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FOREWORD 

This study was authorized by a letter dated 23 December 1969, 

from the Office, Chief of Engineers, to the Director, U. S. Army 

Engineer Waterways Experiment Station (WES), Subject: Detection of 

Subsurface Openings. 

The conduct of this study and the preparation of this report were 

accomplished by Mr. E. R. Bates of the Geology Branch, Soils and Pave

ments Laboratory, WES, during the period July 1970 to May 1972. Direct 

supervision of this study was provided by Dr. C. R. Kolb and Mr. w. B. 

Steinriede, Jr., of the Geology Branch; general supervision was pro

vided by Mr. J. P. Sale, Chief, Soils and Pavements Laboratory. 

Director of WES during the conduct of this study and the prep

aration of this report was COL Ernest D. Peixotto, CE. Technical 

Director was Mr. F. R. Brown. 
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DEFINITIONS OF TECHNICAL TERMS 

Anomall• Unusual reading in a set of data. 

Deline. Sinkhole formed by solutional removal of material with-

out collapse as opposed to a collapse sink formed by collapse of a 

cave passage. 

Electrode arral· Pattern in which electrodes are placed on the 

ground surface to measure resistivity. 

E~tv~s unit. Unit of horizontal gradient of gravity equal to 

10-9 gal per horizontal centimeter. 

Equipotential bowl. Locus of all points at a given potential 

near a current source which is located on the surface of homogeneous 

ground. 

Gal. Unit used to measure gravity equivalent to an acceleration 

of one centimeter per second per second. 

Grike. Opening in the top of bedrock; usually caused by 

solution and often filled with soil. 

Karst. Area where earth materials have undergone solution 

erosion usually in limestone, dolomite, gypsum, or salt. 

Lapies. Irregular surface formed on the top of bedrock; usually 

associated with grikes. 

Potential or electrical potential. Difference in voltage be

tween two points within a circuit. 

Resistance. Opposition that a material offers to the flow of 

an electric current. 

Resistivity. Apparent measure of electrical resistance as 

determined from surface measurements usually expressed as ohm-cm or 

ohm-ft (not to be confused with the measurement resistance, expressed 

as ohms/cm3). 
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Sink or sinkhole. Depression of the ground surface related to 

karst development below ground surface. 

Traverse. Line established on the surface of the ground and 

marked cumulatively in linear feet. 

xii 



COMMON ELECTRICAL UNITS AND CONVERSION FACTORS 

Ampere (AMP). Flow of 6.25 X 1018 electrons per second. 

Current (I). Movement of electrons through a conductor usually 

measured in AMPS. 

Ohm. Unit of electrical resistance defined as the resistance of 

a uniform column of mercury 106.300 cm long and weighing 14.4521 grams. 

Ohm-cm or ohm-ft. Unit of measure of electrical resistivity also 

expressed as ohm/cm2/cm3 or ohm/ft2/ft3• 

Volt (v). Electromotive force necessary to produce a current of 

1 ampere across a resistance of 1 obm. 

One volt. 1000 millivolts. 

One ampere. 1000 milliamperes. 

One ohm-ft. 0.3048 ohm-meters. 
Ohms of resistance. Potential dr~p measured as volts 

Current applied amperes 

millivolts 
milliamperes· 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to 

metric units as follows: 

Multi;El:t Bl To Obtain 

feet 0.3048 meters 

miles (u. s. statute) i.609344 kilometers 

square miles (u. s. statute) 2.589988 square kilometers 

xv 



SUMMARY 

Many scattered attempts have been made to apply geophysical and 
remote-sensing methods to the problem of detecting underground cavities, 
but only a few attempts have shown any real promise and even these have 
given no consistent results. However, by combining the knowledge gained 
from all these efforts, it became apparent that some of the geophysical 
methods clearly showed promise if they could be modified and improved 
to apply specifically to the problem of cavity detection. None of the 
remote-sensing (airborne) methods showed any promise for detecting 
specific cavities because their practical and theoretical capabilities 
of depth penetration and resolution precluded this application. How
ever, they may be useful in selecting areas for more detailed study by 
other methods. The geophysical methods that showed the most promise 
were variations of seismic subsurface profiling and various electrical 
geophysical prospecting methods. Since seismic methods had been suc
cessful only in detecting cavities whose radii equalled the depth of 
overburden, the electrical methods were selected as most deserving of 
further investigation. Self-potential, equipotential, and electrical 
resistivity surveys have all shown some success in either foreign or 
domestic research efforts. 

Research has been in progress since July 1970 at the U. S. Army 
Engineer Waterways Experiment Station to determine which of the above 
methods offers the most promising results for detecting subsurface 
cavities and what might be done to further develop them. Through ex
tensive field tests, it has been determined that none of the standard 
electrical resistivity procedures give consistently good results. How
ever, as a result of the initial field testing, a new process of data 
interpretation has been developed for one specific electrode configu
ration. The modified procedure produ~e-d excellent results during field 
tests over known cavities in Indiana and Missouri. Cavities less than 
10 ft in diameter and at depths greater than 100 ft were located. To 
date, this new procedure has been applied only to air-filled cavities. 
However, research is continuing to adapt this process for locating 
water- or mud-filled cavities. 
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DETECTION OF SUBSURFACE CAVITIES 

PART I: INTRODUCTION 

Background 

1. A substantial number of Corps of Engineers civil works proj

ects have necessarily been built on foundations that have undergone 

solution erosion. Since many of the more desirable sites have already 

been used, it is expected that f'uture construction on sites evidencing 

solution erosion may often be necessary. Experience indicates that 

severe underseepage, water loss, and possible structural collapse can 

occur if proper foundation study and treatment are not conducted to 

first locate, then treat these problems. An idea of the widespread 

extent of such potential problems can be obtained from fig. 1, which 

shows the major cavernous areas within the continental United States. 

Because of the need to detect underground cavities, this study was 

initiated. Cavities of interest InllY be small or large and filled with 

air, water, mud and soil, or a combination of these elements. The 

primary objective is to develop methods usef'ul in evaluating proposed 

reservoir sites and damsites in regard to likely leakage problems. 

Especially important is the development of methods that can locate 

leaks in existing reservoirs, trace the path of leakage, and estimate 

the amount of loss. 

2. Other uses of cavity detection methods include foundation 

studies for all types of structures to locate and to determine the extent 

of subsurface cavities so that they can be treated prior to construction 

of the structure or so a recommendation can be made that an alternate 

site be chosen. These methods also could be used to locate and to map 

tunnels or caves from the surface of the ground. Methods of tracing 

paths of underground water flow could be applied to groundwater pol

lution studies, reservoir leakage studies, and saltwater intrusion 

problems. 
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Purpose and Scope 

3. The purpose of this study was to investigate and develop 

methods for locating subsurface cavities resulting from solution phe

nomena. The approach taken by the U. S. Army Engineer Waterways 

Experiment Station (WES) to accomplish the stated study objective was 

threefold: 

a. Monitor developments by both public and private research
ers that can be applied to the problems of the cavity 
detection program. 

b. Evaluate and test promising methods offered by public or 
private agencies for cavity detection or location of 
reservoir leakage. 

c. Conduct research with the intent of developing or per
fecting promising methods of cavity detection and precise 
location of reservoir leakage. Thus far, because of the 
complexity of the study, the problem of detecting air
filled cavities has received primary attention. A re
search objective is to apply the new technique developed 
for locating air-filled cavities to the problem of 
locating water- and mud-filled voids. 

4. This report discusses research developments during FY's 71 

and 72. A literature review was made to determine methods that could 

be applied to the problem of cavity detection; the methods that were 

considered promising were selected for field tests. Test sites were 

chosen for maximum control of test variables. Based on results of the 

initial field tests, an electrical resistivity method of survey was 

considered sufficiently successful to warrant further development. 

A modification of the original method was developed and was used to 

survey several sites. Subsurface profiles of the study areas were 
prepared. 

3 



PART II: STA'IE-OF-THE-ART OF SUBSURFACE CAVITY DETECTION 

Classes of Cavity Detection Methods 

5. Methods of cavity detection can be grouped into three classes 
depending on their method of application and the physical properties 
they measure: remote-sensing, ground-surface, and direct~contact 
methods. The remote-sensing methods usually measure an indirect effect 
of the cavity rather than one of its actual properties. These methods 
offer the advantage of covering a large area quickly, often from an· 
airplane. However, the remote-sensing methods have served principally 
as a reconnaissance tool that suggests the occurrence of cavities-but 
does not specifically locate them. The remote-sensing methods con
sistently fail to detect specific cavities usually because the anom
alies associated with the cavities are not distinguishable from their 
backgrounds. Examples of remote-sensing methods are aerial infrared 
surveys, air photographs, and microwave surveys; all three methods 
are discussed later. 

6. Ground-surface methods usually measure an actual property 
of a cavity but do so indirectly and thus do not require physical 
access to the cavity. Usually, the survey is conducted from the 
ground surface and is relatively fast and inexpensive. Detection 
of cavities from anomalies measured by these methods has been 
successful, as explained in detail later. Examples of ground-surface 
methods are electrical resistivity and seismic resonance. 

7. Direct-contact methods attempt to locate cavities through the 
use of borings or excavations. This includes the practice of drilling 
closely spaced exploration holes and making elaborate piezometer and dye 
studies to trace leakage. The use of exploration borings can success
fully define cavernous conditions only if the boreholes are closely 
spaced. The time and cost involved limit use of this method to areas 
such as the immediate dam foundation and may preclude application to 
large problem areas such as reservoir rims. Possible new developments, 
especially the use of new downhole sensors including variable-density 
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logging in percussion driven holes, may permit wider application of 
exploratory drilling methods by reducing the required hole density. 
However, all inferences made by nondirect-contact methods must even
tually be confirmed by drilling. 

Remote-Sensing Methods 

Aerial infrared survey 

8. An aerial infrared survey was performed at Walter F. George 
Dam and Reservoir under the supervision of WES and the U. S. Army 
Engineer District, Mobile, on 22 November 1969.2 The purpose of the 
survey was to define paths of leakage from the reservoir by locating 
areas of contrasting temperature on the ground surface, which pre
sumably would be caused by the flow of reservoir water underground. 
The optimum time of year for the survey was determined from thermal 
histograms of groundwater and springwater in the area. The time of 
day, 0300 to 0530, was selected as the most advantageous for the type 
of anomaly to be measured. In theory, the much warmer temperature of 
the groundwater and reservoir water as compared with the surface ground 
temperature would cause an anomalous warm spot wherever the ground
water was close to the surface. Standard ground control with piezo
meter and water-temperature studies was maintained for several months 
before the airborne survey. 

9. The survey failed to detect any anomalies that could be 
caused by leakage from the reservoir; hence, paths of leakage were 
not found. It was determined that the contrasts on the infrared 
survey were caused by surface cover (type vegetation, bare ground, 
man-made structures) and by soil moisture content. The underground 
water conditions had no disce-.rnilrle effect on tne i~nfrared survey 
since surface conditions masked subsurface effects. It was concluded 
that surface conditions had such an overwhelming effect that sub
surface conditions could not be accurately delineated using infrared 
techniques. 

Microwave and radar detection 

10. The problems involved in attempting to detect a cave or 
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void by the use of radiometric equipment are excellently summarized 

in reference 3, which includes a critical evaluation of a microwave 

survey that was supposed to have detected caves 12 to 60 ft* below 
4 the surface. In reference 3, it is pointed out that the dielectric 

constant conductivity of the soil increases with moisture content 

and this in turn increases reflection of microwave energy and de

creases the penetration. Further, it is suggested that the anomalies 

that are often measured by a microwave survey are a result of surface 

moisture and slope rather than penetration to an earth-cave interface. 

It was concluded that since changes in surface conditions cannot be 

caused by voids that are not near the surface, any radiometric de

tection of underground voids is unlikely. Although the problem of 

obtaining penetration may be overcome by using lower frequencies, the 

resolution ability falls sharply. In fact, Department of Defense ef

forts to develop radiometric equipment for detecting Viet Cong tunnels 

were abandoned as impractical due to sensitivity of the sensor to soil 

moisture.5 Thus, microwave and other radiometric techniques offer 

little immediate hope for detecting subsurface cavities. Even if the 

problem of penetration could be overcome, the resolution would be too 

poor to reliably detect cavities. 

Magnetic survey 

11. Lange (reference 6) describes magnetic anomalies found over 

lava tubes in California. Lange believes that a cavity with a diameter 

greater than its roof thickness can be detected magnetically if it is 

located in magnetically highly susceptible rock with only small vari

ations in remanent magnetism and is in gentle terrain. This, however, 

does not offer a solution to detecting cavities in carbonate rocks, 

which present most of the problems in reservoir leakage. Further, it 

requires a cavity with a diameter greater than its roof thickness, 

which is not the case with most solution phenomena. 

* A table of factors for converting British units of measurement to 
metric units is presented on page xv. 
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Surface Geophysical Methods 

Acoustic subbottom profiling 

12. An acoustic subbottom profiling survey was made of the 
Walter F. George Dam and Reservoir under the supervision of WES and 
the Mobile District on 20-21 May 1969.7 The purpose of the survey 
was to locate leakage or potential leakage sites in the clay blanket 
at the bottom of the reservoir. It was hoped that the subbottom 
profiling survey would·reveal sinkholes or incipient sinkholes not 
readily apparent from bottom manifestations and that the survey 
would be able to trace the path of water leakage below the reservoir 
bottom. GAI-GMX Division of EG&G International performed the survey 
using their High-Resolution Boomer system. 

13. The acoustic survey failed to achieve the desired results. 
Except in a few scattered locations, the system failed to detect 
stratification in the alluvium or the top of the underlying earthy 
limestone. According to reference 7, the failure to detect the zones 
of leakage was not due to improper operation or performance of the sys
tem used, and there was nothing to indicate that any other available 
acoustic subbottom profiling system would produce better results. The 
failure was attributed to air or gas bubbles trapped in the alluvium 
when the reservoir was filled; it is inferred in reference 7 that the 
same problem would exist in any shallow (less than 100 ft deep) res
ervoir built in the last few decades. Acoustic subottom profiling 
may offer hope for cavity detection or leakage control in specific 
cases where the bubble problem does not exist. However, its utility 
under such circumstances is yet to be determined. 
Gravity survey 

14. The U. S. Bureau of Reclamation built Anchor Reservoir in 
Wyoming, which later proved to have a serious leakage problem because 
of subsurface solution features. Since the first attempt to fill the 
reservoir in 1961, many new sinks have appeared and drained the reser
voir after each period of runoff. Personnel of the U. S. Geological 
Survey made a detailed gravity survey of part of the dry floor of 
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Anchor Reservoir to try to detect subsurface solution.cavities that were 

draining the reservoir. 8 The gravity survey in 1964 and 1965 was con

ducted to determine if gravimetric techniques could be used to locate 

underground cavities. Gravity stations were located on a 100-ft grid, 

and a very detailed Bouguer gravity map was prepared (0.05-mgal contour 

intervals). Several distinct gravity anomalies appeared on the map. 

A seismic resonance survey confirmed anomalies at the same locations, 

but drilling failed to detect any cavities. 8 

15. The U. S. Geological Survey also made a detailed gravity 

survey for Mammoth Cave National Park, Kentucky, to determine if a 

cave system existed beneath Joppa Ridge. A line running over known 

caverns was included to determine the effect of known cave passages 

on the gravity profiles. The greatest effort was made to eliminate 

all possible errors in making the readings and reducing the data._ 

Mean deviations were less than 0.04 mgal. The known caverns found in 

this survey averaged 30 ft in diameter and 300 ft in depth. The con

clusion drawn from the survey was that the anomalies from the known 

and unknown cavities were so slight that they were indistinguishable 

from the background noise.* 

16. Thus, ·two gravity surveys conducted with great care and pre

cision failed to accurately detect subsurface cavities. Perhaps new 

equipment and techniques will make gravity surveying sensitive enough 

to detect subsurface cavities, but presently, it is apparently not 

possible. 

17. Reference 9 describes a study of the theoretical limits 

of gravity techniques for detecting air- and water-filled cavities. 

It is concluded in reference 9 that for a detectable anomaly of 0.10 

mgal, -an ~air~fi-1-led -cave with its center at a 100--f'-t -depth 1!1Ust have a 

diameter of 34 ft and a water-filled cave, a diameter of 43 ft. Caves 

with dimensions smaller than these simply would not be detectable at 

depths of 100 ft; thus, a theoretical consideration of the maximum 

* Personal memorandum from Mr. G. P. Eaton, United States Geological 
Survey, to Mr. N. D. Click, Jr., National Park Service, dated 14 
May 1968. 
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gravity anomalies produced by cavities is sufficient to exclude this 

method from consideration except in special cases. 

18. Dr. Lloyd Thompson of General Oceanology, Inc., Cambridge, 
Mass., is developing a new gravity gradiometer that will have a sensi

tivity of one eotvos unit. Dr. Thompson states that this instrument 

would permit detection of an air-filled cavity 11 ft in diameter at a 

depth of 100 ft. However, this is the theoretical limit and would 

apply only under ideal conditions. The data collected with this 

gradiometer would require fewer corrections, and the gradiometer offers 

much greater sensitivity than a standard gravity meter. Although 

standard gravity surveys have failed to detect subsurface cavities, in 

some cases, the special instrument developed by Dr. Thompson may be of 
use in detecting air-filled cavities. However, to date there are no 

supporting field test data to verify that this new instrument can, 

in fact, detect cavities. 

Radioactive cloud method 

19. Research workers of the Polish Academy of Sciences are 

developing a method of investigating reservoir bottom tightness by 

the use of aqueous radioactive solutions.10 Although investigations 

have not been extensive enough to indicate how successful this approach 

may be, it should be considered as a possible method of searching for 
leaks in the bottom of a reservoir. 

20. A uniform cloud of a radioactive solution (which must be 

denser than the water) is injected above the reservoir bottom. It is 

assumed that the slight suction caused by water leakage will draw the 

radioactive solution from the cloud into the leakage area, thus in-
creasing radioactivity near leaks. By transversing- the- inje-cte-a.- area 

frequently, it should be possible to locate the areas of leakage within 

the reservoir as radioactive highs. The areas of more severe leakage 

would appear first and the areas of lower leakage later. Radiobromide-

82 in the form of potassium bromide was used in the reference 10 study, 

but it is claimed that iodine-131 used as sodium iodide and gold-198 
used as an aqueous solution or chlorauric acid would also give good 

results. 
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21. Although this method has not yet been tested enough to de

termine its actual effectiveness, one very serious drawback is obvious. 

It is undesirable to inject any foreign chemical, especially a radio

active one, into water that will eventually work its way into domestic 

drinking water supplies. Therefore, some other method of detecting 

leaks is preferable. 

Russian streaming potential method 

22. Members of the faculty of geology at Moscow State University 

have reported a method of detecting the locations of reservoir leaks 

by the use of self-potential measurements. 11 This method is based on 

the fact that water flowing under pressure through a confined space or 

conduit or porous medium will generate a weak electrical potential 

sometimes called electrofiltration, but referred to as streaming 

potential by the Russians. In the study reported in reference 11, 

this streaming potential was measured by the use of specially designed 

self-potential measuring and recording equipment. 

23. 'l'he Russians first conducted laboratory studies to determine 

what factors had a major effect on the strength of the streaming po

tential. They found an increase in electrical current anomaly with 

an increase in hydraulic gradient except when the flow was turbulent. 

They also found maximum streaming potentials in sands with medium 

grain sizes. Streaming potentials in fissures were less than those 

caused by equal amounts _of water flowing through a porous medium. If 

sand should be deposited in fissures, then an increase in streaming 

potential would be expected. However, clay filling in the fissures 

would have the reverse effect. In the case of salination causing 

resistivity less than 10 ohm-cm, there would be no noticeable stream-

. ing potential. The lower the salination of the reservoir water, the 

bett-er-the-contl±trons for app-iying this method. 

24. The Russians used nonpolarizable electrodes specially con

structed so they could be dragged across the bottom of the reservoir. 

Measurements were registered by a self-recording device with an auto

matic compensator on the logging apparatus. One electrode was kept 

stationary and the other moved along the profile. Values of streaming 
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potential were measured in millivolts at selected spacings along the 

profiles. The anomalies due to streaming potential were in negative 

millivolts and, in some cases, exceeded -20 mv against a background of 

0 mv to over +10 mv for nonleaking areas. The areas of leakage were 

outlined by contouring the voltage values, thus showing where the areas 

of maximum leakage (maximum negative mv values) occurred. This pro

cedure permitted leakage-control measures (such as grouting) to be 

applied only where they were necessary, thus saving much expense and 

improving reservoir qualities. 

25. In these same studies, the Russians used a sensitive instru

ment to measure actual flow velocities and temperatures of the water 

near the reservoir bottom. The data from these measurements strongly 

supported the streaming potential interpretations of where the greatest 

leakage occurred. 

26. Recent research regarding the streaming potential method 

indicates the ability to estimate quantitatively the distribution of 

seepage losses in a reservoir. 12 This method appears to be one of the 

most successful to date, but the f'ull range of conditions under which 

it can be applied has not been determined. 

Seismic methods 

27. Various seismic methods of geophysical investigation of 

cavities have been tried by several researchers. A major problem of 

all methods tried so far is resolution of cavaties at depth. When the 

depth to the cavity is greater than the,_diameter of the cavity, seismic 
~ 

methods are usually not accurate. The methods studied most in seismic 

detection of cavities are seismic resonance, reflection amplitudes, 

refraction profiling, and refraction wave front. 

28. Seismic resonance. A study of the use of seismic resonance 

to detect lava tubes in San Bernardino County, California, led a group 

of researchers to conclude that seismic resonance was the seismic 

method most likely to give reliable results in subsurface cavity de

tection.13 Delays in arrival times and anomalous attenuation were also 

observed but were found to be less reliable indicators of cavity loca

tions. Apparently, oscillations were excited in the cavity walls by 
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waves from an explosion near the ground surface. Wall oscillations 
persisted much longer than the initial ground motion and were recorded 

for several seconds after the explosion. Although the researchers 

successfully used t~e resonance technique to map lava tunnels, these 
tunnels were within about 10 ft of the surface and had diameters approx
imately equal to the depth of burial. 

29. This method was later applied to the problems of subsurface 

leakage and cavities at Anchor Reservoir in Wyoming.8 The results of 
a seismic resonance survey at Anchor Reservoir indicated anomalies in 

the same locations as indicated during the gravity survey discussed in 

paragraph 14. However, drilling at the locations of these anomalies 
failed to reveal the predicted cavities. 

30. Other researchers* have attempted to locate cavities by 
seismic resonance. Several shallow cavities were located when condi-

tions were favorable, and a large cavity about 70 ft deep was caused 
to resonate. However, to date seismic resonance phenomena are not 

very well understood. The relationships between resonant frequency 

and amplitude as affected by the depth, size, and location of a cavity 

are not known. The method has some promise, but extensive research 
over a Gonsiderable time would probably be necessary to understand the 
associated phenomena. 

31. Reflection amplitude. Attempts have been made to use seis

mic reflection amplitudes to locate large subsurface cavities (tens to 
14 hundreds of meters in diameter) in bedded salt. So-called "seismic 

shadows" were obtained for ca vi ties about 500 m deep, but the results 

were not clear in all cases. A good reflecting horizon is required 

both above and below the cavity, which must be very large, and even 
then the extent of the cavity is not always apparent. Thus, reflection 

--amplitudes do not appear to offer a solution to detecting small cav

ities in limestone. 

* Mr. Edwin Lutzen, Missouri Geological Survey, Personal Communication, 
1971. Dr. Richard Rechtien, Associate Professor of Geophysics, 
University of Missouri, Personal Communication, 1971. 
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32. Vibratory seismic source. It was thought that seismic tech
niques using a vibratory source might be useful in detecting subsurface 
cavities. The vibratory source transmits energy into the ground, and 
then a line of geophones picks up the energy that has been transmitted 
by the soil and rock layers. The vibratory source permits selection 
of the wavelength applied to the ground, and since the depth of effec
tive penetration of the measured returns is a function of the wave
length, the depth of the survey can be closely controlled. The longer 
the wavelength, the greater the depth of penetration, but resolution 
and depth control diminish as the wavelength increases. In practice, 
what is actually measured is the velocity at which the supplied seismic 
energy travels through the earth material at the preselected depth of 
investigation. 

33. A WES geophysicist,* who has had considerable experience 
with this technique, was questioned about its applicability to cavity 
detection. In his opinion, if a large air-filled cavity were en
countered, there would be a drop in the velocity, thereby indicating 
the presence of a cavity. In the case of a large water- or mud-filled 
cavity, it is believed that the seismic energy would be somewhat ab

sorbed and the signal perhaps lost. The effect from small cavities 
would likely be too small to be detected. Thus, it might not be 
possible to detect many of the problem cavities even if the technique 
worked for locating large air-filled cavities. Also, the technique 
probably would not permit a close estimate of the size of a cavity 
since a narrow cavity would produce about the same effect as a much 
wider one. 

34. Refraction wave front. A seismic refraction wave front 
approach to detecting subsurface cavitie-& wa-s attempted- hr i971- at 
Gathright Damsite on the Jackson River near Covington, Virginia, by 
the Missouri River Division Laboratory of the Army Corps of Engineers. 
As a result of the study, several anomalies were detected that were 

* Mr. R. F. Ballard, Jr., Chief, Geodynamics Branch, Earthquake Engi
neering and Vibrations Division, Soils and Pavements Labora~ory. 
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confirmed, by drilling, to be cavities.15 The basic theory behind 

wave front shooting is explained in reference 16. To collect data for 

wave front plotting, it is necessary to set off a series of shots at 

different depths in.the same drill hole. To date!' the method has 

been tried at only one other location, which was a potential damsite 

in Missouri; the results of this survey have not yet been published. 

Thus, the method shows promise but not enough data are available to 

draw conclusions on its limits of application. 

35. Standard methods. Standard seismic methods have been tried 

by numerous researchers, but little success has been reported. The 

California Division of Highways conducted a test of possible methods. 

for geophysical detection of cavities including seismic refraction. 

Their conclusion was that seismic refraction was unreliable for cavity 

detection, even for n~ar-surface cavities. 17 Conventional seismic 

methods appear to offer little hope for cavity detection at this time. 

Unconventional seismic methods, especially seismic resonance and 

wave front shooting, offer some hope but have yielded little concrete 

evidence to date. 

Electrical resistivity methods 

36. A number of quite different electrical resistivity ap

proaches to detecting subsurface cavities have been tried'. They are 

all similar in that they are searching for a high-resistivity anomaly. 

An air-filled cave would offer greater resistance than the rock around 

it and would appear as a high-resistivity anomaly. In the case of 

water- or mud-filled cavities, very little work has been done. Some 

researchers have sought a high-resistivity anomaly, while others have 

looked for a low-resistivity anomaly. As explained later, an investi

gation is in progress at WES to determine whether water- and mud

filled cavities are detectable as areas of high- or low-resistivity 

anomalies. A summary of some of the resistivity methods tried by 

various researchers and their degree of success follows. A diagram 

of the basic electrode array patterns is presented in fig. 2. 

37 .. Geoelectrical survey. An electrical resistivity survey 

was performed in an attempt to locate paths of leakage at Walter F. 

14 



HORIZONTAL WENNER 

VERTICAL SCHLUMBERGER 

c2 c, P, P,A p2 p2A 
I • I n • n 

L5TOIDD . I . 
I p 1 P2 .I • I 

I 
o-

I 

LOGN (AS USED BY BRISTOW) 

KEY: 

I INITIAL ELECTRODE POSITION 

0 ELECTRODE POSITION FOR NEXT MEASUREMENT 

C CURRENT ELECTRODE 

p POTENTIAL ELECTRODE 

a, D, L, MN, P 1P 2 DISTANCES AS ILLUSTRATED 

Fig. 2. Electrode arrays 

15 



George Dam and Reservoir. The survey was made by the Firm Sondelec 
International (J, J, Dury and Associates) of Montreal, Canada, in 

18 December 1969. The survey and the interpretation of results were 
made under the dire.ction of Mr. Rene Menard of Sondelec International 
with personnel from WES and the Mobile District present to observe the 
field procedures. Sondelec had made the unusual claim that its ex
clusive Menard Method, an electrical resistivity survey, would locate 
and trace moving water underground. For this reason, Sondelec was 
selected to make the leakage survey, which was done on a nonprofit 

basis by Sondelec in order to prove the validity of its claims. 
38. Since there are many widely different types of resistivity 

surveys made today, some description of the so-called "Menard's Method" 
must be made. Sondelec retains proprietary rights and has not published 
full details of the Menard Method. However, from the general descrip
tion that they do give and from the data they have collected and inter
preted, some insight into the method can be obtained. Sondelec says 
that they use standard(symmetrical) eccentered (asymmetrical) Schlum
berger electrode arrays and can measure absolute rather than apparent 
resistivity. Sondelec personnel make their measurements in units of 
volts of potential but use ohms of resistance as well in their final 
reports. Sondelec makes both horizontal profiles and vertical or some
times asymmetrical soundings. 

39. Sondelec claims that they can measure the electrofiltration 
effects of moving water. It should be noted that this same effect is 
called streaming potential by the Russians and other European re
searchers. Although Sondelec does not describe how they measure the 
electrofiltration effects, their basic premise is apparent from the 
data collected at Walter F. George Dam and the interpretation attached 
to it by Sondelec. It appears that when Sondelec conducts a survey 
perpendicular to the direction of water flow, then the electrofiltration 
effects produce anomalous highs of either volts of potential difference 
or ohms of resistance. These anomalies can be detected by either 
horizontal profiles or vertical profiles if the profile intersects 
the zone of electrofiltration. This is similar in theory to the 
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Russian approach to locating reservoir leaks from self-potential 
measurements described in paragraphs 22-26. 

40. Since the actual paths of leakage from Walter F. George 
Dam and Reservoir are not known precisely, it is difficult to evaluate 
the results obtained by Sondelec. Zones of anomalous potential and 
resistance were located, but these new zones did not coincide exactly 
with the suspected paths of leakage. In fact, they were off by as 
much as several tens of feet. However, the survey did locate anomalies 
that previous methods failed to locate, and these anomalies were in 
approximately the right positions. It is very possible that the 
accuracy of this method could be increased with further experimentation. 
There is no reason that the basic procedures used by Sondelec or even 
superior ones could not be developed by other researchers. It is not 
very likely, however, that the procedures used by Sondelec could be 
adapted to locate totally air-filled or totally mud-filled cavities. 
Also, it has not been established conclusively that zones of water 
movement would always be detectable as resistivity highs. 

41. Standard electrode arrays. Many researchers have attempted 
to locate caves by using electrodes arranged in either Wenner or 
Schlumberger arrays to obtain either vertical or horizontal profiles 
(fig. 2). Occasionally, an anomaly has been determined over a cave by 
horizontal Wenner profiling. However, in all .these attempts, success 
has been obtained only when the cavity was large and was quite-close 
to the surface. Even then, no standard array has been consistently 
able to detect cavities. The problem is probably twofold. First, 
with any standard array, the resistivity measurement includes a large 
volume of material, only a very small percentage of which is occupied 
by the cavity. Second, only coarse adjustments are ~ossible to allow 
for the substantial effects of near-surface irregularities that tend 
to mask the anomaly expected for a cavity. The success of the method 
described in Part III of this report is largely due to its ability to 
overcome these two critical problems. 

42. One of the many examples of attempts to use standard arrays 
to locate cavities is an attempt made by the California Division of 
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Highways in an experimental program in which seismic methods, resistiv

ity sounding with a Wenner array, and horizontal fixed-depth resistivity 

surveying with a Wenner array were evaluated. 17 It was concluded that 

the latter form of resistivity surveying was more successful than either 

of the othe·r two methods. However, it is often difficult to predict 

the depth of a cavity without many such surveys at increasing depths. 

It is also quite possible to miss a cavity using this procedure. 

Papers describing numerous similar attempts are listed in the 

bibliography. 

43. Bristow resistivity method. A British geophysicist, 

Mr. C. M. Bristow, has devised a unique approach to detecting air

filled subsurface cavities through electrical resistivity surveying.19 
Standard resistivity equipnent was used in an unusual survey procedure 

that permitted a graphical analysis of the data. The survey procedure 

permitted the investigator to make a graphical prediction of the cave 

location, depth, size, and approximate shape. 

44. To permit a graphical solution, an adaptation of the Logn 

electrode arrangement (fig. 2) is used. One current electrode is 

placed at effecti~e infinity (five to ten times the depth to be sur

veyed), and then readings are made with the two potential electrodes 

in the vicinity of the other current electrode. The two potential 

electrodes are kept a constant distance (Bristow used 20 ft) apart 

and are stepped out at.10-ft intervals from the current electrode for 

each reading (figs. 2 and 3). In theory and also apparently in 

practice, this method greatly simplifies the reduction of the data 

and increases the accuracy and precision of the survey. In most elec

trode arrangements, the current electrodes are close together, which 

causes the equipotential bowls to be flattened and distorted. In 

the Bri-st-ow -arrangement, the separation of the current electrodes to 

effective infinity causes the equipotential bowls to approximate · 

hemispheres if the material is homogeneous (fig. 3). This close 

approximation of the equipotential bowls to hemispheres makes possible 

the graphical solution, which will be explained later. The unusual 

survey procedure of keeping the potential electrodes 20 ft apart and 
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Fig. 3. Current lines and equipotential bowls for Bristow survey 

stepping them out 10 ft from the current electrode accounts for the 

increased precision of this technique. 

45. Most resistivity techniques, including the Wenner and 

Schlumberger patterns, either survey an approximately constant depth 

with constant electroae spacings or make a vertical sounding by in

creasing spacing between the electrodes (fig. 2). In the first in

stance, little information on vertical changes of resistivity is 

obtained. In the latter case of vertical sounding, the readings for 

every increase in depth incorporate the effects of all material above 

the equipotential line through that depth. Thus, even sharp changes 

in material properties appear as only gradual changes in the data. 

This makes it impossible to easily determine the exact depth at which 

a large anomaly occurs and completely masks small anomalies. These 

problems are avoided by Bristow since, with his method, the resistivity 

reading is affected primarily by the mate_tlal between the two- equi~ 

potential bowls across which the potential electrodes are measuring 

the voltage contrast (fig. 3). Thus, it is possible to locate the 

position of an anomaly within much closer limits. 

46. Bristow's technique of surveying permits a simple, accurate 

graphical interpretation of the survey data. If a graph of apparent 

resistivity versus depth is prepared for each station, then any 
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air-filled cavity will appear as an area of greatly increased resis

tivity. This information can then be transferred to a scale section 

by drawing in the areas that represent the equipotential bowls that 

contain this area of higher resistivity. The intersection of two 

overlapping readings or tests then gives the location of the cavity and 

permits an estimate of its size. A more detailed discussion of the 

theory and use of this procedure is presented in Appendix A to this 

report. 

47. The method just outlined has been used to examine two areas 

of known and suspected cavities in Britian with considerable success. 

Known caves were accurately located, and predictions of the locations 

of unknown cavities were made that were later proved by excavation to 

be true and quite accurate as to location, size, and depth. It should 

be remembered that Bristow's method, as well as all other methods of 

resistivity surveying, is adversely affected by such things as metal 

pipes in the ground, power lines nearby, or very complex structural 

geology. Also, since surface resistivity measurements incorporate 

the effects of materials in three dimensions, it is possible for a 

reading to be affected by an anomalous condition not located imme

diately below the line of electrodes. This is not a serious problem 

since most cavities are linear and present the greatest anomaly when 

crossed by the line of the electrodes. 

48. Equipotential surveying. Messrs. J. A. Phillips, a British 

physicist, and I. J. Standing, a British speleologist, devised a method 

of equipotential surveying to locate caves. 20 Their equipotential 

surveying method used an electrode arrangement similar to the arrange

ment used for Bristow's resistivity method discussed in the preceding 

paragraphs. Like Bristow, Phillips and Standing use two current 

e:l:ectrodes and two-potential electroaes and place one current electrode 

at effective infinity. Thus, as with Bristow's method, the lines of 

equipotential are very nearly hemispherical around the current elec

trode when the ground is homogeneous. The rest of the procedure, 

however, is entirely different from resistivity surveying. 

49. Phillips and Standing place one potential electrode on each 
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side of one current electrode, c1 , and on line with the current elec

trode, c2 ' that is placed at effective infinity (five to ten times the 

depth to be investigated). The advanced potential electrode, P1 , is 

placed a selected distance, 1 , from the current electrode (fig. 4). 

c, 

GROUND SURFACE 

LEGEND 

CURRENT ELECTRODE 
POTENTIAL ELECTRODE 

DISTANCES AS SHOWN 

Fig. 4. Current lines and equipotential bowls measured by 
equipotential survey near a cavity (after reference 20) 

The other potential electrode, P2 , is moved until it is on the same 

potential bowl as the advanced electrode, at which time there will be 

no potential difference between the two electrodes. The distance, X , 

of this second potential electrode from the current electrode will be 

equal to L only if the ground between them is homogeneous for the 

depth surveyed, which equals 1 . In the event of a cave below P1 , 

the resistance of the cave will cause the equipotential bowl to be dis

torted and X will become greater than 1 , assuming that the cave is 

air filled and offers high resistance (fig. 4). A graph of X/L for 

each station will show a sharp rise when P1 is over a cave. It should 

be noted that Phillips and Standing_ used the posil...ian of the current 

electrode as the station location, but examination of their data indi

cates that a closer fit of the peak of the curve to the cave location 

can be achieved if P1 is plotted as the station location. Thus, a 

plot of X/L versus the geographic location of the advanced electrode 

gives the best results. By making readings and graphs for increasing 

1 spacing (hence for increasing depth), it may be possible to obtain 
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an idea of the depth and size of the opening. 

50. The Phillips and Standing method of equipotential surveying 

is fairly promising as a cavity detection method, but is actually very 

similar to the Bristow resistivity method in its basic assumptions. 

The Bristow method is far more precise in its ability to indicate the 

exact location of a cavity and has more potential for determining the 

cavity size and shape. The only advantage of the equipotential method 

is the lower cost of equipment, which is a minor factor considering 

that resistivity equipment is also relatively inexpensive. Therefore, 

research conducted by WES was concentrated on testing and improving the 

Bristow resistivity method. 

Direct-contact methods 

51. Since the procedures for using direct-contact methods such 

as boring are already established and since the objective of the study 

was to develop less expensive methods for application to large areas, 

the direct-contact methods were eliminated from the initial phases of 

the investigation. However, as mentioned previously, these methods 

remain the only means of definitely proving and treating cavernous 

conditions inferred by nondirect-contact methods. 

Selection of Methods for Field Tests 

52. The review of remote-sensing methods led to the following 

conclusion. If the'extent of a cavernous area is not accurately known, 

then a relatively low-cost, remote-sensing survey might help to define 

an area for more detailed study. For example, standard aerial photog

raphy, which is already available for many areas, might permit deter

mination of the lateral extent of karst plains. However, remote-sensing 

methods are limited to general reconnaissance, since such methods can

not be used to define a specific cavity. 

53. The field testing of some methods, especially the Russian 

streaming potential method and the radioactive cloud method, might be 

desirable at a later date depending on the outcome of the initial field 

tests and the availability of additional funds. The use of expensive, 
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direct-contact methods such as closely spaced boring and excavation 

should be reserved for determining if the anomalies resulting from 

surface geophysical surveys are due to subsurface cavities. 

54. Some of the surface geophysical methods showed promise for 

development for locating specific cavities. Because the results ob

tained using the Bristow electrical resistivity method were especially 

~ncouraging, it was decided to investigate the method through field 

tests. Other resistivity methods and some seismic methods that had 

been reported successful in locating cavities were also selected for 

field testing. Detailed descriptions of the equipment and test pro

cedures used in the field testing are presented in Appendix A. 
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PART III: FIELD TESTING 

Selection of Test Sites 

55. After the available literature on the many different methods 

that various researchers have used in attempts to locate cavities had 

been reviewed, the methods which showed the most promise were tested 

under field conditions. In order to conduct field tests, it was nec

essary to exercise extreme care to select test locations over naturally 

occurring subsurface cavities where the greatest amount of control of 

test variables could be exercised. It was desirable to select sites 

that had a minimum of geologic variation within each site so that any 

anomaly produced by the cavity could be easily interpreted. Some of 

the considerations used in selection of an area for initial testing of 

cavity detection methods were as follows: 

a. Karst areas with many caverns in limestone were sought 
so that a suitable cavern or caverns could be located 
and accurately surveyed. 

b. Areas were considered only if high-quality maps of ex
isting caverns were available. 

c. The selected area was to be as level as possible in karst 
topography. This would facilitate access to the site and 
make the electrical survey possible to complete in a short 
time as well as simpler to perform and interpret. 

d. Caverns were to be located within 150 ft of the surface 
and were to have a large range in diameters and depths. 

e. The basic geology of the area was to be simple. The beds 
were to be as close to horizonal as possible with few or 
no faults or folds. 

f. The area was to be easily accessible with good road net
works but without too many houses, power lines~ trans
formers, etc. 

ff· It was desirable that people be in the area who were knowl
edgeable about the caves and who could be contacted for 
information. 

h. It was desirable that suitable nearby accommodations be 
available for housing field personnel. 
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56. In the reported phase of this investigation, the field tests 
conducted by WES were mostly concerned with the detection and location 
of air-filled cavities since these cavities offer a more easily rec
ognizable anomaly. Some test sites were over caves that were filled 
or partially filled with water. The test sites selected are located in 
Indiana and Missouri (fig. 5). Brief descriptions of each test site are 
given below. More detailed descriptions of individual sites are pre
sented in the pertinent listings in the Literature Cited. 
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Fig. 5. Locations of test sites in Indiana 
and Missouri (base map USC&GS) 

Blue Spring Cave 

57. Blue Spring Cave is located near Bedford, Indiana, at SW l/4, 
SE 1/4, SW 1/4, section 6, township 4N, range lw.21 The cave consists of 
about 18 miles of passages draining about 10 square miles of the Mitchell 
karst plain with a collapsed sinkhole entrance on the Colglazier farm.9 
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The cave has several levels, the uppermost being in St. Louis limestone 

(Mississippian) and the others in Sal~m limestone (Mississippian). At 

the entrance, the cave is essentially a straight tube approximately 

12 ft high and partially filled with a stream. This part of the cave 

is in the Salem limestone described by Palmer9 as a massive, gray, 

granular limestone with 2- to 10-ft-thick beds and shale with chert 

nodules in the upper 20 to 40 ft. Palmer described the St. Louis 

Formation as gray, thin-bedded, shaly limestone with chert nodules and 

occasional gypsum. This section of the cave is about 480 to 490 ft in 

elevation, whereas the land surface is slightly rolling at an elevation 

of about 580 to 600 ft. About 2000 ft downstream (west), the cave be

comes flooded until its emergence as a spring along the east fork of 

the White River about 3/4 mile from the sinkhole entrance. The test 

site selected was located just west of the cave entrance, and several 

traverse lines were established (fig. 6). The test site was considered 

to be an excellent location for detecting a large partially water

filled cave 100 ft underground with the possibility of using the same 

location to test methods of locating water-filled subsurface cavities 

at a later date. 

Green Cave 

58. Green Cave is located near Campbellsburg, Indiana, at SE 1/4, 

NW 1/4, SW 1/4, of section 11, township 3N, range 2E. 21 The cave, lo

cated in Salem limestone. (Mississippian),22 is a small near-surface cave 

and contains a small stream. The cave passage is seldom over 10 ft high 

and is often lower, with a width of about 4 to 5 ft. The cave is only 

a few hundred feet long with an upstream entrance at an elevation of 

about 680 ft and a downstream entrance (stream exit) at about 665 ft. 

Since the ground surface is gently rolling at an elevation of about 

~00 I't (fig. 7), the cave passage has a roof thickness of about 20 ft. 

Several small sinkholes send surface drainage into the cave through 

passages too small to explore. The cave offered an excellent test site 

for attempting to locate smaller, near-surface, air-filled cavities. 

Endless Cave 

59. Endless Cave is located near Green Cave, north of 
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a. Traverse line on slope 

b. Traverse line across gently rolling terrain 

Fig. 6. 'I'raverse lines set up at. Blue Spring 
Cave test site, Indiana 
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Fig. 7. Green Gave test site, Indiana 

Campbellsburg, Indiana. The cave is located in the side of a cliff in 

NE 1/4, SE 1/4, SE 1/4, section 14, tmmship 3N, 2E. 21 Endless 

Cave is located within the Salem limestone, but the surface rock con

sists o:f St .. Louis limestone about 50 ft thick. Both Salem and St. 

Louis limestones are described in paragraph 57. A small stream flows 

from the cave mouth, which is at an elevation of about 660 ft. The 

traverses over this cave were located west of the entrance several hm1-

dred feet above a portion of the cave passage, which is about 15 ft high 

and 20 ft wide. The surface at the traverse locations is rolling, with 

elevations of about 750 to 780 ft, and is forested. Endless Cave of

fered a test site for a large air-filled cavity at a depth of over 

100 ft. 

Lost River Cave system 

60. IJost River Cave system is located between Orleans and Orange

ville, India..Da. Two entrances to the cave are located near the bottom 

of a cliff tn Wesley Chapel Gulf in NW l/l~, SE 1/4, section 9, town

ship 2N, range lW. The cave is the underground. route of Lost River, 

which both rises and sinks again in Wesley Chapel Gulf. Lost River 

swells very quickly during heavy rain, flooding the cave system so 
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quickly that escape is not possible. Two lives have already been lost 

in this cave, and extreme caution must be utilized when exploring it. 

The Lost River cave system is located in the top of the St. Louis lime

stone and the basal part of the overlying Ste. Genevieve limestone,21 

the lower member being the Fredonia described by Palmer9 as 50 ft of 

gray, thin-bedded to massive limestone with abundant chert nodules and 

beds. This part of the Lost River cave system has a variety of passage 

sizes including some about 10 ft in diameter and nearly all with flow

ing water. The cave system is located at an elevation of approximately 

530 ft, and the gently rolling land surface is about 610 to 640 ft in 

elevation. This test site presented an excellent opportunity for test

ing methods of locating various-sized, partially water-filled passages 

at depths of about 100 ft. This site also offered the unusual oppor

tunity for testing above a passage completely filled with swift moving 

water after heavy rains. A third possibility offered by this site was 

the opportunity to determine in the field how close a survey can be 

made to a nearly vertical cliff before the cliff begins to affect the 

test results. 

Tom Moore Cave 

61. Tom Moore Cave is located north of Perryville, Missouri, 

just off U. S. Highway 61 approximately at latitude 37°45 1 44" N and 

longitude 89°54'03" W.* The cave has several entrances and extends for 

several thousand feet under a karst plain. In the vicinity of the 

entrance where the traverse line was established, the cave consists 

of passages that are 6 to 12 ft high and about 6 ft wide ~ith a small 

stream on the cave floor. About 20 to 25 ft of soil and rock separates 

the cave from the gently rolling surface, which is at an elevation of 

about 580 ft (fig. 8). The cave is- located in the JOaclilin (Ordovician) 

Formation,* which consists of interbedded limestone and dolomite with 

some shale.23 This cave offered an excellent opportunity to study cavity 

detection methods over a moderate-sized cavity at very shallow depths. 

* Jerry Vineyard, Missouri Geological Survey, Personal communication, 
May 1972 · 
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Fig. 8. Tom Moo:t'e Cave test site, Missouri 

Berome Moore Cave 

62. Berome Moore Cave is located north of Perryville, Missouri, 

approximately at latitude 37°46'29" N and longitude 89°53 138" W* 

(fig. 9). Berome Moore Cave is actually part of the same cave system 

as Tom Moore Cave, and together the two caves have several miles of 

Fig. 9. Berome Moore Cave test site, Missouri 

* Vineyard, op. cit. 
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passages of various sizes and depths. Berome Moore Cave is located in 
the Joachim Formation,* as Tom Moore Cave. Near the entrance, 
Berome Moore Cave)1as a large passage sometimes 20 ft high and often 
30 ft or more wide. Since this large passage ha.s less than 40 ft of 
soil and rock overburden, it provided an excellent opportunity for 
testing methods of cavity detection. Certainly, any method that did 
pot give a clear indication of such a large, shallow cave would have 
little potential for ct.1.vity detection. 
Kobms Cave 

63. Kobms Cave is located west of Ste. Genevieve, Missouri, a 
few hundred :feet east of State. Highway 32 at latitude 37°57 127 11 N, 
longitude 90°03'4411 w.·x- The cave consists of' several passages and has 
more than one level. Kobms Cave is located in the lower part of the 
St. Louis Formation,* which at this location is a dense to lithographic 
limestone with crystalline fossiliferousbeds. 23 The test site chosen 
is north of the entrance sinkhole and runs across the ridge that the 
cave passages parallel (fig. 10). The traverse crossed two passages, 

Fig. 10. Kobms Cave test site, Missouri 

.i<· Ibid. 
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one about 8 ft high and 6 ft wide and the other about 5 ft high and 

12 ft wide. Both of these passages are over 100 ft underground, and 

the second one has mud on the floor to an estimated depth of 15 ft. 

This site offered a good chance to test the limits of resolution of a 

cavity detection method since an 8-ft cavity 120 ft underground pre

sents a challenging test of any method. Also, the site provided an 

opportunity to detect two cave passages quite close together. 

Other southern Indiana sites 

64. There are many other good test sites in southern Indiana 

that are not described herein since little testing has been conducted 

at them. One such site, Becks Mill Cave, at the village of Becks Mill, 

Indiana, contains a cave that has been flooded by construction of a 

19th century dam across the spring entrance to provide water power for 

a grist mill. These other sites will be investigated as the need for 

new sites arises for later phases of the investigation, especially 

for testing water- and mud-filled cavities. 

Initial Field Tests 

Geologic 'methods 

65. Air-photo interpretive and field geologic methods have been 

suggested for locating cavities, but such methods have not been very 

successful. For example;· some authorities thought that sinkholes were 

so closely related to subsurface cavities and subsurface drainage that 

they could simply connect a line of sinkholes on a map and chart the 

approximate location of an underground cavern. However, very accurate 

cave maps were superimposed on topographic maps of the areas selected 

for testi:qg and clearly disproved ±his sjmpl istic _as_sum.ption., at least 

for the areas under consideration. It may be possible for an experi

enced geologist to estimate the degree of cavern development below 

karst plains on the basis of frequency of sinkhole occurrence, but the 

locations of subsurface cavities can seldom be deduced from topographic 

and physiographic details at the Slll'.face. other irregularities such as 

color variations in fields during the growing season and the.timing 
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of fall color changes were observed to be related to sinkhole location 

and probably soil moisture, but as with sinkholes, these features do not 

provide concrete evide~ce for locating subsurface cavities. 

66. Based on a study of the lithologic factors affecting cavity 

location, it is concluded that generally the more cavernous limestones 

are those with less dolomite and fewer impurities.24 However, the study 

confirmed WES observations that cavities have developed under such 

widely different lithologic conditions that subsurface cavity locations 

can not be predicted based on lithologic factors. Thus, it seems that 

geologic studies are of substantial value in defining the most likely 

areas for cavity occurrence but that more discriminating methods are 

necessary for actual location and definition of the cavities. 

Seismic resonance tests 

67, Seismic resonance tests were conducted* at the Missouri test 

sites over Tom Moore Cave, Berome Moore· Cave, and Kobins Cave during 

March 1972 along the same traverse lines used for resistivity tests 

run during November 1971. A portable, 12-channel seismograph, Geospace 

Model GT-2A, was used with 12 geophones to record the response generated 

by detonation of 52-grain/ft Primacord varying in length from 2 to 7 ~. 

The shot points were located at incremental distances from the known 

cavities, and the Primacord was buried about 3 ft deep. The geophones 

were equally spaced along the traverse line, but the distances between 

geophones were varied between 20 and 50 ft for different shots. Both 

forward and reverse shots were made at each test site. 

68. Altogether, 14 shots were recorded: six at Tom Moore, four 

at Berome Moore, and four at Kohms. The records from all 14 shots did 

not yield a single good example of seismic resonance of a cavity. On 

two of the records, there appeared to be some resonance, but the re

turns were not clear enough to definitely establish that what appeared 

as resonance was actually cavity resonance. After the survey, two 

possible major causes of the poor results were given: (a) the grike 

structures located in the test area (fig. 11), and (b) selection of 

* Tests were conducted by Mr. Edwin Lutzen, Missouri Geological Survey. 
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a. Frequency of occurrence 

b. Close-up 

Fig. 11. Grikes along Interstate 55 near Perryville, Missouri 
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incorrect charge sizes and amplifier-gain settings. Another problem 

was the limitation of a short recording time of well under one second, 

which was the maximum time capability of the seismograph. Although 

the results of this test were disappointing, perhaps f'uture research 

will solve some of the f'undamental problems and permit application of 

the seismic resonance approach to subsurface cavity detection. 

Self-potential surveys 

69. Self-potential (SP) surveys were conducted by WES at several 

test sites in Indiana during April and May of 1971. Since tests con

ducted in the Soviet Union11 had demonstrated some success in using 

SP methods for locating reservoir leakage, it was thought that perhaps 

similar tests conducted on land could locate subsurface cavities, 

especially if the cavities contained flowing streams. Two methods 

were used to make the SP measurements. In one method, a porous pot 

electrode was kept stationary at one end of a traverse line while 

another electrode was moved in 20-ft increments along the line. Mea

surements were made at each 20-ft increment using the resistivity 

meter described in Appendix A.* In the other method, the measurements 

were made between two porous pot electrodes kept a constant 20 ft apart 

and moved in 20-ft increments along the survey line. 

70 .. An example of a graphic plot of the millivolts of potential 

versus the position of the center of the electrodes for the second 

method is presented in fig. 12. The traverse shown in fig. 12 was 

located at the Blue Spring test site and the 300-ft mark on the 

traverse line was above the approximate location of the cave, which is 

15 ft in diameter and 100 ft underground. As can be seen in fig. 12, 

there was a slight positive anomaly at this location, but the anomaly 

was of no greater magnitude than several others along the traverse 

line. The data obtained using the first SP method were very similar 

to those obtained using the second method. The slight variations 

in SP that occurred were most likely due to slight irregularities of 

* The same resistivity meter was used in all WES self-potential and 
resistivity readings described in this report. Details of the WES 
equipnent are given in Appendix A. 
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Fig. 12. Results of an SP survey at 
Blue Spring test site, Indiana 

600 

soil material and moisture content along the traverse line. It is not 

possible to predict the location of a cave or even to establish that a 

cave exists from the SP data. Similar SP tests were made along two 

other traverse lines at the Blue Spring test site (one over a flooded 

section of cave) and at the Lost River test site. None of these other 

SP tests showed any better results; thus, it was concluded that the SP 

method of detecting subsurface cavities shows little promise when used 

on a land surface. 

Electrical resistivity surveys 

71. Wenner surveys. Wenner electrical resistivity surveys were 

conducted in both Indiana and Missouri. Since several researchers had 

reported some success in using horizontal Wenner surveys to detect 

large near-surface cavities, it was decided to test this method on 

smaller and deeper cavities. 

72. In the Wenner system, four equally spaced electrodes are 

moved along a line on the ground surface (fig. 2). Because the depth 

of a detectable feature is directly related to the spacing between the 

electrodes, it is often necessary to make several surveys with different 

electrode spacings. An example of a graphical plot of data from two 

36 



such profiles made at the Koluns Cave test site is presented in fig. 13. 

For the surveys whose results are shown in fig. 13, the electrode 
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Fig. 13. Results of a horizontal Wenner survey at Koluns Cave, Missouri. 
Note: For Wenner electrode array, see fig. 2 

spacings were 100 and 150 ft. These survey lines crossed two known caves 

that were located below the 175- and 475-ft points on the traverse line 

and were a little over 100 ft below the surface. No anomaly was detected 

above the first cave. The slight increase in resistivity between 400 and 

600 ft on the traverse line is too broad to have been caused by the second 

cave and probably was caused by some feature more regional in nature. 

73. Other horizontal Wenner resistivity traverses were made 

along four traverse lines at the Blue Spring test site and also at the 

test sites at Endless, Lost River, and Becks Mill Caves. The electrode 

spacings were varied from 20 to 150 ft in order to have one survey at 

a depth shallower than the cave and one at least as deep as the known 

cavity. In all of these cases, the horizontal Wenner survey at shallow 

depths showed the same anomalies as that at tne greater depth. Thus, 

it seems that the horizontal Wenner method is so strongly affected by 

near-surface conditions, especially grikes, that any potential anomaly 

of a deeper cave is obscured. 

74. A vertical Wenner profile was made at the Blue Spring test 

site with the center of the electrode array located directly above the 

known cave and the electrode spacing expanded from 10 to 200 ft in 10-ft 
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increments. The resulting vertical profile did not show any anomaly 
that could be attributed to the cave. Thus, it seems that the Wenner 
resistivity method may show an anomaly from a large near-surface cave, 
but it is not suited·.to detecting smaller or deeper cavities. 

75. Schlumberger profiles. Schlumberger resistivity profiles 
(vertical surroundings) were obtained at three test sites in Missouri 
during November 1971. A resistivity meter combined with porous pot 
electrodes was used to obtain these readings. In vertical Schlumberger 
profiling, the two potential electrodes remain in a fixed position in 
the center of the array while the two current electrodes are expanded 
outward in their respective directions but kept equal distances from 
the center (fig. 2). Each Schlumberger profile was obtained by placing 
the two potential electrodes 2 ft apart (1 ft from each side of the 
center point) and initially placing the current electrodes 10 ft from 
each side of the center (20 ft apart). For each successive measurement, 
the current electrodes were each moved outward 10 ft. After completion 
of an entire profile (usually to a current electrode separation of 300 
ft), the potential electrodes were relocated 20 ft apart at a center 
point that was 100 ft farther along the traverse line. 

76: Four such Schlumberger profiles were obtained at each 
Missouri test site (Tom Moore, Berome Moore, Kohms) for a total of 12 
profiles. A careful study of these profiles failed to reveal an anomaly 
that could clearly be attributed to the presence of the known cavities. 
The anomalies that were indicated were attributed to the soil-rock 
interface and to lateral near-surface irregularities. Examples of three 
Schlumberger profiles at the Berome Moore test site are presented in 
fig. 14. The profile with its center at 200 ft {on the traverse line) 
was located almost directly above a large cavity about 15 ft high and 
30 ft wide at a depth of approximately 40 ft. The profile gives no 
recognizable evidence of the cavity below it, which was also true of 
profiles located above cavities at the other two test sites. Since 
horizontal profiling with the Schlumberger system is quite time

consuming and since neither horizontal Wenner nor vertical Schlumberger 
profiling had been successful, it was decided not to attempt any 
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horizontal Schlumberger profiling during this phase of the investigation. 

77. Bristow surveys. Bristow resistivity surveys, described in 

Part II of this report, were first made during February l97l by WES at 

three sites in Indiana. Success was achieved initially at the Blue 

Spring site where a cavity 20 ft in diameter was accurately located, 

and it was decided to test the method extensively in order to determine 

its full potential. During April and May of 197l, the Bristow method 

was tested along four additional traverses at tha Blua &pring_tes"t;_s.ite

and also at test sites above Endless, Green, Becks Mill, and Lost River 

Caves. Of these eight Bristow resistivity surveys, only three succeeded 

in accurately locating the known cavity. A careful examination of the 

conditions and results of the eight tests revealed the capabilities and 

limitations of the Bristow method. 

78. At the Blue Spring test site, the cave was about l5 to 20 ft 
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in diameter and about 100 ft below the surface. Success in locating 

the cavity occured when the traverse line was at right angles to the 

trend of the air-filled cavity and when the traverse line was at about 

30 degrees to the trend of the air-filled cavity. Failure to locate 

the cavity occurred at Blue Spring Cave when the line was parallel with 

the air-filled cavity and when a traverse line was located perpendicular 

to a water-filled portion of the cavity. The third success occurred at 

the Endless Cave test site with a traverse line perpendicular to a 20-

ft-diam, air-filled cavity at a depth of about 120 ft. Other failures 

were experienced as follows: traverse lines perpendicular to a small 

shallow cavity at the Green Cave site (fig. 15); a small water-filled 
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Fig. 15. Anomalies identified from a Bristow resistivity survey 
at Green Cave, Indiana 

cavity at the Becks Mill site; and a 100-ft-deep, 12-ft-diam, partially 

water-filled cavity at the Lost River test site. From a detailed study 

of these results, it was determined that the Bristow resistivity method 

could be used to detect large air-filled cavities but not to locate 

small or water-filled cavities. 

Summary 

79. The initial field tests included consideration of surveys 

based on surface geology and vegetation patterns. These surface 
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features were determined to be related generally to the occurrence of 

cavernous areas but could not be used to delineate specific cavities. 
They were found useful only in identifying general areas for more in

tensive study by other methods. 

80. The surface geophysical.methods tested included self-potential, 
seismic resonance, and electrical resistivity surveys. The self-potential 
surveys produced no anomalies correlatable to known cavities. The seis

mic resonance method failed to detect known cavities, but results were 
not conclusive enough to eliminate the method from all future considera
tion. The standard electrical resistivity methods included horizontal 

Wenner, vertical Wenner, and vertical Schlumberger profiles, all of which 
occasionally indicated anomalies, but these were probably produced by the 
uneven nature of the bedrock surface in karst areas. 

81. The Bristow resistivity method produced excellent results 
in several cases but failed to detect cavities in other cases. As a 

result, the decision was made to continue work with the Bristow elec
trical resistivity method, which was by far the most promising method. 
It was believed that the factors that occasionally adversely affected 
the method could be identified and modifications could be made to 

procedures or equipment to overcome these problems. 

Field Tests Using the Mod~.fied Bristow Method 

Procedure modifications 

82. Since use of the Bristow method had yielded such good results 
under some conditions but had failed under other conditions, an inves
tigation was initiated to attempt to locate the factors responsible 
for the failures. The resis.tivity data collected during- the- init·tru.
field tests were evaluated relative to the conditions at each test site, 

which revealed several probable causes of failure. First in importance 
was the extreme sensitivity of the Logn electrode array, which is used 

for the Bristow system, to near-surface irregularities in the bedrock, 

especially a grike structure. Another factor was the constant 20-ft 
spacing of the potential electrodes. This spacing simply produced too 
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coarse a measurement to produce a recognizable anomaly for smaller 

cavities. A third cause was the failure to conduct enough overlapping 

tests to obtain a sufficient number of anomalies to locate their 

source. 

83. It was concluded that these problems could be resolved and 

that the Bristow method could be modified for improved probability 

of cavity detection. A method was developed that capitalized on the 

advantages of the Bristow test procedure and eliminated the major 

problems. This was accomplished essentially by specifying the col

lection of more extensive data than were collected in the initial 

field testing and by using procedures that would permit more precise 

and detailed interpretation of the data. Details of the modified 

Bristow survey procedure and descriptions of the equipment used in the 

WES field tests are given in Appendix A. The procedure given in the 

appendix is tentative; at a later date, a procedure will be published 

that will incorporate changes, if any, indicated by f'urther f~eld 

testing and refinements that are developed. 

Data collection 

84. The system of data collection was essentially the same as 

the Bristow method. Details of the filed procedures are given in 

Appendix A. Great care was taken in placing the traverse lines to 

obtain maximum coverage of the study ar~a and to avoid any obstacles 

that would adversely affect the resistivity readings. Traverses were 

laid out and marked at 10-ft intervals to ensure accurate positioning 

of the electrodes and to facilitate rapid collection of the data. The 

current electrode stations were placed at constant intervals so that 

there were three or four overlapping runs past any point on the 

traverse lines. This overlapping of the runs is a variation from the 

Bristow system; it increases the time required for the survey, but it 

also increases the reliability of the results. 

Data reduction and interpretation 

85. Upon completion of the field work, the data were reduced and 

_prepared for interpretation (see Appendix A for details). The resis

tance readings were converted to apparent resistivity values in ohm-cm 
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(or obm-ft). These values for each run were plotted against the 

appropriate intervals along the traverse line, and the general shape 

of the resistivity curves was determined. This shape was usually 

influenced by layering changes, and often a caref'ul examination of 

all the curves will show inflection points or sometimes anomalies at 

almost the same depth for many curves. The layering anomalies were 

marked on each curve, and then all other high and low anomalies were 

caref'ully marked. 

86. Graphical solutions were used to interpret the resistivity 
data in order to locate air-filled cavities or soil-filled grikes. 

Fig. 16 shows a simplified example of such a solution. The anomalies 

marked on the data sheets were transferred to a drawing representing 

the exact electrode position when each anomaly was recorded. The 
plot resulting from this process is shown in the upper portion of 

fig. 16. 

87; After all of the resistivity anomalies had been plotted 
on the traverse line, a subsurface profile at the site of the traverse 

line was constructed by determining the locations of the features pro

ducing the anomalies. Such a profile is shown in fig. 16b. When the 

depth of overburden was known or when it could be determined from the 
resistivity curve, the soil-rock interface was added to the profile. 

Next, arcs of low or high anomalies were drawn by centering a drafting 

compass at the c1 current electrode station on the line representing 

the ground surface and then drawing subsurface semicircles that 
represented the possible location of the anomaly-producing feature. 
If the anomaly was shown by more than one resistivity curve, then the 
exact location could be determined by the intersection of the arcs. 

As a general rule, only features located within about the first two

thirds of the anomaly arc are responsible for that anomaly and the 

depth of the anomaly is close to that predicted by the arcs. Since 
grikes are usually filled with soil and since soil usually has a 

lower resistivity than rock, low-resistivity, near-surface (or surface

of-the-rock) anomalies were considered to be caused by grikes. The 

high-resistivity anomalies caused by features at depths were considered 
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to be indicative of air-filled cavities. 

Actual applications 

88. Tom Moore Cave. Fig. 17 is a subsurface profile developed 

from a modified Bristow resistivity survey of the Tom Moore Cave test 
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site. The traverse line was established so that it crossed the known 

cave passage at right angles. This passage, located approximately 

below the 180-:ft mark on the traverse line, is about 12 to 15 :rt iiigii 

by 10 ft wide at a depth of about 25 to 30 ft. An examination of the 

subsurface profile reveals that the cave is located very close to this 

position and depth and that even the size and approximate shape of the 

cavity were correctly determined. Since the exact field positions of 

the cave and the traverse were established only to within 10 to 20 ft, 

the accuracy of the resistivity survey is remarkable. The profile 



reveals another high-resistivity anomaly at a depth of 75 ft below the 

160-ft mark on the traverse line. Although no other cave passage can 

be entered, the geology of the area indicates that it is certainly 

possible for this to be a previously unknown cavity. 

89. Both of the two anomalies described above were defined by 

three converging arcs of high resistivity. A third anomaly was in

dicated below the 500-ft mark on the traverse line at. a depth of 

about 50 ft. However, only two arcs defined this anomaly, and since 

only two runs. overlapped this area near the end of the traverse line, 

little can be determined about the size or shape of the feature pro

ducing the anomaly. Eight grikes are also shown in fig. 17 with 

estimates of the respective widths and depths. 

90. Two fences presented problems during collection of data for 

this test; the anomalies they produced are indicated in fig. 17a but 

were not plotted on the subsurface profile (fig 17b). · The sites of 

the other three surveys described below also had fences, but they pre

sented no problem. For this profile and the other three, the soil 

thickness was estimated from the resistivity curves and observations 

in the area and may not be precisely the thickness that actually 

exists at the site. Collection of ground truth data to verify the 

estimates was beyond the scope of this investigation. 

91. Berome Moore Cave. Fig. 18 was prepared from test data col

lected at the Berome Moore test site. A cavity was known to exist 

approximately below the 200-ft point (:::_20 ft) on the traverse line 

and to consist of a large cave passage about 25 ft wide and 15 ft 

high but filled with some rubble that produced an irregular cavity 

shape. This passage was estimated to be below about 30 ft of over-

. burden. The -results ·of ·the ·resistivity surve-,y, presented in fig. 18, 

show a passage of approximately the correct dimensions below the 215-ft 

point on the traverse line and at the correct depth. The large grike

type feature indicated below the 200-ft point on the traverse line is 

probably a collapse feature filled with soil. Remarkably, this is 

likely the same feature that produced breakdown (collapse rubble).at 

the side of the cave passage. The other three high-resistivity 
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Fig. 18. Modified Bristow resistivity survey of 
Berome Moore Cave test site 

anomalies were indicated by three arcs each and likely are unknown, 

air-filled cavities with no explorable surface connection. Numerous 

grikes are indicated along the traverse line for this test. A 

photograph of the test site (fig. 9) was made in the area where the 

traverse line was located. The large cave passage is located about 

midway between the forest line ahd the sinkhole. 

92. An interesting feature of the- subsurface profile is that 

700 

700 

two of the indicated, but unknown, cavities occur· at exactly the same 

elevation (475 ft) and are very similar in size and shape. It could 

be speculated that they are part of the same cave, especially since 

they are only 75 ft apart. 

93. Green Cave. Fig. 19 is a subsurface profile prepared from 

data obtained at Green Cave test site in Indiana during the initial 
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Fig. 19. Modified Bristow resistivity survey of 
Green Cave test site 

phase of field tests in May 1971. Since these data were obtained 

using the original Bristow field methods, the readings were obtained 

at 20-ft intervals rather than at the more discriminating 10-ft 

intervals used in the second phase of field tests. The same raw 

data used to prepare fig. 15 were also used for fig. 19, the only 

..dif'f.er.ence -being .the method -Of data reduction and i-nt-erpretation. 

Comparison of figs. 15 and 19 dem~nstrates how much more information 

is derived from the modified method of data analysis. When the data 

were reduced by the Bristow method, there was no indication of the 

small cave that was known to exist near the surface below the 225-ft 

station on the traverse line. Interpretation of the data based on the 

modified procedure, however, indicates a strong anomaly that would 
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result from a cavity in exactly the correct location for the known cave 

of approximately the correct size and shape. The horizontal location is 

within 5 ft of the expected actual cave location and is well within the 

10- to 15-ft limit of accuracy of traverse line location itself. Both 

methods of interpretation indicated two anomalies that located features 

that were below 300 and 335 ft, respectively, at the same stations on 

the traverse line. It was thought likely that these features were 

previously unknown, air-filled cavities. The cavities were located 

by three and four anomaly arcs, respectively. The interpretation of 

a fourth cavity, shown in fig. 19 as existing below the 410-ft mark on 

the traverse line, was indicated by only two arcs and, thus, is not as 

definite as the other three cavities but must be considered. The 

second major difference between figs. 15 and 19 is the indication of 

grikes shown in fig. 19, which were not delineated using the previous 

method of data analysis. Thus, although the data produced by the field 

methods described by Bristow19 are not as discriminating as those ob

tained by the modified procedure, much information can be derived from 

measurements taken by Bristow's data collection procedure if the modified 

method of data analysis is used to interpret the raw data. 

94. Kohrns Cave. Fig. 20 is a subsurface profile of the Kohrns 

Cave test site prepared from data collected during November 1971. This 

profile shows the smallest cavities detected to date at depths over 

100 ft and illustrates the present limits of resolution with the 

described system. 

95, The two cavities shown at approximately the 400-ft elevation 

are two branches of the same cave. The traverse line was originally 

established with the intention of having the 500-ft point on the tra

verse line over one cavity and the 2oo~rt point over tlie other. How

ever, difficulty was experienced in establishing the exact cave loca

tions below the surface. An examination of the subsurface profile 

reveals one cavity below the 150-ft point on the traverse line and the 

other below the 450-ft point. Thus, it appears that the traverse line 

was incorrectly located by 50 ft, thus causing the difference in cavity 

locations. The two cavities are located at approximately the correct 
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depths and are indicated to be 300 ft apart, as expected. 

96. The cavity indicated below the 150-ft point on the traverse 
line is actually. about 8 ft high and 6 to 8 ft wide. This cavity is 

located about 120 ft below the surface and, to date, is the smallest 

cavity that has been successf'ully located at a depth greater than 

100-ft. This -represents-a.depth-of-~rerburden to diameter-of-cavity 

ratio of 15-to-l, which is many times better than has been obtained 

using any other known or tested system. However, it should be noted 

that this cavity was indicated by only two arcs and only an approxi

mation of its size is given by the subsurface profile. 

97. The other known cavity located below the 450-ft point on 

the traverse line has only about a 4-ft-high air-filled chamber above 
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an undetermined depth of mud filling that perhaps approaches 20 ft. 

The anomaly corresponding to this cavity indicates the true approxi

mate 20-ft width but indicates a height of about 20 ft. This addi-
' 

tional indicated height may be due to a higher level passage that 

cannot be entered, or it may reflect the mud-filled part of the 

passage. The former explanation is preferred since a center of low 

anomaly is indicated just below the high_ anomaly and is likely due 

to the mud-filled passage. Also, the elevation of this passage should 

be higher than the passage 300 ft away based on the speleohydrology. 

98. A previously unknown, near-surface cavity is indicated 

near the 650-ft point on the traverse line. This cavity appears to 

be a low, horizontal passage intersecting a dome that extends nearly 

to the surface. Although this indicated cavity has no known entry, 

a close-by sinkhole appears to drain in that direction. Again, a 

number of grikes are indicated for this survey including one that 

appears to drain into the last-mentioned cavity. Thus, the subsurface 

profile along the traverse line presents a very good picture of what 

is known to exist and what is suspected to exist. 
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PART N: CONTINUING RESEARCH EFFORTS 

99. The preceding discussion of test results obtained using the 

modified electrical resistivity survey indicates some of the potential 

for this unusual system. Although the success thus far in detecting 

known air-filled cavities is very encouraging, adverse field conditions 

at other sites might produce less reliable results. Many questions, 

such as the maximum limits of resolution in terms of cavity size and 

depth and how well the system will work under different environmental 

factors, remain unanswered. The ability of such a survey to detect mud

or water-filled cavities has not yet been established. Continuing 

research should provide answers to many of the unanswered questions. 

100. Current research is being conducted to determine if the 

modified Bristow system of electrical resistivity surveying can be 

adapted for detecting water- and mud-filled cavities. The first step 

is to determine the relative resistance contrast between the water

and mud-filled cavities and the surrounding rock. This will aid in 

determining the type of anomaly that a mud- or water-filled cavity 

might produce and will give some indication of how detectable these 

cavities are with electrical resistivity. Then test sites over known 

water- and mud-filled passages will be located, field tests will be 

conducted, and the survey results will be evaluated to determine the 

ability of the modified Bristow system to detect these types of 

cavities. If the results of these tests are encouraging, the system 

will be further studied, modified, and retested to increase this 

ability. While this research is in progress, it will also be possible 

to further test the.system on air-filled cavities. Concurrent with 

the testing of the modified Bristow system, a careful review will be 

continually made of recent literature to locate any other promising 

methods and to analyze their potential for application to the problem. 

101. A promising area for future research is adoption of the 

modified Bristow system to operate over water surfaces for detecting 

zones of leakage from reservoirs. Other promising methods of locating 

reservoir leakage, e.g., the Russian streaming potential method, may 
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also be tested. Future research with new downhole acoustic techniques, 

especially variable-density logging, may expand the information obtain

able from required exploration drill holes. A f'uture study is contem

plated to determine the effects of impounding water on accelerating the 

rate of solution development. This continuing and f'uture research 

may make possible the effective utilization of many additional con

struction sites in karst terrain while improving the efficiency of some 

existing structures. 
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PART V: CONCLUSIONS 

102. The three classes of subsurface cavity detection methods, 

i.e. remote sensing, surface geophysical, and direct contact, have 

advantages for specific phases of a cavity detection program. The 

remote sensing methods, including infrared, radiometric, and standard 

aerial photography, can cover large areas quickly and economically. 

Their value, however, lies in selecting specific problem areas for 

more intensive study by other methods, since they are not presently 

capable of delineating a specific cavity or set of cavities. The 

problem of combining high resolution with depth penetration will 

likely preclude radical advances for cavity detecting in the near 

future. 

103. The surface geophysical methods include, among others, 

seismic, electrical resistivity, self-potential, acoustic subbottom 

profiling, and gravity surveying. The application of some of the 

methods to fairly large ground areas reveals the specific location of 

anomalous subsurface conditions to be examined and treated by explo

ration drilling. These methods of surface geophysical exploration 

vary greatly in their ability to reveal specific subsurface cavities. 

104. The specific method_of_electrical resistivity exploration 
...--- ·--...._ . ----·------ ----------~------.._ __ 

referred to as the modified Bristow method was proved capable of 
.~-- . "•··--··-- ·--·--'--·-·_..,...-·-------.. --...-, 

accurately locating.specific subsurface air-filled cavities in the 

field tests conducted by WES. Cavities as small as 8 ft in diameter 

at a depth of 120 ft were detected. The ability of this method to 

detect mud- or water-filled cavities is being determined by continuing 

research. Of all the methods analyzed and tested, this method of 

_ele_cttlcal-resistivity surveying (described i-n Appendix A) -a-ppears to be 

the most promising for development into a valuable subsurface cavity 

location tool. 

105. Other surface geophysical methods offer some promise of 

application to specific problems. Subbottom acoustic profiling may 

have application in deep reservoirs (over 100 ft), but this remains to 

be proved. With further development, self-potential and aqueous 
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radioactive clouds may be capable of pointing out specific locations 

in a reservoir bottom through which leakage is occurring. 

106. The third class of cavity detection methods, direct contact, 

must be used to prove out all anomalies or suspicious zones indicated 

by remote sensing or surface geophysical methods. Direct-contact 

methods, .. especially exploratory drilling, are the only means q;t· 

definitely establishing the existence of a cavity. However, the high 

costs of drilling may often restrict its use to exploring relatively 

small areas selected by the surface geophysical methods. 

107. The recent developnent of new downhole acoustic equipment 

may offer an opportunity to expand the information obtained by explora

tory drilling. These downhole acoustic loggers may prove capable of 

locating cavities several feet from the borehole. 

108. The methods that appear the most promising for development 

into valuable exploration tools for subsurface cavity detection are 

some of the surface geophysical methods and downhole acoustic logging. 

Research efforts should, therefore, be concentrated in these areas while 

maintaining cognizance of developments in all fields. 
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APPENDIX A: MODIFIED BRISTOW METHOD OF ELECTRICAL RESISTIVITY 
SURVEYING TO LOCATE SUBSURFACE CAVITIES 

Introduction 

1. As described in the main text of this report, the Bristow 

method of electrical resistivity surveying produced far better results 

than other methods tested during the initial phases of the field in

vestigation but still failed to locate known cavities in some cases. 

A method was developed to capitalize on the advantages of the Bristow 

system while eliminating the major problems. This was accomplished 

by collecting more extensive field data than were collected in the 

initial field testing and using procedures that would permit a more 

precise and detailed interpretation of the data. The method was used 

successfully in field tests conducted during November 1971 in Missouri. 

During these tests, many cavities, including an 8-ft-diam, air-filled 

cavity at a depth well over 100 ft, were successfully located. The 

modified procedure was also used to reinterpret data collected using 

the original Bristow method, and the results reflected a definite 

improvement. 

2. Although a detailed discussion of the theo:rY of electrical 

resistivity surveying is beyond the scope of this report, a brief 

simplified description is necessary to understand the concepts of the 

modified Bristow method. First is a definition of electrical resistiv

ity. For homogeneous material, Ohm's law states:25* 

where 

6.V 
- R 

l 

6.V = potential difference between two surfaces or points on two 
surfaces of constant potential 

I = current in a conducting body 

R = a constant called the resistance between the surfaces 

* Raised numbers refer to similarly numbered items in the Literature 
Cited, which follows the main text of this report. 
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Resistivity p can then be defined as:25 

RA 
p = -

L 
(A2) 

where a current is flowing in parallel lines through a conductor of 

cross-sectionaJ. area A and R is the resistance measured between two 

equal-potentiaJ. surfaces separated by distance L . 

3. In the modified Bristow resistivity system, there are of 

necessity two current electrodes--one to serve as the positive current 

source and the other as the current sink. Since the current sink is 

located at effective infinity from the current source, its effect on 

the potential measured near the current source can be neglected. 

This is a distinct difference from some other electrode patterns. The 

potential due to a point source of current in a homogeneous medium can 

then be expressed as:25 

s v = 
r 

(A3) 

where S is a constant and is the strength of the current source and 

r is the distance from this source. The value of S depends on the 

magnitude of the current, the resistivity, and the location of the 

source. If the source is located on the surface of homogeneous 

infinite earth, then the current will flow outward through an infinite 

number of concentric hemispheres bordered on the top by the air of 

infinite resistance. As the current passes through each hemisphere, 

it will be equally dispersed upon its surface. Restating equation 

A-3 as-: 

S = Vr (A4) 

and then substituting IR for V (Ohm's law) and pL/A for R 

(equation A2) and taking into account the geometry of a hemisphere 

for which surface area equals 2~r2 (r being the radius) and where 
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r will equal L , then: 

s = (A5) 

From equations A3 and A5, the potential at each electrode (and, hence, 
the difference between the electrodes) can be found quickly. If the 
distances between each of the potential electrodes c1 and c2 are, 
respectively, r1 , r 2 , and R1 , R2 , then the potentials at P1 
and P2 are :25 

VP = .fE. 1 21C (r~ -;2) 

The potential difference between p and 1 

VP1 - VP2 = v = !£ (l-21C rl 

which can be restated to give resistivity· 

p= 
2rr6V 

I 

p2 

1 
r2 

p 

(A6) 

is: 

1 + 1) 
Rl R2 

(A7) 

as: 

(AB) 

Equation AB applies to any four-electrode arrangement_._ However.,- the 
placement of one current electrode at effective infinity makes possible 
a further simplification of equation AS, which is discussed later in the 
appendix. For a more detailed discussion of the theory of electrical 
resistivity surveying, reference should be made to the Literature 
Cited which follows the main text of this report, especially to 
references 25-28. 
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Equipment 

4. The descriptions of the equipment used by the U. S. Army 
Engineer Waterways Experiment Station (WES) for the field tests dis

cussed in the main text are given for the reader's information only. 
Equally good or better equipment may be available that would provide 
the same measurements. The equipment may be modified based on later 
phases of the investigation. The same is true for the methods of data 
collection, reduction, and analysis. 

5. The high degree of accuracy required for this method to be 

successful requires considerable care in the selection of equipment as 

well as the manner in which it is employed. The equipment described in 
the following paragraphs should not be considered to be the only equip

ment capable of performing this type of test nor does the description of 
this equipment necessarily imply an indorsement. However, this is the 

equipment that was used to conduct the reported field investigation, and 
if other equipment is used, it should have similar features and capa
bilities. Figs. Al-A4 illustrate the basic equipment used. 

6. The resistivity meter (fig. Al) was manufactured by William 
Keck and Associates of Okemos, Michigan, and is Model No. lC-69. The 

power for the resistivity determinations is provided by four NEDA 205 
45-v batteries housed in the instrument case. Provision is made for 
external connection of additional batteries shoUld they be necessary. 

Standard 6-v and 1.5-v cells are used in the voltage-comparator unit to 
make the readings. The ranges of the instrument are sufficient to read 
from 0.001 to 1000 ohms and can be read to one part per thousand. There 

is provision for connection of five electrodes, but only four are needed 
for-this survey. 

7. A somewhat unusual feature of the resistivity meter is its 
ability to measure the self-potential between the potential electrodes 
and to null it out so that it does not affect the resistivity reading. 
This is a necessary feature to obtain the accuracy required for this 

type of survey. Another feature is a switch that instantly changes the 

direction of current flow through the current electrodes, which permits 
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Al. Keck electrical resisUvity meter 
and main power supply batteries 

1'1 ig. A2. Porous pot electrode and 
copper sulfate solution 
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a quick double check on the accuracy of the reading. The meter a1so 

contains a filter network which blocks 60-cycle AC to enable measure

ments of resistivity in regions of high AC strays. 

8. The porous electrodes, which were used by· WES in the 

Bristow a.11d modified Bristow surveys, contain a copper electrode sus

pended in a saturated solution of copper siufate (fig. P2). Copper

clad steel electrodes were tried in the field, but the spontaneous 

potential resulting from the contact of the metal with ground moisture 

was so great that it caused unreliable readings of resistance even 

though attempts were made to null it out. However, in the cas1::; of 

extremely dr°IJ ground, it might be necessary to use metal electrodes 

to reach sufficient depth to contact soil moisture. The porous pot 

electrodes as well as the reels and wires used tb connect the electrodes 

to the resistivity meter were distributed by Geophysical Instrument Co. 

of Denver, Colorado. The wire and the spool upon which the wire is 

wound must ·be insulated from the frame of the reel. This reduc("!S the 

possibility of a short between the wire and the ground via the metal 

frame of the Figs. and A4 show the porous pot electrode in 

fielcl use and the resistivity meter and the 

survey, respectively . 

set up for a field 

. A3. Porous pot electrode in position for field tests 
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Fig. A4. Reels and wire set up f'or a resiStivity survey 

Field Procedures 

Establishment of traverse lines 

9, Location selection. The first step of the survey is the 

establishment of traverse lines, sometimes called survey lines. Great 

care must be taken to locate the traverse lines correctly on both a 

topographic base map and in the field so that the two will conincide 

exactly for later interpretation. 

10. In a search for unknown cavities, several lines should be 

established either parallel to each other or in a grid pattern. Since 

the chances of detecting a cavity are greatl,y reduced when the trend 

of the cavity is parallel to a traverse line, a grid pattern would be 

desirable to locate all cavities. If, however, purpose of the 

survey is to locate cavities known to trend in one general direction, 

the time and costs required for the su'I!Vey can be reduced by using one or 

several lines approximately perpendicular to the direction of interest. 

lL The traverse lines must be absolutely straight because curves 
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or corners in the lines will affect the readings in a very difficult-to

predict manner. The traverse lines should extend about 200 ft past the 

last point below which the investigation is desired. This is necessary 

since the very ends of the traverse line do not get equal coverage during 

the survey. 

12. Since the tests described in the main text were made over 

known cavities, it was possible to select traverse line locations that 

were approximately perpendicular to the trend of the cave passages and 

that extended about 200 ft or more past the cave. 

13. Treatment of obstacles. The traverse lines must not be close 

to any feature that would affect the resistivity readings. In all cases, 

any such features should be accurately located and described on the base 

map to explain unusual readings. Such features as buried pipes, under

ground cables, overhead powerlines, cliffs, ponds, and wire fences should 

be avoided. There is no established rule for how far the traverse line 

must be from such features, but 200 ft might be considered a minimum. 

In the case of ponds or lakes, the traverse line may approach quite close 

if the water is not of a lower resistance than the ground material. 

Fences offer different problems depending on type. Wire fences with 

wooden posts offer no problem if the wire is not in contact.with the 

ground. However, fences with metal posts or fences with wire touching 

the ground may divert the current of the resistivity survey with un

predictable results. Generally, it is best to avoid fences. When this 

is not possible, then the survey line should be oriented to cross the 

fence line at right angles. A troublesome fence crossed at right angles 

will often produce a high and low anomaly near the fence but will not 

affect other readings. 

i4. Locating and marking traverses. Routine land surveying proce

dures are used to lay out each traverse. It has proved convenient during 

WES testing to mark the traverse line with wood stakes located at con

stant intervals of 50 or 100 ~ and to mark every 10-ft increment with 

colored flagging attached to a nail. Then the grass or leaf cover is 

removed at each 10-ft mark to permit unimpaired contact between the 

porous pot electrode and the soil. This procedure permits the rapid 
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collection of data without lengthy interruptions to obtain measurements 

for electrode positioning. Fig. 6 in the main text illustrates two 

traverse lines established at the Blue Spring test site near Bedford, 

Indiana. 

Data collection 

15. Once the traverse line has been established and marked and 

electrode positions prepared, the data collection proceeds quite 

rapidly. The most economical field party is two men. While one sets 

up the instrument and reels, the other man can position current elec

trode c2 at effective infinity. This electrode should be a lateral 

distance equal to 5 to 10 times the depth to be surveyed from the 

closest position of the other current electrode. Thus, for a 200-ft 

survey depth, the distant current electrode c2 should be at least 

1000 ft from the closest end of the traverse line. During conduct of 

the survey, the other current electrode c1 is placed successively 

at each 100-ft point (or other predetermined interval) on the traverse 

line. 

16. While the current electrode c1 is at each position or 

station, a run is made in each direction. For each run, the potential 

electrodes are initially placed a distance such as 10 and 20 ft from 

the current electrode station and on the traverse lines. While the 

current electrode remains fixed, the potential electrodes are kept a 

constant distance apart and moved away from the current electrode by 

constant increments (figs. 2 and 3 of the main text). Thus, for 

example, if the current electrode c1 were at the 200-ft station and the 

potential electrodes were kept 10 ft apart and moved 10 ft toward the 

100-ft stake (and beyond it) for each reading, then the data collected 

might be like that illustrated in fig. A5. After measurements to the 

desired depth or the desired distance have been obtained and recorded, 

the process is repeated on the other side of the current station. 
17. Once both runs for a current station have been completed, 

the current electrode c1 is moved to a new station. Current electrode 

stations should be located at constant intervals, e.g. 50 or 100 ft, on 

the traverse line. Thus, there should be three or preferably four 
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BRISTOW RESISTIVITY SURVEY 

Project: SUBSURFACE c ... VITY RESEARCH Area: BEROME MOORE CAVE (MOORE SITE 8) 

Test No.: _,2=00_-""'10"""0 ------------ Date: 15 NOV 71 

Weather Conditions: ~CL=EA~R_-~SO~IL~M~Ol~ST ______ _ Observer:-=RA'-'-'TE=S _____________ _ 

P-P 
Feet 

1().20 
2().30 
3().40 

4().50 

5().60 
6().70 
7().80 
80·90 
9().100 

100· 110 
11().120 

12().130 
13().140 
14().150 
15().160 

16().170 
17().180 

18().190 
WES FORM NO, 
1 APR 1971 

D 
Feet 

15 

25 
35 

45 

55 
65 
75 
85 

95 
105 
115 

125 
135 
145 
155 

165 
175 

185 
1941 

Reading Factor Resistivity Resistivity 
Ohms 1Ql Ohms Ohms cm 103 cm 103 

I.BO 
0.883 
0.4855 

0.3665 

0.3095 
0.237 
0.1915 
0.168 

0.142 
0.1?? 
0.133 
0.105 
0.093 
0.085 
0.0725 

0.064 
0.070 

0.0665 

dac 
f---o---f 

daP mP BC 
5 TO JO 0 

Fig. A5. Data sheet as completed in the field 
(from reference 19) 

Interpretation 

overlapping runs past any point on the traverse line. This is a dis

tinction from the Bristow system and requires more time but increases 

the reliability of the results. Since there are only two electrodes 

to move for each reading and since they are moved only 10 ft, it is 

generally possible to obtain a reading in about 1 min. Thus, all 

the data shown -in -fig. -A5 -were obtained in about ~D min once the tra

verse line was established and the equipment was in position. 

18. Although the exact distances between electrodes can be 

adapted to local conditions, the basic relationships must remain the 

same and the multiplication factors must be changed to adapt to the 

new spacings. The data reduction and interpretation process is simpler 

if the spacing between the potential electrodes is kept constant for 
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measurements on any single traverse line. Experience with the system 

in the field is the best guide for selecting these spacings. 

Data Reduction 

19. Upon completion of the field work, the data are reduced and 

prepared for interpretation by completing the remainder of the data 

form as shown in fig. A6. Often at least part of the data reduction 

can be accomplished while the field work is in progress, especially 

if a portable calculator is available. 

BRISTOW RESISTIVITY SURVEY 

Project: SUBSURFACE CAVITY RESEARCH Area: TOM MOORE C4VE (MOORE SITE Al 

Test No.: -"-100"--"""2-'-oo ___________ _ Date: 18 NOV 71 

Weather Conditions: ~JU-'-ST_A_F-'-TE-'-R_RA-'-IN _______ _ Observer: --'-B-'-AT~ES'---------------

P-P D Reading Factor Resistivity Resistivity Ohms Interpretation 
~eeb 
10·20. 

20·30 

,_-30·40 
40·50 

50·60 
60-70 
70-80 

80-90 

~o 
100-110 

l llJ.120 

120-130 

130-140 
140-150 
150-160 

160-170 
170· 180 

IRIJ.190 
WES FORM NO. 
1 APFI 1971 

Feet Ohms 

15 0.974 

25 0.344 

35 0.253 
45 0.202 

55 0.146 

65 0.124 
75 0.103 

85 0.1085 

95 0.099 
105 0.071 

115 0.061 

125 0.050 

135 0.052 

145 0.047 
155 0.0455 

165 o.om 
175 0.0385 

185 0.040 
1941 

Fig. A6. 

103 cm 1Q3 

3.82 3.72 

11.49 3.95 

22.98 5.81 
38.30 7.72 

57.45 R.39 

80.43 9.97 
107.24 11.05 

137.88 14.96 

172.35 17.06 
210.65 14.96 
252.78 15.42 

298.74 14.94 

348.53 lR.12 
402.15 18.90 
459.60 20.91 

520.88 22.14 
586.0 22.56 

654.93 26.20 

I •c 

\. 

' '\. 

0 

'\ 
r\ 

Ohms cm 1Q3 
0 0 

......_ 

-:-

/" 
\ 
I 

' \ 

' 
\ 

...... ......_ 

f--D--J 
I_ I_ I -

•P ilP Ille 
S TO 10 D 

Completed data sheet with anomalies on resistivity 
curve marked (from reference 19) 

HIGH 

HIGH 

LOW 

LOVI 

HIGll 

20. The first step is to convert the resistance reading in ohms 

to a resistivity value in ohm-cm (or ohm-ft). This is accomplished by 

multiplying the reading by a factor that accounts for the changed 
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spacing and increased distance between the two potential electrodes and 

the current electrode c1 . As the potential electrodes are moved 

farther and farther from the current source, the potential difference 

between these two potential electrodes for a given homogeneous soil be

comes less. Therefore, the multiplication factor must become greater 

to compensate for the geometrical spacing. 

21. To make interpretation of data easier and to permit a 

graphical solution, the potential bowl approximation is used. As was 

explained earlier in the appendix, the placing of one current electrode 

at effective infinity makes it feasible to approximate the locus of 

equipotential points in a homogeneous material as hemispheres around 

the other current electrode. Although in situ conditions are never 

completely homogeneous and even the cavities being sought create 

heterogeneous conditions, field tests have demonstrated the utility 

of approximating the equipotential bowls as hemispheres. Once this 

approximation is made, it is possible to calculate factors to convert 

the field resistance readings to resistivity values. 

22. If a standard equation that applies to any position of 

curren~ and potential electrodes such as that derived earlier as 

equation A8 is modified by substituting infinite distances from the 

potential electrodes to one of the current electrodes, the resulting 

equation fits the case under consideration. Thus, if the distances 

between the potential electrodes and the current electrode located 

closest to them are defined as R1 and r 1 , respectively, and the 

distances between the potential electrodes and the distant current 

electrode (located at effective infinity) are defined as R2 and r 2 , 

respectively, then 

Resistivity = 2n~V ii;) (A8) 

When infinity is substituted for r 2 and R2 , equation A8 becomes 
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(A9) 

Since t::,V/I is the resistance reading obtained by the resistivity meter 

in ohms, then the multiplication factor is simply: 

23. In this manner, all the multiplication factors given in 

fig. A6 can be obtained as can factors for any desired potential 

electrode spacing. It should be noted that the factors in fig. A6 
also include conversion to thousands of ohm-centimeters. 

24. Once the factors have been calculated for all the potential 

electrode positions used during a survey, the rest of the data sheet 

can quickly be completed. Simple multiplication of the readings by 

the factors gives the resistivity in ohm-centimeters, which is then 

plotted on a convenient scale on the graph. 

25. Next, all graphs should be examined to determine the general 

shape of the resistivity curve. This shape is usually controlled by 

layering changes, such as a change from soil to rock. Often a caref'ul 

examination of all resistivity curves will show inflection points or 

sometimes anomalies at almost the same depth for many curves. These 

are due to layering changes and should be thus marked to prevent con

f'usion with karst anomalies later. 

26. Once the layering anomalies have been marked and, hence, 

eliminated from further consideration, all other high and low anomalies 
must be carefUlly marked. This is often l5est accomplfal:ied by drawing 

a smooth line to connect the plotted points on the resistivity curve. 

When the actual value line is compared with this smooth line, it will 

reveal readings that are considerably higher or lower, and these 

readings should be marked. 

27. Fig. A6 illustrates a completed and marked data sheet. This 

part of data reduction is the most difficult, as it requires a value 
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judgment best gained from experience. If doubt exists as to whether 

a reading is anomalous, it is best to consider it an anomaly and trust 

the data interpretation process to reject any false anomalies. The 

marking of high and low anomalies completes the data reduction process, 

and the field-collected data are ready for interpretation. 

Data Interpretation 

Locations of resistivity anomalies 

28. A graphical solution is used to interpret the resistivity 

data in order to determine the locations of subsurface air-filled 

cavities, as illustrated in fig. A7. The first step is to transfer 

the anomalies marked on the data sheets to a drawing representing the 

exact electrode positions when each anomaly was recorded. Fig. A7a 

shows the completed transfer of data for an imaginary site. 

29. For an explanation of the process, reference should be made 

to fig. A7a, which represents an imaginary simplified case. Notice 

that two runs are represented for each of three current electrode 

stations. The current electrode stations were at the 200-, 300-, and 

400-ft points on the traverse lines, and runs were made for 200 ft in 

both directions from each current station. For example, the top line 

represents the two run~ made with the current electrode placed at the 

400-ft point on the traverse line. One run extended from the 380-ft 

point on the traverse line to the 200-ft point, and the other run ex

tended in the opposite direction from the 420-ft point to the 600-ft 

point. The resistivity curve for the former run (380- to 200-ft points 

on traverse line) reveiled a high-resistivity anomaly when the potential 

-electrodes were ·1ocated at ·the -24o- ana. -230-rt points on tne traverse 

line and again when the potential electrodes were positioned at the 

230- and 220-ft points on the traverse line. This 20-ft-long zone 

of high-resistivity measurement is marked as shown by the key and is 

labeled B. Another high-resistivity anomaly was revealed by a run 

with the current electrode at the 300-ft station and another by a run 

with the electrode at the 200-ft station. These are labeled C and A. 
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Likewise, the locations of low-resistivity anomalies are plotted at 

their respective locations (labeled 1, 2, and 3 in fig. A7a), completing 

the first step of data interpretation. 

Subsurface profile 

30. Once all the resistivity anomalies have been accurately 

plotted at their correct positions on the traverse line, a detenni

nation can be made of the locations of features producing these 

anomalies. As previously mentioned, if the equipotential bowls are 

assumed to be hemispheres around the current electrode, then a graph

ical resolution of anomaly location is possible. A subsurface profile 

at the location of the traverse line is prepared including the location 

of the ground surface.* If the depth of soil cover is known or can be 

determined from the resistivity curves (as mentioned previously), then 

the soil-rock interface is added to the profile, as shown in fig. A'T'o. 

The next step is to locate grikes and other near-surface features that 

are indicated by the resistivity curves. 

31. Near-surface anomalies. Grikes (fig. 11 of the main text) 

are usually filled with soil and present no visible surface expression. 

A grike or lapies structure is probably the greatest single cause of 

poor performance and scrambled data in the application of geophysics in 

karst terrain. At the same time, such a structure should be considered 

one of the features that must be accurately located for engineering pur

poses. Field observations indicate that grikes can and do occur nearly 

everywhere that karst plains occur, but the literature reviewed for this 

study indicates that no method for locating them other than excavation 

has been found. The method described below appears to produce good 

results in locating grikes. 

32. An examination of fig. A7a reveals that the three low

resistivity anomalies (1, 2, and 3) were detected on three different 

runs from three different current electrode stations, but that all 

three low anomalies were detected at almost the same point on the 

traverse line. Detection of several anomalies at the same point on a 

traverse·line is a good indication that the source of the anomaly is a 

* All elevations are expressed in feet above mean sea level. 
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single feature located near the surface below that point on the line. 

Since soil usually has a lower resistivity than rock and since grikes 

are usually filled with soil, it is very common for grikes to produce 

low-resistivity near-surface anomalies such as those shown in fig. A7a. 

33. To obtain a good idea of the exact location, width, and depth 

of the grike (or similar features), the arcs of low anomaly are drawn 

on the cross section, as shown in fig. A7b. With a compass centered at 

the c1 current electrode station on the line representing the ground 

surface, semicircles representing the start and end of the anomaly are 

drawn. The feature causing the anomaly is then located somewhere within 

the zone bounded by the semicircles. If the anomaly is shown by more 

than one resistivity curve, then the exact location can be determined by 

intersecting the arcs of low resistance. In fig. A7, the grike was 

located and its approximate dimensions were found by intersecting arcs 

from the three low anomalies (1, 2, and 3). 
34. Anomalies at depths. After all near-surface anomalies have 

been plotted and located, the remaining high- or low-resistivity 

anomalies can be likewise resolved. Sometimes an anomaly from a resis

tivity curve plots as an arc that fails to intersect other like high or 

low arcs. Usually this results from an incorrect labeling of high and 

low anomalies during data reduction. For example, two low anomalies 

occurring close together may create the.impression that the peak between 

them is a high anomaly, whereas it is actually a normal reading. As was 

explained in the section on data reduction, it is safer to label and 

plot all suspected anomalies and then eliminate false selections when 

the anomalies are plotted as arcs. It is also possible for a cavity or 

other feature to be obscured on any particular resistivity curve, espe

cially if a feature of opposite erfect is Iocateawi~hih the same arc. 

This is the reason for making at least three and preferably four over

lapping runs during data collection. 

35. Interpreting the anomalies relative to causative features 

reveals that high-resistivity anomalies are often caused by air-filled 

cavities, and low-resistivity anomalies, which usually plot out near the 

surface of the rock, are most often caused by soil-filled grikes. An 
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idea of cavity or grike size and shape c·an be obtained from the general 

shape of the area defined by overlapping ~res. A good knowledge of 

karst geology and hydrology is of great aid in making realistic determi

nations of the features producing anomalies. 

36. It should be remembered that nonkarst features can also pro

duce anomalies and that there is no certain way to distinguish these 

anomalies from karst-induced anomalies on the basis of resistivity data 

alone. Thus, the experience of the researcher has some influence on 

the reliability of the interpretation. 

37. As a general rule, only features located within about the 

first two-thirds of the anomaly arc are responsible for that anomaly. 

Thus, drawing full semicircles for the arcs can be misleading. The 

depth to the anomaly has been shown by field tests to be close to that 

predicted by the arcs, but sometimes (especially for features over 50 ft 

deep) the depth is actually a little less than predicted. It must also 

be remembered that the arcs represent only two of the three dimensions 

of the equipotential bowls. This, however, is not a serious problem 

because most cavities are linear in nature and produce the greatest 

anomaly when the traverse line actually crosses them. A cavity that 

is not parallel to the traverse line would thus have to pass under the 

traverse line producing its maximum anomaly at that time. A cavity 

parallel or al.most parallel to the traverse line might produce nearly 

equal effects upon many readings and not appear as an anomaly. This 

cavity would, however, be detected by a second traverse line laid out 

at an angle (preferably nearly perpendicular) to the first traverse line. 

Experience has indicated that, in fact, cavities are detected even if 

they approach a traverse line at a highly oblique angle. Although the 

·discussion -above necess-a:dly -omits soma of the d:et-ail-s -oi' the -interpre-

tation process, it should provide sufficient detail to permit an under

standing of the basic procedures . 
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