned with target identifi-

cation based on the complex natural resonances of the target (15). The

* results of this work showed considerable promise for shallow buried mine-

'like objects. The method is fairly fast, requiring only algebraic oper-

ations in the signal processing. If the correct predictors can be

developed for typical obstacles to excavation, it is a likely method for

approaching a "go-no go" type of output.

Based on an Ohio State system, Microwave Associates has licensed

and developed an extremely portable radar called the Terrascan*. The

price goal for this system is reportedly much lower than the previous

systems such as the GSS Inc. systea and its display is much simpler thanw
the usual facsimile or recorder display of multiple return signals.

However, this system has been many years in field evaluation and probably

6has not achieved the desired reliability goals over a wide variety of

ground conditions. In the present configuration, the device is intended

U as a pipe locator and is most efficient for pipe-like objects or long dis-

continuities in dielectric constant.

*Microwave Associates'trademark 1-6
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Several organizations are experienced in assembling special ground

radars for specific purposes or conducting research programs using this

type of equipment. Principal among these are now SRI International

which specializes in archaeological and geophysical surveys (19-24);

Southwest Research Institute which specializes in geological and mili-

tary applications (3, 6); and Ohio State University which specializes in

utilities location and geological survey (7, 8, 10-15). As part of this

information survey, researchers at all three of these organizations were

interviewed for their opinions on the applicability of the ground-probing

radar to the subject field fortification excavation missions. On the

basis of these interviews, the following findings have been summarized:

" A video pulse radar operating in the 50 to several hundred

MHz frequency range appears to be the most promising for

this application.

" Under favorable conditions, such a system is capable of

detecting strong reflections from obstacles in the size

range of interest.

" However, interpretation of the radar reflection data is,

at this point in time, largely an art form heavily depen-

dent upon previous experience and supporting data from

other sources. Substantial development will be needed

to reach the point where a simple "go-no go" or graphic

visual display can be produced, if indeed, this will ever

h be feasible from a technical as well as economic stand-

point.

e In many soils, especially clays or saturated soils

where salt ions are present, even a five foot pene-

htration would not be feasible. While equipment manu-

facturers claim that the systems are good in soils

with conductivities up to 50 millimhos per meter

which would cover essentially the entire U. S., one

h 1-7
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researcher stated that it is not reliable above 5

millimhos/m. which would eliminate substantial portions

of the nation. Conductivity information on overseas

areas of interest was not obtained.

L * In some cases where the soil conductivity is acceptable,

there may not be enough difference between the dielec-

tric constant or permeability of the obstacle and sur-

rounding earth to provide a sharp reflection.

L e In summary, underground radar state of the art is still in

its infancy, especially with respect to the detection of

I natural obstacles and target identification.I-.

Of the three firms offering or developing ground radar equipment

for sale, both GSS Inc. and Ensco offer both equipment and survey services

while Microwave Associates appears primarily interested in marketing a

radar system*. On the basis of our interviews of personnel at GSS and

Ensco, it appears that the entire system, as now applied, costs of the

L order of $35,000 to $45,000. More than half of this cost is for the

tape recorder and graphic display equipment. If a radar and antenna

system alone were developed without a need for the recorder and graphics.

for example, using a simple oscilloscope or light display, the cost

would be much lower--probably in the $10,000 to $15,000 range.

1.4 Magnetic Properties.

L Several types of magnetic detection methods have been used for under-

ground detection or mapping (2, 27). These all involve the use of in-

struments to measure some property of the magnetic field near the buried

object or the introduction of an induced field in the object and the

measurement of the properties of the induced field. The latter method

was discussed previously under induction and, of course, can be used for

detecting any buried conductive object. The passive magnetic methods,

L however, require that the buried objects be ferro-magnetic. Thus, they

are promising only in the case of buried pipes or other man-made objects

L which are not of primary interest in this application.

*See Anoendix A for these company brochures.

1-8
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Gates and Armistead have recommended that a magnetic sensor be used

on the prototype utility excavation detector as a pipe sensor (2).

1.5 Acoustic Methods.

Various types of acoustic or seismic methods have been proposed or

tested for underground obstacle detection.

The simplest is the use of a geophone, analagous to a hydrophone,

to listen for sound being transmitted by the underground obstacle. In

t! case of pipes, for example, the flowing liquid or gas generates

flow noise which can be detected. If some portion of the piping system

is exposed, it can be struck or connected to a noise source. None of

these methods have any application to the current problem.

L A related method, however, has been used to measure bedrock ele-

vation. A noise is introduced at several locations by means of a per-

cussive drill. The strength of the wave is then measured at various

- listening points with a geophone (28). Although this method has some

potential in terms of large-scale mapping of ledge, it does not appear

L promising for the rapid detection needed for the field fortification

excavation application.

L Most underground obstacle detection work has been concentrated on

the pulse-echo method or the related "scanned acoustical sounding"

method. Gates and Armistead conclude that frequencies in the range of

1 to 10 kHz are required for the optimum combinations of resolution

and transmission in soils (2). However, very high signal absorption

will occur for soils that are not compacted or saturated with water.

Moreover, coupling the energy into the ground at the transducer-ground

m interface is difficult. For a moving system this will be a major prob-

lem. They did not find any commercially available equipment for the

hm pulse-echo method.

L Several researchers have investigated acoustic probing as a tech-

nique for detecting obstacles or anomalies ahead of rapid excavation in

rock (29-42). Here, of course, the transmission or absorption problem

6is not as acute as it is in soil. The coupling problem still occurs,

1-9
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1however, and is usually solved by insertion of water or glycerine between
the transducer and the surface of the rock (32, 33, 42). All of the

various investigators have used frequencies in the range of 5 to 50 kHz.

Even in rock, the complexity of the reflected signals is consider-

able and much of the research effort has been devoted to methods for

processing the signals. Holosonics has developed ai (magtug t til(-

that allows the construction of an optical image of the target (35-39).

Honeywell has developed a computer signal processing system to Inter-

L pret the return from an array of beams (29-31).

It would appear from the literature that the sonar system is in an4 even earlier stage of development than the radar ground system. However,

it may be the only feasible detection system for wet ground. Thus, we

have carried the evaluation of the seismic or sonar methods further for

this application as will be discussed in the next section of this report.

1 1.6 Infrared Methods.

Gates and Armistead have evaluated the potential of infrared methods

for the utility detection problem (2). Infrared imaging is used for both

commercial and military purposes to survey large areas to detect objects

L buried beneath the surface, ground that has been disturbed, or hidden

heat sources. Because of the clutter, the method is not felt to have

L much promise for local detection of deeply-buried and relatively small

objects (i.e., boulders) or even large objects (ledge) that is several

feet below the surface. Hence, infrared methods are not considered

promising for detection of obstacles to the rapid excavation task.

1.7 Nuclear Methods.

Gates and Armistead have analyzed a number of nuclear radiation

L methods for essentially the same application (2). They conclude that

a very costly and complex detector system would be required to apply

these methods up to four feet and that they would not be useful beyond

h this depth. Moreover, they are not consistent with rapid scanning of

an area. Thus, no further investigation appears warranted for this

application.

SA1-10
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1.8 Mechanical Probing.

No specific references were found applying a mechanical probing

technique to this specific problem. Probing, of course, has long been

a common method for detecting buried antipersonnel mines. A bayonet is

normally used as the probe. Various devices have been investigated for

rapidly penetrating the ground including vibratory or acoustical probes

'p (50, 51), explosivesand augers or drills.

The problem here is that an array of holes would be required to 5

foot depths on about 2 to 3 foot centers all over the intended area of

the trench. No known methods exist for putting this number of holes in

L the ground in a few minutes. For example, a 12 x 100 foot trench would

require about 300 holes.

Finally, the low energy methods that would be stopped by large rocks

would also be stopped by small rocks, having a size slightly larger than

the probe diameter. These rocks, of course, would present no impediment

to the rapid excavator. Higher energy methods might also penetrate or

split the large rocks and thus fail to give the required signal. Thus,

the false alarm rate would likely be high. -

i For these reasons, the mechanical probe was not carried further

into Subtask 2.
[ -I

1.9 Gravimeters and Gravity Gradiometers.

Gravimeters have long been used for mapping anomalies in the earth's

L gravity field, and thus providing a measure of local density variations

(52). The gravimeter is basically a very sensitive balance or force-

Lmeasure device. Several of the types which have been used are capable of

measuring the type of local anomaly produced by a 3 or 4 foot boulder

Lburied at 5 foot depths*. However, each measurement takes about five

minutes with skilled personnel. After recording the gravimetric data,

it may be processed to produce a map of the gravimetric potential of the

survey area as shown in Figure 1-1. This map will show obstacles if

the survey is detailed enough for the required resolution.

*Private communication with Dwain K. Butler, U. S. Waterways Experi-
mental Station, Vicksburg, Mississippi.
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I[ Because the method is slow, it does not have promise for the exca-

vation mission. However, in recent years, gravity gradiometers have been

under development for use from moving platforms (53). This approach or

simplifications of it have the potential of a more rapid gravimetric

Isurvey but will still likely be so expensive as to be far beyond the

range of economic justification for the excavation mission.

However, for completeness, the gravimeter has been analyzed in more

detail and the results are presented in Appendix B.

h1.10 Tiltmeters.
These devices measure static or very low frequency tilt of the

ground with respect to the local gravitational vertical. Simple tilt-

meters employ a pendulum or bubble level with electric or optical pick-

off and readout. Bubble devices are typically limited in sensitivity,

while a mechanical pendulum requires a very fragile suspensioal in order

to suppress mechanical hysteresis effects. One extremely sensitive yet

rugged and simple design, bypassing these problems, uses a small graphite

cylinder suspended diamagnetically in an inhomogeneous permanent magnetic

field. The axial position of the cylinder is read out by photoelectric

hdetectors, and the instrument acts as a frictionless pendulum of extreme
length without any stick-slip or mechanical hysteresis (55). Other

considerably more complex tiltmeters have been built using mechanical

feedback where the tilt sensor is only a null device. It has the

advantages of greater accuracy and linearity over comparatively large

ranges of tilt.

Many of these designs are available in a stage of perfection where

they can readily, and with good resolution, measure earth tides. On

solid land this is an effect typically of the order of 0.1 arc seconds

(corresponding to a tilt of approximately 0.5 mm per km). The best

tiltmeters, in fact, approach the thermal noise of the proof-mass itself.

b It has for each a degree of mechanical freedom an average energy of kT,

where k is Boltzmann's constant. Thermal noise is a fundamental limit

of all displacement, acceleration, and velocity sensors, but it is

reached rarely in practice--in contrast to electrical measurements, where

it is today a quite commonly encountered limit.
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ITiltmeters are useful in soil mechanical studies, earthquake pre-
diction, study of volcanoes, and in other geological investigations.

Often they are used in shallow boreholes to get away from surface dis-

turbances, but in any case, they require careful emplacement. In order

to actively study a given area (other than to observe natural tidal, vol-

canic or seismic events) one would administer a load/unload cycle on the

ground in the civinity. In such a configuration, a tiltmeter would

readily be able to tell whether ledge is near the surface by the compara-

tive stiffness of the ground nnd by the distance at which tilt can still

be observed. Single boulders, however, at a depth comparable to their

size, would have only a very small effect in stiffening the surface and

would thus be difficult to detect. At the very least, a dense grid of

measurement stations would be necessary to indicate their presence. The

slowness of such a method and the necessity of repeating the load/unload

cycle for each tiltmeter location would be a great problem in practice.

We conclude that tiltmeters are not likely to be cost- and time-effective

in this application.

g1-14
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2.0 Analysis - Subtask 2.

L 2.1 Underground Radar.

2.1.1 Basic System.

LThe simplest functional block diagram of the underground radar is
shown in Figure 2-1. An expanded block diagram of typical electronics

L and display package is shown in Figure 2-2. ;

This system is, of course, functionally identical to any other

radar system, especially a mapping system where the antennas are moved

along a path to locate and identify a number of fixed targets.

There are a number of major differences, however, which affect the

nature of the signal used, the design of the antennas, and the type of

L signal processing.
The first difference is the much shorter range compared with normal

above ground radar practice. Because we are concerned with ranges of only

a few meters, the round trip time for the radar pulse is much shorter,

usually 10 to 100 nanoseconds. In order to separate the direct-coupled

transmitted pulse and the reflected signals in the time domain, a pulse

IL length shorter than this is required. Typically, the transmitted pulse

ranges from about 1 to 10 ns. The characteristics of a very short

version designed for detection of shallow objects are shown in the time

and frequency domain in Figure 2-3.

hThe broad frequency band and short time response results in peculiar

receiver and antenna design. The receiver is not tuned but rather is

broad band and must use sampling techniques to convert the received

signal to a useful form. Digital sampling techniques are usually used

to sample each successive wavelength and reconstruct a similar waveform

*in the audio frequency range for recording and display.

Researchers have used a variety of antenna types including folded

Udipoles, bow-tie structures, and horns. Typically, a dipole is used

which is resistively loaded to increase the bandwidth and avoid reso-

nance. Parallel and cross polarity between the transmitting antenna and

5 2-1
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the receiving antenna are both used, depending upon the nature of the

target of interest. The latter is preferable for pipes, tunnels, and

artifacts, while the former is better for planar targets such as strata

and ledges.

2.1.2 Target Depth.

The depth, d, to a target can be expressed as,

CT
d 2 meters (2-1)

where C = wave velocity in the ground m/sec.

t - round trip time, sec.

The dielectric constant c , of the ground may be expressed as,

lr"C (2-2)

Thus, combining equations (2-1) and 2-2),

2 e =(2-3)

r
where C - 3 x 108 m/sec.

0

The dielectric constant, Er9 of a number of earth materials is given in

m Table 2-1. It can be seen that they ,rary over a range of at least 30

for materials of interest. Thus, the depth will be unknown within a

factor of 5 or 6 unless the nature of the local ground material is known

or the system is calibrated against an object of known depth at the

outset.

A problem is that seasonal variations alone can change the ground

constants by a factor of 3 and a 50% change can occur over a 10 foot

spacing (56). Thus, it becomes almost mandatory to make an in situ

measurement of properties or a calibration if results are required to

any degree of accuracy.

2.1.3 Attenuation.
U

The ground is a very lossy medium and signal attenuation is heavily

dependent upon frequency, moisture content, and conductivity. Variation

in penetration from less than a foot to hundreds of feet have been

IU 2-5
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Table 2-1

Approximate VHF Electromagnetic Parameters
of Typical Earth Materials

Approximate Approximate
Conductivity Dielectric

Material a (mho/m) Constant Er

Air 0 1

Fresh Water 0- 4to 3 x 10-2 81

Sea Water 4 81

Sand "Dry" 107to 10- 3  4 to 6
-4 -23

-4 Sand, Saturated 10 to 10-  30
(Fresh Water)

Silt, Saturated lo- 3to 10- 2  10

(Fresh Water)

Clay, Saturated lo- Ito 1 8 to 12
(Fresh Water) r

Dry, Sandy, Flat 2 x 10-  10
Coastal Land

I Marshy, Forested Flat 8 x 10- 3  12
Land

Rich Agricultural Lard 10-2 15
Low Hills

Pastoral Land, Medium 5 x 10-  13
Hills and Forestation

Fresh Water Ice 4to 10-2 4

Ice10 to 10
Permafrost 104 to 102 4to8
Granite (Dry) 108 5

Limestone (Dry 10 7

U

Ref. (9)

U
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measured under various ::nditions. The attenuation of several materials

of interest was calcula:ed by Morey (9) as shown in Table 2-2. Since

we are interested in a :enetration of about 2 meters, this would indi-

cate that a signal in ::e 100 MHz range could be used in most cases of

interest.

However, the moist soil cases of Table 2-2 may be optimistic. The

highest useful conductivities cited by any of the prior investigators

was 50 millimhos/meter or 0.05 mhos/m. Referring to Table 2-1, it can

W -be seen that this can be exceeded in the case of saturated clay which

is not uncommon. Moreover, at least one investigator felt that radar

could not be used with any degree of reliability where the conductivity

exceeds 5 millimhos/meter. This can occur with virtually any type of

soil.

For reference, a conductivity map of the U. S. showing conductivity

in millimhos/m. is presented in Figure 2-4.

All of the information obtained during interviews suggested that

there were significant areas of the earth where the use of underground

radar to detect objects at 5 feet will not be feasible due to signal

attenuation in the ground.

s ~2.1.4 Signal Display.

The usual practice followed by investigators and equipment developersI
to date is to display the processed audio signal on a facsimile x-y

recorder. In this display, the x-axis represents the delay time, and

thus, is proportional to the depth of the reflecting surface in the

ground and the y-axis is controlled in some manner by the traverse of

U the antennas along the path of travel.

Two such displays are shown in Figures 2-5 and 2-6 (Geophysical

I Survey Systems, Inc.). In the first of these, a boulder is visible at

the edge of the lake bottom; the second shows peat and clay veins in

U the ground.

Many of these facsimile displays obtained by all of the prior

*I investigators were studied during this survey. It must be emphasized

2-1
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T-pole 2-2

Attenuation in Decibels/Meter

Frequency in MHZ

*Material 1 10 100 500

Pure Water 0.025 0.039 0.408 16.191

Sandy Soil 0.471 0.513 0.773 4.047

(Moist)
Clay Soil 0.013 0.075 0.425 1.649
(Dry)

Clay Soil 0.780 3.803 17.93 53.75
(Moist)

__Sea Water 34.50 108.54 326.65 592.03

Granite .732xl10 5  .732x10- .723xl10 .732x10-
(Dry)

Ref. (9)
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strongly that those shown in Figures 2-5 and 2-6 are spectacular in

I ccomparison with most surveys that we have seen.

The degree of imaging provided by the facsimile display along with

some knowledge of the local geology often allows a skilled individual

to identify some of the major features or targets.

However, much more refined signal processing will likely be required

for use by relatively unskilled military personnel in the field.

L The Terrascan system being developed by Microwave Associates pro-

vides a simple digital representation of the actual received signal in

the time domain along with a depth readout. However, the operator must

decide whether the signal is consistent with a buried pipe. He does this

by the variation in signal as the pipe is approached and the antenna is

rotated. Such a system requires some skill and is too slow for the survey

times required in the military application.

The recent work done by Ohio State University on a predictor-cor-

relator method for determining the characteristic resonant frequencies

of the underground object provides a possible direction for eliminating

the operator decision part of the process (15). It may ultimately be

L possible to program a device to recognize groups of resonances that are

typical of large rocks and display a "Go no-go" signal along with a depth.

L This sophistication, however, will require considerably more development,

if, indeed, it proves possible.

L 2.1.5 Outlook.

In summary, the state of the art for underground radar allows the

L detection of buried obstacles or tunnels at 5 foot depths in many earth

conditions, providing skilled operators with some idea of the underground

L features are interpreting the processed data.

To go the next step to a field device to be used in advance of rapid

L military excavation will require significant development effort before

feasibility can be determined or demonstrated. It is believed that the

L following sequential steps are logical for this development effort:

L 2-12
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I * Field tests should be run with an available system in the

geographical areas of interest (e.g., Europe, Middle East,

Far East, etc.). If a given location has significant

seasonal groundwater variation, tests should be run at

different seasons. Tests should include buried obstacles

or cavities of the types that would interfere with

excavation.

. If the basic system still appears promising after such

tests, a program to develop effective target recognition

or imaging equipment should be conducted.

L 2.2 Seismic Methods.

2.2.1 Basis.

Seismic methods of shallow excavation directly sense those very

properties of the soil that affect its excavatability. For example,

there is a marked difference in the magnitude of seismic velocities

between the various soils and rocks as shown in Table 2-3; that is the

chief advantage of these methods over others. Electrical properties of

the soil, by comparison, would need to be correlated by geological

L experience to soil mechanical properties.

2.2.2 Seismic Waves.

Seismic surveys are based on observing the propagation of waves

through the ground. These may be (longitudinal) compressional waves or

L (transversal) shear waves. These are also other modes of wave propa-

gation: the so-called Rayleigh and Love waves, which occur along or near

L the surface of the ground. However, these do not generally appear to be

useful for shallow excavation surveys. In fact, they, as well as acoustic

transmission through the air, contribute spurious signals and inter-

ference to seismic surveys.

LCompressional waves propagate with the following velocity (52):
VP *E 1-c ) w (2-4)[ p (1-2o) (1+o) /

where Poisson's constant c =AZ/Z (around o = 0.3 for rack and

0.1 to 0.5 for soils) p is the density, and
E is the modulus of elasticity

b(Young's modulus).
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Table 2-3

L Typical Seismic Comptessional Velocities

L Material Ft/Sec M/Sec

Igneous at Shallow Depth

"I Granite 15,750 - 18,500 4,800 - 5,600

Diorite 19,000 5,800

L Gneiss 11,500 3,500

Sedimentary Rocks

Limestone 5,600 - 23,200 1,700 - 7,100

Marble 12,300 - 22,750 3,700 - 6,900

L Chalk 8,465 2,600

Slate 14,000 4,300

L Uncofisolidated Sediments

Wet Clay 4,900 - 5,400 1,500 - 1,650

Sand (Tight) 2,000 - 6,100 600 - 1,850

Sand (Loose) 655 (min. meas.) 200

Soil 360 - 660 110 - 200

Talus 260 - 850 80 - 260

Weathered Liyer 1,000 - 3,000 300 - 900

Gravel, Rubble, or Dry Sand 1,500 - 3,000 450 - 900

Water 4,700 - 5,500 1,400 - 1,700

Ice 12,050 3,670
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Shear waves travel at a velocity:

E 1(25
as I - 2(1+o)

which is always less than the compressional wave velocity (by a factor

L around 2 to 3). (58) Shear waves can be polarized, being transversal.

Independent measurement of shear and compression wave velocities allows

calculation of Poisson's ratio and the shear modulus. This is particu-

larly useful for soil-mechanical studies of foundations and their

rigidity and stability. Density and modults affect both velocities

similarly, and therefore cannot be separated in this way. Density must

be estimated and independently to compute modulus.

Rayleigh waves are yet slower than shear waves, and their velocity

depends on frequency, lower frequencies propagating typically faster.

At higher frequencies where the wavelength is sma.L compared to the depth

of the top layer their speed is about 9/10 of the shear velocity xn that

L layer.

Shallow seismic work uses compressional waves only because they

always are the first useful signals to arrive. First signals stand out

clearly on a recording and are easiest to time, in particular, when

L simple impulse sources are used.

Unfortunately, sources acting on the surface of the ground tend to

L excite a large amount of surface waves, which may arrive, in spite of

their slower velocity, earlier than the wanted signal from a reflecting

L subsurface layer.

2.2.3 Seismic Impulse Sources.

L While pure shear waves are difficult to excite, as a twisting or

torsional moment has to be applied to the ground, the excitation of com-

pressional waves is comparatively simply accomplished by mechanical im-

pact. A blow with a sledgehanmer on a plate on the ground or from a

L falling weight will typically generate enough compressional wave signal

to propagate low frequencies (less than 100 Hz) some tens to hundreds of

Lfeet, while for longer ranges (as in oil exploration), explosive charges

are more practical. Impact sources at the surface, being generally

2-15
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1' directional and unsymmetrical, also put out large amounts of shear wave

energy which must be discriminated against, by their slower velocity, in

the interpretation of the data. The elastic limits of the soil set a

definite upper limit to the energy that can be imparted to the ground.

At some power density, the ground ceases to behave as an elastic body

and an increasing portion of the impact energy is dissipated on the spot

L rather than propagated as a wave. The situation is improved by imposing

a suitable mechanical matching system--a steel plate in the simplest

L case--between "hammer" and soil. However, direct mechanical impulse

in particular, for the generation of high frequencies, is definitely

limited by this effect.

For the shallow survey work under consideration here, available

commercial systems typically use, quite successfully, a simple sledge-

hammer impulse source*.

One might propose the use of a gun to fire a projectile into the

grotind. This has been found (58) not to work well because of the gross

mismatch in weight and velocity of the projectile to the properties of

the ground. Gas exploders (58) are used commercially but are rather

heavy.

h M Host of the practical experience has been with seismic frequencies

below, say, 200 Hz. In our application, frequencies around 1000 Hz will

be needed to achieve the required resolution around one foot. Present

simple sources do not, apparently, function well at those frequencies,L and some development effort would be needed to identify or to design

more suitable ones. Modulated vibrators, discussed in the next section,

L look promising.

2.2.4 Seismic Vibratory Sources.

L Some recent systems employ, instead of impulse excitation, a

vibratory excitation over a comparatively long time period. The neces-

sary signal-to-noise ratio at the geophones and receivers is obtained

in that system not from one or a few cycles of very large amplitude,

but from frequency- or phase-coded waveforms of lesser and constant

*For example: Bison Instruments, 1tinneapolls, Minnesota
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amplitude but long duration. Evidently a pure sinusoid can be received

with better and better signal-to-noise ratio as observation time is 
in-

creased. In that situation, the signal adds coherently in time while

noise adds incoherently. Alternatively, the effect could be described

as the result of a very narrow bandwidth (Afxl/observation-time). 
This

reduces noise power by reducing the effective bandwidth while not affect-

ing the single frequency signal.

However, a pure sinusoid does not allow timing its "arrival", and

thus cannot be used to measure travel time. To do that, some coding,

i.e., modulation, is required. The simplest such code is to transmit

only one or a few cycles, as in the impulse source. This is what a

seismic hammer blow does or the capacitor discharge into the antenna of

a videopulse ground-penetrating radar. However, such coding by amplitude

modulation will lead to a severe problem of dynamic range, that is,

excessive peak powers are required at the transmitter in order to obtain

from one impulse a sufficient signal-to-noise ratio. This can be im-

proved only by repeating the process and coherent addition of the result-

ing signals--a comparatively slow procedure. In contrast, frequency or

phase modulation can time-code the transmitter signal and improve signal-

to-noise ratio without increasing the dynamic range. (59) Phase modu-

lation (although successfully used in some radar systems) is difficult

to realize in a mechanical vibrator, while frequency modulation, i.e.,

a "chirp", is comparatively easy. A very successful system under the

name "Vibroseis" is based on this scheme.

Truck-mounted vibrators exist for such frequency-modulated signals

that are powerful enough to do deep seismic exploration. In many cases

they have eliminated the need for explosive charges to reach great depths.

The signals are picked up by conventional geophones and fed from there

to correlators where they are processed together with a reference wave-

form from the vibrator source. These correlators can be partly passive

analog circuits or, more recently, are realized by digital computation.I The geophones and receivers are designed with particular care not to pro-

duce amplitude, phase and delay distortion in the passband of interest

between the seismic signal and the correlator. The result of the

2-17
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Lcorrelation computation is suppression of uncorrelated noise and spurious
signals (such as surface waves), and a determination of the time shift

L between the transmitted and the received waveform. This yields a measure-

ment of travel time and thus of seismic velocity. Not only does this

L method eliminate the need for strong impulse sources, but it also lends

itself particularly well to signal enhancement by repeating the process,

the "chirp", over and over in order to increase the accuracy by coherent

adding of the wanted signals and better and better rejection of the

L typically incoherent ambient disturbances and system noise.

In conclusion, these "chirp" systems, while more complex, are in-

L herently superior to older methods to excite and receive and evaluate

seismic waves. Whether this extra performance is required for our

shallow survey task is not clear at this stage. Their most important

contribution may, in fact, be the suppression of noise and disturbances.

L 2.2.5 Seismic Receivers.

The geophone is the usual seismic receiver. It is typically directly

sensitive to velocity as it normally consists of a low-tuned, compara-

tively heavy voice coil held by a spring in a magnetic field. The out-

put of that coil is directly proportional to ground velocity when the

geophone body moves with the ground while the voice coil stands still in

space, due to its inertia. Such a geophone is directional, and it is

L emplaced by the operator so that it responds to vertical velocity when

used with compressional wave surveys.

L theTypical geophones have self-resonant frequencies below 10 Hz, i.e.,

they are useful for frequencies above 10 Hz. The upper cutoff of the

L system is set in the amplifiers at a few hundred Hz in common shallow

surveys. For our application, greater resolution is needed to detect

Lsingle boulders. Therefore, our system would use higher frequencies of

the order of 2000 Hz. This would generally allow making the geophone of

Lhigher resonant frequency thus smaller and more rugged.
It may even be advantageous to employ piezoelectric accelerometers

L instead of the present velocity-sensitive geophones. In a sinusoidal
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vibration, displacement, velocity, and acceleration are related by:

L S - S sin wt (m)

v - us cos t (m/sec)

a-2 s in wt (m/sec )

L At higher frequencies w, measurement of acceleration becomes thus an

easier means to measure and characterize a vibration than measurement of'

L displacement or velocity. Accelerometers are high-tuned, i.e., their

self-resonant frequency lies above the band of interest. They are there-

L fore small and rugged and, as a piezoelectric device, much less expensive

than present geophones. They would constitute an electrical signal source

of much higher impedance and lesser power output than present velocity

geophones, but different amplifier designs can easily make up for that.

L 2.2.6 Reflection Surveys.

A compressional wave is reflected at an interface where the acoustic
L impedance changes abruptly. For the case of perpendicular incidence on a !

L flat interface, the amplitude ratio, i.e., the reflection coefficient is

given by:

L 2 _13___1
Xr/1 i p2V2+P1V1  (2-6)

L where pV,<0is the acoustic impedance of the respective medium. As the

variations in density between different formations are usually very much

Lless than the variations in modulus, the influence of the latter will

dominate in most situations. This will be particularly true in our case

of rock imbedded in soil.

When the reflecting surface is irregularly shaped or the reflecting

object is of the order of the wavelength or smaller, the shape of the

wavefront is changed entirely by the reflection, i.e., the wave is

I scattered. For objects very small compared to a wavelength, the scatter-

ing efficiency drops with a high power of the linear dimension and objects

much smaller than the wavelength become, in practice, undetectable. Irre-

gularly shaped objects larger than a wavelength give returns which may or
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may not be specular in some direction, depending on the shape and orien-

tation of the object. One result is that the return from a uniform

scatterer falls off with the square of the range (in amplitude), while

the return from a specular reflector, perpendicular to the line of sight,

falls off linearly with range.

In our case, the problem is to detect ledge or large obstacles

within, say, six feet of the surface. Obstacles smaller than perhaps

three feet in diameter could be removed by most excavating machines and

are therefore of little interest. A wavelength of one foot or less would

therefore appear capable of resolving the obstacles of interest and of

I giving an unambiguous indication that they are located within the compara-

tively shallow depth of interest. As discussed before, purely sinusoidal

I signals cannot measure range, and therefore either a real or a synthetic

impulse is required. This will then contain a spectrum of frequencies,

I although that spectrum need not be extremely wide in our case because

the Tequired relative range resolution is so modest.

I Reflections at the surface of the ground could become a serious prob-

lem in a practical embodiment of the reflection method to find underground

obstacles. Source and geophone must be coupled well to the ground in

order to attain reasonable efficiency and to keep such unwanted reflections

down. They must be designed for operation against an acoustic impedance

typical of soil, not of air. Since compressional waves will be used,

liquid coupling to the ground could be most useful.

I In conclusion, reflection surveys respond to differences in acoustic

impedance. By themselves, they give no data as to the absolute seismic

properties of the media on the two sides of the interface, but only on the

geometric configuration of the subsurface formation. Reflection would

therefore appear to be well suited for the direct and simple detection of

boulders, other obstacles, and cavities beneath a source-geophone combi-

Snation. Technical problems would be expected in obtaining sufficient

coupling of this device to the ground and from direct coupling of surface

waves from the source to the receiver.
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2.2.7 Refraction Survey.

IThis is the classic seismic method originally applied to the inter-

pretation of earthquake signals. It involves laying out a linear or

I spatial array of typically one geophone and several sources (hammer blows)

and then recording the arriving signals (See Figure 2-7). These are

typically compressional waves that have been refracted by the (horizon-

tally layered) formations of higher sound velocity which typically under-

[lie a formation of lower velocity. The geophones are located beyond ome

minimum distance from the source. The earliest arriving signal will, in

pthat case, have traveled from the source downward at the critical angle:

i = arc sin Vo/V (2-7)
c o1

until it hits the interface of the formation. There it will be refracted

exactly parallel to the interface because it arrived exactly at the

critical angle; it will follow that interface exactly, and it will finally

return upward to the receiver at the same angle 1 . The two figures,c

Figure 2-8 and Figure 2-9, were taken from Dobrin (52) and are self-

explanatory in illustrating these principles. After the arrivals at

several geophone locations are recorded, the arrival data have to be

interpreted by fitting them to a suitable model of the subsurface for-

mation. This is comparatively simple under the assumption that the sub-

surface consists of discrete horizontal layers where the velocity always

increases to greater depths. If, however, a low velocity layer underlies

a high velocity one, the method fails because the rays are, in that case,

refracted downward at the interface and are not guided along it. The low

L velocity layer is not detectable in that case. Fortunately, this situ-

ation is rare and quite unlikely to occur in our case of shallow refrac-

L tion surveys.

Refraction would appear to be well suited therefore to detect ledge

L at shallow depths. The very large velocity contrast would make detection

easy. However, refraction appears not well suited to the detection of

discrete boulders unless the survey spacing were to be made so narrow that

the relatively small high velocity volumes could be detected. In that
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II
case, a refraction survey would be very slow because the spacing must be

I! of the same order of magnitude as the size of the obstacles and their

maximum depth.

I A significant advantage of refraction methods over reflection is

their ability to yield absolute estimates of velocity (see Figure 2-10)

and thus of mechanical properties. Apparently good correlation exists

between velocity and excavatability. As said before, the densities (if

soil and rock do not vary nearly as much as their moduli. Seismic

velocity of compression wave is therefore a good indicator of modulus

alone and thus of excavatability or rippability. Illustrative data are

given in Figures 2-11 and 2-12 and Tables 2-4, 2-5, taken mostly from

Ref. 60 and 62.

2.2.8 Attenuation of Seismic Waves.

The propagation of a compressional or transversal seismic wave in a

homqgeneous medium takes place in all directions, i.e., spherically. On

a scale large compared to the wavelength, the energy must therefore fall

off with the square of the distance and the amplitude linear with dis-

tance. In analogy to optics, these spreading losses can, of course, be

reduced by suitable beam shaping, e.g., by arrays of the sources.

Receivers can also be set up to shape their directional characteristics.

IIn addition to these purely geometric effects, the medium is not

perfectly elastic and therefore has inherent loss mechanisms that convert

L part of the wave energy into heat. The result will be a constant frac-

tional attenuation per unit length, described by:

E E e (2-8)

where x is the distance and a an attenuation coefficient measured in the

above formula in Neper/unit length (or dB/unit length if powers of ten

are used). In agreement with theoretical considerations, this attenu-

ation is found, in practice, to be approximately proportional to frequency.

Measured attenuation coefficients are well represented by:

L 7T (Neper/unit length) (2-9)

where v is the velocity of the wave, f its frequency, I its wavelength,
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L Table 2-4

L Excavation Effort by Dredging vs. Seismic Velocities

L
Velocity Probible Excav..tion

L (ft./sec.) Characteristics

6,000 M%1.;tly eas, c1 Itrmal
dredging

6,500 Norm.il excvatnn with
very little hard diedging

L 7,000 Ltle notinil 1,) ..
normal ,and some, ,,,at'd

L 7,500 Little normal ind ;, me

L hard or mostly hard

8,000 Ver", hard diedging

8, 000 to Assume B .istinq
10,000

(from Ref. 62)
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Table 2-5

Typical Q's, logarithmic decrements,
velocities. and frequencies for

30 cm 1 1 f t. waveleneth

a-w/Q Vp f (for A-1 ft.)

Formation Q (Neper/wave) (m/sec) (Hz)

Weathered Layers

Pottsville sandstone 7 0.45 2,500 8,200

assumed

Pierre shale 23 0.14 2,200 7,200

Weathering zone 15 0.21 1,200 4,000

Weathering zone 10 0.31 600 2,000

Rock

Dolomite 200 0.016 4,900 16,000

Limestone 180-120 0.017-0.026 5,000-5,500 17,000
4 Sandstone 50 0.063 2,500 8,200

Sandstone 50 0.063 3,000 9,800

Granite 125-160 0.025-0.020 4,300-4,500 14,400

! jCompiled from White (Ref. 63) and Lagace (Ref. 61)
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and Q a "quality factor" of the formation. We can eliminate the wavelength

from the above equation and arrive at an expression for attenuation per

wavelength, i.e., for logarithmic decrement:

6 /Q (Neper/wavelength) (2-10)

In a vibratory system, the fractional energy losses per cycle and also

the fractional width of the resonance curve are both described by the

same quantity Q. This same numerical value also applies to the attenu-

ation of a propagating seismic wave. The quality factor Q can thus be

measured independently in the laboratory, and it is known for many rocks

and types of soil. Table 2-5 gives representative values for compressional

waves. Attenuation coefficients for shear waves tend to be several times

larger than for compressional waves. They are not included in this data.

Equation 2-10 is particularly useful because it gives a clear guide

to the choice of wavelength for a given configuration. An object of a

-- given size has to be detected at some given range. First, the wavelength

*must be smaller than the object in order to resolve it, or at least to

produce a substantial backscatter signal. Second, the range is limited

by the allowable total transmission loss (round trip, in the case of a

m reflection method). That allowable transmission loss, in turn, is deter-

mined by the ambient and system noise level at the geophones and by the

power that can be injected into the ground by the source. Since resolution

and loss can both be measured not in units of length but in units of wave-

length (and regardless of frequency), the choice of wavelength becomes

* straightforward. The configuration can then be scaled by changing fre-

quency, but the maximum ratio of range to resolution is always uniquely

U determined by the allowable total loss.

The result, in our particular case, is that very high attenuation per

wavelength is permissible. We need to detect obstacles of, say, three feet

diameter at distances of, say, six feet in a weathering zone of compara-

*a tively low Q. A Q of 7 would lead to a logarithmic decrement around 1/2

Neper per wave. If we employ wavelengths of about one foot for good reso-

lution, we would expect a round trip attenuation around 6 Neper, corres-

ponding to a factor of 400. A wavelength of one foot in soil might

a
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correspond to a frequency around 2,000 Hz. Geometric spreading losses by

the irregularly shaped obstacles (instead of the specular reflection one

would expect from ledge) will reduce the signal level further. However,

there is little doubt that the total amplitude losses, of the order of

1,000, could readily be tolerated by even a comparatively simple seismic

source and detection system. Problems can be expected from the directarrival of surface waves, however, and field data would have, to he obtalntl

on these phenomena in a typical, practical set-up.

2.2.9 Display of Seismic Survey Results.

J IThe ideal output from the excavation obstacle sensor would be a

large and simple "Go-no go" signal.

j However, no seismic methods have come to our attention that would

promise such an unambiguous automatic answer in all situations. To even

1partially automate the evaluation process would require a large develop-
ment effort, although the final hardware would probably not be particu-

larly expensive. The main problem would lie in defining the statistics

of obstacles and the statistics of the background and clutter against

which these obstacles have to be detected. Detection theory is well

Sdeveloped from radar and sonar technology and, as soon as target and
background statistics are known, will lead to conclusive answers. It may4 turn out, however, that the necessary trade-off between "missed targets"

and "false alarms" will be difficult.

Also, the emplacement of the measurement stations would, in any case,

require some minimum skill and understanding of the methods by the oper-

ator. These stations are necessary because, so far, no seismic apparatus

appears to exist that can simply be rolled over the terrain in a continuous

4motion in the same way as the ground-penetrating radar can.

An automated excavation obstacle sensor with a high false alarm rate

1might, in fact, be worse than no sensor at all. At best, it would merely

discredit the method. But at worst, it would lead to the mistaken abandon-

ing of a tactically good site for a field fortification. In most systems

false alarms are a serious problem. But in our case, they are not only
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psychologically bad, but particularly pernicious to the ultimate purpose

- of the excavation system.

In view of this, it would appear that some minimum skill and under-

standing are absolutely required of the men who plan and execute the

excavation. In that case, automatic signal processing to a "Go-no go"

signal may not be necessary, and a visual display (on a CRT) of the

seismic results clearly has the best potential. It will use the pattern

recognition ability of the operator; and it will place the output in a

self-explanatory and intuitively understandable relation to the terrain

around him. Perhaps more important, it will, in most cases, tell when

the sensor has failed either because it has met a condition it cannot

cope with or because it is not used correctly.

2.2.10 Seismic Holography.

Holography brought strikingly novel results when it was first applied

to optical imaging problems. Until the advent of strong coherent optical

sources (i.e., lasers), imaging consisted of recording the energy dis-

tribution in the image plane, but not the amplitude and phase in the wave-

front from the object. Films and photodetectors are "quadratic", which

means they respond to energy density and do not record the phase of the

incident wave. In holography, an optical reference wave is added to the

wave scattered by the object before the sum of the two waves is squared

and the integral recorded on film. Phase information is thus stored in

addition to amplitude.

s In acoustic or seismic imaging, on the other hand, the waves have

always been recorded by linear receivers, and the output of the geophone

s is an exact electrical replica of the input, including phase. Also, the

rate of information in a seismic wave is small compared to the one in

optical imaging. Comparatively simple electrical processing, using a

reference signal from the source, can generate a seismic hologram which

entirely describes the seismic wavefront. The image can be reconstructed

by standard holographic techniques if a suitable modulator for an optical

wavefront can be made from the acoustic hologram. A better approach,
though, is to compute the reconstruction of the object and to display It
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from the computer's output. Several methods to do this are known and

r- corrections for velocity inhomogeneities, for different viewpoints, for

suppression of clutter, and to generate images from different locations

can, to some degree, be included in the reconstruction. In our particu-

lar application, fortunately, neither the spatial resolution nor the

field of view nor the amplitude resolution ("gray scale" in optics) need

to be good, and this would significantly reduce the required computational

effort.

A problem in acoustic holography, as with any acoustic imaging

method, are the generally unknown and fairly large velocity inhomogeneities

in the bulk medium. These would be analagous to variations of optical

index of refraction in holography. In our case, however, little accuracy

is required in the image. As long as the system yields a clear, although

distorted, view of the obstacle, it would be useful. Substantial errors

in scale are tolerable, as we typically will be searching for three foot

- objects at six foot distances.

Attentuation is also not a seriou3 problem in our application,

because of the short range. This and the permissible coarse resolution

make a total round-trip range of only a few tens of waves quite sufficient.

Even in the weathering zone near the surface such ranges can be attained

at tolerable round-trip losses. In fact, a modestly high attenuation may

-even be beneficial in suppressing multiple reflections. One round trip

may have an attenuation of, say, -60 dB, and if the gain of the system is

set for approximately this signal level, then a second round trip, either

in an unwanted reflection from the surface or as a return from deeper

structures, would be very effectively suppressed. This would be especially
m

beneficial in holography, where a CW source of seismic waves would typi-

cally be used and where signals are not inherently coded by arrival time,

i.e., by range. It is possible to take holograms from short bursts, but

signal-to-noise ratio would clearly be improved by extended observation

0 times, thus requiring long wavetrains and inviting problems from multiple

reflections and deep structures.

U Another benefit of holographic method lies in the fact that not the

complete time record from each receiver station (geophone) but only the
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integrated holograph value generated from signal and reference wave needs

to be stored for each location. This collection of the data chearlv does

not need to be done simultaneously from the whole array. It can be dis-

tributed in time by moving the receiver or the source from station to

station, thus synthesizing a "scanned hologram".

In conclusion, holography by itself does not provide any improved

seismic detection. It does nothing which other well developed seismic

evaluation techniques could not do, and it is, of course, based on the

same rationale as these techniques are. However, holography may well

make for a simpler system in practice if a pictorial display of the

results is wanted. If such a display were not acceptable but rather a

simple "Go-no go" indicator, holography would not be applicable.

2.2.11 Other Visualizations of Seismic Waves.

TRW made a proposal (66) to MERADCOM in 1974 in which they sug-

gested, as far as we know, an optical processing of seismic returns in a

mine detection scheme. A thin rubber membrane was to couple a liquid

tank to the ground. A separate source would inject seismic waves into

the ground which would, after having been scattered by the objects to

be dze~cted, enter the liquid through the membrane from the ground. A

laser beam was to interact in the liquid, presumably by variation of the

index of refraction with the sound field from the ground and make it or

its irregularities visible to the operator.

We were not given a copy of the proposal by TRW as it is proprietary.
pi
We believe that it may contain ideas and techniques useful to this

I particular application. However, as in the case of holography, it would

be valuable only if a pictorial display would be desired as the final

t !output of the obstacle detector. It also appears as if the arrangement

U might be comparatively large and cumbersome when applied to the detection

I of large objects.
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3. Conclusions, Benefits, and Specifications - Subtask 3.

3.1 Findings and Conclusions.

The salient finding of the survey performed in this study is that

there is not currently any available obstacle detection system which can

be readily transformed into an embodiment suitable for the combat

engineers' rapid excavation mission.

Two detection technologies,

9 Electromagnetic Pulse Reflection (Radar)

* Seismic Reflection or Refraction Techniques
-J

provide the most promise for the development of a system for this purpose.

Of these, the radar system has been developed to a greater degree

and offers a faster and simpler embodiment for the field fortification

excavation mission. At least one specialized underground radar system

is available commercially and two others will likely become available

in the near future. However, these are all intended for geophysical or

utility line surveys and do not necessarily conform to likely military

time (duration) or signal (direct interpretation, e.g., Go-no go) inter-

pretation limitations.

Seismic techniques offer the potential capability to operate in

ground conditions where radar will not penetrate. Because they sense

velocity of propagation and/or mechanical impedence which are related

to stiffness and strength, they operate more directly on properties which

define an obstacle. However, seismic pulses or waves are more difficult

to couple into the ground, a factor adversely affecting the speed of

operation of a seismic system. Signal interpretation problems are just

as serious as those for the radar and are no further developed.

Specific findings or limitations for each of these two methods are

summarized in the following subsections.
m

3.1.1 Underground Radar.

e Substantially similar underground pulse radar systems have

been developed by a number of prior researchers and can be

produced by several firms and research organizations.
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9 Most of the prior work has been aimed at detecting

cavities, buried utilities, land mines, and geological

strata. Little has been aimed at geological obstacles

such as large rocks. There is a paucity of examples in

the data accumulated by these researchers to illustrate

the capability or resolution of the method for this

purpose.

* While penetration to depths of 5 feet is clearly feasible

in many soils, the proportion of the earth's surface where

sufficient resolution will be attainable at this depth

j has not been established.

* It is known that this will be difficult in moist clays

or salty soils with even trace amounts of water. The

best areas appear to be glacial till, high woodlands, or

areas where so much groundwater flow has occurred that all

salts have been leached out of the soil.

- The facsimile displays which are used by most investi-

gators to study the reflected signals can clearly show

obstacles and underground cavities. However, it is not

possible to distinguish between "hard" and "soft" mater-

ials. Thus, clay lenses appear similar to rock layers or

cavity boundaries.

* The converse can also occur. If the electromagnetic
-properties of a rock and its surrounding soil are

similar, no reflection will result and the rock will

-Nbe invisible.

e Thus, even in a location where ideal radar signal

propagation is possible, the identification of targets

is a problem. Substantial development will be required

U to attain a level of signal processing which is capable

of producing a "Go-no go" display or an easily read

image without a high false signal ratio.
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3.1.2 Seismic Methods.

e Perhaps the single most significant relative advantage

to seismic methods is their capability of propagating

signals in saturated soils. However, they are poor in

dry or uncompacted soils. Thus, they are to a degree

complementary to radar.

* A major problem is the relative difficulty of coupling

the seismic transducers to the ground. This is now

only feasible by actually emplacing the transducers

in holes at specific stations, a methodology which is .

"- not conducive to a portable, moving survey requirement.

o A relative advantage is the large difference in wave

propagation speed between consolidated rocks and soil.

Thus, seismic methods should be able to distinguish

__ the type of obstacles of interest.

e Seismic methods are reported to suffer from a large

amount of background and clutter, leading to false

signal problems. However, this may simply be due to

the lack of a similar degree of development of signal

discrimination processes as that which has been

accomplished for radar.

* In any event, there is every indication that the

development of a field acceptable signal processing

and display method will be at least as difficult as

that for the radar method.

Transducer hardware for the seismic methods is more

complex and potentially heavier and more bulky than

that for the radar.

3.2 Benefits.

Analysis of the E-FOSS war games reported in Ref. (1) showed that,

during the preparation period (Period 2), the total excavated soil for
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protected fighting positions was 875,644 BCY. With 40 available M9

tractors, this would require 3,783 on-site hours. With one improved

excavator embodiment, this might be reduced to 1,360 on-site hours, thus

allowing a reduction in the elapsed time for Period 2 Irom IS 1/.! daly?

to 5 1/2 days with the same number of excavators.

J All of these estimates were made assuming that excavation can be

accomplished at the rates normal for the respective machines in normal

earth materials. If an area were encountered which contained a large

number of buried rocks too large for the excavator or contained ledge,

false starts or excess time to remove the obstacles could decrease the

excavation rate significantly. This would require either additional

machines or a larger elapsed time for the preparation period.

For example, if the probability of encountering an unexcavatable

obstacle is P and it can be assumed that this occurs, on the average,

halfway through the excavation, then the volume V excavated unnecessarily
w

as a result of the obstacle encounter is,

V - 0.5 PV (3-1)
wI

where V is the total volume to be excavated.

If the tactical situation dictates a given total on-site time, then the

number of machines must be increased to supply this wasted excavation

time. For example, if the total number of machines is expressed by,

V
N = rT (3-2)rTU

where V is the total excavated volume, BCY

* r is the excavation rate, BCY/hr, of one machine

T is the total on-site time, hrs.

hand the number of machines required to excavate false starts is similarly

given by,
V

Nw - (3-3)
rT

3-4

Arthur ) I ittle Imt.



I"!

then, combining equations 3-1, 3-2, and 3-3 gives,

N - 0.5 PN (3-4)

The incremental cost increase, AC, for the extra machinery is sImply,

C - NwC 0.5 PC (3-5)
N

where C is the total cost for N excavators.

If this incremental cost, AC, increase is considered to be the breakeven

j cost for a detector system capable of serving N excavating machines, then

the total detector system cost, Cd, must be less than this breakeven cost

or, V

Cd - AC = 0.5 PC (3-6)

If the detector system is fast enough to serve N excavators, then equation

(3-6) can be considered to express the breakeven cost of a detection

system for N excavators. The total detector system cost, Cd, becomes,

Cd = n Ce (3-7)

where C = cost of a single detector embodiment and n is the number ofe
detector embodiments for the total detector system. Combining equations

(3-6)and (3-7) gives

C - Cd = 0.5 PC (3-8)
e -

n n

If C is the total cost of N excavators and C is the cost of each

excavator

C NC (3-9)

Ce 0.5 PN C (3-10)

n10 An example of this relationship for an assumed excavator cost of $200,000

is given in Figure 3-1. It can be seen that with a 10% probability (p=0.1)

of encounter and a detector embodiment that is slow enough so that it can

serve only one excavating machine (N/n=l), the justifiable detector cost

U is only about $10,000. The survey showed that the simplest radar system

U
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-will cost more than $10,000 and it is unlikely that a seismic system will

be less costly. Thus, this combination of assumed conditions cannot

justify a detection system embodiment.

However, if the detector can be made fast enough to survey excavation

sites ahead of several excavators or if the probability of obstacle en-

counter increases, the justifiablz cost quickly rises into the likely

- cost range for a detector system. If P = 10%, N/n= 5, Cx = $200,000

then Ce = $50,000.

It should be noted that, as the probability of encounter increases,

a point will be reached where detection time will be slowed down due to

Ia the necessity to survey additional sites. This non-linearity is not

included in this simple analysis.

I The speed of traverse of a radar system is consistent with survey at

several times excavation speed. Thus, if requested excavation sites were

close enough one detector might serve several excavators. The probability

of encounter, however, cannot be assessed without a survey of the actual

geographical areas of interest. Thus, a final estimate of the cost

benefits of a detector system would require such a study.

U
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has e vel w - ii 1)1oid 1f1 110M 1 lp r111PI*

neath his feet. ESP is the aiswer

For a utilities engineer who m st plan new lilieS or io

Al cale existin( ones to iikt' iol.,ill-. or itdd li, --

ESP is a time and money saver le,,t p'; ,ire,,,

needed, traffic is only mornenl,irily intloilI f 1 1,

each scan, and interpretation of the LP pntc.

will give accurate information on bth tht- incr:i &'

and depth of underground sysl',m [3,r,)W(1d rq ,v 2

bedrock inltertces may also be localed Pl"vii c&:"

then be made to avoid obstacles aria make 1re

most efficient use of time.

* For a contractor planning a mator construc',-.
project, ESP provides the lay of bedrock. I,.e c23-
ion of soil interfaces, the size :jr location r' -2.

ders, and possible areas of subsidence Kno.,' '--
advance what is underneath will help pre...=':r costly delays and changes in mid-prolect.

0 For an oil driller, a pipeline enqinieer. or a te':eaz"-
scienist working in the Arctic or Antarctic. ESP 'Profiling vital aid. On sea ice, ESP is used to assure t- -
of camps, landing strips, and vetlrcles vy me.1 . -

ice thickness and detecting hidden cracKs " ---
Electromagnetic Subsurface Profiling (ESP) is an ad- vasses. Along pipeline roules on norrnafros_. "-
vanced impulse radar procedure that is performed with tects the presence and size of :ce .vecles ee?',
a SIR SYSTEM. The System iransducer is moved along the surface so they can be avoided Glac:al ce "< -

a line while the System Recorder produces a continuous and structure can also be detected. recorceo, a-:
high-resolution profile of the subsurface. The unique fea- studied.
tuie of the ESP procedure is its ability to automatically * For an engineer interested in going through or

generate a continuous map of subsurface features - fresh water lakes and rivers, ESP recoros tre
not a point-by-point sample from which extrapolations contours. ESP has also been used to look '.,"

r are made, but a complete high resolution profile. the sub-bottom to detect interfaces ana pipe c-cs-s-
An electromagnetic impulse is propagated into the ings.
media from a Transducer unit on its surface. When the
impulse strikes an interface between two materials of
differing electrical properties - a soil-bedrock inter- . Iw i _

face, a soil-water interface, a pipe buried in soil - some " 4

of the impulse energy is reflected and the rest continues ,
on through the material to other interfaces. The re- [ -
flected signals are received by the Transducer where -"1PJ
replica waveforms of the transmitted pulse followed _ .- '

by the reflected signals are generated and sent back
to system Control Unit to be monitored on its oscIlo- . " - ..-
graph, printed on a graphic recorder, and recorded on 4 \.

magnetic tape The graphic record of the signal wave- .
forms is a close approximation of the interfaces one lot
would see in a vertical wall of a trench dug along the
path of the Transducer.

The ESP procedure has been used successfully to lo- New uses for ESP are constantly bein, 2., ....- :.

cafe buried oblects such as pipes: map the bottom veys using ESP to locate areaq of i0,.re-t ,I, c' (
topography of fresh water rivers and lakes: measure logical sites have had succes',ful r- i, ESP 7 . -

fresh water ice and sea ice thickness, locate ice used as a coal seam thickness ton-;nr ,"
wedges in permafrost and profile bedrock interfaces highwall coal mining In addition. rtw .ys . ...

beneath the soil. walls have been performed to gain ,orr,,1.r- & .

In areas of low soil conductivity, the depth range of the the structure of the surrounding otv to uetct .

electromagnetic impulse can be as much as 30 melers. hal mining hazards Borehole tranwtucer; are .v.,

High conductivity soil inhibits transmission of the im- able to lower into horeholes, protiinq lhatra;yv

pulse energy, causing the depth of penelration to be lim extending borehole data
ited in some areas The radar impulses are also blocked Computer processing is now being t~eo to re"'c .-

by networks of iron or steel. such as those used as rein, background noise and thus enhance ,1 .taP , 1, -

forcements in concrete highways However. the higher computer analysis technique,; are Oi", o : .-

frequency transducers can penetrate around some roin- add to the information (;,iinod from ,ho doa r,
forcing. studying the shape of the reflected wiveloris

A- 9
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Transducers
t\ 1'4

CENTER PULSE
I I MODEL NO. FREQUENCY WIDTH APPLICATION[1 3112 80MHZ 6ns -Deep piohirO - 0in 00 rti ci5
2 3110 120 5 Light weight version of 3055

" 3 3055 120 5 General Purpose

4 3020 120 5 Sea oceorofiling
5 H6 110 120 5 Borehole TIR or cioss hole

6 3105 300 3 High resoluton _she(led

7 3103 400 2 5 High resolution b. static
ifi _ _ _ _ _ _ _ _ _

8 101C 900 1 Very high resolution-sheed-

.. " .,- 6

F6
7

... ... .. ..'.4 d.~ ~

the world of (3f
From the hot sands of Saudi Arabia to both
Poles. GSSI equipment has performed with
distinction under extreme environmental con-

A.ditions. Whether the desired target is a cavity in - . 'i
,!J .]-.. . Florida, a massive ice wedge in oermafrost at

Tuktoyuktuk. a gas pipeline crossing under the ,,S.
Mississippi River, a water main ,n downtown"' ,Tehran or a safe route across sea ice to Melville

,-,-.- Island. GSSI Systems are ready A SIR SYSTEM
-- -, . . - may be the answer to one of your subsurface

problems.

Let Us Help ---2

For further inform;itron, ph-,e write, call or visit " !
us. We will be happy in a';sist with your proj ct

and provide a firm prce? and dolivery quotation .

for a standard or cuslcmn syste~m bwst suited to ami- i
meet your needs. -7

= Geophysical Survey Systems, Inc.
15 FLAGSTON IUVR

P~wrld U.A HUDSON, NEW HAMP'SHIRE 03051 U.S.A. (603) 889-4841 f,~

V_. PPR'%A Wan, A- I_____________~~Ii ~~A-0t'icz
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With a small antenna unit ... and a compact instrument features beneath land,
package, ESP probes and water, or ice.records.. se

Electromagnetic subsurface profiling (ESP), devel. in modem times, test-pits, core-drlling and seismic
oped by Geophysical Survey Systems, Inc., is a soundings have been cumbersome and, worse,
survey method which enables engineers and have provided only single plot points, with nothing
scientists to actually "see" under the ground, water but guesswork left in between.
or ice by means of reflected radar impulses. Now, ESP changes all that. Electromagnetic

The ESP system utilizes a special downward- subsurface profiling is unique because it generates,
L looking radar to obtain an accurate, continuous sub- for the first time, a continuous linear plot of sutsur-

surface profile. It can record and report the location face features. Moreover, the plot normally pinpoints
L and depth of bedrock, interfaces, objects and voids all objects regardless of material - both metallic

underground the contours of lake and river and non-metallic. ESP records data many times
bottoms; and the depth of sea, lake and glacial ice. more detailed than other methods, and generates

ESP - the utilization of radar to send and re- the data more quickly and often more economically
ceive meaningful signals through solid and liquid as well.
media - is a true scientific advance which solves Introduced just a few years ago, ESP is now a
an age-old problem. For thousands of years, ever tested, proven system. ESP surveys are easy to
since man first started to construct buildings and run. And Geophysical Survey Systems makes ESP
roads, the engineers of every century have been easy for everyone to use by offering options, usersL forced to grope their way along, laboriously digging can purchase the equipment for their own or joint
simply to determine the position and depth of regional operaions; or they can contract for sur-

* underlying geologic and man-made features. Even veys with Geophysical Survey Systems.

A-I1
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f Building the profile: surveying, processed to sharpen and clarity the signal. Curreit

Interpreting, reporting, research is explorinq forther use of the computer to

improve analysis and reporting still further
The ESP system consists of a small, wheeled Radar pulses are blocked by networks of iron

antenna unit which sends and receives the radar or steel such as those used as reinforcement in
" pulses and an instrument package which records concrete highways. Similarl, the presence of salt

the radar echo patterns on magnetic tape. The tape interferes with transmittance. This can limit usage
then typically feeds to an oscilloscope and to a on heavily salted roads or in coastal areas with salt

r- hardcopy graphic recorder. water intrusion. However, it is an advantage when
The nstumen pakagecanbe crrid inany measuring the depth of sea ice. A third and minor

appropriate vehicle, a light truck or all-terrain vehicle limitation is the inability of the pulses to clearly mea-L- n intruentpacagecanbe arred n ay mauingi the depit of se ice tirdady moron land, a small boat on water; and a tracked sure during the first few inches of travel - so the
vehicle on snow or ice. The antenna unit is towed depth of most pavements is not recorded.

behind the vehicle or pulled by hand, and, in a boat,

- stowed aboard along with the instruments. The sur- ESP: vital tool on land, water and ice
vey is taken along a predetermined path at average
speeds of 3 to 5 miles per hour, and the tape is On land. Used for non-destructive probing

- keyed to benchmarks along the route. When a underground, ESP reveals the location of bedrock.
linear plot is all that's needed, a single pass is suffi- boulders, soil strata interfaces, ground water, and
cient. When an area is to be surveyed, a grid is laid voids. Also recorded are installed utilities - pipes
out and each path is traversed, of metal, plastic and clay, and conduits and cables

The antenna unit contains a transceiver which The depths at which ESP is presently effective
transmits radar impulses (consisting of both elec- are influenced by the conductivity of the soil
trical and magnetic energy) at a rate of 50 KHZ, or Average maximum effective depth for any region fn
50,000 pulses per second. The impulses are the U.S. can be determined from the following table.
partially reflected by the interfaces of materials. The
degree of reflectance is governed by the differen- Conductivity in Range - ground surfacemilllmhoslmeter to metai target tfeet)
tials in the electrical characteristics of the materials .5. 1

- the dielectric constant and the conductivity. 0.0 - .-. ------ 100

Reflected radar echoes are picked up by the .0 - 5

I transceiver and transmitted by cable to the instru- 2 5 14

- ment package. The oscilloscope displays the wave 8.0. 14

pattern of the reflected impulse. The operator, by e.0 a
noting changes in the echo patterns, can often gain .. 16.0 5

1 " a considerable amount of information as the path is 32.0 4

traversed.
The hardcopy version of the echo pattems On water. On fresh water lakes, ponds and

I - provides the data from which a plan view is drawn, rivers, ESP can render accurate bottom Drofiles
with positions and depths of features indicated, and also indicate the existence of any cables or
Normal accuracy in both lateral and vertical aspects underwater obstructions,

, is within 10% of the distance from the transceiver On ice. ESP has been extensively used to
to the target. Profiles of any or all paths can be determine the thickness of sea ice and is effective
taken off if required. The output can be computer- to depths of 25 feet. Bottom contours of the ice

.1 A-12



I show clearly due to the strong reflection at the salt sens the tisk of overuitl~iing cos;ts or of sjuii iq |

water interface. In the same way the thickness of late-completion penalties The engineer, by know-
glaciers and snow-fields up to 200 feet deep can ing what he will find before he digs, now c.; avoid
be charted, costly delays and extensive changes in plns

Exploration. ESP is a special aid to the crews
ESP: problem-solver for the civil engineer working in the Arctic and Antarctic on exploratory
and scientist. oil drilling and pipeline prolects, and in other ie-

search studies. Used on sea ice, ESP measures
Utilities engineering. ESP is a time-saver and ice depth to assure the safety of camps, vehicles,

money-saver for the utilities engineer who must and landing strips Sea ice thickness surveys have
plan new or replacement lines or locate existing been performed from a helicopter at altitudes of
Ines for repairs or tie-ins. 150 feet and speeds of 40 mph. Along road and1 Using ESP, the engineer doesn't break pave- pipeline routes on permafrost, ESP detects the
ment or interrupt traffic, and he can use his ESP presence and size of ice wedges. In geological
drawings to give him a complete plan of mains and exploration, underlying structures are surveyed.
service connections. He can then plot his locations, faults and fissures are located, and glacial ice depth
knowing that he will encounter smooth excavation is recorded
without hitches when the job gets underway. He'll In the future. Other areas of use for ESP are
know the positions of ledge and boulders so he can continually being discussed and developed. In con-
avoid them when possible and make accurate cost nection with transportation on sea ice, an ESP
estimates for removal when needed. His job will be unit mounted on every vehicle would serve as a thin
executed on time, and at the least possible ex- ice early warning system. ESP would be invaluable
pense to the utility, agencies or taxpayers, during location of archeological sites and for plan-Construction engineering. ESP can pay for ning the excavations. It has been proposed for

S itsef many times over when used by the architect, ground water surveys, and for location of subsi-
consulting engineer, contractor or owner who is dence voids and natural tunnels and caves that

sewers, highways, and other construction projects. Various mining applications for ESP are beingL ewplannighunatiosandoutiefrc bidngmgtnfetstructursorhghas
ESP can provide a continuous profile showing the investigated. In rock tunnels, surveys aong tunnel
exact lay of bedrock or ledge and the boundaries of walls and faces can provide information on the
such strata as glacial till, hardpan, gravel and peat. structure of the surrounding rock, detecting poten-
Also indicated are the size and position of boulders, tial mining hazards. ESP is being evaluated tor use
such potential hazards as voids or areas of subsi- as a coal seam thickness sensor in conjunction withL dence, and installed utilities or other objects. automatic coal mining machines.

In preparing bids for projects, the builder or Further adaptation of the ESP system might
contractor can use an ESP survey to cost out exca- lead to new borehole logging tools which would be
vation and foundation work with a certainty that lowered into boreholes and record laterally, greatly
never would have been justified otherwise, in- extending borehole data. Computer-aided signature
creasing his chances of bringing in the lowest bid. analysis of the ESP returns will eventually provide
Used in the planning stages of both public and pri- additional eng~neering information, for example.
vate projects, ESP can help insure that each job the density and moisture content of the soil and
stays within budget. By helping to forecast time rock. Further development of air-borne ESP units

L and equipment needed for excavation, ESP les- for rapid surveys has also been suggested
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Tha ESP instrument package. Putting ESP to work for you.

The ESP system includes an antenna unit encased If you're in need of the data that ESP can geonerate

in durable fiberglass and the radar instrument for you, select the arrangement that best suits your

package. The package includes the following projected volume of usage The best pLin may be

components: to purchase a complete ESP system With this
Controller unit. Interfaces all system units. option, we provide a free training course in survey

Provides power and trigger signals to the trans- technique, and follow-up assistance in analyzing
ceiver. Synchronizes the tape recorder and the and interpreting dala
graphic recorder with the echo signals. If your own use does not justify full individual

Graphic recorder. Produces a hardcopy ver- purchase, then arrange a cooperative pur:htise
j sion of the radar signals. among your organization and others with ,;tinilar

Tape recorder. (optional) Records radar interests in your city or region. For example, severai
echoes on magnetic tape. Records 16 times faster utilities in a single city can purchase and share time
than the graphic recorder, allowing rapid traverses on an ESP unit, developing survey information in
and subsequent input into the graphic recorder common as local projects arise
when time is available. In another arrangement, a constractor owning

Pre-record playback unit. (optional) Permits an ESP unit would operate the unit as a service in
proper phasing of control signals on each reel of his area.
tape. If purchase does not fit your program. or if you

Converters. (optional) Permits system to be would like to assess the effectiveness of ESP in
,,. operable from an automobile heavy duty alternator, your area prior to purchase, Geophysical Survey

Systems will be glad to discuss your needs and
provide firm quotes for a survey

For further information about Electromagnetic
subsurface profiling, call or write to us at theFT;" ~ .address below.r1

* * Technical specifications are subject to change
without notice.

~~j~> Geophysical
_ Survey
Systems, Inc.

15 FLAGSTONE DRIVE
HUDSON. NEW HAMISHIRE 03051

TELEPHONE (603) 889-4841
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I' ~Associates LI
A AACOM COMPANY

7 _F

Term.

Underground Utility Locator

FEATURESh~a Pot table
a Locate both metallic and non metallic pipe to a

depth of 10 feet/3.0 m

aAccuracy within 6 inches/15 cm in depth and

positiont

a Battery operated. Can he rechairled from 110 VAC

or from 12 Volt igluti systerns

a Digital readout of pipe depth
sunHigh iteniydslyi aiyraal ndt
suligh itnst(lplyieaiyrablindet

* Waterproof antenna housing, will operate on wet
ground

* oinufortablo' ltam,n allow% livedln oft mon,ni

8 Expand Mode - any 3 foot/l m s((tItmtt ol
selectvo a nile cmn he displiyed c.r32 coln il s

ti of display,

11A

Burlington, Massachu!,ults 01903 U Telephoie bll)212.3000 U JWX. 710-332-6189 U t'ledo1 ').1l
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COMPLETE SYSTEM WITH TRANSIT CASES FIELD REPLACEABLE BATTERY PACK

I -DESCRIPTION

A technique termed "downward-looking radar" is employed. A "downward-looking radar" is similar to a conventional

radar in that they both use a pulse echo technique, where an electro-rngnetic pulse is transmitted and any object in

its path reflects a portion of the pulse. The important difference between the radars is that conventional idar looks

L into the atmosphere, while the "downward-looking radar" looks into the earth.

TERRASCAN(9 employs a time-domain technique. In operation, the antenna is set upon the ground and the pulse is

transmitted into the earth. Any changes in the electrical properties of the soil causes part of the pulse to be reflected

back to the surface and, in turn, to the receiver. A buried oipeline is quite different electrically from the surrounding

soil.

Plastic pipe represents a change in the dielectric constant when compared with the surrounding soil; a metal pipe re-

presents a better conductor. The particular antenna configuration developed distinguishes cylindrical objects, -,uch as

pipe, from all other echoes. It also efficiently couples the transmitted energy into the ground and not into the sur-

L rounding atmosphere.

APPLICATIONS

The TERRASCANG underground utility locator will detect both metallic and non-metallic pipe.

Non-metallic pipe. especially poly-vinyl chloride (PVC), has become increasinqly widespread in use mainly due to its

lower cost and non-corrosive properties. Metal wire or foil tracers aie buit'd willh the, plasic pipe so that the 11101,l

detectors could locate the pipe at some fulure trne. However, there are a number of dli,,,dvaw ages experiencud with d

metal pipe detector when searching for a plastic pipe.

a) The metal tracers are often not connected or have corroded.

h) Precise Incation of itility is inacri ral,.
c) Affected hy stfiondliul ietif ohlecls (i.e., metal feli;ces, owerliead IoWe. I1114-S, Ij,.rkcd cjy,. eTc.).

d) Difficult to determin e depth or detail (i.e., Iranching or pirallel lines).

TERRASCAr 9 can rfeterryni whether theI utility is Frictllhc or nun' metlli It .Ill ripi-ir-jli- li.'1 i 1 L

lots, alonigsile chain link fences adl r.ailroad h ratks, is ,zac:uratel In lo atily ullliti s - ,I lullc h (0 11 t. IC

unaffected by inclement weath:r conditions.

SI oA- 1 1
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SPECIFICATIONS

go Electrical Characteristics

The instrument is bdttery operatcd andi can be recharged tii 110 VAC or sumce a vehicle having a 12 Volt lijiiitui

JT ~system. The gas discharge display Imnel is a matirix of small lamp% 11 row% hiugh x 3? rows lml, altii ix iriiltily 41 mtICIiv%I

10 cmi wide x 2 inches,'3 ciii hiqgh. Thei signaturec or siqoal rettro is traced roil ly l(tliteil l,1oips Similar to) ill o-.( 114loili.

waveform display. The display employs a non-reflective filter to reduce glare yet remains bright enougjh to be seen inI- direct sunlight.
A unique feature of the unit is a digital readout of pipe depth. The operator cart move a cursor to the targjet arfid press

switch to read the pipe depth on the display directly.

MECHANICAL CHARACTERISTICS

[ The instrument has 3 parts -The Antenna, The Display Package id The Power Supply. The Display t .ir(kaie ond

Power Supply are! either mnuntfl onlw th rnished cart or ;up wiri liy the operaitor oil an optional lnaiiess The

antenna weighs approximately 11 pounds/5 kig arnd can easily 1h( moved with uric lidrid. The dpproximate cmnbied

I weight of the Display Package and Power Supply is 37 pounds/16,8 kg.

J TYPICAL DISPLAYS

No target display, or null. Row of dots at top is the Target.[ ..cursor" associated with the digital readout.

77~~a --...- '

L 0Target inverted. Inversion is obtainedi through11 900) Digital readout.

rotation of antenna. A useful technique to discrim.

L mnate infinitely long targets from stones. etc.

.A A-20



Ii OPTIONAL MANVACK 1IAFINr SS coNr GUIIAr ION

Pto

I ANTENNA DISPLAY UNIT
DISPLAY UNIT AND POWER SUPPLY

Il t
Lima

mmu lK

L ENTIRE SYSTEM CAN BE CARRIED IN TRUNK OF

CAR WITH TRANSIT CASE OR ASSEMBLED AND

READY TO USE.

-a -aw 77"
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Analysis of Gravimerry and Gravity Gradiornecry
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I The gravimeter has the special attraction that it directly senses

mass distribution in its immediate vicinity. By the inverse square law,

it is most sensitive to near masses and this, in theory, gives it a chance

at very close range to detect boulders or cavities in the soil. The best

presently available exploration instruments are believed, from field

experience*, to be able to detect a 4 foot boulder at 6 foot depth when

i sampling on a 10 foot grid. However, each measurement will take about

five minutes with skilled personnel. After recording the raw gravimetric

I data from a survey, it takes a fairly elaborate, albeit in principle,

simple, evaluation which leads to a map of the gravitational potential

surface over the survey area. This map will show obstacles if the reso-

I lution is carried far enough. If there are disturbances from nearby

activity or if there are problems with the instrument, which is not un-

common, the progress will get much slower or become impossible.

The gravimetric method is, in principle, quite straightforward, but

a quick back-of-the-envelope estimate of its engineering basis helps in

appreciating the unusual instrumental problems that have to be overcome:

L Gravitation is an exceedingly weak force and unless caused by enor-

mous masses (e.g., the earth) is detectable at very short ranges only:

F mYm2  (1)

r2

where y 6.67 x 10- m 3kg- sec - 2 is the gravitational constant.

L The vertical gradient of gravity is:

d& . -2g see-2 (2)
dr R s

6
with the earth's radius R - 6.38 x 10 mI.

b ~.l 10-6  ~-2d~r 3.1 x 10 6 sec

dr

and with the definition of the "Eo'tvs Unit" of I EU - 10 -2:

3100 EU (3)
dr

This is the normal vertical gradient at the earth's surface.

*Private communication from Dwalne K. Butler, U. S. Waterways

Experiment Station, Vicksburg, Mississippi.
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A buried boulder could be detected by gravimeter or by gradiometer.

The former cannot be operated until it is completely at rest because

accidental acceleration of the instrument is indistinguishable from the

effect of gravity. The gradiometer is, in principle, not so limited. It

would be the equivalent of two gravimeters rigidly mounted one above the

other (for vertical gradient) with the difference of their readings Indi-

" cating gradient. Equal acceleration of both gravimeters would then pro-

duce no output.

ILet a boulder too heavy to be removed by a quick excavating method

lie at 1 m -3 foot depth. Its size will be larger than 3 x 3 x 3 feet,

corresponding to about 0.7 m 3 and 1500 kg mass. Its density might be 20%

higher than the surrounding soil, and we therefore have to detect a mass

anomaly of 300 kg at 1 m range. This causes a very small acceleration:
a' 2 x 10- 9 

g

L Clearly such an effect would be very hard to extract by gravimeter from

the natural acceleration noise background in a practical situation.

L A gradiometer is somewhat more promising. The gradient at the surface

is the superposition of the earth's gradient and the gradient of the field

L of the boulder:

da -yms -2 (4)
dr sec

L40 EU

L This local change in gradient must be detected against a natural gradient

of about 3000 EU; i.e., one is looking for changes of the order of 3% to

L indicate the presence of a boulder. Acceleration of the gradiometer will,

to first order, not affect the measurement.

L These rough calculations also show that it would, in practice, be

impossible to find ledge by gravimetry unless its depth or density were

to change drastically within the area investigated. Absolute measurementsLI
of g or dg/dr will not be good enough with present instruments--only

relative gravimetric maps can be expected at best. Uniform ledge under-

neath the whole area will merely shift the datum of the map.

B-3
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Gravity gradiometers for operation from moving platforms, particularly

from airplanes, are presently being developed by several companies (Hughes,

L Bell Aircraft, C. S. Draper Labs) for special mapping purposes, in particu-

lar, in order to remove systematic errors from inertial guidance. These

L. systems will need accuracies an order of magnitude better than 20 EU in

three axes, and there is apparently hope that this performance will become

achievable in the field, albeit at a system cost of several million drIlars,

and corresponding operating efforts.

A vertical-only gradiometer operating at rest only would be very much
iisimpler. Such instruments are being developed, for example (54) for oil-

j well logging and may be adaptable for the present purpose. However, they

probably would still cost no less than $100,000 and require skilled and
li ! careful operations.

We must conclude that gravimetry and gradiometry are not going to be

A useful for quick, shallow eycavation surveys in the foreseeable future.

This"is, however, not due to fundamental limits of measurement (such as

thermal noise, statistics, uncertainty relations, etc) but to engineering

I -problems. They may be amenable either to persistent efforts driven by

other urgent user needs or to a novel approach bypassing some of the

Im practical problems.
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APLY AQj' c3 t ionl in Rok'IeZ11 .:jCS arj Ran i Excavci t ,ocP-g'i

Oh~io State Univ Co1uc)s ZectrZ sc-ence a k402251U

HAUTI4CR: ,offjt: . 03,~ 1, .; r'eto-*3 L. Jr
C03923i Fid: 83. 145.. 133. G.2; * 73D GRA173C6
Sep 72 1 15;0
Rept No: ESL-3190-2
Contract : H021CC42. P 3z-17
MociiI to-, : 16
See also r'eport: Catoc 13 3:71,* A3-734 231.

A!Dstract: Prcg"ess to..ar3 the de V oore:' of an
efectromagnetic palsc' Su,ld in pr-obe f o: t Ir i d.C1) a') (
ciel inea on of geolo.gicil anomalietj. primarily n3 a ard rock
thedium. is reoc-rted. Tilts r-eoor, covers resea-ch oe,-for-,ijoilZ
Conti-ac: H021CZ.32 dlur;.,I thie oO'-iO 24 Fez uary 1971 to 23

* C- 6
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Februiary 1972. Ana Ivt il a I d.jn*1.
O-abe and on, tne scatte-rig tD, oQ*ina a81'd so -I
are sur..ar 1 zej. S~zcO~sf.-l js -. U":,.ts wai.:o .S n'j

g,3ncra t IQn , e-,c of trie ~-.~on C~~cz r J jVZ ;~~c

cylifldric~i tavq"4tt- in a ; o ,.; V u'Ce zr3 -

an~r Ii sin a 1i.csto:ne e,- are -LCco-t-j.

*Nondestruc s le.,tr.;. E Iez -:-r;:1e i c r- i,~r

prosp, ct.ng Lrirastz:rM

Ioentificrs: -Rck excavation. Ecro sc.jvidng

AD-754 847 NrIS Prices; PC 40

Elcro;7,aigetic Pu 13' C'I~ for Geao)-c31 S-.vcyriq .t-

AplicatiOri in Roc 31-0 t ms.e.

Onio State Univ Coi t.),, E t-,~ ~ ic La.: t402251)

Se.-i'annua I tecr'nical 'eo: . 1 StaD 72-2S Feua 73
AU ThZO : *.'a Ff aEtt, D. L, : Pt_: jr'. R . J. ;Pet, - s L. Jr

C7321AI F I j: 1 3B. 1 3 as. 3OU . 64 . B Z GRA17317
Apr 73 SID
Reot Io: ESL-3408S-1
Contrac't ARRA Orcer-1579. Contract. 1-102300C9

Mon itur : IS

Abstract: A full scale version Of an electruonagretiC pulse

Sound Ing prooe is clecriced vtMl attendant experir-lental data.

arp~3o r 3n sc~tte-:n4 e, e 1 in
0OrnO1 tc e i- 3 ~r es edi~o. T,.- 3.:Y'r -

con tr: in "; z rt e J'z..- .. .j 5 i xJ f ri:.y
cofis It U! ,ve e.--2*-s fo'- !". a- o- zr
are q a vnon aci0 5~~:c 1 C L I5 pzr'::on ca-z..V 2
tmie e d!J*a aoC ' rio Za. Ic ~~e '

is dJ'SZjs0cJ anJ "s: tc."'d3 t:-0 t :

*AoC(caoj,), 3 i) . .

Cozs C r-c:r on u f~~55 VFc'j.,'a,

Icerizfiers: Rao,i excava-cm, Ro -eCrjn:s. :;,

pulse so,,rilng. SD

AD-763 75a NT:S PiceS: ;C zCZ.7..- _:I

Arthur M) it fl. Irk



=izroraz lc Pi I se So nrq f o- e'(o-) J I* aq I -

3;z . cit ton In 40c, ."cc nc ofa t-! Roid E.'co.' it

r ni~o Staite U-iiv CoI..r-OuS E!So Oce": Lab (40:z

C2:Z311 FOC: 13 . 6.1*. 50D C3i2474 5

r S .!: 7 3 1 -C:;-

C~-.2.t . HC2O. ARP A C~e-I5
7 L

001cm'ite Teo~a are crs~ta The sI~-f;ri

for tarqets co."11 :IrC 0' fau . ts. ;oin-s a'r -

contrasts in a CX ; I-1tC , h.eszoe an uojo:-ite r,,?- e--2

arz reo1is t c :;u I :e oC.ctaz fl cri c - t Ifl co ~
I-a.'e sho.,n. C.t10a 01"_ a1reC

DeSc-ipton's: *Prc-Les( E ec :rmnaz c) , -Rock.
strcL.,, ceop. ~c31  'cc'i Iuns orgenerators. V I eo c.1gaIs , FauI t %:-'j !ocjyi Exe 7el: 2

lac-ntifiers: - aoi excavacn Rock =S.3 .

oEectrongitic pu'se soun'ding, SO

AD-772 065/9 NTIS PriCeS: PC A09,M.F A01

f ~~~Se iso ic Determ air; r ' of Geolocjical Disccntinuities Ar-eaz~ of

Rapids Exccovatt,-n

Send ix, Researc' Lao~ %ojt mfieafi ,i c,, (304 180

Semia~nnal te,: -ca! -:ut 30 Ap.-31 0c: 71
AUTHOR: Guzit3. R. ;. ;~ :ci Ciarl, S F.

30 Nov 71 4C2

RePt Ijo: RL3-C,'S(
Contract: H021CC33. Aqz ; Cr-r--579

Project: ARPA-IFIO. ZQL-2412

AbSt Pact The n e2ci f or trie o,-S I to knC IcCIV;9? 0 F 3 Ir Z,

L ~~~Ces inauL Ie for .dvo i -, i !,azzrd.u. o- ! f f , c- ' oI t ion:;~
of excavation 5L, I?_ 0.If FLr e xJ 'I(-, tre rate 3i

excavat on. T ha :; o Ce -) this O:;'1:1 to StUd', -0

i,rou,ses to a~ 'e zt''2 -ces. cic. of lair'm' gooui~ca

0icontiriuiti,!; or' ot P-t-:1t io sol.rce5a ofUnc. r., sucs' as

Old mine wo -.%inz;3, f Iei ; t.-) i 3t o- or 3 5,. . I .~h 1 0

reasoriaO. 10 "or K ; . r!*-: fa C. te t to0 a Fo w -f cot)

&flJad of texco.at on ;." ae. T'le pircojI Coo";4,C

Of inte-est is InrJ..1 c-j ,(tllin. rocim. (AutI'.)

Descriptors: (So.,) raoj rq, Fas _
*RO:.A(Geology) . e 3) , ( v . inriq or i ro'rirPg. iHl~a-dsl
Soura siqnlS. Ul tra_.Cl radiation. PuO S,, ytoms. Pu iSo

L ~~transi t ters. Transu_...- S. E por i mejoI oat a

I e :i f i C-s Se S - s- tc z:: oil

AO-736 692 N-IS Prce.: P'C 4C3,Y.F A01

Willic-8

Arthur 1) htdc Inc



1 ti-oedt~u' I vi tes Ing, V act -c'na-not IC la': S-., i.

prOSieCt ing

Identifiers: Rock etcavation

AD-734 231 NTIS Prices: PC A3/1., 41

Seismic Ceter-tinatio;% of eolCgical Discontinuities o"j f

L Rarlid Excav'at'on

Beno'x Rcsearcn Laos3 00ned:.ir 34180)

FinalI tecrinIca: re z. 3 .n71-31 Jul 72

L AUTH!OR: Gupta. R. R.
A53GIL3 Fl(*: 83. 8!. 17-,. 64;, 631. 641 GRA17223
Sop 72 88D
Rept NO: RLO-6311
Contract: H021C033. A-A rOer-1579

P7ojeCt: BRL-2412
Monit or : le
Abstract: rt'e neecd ~ the on-site knc.~led;e Of large
geological dliszoriil -:!S aneid of rapid eACa')tO. IS -e!?,

Ldesii-oole so : ,at o- :;ifficult fcrr~tc-i ano. j Of

an excaivation face ::~ e avoded or Oepar'd for. Sk..-,

resources. T'-e o>~ e oftnI p a' ta s.
feasibility Of u5Uti-j !' -flic aCcustiC signal-, and S-2' 5 %'

iirlpulses to rap iL , c: t-.e pre-,e',cct Or ~e;.O;~L discontinuitie5 or ut' z- en t I a sources of ao ;o . L:"3
old mine worin'if % -. Z, ater or ;;,Is lyii1q jl"),n a

reasonable wo-.ing .- -3ecju excavation sur'3,z;ei. T -a
princiole goo0.;gic Interest is 'hurO' or ry2

L rOCkA. lAutn'3"l

*RocA~(Geolog,). Ar .; (-%fi n ir.q eii -e~- v. Hjz. -Os.
Sound signals. U? '-":- ra!-at iofl Pulse t,,te-s.

Ltransiitte'-s. Ptez:c -:,-:c tranlsducers. Exaoer,(ntai .dota.
Feasibility st..a'e3

L Fiela tests

AO-749 977 NTIS P -ces: PC A05..IF A0l

L
L

6 ~Arthur I ittl Inc



I.ccto eC f arGK4 3~'j HY.7rulO'JiC Cono'tior'S Ama3a of

1 Sureau of Mines Denve' C:)o Den~ver Mining ReSearc' Center (

08070)

Annual tecnnic.il reat. iFezi-31 Dec 71
AUTHOR: Scott, James --.
A521102 Fici 83G. 13. 64F, FOH GRA17221

1 Mar 72 17o
Rept No: P87-2
Contract: AR.PA Order-i5-J9

AbS-rato:1 A w.ell logging system~ for M nr es-ee

lyslcal r'ooeties of rock penetraze: nj vertic. rJ-1 -z -.?L was d0S191e(3a nd par-tially develoced oy acd2tr;
Bureau of eau s edune 't to Special nq'.-s Z.I

tuflne I i n at avo:'ns of sovera3 tuzanc fee~telgC'~r~~a -racto iroac Ss 2- -:zIC~a;; -I oi :,0 1e5 a ' I s~j2l .,ere 2.21:n~ fo.- j~ --

* incas of i r'-r--.d J clullt/ cc-:ro I re,;jireC 'Z;

tecnn i qO foil ce 2rmininq P- a S--Oc yel- ., -S
acco'..St IC logs was deve; oed and orel smirary tes,3 -e-e

.0erforl'ed to evaIlate its effeCveness. (Aut'ror)

Zescriptars: (.'Str-ctunl qe; y Predlctl ,.(..-I- Datz orocessing s',stern. WJaveformn generato:,s, Cal i-a'z, $-
ldOrtificrrs: Raoda excavation. C',oss hole ese-

Tuflne s(EA..'iV3t icns

AD-748 637 NT;S Prices: PC A02,'.;F 101
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Electrca~r.etiz P.s, S -' t forG C Z:-ca I Sur 4ev I n itN
Aool cat ion in ;z . *.'c',i, .Cs ar'J Raid Zxcjiv,1t or Prg';1ii

Ohio State Univ Co:..v'jx- Electroscieice La :i (602251)

Semyiannual tecrcal 'r tt. 22 FOO'-22 Aug 71
AUTH-3q: .10ffatt. 0. L.
A34CiB4 Flu: 6'S, it. 3. 138. .34F. 730 GRAL7203
18 Ozt 71 46,)
Rept N~o: ESL-3190-1
Cont-act: NO21C04-2. A Z-A 0'deJr-1579

Pro~ect: ARPA-IFI0

Abstract: Analytical *eSUlt5 on the SC~tterinq by variu..s
planar and sonerical coricuctivity contrasts and on design d.1ta

and initial measu."ed data demcnst:-ating certain features of

Lthe orotne are oresenteJ. (Author)

The Variat ion of the Angle OF' Interial Frictiz'i .. :-% 3 z.?
Consist for '.eChnnzally-Ch~poed '.aterial

Ps.n.'S..Ivarnia Stast'2 ,riniv un:velrsity ParA Coll of. Ea---i a

Mir't-al Scienices (405416)L Semri-a-i,tal technical r-eot. I Ap---30 Se 7t
AUT?-C': Sai..-stoin. Lee ..
A3313FI F.-: aG. 136, 13~ .1G1L., 60-1 GRA17232
20 Cct ?1 45
Rept No: H02i 027-1

Contract: H-'10027. ARPA Oroer-157a-

Abs'n~zt: in O'de' to it'r:)ve ascn. ts ij m:iterniI -

t Me ra i C excnvjtion 0:1C*, .? is 11cn i1.3
cha-ac ter ize the r: -o.- r-eco, ,I t ...i-el Ibtrn
The speCif f iCr'o;et iivol-.es t.',i c.;rlat ion oi .- e
inte-nal friction, to tnea siz, Consist. -o1:,:I

type, andz fo~r tq ;von n"-,?i I t ,. z,_o~% .i :e z :
Partiz~c si~C n,- z5).J L V.s a f').:t.,n 0 r: 7'
Character x~ I C:'srt as '~'~ ~lC.C~ r
this ancje. The rroject Inves:1liJ-S move vls:.--.- -

t ur r. e all' he ve Sti~C "In ns c-' S62c: r'ock tizEs . -'

inclIude, grai t. I i-.tono. -11c-, 5tij, sarida'or 2. a--. 5

A facilit, for test inq thes- so-c* *eiis i s be in,.; c~~ .

I iW Consist Cf a f'lexible air ,i e-. t of 2.a c- -
tr iix ia I Cels, presur si. test ing r-.:

rel-oval o0f P-2-sona :b 1as f nc;i thm, ca, a. Te t tI ng o f sa*Z ies :2z!
begin SoCn after a load c-211 is del,'.ereJ. (Autrio-)

*Usi.1'g;-oiund Struci..res, Drilling), G-aoite. Limos:z~le.V .
Sancstone, Shaie. Particle size, Correlation tecn-=-es.

Identifiers: *Ra;)iL excavatio. ROZA meochanics, Exza,atic-

AD-733 486 NTIS Pr-ices: PC AO,'.1F A01

Arthur I) little Inc



rPredict-c. of C .'~'., aria b,droI:2,,C Ccndi-,u-i At'.C.id :I
a aoid Egcavat~of ,nri~s oy 11l-ole Geonl-,'sica; -en"zo

Bu-eaj of Min-:; Cz'o(.~~Ths M1 r n.; 4. a-'iCvn

Final :ec'!r',cal ren2t. I an 72-1.1 Jun 73

FNav 73 3:
qeot Noj: P87-4

ECzntrazt: ARP'A CraZ-15
7
9

FSee also r-eoo-ir ca-.?'j I '*,1:- 72, 4C)-748 -337.

At)St-act The oo~czt -~ ao0 tri is rosi.rcn proet 4,i to

CevelQO inhole4 Ca in ,r teasu' r-12 t t K.-: ' C5 f

assessing goic -zivl I. l-c c.-raJ t s'5s arI-'C.I cf 1: w,,,

revaluat.z and CesZ:' :,2 -~"j t itS feld mo;C-!J:'t

M .esurtcren t tec.Wi) z - ' C~ and to itoj i nc I -uK. t

andl te-orature. j ~'I .~ ostfD-act

Idlen i f e-s! Papo i I i-:on , * unne 1ing( <cavao::O n) S3

I AD-771 639/7 N7:S ~'-~ :A03:*,C AOl
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RD-AR53 174./9T NTIS PRICES: PC A04/MF R01

GEOPHYSICAL SURVEY OF CAVERNOUS AREAS PATOKA DAM, INDIANA

ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG MISS (3)38100

AUTHOR: COOPER!, STAFFORD :.; BIEGANOUSKY, WAYNE A.
FINAL REPT.
E1433C3 FLD: 8G, 13B. 48F, 50B GRAF17815
.JAN 78 54P
REPT NO: WIES-MP--7'.-IL MONITOR: 18

RBSTRACTi THREE SELECTED GEOPHYSICAL METHODS!, I.E., ACOL'-11u:,
RESISTIVITY, AND INFRARED TEC:HNIQUE.3 [JERE APPLIED TO THE PROBLEM OF
SOLUTION CAVITY DETECTION AND DELINEATION AT PATOKA 1AM :ITE. THE
INFRARED TECHNIIQU!E WR"S ABANDONED AFTER EARLY EFFORTS INDICATED IT
WOULD NOT PROVE SUCCESSFUL IN THIS APPLICATION. BOTH THE FsCOU:TIC FiriDL RESISTIVITY METHODS'.: HOWEVER, YIELDED RESULTS'. THE GENERAL SEVERITY UF
SOLUTIONING ACTIVITY COULD BE SURMISED FROM THE RESISTIVITY PROFILE
PRODUCED USING THE WENNER ELEC:TRODE ARRAY. :SPECIFIC FEATURES WERE
FURTHER DEFINED USING A MODIFICATION OF THE BR13LOW REISIIvII'r
SURVEY. THESE FEATURES, HOWEVER, HAVE NOT BEEN VERIFIED BY EXPLOSH1ON'r
DRILLING THUS FAR. THE ACOUSTIC TECHNI(?UE EMPLOYED WiAS VERY 3:LI:CE:ZFUL
IN DELINEATING THE TREND OF SUBTERRANEAN FEATURES FOR A DISTArNtE --
APPROXIMATELY 200 FEET FROM THE LOCATION OF THE ENERGY S*-OUR6FCE.
EXPLORATORY DRILLING PROVED THE EXISTENCE OF 7SEVERAL FEHTUF E,
INDICATED BY THE AF:OUZSTIC TECHNIQUE. A COMPARISON OF THE ELECTRICAL
RESISTIVITY AND AC.OLI.IC. RES:ULTS WAS: VERY FAVORABLE. (.AUTHOR.

C-13
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A NEW SENSING SYSTEM FOR PRE-EXCAVRTION SU'SURFAi:E INVESTIGATION FOR

I TUNNELS IN ROCK M A.::ES. VOLUME II. APPEN'ICES: DETAILED THEORETICL.,
EXPERIMENTAL AND ECONOMIC FOUNDAT I ON

ENSCO, INC., SPRINGFIELD, VA.*FEDERAL HIGHIAY RDMINISTRRIION,
WRSHINGTON, D.C. (406 167)

AUTHOR: RUBIN, L. A.; FOWLER, J. C.; GRIFFIN, J. N.; STILL, W. L.
IFINAL REPT.

E0804R2 FLD: 13B9 13C9 50B, 50C, 6.3 GRR1'7809
AUG 76 505P
REPT NO: 1061-TR-3-1-VOL-2

L CONTRACT: DOT-FH-11-%602
MONITOR: .FHIIA/RD-77..'11
SEE ALSO VOL. 1, PB-276 720.

L ABSTRACT: CONTENTS: THEORETICAL STUDIES-(ALTERNATIVES CONSIDERED FOP H
FEASIBLE BASELINE SYSTEM. ROCK CHARACTERISTICS OF SIGNIFICANCE IN
TUNNELING, RANGE AND RESOLUTION, ACOII::TIC WAVE PROPAGATIONi IN HARD

' ROCK, ACOUSTIC SENSI NG :SYSTEM, GROUND-PROBING RADR. ELECTRI CL
RESISTIVITY, ::IGNRL PROCESSING TECHNIQUES: APPLICABLE TO S'UBS:U~FC'E
INVESTIGATIOh OF ROCK MAS:.ES THROUGH BOREHOLES , CONCEPTURL DE'siG4N OF
HARDO ROCK SENSOR CONVEYANCE DEVICE!, APPLICABILITY OF DRILL Rl,- H&

PROPULSION DEVICES'; CRITICAL LABORATORY EXPERIMENTS- (..:_TUDLE3: OF

GEO-ENGINEERING PROPERTIES OF ROCK RELATED TO THE USE OF RADAR HrNI

SONAR PROBING SYSTEM:, TRAMSVERSE-DI POLE BOREHOLE ANTENNAS. SIUJB-IJ_'FHCE
L EXPERIMENTS. WITH RADAR), ECONOMIC CONS:IDERAT I ON:-(.c.OMPAFRATIVE £ TUDY OF

PROBABILITIES OF SLICCESS: OF CANDIDATE SYS:TEM E'E:IGN CONCEPTS* ECONOMIC
RNALYSIS OF THE FILL-CAPABILITY ":'STEM, COST OF PILOT TINNEL .
RNALYSIS OF SENSING C:OCST-BENEFIT RATIOS AS FUINCTIONS OF BOREHOLE SIZE,
COST-EFFECTIVENESS CONSIDERATIONS FOR PROPULS:ION AND PENETRAIION',.

I

C-14
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PP-276 720/OST NTIS PRICES: PC AIO'MF AOI

I-A NEW SENSING SYSTEM FOP PPE-EXCAVATION CUBSIPFACE INVESTIGFITION FOR
TUNNELS IN PROCK MASSES. VOLUME I. FEASIBILITY STUDY FIND SYSTEM DESIGN

ENSCO, INC.. • .PRINGFIELD, VfA.*FEDERAL HIGHItIAY HDMINISTRAIIONr.r WASHINGTON, D.C. (406 167)

AUTHOR: RUBIN, L. A.; FOWLER, J. C.1 GRIFFIN. J. N.; STILL. W. L.
- FINAL PEPT.

E0804F1 FLD: 1:3Bv 13C, 50B, 50C9 63 GRRI7809
AUG 76 :' 06P
REPT NO: 1061-TR-3-1-VOL-1[ CONTRFCT: DOT-FH-11-8602
MONITOR: FH4Il,RD-77/ 0
SEE ALSO VOL. 2. PB-276 721.

L RBSTRACT: THIS REPORT INCLUDES A FEASIBILITY STUDY AND SYSTEM DE:IG
FOR AH INITIAL PROTOTYPE OF Fi :SENSING SY'STEM FOR PRE-EXC:AVHlIOr
SUBSURFACE INVESTIGATION FOR TUNNELS IN POCK. TUNELS IN ROCK. FIRE VE'y
EXPENSIVE, AND COz-_,TS OFTEN RISE FAR ABOVE ESTIMATES IWIHEN UNFORESEEN
PROBLEMS ARE ENCOUNTERED DURING EXCAVATION. NEW TECHNILUE'S IN R'HID
EXCAVATION TECHNOLOGY. SUC.H AS THE DEVELOPMENT OF BORING MHCHIriES,

HAVE INCREASED THE NEED FOR IMPROVED ':ITE INVESTIGFTION. POSSIBILITIE-r
FOR A NEW SENSING SY:STEM THAT WILL PROVIDE MORE COMPLETE BiATH ON
SUBSURFACE CONDITIONS WERE INVESTIGFITED. FAVORABLE RESULTS OBTAIIED
FROM HIGH-RESOLUTION GEOPHYSICAL S1ENSING IN BOREHOLES HAVE BEEN
COMBINED 14ITH IMPROVEMENTS IN DRILLING OF LONG. HORIZnTA L, PREIE
BOREHOLES IN ORDER TO PROVIDE AN ECONOMICFiL RLTERNRTIVE TO FILOT
TUNNEL FOR SUB:SIJRFACE INVESTIGATION. PILOT TUNNEL COSIS FiS WITH ILL
SUBSLIRFACE CONSTRUCTION ARE RISING AT RATES MICH HIGHER THAN THE

ECONOMY, THJ' THE USlE OF BOREHOLE -ITE INVESTIGATION HAS FnOTENIIHLL,
VERY'HIGH BENEFIT-COST CHRACTERI-TIC-. THE FPROTOTYPE Y-,-TEM DESIrNE L
IS A HIGHLY MOBILE GEOPHYS.ICAL MEAS':UREMENT tDR TA FiCz UI:ITIOrl, .Y1I-M.

L THE SYSTEM IILL TAFHE ELECTROMAGNETIC RADAR MEA-LIREMENI.. P 11 L -ELl
RCOUSTICRL MERSUREMENTS, AND MULT I --PACI ED FIRRARY RES I S T I V I TY
MEASLIREMENTS. THE :ENSOPS WILL BE IYED IN TRAVER ES HLONG THE
BOREHOLE, FIND DATA WILL BE TAKEN FIND -TORED oN MAGNETIC IHPE FUR

L SUBSEQUENT REDUC:TION AND FINALYSIS AT A COMPUTHTIONAL CENTER. THE
SYSTEM COULD REDUCE ACCIDENTS. REDUCE BID CONTINGE:NCIE.. FINI kELULE
OTHER FACTORS CONTRIBITING TO RAPID E:C0tRTING :IS OF 3l'zUBUkFI1E
EXCAVATION. VOLUME I DES.CRIBES THE ,ASIBILII',Y IUDY FIND Y-TEM
DESIGN. VOLUME II CONTAIN:7 THE APPENDIFE" A-P.

C-15 
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PB-263 242/' O T NTIS PRICES: PC Ai09MF A101

- .SCANNED ACOUSTICAL HOLOGRAPHY FOR GEOLOGICAL PREDICTION IN HDVHNE Uf-
RAPID IJNDEPG DOLiD EXCAVATION. PHASE I

I HOLOSOICS, INC.- RICHLAND, IAS H.NRTIONAL ".CIENCE FOUNDATION,
WASHINGTON, D.C. RESEARCH APPLIED TO NATIONAL NEEDS. (.391 d-1.1)

AUTHOR: PRICE, T. 0.; BRENDEN, B. B.; COLLINS, H. D.; .:PALEK, J.
INTERIM REPT. NO. I
D1802A2 FLD: 13B, 81. 50B9 48R, ';2P GRRI7709
FEB 75 92PSIGRANT: NSF-G1-436S6
MONITOR: NF/R--'T-75/075
SEE ALSO PB-245 147.

B.STRACT: A DISCUSSION AND REPORTS ON THE PROGRESS TO DATE ARE
PRESENTED IN THIS INTERIM REPORT ON THE PHASE I PPOGRRM. TWO TFS KS OF
THE FOUR SCHEDULED HAVE BEEN COMPLETED. FIRST, RESULTS OF H

- COMPREHENSIVE REVIEW OF THE CURRENT 7.TATE OF RESEARCH IN $EIMIl. HNID
L ACOUSTIC:AL HOLOGRAPHY ('PRTICLILR LY AS IT APPLIED O GEOLUOIC

PREDICTION' ARE INC:LUDED IN THE : ECTIOW. ENTITLED. 'REVIEW OF __EIMIL
AND ACOUSTICAL HOLOGRAPHY RESEARCH, AND "NFALY.-.:IS OF :CHNNE D
ACOUSTICAL HOLOGRPHY." THE .ECOND TASK DETAILS THE IMPLEMENIATION OF
THE HOLOS'ONIC MODEL 2'00 ECANrED AC:OUI: ,.TIC.RL HOLOGFHF'HY Y.1YlEM 1

,.DEMOMSTF,,TE THE Rf4NGE OF IMf4GIMi-, F ,FfILFBLE WITH CUkRENl TELNiflUE. IN.-
A SMALL ROCK SAMPLE, AND LFBORATORY DEMONS TRFITIONS ARE CONDUCTIED USING
A MARBLE BLOCK AS A TEST MODEL.

7 SRCOUSTICAL (W' HOLOGRAPHY AND GEOLOGICAiL( W'PRGDICTION. TI

L 30 RCOUSTICAL (I,* HOLOGRAPHY
3 GEOLOGICAL (W11',PREDICTION/TI

5 3 RCOUSTICAL(tlt)HOLOGRAPHY AND GEOLOGICAL(W.)PPEDICTION,'I

? T 5/6.-1-3
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10/"7/1L 1D-752 777 NTIS PRICES: PC A02iMF AOI

EXPERIMENTAL CAPABILITIES OF THE ARL SEDIMENT TRNK FACILITY IN THE

.STUDY OF BURIED OBJECT DETECTION

TEXAS. JNIV AUSTIN APPLIED RESEARCH LRBS."- (404434)

L LAUTHOR: MUIR. THOMAS G.
TECHNICAL MEMO.
C0164C4 FLD: 17R. 6-3R GRA17303
4 OCT 72 20P
REPT NO: RPL-TM-72-32
CONTRACT: NOi:'014-70-R-0166-001 0
PROJECT: NP-240-014L MONITOR: 18

ABSTRACT: AN IJNDERWAIRTER ACOUSTICS RESEARCH TANK IT APPLIED RESEHRLH

LABORATORIES HAS BEEN MODIFIED FOP IJU::E IN RESEARCH PERTAINING TO THE

DETECTION OF OBJECTS BURIED IN A IA TER-FILLED SAr1D. PRRAMEIER HNi£
DESIGN DATA ON THIS FACILITY ARE PRESENTED FOR BOTH LINEAIR HNLI

PARAMETRIC fCOLIITIC: MEASUREMENTS. IT I, 5HOIIN THAT A IlDE PArE OF

l ACOLITIC PARAMETERS CAN BE USED IN THE .IMULATION OF IN -1TU

CONDITIONS. (AUTHOR)

L I1/7/1

L RD-752 776 NTIS PRICES: PC A02/MF AO1

ON THE POSSIBILITY OF DETECTING AN OBJECT BURIED BELOW AN INTERFACE

USING TOTALLY REFLECTED WAioVES

TEXAS UNIV AUSTIN APPLIED RESEARCH LABS (404434'

IN AUTHOR: HORTON- CLALIDE 14. :.R
TECHNICAL MEMO.
C0164C3 FLD: 20R- 63FA GRAI.730:3
27 SEP 72 12P
REPT NO: ARL-TM-7--28
CONTRACT: N:'r0'14-70--0166-0010

L= PROJECT: NR-240-0':14
MONITOR: 18

ABSTRACT: A PRELIMINARY SURVEY OF LITERATLIRE PERTHINING TO FHE
ACOLISTIC DETECTION OF OBJECTS BU IRIED AT :LIBRITICFIL FiNGLES IN

I SEDIMENTS IS PRESENTED. ALTHOUGH NO GENERAL "_,:OLU11Ori TO THIS FRULEM
HR.: BEEN FOUND, IT IS: 7HOWN THAT THEORETICAL -:OLUTION:-. FOR -. IMILM,,
PROBLEMS PROVIDE A BAIS FOR THE DEVELOPMENT OF THEORY FOP 1-UEL:RII -'IL

6 TARGET DETECTION. (AFiIJTHOR:,

C-17
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RD-782 264/6 NTIS PRICES: PC A04/MF AIl

r EXCAVATION SEISMOLOGY

HONEYWELL INC MINNEAPOLIS MINN SYSTEMS AN' RESEARCH CENTER (40249)

r AUT@OR: LARSON, RODNEY M.; MOONEY, HAROLD M. - :OLRND [ILIDANE E.
FINAL TECHNICAL PEPT. 23 MAY 72-31 DEC 73[ V3252I3 FLD: 13B, 8G, 48RA, 50B* GRAI7419
MAY 74 67P,
REPT NO: F0154-TR2
CONTRACT: HO220070
PROJECT: ARPA OPDER-1579
MONITOR: 18
SEE RLSO RD-755 211.

I ABSTRACT: THE OBJECTIVE OF THE PROGRAM IS TO DEVELOP SEUMIL.
TECHNIQUES AND EQUIPMENT WHICH CAN BE II1-zED IN A4 HHP Ll -
RAPID-EX-:AVATION! .SYSTEM TO PROVIDE INDICTATION OF POTENTIALLY HZAL,'.[ OR CHANGING GEOLOGIC CONDITIONS AHEAD OF THE WORK.ING FACE. THE -El-'mIL
REFLECTION METHOD IS COti:IDERED THE MOST LIITABLE ONE FOR IHE
APPLICATION. THE PPINCIPAL TECHNICAL PROBLEM 17 IDENTIFlCAFTIUJt UF
REFLECTIONS 3 UPERIMPOS3ED ON OTHER -iOUR'CE-PROEUCED F:rHER'ENI
INTERFEREtC'E. THE INITIAL PART OF THE PROGRAM ErmPHFAI2i IZED IHE
DEVELOPMENT OF A SEISMIC SOURCE,-RECEIVER COMBINATION WHICH PROFtL-E3. H
SIMPLE- REPEATABLE TPASMITTED :EI MIC PULSE. IN THE FINAL PART UF THEL PROGRAM THE FIELD' RECORDING -YSTEM 'WAC L:CED TO COLLECT [ tUL I
REFLECTION DATA IN AN UNtEPGROUNE, COPPER MINE. THE FINAL REPURT
DIScu: S ES EXPERIMENTAL PROCEDUPES AND I NTERFPETRTION Amu[ rHE F'RU:LEM-.

.ENCOUNTERED IN THE IUNDERGROUND ENVIRONMENT. (MODIIFIED AUTHUR Ab-EA,-:I:,

L

IL

c-A I
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RD-755 ':11 NTI3 PRICES: PC Afl4,MF F101r EXCAVATION $7EI7,MOLOGY

HONEYWELL INC: CT PAUL MIN4N C7YSTEM ' AND REERC CENTERe '7)%

AUITHOP: '7OLFNDo DUHANE E. ; MOONEY, HAROLD rl.
-EMIANNIJAL TECHt-1CFIL PEPT. z1- MAY-22 NlO'. '

C 0c-__"-4 FLD: 1 EP., : .: .fi-B 64F, 1 Rf iA17 3
DEC 72 74P
REPT NO: Ffl154-TRI
CONTRF' T: H0:221-':70:. RPPA ORDER-i9
MONITOR: 18

PBSTRPCT: THE OBJECTIVES OF THIE_ . PROGRAM FIRE TO VERIFY AND E%?HLUHIE
TI-1O PPOMI' ING E"~I'.MIC ARRAY TECHNIQUES FOR '!l,:E IN lUNDERG_,f-ULl4L'
HARD-ROCI* EXCAVATION-:. THE T1SI0 ARRAY TECHNIQUlE:_ TO BE EVHLUHTEL HN'E:Ft THREE -DIMENC *I ONFIL METHOD OF D1:SPLA,1-N3 THE OU-TPU-T 1I3NHL*,: FROM H
TWJO-DIMEN5IOIL ARRAY OF TRAN;iMITTING OUR119C.E7 ANiD RECEIVER1: I O ENiHELE_F AN OPERATOR TO VID~UALL'r( DETECT REFLECTION- FROM DI :_C-ONT IrI'11 T IE:_ 111 rHIri
THE PROBED POCI' VOLUME; AND A BERMFOPMIN'3 METHOD DEVELOPED IN H
PPeEVIOIJfl, :TUDY l.'HI':H EMPLOY: _ '. OPH I 1"T I ATED ARAY Ii3NA-iL PROC.U INiz iur ENHANC:E REFLEC:TIONC7 RETURNED' FROM 7PEC.IFIC DIRECION. AT HOR:'

At'-742 146 NTIS PRICES,: PC: A1I'MF A0l

EXCAVATION ? EISMOLOGY

HONEYWELL INC: ? T PAUIL MINN REc:ERRCH DEPT (4 017 99:

AUTHOR: C.OLAND. DUANE E. MOONEY, HAROLD Mi.; TACK!., DUANE; BELL,
P ICHRD
ANNU>6PTECHNICAL REPT. NO. 1!, 19 FEB 71-194 FEB 72
R4414D4 FLD: 13B- 17j- 1::3Le fiiE:. 'El31I. b4L '3RAI1 12121
MAR 72 22sp
REPT NO: 12289-TR2
C:ONTRACT: H02100':25., ARPA ORt'ER-1579
PROJECT: APPA-IFIA
S~EE ALSO RD'-731 707.

AB7TRCT: THE OBJECTIVE OF THE PROGRAM 1. TO DEVELOP C7 EI m I.
TECHN I'IJES ANt; EQUIPMENT WHICH CAN BE U"'ED IN H HAlFI1-kUGjKL RAPID-EXCAVATION ! YSTEM TO PROVIDE INDICATION OF POTENlI iLLY HAHRf-LlUU.l
OR CHANGING GEOLOGIC CONE'ITIONC AHEAD OF THE lklORK.IN'$_ FACE.. lHE
SEISMIC: REFLECTION METHOD I CONCIEPEED THE mO T .UITABLE ONE FOR IHb
APPLICATION. THE PRINCIPAL TECHNICAL PROBLEM 17 ItENTIFIC.AIriu U -L REFLECTIONS 7:IJFERIMPOC:Eli ON. OTHER OJRL:E -PRODUIC ED COHES-ENT
INTERFERENCE. .;,IGNAiL PROCESC:ING TECHNIIQUEC_' UCH A Z CROU'7.:-C:OARRELHTI(Jrq
AND VELOC ITY FILTERING OR BEAMFORMING UC 71I' AN ARRAY OF RELEIVINI,
'EN<?ORFC PE BEING INVESTIGATED FOR ENHWEMENT OF REFLECTIOW. IHE
INITIAL PART OF THE PROG5RM EMPHH7:.ZEr' THF E '.ELOFMENT OJF H ". ii

-i l:O1JCE.. RECEIVER COMBINATION WHICH PRODUCES1 A ' IriLEq EPEHIHbLL
TRANWMITTED 7EIS!MIC PUJLCE. (AUTHOR)

C-i19
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707 TISPRICE:S: PC R07/MF RAI

F NCAVF$TION C7EI :.MOLOi3Y

F HONEYI.IELL INC: TS PAUL MINN PE _EARCH DEPT 4 Q 1.~

AUTHOR: :OLAiND. EIJRNE E.* MOONEY- HROLD Mi.; _INGiH. ;I-LIFIR.7HHr1
TEIRNNURL TEI:HNII:L REPT. rNO. 1. IC, FEE-I-: AUGl_ ,lE 471-f4 FLI,:*. IT) 17-1v trp64L, 6-31 G R F 7Lz-'4

E P 71 I315P
REPT NO: 12 2, ElT P.F CONTRRsCT: HOc-lf0'.*5.. APPA OPEER-l1i79
PROJECT: APRA- IFI i

R B TPA':T: THE OBJECTIVE OF THE PF. lROARM 17 TO DEVELOP E I M IL TECHCJUE' N EQU'IPMENT IIHIfC.H CAN BE 11:.-.ED' I AD~~

PRP ID-E:RFiT I ON - Y-.TEM TO PROV%.IDE INDICATION OF POTENiT I RLL)' HHZH6LI1UUI
OP CHANGING i3GEOLOII:. I.OND IT ION: -HEAD OF THE I-JORK Irtc, FAI:_E. E[ :EI _'MIC REFLECTION METHOD IS: i:7ON'lIDERED THE r107T -_ITABLE ONE FOR IHE
APPLICATION. THE PR INC I PL TECHNICAL PROBLEM I . IDENTIFIi.ARIlJrA UF-
REFLEC*T ION,? :7 LIPER IMPOCSED ON OTHER IFRE-PROtUDI COHEPEN
INTERFERENCE. I'NLPROCEC_..ING TECHNIlI'UE:. :LUCH t S I-RocS -ORELH TI OioI Nri IVELOC I TY F ILTER I NG OF, BEAMIFORM IN~G U I HG A FN AAT O ' E IV I Ni,
17 E NS:0R: A FRE BEING IN%,E$7TI3ATED FOR ENHANCEMENT OF REFLECT IOrC. THE
INITIAIL PART OF THE PROGRAM I-tdA EMPHHAIZED THE DEVELOPMENT UF H
TEISMIC :-..OURCE'R ECE IVER COMBINATION W~H IiCH P R 0D 111. E. H SI MPL E

P EPEATAB3LE TPRAWMITTED : E I :M I PIJL 7E. Ai WIELD RECORDING YT E M HH.

REEN A:CEMBLED A N D7 IE IS 3M I I iGNAi~L. ,E C OR DED ANrD 1I'; T I OF.,
PEFLEf.TIONC7 FROM FREE UJFAI:E:_ ONr- GPRANITE BLOCKS lI Nf A I :ILEL RECEIVER AT VAeFIIOLIT LOCATION . TO :_AILAIE iA RRY OF REC.ElIVER_. lHI=
DIGITIZED 71IGNFIL:r lIILL .1I BSE.EiTLENTL) E:E FROi:Ei -ED B,-( DIGI;1TAHL 0 roI"ULI E R

TO :_ IMIJLATE ANti A: 7E 7 zIGNAL FROC.E : I NG rEi:HN IlCUE -. HAUT HOP'
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r E13MIC PROFILING IN MIRRMICHI BRtY. NEW BRUNW14CIk

GEOPHYo:. DiV. NOVA COTIR PRES. FOUND. 1:OP DARTMOUTH- riUVH
S COTIR, CANADA<CAN. J. EARTH 'CC. 'CAINADA' VOL.14' NO.12 2909-27 DEC. 1-'7 7
CODE!': CjESRP

TREATMENT: E'APERIMENTRL'
jJURL PAPER'-

A COMBINED ECHO :OUNDEP ANiD -EISMIC PROFILING :-URVEY IN rIIRHrIICHI

PROBABLY PEPRESENT'- R MAR4INE TERRACE, ABOVE WHICH ARE RECENT
F EDIMENT C. THE T.EA BED CONL17TS M I NLY OF :A NDS IN THE E,,Ai~RIER U-LHND

AND OUTER BAY AREA' hIHEREA: THE INNER BAY-' i:ON7 1 T'7 MR INL'o OF T-HrilDY
M U D AND MI!D,. At DI'CONT INUOLV7 - GA REFLECTOR IN THE MUDiT. OF IHEF INNER BAY'T MAS*SS ALL DEEPER C EI -MIC REFLECTOP I WHERE IT 17 PRE ErIT. lHE
LOWER 7:EISMIC REFLECTOR 1.: PROBA;BLY THE PENN YLVRN I~ E: EDROC?( l:u FH'-E.
BETWEEN THE UPPER AND LOWER REFLECTOPRC' PPOGLHC IAL EllIMENTS HNLiF GLAC:IAL TILL ARE PROBABLY PRESENT. THE PEDPOCk: CU1RFRFE HHAT BEEN ERODIED
INTO DEEP- LINEAF ':HANNEL:- BY A PRE-PLEIC:TOCENE DRAINP.,E :rC'1TEM IWHIC-H
MAY HAVE BEEN 7:UB:7EDIJENTLY OVERDEEPENED BY-, iGLACIAL C01-R ING3. T HE *SE
fCHANNEL'7_ MAY-f HAV.E BEEN ERODED AILONG LINE - OF 'kER#<NE'--.- IN THEI CARBON IFEROU:S :EDIMENT47 REPPESENTINS ;T PUiCTU1RE:. 'C . ~r
FRAC:TIJRE<T' OR FAUJLT:. IN THE E:EDROC.K. THE.E 7MRUICTUREI-T mwt BE RELAIED
TO THE EXTENT1 ION OF THE FATRMARRN FAULT ZONE IN THE PRE-lCHRB(ON1FESUUj.
BA'SEMENT ROC'S BENEATH MIRAMICHI BAYf (.41 PEFS-',

FILTEING AND FIELD FOCUS:ING PROCEDURE.TS FOR ELECTkRAGNETICI DETEC TI ON OF UNDERGROUND (-URR 1 EC
DUBUS' J. P.*, CLII:CQUE. D.- BAUDET . *J* GABILLAiRD1 R'.
UNIV. DE SCI. ET TECHNIP'UES DE LILLE- VILLENEUVE D-i'. ACO," FRAINCE
GEOPHYS. PRO*C_-PECT. t.NETHEPLAINDSs )0OL .2t NO0. 2 41C20: J'urE 1;"

C:ODEN: GPPPRR
TREATMENT: FtPPLIC:7 PRACTICAiL APPLICA'
JOURNALt PAPER'L LANGU.AI3ES: FRENCH
THE ELECTROMAGNETIC -?URFACE DETEC:TION OF UNDERGROUND QUARIE '

"CLA3'CIL METHOD:- SECOMES DIFFICULT WeHEN THEY ARE 7ITUATED HT DEPTHS.

GREATER THAN TEN METERS- AiND WHEN THE THICKNETS. AND, CONDU:TIVITY OF lHE
'3UPERFICIAL LAYERS. ARE IRREfGUlLAR. THE PROBLEM I THiCKLED IN I 14A
~.TAGEST AT FIRST L It>iG -UCCE*7 S 7IVE APPRONXIMAT IOTA4:.:HAA:EI- C ~L THE MI:SCELLRNEOULK LAYtER-- OF A S-"TRATIFIED MEDIUIM ARE ILDENTIFIED'9 HNi

THE 01URRIES. ARE THEN DETECTED BYOBTERVATION OF THE 1C.ON1.UC-ililiT'
CHANGES OF ONE OF THE LOI.IER LAYfERC-. COMPUTER INTERPRETATION' HO',JEvER.,L I,-, NECESSARY. THE CHRN'3E. OF DETECT ION OF THE fAkf'IE-. ?-OWE
C:ON I DEPABLY IMPROVED BY A FIELD LOCALIZATIOri METHOD -'OM~lFE
INTERPRETATION I S ELIMINATED. THE NEW AS"PEC'T ISZ N UL1N
TRArvrMITTER WHICH ANNUJL:* THE CURRENT3 INDU!CED BY THE PRIN.A1'HL

TRAM !TTER TN THE UFRERMOS T-13ENERLLY MORE C ONDUC TI E-LA*YERS,. IHE

L THE-OR.ETICAL AND E*--:PERIMENTAL RE-SULTS2 H011.1 THA:T THE FOPENI L I1 V#Fl
TETECTION OF THE i-'UAi;RRIE.TS: Y THIS: METHOD ARE FOUf TIMES .~ HI H13HL THE CLAT -ICAL ONE' t5 REFS '
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r I NVF IO OF TDEM OiEARP-ZONE) SOUrlDIrNI; C I RVE IWITH CF$1HLU'I-

I PDP 'IE *~JHN PIPLO:
1) COLO CH MINE- V 73 N 4 OCT 1979 P 57-o'.9 i.OfEN: 'MAL

INTEPRETED UU7-NG THE METHOD OF GENERALIZED LINEFI' INYER'IUri.[- INVFP ION R4 ECUIRF. THE CRFLCULRTION OF A LARGIE tii-rPER (IF ITHE URET I I- HL
CLIPVE5, FOP P! -IPLE ERTH MODELS3. IN THE TIME DOMAIN ELEL-TROMH,!NEI IL-
3 OJNDTINf- METHOD'. ':OrITFITION OF THE7,E MODEL-7- 1--. E:':PENI-IVE. THE iCOS-T
CAN PE REDUCED MA4RkEDLY IF A CATALOG OF PRECAL-CULFiTED iC.tRVE:- . *I: :1 -ijI
I N DIGITAL FORM IN THE COMPUTER. FIND W~HEN A FOFIRT MODEL I.-, NEELIED
DUITNG THE INVER: .ION PPOC-E;-:7;. IT IS~ OBTAINED BY IrIERPOLHd ION BLEIEENt-r
THE Fit-READtY E:*-:I 3TliiNG FOUVES. THI 3 METHOD 1.1:4- FROCRFIMriED HrND THE
PROGRAM PROV IDED PEA 3ONRELE RE: UL TS FO OP EVERAiL ELECT ROMM',-NL IlLII:OIJNDTNG3. IN~ THE BLACK POCk- DE,:ERT PROJECT IN HER11H~t. . REF

i ;LA: kUROCk:.~TIAND ELEC:TR.OMA'3ri-ET I C. 'WI:'URVEY'.-' T I

6BLACK W ROCK.-T
4ELECTROMAG3NET IC 1d' :URVEY-,,T I

3 1 BLACK Id. ,ROC 1 / TI AND ELEC:TROMAGCNET IC. Iti:. UVE- I I

'7 T3/7-,1
3/7/1
ID NO.- E 17q 05,: 3 7 14 ~3 1-798

TIME-DOMAIN ELECTPOMiNETII:7:URVEY IN BLACK ROCK DESER1-HUHLHI-tI*1FLAT REA OF NOPTHIJE:7'TERN 0EVADAR.
KELLER, G3. V.;, (CREIWItION. P. A.; DIANIELS:* .J. *J.
9 COLO ' CH MINE:- N 4 OCT 1978 P 47-56 C:ODEN: O'XMHC

L AN EX<PEPIMENTAIL TIME-DOMAIN ELECTROMAiGrETIC S3UPVY WA FCRIED UU1
TN AND AROUND THEPRL REAt- IN THE BLFO-K ROCK,- DESERT AND HULLFARI F-LHI
OF NOPTH,IE-T NEV.ADH TO EVALUATE THE UTILITY OF W..-C'H W7UVE' IN
I3EOTHEPMAL EXPLOPAT ION. TWO GROIDED-id I E S.OURC:ES WIERE -CED- OR IENTELD
IN MIJTALLY PERPENDICULAIR DIRECTTOW. THE-,E 7OURCE CH6(LE,: IadikE
EJIERGI=E WITH TEPWFIVE- OF CU.LRRENT TO GENERATE HN ELECTRPHI,NE1i-IL FIELD. IT 1:7. ClOr- LUDEE THAT THE TIME-DOMAIN ELEC.TROMAi:NEI IC -zUN'rfi',
METHOD 1.3. EFFEGTIVE IN DETERMINING EARTH C.ONDI.'C.1 IvITY 10 A1 fEF1H U1- I
TO 2 K'ILOMETEVS UNrDER CONDITIOWN3 ENCOU1-NTERED IN THE 7AiRVEY. it.1E :

:3,zCHLU.MBEPGEP- AND ROO:3.EVELT '-TI

157 -CLMBRE

4 1 :HLUt-E:ERGERo AND ROO.,EYELT. -TI
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