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PROGRESS IN AIRBORNE RADIOACTIVITY SURVEYING

By F. W. Stead

ABSTRACT

The objectives in the investigation of airborne radioactivity

surveying during fiscal year 1951 were: 1) Establishment of a routine

technique of airborne radioactivity surveying -- completed by incorporat-

ing those phases of the aeromagnetic surveying technique that were

applicable; 2) Development of automatic correction of the radiation

measurement for variation in distance from source -- achieved by using

the radar altimeter output to modify the output of the counting-rate

meter in accordance with the observed variation of radiation intensity

with distance from a source; 3) Development of more efficient radiation

detectors -- including large scintillation detectors (6 2-in. thick by

4-in. diameter sodium iodide crystals) and newly developed counting-rate

computer. A total of 10,630 traverse miles was flown in 22 areas; radio-

activity anomalies of possible interest were noted in 6 areas. During

fiscal year 1952, approximately 45,000 traverse miles will be flown as

joint aeromagnetic-radioactivity surveys.
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INTRODUCTION

During fiscal year 1951, the airborne radiation-detection

project had three major objectives, namely, the establishment of a

routine technique of airborne radioactivity surveying, the devel-

opment of an automatic correction of the radiation measurement for

variation in distance from source, and the development of more effi-

cient radiation detectors. Progress during the year is summarized

under these three headings; the areas surveyed and future plans are

presented in following sections.

ESTABLISHMENT OF TECHNIQUES

The establishment of a routine technique of airborne radio-

activity surveying was completed by incorporating those phases of

the aeromagnetic surveying technique that are applicable. As

explained in the Progress Report of Aeromagnetic Projects for

January 1951, attached hereto as an Appendix, the compilation pro-

cedure leading to a complete report on an airborne survey is broken

down into 30 steps; each step is identified by a code number and

corresponding work description. With but a few exceptions, these

steps are common to aeromagnetic and airborne radioactivity surveys.

Dependent upon the desired form of the report on a given airborne

radioactivity survey, the steps required to prepare the report can
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be much curtailed or can include essentially the complete sequence

of steps.

For example, where it is desired to prepare the report for publi-

cation as a "red-ball" map, as was done for the radioactivity survey

of northern Michigan, the following steps were required:

Code No. Work description

1. Ordering aerial photos and maps of proposed job area.

2. Assembling photos and maps.

3. Drawing proposed flight lines on photos and maps.

4. Assembling duplicate sets of photos or maps for use

by observer.

Field work-actual surveying in Michigan

5. Cutting and labeling strip film.

6. Checking strip-film numbers against log-book numbers.

7. Labeling E. A. Tape to coincide with strip film.

8. Plotting traverse and base-line check points to aerial

photos.

11. Transferring check points from aerial photos to base

maps.

16. Editing E. A. Tape for calibrations, maximum and

minimum values, and base changes.

18. Calculating drift and lag on rectified base-line

profiles.

'19. Computing lag on E. A. Tape.
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Work description

29. Editing final map.

30. Drafting final map -- requires for "red-ball" map

approximately 10 percent of average time in man-days

per flight mile shown on bar graph in Appendix.

The steps omitted include work necessary to adjust for diurnal and

other changes in the earth's magnetic field and to assemble data for

profiling and contouring. Based on time studies of the compilation

procedure, the time required for this type of reporting would be 78

man-days per 1,000 traverse miles.

Where it is desired to transmit data on the location of a radio-

activity anomaly to field parties in the simplest possible manner, as

was done for the airborne radioactivity survey of Wyoming in October

1950, the required steps were:

Code No. Work description

1. Ordering aerial photos and maps of proposed job area.

2. Assembling photos and maps.

3. Drawing proposed flight lines on photos and maps.

4. Assembling duplicate sets of photos or maps for use

5.

6.

7.

$.

by observer.

Field work?-actual surveying in Wyoming

Cutting and labeling strip film.

Checking strip-film numbers against log-book numbers.

Labeling E. A. Tape to coincide with strip film.

Plotting traverse and base-line check points on aerial

(J FICIAL USE ONLY
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Code No. Work description

8 Contd. photos, including the approximate location of anomalies

obtained from two following steps, 16 and 19.

16. Editing E. A. Tape for calibrations, maximum and

minimum values, and base changes.

19. Computing lag on E. A. Tape.

In this case, a number of time-consuming steps were omitted, and one

of the two sets of the aerial photos used for the airborne survey

was transmitted to the field party examining the area. The total

time required for this type of reporting would be roughly 54 man-days

per 1,000 traverse miles.

Where preliminary and rapid evaluation of the radiation measure-

ments in an area does not indicate any significant anomalies, complete

compilation of data has not been undertaken. Support for this course

of action is based on the full rectification and preparation of pro-

files for the Thompsons area, Utah, which showed no gain in clarity

of interpretation although this work did establish the limits of

variation beyond which some degree of rectification was desirable.

AUTOMATIC CORRECTION FOR DISTANCE

The automatic correction of the radiation-intensity measurements

for variation in distance from the source was developed to overcome

the limitation placed on airborne radioactivity surveying by the

variation in observed radiation intensity accompanying variation in

the distance of the plane above the ground. Proper interpretation

OFFICIAL USE ONLY



OFFICIAL USE ONLY

9

of the radiation-intensity measurements in relation to ground sources

can be achieved by a point-to-point comparison between the radiation-

intensity record and the radar-altimeter record and then computing

the required correction from response curves for cosmic and source

radiation; however, such comparison is time consuming and tends to

be qualitative.

To achieve an automatic correction of the radiation-intensity

measurements for variation in distance from the source, the radar-

altimeter output was utilized to modify the output of the counting-

rate meter in accordance with (a) the variation of cosmic activity

with barometric altitude and (b) the variation of radiation intensity

with distance from the source. The basic data on the variation of

cosmic activity with barometric altitude were obtained by flights over

the ocean at least 100 miles from shore. The basic data on the

absorption of gamma radiation by air were obtained from flights over

known radioactivity sources at Knoxville and Oak Ridge, Tenn.

The automatic correction for distance was first used in the

Wyoming survey in October 1950. As presented at the Ottawa meeting

in March 1951, analysis of the Wyoming records shows that, for average

topography, the distance of the plane from the ground can vary from

250 to 1,000 feet without impairing the value of the radiation

measurements. For unusual topography, such as steep-walled canyons

where the width is about equal to the height of the walls, the radar

altimeter tends to over-correct for the change in distance from the

source; however, rapid visual inspection of the aerial photos and the
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radiation-intensity records suffices to check and correct apparent

radiation anomalies occurring at the edge of steep-walled canyons.

The use of the automatic correction for distance obviates the necessity

of a laborious point-by-point comparison of the radar-altimeter record

with the radiation-intensity records and permits direct interpretation

of the measurements where flight level varies between 250 and 1,000

feet.

DEVELOPMENT OF RADIATION DETECTORS

The development of equipment during the year has included two

phases; the firsts the development of large scintillation-type

detectors to replace the previously used Geiger-Mueller tubes, and

second, the development of an improved counting-rate computer to permit

better resolution of changes in radiation intensity.

The development of large scintillation-type detectors was actually

started in July 1950 when the first 4-inch diameter by 2-inch thick

sodium iodide thallium-activated crystal was delivered to P. R. Bell,

Physics Division, Oak Ridge National Laboratory, for testing and

mounting. Investigation by Bell showed that the large crystal was

not uniformly activated and that the efficiency of gamma detection was

below the theoretical value.(See Quarterly Repo , Physics Division,

Oak Ridge National Laboratory, October 1950.) The behavior of the

crystal was discussed by Bell with Harshaw Chemical Corporation who

promised that greater care would be taken in producing future crystals

(seven crystals for delivery on contact). Further delivery of large

OFFICIAL USE ONLY



OFFICIAL USE ONLY

11

crystals by Harshaw Chemical Corporation was considerably delayed

both by the request for greater care in selection of crystals and by

the competition for the crystal output by the U. S. Air Force, Armour

Institute, and the National Laboratories; two additional crystals

were not received by the Health Physics Division, Oak Ridge National

Laboratory, until November 1950. In February 1951, two 4-inch

crystals and associated amplifiers were installed in the plane and

flown over a one-half gram radium source at Oak Ridge; the response

of the crystals at 500 feet above the source was approximately 21:9

for signal to background ratio, essentially the same as obtained with

19 large (2 by 42 inches) Geiger-Mseller counters. The crystal

detectors and amplifiers were removed in March for further development.

In conjunction with the development of the crystal detectors

proper, the amplification system, in particular the counting-rate

meter output, was redesigned by the Health Physics Division, Oak Ridge

National Laboratory, in March and April to record individual one-

second periods of measurement, thus shortening the time constant of the

overall system and thereby minimizing, in part, the effect of large

areas of greater-than-normal rocks or soils. By use of a duel-channel

counting-rate meter coupled to an automatic one-second switching device,

the signal from an anomalous area is registered in the one-second period

immediately following the one-second period of measurement. Interpre-

tation of variation in the radiation intensity is thereby simplified and

is more precise in regard to location of anomalies.
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In early May, the modified crystal detectors and amplifiers were in-

stalled in the plane and flown over various sources at Oak Ridge; an air-

borne survey of the Oak Ridge reservation covering approximately 15 square

miles, particularly the vicinity of the X-10 area, was made for the Health

Physics Division, Oak Ridge National Laboratory. No significant improve-

ment in response of the crystals wag noted but the resolution of anoma-

lies over sources was considerably sharpened by the new amplification

system.

From May 18 to June 2, the crystal detectors were used in the survey

of the areas in Utah, Arizona, and New Mexico. Although the crystal

detectors and associated amplifiers had undergone laboratory and initial

flight testing satisfactorily, when used under field conditions for some

tens of hours, the switching mechanism of the dual-channel counting-rate

meter introduced a troublesome amount of noise resulting in erratic record-

ing of measurements; furthermore, the temperature variations encountered

on the Colorado Plateau required packing dry ice around the photomultiplier

tube (RCS 5819) to reduce the variations in gain accompanying temperature

change. The one bank of large Geiger counters remaining in the plane

served to check the response of the crystals.

The Oak Ridge National Laboratory is now modifying both the crystal-

detector mounting to permit easy packing with dry ice and the switching

mechanism of the dual-channel counting-rate meter to overcome the erratic

recording.
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AREAS SURVEYED

The areas surveyed in 1951, shown on the attached map (fig. 1), are

listed below together with an explanatory note for each area.

Area Traverse miles

Wyoming

Red Desert area, Sweetwater County Survey

of test belt of 32 square miles to determine

behavior of automatic correcting circuit where

nature of ground sources was known. 225

N. W. Riverton quadrangle, Fremont County:

Test flights to establish altitude data over lake

for proper setting of automatic correcting circuit. 225

Pumpkin Buttes area, Johnson County: Area,

recommended by Fuels Branch, Geological Survey,

containing lignites and black shales and where

active field work was in progress; fair anomalies

noted over lignite horizons suspected of con-

taining low uranium content. 750

Antelope Hills area, Fremont County: Area

contained some pre-Cambrian rocks and sedimentary

basin offering black shales; small anomalies noted

over granites probably not significant. 1,650
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Areas Traverse miles

Wyoming

Beaver Creek area, Fremont County: Area,

recommended by Fuels Branch, containing lignites

and black shales and where active field work was in

progress; no anomalies. 1,125

Dull Center-Verse area, Converse and Niobrara

Counties: Area, recommended by Fuels Branch, con-

taining black shale and lignites; no anomalies. 150

Badwater area, Fremont and Natrona Counties:

Area, recommended by Fuels Branch, containing

black shales and copper minerals and where field

work was in progress; fair anomalies noted near

abandoned copper mine and in Flathead formation

of Cambrian age. 1,000

Fish Creek.area, Fremont and Teton Counties:

Area recommended as containing black shales; no

anomalies noted. 100

Yoder area, Goshen County: Area recommended

by Fuels Branch; no anomalies noted. 200

Montana

Ekalaka area, Carter County: Recommended by

Fuels Branch, Ekalaka lignite field; no anomalies

noted. 60
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Areas Traverse miles

South Dakota

Cave Hills area, Harding County: Area, recom-

mended by Fuels Branch, containing lignites under

investigation; fair anomalies noted. 40

Slim Buttes area, Harding and Perkins Counties:

Area, recommended by Fuels Branch, containing lignites

under investigation; fair anomalies noted. 165

Lodgepole. area, Perkins County: Area, recom-

mended by Fuels Branch, containing lignites under

investigation; fair anomalies noted. 75

North Dakota

Hettinger area, Adams County: Area, recom-

mended by Fuels Branch, containing lignites under

investigation; fair anomalies noted. 15

Utah

Circle Cliffs area, Garfield County: Excepting

some small anomalies over small mines or prospects,

no anomalies were noted although the Shinarump con-

glomerate was perceptibly higher than the adjacent

formations; approximately 60 square miles surveyed

on a circular flight pattern in the absence of photo-

graphic coverage. 250

San Rafael Swell, Emery County: No clear-cut

anomalies were noted, although the Shinarump conglom-

erate was in general higher in radioactivity than the
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Areas Traverse miles

Utah--Continued

adjacent formations; approximately 100 square

miles surveyed. 450

White Canyon area, San Juan County: Area was

not suited to surveying by DC-3; excepting large

anomaly over the Happy Jack mine, no anomalies

were noted. 100

Arizona

Defiance Uplift, Apache County: Owing to

turbulent air, only one flight line was completed;

large area of Shinarump exposed. 100

Monument Valley, Apache and Navajo Counties:

Owing to turbulent air, only 7 short flight lines

were completed; no anomalies not directly related

to the Monument No. 2 claims were noted. 150

Iew Mexico

Grants area, Valencia and McKinley Counties:

Several anomalies noted in conjunction with negative

magnetic anomalies; report (TEM 161) transmitted in

August 1951. 450

Mane

Millinocket area, Penobscot Countyl Flown in

conjunction with magnetometer survey of manganese,

iron, and other metallic deposits. 2,000
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Tennessee

Oak Ridge area, Roane and Anderson Counties:

Test flights over sources, and survey of White

Oak drainage of approximately 15 square miles. 1,350

Total traverse miles lQ,630

FUTURE PLANS

It is considered that the technique of airborne surveying is firmly

established and is sufficiently flexible to permit whatever type of report-

ing is desired, that is, from a quick, on-the-spot transmittal of informa-

tion to full preparation of radiation profiles, isoradioactivity contour

maps, and base maps showing flight lines and anomalies. No further inves-

tigation of technique is planned.

Unless preliminary evaluation of the radiation measurements taken in

conjunction with the aeromagnetic surveys indicates anomalies of interest,

a statement will be made in monthly reports that an area, identified by

state, county, and miles traversed, was surveyed with negative results;

a report incorporating maps of several areas surveyed with negative results

will be transmitted at a later date, possibly on a quarter- or half-year

basis. Should preliminary evaluation indicate anomalies, a short report

incorporating a base map showing the approximate location of the anomalies

and giving the general geologic setting will be prepared immediately;

precise location of the anomalies will be made available to the field

party undertaking the ground examination by providing one or more sets of

the aerial photographs.

OFFICIAL USE ONLY



OFFICIAL USE ONLY

19

The development of the automatic correction for distance of the plane

above the source has been completed in regard to the sequence of steps

required to determine the precise correction factor for each particular

radiation detector. Much additional basic data are required to broaden

the application of the correction device to various radiation detectors

and radar altimeters, and arrangement will be made to procure the minimum

data required for the crystal detectors..

The development of the crystal detectors will be completed when seven

4-inch crystals are installed in the aircraft; only four of the seven

crystals had been delivered by the end of June 1951. Insufficient data

are as yet available to determine the relative efficiency of the crystal

detectors in comparison with other detectors such as the standard and high-

efficiency Geiger counters, where factors such as reliability, ruggedness,

size, and weight are also considered.

During fiscal year 1952, aeromagnetic surveys totalling 45,000

traverse miles are planned, and simultaneous radiation measurements will

be made in conjunction with these surveys. The nominal flight level for

the aeromagnetic surveys is determined by the probable nature of the

magnetic features; thus, some areas will be flown at 500 feet and others

at 1,000 feet. Where the nominal flight level is 1,000 feet, every fourth

or fifth line will be flown at 500 feet to permit more accurate radiation

measurements. The areas scheduled for aeromagnetic survey during the first

half of fiscal year 1952 are shown on the attached map.

Airborne surveys planned essentially as radioactivity surveys will be

directed largely toward the possible location of large-mass low-grade

deposits in granitic terranes and partly toward support of ground
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investigations where geologic inferences concerning continuity and envi-

ronment can be quickly checked by an airborne survey as was done for the

lignites in the Dakotas. Wherever possible, a geologist familiar with the

area to be surveyed will participate not only in the planning of the

survey but also in the actual survey itself to achieve a maximum coordina-

tion of information.

Tentative plans and arrangements have been discussed with the Oak

Ridge National Laboratory and other agencies whereby a cooperative inves-

tigation of the absorption and scattering of gamma radiation using a wide

variety of radiation detectors will be established on a nonreimbursable

basis. Such an investigation would provide basic data on gamma radiation

needed to confirm theoretical concepts and would also yield comparative

data on the behavior and response of various radiation detectors.
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Progress Report

AEROMAGNETIC PROJECTS OF THE GEOPHYSICS BRANCH

The accompanying maps and bar charts were prepared to give concise and readily available
information on the location, size and compilation status of the rr any aeromagnetic projects
of the Geophysics Branch. They will be kept up-to-date to aid in planning and scheduling
projects and will be reissued periodically to other Branches and to Regional Offices of the
Geologic Division.

Locations of all completed, current and proposed projects are shown on the accompanying
maps. The accompanying bar charts show the present status of each project on which work h',s
been done. The solid black on the charts shows which phases of the work have been completed,
the blank areas show work remaining to be done and the cross-hatched areas show work not
required for completion of a particular project.

The bar charts also show the number of flight miles in each project, the average time in
man-days per flight mile required to complete each phase of the field and office work, and the
approximate total time in man-days to complete each project. On the average, about 1/4 man-
day is required to complete each mile of pre-flight, field and compilation work.

It has been found expedient to break down aeromagnetic compilation into 30 steps, as
shown in the charts and as listed in the Appendix following the charts. Steps 1-4, preliminary
to the aeromagnetic flights, consist mrainly of preparing base maps and aerial photos or mosaics
to permit flying a predetermined pattern. Steps 5-17, subsequent to the flights, cover compila-
tion of the data through rectification of aeromagnetic profiles. Steps 18-26, are required for the
completion of pencilled aeromagnetic contour maps. These maps are placed on "Government
File" and ozalid prints are available to Survey geologists for official use. Steps 27-30 complete
the compilation process and lead to a corrected final aeromagnetic contour map and/or to a set
of adjusted aeromagnetic profiles.

Not all of the 30 compilation steps listed are required to complete each project. Step 27,
for example, is commonly omitted when magnetic contour maps are prepared for distribution;
and steps 23-26 are omitted when profiles only are prepared.

The aeromagnetic maps and profiles are published either as Geophysical investigations
of the Geological Survey or as outside publications, or are placed on open file for public in-
spection. They are usually accompanied by brief reports describing the purpose of the survey
and the field methods used and stating preliminary conclusions.
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APPENDIX

Outline of Aeromagnetic Compilation Procedure

WORK DESCRIPTIONCODE'NUMBER

1

2

3

4

Ordering-aerial photos and maps of proposed job area.

Assembling photos and maps.

Drawing proposed flight lines on photos and maps.

Assembling duplicate sets of photos or maps for use
by observor.

Cutting and labeling strip film.

Checking strip film numbers against log-book numbers.

Labeling E. A. Tape to coincide with strip ilm.

Plotting traverse and base-line check points to aerial
photos.

Plotting and labeling base-line intersections.

Transferring base-line intersections to E. A. Tape.

Transferring check points from aerial photos to base
maps.

Calculating and drawing up grid work sheets.

Transferring check points from base maps to grid work
sheets.

Transferring check points from base maps or grid work
sheets to white strips.

Transferring check points from white strips to graph
paper.

Editing E. A. Tape for calibrations, maximum and
minimum values, and base changes.

Rectifying.

Calculating drift and lag on rectified base line profiles.

Computing lag on E. A. Tape.

Marking time intervals on E. A. Tape.

Evaluating and recording base-line intersection on
E. A. Tape for Base-Line Compilation Chart (or Aver-
age Drift Chart).
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6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21
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23

24

25

26

27

28

29

30
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Graphing calculations for Base-Line Compilation Chart.

Contour scaling profiles using pro-rate lines.

Transferring contour values to white strips.

Transferring contour values from white strips to grid
work sheets.

Contouring the values on the grid work sheets.

Tracing profiles.

Matching grid work sheets.

Editing final contoured map and profiles.

Drafting final map and profiles.
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