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ABSTRACT

A team from the Remote Sensing Laboratory in Las Vegas, Nevada, conducted an aerial radiation survey of the
area surrounding ground zero of Project Rio Blanco in the northwestern section of Colorado in June 1293. The
object of the survey was to determine if there were man-made radioisotopes on or near the surface resulting from
a nuclear explosion in 1972,

No indications of surface contamination were found. A search for the cesium-137 radioisotope was negative. The
Minimum Detectable Activity for cesium-137 Is presented for several detection probabilities. The natural terrestrial
exposurae rates in units of Roentgens per hour were mapped and are presented in the form of a contour map over-
laid on an aerial photograph.

A second team made independent ground-based measurements in four places within the survey area. The aver-
age agreement of the ground-based with aerial measurements was six percent.
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1.0 INTRODUCTION

The United States Department of Energy (DOE)
maintains an aerial surveillance system, called the
Aerial Measuring Systam (AMS), for the detection of
nuclear radiation. The AMS is operated for DOE's
Remote Sensing Laboratory (RSL) by EG&G Energy
Measurements, Inc. (EG&G/EM} and is located at
Nellis Air Force Base in Las Vegas, Nevada, and
Andrews Air Force Base in Washington, D.C. The
AMS is used to ensure public safety from man-made
nuciear radiation by monitoring potential sources of
radiation such as nuclear power plants, plants
manufacturing nuclear materials, and sites of former
nuciear detonations.

This survey was conducted in June 1993 to determine
if man-made radiation was present at the earth's sur-
face as a result of an underground nuclear detonation
in June 1972, code-named Project Rio Blanco.! The
detonation was the result of a Plowshare experimert
intended to free natural gas from deep rock forma-
tions, a projact which could not be accomplished aco-
nomically using conventional technology. Three
nuclsar explosives were used. They were separated
by about 400 ft in the same vertical shaft, the shallow-
est having been placed a little mare than one mile
underground. The explosions are estimated to have
created more than 200 fission products and left 4 kg
of plutoniurm behind, all sealed in glazed, underground
ghambers created by the explosions.2 The major par-
ticipanta in the experiment were the CER Geonuclear
Corporation of Las Vegas, Nevada, the Lawrence
Livermore National Laboratory, and the Atomic
Energy Commissicn.

2.0 SURVEY SITE DESCRIPTION

Project Rio Blanco was conducted in the northwest
corner of Colorado, 52 miles north of Grand Junction
in Rio Blanco County. Ground Zero (GZ) is located in
Fawn Creek Valley about eight miles southwest of
Rock School on Fawn Creek Road., 1t is marked by a
small cement pedestal with a plague describing the
experiment. The exact location as marked on the
plaque is “Latitude: 39°47'34.8" N, Longitude:
108°21'59.6” W.”?

Fawn Creek runs from southwest to northeast through
the center of Fawn Creek Valley. The valley is shallow

and flat, about 800 ft wide and bordered by cliffs
100-200 ft high. It is lrrigated by Fawn Creek and is
used by a local rancher for cattle grazing. The vegeta-
tion in the valley is grass in the lower region, and scrub
brush and sage in the uppar region. The vegetation on
the bordering cliffs and ridges is small conifers.

The survey argawas a 6- x 2-mi (10- x 3-km) rectan-
gle starting one mile above GZ, ending five miles
below, and extending one mile on either side of Fawn
Creel. This placed the majority of the survey area
downstream from GZ where any radicactive material
was most likely to have migrated. The survey area
included part of the Eureka Creek to the west and
Little Dry Guilch to the east.

3.0 SURVEY EQUIPMENT AND
PROCEDURES

3.1 Aerial Meaauring System

A small, twin-engine Messerschmitt-Bolkow-Blohm
(MBB) BO-105 helicoptar, shown in Figure 1, carried
the radiation detectors over the survey area. Two alu-
minum pods, each containing four down-looking thal-
lium activitied sodium iodide Nal(T¢) detectors and
one up-looking Nal(T€) detector, were mounted on
the skids of the helicopter. Alist of the survey parame-
ters may be found in Appendix A.

The function of the down-looking detectors was to
measura the terrestrial radiation. The detectors have
a large gamma ray-sensitive volume, each detector
measuring 2 x 4 x 16 in and oriented with the 4- x
16-in face down, The top and the side surfaces were

FIGURE 1. MBE BO-105 HELICOPTER WITH DETECTOR
PODS



lined with 1/8-in lead and 0.040-in cadmium for shield-
ing against nonterrestrial radiation. (The function of
the cadmium was to absorb fluoresced X rays from
the lead.) The down-iooking face was shielded by the
floor of the pod (0.050-in aluminum) and by the
hermetically sealed casing for each sodium iodide
crystal (0.030-in alurminurm). The up-looking detectors
were smaller, 2 X 4 x 4in, and were used to monitor
the nonterrestrial radiation.

Gamma signals originating in the eight down-looking
detectors were matched in amplitude, c¢ombined
using summing amplifiers, and fed into an analog-to-
digital converter (ADC). A second ADC was used to
process the gamma signals from one of the eight
down-looking detectors as a check of the proper
functioning of the system and to increase its dynamic
range. The ADCs are components of the Radiation
and Environmental Data Acquisition and Recorder
System, Model IV (REDAR |V). After conversion, the
data were stored in REDAR's memory. Data are
sampled at one-second intervals and written on mag-
hetic tape at the end of each four-second period for
transfer to a data analysis computer at the end of the
flight. The REDAR also processes and stores second-
by-asecond data from various sensors such as atmo-
spheric pressure, outside air tempsrature, aircraft
radar altitude, and position from the Global Position-
ing Systam (GPS).

The GPS was used to pair each data point with a posi-
tion. GPS is a navigational system employing multiple
man-made satefllites. More detail on the use of the
GPS is given in Appendix B.

3.2 Survey Procedures

Data acquisition has evolved into a set of routine pro-
cadures over the years. These procedures are briefly
described here,

Altitude Profile: The nonterrestrial background and |

a coefficient for the correction of helicopter altitude
varlations were determined by measuring the count
rates when flying the helicopter over the same flight
line at six different altitudes ranging from 150 to 3,000
ft (46-1,000 m). See Appendix C for more detail.

Perimeter Flight: The helicopter was flown over
{andmarks, usually paved roads, in and around the
survey area. The purpose of this was to scale the
computer-generated plots to maps and photographs

by matching the GPS-traced flights on the plots to the
landmarks on the maps and photographs.

Test Line: At the beginning of the survey, a test line
area was selected outside the survey area, but close
1o i, 0 measure variations in the counts due to air-
borne radon. Before and after each flight, data were
collected over the same area. Assuming constant ter-
restrial activity, any variation in the observed count
rate was taken to be due to variations in the atmo-
spheric radon, and the survey data were corrected for
it.

Preflight Calibration: Before the first survey flight of
the day, the detectors and electronics were allowed to
warrn up until stable, usually one hour, They were then
calibrated using the line spectra of check sources.
The calibration was checked befors each subsequent
flight.

Survey Flights: The data were collected at 150 ft (46
m) above ground level (AGL). At this aftitude, the
absorption by the air between the ground and the
detectors was relatively small for the gamma rays of
interest. The helicopter flew along predetermined
lines spaced 250 ft (76 m) apart. The 250-ft ling spac-
ing allows complete coverage of the survey area since
the detector can “see” out to 45 degrees and beyond
permitting a path 300 ft (100 m) wide to be surveyed
for each survey line. The flight lines were parallel to
the long dimension of the survey rectangle. This direc-
tian is roughly paratiel to the altitude contours of the
terrain and made it as easy as possibie for the helicop-
ter to maintain the 150-f altitude. The speed of the
helicopter was 70 knots (36 m/s}). Since data were col-
lected at the rate of one spectrum per second, the
radiation contributing to any one spectrum came from
an area of approximately elliptical shape, having 300
ft (100 m) as its minor diameter and 400 ft (120 m) as
its major diameter. This area is the limit of the spatial
resolution of the measurements, '

Postflight Checks: Immediately after each flight, a
number of checks wera made to verify the reliability of
the accumulated data. These checks were completed
before the next flight departed. Among the itams
checked wera the proper functioning of the detectors,
glectronics, and instruments. The data were
examined for surprises which would change the data
acquisition strateqy, such as areas of unexpected
high intensity radiation.

Serpentine Flight: At the end of the survey, several
survey lines from each flight were reflown and the data
collected compared to the data from the previous
flights. This served as a check on data conttnuity and
reproducibility.



4.0 DATA ANALYSIS AND RESULTS

In analyzing the data, the methods outlined below are
routinely used by RSL persannel.

4.1 Althude Variation and Background
Radiation

Slight deviatlons in helicopter altitude make neces-
sary a correction for the varying gamma-ray absorp-
tion caused by the changing quantity of air mass
between the ground and the helicopter. This correc-
tion, along with the correction for cosmic rays, radl-
ation from airborne radon, and the aircraft contribu-
tion, was determined by the Aftitude Profile and
applied 10 the survey data.

4.2 Gridding

The survey area was divided into a 500- x 500-ft
{150~ x 150-m) grid. The measurements within aach
grid square were averaged and the average assumed
to be measured at the center of the square. This
improved the statigtics of the data, making it more
sensitive to man-made sources at the expense of a
somewhat degraded spatial resolution.

4.3 Mapping of the Exposure Rate

The corrected count rates, summed over the whole
Pulse Height Analyzer (PHA) spectrum, were plotted
against position to give a contour map of the terrestrial
count rate over the survey area. This map of relative
activity gives an overview of radiation in the survey
area and is useful in indicating the location of radiation
sources. However, it is unique to our detection sys-
tem. To obtain a map of more generat use, observed
counts were converted to exposure rates (microroent-
gens/hour) by use of a calibration constant deter-
mined periodically over a well-known test area near
Lake Mead, Nevada, The rasulting exposure rate map
is shown in Figure 2.

The map shows a broad diagonal band of increased
radioactivity running east-west across the lower
valley, shown in Figure 2 in the right third of the survey
area. The most. active areas in the band were

compared with areas outside the band using spectral
analysis. The specira showed only variations in natu-
ral radioactivity. Figure 3 shows two spectra, one
taken in a high activity region (21-23 pR/h, Spectrum
1) inside the band, the other in a low activity region
(15-17 pR/, Spectrum 2) outside the band.

4.4 Mapping of Man-Made Count Rates

The method used to map the count rates due to all
man-made radicisotopes is the same as that used for
casium-137 (197Cs), described in detail below, except
for the energy limits of the spectral windows. The
spectrum was divided into a low-energy window (less
than 1,394 keV) and a high-energy window (greater
than 1,394 keV). Since almost all gamma rays from
man-made radioisotopes have energies below 1,394
keV, the low-energy window was assumed to contain
the signal. The high-energy window was used as
background.

No outstanding features of man-made radiation were
found. The spectra of a few areas were analyzed but
showed only natural activity.

4.5 The Search for Ceslum-137

A review of aerial surveys of Plowshare explosions
close to the surface and of a deeply buried explosion
which vented (Banebury) showed that 1%7Cs and
cobait-60 (89Co) were the main radioactive contami-
nants detected.>® Cesium-137 has an appreciably
longer hatf-life than 89Co (30 years versus 5.3 years).
The ratio of their original activities had changed by
about a factor of 10 in favor of 137Cs in the 21 years
since Project Rio Blanco, making 37Cs the better
candidate for detaction. Extensive efforts were mads
to find if any portion of the survey area contained
excess amounts of 137Cs, (The survey area was
expected to contain a small but measurable amount
of 137Cs from worldwide fallout.)

4.51 Estimate of Background

Because of the manner in which the data were col-
lected, it was not possible to establish a well-known
background in the conventional way, by repeated
measurements. Each measurement was made over
a different area with a potentially different natural
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hackground. However, it was possible to take advan-
tage of the statistical accuracy of the large number of
measuremsnts by establishing a “background differ-
ence” in each one-second spectrum measured over
the test line, where excess 137Cs was absent. Each
197Cs background was estimated from its own one-
second spectrum by the following method.

Three windows were established in each spectrum for
the detection of the 662-keV gamma-ray of 137Cs
(Figure 4). The central window bracketad the 662-keV
peak and served as the signal window with count rate
W. The two outside windows, with count rates w1 and
w2, served 10 estimate the background in the signal
window as A(w7 + w2). A was taken as the average
ofthe W/(w1 + w2) values from the 200 test-line mea-
suraments. The expression W - R(wT + w2} was then
evaluated for each one-second measurement 1o form
the test line or the zero signal distribution.

The distribution was assumed 1o lie on an approxi-
rmately normal curve since the count rates involved in
establishing it exceeded 100 counts per second (c/s)®
(Figure 5). s standard deviation was calculated from

the 200 measurements using the standard expres-

b1}
sionoZ = 1/(n = 1) ) (v, — ), wherex = W - R(wI
i=1
+w2) ang ¥ = 0. This calculation was made for each
of the 14 test-line measurements, resulting in a stan-
dard deviation of 30 + 2 c/s, exactly what would be
expected onthe basis of counting statistics alone (see
Figure 4 for count rates).

4.5.2 Critical Level

The test-line distribution was used to establish a criti-
cal level, L., against which the survey data were
compared.’® Survey data having values of
W — R(wl + w2) greater than L. were subjected to
spectral analysis for possible 137Cs content. Time
would aliow only a small fraction of the approximately
12,000 survey measurements to be examined individ-
ually. To reduce the number of data points, as well as
to improve the statistical accuracy, the data were
“gridded,” that is, spatially averaged. The grid unit was
a 500-ft square, which allowed for 8 or 9 measure-
ments per grid unit. Gridding reduced the number of
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data points to about 1,400 and decreased the stan-
dard deviation of the zero distribution by about a factor
of threa, from 30 c/s to 11 ¢fs, at the expense of a
somewhat decreased spatial resolution. Setting
L. = 30, and again assuming a normal zero-signal
distribution, the number of data points predicted to
exceed L. is 0.13% of 1,400 or about two. (This pre-
dicted number is the minimum which can be expected
to exceed L, since only the zero signal distribution
was considered.) The actual number of points with
count rates exceeding L. was 9. The disagreement
from the predicted number was not surptising, since
the fluctuating counts in the 509-keV peak of the bis-
muth-214 isotope, from variation in the amount of air-
borne radon would be included in the 137Cs spectral
windows. The nine measurements were subjected 10
individual spectral analysis. No evidence of abnormal
counts in the 662-keV peak was found.

4.5.3 Detection Probability

The detection probability for a small hypothetical real
signal was next predicted. The distribution curve for
amean signal of counts, m, is also approximately nor-
mal with a standard deviation of the square root of m.
Since the signal rides on the zero distribution, its dis-
tribution curve has to be combined with that of the zero
signal distribution curve to obtain a curve which can
be observed.

The standard deviation of the combined distribution
curve was calculated from ¢ = 02 + m. (it would
seem that crf, and m have different dimensions. How-
ever, all statistical guantities have to be regarded as

dimensionless.!!) It a detection probability of 90% is
desired, the distribution curve has to be placed sothat
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90% of its area i3 above L., since only count rates
above L. are investigated, The count rate of this hypo-
thetical signal can then be calculated from the follow-
ing two conditions:

(m-Lo)joc = 1.28 (1)

oi=al+m (2)

Using the quadratic formuia to solve for m results in:

m =L+ (1.28)°/2 + 1.28 [L; + o} (3)

For the zero distribution, o, = 11, and choosing
L. = 30, gives:

m = 49.7 and o, = 13.1 4)

Table 1 lists probabilities of detaction for several mag:
nitudes of signal when L. = 3o,. Also listed are the
137Cs soil concentrations required to give the signals.

These were caiculated using expressions derived by
Beck.12

4.6 Ground-Based Measurements

Table 2 Bsts the results of ground-based measure-
ments made independenty of the aerial measure-
ments, The first column shows the sampling sites.
The second column represents the aerial measura-
ments. The third column shows exposure rates mea-
sured with an ion chamber. The fourth column repre-
sents the exposure rates calculated from photon
counting by an Intrinsic Germanium Detactor.

5.0 CONCLUSIONS

An aerial radiological survey was conducted in June
1993 over Project Rio Blanco and surrounding areas,
The purpose of the aerial survey was to detect and
document any anomalous gamma radiation in the
environment which may have been causad as a result
of an underground nuclear detonation in June 1972,
The exposure rates measured within the survey
regiohs wera generally uniform and typical of rates
resulting from natural background radiation. The aver-
age agreement of the aerial and ground-based mea-
surements is six percent. No evidence of 137Cs or any
other man-made radionuclide was found.



Table 1.

Cesium-137 Detection Probabilities

137Cs Concentrations®
Detection Signal2.0
Probability +S.D. nCi/sq m pCl/g
50% 23412 43 + 16 92 4+ .33
90% 50 +13 85 + 17 1.39 1+ .36
95% 55413 72417 153+ .36
99% 65+ 14 85118 181+ .39
99.9% 76+ 14 99 + 18 211 + .39

A Signal was multiplied by 1.6 to compensate for the signal window baing toa narrow to contain the
whole peak.
P Data averaged within SO0-ft grid units.

< Soll distribution is assumed to be exp(-z/3) where 2 is the soll depth in cm.

Table 2. Comparison of Aarial and Ground-Based Exposure
Rates
Exposure Rate in uR/h £ Std. Dev.
: lon Soil Analysis
Location Aeriala.b Chambert Estimate 9.
1 16.2 + 0.6 16.8+0.8 16 +2
2 165+ 0.3 174+ 1.0 18 +4
3 19.1 + 0.6 188+ 09 18 +1
4 153+ 0.6 164+ 0.8 154+ 0.7

2 Extimate includes a cosmic ray contribution of 7,0 pRM.
bMeaasured from a 1000~ x 1000-ff area centered on site.

© Rewter-Stokes PIC Modael #RS5-112, Serial¥ G-003.

4 Estimate inciudes a malsture correction of the form 1/(1+m).
2 Egtimate Includes a cosmic ray contribution of 7.0-7.3 wR/h, depanding on elevation.




APPENDIX A

SURVEY PARAMETERS
Survey Site; 52 miles north of Grand Junction, Colorado
Base of Operation: Rifle, Colorado
Survey Dates: June 3-11, 1993
Project Scientist:: L.V. Singman
Site Elevation: 7,300-7,800 ft
Survey Altitude: 150 ft (46 m)
'Line Spacing: 250 ft (76 m)
Aircraft Speed: 70 knots (36 m/s)
Survey Area: 6 x 2mi (10 x 3 km)
Line Direction: Northeast-Southwest
Detector Arrays: Eight 2- x 4- x 16-in Nal(T<€)

One 2- x 4- X 4-in Nal(T¢)

Acquisition System: REDAR tV
Aircraft: MBE BO-105 helicopter, Tail No. NSOEG
Navigation System: Differential Global Positioning System
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APPENDIX B

GLOBAL POSITIONING SYSTEM

The Global Positioning System (GPS) Differential
Mode: The errors of GPS were reduced by using the
differantial mode. These errors are due to natural phe-
nomena plus an intentionally introduced variable off-
set. The deliberate error is the most serious, varying
over time from zero to 300 m. Differential GPS oper-
ates by placing one receiver in the helicopter and
another in a known stationary position. The difference
hetween the known stationary position and its GPS
reading is the GPS error at the time the signal was
received. By continuously tracking the GPS signal,
the error was known at any time. Error correction
parameters were transmitted to the receiver in the
helicopter.

GPS Dropouts: At times the intervening terrain pre-
ventad the differential signal from reaching the heli-
copter over a period of several seconds or mere. The
helicopter GPS receiver then fell back to the uncor-
racted GPS. Positions were corrected later by linearly
interpolating between differentially corrected posi-
tions preceding and following dropouts. To make
these dropouts obvious, the nondifferential positions

10

were offset by one ar¢-minute in both latitude and lon-
gitude, which is roughly a mile in both directions. In
this way, whenever the receiver lost the differential
signal, the traced position of the helicopter on the
computer-generated plot suddenly jumped approxi-
mately one mile, an obvious arror.

Moving the GPS Unit: The stationary GPS receiver
was placed on a hill overlooking the survey area ata
distance of about six miles. The receiver had to be
moved to cover a portion of the survey area because
a ridge was blocking the differential signal from the
helicopter. (As long as the position of our stationary
receiver remained the same, it was not necessary to
know the absolute position of the stationary receiver
since all points within the survey area would be
equally affected by an error in initial receiver place-
ment.) To relate the first receiver position to the
second, a common peint was marked with the refer-
ence receiver in both positions. The two readings
could have been off by 600 m in the worst case. Sur-
prigingly, the difference was only 20 m, which was
about the estimated error made by the pilot in marking
the position. No correction was deemed necessary.
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APPENDIX C

ALTITUDE PROFILE

The following calculation is routinely made in aerial
surveys to correct for air absorption and nonterrestrial
background. The nonterrestrial background was
assumed to be due to gamma rays coming from three
sources. space (cosmic rays), radon in the air, and
naturally radioactive materials in the aircraft. it was
experimertally determined as described below.

The total count rate was measured with the helicopter
flying the same flight line at six different altitudes rang-
ing from 150t 3,000 ft (46 to 1,000 m). The measurs-
ments were fitted to an equation of the form:

M(A) = B + T(150) x g~A~150)

1

where M{A) is the measured count rate at altitude A,
B is the nonterrestrial background, T{150) is the tér-
resirial count rate at the 150-ft altitude, and « is the air
absarption coefficient in units of inverse feet, The
3,000-ft measurement was taken as an initial approxi-
mation of the nonterrestrial background, since the
absorption by the 3,000 feet of air renders the second
term of the equation effectively zero. When the back-
ground determined in this way was subtracted from
the measured values and the logarithm of the differ-
ences plotted against altitude, the result was a
straight line with its slope equal to the air absorption
coefficient, u.

Final values of » and B were obtained by adjusting
them until the measured values made the bestfitto a
straight line as determined by the least squares
method,
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