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AIRBORNE RADIOACTIVITY SURVEY OF THE RED DESERT

REGION, SWEETWATER COUNTY, WYOMING

by

R. A. Nelson, W. N. Sharp, and F. W. Stead

ABSTRACT

An airborne radioactivity survey of a selected area in the Red

Desert, Sweetwater County, Wyoming, containing outcrops of radioac-

tive lignites and shales of known surface extent and uranium content,

was flown on flight lines at three levels, respectively 250, 500, and

1,000 feet above the ground and spaced at one-quarter mile intervals.

Measurements from three identical dual-channel radiation detectors

were simultaneously recorded to obtain data at various distances from

natural radioactive sources of known configuration. The radiation

intensity measurements were fully corrected for all extraneous effects

and were compiled as profiles of radiation intensity, as an isoradio-

activity contour map, and as curves showing the relationship between

radiation intensity and distance from the source.

The experimental results conform to the relationship for a broad

source eanA rather than to the relationship for a point source e"No.

Differentiation of a broad source of low radiation intensity from a

smaller broad source of somewhat greater radiation intensity might be

achieved by comparing measurements at two different flight levels or
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by analyzing the ratio between the amplitude and half breadth of a

given anomaly; further data are needed to clarify this possibility.

At a nominal 500-foot flight level and at 150 miles per hour, an

airborne survey can successfully delimit a minimum area of 2,000

square yards of radioactive lignites, where the lignites contain

0.01 or more percent equivalent uranium and where-the surrounding

area contains 0.004 or less percent equivalent uranium. Relatively

complete coverage of an area under survey can be obtained by spacing

flight lines at j-mile intervals and at a nominal 500-foot flight

level. The correlation between the isoradioactivity contour map of

the 250-foot flight level and the distribution of the radioactive

lignites as shown on the geologic map was good. An isoradioactivity

contour map can be more quickly and cheaply compiled from airborne

radioactivity measurements than from ground survey measurements. In

conclusion, airborne radioactivity surveys are entirely feasible for

the detection of anomalous areas and are relatively rapid and inex-

pensive in comparison to ground surveys; the present limitations of

airborne surveys to a height of not more than 1,000 feet above the

ground and to relatively gentle topography may be lessened by fur"

ther development of equipment and amassing of basic data.



7

INTRODUCTION

An airborne radioactivity survey of a selected area of 32 square

miles in the Red Desert region, Sweetwater County, Wyoming (fig. 1),

was completed in October, 1950. The major objective of this detailed

survey was to acquire sufficient data for evaluating the limitations

and practicability of airborne radioactivity surveying. The survey

was made in cooperation with the Oak Ridge National Labcaatory on

behalf of the U. S. Atomic Energy Commission.

The feasibility of making rapid radioactivity surveys of large

areas with radiation detectors mounted in aircraft was first inves-

tigated by the Geological Survey in 1948. After preliminary tests

of instrument response and performance, the first airborne radioac-

tivity survey was made of a limited area in the Red Desert region,

Wyoming. Selected for minimum topographic relief, this area offered

outcrops of lignites and carbonaceous shales of known radioactivity

in. a variety of geometrical configurations along a belt about 16

miles long and 2 miles wide. The objectives of this first survey

were to determine, first, the minimum detectable amounts or concen-

trations of radioactive materials and, second, the relationship of

the radioactivity measurements to the position of the aircraft in

respect to the ground sources. The results of this phase of develop-



ment have been reported by F. W. Stead J.

J Stead, F. W., Pro ress on detection of radioactivity by air-
borne equipment: U. S.Geol. --"vey Trace Elements Investigations
Rept. 83, September 1949.

Based on the knowledge and experience gained from the first sur-

vey, the second and more comprehensive survey herein described was

planned and carried out. A flight belt 2 miles wide and 16 miles

long was flown at 250-foot, 500-foot, and 1,000-foot levels along

seven flight paths.

Specific objectives

The second airborne radioactivity survey of the Red Desert

flight belt was made with the following specific objectives in mind:

1. To correct all airborne radioactivity measurements for

variations in speed of the plane, for instrumental lag in record-

ing of the radioactivity measurements, and for differences in

sensitivity among the three radiation detectors used in the

survey.

2. To determine the resolution of airborne radioactivity

measurements at various distances above the ground by comparing

a given anomaly as measured at the 250-foot, the 500-foot, and

1,000-foot flight levels.
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3. To prepare an isoradioactivity contour map for the

250-foot flight level from the corrected radioactivity data.

4. To correlate the airborne radioactivity measurements

for the 250-foot flight level, as shown by the isoradioactivity

contour map of the selected area, with the distribution of the

radioactive source beds, as shown by the geologic map of the

selected area.

5. Ultimately, to establish the practicability and limi-

tations of airborne radioactivity surveys as a means of rapid

reconnaissance for radioactive raw materials.

Geologic setting

The Great Divide Basin of south central Wyoming is a slightly

irregular topographic basin, several thousand square miles in ex-

tent, and dotted with many playas of an interior drainage. The

area averages 6,500 feet in altitude and is made up of broad flat

expanses, broken and left in relief above wide drainage basins and

channels.

The Basin is underlain by several thousand feet of nearly hor-

izontal, slightly undulating Tertiary sediments. The rocks that

crop out and form the geologic section are the Green River-Wasatch

group, lower middle Eocene; the Bridger formation, upper Eocene, and

the Chadron formation, Oligocene. The Green River-Wasatch group is
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probably 2,000 feet thick in the Great Divide Basin. Only the lower

parts of the group, the Cathedral Bluffs sandstone and the Tipton

tongue shale members, are represented J.

J Nace, R. L., Geology of the northwest part of the Red Desert,
Swe P+a-+r and Fremont counties, Wyoming: Wyoming Geol. Survey
Bull. 27, 1939.

The Green River-Wasatch group includes several beds of lignite

and carbonaceous shale that contain about 0.01 percent uranium J.

J Smith, E. E., The eastern part of the Great Divide Basin coal
field, Wyoming: U. S. Geol. Survey Bull. -341b, pp. 220-24.1,07.

These beds which range up to twenty feet in thickness are extensively

exposed in the erosion cliffs that wind through the country. On a

planimetric map these exposures appear as thin wandering belts (see

fig. 1) that widen or narrow dependent upon the angle of the slope

cutting the beds.

TECHNIQUE OF MEASUREMENT

The intensity of gamma radiation was measured by three dual-

channel radiation detectors mounted in a Douglas DC-3A airplane in

a position to obtain the minimum of shielding from the skin and

structural members of the airplane. Each detector consisted
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of a bundle of nineteen 1 by 14-inch Geiger-Mueller tubes arranged

in a hexagonally close-packed array and a counting-rate meter which

continuously recorded with the total-minus-coincident count, the

T-C channel, and the cosmic or coincident count, the C channel.

The bundles of tubes were shielded on top and side by 1.0 inch of

lead to decrease the soft component of cosmic radiation.

Each counting-rate meter provided four ranges of sensitivity

on the total-minus-coincidence channel differing from each other by

a factor of two. The most sensitive range corresponded to about

25 counts per second for full-scale deflection of the recording meter.

All meters were calibrated in terms of milliroentgens per hour, micro-

grams of radium at one foot, and counts per second.

The position of the aircraft was continuously recorded by a

radar altimeter and by a gyrostabilized continuous-strip camera.

The graphic records of these two instruments and of the dual-channel

radiation detectors were correlated by synchronized check marks on

each record chart and on the continuous-strip photograph. A given

point on the photograph could be correlated precisely with measure-

ments vertically above that point by use of the synchronized check

marks.

The area selected for the survey was a rectangular strip about

2 miles wide and 16 miles long in the Red Desert of Wyoming, north

of Wamsutter (fig. 1). The flight map for pilot guidance consisted
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of aerial photographs (1:31,680) on which were drawn 7 flight lines par-

allel to the length of the strip and 1/4 mile apart, except for the two

outside lines which were 1/2 mile from the adjacent lines. Each line was

flown in both directions at the 250-foot, 500-foot, and 1,000-foot flight

levels. The relatively small deviation of the actual from the proposed

flight line is shown in figures 5 and 6, where the actual path of the

plane is plotted from the continuous strip-film Sonne camera photographs.

Rectification of measurements

The rectification of the airborne measurements includes: (1) chang-

ing the curvilinear coordinates of the record charts to rectilinear coor-

dinates; (2) adjusting the horizontal scale of each individual record to

the scale of the base map of the area (1:31,680), including herein adjust-

ing for variations in ground speed of the aircraft; (3) correcting for

variations in electrical zero of the counting-rate meters and in mechan-

ical zero of the graphic milliameter; and (4) adjusting the deflections

on the total-minus-coincidence channel of each counting-rate meter to a

common scale expressed in counts per second. The rectified measurements

of radiation intensity hereafter will be termed "profiles."

The profiles obtained by rectification of data still retain the

variation in counting rate or deflection attributable to statistical

fluctuation and also the lag in recording attributable to the individ-
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ual time constant of each instrument. Profiles obtained simultaneously

from the three detectors for flight line 2 for the southward 250-foot

flight level are shown in figure 2; these profiles exhibit both statis-

tical fluctuation and lag in recording. It will be noted that instru-

ment No. 4 records a peak of radiation intensity much later than instru-

ments No. 7 and No. 8, even though all instruments were designed with

the same theoretical time constant.

To utilize the profiles for the preparation of an isoradioactivity

contour map, it was necessary to smooth the curves by applying an aver-

aging procedure to reduce the variations due to statistical fluctua-

tions in each detector. Also, the apparent shift in the position of

a particular anomaly between the profiles of the three detectors, due

largely to differences in the time constants of the three instruments,

had to be adjusted in the smoothed profiles by shifting the curves

laterally along the base line so that the position of the major anom-

alies coincided. The extent of shifting of anomalies along the base

line was determined by comparing the relative positions of a charac-

teristic anomaly on flight lines flown in opposite directions. The

smoothed and adjusted profiles for flight line 2 for the southward

250-foot flight level are shown in figure 3; the overall effect of

smoothing and adjusting the profiles can be seen by comparing figures

-2 and 3.



14

RESOLUTION OF AIRBORNE RADIOACTIVITY EASUREMENTS

The resolution achieved by the airborne detection equipment is

discussed under three headings: (1) statistics of continuously re-

cording counting-rate meters; (2) shape of anomalies; and (3) effect

of distance above ground.

Statistics of counting-rate meters

The fractional standard deviation of the continuously recording

counting-rate meter is given J by the expression:

J Schiff, L. D. and Evans, R. D., Rev. Sci. Inst., vol. 7,
pp. 456-462, 1936.

Kipp, A. F., Bousquet, A. G., Evans, R. D., and Tittle,
C. W., Rey. Sci. Inst., vol. 17, pp. 323-333 and 515, 1946.

where Qm = The specific charge q per pulse times the average
number of pulses ARC occurring in one time constant
RC of the tank circuit

T = The time during which the rate meter is observed

(Q) q_ = The standard deviation of a single instan-
Vt2 taneous reading and "A" is the constant

average rate of randomly distributed input
pulses
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The profiles resulting from the rectification of the original E-A record

chart were smoothed by averaging the fluctuations over an interval of

six seconds, i.e., six times the time constant (RC) of the meter.

Substituting this value of T in the formula, the fractional stan-

dard deviation of the smoothed curves is about S percent for the aver-

age background count of about 20 counts per second, and the standard

deviation is about two counts per second. For a deflection to indicate

an anomaly or a significant change i. radiation intensity with fair

certainty, it should be at least twice the standard deviation or about

5 counts per second. This quantity, 5 counts per second or 0.82 x

10-3mr/h, ws chosen as the contour interval for the isoradioactivity

contour maps.

Shape of anomalies

To determine the theoretical shape of an anomaly, the radiation

intensity from a point source as a function of horizontal distance

from the source was calculated for the 250-foot, 500-foot, and 1,000-

foot flight levels; the resultant curves are shown in figure 7 (a)

on the same horizontal scale as the other maps and profiles. In com-

piling these curves, the general relationship 8 - , as eglained
h

below under effect of distance from source, was used. The vertical

scale is in arbitrary units showing only relative intensity at the

three flight levels in correct proportions. The anomalies, or peaks,
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become relatively broader and lower with increase in altitude.

The width of the anomalies at points corresponding respectively

to one tenth, one quarter, and one half of maximum amplitude is given

in Table 1. For the three flight levels, values of these widths are

given in units of feet and miles and of time required for the airplane

to traverse the distance at an airspeed of 150 miles per hour. The

relative broadening of anomalies with increase in distance from source

may also be seen quite clearly in figure 8 in which the curves of

figure 7 (a) have been replotted to a horizontal scale expanded by

a factor of about six. For example, the width of the anomaly at 1/2

its maximum amplitude is shown in figure 8 by line AA' for the 250-

foot level and line BB' for the 500-foot level.

From these figures, it would appear that anomalies resulting

from point sources separated along the line of flight by at least

the distance corresponding to the peak width at 0.1 maximum ampli-

tude, i.e., at least 1,100 feet, 1,800 feet, and 2,800 feet at flight

levels respectively of 250, 500, and 1,000 feet, should be resolved.

However, if the sources are separated only by distances corresponding

to the peak widths at 1/2 maximum amplitude, i.e., 435 feet, 786 feet,

and 1,340 feet for flight levels respectively of 250 feet, 500 feet,

and 1,000 feet, the separate peaks tend to merge into one. This is

illustrated for the 250.-foot flight level in figure 7 (b) showing

the calculated radiation intensity from two equal point sources sep-



Table 1

Width of radiation intensity peaks at points corresponding

to 1/2, 1/4, and 1/10 of maximmun apmplitude for different flight levels

H

1/10 maximum amplitude 1/4 maximum amplitude 1/2 maxims amplitude

Flight Flight Flight
level Width time Width time Width time

feet feet miles seconds feet miles seconds feet miles second;

250 1,100 .21 5 705 .134 3.2 435 .0824 1.98

500 1,800 .35 8.2 1,230 .233 5.6 786 .149 3.57

1,000 2,800 .53 12.7 2,040 .386 9.6 1,340 .254 6.1



arated by 435 feet. Along the line of flight, the single principal

anomaly is surmounted by two subsidiary peaks having amplitudes about

one-tenth that of the principal peak and separated by about the same

distance as the sources. These twin peaks could be distinguished

provided that:

(1) Their amplitudes were greater than the statistical

fluctuations. This would not be true in the present survey as

the standard deviation of the counting-rate meter for the observed

principal peaks is about * 5 counts per second, thereby concealing

any small subsidiary peaks that would theoretically be only 3

counts per second.

(2) The time constant were small enough to enable the in-

strument to follow such rapid variations successfully. For the

250-foot flight level the separation of the subsidiary peaks by

only 435 feet is equivalent to 2-second flight time, whereas the

time constant of the dual-channel radiation detectors is about 1

second. It is evident that this particular case is very close to

the extreme limit of discrimination. Thus, the amplitude of the

two small peaks would be reduced at least to a half due to the

ratemeter lag alone. For higher flight levels the half-value

width increases correspondingly so that the assumed distance be-

tween the two sources is also greater and the instruments, con-

sequently, having more time in which to respond, will be able
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to follow the intensity variations more closely. This improve-

ment in resolution, however, is offset by the decrease in total

radiation intensity with increase in distance from sources.

In the light of the foregoing discussion, it may be concluded

that, from the shape of anomalies actually measured in the Red Desert,

no evidence was obtained for any point sources. The more pronounced

anomalies at the north end of the profiles shown in fig. 2 are due

to broad sources or to a succession of small closely-spaced point

sources that cannot be resolved. The less pronounced anomalies along

the profiles in fig. 2 are too broad to be due to point sources and,

in addition, are too near the magnitude of the statistical fluctua-

tions to be given much weight. Even in the case of these less pro-

nounced anomalies, it is interesting to note the fairly good agree-

ment among the records from three radiation detectors, except for an

apparent variable shift of the records relative to each other along

the flight lines. This shift has not as yet been entirely explained.

Another distinction and possible means of discrimination between

point and broad sources involves the relationship between radiation

intensity and distance above source and is discussed in the following

section.
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Effect of distance above source

The relationship between radiation intensity and distance above

source provides another possible means of discriminating between a

point source and a broad source.

In the cooperative development of the technique of airborne ra-

dioactivity surveying by the U. S. Geological Survey and the Oak Ridge

National Laboratory, it was early noted that empirical measurements

of the radiation intensity from known sources of varying geometric

configuration did not accord with the radiation intensities predicted

for various distances above the ground on the basis of the classical

theory. The Oak Ridge National Laboratory has investigated the sig-

nificance of the discrepancies between the empirical and theoretical

results and has found that such discrepancies can be explained in

large part by the build-up factor for scattered radiation from the

particular source.

Based on these findings, it can be shown that the build-up fac-

tor of scattered over primary radiation is proportional to the height

h above the point source up to 1800 feet above the source and at very

large distances approaches a value h1.4. Allowing for a build-up

factor proportional to the height h, the attenuation with height for

a point source should follow the general relationship

(1) __

h
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where /4 is the linear absorption coefficient for air and h is the

distance from the source.

This relationship was verified exerimentally by plotting on semi-log

paper the measured radiation intensity multiplied by the height h ver-

sus height h. This plot yielded a straight line for heights up to

about 1800 feet, from the slope of which the value of the linear air

absorption coefficient, l., was obtained. In the height region in the

neighborhood of 500 feet above a 2 gram radium source, the mass absorp-

tion coefficient was 0.071 cm2/gm, agreeing with the theoretical value

for a gamma-ray energy of 0.8 mev which is the average energy of the

gamma rays from radium and its decay products.

For a pitchblende stockpile source and for heights ranging from

500 to 1800 feet, the corresponding value was 0.0564 cm2/gm, which is

the value used in the calculations in this report.

For a uniformly distributed source in the ground, an integration

over an area very large compared to the height above it or subtending

a solid angle of essentially 2W'at the airplane, yields a relationship

of the form

(2)

In figure 9, equations (1) and (2) above are plotted on se -log

paper as curves (1) and (2) respectively. Only the slopes of these

curves are of interest in the present discussion, and the position

of the curves on figure 9 has been selected to permit ready comparison

with the curves for the experimental data.

The experimental data for comparison with the theoretical curves

were obtained from three flight lines for which complete profiles were
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available at all three flight levels. The most significant anomalies

on these profiles are shown in figures 10, 11, and 12. On each of

the three flight lines, the profiles for the different flight levels

agree surprisingly well among themselves with respect to shape, width,

and position of the more pronounced anomalies. It should be emphasized

that in figures 10, 11, and 12 the comparison is among the profiles

from the same instrument at three different flight levels and neces-

sarily, therefore, on different flights. This is in contrast to fi-

gure 2 in which the comparison is among the profiles from three dif-

ferent instruments operating simultaneously at the same flight level

on the same flight.

In figure 9 the radiation intensity for the largest anomaly on

each of the three flight lines shown in figures 10, 11, and 12 is

plotted as a function of distance above the ground. These radia-

tion intensity values were derived from the profiles by obtaining

the net counting rates for the largest anomaly shown in figures 10,

11, and 12; the net counting rates were obtained by determining for

each anomaly the total areas under the profiles between the vertical

dashed lines in figures 10, 11, and 12 and subtracting from the total

areas the contribution from cosmic and internal radiation. The ra-

diation intensity values so obtained were plotted logarithmically

versus distance above ground. As a rough approximation the average

values lie on straight lines for which curves (3) and (4) in figure

9 represent about the maximum and minimum in slope.
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Comparing the slopes of experimental curves (3) and (4) with

those of the theoretical curves (1) and (2), it is obvious that the

experimental data follow the expression for a broad source, curve

(2), more closely than that for a point source, curve (1). This

may be seen also in table 2 where values for the effective half-thick-

ness of air obtained from each of the curves of figure 9 are summarized.

Inasmuch as the curve for a point source when so plotted is not a

straight line or, expressed differently, as the half-thickness for

air absorption is not constant, average half-thickness values over

successive short ranges are indicated on curve (1) by brackets.

The comparison of the theoretical curves with the experimental

curves demonstrates that the reduction in radiation intensity with

distance above the ground for broad sources of low intrinsic acti-

vity, such as occur in this regionfollows a different law than for

small sources of high intrinsic activity and, therefore, it should

be possible to distinguish between broad and small sources by flying

at two or more different levels and determining which law is followed

by the observed response.

ISORADIOACTIVITY CONTOUR MAPS

Isoradioactivity contour maps for the 250-foot flight level were

compiled to facilitate correlation of the airborne data with the aerial

extent of the radioactive materials as shown on the geologic map of the

area (fig. 1).
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Table 2.-Gainma.-ray absorption half-thickness
of air for sources of different shapes

Theoretical
(for sources of arbitrary intensity)

Rarge
(feet)

Effective
half-thi ckness

(feet)

Point source

From plot of

220-354
354..536
536-755
755-1, OO

Broad source

From plot of

or h = -. 693orh/4

y = e- h

437

where / = 5.20 x 10- 5 /2cm1

Experimental

Effective
half-thickness

(feet)

Anomaly line 4-S about 4iSO

about 690Anomaly lines 3-S and 2-.N

P_ P is the linear air coefficient at the flight altitude of 6,500
feet, calculated from the mass air absorption coefficient of
0.0564 cm2/gm for a pitchblende stockpile source. (See page 21.)

Source

Y =h
h

134
182
219
253

Source
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In constructing the isoradioactivity contour maps, an arbitrary

contour interval of 0.82 x 10-3 milliroentgens per hour (or 5 counts

per second) was selected. Intersections of contour intervals with

the smoothed profiles were then plotted as points on the base map and

labeled with their appropriate intensity value. To aid in proper

placement of the contour lines, profiles of the instrument record

for each flight line were assembled to form a fence diagram (fig. 4).

Using this as a guide, the points of equal activity for each contour

interval were joined in correct relationship to form the isoradioac-

tivity map.

The two activity maps for the 250-foot level, figures 5 and 6,

are compiled from the northward and the southward flights respectively.

CORRELATION OF AIRBORNE RADIOACTIVITY MEASUREMENTS
WITH RADIOACTIVE SOURCE BEDS

The correlation of the position of airborne radioactivity anomalies

with areal distribution of the radioactive beds as determined by ground

surveying and sampling is good. The isoradioactivity contour map for

the 250-foot flight level expresses the general pattern of the radio-

active lignite exposures both in the northward and southward flights.

This may be seen by comparing the contour maps, figures 5 and 6, with

the geologic map, figure 1.

On the profiles the general shape, width, and position of the

anomalies are repeated fairly well at all three flight levels. Cer-
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tain discrepancies in position of anomalies in relation to the out-

crop of the lignite are reflected in all profiles; however, the more

pronounced anomalies at all flight levels can be clearly correlated

to lithologic units of known radioactivity on the ground.

The apparent discrepancies in position between the airborne

anomalies as shown on the isoradioactivity map and certain of the

lignite outcrops as shown on the geologic map are explained bys (1)

the radioactive lignite beds are for the most Dart exposed in cliff

faces and are partially covered with talus from above; (2) the lig-

nite beds add their share to the talus below the outcrop; (3) the

lignite has in many places been burned to form "clinker," which is

widely scattered below the burned outcrops and may contain as much

as 0.2 percent equivalent uranium. For these reasons the outcrop

of the lignite as shown on the geologic map is an approximate, not

a precise, area of the radioactive source materials. Consideration

was given to preparing a relatively accurate isoradioactivity map

of the 32 square miles by ground surveying, but, assuming an average

spacing of 250 feet for observations, the requirements in terms of

labor were excessively high, totalling roughly 4 man years. The

geologic map showing the outcrops of the radioactive lignites and

black shales is essentially a compromise insofar as it represents

the outcrops proper and does not represent precisely the distribution

of the source materials; it is probable that the isoradioactivity map
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for the 250-foot flight level presents a truer picture of the actual

distribution of radioactive materials on the ground surface than does

the geologic map.

CONCLUSIONS

As confirmed by the empirical and theoretical curves for the ra-

diation intensity above a point and a broad source, the attenuation

of radiation intensity follows the general relationships for

a point source and e-Ph for a broad source when allowance is rmade for

a build-up factor for scattered radiation proportional to the height

h. For the Geiger-Mueller radiation detectors used in this survey,

the build-up factor is significant for the height region of interest

from 250 to 1,000 feet above the ground.

Based on previous and present data, natural radioactive sources

do not occur in point source configurations but rather in limited

broad source configurations. This implies at first glance that dis-

tinguishing a relatively limited broad source of medium intensity

(a lignite bed) from a larger broad source of lesser intensity (a

granite outcrop) would not be possible inasmuch as the total radia-

tion intensity from the two different sources might be the sane at

a particular ooint distant from the source. However, when the meas-

urement of the radiation intensity is not a point measurement but is

a continuously recorded measurement along a line of observation, the
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ratio between the amplitude of an anomaly and the breadth of the

anomaly at one-half of the amplitude may serve to differentiate a

limited broad source of interest (a thousand square yard or there-

abouts) from a much extended broad source of little interest (tens

of thousands of square yards). Such a differentiation is completely

analogous to the interpretation of anomalies on gamma-ray well logs

where it has been shown possible to distinguish thick layers of low

grade material from thin layers of high grade material. Further em-

pirical data are necessary to bring the interpretation of airborne

measurements to the state reached in the interpretation of gamma-ray

logging.

Analysis of the airborne radioactivity measurements in conjunc-

tion with ground survey and sampling shows that the airborne survey

can delimit clearly an area as small as 2,000 square yards containing

0.01 percent equivalent uranium where the surrounding area contains

0.004 percent or less equivalent uranium. Such surveys can be made

at a nominal flight level of 500 feet above the ground and at 150

miles per hour. Based on actual flight data as well as on theoreti-

cal considerations, flight lines can be spaced at -- mile intervals

to obtain reasonably complete coverage of an area under survey; this

is possible because at a nominal 500-foot flight level the aircraft

is roughly 850 feet from the edge of the j-mile belt, well within

the distance at which satisfactory measurements can be made.
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The correlation was good between airborne radioactivity measure-

ments for the 250-foot flight level, compiled as an isoradioactivity

contour map, and the geologic map of the flight belt, showing the

outcrops of the radioactive lignites and including limited ground

radioactivity surveys and sampling to confirm the equivalent uranium

content.

In regard to the practicability of airborne radioactivity sur-

veying, satisfactory detection and location of relatively small anom-

alous areas ce.n be achieved at a rapid rate of coverage and at a

reasonably low cost per square mile surveyed as was shown by the pub-

lished survey j of northern Michigan. Should it be desired to produce

J Airborne radioactivity survey of parts of Marquette, Dickin-
son, and Baraga Counties, Michigan: U. S. Geol. Survey, July 1950

an isoradioactivity contour map of a given area such as the Red Desert

flight belt of 32 square miles, such a map could be compiled from

airborne survey data more rapidly and more cheaply than could be done

from ground survey data. Two obvious limitations on airborne survey-

ing are that: first, with the existing radiation detection equipment,

the surveys must be made at distances not much exceeding 1,000 feet

from the ground; and, second, where the distance from the ground varies

rapidly and widely as in surveying rugged terrain, interpretation of

the recorded radiation intensity in terms of the ground source is
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made difficult by the variations in radiation intensity introduced

solely by the change in distance from the source. The first limi-

tation may be lessened by the development of more efficient radia-

tion detectors with better resolution. The second limitation may

be largely overcome by the development now underway of an automatic

correction of the measured radiation intensity for variation in

distance from the source; this correction factor is based on the

empirical data obtained over various sources, over the ocean, and

at various altitudes above sea level, but much additional data are

required on the absorption and scattering of gamma radiation to fill

gaps in our present knowledge.
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FIGURE 4

1

FENCE DIAGRAM OF RADIATION PROFILES
Flight line: 1-7

Flight direction: south
Flight level: 250 feet

Vertical scale shows radiation intensity in mr h x 103

Horizontal scale in miles
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FIGURE 8
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