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ABSTRACT 

An aerial radiological survey was performed to measure terrestrial gamma radiation over the Babcock and 
Wilcox facilities located at Apollo and Leechburg, Pennsylvania. The survey was conducted by ·EG&G for 
the United States Nuclear Regulatory Commission during the period 15 to 19 June 1981. Gamma ray data 
were collected over a 5.7-square-kilometer &rea and an 8.3-square-kilometer area, located approximately 
4.8 kilometers apart. The results are expressed as exposure rate isoradiation contours in microroentgens 
per hour (pR/h) at 1 meter above the ground. The exposure rate obtained from soil samples taken from 
within the survey area compared reasonably well with the aerial data. 
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1.0 INTRODUCTION 

The United States Department of Energy (DOE) 
maintains an aerial surveillance operation called 
the Aerial Measuring Systems (AMS) which is 
operated for DOE by EG&G, an independent 
contractor. This continuing nationwide program, 
started in 1958, involves surveys to monitor 
radiation in and around facilities producing, 
utilizing, or storing radioactive materials. The 
purpose of these surveys is to document, at a 
given point in time, the location of all areas 
containing gamma ray emitting radionuclides 
(detectable at the surface) and to aid DOE 
personnel in evaluating the magnitude, spatial 
extent, and identity of any radioactive 
contaminants released into the environment. At 
the request of DOE (or other. federal and state 
agencies), AMS is deployed for various aerial 
survey operations. 

This report is the result of a survey requested by 
the NuCiear Regulatory Commission of the 
Babcock and Wilcox facilities at Apollo and 
Leechburg , Pennsylvania. The survey was 
conducted from 15-19 June 1981 from a base of 
operations at the Allegheny County Airport. 

~0 NATURALBACKGROUND 
RADIATION 

·Natural background radiation originates from 
radioactive elements present in the materials of 
the earth and cosmic rays entering from space. 
The terrestrial gamma rays originate primarily 
from the uranium and thorium decay chains and 
rad ioactive potassium. Local concentrations of 
these nuclides produce radiation levels at the 
surface of the earth typically ranging from 1 to 15 
microroentgens per hour (pR/h). Some ·areas 
with high uranium and thorium concentrations in 
surface minerals, such as the Colorado Plateau 
area within the United States, exhibit even higher 
radiation levels. One member of the uranium and 
thorium decay chains is radon, a noble gas, which 
can both diffuse through the soil and be 
transported through the air to other locations. 
Therefore, the level of airborne radiation depends 
on the meterological conditions, the mineral 
content of the soil, and the soil permeability 
existing at each location at a particular time. The 
airborne radiation normally contributes from 1 to 
10 percent of natural background radiation 
levels. 

Cosmic rays, the space component, interact with 
the elements of the earth's atmosphere and the 
soil. These interactions produce an additional 
natural source of gamma radiation. Radiation 
levels due to cosmic rays vary primarily with 
altitude and slightly with geomagnetic latitude. 
Typical values range from 3.3pR/h at sea level in 
Florida to 12 pR/h at 3000 meters (1 0,000 ft) in 
Colorado.1 

3.0 SITE DESCRIPTION 

The surveyed areas were located 4.8 kilometers 
apart and covered the Apollo and Leechburg 
facilities of the Babcock and Wilcox Company. 

The Apollo facility was bounded on the west by 
the Kiskiminetas River and on the east by Warren 
Avenue, also called Route 66. The facility was 
engaged in the fabrication of low-grade enriched 
uranium powder from uranium hexafloride. Also 
located on the property was a laundry for 
contaminated garments. The Leechburg facility 
was bounded on the west by Route 66 along the 
Kiskiminetas River and on the east by the 
Leechburg Airport. The facility was formerly 
involved in fabricating fuel elements for the Fast 
Flux Test Facility (FFTF) and manufacturing Am
Be and Pu-Be neutron sources. During the time of 
the aerial survey, the Leechburg facility was in the 
process of decommissioning and decontaminat-
ing its plant. · 

4.0 SURVEY PROCEDURES AND 
EQUIPMENT 

4.1 Data Acquisition Equipment 

A Messerschmitt-Bolkow-Biohm (MBB) B0-105 
helicopter (Figure 1) was used for this 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 pod contained 10sodium iodide 
(thallium activated) crystals, 12.7 em in diameter 
and 5.1 em in height. The detectors were 
calibrated with americium-241 , which emits 
gamma rays with an energy of 60 keV, and 
sodium-22, which emits gamma rays with 
energies of 0.511 and 1.27 MeV. Normalized 
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outputs of each detector were combined for each 
array in a 10-way summing amplifier. These 
signals were then matched and combined in a 2-
way summing amplifier. Finally, the signal was 
adjusted in the analog-to-digital converter so that 

. the calibration peak appeared in a pre-selected 
channel of the multichannel analyzer. 

Figure 1. MBB 80-105 HELICOPTER 

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 rates 
(integrated over an energy range of 0.04 to 3.0 
MeV), live time, spectral data, radar altitude, and 
aircraft positional data. Additionally, the first 
microprocessor sent the data to the tape 
subsystem every 4 seconds for recording. 
Spectral data were collected in 1 second intervals 
within 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 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 to 
record approximately 1 hour of data. The fourth 
and fifth microprocessors controlled special 
usage subsystems not used in this survey. 

4.2 Aircraft Positioning 

Contiguous USGS maps and aerial photographs 
were used to define the survey area. Parallel lines 
spaced at 91-meter (300ft) intervals and flown at 
an altitude of 61 meters (200ft) were used for the 
Apollo survey area, and lines spaced at 76-meter 
(250 ft) intervals and flown at an altitude . of 46 
meters (150 ft) were used for the Leechburg 
survey area. The Apollo survey covered an area of 
5.7 square kilometers (2.2 square miles), and the 
Leechburg survey covered an area of 8.3 square 
kilometers (3.2 square miles) . The differences in 
the survey altitude and survey size for the two 
areas were due to local topography. 

Helicopter position was established with two 
systems: a trisponder microwave ranging system 
and a radar altimeter. The trisponder master unit, 
mounted in the aircraft, interrogated the 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 system computed 
the distance to each. These distances were 
recorded on magnetic tape and in subsequent 

· computer processing were converted to position 
coordinates and scaled to fit an aerial photograph 
of the survey area. In addition, the positional 
information was processed during each flight to 
provide steering data to the pilot. This assured 
complete area coverage by flying along a series 
of predetermined lines. 

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 was accurate to 
±1 meter or 3 percent, 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, if required. 

4.3 Data Processing Equipment 

The data recorded on the magnetic tapes during 
the survey were processed with the Radiation and 
Environmental Data Analyzer and Computer 
(REDAC) system. This system consisted of a 
mini-computer mounted in a mobile data 
processing laboratory (Figure 2). An extensive 
inventory of software routines and supporting 
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equipment was available for detailed data 
analysis. Some of the data were processed during 
the actual survey period to assure complete data 
acquisition integrity and to provide preliminary 
results as soon as possfble. Additional analysis 
was completed at the Remote Sensing 
Laboratory, located at Andrews Air Force Base, 
Suitland, Maryland. 

Figure 2. MOBILE COMPUTER PROCESSING 
LABORATORY 

Exposure rate contours were constructed from 
gross count rate numbers which refer to integral 
count rates in that portion of the gamma ray 
energy spectrum between 0.04 and 3.0 MeV. 
Before plotting the gross count rate data, the 
non-terrestrial contributions to the detector 
system were extracted. These components 
included: (1) aircraft background, (2) cosmic 
radiation, and (3) airborne radon daughter 
contributions. The non-terrestrial components 
were determined by flying over a large body of 
water (Beaver Run Reservoir) where the 
terrestrial signal was negligible. 

Terrestrial exposure rate values, in JJR/h at the 1 
meter level, were calculated using a conversion 
factor of 1080 counts per second equals 1 JJR/h 
for the Apollo survey area and 1190 counts per 
second equals 1 JJR/h for the Leechburg survey 
area. The different conversion factors were the 
result of different survey altitudes for each area. 
The soil in the calibration area used to measure 
the conversion factors contained a typical mix of 
naturally occurring radionuclides, consisting of 
potassium-40 and members of the uranium and 
thorium decay chains.2 A different mix will modify 
the shape of the spectrum over the energy 

interval covered by gross counts. Since the gross 
count conversion factor is dependent on spectral 
shape, the established conversion factor will not 
apply precisely to areas where the mix is atypical 
or where extraneous radionuclides ar~ present. 
Data analysis procedures are described in detail 
in References 2 and 3. 

5.0 GROUND~BASED MEASUREMENTS 

Soil samples were taken immediately following 
the completion of the ·aerial survey in a typical 
bacl<ground area within the Leechburg survey 
boundary. The samples were taken to compare 
ground-measured data with the data obtained 
from the aerial platform. 

In this survey, ten soil samples were taken (Figure 
3); six from the center of the soil sample area (in 
2.5 em increments to a depth of 15 em) and one 
each (to a depth of 2.5 em) from the North, South, 
East and West compass points approximately 200 
meters from the center of the soil sample area. 
These samples were analyzed at the · EG&G 
facilities in Santa Barbara, California.4 The 
results of the soil sample analyses are included in 
Section 6.0. 

6.0 RESULTS AND CONCLUSIONS 

Shown in Figure 3 is an exposure rate 
isoradiation contour (derived from gross count 
rates) overlaid on an aerial photograph of the 
Apollo and Leechburg survey areas. The levels 
given in Figure 3 are normalized to 1 meter above 
the ground, but only as averages over a large 
area. Depending on the actual gamma ray 
energies involved and the source distribution 
with depth, aerial systems average radiation 
levels over an area having a diameter 
approximately 5 to 10 times the survey altitude 
(200 to 600 meters for the present survey). For 
slowly varying activity distributed over large 
areas, such as typical of most 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 larger area with a lower activity than 
what actually exists on the ground. For these 
situations, ground measurements will not agree 

6 



Figure 3. TOTAL GAMMA EXPOSURE RATE ISORADIA TION CONTOURS SUPERIMPOSED ON AN AERIAL PHOTOGRAPH 
OF THE AREA SURROUNDING THE APOLLO AND LEECHBURG FACILITIES 



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. 

Both the Leechburg and Apollo survey areas 
show an average natural background of 8 to 11 
pR/h. All of the exposure rates include an 
estimated cosmic radiation component of 4.0 
pR/h. The contour map (Figure 3) shows 
increased levels of activity directly over the plant 
sites. Spectral analysis revealed that the 
increased activity over the Apollo faci I ity was due 
mainly to protactinium-234m, a product of 
uranium-238 processing. Figure 4 is a computer 
generated channel-by-channel difference 
between a spectrum collected over the Apollo 
facility and a background spectrum (Figure 5) 
collected several seconds before the anomaly; 
the 0. 766 MeV and 1.001 MeV photo peaks identify · 
protactinium-234m. Similarly, net spectra were 
produced from data collected over the anomaly 
on the Leechburg site that indicated the presence 
of cesium-137, identified by the 0.662 MeV 
photopeak in Figure 6, and americium-241, 
identified by the 0.060 MeV photopeak in Figure 
7. Figure 8 is a background spectrum collected 
just before flying over the anomaly on the 
Leechburg site. 

Figure 3 also shows several additional areas of 
increased activity. Spectral analysis of these 
additional areas indicated an increase in the 
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natural radioisotopic components in these areas. 
Such variations in the natural radiation levels are 
not unusual. The C level contour over the 
Leechburg facility that extends east toward the 
Leechburg Airport was analyzed and found to 
contain only natural background emitters in that 
portion of the contour that is east of the facility. 

Analysis of the soil samples obtained from the 
Leechburg survey area showed only naturally 
occurring radionuclides. Exposure rates inferred 
from these samples are compared in Table 1 with 
the results obtain~d from the aerial 
measurements. The two types of measurements 
showed reasonably good agreement. 

The primary difference between data collected 
with the airborne system and that obtained from 
ground measurements is the difference in an area 
covered in a single measurement. Each 1-second 
data point obtained with the airborne platform 
covers an area several thousand times as large as 
a measurement made at 1 meter (such as with a 
hand-held survey meter) , and several million 
times as large as a typical soil sample. For 
uniform distributions extending over a larg·e area, 
each type of measurement should, in principle, 
lead to the same results. In practice, however, it is 
not unusual to find some local variation in 
radiation levels from point to point on the ground, 
even over relatively constant areas. This fact 
should be kept in mind when comparing the 
results of the aerial survey to detailed ground 
measurements. 
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Figure 4. NET GAMMA PULSE-HEIGHT SPECTRUM OF 

ELEVATED ACTIVITY OVER THE APOLLO 
FACILITY 
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Figure 5. GAMMA PULSE-HEIGHT SPECTRUM OF 
TYPICAL BACKGROUND AROUND THE 
APOLLO FACILITY 
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Figure 6. NET GAMMA PULSE-HEIGHT SPECTRUM (0 TO 
3 MeV) OF ELEVA TED ACTIVITY OVER THE 
LEECHBURG FACILITY 
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Figure 7. NET GAMMA PULSE-HEIGHT SPECTRUM (0 TO 
300 keV) OF ELEVATED ACTIVITY OVER THE 
LEECHBURG FACILITY 
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Figure 8. GAMMA PULSE-HEIGHT SPECTRUM OF 
TYPICAL BACKGROUND AROUND THE 
LEECHBURG FACILITY 

Table 1. Gamma Ray Exposure Rate 
Comparisons 

Exposure Rate 
Measurement (pR/h at 1 m)a 

Aerial Platform 8 - 11 b 

Soil Samples 11.3- 12.6 

a Includes cosmic ray contribution of 4.0 
pR/h. 

bData collected over area of soil sampling . 
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