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ABSTRACT

An aerial radiological survey of the Oak Ridge Reservation (ORR) and surrounding area in Oak Ridge,
Tennessee, was conducted during the period March 30 to April 14, 1992.The purpose of the survey was to mea-
sure anddocument the terrestrial radiological environment ofthe Oak Ridge Reservationforuse inenvironmental
management programs and emergency response planning.The aerial surveywas flown at an altitude of 150 feet
(46 meters) along a series of parallel lines 250 feet (76 meters) apart and included X-10 (Oak Ridge National
Laboratory), K-25(former Gaseous DiffusionPlant),Y-12 (Weapons Production Plant),the FreelsBend Area and
Oak Ridge Institute for Science and Education, the East Fork Poplar Creek (100-year floodplain extending from
K-25 to Y-12), Elza Gate (former uranium ore storage site located in the city of Oak Ridge), Parcel A, the Clinch
River (river banks extending from Melton Hill Dam to the city of Kingston), and the CSX Railroad Tracks
(extending from Y-12 to the city of Oak Ridge). The survey encompassed approximately 55 square miles (141
square kilometers) of the Oak Ridge Reservation and surrounding area.

The results of the aerial survey are reportedas inferredexposure rates at 1 meter above ground level (AGL) in the
form of radiation contour maps superimposed on high altitude aerial photographs. Typicalbackground exposure
rates were found to vary from 8 to 13 microroentgens per hour (_R/h). The man-made radionuclides, cobalt-60
and cesium-137, and the man-concentrated radionuclides, uranium-235 and uranium-238, were detected at
several facilities on the Oak Ridge Reservation and surrounding area. A comparison of the present radiological
data with that from past aerial surveys is also presented.

In support of the aerial survey, ground-based exposure rates and soil sample measurements were obtained at
seven locations within the survey sites. The results of the aerial and ground-based measurements were foundto
agree within -t- 30%.
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1.0 INTRODUCTION comparison of the results provides insight into the
effect that a decade of nuclearoperations has hadon

The United States Department of Energy (DOE) the environment.
maintains an aerial radiological surveillance

capability called the Aerial Measuring System1 During the period March 30 to April 14, 1992, aerial
(AMS). The AMS is based at the DOE Remote radiologicalsurveysofseveralsitesontheOakRidge
Sensing Laboratories located at Nellis Air Force Base Reservation were conducted. The purpose of the
in Las Vegas, Nevada, and at Andrews Air Force aerial surveys was to determine the extent of the
Base outside of Washington, D.C. Since its inception radiological impact of DOE operations on the Oak
in 1958, the AMS has been used in a nationwide Ridge Reservation in support of the Oak Ridge
program to map the terrestrial gamma radiation Environmental Restoration Program. The survey
environment atfacilities which produce, use, or store area included the X-10 site (Oak Ridge National
radioactive materials owned by the Department of Laboratory [ORNL]), the K-25 site (former Gaseous
Energy, the Nuclear Regulatory Commission, and Diffusion Plant), Y-12 (Weapons Production Plant),
other government agencies. The AMS is presently FreelsBendArea/Oak Ridge Institutefor Science and
operated and maintained by EG&GEnergy Measure- Education (FBA/ORISE), the East Fork Poplar Creek
ments Inc. (EG&G/EM), under contract to the DOE, (100-year floodplain extending from K-25 to Y-12),
Nevada Operations Office. Elza Gate (former uranium ore storage site located in

the city of Oak Ridge), ParcelA, the Clinch River (river

The aerial radiological data are used to produce radi- banks extending from Melton Hill Dam to the city of
ation contour maps which support environmental Kingston), and the CSX Railroad Tracks (fromY-12 to
management programs and function as background the city of Oak Ridge). The purpose of the Clinch
templates in the event of a large scale radioactive River survey was to obtain radiation measurements
release. The aerial radiological surveys have been over the exposed river banks before the scheduled
effective in detecting areas exhibiting anomalous late-April water level increase.
radiation levels, determining average ground level
exposure rates, and identifyingspecific radionuclides Insupport ofthe aerial measurements, ground-based
associated with anomalous radiation areas, exposure rates and soil samples were obtained from

seven "benchmark" sites located within the survey

The first aerial radiological survey2 of the Oak Ridge sites. The ground-based measurements were con-
Reservation was conducted by EG&G/EM in 1973 ductedduring the periodApril 8-9, 1992 and are used
using a fixed-wing aircraft flying at an altitude of 500 to verify the integrity of the aerial measurements.
feet (152 meters) above ground level (AGL) and a Radionuclide assay of the soil samples was
speed of 170 knots (87 meters/second). Sites identi- performed to determine radioisotopic concentrations.
fled as having anomalous radiation levels were then
resurveyed with a helicopter at an altitude of 250 feet In addition, high altitude aerial photographs were ob-
(76 meters) and a speed of 70 knots (36 meters/ tained for use as base maps for the aerial radiation
second) to provide a more detailed map of the radio- contour data, and oblique aerial photographs were
logical environment at the anomalous radiation sites, obtained for site documentation.
In 1980, an aerial radiological survey3 of the entire
Oak Ridge Reservationand nearby surroundingarea,
encompassing 170 square miles (440 square kilo-
meters), was conducted. The survey consisted of 2.0 SURVEY SITE DESCRIPTION
flying a seriesof parallellines500 feet (152 meters)
apartat analtitudeof 300 feet (91meters). In1987,an The facilitiesatthe Oak RidgeReservation,locatedin
aerial radiologicalsurvey4 was conductedover the Oak Ridge,Tennessee,are operatedfor the DOE by
WhiteOakCreek Floodplain.Inorderto providea de- Martin Marietta Energy Systems, Inc., Oak Ridge
tailed map of the terrestrial radiologicalenvironment, AssociatedUniversities.The Oak Ridge Associated
parallel flight lines 125 feet (38 meters) apart were Universities (ORAU) also operates the Oak Ridge
flown at an an altitudeof 150 feet (46 meters). The Institutefor Scienceand Education(ORISE) facilities
entire Oak RidgeReservationandnearby surround- on the Oak RidgeReservationfor the DOE. The DOE
ingarea was resurveyed5 in 1989 usingparameters owns approximately58 square miles (150 square
identical to those used in the 1980 survey. A kilometers),boundedon the south and west by the



Clinch River and to the north and east by a fence line however,depend on several factors including meteo-
as outlined on the Tennessee Valley Authority (TVA) rological conditions, mineral compositions, and soil
S-16A topographic map in Figure 1. The Oak Ridge permeability.Airborne radiation from radon and their
Reservation is the site of three major facilities: the decayproducts typically contributefrom 1%to 10%to
X-10 site (Oak Ridge National Laboratory), the K-25 the natural background.
site (former Gaseous Diffusion Plant), and the Y-12
site (Weapons Production Plant). The aerial survey Cosmic rays, high energy radiation originating from
boundariesfor eachof the sites are denoted in Figure outer space, also contribute to the natural radiation
1 along with the locations of the sevenground-based background. The cosmic rays from outer space
benchmark sites, shower the earth with a nearly constant flux of radi-

ation which interacts with atoms in the earth's atmo-

The Oak Ridge National Laboratory (X-10)operates sphere and soil producing an additional source of
several facilities which use, produce, or store nuclear background activity. Radiation levels due to cosmic
materials. Most notable are several charged-particle rays vary with altitude and geomagnetic latitude.
accelerators and the High Flux Isotope Reactor Typical values range from 3.3 pr'4/hat sea level to 12
(HFIR). The Gaseous Diffusion Plant (K-25) is no ttR/h (upto 100 mrem/yr)at elecations of 10,000feet
longer in operation but continues to support environ- (3 kilometers).6 Forthe Oak Ridge area, the cosmic
mental characterization and restoration studies. The ray contribution is estimated to be 3.8 _R/h.
plantconsists of a large industrialcomplex located in
the northwest corner of the Oak Ridge Reservation
bordering the Clinch River.The Y-12 plant has as its 4.0 SURVEY EQUIPMENT AND
primary mission the production and fabrication of PROCEDURES
nuclearweaponscomponentsbutisnow inthe down-
sizing mode. The plantalsoprovidessupport to the 4.1 Aerial Measuring System
Oak Ridge National Laboratoryand other govern-
ment agencies. The OakRidge surveywasconductedusingan MBBBO-105helicopter(Figure2). Thehelicopterwasout-

fitted withtwo large detector podsand a computer-
based data acquisitionsystem, the Radiation and

3.0 NATURAL BACKGROUND RADIATION Environmental Data Acquisition and Recorder
SystemversionIV (REDAR IV). The twolargedetec-

Naturalgamma radiationoriginatesfrom radioactive tor podswere mountedunderneaththe helicopteron
nuclideswhichare presentinminuteconcentrations the skidrack. Eachpodcontainedfour2-in x 4-in ×
in the earth and atmosphereas well as cosmicrays 16-in sodium iodide, Nal(Te), gammaray detectors.
originatingfrom outer space. Terrestrial radiation, Theenergyresponseforthedetectorarrayswascali-
which originates primarily from nuclides in the brated using gamma rays from americium-241
uraniumdecaychain,thoriumdecaychain,and radio- (241Am)andsodium-22(22Na)radiationsources.At a
active potassium,is detected at the surface of the survey altitude of 150 feet (46 meters), the large
earth andhasexposureratesbetween1 and 15 _R/h detectorarray will accuratelymeasureground-level
(9 and 130 mrem/yr).6 The exposureratesfromter- exposureratesup to 55 _R/h. The data from oneof
restrialradionuclidesare dependentonthe composi- the eightdetectorsare also recordedseparatelyand
tionof thesoiland bedrocknearthe pointof interest, are usedto extendthe dynamicrange of the aerial
Cesium-137 (1370S), a nuclearfission by-product,is measuringsystem to 440 I_R/h.The ground-level
alsopresentintracequantitiesworldwideas a result exposureratesmeasuredbytheAMSareaccurateto
of falloutfrom abovegroundnuclearweaponstests -t-15% for naturally-occurringterrestrialradioactivity
conductedpriorto the early 1980s. Exposurerates distributeduniformlyover the field of view of the
dueto 1370sinthe environmentare typicallylessthan detectorarray.The fieldofviewof thedetectorarrayis
1 I_R/h.7 approximatelytwo timesthat of the aircraftaltitude.

Radon and thorongases, by-productsinthe decay
chain of uraniumand thorium,respectively,diffuse Dataacquisitionwasperformedusingthe REDAR IV,
throughthesoilintotheatmosphereand contributeto a compactcomputersystemdesignedfor use inair-
the radiationlevelnear thesurface of the earth. The craft. Data fromthe detectorarray, the aircraft posi-
radonandthoronconcentrationsina particulararea, tioningsystem,andenvironmental(temperatureand
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FIGURE.1. TVA MAP $-16A OF THEOAK RIDGE FIESEFII_





:-.,...... • _.. :: performed at EG&G/EM Santa Barbara Operations in
...... accordancewith previously outlined procedures.8

4.3 Mobile Data Processing Laboratory

The operations base for the survey was the Knoxville
Downtown Island Airport in Knoxville, Tennessee,
located about 15 miles (24kilometers) due eastof the

.............. _._:_,_........ . ,::_._,_,:,_Oak Ridge Reservation.The Radiationand Environ-
.................. ................................................................ mental Data Analyzer and Computer (REDAC)

FIGURE2. MBBB0-105HELICOPTERWITHDETECTOR system (Figure3)was located at the operationsbase.
PODS The REDAC systemisa mobilecomputerlaboratory

foranalysisof the aerialsurveydata recordedon the
barometricpressure)"_Pnsorswerere_;ordedonmag- REDAR IV system. The mobilelaboratory hosts a
netic tape. The REDAR IV is also Pquippedwith a wide range of computerhardware whichincludes a
multichannel spectrum analyzer an,',' video display Data General MV7800 XP computerwith 4 mega-
capabilitiesfor in-flightmonitoringofthe g_mma ener- bytesofmemory,1.1 gigabytesofdiskspacefor data
gy spectrumas well as the otherflightparameters, storage,two E,-tracktape drivesfor data transferand

archiving, a 36-inch-wideplotterfor data contouring,
The aircraft positioningwas establishedus!ng tile and three video graphicsdisplaysfor data viewing.
ultra-highfrequency(UHF) rangingsystem and the The REDAC systemalsohousesan extensivelibrary
radar altimeter. Two ground-based transponders of softwarewhichwasusedtoprovideon-siteprelimi-
were periodicallyinterrogatedbya masterunitinthe nary 3nalysisof the aerial data on a flight-by-flight
helicopter,and the precise positionof the helicopter basis.
was constantlymonitoredbytriangulation.The preci-
sionofthe UHF rangingsystemis :1:10feet; however,
thisaccuracyis reduceddueto photographbasemap
uncertaintiesof +60 feet. The positioninformation
was recorded on magnetic tape and directed to a
steeringindicatorto aid the pilot inflyingthe aircraft
along a predetermined set of flight lines. Ground-
based tracking antennaewere installed at three loca-
tions: Buffalo Mountain to the north (microwave
tower), Parcel A to the east (TVAmicrowave tower),
and Blue Bird Ridge to the east (firetower). The
ground-based antenna sites ensured complete heli-
copter tracking throughout the survey area.

4.2 Ground-Based Measurements

Total exposure rates and soil samples were obtained
at the X-10, K-25, Y-12,and FBA/ORISE sites to pro-
vide ground..basedbenchmark sites for verificati.Jnof FIGURE 3. MOBILE COMPUTER PROCESSING
the aerial measurements. The ground-based mea- LABORATORY
surements were conducted during the period April
8-9, 1992, The seven sites (labeled 1-7 in Figure 1)
were identifiedby theaerial survey as having only nat-
ural radioactivi_. At each site, total exposure rates 4.4 Survey Procedures
were measured using a pressurized ionizationch.3m-
ber, and five soil samples were taken for laboratory The aerial radiological survey of the Oak Ridge Res-
analysis. Radionuclideassay of the soil sampleswas ervation and surrounding area was conducted

-I .. 4



according to EG&G/EM standard procedures1,9 exposure rates.The second wasthe spectralwindow
which will be discussed only briefly in this section, method which was used to determine the man-made

radioactivity and the photopeak count rates for
The survey consistedof flying a seriesof parallel flight specific man-made radionuclides.
lines 250 feet (76 meters) apart at an altitude of 150
feet (46 meters) AGL. The flight lines were flown at a
constant speed of 70 knots (36 meters/second).Ase- 5.1 Gross Count Rate Method
ries of measurements was also conducted to deter-
mine the average air attenuation coefficient for gam- The gross count rate is defined as the integrated
ma radiation as a function of altitude for use in the count rate in the 38 to 3,026 keV energy window of a
data analysis. The measurements consisted of alti- gamma energy spectrum. For natural background,
tude profiles flown over a large body of water and a the gross count rateconsists primarilyof gamma rays
designated landtest line. An altitude profile consisted from potassium-40 (40140, uranium-238 (238U),

of a seriesof one-minute measurementsover the wa- thorium-232 (232Th), and their decay products. The
ter and land test lines at altitudes ranging from 150 algorithm used to convert the gross count rate in
feet (46 meters) to 800 feet (244 meters).A section of counts per second (cps) measured at survey altitude
the Clinch River was chosen for f"" water measure- to exposure rate in uR/h at 1 meter is given by:
ments. Data accumulated during the altitude profile
over water were used to determine the nonterrestrial

radiation; i.e.,radiation which originatesfrom airborne GC- BGe,a.js_w (1)radon, the helicopter and detector system, and cos- Exposure Rate = 9] 7
mic rays. For the landtest line, an open field en route
from the operations base to the survey area was cho-
sen. The terrestrial radiation measured over the land

where
test line, corrected for the nonterrestrial radiation
measured over water, was used to derive the air at- GC = gross count rateat survey altitude (cps)

tenuation coefficient for the gamma radiation. BG = background count rate at survey
altitude (cps)

Several quality assurance checks are conducted for ,4 = survey altitude (ft)
each flight. These are designed to verify the operation

C = air attenuation coefficient (ft-1)of the AMS and to ensure the integrity of the AMS
data. Priorto each data flight, a diagnostic of the AMS
system is conducted. This includes checks of the Theterm, e(A15°)c,is used to correct the count rate for
detector calibration and sensitivity,the UHF tracking variations in the survey altitude. The background
system, and the operation of the radar altimeter and count rate, BG, is comprised of gamma rays from
temperature and pressure sensors. The highly vari- trace concentrationsof radionuclides inthe helicopter
able radon concentration, which can contribute from and detector system, airborne radon, and cosmic
1% to 10% to the natural radiation background, is rays. An air attenuation coefficient having a value of

0.0020 ft "1 was deduced empirically from the altitudemonitored during each flight by conducting an over-
flight of the land test line at the beginning and end of profile data. A conversion factor of 917 cps/(#R/h) for
each data flight. A post-flight diagnostic similar to the 150feet (46 meters)AGL was derived from measure-
pre-flightdiagnostic isconducted on ali data collected ments taken during flights over the documented1°
during the survey flight. The quality assurance data EG&G/EM calibration range near Washington, D.C.
for each flight is compiled and reviewed throughout The applicability of the conversion factor assumes a
the survey to ensure the integrity of the data. uniformly distributed radiation source which covers

an area which is large compared to the field of view of
the detector system.

5.0 DATA REDUCTION PROCEDURES
5.2 Man-Made Gross Count Rate Method

Two methods were used to analyze the aerial The aerialradiationdata werealsousedto determine
radiationdata. The first was the gross count rate the locationof man-made radionuclides.The man-
method which was used to determineground level made grosscount(MMGC)is definedas the fraction



of the gross counts which is directly attributed to 3026keV
gamma rays from man-made radionuclides. In _" Counts- integral count rate in theenergy
general, evidence for the detection of man-made /394_keV window from 1,394 to 3,026 keV
radionuclides can be found from increases in the
gross count rate. However, slight increases in the
gross count rate are notconsidered adequate reason and the constant,/(MM, is defined as
to suspect the presence of a man-made radionuclide
since slight variations in the gross count rate may be
attributed to fluctuations in the geologic structure or 1394_keV
variations in the ground cover. _ Counts8

38keV

A more conclusive approach to detecting man-made KMM = 3026_keV

radionuclides involves a comparison of the gross _ CountsB
count rates from various spectral windows of the 1394keV

gamma energy spectrum. In particular, the ratio of the

integrated count rates from different spectral win- The constant, /(MM, was obtained from a gamma
dows of the gamma energy spectrum will remain spectrum acquired over an area containing only
nearly constant when only background radiation is natural background radioactivity. The resultant
present. Although this procedure can be applied to MMGCobtained from the above algorithm will yield a
any region of the gamma spectrum, the most value equal to zero for areas containing only natural

I common practice is to place into the source window background radioactivity and a value greater than
ali counts below 1,394 keV (i.e., the region of the zero for areas containing man-made radionuclides.
gamma energy spectrum where most long-lived,

(

man-made radionuclides emit radiation) and to place
into the background window ali counts above 1,394 Since the MMGC algorithm is quite general and will
keV (i.e., the region of the gamma energy spectrum respond to a wide range of radionuclides, the primary
where primarily naturally-occurring radionuclides function of the MMGC is to locate man-made radio-
emit gamma radiation). The MMGC algorithm has activity. Once a region of man-made radioactivity has
been found to be sensitive to low levels of man-made been located, a detailed analysis of the gamma
radiation (i.e., < 1 _tR/h)which occur even in the pres- energy spectrum is conducted to identify the radio-
ence of significant variations in the natural back- nuclides present. A more sensitive algorithm
ground, optimized for specific radionuclides can then be

! applied.

] The MMGC rate can be expressed analytically in
! terms of the integrated count rates inspecific spectral
i energy windows from the gamma energy spectrumas

5.3 Photopeak Count Rate Method

The gamma energyspectrafrom regionsof the sur-
1394keV 3026keV vey area exhibitingman-made radioactivity were fur-

MMGC = _ Counts - KMM _ Counts ther analyzed to provide radioisotopic identification.The analysis of the gamma spectra revealedthe pres-
38keV 1394keV ence of two man-made radionuclides, 1370S and co-

balt-60 (6°Co), and two man-concentrated radionu-
(2) clides, uranium-235 (235U) and 238U. The presence of

238U is detected by measuring the gamma radiation
from the decay of protactinium-234m (234mpa),a
short-lived radionuclide in the decay chain of 238U.

where

1394keV Spectral stripping algorithms, which include back-

,_ Counts = integral count rate in the energy ground subtraction, were derived for the 1370s and
3'_ keV window from 38 to 1,394 keV 6OCophotopeaks. The photopeak energies for 1370s

(662 keV) and 6OCo(1,173 keV and 1,332 keV) were

6



used to determine optimum energy windows for the The constants, Kcscoand/(Cs,were determined from
photopeak spectral stripping algorithms, a "pure" gamma spectrum for the 137Csand 6°C0 ra-

dioisotopes. Regions of the survey area containing
The 1370s algorithm is given by: only 137Csand6°C0were first identifiedanda gamma

spectrum extracted. The radionuclide-specific spec-
trum was background subtracted to obtain a "pure"
gamma spectrum of that radioisotope. The constants

734keV 1466keV were then obtained from the "pure" spectrum of each

137Cs = _ Counts-Kc,co _ Counts radioisotope.
590 keV ]O82 keV

In order to determine the 6°Co photopeak count rate,
a three-window stripping algorithm was used. The

3026keV photopeakcount rate was determined by subtracting
Counts the background count rate estimated by averagingKc.,

1466_keV the count rates on the low energy side (962to 1,058
(3) keV) and the high energy side (1,394to 1,622 keV) of

the photopeak window. The 6°C0 algorithm is given
by:

where 1406 keV

6°Co= _" Counts
734 keV

,_ Counts = integral count rate in the energy lO46keVwindow from 590 to 734 keV

__ Counts + Counts
1466 keV 962 keV 1394 keV

integral count rate in the energyCounts = window from 1,082 to 1,466 keV (4)
] O,_t2keV

3026 keV where

integral count rate in the energyCounts = window from 1,466 to 3,026 keV 14o6keV

integral count rate in the energy1466keV Counts = window from 1,046 to 1,406 keV
1046 keV

and constants, Kcscoand Kcs, are defined as: 1058 keV

integral count rate in the energyCounts = window from 962 to 1,058 keV
734 keV 962 keV

,_ integral count rate in the energy
Counts 1622 keV

Kcxc° = 590 keV 7. Counts = window from 1,394 to 1,622 keV
1466 keV 1394 keV

Z Counts
1082 keV '

and 6.0 RESULTS

6.1 Terrestrial Exposure Rate Contour Data
734 keV

The terrestrial exposure rates were deduced from
Counts

Kc, = 590keV over 60,000 measurements, integrated with the c0r-
3026 keV responding aircraft position coordinates, and com-

Counts piled to produce a contour map. The terrestrial expo-
I466keV sure rate contour maps were superimposed on the

i 7
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high altitude aerial photographs (April 1992)and are rates are in counts/second measured at survey
presented for X-10 (Figure 4), K-25 (Figure 8), FBA/ altitude.
ORISE (Figure 10_,Y-12and East ForkPoplar Creek
(Figure 12), and Elza Gate/Parcel A (Figure 14). The
terrestrial exposure rates are given in units of _R/h at
1 meter AGL inferred from the aerial data. The expo- 6.4 Gamma Ray Spectra
sure rates include an estimated cosmic ray contribu-
tion of 3.8 #R/h. The gross count rate contour maps Presented in Figure 17 is a typical gamma energy
show that the background terrestrial exposure rates spectrum showing only natural background radio-
in the Oak Ridge area vary from 8 to 13 _tR/h. activity in the Oak Ridge area. The radioisotopes

identified are those from naturally-occurring 238U,
232Th, their decay products, and 4°Ko

6.2 Man-Made Gross Count Rate Contour For each of the ROIs identified in the MMGCcontour
Data maps,a backgroundsubtractedgammarayspectrum

was obtainedfrom data collecteddirectlyover the
The man-made grosscountrateswere determined site. The spectra for ROIs 1-40 are presentedin
usingthe algorithmgiveninEquation2. The data are Figures 18-57. The designationFS on the gamma
presentedinthe form ofa contourmapsuperimposed spectral data indicates"Full Scale" and gives the
on a high altitudeaerial photographforX-10 (Figure maximumvalue for the rescaled spectraldata. The
5), K-25 (Figure9),FBA/ORISE (Figure11),Y-12 and spectra were used to determine the radioisotopes
EastFork Poplar Creek (Figure13), and Elza Gate/ contributingto the anomalousradiationlevels. The
ParcelA (Figure15). The contourmapsare used to primarygamma photopeaks in each spectrumare
determine the locations of man-made radiation identified. Several of the survey sites have one or
sources detectedat each survey site, The magnitude more radioisotopes which include the man-made
of the count rate provides an indicator of the relative radioisotopes, 137Csand6°Co, and the man-concen-
intensities of the radiation sources. The radiation trated radioisotopes, 235U and 238U. The photopeaks
anomalies at each site are designatedby the notation for 235U and 238U (indicated by 234mpa) in the net
"Region of Interest" (ROI). gamma spectra are attributed to 235U and 238U in

• excess of their natural abundances.

The man-made gross count rate algorithm was also
used to determine the location of the anomalous
radiation areas located along the banks of the Clinch
Riverfrom MeltonHillDam to the cityof Kingston.The 6.5 Ground-Based Measurements
ClinchRiversurveydataare presentedinFigure16in
theformof a man-madegrosscountratepositionplot In sit=_gamma ionizationchamberand soil sample
superimposedona compositeUnitedStatesGeologi- measurementswere obtained from seven bench-
calSurvey (USGS)topographicmap.The magnitude marksitesto supportthe integrityof the aerialsurvey.
of the countrate providesan indicatorof the relative Twosamplinglocationsin the K-25, Y-12, and FBA/
intensitiesof the anomalousradiationsources. ORISE survey sites and one locationin the X-10

surveysitewerechosenforthebenchmarkmeasure-
ments.Thesamplinglocationsweredeterminedfrom
the aerial measurementsto contain only naturally-
occurringradioisotopes.The exposureratesfromthe

6.3 Photopeak Count Rate Contour Data inferred aerial and ground-basedmeasurements11
are listedinTable1. Theexposureratesinferredfrom

The photopeakcountratesfor 1370sand6°Co were the aerialsurvey were found to agree within :1:30%
determinedfor the data usingthe photopeakextrac- withthe ground-basedmeasurements.
tion algorithmsgiven in Equations3 and 4, respec-
tively.The photopeakcountratesderivedfor 137Cs
and6°Co are presentedin Figures6 and 7, respec- The resultsof the radionuclideassayforthesoilsam-
tively,inthe formofa contourmapsuperimposedona piesaregiveninTable2.The radionuclideconcentra-
highaltitudeaerialphotograph.Thephotopeakcount tions are presentedin unitsof picocuriesper gram
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(pCi/g).The radium-226(226Ra)radionuclideexistsin for the anomalousradiationareas,labelled ROIs 1-15
nature in equilibriumwith238U, and therefore, pro- inFigure5, arepresentedinFigures18-32.The spec-
vides a directmeasurementof the natural238Ucon- tra exhibit the characteristicphotopeaksfor 1370S

centration in the soil sample. The 1370S concentra- (662keV) and6°Co(1,173and1,332keV).Acompar-
tionsmeasuredinthe Oak Ridgearea were foundto isonof the 137Cscontourmapsfrom 1987 and 1989
be typicalof those measuredin the eastern United and the presentsurveyshow only subtle changes.
States.6 The SOCocontourmap showsactivityprimarilyinthe

lowerportionof the WhiteOak CreekFloodplainand
at ORNL, as opposedto the 1989 data, whichshows

7,0 DISCUSSION OF RESULTS S°CoactivityextendingfromORNL to the WhiteOak
Creek Floodplain.In early 1992, the 6°Co was re-

Inthe followingsection,a discussionof the resultsof movedfrom the graphitereactorstoragecanal and
the aerial radiologicalsurveywill be presented.The storedunderground.However,low-level6OCoactivity
resultswillbecomparedto data obtainedinprevious is stilldetectedatthe ORNLfacilities,as indicatedin
surveysconductedin1987and1989.The 1987aerial Figure7.
surveyof the WhiteOakCreek Floodplain(X-10 site)
was conductedat the same altitudeas the present
survey,i.e., 150feet (46 meters).The1989 surveyen- The K-25 sitewas foundto containeightanomalous
compassedtheentireOak Ridgereservationandwas radiationareas denoted as ROIs 18-21 in Figure9,
conductedat an altitudeof 300 feet (91 meters).By andROIs34 and35 inFigure8. The ROIs 16-18 were
reducingthe surveyaltitudeto 150 feet (46 meters),a identifiedinthe 1989 surveyas storageyards forcyl-
factor of two improvementin spatial resolutionfor indersof uraniumhexafluoride.The gamma spectra
pointsourcesisobtained,whichprovidesa morede- for ROIs 16-18 are showninFigures33-35, respec-
tailed data set for use in environmentalrestoration tively, and exhibitthe characteristicphotopeaksat
and waste characterizationprojects. 765 and 1,001 kev for 234mpa,a decay productof

238U. In 1989, the anomalous radiation levels
TheX-10 siteisthelocationof theOak RidgeNational detectedat ROI 19wereattributedto ORNL heat ox-
LaboratoryandtheWhiteOakCreek Floodplain.The changers stored at the K-25 contaminated metal
X-10 site was found to containseveral areas which scrapyard. The gammaspectrumfrom ROI 19 (Fig-
exhibitanomalousradiationlevels as shownin the ure 36)shows thecharacteristicphotopeaksfor6°Co
MMGCcontourmap inFigure5. Thegammaspectra and a traceof1370S. TWOanomalousradiationareas,

Table 1. Exposure Rates from Aerial and Ground-Based Measurements

One Meter Gamma Exposure Rates (_R/h)

Site Number Aerial Survey Soil Analysis1 Ion Chamber2

1 (K-25) 8.2 ± 1.2 9 Jr- 2 9.2 -t- 0.5

2 (K-25) 10.3 + 1.5 notavailable 9.2 --{-0.5

3 (Y-12) 9.0 -+-1.4 13 -t- 1 12.4 --t-0.6

4 (Y-12) 8.0 4- 1.2 9 -t- 1 9.2 4- 0.5

5 (X-10) 7.1 4- 1.1 9 4- 2 9.0 4- 0.5

6 (FBA/ORISE) 9.9 4- 1.5 10.9 -t- 0.9 11.7 4- 0.6

7 (FBA/ORISE) 8.9 4- 1.3 11 4- 1 10.4 4- 0.5

1Calculation includescosmic ray contribution of 3.8 tLR/hand a moisture correction of the form 1/(14.m)
2 Reuter-Stokes PIC Model #RSS-111,Serial #R-3588.
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Table 2. Radlonucllde Assay of Soll Samples (pCl/g)
I i i

Slte No. % Molsture 226Ra 232Th 137Cs 4oK
i i

1 (K-25) 22 -t- 4 1.0 -t- 0.2 1.1 _ 0.2 0.3 --t-0.3 11-+- 7

2 (K-25) 10 ± 5 0.3 ::E0.9 0.1 + 1.1 0.3 -t--0.1 3 -t- 22

3 (Y-12) 20 Jr-2 0.9 -t- 0.1 1.7 -t- 0.2 trace 29 --t- 4

4 (Y-12) 15 -1-2 1.3 --I-0.1 1.1 -t- 0.3 0.1 -t- 0.08 4 -t-- 1

5 (X-10) 19 ::E2 0.8 -t- 0.1 0.8 -t- 0.2 0.5 -I--0.3 8 -t- 6

6 (FBA) 20 -t- 2 1.1 -+-0.2 1.3 -t--0.1 0.3 -t--0.1 14 -t-- 2

_ 7 (FBA) 23 + 4 0.9 -t- 0.1 1.4 _--1--0.1 0.2 -1-0.2 18 -t-- 3i

ROIs 34 and 35, are also denoted on the terrestrial spectrum for ROI 22 is presented in Figure 39 and
gamma exposure rate contour map in Figure 8. The shows evidence for both 137Csand 6OCoactivity.
ROI 34 has been identified as a fly ash pile left over
from the operation of the old steam power plant. The The 100-year floodplain of the East Fork Poplar

, gamma spectrum for ROI 34 (Figure 51) shows Creek from Y-12 to K-25 was also surveyed in the
evidenoe for only naturally-occurring radionuclides, present study.The East Fork Poplar Creek follows a
The elevated activity levels may be attributed to high course nGrthwest from the Y-12 plant along Illinois

; residual natural radioactivity,.The gamma spectrum Avenuethrough the cityof Oak Ridge,then southwest
from ROI 35 (Figure 52) shows distinct photopeaks along the Oak Ridge Turnpike to the K-25 plant. The
for 234mpa and 235U (185 keV). The spectrum also MMGCcontour map in Figure 13shows no evidence
shows evidence for bismuth-214 (214Bi) and of man-made radioactivity within the 100-year flood-
thallium-208 (208TI) photopeaks which are decay plain of the East Fork Poplar Creek.

products of 232Th and 238U. The gamma activity The MMGC contour map, however, does showdetected at ROI 35 has been attributed to a uranium
cylinder storage area. evidencefor two anomalous radiation areas, denoted

ROIs23 and 24. The ROI 23 isattributed to the White
WingScrap Yard,a former abovegroundstorage area

Two additional radiation areas were detected at the for radioactive materials which has been cleaned up
K-25 site which were not detected in previous except forunknownamountsofrubble, metal, plastic,
surveys. These areas are denoted as ROIs20 and 21 _d other materials which were buried. The gamma
in Figure 9. The ROI 20 is located near Campbell spectrum for ROI 23 (Figure 40) shows evidence of
Bend along the Clinch River.The gamma spectrum 1370s. The gamma spectrum for ROI 24 (Figure 41)
from ROI 20 (Figure 37) shows a distinct photopeak exhibitsno evidence of man-made radioactivityand is
for 137Cs.The gamma spectrum from ROI21 (Figure similar to the background spectrum in Figure 17.The
38) showsthe characteristic photopeakat 185keVfor source of the elevated activity has been attributed to
235U. The RO! 21 has been identified as the location an outcropping of Chattanooga shale.
of Building K-1420, which is the OII Decontamination
and Recovery Facility used in the past for the treat- The Y-12 site was the location of seven anomalous
ment and decontamination of lubricating oil from the radiation areas denoted as ROIs 25-31 in Fiqure 13.
uranium enrichment process. The ROI 25, identified in 1989, is a shallov burial

ground for uranium metal chips and turnings located
on Bear Creek Road due west of the Y-12 plant. The

The FBA/ORISE site was found to contain only one gamma spectrum for ROI 25 (Figure 42) shows
anomalous radiation area, as indicated by ROI 22 in photopeaks for 234mpa, indicating the presence of
Figure 11. Identified in 1989, ROI 22 is a sludge 238U.The ROIs 26-31 are collocated inside the Y-12
applicationareafor the city of Oak Ridge.The gamma plant fenced boundary. The gamma spectra for ROIs
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26, 28, and 31 (Figures43, 45 and48, respectively) 1989,was attributedto a commercial,low-levelwaste
show evidence for 234mpa.The ROI31 was the only processing, compaction, and incineration factlity
anomalous radlationsite atthe Y-12plant thatwas not located near the Grassy Creek Tributary on Bear
detected in the 1989 survey. The gamma spectrafor Creek Road. The gamma spectrum (Figure 53)
ROIs27 and30 (Figure44 and47, respectively)show shows the characteristic photopeaks for 1370S and
the characteristic photopeak at 185 keVfor 235U. The 6°Co.The ROI 37 is located at the intersection of the
gamma spectrum for ROI 29 (Figure 46) shows Grassy Creek Tributary and the Clinch River and
evidence for both 234mpa and 235U. showsevidence of 1370s (Figure54). Furthernorth on

the Clinch River,three additionalanomalous radiation
The Elza Gatesite, located in the Melton Lake Indus- areas, denoted as ROIs 38-40 were identified. The
trial Park In the city of Oak Ridge, was previously a gamma spectra for ROIs 38-40 (Figures55-57) each
storage area for pitchblende (uranium ore). In 1972, show a distinct photopeak of 137Cs.
the Elza Gatestorage area wasdecontaminated.The
MMGCcontour map in Figure 15 shows no evidence The CSX Railroad Tracks from the Y-12 plant to the
for uraniumactivity at the Elza Gatesite. Inthe course city of Oak Ridge were previously surveyed in 1989
of the Elza Gate survey, one anomalous radiation usinga helicopterAMS system. The surveyconsisted
area on the eastside ofthe Clinch River,denoted ROI of several passes over the railroad tracks at 125 feet
32 in Figure 15,was detected. The man-made radio- (38 meters) AGL. The three anomalous radiation
activity is attributed to 1370s and 6°Co contamination areas which were detected in 1989 were also
resulting from a former commercial encapsulation detected in the present survey. The anomalous radi-
facility operated in the 1970s. The gamma spectrum ation areas are denoted A-C in Figure 1. Site A is
for RO132(Figure49) shows thecharacteristic photo- attributed to the Quadrex Recycle Center,a commer-
peaks for 1370s and 6°Co. cial decontamination facility located on Flint Road in

the city of Oak Ridge. The radiation source at the
The Parcel A site is located on the easternmost Quadrex plant is 60Co.Sites Band C are located near
section of the Oak Ridge Reservation. The MMGC Warehouse Road in the city of Oak Ridge. The radi-
contour map for the Parcel Asite, presented in Figure ation source has been attributed to 1370S which is
15, shows no evidence for man-made radioactivity, embedded in the railroad bed.
The gross count rate contour map in Figure 14 shows
a slightly elevated activity level at ROI 33, which is
a coal ash disposal area used by the TVA Bull Run 8.0 SUMMARY
Steam Plant. The gamma spectrum for ROI 33
(Figure 50) shows no evidence for man-made radio- A radiological survey of the Oak Ridge Reservation
activity.The elevated activity level may be attributed and surrounding area was conducted during the
to a high residual 4°K concentration in the coal ash. period March 30 to April 14, 1992. The survey was

conducted at an altitudeof 150 feet (46 meters)above
The ClinchRiver was radiologicallysurveyedfrom the ground level over several sites which encompassed
Melton Hill Dam to the city of Kingston, a distance of an area of approximately55 square miles (141square
approximately 20 miles (32 kilometers). With the kilometers). The survey sites included X-10 (Oak
water level at its yearly low, the intent was to survey Ridge National Laboratory), K-25 (former Gaseous
the exposed river banks for man-made radioactivity. Diffusion Plant), Y-12 (Weapons Production Plant),
The survey consisted of a single pass over the river the Freels Bend Area and Oak Ridge Institute for
banksofthe Clinch River and itsmajortributaries. The Science and Education, the East Fork Poplar Creek
MMGC map presented in Figure 16 shows the (100-year floodplain extending from K-25 to Y-12),
locations of eight anomalous radiation areas. The Elza Gate (former uranium ore storage site located in
ROIs 1 and 2 (Figures 18 and 19, respectively) are the city of Oak Ridge), ParcelA, the ClinchRiver (river
located in the White Oak Creek Floodplainand were banks extending from Melton Hill Dam to the city of
previously identified as containing 1370S and 6°Co in Kingston), and the CSX Railroad Tracks (extending
the X-10 survey. The ROI 20 was also previously from Y-12 to the city of Oak Ridge). The terrestrial
identified in the K-25 survey and found to contain exposure rates at 1 meter were foundto vary from 8 to
1370S (Figure 37). 13 ,_R/h.The man-made radionuclides, 1370S and

6OCo,and the man-concentrated radionuclides, 235U

Five additional anomalous radiation areas were de- and 238U, were detected at several sites on the Oak
tected along the Clinch River.The RO136,detected in Ridge Reservation.
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APPENDIX A

SURVEY PARAMETERS

Survey Site: Oak Ridge Reservation
Oak Ridge,Tennessee

Survey Coverage: 55 mi2 (141 km2)

Survey Date: March 30 to April 14, 1992

Survey Altitude: 150 ft (46 m)

Aircraft Speed: 70 knots (36 m/s)

Line Spacing: 250 ft (76 m)

Line Direction: East-West

Detector Array: Eight 2-in x 4-in x 16-in Nai(T0 dete_ors

Acquisition System: REDAR IV

Conversion Factor: 917 cps/(_R/h) at 150 ft (46 m)

Air Attenuation Coefficient: 0.0020 ft-1

Aircraft: MBB BO-105 Helicopter

Survey Crew: R. Maurer, L. Ruff, E. Smith, J. Holzclaw,
J. Walker,T. Stampahar, L. Komich,
C. Ward, R. Rea, R. Fratrick

32

m



REFERENCES

1. Jobst,J.E. 'q'he AerialMeasuringSystem Program." Nuclear Safety, March-April1979, 20:136-147.

2. Burson, Z.G. Aerial Radiotogical Sun,eys of ERDA's Oak Ridge Facilities and Vicinity, Report No.
EGG-II83-1682. EG&G/EM, Las Vegas, Nevada, 1976.

3. Boyns, P.K.An Aerial Radiological Survey of the Oak Ridge Reservation, Report No. EGG-10282-1001.
EG&G/EM, Las Vegas, Nevada, 19d4.

4. Fritzsche, A.E. An Aerial Radiological Sur.,ey of the White Oak Creek Floodplain Oak Ridge
Reservation, Report No. EGG-10282-1136. EG&G/EM, Las Vegas, Nevada, 1987.

5. Maurer, R.J.An Aerial Radiological Survey of the Oak Ridge Reservation and Surrounding Area,
Report No. EGG-10617-1123. EG&G/EM, Washington, D.C., 1989.

6. Klement, A.W., et aL Estimate of the Ionizing RadiTtion Doses in the United States 1960-2000, U.S.
EPA Report ORP/CD72-1. Environmental Protection Agency, Washington, D.C., 1972.

7. Mohr, R.A. and L.A. F-ranks. Compilation of Cs-137 Concentrations at Selected Sites in the
ContinentL.l United States,Report No. EGG-l"183-2437, S-724-R. EG&G/EM, Santa Barbara,
California, 1982.

8. Mohr, R.A., A.E. Fri_sche, and L./_,.Franks. Ground Survey Procedures, Report No. EGG-1183-2339,
$635-R. EG&G/EM, Santa Barbara, California, 1976.

9. Boyns, P.K. The Aerial Radiological Measuring System (ARMS): Systems, Procedures and Sensitivity,
Repor'_No. EGG-II83-1691. EG&G/EI_h,LasVegas, Nevada, 1976.

10. Mohr, R.A. Ground Truth Measurements at the Calvert Count); Maryland Test Line, Report No.
EGG-10282-2066. EG&G/ElVi,Santa Barbara, Califnrnia, 1985.

11. Mohr, R.A. Private Communication. EG&G/EM, Santa Barbara, California, June 1992.

33
II II



DISTRIBUTION

DOE/DP EG&G/EM

J.E. Rudolph (3) H.W. Clark LVAO (1)
J.F. Doyle LVAO (1)
E.L. Feimster LVAO (1)
L.A. Franks SBO (1)

DOE/HQ P.P. Guss WAMD (1)
OSTI (25) T.J. Hendricks LVAO (1)

R.J. Maurer WAMD (1)
C.K. Mitchell LVAO (1)
R.A. Mohr SBO (1)

DOE/NSlC G.R. Shipman WAMD (1)
R.S. Scott (3) W.J. Tipton LVAO (1)

P.H. Zavattaro LVAO (1)

DOE/NV

C.A. Cox (1)
M.R. Dockter (1)
S.C. Ronshaugen (2)

LIBRARIES

DOE/OAK RIDGE RSL (30)
RESERVATION SBO (1)
D.M. Carden (25) TIC (1)

AN AERIAL RADIOLOGICAL SURVEY OF
OAK RIDGE NATIONAL LABORATORY

OAK RIDGE, TENNESSEE
EGG-10617-1229

DATE OF SURVEY: APRIL 1992
DATE OF REPORT: APRIL 1993

!
r,I



1




