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CH2M Hill Plateau Rcmcdi ·on Company, a prime amllactor to the .S. Department of F.ncrgy-

Richlaod Office {DOE-RL ~ a1ional ear Security Administration SA 
evada Site Office SO Remote Sensing (RSL) to provide an aerial radiological 

survey of the BC Controlled Area (DCC al DOE-RL Hanfonl - ·n :iOtllllleastcm 

Washington State. Animal · and subsequent · dispersion of contaminants has resaJlltm 

shallo soil contamination within the no11hem of BC C.ontroUed ~ an area of 

approximatdy I 500 hectares (3 707 acres . 

da1a ere coUcckd by the Aerial Measuring S {AMS) Radiation and EoYJ-IJ'OIJlllellllal 

c:quisition and Reconla: Vasion (REDAR- · an anay of e 2"" x 4• x 16"' (5 10 

40 an) sodimn "odide ddectors flown onboard a twin-engine Bell 412 helicopter:. The data were 
goo-referenced ing Diffcn:ntial Global P "tioning System (DGPS). Gamma-merg) spedla 

ere collected evay sa:ond dming the ... .,_,_ The cnn.- ere pafuom:d in September 2009. 

The purpose of the ey update nn:¥10111S radiological surveys of the DCC and 
Lake area. The aerial SU1VeY paramdas for an "tude of IS meters 50 fed) AGL and paralld -
spacing of23 metas (75 fi:d) were decid&:d upon maximize the man-made radi · n semiti · 

and reduce the effective fuotpriot of .bel.lia,iJler rad" · acquisition em. 

Gross Counts infem:d exposure rates, made aclivity, Cesium-137 activity and Americium-241 
activity, as caladatcd from the aerial data pre51CDled in the funn of contoured · ldh maps 

superimposed !D imagery Of cnr,IIPUl-d fu addldJon_ the point .ICS411115 fur- 1he mall-

made, Ce:simn-137 andAmcriciwn-241 are provided n:quested to tacilldate ellDD"lld-based 

characterization efforts. of the-.,-~ to oonduct a I 00-/4 g:anma scan of the 

survey areas as per MARSSJM scoping 0 -- objecti es. The ey fli are vidal 
to doaunent the condnd: of med - bjcdive. 

The gross count and exposure r.ate •~111~ 

deposition footprint 
resolution and detedability. 



This page intentionally left b 

SGW-45563 REV. 0 
FEBRUARY 2010 



TABLE OF CONTE S 

GW-45563 REY. 0 
FEBRUAR 201 O 

bstract························································-···········-········-·····································-·········-·······-··· iii 

Aaonyois and Al,bievialions ... _ .•• - •. ·······································-····························-···-··-·······-········ ix 

1. JntJodudion ·····················-··············································-··················-··-··················-····-······-····· I 

2. Survey Site I>escription. ........... -·······························-································-····-················-·········· I 

2.1 Aerial Swvey ()bjecti es····································-···-··-·······················-·································· 2 

2.2 1996 Aerial Swvey ·-···-··-·················-·················---···-········-·-·····-···-··-·-·············· 

3. Survey Procedure··-··································· ·-···· ·····-································-·············-··-···················· 6 

3.1 Aerial Survey·-··-·······-··-··············································-··················-···········-···-········-···· 6 

3.2 Aerial Survey Equipou:nt -····································-··············-···········-···-···-··-········ ......... 9 

3.2.1 Data Reconling ....... -·······························-····-··-··············-············-········-·················- 9 

3. 77 Helicopter Positioning .................................................................................... - ............ I 0 

3.2.3 Data Processing·-···-·····································-·-······-········-··········-·-··-····-···-··-··· 10 

4. Analysis Procedmes ·························································································-··················-····-·· I 0 

4. l Aerial Data Anal . ·········-··························-·············-·················-···-········-····-················· I 0 
4.1 .1 Teueshial Exposun: Rate ...................................... - ..................................................... I 0 

4 . .2 .Malll-MlaOC Gloss .......................... . ·-·--······-···---···-···-····-··-·-··-····-···J 1 

4.1 .3 Ccsiwn-Specific Isotope Exlractioo Algorithm ··········-···-········-···-··-··············-······· 12 

4.1.4 Cesiwn-Specific lumdricAdivityCoo ·onAlgpritbm. ______ ······· 12 

4.1 .5 Amaicimn-Specific Isotope Extraclion Algmidnu ···-···-·---·······-···-···-·-··· 13 

4.1 .6 Gaouoa Specbal Anal ·····································--- --···--··············· 13 

s. Result:s.-····-·········---·-···-···-··-···············································-··-···-·---···-·-··-··· 14 
.l Gross ~ . Dala, Contour Data and &posure Rate 

(BCCA) ···------·····-·······-·······················-··· .. ···-··--------···-··· 14 
5.2 Gross Count Point Dala, Contoured Data and Exposure Rate Maps 

Lake and Gable MOIIID1llm Pond).·-···-························· ·------···-·- 19 

----········ 22 53 Man-Made Gross Point Data Map (BCCA ······-·-···-··----

5.4 Ccsium-137 Emadcd &otope '-,UIU.U., Point Data and Cootouml 

Maps (BCCA) ..... ·--·· .. ······-············· .. ···-·············---- ··-··-··---··· 23 



5.5 

5.6 

.7 

5.8 

5.9 

5.10 

S.H 

5.12 

SGW-45563 RE • 0 
FEBR 'Y 010 

Cesium-137 Volumetric A (pCi/g) P · and mal Data 
Maps (BOCA) ........ ·-·········-····-···-····-····-·· .. ···· ................................................................ 25 

Made Gross Point and Gable 
ounlain Pond) ................. -···-·· .. ··· .. ····· ................................................ _ .......................... n 

Cesimn-137 Extrackd Isotope '-Aft,Ull,3 P • and woo Data 
Maps (West Lake and Gab c MClUDlain Pond) ................................................................ _ .. 28 

Am-241 Extracted Isotope Data and mal Data 

(OCCA) ······················-· ........... ·-·····-·· ......................................................... - .. - ......... 30 

-241 Extracted Isotope P 
(West Lake and Gable M 

BCCA Smvey Area Flight Line 

DataMaps 
............................................................................... 32 

·--·········-··--··--·· .. ··--·············-··········· ········-···· 34 

p Survey Area Flight Line Results ................ ·-···-··· est Lake and Gable 

Gamma Spcdral Analysis ~ ·-··· .. ····· ....................................................................... 35 

6 Discussion of R.esults ............... -·-·-····-··-············· ................................................... - ......... 39 

6.) Comparison of Previom S .Ke!'IUIIIS 2009 :S.'1.-vev Resuf .......................................... 39 

6.2 Po· Data Comparisons to 

6.3 Gross Counts and F.xpmure 

6.4 Man- e Gross Count P · 

.................. , ___ ..................................... ·-····· 40 

···-···-···-···-·--··-··································-··-······ 40 

................ , ____ ···············-··········· .................. 41 

6.S Cesium-137 Extracted Isotope t.:'.uiiiiiici Adi ·1y Maps .................................. 41 

6.6 ·ciwn-241 Extmcted 

6.7 Gamma 

Maps ········-······-··-········- 41 

····-·····-···-····-····-·-··················-········· .. ···········-········- 41 

ReferaM:es ····························-·---- -------·· .. ················ .. ················--- 43 

AppendlX 

-------····-······-----·--···-····-·---······················-··-······· 45 

B Cesium ThR:c- indow Data Extraction-··--·-· ·----··-··-····-···-····-··-·-47 

Fi ures 

1. Map ofBCCAand 200 Eastna,..m .. ________ ----··-·-·····-····-··-··-··..3 
2. Man-made Gross Count fiom 1996 Survey •• ·-···-··-··--··· .................................. -5 

3. BCCA Planned Survey lines •. ·--··----··------········---··········-···········-·······-·····6 
Gab . Pond 1996 

J)ata ......... __________ _ 
·--------·-···----···-····-·· .............. 7 



5. 

6. 

SGW-45563 REV. O 
FEBRUARY 2010 

Example of Perimeter Line Resul on a Laya-..• ·---···-··················································-8 

BCC Total F.oe.rgy Spectra Gross Count Poin Data R.! ····-····························-·········-··· l6 

7. DCC Total Energy Spectra Gross Co 1 Contomc:d Data.·-·····-······································-···· 17 

BCCA Inferred Ganuna Exposure Rates··················-····-························································· l 8 

9. Lake and Gable MolJDtain Pood Total Energy Spedra Gross 

Coun Point Data. ........•.........•... ·-·················-·---·-···--·· ············-········--··················--·· 19 

10. Lake and Gable Mountain Pond Total Energy Spcdra 
(;ount Co tour Data ..........•...........•..........•.........•.•.. ·-····----···········································.20 

11 . Lake and Gable 01mtain Pood lnfared Gamma 

Rates ·································································-·····-···-···-······-···-·······································.2 

12. BCCA Man-Made Gross Coon Point I>ata-··········-························-··-··································.22 

13. BCCA Cesium-137 et Co Point I>ata RcsnJts ................ ·-···· ..................................... .23 

14. BCC Cesium-137 ourt:d Data R ····-····-···-···-··································.24 
15. BCC Cesiwn-137 Volwnetri Activity . g)~ . Data ······································.25 
16. BCC Cesium-137 olumetricAdi ·ty(pCi/g)Cootomed 

Results. .......................................... ·-···-·····--···-····-···--··-····-···-····--····················-···········.26 

1. e Man-Made Gross Count Map ············--·························································.27 
l . Lake Cesimn-137 et Co Point Data ···-····-···--··································.28 
)9. Lake Cesium-137 et Co ···-···-···-········· .......................... .29 

20. BCCAAm-241 Isotope Extradi Point Data ~uam ••••••••••• _ .................... ......................... -30 

21. DCC Am-241 Isotope Extradiion Contooml 

22. est I..ake aod Gable Mountain Pond Am-241 

IP . Resulf!l ........... ·-·········-······················-···-···-··············· .. •·•••••···•••·•• .. •••·••··••·••··• .. 32 

23. Lake and Gab e Moillldam Pond Am-241 botope Extndion 

UJal I>ata R.esults .......... -····-········ -------·-··-·· .. ·•·· .. ···········-··· .. ··--33 

24. BCX::A FJigbt Line Results·····-··-··············· ............ _. -··-··········-····--····--····--·····--··-··· ... .34 

25. Example of Flight Line Precis. ovec die Lake and Gab e 

Smvey Ata5 ................. .·-···-·-···-.. -··-··--··-···-···--····-···---···-··-···· .... 35 

26. Ganuna Speclra .Analysis Localion.s ............. -····-···-··--- ··-··-·········--·····-·36 
27. BCCA High Activity Area et Spcdnlm ···---- ----··-····-··········-···-·31 

28. .S. Ecology ite et Spcctmm...__ ________ ---··-········-...... - ............ 38 



SG '..4 563 REV. 0 
FEBRUARY 2010 

29. Example of Aerial Data Results From the Due to Altitude ............................................. -39 

B-1. Observed Total Gross Co Rate From Line of lnten:st ..................... -················-··-···-····-47 

B-2. Prucesscd Cesium-137 Data E.xtracti ............................................... ....... ·---·······-··---·· 48 

B-3. Additional Improvmtent ofDdedahility by SpatiaJ Filtaing .............................. ·-··-··-·····-49 

B-4. Gross Spectrwn fiurn Suspect Area of WI ··································-·················-···-····-···--··-·SO 

B-5. Backgn,und Spectrwn fium WI ··-···-·························································· .. ··········-·············51 

B-6. et Spectrum fiotn SuspeclAn:a ·-·····································································-·····-·············52 
B-7. Contour ap of ·um Polllt Soun:e <>vatlight ·······················-························-··-····-··-·.54 

Tabe 

I. Estimated Conwm n Factors (per Maurer) Con Cl'S·on FadoJ:s 

Aira-aft Altitude"' ·······--·-·····-····-··-·································--········-··········-····-··-·-····-···S3 

I 



Ao-228 

AGL 
Am-241 

AMS 

BCCA 
Bi-214 

CID 

Co-60 

qJS 

Cs-137 

DGPS 

DOE 

ER 

FWHM 

GIS 

HNR 

K.--40 

WI 

MARSSIM 
MDA 

MMGC 

al(T!) 

SA 
NSO 
pCi/g 

Pb-213 

RA 

RadCon 

REDAC 

REDAR-V 

ROI 

RSL 

Sr-60 

ACRO 

Actinium-228 

above grotnl level 

Americium-241 

D ABBREVIAT ONS 

Aerial Measuring System 

BC Controlled Amt 

Bismuth-214 

centimeter 
Cobalt-60 

counts per second 

Cesium--137 

Diffi:reotial Global P "tiooing System 

.S. Depa. b:ucut of Energy 

exposure rate 

Full Width at HalfMaximlDD 

Geog,aphical Infmmation Systems 

Hanfuro ucJear Reservation 

Potassimn--40 

line of Interest 

SGW--45563 REV. 0 
FEBRUARY 2010 

Multi-Agency Radiation Survey and Site Investigation Manual 

Minimum Odedable Activity 

man-made gross COWII 

lhallimn-activak:d sodiwn-iodine 

ational uc1ear Security Administration 

ewda Site Office 

Pioocuries per gram 

Lead-214 

radar altimeter 

Radiological Control 

Radiation and F.nviromnental Data Analysis Compub:1-

Ractiatic,Q and F.nviroomental Data Acq - ition and R.ea,nb~ v_,.,,...... 

region of interest 



Th-232 

11-208 

U-238 

USGS 

flR/h 
WAAS 

Tborium-232 

Tballium-208 

Uranium-238 

United States Geological Smvey 

miaoroentgens per hour 

Wide Area ugmeotatioo System 

SGW-45563 REV. 0 
FEBRUARY 2010 

I 



1 Introduction 

G '...4S 63REV.O 
FEBRUARY 2010 

CH2 Hill Plateau Remediation Company, a prime contractor the U.S. Depmtmcn of Energy-

Richland Office (OOE-RL) n:quested the atiooal udear Security Administration SA) 

evada Site Office SO), Remote Sensing Labondory (RSL) upendul by the ational Security 

Tedmologies LLC STec) in~ V~ evada to pro "de an aaial ndio ogicaJ survey of the BC 
Controlled Area (BCCA) ocated on the OOE-RL Hanfunl Site in Southeastan - gton State. 

The data ere collected by the Aerial Measuring System (AMS) Radiation and Environmental Data 
ACXluisition and Reoonler-, Version V (REDAR-V) using an anay of twelve 2• x 4• x 16• (5 x 10 x 

40 an) sodium iodide~ flown onboard a twin-engine Bell 412 ·c:op1a:. data ere 
gc:o-referma:d ·ng a Diffi:reotiaJ Global Positioning System (OOPS • Gamma energy spectra 

ere collected every second during die survey. This spectral allows the system to distinguish 

bctwcr:n ordinary ftudnations in natural background radiation I and signatures producal by 

man-made isotopic mces.. Spectral data can also be used to identify specifi mdioacti e isotopes. 

The cmreot swvey data · in substantial agrmnent "th previo 

Reservation (HNR) and surrounding area. 

2 S rvey S e Description 

eysoftheHanfurd uclear 

The Hanfiml ear Reservation lies within the Pasco Basin of the Cohunbia Plateau in soutb-

ashington State and covers an area of l ,4SO-square--kilometas (S60-square-mil ~- This 
area · a semi-arid, sluub-5tcppe region with a ommal annual · of 16 an (6~- ~ The 

Columbia Riva flo through the northem part of the n:sawtion and part of the site' eastern 

boundary. Yakima River nms along the soulhem boundary jo. the Co umbia Riva belo 

city of Richland, ich · located aft the sitt1 soulbe:IISlem boundary . .Katllesoake Mmmtain, 

Yakima Riclgic. and { Dmtannm Ridge form the soulh-c estem aDd wcstan boundaries. The Saddle 

M · form nodhcm boundary. The ue-aae:st populalion Tri-Cities area 

Ri~ P and Kennewick), located din:dly dowosbeam 

ince the facility began operation in 1944 activities at the e c:mten:d on nine graph.ire 
modenlal phllllm111m production n:actms locak:d along the !llOUllbml bank of the Co umbia Riva 
within six 100-An:as.. nine of the rractors ha been Sllllltdown. located in cmta' of the 

reservation were two large chemical separation areas (200-East and 20().: est when: plutonium and 

uranium were extracted from iJnMtiatcd ma11ium lud demmts. Large quantitia of · · solid 

radioactive Wllllles are ston:d at undagnJUnd tank fams and burial · located · · and around 

the 200-Amls. 

The BCCA (llanbd 

part of 200-UR-1 
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Trenches complex. com· aibs-----eoginccn soil waste disposal sites-and 20 tn:IJCIII~ 

were used in the 1950s to ab'SOlb more than 30 million~ of contaminated waste from 

chemical sq,arations plant at 200-areas. Cnos and Trmches ere capped . a 
and gravel intrusi ban:ier in 1969 bad · and mice bad bum, ed into them and 

the cesium and strontium salts and then spreMI iadioacti ·ty to swrounding areas through biological 

processes. These animal intrusions and SUb:SlCqlllCld: wind dispersion of contaminants bas rcsul1al in 

ow soil contamination n northc:m f lhe DCC an area of appro · 1,.500 
hectares (3.707 acres). 

11ie BCCA was divided . 

ytical sampling events. 'The northcm 

the cootroiled area a region 

(referred to as "7.oneA of cmdaminatioo fium Cesium-137 ~ 137) 
and Strontium-90 (Sr-90). Zone A · appmxinnaltdy 7 bedares (141 aaes). The tanailOOIT o the 

northern part of the BCCA COllllains some areas o c:onlamination in an inegu1ar pattern; however,, 

these are geoerally amsidcn:d to be of IIDIIlnan health and them · This 

is refi:nul to as "Zo. B . souilbl:IIDDlost sectnoo BOCA. designated "Zone C'" · 
. ·oo. 

2 1 Aenal Survey actives 

Theaerial metas SO fed) GL and parallel line spacing of 
maximize 1he man-made radiation semiti . 

"lnnlhwil· , 111t of 

objecti es · or chancltern· ~ - m of the BC COJllllRI.U 

DD Quality Objectives m· ciudle: 

• Ensure 

of rangeofKlioJI 

Cs-137 at the 50' affiU" ude 

area dislribution and CQKJlll:ntliall dl1.i11JtblllllOll 

ammtly . at 2.9 pCi#g C!lclN:Dllant 

· · on acquisition system to data ·ty 
pending n:mediation acti .. 

"-Agmcy 
SaJl,mg a ey. 1'he . 

alaphdwrm 

ff511em is a frac6oo 

calculall~ MD for 

Cs-137 to c-90 • 

2 
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• Provide Geographical lnfoonation ~"Y-511:Drs (GIS) shape files for the rontoured data and point 
data with sufficient mdadata to allow c:ustomc:r manipulation of the GIS produds b use · 

operations and other documentation. 

• Conduct a smvey of the West Lake and Gabe MOUittain Pond areas. OTE: Due to the lack 

of infonnation ieganting the dis1lib · patt1wa1,s for contamination at these -~ the 
defiwlt assumptions for wide area - · and exponential distn'"bution in the wen: 
not used to convert lhe net Cs-137 counts to pCifg levels fur this report. 

Oz-A 
Dz-• ..._~C• A • I ______ ..._., 

FigllN ... oflBCCAand 211 East.Anaa 

1 

~• l t fJ 

l 
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2.2 1996 Aerial Survey 

At the request of the U.S. DOE NNSA an aerial radiological survey of the HNR located no11bwest 

of Richland, Washington was oonducted from Febnmy 29 to Man:h 21 19'J6 that oo aal a 

I 450-square-kilometa (.560-square-mile) area. Additional flights ere oondlldal 

of the Columbia Ri a- extendmg-fiom the Priest Rapids Dam in the northwest to Kmnewic:k in the 

soulheast. The survey was pedi,nned by e RSL, which is c:um:otlly maintained and opcratcd by 

STcc. 

The purpose of the survey as IIJIC'aSUR and map the natmal and man-made fJIPllll3 radiation 
emanaling fium area "thin and surrounding the site's bouodaries. · survey was the fifth of its 

type at HNR and as nd111cted as a routine part of an on-going DOE rese;m:h and en1vi-1RJDmaldal 

monitoring program. 

The area wu surveyal by flying a consJant ground speed of80 (41 mctas per seaol1 at 
a IOOJilinal altitude of 61 mdtcrs (200 feet) AGL, and along a parallel sd of flishl tines spaced 
122 mdas (400 fed apart. tolaling approximately 12 900 flight line kilometas (-8 000 miles . The 

flight lines were flown in either a soulbedy or northa:ly din:dion. All data were scalal to overlay 
USGS topogJaplnc swvey maps or selected aerial photogr.apm (May 1996) of the HNR - and the 

Columbia Riva- shon::line.. The resul of the 1996 survey over the 200 East area and BCCA are 

shown in Figure 2. 

Exduding man-made gamma footprint from the US Ecology facility, man-made gamma 

fuo1print olh of the BC Cn"bs and Tn:nches dai ed fiom previous aerial surveys was used 1to 

establish the - - BCCA boundaries that c:o - to be in effect fix this survey and project. The 

HNIR Radiological Control (RadCon) and project personnel had oooda:lal limited characlerization 

S111Veys within the BCCA, had not riia:d the boundaries before this survey. 

The llUIDbas · · Figure 2 are references to tadi of the primary~ pnma foolp.rin 
fiom the various facilities. The oct spcdla resul for each of these wmbcrcd areas are avaalable in 

19'J6 tqJOll. The work scope for this 200'J ey included producing nd spi:dra n:sun:s fur the 

BOCA US Eco1Jogy si tor comparison to the 1996 net spa:lla n:511115.. 

.. 
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3. S rvey Procedure 

3.1 Aerial Survey 

Owing the planning for the BCCA ey, the c:ustomea cqaessial concans about the helic:opta 

flying SW AGL ova active facilities and other- areas.. To aa:ommodate the WOik schedules and 
space.--..,., the mvey Bi~ lines were to an -west oriadatioo to avoid o a:ftigbt 

of the 200 East facilities. In addition,, awi.-v schc:dule as adjusn:d to fly the north sedion of the 

ey an:a ova the u_s_ Em1ogy - and proja:t areas on Friday and Saturday during 
lllOODBI off days. The entire BCCA tii - set is shown in Fgure J_ The figure every 
tenth suncy line because the large number 224 llines) and tight spacing of lines ould co-va-

lamdmarlcs in the BCCA image. Figure .S the planned survey - over the West Lake site and 

tthc Gable Mountain Pond ite.. The Gable - Pond site_, F-gore 4~ was added to the ilk 
smpe due to the 1996 survey result sllo1WJ1111e an elevated man-made anomaly- 1 mile :fiom the est 

e 

' 



The use of GIS so are to di lay AMS ey 11:SlllllS 

Ho er.. the inclusion of map and image llayas undec the 

val of ey "perimeter" flights. The objective of the · 
po ipe . etc. at ey alll11Ude to provide 

used to present data R:SllllS. If the perimda . do not 
Sllbl!!lCqllCOt data will not be positioned com.,cdy. An exam 

edaid on a - k map projection of the 
the accurate display of the survey data 
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Hanlard Sill (BCCA--) 
Pil1iln la • 

To assure data ink:gri to mo · boa:t variations in detector backgrouod rate due 

to aircraft, radon, and cosmic rays,, repeated measurements were made o er- a fixed test line be.lore 

and after each Jr fixed line located on the route to each I · and was chosen to 
represent 1yp· cal geology evalion kal!111aof each · _ The path was flown 1he am-

altitude and survey speed and in the · each time. If the cletedors were WOJ[l[UI 

propcdy then y Change m anxNllll of n:conled tadiation o ha e hem · "cation of a 
ge in 1he anx,uot of radon m the air (a · · 1hat oa::urs o aal ~ or a cban.s 

the cosmic radiation fl (a variation oa:urs I ly over aaJ days can change ablll!llllly 

to . If 1he deb:iclors • properly, the spedlal CllaJ[lgCS ould ha: e bc:m 

much larger- than typically encountaal as background radiation changes fixed line 

located aps:m11wnate1y 1.8 kilomdas 1.0 mile) east of the BCCA 
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The data set collected every second during the flight consists of po itional and altitude data, 

abnospheric infonnation, and gamma-ray enagy spcdla. The first flight of each swvey was the 

previously discussed perimeter flight. 

Another- test line flown at the start and cod of each swvey flight wa, the water line. This flight 
consisted of selecting a section of the Colmnbia River with sufficient width to dimioatc the 
terrestrial count :rate contn ution to the dctectois. From these data. the air attenuation ooefficicnt and 

an initial background oount :rate from cosmic radiati and the ailCl1lft itself are dctenniocd. These 

values are used to adjust the measunm tor minor fluctuations in altitude during suhsequcot 
flights. 1be river area selected was west of the US-395 Bridge connecting Pasco to Kennewick:.. It 
was approximately 3 miles southwest of the Tri-Cities aitpmt which wa, the base of operati for 
the smveys. 

3.2 Aerial Survey Equipme 

"The aerial wvey was a,nducted using the AMS helia,pta:. 1he detection ystrm consists of a Bell-

412 helioopta, a Radiation and F.nvimlillDllall DalaAcquisition and Rcamler, asion V (REDAR-

system, a Trimb e OOPS and two large detector pods cxtcmally mounted on each side of the 

helicopter. Each pod oontained ix 2"' x 4"' x 6"" thalliwn-activated sodium-iodine Tl) gamma 
ray detectors. 

3.2. 1 Data Recordi g 

The preamplifier · goal :fium each detector was calimatal using naturally nc:auiqg Pota.uium--40 
(K-40) andAmaicium-241 (Am-241) gamma cbecksoun:es.. Nonnalizaloutputs from 2 large 

ddedoIS were combined in a mmming ·fia, and the signal adjusted in the analog-to-digital 

converter so that the cah"bration photopcab appeaml in preselected chanoels in the R.EDAR
multichanoel analyzer. The data :6om the muDticbaond analyzer ere used to produce scco.nd-by

sa:ond n:cotds containing the number of pnma rays dctedal at each specific gamma-ray aagy. 
Each record, therefore, amslitules a specific gamma-my spectrum. As every r.adioadive malaial, 
natural or man-made, ha§ iu own unique of g;mnna ra spectra can be used to idenlify and 

separate soun::es of detected gamma radialion.. 

The REDAR-V, which produces the puma-ray specma described above, is a mulli-proce:nor 

acquisition and real-time anal)'Sis systan a.JStom-desigoal by the RSL to operate in severe 
environments auociated wilh platfonm as~ fixed-wing ain:raft, and arious ground
based vehicles. The systan displays radialion and posi1iooal infODDation in real time to lhc opaab: 

via video displays and multiple digital n:aduuts.. Aninval garnma-qy spcdra, aircraft position, 

meteorological parametas,. real-time clock, and olba- data tdam~ intonnation are m:onled onc

scoond :intervals on digital data s1o1agc derica h post-flight analyses.. 
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3.2.2 Helicopter Positioning 

The helicopta's posi · n was measured by using two systems: a Trimble OOPS (utilizing tde 
Area Augmentation Systan [WAAS] diffi:n:ntial corredions) and a tadar altimeter (RA). The OOPS 

provides continuous position infunnation ming a oonstdlation of 24 satellites. The OOPS has a 
hori7.ontal positional aa:macy (I sigma) of ±1 mdcr 3 fed). The RA ddeonines 1he belico)JICl''s 
altitude by 111easuring tlhe round-trip propagation time of a ·gna1 reflcdcd off 1he wooed- The 

manufadurer'' nominal accuracy of the RA is quoted 2 fed or 2'Y-, whichever · ~-

3.2.3 Data Processi g 

For each flight, aerial survey dala wen: downloaded for processing .fium Iomega zip dri e into 1he 
PC-based Radiation and F.nviromnental DataAnalys· Computer (REDAC) ystcm. This system 

provided onsite prelimimuy anal · of the aerial data on a ffigJat-by-flight basis and moniitored pre-

and post-fli quality asswance checks. 

4. Analysis Procedures 

4.1 Aerial Data 

'The aerial radiation dafla ha e contributions fium the naturally ocmcring radioouclides. man-made 
.radionuclides, aimome radon, cosmic ra and radioactive materials present in the aireraft. Contour 

DlBpS were produced by proces.sing the aerial data using emaction mdbods dnscmscd in lhi scdion. 
More detailed mathemalical stq,s are dnswssed in the previous survey report.. 

4.1 1 Te11estrial Exposure Rate 

The tarestrial expomre rate was deri ed fiom the intqpJ. counting rate in the puma enagy 

spectrum r.mge between 38 and 3,026 kc . This count rate, measured . COWJIS pa- seamd (cps) at 

ey altitude, is oonverted to exposure rate (ER) in l1Rih J meta" AGL mg the fo lowing 

eq n: 

(Jilt) GC-B 1!.R - = -- - e 
It 05S 

where 

GC = gmn r.ate ey titude cps) 

B = baclgmund rate at survey altitude (qis) 

A = llistanc:e above giouod levd from RA (fed} 
C = puma r.ay air affmoatinq ooeflicimt (fm-1

) 

1 

(1) 
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The background count rate (B detamined initially from the rest line altitude profile and adjusted on 

a flight-by-Bight co · of cosmic rays, the ain:raft S)'S1:cm, and aiibome radon. The air 

attenuatioo coefficient, C also detenninal from the test tine data, was 0.001761 fed-1 (0.005778 

meter-1
) . The c:onvasion fador (2,055 cpslp ~ fur 50 fed (16 mdas GL etamiaa.:d fiom 

documented cahlntion test lines located in Clark County, evada.. 1he cahlxation nnge was 

to relate the count rate observed at diffamt altitudes "th diffaail: detector anays to the eq,o:sure 
rate measured at I mder 3 fixt AGL using a · 7...ed ionization Cllambler .. The con · factor 

assumes a unifunnly distnl>utcd radiation source: I) covering an area that is a large hen a,mpaied 

fidd of · ew of the ddector tan (a cin:le "th a diameteuougbly · ce the altitude of 

am:raft) and 2) having a gamma-ray energy d. tnl>ution similar that of :natural background of 

C cahlntion fest line. 

4.1.2 an-Made Gross Count 

1be aeri da1a were also used to deteuoine the locatioo of man-made radi · des. The man-made 

gross mun GC) is the portion of gross count that is · attributal the gamma rays 

6om man-made radi lides. In general. evidence of man-made · uclidcs can be found Jiom 

increases in the I rate.. H a: slight variatiom in do 

indicate the presence of a man-made anomaly, since these vari · t fium gcologica] 

flucluali or changes in the ground coverage e.g., ri er. dmse Yegdati~ buildin~ _ 

In onla to increase the sensitivity to ddect man-made anomalies, GC algorithm bas been 

dev oped that uses spedllal energy extraction techniques to detect man-made adi · 
algorithm !takes advantage of the fact while backgmuod · · on B o of 

two or more "thin a ey area, background spectral shapes remain CB:ntllllLIY COlllStaIIL 

specificall the ratio of natural a,mponents in any o regaons IWllDk,ws~ of the magy spedmm 

- remain nearly COIIIStulL 

Although · promlure can be applied to any region of the gao11oa energy spc:ctnmn_ 

man-made acti ·ty, aDllUDCJJI practice - to place al) CO from 3 to ,394 .le . 

mergy sum where most of the long-Ii ed, man-made radionuCIJCllcs 

and place all COIIIOJS e 1,.394 to 3 026 kc into the nahnl w ·mlkl,w 

mosdy the naturally ocauring radiooudides emit radiation. The GC rate can be QPRlSSlell 

,...,.,tut.· cally in tmm of the integrab:d mwt r.ate:s in specific gamma eoagy spa:tr.al window (ke 

ON 3lilifi 

MMGC = ~ S(E) - K.,. · ~ S E) (2) 

whae is mcasuml over an ama 1hat y contains~ · · fiom Dlbnlly oa:armg 

radionuclldies as 

11 
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This MMGC algorithm is sensitive I f man-made · · n even in the presence f large 

variations · n the natural badcground. Whoo man-made radioactivity bas been identlfiaL a ddaik:d 
ysis of the gamma enagy spcdrum • C0111duc::kd to ascatain which radionuclides are ore!!ad.. 

4 1.3 Cesiu~cific Isotope Extraction yotid1m 

The Cs-137 isotope has a primary phcJltopeak 662 .ke . The variable natural background 

ibutes to that photopeak. A sped:mm-based gooflun can remove the variable background 

c:ontn'"buti in a second-by-second 01X:ral!i100. n:sulting has a statistical distnlJution of 
c:oulDIS caitcn:d around a net ue of zao in n:,w!OOS of ground~y. If a · · cally 

· goi:ficant mce is present, i adivity · excursion abo e the stati · 

8S'!llOciated "th the natural bad[BUWld adi . . 

The fOJlD and function of the Cs-137 emactioo algcmtbm · set fur the specific extraction of Ube Cs-

137 ma: contnl> ·on.The source coagy window (region of · or ROI) is 94 ttbmugh 

730 te . The background eoogy windo are 526 ugh 594 ke or backgromid I and 
730 through 798 ke for background 2 The tlJR:e-l1mMIIOw go1ilhm is ery mcfull in extractmg 

the of the COlrn,p1:on-5ea:ltcr • ons fium otba · pes is 

changing ignificantly. 

4..1A Cesi m-Specific 

C moon of airborne llffllmnam umdric adi ·11y in oJ es a lllllDd,a- of 

parametas.. These include mu:ctor numlba;. c:onfi · - flight altitude and speed; 

WJliope of interest; specific exb3dion algorilhm; specific · · of isotope in · - soil dmSlly 

o.r estimation pwposes, AMS nliJizes a - - ·1y estimation program written by RSL -cntnt. 

¥ided · detector oonfi-H',m,,m aimaft nolope of· the prograDI estimates 

000 ersioo lll10lba's for point ma: . spatial extent distributions including 
. .funn soil ~ and cq,oomtDally . soil Resoun:e materials fiom 

nmoa11JUS technical refamca ell a DUDlba' an11BD1tlboln an: embodied in the software.. 

Fo.- the Hanfonl swvey7 the of0.004 pCi per gram per 1 net photopeak munt of Cs-137 
utillizal aate the . - . Cs-137 3- . . pCilg map products 

u 
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For a ddailed description of the analysis redmiques used to convert from spectra gross counts to an 

initial isotope-specific volwndric activity (pCilg) estimate, Appendix B is provided. 

4.1 5 Arnencium-Specific Isotope Extraction Algorithm 

Al1hough the project had identified Cs-137 as the only . gnificant gamma emitter within the BCCA 

and est Lake survey areas data analysis for americiwn was reque.stal The HR was the primary 
location :fur plutonium production ince the l940"s. Since plutonium is a very weak garmna..qy 

emith:I: the only practical way to determine the areas of pl nium activity in the environment by 

using gamma-ray pectroscopy is to measure a radionuclide closely associated with plutonium that 

can be easily detected by its gamma radiation emimo 'The most abundant gamma ray related to 
plutonium · the 59.5-kiloelectronvolt (keV) ~ ray :from the docay of Am-241 which is a 

daughter product of plutonimn-241. Although the plutonimn used in mdear eapons is primarily 

Pu-239 the plutoniwn also contains traces of Pu-240 and Pu-241. The helicopter detector 

configuration using external pods is designed to maximize sensitivity to the Am-241 gamma energy 

for plutonium deposition surveys. 

The mce energy window (region of interest or ROI) is set to 50 through 70 keV. The background 

eneigy windows are set to 38 through 50 lkeV fur background I and 70 through 82 keV fur 

background 2. The three-window algoritlm is very useful in e:macliog low-energy pbotopeak counts 

where the shape of the Compton-scatter a,ntnl>utions fiom otba- isotopes is changing ignificantly. 

Simple examples of2-window and 3-window · rope extractiom are wn: 

4.1.6 Gamma Spectral Analysis 

The MMGC alSorilhm is very general and is sensitive changes m the llow--coagy pomon of the 
spcdrum.. It does not identify the cause of the change. The chanp can be caused by: 

• A man-made isotope in the survey region 

• Scattered gamma r.tys :from natur.al nadiomdidcs 

• ClJange in the isotope ralios fiom where the GIiio oflow-eoagy to high magy spcdJal 
windows was measuml. 

u 
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onnally, the number of C01Jmts for a gi energy in a ] -second spednml are too small make an 
identification of a specific isotope ible.. To increase the numbe..- of counts md improve 

statistics, a nUlllba" of adjacent 1- ml spc:dra are combined to produce a single spednml a 
larger area 

5. Results 

5.1 Gross Cou PCNnt Data, Contour Da1a and Exposure Rate Contour 
Maps (BCCA) 

Many oomponmts oontri funning total measured gamma-ray magy spedlum.. The tenn 
natural background radi · "' · generally · deral to comprise the natural terrestrial 

radionuclides, airborne radon g;as and its clangb1a- products, and cosmic rays. The man-made 
radionuclides (such as 241 and C 1371 produced through human acliom,, are gmaally 
components of the r.adiiatioo fidd of mosl intaest. The :final contnlmtion of specbUm COIIIDIS to the 

system iq,reseols radioisotopes pn::seul - easuriog equipmmt and all SlOUJICCS of noise"' . 
final spcdmm-mcluding dedrical noise - the electronics. 

atu.nlly OcaoriDg Radiaillttopes.. Long-lived radionuclides present in the eadh"s crust are 
usually the largest soun:c of natural backgroDDd radiation. aturally oa:urring. pmma ray-anining 
isotopes in the soil bcdmck · 51 mainly of radiomdides :6um the Ur.mium-238 (U-

238 and · um-232 (Tln-232) decay chains and fiom K-40. The most prominent natural ismopes 

usually seen in aerial pmma-ray spectra are K-40 0.12 pen:eot of natural po · ~ lballium-208 
(TI-208) and Adtinimn-223 Ac-228) (danghk:rs in the Th-232 chain), and lead-214 (Pb-214 ailld 

bismulh-214 (Bi-214) daughters in the U-238 chain . The natur.ally oa:uo:iog isotopes typically 
contri 1-10 p.RJb to background . - :field at the HNll. 

Dallflilltel'S. Radon is a e g;as and a member of the ma.mum thorium 
decay dlaim. After being cmded in . soil mm - parent radium, radon can dmffine daough the 

the isotopes of r.adoo have relati ely halfli cs, their dau:gblen 

may become attachal f.o pmti in 1he atmOSPlllcre and contribute to the aubome radialion 
:field until the eventually sddcs to the t,0111Dd.. During a rain showa, much of the airborne 

partides are wmhed of air and dqm;ited the ground tempotaily inaasing the 
amount of tem:strial nlltialion is ddeded 

1'he rnotribul:ion of tadon and i1ts da:ngkiPJS to the background ndiation field depends on !CYaall 
factors including the cooa:olnlion ofwamlllllll and thorium isolopcs in the i1, pameability of 
the soil, the meteorological c:onditiom at the time of measun:mcot. T . cally the amcNIIII of 
aitbome racti~ fiom radon and• •dlkn contributa 1-10 permit of die oalural lbad[fJl)Wld 

r.adiation Jew: seen . L aerial eys.. 

.. 
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Cosmic Radiation. Cosmic rays entering the ear1lt atmosphere are the thud soun:e of natural 

background radiation. High-energy OOISUlic rays (principally protons,, alpha partides,. and some 
heavier nuclei) interact wi1h atoms in the upper atmosphere to produce showas of seoondary 

radiation. The secondary radiation comis1s mainily of dectmm, gamma rays, neulro~ and mesons. 

The al detectors used in the aerial surveys are sensitive to these secondary gamma rays and x-mys 
and to gamma rays produced when the electrons and mesons dec:eJaate (producing lnwasmahhmg 

:radiation) and annihilate at or near the eardt surface.. The contribution of cosmic rays to the 

background radiation field varies with devation abo-ve mean sea level In the continen United 

States values range finm 33 pR/h at sea level to 12 pR/h an elevation of 3000 mdas (9800 fed). 

1be oount rate measured in 1he al detec1tors and attn'butable to cosmic rays wil change '7aY little 
through changes in the ain:raft' altitude Of" devation. 

Figure 6 represen1s the gross a>lDlt point dala produced in the tood energy spectrum of the 

acquisition ystem during the survey. The gross counts iq,resent the summation of all munts 
n=coided by the 12 detectors earned by the helic:opta. The point data tepre5C11ts each 1-sa:ond 
m:onled by the helicopter acqui .tion system. The figure contains --40 000 data points compiled 

1ium all the separate flights o er the BCCA Figure 7 represents the same data results that have been 

contoured to display area average ~ munt rates expected between 1he point data results. 

points were contouml by a 1riangulated megular netwol'k (TIN) software algorithm which utilizes 

measured point values and locations rather than gridded data. 
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F'11g11111t 7. BCCA Tatal Et.-yy 3peclra GnNss Count ConllDunlll Dal:a 

Figure 8 displays the tem:striakmly pnma e:x.posure rate infenal fiom the aerial data in th: fumn 

of a cob-fill amtour map supcri:mpmal a pmjcded ima.F o a portion of the Pmcemng 
of the aerial meas:uremald data nmo cosmic ray, radon and ain:raft · . The map 

sbo high levels of radiation at the IOOidiOIIIS idadified as the BCCA and U.S. EmJogy facility. 
Ovec most of the ey aa, the infenal e:xposu:re rates er.aged 11 plllh « I leua1rial plus 
msm· c and ere typical fur oablllal ground at the HNR. The background exposure rata are 

in good agreemcot with llreVIOIIIS 1996 5UIYC)' data. 2 

OTE: The gamma-ray specb3l aJ.D111JQSllllOn • regions of man-made amvity · "pificant1 

differmt fiom the C011mpo:!illKm ob.Krvcd in regions of natural background adi "ty. 'Jhad'ore,. 1he 
exposure rates are csblmalles ~ forn::Jati e comparisons and not as abSIOblte v.illms.. A 
ingle exposure rate convenlOD,, 2,05.S cpsfpRJ.h) for SO fi:d (16 meters) AGL, was med to amvat 

observed gross cotJIIIIS the infan:d exposure rate contours pn:seatcd in F. and 11. 1'bis 

oonvenion is slrictly valid oaly fot-mhnlly occmring radionuclides. Sina: · mnwnion is based 
on the higJJa- ffa3F p11n1;1 r.ay magy for mtlmdl)y occmring isotopes man-made-· okJl,e 

1 
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enelgies observed in the BCCA survey areas. the infem:d exposure rates within the man-made 
footprints overestimate the actual exposure rates that would be ohsaval by portable instruments at 
lmeta-AGL 

.................... __ .......... __ _ 

.. _ .... 4 __ ,._...,_ ,._ _ _,...,... __ __ 
_.._...u...,_.__ - - - -

11 
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5.2 Gross Count Point Da1a, Contoured Data and Exposure Rate aps 
(West Lake and Gable llountai Pond) 

Figure 9 represents the gnm count point dala produced in 1he total energy spedmm of the 

acquisition system during the survey of West Lake and South of West Lake sites. The gnm a>111111S 

n:present the summation of all coun1s n:mnled by the 12 detectors carried by the helicopter. The 
point data represents each I~ result n:c:oided by helicopter acquisition system. The figure 
a>ntains ~2 000 data points compiled from one flight o each site. Figure IO represents the same 
data results that have been c:ontoured to display area avenge gross count rates expected between the 
point data results. 

-

• '!111111-~;:===~-------• ... u u - -
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Figure 11 . ~ the arestrial-only pnma exposure rate infeoal m the aerial data in the form 

of a color-fill co ur map superimposed on a projeded image of the est Lake area of the HNR. 

Processing of the aaial measurement data removes cosmic ra radon and ain:raft c:ootnl>,-
map sho high activity at the same location identified in the 1996 smvey. Over- most of 
area,, the infan:d exposon: rates average 11 pRJh Ii are · cal for the natmal bacl[ground 

the HNR. The back.gmuod exposure rates are in good agreement with previous 996 suney data.2 

-......-..---------_______ ......_ ,.., __ .,._ __ __ 
___ ..u...,._ .. _ 

/I -
11. w..t Lake and Gallle lllounl:ain Pond lnfa1m Ga1m1a Exp09•- Hales 

2 
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The MMGC algorithm (discussed in the Sedi 4.1.2} used y the aerial data fo£ man-
made radionuclides in 1he smvey area.. The GC map (Figure 12 the activity that. 

attributable to gamma radiation from man-made tadi · ·th variable natural background 

c:omponcnt ranoved. Figure 12 sbo ts as point cla1a in place of the no.nnal contour data 
map at customa"' request. 
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5.4 Ces111m-137 Extracted Isotope Cou 
Data aps (BCCA) 

POI Data and Contoured 
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Fi 14. BOCA Cesium-137 
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Counts Contoumd Data Results 
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5.5 Cesium-137 Volumetric Activity (pCilg) POlnt Data and Contoured 
Data Maps (BCCA) 
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5.6 Man-Made Gross Count Point Data ap est Lake and Gable 
ountain Pond) 

The GC algoritlun (dismssed in the Section 4.1.2. used to study the aaia1 data for man-

made radionuclides in the survey area. The MMGC map (Figure 17) the activity that -

attn1Jutable to gamma iadiation tiom man-made radioisotopes with the - le natural bactgro 
oompooeot removed. The figure show the results as point data ndber- oontoor data at the 

customer s request. 

-
,Hanfonl .. Radlologlcal Mrlal hrwr 

w.tlllu.Araa 

• ---====--------. ... .., .. -
.. 11. w..tt.a .......... Gruu Ceunl lllap 
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5.7 Ces"um-137 Exbaded otope Counts Point Da1a and Contoo 
Data Maps 1nast Lake and Gable ountain Pond) 

-

• ---===--------• .... u .. - -
FiguN 18. Wml 
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5.8 Arn-241 Exbac1ad Isotope Point Data and Contoured Data 
(BCCA) 
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5.9 Am-241 Extracted Isotope ..... n1 Data and Contoured Data aps 
(West Lake and Gable II ntain Pond 

- --
Hmtfufd ... RadlolaglcalAarlal SUrny 

w.tl.auAIN 
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5.10 BCCASu 

As discussed previously, 

precision. 

Li e Results 

24.BCCA 

to provide a 100% pruna 
the flight lines O er the c1rn,_ 

AMS pilots executed the -.iw,.,..., 
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5 11 ke and Gable llountain P d Survey Area Aag Line 

- -

-
Lau and Gablellmllllain" Survey Areas 

5 12 Gamma Spectral Analysas Res 

Figure 26 the mas where the 1-scamd dala RSlllts 

ana11ysi·LS. Figures Tl and 28 the spcdla n:slll15 of --.ama. The Cs-

137 contour ae used to detamine the peat and IJIIC•umld are.a.. The peak regions conlSl5l 

of the combined spedla containal wi · the boxes each ground zero. The backgrouod 

n,gion COllllbmlcd spcdla fiom the box BCCAClelllOSllllOD fi>Ollprmlll within the 
ClffllN"!Vala. This background spedrum lqlfaai& 

some man-made activit) pesmt as ell 1his tecll1DU1111C 111rucbi1CCS a 
coolribulion fiom nab:nUy ocnw,i•ag r.adionudides 
man-made r.wtionuclides in the......,.,_,, area. 



Hanfold-BCCA ees· m 
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6. Dascussion of Results 
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6.1 Comparison of P vious Su y Resu to 2009 Survey Resu 

aerial survey resulls depicted in Figure 2 from 1996 y are typical for the previous 

:ys conducted at the Hit. The pnMOUS ~m- objc:divc:s were limited to defining the man-made 

r;ut1una footprints from all the :facilities and opcnti within HR Due to the ize of 
n:sierv.11D0111. the survey altitude and line spacing were ·gnm fur reasonable dq,loyment · 
Fi the 1996 survey, the survey altitude as 200 AGL and the line spacing was set at 400'. The 

man-made gamma footprint depicted BCCA in 1996 · COIJISISltent ·th previo 

Simila to the Figure 29 examp)«; 1he BCCA footprin three count-rate ranges and relatively 

smc:K>tb boundaries between contour In addi · the man-made gamma footprint :fimn the 
adjacent S Ecology facility emms well beyo the facili · es. This is a result of a 
re · ely small area of ay hit)i ndioadivity dd.edal adjacent ey lines due to the higba 

ey the project had identified Cs-137 as the only 
r.adioouclide of concern. Ith RXIIJCtHm alblUIJe SO' AGL and line spacing of 7'5', 

could be processed to include onl pb(Jltopeak COllllllS from Cs-J 37. The remits arc in 
. eatures to ooteincludethecompl - of Cs-137 foo1prin "thin theBCCAaod the 

absence of a competing man-made pma fuolpriot the U. . Ecology facility. 1be BCCA 

Cs-137 footprint is more complex 1hao the typical cumplc illusbatal in Figure 29. 

DuetoAllil" .... 



6.2 POlnt Data Com sons o Contoured Dala 

noted above, the 20()IJ 

the 1996 ey the C:OOIJ)lc:Dly 

documented 8S animal JIil- dm5KHIS 

defecalion [' - - s-
pattem of dispersal - more comp)CL 
may have 1ra al -goifi 

ingestion. 

ofthe proc:luct expected to be 
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result 

the Cs-137 c:ontoun:d 

CIOIIIDIS per SOOIJllll!I 

were being d pal, 
preliminary pCilg map. Uo,-~w,c:11_ product5 

point data produad by pasiooncl expressed great m-ilen:st 

the acq -si · files ha e a number of attn that are expected to 

;ve "tcdmadaizationeflons.. aoompamisonofFigures Band 14 tbepo· data1a11JUs 

Figure 13 poliam.al 137 adrnttv · 1 sratk:ral areas 01m~ original Zone A 

1111Klom nabm: f the animaD movements within the i these small "points 

OTE: The tam po" 

6 3 Gross Counts 

m future. ihe GIS shape file · specific 1a111· udc 

each dala point. Ground can gmdlly improve · pcdi.n:mauce 
the . The point data prodUCIS have been indudcd m - RpOtt 

a misnoma- ince each GIS 
of 100 - 30 metas c11·131111i:ta:. 

Exposure Rate aps 

7). 

Ol"a)JOSIIIII: 

teamsaRimiati 
changing 

I 
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man-madegnmoountpointdatamaps igu:res 12and 17)providebctter ·a1 · of 

the man-made activity than the 19CJ6 survey results. The resuJts that the original del)osd:IO 

n:maincd le "th no significant migration due to water or wind · on. The da1a for 

BCCA and est Lake wae not preseoh:d as med products · S1lb5equent analysis 

con.finned all of the man-made activity in both survey areas · due to C 137 ·th the c:eplion 

of the S Eoology :facility. such, mntoured data for the m1an-,ma11e producls will be ~:nlnallly 

identical to Cs-137 cootoun:d data provided. 

6.5 Ces m-137 Extracted Isotope Counts and Vol h.etric Activity aps 

discussed in Sedi ,n 4.1.4 mei;oJISIV_ the oon ersion of cesium hotopeak aJllllll5 a 

vo)umdric activity (pC" g) be cabilated "th an ex.isling software cucle used by AMS. For an 
initial scoping survey of a • such the DCC the map products produced should be 

mnedialion planning pm poses only. Prelimin:aJy field in esligations of · mn · data aoomalllCS 

suggest that the initial dq,osition f cmum salts by animals bas not ·wCl1hc:n:d sufficimtly 

meet ta.: ,nodding asslllllllilbcJIIJS in the ftware. Due to the apparmt DfUIDl20lllS point sources 
comprising dam results er the BCCA cesium ~ subsequent oonvas10DS of 

cesiwn COllllllS to a final lnmdric activity map product d be dda)m. Once 

n:mediati has been a,mpleled and the final cesium activity is cxpcdal be lo - and 
unifonnly distributal wilhin BCCA, a final data set convcmioo of cesium COIJIIIIS to o~umdric 

activity can be rompkkd for project and reguJ cy review. 

241 Extracted Isotope Counts and Contoured Dala aps 

di.scusscd · Section 4.1..5 the aerial data analyzed for Am-24 . Due to the hi"tdnlrv 

operations aUhe HR • of Am-241 as a posSlble ndiomlCIKlle 

BCCAand Lake - PJUdludsforAm-241 poiotdalaaod 
Olbel-thananob • Am-241 footprint related to the S F.cologyfaci · small are.a 

within the BCCA produced a oontourcd area above the 3-sigma tbn:stll>Jcl. The anomaDy bad been 

eriJied or- in · gat£d at · of · rq,ort prqmation. 

6.7 Gamma Specbal Analysis Res Its 

The net spcdla n::s1idls for bulb BCCA and adjacm1t U.S. Ecology - are the 
19% net spedla TlleR does appear be any ignificaol chaop · 

ml:e tam at eiiber . 
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urveyS • 

Swvey Co erage: 

SmveyDate: 

Smvey Altitude: 

Aircraft Speed: 

Line Spacing: 

avigati n System: 

Line Direction: 

Detector Configuration: 

cquisition System: 

Conversion Factms: 

Air Attenuation Coefficient: 

Aircraft: 

FederaJ Team Lead 

Project Management: 

Project Scientist: 

DataSci • 

DataAnal 

Eledrooic Tedmiciaos: 

Hclicopta- Pilo1s: 
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Append·xA 

Survey Parameters 

BCC 

13 square miles (~ 33. 7 square • 

Seplemba- 22-28 2009 

50 feet (~IS mders) 

70 mots (~36 meters per semnd) 

75 fi:et ~23 meters) 

Trimble DGP (WAAS oorrfflions diffen:ntial 

East- est 

Ti d e2 x 4• x 16• al(fl) dd:cdols 

I High-Purity Gennanimn (HPGe Detedor (120%~ 

~ 6 al dda:tois 

ADCI= I alddedor 

ADC2= 5 al dda:tors 

ADCJ= I HPGe detector 

REDAR-V 

2055 q,s/µR/h 

0.004 pC" g per I-cps Cs-137 net pb(llk>peat. 

0.001761/feet (0.00577 meters 

Bdl-412 Helicopter' 

Joe Ginanni 

Karat McCall 
E - Hawkins 

Claig4'005 

Thane Hendricks 

Jczabd tampahar 

Tom S1ampabar 

DaveF.mmy 

1i Selfiidge 

Tom Xissack 

Jeff'leDonne 

F.dZachman 

4S I 



Survey Coverage: 

Survey Date: 

Survey Affi"1 hide 

Ain:raft Speed: 

Line Spacing: 

avig;ation System: 

LineI>iffdion: 

Detector Configuration: 

Acquisi . n System: 

Air Attmnatimi Coeffi . mt: 

Ain:raft:: 

Federal Team Lead 

Project Manag~::ot: 

~ Scientist: 

DataScicotist: 

DalaAnal 

Elt:dmnic Technicians~ 

Helia,pta Pilots: 

A .. 

Lab/ 

4.4 miles {- 11. 

Seplcmber, 2009 

50 eel {~1 meters 

70 (~36 meters per SC:UJnd) 

75 feet(~23metas) 
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Trimble OOPS :AAS c:om:dions) diffacntiaJ 

orth '-Soulbeast 

Twd e2 x 4"' x l6111 

High-Purity Ge Detector 20%) 

A1XD= 6 al cletectOf'S 

ADCI= al dcta:tor 

ADC2= 5 al dc'tcctots 

ADC3= I HPGe ddt:dol" 

REDAR-

2055 qnlpRJh 

0.004 pCi/g per Cs-137 net pbotopeak 

0.00176 I/feet (0.00577&?imders) 

Bell-412 Helia,pter 

Joe Ginanni 

Karm cCaU 

Elaine Ha,m,i115 

CraiglJ 

Hmdri 

Jaabel Stampahar 

Tom S1al111p;lbar 

DaveEmory 

Tom Sdfiidge 
Tom.....,~-... 

Ed7achmao 
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ces·um Three-Window Data Extraction 

Coant divity. s ey e of terest (LO G e ouatain Pond 

In addition to con1n1Jutiom from man-made acii ·1y, gross co adi · ob.saved b an aerial 
radiological measurement ystem is affected by a number of pa1amders.. of these are altitude, 

airaaft speed, ma. geology, area topology; man made objects. detedor wnfiXUG!lllOD sue, shape, 
number- of detectors) etc.. A typical total count rate data a:a the 200'J Hanfunl data set 

is shown in Figure B-1. The example line of intae:st (LOI) cbosm fiom Gabe Mountain 

Pond data set. Unlike the BCCA, which bas extaisive spatial di.stnlJuti of c:esi the activity in 
chosen WI · more isolated and provides a better: data for i)h-1tr.aiiiR,m purposes.. 

a 
~ 
U1MDC -• a: -L 

:! 
j 
u 

1--= 0 

01-if----+-- +--- -+---+----+----+----+--
133!1 

The gross count data apptreci.lble variability tbn:RldlOIJI the cntin: LOl Background and 

11111111,ade w:tivity regiom are not di dcfiocd.. The specific pmpose of the Hanfont survey as to 

separ.ak; identify, and qmntify specific oontribulioos from the specific · cesium-137 (Cs-137). 

It . ~·- that gross dala docs not aa:omplim . task wry di. 
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B.2 

Systems and procedures utilize ful1 pnma ~ · nnarion (not just~ c:ouot 

infoonation provide superior isotopt cmacti capability. Each specific radioactive iso 
whether natural or man-made; di · net SIJCll::lnll popedies. Exploiting these properties enables 
one to provide ·sotope specific proceB:d data produds.. The cesiDDHNlly data set I" c:hosm 
WI, processed by spedlal emaction tcc11imq1oes,, 

CB51U1• 3 W.IDOWEXTRACT10N 
FROII OF NTEREST 

-:zoo--- --1t---;t--------ji--- - -tl------i!-- --!1--------1 
13211) 1311111) 1 

R.lalf IBllillT fl# tlEOOIIDS 

that the spedr.al cm:adlcm tedm!1queeffi:divdy separates the ccsi 

data, providing a peak to back · of 24.8. 

The dala of Figure B-2 was malyzcd · a dm:e window spectral energy c:maction tecitmHtue.. A 

a:nbal window A coagy:raogeof:594 730 ke boullldS pbotopeak_ A 
background . "Bl magy of 526 to 594 lke . 

and a background · "82 (magy noae of730 798 Ke 
photopeak. Po.- . background ~ r.alio of aJIJIIIS • A to 

"Bl and "82 is rda6vdy constaot. Malba:nabcall~ 

I 
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K (typical per--flight extraction ooe:fficieot) = A / (BI + B2) 

Where K i the average value fium a typical backgrouod region· o.- the most likely value (from 

distribution analysis) taken in regions where non-ccsiwn contributor., dominate. 

(B-1 

Using the smvey-specific K 
point basis Ihm becomes: 

the cesium extractio equation for a given flight on a point by-

CSf) = A(i) - K * ( Bl (i) + B2(i)} (B-2) 

For reference the K value for Figure B-2 l.123. 

B.3 Additional m emen of Detectalltill1lV b F " tering 

Figure B-3 shows additional detectability improvement · possible when a spatial filta · applied to 
the 3-window spectral extraction data 

• OIIID 
L 
!:!. 
a: -I-... 
.: ... 
~ 
I-
• L 

~oNU•l EXTRACTION 
WITH SPATIAL FILTER 

FROM fiE OF INIEREST 

• 
I 

' u 
• a: 

- l'EAl(Cl'.9; ... ,, 

I\ -·-••U 
Ix 
- :aoo 

I z 
i .., 
! = 

' : : 
i ~ 

u -200+-- -+-- -+------il---+---t-----+-- -+----f 
1320 ... 3IO 

R.Jall'EVIIIT• CIEC.,.,.. 

Spatial filta:ing additionally improves pea to · · ratio fium a factor of20.3 to a factor of 
31. 7, a igoificaot improvement. The spatial :filta- applies weights of one-qmrtcr, halt: and onc
quartec to the dJree time-onlam · ..,......,....,,. -.... ~ .... -Ln,..., during, and after the point of inlaat.. This 

I 
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filter · ~Y optimum this set. The Hanford c:esi data was proc:essoo utiDizing both 

die descnl>Cd 3-window spedlal e:madio and the · filta:. 

ce 

The minimum detectability a data. i usually eq:iressat a mul ·p1e f · (the 51alldlll:d 

"alion) deb:nmlDCd :6um data The tam -deta:IJllbl gly dq,eodcot on pwpose 

for which a con1tour ultiple of tthe standanl deviation 
used fur radJlBtl(,n a>UD111111J? · · cs is 3 · gma. At the · gma level, one · 

mnatdy 3 - - c points every I 000 background points. 

unurovies ddedability fore ewakd man-made radioadlivity above the badc:t,0imd 

pmd1J1CeS more positives. For example, 2 · gma = 45 false · - es pa 1000 mcasmanmts, I 
·gma = 317 fidse "tiVC5 per 1000 measurements. · ce of them · I · oblrlOlllsly 

dcpendeot the DDDnber of" · "dual possible false · · es deemal aaxptab Cllammiatmn 

B.5 

spedlUm for die smpect"' region of d:te LO 

GROSS SPECTRllll FROII OF 1..,,- 1_... 

9P\EIClllll!l.UIETIE• •IEICINB 

... 
i •zm 

·= i ... 
& .. 
i u 

Seapect ... of 

I 

- - - - - - - --- -------------
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The gross spedmm of the sospc:d n:gion bad a spedral live time of7.5S seconds.. The mn 
photopeak (662 Ke - - ible in this gross spectrum but is nly -gbtly larger the adjacmt 

natural bismuth-214 (Bi-214 pbotopeak (609 KeV)_ For refcaenot; the thm. spcdlal windo 

regions previously desaibcd are noted on the figure. 

B.6 Spectral ta ackgro1111d" Regio f W 

Figure B-5 sho • the spearum obtained from the nominal background region oflhe LOl VISUally, 
the spedmm does t -gnifi y diffi:r-ent fiom Figure B4_ However, the background 

bismuth photopcak - ibuting counts to the 600-700 kc enagy range. 

BACKGROUND SPECTRWI FOR OF ...... ~~ 
Sl'KTMUIIE-._,-ao~ 

... 

l 
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pectnun 

Figure B-6 confirms the presence of Cs-I 7 in ~~~~ area. The nd spectrum obtained by 
suhbacting live time-nonnaliz.ed background sptdrum fiom the spc:drum :fiom the susped area. 

cml:mct spectrum fur Cs-137 is nhvinm: de$DI1e at the peak 

ulcl be nob:d die J.;winilnw 

...I .. 
:z 

C£ than levels 

~ 150 
::c 
u 
6i 
:lie .. 
111:: 
Ill 
IL 

~ 50 z 
:::, 
0 u 

OF IINTEREST 

~ ,-1--- --4-----i---------ll----,!---- +----+----lt-----l 
0 

B..8 

OJo asion of aitbome rare 111· lfi:JIJmalion 

PllfillDcla'S.. These . dckdortypc_, DUDlba"., 

isotope of iutacst;. :nprrific ~ allJSHitl- hm: spelClb dislrihDlicn 

and moisture.. 

For cstimatioo JJIIIPOISC5, RSL llhlize:s a smsmm esbmallJon pmgram wnnm 
M811111:1' of RSL Provided . dckdo.- aimaft speed, 

proea:m ectimates fur · SOIIRC and ill. llimte .,..~-
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distnl>uti including surface. uniform ii depth, and CXIJl:>DCl!lbaUy d1S11n1Rlted soil dq,th. 

Resoun:e materials from numerous tcchmcal n:famces wdl 

embodied in the ftware. 

an her' of amumptions are 

Table 1 · a typical printout of infoonation from the MaJ:JR:I' The 50 AGL data 

"gbligbkd) used to estimate Hanfonl sensitivities.. 

Table 1 Estin.alal Conwrsion Fadors 
Conversion Factar.s vs. - Allibld_. 

rad 
Altitude PointSoun:e 
(Feet) mCilcps(offset) 

50 .1 SE-02 / .63E- 2 

100 .44&02 I .17E-OI 

I.SO .88E-02 I .26E-01 

200 .I E-01 / .44E-01 

300 .39E-01 / .12E,i-OO 

400 .94E-OI I .28E+oo 

500 .20E-t00 I .60E4-00 

(j()() .39E-t-OO I . U2E-+01 

700 .71E-t-OO / .21E-¼-01 

800 .12E-+01 / .37E+--Ol 

900 .21E-t-Ol / .37E-¼-01 

1000 .JSE-t-01 / .IIE+0.2 

1500 .3SE+o2 / .IIE 

2000 .28E-t03 / .84E7f()J 

2SOO .19E-t04 / .S8E-,f()4 

3000 .12E 5 1 .J7E-,f()5 

• .ho.lope: Cs-137· Eaagy.: 662 lo: • Speal: 60 
12 - T 4"' x 16" Sodimn Iodide ddlicdol~ 

SoH Concetdialiod 
(pCifgfcps) 

II -- ,_ - ,. -
-

.4 5E-02 , 69E 2 

.SSJE-02 • 7OE-02 

.695E-02 90B-02 

.86SE-02 - JSE-02 

.132E-Ol _ 12E-01 

.197E-Ot .167E-Ol 

.290E-OD .2476-01 

.425E--01 361E-01 

.6176-01 .S24E-01 

.890E--01 .756E-Ol 

.128 ~ .109E+oo 

.183E-i-OO . IS5E-t-OO 

.104E-+OI .316BOO 

.564E-t-OI .479E+ot 

.29SE-¼02 .25) :-t-02 

. IS 1 E+o3 .128E-¼03 

Surface 
Distribution 
(pCilnl2/cps) 

.- 4E-0J 

.743E~ 

.933E-03 

.116£-02 

.l 7E-02 

.264E-02 

390&02 

.5700-02 

.828E-0'2 

.120E--01 

.InB-Ot 

.246E-OI 

.) E-lf-00 

.758E400 

.396E-lf-OI 

.202 :-f-02 

ortbellanfonlsurvey, the of0.004pCipcrgrampa-1 plXJIIOp~ ofCs-137 
ublized. · DOIDinally the average of infinite spatial · · nurnheP fur · and 

apn11011ia1 - distributions. The BCCAproject not verified al panmctas TPlating to 
Cln:llnblllll(]. 111 of the Cs-137 uotope · die This · ay dependent on soil paamtcn, 
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ealhering. ground covet and myriad f items. Any initial estimates of olwndl:ic 
concentration gcneaatdl by - solltware have rel - dy large uncer1ainties.. 

9 

The applicati Maillra" mde are too far extensive to be etely valJidabi:d 

actual measmanen1s.. Ho mCISIDl:lllleols hem made which are aPl]m:albk: 

to the Hanfunl survey dala anal · Aerial surveys have hem oooductcd under controlled 

conditions theDesatRod:AiISlrip tthe evada11 Site. QneawrVPVwasflo at50fi:d 
GL. Seven parall - SO-foot line spacing . the center line being din:dly o er 

a 27 millimrie Cs-137 soun:e. Fi B-7 the 

map produa:d from this q,-. The---· 
lines to approximate 1he full fioolllllld ddecbn:. dJISlaoce was suffici 

the outennost lines did co 

I 

OVERFLIGHT AT DESERT ROCK _,....,DI 
51 FOOT AGL. 50 FOOT SP.M:IING 

C:~11a SOURCE(Zl-.a..A.un.-:,. 

.... ,_ __ 
LT ---- --11-1'111,U,- 1--...... 
GallalE -------... 2111111-3819 
.-rA :lale- SlNI 
- SllN-1111111 

.... ,~ - --4---+----tf-----it-------1"- ----

.... 2199 311111 - -Xiii Fa - IMl2 AIDCO (12 -211k18). C.-137 s.um 

B-7. CcNIIDur'llapofC..iilal 



SGW-45563 RE . 0 
FFBRU ~2010 

B.10 otes o Detection Syste Footprint 

It is standant practice to refer to the Full W"ldlh at Half Maximum (FWHM) · :response to a 

point soun:e as 1he · of lhe dc:kdion system. From inverse square calmlalions, the FWHM 

is oominally twice the ddection system altitude. For the contour p)o of Figure 7 the extmt of 

ml contour is appromoatdy 100 feet and conlai values from the peak value do to half 

peak, complying noulinalllv ·th the definition of detedor footprint. howeva-,. that the 
effect of the point un:e reaches ell beyond the J 00 fuot footprint, covering-600 feet firom 2700 
feet to 3300 feet ng 1be flight path. This · property can greatly disturb the ability to see 

small discn::ct sources in the pesence of a large source. 

B.11 

As a first appromnation the maximmn mconkd data point may not have been cud:ly oYa" the 
sealed soun::e) the field IDC11SU11ed po· sensitivity is just the point soun:e sln:Dglh divided by 

the net peak single point count. From data used produce Figme B-7 with appropriate backgrouod 
corrections and c:ormction fun ~ · a>111Dts photopeak cesium . n:quin:d for the 
Maura software code the oompulation yields a point soun:e photopeak sensitivity of 

Poiotsourcescmitmty=21.0 / ((120169 - 8363) • 0.179) = 0. 0013SmCifcps 

(.UJt:npan:: to Maiorer value of 0.0013 

T/.0 = cesimn pomt un:e sbmglh in millicuries 

120169 = peak observed ootm1s per semnd 

0.179 = Cesium photopeak qas) I Cesi cps) 

B.12 aura' Estimate and Detlef't ..._.-Data (lnfi• ite Surfi ce) 

at a,mm· 131 a,mtaot speed and DODlunal comaot tine 
spacing, the infinite surface . . ·1y hr. c::mmated fiom the me.lS\,Jal point soun:e .n:spome. 

That is the smn of the :spatially c11·151n1Jut.:x1 oMJbribultioln from a single point SOUKe • 

mathematically the same as the cootribulion be a :singJe a:ma-point i1t x1· lmtlCII soun:cs 
ere pJaccd at each actual flown poinl. 
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Surface "tivity = 27.0 / ((1352623 - 854871) • 0.179 • )) = 0.000653 

(Compare to T: e I value of 0.000584 

where 

13 2623 = cps of 1be 100 measured po· 

854871 = of nominal background of 1be I 00 measun:d po· 

0. 9 = · of 

464 = nominal square meters per point in the co 100 ootx 50 ) 

actual measurements are in reasonable agn:emeot. Ha:all!;ethe measured 
canlblre all of die foo1print rounts (a deoominato£ m con asion 

d cxpcd: the experimental value to be somiewllat 

lawdiOlis done with poin soun:e data from Desert Rock dctamine point and surface 

c:oefficimts 

activity amd 

- agn:e reasonably di with our aureot ftware, cal1i:ubdlOl11S for distnouted 

pnm - sbolllld also agree ell - ground mea1SU11mK:nb.. In fact, if all 

the aSSIIJll)JbJ.1[1$ - the - agree "th the adual DleilSUlaDeols and soil sample 

amllys"is resull there will noooally be acceptable agrcemco Unltmllmatety, conditions do not 

al occur. Soil clcplb and un:e atta uncertainties are the donnnanl a>nb:lbullols 

aaiall'JSUU.od disagn:anenm. While the aerial svstiems gather cry irepeatabJc 
fully delineate . extent and ground IIICIISIJliemf:ols. 

· da a oJumdri meas1DanalL If · in the top 

ii, a collcdion of :soil to a one inch depth · apprupr'Uate 

ff one bomopized sample., defe,mjnaft the c:esllUID 

acante pCi!gram aJue ouJd be ObtlllDCd. 

A second MJlltn:e of cmJf" has do • depositions which are t 11111:1· mm 

JDalSlllllCIIX:lll ~ 

than the aa fuJm · a sud"ace or soil mc1.1U1ranient 

within die BCCA by i,uond have documented IIIIIIICIOIIS 
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point data and c:ontoun:d footprints of the helicopta- ystan. It appears that the initial deposition of 

cesium activity by animals bas not sufficiently weathen:d to produce a more unifonn dq,osition as 

modeled by the RSL so code. The apparent discreet nature of the cesimn deposition us far 
measured severely limits of the preliminary Mama- volwndric COIIISlainlS.. 

As discussed, initial iolumdric activity map products should only be used as aids for n:mediation 

planning efforts. Once an a1:a has been remcdiated and only uoifoon o :..J dispersed activity · 
expected, subscquen "l:nn,ev,,;: by airborne, Kiwi and other- ff radiation SY51ems may produce 

nd spedaal photopeak oowds that can be convedcd to a lmndric activity (pCifg) map product. 

Any volumetric aloes deriwd tiom these instruments mm! be conwrted :fiom measured c:ouot rate 

infoonation. They do not diredly measure pCi/g ince they ha: e no infuonation about depth 

distnlJution. 
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