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ABSTRACT

An aerial radiological survey was performed from 12 to 22 September 1980 over a 188-square- kilometer
area surrounding the Susquehanna Steam Electric Station near Berwick, Pennsylvania. All gamma ray data
were collected along flight lines oriented southwest to northeast. The lines were spaced 152 meters apart
and flown at an altitude of 91 meters above ground level. Processed data showed that all gamma rays
detected within the survey area were those expected from naturally occurring terrestrial background
emitters. Count rates obtained from the aerial platform were converted to exposure rates at 1 meter above
the ground and are presented in the form of a radiation contour map . The observed exposure rates were
between 8 and 23 microroentgens per hour (,uR/h), with most of the area ranging from 8 to 15J1R/h. These
values include an estimated cosmic ray contribution of 4 11R/h. The exposure rate obtained from soil
samples taken from within the survey site were in agreement with the aerial data.
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1.0

INTRODUCTION

The United States Department of Energy (DOE)
maintains a Remote Sensing Laboratory (RSL) in
Las Vegas, Nevada, with an extension facility in
Washington, D.C. The RSL is operated for the
DOE by EG&G. One of the major functions of the
RSL is to manage an aerial surveillance program
called the Aerial Measuring System (AMS).
Since its inception in 1958, the AMS has
continued a nationwide effort to document
baseline radiological conditions surrounding
energy-related sites of interest, including:
nuclear power plants, manufacturing and
processing plants, and research laboratories
employing nuclear materials. 1 At the request of
federal or state agencies, and by direction of the
DOE, AMS is deployed for various aerial survey
operations.
The aerial radiological survey of the
Susquehanna Steam Electric Station and
surrounding area near Berwick, Pennsylvania,
was requested by the U.S. Nuclear Regulatory
Commssion . Its purpose was to characterize the
natural background radiation in the survey area
prior to the startup of the two 1050 MW boiling
water reactors under construction at the time of
the survey.

~0

NATURALBACKGROUND
RADIATION

Natural background radiation originates from
radioactive elements present in the earth,
airborne radon, and cosmic rays entering the
earth's atmosphere from space. The terrestrial
gamma radiation originates primarily from the
uranium decay chain, the thorium decay chain,
and radioactive potassium . Local concentrations
of these nuclides produce radiation levels at the
surface of the earth ranging from 1 to 15 J.IR/h (9
to 130 mrem/y). Some areas with high uranium
and thorium concentrations in surface minerals
exhibit even higher radiation levels, especially in
the western states. One member of each of the
uranium and thorium decay chains is radon, a
noble gas, which can both diffuse through soil
and be transported through the air to other
locations. Therefore, the level of airborne
radiation depends on the meteorological
conditions, the mineral content of the soil, the soil
permeability, etc., existing at each location at a
particular time. The airborne radiation typically

contributes from 1 to 10% of the natural
background radiation levels.
Cosmic rays, the space component, interact with
elements of the earth's atmosphere and soil.
These interactions produce an additional natural
source of gamma radiation. Radiation levels due
to cosmic rays vary with altitude and
geomagnetic latitude. Typical values range from
3.3 J.IR/h at sea level in Florida to 12 J.IR/h at an
altitude of 3 km in Colorado.2
The natural terrestrial radiation levels depend
upon the type of soil and bedrock immediately
below and surrounding the point of
measurement. Within cities, the levels are
dependent on the nature of the street and
building materials.

3.0

SURVEY SITE DESCRIPTION

In order to characterize the natu ral background
radiation in the area surrounding the
Susquehanna Steam Electric Station, the AMS
was utilized during the period 12 to 22 September
1980 to survey a 188-square-kilometer area near
Berwick, Pennsylvania. The survey area was
essentially rectangular with the long axis
oriented southwest to northeast and was
bounded by mountains to the north and to the
south . The Susquehanna Steam Electric Station
is located near the west bank of the Susquehanna
River, approximately 7 kilometers northeast of
Berwick. Two 1050 MW boiling water reactors
were under construction at the time of the survey,
and no nuclear fuel was on-site.

4.0

SURVEY DESCRIPTION

Gamma ray spectral data and position
information were measured and recorded each
second of flight during the aerial survey. The
measurements were made along 84 flight lines
spaced approximately 150 meters apart. Twenty
thallium activated sodium iodide, Nal (Tl),
crystals mounted in a Messerschmitt-BolkowBiohm (MBB) B0-105 helicopter (Figure 1)
detected the gamma rays while flying at an
altitude of 91 meters and a ground speed of 30
meters per second . Each Nal (T l) crystal was 12.7
em in diameter and 5.1 em thick. The
instrumentation and equipment used on this
survey are briefly described here. A more
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a five-ton step van. The interior of this van is
shown in Figure 2. The REDAC system consisted
primarily of a Data General NOVA 840 computer
and peripherals. An extens ive inventory of
software routines was available for data
processing.

Figure 1.

MBB B0-105 HELICOPTER

detailed description of AMS systems and
procedures can be found in a previous report.3
Scintillation pulses from each detector were
summed and input to the Radiation and
Environmental Data Acquisition and Recorder
(REDAR) system on-board the aircraft. These
pulses were first fed to an analog-to-digital
converter and then routed to: (1) a 300-channel
multichannel analyzer for energy spectral
information (0.05 to 3.0 MeV), (2) a gross count
register for determining the rate of gamma ray
detection integrated over energy, and (3) five
single-channel analyzers set up to monitor
gamma rays with energies of particular interest.
The information from each of these subsystems,
along with position and altitude at which the
measurement was made, was stored on 9-track
magnetic tape for later analysis. The altitude
information was obtained from an on-board radar
altimeter which gave the actual height above the
ground with an uncertainty of approximately ±2
meters. Any variations in gamma ray signal
strength caused by altitude fluctuation could
then be corrected. Positional information was
derived from a microwave ranging system (MRS)
consisting of two remotely located transponders
and an on-board interrogator. The on-board
interrogator used the transit time of a microwave
pulse to obtain the distance from the aircraft to
each remote unit. The position information was
also processed in real time on-board the aircraft,
providing steering information to the pilot for
flying the predetermined flight lines.
Magnetic tapes with recorded data from the aerial
radiological survey were processed after each
flight with the Radiation and Environmental Data
Analyzer and Computer (REDAC) system. This
computerized data analysis system was built into

Figure 2.

5.0

MOBILE COMPUTER PROCESSING
LABORATORY

GROUND-BASED MEASUREMENTS

Ground-based measurements were made at
three different locations within the survey area
(see Figure 3). Soil samples were taken at each
location and exposure rates were measured
utilizing a Reuter-Stokes Pressurized lon
Chamber (Model RS- 111). The ground sampling
and soil sample analyses were conducted by a
team of scientists from EG&G's Santa Barbara
Laboratory. Ground su rvey procedures are
described in a separate pub lication .4

6.0

DATA ANALYSIS

Aerial radiation data were analyzed and
processed to produce a gross count contour map
and determine the particular radioisotopes giving
rise to the radiation levels within the survey area.
The gross count contour map describes the
radiation distribution of terrestrial radioisotopes.
The airborne and cosmic ray contributions to
these radiation levels were removed by
subtracting the count rate measured over a body
of water near the site from those measured over
the survey area. Gamma rays of terrestrial origin
are assumed to be absent from these 'water line'
measurements. The 'water line' utilized for this
survey was over the Susquehanna River.
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Figure 3. AN ISOEXPOSURE RATE CONTOUR MAP OF THE AREA SURROUNDING THE SUSQUEHANNA STEAM ELECTRIC STATION
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The resulting net count rate of terrestrial origin
was converted to an approximate exposure rate
at one meter above the ground by applying a
conversion factor of 840 counts per second per
JJR/h. This factor was derived from many
measurements made over areas with known
concentrations of naturally occurring
radionuclides .3 An estimated cosmic ray
contribution of 4JJR/h was then added to produce
the total exposure rate at one meter minus any
contribution from airborne radon .

observed in this survey area ranged from 8 to 23
JJR/ h at one meter above the ground ; the
exposure rates over most of the area ranged from
8 to 15 JJR/h. These values include a cosmic ray
contribution of 4 JJR/ h. A gamma ray energy
spectrum typical of the natural terrestrial
background radiation detected in this survey is
shown in Figure 4. All gamma rays detected
within the survey area were from naturally
occurring radioisotopes.

Analysis of the spectral data allows the
determination of the specific radioisotopes
responsible for the exposure rates in the area.
Man-made radioisotopes, if present, can be
identified by determining the energies of the
detected gamma rays. Similarly, gamma emitters
typical of naturally occurring radioisotopes will
yield characteristic energy spectra.

Exposure rates obtained from the ground
sampling measurements are given in Table 1. The
estimates of exposure rates due to the
radionuclides found in the soil samples are listed
along with the results of the ion chamber
measurements. Also listed in the table are the
values based on the aerial measurements over
these locations. As shown in the table, all
measurement techniques are in good agreement.
A major contribution to any discrepancy which
may exist between ground and aerial survey
results lies in the fact that each aerial
measurement represents an average exposure
rate over a much broader area than does a ground
measurement.

7.0

RESULTS

An exposure rate contour map of the
Susquehanna Steam Electric Station survey area
is shown in Figure 3. The exposure rates

Table 1.
Site Number

1
2
3

Comparison of Results from Ground-Based and Aerial Data
Aerial Survey Results2

Ground Survey Results
Pressurized lon
Chamber1

Soil Sample
Analysis2

10.2
10.0
11 .2

10.5

9.7
11.2

1 Measurement made with Reuter-Stokes Model RS-111
21ncludes cosmic ray contribution of 4.0 JJR/ h

11 - 15
11 - 15
11 - 15
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