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ABSTRACT

O An aerial radiological survey was conducted during the pcriod July G to 22,1989. over an 83-square-
kilometer (32-square-mile) area surrounding the Saxton Nuclear Expenmental Corporation (SNEC)
f acility which is owned by General Public Utihties and located near Saxton. Pennsylvania. Se survey
was conducted at a nominal altitude of 61 meters (200 feet) with line spacings of 91 meters (300 feet). A
contour map of the terrestrial gamrna exposure rate extrapolated to 1 meter above ground level ( AGL)

O w s prep red and overlaid on an aerial photograph and a set of United States Geological Survey
(USGS) topographic maps of the area. The terrestrial exposure rates varied fiom about 9 to 11
microroentgens per hour (pR/h) over most of the survey area The levels over the SNEC f acihty did not
differ from the exposure rates seen over the entire survey area Cesium-137 (Cs-137) levels typical of
worldwide fallout deposition were detected throughout the surveyed area No other trends of Cs-137
were observed.

O Soil sampies and pressuri:ed ion enamber measurements were obtained at six locations witNn tne |
survey boundaries to support the aerial data. 1
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1,0 INTRODUCT!LN 3.0 N ATUR AL B ACKGROUND

The United S;atos Department of Energy (DOE) Natural background radiation originates from
maintains the Pemets Sensing Laboratory (RSL) radioactive elements present in the earth, air-
in Las Vegas. Nevada, and an extension facihty borne radon, and cosmic rays entering the

i in Washington, D.C. The RSL is operated under earth's atmosphere f rom space.
contract to the DOE by EG&G Energy Measure-
ments,Inc. (EG&G/EM) One of Ae major func- The natural terrestrial radiation levels depend
tions of the RSL is to manage an aerial surveil- upon the type of soil and bedrock immediately
lance program called the Aerial Measurin9 below and surrounding the point of measure-
System ( AMS). ment. Within cities, the radiation levels are

also dependent on the elemen;al ce oosition
Since its inception in 1958, the AMS has con- of sheet and bu%ng mahals lis ; ann atinued a nationwide effort to document baseline radiation originates primarily f rom the uraniumradiological conditions surrounding nuclear ay cMn, h hm May chain, aMenerg"-related sites of interest. These sites radioactive potassium. Local concentrations of -

- include power plants, manufacturinr and pro- these nuclides produce radiation levels at the
cessing plants' and research laborator,es surf ace of the earth tvoically ranging f rom 1 toemploying nuclear materials. At the request of 15 uR/h (9 to 1.2 item /y).1 Areas withfederal or state agencies and by direction of ne es ecially high urant and/or thorium con-'

DOE, the AMS is deployed for various aerial centrations in the surface minerals exhibitsurvey operations.
even higher radiation levels.

An aerial radiological survey, performed at the
request of the United States Nuclear Regulatory Cesium-137 is another radioactive element
Commission (NRC), was conducted from July which is found in many parts of the world311
5-22, 1989, over the Saxton Nuclear is a product of nuclect fission. Generally, Cs-
Experimental Corporation (SNEC) facility and ,37 is due to worldwide f allout retalting from

3 surrounding area (Figure 1). The survey covered the atmospheric testing of nu.; lear weapons.
an 83-square-wilometer (32-square-mile) area Values of less than 1 picocurie per gram of soil
around the plant. The purpose of the survey was (PCl/g) are considered notmal, although
to map the gamma environment of the area higher values have been reported?
surrounding the SNEC Facilit: . Particular atten-
tion was to be paid to the possible presence of Radon, a radioactive noble gas,is a member of

) cesium-137 (Cs-137) in the areas surveyed, both the uranium and thorium decay chains. It
~

can both diffuse through the soil and travel
thr^ ugh the a4 to other locations. Therefore,

2.0 SITE DESCRIPTION the avel of adborne radiation due to these
radon isotopes and their daughter products at

The SNEC f acility is located in Saxton, any specific location depends on a variety of
3 Pennsylvania, about 32 kilometers (20 miles) factors including the meteorological conds-

southeast of Altoona, Pennsylvania. The plant is tions, mineral content of the soil, and soil
located in a narrow, deep valley whose sides permeability.TypicWly, airborne radiation con-
rise up 152 meters (500 feet) from the valley tributes from 1 to 10 percent of the natural
floor. Elevations in the survey area range from a background radiation levels.
minimum of 213 meters (700 feet) in the central

3 portion of the survey area (along the banks of
the reservoir which runs dowr the center of the Cosmic rays, the space component, m. teract

with elements of the earth's atmosphere andsurvey area) to over 610 meters (over 2,000 feet)
in several parts of the survey area. soil. These interactions produce an additional

natural source of gamma radiation. Radiation
large-area aerial photogthphic imagery of the levels due to cosmic rays vary with altitude
plant, taken by EG&G aircraft, were used in and geomagnetic latitude. Typically, values

D preparing this report in addition, many oblique range f rom 3.3 pR/h at sea level in Florida to
,

aerial photographs of the site were taken during 12 pR/h at an altitude of 3 kilometers (1.9
' the survey. miles) in Colorado.4

9
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4.0 SURVEY PLAN outputs from each detector were combined m a
four-way sumnung amplifier for each array Then

| Th+3 survey was designed to cover approximately outputs of each array were matched and com-
;O 83 square kilometers (32 equare 'niles) surround- bined in a two-way summing amphfier. Fmally.
; ing the SNEC facihty (Figure 1) The gamma ray the signal was adjusted in the analog-to-digital

spectral data were processed to provide both a converter (ADC) so that the cabbration peaks
<

; qualitative and quantitative analysis, where apph- appeared in preselected channels of the multi-
: cable, of the radionuchdes in the survey area channel analyter of the REDAR IV system
1 The behcopter steenng computer was program-
|Q med to guide the aircraf t through a series of

parallel flight knes which would emcompass the
5.1 REDAR IV Systemarea surrounding the site. For this survey, all,

lines were flown in an approximately north- The REDAR IV is a multimicroprocessor, porta-
'

south direction at a nominal altitude of 61 ble data acquisition and real-time analysis sys-
meters (200 feet) above ground level (AGL) a tem. It has been designed to operate in the,

jQ line spacing of 91 meters (300 feet). and a speed severe environments associated with platforms
; of 36 meters /second (70 knots), such as hehcopters, fixed-wing aircraf t, and var-'

ious ground-based vehicles The system displays
'

to the operator all required radiation and system

5.0 SURVEY EQUIPMENT inf rmah n, in mal time, vi CRT displays and
; multiple LED readouts All perunent data are
IO A Messerschmitt-Bolkow-Blohm (MBB) B0-105 recorded on magnetic cartridge tapes for post-

hebcopter (Figure 2) was used for the low alti. mission analysis on minicomputer systems
tude survey. The aircraf t carned a crew of iwo

The system employs five Z-80 microprocessorsand a lightweight data acqui ition system called
the Radiation anu dnvironmental Data Acquisi- with AM9511 arithmetic processing chips to per-

tion and Recorder system, Model IV (REDAR form data collection and display, real-time data
"*S' " "9 " " ' '^ * ^h "S- "d d ''O tv). Two pods-each containing an array of four

10.2-cm x 10.2-cm y 40.6-cm (4-in s 4-in i 16- recording. all of which are under operator con-

in) log-type, thallium-activated, sodium iodide. trol. The system allows access to the main pro-

Nal(TI) gamma detectors as well as one 10.2- wssm bus Wough both senal and paraM data
ports under control ot the central processorcm x 10.2-cm cylindrical gamma detector of the

. same material-were mounted on the sides of The system consists of the following sub-iO the helicopter. The smaller detector extends the systems'
effective dynamic range of the REDAR IV sys- 1 Two independent radiahon data collection
tem, which is useful in examining areas exhibit-<

systems
-ing enhanced levels of radiation.

2 A general purpose data l/O system
3. A digital magnetic tape recordinq system

iO 4 A CRT display system
_? 5. A real-time data analysis system

6 ,. ranging system with steering calculation-

and display

Ii The REDAR IV processing system block dia-
:O gram rs shown in Figure 3.+

Each radiation data collection system consists of
- a multichannel analy er which collects 1,024

channels 3f gamma ray spectral data (4 0 kev /
an onw my s%M &nng h smeyb F1GimE 2. MBB Bo 105 HELICOPTER WITH DETECTOR

iO PODS operation The 1.024 channels of data are sent to
the single-channel processor. then compressed

The signal from each detector was calibrated into 256 channels. Table 1 summanzes the spec-
'

with a sodium-22 (Na-22) source. Normalized tral data compression performed by REDAR IV

:O 3
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FIGURE 3. REoAR IV PROCESSOR SYSTEM block DIAGRAM

Table 1. RED AP. IV Spectral Data Compression)
Ey (kev) Output Channel
At input input Channel Output Channel Energy Coefficient

Channel Center (linear @ 4 kev / channel) (compressed) AE (kev / channel)

0- 300 0- 75 0 - 75 4

3 304 - 1.620 76 - 405 76 - 185 12

1,624 - 4.068 406 - 1,017 1E6 - 253 36

4,072 - Cutoff 1,018 - 1,023 254 N/A

255 (always zero)

D The spectrum is divided into three partitions stripping of low-energy photopeaks, such as the
with the appropriate energy coefficient to make 60-kev photopeak from a m e riciu m-241
the width of the photopeaks approximately the (Am-241). The spectral compression technique
same in each oartition. The resolution of Nal(Tl) reduces the amount of data storage required by
crystals varies with energy, permitting the com- a factor of four,

pression of the spectral data without comprom-g
ising photopeak identification and peak strip- The 256 channels of spectral cata are continu-
ping techniques. In the first partition (Channels ously recorded every second. The REDAR IV
0-75), the data are not compressed to permit system has two sets of spectral memones; each

D
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memory can accumulate tour individual spectra The radar altimetel similarly measured the time
The two memones are operated in a flip-flop lag for the return of a pulsed signat and ton-
mode, every 4 seconds. for continuous data verted this delay to ancraf t altitudes. For
accumulation While one memory is being used altitudes up to 610 meters (2 000 feet). the
to store data, the data in the other memot / are accuracy was - 0 6 meter or - 2 percent, which-

being transferred to magnetic tape. ever was greater These data were also recorded
on magnetic tape 50 that any vanation m gamma

The REDAR IV data acquisition system is shown signal strength caused by altiluoe fluctuations
in Figure 4' could be compensated

> The detector and electromt systems which were>- - ' CJ,.g JZ
used to record the data are desenbed m consid-

7 . _
..

- ) erable detailin a separate pubhcation !
.

-
..

. . . . | 6.0 DATA PROCESSING EQUIPMENT

E;'"g. - Data processing was begun in the field with the

-
>

-

- -

Radiation and Envuonmental Data Analyzer and
c - .c :

Computer (RE DAC) system 7 his system consists;-

g ,N> of a computer analysis laboratory mounted in a'
-

mobile van (Figure 5) Dunng the survey opera-
-I tions, the van and aircraf t were based at the BlairI *

County-Altoona Airport.i .1 L i

L
T. .

_ ._

t

s

.i

W

I i x

FIGURE 4. REDAR IV DATA ACQUISITION SYSTEM f py;yy

r -,

5.2 Helicopter Positioning Method
D

The hehcopter position was estabbshed by two .

systems: an ultrahigh-frequency ranging system _|

(URS) and a radar altimeter.
FIGURE s. INTERIOR OF THE MOBILE DATA ANALYSIS

Tne URS master station, mountec' M the heh- LADORATOR/

copter, interrogated two remote .ransponders
located outside the survey area By measurmg
the roundtrip propagation time b9 tween the The REDAC system has a 16-bit CPU with 612

master and remote stations. the master unit com- kilobytes of memory and floating point proces-
puted the distance to each The distances were sor; two discs with a total of 1 * gigabytes of
recorded on magnetic tape with the radiation storage; two 800!1,600-byte-perynch. 9-track.
dat% once each second Simultaneously. these 1/2-inch tape doves; two 4 track,1/4-inch car-
distances were converted to position coordinates tndge tape doves for reading REDAR IV tapes; a
for the steenng indicator to direct the aircraft 36-incn-wide carnage incremental plotter. a
along the predetermined ihght hnes multispeed ponter. a system CRT display; and

5
>
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O

three alpha / graphics CRT displays and hard- in the area surrounding the plant and locating
copy units (Figure 6). An extensive library of and identifying any anomalous sources of man-
software it, available for data processing. made radiation, particularly Cs-137. Isopleth

O maps were produced using inree different pro-
cedures: gross count procedure, man made

I ww!T:C IAPE
g a@n Mmh. d MMMAGh

in:Rtukin count extraction procedure Only the gross
kitt_

ea e mn Ptol-

3'* * * count isopleth is presented in this report.

I wwr am e ran
MAGNEllC IArt _

winCutsiin 7.1 Gross Count Procedure
g CaimontTart oist-_

"'" " '"" The gross count (GC) method was based on the
integral counting rate in that portion of the spec-

' ffo'C$r't trum between 38 and 3.026 kev. The countICurst s280
Q 'Ayyst s;4y COMPUTER WINCHisTER rate (measured at survey altitude) was convert--

OgC ed to exposure rate (4P/h) at 1 meter above
~

517 tit 08YTE*g*g
ground level by application of a predetermined
conversion factor. This factor assumes a uni-

CR]|geg|pv formly distributed source covering an area which
RM uAu

,

ingrgsty Dy 8,A,T,RjX is large compared with the field of view of the-
,,__,

O "" r>'^~c Pt8T'ui detector (approximately 100- to 200-meter dia-
,

" " "
t meter circle at the survey altitude of 61 meters).

CRT TERMIRAU
"NCU"

CRT TERMINAL

"2%E7 9g;[g 7.2 Man-Made Gross Count Extraction
""""

-

g,%~,g, avev Procedure
O

The man-made gross cour. (MMGC) extraction
FIGURE 6. block DIAGRAM OF 7HE REDAC SYSTEM algorithm is designed to reveal the presence of

changes in spectral shape. Large changes in
gross counting rates from natural radiation

Gamma spectral windows can be selected for usually produce only small changes in spectral
O any p rti n f the spectrum. Weighted combina- shape. The natural emittea will change intensity

tions of such windows can be summed or sub- of radiation emitted, but the spectral shape will
tracted and the results plotted as a function of remain nearly constant. As the detector moves
time or distance. By the proper selection of from one location to another, the value of the
windows and weighting factors, it is possible to ratio of the counts in the high energy portion of
extract photopeak count rates for radioisotopes the spectrum to the low energy counts remains

O dep sited n the terrain by human activity. The approximately constant. The algorithm is design-
photopeak count rates can then be converted to ed to be most sensitive to man-made nuclides.
isotope concentrations or exposure rates. The spectrum dividing line is chosen at an

energy (1,394 kev) above which most long-lived.The REDAC can display the spectral data on a
man-made nuclides do not emit gamma rays. ItCRT or plot it on an ,ncremental plotter fori
s analytica'ly expressed as:isotopic identification and documentation.

O-
1,394 kev 3.026 kev

7.0 DATA ANALYSIS MMGC = counts - K counts,t

in general, the aerial radiation data consist of E = 38 kev E == 1,394 kev
' "'' # "* " * ""I"'*"Y ""I" 9 '* * ~0 elements, aircraft and detector background, and
cosmic rays. For this survey, the major emphasis Counts in the upper energy window (1,394 to
was on mapping the terrestrial gamma radiation 3,026 kev) are multiplied by a constant, K ,

O

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ .
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which is the average ratio of counts in the lov soil samples were dried and their gamma activi-
energy window to counts in the high energ, ties measured using a germamum-based detec-
window for areas of normal background. The tor system located at EG&G/EM's Santa Barbara,) resultant MMGC is approximately equal to zero laboratory. Detailed desenptions of the systems
for areas containing normal background radia- and procedures used for soil sample data collec-
tion and significantly different f rom zero in those tion and analysis are outlined in separate
areas which have contributors in addition to pubhcations? '
background radiation. The MMGC analysis did
not show any statistically signific -t anomalies.

,O
- 9.0 DISCUSSION OF RESULTS

7.3 Cesium-137 Gross Count Extraction 9.1 Terrestrial Gamma Exposure Rate
Procedures Contour Map

The Cs-137 extraction procedure is very similar The principal result obtained from the gamma
O to the maq-made gross count algorithm. Two survey of the SNEC facility is the terrestrial

windows are used for the Cs-137 extraction pro- gamma exposure rate contour map (Figure 7) of
cedure. The low energy window !s set to encom- the 83-square-kilometer (32-square-mile) area
pass the Cs-137 photopeak, which occurs at 662 surrounding the plant. The map represents the
MeV. This window encompasses en energy range measured terrestrial gamma exposure rate plus
of 590 kev io 722 kev. The high energy window an estimated cosmic component (3.8 pR/h) at 1

O is used to infer the contributions of other meter above the earth's surf ace. The highly vari-
sources to the counts in the Cs-137 window. able airborne radon daughter component is not
The ranges used were 722 kev to 794 kev. included.
Mathematically this can be expressed as:

The exposure rates at 1 meter AGL, shown on
the map in Figure 7, range from less than 7 pR/h

:O 722 wey 794 kev over the Rayestown reservoir to 11 to 15 R4 /h
over other portions of the survey area. No areas

Cs-137 = counts - Ke counts of exposure rat 0s greater than 15 pR/h wereg r

E e 590 kev E = 722 kev

Aerial systems integrate radhticn levels over an
# ## " # O'M- Where K is analogous to K. in the previous height of the platform above ground. This is a

equation' function of gamma ray energy, their birth within
the soil matrix, and the response characteristics
of the detector package. For pitivity fairly uni-

8.0 GROUND-BASED MEASUREMENT formly distributed over large areas (typical of
g PROCEDURES natural background radiation), the agreement
' between ground-based readings and those infer-

Exposure rates were measured and soil samples red from aerial data is generally quite good.
obtained at five locations during the SNEC sur- However, for nonuniform areas, the averaging
vey to support the integrity of the aerial results. nherent in aerial measurements will underesti-
The locations of the ground-based measure- mate activity directly over anomalies and will
ments (see Figure 1) were chosen on the basis of overestimate activity immediately surrounding

| assumed normal background radiation levels and these anomalies. For such conditions, ground
were away from any obvious anomalies. A Reuter- and aerial measurements will not agree, While
Stokes pressurized ionization chamber was used the aerial data serve to locate such anomelies,

.

for each exposure measurement. Measurements ground measurements are required to better|

were made at a height of 1 meter above ground define the activity and spatial extent of the
level (AGL). Soil samples, to a depth of 15.0 cm. anomalies.
were also obtained at the center and at four

i points of the compass on the circumference of a Figure 8 is a typ!ca! background spectrum for
200-meter (660-foot) diameter circular area The the area surrounding the SNEC facility.

'
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)

9.3 Ground-Based Measurementso;

1 Pressurized ion chamber measurements and soil
I samples were collected during the survey at six) _

.

?, + t: sites within the survey boundaries The site loca-
! J ',, tions (Numbers 1 through 6) are labeled in
. Figure 1. The soil samples were dried and
2

', .s
counted on a cahbrated gamma spectrometer in- +

f %e
,,

E
'

the laboratory. The soil analysis exposure rates~c vu

) |", ;, ;,.i were computed from the pumary isotopic con-
~ !j \ centrations in the soil samples and included the

1 "y,,,,,' '
effect of soil moisture hice Table 2). The mea-w~, ,

#

4 _ , . sured soil exposure rate values are compared~x~
"

with the ion chamber measurements and then , . m. . g

aerial measurements in Table 3. These exposurem m,, .o

values represent the terrestrial plus the cosmic) FIGURE 8. GAMMA RAY ENERGY SPECTRUM TYP/ CAL
of THE NATURAL Bt.CKGRoUND IN THE Components onl).
SURVEY AREA

The isotopic and ion chamber measurements
generally agree with the inferred aerial data for
ach site. Them are seul contnMors to &9.2 Cesium-137 Count Contour Analysis ferences among the measurement methods:

) A computer-aided search of the data for man-
made sources, particularly the gamma-emitting e el M we d W M Mh

the same places and times as the ground,

radionuclide Cs-137, indicated the presence and
data'distribution of Cs-137 activity typical of world-

wide fallout. None of the investigations revealed 2. Each 1-second data point obtained with
g trends that suggest dispersal of Cs-137 via par- the airborne system covers an area several

ticulate transport during contaminated waste thousand times as large as a measurement
burning, hauling, or storing. The Cs-137 activity made at 1 meter, such as with a portable
inferred from aerial data was well within that ion chamber.
expected from the deposition of woldwide fall-
out, which is approximately 1 pCi/ gram of scii 3. Since only a limited number of soil
or less. No other man-made contaminates were samples were taken, statistical deviationsg
detected in this area. are significant.

Table 2. Results of Soll Sample Analysis (Average Values)

Soil
D Molature U 238 Th-232 Cs-137 K-40

Sitei (%) (ppm) (ppm) (pCl/g) (pCl/g)

1 20 6 3.4 0.7 11 i2 0.3 0.1 '212

2 23 i 6 2.9 0.3 8 1 0.3 0.1 8 2

3 19 3 3.1 0.2 11.9 0.6 0.4 0.3 18 .4
> '

4 16 i 4 3.1 i 0.2 12 1 0.18 i 0.05 20 4

5 2 2 2 2 2

6 25 i 1 3.5 0.7 11 1 0.27 0.02 14 i 1

* Site Description

g S:te 1. Field. 6 inches of grase, playground Ste 4 Field,6 mches of grass, hmed 4 years ago
Site 2 Fallow corn field, b2 inches of werds and grass Site 5 End of wood pier over Juniata River
S.te 3 Ce netery, west stdo Site 6 Fie'd. 3 inches of grass and weeds

* No soil sampies laten.

I

. .
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| Table ., Comparison of Aerial an[ Ground-Based
! Measurements
L

{ | Exporure Rate)

j j (pR/h at 1 Meter Above Ground Level)
_

i p - - - -
,

_
-

'

Sample Soll lon ! Inferred c

Location $ Analysisu Chamber * ! Aerial Data 2

G-1 10 11.6 98 0.5 j 7- 9
.

G-2 9 1.3 8 0 1 0.5 9 - 11,

G3 11 1.3 11.0 2-0.5 9 - 11

G-4 19 1 1.6 11.7105 9 - 11
,

| 54 0.5 7- 9G-5 5
,

!

]j G-6 10.3 08 11.010.5 9 - 11

' Site locations are shown in Figure 1
F Calculation mcludes cosmic ray contndution of 3 8 pR/h

3 Calculation mcludes a moisture correction of the f orm 1/(1 + m)
* Reuter Stokes Model No RSS-111. Sena No R3588
$No soil samples taken

)
9

4. The ground cover may reduce the com- of Cs-137 which is dependent on the soit
puted isotopic exposure by as much as 5 depth. Any deviations in the soil profile
percent. would result in different measured con-

5. Site S-1 was located in an area where centrations of Cs-137.
) conditions were changing, hence the 3. Cesium-137 is not necessarily homo-

aerial system did not measure a homo- geneously distributed.
geneous sample.

6. Site S-5 was on the banks of the reser-
voir. The aerial system measured both the 10.0 SUMMARY
conditions over the reservoir and the sur-
rounding terrain. An aerial radiological survey was conducted -

between July 5 and 22,1989. over an 83-
Differences in Cs-137 concentrations reported square-kilometer (32-square-mile) area sur-
in this surv6y and a previously conducted rounding the Saxton Nuclear Experimental
ground survey 8 are not great. Some higher Corporation f acility located near Saxton,
readings were reported in the ground survey. Pennsylvania. The survey was conducted at 3) This can be attributed to a number of factors: 3minal altitude of 61 meters (200 feet) with

1. The grt Jnd survey intentionally chose line spacings of 91 meters (300 feet). A cun-
survey sites which were most likely to tour map of the terrestrial gamma exposure
have retained CS-137 fallout. rate (extrapolated to 1 meter above ground)

2. The previous survey measured the sam- was prepared. The Cs-137 activity inferred
h ples in situ; soil samples for this survey from aerial data was within the limits of the
' were removed from the field and then deposition from worldwide fallout. No other

analyzed in a laboratory. The in situ tech- man-made contaminates were detected in the
nique assumes an exponential distribution survey area.

)

10
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