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ABSTRACT

An aedal radiologicalsurvey was conductedover theQuad CitiesNuclear Power Station inCordova,
Illinois,duringthe periodMay 9 throughMay 18, 1989. The surveywas conductedat an altitudeof 61
meters (200 feet) over a 65-square-kilometer(25-square-mile) area centered on the power station.
The purpose of the surveywas to documentthe terrestrialgamma environmentof the Quad Cities
Power Station and surroundingarea and to determine any radiologicalimpact on the area over the
pasttwentyyears.

The resultsof the aerial survey are reportedas inferredgamma radiationexposure rates at I meter
above groundlevel in the form of a contourmap. Outside the plant boundary,exposurerates were
found to vary between 5 and 15 microroentgensper hour (l_Wh)and were attributed to naturally-
occurringuranium,thorium,and radioactivepotassiumgammaemitters.

The aerial data were compared to ground-based"benchmark"exposure rate measurements and
radionuclideassay ofsoilsamplesobtainedwithinthe survey boundary.The ground-basedmeasure-
mentswere found to be in goodagreementwiththose inferredfrom the aerial measuringsystem.
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1.0 INTRODUCTION samples were obtained from four benchmark sites
identifiedbythe aerial surveyto containonly natural
gamma activity. Radionuclide assay of the soil

An aerial radiological survey of the Quad Cities samples was performed to determine radioisotopic
Nuclear Power Station and surrounding area in concentrations.Oblique aerial photographsof the
Cordova, Illinois, was conducted during the period Quad CRies Nuclear Power Station were also
May 9 throughMay 18, 1989, at the request of the obtainedin conjunctionwiththe survey.
United States Nuclear Regulatory Commission
(NRC). The survey was performedusingthe Aerial
Measuring System1 (AMS) operated by EG&G

Energy Measurements, Inc. (EG&G/EM) for' the 2.0 SURVEY SITE DESCRIPTION
UnRedStates Departmentof Energy (DOE). EG&G/
EM routinely conducts aerial surveys for the
Department of Energy, the Nuclear Regulatory The Quad CRiesNuclear Power Stationis locatedin
Commission,andother U.S. governmentagenciesas Rock IslandCounty, approximately6.4 kilometers(4
part of an ongoing nationwideprogramto map and miles)northof the cityof Cordova, Illinois.Presented
document the radiological conditions at various in Figure 1 is a large-scale aerial photograph(June
nuclear sites. Aerial radiologicalsurveyshave been 1989) of1hepowerstationandsurroundingarea. The
effectivein detecting regionsof enhanced radiation, surveybo_mdary,outlinedin Figure 1, encompasses
determining average ground-level exposure rates, a 65-square-kilometer (25-square-mile) area cen-
andidentifyingspecificradionuclidesassociatedwith tered on the power station. The Mississippi River,
regionsof anomalousradiationlevels, which defines the i=iinois-lowastate line, splitsthe

surveyarea nearlyin haft.The Illinoisside ofthe river
consistsof sparsely populated rollinghills used pd-

The Quad CRies Nuclear Power Station is jointly madlyfor farming. The Iowa side of the river is com-
owned by Commonwealth Edison Company (75%) prisedmostlyof the wetlandsand marshlandswhich
and Iowa-IllinoisG_s and Electric Company (25%). make upthe UpperMississippiWildlifeand Fisheries
The power stationc¢,_tainstwo General Electricboil- Reserve.
ingwater reactors (BWR), eachcapableof producing
769 millionwatts of electrical power. The two units
were readyfor operation in 1972 and began serving
the local communRiesin February 1973. The power 3.0 NATURAL BACKGROUND RADIATION
stationissituatedon784 acresonthe eastbankofthe
MississippiRiver, approximately6.4 kilometers (4
miles)north of the city of Cordova, Illinois. Natural backgroundradiation originatesfrom radio-

active nuclideswhichare presentinvariouslow-level
concentrationsin the earth and atmosphere, as well

In 1968, priorto the initialstart-upphase, a large-area as cosmicrays enteringthe earth's atmospherefrom
aerial radiologicalsurvey (625squaremiles)wascon- outerspace.Terrestrialradiation,whichoriginatespd-
ducted over the proposed sre for the Quad CRies madly from the uranium decay chain, the thorium
NuclearPower Station.The aedal survey was flown decay chain, and radioactivepotassium, is detected
at an altitude of 91 meters (300 feet) above ground at the surfaceof the earth at exposurerates between
level (AGL) witha 1.6-kilometer(1-mile) line spacing 1 and 15 pFI/h (9 and 130 mrem/y). The exposure
using a Beechcraft Twin Bonanza aircraft. Data rates from terrestrialradionuclidesare dependent on
collected duringthe survey were used to document the compositionof the soiland bedrocknear the point
the radiologicalbaseline at the future plant site and of interest. In addition to the above-mentioned
surroundingarea. sources of natural radiation, cesium-137 (137Cs),a

product of nuclear fission, is present worldwide in

The present aerial surveywas flown at an altitudeof tracequantitiesfrom fallout due to above-groundnu-
61 meters(200 feet) usinga gridpatterncomposed of cleartests conducteduntilthe early 1960s. Exposure
parallelflightlinesspaced107 meters(350feet)apart rates due to 137Cs in the environmentare typically
to cover the 65-square-kilometer (25-square-mile) less than 1 pR/h.2
area. The aerial data were used to derive exposure
rates at 1 meter AGI_ In support of the aedal mea- Radon gas, a by-product in the decay chain of both
surements, ground-based exposure rates and soil uraniumand thorium,diffusesthroughthe soilintothe
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FIGURE 1. AERIAL PHOTOGRAPH OF THE QUAD CITIES NUCLEAR POWER STATION AND SURROUNDING AREA



atmosphere and contributesto the radiationlevels detector array was calibratedusingthe 60-keV and
near the surface of the earth. The radonconcentra- 1,274-kev gamma raysfromamericium-241 (241Am)
tionina particulararea, however,dependsonseveral and sodium-22(22Na), respectively.At an altitude of
factors includingmeteorologicalconditions,mineral 61 meters(200 feet), the AMS gives accurateterres-
compositions,and permeabilityof the soil.Airborne trial gamma exposure levels up to 50 l_R/h. The
radiationfrom radonanditsdecay productstypically dynamic range of the AMS is extended to 400 t_R/h
contributesfrom1%to10%tothenaturalbackground through the use of a single 4-in x 4-in x 16-in
radiation, detector.

Cosmic rays, high-energyradiationoriginatingfrom Data acquisitionwas performedusingREDAR IV, a
outer space, also contributeto the levels of natural rack-mounted, portable, multimicroprocessorreal-
backgroundradiation.The cosmic rays from outer time analysis system. The system was designed to
space showerthe earth with a nearlyconstantfluxof operateinadverseconditions,suchas thoseencoun-
radiationwhichinteractswith elements inthe earth's tered in helicopter or fixed-wing platforms. The
atmosphere and soil,producingan additionalsource REDAR IV system recordedon magnetictape data
of backgroundactivity.Radiationlevelsduetocosmic from the detector array, ambient temperature and
raysvarywithaltitudeandgeomagneticlatitude.Typi- barometricpressuresensors,radaraltimeter, andthe
cal values rangefrom 3.3 i_R/hat sea levelto 12 t_R/h helicopterpositioningsystem.Visualinspectionofthe
(up to 100 mrem/y) at elevations of 3 kilometers data by on-boardpersonnelwas providedbya video
(10,000 feet).3 For the Illinois-Iowa(midwest U.S.) display.The REDAR IV system was also equipped
area, the cosmicray contributionis about3.7 l_R/h, withthe capabilityfor real-time inspectionof gamma

energyspectra.

4.0 SURVEY EQUIPMENT AND Aircraft positioningwas establishedusing an ultra-
PROCEDURES high-frequencyrangingsystem (URS) and the radar

4.1 Aerial Measuring System altimeter.Two ground-basedtransponders,oneposi-tionedonthe lightbeaconat the Clintonmunicipalair-
portandonepositionedona grainelevatorin the town

The low-altitudeaerialsurveywas flownusinga Mes- of McCausland, Iowa, were periodicallyinterrogated
serschmitt-Bolkow-Blohm(MBB BO-105) helicopter by a master unit housed in the helicopter.By trian-
(Figure 2). The twin-engine helicopterwas outfitted gulation,thepositionofthe helicopterwas obtainedto
with two gamma detectionpodsand a Radiationand withina precisionof-l-3 meters(10 feet).The position
EnvironmentalData Acquisitionand Recorder Sys- informationwas recordedon magnetictape and was
tem (REDAR IV). The two large detector podswere also fed intoa steeringindicatorwhichthe pilotused
mountedon the sides of each skid rack on the hell- to guidethe aircraftalonga predeterminedset offlight
copter.Eachpodhousedfour4-in × 4-in × 16-inlog- lines.
type, thallium-activated sodium iodide Nal(Te)
gamma ray detectors. The energy response of the

4.2 Ground-Based Measurements

_ ........i _i!_i_:_ii_i-,____i'_
Total exposure ratesandsoilsampleswere obtained
from fourground-basedbenchmarksitesfor verifica-
tion ofthe aerial measurements.The foursites,desig-
nated in Figure 1, were identifiedby the aerial survey
as havingonly naturalbackgroundradiation.At each
site, total exposure rates were measured with a
gamma ion_ation chamber and five soil samples

..... were taken for laboratoryanalysis.Soilsampleanaly-
_ • sis was performed at the EG&G/EM Santa Barbara

RGURE2. MBBBO-105HELICOPTERWITHDETECTOR Laboratory in accordance with previously outlined
PODS procedures.4



4.3 Mobile L)ata Processing Laboratory rJmeterof the survey area was flown utilizingroads
easily identifiable on the large-scale aerial
photograph.Roadway intersectionsand landmarks

The operationsbase for the survey was the Clinton were noted by flight crew personnelfor future use in
MunicipalAirport in Clinton, Iowa, located approxi- scaling the radiation contour data to aerial
mately 11.2 kilometers (7 miles) northwest of the photographs.
Quad Cities Nuclear Power Station.The Radiation
and Environmental Data Analyzer and Computer
(REDAC) system, a mobilecomputer laboratoryfor Altitudeprofileswere then flownoverdesignatedwa-
analysisof the aerial surveydata (Figure3), was Io- ter and land test lines. An altitude profileconsistsof
cated at the operationsbase. The REDAC system several passes over a test line at nominal altitudes
consists of a Data General MV-7800XP computer rangingfrom61 meters(200 feet) to 244 meters(800
with 4 megabytes of memory, 1.1 gigabytesof disk feet). The water test line was flown approximatelyone-halfmile from shore overa man-made lake near
space for mass storage,two 9-track magnetictape Savanna, Illinois,which is located about 16 kilome-
drivesfor data transferand archiving,a 36-inch-wide
plotterfor data contouring,a laser printer,and three ters (10 miles)northof the survey site.Data accumu-

latedduringthewatertest lineprofilewereusedtode-
video graphicsdisplayterminals, terminethenonterrestrialbackgroundradiationwhich

originatesfromairborneradon,the helicopterandde-
The REDAC system utilizesanextensivesoftwareIi- tectorsystem, and cosmic rays. Typically,the water
brary for analysisof the pre- and post-flightdetector test line is flown at the survey altitude at least once
systemchecksandprovideson-sitepreliminaryanal- duringeachsurveyflightto monitorfluctuationsinthe
ysis of the aerial measurements on a flight-by-flight radonconcentration.For the land test line, a section
basis, of open field situatedalonga fence line was chosen.

The terrestrialdata from the altitudeprofileover the
land test line, corrected for the nonterrestrialback-
ground,wereusedto derivethe airattenuationcoeffi-

4,4 Survey Procedures cient.

Theaerial surveyovertheQuadCitiesNuclearPower The aerial survey coveredan area of 65 square kilo-
Stationand surroundingarea was conductedaccord- meters (25 square miles) as outlined in Figure 1. A
ing to EG&G/EM standard procedures,1,5which will gridpattem,consistingof 75 parallelflightlinessepa-
be discussedonlybrieflyinthissection. First,the pe- rated by 107-meter (350-foot) intervals,was flown at

an altitude of 61 meters (200 feet) AGL. Ali flights
were flown at anaverage groundspeedof 36 meters/
sec (70 knots).The aerial surveyoverthe Quad Cities
Nuclear Power Station and surroundingarea was
completedin six flightsover a periodof four days.

5.0 DATA REDUCTION PROCEDURES

5.1 Total Exposure Rate

A contourmap ofthe totalgamma radiationexposure
rates in ttR/hat I meter AGL was prepared from the
aerialdata. The totalexposurerate contourmap was
derived from the grosscount rates and aircraftposi-
tion coordinatesrecorded duringthe survey flights.
The grosscountrate data were determinedfrom the
integratedyieldofaligammaactivitywithinthe energy

RGURE3. MOBILECOMPUTERPROCESSING range 38 through 3,026 keV. Gross count rates in
LABORATORY counts per second (cps) obtained from the aerial
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surveywere convertedto exposurerates inttR/hat 1 count rates can be attributed to fluctuations in the
meterAGL accordingto: geologicstructureas well as changes in the ground

coverage.

A moreconclusiveapproachfor detectingman-made

Exposure Rate (lxR/h) - GCg_Be(A- 200)xC isotopesinvolvesa comparisonof grosscountsfromvarious regions of the gamma energy spectrum. In
(1) particular,the ratioof spectral intensitiesfrom differ-

ent regionsofthe gamma spectrumwillremainnearly
constantwhen only backgroundradiationis present.

where Althoughthisprocedurecan beappliedto any region
GC - grosscount rate at surveyaltitude (cps) ofthe gammaspectrum, the mostcommonpracticeis

B - backgroundcount rate at surveyaltitude to place into the source window, ali counts below
(cps) 1,394 keV, i.e., where mostman-made radiationoc-

A = surveyradar altitude (ft) curs, and into the background window, ali counts
above 1,394 keV. The MMGC algorithm has been

C = air attenuationcoefficient(ft-1) foundto besensitiveto low levelsof man-made radi-

ation (i.e., < 1 l_R/h)even in the presence of slight
Anair attenuationcoefficienthavinga value of0.0019 variationsin the naturalbackground.
ft-1 wasdeterminedempiricallyfromthe background-

subtracted gross count data obtained from the alti- The MMGC rate can be expressed analytically in
rude profile over the land test line. The grosscount terms ofthe integratedcountratesinspecificspectral
rateswere converted to exposure rates usinga con-
version factor of 991 cps/(ttR/h) at 61 meters (200 energy windows (in keV) from the gamma energy
feet)derivedfrom data obtainedat the CalvertCounty spectrum
calibrations range near Washington, D.C. The re-
ported exposure rates include a contributionfrom
cosmic rays which, for the Cordova, Illinoisarea, is 1394kev

estimatedto be 3.7 ttR/h. MMGC - _ CountsE

The totalgamma exposureratesmeasuredusingthe E=3Skev (2)
AMS representaverage exposure ratesfor gammas 3026keV

emittedfrom nuclidesdistributedover a largearea on
the ground.The averagingprocessisa functionofthe - K. CountsE
angular resolutionof the detectorsystemandthe mo- E= 1394keV
tionof the aircraftduringdata accumulation,in gener=
al, two-thirdsof the detected gamma rays emanate where
from a circulararea havinga radiuswhich isnearlythe
same as the detector altitudeaboveground level. 1394 keV integralcount rate in the

Counts E - energywindowfrom
E=38keV 38 tO1,394 keV

5.2 Man.Made Gross Count Rate 3026keV integralcount rate in the

_. CountsE = energy windowfrom
The aerial survey data were also used to determine E= 1394keV 1,394 to 3,026 kev
the location of man-made radionuclides.The man-
made gross count (MMGC) is definedas the fraction
of the gross counts which are directlyattributed to
gammas from man-made radionuclides.In general, and
evidence for the detection of man-made radioiso-

topescan be foundfrom increasesin the grosscount 1394keV [ 3026kev

rates. However, slight changes in the gross count _" -,_/ _ (3)ratesare notconsidered adequatereasonto suspect K - Counts CountsE
a man-made isotope. Slight variations in the gross E=38keV I E=1394keV



The constant,K, was obtainedfrom the summation portionof the spectrumand an annihilationgamma
spectrumcomposedof the gamma spectra acquired ray peak at 511 keV.
over a regionofthe surveyarea whichwas identified
to contain only gamma activity from naturally-oc- Inadditiontothe exposurerate contours(Figure4), a
curringradionuclides.The resultantMMGC willyield man-made gross count (MMGC) contour was also
an average value equal to zero for areas containing produced.The onlysignificantgamma activityshown
only natural radionuclidesand a value greater than bythe MMGC extractionwas directlyover the plant.
zero for areas containingman-made radionuclides. Becauseplantactivityisadequatelydescribedbythe
Identificationof the radionuclides responsible for exposure rate contour, the MMGC contour is not
anomalous behavior in the man-made gross count presentedinthis report.
data canbe obtainedfrom the correspondinggamma
energyspectra.

6.2 Ground-Based IVleasurement Results

Identified in Figure 1 are the locationsof the four
6.0 SURVEY RESULTS AND DISCUSSION ground-basedmeasurements. Total exposure rates

and soil samples were obtained at four benchmark

6.1 Aerial Survey Results sites for comparison and verification of the aerialmeasurements.7A comparisonof the exposurerates
from the aerial and ground-basedmeasurementsis

Presented in Figure 4 is a contourmap showingthe giveninTable 1. Bothsoilanalysisestimatesandthe
total gammaexposurerates(l_R/h)at I meterAGL in- inferredaerial resultsincludea 3.7 t_R/hcosmiccon-
ferredfrom the aerial data at the Quad CitiesNuclear tdbutionand maybe directlycomparedwiththe gam-
Power Station and surroundingarea. The contour ma ionization chamber data. The results from the
map is superimposed on a large-scale aerial aerialandground-basedmeasurementsareshownto
photograph.Exposurerateswere foundto vary from be inexcellentagreement.
5 to 15 l_R/houtsidethe plant boundary.Directlyover
the power plant, the exposure rates exceeded 400
l_R/h.Includedin the exposurerate data is a cosmic

Table 1. Exposure Rates from Aerial andray contributionof 3.7 l_R/h.The locationof the nu-
clear power plant is readilydiscemable from the so- Ground-Based Measurements

i

des of concentricringsnear the center of the map.
Exposure Rate (l_R/hat I meter AGL)

i

The exposure rates measured outside the plant Site Soil Ion Aerial
boundaryare a_dbuted tOnaturally-occurringradio- Analysis a Chamber b Survey
nuclidesinthe environmentand are fairlyuniform,va- .....
wing from 5 to 15 _tR/h.A typical gamma energy 1 7.0 + 0.5 7.5 :f_0.5 7.4 + 1.2
spectrum obtained outside the plant boundary is

2 6.8 + 0.5 7.2 ± 0.5 7.6 _+1,2presented in Figure 5. The most prominentgamma
peaks are identifiedas those from naturally-occurring
radionuclidesfrom the uranium and thorium decay 3 9.1 .+.1.5 9.1 + 0.5 8.9 + 1.4
chainsas well as radioactivepotassium-40(4°K).

4 9.3 _+0.5 9.3 _.+0.5 9.7 + 1.5
,=,

A net gamma energy spectrum obtained over the aCalculationincludesa cosmicraycontributionof
plant is presented in Figure6. Peaks observed were 3.7 l_R/handa moisturecorrectionof theform
1,173 and 1,332 keV associated with cobalt-60 1/(1+m).
(S°Co),an activationproduct,anda 511keV annihila- bReuter-Stokes Model Number RSS-111,SerialNumber

tion peak associated with nitrogen-16 (16N). Nitro- Goos.
gen-16 is produced by an (n,p) reaction with oxy-
gen-16 (160) during reactor operations. The 16N
decays via the emissionof 6.1 and 7.1 MeV gamma Presented in Table 2 are the resultsof the radionu-
rays resultingin a highcount rate in the highenergy clide assay of the soil samples from the four

6
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benchmarksites.Soilsampleresultsrepresentthose from5 to 15 rtFl_.These resultsare In agreement
from averagesof five closelyspacedsempilesob- withthosepreviouslymeasuredforthe samearea in
rainedfromeachsite.In additionto the naturally-oc- 1968. However,the exposureratesmeasuredwith
curringisotopesfromthe decaychains(urani_ijmand the fixed-wing-basedAMSwereaveragedoverafield
thorium)and4°K,allsamplingsitesexhibiteda pres- ofviewwhichwasabout2.5 timesas largeasthat in
enceof lSTCs"The lSTCsispresentIn the el,nvimn- the presentsurvey.The agreementbetweenthe ex-
ment as a resultof worldwidefalloutfrom above IX)SUmratesmeasuredinthe twosurveysindicates
groundnucleartestsconducteduntilthe early1960s. that operationsat the Quad Cities NuclearPower
The level of 137Csactivitymeasuredat the bench- Plantoverthe past20 yearshavehadnodetectable
marksitesistypicalofthatmeasuredatsevewialloca- effectonthesurroundingradiologicalenvironment.
lionswithinthecontinentalUnitedStates.2

8.O SUMMARY

7.0 COMPARISON OF RESULTS FR()M Anaerialradiologicalsurveyofthe QuadCitiesNu-
1968 AND 1989 AERIAL SURVE_IrS clearPowerStationwasconductedduringtheperiod

May9 throughMay 18, 1989.Anareaof 65 square
kilometers(25squaremiles)wassurveyedatanalti-

In 1968, the airplane-basedAMS survey encore- tudeof61 meters(200feet)usinga gridpatterncon-
passedan area of 1,620 squareIdlome1!srs(625 sistingof parallelflightlines 107 meters(350 feet)
squaremiles)centeredontheproposedplaulltsite.By apart.The typicalterrestrialgammaradiationexpo-
comparison,the presenthelicopter-basedAMS sur- sureratewasfoundto veryfrom5to 15ixl=l_.Noelg-
veycovereda muchsmallerarea,65 squarekilome- nificantradioactivity,whichcouldbeattributedtoplant
tem(P.5squaremiles)centeredontheplarrl:,butwith operationsoverthe pasttwentyyears,was detected
higherspatialresolution.The resultsof thispresent outsidethe plantboundarybythe aerialmeasuring
surveyyieldexposurerateswhichwerefoundtovary system.
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Table 2. Radionuclide Assay of Soil Samples
,, i

Moisture :mU 232Th lSTCs 4°K
Site I%) (ppm) (ppm) lpCi/g) lpCi/g)

1 6.6± 0.4 0.8 ± 0.3 3.5 + 0.3 0.30 + 0°03 10.4 + 0.8

2 6.1 ± 1.3 0.8 ± 0.1 3.1± 0.4 0.09 .+.0.05 9.8 ± 0.2

3 25.3.+.1.4 2.8 ± 0.5 8.3 + 1.1 0.52 ± 0.12 13 + 2

4 18.6± 1.1 2.9 ± 0.4 8.3± 1.0 0.26± 0.01 12 + 1
i Diii
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APPENDIX A

SURVEY PARAMETERS

Site: QuadCitiesNuclearPowerStation

Location: Cordova,Illinois

SurveyDates: May9-18, 1989

SurveyCoverage: 65 km2 (25mi2)

ProjectScientist: R.J.Maurer

SurveyAimraft: MBBBO-105Helicopter

AcquisitionSystem: REDARIV

DetectorArray1: Eight4-in x 4-in x 16-1nNal(Tr) crystals

DetectorArray2: One4-in x 4-in x 16-inNal(Te)crystals

UnesSurveyed: 75

SurveyAltitude: 61 m (200ft)

LineSpacing: 107 m(350ft)

NavigationSystem: URS

AverageGroundSpeed: 36 m/s(70knots)

10



REFERENCES

1. Jobst,J.E. "The AerialMeasuringSystem Program."Nuclear Safety,March/April1979, 20:136-147.

2. Mohr, R.A. and L.A. Franks. Compilation of Cs-137 Concentrations at Selected Sites in the Continental
United States, Report No. EGG-II83-2437, S-724-R. EG&G/EM, Santa Barbara, California, 1982.

3. Klement, A.W., et al. Estimate of lonizing Radiation Doses in the United States 1960-2000, U.S. EPA
Report ORP/CD72-1. EnvironmentalProtectionAgency,Washington,D.C., 1972.

4. Mohr,R.A., A.E, Fritzsche,and LA. Franks. Ground SurveyProcedures, Report No. EGG-II83-2339,
S-635-R. EG&G/EM, Santa Barbara, Califomia,1976.

5. Boyns, P.K. The Aerial Radiological Measuring System (ARMS): Systems, Procedures and Sensitivity,
Report No. EGG-II83-1691. EG&G/EM, Las Vegas, Nevada,1976.

6. Mohr, R.A. Ground Truth Measurements at the Calvert County, Maryland Test Line, Report No.
EGG-10282-2066. EG&G/EM, Santa Barbara, California,1985.

7. Mohr, R.A. Private Communication.EG&G/EM, Santa Barbara, California,December, 1989.

11



DISTRIBUTION

NRC/HG LBL

E, D. Weinstein (1) H.A. Wollenberg (1)

NRC/REGION IU EG&G/EM
H.W, Clark LVAO (1)

J.E. Foster (7) J.F. Doyle LVAO (1)
E.L. Feimster LVAO (1)
L.A. Franks SBO (1)
P.P. Guss WAMD (1)

DOE/DP T.J. Hendricks LVAO (1)

J.E. Rudolph (3) D.A. Jessup SBO (2)
R.J. Maurer WAMD (1)
C.K. Mitchell LVAO (1)
R.A. Mohr SBO (1)

DOE/NV G.R. Shipman WAMD (1)
W.J. Tipton LVAO (1)

C.A. Cox (1) P.H. Zavattaro LVAO (1)
M.R. Dockter (1)
S.C. Ronshaugen (2)

LIBRARIES

RSL (30)
DOE/HQ SBO (1)
OSTI (25) TIC (1)

AN AERIAL RADIOLOGICAL SURVEY OF THE
QUAD CITIES NUCLEAR POWER STATION

AND SURROUNDING AREA

CORDOVA, ILLINOIS
EGG-10617-1219

DATE OF SURVEY: MAY 1989
DATE OF REPORT: APRIL 1993



I i

ii I L,,
I_ LI,_I ,Iml i i L ifli I .... I, , h, ii ii L, ii , ,,I,, ill_, ii I,,, I, '" I




