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ABSTRACT

An aerial radiological survey was conducted over the Rio Algom Uranium Mill and the nearby town of La
Sal, Utah during the period 9 through 15 September 1981 . The survey was flown at an altitude of 46 meters
(150 feet) by a helicopter containing twenty sodium iodide detectors.
Gamma ray data were collected over a 42-square-kilometer (approximately 16.2-square-mile) area by
flying east-west parallel Iines spaced 76 meters (250 feet) apart. Processed data revealed several anomalies
which can be attributed to the mining and milling activities in the area. External exposure rates were
generally less than 15 microroentgens per hour (pR/h) in background areas.
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1.0

INTRODUCTION

The United States Department of Energy (DOE)
maintains a Remote Sensing Laboratory (RSL) to
provide a state-of-the-art remote sensing
capability for use at all sites of interest to the DOE
and other government agencies where
authorized by the DOE. The RSL is operated by
EG&G Energy Measurements Group under the
direction of the DOE Nevada Operations Office
as part of an integrated contract. One of the major
functions of the RSL is to manage an aerial
surveillance program called the Aerial Measuring
Systems (AMS) .
Since 1958 the AMS and its predecessor, the
Aerial Radiological Measuring Systems (ARMS),
have continued a nationwide effort to document
the radiological character surrounding specific
sites of interest. These sites include nuclear
power plants, nuclear waste dumps, and research
and development laboratories where radioactive
materials may be used. The AMS has the
capability of performing large area radiological
mapping, high altitude aerial photography,
multispectral photography, multispectral aerial
scanning, and airborne gas and particulate
sampling.
The aerial radiological survey of the Rio Algom
Uranium Mill and surrounding area, including the
town of La Sal, Utah, was requested by the United
States Nuclear Regulatory Commission.

2.0

NATURAL BACKGROUND
RADIATION

Natural background radiation originates from the
decay of radioactive elements present in the earth
and from cosmic rays entering the earth's
atmosphere from space . The radioactive
elements present in the earth are uranium and its
decay products, thorium and its decay products,
and radioactive potassium . Natural terrestrial
gamma radiation originates from the decay of
these elements. Local concentrations of these
nuclides typically produce radiation levels
ranging from 1 to 15 pR/h within the United
States.1 Natural terrestrial radiation levels are
dependent upon the geologic and topographic
character immediately surrounding the point of
interest.
One member of each of the uranium and thorium
decay chains is a noble gas (radon) which can

both diffuse through the soil and be transported
in the air to other locations. Therefore, the level of
airborne radiation depends on the
meteorological conditions, the mineral
composition and permeability of the soil, as well
as other physical conditions existing at each
location at any particular time. Typically, the
airborne radiation contributes from 1 to 10% of
the natural background radiation levels.
Cosmic rays, the space component, interact in a
complex manner with the elements of the earth's
atmosphere and soil. These interactions and the
cosmic rays themselves produce an additional
natural source of radiation. Radiation levels due
to cosmic rays vary with elevation and
geomagnetic latitude. Typical levels in the United
States range from 3.3pR/h in Key West, Florida to
7.2pR/h in Flagstaff, Arizona .1

3.0

SURVEY SITE

La Sal, Utah is located in the southeast corner of
Utah along State Highway 46. The Rio Algom
Uranium Mill (Figure 1) is located approximately
6 kilometers south-southwest of La Sal. To the
north of the survey area is Manti-La Sal National
Forest and the Arches National Park , and to the
west is the Canyonlands National Park .

4.0

SURVEY PROCEDURES AND
EQUIPMENT

4.1

Operational Support

A Messerschmitt-Bolkow-Biohm (MBB) 80- 105
helicopter (Figure 2) was used for the survey. The
aircraft carried a crew of two along with a fourth
generation version of a lightweight specialized
data recording apparatus called the Radiation
and Environmental Data Acquisition and
Recorder (REDAR IV) system. One gamma ray
detector pod was mounted on each side of the
helicopter. Each detector pod contained 10
sodium iodide (thallium activated) crystals, 12.7
em in diameter and 5.1 em in height. The
detectors were calibrated with americium-241 (60
keV) and sodium-22 (0.511 and 1.27 MeV) gamma
ray sources. Normalized outputs from 19
detectors were then combined in summing
amplifiers. The signal was adjusted in the analogto-digital converter so the calibration peaks
appeared in pre-selected channels of the
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Figure 1. RIO ALGOM URANIUM MILL
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and a radar altimeter. The trisponder master unit,
mounted in the aircraft, interrogated two remote
transceivers which were mounted in an
appropriate geometric configuration several
kilometers outside the survey area. By measuring
the round-trip propagation time between the
master and remote units, the master unit
computed the distance to each. These distances
were recorded on magnetic tape each second
and in subsequent computer processing were
converted to position coordinates and scaled to
fit an aerial photograph.
Figure 2. MBB 80-105 HELICOPTER WITH DETECTOR
PODS

multichannel analyzer. Output from the
remaining detector was amplified and the signal
was adjusted in a separate analog-to-digital
converter so the calibration peaks appeared in
pre-selected channels of a second multichannel
analyzer.
The data acquisition and recording system
contained five microprocessor controlled
subsystems used in the collection of survey
information . The first, a control subsystem, was
responsible for collecting gross count, live time,
spectral, and aircraft positional data at 1-second
intervals. Additionally, the first microprocessor
sent the data to the tape subsystem every 4
seconds for recording . Spectral data were
collected in two memories which operated in a
time-share mode (i .e., one memory collected data
while the other was being read). The second
microprocessor controlled the display
subsystem which collected and formatted the
data for display on two cathode-ray tubes aboard
the aircraft. The third microprocessor controlled
the tape subsystem, composed of the processor
and a dual digital cartridge recorder. The system
recorded four 1-second blocks of data on
magnetic tape every 4 seconds. Each data
cartridge contained sufficient magnetic tape for
approximately 1 hour of data collection time. The
fourth microprocessor controlled the steering
indicator subsystem used to aid the pilot in flying
straight, predetermined flight lines . The fifth
microprocessor controlled a special usage
subsystem not used during this survey.

4.2

Aircraft Positioning

The helicopter position was established with two
systems: a trisponder microwave ranging system

The radar altimeter aboard the helicopter
similarly measured the time lag for the return of a
pulsed signal and converted this to aircraft
altitude . For this survey, altitude accuracy was ±1
meter or 3%, whichever was greater. These data
were also recorded on magnetic tape so that any
variations in gamma ray signal strength caused
by altitude fluctuation could be accurately
compensated.

4.3

Survey Procedures

The survey area covered approximately 42
square kilometers (16 square miles). An aerial
photograph was used to define the area of the
survey. Area coverage was obtained by flying 98
parallel lines approximately 6 kilometers (4 miles)
long, spaced at 76 meter (250 feet) intervals, at an
altitude of 46 meters (150 feet) aboveground level
(AGL), and at a ground speed of approximately
120 kilometers per hour (65 knots). Before
proceeding to the survey area and again upon
returning from the area, a test line was flown over
an undisturbed area at survey altitude and speed
to monitor the changes in airborne radon activity.
Ground-based measurements were made in the
survey area with a pressurized ionization
chamber. Surface and profile soil samples were
taken at each location where ion chamber
measurements were made.

4.4

Data Processing Equipment

The data recorded on the magnetic tape cartridge
by the REDAR IV during the survey were
processed in the field with the Radiation and
Environmental Data Analyzer and Computer
(REDAC) system. The mainframe of this system
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was a 16-bit Data General NOVA 840 computer
system mounted in a mobile data processing
laboratory (Figure 3). An extensive inventory of
software and supporting equipment was
available for detailed data analysis .

Figure 3. MOBILE COMPUTER PROCESSING
LABORATORY

Additional processing was performed at the
Remote Sensing Laboratory in Las Vegas,
Nevada with a 16-bit Data General ECLIPSE
S/ 130 computer system .

5.0

DATA ANALYSIS AND RESULTS

The results of the aerial survey are shown in
Figure 4 as isograms of exposure rates . The
isograms represent a sum of terrestrial exposure
rates as inferred from aerial data and a cosmic ray
exposure rate of 6.5 pR/ h.
The terrestrial exposure rate was estimated by
extracting the non-terrestrial contribution from
the gross count rates over the survey area and
then multiplying the results by an empirically
derived conversion factor. It should be noted that
the terrestrial exposure rates were normalized to
1 meter above the ground, but only as averages
over a large area. Aerial systems average
radiation levels over an area whose diameter may
be five to ten times the survey altitude, depending
on the actual gamma ray energies involved and
the source distribution with depth. For activity
fairly uniformly distributed over large areas such
as typical of natural background radiation, the
agreement between ground-based readings and
those inferred from aerial data is generally quite
good. Because of the large-area averaging

property of the airborne system, however,
localized anomalies will appear to be spread over
a large area with a lower activity than actually
exists on the ground. Therefore, for localized
anomalies, ground-based measurements will not
agree very well with the aerial results . The aerial
data, therefore, simply serve to identify the
existence of such anomalies . Ground surveys are
required for more accurate definition of their
spatial extent and intensity.
Ground-based measurements were made at
three locations within the survey area (Figure 4) .
Soil samples were taken at each location and
measurements were made with a high pressure
ionization chamber at two locations. The soil
samples were analyzed at the RSL in Santa
Barbara, California and an exposure rate at the 1
meter AGL was estimated . The techniques used
for the measurements and analyses of soil
samples are described in a separate publication.2
The results of the ground-based measurements
are reported in Table 1.
Each of the anomalies depicted in Figure 4 can be
attributed to uranium decay products. These
products have been concentrated by the local
mining and milling activities . In some instances
where there is traffic through the anomalous
area, the uranium decay products can be found
above natural concentrations stretching out from
the anomaly along the roadway . An example of
this phenomenon is depicted in the northwest
corner of Figure 4. Here the anomaly stretches
out and tracks along Highway 46. To a lesser
extent, another example can be found just north
of the town of La Sal. Here the anomaly dips
southward following the road towards the town.
There were no anomalies found inside the town of
La Sal , Utah. A spectral plot of the data (Figure 5)
collected directly over the town shows no
anomalous concentrations of any radioactive
isotopes . The data presented in Figure 6 are
typical of natural background gamma radiation
for the survey area.
There was . one location found where material
containing higher concentrations of uranium
decay products was used for roadbed ·fill . This is
depicted on the west side of the survey area
(Figure 4) running north and south.
The anomaly located at the Rio Algom Uranium
Mill exhibits the highest external exposure rate
within the survey area. Because of the high

Figure 4. EXPOSURE RATE ISORADIATION CONTOURS OVERLAID ON AN AERIAL PHOTOGRAPH OF LA SAL, UTAH
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activity, the anomaly appears to be spread over a
fairly large area. This phenomenon, as stated
earlier, is characteristic of the airborne platform .

To better define the extent of this and other
anomalies, ground-based surveys would be
required.

Results of Ground-Based Measurements

Table 1.

External Exposure Rate
{1.1R/h at 1 Meter)

Soil Analysis
Location

Soil
Moisture {%)

23BU
(pCi/g)

232Th
{pCi/g)

{pCi/g)

Soil
Estimate

Ion
Chamber

1

10.0

0.71±0.03

0.781±0.003

17.8±0.9

14.1

14.2

2

8.2

0.81±0.03

0.825± 0.003

17.1± 0.9

14.3

14.3

3

10.8

2.99± 0.03

0.814±0.003

17.5±0.9

18.1

(1)

1

4DK

No ion chamber measurement made at Location 3.
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OF LA SAL, UTAH
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