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ABSTRACT

During the period from May 1973 to April 1974, four aerial radio-
lc ‘cal surveys were conducted over the United States Energy .esearch and
Development Adminis ration's Hanford Reservation. These surveys, con-
ducted at the request of the ERDA's Div sion of Operational Safety, were
made utilizing the Aerial Radiological Measuring System (ARMS) operated
for the ERDA by ~ 3&G, Inc. The surveys were conducted as art of a
continuing nationwide ARMS program, startedin 1958, to monitor radiation
levels in and around facilities utilizing or producing radioactive material.
Two distinct types of surveys were performed. The first, utilizir a fixed-
wing aircraft, cov ‘ed the entire site and an area extending approximately
e 1t kilome rs in each direction from the site boundary. This survey was
flown at an altitude of 150 meters with line spacings varying from 0.4 to
1.6 kilometers. The second type of survey utilized a helicopter platform
to provide detailed coverage over se¢ 3>cted areas. These surveys were
flown at an altitude of 45 meters with 45 meter line spacings. letailed
helicopter surveys were flown over each of the major facilities located
within the Hanford Reservation as well as along a section of the Columbia
River. The river survey extended from the Vernita Bridge upstream of
the site to the intersection of the Snake and Columbia Rivers approximately
35 kilometers downstream from the site boundary. The aerial results are
presented in the form of radioisotope concentration and gamma ray exposui
rate isopleths plotted over aerial photographs of each area surveyed.




1. INTRODUCTION

During the period from May 1973 to April 1974, four aerial
radiological surveys were conducted over the United States Atomic
Energy Commission's™ Hanford Reservation. These surveys were per-
formed using the Aerial Radiological Measuring System (ARMS), operated
for the AEC by EG&G, Incorporated. The surveys were made at the
request of the AEC's Division of Operational Safety as part of a continuing
nationwide ARMS program, started in 1958, to monitor radiation levels
in and around facilities producing or utilizing ratioactive material.
Recently this program has been extended to making detailed surveys,
utilizing a helicopter platform, over selected areas within all major AEC
facilities. The purpose of these surveys is twofold: first, to document, at
a given point in time, the location of all areas containing gamma emitting
radioactivity (visible at the surface); second, as an aid to local personnel
in evaluating the magnitude and spatial extent of any radioactive contami-
nants released into the environment.

The Hanford Reservation is located in south-central Washington
state (see Figure 1) and covers an area of approximately 1500 km®. This
is a semi-arid region with an average annual rainfall of 16 cm. 1e area
has a sparse covering of natural vegetation, primarily suited for grazing.
Large areas near the site, however, have recently been put under
irrigation. The Columbia River flows through the northern edge of the
site and forms part of the eastern boundary. The nearest large pc 1lation
center is the Tri-Cities area (Richland, Pasco and Kennewick), located
directly downstream from the site boundary. This area, along with the
other smaller communities and agricultural areas surrounding the site,
contains a population of approximately 100, 000.

I ‘he © "'ty be _wn of it 1¢
Hanford Rese tion have ¢ 1itered around the produ 1,
Nine graphite moderated production reactors, located within the six
100 Areas along the Columbia River (see Figure 1), have been operated
during this time. Located in the center of the reservation are two large

*The Hanford Reservation is now under the direction of the newly created
Energy Research and Development Administration. The work described
in this report which has been supported by the U. S. Atomic Energy
Commission (AEC) is now under the cognizance of the Energy Research
and Development Administration (ERDA).







chemical separation areas (200-East and 200-West) where plutonium
(and later uranium) is extracted from irradiated uranium fuel elements.
Large quantities of radioactive wastes, generated in the separation
processes, are also stored within these areas.

Two distinct types of aerial surveys were performed over the
Hanford Reservation. A general survey, conducted between July 10 and
July 16, 1973, utilized a fixed-wing aircraft flying at speeds ranging
from 60 to 75 meters per second. Flight lines were flown at an altitude
of 150 meters, with line spacings varying from 0.4 to 1.6 kilometers.
This survey covered the entire site, as well as an area off-site extending
approximately eight kilometers on each side of the site boundary. The
purpose of the 150 meter survey was to provide a broad overview of
the entire reservation and to locate general areas of activity. A second
type of survey utilized a helicopter platform in order to survey at lower
altitudes (typically 45 meters) and at slower speeds (typically 30 to 40
meters per second). This type of survey was used to provide detailed
coverage of selected areas within the site. Line spacings of 45 meters
allowed for complete overlap and provided a spatial resolution on the
order of 30 meters. The detection sensitivity for activity spread out
over a large area was improved by a factor of 3 to 4, while the sensitivity
for localized ""point'' sources was improved by an order of magnitude in
the 45 meter survey versus the 150 meter survey.

Three helicopter surveys were flown. The first was a special
survey conducted between May 22 and June 6, 1973 at the request of the
Atlantic Richfield Hanford Company (ARHCO). This survey covered
eight areas in and around the two chemical separation areas operated by
ARHCO., All but one of these areas (the BC-Crib area) were resurveyed
as part of a more complete series of helicopter surveys conducted
between October 15 and October 27, 1973 and between March 26 and
April 8, 1

The results of the aerial surveys are presented in the form of
gamma radiation isopleths plotted over photographs of each area. Two
types of isopleth maps are provided for each area surveyed. The first
gives the total gamma count rate, at the survey altitude, for gamma
rays between 50 keV and 3 MeV. The second is a plot of the isoactivity
and isoexposure rate for all major man-made isotopes. Only a single
isopleth map is presented for those areas where one isotope dominates.
The results are expressed in terms of an equivalent ''surface' concentra-
tion, given in pCi/mz. (This surface concentration would lead to the
same gamma ray count rate as that actually measured). The exposure
rate at one meter above the ground, derived from the surface concentra-
tions, is also given (in uR/h ).




2. SYSTEMS AND PROCEDURES

2.1 Data Acquisition System

The data acquisition system was composed of a detector package,
a data recording system called REDAR (Radiation and Environmental Data
Acquisition and Recorder), and a navigation unit which provided position
information. The REDAR system contained four memories for data
storage. The first stored a variety of information, such as the gross
count data, single-channel data, position information, live-time, radar
altitude, and various meteorological information if the appropriate
trar Jucers were employed. The second and third memories operated
in a flip-flop mode to store spectral information. Memories one and
alternately either two or three were stored every three seconds on a
9-track magnetic tape. The fourth memory was used: solely for real
time analysis on board the aircraft, and was not stored on magnetic
tape. Figure 2 is a block diagram showing the major components of the
acquisition system in the normal helicopter configuration, and Figure 3
shows the REDA... system.,

During the Hanford survey, four different detector packages
were employed. The major portion of the gamma ray information was
obtained using NaI(T4) scintillation detectors. For the large area
survey, three arrays, each containing seven 10 cm. diameter by 10 cm.
thick NaI(T4) detectors, were mounted inside a Martin-404 fixed-wing
aircraft operated by EG&G, Inc. for the Atomic Energy Commission (AEC).
In the low altitude detailed surveys two pods, each containing twenty 12.7
cm. diameter by 5 cm. thick Nal(T4) detectors, were mounted externally
on a Navy SH-3 helicopter. Figure 4 shows the helicopter with the pods
attached and Figure 5 shows one of the detector pods with the hatch
cov removed. Two iditi © "tector 1k were briefly employed
iring two »ecial survey <« .ed over a portion of the 200-West
Area. One contained an array of four BF; neutron counters, each 1.8
meters long and 15 cm. in diameter, filled to a pressure of 50 cm. of Hg.
These were mounted in two pods which hung externally on the helicopter
in the same position as the gamma pods. The total therme¢ neutron
sensitivity for the array was 6000 counts/second per neutron/cm?-second.
For the second special survey a high resolution lithium-drifted germa-
nium solid-state detector was mounted inside the helicopter. This
detector had an efficiency of 14.5% with a total active volume of 77 cm®,








































In the third term, the background counts in Window 2 must first be
subtracted away. The remaining counts are due to ®°Co imma rays.
These are then used to subtract away the ®°Co contribution within the
1¥Cs photopeak window. Equation (2) can be rewritten as

CR (**’Cs) = ([Cts. in11 - 6[Cts. in 2]
- [~ &6 B} [Cts. in 4]. (3)

Equations (1) and (3) were those used to process the hotopeak
count rate data for ®°Co and **’Cs, respectively. The window data coul
come from the pre-selected SCA data, summed over one second time
intervals, or from software selected windows placed over the appropriate
pulse-height regions in the spectral data. Although the li er information
came in three-second data blocks, a close approximation to the equiva-
lent one-second count rate could be obtained using the ADC live time, as
in the gross count case. The stripping coefficients o, B, and y were
obtained by taking an average value over some typical regions within
the survey area which were free of man-made activity. To obtain the
stripping coefficient 6, a region containing *°Co as the only non-natural
isotope had to be found. The counts in Windows 1 and 2 due to natural
background were first subtracted away leaving only those counts due
to Compton scattered gamma rays from °°Co. This could be done by
using the o and B coefficients or by subtracting away the entire natural
background portion of the spectrum. In the latter method, two spectra
were accumulated, one consisting of natural background gamma radiation
only and one consisting of natural background plus **Co. A weighting |
factor was applied to one of the spectra to equate the total counts within
Window 4. The two spectra were then subtracted leaving a pure °°Co
spectrum. The stripping coefficient 8§ could then be obtained.

Count rate levels for the isotope isopleth maps were selected
in nn ux rs . to tl " de Pl the ~¢ co . An A
level was cho; to include all the purely statistical fluctuations
around zero. The m: 1itude of these statistical fluctuations deter-
mined the minimum detectable activity for the isotope in question. All
levels B and above generally indicated the presence of the isotope
under consideration.

Figure 8 illustrates the stripping technique for a line flown
along the Columbia River shoreline between the 100-D and 100-F
Areas. Also shown are the count rate intervals selected in each case
for the count rate isopleths. This example illustrates one of the worst
cases for the gross count data. Large variations are observed in the
count rate as a function of position along the flight line, due mainly to
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the presence of water over portions of the flight line. Sev ral sources

of man-made radioactivity were completely missed because they occurred
in regions of reduced natural background. It is obvious from __gure 8a
that under certain circumstances very little quantitative information on
man-made radioactivity can be extracted from the gross count data.
Using the background stripping technique, however, quantitative results
are possible even in areas having large fluctuations in the natural back-
ground count rate.

Using Equation (1), the natural background component was
subtracted away leaving only the counts due to ®°Co within the photo-
peak window. These results are shown in Figure 8b. The count rate
variations due just to natural background radiation have been removed
and the areas of ®°Co activity stand out quite well.

Using Equation (3), both the natural background and the *°Co
contributions in the **¥Cs photopeak window have been subtracted
away. The resulting count rate, due just to **’Cs, is shown in Figure
8c. The large variations in count rate due to natural background
changes are no longer present. In addition, the activity near the
beginning of the flight line, which was due to ®°Co, has been eliminated.

Figure 9 shows spectral plots taken near the beginning,
middle, and end, respectively, of the flight line. Both *°Co
and the naturally occurring terrestrial isotopes are identified in
Figure 9a. Figure 9b is a spectrum taken over a region containing
only natural background radiation. In Figure 9¢, *Cs and ®°Co can
both be seen.

2.5 Calibration Procedures
] 5 radionuclides n 1ife . thems =« ph
superimi ick _ "ound spectrum due to naturally occurrir -

terrestrial radioisotopes, natural radioactivity within the aircraft and
cosmic rays. In addition, higher energy contaminants contribute to
the background for all photopeaks of lower energy. The previous
section describes how these background contributions were removed
from the photopeak pulse-height window of interest. Relatively simple
expressions can be derived relating the resulting photopeak count rate
to radioisotope concentration on the ground.
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Consider a point source placed directly under the detector
¢ ray. Ti 10topeak count rate (CRp) can be written in tert  of an
effective detector area as

-h
cr = e M,
where
Sq = the source strength in g¢ 1mas | - second,
h = 1e height of the detector above the source,
Aa = the gamma ray mean free path in air and
A = the effective detector area for gamma rays

i1 :nt normal to the detector face.

The effective area takes into account factors such as the ¢ enuation
in the detector housing and the photopeak efficiency of the detector.

For source uniformly distributed over a smooth surface,
with surface concentration 7, a similar expression may be written.
The photopeak count rate (CR), at an altitude d above the surface,

is given by
. ‘nA* o = I‘/Xa
CR - , 2mxdx ,

47r°
Q
where

T = \f x® + d&® = the distance from each ¢ >ment of

surface area to the detector position and
A* = the ef re or al

cident at an 6 =arccw(g). :

T

In order to evaluate Equation 5, the variation of A* with 6 must
be known. Two limiting cases of interest are that of an isotropic
detector response and that of a cosine angular response. In the
first case A* = A and in the second case A* = A o 6. Using these
two cases, Equation 5 may be put in the form

2 \na
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for the isotropic detector response and

CR - ”;;EQ(;\%) )

for the cosine response. Here Ei(d/Aa) and E,(d/)Xa) are exponential
integrals defined by
b
n-1 - X
_ﬂ__e dx
J x
a

Eliminating the effective area between Equation 4 and Equations 6
and 7, the surface concentration can be written as

- h/Xa
e

-
] . ]CR (8)
szh"’ (CR,) E2( )a)

for the isotropic response and

S, e - h/)\a I

9
27h® (cm)Ez(d/Aa)J CR 9

for the cosine response. The expression within the bracket in
Equations 8 and 9 can be evaluated for any survey altitude d

by experimentally measuring the photopeak count rate at a distance
h above a known source and using the tabulated values for the
exponential integrals(l). Table 1 gives the resulting conversion
factors for¥~;, ®°Co and **Am for the detector arrays and survey
altitudes employed « i tI Ha ~d survey.

A previous experimental measurement of the detector
angular response for **’Cs(2) showed that an excellent approxima-
tion to the angle-dependent response function could be obtais 1 by
averaging 1e results of the two limiting cases given in Equations 8
and 9. This: >roximation was employed in the case of **’Cs and
®Co. The result obtained assuming a cosine response function was
used in the case of ®**Am. This was done because the detectors used
during the *!Am survey were surrounded on the sides with 0.9 mm
thick cadmium, which is essentially opaque to 60 keV gamma rays.
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The cadmium shielding was used to improve the signal-to-noise ratio
for low energy surveys. With this shield, the signal-to-background
ratio at 60 keV for a 12.7 cm diameter by 5 cm thick detector is
essentially the same as that of a 12.7 cm diameter by 0.16 cm
thick detector(3).

Using previously :rived data(4), the isotope concentrations
can be converted to exposure rates at one meter above the ground.
These results are also given in Table 1 for *¥Cs and ®°Co.

The conversion factors given in Table 1 are good to within
+15%, considering only sources of error associated with the actual
calibration measurement. In using these conversion factors to infer
a ground concentration, a major source of error lies in how closely
the actual source geometry is represented by the idealized case
considered in the derivation (namely, that of a uniformly distributed
source over an infinite smooth plane). In situations where the actual
source distribution is known, a correction factor can be ¢ »lied (see
the Appendix) to obtain a more realistic value for the ground concen-
tration. This source geometry correction should be made prior to
utilizing the aerial results to obtain a value for the total activity
contained within a given area. In addition to the source geometry cor-
rection, it is also necessary to take into account any additional photo-
peak attenuation which may ex . due to earth or structural shielding
between the source and the aircraft,

When comparing the aerial results with localized ground
measurements, it is imperative that the averaging properties of the
aerial system be ca: 'ully considered. For any meaningful c« ari-
son to be made, a statistically significant number of random sampling
loc ions coveril " an area which spans the field of view of the airborne
system proximately 150 mete: in diameter for the h« " :opte s1 - |
veys) must be analyzed and averaged together.

24



3. SURVEY RESULTS

3.1 Hanford Reservation Survey

The results of the large area survey over the entire reserva-
tion, conducted between July 10 and July 16, 1973, are given in Figures
10 to 13. These results are superimposed on a photo mosaic of the site
constructed from photos taken during the same period of time as the
radiation survey. The dotted line indicates the area covered during
the radiation survey.

Figure 10 shows the actual flight lines flown during the survey.
Over the center portion of the site, around the chemical separation
areas, reasonably straight lines, spaced 0.4 kilometers apart, were
flown. With this line spacing some side overlap exists in the radiation
data. The photopeak count rate from a point source of **’Cs or *°Co
placed midway between the lines would be approximately 30% of that
obtained with the source placed on the line. The remaining portion of
the site bound on the north and east by the Columbia River and on the
south by the 300 Area, was flown with 0. 8 kilometer line spacings. In
this case the point source count rate for a source midway between the
lines is only 2% of that for a sour« on the line. Thus, localized areas
of activity between the lines might not be detected. The remainder of
the survey area v 3 flown with lines spaced 1. 6 kilometers apart. In
this case interpolations between flight lines are only valid for large
area, slowly varying, sources of activity, such as that due to the
natural terrestrial radiation background.

Figure 11 shows the results for the total gamma count rate
between 50 keV and 3 MeV (in counts per second at 150 meter altitude).
For th particular survey a C level was chosen to represent the
normal background count rate interval. Although corrections were made
for altitude variations, rapidly changing t¢ -ain elevation may show up
as a surface anomaly. Several examples of this can be seen, notably
around the Gable Mountain and Saddle Mountains areas. The terrestrial
count rate is somewhat higher in the area north of the Columbia River.
A few D areas show up in this region. These were investigated and
found to be due to natural background, where the count rate just trig-
gered the D level. Several isolated D levels show up in the Wooded
Island area, just north of the 300 Area. These were investigated and
identified as areas of °°Co activity (see Figure 13). All levels greater
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%°Co, which was the dominant radioisotope observed in these areas.
Spectral plots were taken over each area of activity identified in the
gross count isopleth map. The presence of any isotope other than
®9Co is discussed in the text.

3.2.1 B and C Reactor Areas

This area contained two production reactors. The 100-B
reactor was one of the three original r¢ :tors built at Hanford ar the
first to go into production. It started up in September, 1944 and was
shut down permanently in February, 1968. The 100-C reactor started
up in November, 1952 and was shut »>wn in April, 1969. A map of the
area is given in Figure 14. The radiation results are shown in Figures
15 and 18.

Five general areas of activity were observed. These were

the 0J0-B Area solid waste burial ground, the 105-C reactor bui ng
area, the 105-B reactor building area, the 107-B and 107-C retention
be ns and the '"C" trench. Spectral plots taken over each of these
areas revealed the presence of ®°Co plus the naturally occurring radio-

sotopes of uranium, thorium, and potassium. No other isotopes due
to man-made activity could = identified in the aerial results. The
105-C reactor building area had two distinct sources of activity, while
the 105-B reactor building area had three separate sources of activity.

1 other activity shown in the contours is consistent with shine from
the above sources and does not represent actual activity on the ground.
At the time of the survey the 107-C trench had not been completely |
backfilled. Once this is done, the activity in this region should be |
gr¢ :ly reduced. In July, 1974 an additional one meter of earth was
placed over the 100-B Area solid waste burial ground.

3.2.2 KW and KE Reactor Areas

Two pr¢ ~ :t 1re ‘:tors were operated in this rea. ne
100-KW reactor started operation in January, 1955 and was shut down
in February, 1970. The 100-KE reactor started operation in April,
1955 and was shut down in January, 1971. A map of this area is given
in Figure 17, Figures 18 and 19 give the aerial gamma radiation
results.

Seven major areas of activity can be identified in the radiation

it »leth maps. These are the 105-KW reactor building, the 107 W
retention basins, the 105-KE reactor building, the 107-KE retention
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Figure 32. Gamma energy pulse height spectrum obtained over the 1707-
F, FA Inhalation Laboratory after subtraction of the norms
background components,
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contractor at Hanford) show the residual activity is mainly due to ®°Co,
with some ¥Cs occurring in the areas of highest ®°Co activity (7).
Trace amounts of **Mn, ®°Eu and ®*Eu were also observed. Based
upon surveys conducte on ot with ortable instruments, Battelle
concluded in the 1973 Environmental Monitoring Report (BNWL-1811)
that the potential radiation dose to members of the public using the
river for recreation would be less than one millirem per year. This
value may be compared to the approximately 90 millirem per year
whole body radiation dose received by the local population from
external radiation due to non-Hanford sources (fallout and natural
radioactivity)

3.7 Special Surveys
3.7.1 2*1Am Survey

A spec  low energy survey was conduc 1onJune 2, 1973
over a portion of the 200-West Area centered on the U-pond. his
was an attempt to detect low level plutonium activity in this controlled
area via the 60 keV gamma ray from 2*?Am, a decay product of ***Pu.
The **!Am was expected to give only an approximation of the plutonium
since some of the low :vel effluent released into the pond came from
locatic 3 within the plutonium handling facilities where the americium
and plutonium may have been separated.

The survey was flown at an altitude of 30 meters, with 30
meter line spacings, using the Navy helicopter. Electronic gain was
adjusted for this survey so that the full energy scale corresponded to

gamma ray energy of 300 keV (compared to 3 MeV in the normal
surveys).

Tl results are shown in Figure 65. 2*Am is clearly seen
along e open ditch leading from the onium handling facilitie
In addition, the plutonium scrap storage facility is also observed. The
2 Am infor ation, however, was masked by the high count rates due
to **Cs over the U-pond area. Sixteen detectors were turned on for
the 2 Am survey. At an altitude of 30 meters, the ¥ Cs activity gave
a count rate in excess of one million counts per second over the U-pond
area. The resulting spectral distor >n due to pulse pile-up made it
impossible to extract meaningful *¥Am data. During the normal (31 :V)
survey conducted over this rea in October, 1973, only a single detector
was used at an altitude of 45 meters to reduce the count rate problem.
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