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ABSTRACT

0
Radiological contamination due to man-made radionuclides was detected using hand-held instruments in
the summer of 1984 in the creeks and tributaries near the Rancho Seco Nuclear Generating Station at Clay
Station, California . To help determine the extent of the contamination, an aerial radiological survey
centered over the creeks and tributaries and including the Rancho Seco facility was conducted during the
period 3 to 15 December 1984. Radiological contaminants were detected along a 9-mile segment of the
system of creeks in the area. These contaminants included cesium-134, cesium-137, and cobalt-60.
Radiation measurements away from the contaminated areas were the same as those made during the aerial
radiological survey conducted in 1980.
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INTRODUCTION

The aerial radiological survey of the Rancho Seco
Nuclear Generating Station and the system of
creeks and tributaries covered 75 square kilometers (30square miles). Ground-based measurements were also made for comparison at three
locations within the survey area which showed
only naturally-occurring background radioactivity.
Figure 1 shows the boundaries of the survey area;
the enhanced paths of Clay, Laguna, and Hadselville creeks; and the locations of the groundbased measurements. Extensive ground-based
measurements along the creeks and tributaries
were also made by personnel from the Oak Ridge
National Laboratory (ORNL). The results will be
published as a separate ORNL report.

An aerial radiological survey was performed
during the period 3 to 15 December 1984 over an
area which included the Rancho Seco Nuclear
Generating Station and adjacent creeks and tributaries near Clay Station, California. The survey
was conducted using the Aerial Measuring System
(AMS), operated for the United States Department
of Energy (DOE) by EG&G Energy Measurements,
Inc. (EG&G/EM) . Since 1958, the AMS has been
utilized to document background radiation levels
throughout the United States. In addition to
nuclear detectors, AMS aircraft have been equipped with multispectral camera arrays for aerial
photography, thermal mappers for infrared
imagery, a broad array of meteorological sensors,
and air sampling systems for particulate and gas
measurements.

2.0

Beginning in 1980, a licensee of the United States
Nuclear Regulatory Commission (USNRC) began
discharging radioactive material in liquid effluent
from the Rancho Seco Nuclear Generating Station
into what is called Clay Creek . Ground-based
radiological measurements made in the summer
of 1984 in several areas along Clay, Hadselville,
and Laguna Creeks revealed elevated levels of
contamination due to cesium-134, cesium-137,
and cobalt-50.

SURVEY EQUIPMENT AND
PROCEDURES

The equipment and procedures used to conduct
the aerial radiological survey are discussed briefly
in this section . A more detailed description can be
found in a separate publication. 1
The aerial radiological measurements were made
with a detector array and a data acquisition
system mounted in a Messerschmitt-BolkowBiohm (MBB) B0-105 helicopter (see Figure 2) .
The detector package consisted of an array of
eight sodium iodide (thallium-activated), Nal (Tl).
scintillation crystals. Each crystal was 40.6 em X
10.2 em x 10.2 em (16 in . x 4 in. X 4 in.) . Two
equipment pods, each containing four crystals,
were mounted on the exterior of the helicopter. A
photomultiplier tube mounted to each Nai(Tl)
crystal converted the scintillation pulses to voltage pulses. The voltage pulses from the eight
crystals were normalized and combined in
summing amplifiers to produce a single gamma
ray energy spectrum useful for analyzing low
intensity sources. A single 10.2 em X 10.2 em (4 in.
x 4 in.) crystal provided a spectrum useful over
highly active areas where the larger detectors
would saturate. Both spectra were simultaneously
acquired and recorded, resulting in an increased
dynamic range of sensitivity. Each pod also contained an upward-looking 7. 6 em X 7. 6 em (3 in . X
3 in .) crystal that was used in conjunction with the
eight log detectors to compute the effects of background radiation due to non -terrestrial sources.

The aerial radiological survey was planned and
conducted around this system of creeks and
tributaries to help determine the extent of the
contamination throughout the area from the plant
site to a distance of about 9 miles west of the site .
The results of the survey are reported as count
rates due to man-made radionuclides and total
terrestrial exposure rates in microroentgens per
hour (JJR/h) at 1 meter above the ground surface .
Approximate annual radiation dose levels,
expressed as millirem per year (mrem/y), can be
obtained by multiplying JJR/h by 8.76.
Aerial radiological detection systems average the
radiation levels due to gamma ray emitting radionuclides existing over an area of several acres.
The systems are capable of detecting anomalous
gamma count rates and determining the specific
radionuclides causing the anomalies; however,
because of averaging over a large area, they tend
to underestimate the magnitude of localized
sources as compared with ground-based
readings.

The outputs from the summing amplifiers were
analyzed in separate analog-to-digital converters
(ADCs) in the Radiation and Environmental Data
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AERIAL SURVEY BOUNDARIES AND GROUND-BASED MEASUREMENT LOCATIONS FOR THE DECEMBER 1984
SURVEY OF THE CREEKS AND TRIBUTARIES NEAR THE RANCHO SECO NUCLEAR GENERATING STATION
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Acquisition and Recorder {REDAR) system, Model
IV {Figure 3). The REDAR system is a multimicroprocessor, portable data acquisition and
real-time analysis system.lt has been designed to
operate in the demanding environments associated with helicopters and fixed-wing aircraft. A
block diagram of the REDAR system is shown in
Figure 4.
The ADC signals were adjusted so that the photopeaks due to calibration sources appeared in
preselected channels of the multichannel analyzers {MCAs). Each MCA collected a 1024channel gamma ray energy spectrum once every
second. The collected spectrum was scaled to 4
keV per channel. The 1024-channel spectrum was
compressed into 256 channels, as summarized in
Table 1, before storage on magnetic tape. The
energy resolution of the Nai{Tl) crystals varies
with energy, permitting the compression of the
spectral data without compromising photopeak
identification and data analysis techniques . This
spectral compression technique reduces the data
storage requirement by a factor of four. All 1second data acquired by the REDAR were placed
into a buffer and recorded as a 4-second record
on magnetic tape.

Figure 3.

RADIATION AND ENVIRONMENTAL DATA
ACQUISITION AND RECORDER SYSTEM

{URS) and a radar altimeter. The URS consisted
of two remotely located transponders and an onboard interrogator that used the transit time of an
ultrahigh frequency pulse to obtain the distance
from the aircraft to each remote unit. The radar
altimeter similarly measured the time delay for the
return of a pulsed signal and converted this delay
to aircraft altitude above ground level. In addition
to being recorded on magnetic tape , position and
altitude information were also processed in real
time by the steering microprocessor. These data
provided steering information to the pilot for
flying predetermined flight lines at the desired
altitude.

In addition to gamma ray spectral data, other
information acquired and recorded by the REDAR
system included gross count data {gamma ray
activity integrated over the energy range 0.04 to
3.0 MeV), aircraft position data, system live time
information, and environmental conditions, i.e.,
absolute barometric pressure and outside air
temperature.

The aerial survey, which included the Rancho
Seco Nuclear Generating Station and Clay,
Hadselville and Laguna Creeks, was flown at an
altitude of 38 meters {125 feet) with 61-meter
{200-foot) flight line spacings. A small area was
reflown over a segment of Laguna Creek at an
altitude of 23 meters {75 feet) with 38-meter { 125foot) flight line spacings . The helicopter speed
was 70 knots {80.5 miles per hour) . Approximately
1,416 kilometers {850 miles) of flight lines were

The helicopter position was established by two
systems: an ultrahigh frequency ranging system
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Analyzer and Computer (REDAC) system . This
data analysis system is built into an Airstream
van . During the survey the van was parked at the
Lodi Airport in Lodi, California, the base of
operations for the survey crew. The interior of this
van is shown in Figure 5, and a block diagram of
the processing system is shown in Figure 6. The
REDAC system consisted primarily of a Data
General S-280 computer and peripherals. An
extensive inventory of software routines was

flown to cover the areas of interest. A complete
description of all the operational parameters for
the survey is contained in Appendix A.

3.0

0

BLOCK DIAGRAM OF THE REDAR SYSTEM

DATA PROCESSING

The processing of the magnetic tapes with
recorded data from each flight began in the field
utilizing the Radiation and Environmental Data

Table 1.

Partitioning Scheme Utilized for Gamma Ray Energy Data Compression

0

J

Ey (keV)

Channel Input

0- 300
304- 1620
1624- 4068
4072- 4088
>4088- Analog
Cutoff

0- 75
76- 405
406- 1017
1018- 1022
1023

8

Energy Coefficient
AE (keV/channel)

Compressed
Channel Output

4
12
36
N/A
N/ A

0- 75
76- 185
186-253
254
255

0

0

0

0

Figure 5.

INTERIOR OF THE MOBILE DATA ANALYSIS
LABORATORY

Figure 6.

available for the preliminary data analysis,
accomplished in the field, and the final analysis,
accomplished after the completion of all field
operations.

0

0

sample analyses. These types of ground-based
measurements are routinely done during surveys
of nuclear facilities. Field measurements and
laboratory analyses of the soil samples were
performed by scientists at EG&G/EM's Santa
Barbara Laboratory. The systems and procedures
utilized for ground-based data collection and
analysis are outlined in a separate publication.2

lsoradiation contour maps were produced to
show the distribution of man-made activity
(cesium-137, cesium-134, and cobalt-60) and the
total terrestrial exposure rate throughout the
surveyed area. This was done for both the 1980
and 1984 surveys so that a comparison of the
results from both surveys could be readily made
(see Section 5.0). Appendix B contains a detailed
description of the data analysis procedures used
to process the data.

4.0

BLOCK DIAGRAM OF THE REDAC SYSTEM

Extensive ground-based measurements were also
conducted by personnel from the Oak Ridge
National Laboratory. The results of these measurements will be presented in a separate report to be
published by ORNL. General comparisons were
made between the AMS aerial data and the ORNL
ground-based measurements; the results are
discussed briefly in Section 5.0.

GROUND-BASED MEASUREMENTS

Ground-based measurements were made at
several locations within the survey area where
only naturally-occurring radionuclides and
cesium-137 from worldwide fallout exist. Exposure rates were measured with a pressurized
ionization chamber for comparison to the values
inferred from the aerial data. Soil samples were
taken at each ground sampling point to determine
the radionuclide concentrations typical of the
natural background in the area. In addition, estimates of the exposure rates due to these radionuclide concentrations were made from the soil

5.0

RESULTS

A com pari son of the 1984 aerial survey data to
that collected during the 1980 survey revealed
that detectable amounts of man-made contamination were released after 1980 into the creeks
and tributaries near the Rancho Seco Nuclear
Generating Station. A special data processing
algorithm was used to suppress the effects of
natural background radiation and enhance the
activity of man-made radionuclides (see Appendix

9
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0

the ground-based measurements performed by
ORNL confirmed the presence of the man-made
radioactivity. Spectral analyses of all the locations
of man-made activity revealed that cesium-137
was the primary source of the contamination. A
spectral plot typical of most areas of ott-site manmade contamination is shown in Figure 10. Several
locations also showed detectable levels of cobalt50 and cesium-134, as shown in the spectral plot
presented in Figure 11.

B) . A plot of the man-made contamination detected
during the 1980 survey in the area corresponding
to that flown in 1984 is shown in Figure 7. The
values of the contour intervals are in units of
counts per second. As such, the man-made contours are useful only as relative indicators of
source strength; however, they are invaluable
indicators of the spacial location of a source.
The count rate intervals used to process the 1984
data were chosen to enhance the spatial resolution
of the low level man-made activity along the
creeks and tributaries. These intervals were somewhat narrower than those shown in the 1980
survey report.3 Therefore, in order to directly
compare the man-made contour lines of the two
surveys, the 1980 survey data were reprocessed
with the count rate intervals used tor the 1984
data. This neither adds to nor subtracts information from the 1980 data. The narrower count rate
intervals used to process the 1984 data will show
additional contour lines and a slightly different
source profile in the 1980 data.

Cesium-137 due to worldwide fallout is generally
detected by the airborne system in most areas of
the country. Its activity in areas away from that
detected along the creeks near the Rancho Seco
Nuclear Generating Station was consistent with
those levels typically due to worldwide fallout.
An isoexposure rate contour map of the 1984
survey area is shown in Figure 12. The contour
intervals show the distribution of exposure rates,
extrapolated to the 1-meter level, over the surveyed
area. A value that converts aerially measured
count rate data to exposure rate at the 1-meter
ground level is described in Appendix B. The
conversion factor was empirically determined
from data collected over a calibration range with a
typical mix of naturally-occurring radionuclides.
Anywhere the mix of radionuclides is atypical,
such as areas where man-made radionuclides
occur, the conversion factor will not be strictly
valid.

As shown in Figure 7, the only location of detectable man-made contamination found during the
1980 survey was directly over the site. The gamma
ray pulse-height spectrum illustrated in Figure 8
was collected over the site during the 1980 survey.
The dominate photopeaks are due to cobalt-60,
which is similar to the 1984 spectral data collected
over the site.

0

The blue contours depict areas that showed an
increase in exposure rate levels between the 1980
and 1984 surveys. The greater concentrations of
man-made contamination were found in tour of
the five areas enclosed in blue contours. Groundbased exposure rates measured at these localized
sources by ORNL personnel were three to tour
times higher than those interred from the aerially
measured count rate data. It is normal tor this type
of disparity to exist between aerial and groundbased measurements over contaminated areas
whose spatial extent is smaller than the field-ofview of the aircraft. For localized sources, such as
those detected along the creeks and tributaries,
the aerial data only serve to identity the presence
and general location of the activity and will not
provide good quantitative data.

During the 1984 survey, man-made contamination
was also detected throughout an area that was
centered on and included three major creeks and
tributaries near the Rancho Seco Nuclear
Generating Station as shown in Figure 9. The flow
direction and path of each creek are illustrated in
Figures 1 and 7. Contamination was detected
along a 9-mile segment of Clay Creek, Hadselville
Creek, Laguna Creek, and tributaries of each. As
shown in Figure 9, contamination began at the
point where the plant effluent was released into
Clay Creek. The direction of flow carried the
contamination into Hadselville Creek. The westerly flow of Hadselville Creek carried the contamination into Laguna Creek. Finally, the flow of
Laguna Creek carried the contamination to the
point where the creek crosses the California
Central Railroad, about 9 miles southwest of the
plant site. No contamination was detected beyond
that point.

Increases in the exposure rate in the blue contour
areas interred from the aerial data were either D to
E (3 JiR/h or greater), E to F (8 JiR/h or greater), or
D to F (9 JiR/h or greater); refer to the legend in
Figure 12. One E-level contour, the southernmost

The majority of the detected contamination was
confined to the creeks and tributaries. Data from

0
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ISORADIATION CONTOUR MAP SHOWING THE DISTRIBUTION OF MAN-MADE CONTAMINATION OBSERVED IN
THE 1980 AERIAL RADIATION SURVEY OF THE RAN CHO SECO NU C LEAR GENERATING STATION

11
(

Rancho Seco facility and nearby creeks were
highly localized. This is the primary reason that
the lower levels of man-made contamination along
the creeks outside the blue contours do not
appear to change the total exposure rate levels
between the two surveys. The areas with higher
levels of activity do lead to a detectable change in
the inferred exposure rate levels obtained from
the aerial data. As stated above, however, the
aerial data should not be expected to agree with
actual ground measurements in any areas containing localized man-made activity.
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The typical background exposure rate range
away from the contaminated areas observed
during the 1984 survey was consistent with that
measured during the 1980 survey; i.e., 7 to 11
t-tR/h. A general discussion of background radiation is presented in Appendix C.

BACKGROUND-SUBTRACTED GAMMA RAY
SPECTRUM OBTAINED OVER THE RANCHO
SECO NUCLEAR GENERATING STATION
DURING THE 1980 SURVEY

Results of the ground-based measurements, performed only in areas of natural background, are
presented in Tables 2 and 3. Table 2 shows the
results of the soil sample analyses. Only naturallyoccurring radionuclides and cesium-137 typical
of that expected from worldwide fallout were
present in these samples. Exposure rate results,
obtained di rectly from the ion chamber measurements and inferred from the soil sample analyses
and the aerial measurements, are presented in
Table 3. The fact that the aerial system measures
an area several thousand times larger than a
typical ion chamber measurement taken at 1
meter and several million times larger than a
typical soil sample should be considered when
comparing these different types of measurements.
The values given in Table 3 show that good
agreement was obtained between the different
measurement techniques used to survey the area
centered on the creeks and tributaries near the
Rancho Seco Nuclear Generating Station .

of the five blue contours , was located over farmlands just south of Highway 104. The increased
exposure rate, D toE (3 J1R/h or greater), in this
area was due to changes in the natural background
radiation . Except for the blue contours, the exposure rates inferred from aerial data collected
along the 9-mile segment of creeks were about
the same for both surveys ; this included some
areas where man-made contamination was
detected.
Because of the large-area averaging property of
the airborne system, the actual 1-meter activity
levels at a source that is not distributed over an
area comparable to the field-of-veiw of the detector
(at least several hundred feet in diameter) will be
higher than the levels inferred from the aerial
data. Sources such as those observed over the
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Table 2.

0

1.0

!.S

Soil Sample Analysis Results

U-238
(ppm)

Th-232
(ppm)

Cs-137
(pCi/g)

K-40
(pCi/g)

1

2.3 ± 0.4

6.6 ± 0.3

0.11 ± 0.03

9.2 ± 0.5

2

1.9 ± 0.5

6.3 ± 0.2

0.09 ± 0.04

8.5 ± 1.0

3

1.5 ± 0.3

5.0 ± 0.1

0.12 ± 0.02

6.8 ± 0.6

4

2.1 ± 0.1

7.5 ± 0.2

0.07 ± 0.09

11 .1 ± 0.6

See Figure 1.

Table 3.

Comparison of Aerial and Ground-Based Exposure Rate
Measurement Results
Ground Survey
Total Exposure Rate
(pR/h)

(

2.5

3.0

BACKGROUND-SUBTRACTED GAMMA RAY
SPECTRUM OBTAINED OVER AN AREA
CONTAMINATED WITH CESIUM-134,
CES/UM-137, AND COBALT- 60 (1984 SURVEY)

Site
Number 1

1

2.0

ENERGY CMEV)

ENERGY CMEV)

Site
Number1

Soil
Moisture (%)

I on
Chamber

Soil
Analysis
Estimates2

Aerial Survey
Total Exposure Rate
(pR/h)2

1

18

8.2 ± 0.5

8.0 ± 0.5

7- 9

2

20

8.1 ±0. 5

7.6 ± 0.7

7-9

3

15

7.2 ± 0.5

7.0 ± 0.5

7-9

4

17

8.5 ± 0.5

8.5 ± 0.6

7-9

1

See Figure 1.

2

Includes an estimated 4.0 11R/ h due to cosmic rays.
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·Averaged over the detector's field-of-view
at an altitude of 40 meters and extrapolated
to the 1 meter level. Includes an estimated
3.7 J.~R/h cosmic ra contribution .

ISOEXPOSURE RATE CONTOUR MAP OF THE 1984 SURVEY AREA. The blue contours depict levels that have
changed since the 1980 survey.
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APPENDIX A
SURVEY PARAMETERS

()

0

Site:

Rancho Seco Nuclear Generating Station

Location:

Clay Station, California

Survey Date:

3 to 15 December 1984

Base of Operation:

Lodi Airport, Lodi, California

Survey Coverage:

75 km2 (30 mi2)

Lines Surveyed:

76

Line Spacing :

61 m (200ft)

Survey Altitude:

38m (125ft)

Project Scientist:

E.L. Feimster

Survey Aircraft:

MBB B0-105 Helicopter

Acquisition System:

REDAR IV

Detector Array:

Eight, 10.2-cm wide by 10.2-cm thick by
40.6-cm long Nai(Tl) detectors (Cd-Pb
shield upper surface and sides).

0

Two , 10.2- cm diameter by 10.2-cm thick
Nai(Tl) detectors.
Two 7. 6-cm diameter by 7. 6-cm thick
upward-looking Nai(Tl) detectors
Data Processing:
Source : Man- Made
Energy Window: 0.040 to 1.4 MeV
Source : Total Terrestrial Activity (Gross Count)
Energy Window : 0.04 to 3.0 MeV
Conversion Factor: 1110 cps per JJR/h
Cosmic Ray Contribution: 4.0 JJR/ h

0
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0

APPENDIX B
DATA ANALYSIS PROCEDURES

the helicopter, (2) airborne radon and daughter
products, and (3) cosmic rays. These combined
contributions can be determined two ways:

Routinely, an isoradiation contour map showing
the distribution of exposure rates is generated for
survey areas such as that flown over the Rancho
Seco Nuclear Generating Station. Maps of this
type usually represent the exposure rate due to
total terrestrial gamma ray activity (gross count)
and gamma ray activity from cosmic ray interactions with the earth's atmosphere.

0

0

0

0

Exposure rates at 1 meter above ground level are
estimated from gross count rates measured over the
survey area minus the component due to nonterrestrial sources. An estimated cosmic contribution based on the elevation of the survey area is
added to that exposure rate to give an isoradiation
contour map of the total exposure rate.
During each flight the airborne system was flown
over a calibration line. The background radiation
contributions from all non-terrestrial sources were
estimated from measurements made over this
line . These data enabled the removal of those
contributions from the aerial measurements and
provided a check on flight-to-flight variations in
the levels of airborne radon activity.
The gross count energy window extended from
0.04 to 3.0 MeV, which included all significant
gamma rays due to natural sources of background
radiation. Several corrections were applied to the
measured gross counting rates before converting
them to exposure rates:
GC = [ (Ae • Wac) • L T -

C) • AH

1.

The non-terrestrial component can be measured directly, simply by flying over a large
body of water. Si nee the radiological activity
from water is usually negligible, the total
count rate measured there would be due only
to non-terrestrial sources.

2.

In many cases, there are no bodies of water
available. Additional "upward -looking" detectors were added to the system in order to
compute the non-terrestrial component of
the total activity as follows:
a.

Calibration flights were made over a test
line at Lake Mead, Nevada with the airborne detector system. The system consisted of two detector pods that each
contained one 7. 6-cm X 7. 6-cm upward1ooki ng Na I (T l) detector and four 10.2cm X 10.2-cm X 40.6 em downwardlooking Nai(Tl) detectors. The upwardlooking capability was achieved by placing
each 7. 6-cm X 7. 6-cm detector over the
four log detectors with 1.6 mm (1/16 in.)
lead and cadmium sheets inserted
between .

b.

An algorithm was derived from data collected over the test range that calculates
the non-terrestrial component of the total
activity as a function of the ratio of the
upward-looking detectors to the downward-looking detectors. The algorithm is
written as follows:

(1)

where
GC

Ae
Wac

LT

c
AH

=

Normalized gross counting rate
corrected for system live time and
altitude variations.
Detector effective area normalization.
Measured gross counting rate.
Live time counting loss correction.
Non-terrestrial contributions to the
gross count rates.
Correction for altitude variations.

NTC

D X R1)/(R2 - RI)

where
NTC

The non-terrestrial counting rates include contributions from (1) sources of radiation on board

0

(U -
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Computed count rate due to
non-terrestrial sources.

u

Total counts in the upwardlooking detectors.

D

Total counts in the downwardlooking detectors .

(2)

R1

R2

where other than typical mixes of naturallyoccurring radionuclides exist or where mixes are
drastically different from the calibration range .

Ratio of the upward-looking to
downward-looking detectors over
calibration land line, adjusted for
altitude and meteorological conditions
of the survey area.
Ratio of the upward-looking to downward-looking detectors over calibration
water line (Lake Mead, Nevada), adjusted
for altitude and meteorological
conditions of the survey area .

In addition to the total terrestrial activity (gross
count) , the ground-based computer system,
REDAC , was used to process multi-channel spectral data for activity due to man-made
rad ion ucl ides .
Multi-channel spectral data were collected each
second of flight and recorded on tape. Software
routines are avai Iable that give a variety of methods
for extracting desired data. Software algorithms
were used that produced the following results:

Two assumptions were made during calibration
flights over the test line :
1.
2.

0

0

)

Airborne radon was uniformly distributed in
the air over the land and water lines .
Aircraft and cosmic contributions to the total
activity at the survey altitude were a constant
value.

To test the accuracy of this method , the results of
the algorithm (Equation 2) were compared to data
collected over a large body of water where only the
non-terrestrial component exists . Non-terrestrial
count rates predicted by the algorithm were within
10 percent of the count rates measured over
selected large bodies of water even though radon
values varied drastically from area to area. The
isoradiation contour map (Figure 12) displays the
accuracy of the flight-to-flight and day-to-day
prediction of the non-terrestrial component of the
total activity.

Combined portions of the multi-channel
spectrum to suppress the activity of natural
background and enhance the activity of all
man-made contaminants .

2.

Combined these results with position information to generate isoradiation contours of
the acti vity of interest.

The predominate man-made radionuclides
detected during the survey of the Rancho Seco
Nuclear Generating Station were cesium-134,
cesium-137, and cobalt-60 . Listed in Table B-1 are
the spectral windows used to evaluate the activity
of the man-made radionuclides discussed above.

Table B-1.

The resulting net count rate described in Equation
1 was converted to exposure rate at the 1-meter
level by applying a conversion factor of 1110
counts per second per microroentgen per hour
(cps/pR/ h). This factor was derived from many
measurements made over areas with known concentrations of naturally-occurring radioisotopes.
The total exposure rate at 1 meter above the
ground level minus any contribution from airborne
radon was then derived by adding the estimated
cosmic ray contribution of 4.0 pR / h. The resulting
values are rounded to the nearest pR/ h. Contour
lines of equal exposure rate were plotted utilizing
the processed gross count data along with the
recorded position information . The exposure rate
contour map was scaled to overlay United States
Geological Survey (USGS) maps . Thus , the spatial
distribution and intensity of the exposure rates
due to terrestrial gamma ray emitters with i n the
survey area were defined .

Spectral Windows for
Man-Made Activity

Window

Energy Range
(keV)

A

40- 1399

B

1400- 3000

The algorithm used by the ground-based computer system to extract activity due to man-made
radionuclides combines the regions of the multichannel spectrum given in Table B-1 as follows :
CRMM-GC = A -

KB

where
CR MM-GC

As discussed in Section 5.0, the exposure rates
inferred from aerial data are not valid in areas

)

1.

A

18

Net count rate due to man-made
activity.
Total count rate in the signal
window.

(3)

0

B

Total count rate in the background
window .

K

A/ B when only natural background
is present.

Figure B-1 illustrates gross count rate as a function
of time along a flight line . Figure B-2 illustrates
the count rate with natural background removed,
employing Equation 3 along the same flight path .
Away from the source the net count rate oscillates
about 0, indicating that the value of K does not
vary greatly with location . lsoradiation contours
generated using the above parameters were scaled
and overlaid on photographs and maps of the
areas surveyed .

K was constant in areas where no man-made contamination existed . The uncertainty in the count
rate computed in Equation 3 is given by:

(4)

To overlay the radiation data correctly, position
information had to be acquired over known roads
in the survey area. Position data collected over
these roads were accurately scaled and plotted so
that computer generated plots of the roads identically overlaid corresponding roads on the map
or photograph . Thus, radiation data plotted as a
function of scaled position data would be correctly
spacially oriented.

The criterion for an anomaly to be significant was
that the count rate produced by Equation 3
exceed a preset nacR. the uncertainty described in
Equation 4. Since the values of Equation 3 were
normally distributed , various nacRwere chosen to
provide a range of sensitiv ities to accurately
evaluate the man-made contamination.
)
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GROSS C OUNT RATE WITH THE NATURAL
BACKGROUND REMOVED A S A FUN C TION
OF TIME ALONG A FLIGHT LINE

)

APPENDIX C

0

0

BACKGROUND RADIATION

Natural background radiation originates from
radioactive elements present in the earth (i.e ., the
terrestrial component), 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 . Annual
dose equivalents from the terrestrial component
of background radiation are as low as 15 to 35
millirems (mrems) (2 to 4 11R/h) for the Atlantic
and Gulf Coastal Plains and as high as 75 to 140
mrems (9 to 16 JJR/h) on the Colorado Plateau.4

Cosmic rays interact with the elements of the
earth 's atmosphere and soil to produce an additional natural source of gamma radiation. The
intensity of this radiation source depends on the
altitude and, to a lesser extent, on latitude. In
general, the cosmic ray contribution to the natural
background radiation is largest at high altitudes
and high latitudes . Annual dose equivalents in the
United States due to cosmic rays range from
about 26 mrems (3 JJR/h) in southern Florida to
about twice that value in Wyoming.

One member of both the uranium and thorium
decay chains is an isotope of radon, a noble gas,
which can both diffuse through the soil and travel
through the air to other locations. Therefore, the
level of airborne radiation due to these radon
isotopes and their daughter products at any
specific location depends on a variety of factors,
including meteorological conditions and soil permeability. Typically, airborne radiation contributes
between 1 and 10 percent of the natural background radiation levels.

External radiation may also be received f rom
radioactive elements in building materials. Naturally occurring radioactive mate rials can be concentrated in a particular location due to building
or road construction . In structures made of stone,
concrete or brick, the radiation dose is generally
higher than in nearby wooden buildings. Thus,
radiation doses due to background sources are
highly variable and depend upon a number of
factors.

0

0
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