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EXECllTIVE SVMMARY 

Area 0, in Technical AJca 54, bas been the priocipal facility at LDI Afamos Nllioul 
Laboratory for die storaae aud diJposal of low-level and triJISUfaDie ('I'RU) radioacliwWIIIIe lila 

1957. -Our in~ dnrins PY 94 foeused oa defiaiJJI wbetbet surface Willet bat moved 
contuuinated trtdimeora out ofcbD Area G sire perimeter. Soil samplel were analyzed far lridam. 
total uruium. isoCopic p1utoDium. ameddum-241, aad caium-137. Tea metall-lihw • ..-.. 
bari~ beryllium, ~imn, cluomlum. ~,Dicb~ Jead and ICieaium -weN.....,_.. 
soils usina standard analydcaldwimistry technique~. FJltmld..water fnlcdoal fiVm........., . ., . . . 

coJJectm weze analyzed lor tritimn ~ ftactioDa oftbe........., ._,., _,. 

aaalymd for isoeopic'pJutooium oaty. 

Elevated~..-ofiri~m (al' .... aal,71S,560pCiJL)ia JOitwa foaadfor ........ 

1ocatioas adjacent" II) tbe_·tdtium briij,.; ·shafts~ ontbeiOUth-ceanl perimeter of Ama G. 

~1· ~,~iD-IOilas1dsh;II8435J60pCUL~~....-totbe 
traDSUtaDic waste O'RV) ... :intfie -JIOCtbealt~:.,.-Area G .. Tbe.tnljcCity of lOll...., .. 

::r~8SWai:!:=:;::= 
. T.IJehi''beit llidiDil-~-· ·_bi:nmolfWata'·~,~-~-...... lo.1riliumthafk 

. ::~~1trCe=~-=-~~=-
~, aDd we do ~'bOW ~:wdl odr samplO ~ teflect idtiuiDs actUal ICIII'If:e 
ctislributioD at Aml o. 

The ID"niDDJ OD sOil~ 1'811pd:from 2.6-7.0 p.g/g wi1b ID avertpvalue of 

4.3 ± 0.80 JlS/J. Plutoiijuln-23~{~vhies~ fromO.OOl-16.68 pCi/1 with 1D awaac of 

0.44 ± 0~01 pCUJ. :PIU~ZJ9·Ctivities m.soils 'l'81lpCl frolll0.oo61D 2.m pCi/J with 1D 

awrapotom·:t:o.o!~ .. ~~lobd~~-~«~2388Dd-m--.-..,.. 
fiom olit-17~• pei/j ~-•·•• Ot'o~3S~+ 0~034 pCU& The )Qcadoaa ot e1eva1ec1 
plat01dainnw&9were.~~~tbe hiakJrfCtpbUonlum di.,.alatAmaG: die ... ...., 
statioas ~djaceotto ibc'TRU.-fl'aild th$0We.tdilposal pial badthl..,_. phJtmlium Ieveii far 
bodlmd.:e·toil:..,~laale; .. me.df'IIICdoO~~~ Tbctwo-~elevascd 

••. ,..s . •••• • •• .. •• ;..... • . • 

~241Bcdv.ity~the ..... 8CiiYida foulldforplutODium. a.iunrl31..mdea 
iD IOi& bad a wide distribution ad riDpd from 0.12-1.89 pCi/J, with ID avetqe Vllae oiOMi ± 
0.17. pCilg. 'J'bae was ao perimeter ala where soil CODCelltl'Btions of ceslum-137 were 
sipffiamtJy elevated 

'2' 

· .. · -~~ 
7- ... 

... :.!. 



.. ,...... 
::.._!. . -·· -~ 

Fer tbe ten metals m soilamalyzed. there were uo appamn elevated~ over die 

metal in soil~ IIJeUUied in abe baseliuo soils collected fJom tbe proposed Aml 0 

ExpaDSim Area 1ocatcd i•JVM'iately west of the actiYe part of Ala o. 

1.0 INTRODVCDON 

Area G, in T..dmjcal Area S4 (TA-S4), has been tbe priDcipal facility at Los Alamos Natioaal · 

Laborarary (LANL ortbc J..aboratary) for the storap and disposal of low-level ao4 TRU 
radioactive waste siDce 1957.(• Fipre 1). Prom tbe aviroDmealal smveiiJaDce CIDdpoint. oue 
quesaioll-tbat has to be~- is wbedler tbcre ba•beeD an impact on tbe IUIJoundiq 

~ . . . . ··-. 
environment from ~-dilpolal operatioal:that have tabn place at A!ea G. ODe aspccl of Ibis 

quesaioD is~ contaniW.Inoa associated widl surf.ace IOU within Ala G somehow mipates 

off-site. Tbe two most-iibtY'P&thwaya (iporjq ~"hiJprobabJe groDDd .water padlway) for 
sptead « «GIIritjnjtjm.iQ1.UAa G SlllficC ...itm;;mts_are aiibome diJperlioa of pardcaJate 

mauer ar JileS ... oft4tOIDOvemmt of COIJtUainated sediments and/or ctiuolwd cbembl 
COII!p(Mmds by sUrface-~'~. 

'Ibis envimn•~:DI ~ invaligation was carried out. in part, ro etlSUR' ougoing 

comp1iaDce witbD4IatuCij--~(1)013} Older .540().1, "OeaeralP.Dvhonmr.otal ProfecdoD 
Pro •...... "oWle.i990~-lnil·DOEOrderss20.2.A, "Raidioaciive Waste Maua ~ (Sepcembc'r, :8111 •atiatS'~~-&om·dJel~udear.F. Defense Safety ;(!~tbe paucity of 

~ :. ,. ·, ~ :"::.>~- -~--- .: .. , 

OuriJivesd~-~~!!~.(JD~JibepoteDiial fortbe 1n11sportof 
aJDflirniDateA scd,_~;.Wr.»"*t~¥ot Ami G. Extensive surface-soU aDd 

=~~~:::.=:.:z:.~-wbedler 
coaramiraanll wae J1JDViD8 .~ dms; tbese.sampliua loca1ions should be CODSidend as tbase 

locadoas mO.t:ilmsit)Je t:O}i;aibJe (.'OIItan.;nut migration outside of Ami G. 1be da1a collected 

dariD& FY 94 can be _ased to 

1. deteaniDe wbedlertbere bas been movcmeat of contamiiUIIdl out of die site; 

2. c:ompmnrith blieJirc CODCCDiratioDs of coostitueats on soils sampled iD an 
uudiSUUWmaofTA-54 proposed for tbe expmsioa of Area G disposal operatioDs; 

3. COIIIpB with bladiDe coai:eatratiolls eatabliabed at tbe same localklas dmiDs 1be 
FY 93 sampliDJIDd to define cootamitumts of poteDiial c:oatem (COPCs) and locales 

for futule Area-G sunei1laDce efforts; IDd 

3 
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Figure 1: Location ofT A-54 and Area Gat Los Alamos National Laboratory. Tbe 74 tee ltna 
81'e8S (f As) of the Laboratory are shown here. with TA-S41ocated south of SaD Ddefoaso ludian 
Reservation ptopetty. Area G (liDe pattern) nms aloag Mesita del Buey aDd paralle1s Pajarito 
Road. 
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4. assist Area G Waste Maaagement persoDDel auempts to engiueu tcclmiquea to JRYCDt 

off-lite movement of amtamimants by either iDdicating areas of coocem or usessing 

effecdvaea of~ fixes iD place co Pft'Ciude off-sire movemenr of 

cootaminants. 

Sediment movanem out of Area G via the surface-waler pathway is impoltaDt '*ause tis is 

a~ mc:dumian for diwmriuring nongascous contamiDants from the surface of Ala 0 to 

outlying ~~a~. CcmtaminaUoo of the Jl"'UDd surface of Area 0 (aDd formarim of die surface soil 

soun:e term for surface water nmoff) may have resulted from 

1. dispetsioa of mataial from active pita by natural pbcnomeDa aDd antbropic activities; 

2. movemeat of contaminated wliuJeats. off the TRU pads-or od1er disposal area by 

wiDe~. surfa:e-watcr nmoff, mass wasting, or &Dtbropic activities; 

3. c:apillary actioD. or vapor movement of~ radioactive cootanrinants in pits and 

shafts to tbe smfa:e; 

4. iDadw:rteat spills or discbargcs from facilities or vehicles bandting contaminated 

malaiaJs; 

S. dispenioo of radioactive material from ttucks cmying waste into Area G; aDd 

6. 11auspcn of COflllminanrs or c:ontaminated materials to tbe surface by burrowing 

anim•ls, WJC~atioo. or auduopic activities. 

Radioactive surface soil eoatamjnltioa bas been documented withiD tbe CODfi.Des of Ala G, 

aDd it is impm1aDt to ddaa•inc if these cooramiJUIDIS are moviDg off the mesa top to areas wbae 

the public may be eJtOpOIIed or to wbcte d:lae may be a de1rimental impact to tbe enviiOIDDI:DL 

To this eDd. an exteDSive perimeter sampling aetWort bas been establisbed at Ala G 
(Figure 2. iDiide bact COY« pocket). 

2.0 OBJEC'I1\'B8 OF INVESTIGATION 

Tbe ob;iecUwa of dlele iDvestiplioas are to 

1. de.6De *-perimeter JocatioDs at Area G where COIICeDtl'ltion of radi(B:Iive 

a expected to be elevated in surface soils or where surface-water-runoff 
c:bamW"lJ R eillblisbed. Tbesc are establisbed by waJkiD& the site and detlecq tbc 

smaU channels 1bat me formed by surfa:e water nmo1f originarina in Area G; 

2. quautify the levels of radioactive and Resourc:e Coaserva1ioa and Ra:ovay Ad 

s 



and compare to baseline levels from surface-soil samples taken in adjacent. 

nonimpacted locatioos; 

3 . provide contaminant concenttation data that can be compared co analogoul balclioe daaa 

collected in FY 93; aod 

4. document whether contaminants- (either dissolved- in water or as sedimeou) arc mcwi.oa 
off-sire through surface-waler runoff and~ to cootaminant ~ill 

samples collected from adjacent areas where disposal bas not CJCCt.llm1. 

EnhaDCA'd Area G surveillance is expected oo an annual basis (dependinJ on fundina) ill order 

to provide an up-to-date picture of existing radioactive (and other coo.stiiUeDI) contamiQifinn iD 

perimeter surface soils and surface-water nmoff. Ultimately, measurable impacts oa adjaceDf a~a~ 

can be docwncnted by comparing these data witb those from fun= SW"Veillance eff'ons. 

2.1 Anal and Temporal Extent 

The investigation to define off-site migration of contaminants is limited to dJe aear mea ftJp 

perimeter outside the fence of Area G, tbe hillsides directly below Area G, and one majcr 

drainage within the disposal area itself. Surface-soil sampling stations aDd sin&le-staae Wlta' 

samplers were installed in small arroyos or rivulets incised into tbc hmsides arcxmd tbe pa inrra 

of Area G. The single-stage-sampler locations are designed to coUect runoff eilbl:r oa die maa 

top (just outside the feuce line) or at points before the runoff enters the boUom of eidlcr m tbe two 

adjoining canyons, Caiiada del Buey and Pajarito Canyon. This IJliao..scale surfaa: water nmoff 

sampling complements the macro-seale storm water runoff sampling performed by Eaviram•ICIJfaJ 

Safety and Health Division. Group 18 (ESH-18). 

This study is not intended to defiDe pofemial contamination iD tbe enviloameut dowDiaam 

from Area G. The sediments in the canyon bottoms. surface water, and grouDd water from wells 

located downstteam from Area G are an moaitcRd on an annual basis by ESH-18. 

Based on availabJc funding, this investigation will be performed yearly with anmJalleporu 

being prepared to~ contemporary with historical data. 

2.2 Data Needs 

6 

The data needs for tbe FY 94 perimeter surveiUanoe study are 

i . surface-soil samples (0-6 in. deep) from existing runoff padJways lc:atcd just ClUtSick 

the Area G perimeter fence and analyses of these samples for tho&e ooosticucou listed 

below in Section 5.4; 



---------...,-------...,---~--~,...-,--~~-..,..........,------·- ·-· --·· - ·- .. 

2. surface-water-nmoft' samples colJccted with single-stqe samplers from miDor 111noff 

pathways thai were estimated to have sipificant mnoff volumes originating in Ami G 

and ~~~~lyses of these surface-water-nmoff samples for constituents listed below in 

Section 5.4.; and 

3. surface soil and single-stage runoff water samples from the uudisUirbed proposed 

Expansion Ala. IDd aDalyses of these samples for constituents listed below in 

Section 5.4 .. 

Tbe Expansioo Ala is located wbere no radioactive-waste disposal has occurred. but is an 
area iDro which W arc M"""J''JDCDl operations are expected ro expaud. ID FY 94 a regular 100 x 

l 00 fooc grid was establisbed iD this area. just west of tbe old Area 0 gate (the area west of lbe 

shaded yellow expm~e in F'zgme 2). 1be analytical data from samples &:OlJec:ted in this area will 

save as baseline~ for CODStituenlS of intaest wben disposal operations are initiated in 

this ~ Area. 1bis iDformation is presented in this paper to serve as one beDcbmark against 

wbidl periJ.Deter soilamd wall:l' COD&tituent coacentra1ioos will be compared. 

3.0 HEALTH AND SAFETY TllAJNING FOR WSS PERSONNEL 

AU field work was performed by members of the ESH-19 Waste Site Studies (WSS) team. 

Each member of the tC*D bas received aud is up-tl:Miate with all the requisite bealth 8Dd safety 

traiDiDa required to perfmn environmental sampJin& at Area G. This traiDiDa iDc:lude& 

HAZWOPER (Hazardous Worm Operatioas), Rad Worker and General Employmcat Training. 

AU field work was done followiDg tbe guidelines of the WSS site-specific Healtb and Safety Plan 

(HASP) for AR:a G. 

All members of 1bc team also n:eeived radiation support persoaueltraining, whidl allowed 

them to compctaJdy operate tbe EberliDc ESP-1 beta/gamma and Ludlum Model 139 alpha meters 

aad to perform IOIJt:inc frisking aad radiation screening operations. 

In acJttition. each team member watched tbe Area G site-specific traiDiDa video. was aware of 

the bealth aud safety rules and guidelines UDder wbid1 Area G employees operate. aod performed 
field dudes ac:corcbg to 1be Ala 0 in-house health BDd safety pmtocols. Each WSS team member 

formally dJccbd in and out of Area G daily if tbe work was within Area G. Work outside the 

feDce at Alea G did DOt~ formal check-in. Each field task was performed usiDg cbe buddy 

system! at DO lime did teaiD members UDdertake a task at Area G without 8llOtla team member 
being pn:seot. Finally, all team members wen: also enrolled in an annual LANL medical 

survciUance program. 

7 



,.o FIELD INVESTIGA noN METHODS 

Accepted techniques were used to ideDtify IDd a:rtif)' aampliDJ locatioDs, iDiaaD pnap~Wf 
quipment. take samples, aad make measurements on these sampla. A .. ,.,.., ot ftcld 

rotocols is found in tbc foiJowiD& sections • 

• 1 Land SurYey 

A WD.D brand electroDic 1heodoJite. complete SW"Veyiaa ltltioa was UICd ill lbe tiel4. 11M 

Iuipmcnt was used and field da1a were colkcted employiq WILDtoft 2000 IOftwa fGr daa 

duction. Bill Kopp, a LANL recbnical staff member aDd profaaioaal qtaerr ..,._..ill die 

ate of New Mexico, supervised all of the surveyi.DJ for thia project. 

At all of tbe samplinJ locatioDs (coon:tinates merenced to NAD 1983), • aJumifMD _.. 
lS emplaced to memorialize the position. 

Tbc unique samplinglocatioDs oo the perimeter of AEea G wae codal a G-Aif.4. Tbe 
rst two numbels after V in 1be sequeuce mfet'to one of sewaty pili...._. awey ...,. ..... ., 
1Ch of which is identified by a pic:c:e of Iebar driven imo abe JRJUDCI aad..,.. widl• · · .; 
aminum cap marked with the locatioD number. Tbese 70 DIODIIDJeDII "tW::Ce CJrisiu11J......., 
1991 as part of abe old A411 material disposal azea (MDA) low-eae~JY ..,.,. (PIDI.ER) RDdy 

cbaracterile pcl(enti•l movement. of radioactive COJ)talninallll off-site. FID1.SR ...... • llill 

ecn on an annual basis at each oftbese 70 locatioDs; cbe dalacoiJecled in PY 94 a &aadiD 

~A oftbis report. Fer the perimeter sum:iUaDce study. tbe soil ad....,.... 
rnpling sites were numbeled in n:fereacc to tbese 70 pennaneat. SUI'VeJ1d localioal. F« 
;tm::e, two soil or combinadon soillsingle-stBJC sampJin& locatioDs me siled ._. ... m.­
DA-24. Tbese locatioas are identified by a tagcd alumiDum stake with tap Q..:zA-.1 .S 
24-2. 

The Expansion Area soil samptiug 100 x 100 foot grid was a18o memoliatized by •veJbit iD 
tocations. At each ooe of these 1ocaDoas, a four-foot aJmningm lllke was potJDited ia .._ 

tnd. Brass tap auached to tbe stake describe the locatioas with lbe ......_. o.x...,. 11ae 

dcd locatioas are numbeled cousecutively from G-X-llhrougb O.X-S4 (ac....., ..-
:-7). 

On lhc ~~the perimeter aDd ExpansioD Aml sumiDaDce ~ (PipN 2). 

san]pJe points an: iD orange.~ warer SIIDpJe poilltla ill blue. lad die cxaN•b 
~ far surface-soil and singJe-stap samples are in sreeza. The ExpaDSioa Ala pid.,.,.. 1nt 

;ted.by purple numbers. This map was prqJ8ftld by Jan Beason of tbe Fadlity b lafill.,.._ 
1gement and Display (FIMAD). 
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. -. · ~tar:· '._._·--:~(see secdciD;S.l below).tbolenquiriaa . Atte_r ___ •.•-_,1111 ___ Ill __ ,•_-, __ ... _ .•_ .. ~.c: __ •. :IID_._._Id __ ~-- _ .... _ ... ,_:- ·':7• _, _. __ ... __ 

~diiiiMtj:' - • __ _ -__ . -· . -__ . . ·--~~·P.,uity(CbemicaJScienc:e 

..l-T~IPi .... ~~r3~:~0sT.3)~,kjlleclat sM-59-1, TA•59. ·CST·3· penonael 
tDOtbmat~t11•'*'·•kl•~time. Aii;PY-94....,_ wcrolllllymdoa-sito •LANL 
except abe·IOil-•• .... fiDD.tbc BxpmrioDAn::a·whida-wae-aalyzecl by acwtract labatatGiy. 
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~".~Z·~~~--------~------------------~ 

!.0 SAMPLE ANALYSIS 

Tbe F\'94 analytical chemistry data is found in Tables 1, 2.1Dd 3. 

5.1 Soli Sampla- GlOII Alpha aad Beta CoaadDa 
Ak:r tbc soil samples were coJlecred. tbey WCR taJr.en to TA·S9 wbln amall 11iquou ol ada 

sample were J'I'CP8I"d for gross radioacdvity CDUilliDJ aad x-ray fluoretcaa (XRF) mdll 

measumnents. The main purpose of die sross COUDta wu to clelermiDe wbedler die ...... could 

be brought into Building SM·S9-l (tbat is, wbether the samples met tbe CST-3 bldldiq liiDitl for 

radioactivity. which have been establiahed to mjnimj7c bactpouDd COUDts iD tbe buildi"'). 

UttJe iDformation is available oa metal coacentratioDs in IOilJ at Area 0. 1bu.s. w 
determined beginning in FY 93 tbat it would be valuable to beJin c1eveJopina a dala bale ('Clllftini• 

cooc:eutrations of metals OD soils usiDa dac XRF technique. Tbese pc.,dal toil ccweami•a. dl 
their elemental forms or as ionic compounds associa&ed with soils. are apec:ted to be dil'5en«i....a 

into tbe enviromnent by the same routes discussed above iD Sectioa 1.0. AldJoup XRF 

~ were again made oo &ails colJected iD FY 94, these data a aot iDcluded iD dlil 
Rpxt siDce more accurate wet rbmristry IDilytical tcdmiques for rnt'Uk oo soils Wlft pe.rfamed 

aud dJcle metal data- included in Ibis ..,n. 

5.3 Water Samples- pB ad c.ductlvtty Meamremenr. 

1be siDgJMtage wat« samples were coll«ted in I -pl. polyethyJcue bocdes 1he boala Mn 

cc&cted as soon as possibJc after' a storm event 8Dd broupt back to TA-S9, when: ta•~&•181re. 
pH. aDd specific conductivity meaautemeDb were made (Korte, 1983). 1be pH aDd sped& 

conductivity results are fOUDd iD Table 2. 

10 
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Table 1 (cnntiauocl): 1994 TA-54 Alu 0 (OU 1148) paimetlr 1011 dill. SJmplee '*'be ~cared aa die _,.111 
Pipres 3-9 by referJoiq to abe umple Joc>ldoa IIIIIDbcn JiiUd iD tho fila co'nnw of ddltll* . 

SoD ..., ........... 
Sample MeiJtve Jii mAla Dtc. T...av ... &;il T_. .. 

Locadaa Date ..... pCIII pCtla pCIIa q/1 pQ'a fClll ,all 

0.21-IR 7/14194 1.4 2340 0.016 <0.34 4.0 o.cno o.ou OMI 
0.22-1 7/14194 2.0 3630 0.003 <0.33 3.6 0.005 0.002 o.oo7 

; 

G-23-1 7114194 2.4 2180 0.()03 <0.36 4.1 0.002 0.007 O.OOP ' 
'! 

0.23-2 7114194 1.2 8550 0.015 <0.30 4.0 0.007 O.o42 OJN9 ' 
: 

0-24-1 7/14194 1.0 2490 0.007 <0.33 3.8 0.005 0.012 0.017 " 

G-24-2 7/14194 5.8 2520 0.010 <0.36 4.3 0.006 0.027 0.033 i: 
~ it! 

~ :! 

0-25-1 7/14194 2.3 2590 0.021 1.68 4.9 0.001 0.857 0-064 '4 

0-26-1 7/14194 3.4 3310 0.018 1.75 4.8 0.006 O..o65 G.07l :~ 
7114194 2.8 13330 0.017 1.40 O.OCM O.o33 OJD7 

<<,.::l 
G-27-1 4.2 :"<f; 

< i~ 
1.5 19960 0.010 <0.33 3.5 0.004 OJW O.tm 

,.1.> 

0-28-1 7114194 ';i 
G-28-2 7/14194 0.9 30740 0.015 <0.37 4.1 0.01» 0.029 o.oJJ ~ ·:·' 

< 0-2.9-1 7/14194 0.7 253300 0.009 <0.22 2.8 0-023 0.011 OAU 

0-29-2 7114194 1.4 1097620 0.018 <0.40 4.4 0.026 O.D45 0.1171 <<<<~~ 

G-29-3 7/141'94 1.3 1715560 O.oo6 <0.39 4.4 O.oo5 0.015 0.020 :~ 
G-30-J 1n4194 0.6 205310 o.oo7 <CJ.31 3.3 0.009 O.o25 0414 }' ·!" 

0-31-1 7/14194 3.2 404100 0.032 1.89 5.4 0.,024 0.117 0.141 

G-31-lR 7/14194 2.9 403030 0..()27 0.81 4.8 0.019 O.G96 0.115 

G-31-2 7114194 0.8 201950 0.006 <0.31 4.3 0.009 0.010 0.019 

G-31-3 7/14.494 0.5 ll5680 0.006 <0.26 3.0 0.007 0.010 0.017 

0-32-1 7/14194 2.0 53840 0.076 <0.39 5.4 0.022 0.392 G.414 

G-32-2 7/14194 1.7 47160 0.010 <0.32 4.1 0.007 0.021 o.o:u 
G-32-3 7/)4/94 1.6 31130 0.025 <0.31 4.5 0.010 o.osa G.06I 

G-33-1 1n4194 1.8 14100 0.020 <().38 4.4 0.016 0.122 0.131 
•••'J• 

0-34-l 7/14194 0.9 6320 0.008 <0.39 4.0 o.006 0.012 0.011 
.; 

. ~·~~· 

G-34-2 7/14194 1.5 4700 0.016 <0.33 4.4 0.005 O.G46 O.o51 :!) 
.c~ · ·~.ri 

0-34-3 7/14194 1.4 3900 0.008 <0.28 4.8 O.OCM 0.040 G.044 ;~£ 

G-34-4 7/14194 1.2 4200 0.016 <0.28 4.4 0.020 o.G50 G.O'JU 
li 
<\ 

~ >" 
1 

0.34-5 7121/94 1.1 8210 0.017 <0.39 3.3 0.030 O.G49 0.099 

G-34-6 7121194 6.7 2870 0.015 <0.52 4.7 0.017 0.081 0.105 .< 

"'!-'· 

'i, 

(cn•h•ed) 
>. 

1 
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Table l(CODtiDQCd): 1994TA-j4Area0(0U 1148)pcrimerlrl0ilda&a. SampJetaabelaclratCIIdlt_.,.fll 
.. ,;1 

Fip.fta 3-9 by Jefe:rriq to lbe ample 1ocalioD oumberllilfed ia lbo lint colu&DII of ddl&lbll. ,, 

Son .................. "' 

'· 
Sample Molatare 3Ji :UI..ua mea T*V :zap; ... T ...... 

Locadala Date wt'Kt pCUI pCV1 pCf/J ... pCIIa pCIIJ ,all 

G47-l 7/21194 3.7 4800 0.242 <0.46 3.7 O.G18 1.782 1.16 

0-48-1 7/2.1194 4.2 5400 0.050 <0.68 4.3 0.131 CU97 OA21 

0-48-2 7/21194 3.7 S070 0.103 <0.69 4.8 0.081 0.519 OMO 

0-48-3 7/21/94 3.7 4990 0.126 <0.45 4.3 0.085 1.157 1.24 

G-48-2 7121194 3.1 5070 0.103 <0.69 4.8 0.011 0.579 0.660 

0-48-3 7/21194 3.7 4990 0.126 <0.45 4.3 0.085 1.157 -1.242 

G-49-1 7121194 5.5 1870 O.OS5 <0.42 2.7 0.028 0.216 0..264 

G-5()..1 7118194 0.9 3tl60 1.546 <0.14 3.8 0.142 1.o61 1.21 

Q.S0-2 7118194 0.7 30100 0.102 <O.S2 3.9 0.033 0#15 O.JCJI 

0.51-1 7118194 2.7 5420 0.015 <.014 4.5 0.017 O.COJ O.AMI 

G-52-1 7118194 1.8 4200 0.008 <0.14 4.3 0.006 0.011 0.017 

G-52-2 7/18/94 1.8 S990 0.007 <0.14 3.2 - O.OO'J 0.()31 o..oeo 
G-52-3 7/18194 1.5 6690 0.020 <0.14 3.9 0.031 o.oso O..GII 

G-53-l 7118/94 2.4 2330 0.014 0.89 4.5 0.015 0.00 o.oJI 

G-54-J 7118194 0.9 6760 0.007 0.29 4.2 0.016 0.019 0.039 

G-54-2 7118194 1.4 3900 0.012 <0.16 4.1 0.001 G.033 CUM I 

G-55-1 7118194 1.5 3530 0.014 0.23 3.7 0.007 0.044 4.051 

G-SS-JR 7/18194 2.4 2190 0.020 <0.13 3.9 0.006 O.G!JI 0.101 

G-57-1 7118194 1.3 1900 0.012 1.14 4.4 0.008 0.037 OMS 

G-'1-1 7/18194 1.3 2420 0.008 0.30 4.2 0.052 \1.025 U77 

G-S9-J 7118194 1.5 1210 0.010 1.17 S.4 0.005 0.029 o..o:M 

G60-1 7118194 1.5 930 0.009 0.58 4.4 0.003 0.022 o.o25 

( awllim 'CI'J) 
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Table. 2: 1994 TA;.54 Ansa G (OU J 148) "aterbcdoadlra (rom~ umpfen. ...,._._ a.laallld• 
the 1Dipl ofPipres3-9 by referriq.tothe JIIDPie ·~ JIIDIJberllilred.bldle.lal C'OIIml old*IIIJIL ,._, 
Date tblt neJitive values somedmaNIUit·trom tmndftl •IIi*' wbea awap tw:qroaad &'drilia • .,...., 
from arou.ualydcahaultl. ..... Jjj ~ 

LocaU.·· ... pCUJ pB .....,. 
't 

0.5-1 9/14194 -400 6.90 50 ~~ 

0.5-2 8IM4 0 
, 

6.91 30 F~ 
!.1 

G-6-1 818194 ·200 6.52 40 ·(1 

G-6-1 8I23J94 300 6.12 52 ~}A 

Q.8.2 9/J41!J4 400- 6.20- '' G-9-1 8J8J94 0 6.30 40 

G-9-1 8123194 0 6.29 40 

G-10.2 9/14194 -200 6.10 80 

0.12-1 818194 -100 6.SS 50 

G-12-2 918194 100 6.30 32 

G-12-3 918J94 -100 6.00 51 

G-1);.1 818194 0 6.92 90 

0.13-2 9/8194 -300 5.90 100 

G-13-2 7128194 100 6.70 140 

0-1);.3 8123194 200 7.34 30 

G-13-5 7f1.8194 0 6.80 180 

G-13-5 ~ -100 6.70 20S 

G-13-6 7128194 0 7.01 40 

G-1);.7 818194 100 6.89 40 

G-13-7 818194 -200 7.30 31 

G-13-8 814194 -100 6.50 170 

G-13-8 8/2311)4 tOO 6.37 152 

0-13-9 8I8J94 100 6.95 110 

0-13-9 8123194 200 6.70 138 

G-14-l 7I'J.BIIFM 100 6.08 260 

G-14-1 818194 -100 6.96 250 

G-14-1 9/l21M -100 7.96 soo 
0-14-1 81'23194 -100 6.96 400 

G-15-1 9114194 -100 6.20 270 

(coatimacd) 
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~- pB _.. 

---8fl2194 2500· 1.fl0 lOO . 
G-31-2 8123194 4300 7.10 120 

c 

818194 G-31-2 9000 7.U uo ., 
,; 

G-31·3 918194 500 6.20 140 '·~ 

... 
0-lZ-t 818194 1300 7.54 130 -~ 
G-32-1 8ll3IM 17200 7.!8 195 :~ 

:t 

G-~1 81&94 ~ 8.29 2000 ·;s 
f) 

G-34-t 918194 200 6.50 50 
"~ ,, 
~.:~ 

G-34-2 918194 -100 6.40 65 
., 
~~ 

G-34-3 818194 100 6.90 40 ·~"' ' '·l . :~r~ 

G-34-3 911194 ·200 6.60 25 > G-34-4 118194 100 7.61 .tO 
_ . .:,;'_ 

:lii23J94 
~··· 'd .. 

G-34-4 100 7.35· 53 . -._ -:;."" 
·-"I 

-818194 
' ':~t 

G-]4;.6 0 6.14 10 ;~:~ 
;,~;· 

G-]4;.6 .8125194 -200 6.45 58 --~ _,, 
~1; 

0-34-1 .712J194 400 7.10 150 ····~ 
G-34-7 8125194 -300 6.30 ISS l '?'t· 

fi, 
. "'i' 

G-3441' ·.81'.Z5194 -400 6.40 22 
··~~ 
::,"J~ 
~~~~ 

G-34-9 ~ -:ZOO 6.40 119 · ... :i1j 
. , ~ ~ ... 

' -~ 
G-34-9 :.•IIIJ94 0 6.24 20 ; 'il 

. ·'·i~f 
G-34-10 7f1N94 -300 7.10 135 ' :;,~~ .. ., .... 

<~] 
G-34-10 8181'94 100 6.14 70 ,' ~! 

····~ ~-ttl 

G-34-ll M41M -100 6.50 155 . -~~ 
0-34-12 8fl5IM -600 6.51 55 ;~:J .. 

:.1~~ G-36.1 818194 100 6.54 110 

G-39-3 9/l.w.. 100 6.60 110 ~~;~ 
:$'li 
·'K 

''G-39-4 9/l.u!N -100 6.60 ll5 -~:\1 
G-41-J 8112194 -100 8.00 lJO :~,·w.) 

G-41-3 8fZ9J94 0 7.00 60 '• . ~- ;~,';· ' . 

! ?~~ ; ·;;,.,;! 

( cootiiM"''I) -~~ ··I; 

; _:?:4~ 

jfli 
( ~;;;,.~ 
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>TtbiO 2 (coati~Wed}: 1994 TA-.54 AlaO (OU 1148) water fracdaadalafloas ................. In •*'-
. ' . be located Oil tbe IDipl o(Ftpr.-. 3-:9.,. .R6niaa to tho sample ICCitiaD ....... listed ta ... &II •• w oltllil 

tlb1o. .PJeUeDOiedaal ~VIIuoi;IOIJJJDd-.mukAPom couatiaa ,..,..._...,.....,_....._ 
aiUblncted &om· · · · · aiJIIytkallllab. · ... . . . . ......... 3ii m;;; 

IAclctall' 'Dill pCII'I p& ........ 
CJ.41.4· 8fZ5J94 0 6.60 79 

0-4&-4 8JIIM ·100 7-'3 40 

G-49-1 712J/94 200 6.90 550 

Q-49.1 818194 -100 6.54 340 

().49.1 814J94 -100 7.57 350 

Q-49.2 712B/94 -m 6.90 50 

0-49-2 8/12JIJ4 ·100 7.70 2ZO 

Q-49.3 8125194 700 7.50 260 

<J.49..3 7/'JJU94 200 7.00 ~ 

0..50-1 7128194 -100 7.10 600 

G-50-1 811194 0 6.77 390 

G-50-1 712!194 300 7.10 25 

GSJ-1 8112194 -tOO 8.8(). 30 

G-Sl-2 818194 -200 6.87 so 
GSJ .. 2 9112194 -200 7.70 30 

G-51-3 7128194 300 6.70 soo 
G-51-3 . 811194 100 6.82 40 

G-Sl..4 9112194 3800 1.'1D 70 

G-Sl-4 9113194 100 7.10 78 

o-52-4 818194 0 7.'11) 90 

o-,..:.3. 818194 -200 8.25 60 

Q..$5-2 8129194 -100 6.90 150 

O.SS-3 .INIJ4 ·100 6.42 40 

()..5,5..3 9113194 2QO 7.40 35 

0..56-J . 7/'JJII94 0 7.40 20 

0.56-1 .81111J4 -100 7.30 20 
.. 0..56-2 9/12194 ·300 7.50 15 

G-~2 818194 -200 6.98 30 

(J.$6-3 818194 -100 6.91 30 

(cnntinaod) 





.SA Requested Aaalytiad Senlca 

5A.l Slll'face..Soll Sample& 

The following analytical services were requested for soil samples taken duriua FY 94: 

1 . isotopic plutonium by radioactivity/alpha spedrOICOpY (RAS), 

2. total uranium by ldnetic pbosphorescenc: analysis (KPA) or inductively coupled 

plasma spectrograph (ICP), 

4. cesium-137aod americium-241 by pmma spec:trtlSCOp)' .. 

5. percent IJlOistlR by gravimetric~ aud 

6. metals extracted by EnvimnmcDtal Protection Agency (EPA) SW -846 MedJod 3Q50 

followed by appopriate ICP or atomic absoJption (AA) analytical tedmiques. 

5.4.2 SJuale-Staae Water Samples 

For each water sample. we n:quested that tbe sample first be filtered through a 0.4SiUD filra'. 

The following analyses were tbco requested: 

1. Tritium. 

Filtered·mmmt fractigns 

1. Isotopic plutonium (for tbe majority but not all samples). 

5.4.3 Laboratory So0-8ample Preparatloa 

BefOl'C the CST-9 soU analyses for radionuclides (excepting tritium). the soils wae fiat dried 

overnight at IOOOC and then sieved duougb a munber 12 Tyler sieve to w:emove lap-sized s-DcJes 
and fceign matter (twigs. grass. et.:.). When these dried soil (or tbe wtimeut-fracdoa of lbe 
single-stage water sample) samples wen: tmalyzed for plutoDium aDd uranium, tbese mdioaurlicles 

wa-e first exttacted from tbc dried soils by a bot nitric acidnlydrofluoric acid leacbiq JJI'OCfJdaR 
that effectively dissolves the entire sample. Standard CST analytical chemistry procedwa wen: 

then fo)Jowed for separating. plating. and counting radionuclides. 

Before soils were analyzed for metals, IIIey w=: dried at between 1000 and lSOOF for between 

4 and 12 hours, and subsequently milled for one hour in a shaker milL Tbe soils ~ tb&:a 

digested prior to metal analysis according to EPA SW-846 Method 30SO (bot Ditric acid cliFStioo). 

22 



6.0 EXPANSION AREA BASELINE STUDY 

As stated above, an approximately ten aae site dircc:tly west of active Ami G has beeu 

identified u the localioo for tbe expansion of W astc Management disposal operati001. It is 

appropriate to pia bascliDe surface soil and water chemistry data before any opcraliODS an: initiated 

in this area. This baseline data will DOt ODly be used in the future to define any impacts from the 

active opcraDons that will be taking place in this area, but will serve in dliJ study as baseliDc or 

local backgrouDd for comparison to perimeter soil and surface water nmoff samples collected 

during FY 94 in the active pan of Area G. 

During FY 94, ID 100ft x 100ft regular grid was established in the ExpaDSion Area. In 

FY 94, tweoty-ftve raadomly chosen surface soil samples were c:ol.lcc:ted from tbe Expansion Ala 

Srid. Tbe ualyses requested on these samples are found listed in Section 5.4.1. 

In addition. ten base1iDe single-stasc runoff c:olJection and soil sampling stations ~ iDstalJed 

along the mesa top adjacent to the Expausion Area. Tbesc stations are G-8-2, 9-1, 10-2. Il-l, 

12-1, 12-2, 12-3, 13-1,59-1 and 60-1. During fY 94, single-stage warer samples w~ c:ollmed 

at 9 of these I 0 staaions. The n:quested analyses for these water samples are listed in Sec:lion 

5.4.2. Tbc analytical c:bemistty data for the Expansion Area samples are included in Tables 2 

and 3. 

7.0 PERIMETER SOIL-SAMPLE RESULTS FOR CONSTITUENTS OF INTEREST 

7.1 TriUum 

The cmalytical radiocbcmisUy results for the soil and single-stage samples are pmcnted in 

Tables 1 and 2. Figt.RS 3 and 4 depict the perimeter and Expansion Area tritium distributioas for 

tbe soil aDd single-stage Wata' samples. Appendix 8 contains box plots depicting tbe distributioD 

of tritium c:oDCe'll1l'ati on surface soils collected around tbe Area G perimeter and in tbe 

Expansion Ala during FY 93 aDd fY 94. Tbe tritium values for dJe water samples collecr.ed at a 
particular sampJia& stadoo as depicted in Figure 4 may be an average of several measurements if 
several samplal wee collected after different individual storm events. From the perimeter soil 

sampling (those samples taken from loc:ations in minor draiDages into which we expected 

sed.imeots to be carried aad water to flow during a storm event), it is shown lhat there is elevated 

soil tritium activity over the eaJire active ponion of Area G. The bitium CODCeDIIalioos in soils 

c:oUected in FY 94 • by-aDd-large slightly elevated above analogous samples collec:fcd in FY 93 
(see Box plots in Appeadix 8). Tritium on soil samples collected adjacent to the TRU pads and 

tritium shafts are most highly elevated over baseliDc. From Figure 3, one can see elevated levels 

23 



Table 3: 1994 TA·S. Area 0 (0Ull48) tafiment trldioa data 11om liD&IHtiP fiiDPien. Ullalba•• 
plutoaium multi for ICdimea& filten:dftom tbe liD&IHtiP war.....,._, ... 2BPII 

.. 
·s..ple TatalPD 

,•, 

Loeadoa .,. p0/1 pOl a pCL'c ' -~. .. ~ 

;·\ 
~ 

O.S.t 91t.ft94 0.016 0.09 0.025 i_! 
~~ 

0-S.l 8J8IlJ4. 0.059 0.009 0.068 ·, ·fl 
" 

GO-I 81'23194 0.001 0.015 0.016 
;.~~ 
·~ 
{'<i 

(;.6.1 818194 0.005 0.218 0.%23 :~ 

Q-9.1 8123194 0.008 O.D76 0.084 
~~~ 

. :,..,i 
·:;1;: 

G-10.2 9114194 0.224 0.164 0.38J ·~ 
c.-t.... 

G-12·3 918194 0.01 0.43 0.44 
f~ 
'~·• 
rrfl 

G-13-1 818194 0.056 0.01 O.o76 ~ 
G-13-2 918194 0.009 0.02Z 0.031 

·~n 
.!~ ~ 1: 
~-~~~ 

0-13-2 7/'1NJ4 0.006 0.006 0.012 ·.~ 
'· ~ ···I 

0-13-6 7nJJ/94 0.001 0.007 0.008 ·j 
G-13-7 8I23J94 0.047 0.04 0.087 .,~ 

0-13-7 811194 0.008 0.014 04)22 .Ji 
·~ j·~. 

·.~ :-:~ 
0.008 G-13-8 .. 818194 0.029 0.037 ·.:111 

·'II if· 

G-14-1 7128194 0.022 0.04 O.D62 (1~ 

r 
0-14-1 8fZ3I94 0.036 0.018 0.054 -.~~ 
G-14-l 8112194 0.018 0.012 0.030 ':~~ 
0-14-1 818$4 0.033 0.025 0.058 

G-16--1 8123194 0.042 0.09 0.132 

G-16--1 8181'94 0.018 0.049 0.067 

G-17-1 81'2'3194 0.037 0.125 0.162 

0-17-1 8112194 0.021 0.05 0.071 

0.17-2 81121'94 o.ou 0.017 0.028 

0.17·3 1112194 0.016 0.039 O.OS5 

G-18-1 918194 0.012 0.015 0.021 

0-18-1 9114194 0.198 0.114 0.312 

G-18-2 8123194 0.016 0.016 0.032 

# 0-18-2 8112194 0.006 0.014 0.020 

0.18-2 8IM4 0.009 0.051 0.0150 

(mnrinned) 
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-··· 

(;..46.4 818.94 1..101 1.860 2..96 

G47·2 81894 0.380 0.052 0432 

0...7-4 9/14194 0.460 6.086 6.55 

044 8125~ 0.550 1.292 1.84 

G-49-1 7128194 0.027 0.091 0.118 
'\ .. c G-49-1 8112194 0.048 0.235 0.283 

Q-49..1 818194 0.060 0.116 0.176 

Q..C9..2 7/'W94 0.024 0.056 0.08 

Q-49.2 8112194 0.052 0.231 0.283 

04-3 7128194 0.052 0.592 0.644 

::.!£. (}.49.3 SI25IM 0.022 0.031 0.053 
:'~.· G-50-1 7128194 0.045 0.138 0.183 

0.50-1 818194 0.078 0.078 0.156 

G-51-t 7/'1.8194 0.013 0.017 0.030 

G-51-1 8112194 0.022 0.044 0.066 

G-51-2 9/J.uM 0.020 0.047 0.067 

G-51-3 712B/94 0.041 0.178 0.219 

.... - Q..SJ-3 818194 0.220 0.056 0.276 

-~,--. 0..51-4 9114194 0.017 0.034 0.051 

.;. 0.54-3 818194 0.038 0.043 0.081 

'. G-55-2 8129194 0.009 0.062 O.OSl 
::·::·--

G-55-3 9114194 0.034 0.139 0.173 

Q.SS.3 818194 0.076 0.066 0.142 
:<L ~--

Q.~l 7/'liJM 0.012 0.043 0.055 

0.56--1 818194 0.013 0.046 0.059 
~! .' 

Q.S6.2 818194 0.000 0.016 0.016 

(1..,.3 1117194 0.010 0.013 0.023 

~1-- .. G-56-3 818194 :; : 
0.008 0.034 0.042 

G-56-4 818194 0.021 0.637 0.058 

!: .. ......., 0.:56-4 9114194 0.009 0.037 0.046 

0.57-2 8.'29194 0.016 0.031 0.047 
' ~- ............ 
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Figure 3: Tritium 9oil•sample locations and analytical results at Area G. Tritium soil..sample locations ate iDclicatod by the square points. 
Next to each point is a pair of color-coded numbers: the hyphenated sample identification number aDd the tritium c:onc:eutralion in pico­
curics per liter. Several Area 0 landmarks are outlined and labeled for orientation: the perimeter fence line, active pits 37 and 39, the 
expansion area to the west, and the transuranic waste pads (TRU Pads) and the Transuranic Waste ID$pfdable Storage Project (TWISP) 
to the east. 
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Figun: 4: Tritium analytical results for the filtered-water fraction from single-stage samples at Area 0. Singlo-staae water .. sample 
locations are indicated by the square points. Next to each point is a pair of color-coded numbers: the hyphenated sample identification 
number and the tritium concentration in picocuries per liter of filtered water. Several ARa 0 landmarks are outlined and labeled for 
orientation: the perimeter fence line, active pits 37 and 39, the expansion area to the west. and the transunmic waste pads (TRU Pads) and 
the Transuranic Waste lnspectable Storage Project (TWISP) to the east. 
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of cri1ium (as high as 436J(;O pCi/L) in soil from sampling locations between monuments G-42 

aDd 0-51. These locatiODJ are alons the nonhero edp of the TRU pads and extend along the 

fcmcellile to the west 10me 600 feet. To the east and south of the TRU pads (between moou.ments 

0-34 aDd G-41). the IOU samples also show moderately elevated tritium activity. One isolaled soil 

sample. 0-38-02. uo tbe perimeter at the south edge of the TRU pads, bad a relatively high tritium 
coocentratioa (79,620 pCiiL). This particular soil sample also had an elevated tritium 

coaceu1n1ioa duriDg the FY 93 sampliDJ campaip. The locale for the most elevated soil tritium 

soil~ inFY 94 il adjaa:m to the tritium disposal shafts aDd eucompas~e~ sample 

series G-27 tbroup G-32. Soil samples from tbis area bad tritium activities as hip u 

1,715.560 pCi/L. Pipe 10 is a scauer plot depidius the tritium in soil~ at 

aoaloaOUJ kx:atioas for tbe yean FY 93 and FY 94. This figure indkates tbat the localized regions 

of elevatat tritium CODCCIIIriDoas on die perimeter of Ala G were tbe same duriDg FY 93 and FY 

94 but umum CODCeDiratiODs fcx' FY 94 were geuer"illly higbcr that the 1ritium activities fmm 

equivaleDt samples c:oiJeded iD FY 93. 1be signifiamce of year-to-year JJJe8SUMd lritium 

CODCeiiU'BtioDs in soil (ad nmoff waler) will be discussed below. 

- SfllnD-water nmoff (single-stage) samples were also collected in tbe majority of dJOSe 

·'*' locatioas wba:e perimeter soil samples weze taken. We collected 159 water samples by tbe ~ 

511ge-sampler metbod during FY 94 (at many stations multiple colledioDs were made oo different 

data). Tbe IDIIylical c:bcmillry data for these samples are presented in Tables 2 (ttitium) and 3 

(pJutoDium). Only die waaer fractious of the single-stage samples weft analyzed for tritium. 

The tritium activity of tbe vat majority (92%) of tbe samples ranged from reported values of 

-600-400 pCi/L. Altbnugb tbe dclectioD limit for tritium analyzed by this method is 300 pCiiL. 

the counting statistics may geDer8te values that are less than tbe detection limit. and somedmes even 

oeptive values may be n:pcxted. We CODSider tbe activity range of -600-400 pCi/1... to be the 

baeliDc tritium c:oocentraDon raage far surface-water runoff at Area G. 

Ten siDglcHtap water samplel bad tritium concentlalioos over 1000 pCiiL. and in FY 94 one 

siqlc-stage Wlta' sample (fnm die trilium shaft area. sample G-32-1) bad a tritium activity 

mea.suted at 17.200 pCiJL. Multiple (coJlected after diffemat storm events) samples from the same 

statioo collected from lbc 1rilhun shaft area illustrate bow the tritium cooceDtralions can vary 

depending on die most receat "'weather" extant at Area G (see Table 2). The rationale fOI' this 

variability is diJcuaed by dJe authors below. 

- An important coasideradoD regarcting the lritium results for surface soils or single-staae 

- samplers is that they reflect tbe surface-soil environment only at tbe time of tbe soil sampling or the 

storm event. Tbe ambient cooditioas at a particular location are factors that will detamine the 

coocemration aDd availability of tritium at the time a sample is taken. Wben precipitation falls. 
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soil-moisture interactions are limited to the top few centimecers of swface soill. At rhll time. 

tritium concentrations in rhe surface-soil stra!Wn could be aJla'ed by the 

1 . exchange and entrainment iD water of available tritium oa soils by warer n1nni"' otr o( 

a particular location or 

2 . erosion away of tritium-bound sediments. 

It is assumed that on soil. tritium is iDcorporatcd into the usociated water that il k:rmed .. sail 

mois~." Wben tbc laboratory prepares a soil sample for tritium ualysis, soiliiiOilaR· iJ 

disti11ed out of a weighed sample of soil. 'l'b: tritium IJIC8SWed iD tbe distiiJed.off Wlla' it deemed 
to represent the tritium amtent of tbe soil and is 1eported as activity pel' liter of soilmoiJ&sae, If it 
bad recently rained before dJe sampting event or-iftbe soil came fiom a Jcadoo tblt was ........ay 
damp (shaded atea) cr wbere 8Dihropic activities (such as a water ttuck sprayiDs oa dJe JIOIIDd 
surface) bad impacted tbe soil. this added water to tbe natural soil JDOistuJ:e would cause a cfilgljm 

of the tritium concenttation on tbat soil tbat bad a~ msuldns from dispoaal of llitiam • 

Area G. Figmes 4 and l 0 illustrate the manifestation of this hypotbesis. In both FY 94 aad 

FY 93, the regioas of baselinc, slightly elevated and most elevated lrilium cmcealladoaa oa IGiJs 

are the same. However, the absolute coocentrations of tritium measured oa soil cluriDa thole nro 
years are sbown to be gcneraJ1y dift'clent. 

By minimizing the period of time taken for tbe collection of aJl tbe samples 8Dd pmpoaefuDy 
collecting samples during dry periods, cme am hopefuiJy eliminate most of tbe local eDYiroamallal 
impacts discussed above. 

7.2. Uraalum 

Total uranium aualysis data (Table 1) are reported as the mass of unmium JXesalt iD aiGil 
sample (J1i uranium per gram of soil). For the 110 perimeter soil samples IIUilyzled iD FY 94, die 

uranium ccmcentrations ranged from 2.6-7.0 p.glg. The average value for ICtal uranium iD 
perimeter soils was 4.3 ± 0.8 Jlglg. The geographic distribution for these soil uruium mMiiPp is 

depicted in F~p~e S. The uranium in soil c:oocentratioDs reported for FY 94 data m biased bipa' 

than tbe soil unmium values reported in fY 93 (see Box plot in Appendix B). One n:aDl for dlia 

apparent dift'emJce in total uranium coacc:otratioas is that tbe samples analyzed in fY 93 were ct.. 
in-house by the KPA method while the fY 94 samples wen: done by aa outside labol .. y by lbe 

ICPMS method. Obviously tbere is a positive bias with tbe ICPMS method wi1b respect 10 abe 

KPAmethod. 
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Figure 6: Total isotopic plutonium soil-sample locations and aswlytical resul&s at Area G. Soil-sample locations are incUcated by tbe 
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Bach soil sample collected was abo nm for metals on tbe XRf i.DatrumenL This comioncs a 

practic:e started iD FY 93. The XRP rechnique is a DODdestructive method that imdiatn IOil 

particles with x-rays from oae of several~~. Meuuremen~~ of the subtequeat f1wfttceat 

radiation cau identify particular metals and determiDc tbeir qualllity u iDremaJ caJibrdoas· arc 
performed using ~ metals. Tbcae data are coDected to give an Area a metal-on-soil dala bele 

for those Jocadons where metals wen DOt BD81yzed for by the mo~e aa:unre ICP aDd AA .­

chemistry methods mentioaed above. The XRF data 1R DOC preacnted iD this report bu& 8 

available upon RqUeSt. 

8.0 STATISTICAL CONSIDERATIONS 

Independent~ smface soil data sets are aow available for FY 93 aDd FY 941Dd lbe 

Aiea G Expansion Area so that it is appropriate to~ this infOI"DUUion. 1be COIDp8l'iJoas 

we choose to mate are: 

1. whether the FY 94 Area G pcrimctct soil chemistry dala are statistically ctiff'CRIII 6om 111= 
Expansion~ data. 

2. and wbethec the soil chemistry data coiJected iD FY 94 are statistically ditfen:at fluiD &be 

analogous data co1lectcd in FY 93 (considcrr.d the baseline year)~ 

It is cxpc:cted tbat the soil data for several const:itueDts (especially tritium. plutoDium. ad 

ameridum-241) for tbe perimeter G samples am. be shown to be scatisticaJly diffaaa (far iDA•"· 
constituents will have higbe:r ava:ase conceotrations) than the soil data collecfecl fmm lbe 

Expansion Area where disposal operatioos have not occumed. 

Oa the other band. a IDOie difficult question is determiniDg whether, for example. cbe 

plutoaium activity in~ soils at Area G is iDcrcasing (or decn:asiag) from year to year. 

Because CODCeDtration changes from year to year~ expected to be small. ODiy by statjstjnd 

analysis can one detemUne whether t:bem tnlly an: concentratioo dlan&es of coas1ituents oa soil 

from oae year to the DCxt. 

In Appendix B, tbe data is presented as box plots to assist in m•kins cbc two types of 

comparisons diacussed above. The first comparison is to look at tbe CODS1itDeDls oasuntcl oa 
~soils and compare dJae COIICeldratiODS to constituent ccmcentratioas measured Oil IOil 

samples. coJJected in tbe proposed Ala G F.xpansion (defiued as blckgrouDd) Ala. Surface soil 

.!!kf single-stage water samples were coUccted in this Expansion Area durin& FY 94. 

Tbe _second type of statistical assessment is doDe by compariD& the coastitueDt cxu:ewwtiom 

for FY 94 with constituent concentratioas for FY 93 from analogous locatioas. for iDJI:IDce, by 

comparing 1ritium COIJCCI1tndions OD soils collcc1ed in FY 94 to tritium coaceatndioas CD soils 

so 



;•" 

1.; 

coUectod in FY 93. Box pk:JU a used to depict all tbe distributions discussed below and to aaist 

in compariDs the different data sets. Box plots give infomwioa on tbe median, inraquardle range, 

sbwoess. aDd ocber iDfOI'DIItioa which helps detcrmioe whether a diJtribution is DODDal. By 

placiDJ tbe box plota 011 the same- scale- aDd in tbe same figure, we have an immediate implalioll 
of the diffcrcDCeS aad similadties of the distributioas we ~ attempting to compare. 

9.0 CONCLUSIONS 

In me parasrapha below are discussions of the results of the FY 94 perimeter soil and water 

samplins petformed at Area G. 

9.1 Tlidum 

Tritium bas UDique chemical properties that distinguish it from most radioouclides. As an 

isotope ofhyd.msen.tritium can exchange with the aormal hydrogen atoms in compounds IUda as 

wafa'. From iDfonDIIioo ptbaed at many faclliDes where 1ritium is stored. includi.Dg LANL we 

kDow that tritium caD migrate some dUtauce from its pl&-e of disposal. Tritium iD cbe soils at Los 

Alamos bas a wide ctislribulion from borb fallout aud Laboratory activities. Disposal of l:lamdmds 
of thousands of curies of tritiWD iD a series of pits. shafts. or pads ·OCCIIlRd at Area 0 siDce this 
facility opeDed in 1957. A relatively unstable isotope. tritium has a haJf-life of 12.26 years. during 

wbidl time balf m the rritiam tnmstmues iDto helium by emitting a low-energy beta panicle. 

AD impol'IIDtquestioa dJat Deeds to be addmsed is dJat of die ~Jadoaship between abe lritiDm 

fouad in annal smface..aoiJ 8Dd Wl1er-nmoff samples aud tbe 1I'Ue dis1ribatioD of tritium at the 

site. Ooe Joog-term goal of tbia study is to beuer define tbe acrualuitium disttiburioa in surface 

soils (and possibly in lbe lllbsurface) at Area G by gathering these ttitium CODC.'dltlation data over 

a period of years. 

&cept for iDadw:rtalt discbatps of 1ritium to cbe ground surface, die maj« sources of 

sudace rritium at Ala 0 me materials that bave been disposed (buried or emplaced) in oae or 
aDOiba' of tbe many shaft&. pits. and pads at the site. We expect tbe probability of finctins1ritium 

at elevated levels 1D be 1ft*.est iD closest proximity to these sources. Because disposal of waste 

ocan in a fasbiGG tbat eDIIils subsequent covaiD& by aamral tuffaceous maraia1 (aud at times 
asphalt or a:meat). oae impal1aDt quesdon is, by wbat padlway docs subsurface tritium migrate to 

the surface, so tbat it cooJd possibly be carried ofl'sile? We have postulaled two primary .. 
rnedumisms fm' tritium traaspart to tbe smface: vapor-phase migration and capillary action. 
SecoDdary mechanisms wauJd be evapotnmspira£i ttanspon to the smfac:e via vegetative growth 

or burrowing animals. and anlhropic activities sudJ as excavation oftri~ soils. 
tuff, or waste. 



Tritiated water (or other U'itiated COJDpOUDds with elevated vapor PftUUI"'')caD IIJisr* ia cbr 

vapor phase from the subsurface to the surface. Upon reacbiDs 1be surface lay« of IOill. die 

question is does tritiqm simply vent iJJto the aamotJpbeae or is tl.1cft a med!anism for it to -­
with surface soils? Because tritium is found OD surface soiiJ, bn-must exilt a viable mechlniRD 

for attenuation. 1be only obvious mechanisms for cridal.ed wat.er vapor IDipa&iDa upwmt (« 

laterally) to attenuate to surface..soil wdimems are CODdensatioD oa the surt.:e pldiclca wileD 

eucountcring cooler~ (e.J., at DiJlu) aad/or the tendeDcy of very dry or tak~t 
surface soils to absorb tbis water vapor. 

A secGDd pathway by which tritium could anive at dJe surface (IDd have tome aaideDce aimc) 

would be capillary action. Capillary actioD is tbe pbeaomenoo by which a liquid rites ia.a lUbe (or 

a network of "tubes," as in packed soil) because of the differeDce in IUiface teasioa bctweta die 
water molecules lhemselves aud between the water molecule.s aad die sutface of die tube (« 

packed soil panicles). Unlike water transported via die vapor phase, Wiler transported by ctpiJJ.ry 

actioa ~also carry dissolved compounds. Thus. tritium tbatexists u a dissolved dlcmical 
species can also mipate upwards to surface sons by capillary action. 

By either of 1bese two mechanisms- vapor-phase 1raDSpOit or capillary action -tritium 
could move from subsurface soils to surface soils. Tritiums nmdeuce time iD surface BOils is 

unknown because we do not bow bow the uidum migration nan flom subsurface to IUI'far:e soils 
COIIlpiM to tbe rates of tritium mDOVa1 from the surface by evaporation or by odla' mechlni.,._ 
We do know fiom tritium flux SbJdies (wbele water vapor is captun=d oo silica pi aad die railium 

in the water measured) tbat tritium is escaping in die vapor phase from the grOUDd surface. ID 
addition toe~ the "V'Cbanisms by which tritium can bo mDOVed from aurfae soils .e: 

1. exchanp and ruuoff with surface water, 

2. perrolation back into the subsurface after a storm event. 

3. air dispersion of surface soil panicles (comaiDing tritium) duriDs periods of hiP 
winds, 

4. evapotranspiratio of~ wata' by vepta1ioo, and 

S. removal ofuitium CQDtlinbJI materials by human or animal iDUneatioa. 

These tritium dispersal mrdvurisms a important because the 8CIUII dale aad lime a..,.., ia 

~ (aDd coocomitant measured tritium coucentration) may be iDJtw:ted by JocalincJ 
iromnental impacts. For example, during loas dry periods ODe would apec:t tbc IIIOVCIIIeDt or 

tritium oti subsurface soils to be from the subsmface to tbe surface. 8Dd ultinudely aw., from lbc 

surface by oue of the mechanisms mentioned above. If soil sampliq ocam:ed after •loas dry 



period. the question is would the uitium in d.e soil be higher or lower than the average value lhal 

would be found for that sampling point if samples wm taken every day of the year1 Or if soil 

samples were takal tbe day after a S!Ol'm, would a lower dum representative aitium oooceotration 

be~ became some of the tritiated swface sediments were carried off by surface waser 

nmoff or tbe tritium in the soil moisture was diluted by the raiD water? These ;e diffacult 

questiODS that may oaly ~ amswcral after many years of quality surface soil sampling. 

Afla' two yean of systematic soil sampling at Area G. we begin to see a pauan in die 

distribution of tritium in perimeter soils. By observing the maps of Ami 0 tritium amcentralions 

on soU and surface water nmoff (Figures 3 and 4 ), it is evident from the FY 94 dala that there are 

specific rqioas of Area 0 where tritium concentrations are parbcuJarly elevated. These ~pons 

are predomimmtly in the mea adjacent to tbe TRU pads (between MDA stalioos 0-42 and 51) and 

the tritium storage shafts (between MDA swions 0-28 and 31). Tbese uitium data, in fact. minor 

tbe tritium-on-soil data co1lcctecl at the same locations in FY 93. By observing the scatter plot in 

Figure 10, one can see rha1 altbDugh the absolute tritium concenttadons on soil coltecred in FY 94 

vary somewhat from the data for samples collected in fY 93, the areas of high. medium and low 

rritimn CODCeDII'atioas OD surface soils are similar for the two years. This indicates that the 

mechanisms (and sources) supplying tritium to tbe surface soils are ralber CODStaDt from year to 

year and ODiy the local environment affects the absolute concentrations of tritium on tbe surface 

soils. 

An additioaal piece of data that supplements the soil and smface water information we 

collected at Ami G. is supplied by vegetation sampling doDc at several Ala G locations. 

Fn:squez. et. al.. 1995. found elevated levels of u:itium in vegetation colJectcd at just those two 

locatioas of Aml G wbere smface soils were most highly elevated in tritium- north of tbe TRU 

pads and west of the tritium sbafts located on tbc south-central section of tbe disposal site. Also. 

Fresquez fOUDd that vegetatioa coJlected from arotmd Area G was geoaally elevated in 

radioauclide cooceatralions above analogous vegetation sample radioactive concenuations 

considered to be bacqrooDd. 

By observing tbe box plots for abe tritium distribution in soils collected in FY 93 and 94, it is 

apparem tbal die critium di.stributioDs iD perimeter soils are di.tfcent from and higher tbaD the 

distribution of trilium iD soils from the Expansion Area. This KeSult was expected. The difference 

in the distributioas of tritium (sligbdy bigber in tbe FY 94 soils) in tbe soils c:ollected in FY 93 and 

FY 94 bave been discussed above. 
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Unleu more islcamed about the surface tritium flux (and rhere are ongoing siUdies at 

Area 0). a sample taRn at any given time can only provide-a snapshot of~ lritiwn surface 

CODCeDU'alioo in soil at tbal panicular time. 

1be flux effect or depeDdence on focalized moisture content on soils may be minimized by 

taki.q all samples durina acme or two day sampli.Dg period since iD this cue each samplina 
locatioa would be subjected to similar aunospberic conditions. A narrow time window sampliDg 

llndeJY would at least serve as a control for the seasonal and daily cbaDges in tbe rate at which 

uitium is mnoved from tbe surface. This surface sampling approach will be adopted in futwe 

years. 

AI sampJiD& for tritium COil1inues on a year-to.year basis, the true or ~ve · 

distribution of tritium on soils throughout Ala 0 should become 11101e appamn. \\1tb IIJOJe 

surface trilium sample data iD baud, me overall distribution of smface uirium at Ami 0 sboukl be 

established so that a detmDiDat:ion can be made as to whether it is possible to defiue true annual 

increases or decreases in tritium activity iD surface soils and runoff water. 

""""'·· 
1bcre is DO appateut mmatura1 distribution of uranium in Ami G perimerer soils indicating ,.,· 

little or no impact from disposal operations on uranium concentrations in surfaa: soils. When 

compaled to Expansioo Area background data (2. 79 ± 0.39 Jlglg), perimerer soils colk:c:ted iD 

FY 94 (mean CODCeDtration of 4.3 ± 0.8 Jlglg), it appears that the perimerer soil uranium 

CODCeDttatioDs are bigber than background by a factor of approximately 1.5. 1bis appm:ilt 

elcvatioll of uranium c:oocenttations in perimeter soils collected in FY 94 is. however, believed 10 

be a manifestation of die analytical technique used to analyze uranium iD soils. Tbc Expansion 
Area samples were analyzed by LANL in-bouse laboratories by the KPA method wbilc the fY 94 

perimerer soil samples were analyzed by an outside laborarory using 1hc ICPMS analytical 

ledmique. If we go back IDd look at tbe FY 93 perimerer soil data (uranium mean CODCeDil'atioll of 

2.S9 ± 0.70 tJ.&IJ), also IDilyzed by tbe KPA ~the mean coocentration is very similar to tbc 

Expansion Ala data set. In 1be fut~JM. to preclude having questions of this nat'lR arise, all 

samples wiD be analyzed in-bouse so that similar work-up procedures and analytical techniques 

will be used. 

9.3 PlatoDhua llotopel 

As stated above in Section 6.3, the locations of elevated plutonium readings are coasistent 

with the.history of plutonium disposal at Area 0. Figure 2 indicates that tbc lower-oumben:d or 

older pits ( 1-24), all tbe disposal shaftst and the TRU pads are located iD tbe eastern half of 

ss 



Area 0. We assume that iDcreased levels of contaminant CODCeDtratioDJ in surface fOiJa ae 
directly related to tbe location. quantity. 8Dd dare wben material wu dilpoaed iD dispoul air~. 

That is, theJe is a pater probability of fiudiq a contaminBDt adjaceDt to a dispoul uait wbae 

large amounts of contaminaDJS have been emplaced. and the longer a coataminaat is held iDa 
specific location. tbe hip tbe probability dsat this coruamiaaat will be diuemin_, to iU 

surroundinp. In fact, we find tbe highest plutonium activitios iD IOila at 1be eastaD ead of 

Area G. in particular adjacent to the TRU pads aDd inactive diJpotal pits 2-10. At 110 lllllpliq 

location where soil samples were collected in FY 94. is tbae a sipifir.antJy biper tGbll plutoaiam 

concentration on soil tbaD was fouud at that same JocaDon duriq the FY 93 sampliDs. 

We also observe a geographic c:orreJation &etwo&m elcvared phlf.oDium levels ia pen.-soils 
and elevated levels of phlf.oDium in tbe sediment fractioDs of 1be warcr sampks. fiJtR 7 

(plutonium levels iD perinlda' soils) and fiJtR 8 (plutonium levels in siqiHaap ample 

sediments). show tbat the mea adjaceat to tbe TR.U pads IDd iuaclive diJpotal pitl2-10 bave die 
highest plutonium levels for both swface..soll and siDg1e-stage sedimeot fractioD ampleL 

Box plots are prcseutcd in lbe appendix which depict the distributioDs of the lop~ fOfal 

plutonium conceutratioas in surface soil samples c:oDected in FY 93 8DCl PY 94. as well as lbc ... 
"'' _,data fer samples coDected from die baseline Bxpausion Ami. 'lbe box ploCI show similaritirs m 

tbe FY 93 and FY 94 total·phlf.ooium distribu1ioDs, wbilc jndjCiling dJat boCb dislribadoaJ baft 

higher CODCeDtratioDs aud a wider distribution than total plutonium iD samples from cbe ElpanioD 

Area. 

9.4 Ameridum-241 

As stated above in Section 6.4~ the teDdeDcy is to find elevated americium-24llevels iD 
perimeter surface-soU samples wh= there ;R elevated levels of plutonium isotopes. Tbia bald is 

8euem~~y iDustratcd by c:ompanna abe data depicted in Rau-6 and a. 111e box plollb .­
americium-241 distrihutioos fouud in Appendix B iDdicate there is DO stttisdcal diffaeDce bet.., 
the FY 94 ameridum-241 dara IDd die FY -93 ameridum-241 da1a. 1be box pJocs do iD6 11e tbll 
tbe americium-241 ~in 80lls coUecred from 1be active part of Ala G us•aristically 
different from tbc americium-241 CODCeDIIations iD soil coiJccted from tbe Expandmt Area. 

9.5 Ceslum-131 

Tbe FY 94 distribution of c:esium-137 in perimeter soils is similar to lbat foaDd iD FY 93. 

'..:re are no locales along the Aft:a G perimeter wheze cesium-137 is foUDd in M:JiJJ iD lipitk:ady 
elevatedamcentrations. The range aud mean of c:esium-137 CODCelltmliou in periJDatler sails • 

very similar to the Expansion Area cesimn-137 range and mean. 1be box plots ooospmiDs FY 93 
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APPENDIX A 

FIDLER PROBE MEASUllEMENTS AT AREA G PERIMETER SITES 

FY94 

L PVRPOSE 

A FIDLER (field iDs1rumeDt fer tbe detectioo of low~ radiatioo) probe was urilizrd 

mmoa FY 94 to ID8aiUie low.aal)' pmma 8Dd x-radiatioa on sudace soils at 70 kalioDs 
arauad die perimeta" ~ Anla G. Tbelc 70 locatioas wem sited in 1991 at miDor c1raiJ1aiea 
emanadt*l flam Ala 0 md leplaent wbat rae COIIIidemllocadons biased to mceive sud'ace water 

ruD08' (aad asod.S sediments) from Area G cltuiq pecipitatioo emus. By COIIfipriaalbe 

FIDLER pobe 10 dtll it is JDea1UriDs puma and x-ray activity emanatins from llllface soils. oae 
em clderiniae wiled.- tbele is eleVIIed gamma aDd x-ray activity on soils at dle8e spedfic sitel 

located in IID8ll draiaaplll'ODDd abe perimrter of Area 0. Upon JDe8ll1laDCI1t of low-eDer~Y 
pmma ndiatioa OD aa IQIDD8I basis at tbe MDA survey points, it may be possible to disc:an 

wbedJer dl&!n D clunJaes tiom year to year of the surface soils low-eueqy gamma accivity. and 

rece:ive an .ty wamiDa m lbeiii09CIDeDt of radioactive CODfJUIDoants out of Area G. 

"l"be FIDLER mdim~e a praclk:e of ellVimDmeDial suneiiJaDce doae at 

l1ldio8ctive IDIIIIilldiiJall.- (MDAs) locad 11 LANL. Und11991, a PHOSWICH 

iusbwJitllt was used to take 1bele swftce soillow-aagy gamma measuaemeats at Area G. 8Dd at 

that time 16 ~ locldoas were tbe sites of tbe anDQal measurements. In 1991. 70 
locaticaa wae surveyed in 1114 pemsancat madcal wae estabJisbed for BI8DdlnliziD& tbe 
measuaemeot poit*. In 1992. a FIDLER probe was pmdlued and tbis probe was used to make 

die Ala 0 low~IY pmma survey at tbe 70 Jocatioos. Tbis procecfme was CODtiDaed in FY 93 

mdFY94. 

D. MB'I•BODOLOGY 

A FIDLER pube (a dJia ta,a'IO'Iiuna iodide Cl)'llal-pbotomultipJiembe assembly) iD 

8IIOdllioo with a maJd.c:llaDDel aoalyzer (MCA) c:an focus in oo the Jow..eDcrgy pmma 8Dd x-ray 

spei01NID tblt aepl1JIIIII r8dioaudides cl intaest. 

At Ana G. tbe nctioauclidea of iotaest are americium-241 (as an iodkator for tbe prcseucc of 

plulooium) aad cesium-137. Americiam-241 is known to always be fOUDd with platoaium aud 

because it hu a smm, peak (60 bV) in tbe low-eocagy gamma spectrum. it can be measured in tbe 
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field with a FIDLER probe to serve indil'ectly as an indicator of the presence of Pu on J.Utfacc 

soils. The regioos of inleleSt (ROI} arnund the 60- keV peak is renned ROI 2. A second peak as 

17 kcV is surrounded by another region of interest. ROI (I). which is also indicative of the 

presence of americiumlplutoaium. ~ium-137 has a peak in che low-energy gamma spccuwn a1 

32 kcV. The ROI about the- 32 keV peat is tcnned ROI 3. 

The calibration of tbe instnuneut and measurements taken with the FIDLER are done in 

accordance with LANL-ER-SOP-10.04, FIDLER Instrument System. 

During field measurements, tbe probe is situat.ed in a fixed geometry in a tripcd wi1b me emry 
window of the probe 12.0 iDches from tbe ground surface. At each of the 70 MDA survey 
locations (and 10 bacqround soil points located imll'Wfiately across the road from Area J),a 

100 second count is made for ROI 1 and 2, and ROI 3. 1'hree numbers are received ai each 

survey point These numbers ~ in units of JJ.Cilm2 for ROI 1 and 2, aad counts per ZOO ICC for 

ROI 3. In the spreadsheet (Table J ), the values of the regions of iJm:rest that reflect AmiPu (ROb 

1 and 2), is listed for each survey point The 100 sec count for ROI 3 (the Cs-137 ROI) is also 

listed 

m. RESULTS AND DISCUSSION 

1'be ten background soil location counts (taken aaoss highway adjacent to Ala J) yielded an 

average ofO JLCjlm2 and 0.613 JLCi!m2 for ROis 1 and 2. aDd 872 counts per 100 sec for ROI3. 

By comparing these averages with tbe equivalent counts measured at each of tbe 70 MDA aney 

points, it is easy to see from Apppendix A Table 1 that except for MDA lOCIIioa Numba' 1. the 

low--energy gamma activity for tbc 70 survey points around Area G is decidedly bigber tbaD the 

activity measured by the FIDLER for the three ROJs for the 10 background locatioDs. 

A scatter plot of the counts for ROI 2 for each MDA survey point is found in Appeodix A 

Figure 1. Tbe count results at 2 of 1bese locations (MDA-17 and MDA-43) ~definitively b.igbr.r 

than the measurements at adjacent 1ocatioDs. It is not mere coincideuce that these two MDA sunoey 

points are adjacent to tadioactive waste storage domes. One dome (tbe ooe nearest MDA-17} is the 

mixed waste storage dome wbere thousands of dnuns of mixed waste are stored. The secood 

dome is over TRU pad 2. Tbc b.igbr.r dum expected gamma f:OUDI5 at lbese two MDA survey 

locations have been attributed to 66shinc" that originata from tbe domes. Shine can be dJou&bt o( 

as gamma radiation emanating from a DOD-point soun:e location (such u a dome or pile of bot 

material). ShiDe manifests itself over a larger distauce than the 1 foot dimmce betwecu tbe 

FIDLER probe SDd the ground surface. That is. if shine is present at a particular MDA suney 

locatioD, tbe FIDLER probe will add tbe shiDe gamma compouenl to she gamma CtmpODelll 

emanating from the soil. By placing a shield (e.g. a persons body) betweeD tbe suspcctrJd SOUJt:e 
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