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ABSTRACT

There has existed a need for a method of accurately
determining the horizontal position and elevation of under-
ground points in mines, quarries and natural openings with-
out the utilization of conventional precise surveying tech-
niques. Electromagnetic locating devices provide a means of
determining a point on the surface above the underground point
and depth to the underground point. The capabilities and limi-
tations of this equipment to accurately locate points are not
fully known yet, but indications are that under certain con-
ditions very accurate results can be obtained. Data from work
which has been performed is summarized in this paper.
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Introduction

There has existed a need for a method of accurately de-
termining the horizontal position and elevation of underground
points in mines, quarries and natural openings without the
utilization of conventional precise surveying techniques under-
ground. Electromagnetic locating systems provide a means of
determining a point on the surface above the underground point
and depth to the underground point. Several situations exist
where this would be very valuable information, the trapped miner
being the most obvious. Depending on the accuracy with which
the surface point can be located with respect to the underground
point, the need for underground traverses could be eliminated.

The principle of operation of an electromagnetic locating
device (EMLD) is that a transmitting unit is taken underground
and the antenna is positioned on the underground point. A mag-
netic field is created around the antenna which is detected on
the surface by a receiving unit. The physical properties of

magnetic fields provide a basis for making measurements.
Magnetic fields are used because of their ability to pene-

trate rock masses and their well-understood physical charac-

teristics. Radio wave: frequencies, 106 to lO11 Hz, are absorbed

to varying extents as they pass through rock, and absorption may
be sufficient to prevent reception of the signal altogether.
Low frequency (lOl to 105 Hz), long wavelength magnetic fields
are used for EMLD systems because of their ability to penetrate
rock masses with little or no absorption of the signsl. Results
of experiments indicate that good results are obtained with
wavelengths in the 00 to 1000 meter range, and over the 1000
meter range absorption appears to be only slight. EMLD's pre-
sently in use operate in the frequency range of 1000 to 000
Hz which corresponds to wavelengths in the range of lO5
Use of EMLD's to locate underground points on the surface

meters.

has been limited to situations where very low-order surveys
have been run underground and a check on their accuracy is de-
sired. Only recently has the capability to accurately locate
points been recognized. The capabilities and limitations of

EMLD's are not fully known yet, but indications are that under



certain conditions very accurate results can be obtained.

Development and Use

The use of low frequency magnetic fields for communication
through rock masses was proven to be practical in 1928 by Eve
and Keys at Mammoth Cave, Kentucky (8). With the development
of transistors and miniaturized electronics the problems of
size of transmitting and receiving units and power requirements
for operation were overcome. Although it is not clear who first
adopted transistor technology to electromagnetic communications,
several articles were published in the late 1950's and early
1960's describing transistorized units which had been constructed
and successfully operated. All these units were similar, uti-
lizing circular coils for both the transmitting and receiving
antennae, operating on frequencies of 1000 to 2000 Hz, and
being powered by batteries (3, 16, 24, 32).

The principle of operation of all these units was similar.
A.C. voltage was passed through a transmitting coil, thus causing
an oscillating magnetic field to be set up. Coil diameters
ranged from 1.5 to several feet in diameter. The receiving
unit, which also had a coil for an antenna, detected the mag-
netic field as a simple consequence of the fact that magnetic
lines of force passing through the plane of a loop of wire will
cause a voltage in the loop. It is this voltage which is de-
tected and amplified by the receiving loop.

Detection of the magnetic field by the receiving coil de-
pends on the relationship between the plane of the coil and
the direction of the magnetic field at the point where the re-
ceiving coil is located. Since the number of lines of force
which pass through the loop is directly related to the angle
between the plane of the receiving coil and the lines of force,
the strength of the received signal is dependent on this.,
Figure 1 shows the relationship between the angle the coil
makes with the lines of force which pass through it and the
strength of the received signal. It can be seen that a sharp
null exists when the angle equals zero, It is this null and

its associated directional characteristics that are used to
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Figure 1. Relationship between the strength of the received
signal and the orientation of the receiving coil to the mag-
netic field lines of force.

determine position and depth of the underground transmitting
coil.

The directional characteristics and geometry of the mag-
netic field set up around a coil of wire are well understood.

The geometry of the magnetic field is the same as that for a
short bar magnet set vertically at the center of the trans-

mitting coil. It can be seen that the field takes the shape
of ellipses through the center of the coil and radiating in

all directions from the coil. See Figure 2.

Birchenough and Jones, 1962 (3) were among the first to
describe in detail procedures for determining position and depth.
The procedure they describe relies on the geometry of the mag-
netic field and the directional character of the null associated
with the receiving antenna. With the transmitting coil leveled
on the underground point, the point on the surface directly
above the underground point coincides with the axis of the trans-
mitting coil and corresponds to the point where the magnetic
field is vertical. This point is called ground zero., To locate

ground zero the plane of the receiving coll is held vertical and
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Figure 2A.
of the coil.

Side view of the transmitter in position un-
derground, looking toward the transmitter along the plane
of force.

Dashed lines represent the magnetic lines

Figure 2B.

Vertical view looking down on the transmitter
along the axis of the coil.
coil.

Dashed lines represent the
magnetic lines of force which appear to radiate from the



the point where a null exists in all directions is sought. To
determine depth, the angle of the lines of force is measured
at various distances from ground zero. For this purpose an
angular measuring device is attached to the receiving coil and
a null signal is sought at the predetermined distance from
ground zero. The null will occur at some angle from the ver-
tical. By having previously calibrated the instrument with
regard to angle of null, distance from ground zero, and depth,
a value for depth can be obtained from tables or graphs for
any measured angle. A similar procedure was also described by
Lord in 1963 (16).

Numerous articles appeared between 1960 and 1970 describing
modifications and development of new equipment and procedures
for use. Work was being conducted along the lines of both com-
munication and position finding. Most notable of the articles
appearing with regard to position finding was one by Mixon and
Blenz, 1964 (19) which brought together all the developed know-
ledge with regard to location and depth determinations. Methods
which had been successfully used and had given good results were
described. Introduced in the article was a set of curves for
determining transmitter depth. These curves related angle of
the magnetic field from the vertical, distance from ground zero
and depth to the transmitter. To develop these curves the shape
of the magnetic field about the transmitter was taken to be that
of a magnetic dipole which ig approximated by the relationship
given below:

21 31d d = depth
8 = Tan 2d2-12 1l = distance from
ground zero
8 = angle of magnetic

lines of force

Figure 3 shows a plot of these curves. Application of the curves
and the relationship given above have proven to give very aceep-
table results. Several other articles appearing in this time
span describe very similar procedures to those described by Mixon
and Blenz (1, 2, 4, 5, 7, 18, 20, 21, 22, 23, 25, 28, 33).

The accuracy of locations and depths obtained using this
equipment was not known. Several intuitive evaluations were

made based on the diameter of the null at ground zero, and in
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a few instances drill holes into underground rooms were placed
based on EMLD results. The first published approximation for
accuracy was by Birchenough and Jones, 1962,(3). Using an
antenna 2l inches in diameter at a depth of 200 feet, the null
at ground zero was approximately 3.5 feet in diameter. Lord,
1963 (16) speculated that the horizontal position of the under-
ground coil could be located with an accuracy of about 2% of

the depth, and the depth determination was assessed to be

about * 10% of the actual value providing the surface topo-
graphy was reasonably flat. Christopher, 1968 (5) reported

on work done where an EMLD was used to close low-order surveys
which had been run for considerable distances underground. The
EMLD was used to provide a closing link to a traverse which had
been run over the surface. He reported that the error of clo-
sure corresponded closely to the theoretical error of closure
which had been calculated based on the surveying techniques

used underground. Charlton, 1966 (ly) referenced work performed
by Weightman in 1962 using equipment with 19" coils to locate
two air shafts in Meramac Caverns in Missouri. Depth to the
cave passages below the surface was approximately [0 feet. The
shafts hit within inches of the indicated points. Also in 196l
a shaft was located at Jewel Cave, South Dakota for the National
Park Service. Depth was approximately 200 feet and the shaft
missed its target by about 7 feet, but a later check showed that
the drill hole had drifted 6 feet. Reports similar to these and
individual speculations based on experience with the equipment
were the only evaluations of accuracy made prior to 1970.

In the early 1970's the U.S. Bureau of Mines became involved
with electromagnetic communications between underground and sur-
face. Thelr interest followed the lines of communicating with
and locating trapped miners following a mine disaster. Several
individuals and groups were employed to research and develop
equipment and procedures. Their approach was similar to what
had been done previously and they obtained similar results.
Optimum frequencies were found to be between 500 and 3000 Hz.
Antenna configurations took the form of small coil antennas or

long wire antennas which could be coiled around mine pillars
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or laid out straight on the ground. Most of this work was pub-
lished in the period between 1972 and 1974 (9, 10, 11, 13, 15,
17).

The approach taken to determine location was to measure
the strength of the magnetic field at the surface. The hori--
zontal and vertical components of the field were measured
separately and compared to determine the ground zero point.

At ground zero the field strength in the vertical direction is
at a maximum and the horizontal is zero. At any other point
than ground zero the horizontal component has some value. By
taking a ratio of the horizontal field strength to the vertical
field strength a relationship can be developed for locating the
ground zero point. This method requires traversing the area
several times in an organized search pattern to locate the
ground zero point (29, 30).

Several factors enter into the problem of determining lo-
cations based on field strengths. Most important is the fact
that the rock overburden is conductive and will affect the
field strength. When locating on relatively flat-lying topo-
graphy this is of little significance since the signal must
propagate through equal thicknesses of rock at all points.

But when working on steep hillsides in mountainous terrain it
is possible to get a higher field strength reading downhill of
the actual ground zero point due to the lesser thickness of
rock through which the signal must propagate. Figures l} and 5
show plots of field strength vs. distance from ground zero for
both terrain situations. A procedure has been developed to
adjust the position determined for ground zero in such a manner
as to place it closer to its correct position. The effects of
hill slope diminish as the depth of the transmitting unit becomes
larger compared to the differences in elevation on the surface
(11, 29).

In 1973 a report published by Westinghouse Electric Cor-
poration summarized work they had performed on the development
and use of EMLD equipment (11). The equipment they developed
and used on this project consisted of Westinghouse EM Manpack

transmitters and two Manpack receiving units. Several trans-
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mitting units were built, each operating at a different fre-
quency in the range between 500 and 3000 Hz. The electronics
for the transmitter consisted of a small printed circuit card
which could be enclosed in the underside of the miner's lamp
battery cap. The antenna for the transmitting unit consisted
of 90 feet of flat ribbon cable which was stored in a measuring
tape reel. For use, the antenna cable could be looped into a
coil or laid out straight along the ground. The two receiving
units which were built detected and measured the two components
of field strength. Several field tests were conducted in the
eastern U.S. All tests were successful to varying degrees.

To determine the accuracy of the locations which were made
a precise survey was conducted. Table 1 presents a summary of
the accuracies for the locations. This table is compiled from
two reports published in 1973 by Westinghouse Electric Corpo-
ration (10, 11). These data represent the first published
results for locations where surveys of relatively high accuracy
were involved both above and below ground. It should be noted
in reviewing the table that null error refers to the error in
the ground zero position and that adjustments have been applied
for surface slope. Both unadjusted and adjusted values for
error appear. An important point should be considered with
regard to the results for the Geneva Mine in Utah. The antenna
configuration used was to wrap the wire around a mine pillar,
the dimensions of which were 70 by 180 feet. This means that
the errors in position are within the dimensions of a pillar
and are therefore relatively accurate. All data presented in
this table are based on locations made using field intensity
measurements.

The first published account of EMLD equipment being used
specifically for higher-order surveying appeared in 1973 (12).
It describes how a group in France used an EMLD to survey
underground quarries. The equipment used was similar to what
has been previously described, with the exception of the re-
ceiving coil which consisted of a coil of wire wound around a
small bar of ferrite which was half a meter long. Accuracy of

the position of the point on the surface with regard to the
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Mine Name Frequency |Depth| Surface Null Error (ft.)
(Hz) (ft.) | Slope |Unadjusted Adjusted
Guyan Mine 2010 403 &y 0 0
No. 1A 1050 1139 7o 0 1
Amherstdale, 2070 1,03 3° 0 0
W. Va. 2010 139 7o 0 1
3030 1103 8° 13 10
Putnam Mine 2070 380 0° 0 0
Elmwood, 1050 Lyo 320 Lo 29
W. Va. 2070 1,60 2,° 12 3l
2010 510 8° 30 2l
2010 395 0° 16 16
2070 395 0° 0 0
Robena Mine 2070 800 16° 18 27
No. L 2010 725 | 0°-13° 27 27
Green County, 3030 725 | 0°-13° 50 50-26
Pennsylvania 1050 990 16° 8 67
2070 990 16° 17 58
Geneva 2500 1152 22° 200 -
Coal Mine 983 1152 220 130 .
Dragerton, 922 1425 30O 350 --
Sea 1900  [1500 | 22° 130 --
983 1500 22° 130 —-
2900 1425 22° 130 --
1900 1650 27° 700 -

Table 1. Summary of horizontal position data for work performed
by Westinghouse Electric Corporation for the Bureau of Mines (com-
piled from references 10 and 11).
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underground transmitter was reported to be in the order of 1
cemtimeter at depths in the range of 20 meters and smaller than
1l meter at a 300-meter depth. To determine the position a
technique employing the direction of the horizontal component
of the magnetic field was used. A triangulation procedure was
used based on the direction of the horizontal components at
two points along a base line. Locations obtained using the
EMLD replaced the need for underground traverses in this
situation.

Development and use of EMLD equipment has been by scat-
tered individuals and groups. The work performed by Westing-
house represents the first funded research effort on the sub-
ject. Results of all the work performed is encouraging but
can only be considered preliminary since most of the equipment
and techniques used were original designs by the persons doing
the work. The two methods used for position finding, field
intensity and direction, appear to work and give reasonable
results. Further evaluations by field testing will determine

the capabilities and limitations of EMLD equipment.

Sites for EMLD Evaluation
Prior to 1975 no work had been performed specifically for

the purpose of evaluating the accuracy of horizontal positions
and depths obtained using EMLD's. All previous work, summarized
in the earlier part of this report, included position accuracy
as a small part of the data associated with a larger project
or just as an approximation based on personal experience. To
fully evaluate results a large number of position and depth
determinations would be needed and precise surveys required to
provide a check.

During the fall of 1974 planning and field work was begun
to obtain the required data. The site chosen for performing
the field work was Mammoth Cave in Mammoth Cave.National Park,
Kentucky. This site provided the unique situation of having
numerous surface and underground bench marks which are well
monumented. Thirty-four bench marks were placed in the cave
during the 1935-36 survey by H.D. Walker. All marks in the Park
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are of third order traverse accuracy and all marks in the cave
have both horizontal position and elevation determined. See
Figure 6 for a section of the Mammoth Cave 7.5 minute topo-
graphic map which shows the position of surface and underground
bench marks, along with the underground traverse lines for the
1935-36 survey.

In order to evaluate the possible effects of variations
in depth on the results obtained with the EMLD, three depth
ranges were chosen for testing. The depth ranges were 100,
200, and 300 feet. All bench marks in the cave were evaluated
with regard to depth below the surface and proximity to sur-
face control. Based on the results of these evaluations the
marks chosen for use were TTS5W, located in Wright's Rotunda
at a depth of 198 feet; TT21W, located at Rocky Mountain at a
depth of 210 feet; and TT14W, located in Silliman Avenue at a
depth of 298 feet. Bench marks at 100 feet in depth could not
be used for a variety of reasons, principally lack of useable
control on the surface and proximity to heavily used visitor
areas. Therefore Blue Springs Cave in Indiana was chosen for
making locations in the 100 foot depth range. The problem
existed that control surveys would have to be run, but to go
from the point in the cave where the transmitter would be set
up to the point on the surface would require a traverse of less
than 1000 feet. Also optimum conditions existed for communi-
cation between the surface and underground teams, as it involved
only a few minutes to travel between transmitter and receiver
sites.

The surface topography above the points to be located
varied. At Mammoth Cave the surface above TT5W and TT1LW is
very flat and wooded. Relief is moderate, varying less than
5 feet for a distance of 200 feet in any direction. Above TT
21W the surface is sloping into a sink valley. The location
points were on the transition slope between the flat ridge tops
and steep hillside (see figure 6). The topography at Blue
Springs is that of a rolling sinkhole plain. Location points
were in a grass pasture where relief in a 100 foot radius of

the ground zero points was *+ 10 feet (see photograph in Figure 11).
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The effect of surface topography was not a factor to be evaluated
in this project, so the near-textbook conditions created a de-
sirable situation.

The geologic setting for the location sites was similar.
Overburden at both consists of sedimentary rocks of Mississip=-
pian age, principally limestones. Topography development has
been controlled by the solutioning of the limestone. At Mammoth
Cave the magnetic field propagated through limestone to a point
near the surface where a sandstone caprock approximately 60 to
70 feet thick was encountered; a relatively thin soil layer
covered the sandstone. Blue Springs was in'a: similar geologic
setting without the sandstone. A so0il layer approximately 10
or more feet thick lies directly on the limestone. Geologic

factors were not expected to have major effects on the results.

Accuracy of Control Surveys

Having control surveys of known accuracy was a very impor-
tant aspect of this project. They provided the basis for placing
confidence limits on the results obtained. Without appropriate
levels of accuracy the data obtained could be meaningless.

In Mammoth Cave the Walker surveys provided the control,
They were run using third order transit and tape techniques. Six
angles were turned at each station both above and below ground
using a 30-second transit. Distances were double-taped and fur-
ther checked with stadia rod readings. Observations on Polaris
were made at surface stations which tied to underground lines
(14). Third order traverse accuracy calls for a closure pre-
cision of not less than 1:5000 for the unadjusted traverse data.
As a check on survey accuracy the latitudes and departures were
summed for one loop through the cave and over the surface using
data from the Walker field books, which are stored in the ar-
chives at Mammoth Cave National Park (31). The resulting value
for closure presision was 1:14,524. This indicates that the
surveys are more precise than published data indicate, and pro-
vide ideal horizontal control.

Level lines were also run through the cave to determine

elevations for the bench marks. The level lines were run using
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a Dumpy level and Philadelphia rods or sawed=off New York rods
where low ceilings required (1ll). These were also run to third
order accuracy. Review of the field books shows no error of
closure greater than 0.1 foot.

Supplementary surveys were run to provide ground control
in close proximity to ground zero positions. At Blue Springs
Cave an open traverse was required to provide control both in
the cave and on the surface. These traverses were run using a
Wild T2, l-second instrument. Two positions (four angle mea-
surements) were made at each instrument setup. Distances were
measured twice using either a 100-foot steel tape under 20 1lbs.
pull with slope and temperature corrections being applied, or
Wwith a Wild DI-10 electronic distance meter. These procedures
provided comparable accuracy to work performed by Walker.

To provide elevation control temporary bench marks were
set in close proximity to the ground zero positions. Elevation
of the TBM's was determined from the bench marks set by Walker.
Three-wire leveling procedures were used to include the TBM in
a closed loop back to the known bench mark. In all cases clo-
sures of 0.05 foot or less resulted.

A summary of the accuracy of all control points used for
this project is as follows:

l. Blue Springs Cave: Open traverse with control points

being located at either end. Length of traverse was
780 feet. Theoretical closure error was 0.10 foot
with a closure precision of 1:8650.

2. TT5W located in Wrights Rotunda, Mammoth Cave: Closed
traverse loop including surface and underground bench
marks. Length of traverse loop was 22,546 feet. Cal-
culated error of closure was 1.55 feet with a closure
precision of 1:14,500.

3. TT14W located in Silliman Avenue, Mammoth Cave: Closed
traverse loop including surface and underground bench
marks. Length of traverse loop was 33,913 feet. As-
sumed closure precision based on third order traverse
requirements was 1:5000, and closure error was 6.78
feet.
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4. TT21W located at Rocky Mountain, Mammoth Cave: TT21W
was included as part of the traverse loop with TT1LW
and TT8W which was used for surface control for Rocky
Mountain. An open traverse from TT21W to TT8W to the
ground zero points for locations would be less than
1000 feet in length. Therefore assuming an open tra-
verse combining the Walker survey and the supplementary
survey, closure precision was 1:5000 and closure error
was 0.200 feet.,

It should be noted that these closure errors are for unadjusted
survey data. In the case of closed loops the traverse lines have
been adjusted. Since it appears that the Walker survey exceeds
1:5000 precision, these values represent maximum values for the

closure errors.

EMLD Equipment and Procedures Used

The EMLD equipment used on this project was built by Frank
Reid of Bloomington, Indiana in 1971. It had been successfully
operated on numerous occasions prior to its use on this pro-
ject. The unit operates at a frequency of 3500 Hz, having a
transmitting antenna 2 feet in diameter and a receiving antenna
2% feet in diameter. The transmitting antenna is permanently
affixed to %"-thick plywood to maintain its circular shape as
a planar coil. Electronics for the transmitter are contained
in a 3" x 6" x 1" case. The 12-volt rechargable battery which
powers the unit is 2% x 2" x 5" in size. Battery, transmitter
electronics and connection cables are easily stored and trans-
ported in a small ammunition can. The receiving antenna is
likewise attached to a %"-thick piece of plywood. Receiver
electronics are more involved than the transmitter and require
a 1' x 6" x 1%" case to contain them. Output from the receiving
unit is through headphones. The receiving coil is equipped with
a bubble level attached to an angular measuring device, in order
to determine angle of null from vertical. See Figures 7 and 8
for photographs of transmitting and receiving equipment.

Procedures for transmitter setup underground were as fol=-

lows:



Figure 7. Transmitting antenna and
associated electronic equipment being
set up and leveled at underground
point.




Figure 8. Receiving antenna with
attached angular measuring device
being used to determine the angle
of the null from vertical for
depth determination.
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1. A transmitter position was chosen in the proximity
of the bench mark or a purposely located control point,
and the antenna was approximately positioned.

2. All electrical connections were made and the battery
"and electronics were moved several feet away to allow
room to work while leveling.

3. The transmitting coil was leveled utilizing an attached
bull's-eye level on the plywood. Fine adjustments for
leveling were obtained utilizing wedges which could be
slipped under the coil. See Figure 7.

4. Horizontal position of the transmitting coil was ob-
tained by one of several means. Trilateration was the
easiest, quickest and most successfully used. Hori-
zontal chaining techniques were used to obtain distances
from bench marks and control points to a small knob in
the center of the coil., See Figure 7 to note the knob
in the center of the coil.

5. Next the elevation of the knob was obtained by diffe-
rential leveling techniques. Elevations were obtained
from the bench marks.

6. The coil was then checked again to make sure it was
level, any needed minor adjustments were made and the
rod reading for elevation was retaken.

7. On completion of these procedures the transmitter was
turned on. As a check to make sure the equipment was
operating, a small neon bulb was wired into the an-
tenna circuitry, blinking as the transmitter operated(

The transmitter was then allowed to operate for a predetermined
time interval so that the needed measurements on the surface
could be made.

On the surface the transmitter signal could be received and
detected in a 1000-foot radius of the transmitter position. To
locate the ground zero point the following procedure was fol-
lowed:

1. The angular measuring device was set to read zero.

Therefore when the null was found such that the bubble

level was level, the lines of force of the magnetic
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field would be vertical. See Figure 9.

To locate the direction of the ground zero point the
operator oriented the plane of the receiving antenna
such that it was approximately vertical. Then he ro-
tated the antenna in azimuth about its center to locate
the azimuth of the null. See Figure 10, in which the
operator is at position A.

Once the azimuth was determined, the ground zero point
could be in either direction.along this azimuth. The
antenna was then turned to receive maximum signal. The
operator then arbitrarily walked in one direction along
the azimuth and noted whether the signal increased or
decreased in strength. If it decreased he was moving
away from ground zero; likewise if it increased he was
moving toward ground zero.

Once the direction of ground zero was determined the
operator would search for the vertical null in that
direction. This involved repeated checks on the null
inclination (field inclination) as he moved in that
direction. As the operator moved toward the ground
zero point the angle of the null continually decreased,
approaching zero. If the vertical point was passed,
the angle would begin to increase in the opposite di-
rection.

Once the vertical null was found the antenna was ro-
tated 90 degrees and the null inclination was checked
in that direction. If it was not vertical, as was
usually the case, the operator moved along that direc-
tion, which was perpendicular to his previous direction
of travel. The operator would be at point B in Figure
10 at this stage of the procedure.

When the vertical null was found in this direction the
antenna was rotated 90 degrees and the null inclination
was checked again. If it was not vertical, the operator
searched for the vertical null in this plane again.
When a point was located where a vertical null existed

in two directions 90 degrees to each other, the antenna



Figure 9. Level and angular measurement device
attached to receiving antenna. Position of
bubble and angle reading is that which would
occur at the ground zero point. Note that the
angle units are 100 units = 180 degrees, or

2 x angle units = grads.
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Figure 10, Vertical view looking down on trans-
mitter antenna along the axis of the coil. Various
positions of receiving antenna shown to indicate
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resent magnetic lines of force.
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Figure 11. Depth determination data being taken
at Blue Springs Cave, Indiana. Note stake at

ground zero point and survey tape along the ground
in the direction of the operator.
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was rotated [}5 degrees and the null inclination was
checked. If it was not vertical the vertical point
was sought.
This procedure allowed the operator to spiral in on the ground
zero point. Usually no more than three 90 degree rotations
were required to approximately locate the ground zero point and
only one or two sets of §45 degree rotations were required to
establish the exact point. A stake was then driven at the point
determined. This locating procedure is similar to those des-
cribed in the earlier section of this report.

Once the ground zero point was determined the measurements
required to determine the depth of the transmitter below the
ground zero point were made. Data required to find depth in-
cluded angle of null from vertical and inclination of magnetic
field from vertical at known distances from ground zero. Also
needed was the difference in elevation from the ground zero
point to the point where the field inclination was being mea-
sured. The procedure used to obtain these data was as follows:

l. A chain or measuring tape was laid out in a straight
line along the ground with the zero end at the ground
zero point. The direction chosen to lay the chain was
the one with least elevation change in relation to
the ground zero point.

2. The angle of inclination of the null was then measured
at predetermined distances from ground zero. Ten to
twenty measurements were made. To determine distances
where measurements were to be taken, the graph in Fig-
ure 3 of this report was consulted. Based on an esti-
mation of depth, distances from ground zero where the
curves are steeply inclined were avoided. As an exam-
ple, for depths of 100 feet measurements should be
taken no clogser to ground zero than 20 feet and should
be taken at 5 foot intervals since beyond 100 feet the
field inclination is very steep and difficult to mea-
sure. 70 degrees is about the practical limit to
measure. At a depth of 300 feet the first measurements

should be taken no closer than 50 feet to ground zero
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and preferably 100 since the curves are very steeply

inclined in that area. A small error in angular mea-
surement would result in a large error in depth. It

is desirable to obtain approximately 20 measurements

to determine depth. Figures 8 and 11 show field in-

clination data being taken for depth determination.

See Appendix B for data sheets.

3. The difference in elevation from ground zero to each
measurement point was then obtained using differential
leveling techniques.

On completion of the needed measurements for depth determination
the position and elevation of the ground zero point was obtained.
In order to provide control in the immediate area of the ground
zero points, supplementary surveys had been run from the surface
bench marks and stakes set as control points. The position of
ground zero was determined by one of two methods: turn angle
and distance, or trilateration, which involved measuring the
distance from two control points. All distances were obtained
using horizontal taping procedures. Temperature corrections
wWwere not applied due to the fact that the point to be located
was a survey stake of finite size and any correction would be
less than the size of the stake. To establish the elevation of
the ground zero point differential leveling procedures were used

to tie to a control point of predetermined elevation.

Data Reduction

In order to determine the relative accuracy of horizontal
positions obtained using EMLD equipment, plane coordinate sys-
tems would need to be used. At Mammoth Cave the obvious choice
was the Kentucky State Plane Coordinate System which is based
on the Lambert conformal conic projection. The published data
on the location of bench marks at Mammoth Cave give the geo-
detic positions to the hundredth of a second. These published
values have been adjusted to the national control network.
During the 1935-36 survey Walker calculated values for geodetic
position to the thousandth of a second. These values appear in

his field books and were used for this project because it was



31

felt that they would more truly represent the relationships
between bench marks in the Park. Plane coordinates were cal-
culated for all bench marks which would be used as control
points. They were calculated based on procedures given in the

U.S. Coast and Geodetic Survey's Plane Coordinate Projection

Tables in Kentucky, publication G-115. For all surveys used

to locate control points scale corrections appropriate for cal=-
culation of state plane coordinates were applied to distances
(14, 31).

At Blue Springs Cave in Indiana an arbitrary coordinate
system was used. Difference in elevation between the cave and
surface was less than 100 feet so no scale correction for dis-
tance was required. A straight reduction of the traverse data
was used to obtain coordinates.

All survey data to determine horizontal positions were re-
duced on the IBM-370 electronic computer at the University of
Kentucky. To determine coordinates of points the ICES-COGO com-
puter program was used. Output consisted of plane coordinates
for the underground transmitter and stake on the surface. These
coordinates were then entered into a second program which cal-
culated differences in coordinates, error in position, and di-
rection of error. Also a comparison was made between the dis-
tance from an underground point to all other underground points
and the corresponding distances between the same points on the
surface. The average of the differences in distance for each
location point is contained in the tables. The input and output
data for this program are contained in Appendix A of this report.
Also a copy of the program is included in the back of that ap-
pendix.

Calculations for depth determination were made based on
the equation given earlier in this report. The equation was
solved for depth using the quadratic formula, with distance from
ground zero, 1, and angle of the field, 8, being the variables
input to the equation. The equation takes the form given below:

1 (34648 Tan® o )
Iy Tan ©

This equation was solved for each field inclination measurement

d=
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made. On the data sheets in Appendix B the solution of this
equation is located in column 3, It should be noted that the
angle units shown on the data sheet are for a situation where
100 units = 180 degrees, therefore 2 x ® units = grads. Cal=-
culations were made using either a Hewlett-Packard HP-}5 hand
calculator or HP-25 programmable hand calculator.

The importance of the difference in elevation between the
ground zero point and the measurement point is illustrated in
Figure 12. Depth of the transmitter below the ground zero
point, d, is the desired result. When measurements are taken
at A and B, depth values of dA and dB
be corrected by AHl and AH2 to obtain a value for d. TheAH

corrections for difference in elevation are applied in the last

are obtained. These must

column of the data sheets in Appendix B.

The value for depth at a location point was obtained by
averaging the depths in column 5 of the data sheets. Using a
preprogrammed function on the Hewlett-Packard calculator a value
for the standard deviation of the depth values was also de-
termined.

To evaluate the depth determination the difference in ele-
vation between the surface point and the transmitter was de-
termined based on elevations established by leveling. These
values were compared by means of a ratio of determined depth
to actual depth expressed as a percentage.

Results of all data reduction are presented in Tables 2
through 9. Tables 2, 3, L4, and 5 contain results for horizontal
position and Tables 6, 7, 8, and 9 contain results for depth

determination.

Evaluation of Results for Horizontal Position

A summary of the results for the errors in horizontal po-
sitions of location points is contained in Tables 2 through 5.
Table 2 contains the data for the work done at Blue Springs
Cave in Indiana. In reviewing the table it should be noted
that the range of values for error is 0.02' to 1.18', The 1.18!
value is at location point 9 and 1s more than twi¢e the next

closest value; therefore it should be considered as being in
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Figure 12. Relationship between calculated values dA
and dB and actual value for depth, d. A H values are

subtracted from dA and dB to obtain d.




Location | Operator | Error | Direction Distance
Point | (ft.) | of Error | Difference

1 F.S.R., |0O.41 S87.03E -0.01
2 F.S.R. |0.32 S37.57W 0.13
3 F.S.R. |0.18 N 8.46W -0.12
I F.S.R. |0.02 N18.15wW -0.12
5 F.S.R. |0.16 - 862.50W -0.0L
6 F.S.R. |0.24 S83.13W 0.14
7 F.S.R. |0.19 N57.80E -0.10
8 F.S.R. |[0.08 S58.95E -0.05
9 F.S.R. |1.18 N68.00E -0.76
10 C.S.B. [0.32 N67.99E -0.03
11 C.3.B. [0.30 N69.58E -0.03
12 F.S.R. 0.47 S63.49E 0.15
13 F.S.R. |[0.38 N18.09E -0.08
1 C.S.B. 0.58 N68.00E 0.08
15 C.S.B. |0.48 N88.20E 0.00
16 F.S.R. [0.52 $83.11wW -0y
1Y F.S.R. [0.33 S65.39E -0.10
18 F.S.R. |0.28 S15.37W -0.28
19 F.S.R. [0.09 si1.40E -0.07
20 C.H.B. [0.17 SL3.29E 0.0l

Table 2. Summary of horizontal position data for
work performed at Blue Springs Cave, Indiana. Depth
for locations was T4 feet (compiled from reduced -
data in Appendix A).



Location | Operator | Error | Direction Distance
Point (ft.) | of Error | Difference
1 F.S.R. 7.58 N86.12E 1.37
2 F.S.R. 8.69 N82.72E 0.56
3 F.S.R. [|29.27 S89.50E 18.86
I F.S.R. 9.23 N73.26E 1.22
5 C.S.B. 9.13 N80.58E 0.53
6 F.S.R. 9.61 N8l .B86E 0.53
7 C.S.B. 8.91 N82.31E 0.17
8 C.S.B. 8.33 N79.92E -0.42
Table 3. Summary of horizontal position data for

work performed at Wright's Rotunda, Mammoth Cave,
Depth for locations was 198 feet (com-

Kentucky.
piled from reduced data in Appendix A).

Location | Operator | Error | Direction Distance
Point (ft.) | of Error | Difference

1 F.S.R. .76 N32.30W -2.17

2 F.S.R. 8.30 N78.17w -0.22

3 F.S.R. 0.49 NL7.90E 6.55

I F.S.R. 2.01 N [}.62E 5.48

5 F.S.R. 763 S8l 5W -1.09

6 F.S.R. 5.30 N4O.33W -1.70

7 C.S.B. |13.77 NL 3o llW -1.27

8 F.S.R. [86.15 NU3.T77W -31.90

9 F.S.R. |40.88 S77.48E -0.52

10 C.S.B. 6.21 N50.56W -1.16

11 C.S.B. 8.38 N79.83w -0.35

12 F.S.R. |11.54 N63.75W 1.75
Table 4. Summary of horizontal position data for
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work performed at Rocky Mountain, Mammoth Cave, Ken-

tucky.

from reduced data in Appendix A).

Depth for locations was 210 feet (compiled




Location | Operator | Error | Direction Distance
Point (ft.) | of Error | Difference
1 C.S.B. 47.57| N L.20E -5.07

0.70
2 C.S.B. 38.66 N 0.03wW -2.13
' -5.91
3 C.S.B. 41.81| N11.91E 0.13
3.88
I C.H.B. 50.21| N25.02E -0.92
28.79
5 C.S.B. 51.28| N27.00E -1.98
30.99
10 C.S.B. 36.00( N34.82E -2.12
18.50
11 F.S.R. L8.72| N18.52E 2.36
11.06
12 F.S.R. 49.87| N16.84E 1.05
11.304
13 C.S.B. 46.77| N11l.45E -2.54L
727
1L F.S.R. 51.02| N13.16E 5.92
26.81
15 F.S.R. 38.92| N13.78E 1.66
1h.46
24 F.S.R. h2.h2| N 9.08E 2.83
 1k4.06
6 C.H.B. 2lL.11 N18.25E 6.72
3.43
7 C.S.B. 26.1L| N 7.09E 13.62
-0.3h
8 C.S.B. 25.36| N30.38E 3.25
3.36
9 C.H.B. 2.37| N1L.15E 13.15
0.63
16 C.S.B. 19.22| N20.08E 9.02
1.03
17 C.S.B. 19.59| N 5.34W 16.99
6.65
18 F.S.R. 13.60| N 6.69E 21.69
3.41
19 C.S.B. 13.26| N 0.83E 20.05
3.83
20 F.S.R. 12.8)| N21.39E 17.0L
: 3.53

Table 5. Summary of horizontal position data for

work performed at Silliman Avenue, Mammoth Cave,
Depth for locations was 298 feet (com-

Kentucky.

piled from reduced data in Appendix A).

36



37

error with respect to the other values. With the 1.18' value
excluded the range of values becomes 0.02' to 0.58', with an
average of 0.29'. The direction of the errors is very nearly
a random distribution. Distance differences have a magnitude
on the same order as the error values. The average value for
all the distance differences excluding the value for location
number 9 is =-0.05'. An evaluation of the data would be that
the pattern of location points was very nearly reproduced
exactly on the surface directly above the underground point.
Table 3 contains the data for the work done at Wright's
Rotunda in Mammoth Cave. In reviewing the data it can easily
be noted that location point 3 is obviously in error with res-
pect to the values for error of the other points. The range
of values for error, excluding location point 3, is 7.58!' to
9.61', with an average value of 8.78'. Direction of errors is
not random but is consistant in one direction, being approxi-
mately NBOE for all location points. Also of interest is the
fact that the distance differences are small compared to the
errors: average distance difference is only 0.57'. These val-
ues, error, direction and distance difference, indicate that
the pattern of location points was reproduced relatively ac-
curately on the surface, but the position of the points was
shifted an average of 8.78' to the east of the underground
points. The maximum error which could be expected in the po-
sition of location points would be the closure error for the
traverse, which was 1.55' before the traverse was adjusted.
Table L4 contains the data for the work performed at Rocky
Mountain in Mammoth Cave. On reviewing the data it can easily
be seen that the values of error for location points 8 and 9
are significantly greater than those for the other points. The
range of values for error, excluding points 8 and 9, is 0.49!'
to 13.77', with an average value of 6.8l'. Direction of error
was consistantly to the north-west and the average distance
difference was 0,58'. Again in this situation the pattern of
location points was reproduced on the surface with reasonable
accuracy but was shifted to the north-west an average of 6.84'.
Of possible significance is the fact that the shift in position
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is down hill toward the sink valley and along the strike of the
cave passage in which the transmitter was located (see Figure
6).

Table 5 contains data for the work performed at Silliman
Avenue in Mammoth Cave. On reviewing the table it should be
noted that the location points are not arranged in numeric or-
der. The first twelve points listed are for locations per-
formed along the tourist trail in Silliman Avenue proper. The
second set of nine were located in Valley Wayside Cut, a passage
leading off the side of Silliman Avenue. In relative position,
the two sets of location points are no further than 100 feet
apart. For the first twelve.locations the range of values for
error is 36.00' to 51.28' with an average of [j5.27'. The second
set of nine locations has a range of error of 12.84!' to 26.14",
with.an average value of 19.83'. Both sets of locations were
consistantly in error in the same direction, to the north-north-
east. Two numbers appear in the distance difference column for
each location. The first number is the average distance dif-
ference to the first twelve locations and the second is to the
nine locations. The average value for the difference in dis-
tance for the first twelve locations to each other is -0.,07!
and to the second nine is 13.44. Likewise for the second nine
locations the distance difference to the first twelve is 13.55!
and to other points in the second nine the value is 2.84'. The
above values indicate that the pattern of the first twelve lo-
cations reproduced accurately with respect to each other but
are in error by an average of |5 feet to the north. Likewise
the second set reproduced relatively accurately with respect
to each other but are in error by 20 feet to the north. The
maximum part of the error value which could be attributed to
the traverse data is around seven feet, which would be for an
unadjusted traverse.

A summary of the horizontal position accuracies follows:

1. Blue Springs Cave: depth 74', average error 0.29',

direction of errors random, average distance difference
-0.05",
2. Wright's Rotunda: depth 198!, average error 8.78',
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direction of errors NBOE, average distance difference
0.57'.

3. Rocky Mountain: depth 212', average error 6.84', di-
rection of errors N45W, average distance difference
0.58'.

. Silliman Avenue: depth 298', average error 32.55!,
direction of errors N15E, average distance difference
1.39'.

Several factors which may have had a bearing on the results
obtained at Silliman Avenue should be noted. The horizontal
position of TTSW is very near to that of TT14W. The situation
which exists is that Wright's Rotunda and its associated pas-
sages overlie some parts of Silliman Avenue exactly. Therefore
the magnetic field encountered a very large void before reaching
the surface. The first twelve locations are overlain by passage
in Wright's Rotunda, whereas the second set of location points
are not overlain by passage but are off to the side by about
forty feet. To further complicate attempts to explain these
errors, large metal boats which were formerly used to transport
tourists across Echo River are stored in the passage near where
the locations were made. There are three of these boats ran-
domly situated in the main passage and in Valley Wayside Cut.
Location points were at various distances and directions from
these boats. The possible effects on the magnetic field by
these boats is obvious, but resulting magnitudes and directions
of errors should have been more random. There is no clear-cut

explanation for the errors which resulted at Silliman Avenue.

BEvaluation of Results for Depth Determination

Tables 6 through 9 contain the data for depth determinstions
made at each location point. Included in the tables is the actual
difference in elevation between the underground transmitter and
the ground zero point on the surface, along with the average
value for the depth determined using the EMLD. The standard
deviation for the depth determination at each location point has
been calculated and included. To relate the EMLD depth to the

actual depth a ratio has been taken and is expressed as a per-
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Location | Operator | Elevation EMLD EMLD Depth o
Point Difference | Depth (O Std | A Elevation /0
1 F.S.R. Tholy3 - -- --
2 F.S.R. 74.18 72.49 | 0.94 97.7%
3 F.S.R. TL.2L 72.78 | 1.22 98.0%
N F.3.R. 7h.33 73.00 | 1.51 98.2%
5 F.S.R. 7h.06 73.49 | 2.40 99.2%
6 F.S.R. 74.03 72.42 | 1.94 97.8%
7 F.S.R. 73.58 70.71 | 1.49 96.1%
8 F.S.R. 73.72 65.08 | 3.99 88. 3%
9 F.S.R. 73.60 70.48 | 1.26 95.8%
10 C.S.B. 73.15 70.24 | 1.31 96 . 0%
11 C.S.B. 7. 06 72.21 | 1.51 97 .5%
12 F.S.R. 74.03 72.37 | 1.35 97.08%
13 F.S.R. 7L4.10 71.86 | 1.38 97.0%
1L C.S.B. 73.86 72.02 | 1.4l 97 .5%
15 C.S.B. 74..18 73.73 | 1.38 99 .4%
16 F.S.R. 73.79 73.68 | 2.03 99.9%
17 F.S.R. 73.02 72.00 | 1.52 98.6%
18 F.S.R. 73.87 71.60 | 1.83 96.9%
19 F.S.R. 73.84 71.42 | 1.07 96.7%
20 C.H.B. 73.08 71.00 | 0.8L4 97 .2%

Table 6. Summary of depth determination data for Blue Springs
Cave, Indiana (compiled from data sheets in Appendix B).
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Location | Operator | Elevation | EMLD EMLD Depth o
Point Difference | Depth O Std | A Elevation /0
1 F.S.R. 198.58 188.17 | L4.19 9l;. 8%

2 F.S.R. | 198.71 |193.2L | 7.00 97.2%

3 F.S.R. 193.53 193.98 | L4.36 100.2%

n F.S.R. 198.22 188.97 | 3.73 95. 3%

5 C.S.B. 197.93 187.96 | 3.96 95.0%

6 F.S.R. 197.86 187.42 | L.oy . 7%
w2 C.S.B. 197.99 187.51 | 7.02 . 7%

8 C.S.B. 196.4L 18L.05 6.28 93.7%

Table 7. Summary of depth determination data for Wright's Ro-
tunda, Mammoth Cave, Kentucky (compiled from data sheets in
Appendix B).

Location | Operator | Elevation EMLD EMLD Depth o
Point Difference | Depth O Std | A Elevation /o
1 F.S.R. 217.05 199.29| 5.46 91.8%
2 F.S.R. 212.27 206.14 | k.21 97.1%
3 F.S.R. 212.13 201.97| 3.87 . 95.2%
N F.S.R. 201.78 194.31| 4.97 96.3%
5 F.S.R. 212.86 203.81] 3.63 95.7%
6 F.S.R. 216.58 20L.19| 3,12 9. 3%
7 CeS.B. 211.07 199.43| 3.49 9).5%
8 F.S.R. 201.8) 194.93( 3.30 96.6%
9 F.S.R. 219.21 245.00| 7.03 111.8%
10 C.S.B. 216.17 203.82| 5.67 9. 3%
11 C.S.B. 212.49 200.39| 5.60 9l . 3%
12 F.S.R. 212.74 197.26| 3.83 92.7%

Table 8. Summary of depth determination data for Rocky Mountain,
Mammoth Cave, Kentucky (compiled from data sheets in Appendix B).
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L.ocation | Operator | Elevation EMLD EMLD Depth o
Point Difference | Depth O Std | A Elevation /o
1 C.S.B. 304.01 299.36 | 143.35 98.5%
2 C.S.B. 304.03 397.76 1 39.70 130.8%
3 C.S.B. 30L.26 353.59 | 39.78 116.2%
n C.H.B. 304.87 269.46 | 149.57 88.4%
5 C.S.B. 304.20 278.27 | 30.87 91.5%
6 C.H.B. 290.36 259.05| 1.4.00 89.2%
7 C.8.B. 290.31 263.62 | 17.75 90.8%
8 C.S.B. 291.29 257.94 | 26.70 88.6%
9 C.H.B. 289.47 2,3.98 | 18.25 8l. 3%
10 C.S.B. 303.76 280.77 | 1L4.77 92.U%
11 F.S.R. 304.39 288.4,0| 18.76 . 7%
12 F.S.R. 300. 3l 295.63 | 17.43 97.1%
13 C.S.B. 30L.26 305.67 | 18.74 100.5%
1l F.S.R. 304.20 299.58 | 11.65 - 98.5%
15 F.S.R. 303.66 233.94 | 17.59 77.0%
16 C.S.B. 290.37 | 259.18| 12.76 89. 3%
17 C.S.B. 290.58 276.07 | 11.53 95.0%
18 F.S.R. 290.52 289.03| 11.01 99 .5%
19 C.S.B. 292.55 271.60 | 14.71 92.8%
21 F.S.R. 303.43 297.22 8.31 98.0%

Table 9. Summary of depth determination data for Silliman Ave-
nue, Mammoth Cave, Kentucky (compiled from data sheets in Ap-
pendix B).
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centage for each location point.
Table 6 contains the data for the work performed at Blue
Springs Cave in Indiana. The first significant point to note
in the table is that all values for the ratio are less than
100%. Reviewing the range of values for the ratio it can be
seen that the value for point 8 is significantly lower than
the others, being 88.3%. The range of values for the ratio,
excluding the value for point 8, is 95.8% to 99.9%, with an
average value of 97.6%.
Table 7 contains the data for the work performed at Wright's
Rotunda in Mammoth Cave. The most notable point with regard to
this set of data is that the value for the ratio at location
point 3 exceeds 100%. Based on the work at Blue Springs this
should not be the case and the value is assumed to be in error.
Location point 3 also happened to be in error with regard to
horizontal position. Execluding this point, the range of values
for the ratio is 97.3% to 97.2%, with an average value of 95,1%.
Table 8 contains the data for the work performed at Rocky
Mountain in Mammoth Cave. Again on reviewing the data it can
be seen that one point is obviously in error with the ratio ex=-
ceeding 100%. Excluding location point 9 as being in error,
the range of values for the ratio is 91.8%, with an average
value of 9).8%.
Table 9 contains the data for the work performed at Silli-
man Avenue in Mammoth Cave. Here again three values for the
ratio exceed 100%. Excluding these values the range of values
is 77.0% to 99.5% with an average of 92.1%. This low value may
reflect the error in horizontal position.
A summary of the results for depth determinations is as
follows:
1. Blue Springs Cave: depth 74', average ratio of EMLD
depth to actual depth 97.6%.

2. Wright'!s Rotunda: depth 198', average ratio of EMLD
depth to actual depth 95.1%.

3. Rocky Mountain: depth 212', average ratio of EMLD
depth to actual depth 9l.8%.

4. Silliman Avenue: depth 298', average ratio of EMLD
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depth to actual depth 92.1%.

The first conclusion which could be drawn on reviewing
this data is that a nearly linear relationship exists between
the percent of actual depth determined, and the actual depth.
This could be stated as follows: with increasing actual depth
the determined depth using the EMLD is linearly decreasing.

On application of the theories of error propagation to the
formula for depth determination use, it was found that the
error in the determined depth was directly related to the error
in the ground zero position. A rough approximation of how the
error propagated is that for a one-foot error in ground zero,

a 1% or 2%-foot error will result in the determined depth. All
the differences between the actual depths and the determined
depths can be accounted for in this manner.

The other measured quantity in the depth determination for-
mula is 8, the angle of the magnetic field. Effects of errors
in this variable are less noticable since they are more random,
being associated with several independent measurements. Errors
in the ground zero position have a constant effect on the de-
termined depth.

It appears that the determined value for depth will con-
sistantly be on the lower side of the actual value, and that
the error in the ground zero position has a véry significant

effect on the determined value for depth.

Conclusions
The capabilities and limitations of EMLD equipment and

procedures were evaluated to some extent by this project. Ac-
curacy of horizontal positions obtained using this equipment

is the point of principal interest. Accuracy of horizontal
position appears to be directly related to depth. This state-
ment seems to be consistant both for the work performed on this
project and for the work done by others previously. Reasons
for this decrease in accuracy can be directly related to the
decrease in signal strength and increasing diameter of the
null with increasing distance from the transmitter. These

factors 1limit the capabilities of the equipment.
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At depths of less than one hundred feet very accurate
results were obtained. The magnitude of the error in position
was usually less than 0.5 feet. This corresponds reasonably
well with the work performed by the French (12) and other pub-
lished values for shallow depths. For the depth range between
100 and 500 feet, less accurate results will be obtained. Er-
rors in position on the order of 5 feet or greater may result,
with maximum values of 50 feet possible. Over 500 feet in
depth there have been so few locations made that a speculation
on accuracy is all that could be made. Results of the work
which has been performed indicate that it is feasible to make
locations at depths of 500 to 1000 feet or more. Depending on
the intended use for locations the errors may or may not be in
an acceptable range.

As an attempt to relate the error in horizontal position
to some determined quantity associated with the location and
depth determination procedures a plot of error in position vs.
standard deviation of the depth determination for each loca-
tion point was made (see Figure 13). It can be seen on the
plot that in only a few cases was the error in position less
than the standard deviation. The principal exception to this
was the data from Blue Springs, in which the error was less in
all cases. A generalization could be made from the plot that
the standard deviation approximately represents the lower
bound for the error in position.

Several things can also effect the accuracy of the hori-
zontal position determination. Most important is the accuracy
with which the transmitting coil can be leveled. At large
depths a small error in leveling will produce a shift in the
location of the ground zero null point. The axis of the coil
no longer passes through the point on the surface directly
above the transmitting coil. Another thing which could effect
results is large metallic objects in the immediate area of
either the trasnmitting or receiving antenna. These objects
could distort the magnetic field in the area immediately around
them.

With regard to the depth determination, the theory and



Standard Deviation (Feet)

Error (Feet)

Figure 13. Plot of standard deviation of cal-
culated depth values vs. error in horizontal
position.
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procedures appear to be correct and accurate. The factor having
a major effect on results is the error in the horizontal posi=-
tion of the point on the surface. Effects of error in the field
angle measurements are more random and thus do not effect the
final results significantly. The accuracy of depth determination
is directly related to the accuracy of the horizontal position.

The possible effects of different levels of skill by opera-
tors of the receiving unit were also evaluated. Results indi-
cated that no significant difference in the accuracy of results
for position and depth occurred. Therefore if an operator has
a basic knowledge of the procedure good results should be ob-
tained.

Use of EMLD equipment to determine the position and depth
of underground points has been limited. This project and others
have shown that the equipment doeés give reasonably accurate
results within certain limitations. If more efforts are directed
toward development of equipment and procedures the existing limi-
tations may be overcome. At the present time EMLD's could be
used in many situations to obtain data that would otherwise re-

quire considerable time and expense to acquire.
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APPENDIX A
REDUCED DATA FOR HORIZONTAL POSITIONS



BLUE SPRINGS CAVE , INDIANA , DEPTH 75 FOOT

2 e o 2 o o o ook o s ol sk ool s ol A kool ok o ol Rk o o e ok ok 3k ok o ok ok ok o sl ok deokokok

LOCATION UNDERGROUND SURFACE
PGINY X COOR, Y COOR. X COOR. Y COOR.
1 1042.772 1957.086 1043.177 1957.065
2 1028.533 1956,811 1038.336 1956.555
3 1042,.980 1952.764 1042 .953 1952.946
4 1046 .979 1957.198 1046 .974 1957.213
5 1042.507 1961,226 1042 ,365 1961.152
é 1038.114 1956.275 1037.875 1956.246
7 1030,089 1950.916 1030,248 1951.016
8 1063.919 1973.508 1063.987 1973.467
G 10320.022 1950 ,.872 1031.116 1951.314
10 10624.276 1947.034 1024 .573 1947.154
11 1028,.533 1956.811 1038,.815 1956.916
12 1042.980 1952 .764 1043 .399 1952.555
13 1046.,979 1957.198 1047.096 1957.556
14 1642.507 1961.226 1043.049 1961 .445
15 1042.772 1957,086 1043,254 1957.101
16 1055,.653 1967.987 1055.140 1967.925
17 1021.989 1645.507 1022.286 1945,371
18 1047.278 1962.395 1047 ,204 1962.126
19 1056.908 1968,.826 1056.966 1968.760
20 1023.926 1946 ,801 1024.041 1946.679
3 2 8 o 3 ok o Ok ek ek ook ke o sl ok ol el ok o ol o sk ot sl skl s ol e el B 3 o o ok ol s ol ok o ke sl o o ok
LOCATION ERROR 1IN DIRECTION
POINT LOCATION OF ERROR
1 041 S87.03F
2 032 S37.57W
3 0.18 N 8.46W
& 0.02 N18,15W
5 Oelb S62.50W
6 0.24 $83.13W
7 0.19 N57.80E
8 0.08 S58.95F
9 1.18 N68 .00E
10 0,32 N67.99E
11 0,30 N69.58E
12 0.47 S63.49E
12 0.38 N18.09E
14 0.58 Né8.0O0E
15 0.48 N88.20E
16 0.52 $83.11W
17 0.33 S65.39¢F
18 0.28 S15.37W
19 0.09 S$41.40E
20 0.17 $43,29E
% o e e o ool e s iRk e e ol ok ol ok ok e s o el e ol o ol ok ool alosk ke sl e ke e ok oo ok ake ol o o ok o ok o ok
LOCATION LOCATION UNDERGROUND SURFACE DIFFERENCE
POINT POINT DISTANCE DISTANCE 1IN DISTYANCE
1 TO 2 4.25 4,87 0.62
1 T0 4 4e21 3.80 ~0.41
1 TO 5 4015 4,17 0.02
1 Y0 6 4,73 5.36 0.64
1 TO 7 14.10 14,27 0.17
1 T0 8 26477 26.50 -0.28
1 10 9 14.18 13.36 -0,82
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0.70
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‘0;47
0.10
0.32
-0.33
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-0.15
-0.11
-0.25
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-0.17
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‘0.29
-0.28
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=0.16
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WRIGHT*S ROTUNDA , MAMMOTH CAVE KENTUCKY , DEPTH 200 FOOT

e 2 o e e e de e s o sl ok ke sl e e o s e e s s el sie ol skl 3 e ke ook ook d ool e 3k ke el ke sfe ook e sk e sje e oke sk

LOCATION UNDERGROUND SURFACE
POINT X COCR. Y COOR. X COOR. Y COOR.
1 688,295 670.787 695,859 671.300
2 688.218 683,957 696 .838 685.058
3 7155.176 648,335 T84 .443 648,080
4 688.060 697 .063 696.903 699.723
5 698.847 689 .474 707.856 690,969
6 709.130 681,522 718.697 682,382
7 Tlé6.414 6T76.477 T25.244 6TT.670
8 730.330 666,270 738.530 667.728
e e s o ool oo e ofe s skl ek ko ol okl ool ol ks sl o ol s ook sl e feak stk sl ok ok ok ok ke
LOCATION ERROR IN DIRECTION
POINT LOCATION OF ERROR
1 7.58 N86.12E
2 8.69 N82.T2E
3 29.27 S89,50F
4 9.23 N73.26E
5 9.13 N8O .58E
&6 9.61 N84.86E
7 8.91 N82,31E
8 8,33 N79.92E

e o 3 e 2 e 2 e o o oo dfcal st s o Sk e e e e s o ol ok s o e e S afe o sk s e ofe s o afe e ke sl o ok ok e ok o e dfe sk e ok

LOCATION LOCATION UNDERGROUND SURFACE DIFFERENCE
POINT POINT DISTANCE DISTANCE 1IN DISTANCE
1 To 2 13.17 13.79 0.62
1 TO 3 70.55 91.58 21.03
1 TO 4 26,28 28 .44 2.17
1 TO 5 21.46 23,04 1.58
1 T0 6 2344 25.38 1.95
1 T0 7 28.69 30.07 1.38
1 T0 8 42,28 42.82 0.54
2 TO 1 13.17 13.7¢9 0.62
2 710 3 75.84 95.09 19.25
2 TO & 13.11 14.66 1.56
2 TO0 5 11.98 12.50 0.53
2 TO 6 21.05 22.02 0.97
2 TO 7 29.17 29.35 0.18
2 TO 8 45.68 45.15 -0.53
3 TO 1 70.55 91.58 21.03
3 T0 2 75.84 95.09 19.25
3 70 4 82.94 101.64 18.70
3 T0 5 69.75 87.78 18.03
3 TO 6 56.76 T4.16 17.40
3 T0 7 4T.90 66.18 18.28
3 T0 8 30.64 49,94 19.30
4 T0 1 26.28 28.44 2.17
4 YO 2 13.11 14.66 1.56
4 TO 3 82.94 101.64 18.70
4 TO 5 13.19 14.02 0.83
4 T0 6 26.18 27.85 1.67
4 T0 7 35.04 35.91 0.87
4 T0 8 52.30 52.50 0.21
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21.89
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25.38
22.02
T4.16
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13.83

8.07
24.66

30.07
29.35
66.18
35.91
21.89

8.07
16.59

42 .82
45.15
49.94
52.50
38.48
244,66
16.59

1.58
0.53
18.03
0.83
0.83
0.04
-0.63

1.95
0.97
17.40
1.67
0.83
~0.79
-1 o 4b
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ROCKY MCOUNTAIN , MAMMOTH CAVE KENTUCKY , DEPTH 210 FEET

e i e ek e s e ol o ok o 3 sk e e ko a6kl ek sl 300 o e s ik ok % o el kol ok ok ook ke sk ok ok ok ok

LOCATION UNDERGROUND SURFACE
POINY X COOR. Y COOR. X COOR. Y COOR.
1 737375 820.474 734 .829 824.501
2 752.423 841 .275 T44.301 R43.,076
3 785,139 817.496 785,506 817.828
4 806.969 787.928 807.131 789,934
5 T752.423 841.375 T44.824 840.636
6 737.375 820.474 733,948 824,511
7 785,139 817 .496 T75.671 827.492
8 806.969 787.928 T47.367 850.136
9 T33.679 839.000 T73.583 830.129
10 740.900 825.655 736.104 829.600
11 752.423 841.375 744,177 842.854
12 749.190 836,991 738 . 844 842.094
3 e et e e e ke 3 e ok ok o sk o sk o 3 o ok ok e s aleak ol ok e sl ok ofe sfesie sk s o ok ok e sl ofe o o ok ok ke ok ok ok
LOCATION ERROR IN DIRECTION
POINT LOCATION OF ERROR
1 4. T6 N32.30W
2 8.30 N78.17W
3 G.49 N47.90E
4 2.01 N 4.62E
5 Te63 S84 .45W
6 5,30 N4O.,33W
7 13.77 NG 3 o 44W
8 86.15 N43 . TTW
9 40.88 STT.48E
10 621 N50.56W
11 8.38 N79.83W
12 11.54 N63 . 75W
2 2 0ok oot e okl ook ko fokok ok ool ol s ek ook kol ook sk stk ok solok ok ko ok ok Jok ok sk ok
LOCATION LOCATION UNDERGROUND SURFACE DIFFERENCE
POINT POINT DISTANCE DISTANCE IN DISTANCE
1 TO 3 4T.86 51.11 3.26
1 TO 4 Té6.83 80.14 3.31
1 T0 5 25675 18.98 6,77
1 TO 6 0.00 0.88 O.88
1 T0 T 47.86 40.95 -6.91
1 T0 8 T6.83 28,54 ~48.29
1 TO 9 1g.89 39.16 20.27
1 T0 11 25.75 20.60 -5.16
2 TO 1 25.75 20.85 ~4 .90
2 T0 3 40.50 48,23 7.82
2 T0 4 T76.37 82.29 5.92
2 T0 5 0,00 2.50 2.50
2 TO 6 25.75 21.26 =4.50
2 TO 7 40.50 35.03 ~5.48
2 T0 9 18.89 32.01 13.12
2 TO 10 19.49 15.77 ~3.72
2 TO 11 0.00 0.25 0,25
2 TO 12 5.45 5.54 0.10
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SILLYIMAN AVENUE , MAMMOTH CAVE KENTUCKY , DREPTH 200 FEFY

A ok e o e s ook e Aol o ot 3k ke oo ok s ool e st e ool e e sl ook ol s sk sk o S sk o s sk ol e ok o ek

LOCATION UNDERGROUND SURFACE
POINT X COOR. Y COOR. X COGR. Y COOR.
1 658.346 779.569 661.821 £27.016
2 664 682 T74.936 664 662 813,597
3 659.993 778,365 668,617 819,271
4 623.500 805.052 644,736 850.546
5 620,715 807.089 644,000 852.779
10 629.061 800.985 649,617 830.537
11 661.279 777.244 676.752 822 444
12 658.378 T79.546 6T2.829 §27.278
12 654,221 782 .586 663.502 828.427
14 620.715 807.089 632.331 856.770
15 625.404 803.659 634 6T4 841.459
21 628,795 801.180 635.489 843,069
6 569.222 797 .890 596.771 820.789
7 605,357 783.652 608,585 8§09.589
8 591.895 795.421 604.720 817.296
9 607.543 781.611 613,502 805 244
16 589.222 797.890 595,822 815.9432
17 591.126 795.992 589,304 £15,502
18 605.454 783 .566 607.039 797.075
19 597.859 790,268 598,051 803.574
20 597.859 790.268 602 .541 802.223
% 3 s ol ok e e o ol ok ke e o abeofe ok o e o ddeole 3 ale o e sk e o sk e s ok s e e ik e e e ok s s el sk o ok e ke ok skl sk ok ke
LOCATICON ERROR 1IN DIRECTICON
POINT LOCATICN OF ERROR
1 4757 N 4.20E
2 38.66 N 0.03W
3 . 41.81 N11.91E
4 50.21 N25.02F
5 51.28 N27.00E
10 36 .00 N34.82F
11 48.72 N18.52€
12 49,87 N16.84F
12 46,77 N11.45E
14 51.02 N12.16F
15 38.92 N13.78F
21 42.42 N 9.08E
6 24411 N1&.25E
7 26.14 N T7.09E
8 25.36 N30.38E -
- 9 24437 N14.15E
16 19.22 N20.0BE
17 19.59 N 5.34W
18 13.60 N 6+69E
19 13.26 N 0.83E
20 12.84 N21.39F

3 o ok o ok o o a2k kofe e s ok sk ok S o e sk s e sl e st e e s sk s e st o el sl S ol e Seosteole sk ok ol

LOCATION LOCATION UNDERGROUND SURFACE DIFFERENCE
POINT POINT DISTANCE DISTANCE IN DISTANCE
1 T0 Z T.85 13,71 5.87
1 TO 3 2.04 10.30 8.26
1 TO 4 43,17 25.08 -14.09
1 T0 5 46 .62 31.33 -15.29
1 T0 16 36,28 12.71 ~23.57
1 TO 11 3.74 15.24 11.60
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15
21
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7
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9

16
17
18
19
20

W N e

C.04

5e.11
46,62
40.81
36.61
71.51
53.15
68.32
5C.84
71.51
6£9.20
52.04
61.43
61.43

7.85

5081
51.02
54.47
44,13

4011

7.81
12.96
54.47
4B8.66
44,46
78.87
56,96
75461
57.53
78,87
T6.51
59,85
68.56
68.56

2.04

5.81
45,21
48.66
38432

1.71

2.00

7.15
48.66
42.85
38465
T3.41
54489
70.20
52.55
73.41
71.09
54479
63.26
63.26

43,17
51.02
45,21

345

11.00
2.19
41 .90
30.76
30.85
65.36
56.03
57.93
53.01
66.93
T3 44
6244
6T7.97
664,27

12.71
6.92
4$1.98
44,30
22 .66
15.59
15.93
14.88
53.94
40,93
4147
68.27
56.22
60.06
£1.84
68.88
75.28
59.94
67.37
63.15

10,30

6.92
39.35
41,58
22.09

9‘14

9.05
10.49
52.18
40.5%
4G79
71.86
60.81
63,93
56.87
72,87
79.40
65.46
T72.30
68,24

29.08
4]1.98
39.35

235

10.96
=292
4,72
-10.0%
~5.76
-6.15
2.88
-10.328
2416
4,58
bolb
9.40
b6.54
2.84

5.87
1.11
-9.04
-10.17
=21.47
11.48
8.12
1.92
-0.,52
-7.73
-2.99
=10.60
-3.74
-15.56
=5.69
-9.99
-1.13
0.09
-1,19
-5.41

8426
1.11
—5.86
-7.08
-16.23
Tebh
7.05
3.34
3.52
-2.30
2.14
-1.55
5,92
-6.27
4.32
-0.54
8a32
10.67
9.04
4.98

-14.09
Q.04
=5.86
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(SURC IRV T IAC IRV, NG IRC IRC TG AT T INC NG JEE, BT IR R TR Y

TO 10
TO 11
TO 12
T0 13
T0 14
T0 15
T0 21
T0 6
o7
TO 8
T0 9
T0 16
T0 17
T0 18
TO 19
T0 20
T0 1
T0 2
TO 3
TOo 4
TO 10
T0 11
TO 12
TO 13
T0 14
TO 15
TO 21
TO 6
TO 7
T0 8
T0 9
TO 16
TO 17
T0 18
T0 19
T0 20
T0 1
0 2
TG 3
TG0 4
TO 5
T0 11
To 12
70 13
T0 14
T0 15
70 21
T0 6
T0 7
T0 8
TO 9
TO 16
TO 17
TO 18
TO 19
TO 20
T0 1
TO 2

20,60
41.95
36448
29.01
13.88
12.56
1l1.89
56 .45
54.63
52.03
55.03
59.92
65.58
65 .42
66.26
64.15

31.33
44,30
41.58

2.35
22,94
43.97
38.49
31.20
12.323
14,67
12.91
5704
55.85
52.93
56.48
60.65
66.19
66.85
67.36
65.38

12.71
22.66
22.09
20,60
22.94
28.05
23.44
14.04
31.42
18.51
18.89
53.74
46.07
46.81
44,09
55.74
62.16
54415
58.21
54.932

15,34
15.59

13.71
-4,96
-6.73
10.42
11.20
5.33
21.43
264,57
18.99
2667
24,90
31.96
37.36
36,66
34 .55

-15.29
-10.17
-7.0¢8
-1.10
12.60
-6.39
-8.17
-10,31
12.33
8.86
2.90
24,23
27.82
21.84
27.80
27.84
34.59
3e.81
38,98
37.00

"'23057
-16.23
13,71
12.60
-12.8¢8
-17.12
21.08
13,98
18.%6
12,78
16.70
8,232
15.14
15,78
22,90
24,82
25,22
21.94

I1.60
1].48



11 70
11 10
11 T0
11 T0
11 TO
11 TO
11 T0
11 TO
11 T0
11 TO
11 TO
11 T0
11 T0
11 To
11 T0
11 T0
11 TO
11 Yo
12 T0
12 70
12 70
12 70
12 T0
12 T0
12 TO
12 T0
12 10
12 T0
12 TO
12 TO
12 T0
12 T0
12 T0
12 T0
12 70
12 T0
12 10
12 T0
13 TO
13 TO
13 TO0
12 T0
13 TO
13 TO
13 T0
13 TO
13 7O
13 T0
13 TO
13  To
13 7O
13 10
12 T0
13 TO
13 TO
13 To
13 TO
13 TO

1.71
46491
50«36
40,02

32.70

g.85
50.36
44,55
40635
T4.96
56.29
71.73
53.91
T4.96
T2.62
56.18
b4.T74
64,74

0.04

T-81

2.00
43.21
46.66
36.32

3.70

5.15
4666
40.85
36,65
71.55
53.18
68.35
50.88
71.55
69.23
53.08
6l1.46
61.46

5.11
12.96
7.15
38.06
41.51
31.17
8.85
5.15
41.51
35.70
31.50
66,78
48,88
63.63
46.69
66,78
64.50
48,78
56.88
56.88

9,14
41.95
43.97
28,05

5449
14.16
56,53
"‘5 .77
45,69
80,02
69.56
72.29
65.82
81.28
87.81
74.53
81.18
77.19

15.93
9,05
36 .48
3B.49
23.44

5.49
Ge&(
50,10
40.71
40.54
T6.332
66.63
68.84
63.29
T77.84
84,35
72.29
T8 .46
74462

2.19
14.88
10.49
29.01
31.20
14,04
14,16

Q.40
42,13
3l.64
31.61
6T.17
58.06&
59.83
55.11
68.82
75.32
64.58
70.03
66,25

Tehs
4,96
"6039

-11.97

1.78

20

5617

l1.22

5.07
13.27

057
11.90

6.32
15.19
18,35
16.44
12.44

10.96
£.,12
T.05

-6.7T3

-8,17

-12.88
1.78
4e25
3.44

-0.14
2.89
beT9

13.46
0.48

12.41
6.29

15.12

19.22

17.00

12.16

-2 .92
1.92
2434

-9.05

~10G.321
-17.13
530
4,25
0.62

-4 .06

_0.11
0.39
9.18

-3.81
B.42
2.05

10.81

15.81

13.15
0,47



14 TO 1 46462 41.90 -4 .72

14 TO 2 54,47 53,94 -0.53

14 TO 3 48,66 52.18 2.52

14 TJO 4 3.45 13.88 10.43

14 70 5 0.00 12,33 12.33

14 T0 10 10.34 31.42 2l.08

14 T0 11 5036 55.53 5.17

14 TO 12 46.66 50.10 3,44

14 TO 13 41.51 42,13 0.62

14 10 15 5.81 15.49 9.68

14 TO 21 10.01 14.06 4,05

14 T0 6 32.81 50.59 17.78&

14 T0 7 28.02 52452 24,80

14 TO 8 31.09 48,17 17.08

14 T0 9 28.68 54,86 26.18

o 14 T0 16 32.81 54,77 21.96
14 T0 17 31.60 59,62 28.02

- 14 10 18 28.04 64.83 26,79
14 TG 19 28.38 63.33 34,95

14 O 20 28.38 62.15 33.77

15 T0 1 40.81 30.76 -16.05

15 T0 2 48,66 40,932 -7.73

15 T0 3 42.85 40,55 -2.30

15 70 4 2.36 13.56 11.20

15 10 5 5.81 ' 14.67 B.86

15 TO 10 4,53 18.51 13,98

15 TO 11 44,55 45 .77 1.22

15 T0 12 40.85 40.71 -0.14

15 T0 13 36.70 31.64 -4,06

15 T0 14 5.81 15.49 9.68

15 TO 21 4,20 1.80 -2.40

- 15 10 & 36.64 43,17  6.53
15 70 7 28.32 41.19 12.86

15 T0 8 34.51 3B.49 3,98

15 T0 9 28.37 41.9% 13.58

15 10 16 36.64 46.48 9.84

15 T0 17 35.13 52,27 17.15

15 T0 18 28.31 52.28 23.97

15 70 19 30.63 52.73 22.10

15 TO 20 30.63 50.71 20.09

21 T0 1 36.61 30.85 -5.76

21 T0 2 44,46 41.47 -2.99

21 T0 3 38,65 40,79 2.14

S 21 7O 4 6.56 11.89 5,233
21 TO 5 10.01 12.91 2.90

21 T0 10 C.33 18.89 18.56

21 T0 11 40.35 45 .69 5ol

21 T0 12 36465 40.54 2.89

21 T0 13 31.50 31.61 0.11

S 21 70 14 10.01 14.06 4,05
21 10 15 4,20 1.80 ~2 40

21 T0 6 39.71 44 .67 4,96

21 TC 7 29.27 42.95 13.68

21 T0 ] 37.35 40 .14 2.79

21 T0 9 28.89 43,75 14.86

o 21 T0 16 39.71 48.06 £.35
21 70 17 38.02 53.79 5.76

21 T0 18 29.24 £4,08 24,84

21 TO 19 32.80 54 .46 21 .65
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32.80

71.51
T8.87
73.41
35.02
32.81
39.96
74,96
71.55
66,78
32.81
36.64
39,71
21.52

3.64
24.51

0.00

2.69
21.65
11.52
11.52

53.15
59.96
54489
28.06
28.02
29.37
56429
53,18
48.88
28.02
28.32
29.27
21.52
17.88

2.99
21.52
18.84

0.13
10.00
10.00

68.32
75.61
70.20
33.04
31.09
37.58
71.73
68.35
63.63
31.09
34.51
37.35
3.64
17.88
20.87
3.64
0.96

52.48

65.36
68.27
71.86
56445
57.04
53,74
80,02
76.33
67.17
50.59
43,17
44,67
16.28
B.68
22.84
4494
9.15
25.84
17.31
19.44

56.03
5622
60.81
54.63
55.85
46.07
69.56
66,63
58.06
52.82
41.19
42.95
16.28
8.62
6.56
14.26
20.17
12.61
12.16
9.53

57.92
60.06
63.93
52.03
52.93
46 .81
72.29
68.84
59 .83
48.17
38.49
40 .14

8.68

8.62
14.91

9.G0
15.52

19.67

-6.15
~10.60
-1.55
21.43
24,423
13.78
5.07
4,79
0«39
17.78
6.53
4 .96
-5.24
5.04
-1.67
4,94
bbb
4,19
5.79
7.92

2.88
-3.74
5.92
26.57
27.83
16.70
13.27
13.46
9.18
244.80
1Z2.86
13.68
~Se24
=9.26
3.57
-7.26
« 23
12.48
2.16
-0s467

-15.56
“6027
18.99
21.84

9.23
057
Oe4B
=2.81
17.08
3.98
2.79
5.04
~G.26
-5.96
536
14.56
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46 .69
28.68
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2689
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20,87
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2.86
12.99
12.99

71.51
T&.87
T2.41
35,02
32.81
39,96
T4.96
71.55
66.78
32.81
36,64
39,71

0.00
21.52

3.64
24.51

2469
21.65
11.52
11.52

69.20
T6.51
71.09
33.62
31.60
38.26
T2.62
69.23
64.50
31.60
35.13
38.02

2.69
18.84

0.96

20.35
15.206
15,22

53,01
El.84
56.87
55,02
56.48
46,09
65.82
62,26
55.11
54,86
41.95
43,75
22.84

656
14.91
20.67
26.28
10.42
15.55
11.37

b66.93
68..86
72.87
59.92
60.65
55 .74
61.28
77.84
68.E2
54,77
46 .48
48,06
4,94
14.26
S.00
20,67
6.5%
21.95%
12.62

5.28

T3.44
75.38
79.40
65 .58
66.19

6Z2.16

8§7.81
84.3%
7532
59.62
5227
53.79

9.15
2017
15.52

2e
Te
7o

W~
;N

2.16
~5.,69
4,32
26,67
27.80
15.14
11.90
12.41
842
26.18
13.58
14.86
-1067
3.57
-5.96
-3.84
4,46
T.56
256
-1.62

—4058
-6,99
-0.54
24,90
2T.824
15.78
6.32
6,29
2.05
21.96
Gel4
&.35
4,94
-T.26

 B.36

-3.84
3.84
0.30
1.10
3.76

be24
-1.13
8,322
21.96
34 .59
23.90
15.19
15.12
10.81
28,02
17.15
15.76
646
1.323
14 .56
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20
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20
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TO
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TO
TO
TO
TO
T0
T0
TO
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10
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TO
TO
TO
T0
T0
T0
TO
T0
T0
T0

TO
TO
TO
TO
TO
T0
TO
7O
T0
TO
TO
TO
TO
T0
TO
TO
TO
T0
TO
TO

TO
TO
TU
Ta
TO
TO
TO
TO
TO
TO
TO
T0
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21.82
2469
18.97
8.84
8.84

52.04
59.85
54,79
28.06
28.04
29.34
56.18
53.08
48.78
28,04
28,31
2%9.24
21.65
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18.01
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21.65
18.97
1G.13
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61.43
68.56
63.26
29.60
28.38
32.99
bheT4
61.46
56.88
28.38
30.63
32.80
11.52
10.00

7.88
12.99
11.52

8.84
1¢.13

0.00

6l.43
6E.56
63.26
29.60
28.38
3Z2.99
b4 T4
6l1.46
56.88
28.38
30,63
32.80
11.52

26428

6.53
25.58
18.75

62.44
59.94
65.46
65¢42
66,485
54.15
74.53
T2.39
64.58
64,83
52.28
54.08
25.84
12.61
20.35
106.42
21.95
25.58
11.06

6.84

67.97
67.37
72.30
66.26
67.36
58,21
81.18
7846
70.03
63,33
52.73
54ebb
17.31
12.16
15.30
15.56
12.62
14.83
11.06
4.67

64.27
63.15
68.24
64.15
65.38
54.93
77.19
T4.62
66435
62.15
50.71
52 .48
19.44
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5.99
9.91

.40
}.09
10.67
37.36
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24,82
18.32

16.32
15.81
36.79
23,97
24 .84
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2e34
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36.66
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25.22
16.44
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215
34,95
22.10
21.65
5.76
2.16
Teb2
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20 TO
20 ToO
20 7O
20 TO
20 TO
20 70
20 To

- CORE USAGE

DIAGNOSTICS

COMPILE TIME=

7
8
9

16

17

18

19

NUMBER OF ERRORS=

0.13 SECyEXECUTION TIME=

10.00
7.88
12.99

11.52

8.84
10.13
0.00

9.53 -0.‘:7
15.23 7.35
. 11.37 -1.62
15.28 2.76
18.75 9.91
6.84 -3.29
4.67 Go&T

3736 BYTES,ARRAY AREA=

Gy NUMBER OF WARNINGS=

0044 SEC'

1720 BYTES,TOTAL ARFE

0, NUMBR

WATFIV - JUL 1973 V1L



REAL CX(50)CY(50) ¢4SX(50)+SY(50)yDXsDYsDI50)yANGLECL,,SL,DL(50)

3 FORMAT (Y0¥ 46Xy kKoo doof sookofooko ok ok ook sk skotosk sk sk oo s ook sl ool s s o st o o ok oo o o oo ok

96Xy 'LOCATION® 48Xy *UNDERGROUND ' 414X,y *SURFACE®)

24X "X CODRL Y 45Xy 'Y COORL" 44Xy "X COORL Y5

8 FORMAT {007 ,6X, * kol oo ko ol deookok ok ol stk ook ok ookl solofok ookl 3

P 6Xy TLUCATIONT 44Xy "ERROR IN' 34X, "DIRECTIONY)

17 FORMAT (80746 X, Vookokaooiok otk ok ook ook sk ok ok oot ookt sotokololokolok ok kol

UNDERCROUND

DISTANCE

SURFACF

DISTANCE

$JOB y TIME=1
1
2 INTEGER NLyNSyEWyP(50) 3JyKyL yTITLE(E0) yNU,A
3 INTEGER N/'NY/4S/YSV/3E/PEV/ Wy W/ WY/ -
4 READ, NU
S DO 25 A=14NU,1
6 READ (5,1) TITLE
7 1 FORMAT (80A1l)
8 WRITE (642) TITLE
9 2 FORMAT (%*1°%,6X,80A1)
10 WRITE (643)
13
I koo ok ¥ )
12 WRITE (644)
13 4 FORMAT (*
14 T WRITE (645)
15 5 FORMAT (% Y,6X,* POINT
i 1X3 'Y COCR. ")
16 READy NL
17 DO 6 J=1,NL,1
18 READy P(J)4CX(J)eCY(J)ySX(J) oSV
19 6 WRITE (647) PLJISCXIJI)pCY(I)sSX(I) 48V ()
20 7 FORMAT (* " 39X 3123 7TXoFB8e3 93X sFE.334XeFR.343X4FELZ)
21 WRITE (6,8)
22
T ek ko ek )
23 WRITE (649)
24 9 FORMAT (¥
25 WRITE (64,10)
26 10 FORMAT (% ",7X,*POINT ",5X,"LOCATICON®',4X%,'CF FRROR')
27 K=0
28 11 K=K+1
29 DX=SX(K)}=CX(K)
30 DY=SY(K)-CY(K)
31 D(K)=SOQRT((DX**2)+(DY**2))
32 IF (DY.GT.0) GO TO 12
33 NS=S
34 GO TDO 12
35 12 NS=N
36 " 13 IF (DX.GT.0) GO TO 14
37 EW=W
38 GO TG 15
39 14 EW=E
40 15 ANGLE=ATAN(ABS(DX/DY})*(180.00/32.14159)
41 WRITE (6516) P(K)yDIK)yNS,ANGLE,FW
42 16 FORMAT (' V,8X31299XsF5.247XsA14F5.2,A1)
43 IF (KeNE.NL) GO TO 11
L4 WRITE (6,17)
45
IEXTIIEEEAD)
46 WRITE (6,418)
477 1€ FORMAT (% ",6X, 'LOCATION LOCATION
INCE?®)
48 WRITF (6,19)
49 19 FORMAT (' *,6X," POINT POINT
1ANCE?")
50 K=0
51 20 K=K+1
52 L=0
53 21 L=L+1
54 IF (L.EGQ.K) GO TO 21

DIFFFRE

IN DIST



55 IF (L.EQ.(NL+1)) GO TO 23

56 CL=SORTICECX(KY=CX (L)) *%x2)4+( (CY(K)=CY(L))*%2))
57 SL=SORT(L(SX{KI=SX (L)) *%2)+({SY(KY=SY(L))%%x2))
58 DL(L)=SL-CL

59 WRITE (6422) P(K)4P(L)yCLySL,OLIL)

60 22 FORMAT (" 9 ,8Xy1293Xs TO" 43X 4I12y8X9F6.246X9F60246X4F6.2)
61 IF (L.EQ.NL) GO TO 23

62 G0 TO 21

63 23 WRITE (6,24)

64 24 FORMAT (v v,¢

65 IF (K.EQ.NL) GO TO 25

66 GO T0O 20

67 25 CONTINUE

6¢& RETURN

69 END

$ENTRY

')



APPENDIX B
DATA SHEETS FOR DEPTH DETERMINATIONS



PROJECT _Radio locator accuracy evaluation DATE _8-23-75

UNDERGROUND LOCATION _#2, Blue Springs Cave, Tndiana

SURFACE LOCATION _#2

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _C.S. Bishop OPERATOR _F. Reid
C.H, Bisghop NOTES__ _C.S. Bishop

TRANSMITTING SCHEDULE Continuous

RECEIVING CONDITIONS Excellent

INITIAL DISTANCE FROM GROUND ZERO__100'_ ANGLE UNITSZ20=grads DISTANCES. Feet
L o D AH D — AH
0 -- -- 0.00 _
10 6.55 72.55 +0. 38 72.17
15 9,50 7h. 6l +0,51 7L.03
20 12.75 73.57 +0.79 72.78
25 16.00 72.52 +0.9L 71.58
30 18.70 73.68 +1,11 72.57
35 21.10 75.37 +1.19 7L..18
o) 2. 60 72.55 +1.21 71.3L
L5 26.80 73.96 +1,29 72.67
50 29.40 73.65 +1.41 72.2L
55 32.00 73.06 +1.57 71,049
60 33,50 72.25 +1.7h 73.51
65 36.30 73.50 +1.75 71.75
70 38,30 73.68 +1.69 71.99

Avg=72.4L9
Std=0.9l

SHEET OF _




PROJECT __Radio locator accuracy evaluation paTE _8-23-75

UNDERGROUND LOCATION #3, Blue Springs Cave, Indiana

SURFACE LOCATION __#3

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:

OPERATOR C.S. Bishop OPERATOR . Reid

NOTES C.H. Bishop

TRANSMITTING SCHEDULE

Continuous

RECEIVING CONDITIONS

Excellent

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS.29=grads pisTaNces_f'eet

L o D AH D — AH
0 - -- 0.00 -
10 6.5 73.12 +0.49 72.63
15 10.0 70.8) +0.40 70. 14l
20 12.8 73.27 +0.17 73.10
25 15.8 73.149 -0.20 73.69
30 19.1 72.02 -0.66 72.68
350 22.0 71.97 -1.19 73.16
10 25.2 70.58 -1.02 71.60
45 27.4 72.07 -0.96 73.03
50 30.7 69.89 -1.03 70.92
55 32.1 72.78 -1.2 Th.02
60 4.7 71.95 -1.2l 73.66
65 32.7 BlL. 0l -2.62 86.66
70 38.9 72.14 -2.25 7l.39
Avg=72.78
Std=1.22

SHEET OF.




PROJECT Radio locator accuracy evaluation DATE __8-23-75

UNDERGROUND LOCATION #li, Blue Springs Cave, Indiana

SURFACE LOCATION #l

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:

OPERATOR C.S. Bishop OPERATOR F. Reid

NOTES C.H. Bishop

TRANSMITTING SCHEDULE Continuous

RECEIVING CONDITIONS Excellent

INITIAL DISTANCE FROM GROUND ZERO____ ANGLE UNITS29=grads pISTANCES Feet
L 2] D AH D - AH
0 == . 0.00 .
10 6.4 .27 +0.57 73.70
15 9.7 73.07 +0.61 72.46
20 12.7 73.87 +0.L48 73.39
25 15.75 73.74 +0,20 73.54
30 18.6 7h.11 +0.05 - 7l.06
35 21.7 73.08 +0.17 72.91
40 23.7 75.68 +0.25 75.43
L5 274 72.07 +0.49 71.58
50 29.2 L. 26 +0.67 73.59
55 31.2 75.38 +0.69 7h.69
60 3,2 73. 30 +0.63 72.67
65 36.9 71.93 +0.61 71.32
70 39.6 70.39 +0.68 69.71

Aveg=73.00
Std=1.51

SHEET OF.




PROJECT __Radio locator accuracy evaluation paTE _8-23-75

UNDERGROUND LOCATION #5, Blue Springs Cave, Indiana

SURFACE LOCATION #5

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR __C.S. Bishop OPERATOR _F. Reid

NOTES C.H. Bishop
TRANSMITTING SCHEDULE Continuous

RECEIVING CONDITIONS Excellent

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS29=grads pistances.feet
L o D AH D - AH
0 - - 0.00 -

10 6.9 68,81 +0.65 68,19
15 9.4 75.45 +1.04 Th.hl
20 12.75 73.57 +1.40 72.17
25 15.5 71+ 99 +1.80 73.19
30 18.2 75.87 +2.14 73.73
35 19.75 81.03 +2.1,8 78.55
40 23.4 76.78 +2.83 73.95
45 26.7 7Lh.28 +3.20 71.08
50 28.5 76,00 +3.55 72.89
55 30.7 76.88 +3.94 72.94
60 32.05 79.55 +.16 75.39
65 3h.2 79.41 +li o 3l 75.07
70 36.6 78.30 +.45 73.85
Avg=T73.49
Std=2.40

SHEET OF




PROJECT Radio locator accuracy evaluation DATE __9-13-75

UNDERGROUND LOCATION __#6, Blue Springs Cave, Indiana

SURFACE LOCATION __ i

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR C.S. Bishop, K. Hoskins, operaTOR__I. Reid
D. Kelley, D. Pollock NOTES C.H. Bishop

C.35. Bishop, K., Hoskins

TRANSMITTING SCHEDULE Irregular

RECEIVING CONDITIONS __Good. Wet Ground.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITs29=grads pigtancesfeet
L o D AH D - AH
Q == - 0.00 -

10 6.9 68,8l +0. 38 68.1.6
15 9.8 72431 +0.62 71.69
20 13.0 72.10 +0.82 71.28
25 16.1 72.05 +1.00 71.05
30 19.1 72.02 +1.18 : 70,8
35 21.35 Tl .10 +1.28 73.12
Lo 2h.2 73.92 +1.37 72.55
115 26,8 73.96 +1.,48 72.48
50 29.1 7l .56 +1,67 72.89
55 30.9 76.28 +1.78 T4.50
60 33.9 7413 +2.05 72.08
65 3.6 78.23 +2.05 76.18
70 37.3 76.35 +1.97 TlL.38
Avg=T72.042
Std=1.9L

SHEET OF.




PROJECT __Radio locator accuracy evaluation DATE _9-13-75

UNDERGROUND LOCATION _ #7, Blue Springs Cave, Indiana

SURFACE LOCATION #7

UNDERGROUND PARTY MEMBERS! SURFACE PARTY MEMBERS:
OPERATOR _C.S. Bishop, K. Hoskins, OPERATOR _F. Reid
D. Kelley, D. Pollock NOTES C.H., Bishop

K. Hoskins

TRANSMITTING SCHEDULE Irregular

RECEIVING CONDITIONS __Good. Wet ground, clear, breez m Y

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS 29=grads pistaNces_Feet
L o D AH D - AH
0 -- -- 0.00 ==

10 6.8 69.86 +0.82 69.04
15 10.0 70.81 +1.18 69.66
20 12.5 75.09 +1.59 73.50
25 16,0 72.52 +1,82 70.70
30 18.8 73.26 +1.89 71.37
35 _2l.2 7h.98 +1.89 73.09
1O 2l. 7 72422 +1.70 70.62
L5 27.15 72.85 +1.60 71.25
50 300 70,74 +1. 70 69.00
55 31.8 73.63 +2.01 71.62
60 35.0 71.15 +2,32 68.83
65 36.85 72,06 +2,.51 69.55
70 38.3 73.68 +2.71 70.97
Avg=70.71
Std=1.49

SHEET OF.




PROJECT __Radio locator accuracy evaluation DATE __9-13-75

UNDERGROUND LOCATION #8, Blue Springs Cave, Indiana

SURFACE LOCATION _#0

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _K. Hoskins OPERATOR F. Reid

D. Kelley NOTES C.H. Bishop

D. Pollock C.3. Bishop, K. Hoskins
TRANSMITTING SCHEDULE ilrregular

RECEIVING CONDITIONS __Good, wet ground.

INITIAL DISTANCE FROM GROUND ZERO____ ANGLE UNITSM DISTANCES _Feet
L o D AH D - AH
0 - -- 0.00 -

10 6.5 73.12 +0,02 73.10
15 9.95 71.20 +0.05 71.15
20 13.25 70.69 +0.33 70.36
25 16.6 62.32 +0,60 6l.72
30 18.5 66.49 +0,83 65.66
35 21.8 6l .61 +1,05 63.56
1,0 23.8 66.77 +1.32 65.45
45 27.05 6l.55 +1,56 62.99
50 29.05 65.71 +1.68 6l1.03
55 32.7 62.12 +1.75 60.37
60 3.0 N +1.90 62. 4L
65 36,2 63.96 +2.,05 61.91
70 37.5 65.52 +2.26 63.26
Avg=65.08
Std=3.99

SHEET OF.




PROJECT _Radio locator accuracy evaluation DATE 9-13-75

UNDERGROUND LOCATION #9, Blue Springs Cave, Indiana

SURFACE LOCATION #9

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:

OPERATOR K. Hoskins, D. Kelley, OPERATOR_C.S. Bishop
,D. Pollock, F. Reid NOTES C.H. Bishop

K. Hoskins

TRANSMITTING SCHEDULE Irregular

RECEIVING CONDITIONS Good, Wet ground

INITIAL DISTANCE FROM GROUND ZERO_______ ANGLE UNITs 29=8rads pigtancES. Feet
L o D AH D — AH
0 == I 0.00 ==

10 6.8 69.86 +0,71 69.15
15 10.0 70.8l +1.07 69.77
20 13.5 69.33 +1. 37 67.96
25 16.1 70.65 +1.70 68.95
30 18.7 73.68 +2,00 71.68
35 21.5 73.83 +2,33 71.50
Lo 2.3 73.57 +2.55 71.02
LS 26.9 73.6l +2.82 70.82
50 29.3 73.95 +3.12 70.83
55 30.9 76.28 +3.5l 72.74
60 33.7 71,69 +3.89 70.80
65 35.8 7L.85 +1. 2l 70.61
70 37.8 75.00 +4.55 70.45
Avg=70.48
Std=1.26

SHEET OF




PROJECT __Radio locator accuracy evaluation DATE 9-13-75

UNDERGROUND LOCATION #10, Blue Spring Cave, Indiana

SURFACE LOCATION #10

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:

OPERATOR _K. Hosking, D. Kelley, OPERATOR _C.S. Bishop

D. Pollock, F. Reid NOTES C.H. Bishop
F. Reid

TRANSMITTING SCHEDULE Irregular

RECEIVING CONDITIONS Good, wet ground,

INITIAL DISTANCE FROM GROUND ZERO_______ ANGLE UNITS29=grads DISTANCES__Feet
L e D AH D - AH
0 - - 0.00 -
10 6.9 68.8L -0.57 69.41
20 13.4 69.87 -0.89 70.76
25 16.9 68.43 -1.09 69.52
30 19.8 69.26 -1.36 : 70.62
35 22.8 69.16 -1.62 70.78
e 25.5 69.63 -1.95 71.58
45 28.0 70.25 -2.19 72.4L
50 30.9 69.34 -2.45 71.79
55 34.3 66,91 -2.86 69.80
60 37.7 6l.52 -3.19 67.71
65 39.0 66.75 -3.78 70.53
70 2.1l 6l..56 -}.20 68,76

Avg=T70.20
Std=1.31

SHEET OF.




PROJECT —_Radio locator accuracy evaluation pATE 2-13-75
UNDERGROUND LOCATION ___#11, Blue Springs Cave, Ipdiana

SURFACE LOCATION #11
UNDERGROUND PARTY MEMBERS!: SURFACE PARTY MEMBERS:
OPERATOR _D. Kelley OPERATOR _C. S. Bishop
D. Pollock NOTES C. H. Bishop
K. Hoskins, F. Reid
TRANSMITTING SCHEDULE Irregular

RECEIVING CONDITIONS _Good, wet ground.

INITIAL DISTANCE FROM GROUND ZERO.________ ANGLE UNITS_28=gradsp|sTANCES. Feet
L o D AH D — AH
0 -- -- 0.00 --

10 6.8 69.86 +0,01 69.85
15 9.6 73.85 4010 73.75
20 13.2 70.97 0.00 70.97
25 16.5 70.20 -0.37 70.57
30 18.8 73.26 -0.60 - 73.86
35 22.1 71.61 -1.17 72.78
40 25.0 71.23 -1.79 73.02
U5 277 71.15 -2.65 73.80
50 31.4 67.99 -3.71 71.70
55. 33.8 68.21 -4.96 73.17
60 37.3 65.45 -6.01 71.46
65 38.8 67.22 -6.59 73.81
70 y2.8 63.03 -7.02 70.05
Avg=T72.21
Std=1.51

SHEET OF.




PROJECT __Radio locator accuracy evaluation DATE 9-13=75

UNDERGROUND LOCATION #12, Blue Springs Cave, Indiana

SURFACE LOCATION #12

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _ C.S. Bishop, K. Hoskins, operaTOR_TI . Reid

D. Kelley, D. Pollock NOTES C.H. Bishop

K. Hoskins

TRANSMITTING SCHEDULE ___lrregular

RECEIVING CONDITIONS __Good, wet ground.

INITIAL DISTANCE FROM GROUND ZERO_________ ANGLE UNITS_20=grads pigtancesfeet
L o D AH D - AH
0 -- -- 0,00 --

10 6.7 70.91 -0.15 71.06
15 10.0 70.81 -0.37 71.21
20 13.1 71.53 -0.71 72.2l
25 16.5 70.20 -1.02 71.22
30 19.65 69.84 -1.49 71.33
35 22.1 70.54 -1.96 72.50
40 25.0 69.95 -2.63 72.58
L5 28.5 68.80 -3.50 72.30
50 32.05 66.29 ~4.70 70.99
55 33.1 70.0L -5.70 75.74
60 36.6 67.12 -6.63 73.75
65 39.25 66.17 -7.31 73.48
70 h2.1 6l.56 -7.90 72.46
Avg=72.37
Std=1.35

SHEET OF




proJECT _fadio locator accuracy evaluation DATE _9-13-75

UNDERGROUND LOCATION __#13, Blue Springs Cave, Indiana

SURFACE LOCATION #13

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:

OPERATOR __K. Hogkins oPERATOR _F. Reid

D. Kelley NOTES_C.H. Bishop
D. Pollock C.S. Bishop, K. Hoskins, D. Kelley

TRANSMITTING SCHEDULE Irregular

RECEIVING CONDITIONS Good

INITIAL DISTANCE FROM GROUND ZERO_____ ANGLE UNITS29=grads pistaNces Feet
L o D AH D - AH
0 - -- 0.00 --
10 6.65 71.45 +0, 36 71.09
15 9.9 71.57 +0.5l 71.03
20 13.0 72.10 +0. 7l 71.36
25 16.0 72.52 +0,.9l 71.58
30 18.9 72.8L +1,02 ' 71,82
35 21.5 73.83 +1.13 72,70
40 23.7 75.68 +1.31 Tl. 37
45 27.0 7332 +1./,2 71.90
50 29.15 7l L1 +1,.56 72.85
55 33.0 70.30 +1 .74 68.56
60 3.2 73.30 +1.8) 71.L6
65 35.7 75.13 +1.8p 73.31
70 38.2 73.94 +1,80 72.1l

Avg=71.86
Std=1, 38

SHEET OF




PROJECT

Radio locator accuracy evaluation

UNDERGROUND LOCATION

#1l,

Blue Springs Cave, Indiana

DATE _2-13-75

SURFACE LOCATION #

14

UNDERGROUND PARTY MEMBERS:

OPERATOR __ K. Hoskins

SURFACE PARTY MEMBERS:

D. Kelley

D. Pollock

TRANSMITTING SCHEDULE

Irregular

OPERATOR .C.S. Bishop

NOTES _C.H. Bishop

K. Hoskins,

D. Kelley, F. Reid

RECEIVING CONDITIONS _Good

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS28=grads pistanceslfeet

L 2] D AH D - AH
0 -- -- 0.00 --
10 6.6 72.00 +0. 8l 71.16
15 9.9 71.57 +1.19 70.38
20 13.0 72.10 +1.56 70.50
25 16.0 72.52 +1.93 70.59
30 18.4 74.98 +2.25 72.73
35 20.8 76.57 +2,60 73.97
140 23.7 75.68 +2.88 72.80
U5 26.0 76 .60 +3.15 73.45
50 29.0 T4.87 +3.46 71.41
55 30.6 77.19 +3.77 73.42
60 33.0 76.70 +4.11 72.59
65 3.7 7794 +1.. 39 73.55
70 38.0 Tholy7 +h .77 69.70
Avg=72.02
Std=1.ll

SHEET OF.




PROJECT _Radio locator accuracy evaluation DATE _9-13=75

UNDERGROUND LOCATION _#15, Blue Springs Cave, Indiana

SURFACE LOCATION #15
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _K. Hoskins OPERATOR__C.S. Bishop
D. Kelley NOTES_C.H. Bishop
D. Pollock K. Hoskins, D. Kelley, F. Reid

TRANSMITTING SCHEDULE ___lrregular

RECEIVING CONDITIONS __Good

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITs 28=grads pigtances_Feet
L o D AH D - AH
0 -- - 0.00 o
10 6.5 73.12 -0.63 73.75
15 9.4 75.45 -0.90 76.35
20 12.9 72.68 -1.21 73.89
25 16.1 72.05 -1.60 73.65
30 19.0 72.43 -1.90 Tl 33
35 22.2 71.25 -2.18 73.43
140 25.3 70.27 -2.53 72.80
45 27.8 70.85 -2.90 73.75
50 29.8 72.46 -3.16 75.62
55 33.8 68.21 -3.53 T1.74
60 36.1 68. 3l -3.82 72.16
65 37.3 70.90 -4.12 75.02
70 40.8 67.51 -l .49 72.00

Avg=T73.73
Std=1.38

SHEET OF.




PRoJECT __fiadio locator accuracy evaluation DATE _9-13-75

UNDERGROUND LOCATION #16, Blue Spring Cave, Indiana

SURFACE LOCATION #16
UNDERGROUND PARTY MEMBERS! SURFACE PARTY MEMBERS!
OPERATOR _C.S. Bishop, K. Hoskins,  OPERATOR_F. Reid

D. Kelley, D. Pollock NOoTEs_C.H. Bishop

C.S. Bishop, K. Hosking, D. Kelley

TRANSMITTING SCHEDULE Irregular

RECEIVING CONDITIONS _Good (receiver dropped before this location)

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS 29=grads pigtaNnces. Feet
L o D AH D - AH
0 - -= 0.00 -

10 6.65 71.45 -0.50 71.95
15 9.8 72.31 -0.80 73.11
20 12.25 76.67 -1.03 77.70
25 16.7 69.30 -1.40 70.70
30 19.2 71.61 -1.83 7300
35 22.7 69.51 2,22 71.73
L0 25.2 70.58 -2.53 73.11
L5 27.7 71.15 -2.96 7h.11
50 30.0 71.88 -3.37 75.25
55 34,15 67.32 -3.91 71.23
60 35.h 70,11 =L 16 74.57
65 37.2 71.16 -5.12 76.28
70 40.3 68.69 -5.90 7Lh..59
Avg=73.68
Std=2.03

SHEET OF.




PROJECT _Radio locator accuracy evaluation DATE

9-13-75

UNDERGROUND LOCATION

#17, Blue Springs Cave, Indiana

SURFACE LOCATION __ #17

UNDERGROUND PARTY MEMBERS:

OPERATOR _K. Hoskins

SURFACE PARTY MEMBERS:
OPERATOR _F. Reid

D.

Kelley

NOTES C.H. Bishop

D.

Pollock

C.S. Bishop, K. Hoskins, D, Kelley

TRANSMITTING SCHEDULE _lrregular

RECEIVING CONDITIONS _Good

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS 28=grads pisTaNces._Feet

L e D AH D — AH
0 - - 0.00 --
10 6.7 70.91 +0.60 70.31
15 10.1 70.12 +1.02 69.10
20 13.0 72.10 +1.2l 70.86
25 15.5 74.99 +0.41 74.58
30 18.5 Th.54L +1,69 ' 72.85
35 21.5 73.83 +1.93 71.90
Lo 2h.1 Th.26 +2.00 76.26
LS 26.6 Th.61 +2.01 72.60
50 29.45 73.50 +2.,06 71.40
55 31.3 75.08 +2.13 72.95
60 34.3 73.03 +2.27 70.76
65 35.2 76.52 +2.39 Th.13
70 37.0 Th.74 +2.53 72.21
Posgssible 0.9
error in Avg=72,00
hl]l angles Std=1.52

SHEET OF.




PROJECT _ Radio locator accuracy evaluation DATE _9-14-75

UNDERGROUND LOCATION 18, Blu i 3

SURFACE LOCATION

UNDERGROUND PARTY MEMBERS:

#18

OPERATOR __K. Hoskins

SURFACE PARTY MEMBERS:
OPERATOR _F. Reid

D. Kelley

NOTES C.H. Bishop

D. Pollock

C.S. Bishop, K. Hoskins, D. Kelley

TRANSMITTING SCHEDULE

Irregular

RECEIVING CONDITIONS _Good

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS_20=grads pisTaNces_Feet

L 3] D AH D — AH
0 -- - 0.00 -
10 6.0 Th.27 +0.42 73.85
15 10.2 69.42 +0.72 68.70
20 12.8 13.27 +0.93 72.34
25 16.3 71.11 +1.07 70.0L
30 18.05 76.5) +1.23 75.31
35 22.3 70.90 +1.46 69.44
40 2l 7 72.22 +1.75 70,17
L5 2T7.2 72.69 +1.69 70.73
50 29.6 73.05 +2.21 70.8L
55 31.6 The20 +2.36 71.84
60 33.8 Th.41 +2.146 71.95
65 35.7 75.13 +2.51 72,62
70 37.7 75.27 +2.55 72.72
Avg=T71.60
Std=1.83

SHEET OF




PROJECT Radio locator accuracy evaluation DATE __9-1U4=75

UNDERGROUND LOCATION #19, Blue Springs Cave, Indiana

SURFACE LOCATION #19

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _K. Hogkins OPERATOR _I'. Reid
D. Kelley NOTES_ C.H. Bishop
D. Pollock C.S5. Bishop, K. Hoskins, D. Kelley

TRANSMITTING SCHEDULE Irregular

RECEIVING CONDITIONS ___Good

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITs29=grads pigtancesfeet
L o D AH D-— AH
0 L e == 0.00 --

10 6.6 72.00 -0.12 72.12
15 10.0 70.8Y -0.13 70.97
20 13.3 70,41 -0.26 70.67
25 16.6 69.75 -0.3l 70.09
30 19.1 72.02 -0.41 72.143
35 22.5 70.20 -0.55 70.75
L0 25.6 69.32 -0.61 69.93
L5 27.8 70.85 -0.68 71.53
50 30.5 70.45 -0.86 71.31
55 32.6 71.39 -1.06 72.45
60 34.8 71.68 -1.25 72.93
65 37.1 71.41 -1.56 72.97
70 40.4 68.145 -1.89 70.34
Avg=T1.42
Std=1.07

SHEET OF.




PROJECT __Radio locator accuracy evaluation DATE 9-14-75

SURFACE LOCATION #20

UNDERGROUND PARTY MEMBERS!: SURFACE PARTY MEMBERS:
OPERATOR _K. Hoskins OPERATOR _C.H. Bishop

D. Kelley NOTES C.S. Bishop

D. Pollock K. Hoskins, D. Kelley
TRANSMITTING SCHEDULE Irreguiar

RECEIVING CONDITIONS ___Good

INITIAL DISTANCE FROM GROUND ZERO_________ ANGLE UNITS28=grads pigtancesfeet
L o D AH D — AH
0 -- -- 0.00 --

10 6.6 72.00 -0.35 72.35
15 10.1 70.12 -0.48 70.60
20 13.3 70.41 -0.59 71.00
25 16.3 71.11 -0.77 71.88
30 19.4 70.81 -1.08 71.89
35 22.7 69.51 -1.28 70.79
40 25.8 68.70 -1.58 70.28
L5 28.2 69.66 -2.07 71.73
50 31.7 67.20 -2.56 69.76
55 3ol 66.69 -3.20 69.89
60 36.3 67.85 -3.76 71.61
65 39.1 66.52 -4.59 71.11
70 42.0 6l.78 -5.37 70.15
Avg=71,00
Std=0.8.

SHEET OF.




PROJECT Radio locator accuracy evaluation

DATE

3-29-75

UNDERGROUND LOCATION _#l, Wright's Rotunda, Mammoth Cave, Kentucky

SURFACE LOCATION

#1

UNDERGROUND PARTY MEMBERS:

OPERATOR _C.S. Bishop

SURFACE

R. Hosley

NOTES

PARTY MEMBERS:

OPERATOR _F. Reid

D. Kelley

K. Hoskins,

J. Kearns

TRANSMITTING SCHEDULE _ Transmit for one hour

RECEIVING CONDITIONS _Poor.

Slight power line and atmospheric noise.

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS_28=gradspisTANCES_Feet

L <) D AH D — AH
20 5.0 190.46 +0,08 190. 38
25 6.5 182.79 +0.13 182.66
30 TeT 18L.82 +0.18 18L.64
35 8.8 188.29 +0.03 188.26
LO 10.2 185.11 -0.12 185.23
L5 11.0 192.74 -0.32 193,06
50 12.0 195.81 -0.52 196.33
55 12.9 199.87 -0.57 200.44
60 85 8 L 185.00 -0,62 185.62
65 16.3 18/.89 -0.72 185.61
70 17.4 185.75 -0.82 186.57
75 18.9 182,11 -1.12 183.23
8o 18.9 183,68 -1l.42 185,10
85 20.8 185.95 -1.62 187.57
90 21.1 193.81 -1.82 195.63
95 22.7 188.66 -1,92 190.58

100 23.8 188.31 -2.02 190.33
NOTE: Tdok 30 min. to l¢cate ground zepo because Avg=188.90
gsignal adqquired on back Lide of magnetid field. Nearby Std=5.03
power lirle caused probleps in initial sdarch for ground
zero, buff not too bad at]lactual locatior}.

SHEET

OF




PROJECT __Radio locator accuracy evaluation DATE _3=29-75

UNDERGROUND LOCATION _#2., Wright's Rotunda, Mammoth Cave, Kentucky

SURFACE LOCATION #2

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _C.S. Bishop OPERATOR _F. Reid
R. Hosley NOTES D. Kelley

K. Hoskins, J. Kearns

TRANSMITTING SCHEDULE srapsmit for ocne hour

RECEIVING CONDITIONS Poor. Slight power line and atmospheric noise.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS_28=grads pjgtances_Feet
L 2] D AH D — AH
20 5+0 190.16 -0.22 190,68
25 5.9 201.54 -0.27 201.81
30 Te3 195.07 =0.32 195.39
35 9.2 179.96 -0.32 180.28
o) 10.4 181.47 -0.32 181.79
45 11.5 184.13 -0.47 - 18L.60
50 12.7 184.67 -0.62 185.29
55 13.2 195.16 -0.67 195.83
60 4.7 190.29 -0.72 191.01
65 15.8 191.08 -0.67 191.75
70 16.8 192.82 -0.62 193.4)
75 17.2 201.49 -0.67 202.16
80 18.9 194.25 -0.72 191,97
85 19.8 196.2, -0.72 196.96
90 20.3 202.21 -0.72 202.93
95 21.h 201.42 -0.72 202.93

100 23.7 189.21 -0.72 189.93
NOTE: Game called duqg to rain. Avg=193.,2l
Std=7.00

SHEET OF




PROJECT —___Radio locator accuracy evaluation DATE ___3=30-75

UNDERGROUND LOCATION _#3, Wright's Rotunda, Mammoth Cave, Kentucky

SURFACE LOCATION __#3

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR __K. Hoskins OPERATOR F. Reid
D. Kelley NOTES C.S. Bishop

TRANSMITTING SCHEDULE ___Transmit for one hour

RECEIVING CONDITIONS __Foor. Slight power line and atmospheric noise.

INITIAL DISTANCE FROM GROUND ZERO_______ ANGLE UNITS_20=gradspigrancesMeters
L 2] D(feet) AH D — AH(feet]
6 L.8 195.32 -0.30 195.62
8 6.5 191.91 -0.38 192.29

10 8.1 192.00 -0.45 192.45
12 9.l 198.04 -0.49 198.39
1l 11.5 187.94 -0.35 188.29
16 12.6 195.47 -0.53 - 196.00
18 14.9 18L.66 -0.70 185, 36
20 15.6 195.50 -0.88 196,138
22 16.9 197.59 -1.05 198.62
2l 18.4 196.80 -1.10 197.90
26 20.15 193.21 -1.15 19Y4. 36
28 21.95 189.38 -1.20 190.58
30 23.15 191.21 -1.25 192.41
Avp=193.98
Std=l. 36
SHEET OF.




PROJECT .Radio locator accuracy evaluation DATE _11-15-75

UNDERGROUND LOCATION #L]., Wright's Rotunda, Mammoth Cave, Kentucky

SURFACE LOCATION #l
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR __K. Hoskins OPERATOR __F. Reid

D. Kelley NOTES C.H. Bishop

D. Pollock C.S. Bishop

TRANSMITTING SCHEDULE Transmit }4.0 minutes, off 10 minutes.

RECEIVING CONDITIONS _Clear, frosty; small amount of power line noise, no

atmospheric noise.

INITIAL DISTANCE FROM GROUND ZERO_________ ANGLE UNITS_28=8rads pigtancesfeet
L 2] D AH D — AH
50 12.04 189.29 -0.24 189.53
CE 13.8 186. 34 -0.23 186.57
60 15.2 183.72 -0.32 184.04L
65 16.1 187.32 -0.22 187.54
70 17.3 186.90 -0.38 187.28
75 18.7 184.21 -0.25 18L.46
80 19.6 186.7L -0.22 186.96
85 20.7 186.9L4 -0.26 187.20
90 21.55 189.35 -0.23 189.58
95 23.0 185.91 -0.09 186.00

100 23.6 190.11 -0.10 190.21
105 24.5 191. 34 +0.02 191.32
110 26.0 187.25 +0.12 187.13
115 26.9 188.20 +0.12 188.06
120 27.85 188.53 +0.21 188.32
125 28.3 192.70 +0.38 192. 32
130 29.1 193.87 +0. 04l 193.43
135 29.5 198.05 +1.02 197.03
140 30.3 198.85 +0.73 198.12
145 32.9 186.06 +0.75 185.31
150 33.4 188.85 +0.80 188.05
Avg=188,05
Std=3.73

SHEET OF.




PROJECT __Radio locator accuracy evaluation

UNDERGROUND LOCATION
SURFACE LOCATION

UNDERGROUND PARTY MEMBERS!
OPERATOR

DATE
#5, Wright's Rotunda, Mammoth Cave, Kentucky

11-15-75

#5

K. Hoskins

SURFACE PARTY MEMBERS:

D. Kelley

D. Pollock

OPERATOR _C.S. Bishop

NOTES

C.H. Bishop

F. Reid

TRANSMITTING SCHEDULE _Transmit 4O minutes, off 10 minutes.

RECEIVING CONDITIONS __Little power line noise, no atmospheric noise.

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS_29=grads pigstanceslfeet

L o D AH D — AH
50 12.9 181.70 -0.19 181.89
55 1.0 183.56 -0.18 183.74
60 15.3 182.42 -0.28 182.70
65 16.0 188.56 -0.2h 188.80
70 17.0 190.41 -0.24 190.65
75 18.0 191.93 -0.16 192.09
80 20,0 182.68 -0.12 182.80
85 20.9 18.97 -0.05 185.02
90 22.0 185.07 -0.22 185.29
95 22.5 190.53 L0208 190.79

100 23.7 189.21 -0.10 189.31
105 2.9 187.84 -0.06 187.90
110 25.8 188.93 +0,07 188.86
115 26.3 193.18 +0.06 193.12
120 275l 194.67 +0.08 194..59
125 28.0 195.15 +0.17 19,.98
130 30.0 186.89 +0.1l 186.75
135 30.3 191.75 +0.25 191.50
140 32.0 185.97 +0.29 185.68
145 33.0 185.35 +0. 30 185.05
150 33.8 186.02 +0.03 185.59
Avg=187.96
Std=3.96

SHEET OF _




PROJECT __Radio locator accuracy evaluation DATE _11-15-75

UNDERGROUND LOCATION #6, Wright's Rotunda, Mammoth Cave, Kentucky

SURFACE LOCATION #6

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _K. Hosking OPERATOR ___F. Reid
D. Kelley NOTES C.H. Bishop
D. Pollock C.S. Bishop

TRANSMITTING SCHEDULE _Transmit L0 minutes, off 10 minutes.

RECEIVING CONDITIONS Little power line noise, no atmospheric noise.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITs29=grads pistances Feet
L © D AH D - AH
50 12.8 183.17 -0.05 183.22
55 1.l 178.24 -0.01 178.25
60 14.9 187.61 -0,09 187.70
65 15.9 189.81 +0,.02 189.79
70 17.0 190.41 +0.,0L 190. 37
75 17.9 193.08 +0.03 193.05
80 20.0 182.68 +0, 0l 182.6)
85 20.6 187.93 +0.07 187.86
90 21.0 19,.83 +0.06 19L.77
95 22.7 188.66 +0.15 188.51

100 23.6 190.11 +0.25 189.86
105 2L.8 188.70 +0.19 188.51
110 25.55 191.06 +0.26 190.80
15, 25.55 199.74 +0,33 199.41
120 28.0 187.34 +0, 38 186.96
125 28.6 190. 30 +0.59 189.71
130 29.8 188.41 +0. 39 188.02
135 31.2 185.02 +0,57 18l .45
140 32.3 183.82 +0.67 183.15
145 33.2 183.9L4 +0,65 183.29
150 3L.1 183.94 +0.68 183.26
Aveg=187.Lh2
Std=lL.0l

SHEET OF




PROJECT _Radio locator accuracy evaluation DATE _11-15-75

UNDERGROUND LOCATION _#7, Wright's Rotunda, Mammoth Cave, Kentucky

SURFACE LOCATION #1

UNDERGROUND PARTY MEMBERS! SURFACE PARTY MEMBERS:

OPERATOR _K. Hoskins OPERATOR __C.S. Bishop
D. Kelley NOTES C.H. Bishop
D. Pollock F. Reid

TRANSMITTING SCHEDULE _Transmit 1O minutes, off 10 minutes.

RECEIVING CONDITIONS __Small amount power line noise, no atmospheric

noise., Clear null.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS_29=grads radspigstances Feet
L (2] D AH D — AH
50 12.0 189.29 +0.18 189.11
25 13.7 187.75 +0.18 187.57
60 1.9 187.61 +0.17 187.44
65 15.8 191.08 +0.11 190.97
70 17.8 181.29 +0.1L 181.15
75 18.9 182.11 +0.18 181.93
80 19.2 190.97 +0.27 190.70
85 20.0 194.10 +0.29 193.81
90 21.5 189. 8l +0. 41 189.43
95 22.7 188.66 +0.55 188.11

100 2. 3 183.93 +0.60 183.33
105 25.3 184.45 +0.71 183.74
110 26.1 186.43 +0.90 185.53
115 26.9 188.18 +0.95 187.23
120 27.5 191.36 +0.94 190.42
125 28.8 188.73 +1.16 187.57
130 29.6 189.94 +1.46 188.48
135 30.1 193.30 +1.45 191.85
140 31.0 193.39 +1.63 191.76
145 33.0 185. 35 +1.86 183.49
150 33.5 188.14 +2.,02 186.12
Aveg=187.51
3td=7.02

SHEET OF.




PROJECT __Radio locator accuracy evaluation DATE 11-15-75

UNDERGROUND LOCATION #08, Wright's Rotunda, Mammoth Cave, Kentucky

SURFACE LOCATION __#0

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:

OPERATOR K. Hoskins OPERATOR__C.S. Bishop
D. Kelley NOTES C.H. Bishop
D. Pollock F. Reid

TRANSMITTING SCHEDULE Transmit L|.0 minutes, off 10 minutes.

RECEIVING CONDITIONS Small amount of power line noise, no atmospheric

noise, added continuous noise.

INITIAL DISTANCE FROM GROUND ZERO_______ ANGLE UNiTs 28=8rads pigtances. Feet
L o D AH D — AH
50 12.3 190.88 +0.27 190.61
55 13.6 189.19 +0,26 188.93
60 16.2 171.78 +0.25 171.53
65 16.3 18).89 +0.27 18L.62
70 17.5 184.62 +0.35 184.27
75 18.3 188.55 +0.33 188.22
80 19.2 190.97 +0, 31 190.66
85 19.9 195.16 +0.31 19).85
90 21.0 194.83 +0.30 194.53
95 22.5 190.53 +0.33 190.20

100 2.8 179.72 +0.21 179.51
105 26.0 178.74 +0.27 178.47
110 26.6 182.37 +0.33 182.0.
115 27.1 186.56 +0.31 186.25
120 29.0 179.69 +0. 30 179.39
125 29.4 181,13 +0.28 183.85
130 30.7 181.72 +0.24 181.48
136 31.5 184.21 +0.35 183.86
140 33.0 178.96 +0.1) 178.82
145 3.0 178.47 +0,12 178.35
150 35.5 174.64 +0.09 174.55
Avg=181.05
Std=6.28

SHEET OF.




PROJECT _Radio locator accuracy evaluation

UNDERGROUND LOCATION
SURFACE LOCATION

UNDERGROUND PARTY MEMBERS:
C.3. Bishop

OPERATOR

DATE
#1, Rocky Mountain, Mammoth Cave, Kentucky

3-1-75

#1

SURFACE PARTY MEMBERS:

R. Hosley

TRANSMITTING SCHEDULE

OPERATOR _F. Reid

NOTES

W. Eidson

CIH.

Bishop

Transmit until notified from surface

RECEIVING CONDITIONS

Excellent

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS 28=grads pisTtaNces. Feet

L <) D AH D - AH
0 -- -- 0.000 --
10 2.65 180.037 +0.250 179.787
15 3.8 188.175 +0.552 187.623
20 4.9 194.371 +0.099 194.272
25 6.15 193.287 +0.040 193.247
30 6.9 206.511 -0.165 206,676
35 8.1 204.830 -0.078 20L.908
40 9.6 196.937 +0.480 196.457
45 10.7 198.288 -0.518 198.806
50 11.9 197.510 -0.859 198.369
55 12.8 201,88 -1.016 202.50
60 1.2 197. 304 -1.116 198.420
65 14.7 206.145 -1.273 207.418
70 16.1 201.726 -1.435 203.161
75 17.6 196.601 -1.309 197.910
80 18.5 198.781 -1.556 200, 337
Avg=199.293
Std=5.L46l

SHEET OF.




PROJECT Radio locator accuracy evaluation DATE 3-1-75

UNDERGROUND LOCATION __#2, Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION __#2

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:

OPERATOR _C.S. Bishop OPERATOR F. Reid

R. Hosley NOTES W. Eidson

C.H. Bishop

TRANSMITTING SCHEDULE Transmit until notified from surface

RECEIVING CONDITIONS __Excellent

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITs 20=grads pistances feet

L () D AH D — AH
0 - - 0.000 --
10 2.0 198.818 -0.118 198.936
15 3.1 210.379 -0.046 210.425
20 .55 209,398 +0.25l 209,14l
25 5.7 208.669 -0.626 209.295
30 6.7 212.739 -0.856 213.595+
35 8.0 207.4.27 -1.196 208.623
L0 9.35 202.309 -1.442 203.731
4s 10.6 200.206 -1.675 201.881
50 11.4 206.1.38 -1.856 208.294
55 12.9 199.869 -1.813 201.682
60 13.6 206,391 -2.001 208. 392
65 1.8 20 .685 -2.18) 206,869
70 16.4 197.821 -2.11Y4 199.935
75 17.1 202,743 -1.496 204 .239
80 18.0 204 .721 -2.363 207.08Y
Avg=206.112
Std=l.209

SHEET OF.




PROJECT __Radio locator accuracy evaluation

UNDERGROUND LOCATION
SURFACE LOCATION

DATE
#3, Rocky Mountain, Mammoth Cave, Kentucky

3-1-75

#3

UNDERGROUND PARTY MEMBERS:

OPERATOR

C.S. Bishop

SURFACE PARTY MEMBERS:

R. Hosley

NOTES

OPERATOR

F.

Reid

W

Eidson

TRANSMITTING SCHEDULE

C.H., Bishop

Transmit until notified from surface

RECEIVING CONDITIONS

Excellent

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS_28=gradspistancesfeet

L e D AH D - AH
0 - - 0.000 -

10 2.6 183.504 -0.006 183.510
15 3.55 201.467 +0,032 201.435
20 .6 207.112 -0.189 207.301
25 5.9 201.54l; -0.281 201.825
30 Te1 200.632 -0.411 201.043
35 8.1 204.830 -0.487 205.317
e 9.6 196.937 -0.611 197.548
L5 10.5 202.160 -0.572 202.732
50 11.4 206.1.38 -0.483 206,921
55 12.6 204.801 -0.673 205.,4.74
60 1.2 197.304 -0.761 198.065
65 15.35 196.987 -0.745 197.732
70 16.1 201.726 -0.971 202,697
75 17.5 197.802 -0.989 198.791
80 18.0 20 .721 -0.914 205.635
NOTE: Twp sets of measurements made for| depth Avg=202.323

deftermination. THey were taken ih Std=3.33

opposite directiorls from ground zpro.

Sep following shedt.

SHEET_1 OF_2




PROJECT Radio locator accuracy evaluation DATE 3=1

-75

UNDERGROUND LOCATION #3, Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION __#3

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:

OPERATOR __C.S. Bidhop OPERATOR __F. Reid
R. Hosley NOTES W. Eidson
C.H. Bishop

TRANSMITTING SCHEDULE Transmit until notified from surface

RECEIVING CONDITIONS Excellent

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS_28=gradsp|sTaNces_Feet

L o D AH D - AH
0 - -- 0.000 --
10 2.1 227.25) -0,123 227.377
15 4.0 178.735 -0.217 178.952
20 5.0 190.463 -0.159 190.622
25 6.0 198.159 -0.213 198.372
30 6.9 206,511 -0.238 206,749
35 8.2 202.295 -0.266 202.561
140 9.6 196.937 -0.496 197.406
45 10.5 202,160 -0.622 202,782
50 11.7 200.991 -0.80l 201.795
55 12.5 206.497 -0.897 207.394
60 14.5 193.037 -1.136 194.173
65 15.7 206.1L5 -1.286 207.431
70 16.6 195.293 -1.490 196.783
75 18.9 182,107 -1.680 183.787
80 18.14 199.94l -1.307 201.251
Avg=201.518

Std=L.50l

Combined [Avg=201.969
Combined [Std=3.873

SHEET_2_OF_2




PROJECT _Radio locator accuracy evaluation

DATE

3-1-75

UNDERGROUND LOCATION #L]., Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION #lt

UNDERGROUND PARTY MEMBERS:

OPERATOR

C.S. Bishop

SURFACE PARTY MEMBERS:

R. Hosley

OPERATOR

F. Reid

NOTES We

Eidson

C.H., Bishop

TRANSMITTING SCHEDULE Transmit until notified from surface

RECEIVING CONDITIONS

Excellent

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITs29=grads pistances feet

L © D AH D - AH
0 -= - 0.000 ——
10 2.7 1764697 +0,801 175.887
15 3.9 183.334 +1.126 182,208
20 5.0 190.463 +1.425 189.038
25 5.9 201.54l, +1.691 199.853
30 6.5 219.348 +1.945 217.403
35 8.6 192. 7hly +2.397 190,347
L0 9.7 194.865 +2,351 192.514
L5 11.1 190.959 +2.593 188. 366
50 12.5 187.725 +2.955 184.770
55 13.6 189.192 +3.149 186.043
60 14.45 193.737 +3.331 190.)06
65 15.8 191.078 +3.45 187.624
70 16.3 199.107 +3.604 195.503
75 17.0 204.013 +3.944 200.069
80 19.0 193.143 +4.11) 189.029
NOTE: o sets of measujrements made fop depth Avg=191.130
ptermination. They were taken in Std=l.98L

pposite directiops from ground kero.
be following shept.

SHEET_1 OF_2




PROJVECT

Radio locator accuracy evaluation

DATE

3-1-75

UNDERGROUND LOCATION _ #L, Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION
UNDERGROUND PARTY MEMBERS:

idll

OPERATOR _C.S. Bishop

SURFACE PARTY MEMBERS:

R. Hosley

NOTES

OPERATOR

F. Reid

W. Eidson

C.H. Bishop

TRANSMITTING SCHEDULE

Transmit until notified from surface

RECEIVING CONDITIONS

Excellent

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS 29=grads pisTances.Feet

L (2] D AH D - AH
0 - - 0.000 -
10 il 153,859 -0.h25 15) .28
15 3.6 198,661 -0.598 199.259
20 le3 221,627 -0.922 222,549
25 5.9 201.54) -1.172 202,716
30 73 195.073 -1.419 196.1,92
35 8.5 195,048 -1.855 196.903
10 9.8 192.835 -1.945 19/.780
L5 10.8 196.1.06 -2.252 198.658
50 12.1 19).142 -2.551 196.693
55 13.5 190.651 -2.850 193.501
60 14.2 197.30L -3.230 200,53l
65 15.6 193. 30l -3.230 200,53
70 17.55 18l.053 -3.798 187.851
75 18.0 191.926 -l.132 196,049
80 19.5 187.78. =L .490 192.274
85 19.8 196.237 -l .776 201.013
90 21.17 187.908 -5.207 193.115
95 22.6 189.590 -5.696 195.285
100 23.3 192.868 -6.169 199,037
Combined Avg= |19L.305 Avg=196.545
Combined Std= |L.971 Sta=3.6l2

SHEET_2 OF_2




PROJECT __Radio locator accuracy evaluation DATE _11-16-75

UNDERGROUND LOCATION #5, Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION #5

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:

OPERATOR __C.S. Bishop OPERATOR _F. Reid

D. Kelley NOTES C.H. Bishop
D. Pollock K. Hoskins
TRANSMITTING SCHEDULE Transmit until notified from surface

RECEIVING CONDITIONS Good

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS29=grads pistances. Feet

L 3] D AH D - AH
50 11.h 206, L, +0.77 205.67
55 12.3 209.97 +0. 8l 209.13
60 13.9 201.75 +0.86 200.89
65 14.5 209.12 +0.96 208.16
70 16.1 201.73 +0.98 200.75
75 17.2 201.49 +1.01 200.48
80 17.8 207.19 +1.26 205.93
85 19.2 202.90 +1.49 201.41
90 20.2 203, 30 +1.79 201.51
95 21.0 205.65 +1.96 203.69
100 22.15 20l;.09 +2.19 201.90
105 23.95 196.33 +2.,69 193.64
110 2.2 203.27 +2,62 200.65
115 24.8 206.68 +2.80 203.88
120 25.3 210.80 +3,0 207.76
125 26.6 207.2l +3.23 200,01
130 27.2 209.99 +3.73 206.26
135 27.8 212.55 +.17 208. 38
140 29.1 208.78 +).33 20l .45
145 29.8 210.15 +y .71 205. 41
150 30.5 211.36 45,26 206.10
Avg=203.81

Std=3.63

SHEET OF.




PROJECT __Radio locator accuracy evaluation DATE __11-16-75

UNDERGROUND LOCATION _#6, Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION _ 70

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _K. Hoskins OPERATOR _F. Reid
D. Kelley NOTES C.H. Bishop
D. Pollock

TRANSMITTING SCHEDULE Transmit until notified from surface

RECEIVING CONDITIONS ___G0od

INITIAL DISTANCE FROM GROUND ZERO_______ ANGLE UNITS29=grads pigtancesfeet
L 3] D AH D — AH
50 11.2 201.23 +2,36 207.87
55 12.5 206,50 +2.119 200,01
60 13.6 206.39 +2.61 203,78
65 1L.7 206,11l +2.79 203.35
70 15.7 207.16 +2.93 20L.23
75 16.8 206,60 +3.11 203,149
80 17.8 207.19 +3.149 203.70
85 18.7 208.77 +3,68 205,09
90 20.2 203.30 +3.66 199.6l
95 20,5 211.16 +3,85 207.31
100 21.0 216.48 +,.,07 212.41
105 22.9 206.48 +l,, 37 202.11
110 23.2 213,18 + .57 208,61
115 2h.7 207.63 +) .67 202.87
120 26,0 20L.28 +5.19 199.09
125 26.6 207.24 +5.2l 202.00
130 27.3 209.09 +5.65 203. Ul
135 27.8 212.55 +5.77 206.78
140 29.3 207.07 +5.93 201.1Y4
145 30.1 207.62 +5,86 201.76
150 30.5 211.36 +6.,05 205,31
Avg=204.19
Std=3.12

SHEET OF




PROJECT __Radio locator accuracy evaluation DATE _11-16=75

UNDERGROUND LOCATION _#7, Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION #7

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR __D. Kelley OPERATOR _C:S. Bishop
D. Pollock NOTES C.H. Bishop
K. Hoskins, F. Reid
TRANSMITTING SCHEDULE Transmit until notified from surface
RECEIVING CONDITIONS Good
INITIAL DISTANCE FROM GROUND ZERO_________ ANGLE UNITS_28=grads pigtaNncesFeet
L o D AH D — AH
50 12.1 194 .1k -0.02 19 .16
55 13.0 198.27 -0.26 198.53
60 14.2 197.30 -0.52 197.82
65 15.2 199.03 -0.45 199.48
70 16.4 197.82 -0.55 198. 37
75 17.3 200.2) -0.29 200.53
8o .1 18.3 201.12 -0.52 201.64
85 19.7 197.32 -0.42 197.74
90 20.5 200.05 -0.63 200.68
95 21.5 200.39 -0.54 200.93
100 23.2 193.80 -0.41 194.21
105 23.0 205.48 -0.31 205.79
110 2.0 205.19 -0. Ll 205.63
115 25.9 196.6) -0.61 197.25
120 26 200.70 -0.71 201.41
125 27.5 199.33 -0.57 199.90
130 27.7 205.55 -0.l1 205.96
135 29.3 199.68 ~ -0.04 199.72
140 30.8 194.93 +0.11 19L.82
145 31.2 198.72 +0.31 198.41
150 32.5 195. 1l +0.39 195.05
Avg=199.03
Std=3.49

SHEET OF _




PROJECT _Radio locator accuracy evaluation DATE 11-16-75

UNDERGROUND LOCATION _#8, Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION #8
UNDERGROUND PARTY MEMBERS! SURFACE PARTY MEMBERS
OPERATOR __D. Kelley OPERATOR __F. Reid

D. Pollock NOTES ¢.H. Bishop

K. Hoskins

TRANSMITTING SCHEDULE Transmit until notified from surface

RECEIVING CONDITIONS Good
INITIAL DISTANCE FROM GROUND ZERO____ ANGLE UNITS.29=grads pigtancesteet
L o D AH D — AH
50 12.1 19l .1h +0,20 193.94
55 13.2 195.16 +0.12 195.04L
60 1.5 193.0L4 +0,02 193.02
65 15.6 193.66 -0.12 193,78
70 16.5 196.55 -0.15 196.70
75 17.9 193.08 -0.30 193.38
80 19.0 193.1L -0.29 193.43
85 20.1 193.05 -0.36 193.41
90 21.0 190.82 -0.36 191.18
95 22.0 195.35 -0.34 195.69
100 23.5 191.02 -0.3L 191. 36
105 24.05 195.40 -0.2l 195.6L4
110 2.8 197.69 -0.20 197.89
115 26.15 19447 -0.02 194.49
120 27.3 193.01 -0.21 193.22
125 28.6 190.30 +0.02 190.28
130 29.1 193.87 +0.09 193,78
135 29.5 198.05 +0,21 197.84
1,40 30.7 195.70 +0.16 195,54
145 31.25 198.33 +0.36 197.97
150 31.1 206.39 +0.45 205.914
Avg=19.93
Std=3.30

SHEET OF




PROJECT _Radio locator accuracy evaluation DATE 11-16-75

UNDERGROUND LOCATION Rocky Mountain, Mammoth ve, Kentucky
SURFACE LOCATION #9
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _D. Kelley OPERATOR _F. Reid

D. Pollock NOTES C.H. Bishop

K. Hoskins

TRANSMITTING SCHEDULE Transmit until notified from surface

RECEIVING CONDITIONS Good

INITIAL DISTANCE FROM GROUND ZERO_—_____ ANGLE UNITS_209=gradspigtaNnces.Feet
L o D AH D - AH
50 9.75 2L2.31 -1.63 2L.3.94
55 10.5 2l7.08 -1.72 2,8.80
60 11.0 256.99 -2.06 259.05
65 13.1 232.47 -2.31 23).78
70 14.2 230.19 -2.25 232.4l
75 1.5 241.30 -2.41 2L3.71
80 15.7 236.75 -2.29 239.0l
85 16.2 2L 3. 35 -2.41 2Lh5.76
90 17.3 2L,0.29 -2.45 2h2.7h
95 18.4 237.43 -2.65 210,08
100 19.1 210,06 -2.75 2l2.81
105 19.3 237.37 -2.80 2U0.17
110 19.7 255.36 -2.63 257 .99
115 21.7 240.10 ~2.72 2Lh2.82
120 | 22.6 239.48 -2.69 2h2.17
125 23.5 238.78 -2.71 241.49
130 23.9 213,65 -2.23 2L45.88
135 23.7 255.143 -2.26 257.69
141 25.8 242.17 -1.25 2Lh3.42
145 26.1 245.74 -2.32 2L,8.06
150 26.5 2L9.77 -2.40 252.17
Avg=21,5.00
Std=7.03

SHEET OF




PROJVECT Radio locator accuracy evaluation DATE _11-16-75

UNDERGROUND LOCATION _#10, Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION #10

UNDERGROUND PARTY MEMBERS! SURFACE PARTY MEMBERS:
OPERATOR __D. Kelley OPERATOR __C.S. Bishop
D. Pollock NOTES C.H. Bishop
F. Reid

TRANSMITTING SCHEDULE Transmit until notified from surface

RECEIVING CONDITIONS ___Good

INITIAL DISTANCE FROM GROUND ZERO_______ ANGLE UNITs29=grads pigvancesFeet
L o D AH D — AH
50 11.6 202.78 +0.79 201.99
55 12.6 20L.80 +0.91 203.89
60 1.2 197.30 +0.92 196.38
65 15.1 200,42 +0,99 199.43
70 15.9 20l .41 +1.05 203.36
75 17.0 20L.01 +0.98 : 203.03
80 18.0 204.72 +1.0l 203.68
85 20.0 194.10 +1.07 193.03
90 20.8 196.89 +1.12 195.77
95 21.2 203,52 +1.24 202,28
100 22.5 200.56 +1.59 198.97
105 23.2 203.49 +1.82 201.67
110 23.1 21L .22 +1.93 212.29
115 2l 210.5 +2.48 208,06
120 25.6 207.96 +2.78 205,18
125 26.. 209.06 +2,65 206.41
130 26.5 216,47 +2.90 213.57
135 27.5 215.28 +3,16 212,12
140 28.2 216.73 +3.45 213.28
145 30.2 206.78 +3,93 202.85
150 31.0 207.20 +li.27 202.93
Avg=203,82
Std=5.67

SHEET OF.




PROJECT __ Radio locator accuracy evaluation DATE __11-16-75

UNDERGROUND LOCATION _#11, Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION #11
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR K. Hoskins OPERATOR___C.S. Bishop

D. Kelley NOTES C.H. Bishop

D. Pollock F. Reid
TRANSMITTING SCHEDULE Transmit until notified from surface

RECEIVING CONDITIONS __Good

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITs 29=grads pigrances_Feet
L (<) D AH D — AH
50 11.9 197.51 +1,03 196.48
55 13.0 198.27 +1. 30 196.97
60 13,2 212.90 +1.16 211, 7L
65 15.0 196.31 +1.39 19L4.92
70 16.2 200.41 +1.042 198.99
75 17.0 20,01 +1.,56 202.146
80 18.5 198,78 +1,8l 196.9L
85 19.2 202.90 +2.11 200.79
90 19.04 212. 1) +2.041 210.03
95 20.5 211.16 +2,65 208.51

100 21.8 207.73 +2.91 200,82
105 22.9 206.48 +3.07 203.41
110 25.2 194,11 +3,05 191.06
115 25.3 202.01 +3,2) 198.77
120 25.9 205.19 +3.47 201.72
125 26.6 207.2l +3,75 203.49
130 27.8 20,68 4,16 200.52
135 28.9 202.99 +11., 60 198.39
140 29,8 202.90 + .6l 198.26
145 30.3 205.95 +5,17 200,78
150 32,6 19 .69 +5.56 189.13
Avg=200.39
Std=5.60

SHEET OF




PROJECT __Radio locator accuracy evaluation DATE 11-16-75

UNDERGROUND LOCATION #12, Rocky Mountain, Mammoth Cave, Kentucky

SURFACE LOCATION #12

UNDERGROUND PARTY MEMBERS! SURFACE PARTY MEMBERS:

OPERATOR D. Kelley OPERATOR _F. Reid
D..Pollock NOTES C.H. Bishop

C.S. Bishop

TRANSMITTING SCHEDULE Transmit until notified from surface

RECEIVING CONDITIONS Good

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITs 29=grads pigtances_Feet
L (2) D AH D — AH
50 12.2 192.50 +0.0ly 192.16
55 12.9 199.87 +0.1l 199.73
60 1.1 198,77 +0.36 198.41
65 15.1 200.42 +0.2l 200,18
70 16.1 201.73 +0.51 201.22
75 18.0 191.93 +0.6l 191.29
80 18.8 191.29 +0.60 190.69
85 19.8 196.24 +0.83 195.41
90 20.8 196.89 +1.00 195.89
95 2ol 195.89 +1.19 194.70

100 22.3 202,56 +1.11 201.45
105 23.35 202.02 +1.60 200.42
110 2l.0 205.19 +1.049 203,70-
115 25.6 199.30 +1.76 197.54
120 25.9 205.19 +1.85 203. 3L
125 28.9 186.95 +2.50 185.45
130 28.5 198.7L +2.55 196.19
135 29.8 195.65 +2.83 192.82
140 30.4 198.06 +2.87 195.19
145 31.1 199.51 +3.07 196. 4l
150 31.7 201.59 +3.39 198,20
Avg=197.26
Std=3.83

SHEET OF.




PROJECT _Radio locator accuracy evaluation DATE _10-11-75

UNDERGROUND LOCATION #1, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION _#1

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR K. Hoskinsg OPERATOR _C.S. Bishop

D. Kelley NOTES C.H. Bishop

D. Richers S. Schillereff

TRANSMITTING SCHEDULE __Transmit L5 minutes, off 10 minutes.

RECEIVING CONDITIONS __Warm, partly claoudy. Wet ground. Electrical storm

last night. Power line close. Weak signal, very wide null.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS_28=grads pigtances_Feet
L (<) D AH D — AH
10 6.0 79.26 -0.20 79.46
15 6.9 103.26 -0.20 103.46
20 7.3 130.05 -0.37 130.42
25 8.0 1,48.16 -0.3l 1,8.50

Line reversed

180° due to

power line

proximity.
50 L.7 506.71 +0.86 505.86
55 6.5 L02.1l +0.95 1,01.19
60 6.6 1,31.99 +1.02 1130297
65 8.4 366.61 +1.30 365.31
70 9.4 352.12 +1.40 350.72
75 9.0 354.18 +1.48 352.70
80 10.5 359.40 +1.48 357.92
85 10.9 367.50 +1.67 365.83
Avg=299.36
Std=143.35

SHEET OF




PROJECT _Radio locator accuracy evaluation DATE _10-11-75

UNDERGROUND LOCATION #2, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #2

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR __K. Hoskins OPERATOR__C.S. Bishop

D. Kelley NOTES C.H. Bishop

D. Richers S. Schillereff

TRANSMITTING SCHEDULE Transmit )45 minutes, off 10 minutes.

RECEIVING CONDITIONS __Warm, partly cloudy; wet ground; electrical storm

lagst night; power line close; weak signal, very wide null.

INITIAL DISTANCE FROM GROUND ZERO_________ ANGLE UNITS28=grads pigtances.fleet
L e D AH D — AH
20 2.2 1133.83 +0.25 133.58
30 Lol 324.85 +0.68 324.17
L0 5.2 366.19 +0.57 365.52
50 6.9 344.18 +0.67 343.51
60 7.3 390.15 +1.11 389.04
70 7.1 168.1L +1.18 1166.96
80 8.5 LLh5.82 +1.29 Lh).53
90 10.3 412.36 +1.53 410.83

100 12.1 388.28 +1.80 386.48
110 12.5 412.99 +2.21 410.78
120 13.3 he2.47 +2.31 420.16
130 15.4 392.63 +2,60 390.03
110 16.7 388.10 +2.91 385.19

Avg=397.76

Std=39.70

SHEET OF




PROJVECT __Radio locator accuracy evaluation DATE 10-11-75

UNDERGROUND LOCATION #3, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION _#3

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:

OPERATOR _K. Hoskins OPERATOR C.S. Bishop
D. Kelley NOTES C.H. Bishop
D. Richers S. Schillereff

TRANSMITTING SCHEDULE Transmit L5 minutes, off 10 minutes.

RECEIVING CONDITIONS Warm, partly cloudy; wet ground; electrical storm

last night; power line close: weak signal, very wide null.

INITIAL DISTANCE FROM GROUND ZERO_________ ANGLE UNITS_268=gradspigstaNcesfeet
L o D AH D — AH
20 3.0 318.00 +0. 3l 317.66
30 3.0 L76.99 +0.43 U76.56
o) 5.6 339.87 +0.62 339.25
50 7.0 339.22 +1.0L 338.18
60 7.8 364.83 +1.12 363.71
70 9.6 34l . 6L +1.28 313,36
80 10.9 345.88 +1.71 3417
90 11.1 381.92 +1.72 380.20
100 13.8 338.79 +1.88 336.91
110 15.2 336.82 +2.17 334.65
120 16.0 348.10 +2.48 345.62
130 17.8 336.68 +2.77 333.91
140 19.8 323.21 +3.13 320.08
150 18.2 379.33 +3.33 376.00
Avg=353.59
Std=39.78

SHEET OF




PROJECT Radio locator accuracy evaluation DATE _10=11-75

UNDERGROUND LOCATION #lL, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #l
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _K. Hoskins OPERATOR __ C.H. Bishop
D. Kelley NOTES S. Schillereff
D. Richers C.S. Bishop

TRANSMITTING SCHEDULE __Transmit L5 minutes, off 10 minutes.

RECEIVING CONDITIONS Partly sunny; wet ground; electrical storm last

night; power line close: weak signal, vervy wide null; 70o F.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS_28=gradspistances Feet
L 2] D AH D - AH
20 5.6 169.94 +0.45 169.49
30 7.0 203.53 +0.58 202,95
40 an 256.51 +0.61 255.93
50 9.0 262.91 +0.69 262.22
60 10,9 259.41 +0. 81 258.57
70 12.2 269.50 +0.95 268.55
80 011.8 318.78 +1.19 317.59
90 15.2 275.58 +1.48 274.10
100 15.2 306.20 +1.67 304.53
110 15.4 332.22 +2,30 329,92
120 17.2 322.38 +2.15 320.23
Avg=269.L46
3td=49.57

SHEET OF.




PROJECT __Radio locator accuracy evaluation DATE _10-11-75

UNDERGROUND LOCATION __i#5, Silliman Avenue, Mammoth Cave, Kentucky
SURFACE LOCATION _#5
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR __K. Hoskins OPERATOR C.S. Bishop

D. Kelley NOTES C.H. Bishop

D. Richers S. Schillereff

TRANSMITTING SCHEDULE Transmit IS5 minutes, off 10 minutes.

RECEIVING CONDITIONS 70° F.; wet ground; electrical storm last night;

power line close; Weak signal, very wide null.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS_28=grads pijsTaNcesFeet
L (2] D AH D — AH
50 10.6 222,15 +0.87 221.58
60 11.5 2L5.51 +1.01 2l .50
70 12.8 256 .1y +1.33 255.11
80 14.8 251.92 +1.63 250.29
90 15.3 273.69 +1.59 272.10
100 15.7 295.90 +1.98 293.96
110 16.5 308.86 +2.39 306.1.7
120 17.9 308.92 +2.57 306. 35
130 19.3 308.58 +2.87 305.71
140 2l.2 299.92 +3,22 296,70
150 21.8 311.59 +3.42 308.17
Avg=278.27
Std=30.87

SHEET OF.




Radio locator accuracy evaluation DATE 10-11=-75

PROJECT
UNDERGROUND LOCATION __#©s Silliman Avenue, Mammoth Cave, Kentucky
SURFACE LOCATION #6
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR __K. Hoskins OPERATOR __C.H. Bishop

D. Kelley NOTES £.S. Bishop

D. Richers Se. Schillereff

TRANSMITTING SCHEDULE Transmit )45 minutes, off 10 minutes.

RECEIVING CONDITIONS 70° F.; wet ground; electrical storm last night:

power line close; weak signal, very wide null.

INITIAL DISTANCE FROM GROUND ZERO.________ ANGLE UNITS29=grads pigtances.Feet
L ) D AH D - AH
50 9.8 241.0L +0.9)y 2,,0.10
60 11.2 252.28 +1,10 251,18
70 13.h 2l .53 +1.25 2ly3.28
80 14.9 250,15 +1.39 2118.76
90 16.5 252.71 +1,)0 251.31

100 18.2 252.88 +1.30 ' 251.58
110 17.9 283,18 +1.55 281.63
120 20.L 268.16 +1.6l 266.52
130 22.0 267.32 +1.66 268.98
140 23.1 272,61 +1.80 270.8l
150 2.2 277.19 +1.85 275.30L
Avg=259,05
Std=14.0

SHEET OF




PROJECT Radio locator accuracy evaluation DATE __10-11-75

UNDERGROUND LOCATION #7, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #7

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR __K. Hoskins OPERATOR C.S. Bishop

D. Kelley NOTES S. Schillereff

D. Richers C.H. Bishop
TRANSMITTING SCHEDULE Transmit 45 minutes, off 10 minutes.

RECEIVING CONDITIONS Electrical storm last night; power line close; weak

signal, very wide null,

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS_28=gradspigtances Feet
L (2] D AH D - AH
50 10.0 236.12 +0.89 235.23
60 11.5 245.51 +1.0l 2y 1y 7
70 13.7 238.96 +1.22 237.74
80 1l.3 261.15 +1.28 259.87
90 15.2 275.58 +1.40 274 .18

100 17.7 260.55 +1,32 259.23
110 18.5 273.32 +1.53 271.79
120 20.1 272.54 +1.55 270.99
130 20.6 287.42 +1.77 285.65
140 22.0 282.18 +2.02 280.16
150 23.8 282.47 +2,01 280.46
Avg=263.62
Std=17.75

SHEET OF




PROJECT Radio locator accuracy evaluation DATE __10-11-75

UNDERGROUND LOCATION #8, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #8

UNDERGROUND PARTY MEMBERS! SURFACE PARTY MEMBERS:
OPERATOR K. Hoskins OPERATOR C.S. Bishop
D. Kelley NOTES Se. Schillereff
D. Richers C.H. Bishop

TRANSMITTING SCHEDULE Transmit LI-S minutes, off 10 minutes.

RECEIVING CONDITIONS Electrical storm last night; power line close;

weak signal, very wide null.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS_ 29=grads pisTANCESFeet
L (2) D AH D - AH
50 11.0 214,16 +1.13 213.03
60 12.5 225,27 +1.18 22l1.09
70 1.1 231.89 +1.32 230.57
80 15.6 238.35 +1.63 236.72
90 16.6 251.09 +1.67 249.42

100 17.3 266.99 +1,69 - 265. 30
110 19,7 255. 36 +1.70 253.66
120 20.0 268.16 +1.99 266,17
130 21.8 270.0l +2.31 267.73
140 22.7 278,02 +2.39 275.63
150 2.1 278.49 +2.19 276.00
170 2l .6 308, 35 +3.03 305.32
190 28.3 292,21 +3.31 289,60
Avg=257.9L
Std=26.70

SHEET OF




L,

PROJECT _Radio locator accuracy evaluation DATE __10-11-75

UNDERGROUND LOCATION #9, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #9
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR K. Hoskins OPERATOR_C.H. Bishop
D. Kelley NOTES S. Schillereff
D. Richers C.8. Bishop

TRANSMITTING SCHEDULE Transmit U5 minutes, off 10 minutes

RECEIVING CONDITIONS Electrical storm last night; power line closes

weak signal, very wide null.

INITIAL DISTANCE FROM GROUND ZERO_________ ANGLE UNITS_29=grads pjsTANcES. Feet
L (2) D AH D — AH
50 10.8 218.23 +0,78 217.L45
60 11.7 241.19 +0.,90 240.29
70 13.3 211.2) +1.00 210.2L
80 15.2 2l .96 +1,.11 2L3.85
90 15.0 279.45 +1.13 278.32

100 18.0 2L9.93 +1.,17 2,8.76
110 19.6 256 .77 +1.29 255.48
120 21.3 255.75 +1.17 254.58
130 2.0 2h2.50 +1.41 241.09
14,0 25.2 247.05 +1.5) 245.51
150 26.5 249.77 +1.59 248.18
Aveg=2113.98
Std=18.25

SHEET OF




10-11-75

PROJECT __Radio locator accuracy evaluation DATE
UNDERGROUND LOCATION #10, Silliman Avenue, Mammoth Cave, Kentucky
SURFACE LOCATION #10
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR K. Hoskins OPERATOR __C.S. Bishop

D. Kelley NOTES S. Schillereff

D. Richers

C.H. Bishop

TRANSMITTING SCHEDULE Transmit 1|5 minutes, off 10 minutes

RECEIVING CONDITIONS Wet ground; electrical storm last night; power
line close:; weak signal., very wide null.
INITIAL DISTANCE FROM GROUND ZERO______ ANGLE UNITs_29=gradspigtances Feet
L <] D AH D — AH
1.8 8.8 268.99 +0.356 268.6L
58 9.9 276.73 +0.367 276,36
68 11.8 270.96 +0.517 270.41
78 13.8 26lL.26 +0.383 263.88
90 13.8 30L.91 +0,6Ul 304.27
100 16.9 273.73 +0.677 273.05
110 18.2 278.17 +0.740 277.143
120 18.9 291.37 +0,898 290.47
130 19.6 303.46 +1.036 302.42
Ave=280,77
Std=1l.77

SHEET OF.




PROJECT _Radio locator accuracy evaluation DATE 11-1-75

UNDERGROUND LOCATION _ #11, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #11

UNDERGROUND PARTY MEMBERS:
OPERATOR K. Hoskins

SURFACE PARTY MEMBERS:
OPERATOR ___F. Reid

D. Kelley

NOTES C.H. Bishop

D, Pollock

C.S., Bishop, N. Eidson

TRANSMITTING SCHEDULE Transmit

50 minutes, off 10 minutes.

RECEIVING CONDITIONS _ Clear, dry;

no noise from power line; temperature 60's.

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS 20=grads pisTaNCES_Feet

L © D AH D - AH
50 8.9 265.91 -0.80 266.71
60 10.9 259.41 -1.03 260,41
70 11.8 278.93 -1.05 279.98
80 13.9 269.00 -1.10 271.10
90 15.0 279.45 =1l.42 280.87
100 16.0 290.09 -1.61 291.70
110 17.5 290.11 -1.82 291.93
120 18.4 299.92 -1.89 301.81
130 20.1 295.25 -1.39 296.6l
140 20.3 314.54 -2.19 316.73
150 21.7 313.18 -2.27 315.45
Avg=288.0L0
Std=18.76

SHEET OF.




PROJECT __ _Radio locator accuracy evaluation DATE _11-1-75

UNDERGROUND LOCATION #12, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #12

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _K. Hoskins OPERATOR _F. Reid

D. Kelley NOTES C.H. Bishop

D, Pollock C.S. Bishop, N. Eidson
TRANSMITTING SCHEDULE Transmit 50 minutes, off 10 minutes.

RECEIVING CONDITIONS _Clear, dry, temperature in 60's.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITs 29=grads pjgTaNces_Feet
L (%) D AH D - AH
50 L 334,39 -0,84 335.23
55 9.6 270.79 -0.96 271.75
60 10,5 269.55 -1.16 270.71
70 12.3 267.23 -1.21 268. 1l
80 13.7 273.10 -1.23 27 .33
90 14.8 283.11 -1.52 - 28l.93

100 15.5 299.97 ~1.70 301,67
105 16.9 287.42 -1.81 289.23
110 16.9 301.10 -1.88 302.99
115 17.5 303.30 -2.01 305.31
120 18.1 305.26 -2.01 307.27
125 18.7 307.02 -2.05 309.07
130 19.) 306.86 -2.17 309.03
135 21.0 292.2l -2.23 294 .47
140 21.3 298.37 -2.26 300.63
145 21.9 299.68 2,13 301.81
350 22.8 296.2 -2.38 298.80
Avg=295.63
Std=17.43

SHEET OF




PROJECT __Radio locator accuracy evaluation DATE 11-1-75

UNDERGROUND LOCATION #13, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION __#13

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR __K. Hoskins OPERATOR__C.S. Bishop

D. Kelley NOTES C.H. Bishop

D. Pollock N. Eidson, F. Reid
TRANSMITTING SCHEDULE Transmit 50 minutes, off 10 minutes.

RECEIVING CONDITIONS _ Clear, dry, temperature in 60's.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS 29=8rads pigrances. feet =
L (2] D AH D - AH
50 6.5 365,58 -0.47 366.05
55 9.l 276.67 -0.40 277.07
6C 10.1 280.48 -0.37 280.85
65 11.2 273.30 -0.143 273.73
70 11.1 289.01 -0.49 289.50
75 11.25 313.90 -0.50 31,40
80 10.95 34l 26 -0.5l 3Lt 80
85 13.15 302.80 -0.58 303.38
90 14.2 295.96 -0.60 296.56
95 14.65 302. 37 -0.60 302.97

100 15,9 292.01 -0.69 292.70
105 16.6 292.91 -0.57 293.51
110 16.75 303.97 -0.65 30L.62
115 17.1 310.87 -0.82 311.69
125 17.8 323.73 -0.61 324.34
130 19.0 313.86 -0.66 314.52
135 19.8 311.67 -0.25 311.92
140 20.3 31h.5L -0.80 315.34
145 20.3 325.77 -0.99 326.06
150 20.8 328.15 -0.91 329.06

Avg=305.67

Std=18.7L

SHEET OF




PROJECT Radio locator accuracy evaluation DATE 11-1-75%

UNDERGROUND LOCATION #1).]., Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #1ly
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR K. Hoskins OPERATOR _F'. Reid

D. Kelley NOTES C.H. Bishop

D. Pollock C.S. Bishop, N. Eidson
TRANSMITTING SCHEDULE Transmit 50 minutes, off 10 minutes.

RECEIVING CONDITIONS Clear, dry, temperature in 60'3. Increased noise

due to maving closer to power line.

INITIAL DISTANCE FROM GROUND ZERO_________ ANGLE UNITS28=grads pigtances Feet
L 2] ‘ D AH D — AH
50 8.9 265,91 -0.75 266.66
5o 9.l 276.67 -0.86 277.53
60 10.2 277 .66 -0.88 278.51
65 10.5 292,01 -0.91 292,92
70 10.7 308.45 -0.95 309. 40
75 11.0 321.2L -1.01 322.25
80 12.0 302.87 -1.06 303.93
85 13.2 301.61 -1.09 302,70
90 1.0 300. 37 -1.12 301.49
g0 1.9 297.05 1.1l 298.19

100 15.3 3004.10 -1.21 305,31
105 16.0 30059 -1,18 305.77
110 17.7 286.61 -1.13 287.3L
115 18.6 28L.09 -1.04 285.13
120 19.2 286,15 -1.08 287.53
125 19.3 296.71 -1.09 297.80
130 19.7 301.78 -1.03 302.81
135 20.0 308,28 -0.85 309.13
140 21.2 299.92 -0.96 300.88
145 21.l 307.43 -0.99 308.42
150 21.7 313.18 -0.90 31h.08
Avg=299.58
Std=11.65

SHEET OF.



PROJECT __Radio locator accuracy evaluation DATE __11-1-75

UNDERGROUND LOCATION #15, Silliman Avenue, Mammoth Cave, Kentucky
SURFACE LOCATION #15
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
oPERATOR _K. Hoskins oPERATOR _F. Reid

D. Kelley NOTES C.H. Bishop

D. Pollock C.S. Bishop, N. Eidson

TRANSMITTING SCHEDULE __ Transmit 50 minutes, off 10 minutes.

RECEIVING CONDITIONS Clear, dry, temp. in 60's. Hum increases as receiver

coil approaches horizontal; may be interference from underground transformer.

INITIAL DISTANCE FROM GROUND ZERO._______ ANGLE UNITS 29=grads pigtaNnces._Feet

L © D AH D — AH

50 9,0 262.91 +0.87 262.0l

55 10.0 259.73 +1,16 258.57

60 11.5 2,,5.51 +1.21 2lli . 30

65 12.7 21,0.06 +1,31 238.75

70 13.2 24,8.38 +1.51 2li6.87

75 14.3 2i)1.83 +1.61 2l 3.22

80 15.6 238.35 +1.65 236,70

85 15:6 253.25 +1.83 251.042

90 16.0 261.08 +1,91 259.17

95 17.3 253.6l +2,00 251.6L
100 19.1 2,,0.06 +2.13 237.93
105 21.6 220. 35 +2,12 218.23
110 22.2 223.94 +2.19 221.75
115 2L.9 205.73 +2.31 203.42
120 23.6 228.13 +2,33 225.80
125 2.l 228.8) +2.38 226.16
130 2.7 23L.71 +2.39 232.32
NOTE: A secpnd set of data [was taken by a Hifferent Aveg=238.86
operator. See following gheet. Std=16.15

SHEET OF.




PROJECT ___Radio locator accuracy evaluation DATE 11-1-75

UNDERGROUND LOCATION #15, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #15
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
oPERATOR __K. Hoskins OPERATOR _C.S. Bishop

D. Kelley NOTES C.H. Bishop

D. Pollock N. Eidson, F. Reid

TRANSMITTING SCHEDULE Transmit 50 minut-es, off 10 minutes.

RECEIVING CONDITIONS Clear, dry, temp. in 60's., Hum increases as receiver

coil approaches horizontal: may be interference from underground transformer.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS_29=grads pISTANCES _Feet

L © D AH D - AH

50 9.7 2i3.58 +0.87 2l2.71
55 10.6 2Ll .70 +1.,16 2li3.54
60 12.8 219.80 +1.21 218.59
65 13.8 220.22 +1.31 218.91
70 13.0 252435 +1.51 250.8Y
75 15.3 228.07 +1.61 226,116
80 17.6 209.71 +1.65 208.06
85 19.0 205.21 +1.83 203.38
90 20,0 205.52 +1.91 203,61
95 19.0 229.36 +2.00 227.36
100 18.5 248.48 +2,13 246.35

NOTE: A sekond set of datqg was taken by g different Aveg=226.35
operatorl. See previous|sheet. Std=17.L9

Combined Avgs 233,94
Combined Stds{ 17.59

SHEET OF




PROJECT

Radio locator accuracy evaluation

UNDERGROUND LOCATION
SURFACE LOCATION

pATE 11-1-75

#16, Silliman Avenue, Mammoth Cave, Kentucky

#16

UNDERGROUND PARTY MEMBERS:

SURFACE PARTY MEMBERS:

OPERATOR K. Hoskins OPERATOR__C.S. Bishop
D. Kelley NOTES C.H. Bishop
D. Pollock

N. Eidson,d F. Reid

TRANSMITTING SCHEDULE Transmit 50 minutes, off 10 minutes.

RECEIVING CONDITIONS Clear, dry, temperature in 70's.

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS_ 28=grads pISTANCES _Feet

L o D AH D — AH
50 10.5 22l.62 +0.86 223.76
55 10.5 2l7.08 +0.97 246.11
60 11.4 247.73 +1.00 2L46.73
65 12.1 252.38 +1.13 251.25
70 13.2 218,38 +1.15 27.23
75 13.5 259.98 +1.28 258.70
80 13.7 273.10 +1.30 271.80
85 15.3 258.48 +1, 36 257.12
90 1509 262.81 +1.36 261.45
95 16.5 266.75 +1.35 265.10

100 17.1 270.32 +1.22 269.10
105 17.9 270.31 +1.25 269.06
110 18.7 271.17 +1.3l 269.83
115 19.0 277.64 +1.50 276.1L
120 20.5 266.73 +1.51 265.22
125 2l.1 267.18 +1.51 265.67
130 22.0 267.32 +1.55 265,77
135 22.7 268.09 +1,64 266.45
140 22.7 278.02 +1.81 276.21
145 23.68 274.73 +1.68 273.05
150 2.7 270.82 +1.87 268.95
NOTE: A second set of data Was taken by a different Avg=261,72
operator. | See following gheet. Std=12.68

SHEET OF




PROJECT __Radio locator accuracy evaluation

UNDERGROUND LOCATION
SURFACE LOCATION

DATE
#16, Silliman Avenue, Mammoth Cave, Kentucky

11-1-75

#16

UNDERGROUND PARTY MEMBERS:

SURFACE PARTY MEMBERS:

F.

Reid

C.H. Bishop

OPERATOR K. Hoskins OPERATOR
D. Kelley NOTES
D. Pollock

CeS., Bishop, N. Eidson

TRANSMITTING SCHEDULE

Transmit 50 minutes, off 10 minutes.

v

RECEIVING COND

ITIONS

Clear, dry, temperature in 70Vs.

INITIAL DISTANCE FROM GROUND ZERO

ANGLE UNITS_20=gradspigtancesFeet

L e D AH D - AH
50 9.6 246.17 +0.86 25,31
55 10.7 22,35 +0.97 2l1 .38
60 11.0 256.99 +1.00 255.99
65 11.7 259.01 +1,13 257.88
70 13.2 248.38 +1,15 247.23
75 1.6 239.57 +1.28 238.29
80 15.2 2113.96 +1.30 23,66
85 15.2 260.27 +1.36 258.91
90 15.5 269.97 +1.36 268.61
95 16.1 273.77 +1.35 272.42

100 17.1 270.32 +1.22 269.10
NOTE: A seclond set of data|was taken by a|different Avg=25L.010
operator. See previous gheet. Std=12.07

Combined Avg=259.18

Combined Std=12.76

SHEET OF.




PROJECT __Radio locator accuracy evaluation DATE 11-1-75

UNDERGROUND LOCATION __ #17, Silliman Avenue, Mammoth Cave, Kentucky
SURFACE LOCATION #17

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR _K. Hoskins OPERATOR ___C.S. Bishop

D. Kelley NOTES C.H. Bishop

D. Pollock N. BEidson, F, Reid
TRANSMITTING SCHEDULE Transmit 50 minutes, off 10 minutes.

RECEIVING CONDITIONS Clear, dry, temperature in 60's.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS29=8rads pistances.feet
L o D AH D — AH
50 8.5 278.6L +1.28 277.36
55 10.5 2L47.08 +1.26 245.82
60 10.7 26l .38 +1.23 263.15
65 11.3 270,81 +1,38 269.43
70 11.8 278.93 +1.54 177.39
75 13.4 262,00 +1.50 260,50
80 13.7 273.10 +1.65 271.45
85 1.1 281.59 +1.75 279.84
90 15.5 269.97 +1.76 268.21
95 16.0 275.58 +1.83 273.75

100 16.6 278.99 +1.80 277.19
105 16.7 291.08 +1.77 289.31
110 17.1 29%.36 +1.79 295.57
115 18.2 290,82 +1.88 288.9.
120 19.8 277.04L +1.96 275.08
125 20.6 276.37 +2.00 270437
130 20.6 287.42 +2.02 285.40
135 20.9 293.78 +2. 34 291.4LL
140 22.8 276.66 +2.30 274. 36
145 23.7 27l. 35 +2.29 272.06
150 23.3 289.30 +2.0,.7 286.83
A€g=276.07
Std=11.53

SHEET OF.




PROJECT Radio locator accuracy evaluation DATE __11-1-75

UNDERGROUND LOCATION #18, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #18
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR __K. Hoskins OPERATOR __F. Reid

D. Kelley NOTES C.H. Bishop

D. Pollock C.S. Bishop, N. Eidson
TRANSMITTING SCHEDULE Transmit 50 minutes, off 10 minutes,

RECEIVING CONDITIONS _Clear, dry, added atmospheric noise with sunset.

INITIAL DISTANCE FROM GROUND ZERO_________ ANGLE UNITS 28=grads pistaNnces_Feet
L o D AH D — AH
50 8.6 275.35 +1,12 27,23

55 9.0 289.20 +1.1) 288.06
60 10.2 277.66 +1.25 276.41
65 10.5 292.01 +1. 44 290.57
70 10.7 308.45 +1.49 306.96
75 11.5 306.89 +1.38 - 305,51
80 12.7 295.06 +1.54 293.92
85 13.3 299.25 +1.57 297.68
90 1.0 300.37 +1.65 298.72
95 14.55 30l.54 +1.63 302.91
100 16.3 28l . 4yl +1.82 282.62
105 16.3 298.66 +1.83 296,83
110 18.6 271.74 +1.88 269,86
115 19.3 272.97 +2.03 270.94
120 19.1 288.07 +2.18 285.89
125 20.2 282. 36 +2.05 280.31
130 21.0 281.42 +2.03 279.39
135 21.15 289.96 +2.06 287.90
140 Zilat 292.30 +2.27 290,03
1y5 22.1 296,67 +2.49 290,18
150 22.6 299.35 +2.56 296.79
Avg=289.03
Std=11.01

SHEET OF




PROJECT __Radio locator accuracy evaluation DATE _11-1-75

UNDERGROUND LOCATION #19, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #19
UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR K. Hoskins OPERATOR C.S. Bishop

D. Kelley NOTES C.H. Bishop

D, Pollock N. Eidson, F. Reid
TRANSMITTING SCHEDULE Transmit 50 minutes, off 10 minutes.

RECEIVING CONDITIONS Clear, dark. Increased atmospheric noise but not

excessive. Weak signal, wide null.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITs 29=grads pjstances_Feet
L (3] D AH D - AH
50 8.8 268.99 +0.6l 268.35
55 9.9 262,41 +0.77 261.6l
60 11.5 245.51 +0.80 2l . 71
65 12.3 248.15 +0,82 2733
70 12.8 256. 041 +0.92 255.52
75 12.6 279.27 +1.08 278.19
80 14.2 263.07 +1.12 261.95
85 15.1 262,09 +1.1) 260,95
90 15.1 277.50 +1.35 276.15
95 15.2 290.89 +1. 30 289.59

100 16.8 275.46 1,26 27M.20
105 16.9 287.42 +1.49 285.93
110 18.5 273.32 +1.3l 271.98
115 18.9 279.23 +1.35 277.88
120 19.6 280.12 +1,38 278.74
125 19.8 288.58 +1.4h 287.14
130 19.9 271.48 +1.49 296.99
Avg=271.60
Std=1l. 71

SHEET OF.




PROJECT Radio locator accuracy evaluation DATE 11-1-75

UNDERGROUND LOCATION #21, Silliman Avenue, Mammoth Cave, Kentucky

SURFACE LOCATION #21

UNDERGROUND PARTY MEMBERS: SURFACE PARTY MEMBERS:
OPERATOR ___K. Hoskins OPERATOR Y. Reid

D. Belley NOTES C.S. Bishop

D. Pollock C.H. Bishop, N. Eidson

TRANSMITTING SCHEDULE __Transmit 50 minutes.

RECEIVING CONDITIONS Very weak signal. Atmospheric noise has not increased

since sundown.

INITIAL DISTANCE FROM GROUND ZERO________ ANGLE UNITS_20=gradspigtances Feet
L o D AH D - AH
50 8.8 268,99 +0.69 268. 30
55 9.0 289.20 +0.76 288.04)
60 9.6 295.41 +0.75 29l..66
65 10.5 292.01 +0.77 291.2l
70 11.8 278.93 +0.97 277.96
75 12.1 291.21 +1.04 - 290.17
80 13.1 286.12 +1,06 285.06
85 13.1 304.00 +1.19 302.81
90 13.8 304.91 +1.34 303.57
95 15.15 291.90 +1.41 290.49

100 15.5 299.97 +1.95 298.02
105 16.2 300.61 +1.80 298.81
110 16.2 314.93 +1,65 313.28
115 17.3 307.04 +1.82 305.22
120 18.1 305,26 +2.10 303.16
125 18.9 303.51 +2,11 301.40
130 19.7 301.78 +2.17 299.61
135 20.4 301.68 +2,29 299.39
140 20.8 306.27 +2.55 303.72
145 2l1.7 302.74 +2,61 300.13
150 20.9 326.42 +2.67 323.75
Avg=297.22
Std=8.31

SHEET OF _




