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EXECUTIVE SUMMARY 

This rcporl prcscnts the rcsults of an invcstigcltion ot polentially coitorninatcd sediments in Canada del 
Buey, wilhin an area known as the White Rock land lranslcr parco! (crrrryon roach CDB4), CnRaUa dol 
Bucy is a canyon tha! drains pan o! Los Alamos Nalional Lnboraloy (the Loboretoy), In Los Alnmos 
County, New Mcxica. The proposoU transfer would move a parcel of kind lrom laboratory control to Los 
Alamos County and Son lldelonso Pueblo control. 

Tho objcclivcs 01 thls work included Uatinirig tho nnlurc iind CxtCnl ot uny contarninntion wilhln the 
sodirnonts 01 roach CDB-4, cvoluoling polontiat numun hocrlth and ccclogicnl risk, ond providing 
rocommcndatlons concerning potcntinl addillonal ilSSCSSmCntS or ramcdinl adlons prior 10 m y  lond 
t ransf 0:. 

Cohada dcl Bucy may have received conlaminants tram mulliplc ~ O I o r l t l a l  rclcasr? cites (PRSs) wlthin the 
WalcrshQd, including PRSs wilhin kchnical arm 46 (TA46), TA-51, TA-54, and lormor TA4. Howevor, 
this invcsligalion idonlliied no conlaminants in young (posl-7942) set!iments from rcach C084. Although 
8 Series of inorganic chemicals wore dcleaec! a1 Icvc15 abovc Lotlore'.ory.wido sedlmcnt background 
ICVQIS, thesa rcsults con be ntlributed 10 a local background which dltlors lrom that of aront ptoviously 
sampled for background goochcmislry. Therefore, I! Is rccommer~dee. that no addltional ossassment or 
remedial action is required beiore land transier, 
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VJhifc Fiioek Land Translor Parco/ Roach RcpoR 

1.0 INTRODUCTION 

1.1 Purposc 

This report dcscribcs an invcstiption ot seciment in the proposed While Rock land transtcr porccl 
(Fipurc l.l-l), This invcstipa:ion was conducted eluring 1999 by pcrsonnol from the Canyons Focus Area 
as part ot the Laboratory's Environmental Rcstorotion (EA) Project. Thc lnvcstigatlon focused on D single 
reach of CaAada dol Bucy, rcach CDB-4, foilowing thc lcchnlcal strategy descrlbcd In the "Core 
Documcnt tor Canyons Invcstigntions" (the *cor0 documcnt") (LANL 1997, 55622; LANL 1998,57666). 
Data collected from reach CDB4 have bcen used to evaluate possible contamination resulting Irom 
Laboralcry activllles that might pose a risk to human hcallh or ecosystcms and ntfect tho proposed land 
trunsior. Tho subject medium oi lho invcttignlion was rcstrictcd 10 scdimcnls bccausc there is no alluvial 
groundwater in this pen of Canado dol Bucy ond thcrc is no surlacc wafer, cxccpt tor occasional 
stormwator evcnls. In a iuture rcpoft, thcsc data will be combined wlth addilionol dnta irom clscwhorc in 
Canada del Bucy to supporl on assessment of the entire length of thc canyon. Thot asscssrnont will 
involve il morc comprchcnsivc cvaluoiion oi the human hcallh anc! ecological risk rolotod to proscnt-Coy 
levels of contarninolion ond the effects oi tuturc lransporl 01 conlnminnnts, 

1.2 Lcglslatlvc and Regulatory Contcxt 

During Novcmbcr 1997, Congress cnacfcd lcgislntion that requircd Ihc Secretnry of Encrgy to idcnlliy 
land at the Laboratory lor po1cn:ial convcynncc ond transtor to aithct Los Alomos County or to the 
Secrelary ol the Intcrior, 10 bo held in trust for the Pucslo of Snn Ildclonso (Public Law 105-1 19, the 
Dcpartments ot Ccmmercc, Justice, and State, the Judiciary, and Related Agcncios Approprio:ions ACI, 
1998). The White Rock parcel was one of ten a m s  idcn:ilicd by the Secretory and the Dcpnnmcnt ot 
Encrgy (DOE) for possible land transtcr (DOE 1998, 58671). Public Low 105-119 also directed thc OOE 
to idcntify any cnvlronmcntnl rcstorolion or rurncdinlion tho: IhCsc parcels would require prior to transtor. 
As prosentcd in 'Environmonlai Rcstora:ion Rcpon to Support Land Conveyance and Tran-' .,,or under 
Public Law 105.1 19" (LANL 1999,63037), the Whilc Rock parco1 had not yct bcen charectorlzed and the 
cxtcnt of any poicntial contamination was unknown. Tho work prosentcd in this report was conducted to 
cvaluolc tho nccd ior any rcmediatlon prior 10 land lransier. 

Thc work prcscntcd in this repon was also do~igtlcd 10 be consislcnt wlth othcr ER Project invcsllgntions, 
and 10 help sa:isfy additional rcgulatory raquircmcnts. Tho regulatory requlrcments governing lhc ER 
Pfo)ccl canyons invcsligalions are discussed in Scaion f .d of lhe Core document (LANL 1997, 55622: 
LANL 1998, 57666). In pnnlcular, fhcsc invcstigalions address rcquiremcnls ol Module Vtll of the 
Laboratory's Hazardous \Vasle Facility Permit (the "HSWA modulc") (EPA 1990, 01585) unCcr the 
Rcsource Conscrvolion and Rccovcry kct (RCRA), Thesc rcuuirclmonls include addrcssing ?he 
existence of contamination and the potontiat for movcmonl or transport 10 or wilhln Canyon watersheds." 
In addition to Icdcrnl and slalc regulations, DOE Order 54005, "Radiation PfOtCCtlOn of thc Public and 
:he Environment," provides guidclncc on cviiluating rcsiduel radioacllvlty a1 DOE focilltios, 

1 October 2000 ER2OOU*U.I 77 
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IVhile Rock Land hns,slar Parco1 Ranch Fiepon 

1.3 Background 

1.3.f Gcagraphy, Ccology, and Hydrology 

Cahada eel Bucy hcods on the Piljarito Plolcou (on Lnbora:ory land) and CxtQndS oostwnrd through tho 
community of Whltc Rock 10 its conllucnce with Monondad Canyon (on Snn lldclonso Pueblo lond) 
(Figure l,l-l), Reach CDB-4 is that parl of Cahada dol Bucy that lios within the proposed Whlte Rock 
land transior parcel, and it cxlends for 0,8 km west irom highway NM 4 ,  immodiatoly west of While Rock. 
Upslrcnm from NM 41  Cafiada del Bucy has a drainage area of approximately 5.5 km2 and a bnsln lcngth 
ai approximately 9 km. Thc primary geologic unif that is cxposod within the wolorshed upslroam from NM 
4 is tho Tshiregc Membor ol tho Bandolier Tull, which consists of Ouotcrnory ignlmbrilos (Griggs 1964, 
08795: Smith et nl. 1970, 09752: Octhicr 1097,49843). Plioconc basoltlc rocks of Ihc Corros dol Rio 
volcanic iicld ore cxposod along the  slrcum chonnol in reach CDB-4 and on adjocant slopes. 

Sheam flow in rcoch COB4 consists ot inlrcqucnt, shofl-duration runofl from rain storms on tho plmau, 
Bedrock occurs at a shallow dcpth bclow tho strenm channel, and no nlluvinl groundwater has boon 
observed In hond-dug hclcs that cxtondcd 10 bedrock or in arcas whcro alluvium pinchos out on bedrock, 

1.3.2 Loboratory Hislory and Operations 

Sovcral Laboratory sites within the CoAada dct Ducy warorshed may have contributed contaminants to 
1ne strcam channel, as is summarizod in the "Work Plan tor Sondia Canyon and Cnhode del Buoy" (LANL 
1999, 64617). TAs that might h w c  been sourccs of contaminants include former T A d  (currontly wilhln 
the boundaries of TA-521, TA-46, TA-51, and TA-54 (Figuro l,l=l). Summarios of pcnlnonl information 
about koy slfcs in tho Canada dol Bucy watershed are prosonled below. 

1.3.2.1 TA-4 

Formor TA-4 was located on the mesa bclwoon CaAada dol Buoy und Ton Silo Canyon and now lles 
within the boundaries 01 TA-52. It wa5 occupied tram approxlmately 1944 10 1955. Tho only known 
sourco ot contomination at TA.4 that involvod rclcosos to CaRada dol Bucy was nn oulfoll, PRS 4-003(3), 
from photo-proccsslng lacilitios (LAN1 1999, 64617, pa 2.46). Analytcs that hovo bean dctoctod abova 
background lcvols a1 this PRS includo wscnic: chromium; load; plulonlum-239, -240; and 
pcnlaehlorophonol, 

1.3.2.2 TA-46 

T A 4 G  is localcd on Mcslla dcl Buoy, botwccn Conoda del Bucy and Pnjorlto Canyon, and was 
cstablishod in 1954 as o wcapons osscmbly site. Slncc lhot time, laborotorlos at TA-46 hovo boen usad 
tor a varioty ol programs, including tho dcvclopment ot nuclmr roactort for propulsion of space rockets, 
the developmonl oi urtinlum-isotope scpnrolion methods, loscr fCSCOrCh, and solar-onorgy roSOarch. 
Various outtolls from T A 4  have dlschorgod contaminants lnlo Canado dol Buoy. Analytos tho1 hove 
boon dctoctod above background lcvols 01 TA-46 oulIa11s includo metals (arsenic, barium, cadmlum, 
chromium, copper, load, mcrcury. nickol, sclcnlum, sllver, ana zinc); radionuclidcs (plutonium~238, 
uronlum~234, uranium-235, and uranium-238); and a voricly oi orgonic chcmicols (UNL 1996,54929: 
LANL 1999,64617). 
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' 1.3.2.3 TA-51 , . .  . .  

TA.51' Is located on Mosita dol Buoy, bctweun Cnhada del Busy and Pnjarlta Cmyon, nnd was 
cstnblishad In 1980 os an oxporimontnl englneoring test toclllty..The only known source 01 potontlal 
Contaminant roloasos'from TA.51 Into Canada dol Buoy Is an lnnctlvo septic aystom doslgnatod PRS 51- 
001 (LANL.7999, G4617,'p. 2-60), No data ragordlng fhls PRS haw boon roponod, 

. . . ,  

1 .324  :;TA-54" .. 
I ' ' . I  I .  

TA.54 IS, l&xwd on Moslfb dcl Buuy, bstwocn Conndo dol Buoy ond Pujerlto Canyon, and was 
estnbllshed In 1957 as a dlsposol oraa for lowloval radloective wasto, It was also the site of 11 radlctlon 
cxpasurd i'acillty and hua beon used tor ~Jispos~l of admlnistratlwoly controllod wottos and chemlcnl 

, waste, fo r  land f&nlng of pctroleum=cont~rninated solls, and lor wasto storage, Vnrlous onatyfot have 
beon defected above background lovcis downgradlent from TA-54 PRSs In tho Conadti dol Buoy 
woturshcc: Thosu' Include motnls (alumlnurn, barium, calclum, chromlum, coppor, Iron, lead, and 
mrrgnosiutn) und rsldionuclldes (omariclum=241: ccslum-137 cabnlt40: plutonlum=238: plutonlum-239, 
240; 'polor!'lum-210; strontium90; tachnotlum4Q: trltlum; crsnlum-235; and ytttium=90) ( U N L  Y 996, 
54402) j 

1.4 LandUso 

Tho arm of  Cnnnda dol Buoy thut 110s wlthln reach CDB-4 is currontly owned by tho DOE. This arm has 
boen loft in a noturol stnto and has not boon used lor any Loboratory nctlvltloa Tha arm that lncludas 
ruoch CDI34 Is being consldorad lor transfor to Los Alamos County ond/or S m  Ildofonso Puoblo (DOE 
1998, 586t1). Los Alamos County and Snn Ildolonso Puoblo haw proposod n comblnatlon of taaldentlol 
and comrfarclol UBU and cultural praservntlon for thls land (LANL 1999,6306't). 

1.5 Pr~?vlous Scdlmcnt lnvastI$atlons 

Potontlol i:ontaminantb assoclutod with sodlmants In roach CDB4 have boon Invostlgaled as part of the 
Loboroto<ts Environmontai Survclllanca Program slnce 1978 (o,g,, Envlronmcntsl Sunraillance and 
Compiinnc:c Programs 1907, 56684). Thls work has included tha annual sompllng at octlvo chnnnal 
sodlmantsq ImmodhlQly upsttaam from NM 4, A complbtlon of tho sodimont dntn through 199? lndlcatod 
thut several nnolytos had maximum results at low lovols sbovo background lovels: bnrlum, codmlum, 
load, soleiilum. omorldum-241, trltlum, and plutonium4?38 (UNL 1999, (j4617, p. 3-85 to 3-87). 

7.6 . "  P~~ll&lnary Concoptual Model and Tcchnlcol Approach 

Tha avollu.blcr dotn.from P R S  In tho Conodci del Buoy watershed Indimto that a varloty of metals, 
radlonucliiles, and organic compounds could bo prcsont as contarnlnants In conyon bottom sodlmonta, 
although prior dolo lrom Cnnoda del Ouoy sodlments aro Insutflclant to dotarmlno If contamlnnnta am 
s~tomot1tsll);~prascnt above background levols. Docsuso of tholr gcochomlcal'charoctorlstlca, most of 
tho contaiiinonts aro mpvctad to ea adsorbad onto soctirnont pctrttctas, Qnd transport downstream from 
tho rotens9 sltcs would be lurgoly contmllbd by sedlmont transport pmcossos. Contominants ~ssoclated 
wlth sadlrrmtS could hnvo, h u n  dfsparsed, vla floods, dOWnGttOam to roach C O B 4  

Tha conc8 ntrotlons ol any conttlmlnants in tho walorshod sra,uxpocfod 10 vary gmo!ly and to be rolatod 
to,such 1ol:tom as dlstnnca from tho JOurca, sodlmont particle size,. and'age 01 the dapoait. Contaminant 
concontrdons oro.oxpectt?d to,bo gonotolly hlghur In sodlmont doposits cloaor to the source and to ba 
hlghor In t.,nor-grainad scdlmonts thnn In.downstronm,doposlln'ar In coamohgmlned sodlmants. 
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Contaminant concentrations are Dl50 cxpcclcd to be hisher in scdimcnt dcposits tRat arc rclntivoly close 
to thc age of the punk C0n:aminanf releases and 10 bc lower in youngcr sediments, 

The technical approach thal vm uscd in this investigation includcs dclnilcd geomorphic mappifig and 
sediment sampling of tnc entirc length of Ccrr'loda del Bucy within thc White Rock land transfer parcel, 
The methodology that was lollowcd is prcscnted in the core document (LAN1 1997, 55622: LANL 1998, 
57666), The work locuscd on dctcrmining the nalurc and extent of conlamination, ovaluoling risk (il 
necessary), and testing components of thc preliminary conceptual modci in o phased npproach, 
Geomorphic mapping and sediment sampling Conceniriilcd on idcnlilying and chnractcriting post-'I 942 
sedirncnts (Le, those sediments younger than :he Laboratory), An evaluation of data from the first 
sampling phasc was used 10 revise the conceptual model, identity key uncerioinlios, ond locus 
subsequcn: dala-collection activities, Investigation gods included cvalualing prcscnl and luluro potential 
risk, cvolualing scdimcn: :ranspon Proc(?sscs, and providing the dola needed 10 mako decisions about 
possible rcmediol action stlernativos. 

1,f Unlt Convcnilons 

This rcporl uses primarily mctric units ol mca5ure, although Enolish units are uscd lor contours on 
topographic maps, !or rclcrenccs to clcvalions derived lrom topographic maps, and for Ncw Mexico State 
Plane coordinates as shown on some maps. English units arc also uscd for radiooctlvlty (curies [Ci] 
instead 01 becqucrels [Bq]). Two scolca, one with mclric unlts 01 dislancc nncl one with English units 01 
Clslance, are shown on maps. A 13blc lor convcrting metric 10 English unils is prcscntod in Appendix A, 

1.8 Acpott Organlrotlcn 

Section 2 o! this rcporl prcsents the results of the field investigations 01 rmch C 3 B 4  sediments. Section 
2.1 introduces the roach and its major geographic chnrac:cristics, Seclion 2,2 dcscribcs the mo:hods of 
investigntion, including geomorphic mapping, physical ct~nractcrizotion ol young sediments, radiological 
field mcasuremonts, and sediment sampling octivitics. Sccllon 2.3 presents the rcsulls of these liold 
investigations, including physical characteristics 01 the geomorphic units and key aspects of the post- 
1942 geomorphic history. 

Section 3 o! this rcpon presents analytical results from tho sediment samples collcctcd in reach CDB-4, 
Section 3.1 comprises D data rcvicw that cvoluatas which radionuclides and organic and inorganic 
chemicals should be retained as chemicals o! polcntiol concorn (COPCs). Section 3,2 cxominos ohch 
COPC in thc Conlcxls 01 likcly sourccs within the CoRndn dol Bucy watershed and posslblo collocation 
with other COPCs. 

Seaion 4 01 lhls rcporl presents a concoptual model 01 potcntiol conlomination in reach COB-4 sediments 
lhat has boon reviscd and relined lrom the prclirninary conceptuol modol using thc results ol this 
invcstigatlon, Section 4.1 discusses : ~ O S C  anntytos that arc proscnt abovc Laboratory-wldo bockground 
Icvcls. Section G,2 discusses scdimcnt sources, Section 4.3 discusses potential future contaminntion. 

Section 5 01 this roporl scrvcs as ir olnccholdcr for sitc assessments, although no assessments 01 
potential human health risk or ucological risk w r c  madc because no contamination was rncasurod in 
reach CD8-4 sediments, 

Section 6 ol this rcporl summarim :he key conclusions of this invostigtltlon and provides 
rocornmcndntions concerning possible ildditional asscssmcnts, dola Collection, and/or remedial action. 

Section 7 lists the rcfcrencos cited in this rcpon. 
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Appondlh A prcsonts n list of acronyms usod In this ropon as woll us R convcrslon tablo of matrlc units to 
Engllsh irnlts. 

Appendix B prc'scnls supplemental lnlormntlon nbout the choroctori:atlon 01 geomorphic units lound In 
roach CfIB4.  Soctlon 8-1.0 prcscnts data rognrdlng thc thlcknoss ot post61P42 sodlmtlnt In the dltfarent 
gcomorphic units. Section 8-2.0 prcsenta data concorning particle.sia? charoctcrinlcs, Organic mattor 
contant..ond pH in tho scdlmcnt samples. Section 8-3.0 prcscnts tho chronology of sedlmcntwnpllng 
ovants lrl roach CDB-d and the prlmary goals ot ooch mmpllng event. Sectlon B4.0 u r ~ ~ o n t s  the 
goOmOrFhlC context In which the scdlmunt snmples were takon. 

Appendkt C prcsants tho results of qunllty assurance @A) and quallty control (OC) actlvltios portainlng to 
tho roocti CDB-4 sodlment somplos. Soctlon C-1.0 summorlres tho ONOC actlvitlos. Section (2.2.0 
uddrosstts inorganlc chemical annlyscs. Section G3.0 addrensos organic Chemicsl analysos. Suction C= 
4.0 ttddriissas rxllonuclldc onalysea. Section C-S,O prcaents data quolltiors lor the snmplos, 

Appcridl:c 0 prosonts nndytlcal sultas and the results of the sodlment onalysus perlormad during this 
invastigatlon. Sactlon 0-1 -0 prcsonts targot analyios and dotoctlon Ilmlts. Sectlon 0-20 prosants samplo 
roquost rtumbers and analytlcnl sultes for each sarnpla. Section D-3.0 prcsants summorlos of analytlcal 
rcsults. $octlon D4.0 prcsonts analytical rosults lor detected Inorgnnle chomlcols and radlonuclldos, 

Appondl): E prosonts supplamcntnl statlstlcnl onnlyaas of tho analytlcal rosuRs of this Invostlgatlon. 
Soctlon EI-1 .O prbsonts stntlstlcnl evaluations of tho Inorgank chomlcal dnto, Socilon E.2.0 prosonts 
stotlstlcn evaluatlon~ o! tho radlonuclldo data. 

1.9 Acknowlcdgmcnts 
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sodirnont chorncterkntlon durlng tho lloldwork and WOG rosponslblo for documentlng the field 
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lor stntistlcal onalysls durlng all phasoo of the liold invostigatlon; Stoven Reneau provided tochnlcnl 
ovorsight ond contrlbutod to data lntorpretatlon, technlcal adltlng, and roport compllatlon; Kolth Groene 
was rospsnslble for tho dnto vcllldntion octlvltlas lncludod In thls rcpon 

In addltlon to tho authors of thls report, numerous lndlvlduals contributed to thls lnvostlgatlon: Oobomh 
Stovon, Jonny Harris, end Mark VRn Eeckhout conlrlbutud to tho goomorphlc charnctoriratlon actlvlllos 
and sodfrwnt snmpllng: Blll Hnrdosty contrlbutad to tho data valldetlon octlvltlos: Morcla Jones provided 
goographic lnlormatlon systam (GIS) suppon; AI Funk was tho field loam monogor; Llsn Levlno sowed os 
odllor for lhls roport; Andl Kron was tho grnphic anlst; rmd Llsj Lovlna and Pam Maostos ware the 
compositors, Revlaw comments an this raporr wora provldod by Tod Pall, Don Hlckmott, Danny Katzman, 
Rich Mlrandn, Paul Schumonn, Lnrs Soholt, and Holly Whoelar-Banson. Finally, as laador ai thv Canyons 
Focus Arm, Allyn Pratt supportod all p h a m  of thls Invcstlgatlon. 

2.0 FIELD INVESTIGATIONS 

2.1 lntroductlon to Rcach COB4 

Roach CIIB-4 Is that portlon of Canado dol Buoy that 110s wlthln tho proposod Whlto Rock land tmnstor 
pnrcol, orld It oxtonds lot 0,8 km wost from Stata Rood NM 4. The cntlro canyon bottom withln CDB-4 
was mapped, Including both areas that war0 affected by post-1942 floodlng and adjacent areas. Tho 
location at rouch COB4 withln tho CoRada del Bucy wotorshod is shown In Figure 1.1-1. The oxtont of 



post*1942 channcls and floodplains within CD13-4 is shown in Figure 2.1.1. Thc innor canyon iloot Is 
relotivaly narrow through CDB-4, and thc stream is locally incised into basaltic rocks of tho Corros dcl Rlo 
volcanic field, For ovcr 150 m, thc chnnncl splits around a basalt "Islond" In thc middlo of tho rcnch. It is 
also broken into several braids along thc enslcrn pan 01 tho tcnch. The genorol nomcnclaturc lor the 
goomorphic units used in this report is discussed in scctlon 2.2,1, and the specific unlts In the roach are 
discussed In section 2.3,1. 

2.2 Methods of lnvcstigatlon 

2.2.1 Gcomorphlc Mopplng 

Field invcsfigiltions in reach COB04 began by ppor ing  prcllmlnary geomorphic map that focused on 
identllying young (POSt*l942), po!ontially conte,mina!ed sediment dcposits and subdlvlding thoso dcposits 
into geomorphic unlts with dltlercnt age and/or scdimcnfological cnaroctcristlcs. Thcso geomorphic units 
dclineotc the horizontal Cx tCn t  of post-1 942 sediments in thc rcach and group arcas with similar physical 
characteristics. Where unccriointics existed atlout thc limits of polcntially contaminated scdimonts, 
boundaries were drawn ConsorvDtlvely such that the m a  pofcntiolly atiected by post4 942 floods was 
overcStimatod rather than undarostlmnted. 

The mapping of rcach COB4 was pcrlormod ut D scillc 01 t:200. It involved toplng the distoncos along 
the channel between surveyed conlrol poinfs and lrequcntly measuring unll widths, Aorlnl photographs 
wore not usoiul for mopping CDB-4 bccauso oi tho neirow active canyon floor and tho donsity of 
vegetation. The boundaries between geomorphic units ware typically dcfined on tho basis of topographlc 
breaks, vegetation changes, and/or changas in surlacc sediments, although, in some o f o ~ s ,  bounZorios 
are mor0 approximate. 

Goomorphic mopping was i!@ro!lva, and the mop was rovisod otfcr cach pheso at tho lnvcstigotlon. For 
cxnrnplo, a re/aflvcly high-dlscharge flood cvenl on June 77, 1990, altored some goomorphlc uni!s that 
had been mapped In May, loading Io a revision of map unlts. In addltion, thc goodotic survcylng of 
sample locallons that followed cach sampling event otfan led to rr?vising the map so that the surveyed 
sample locations fcll within tho appropriate goomorphic unit. For iixample, the surveyed coordlnetos of D 
sample site that was located on a slrcnm bank could !all within fhc active channel on a prollminary 
geomorphic map because of small inaccuraclos in unit boundnries. Retincmcnts to the concoptual rnoU~l 
that were made during the investigation also resulted in rcexomlrilng and revising the maps. 

, .' ... 
, .- 

- I  

7 



3 rxreo:, - 3 4  . - 

. . .  

k 
2 g 
4 . .  

. .  
.. . . .  

. .  
. . .  . .  

. .  
- .  

Q) :_- 
. .  . . . .  . 

. . . -  

.. _ .  . .  
. .  

. .  
. ,  

. .  . .  . .  

. .  
. .  . .  

. .  

. .  ' . .  
. . . % . .  

. - .  . . _  . .  

F . . -  
. - 0  . - . ;  
. .  

r .  . . . r . .  

.. . _ .  

. .  - .  



I 

\'!hifP Rock Lrrrtd 7r;iflslur Porcal Gaoch E C ~ I  

Thc lollowing gcncral convcnlions wcrc uscd whcn naming tho Lnits in rcach C O B 4  

The designation c rcfcrs to Post.19P2 channel units, which arc ii?CaS that were either occupicd by 
the main s t r c m  channcl or had experienced signilicant clcpos~lion c! coarse-grained channel 
scdmcnts somctimc in thc post-1942 period. Thc oclivtt channel was dcsignnled c7; lhc 
abandoned channel units, which wore typically vcgctotec anc! topogrnphicolly highcr than thc 
;ictive channol, were designated c2. The dcsignolion c7t wns used in CDB-4 to distinguish two 
typc:s 01 channcl scgrncnts: (1) recently abandoned chor.ncl segmcn:s adjacent to the main 
channel :hRt wcrc unvegetotcd or poorly vcgc:oted, and (2) channel segments that oppanrod to 
iccl?ivc intcfmittcnt sticam flows at a lowcr frcqucncy thm tho mntn c1 chnnnels. 

Thtt dcsignation I refers to lloodplain area5 lhal werc, or may hove been, inUndntCd by overbnnk 
flocdwoters since 1942 But that wcrc not occupiec! by tht! main stream Ch"?l, Arcas thnt had 
probably bocn inundated by floods during this period, as shown by gcomorphic cvidcncc, were 
rndlc:ilcd by / I .  Areas that had possibly b c t n  subjected 10 minor inundation, but whcrc thc 
cvitjcncc was gcntmlly inconclusivc, wcrc indicotcd by '2, I! 12 SUTIHCCS had bccn inundntod, thc 
1hic:kncss 01 posl-1442 scdimenl woulC bc small. Thc dnsignution /7b rcfcrs to arms tho1 were 
located a1 n hctght corrclntivc with 11 surloccs rind !hat hnd indicators of rccont flow such as pine 
n~'i9dle mounds or vcgctation mats pushed up crgainst standing vegetation, but hod no evidence 
oi post=l!?42 sodimont deposits. 

Olhcr dcsiyotions on thc gcomorphic maps dclincrit~ ore;is that havc not bocn dlrOclly otlectcd by post. 
1942 iloods downslrcem from polcntlal contnminonl sources. Following slanaard geologic nomenclnlurc, 
0 indicates geologic units 01 the Ouatcrnory pcriocl and tindicolos geologic units 01 the Toniory period, 
Qal rcicrs t3 octivc chonncl ;Illuvlum in tribulnry Urainagos. Qc ri!icrs to Colluvium. 01 rdors to prc-1943 
strcilm ~ C ~ ~ X C S  that have not bccn inundolod by pod*1942 11oods. Of rcfcrs to inns from tributury 
druinagos. Oc rcicrs to collnn dcposlts (wind-blown sedirncnl). t3bl rcfcrs to the TGhirCgc Mcmbor of thc 
Bondclicr 7'uH. TI, rcfcrs fa basaltic rocks of the Ccrros del Rio \olcanlc tiold. 

2,2.2 

Physicd ctaroctcrizotion of thc gcorriorphic units included mca!;urcmcnts 01 thc thickness of post-1 942 
5edimonfs, genoral iicld doscriptlons ot puniclc size, and labora!ory psniclc.size analysis tor onmplos 
subrnlncd tor standard chomical and/or rodiotogical nnolyscs. Tho dotorminatlon of unit thicknesses used 
D varicty 01 approaches, including idontitying the dcpth 10 which tho bascs of trccs worc buried by 
scdimcnl, recognizing Suricd soil horizons, and searching lor tho? prcscnco of 'cxotic' mnlorlal that 
indicated a post-1942 age (e,g., qunrtzile clasts lmpoflcd from cluarrics Otl Laboratory lond). Adcltlonol 
details concerning the mcthods ana rcsults 01 lhc physical chatixteri2otion 01 post.1942 scdlmcnts In 
rcach CDB-4 nro presented in Appendix 8, 

Physical Charoctcrizatlon 01 Young Scdlmcnta 

An imponant distlnclion within the post.1942 sedimcnts involve!; gcncrdl variations in punicle size. This is 
bccauso contaminant concentrations lond to bo highor in linor-{~minod sediments of n givon nge. The 
lorm facie!: is used 10 dcscribc thc obscrved tcxlurc of a dcposit (prlrnarily grnin slzc). Two primary lnclcs 
am dcscrltied in this rcport: the fine facios, which gcncrolly contains median particlo sizos 01 finc sand 
(0,125-0,25 mm) or smallcr, and tho conrsc focics, which gcncrolly contains modian parlick sizes ol 
coarse sand (O.S-'l,O mm) or greater. Modium sand (0,25-0.5 tnrn)  can bc ossigncd to clthor facios, 
dcponding on tho stratigraphic conlcxt, Tho fino-grnlnod scdlmants Pro gonorally tronsponed as 
suspondctl load during Iloods and arc commonly dcposited on Iloodplains by wntor that overtops slrccim 
banks, Th(9 coarse-graincd sodimcnts nro gcnurrrlly transponctl os bod load and dopositod along the 
rneln slrcam channel, Howcvcr, ncithcr 01 lhc two Iocies arc rcstrictcd to spcclfic geomorphic units, 
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Although !In@ foclos sodlrnent typlcdly fJrms uppor layors on floodplolns and abondoncd channel units, It 
can also bo found In thin layers along octlva chonnols. And coarso foclen 6 o d h n t  con bo doposltod on 
floodplalns during lorge floods. It should clso be strossod that these dlstlnctlons or0 somewhnt arbitrary, 
and that gradations commonly occur. Novorthcloss, the distlnctlons form an important basis for 
dlffersntlatlng oodlrnont doposlts of slmllar oga thnt may contain hlghly varlablo lovols of contuminatlon. 

2.2.3 Rndiologlcal field Mcasurcmcnts 

Fiald scroanlng for gammn and bota rrldlotlon was podormod using u sodium lodlde probe wlth a 1- by 
1 =In, detoctor ond a Ludlum ESP-1 proba. Tho scroonlng Incllmtod that post=1942 sodlmants in roach 
CDB4 do not oxhlbit flald-moosurod rodlatlon lavols abovo background lovols. Thorefom, those 
moasurnmants wora not usotul for distlngulshlng potenrlnlly contamlnHtcd sedlmonts and am not 
dlscussod furthor,ln this roport. 

2.2.d 

Sedlmant sarnpllng In thls lnvosligatlon lollowcd u phorsod approach that lncludod sarnpllng for both full- 
sulto and limltod-sulta nnalysas. A prallmlnnry ovoluatlon of tho dola attor the first sarnpllng phoso holpod 
idontlty uncenolntlas and focus subsaquont somplo collection ond unalysis. Tho prlmary goals of ouch 
sarnpllng ovont. as wall as othcr lnformotlon about tho ovonts, or0 summarlzod In Appondlx E, 

F u l l d t o  onalysos w m  pedormed on samples colloctod from rQQCh CDB4 atior the lnltlol fiold=mapplng 
phose, Tho goals of thls sampling avant wore to IdQntlty oll nnnlytov that werQ presmt nbow bockground 
lovals and to datermine tho prlmary risk drlvon (If any). Tho sumple sites were solected to Include 
raprasontallve flnc-gmlned and coorso-gmlnod sodlmont doposlts from tho rango of geomorphlc unh. 
The full=suito nnolyses lncludod n variaty of inorganlc chomicals, organlcchomlcals, and radlonuclidos 
(sac scctlon 3.1 and Appondlx C). 

Scdlmcn t Sampling and Prcllmlnory Data Evaluritlon 

Tho evsiuotlon of analytical rcsults from the first round of sampling ldontlfled only plutonlum~239, -240 
ond D sorles of matald as chernlc.uk of potontlal concam (COPCs), although I: was not cenaln if  any of 
thoso onnlytos woro actually prosont ut levols greotor than background levels. The second sarnpllng 
phuso was doalgnod to collect nddltlond data abaut thasa Ilmltod=sulto Cm&lytOs from both potontlally 
contomlnatod sodlmants and from locol background sltos. Tho goal wns to determine If any patantlnl 
contomlnants oxcoodod loco1 background concontmtlons. It had bean hypothoslrbd that the local 
background concontratlons of metals dlfforod from Laboratorpwldo background lovols duo to local 
difforoncos In pnmnt matarlals (solls and Ilthology), speclflcully tho presence and weothorlng of basalt 
andlor the rcworklng of oolinn deposlts and oldor solls. tn addltlon, socond=phnso somplas wero collacted 
for tritium onnlyses baausa such onalysos hod boon InadvortQnlly loft out of tho llrst sompflng phose. 

Sltea for local background sodlmont sampllnQ worn salectod from trlbutary dralnagos and side slopos to 
cover tho rango of local SOdlmQnt soureo~ that wora contrlbutlng sedlmonts to the ranch CDB4 mapplng 
aroir, None of thQS0 sumplo sltos woro downslopd from arms afloaed by Loberatory octivltios. Runott 
from the closest potential roIoo3o sltos (PRSs), whlch pro located at Matorlal Dlspo~ol Amu G at TA. 50, 
droln Into Conndu dol Buay 0.7 km upstream from CDB-4, Local bockground sdlment sarnpllng sllos 
lncludod nlluvlum (Onl) In slds drdnoges hoadlng In areas undorlain by Obt (BandollerTu!t), Oal sldo 
dralnagos haadlng on l t~  (Cerros dol Rlo basalt), Of (Quatomary olluvinl fan) deposits, inclplont 
drolnagca on colluvial slopes (Oc) bardorlng tho active Chonnet, and shallow slde dralnagoo In arms 
whoro oolian doposlts mantlo basalt (Tb-40) and contrlbuto sodlmont to tho octho channel. 
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2.3 Results 

2,3.1 Physical Charoctcrlstics 

Reach COB4 is locatad in D pan 01 CaAada del Bucy whore tho slrcam has incised Jcss than 70 m Into 
tho lop ol tbf! Corros dcl Ric basalt. Throughout CDB-4, the activcb channel and 1:s associnlcd historic and 
Quaternary i,prahislotic) geomorphic units arc bordorcd on the no?h by slopos nnd low cliffs oi Bandotior 
Tutt (Qbl) a!i well os colluvium dcrlvod from Qbt. They arc bordered on the south by basalt, which Is 
ovcrlain In 5orr)c areas by eolian dcposks. A buolernury lcrrace (01) is prcsont throughout much 01 the 
mapping at~ea and is undcrlain by a well-dovolopod carbonate soil indicative 01 a pra-Haioccnc age. 

Approximafaty one-hall of IhC lenglh of CDD4 is chnraclcri2od by D braided strcnm channol, Two 
channcls m d  bordering gcornorphic unils wero mnppod separalcly between control slakes CDB4 .I. 
350 rn and CDB.4 t 575 m. Mutliplc channcls and bordaring geomorphic units were mapped bctwcen 
CDB4 + 25 m and COB4 + 150 m (disioncos wcrc meosurcd upstream from thc Stole Road NM 4 box 
cu ivefl), 

Calculations of average unit widlhs were based on a reach fangth maasurcd along the nonh channel, 
which appcars 10 be thc prodominant channel for conveying octive stream Ilows, and results In a roach 
lcnglh ol i f 5  m, ( A r m s  of geomorphic units were sumrnod whore multiple channois WQrQ prosont.) Tho 
aroa that 110s bocn atlcctod by post-1942 iloods ovcragcs appraximnlely E! to 13 m wldo In CDf3-4. The 
areal dislrlbau?ion of 1h0 gcomorphic units is shown on Figura 2.1.1 and Figure 2.3-1 ( a d ) ,  and 
topollraptic rolations aro illuslrotoa In tho cross-sections oi Figura 23.2, Physical charactoristlcs 01 the 
geomorphic units in CDB-4 ore sumrnarirad In Table 2,301. Dala on pnddo si20 and unit thicknoss or[! 
presontocl in Appendix B, Tablcs B.1 ,Oat  through 8.1.0-4, 8-2.0-1, and 8-2.0-2. 

TDbk 2.3-1 
Gcomorphlc Mspplng Units in Iqcach COB4 

Unit 
e l  
- 
7 

clb 

- 
c2 

- 

I- 

Estlmatcd 
i m a g e  Unlt Unlt 
kcight ~ b o v c  Aroo 
Chennol (m) (m?' 

-T - 
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. . .  . .  
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0 .  ~, 

. " ', Thoktive chann&,'cl, averages 3,6m . .  I wldo In CDB4. Its bed Is composod of:come,snnd and gravol' 
wlfh lsolatod f lnckmd lenses. Typlcnlly, c l  unlts lack'vogotatlon. Tho avorugo thlckness of the'cl unlt Is 
36 cm,' and,lllncludos.an.avornge of approxlmotoly 8 cm of fInGgmined SOdlmQnt. Throughout much of 
: r&ch COB&, cl,,~edlmonta'slt'dlro~ly on basblt, In nrons'where older sodlmants underlie cl deposits, a 

' '  ' .  , ' . butiod sol1 i i t h  subongular blocky stnreturo'and clay fllms bridging gralns'and coating pobbles is usu~lly 
presont, Recantlyabandoned channels nnd,polnt bars,'cl b, hava'an avoraga halght'ot 0.25 m sbovo the 
actlve channel and an nverage,wldth:of 0,6 m;rosultIng In o comblned avoraga wldth at approxlmotety 4 2  
.m'for el iand'cl b'unlts. The averago'cl b ihlcknoss ,of 39'cm Includes 25 cm.ot cooma sand (coarse 

' 

,' ' ' .  , ' fnclcs) arid Wcm,Of coarso slit to vo j i lno snnd (flna joclos)."C)hltclb elther,rosts dlrwtly on basalt or 
. '  wclded'tuff:bouldois'or Is undddn'by n burled soll'wlth subongular blocky structure that appears to be 

' ' tha'somo soll that was.obsorvod~underlylng cl sedlments.' : '.I ' ' ' 

Tho adlve channel is bordered'lnte~itlently by abondonod' post4 9?2 chnnnel,unlts (c2) that have on 
evorngo wldth . of, , 1.4 , m'and x . . ,  an ovaraga: holght 01 0.35 m.above the'chunnol. 7'he c2 units Include an. 
avorage of 30 cm of c6arso-grdnbd sediments comprising madlum sand la very coarse mnd, they are 

, capped 'by on. warago ol'bpproxlmdtely 28 cm:of flno.gralnad'sediments which or0 domlnaied by vary 
... fine sand: UnlfcZ.ailher rests'directly on basalt or welded tuff boulders oris undarlaln by o, burled soil with. 

' , 

' . . .  

. . ,  I 

. . . ,  . .  , .  . . . ..I ' . I .  

. . .  

. ' 

' 

, .  

, .  , 

' . ' , , subangu!ar b1oc)r)structuro that oppoars to be tho'some soll that was obsarvod underlylng c1 sediments. 
. ,  , .  

. I .  . 
, . . . a  

, .. . .  
. . .  ., , . ..,, ~ .. .1  . .  . ,  

.. 4,, ' , I . .  ' * . ,  ~ ~. , I .  ' .a , .  . 3 ' 
I .  . . 

' ,:. '. Adlvo !toodplalns'(ft) In CDB-4 urO on ivoraga of 1.6 m wldo. The 11 unlt avangeo 0.5 m abovo tho, 
' , ' ,  actlve channel dnd is &pped by an averago of 33 crn ot,line=gralned sediments dOmln8tod by vory fine 

sand; An tl b subunttls distlnjulsheb'in.CDB.4. by lndlcntors of scourlng such os organlc materlal caught 
. . up,ln vogatotion, vcgotatlon bent ovarln.tho downstroam diractlon, and 8 topogrnphlc break creating a 

I '  small benkh;'butlt'ls charocterrlzod by an bbsoncs of post=1942:sedlmont. Therafote. unlt f l b  adds Wthe 
orod of p~st~~942~g~omorphlc  units bur' doos not contrlbuto lo the'voluma of'post-1942 sodlmenm, Unit f l  
.doposits skdlmctlyon btkalt orwddad tuff bouldors throughout most ot the map &ma, although, In some 
cusos,,fl deposits am also undorlaln'by PI burlod sol1 wlth subongular blocky,structunr and clay tllms. 

, 
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Figure 2.3-1b. Map showlng geomorphic units ond somplc lociltlons In raech CDB-4 
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ftgura 2.3-1d. Mnp ahowtng gcomorphlc unlts and sample tocattons in reach COB4 
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Vthirc Rock Land Translor Parco/ Goncn Ropon - 
PolcnfiaHy active floodplains (f2) in CDB4 are slightJy hignor than 11 and avcrago npproximotoly 5 m in 
width. I t  shctiild bc notad !hat tho avcrttge width of12 units Is somcwhot skcwed by the prcsonco ol 
several relatively large 12 !mils, in ponicular botwocn control slnkm C3B-4 + G15 m nnd CDB.4 750 m. 
These f2 arcas elthcr have not been inundalcc! by post.1942 floo3s or were only bridly inundatcd, 
cxperioncing littlc or no post-1 942 scdimcnt dcposhion, 

An cstimatod 2300-2500 m’ 0 1  post-1 942 sudlment arc siored in rwch COB4; this sediment is roughly 
equally distributed between fincograined and coarse-grained sediment (Tablo 2.3=1), Thc active channel, 
c1, contain!; over 604’0 of the Coarse sediment in CDB-4, In cOntrik3, the fine sediment is wldoly 
distrlbutcd across thc fl, c2, anu c1 units, 

2.3.2 Glcomorphlc Hlstory 

Slnce 1942, the geomorphic processes wrthln rcach CDB4 hovc included thc lateral mlgrtltion of tho 
active channol over an area that avcragcs 6 m wldt? (rcprescntotf by the width of tho el , c1 b, and c2 
units) and ihe occasional ovcnopping of higher pro-1943 surfaces during floods, Vertlcal changes In the 
elevatlon of thc stream bod have also ilpparcnlly occurred in CDE-4, resultlng In the prcsenco of young 
(post.1942) channel sediments up to 05 m abovc tho activc chonnol. The largost apparent vonical 
chnngos were recorded by coarse-grained c2 scdimcnl occurrln!; above the elCvt3tiOn of noorby !1 
surfocos nt cross-soction CDB4eXI. which Is located in an m a  of braided channols (Flgure 2.3-2), The 
configuration of goornorphic units observed at CDEi4*X1 may bo the result of pest-1942 channcl migration 
from southwest to northeast in thls par: of C D B 4  

Mast of thc! pOSt-1942 finc-gmlned sedlmant within roach CD8-4 is stored wlthln tho cl , c2, flnd 17 units, 
rclativuly CIOSC to tho acllve channel. Srnallcr amounts may bo :.torod In tho 12 unlts tanher a w a y  from tno 
channcl. The sodimants within the c l  , c2, and I1 units arc paniculnrly susccptlblo to remobllbation by 
lateral bank oresion during floods, and the avcrngo residcncc tirnc for sedlmcn: nt these sites ICJ probably 
less than 50 years. This conclusion is bnsoe, in pan, on rho obsorvotion lhat many of tho pOS1-1042 unlts 
occur as pockcts 01 sodiments located in srriall cmbaymonts alcng a bcdrock-bordcrod stream channel, 

Tho inundatlon of tho post-1942 geomorphic unlrs during tho Junc 17, 1999, flood provldos nddltlonal 
ovldonco that ramobili~ation O! scdimont stcirod in tho c1 b, c2, ond 11 goomorphic units occurs on a time 
S C ~ Q  of less than 50 years, The June 1999 flood in CDB-4 deposited now scdlment on c2 and 11 unlts 
throughout the reach, with SOrnu nggredetlcn observud on top c f  previously mappod posb1942 deposlts 
(e,g., deposition 01 10 cm of fino snnd on top of 0 prcvlously me.ppcd c2 unit at sampto location CB- 
00007). Somo scouring of post4942 deposlts was also abscrvt!d, although Iho flood nppeors to hove 
resulted in a preponderance 01 additional sediment dcpositlon in tho reach, rathorlhm orosion of young 
sediment!;. These obscrvalions suggcst somcwhnt longer rosiconce :imcs for tho post-1942 sadimonts, 
The abscilcc of ago control for sedlmonts In C D b 4  (oxcept lot :ho June 1999 dcposlts), however, makos 
quan:itying rosidonco limos lor sodimants ! W e d  in posb1942 (ioornorphic units problamotlc. 
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3,O ANALYTICAL RESULTS AND DATA REVIEW 

tsotoplc plutonlum I 17 6 
h 

3.1 Dntn Rcvicw 

Sediment samplcs for site charactcriza!ion irt reach CDB-4 wore collected in two phases, ono in May 
1999 and clnc in November 1999. During both phascs, somplc collcction lOllowcd the Icchnical approach 
presented in Chaplor 5 o? the "Core Document lor Canyons Invostlgations" (LANL 1997,55622; LANL 
1998,5?6Ci6), Selection of somplc locolions was bascd on geomorphic mapping and associated 
geomorphle eharneterimtron. Locntions inclLded all potontially contaminated geomorphic unlls and the 
full rangc ot sodlmont grain size. Tho scluctiin of sumplc Iocatlon?q and nnalytc sultos for tho socond 
sampling phasc was boscd on tho rcsults of the firs: Sampllng phaso, 

The socond sampling phlcsa includod 13 sornglos from 12 sitcs which wcre clnnlytod for a limited suite in 
orcor to chorocterizo local scdimcnt bockground Icvcls, Thcsc sample results woro not usod to cstabllsh 
thc list 01 chomicnls of potcntial conccrn (COPCs); howcver, the volidation inlormation for thoso samples 
is Included in this seclion. Thc local sediment background sample results are presented in Appondlx D; 
interpretation of the results is provided in section 3.2 and in Apporidix E. The locatlans of those 
background samples arc discussed in section 2,2,4 and shown oh Figures 2,3-la through 2.3-la. 

The sediment samples from rcach COB4 Includeb snmplcs for both full~sulto and Ilmitod.suife onalyscs, 
Ton sarnplcs from potcntirrlly.contominntod sediment deposlts wore collected tor lull-suite analysis In the 
iirst phosc!. Scven samples Irom potcntially~contaminat~d sedimant doposits wore collccled lor llrnitad- 
suite analysis in tho second phase. The number of samplcs annlytcd lor OrgGnic ChemicaIS, Inorganic 
chemicals (target onalyle list /TAL] rncfois), and radionuclidos Is presontad In Toblo 3.1 -1, 

The objective of this data review is to dotermino which analytos should bo rotaincd lor further assessmont 
and whtch analyles should be climinated before assossing potential humon-ncalth anu ocologlcal risk. 
Analytes that arc rotainod will be eonsid(ircd COPCs. Whon milking thcso assessments, COnSidQi'CttlOn is 
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given to the mognitut'e of contaminant conc@ntratlons ralatlve to background valuos (or relative to 
dotuctitm llmlts In the GISOS cl organic chcmlc~ls), the correlotlon betwoan contaminant concentrations, 
and an;{ potential QC probioms wlth the laboratory analyses. 

3.1.1 Comparison of lnorgnnic Clicmlcal Dntn wlth ScdimQnt Background Date 

A total ol 1P sodimant samples from roach CDB4 wcrc onalyzed for the inorganic chemicols on the TAL. 
Thoso samplo rosults wore cornparod wlth tho sediment background data that are prO6ontbd In 
"Inorganic ond Rodionucllde B~ckgroutid Oata for Soils, Canyon Sedlmonts, and Bandollor Tuff at Log 
Alamos Notional Luboratory" (Rytl at 01.1998~59730). The mothods usod to onalyzo the inorganic 
chornlci~ls ore compnrable to those usod to gonorotc the Labaratory background datQ, allowing a direct 
comparison of the CDB4 rosults to tho Laboratory background dntn. A comparison of the lnorgonlc 
chomlcril data from CDB4 to tho local background data 18 prosantod In suction 3,2. 

As Is de tnllod in Appendix C, QC problems with this sadlmvnt data sat were caused by thc occurronce of 
both hi$:h and low racovurlos In tho laborntory control samples or tho matrlx spiko samples, Laboratory 
control :;amploti and matrix spike samples uta used to assoss tho quolity of tho sampia dlgcstion, 
extmaiun, and analysis procedures. A low racovory suggests an lncompleto recovery of an annlyte. A 
high recovory indicates an onhancemant of tho onaiyta duo to contamlnotion or spbctrnVchamlco1 
interfortwe. Matrix splko somplos may hovo inconsistant rocaveries due to matrix Intoderonce and the 
hotorogsnaous nature of many sediment sarnpias, 

In roquc-st numbor (RN) 5598, tha laboratory control samplo rotovory tor Iron was high Iron was d@tQCtOd 
in the 10 SadlmQnI somplos that wero anolytcd lor this RN, Two of tho identilied Iron concontrtltions wore 
above tlio background value. The iron rosults lor all thO sumplas should bo regarded OS ostlmotod and 
blnsad high (Jh), 

For RN %!17,20 sodlment samples wore anaiyrod lor TAL metals. 01 thoso 20,7 ware collected from 
potontlolly contominatac' goomorphlc units, and 13 werO collected for chnraaorizatlon of local 3QdimQnt 
background lavels, Although data quollflers apply to oil 20 sornplos bacnuso QNQC probloms ntfect the 
ontiro RN, the samplos sumrnnrizod bolow aro exclusive of tho local background samples. The laboratory 
control sampla mot aceoptable rocoverius !or all anolytt~5 excopt olumlnum, Aluminum was detected In all 
sovon potentially contominoted simplos, and the olumlnum results for thoso snmples should bo ragnrdad 
as ostlmntod and biasod low (J-). Tho matrix splko rocovorios all met accoptnnca crltoria, with tho 
oxceptlon ol antlmony and h d ,  Tho dsloetlon limit lor thoso somplas should be regarded as estlmated 
and blasod low (UJ-), based On tho low matrlx splko recovery, Antimony was detected In ono of the soven 
sodlmentsnmplos. Lead was dotocted In 011 $oven at tho sadlmont samplos. All detected antlmony and 
load sodiment somplo rosults ora ostlmatod values and or0 blasod low (J-). The msults for all detected 
load and tlntlmony samples should bo rogardod as ostlmatod and binsod low (J-), 

01 tho 2!i TAL metnis, all except CodmhJm, total cynnido, marcury, nnd silver WerO dotected In at least 
ono raach CDB-4 sodlment sample. Tu510 3.1-2 prosants tho concentration riingo and lrequency of the 
results aSove buckground valuos for thri detocted and nondetccted lnorganlc chomlcols in roach CDB4, 
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Table 3.1-2 
Frcqucncy oi Octectcd lnorgnnlc Chcmicnls In Rcach C O B 4  Scdlmcnt Snmplos 

~ ~ . _  ~ 

Conccnmtlon Frcqucncy 01 1 1 ~ ~ 7 Range Background Dctects above 
(mglkg)' Voluc (mRlkg) Background Voluc r- Annlyte 1 Analyscs Dctccts 

Nmbcr 1 Numbcr 
01 

I 10.281 to 0,71 
3.98 011 7 

17 26-8 to 130 1/17 
611 7 

0 0117 DLFrBVd 
2/17 

.1 
Chromium 7/17 

17 1 2.210 Q 1 473 12117 I 
11*2 011 7 

o I 10.51 to osel I 0.82 011 0 
13800 2117 

Load 17 I 17 3.7 to i3,e 19.7 1 011 7 
17 430 to2400 1 2370 1/17 

17 1 17 204 Io 481 543 I 011 7 
I ti I o I [O.OOZ 10 0.01'1 I O ~ I  0117 

Polnsslum 36710 1450 i 2680 0117 
Nlckol 2.3 to a,? I 938  1 0117 I 

1 

i 
I 17 1 13 11/17, l i d  D b B V  

1 0117 
I 17 17 011 7 

2/17 
Uranium, total 0.29 to 1.22 2.22 011 0 
Vonodlurn 6/17 I 

0117 I 

. 

Vnluos in ~(iuota bf ACki lS indlcole nondeleaea resull. 

DL r Dolecllon Ilmlt, 

BV Bock{lround value. 

B 

'Value IS tho ratlo 01 lhe numbor 01 dOlQCtOd volues ekcooelng lno boCkgl3Und vhluw 10 the number oi annlyaes, 

For reach C034 sodimcnt data, all TAL metals except selonlurn had ropaf'tlng limlts that wero lower then 
tho Laboratory's sodlmont background vnluos. Tho roponlng llnrits for solonlum ranged tram 0.1 1 to 0-35 
mgfkg, comprirod wlfh thQ background vsluo 01 0.3 mg/kg. BOCJiUSe rho roponing limlts for cadmium, total 
cyanldo, morcuty, and sllvor wore less than tho sodlmont back1;round values. and becauso thoso tour 
Inorganic chemicals were not detected in any samplos, thoy wIII not bG rotalned for furthor assessment. 

Twelve of tht! lnorgonlc Chcmicnls (aluminum, ontlmony, arson c, botylllum, coppor, lend, manganese, 
nickol, potassium, sodium, total uranium, and zinc) worQ moas~rsd nbova tholr dctoction limits but balow 
their Laboratory sodiment background vnluos. Slatlstical comparlsons to Laboratory bockground dam 
(see Appendix E) showed that coppor and manganese concentrations in roach CD54 are groator than 
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Lnbornbry-wid0 background, dospitQ tho abSQnCe ct analytlcal rosults abow background values, Them 
analytos will be ratninad as COPCs. (Additlonal discussion and graphical data presontotlons of these 12 
Inorganit chomlcals cun be found in Appondlx E, ) 

A$ notori above and discussed In Appondlx C, thora W0rQ indications at nagotlvo &la5 tor some uturnlnum, 
ontlrnon;), and land sarnplu rasults, Howaver, caraful mvlaw o! the atfcctod rosuRs shows that thaso 
nagativaly blnsod results aro less than ono4mlf of tho appmprlato bockground values, wlth the oxcepllon 
of on0 lend snmplo rosult whlch measured two=thlrds of the background vnluo. Thus, nlno o! the inorganic 
chamlcols that war0 maasurod ot levals loss than their background vnluas (aluminum, ontlmony, orsonlc, 
bOfylllUn\, load, nickol, po:osslum, tolol uranium, and :Inc) wlll not be rctainod for furthor ossmsment , 

Nlnc of f h ~  lnorganlc chemicals (barium, calcium, chromlum, cobolt, Iron, mogncslum, salonlum, thalllum, 
and vanhdium) hud ono or more dotoctad sompla rosults grootot than thalr background values, Si~tlstlcal 
and graphlal data ovaluaflons lad to the olimlnotion of three of theso inorganic chamicnls becnuso they 
dld not c iffor statistically from background data. Thoso lnorganlc chemlcals wem celclum, chromlum, and 
magnoslum, and thoy wlll not be retained lor further assessment, Tho remaining SIX Inorganic ch~rnlals 
(wlth onc, or mor0 valuos grontcrthon the buckground value) wem shown to bo Qrdntor than background 
by statistlcal and grophicol comparisons and 8ro retalned as COPCa, Thoso lnotgonk charnlcals an, 
barium, ;:obab, iron, so!onium, fholllum, ond vanodium, (Addltlonnl discussion and graphical dota 
prosonta,tlons of thoso nlno lnorganlc chomlcels can bo found in Appondlx E.) 

In aummnry, the Inorganic chcrniwrl data roviow yloldad oight lrnolytus to bo carried forward a8 COPCs 
(50e Tattle 3.1-3). A comploto prosontdon of tho data tor dotocted Inorganic chamicols, whlch Includes 
lnorganli: chemicals Idontiflod as COPCb, Is provided In Appandix b. Tho concentrations of tho chornlcals 
that wen) ollmlnotad as COPCs wero well wlfhin tho background concentr&tlon rongo, wlth the oxceptlons 
notod atovo, and thoso chumlcnls am Justltlobly ramovad tram furthor tmQSSmont. 

, 
Table 3.7 -3 

Results of Inorganic Churnleal Dnta Rcvlaw 

Armlyta Result I Rallonals - 
Alumlnum Ellrninolod I NO V&IIUOE OxCQOdOd tho Labordtory bnckQround VdUO - 
Antlmony Ellmlnatad No valuob axcoodad tho Labamlory background valuo 
Ananlc Ellmlnatbd No vnluas axcuded tho Laboralory background vatu0 
Barlurn 

Borylt sum Elimlnatcd No valuoa oxcooded tho tabomtory backpmund voluo 

Cadmlum Ellmlnatod No valuoa oxcoaded tho Loboratory background valuo 
Calclum 

Chromlum, 
total 
Cobalt 

Cappor 

Cynnldo. total Ellmlnntod No valucs oxcoedod tho hboralory backoround value 
Iron , Rotolnod Stntlatlal and gruphlcal rosults ptaSQntOd In Appondlx E showad thot rench 

- - 
Rotalnod Strrtl8tlcol and graphical roaulb prosontod In Appandtx E ahowod that roach 

d m  want groator than LabOrcitOry bnckQraund data - - 
Ellnilnotod 

Elimlnstod 

Rotainod 

Rotolnod 

Stotlatlcol ond graphlcol rosults prosonlod In Appondlx E showod that ranch 
data woro not dliloront from Laboratory bnckground data 
Stntlbtleal and grophlcol roaults preaantad In Appsndlx E showod that roach 

I data wore not Ultfomnt trom tnboratory background dam 
Statlstlcal and grnphlcal ranUltJ proaontaa In Appondlx E showod that reach 
data w m  Oroator fhon Laboratory background dnm 
Stathtlcal nnd grnphlcal rosultn proaentod In Appondlx E nhwod that reach 
data war0 groator than Laboratory backoround data 

data wdro groator than Laboratory buckground data 
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Magnoslum 

Mnnganocb 
+ 

Table 3.793 (continucd) 

Eflrninsted 

Ro!ainc?d 

Sfnllstlcnl and grnphlcol mutts prcsorilod in Appondlx E showcd tho1 roach 
dato wcro not dinoron1 Ifom Laboralor! background datu 

1 Sfatisticnl and grophicnl rosults prewtitod In Appcndlx E Showod thut rcnch 

I Analytc 1 Rcsult 1 Rr.tlonalc I 

I 
1 Ellminolod j No vnluos oxcoodod tho Loborntory bnckground vnluo 
1 Eliminnlod 1 No valuos axcoodod tho Laboratory bilckground vnluo 

I data WOrO groator thnn Labornlory background dola 

Morcuty 
Nlckol * 

. -  
Solonium I Rolainod I Ocloclod valuos woro Rroator lhon thrs Loboratory bnckground vnluo I 
Sllvor [ Elimiflotcd 1 No voIuos axcocdod tho Labornlory b.3ckground vnluo 1 
Sodium I Ellmlnalod I No voIuo6 oxccoced lhc Laborolory bsckaround valuo I 
Tholliurn I Aolainod I Dclectod V O ~ U O E  woro gronlor Ihon thci Lobotalory bnckground valuc I 

I 
Uranium, I Ellmlnalod I No v o l u o ~  oxcoodod tho Lobornlory background vnluo I 
tolnl I I I 

Stntlstical and graphical rosults prasoitod in Appondix E showod thRt  roach 
data woro Orontor lhon Lobornlory background data 

Va ncid lum 1 

3.7.2 Compnrlson of Radionuclldc Data wlth BoekgroundlFollout Rndlonuclidc Conccntratlons 
lor Scdlmcnts 

A total of 17 sediment samples from rcoch COB4 were analyzed for radlonuclidos; thc annlyrtccll suites 
aro prascntud in Tabla 3.1-1 and tho onalytlcal mQthOdS arc prcsentod In Appondlx 0. The analytical 
results wcrc compared with thc sedimcnt background data that $ire prosontod in "Inorgnnlc and 
Rndionuclide Background Data lor Soils, Canyon Sodimonts, i3rd Bandeliar Tuff 01 Los Alamos Nntlonel 
Laboratory" (Ryti et at. 1998, 59730). The methods usod to analyze the rcoch CD8-4 rodlonuclldos we 
comparable to thoso usod to generate tho Laborntory bockgroutrd doto, allowing o direct comparison of 
the CDB4 rosults to tho Laborutory background dota, As it is u w d  in this sectlon, background Includes 
rildionuclidos that arc acrlvcd from atmospheric fallout, in oddltiin to naturally occurrlng radlonuclldos, 

As Is described more lully in Appcndlx C, UCteCtiOn status was tlcicrminod by comporlsons dthW with 
minimum dotectablo c0nccntr3tlons that wore determined by thi! analytical loboratorles, or wlth tho 1- 
sigma total propagntod unccnainty (TPU), Ootaclion status was usod in tho prclimlnary date ovoluotion 
slop to idontity COPCs for thc lollowing suitos: isotopic uraniurr, isotoplc plutonium, trltium, and 
ctrontium.90, 

Thc concentrotions of 42 radionuclidcs were mcasured by gommo spectroscopy, wlth varying cenainty 
and applicabillty to Laborutory releases, A summary of dctccllon froquency rind cOncOntrntion ranges for 
all gamma spearoscopy-mcasured rndionuclidos is provided Iri Appendix D. According to ER ProJoe? 
guidance (Vandon Plas 2000, 65467), olght gamma spoctrosccpy radionuclides should be retained and 
cvnluated in data rcvlcw: omcricium-241 , cosiurn=l34, ccsium-137, cobnltd0, WrOplUm*l52, 
ruthcnium=lOG, sodium-22. and uranium=235, Each of thusc rodlonu:lidas is n patentlal historical 
contaminant, hQS 8 half4lc grontcr thnn onc yonr, and can be rcliably monsured by gamma 
spoctroscopy, Among :hcse oight radionuclides, cosium-137 and uronlum=235 were detected In reach 
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CDB4 sodimrmt snmpics, Bocouso urnnlum=235 was nlso rncasurod by alpha spectroscopy, which has 
lowur dotoction limlts than gommn spoctroscopy, thQ alpha spoctroscopy results will be ovolueled in thls 
dnln rcvlew and shown in Tablo 04.0-2 (Appcndlx D). 

Number Numbor Conecntrnllon Background 
Of of Rango ValualFallout Value 

Analyta AndySQS Dotacts tPCUQ)' (Pcve) 
Amerlc~umP41 10 I 5 [0.0086] toO.0229 0,040 
Coslum-137 I 10 I 4 10.0321 lo 0.73 0.90 

A5 is discussed In Appondlx C, no OC problams woro assoclotad tho roach CDB-4 radlonucllde data. 

Fmqucncy of Dctocts 
abovo Eackqround 

011 0 
0110 

Valueb 

Nlna radlonuclldas wore dctectod In tho scdimcnl snmplas. Tnbla 3.1 -4 presents the concentratlon range 
and frequency at tho rbsults above bockground vnluas lor thoso radionuclides In roach CDB-4. A 
comgloto prosontotion of the dota for those datoctod radionuclldes cnn bo found In Appondlx D. Only 
plutonlum-239, -240 had a samplc result that wus grooter lhon its background vnluo, but this anolyto was 
OllmlnatQd as II COPC by statlstlccil onolyses (presontod in Appendlx Q. Basod on thls Intonnation, none 
of the detected radionuclides were rctalned as COPCs (table 3.1-5). 

[4,001] 10 0,070 
I ! 1 7 i 5  

Plutonlum439, - 
240 
Thorium228 I 10 I 10 f 0,613tol.f 
Thorium230 I f O  10 0,407 to 1.30 

Thodurn232 to  10 0.539 to 1 .? 
UronlumQ3j 10 10 0.324 10 7 9 4  

Uranium-235 10 3 Io,oi 91 IO o.oa3 
Uronlum*230 10 10 0.373 ID 7 202 

I 
229 I w1 0 I 

1117 

w10 
Q*068 I 
2.28 

I 

2.33 otl 0 
2.SQ Of10 

0.20 WlO 
2.29 WIO 
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I Uronium-236 I Ellrnlnnlod 

Table 3,l-5 
Results of Rodlonuclldc Oat0 Fcvlcw 

No v~ luos  cxcoodnd thc Lnboratory bnckground vnluo. 

I Analytc I Rcsult 1 I?ntlonalc 
~ A r n o r i e i u r n ~ 2 ~ 1  I Eltmtnotod I NO v171u05 orcoodou tho ~al>orstory background vnlua. 

i Cosrum-137 ~ 
I Eliminarod I No valuus okcocdcd tho Laboratory background voluo, I 

Thorium232 
Uronium-234 I Eliminalod 1 No voluos oxcoodoc tho Lobotatory background valuo. 

3.1.3 

A :eta1 of 10 sodiment samples from rcach COB4 were analyzed for organic chemicals. US 
Environmcntal Protcctlon AgQnCy (EPA Method 8270 was uscd IC onalyto for SVOCs, €PA Method 8081 
was used to analyze for organochlorine pcsticides, m d  EPA Metpod 8082 was used to analyze for PCBs. 
No organic chemicals werc detected in these SamploS, 

The evaluation 01 reach CDB-4 sedlmont dala quality is prosonterl In Appondix C, Samples CACB-99- 
0009 and CACB49=0010 are quaiifled because :he continuing calibration standard that was used for 
qualification and quantification of these samplcs exceeded quality control limits, The internal standard 
areas were less than 50% of the previous continuing calibration standard. The roportlng limits are 
qualified a5 estimated (UJ) because of the internal standard fnllurc and because no anolylos were 
detected. Table (35.0-3 (Appondix C) summarizes the sample-specific quoliflers that wore applied to 
these data. None of :hc data qualillcolions atlcct the usabllity or clcfonslbillty of the data, There arc no 
other QC problems associatocl with organic ChOmiCalS in thc remJinder 01 tho roach COB.4 sediment 
samplos. 

Evoluotlon 01 Organic Chcmlcols In Scdlmcnts 

In summary, based on thc lack of positive detections in any samples, no organic chemicals WOrQ rctdned 
as COPCs , 

3.2 Noturc ond Sourecs of Potcntlol Contamlnotlon In Sedlmcnts 

Potential contamination In rcirch COB4 sedimants was invostlgiited using full-suita and Ilmltod-suite 
analyses, statistlcal analyses of the analytical data, and detailed geomorphlc mapping and physical 
characterization oi post-1 942 sediments. The nalure, charaetcri:;tics, and probable sources of tho COPCS 
that were ldentlfiod in section 3.1 are discussed here. Evidoncc for the possible collocation of 
contaminants Is also includad. Idontlfylng the sourccs o! contaminants Is an lmponant part of tho 
conceptual modo1 that dcscribcs thelr dlstributlon; thorefore, ovijonco pertaining to the sourcos ol ench 
COPC is also discussed in this section, 

Eight Inorganic chemicals wero idcntlfled as COPCs in roach C3B.4, based on a comparison of the reach 
CDB-4 results and LJboratory-wide background data: barium, cobalt, copper, iron, manganese, solcnium, 
thalllum, and vanadium. In addition, reach data wore also compared to data from local background 
samplcs. The m o d  tu obtain local background data lor inorganic chemicals wos suggostea by !he initial 
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list of COPCs that \vas dcvolopad nfler tho flrst sompllng ovent. Those COPCs included motnls that nlo 
not typically ossocintod with roleoses from Rcsourco Consorvatlon and Recovery Act (RCRA) faclllties 
(e.g., cobalt, Iron, and monganose), 

Ono possible oxplonotion for tho alavotcd conconfrations of thcsc Inorganic chomlcals Is that thoy or0 
due to difforancos between tho bedrock soutcus for tho sodimonr In reach CD6-4 and tho bedrock 
sources for tho sit05 that hod bean previously samplod !or Laboratory background bnta, Spoclllcally, 
bosolt is proi'ont in arias odjacont to CDl3-4, whoreas previously samplod sodlmont 5110s drain oreas 
without basalt, Including maas of B~ndellor Tuff, tschicama Formation dacito,'and Puyo Formation 
fonglomeroto (Aytl atpl. 1998,59730). 

Anothrjr passiblo oxplanatlon fOr tho olovafud concentratlons of thoso inorgonlc chomlcrrls Is that thoy om 
duo to g~ochomicnl dltlorancos betweon locnl solls which provldo 0 source tor reach CDB4 sedlments 
and sotls In othor parts 01 tho Laboratory, Specllically, solls adjacent to CDB4 appear to haw a strong 
eollnn componant, which could maka thom goochemically dllfarmt from the soils in areas !hot had beon 
pravlously sampled forsodlmont bockground, 

Thineon local background samplov wore colleclod from roach COB4 (sample 10 numbors CAC89QS- 
001 8 throuDh CACE-99.0030; locution ID numbars CB-10005 through CB=10016; Flguras 2,34a through 
2,391d). The aamo analytical methods that hod beon used lor other samplm submitted for lnorganlc 
chomieal analysis war0 used hora, Dofn volldntlon Informotion for these samples can be lound In 
Appondlx C, and sample results m provided in Appendix 0. There am no doto volldotion problems 
assoclatod with theso somplos or analytos that would ufloct :he comparlson a! local background snmples 
to reach samplas. 

For six Inorganic COPCs (barium, cobalt, copper, Iron, mangonose, and vanodium) that were detected 
with sufficiont froquancy in local background samples and in ronch samples to undargo statlstlcal testlng, 
thare oru no diffaronces between roach rosults and local background rosults (Appendlx E). StatlstlcGl 
plots of detoctod and nondotocted sclanlum and thelllum rosults otso suggest no dltfarence batwoan 
reach and fml bockground contOntrallons (Appendlx E). Appendlx E also provides comparisons 
botweon local background concentrations, ranch data, and Laboratory background data for other 
lnorganlc ChQmiCQlS which woro not Identiflod as COPCs In section 3.1, Among theso other analylos, 
calcium, nickal, and magnaslum show slmllortronds in concontratlon, whore the roach mmplos have 
concantrations that aro generally between the Laboratory background and tho local background, Those 
common concontrotlon tronds suggest I ]  mix ol two sadlmont sources, ono that Is locally dorlvod and 
clnothor that comes Irom upgmdlent background matoricrts with dlffaront geochemistry. 

' 

An lmponant polnt to consider whon ovaluotlng the concentration tronds ol roach data ognlnst tho two 
sots of background dab Is the mUgnlfUdo of tho concontrotion dlfforoncos. Tho dltforoncos noted 
batwoan rcoch CBD-4 data and Laboratory-wide background dota aro small comporod to dltforances 
noted in Los Alamos and Puablo canyon sedlmont Invastlgations, whore a sorids of lnorgnnlc chemicals 
ore claarly abovo background levels (Reneau at al. 7998,591 59: Renonu ot nl. 1990,591 60; Roneou ot 
al. 1998.59667). Tablo 3.2-1 providos D summary of tho maxlrnum concentration for CDB-4 data vorsus 
tho bockground valuo: Ihc rotlo of theso vduos Is also provldod. For coppor and manganese, the 
maximum vniuo In rooch CDB-4 is 105s than the background valuo and, lor all other COPCs (except 
selenium),. the maximurn valuo Is loss than twice the background valuo. Thus, tho dlfforoncao botwaen 
roach data ond bboratory~wldo background data 810 small and rofloct smnll absolute (mglkg) dtfforences 
in concontration DS. woll, 
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Von8dium 1 34.4 

Table 3.2-1 
Surnmdry of tho Palrwlsa Carrclatlon Anolysls 

Maxlrnum I Background 
Analyte 1 (mglkg) Voluc(mglkg) 

Bnrium 1 130 1 127 
Cobol1 I 9 I 4,?3 

Iron I 21200 i m o o  
COPROr ! 0 I 11.2 1 0.80 , 

10.7 

Corrclotion analysis 01 thcse lnorgnnic COPCs i5 providcd horo to tunhcr cvalunto tho hypothcsls that 
varlatlons in bockground lovcls account for the distribution 01 thcse COPCs. The purposo of this analysis 
Is to detormrno tho dogree ol ossociotlon botween high ond low cttncentrotlons ncross pairs of COPCs. 
The corrolation analysls is supponcd by a cnlculation of corrclotlon coc??lcicnts from these COPCs (Tablo 
32.2) as well LIS o graphical disploy 01 thoso panorns in a scatforplot mntrlx (Figuro 32.1). 

Both Poarson corrclntlon and Spoorman rank correlatlon coefficients are presented In Table 3,2-2. The 
dlfference botwoon thcsu mcasurus of corrolatlon is that the Poarson corrclotlon Is calculotcd from tho 
originol samplo results while the Spearmon correlation is c~lculated from sample ranks, Ranks are 
calcula:od by orderlng the samplc rcsults lrom lowest to hlghost m d  nsslgnlng n valuo of 1 to the highost 
value, a value 01 2 to the second hlghost valuo, and so on, until all snmpla rcsults havc been nssignod 
ranks. 

Correlation coctlicicnts rongc between -1 and +l, A correlotlon c f  -1 indicates a perloct negative 
correlation botwoon COPCs (the highest result for one COPC is tissociated with the lowest rosult for the 
othor COPC). A cOrr0latiOn of i.l indicates B porlocl positive correlation botwoen COPCt [the hlphost 
result for on0 COPC Is assoclntcd wlth tho highest rcsult lor tho othor COPC). Tho statistical slgnlficanco 
of these correlation coefficients is RISO shown to provido a mmsiiro of tho relovance of tho obsorvod 
corrclatlons. Stotlstlcnl significance volucs that are less than 0,OEi om assumed to raprosont corrcletlons 
grcator than ono may oxpect by chanco alonc. Tablo 3,292 shows that tho correlatlon between most 
inorganic COPCs Is statlsticatty signlficant (<0,05) wlth the oxcoFtion of the correlation of some COPCs 
with thalllum. Tho poor correlation of thallium with othor inorganic: Chemicals Is due to lnlroquent detection 
01 thallium in these samplcs (4 detects out 01 30 sample results). 

The scotlorplot mntrlx corroboratcs tho findings that comcs from cvoluatlng tho corrolation coctf lcionts, 
and it also shows that the corrclarion bctwoen some COPCs (c.Q., iron and vanadium) arc axcoptlonally 
hlgh (Figuro 3,2-1). In particular, note tho corrolation of othor CCPCS wlth iron, which suppons the 
common sourco for those COPCs, To support tho evaluation of r;clenium and thalllum, whlch wore 
Infrequently dctoctcd in the reach samplos, scalier plots of those! COPCs versus iron wore also prepared, 
These plots (Figures 32-2 and 3.24) dlsthgulsh detected sample results from nOndOtQcted sample 
rcsultsa Selcnlum has n significant corrOlallon with iron, and nonljctoctod sclenium sample rosults tond to 
havo tow iron concenlrafions (Figure 3.2.2). I t  is evldont thnt onc! reason tor tho poor corrolcltion of 
thallium with other COPCs Is tho lock of dQtQCt9d sample rasults, but Figuro 3,2-3 does show that tho 
doteCtod thallium results arc aSSOClatCU with tho hlgher iron rosirlts. 
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Table 3.2-2 
Sumrnnry of the Polrwlsc Corralatlon Anolyals 

Mfo: Valurc In DdP nro consldetsd statlstlurlly slgnlilcnnl. 
, 

h . .  
, . . .  . ,  
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Nolo; A plus slpn ropresnnts a renth CDB.4 asmpla rsaull: nn r roproaonla n laenl anckgfouncr sample rswtt: x Pnd y uxes 
lndlcnte concentrotlons In mghq a 

Figutc 3.24. Sctlttctplot matrlx for fnorgonlc COF'Cs 
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Noto: Opan symbol3 rcprosant nondolvctod selonlum samplo rosulls, 

Ftgurc 3.2-2. Scattcr plot of sclcnium vcrsus Iron , 
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Figure 3.24. 

Opon oymbola roprosont nondoloclad thdllum sample roeutts. 

Scattor plot of thallium varsus Iron 
. .  
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Correlation ancllysos and Othw slolisticol @valuations (Appendix E) support a common source for the 
elevated inorganic COPCs in rcach CDB-4. As discussed abovc, the conccntrations ol these COPCs In 
tho rcach sarnplcs are intcrmcc'iatc bclrvcen Ihc local background and Laboratory bnckground 
conccntrations, which suggests that reach sediments are a mixture of Laboratory background and locally 
derived materials. These local background matorials arc either wQZlthored basalts or eolian materlal. 
Because a cgmparison witn local background dola indicalcs lhat lhc proboblc source of those elevntod 
lcvels 01 chcmicnls IS naturally occurring matcrlal local to the ranch and not Laboratory releases, no 
iurlhor ossossmont of the risk ossoclatcd with thoso COPCs is warranted, 

4,O REVISED CONCEPTUAL MODEL 

A key pan 01 the technical approach to cvalunllngr contamination ir canyon bonoms, as prcsontod in 
Section 5 01 tho cor0 document (LAN1 1997, 55622; LANL 1998, 57666), is the collec:lon of data 10 tost 
hypotheses conccrning thc nature, distribution, and trnnsgor, of ccntaminanls associated wlth sediment. 
These hypotheses comprise componcnts of a preliminary concopluol model and wore based on the 
results 01 investigations in other canyons ltnC tho exisling knowledge oi contaminant SOurCcS in tho 
CaRada del Buey walorshcd. Refinement ol this conceptual modo1 is necessary for understanding the 
analytical rcsuI1s from roach CDB-4, and i f  will conlributc to a fututc watcrsho&scale assessment of 
human-hcnlth and ecologicnl risk. 

This soctlon prcscnts the current cancoptual modo1 of canlomlnatlon in roach COB4 sodlments, n modal 
which has boen rovised and rcfined from the preliminary concoptul model tha: was prcsonted in section 
1.6 ol this ropon. This section includcs discussions ol tho anolylo!; that wcrQ moosurod above 
Laboratory-wide background lovols wlthin tho sodlments, thc sourcos of thcso sodlmonts, and thc 
potential !or future contamination in reach CDB4. 

4.1 Analytos Above Laboratory-Wldc Background Lcvcls 

Within the sedimcnts 01 roach CDB-4, eight inorganic chcmicol afiolyles arc prosont at levels that aro 
statistically higher than Laboratory-wido background Icvcls. fheslp eight onalytcs wore initlolly retained as 
COPCs, as discussed in sc?ctlon 3.1. In addition, ono radionuclidc!-plutonium-239, -240-had one result 
slightly abovc the  background value, but it was eliminated as a COPC aflot statistleol ovaluotion 
(Appendix E). No organic chomlcals were dolectod In reach CDB4; thoreforo, thoro arc no organlc 
COPCs. 

The inorganic chemicals that were initially idcntlfied os COPCs in this invesllgalion wore barium, cobalt, 
coppor, Iron, mongnncso, solonium, thallium, and vanadium. It was hypothesizod that these olevatod 
inorganic chomlcols rcprcscnl locrrl background lcvols that arc ditfercnt trorn tho Laboratory-wid0 
background lovols as proscntcd in Ayli 01 al. (1998, 59730). To last this hypcthosis, fino-grainod 
sadimcnt SamplCS WOrO Colloctod from 12 sitcs along local trlbUti>v Uroinagos to CoRoUa del Buoy during 
:he second mmpllng phose. 

The samplc results suppon :he hypothcsis that local background levels arc elevated relatlvo to 
Laboratory-widc background Icvels. Tho rosultd show vory simltrir nvoragc concentratlons ol these oight 
motnls in both the local background somptcs and tcxturally similar scdimont somplos dong Cafiada dol 
Buoy (Table 4, l -I) .  Avcrogcs for two mctnls, cobalt and setmiurn, ore hlghcr than the Loborntory=wldo 
background values In both sots of samplos. The cobalt and solcnium svcrage values from coarse 
scdirnonls in Canada dol Buey are ill50 greater lhan the average concantratlons of thoso mctols in 
laboratory bxkground samples. 
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Mcdlnn 
Parllcb Duriurn Cobalt Copper Iron hlangonosc Salcnlurn Thalllum Vanadium 

Data Set S i z e C l ~  (mghg) ( m W  ( m g M  (rnants) (rnogl ( m W )  (mglkg) (mod 
Laborolorl.wld0 sodlmcnt &'aR 
background 
Avorngo valuo 60 2.40 4.6 8030 290 I n.d? n/a 10.4 

Background vuluo ' 127 , 4.73 11.2 j 13800 503 i 03 0.n 1 19.7 

Roach CDB4,.caam- Course 

42 3.8 3.3 6170 253 0.32 0.23 1 8.8 

53 0,O 6.7 7670 3 0  0.59 0.38 I 10,l 

sand 
702 5,6 6,4 12708 I 388 0.52 0.47 20.2 

-4 clnnd 

Orainod sodlmont 
Avsrago vnlue 

Maxlfnum valuo 

Ronch CDB.4, tlnqralnod Vary fino 
sed I ma nt 

Avoraaa value 

0.75 0,40 19.1 

Local background, fin* Vory !In6 

Avorngo value 110 5.1 6.7 12000 384 

Muxlmum valuo 150 0.3 11.0 17000 500 1.20 I 0,60 I 29.0 
li n/a = No1 avollablo. 

Moxlmum valuo' I 130 I 7.3 I 9.0 I 21200 I 481 1 LOO j 1.10 1 34.4 

gtalned 6OdlmQnf cond I. I 

On Juno 17, 1999, Whlto Rock axporlonced a record rnlnfall of 2.1 1 In, In one hour, Including a record 
0.72 In. In two consccutlvo 15mmlnuta purlods (Los Alsrnos Monitor, 1999,66647. Thls nin producod a 
flood in Connda dol Buoy, wlth an astlmotcd dlschargo 01 210 h5 per sacond nt Slnto Rood NM 4 (Shaull 
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et al. 2000, G66U8). This tlood inundated thc post-1942 geomorphic units along reach CDB4 and created 
now sediment duposits in many m a s ,  Field obsorvnticns rcvcnled that tho runoff did not originat@ trom 
thc hccldwators of Cnfiado dol Ducy: instcnd i t  cam@ from 0 scrics C f  frlbulary drbineges which oxtcnd for 
3 km to the wcst of Slala Road NM 4, and which roccivc runoll from the mcsos on both thQ north and 
south sides 01 the main channel. Thc Iargcst dischargos originatod from Sari lldclonso PuQblo land to the 
north. 

Previous studies have indicated that pihonejuniper woodlands on the? eastern Pajarlto Plateau can bc! 
major sources of tunofl and scdimonf during thundorstorms (Wilcor ut (31. 1996, 66646), which is 
consistont with tho obsowotions mada attor thc Juno 17 llood, Available data and obscrvations thorcfore 
support tho hypothesis that much ol the sediment along roach C D W  is dcrivod trom local sourcos. 

4.3 Potcntlal Future Contsmlnatlon 

The evldencc tor a local sourco 01 much of the sedirncnt in rcach C;OB4, together with the absanco 01 
recognized contaminants more than 50 years alter Loboratory ac:ivitios bogan in tho watorshod, Indieales 
n low potential lor future contamination (in tho obsonco of now contaminant sources). Any contaminants 
which might bo proscnt along Cafioda do1 Buoy upsrraam of the proposad land tronsfor psrcoi, ond which 
rnigh! bo susceptible to rrnnspon into roach C08-4, can be oxpocled to bo strongly dilutod by Iocolly 
dorived sodimont in tho lowar wntorshod. The demonstratod downstream Qllutlon 01 contaminants in other 
watorsheds, combinod with strong uvldonco for dilution over time idlor peak contaminant reloases (o,g,, 
Acneau e! 01. 1996,59159; Roncou 01 ai, 1998,59160; Acncau c'' al, 1998,59667), provldos supporl !or 
this conclusion, It is thoraloro consldorcd vory unlikely that future contamlnatlon In rooch CDB-4 
sodimunts could reach levels that pose unaccop:oble hurnan=hcollh or oCOloglC&l risk os o rosulf of 
Laboratory activilles. 

5.0 SITE ASSESSMENTS 

No hurnan=hoallh or ocological risk assessments were conducted lor this invcsrlgotlon bocnuso no 
contamlnants wore identlliod. 

t,O CON CLU SI0 NS AND RECOMMEND AT IONS 

An invastigation of young sodimonts along Canada dol Buoy in ttic Proposed Whlto Rock land transfer 
percol (reach CDB-4) found no QVidOnCC of contominants. No or((onic chemicals woro dOtQcted. No 
rodlonuclidos wore lound at lcvols statistlcally hlghor than the Lnboratory-wide sudimcnt background 
Iovols, A sories of inorganic chemicals were dotocfed at lcvels above thc Laboratory-wido background 
Icvols, but thoso rcsults can bo Dttributud to a local background '.hat dlffers irom areas proviously 
samplod for background goochomlstry, 

The evidence for a local sourco of much ol the sodimont In roac!? CDB-4, together with the absence ot 
recognized contamlnants mor0 than 50 years oftor Laboratory ~lctivltles began in the watorshod, Indicate 
3 low poten!lol for future contominotian (in tho absonco 01 now contaminant sourcas). Any contaminants 
which might be present along Canada dol Buoy upstroam 01 thc propcsod lnnd transtcr parcel, and which 
might be suscoptlblo to transport into reach C O B 4  can be Cxpl?cted to bo strongly diluted by locally 
Qorivod sodlmont In :he lowar wntorshed. It is ConsiUcrod very unlikely that lUtUre contamlnatien in roach 
CDB-4 sodirnents could reach lcvels that pose unaccoptablo humen-hoolth or ecological risk as a rosult 
of Laboratory activllios. Thorcforo, it  is rocommondod rhnt no additlonal ascossmont or rcmcdial action Is 
roqulrod bolorc lmd  transler. 
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BKG 
BV 
COPC 

CRDL 

CROL 
CVAA 

DOE 

EPA 
EQL 
ER 

FD 

FIMAD 

HSWA 

ICPES 

ICPMS 

ID1 

LAN L 
LCS 

M DA 

MDC 

MDL 

MS 
M S D  
N FG 

PCB 

PRS 

PVC 

QA 

QC 
RCRA 

RFI 
RN 
SOP 

sow 
svoc 
TA 

background dah 

bockground value 

chtlmlcal 01 potential concern 

contract-required dolodion limit 

contract~rcquirod quontitatiori lirnlt 

cold vapor atomic absorption 

US Dopartrnent of Enorgy 

US Environmental Pratoction Agency 
csllmotod quantltatlon lirnlt 

cnvironmcntal rostoratlon 

field duplicate 

Facility for Information Monegcmcnt, Analysis, and Display 

Hazardous rmd Solid Wasto Amondrnents (Act) 

induclivoly coupled plasma Elmission spectroscopy 

inductively couplod plosmn ness spectroscopy 
instrumont dOtQC!iOn limit 

Los Alamos Notional labornlory 

loborntory control sample 

minimum dotoctoblo actlvlty 

minimum dofoctablo concontrotion 

mothod detection limlt 

matrix spike 
matrix spiko duplicate 

national functional guldollno 

polychlorinnted biphonyl 

potential release site 

polyvinyl chlorido 

qunllty nssuranca 

quality control 

Rosourco Conservarion and Recovoty Act 

RCRA facillty lnvostigollon 

requost nurnbor 

standard operating procedure 

statement of work 

somlvolatilo organlc compound 

tochnlcul aron 



TAL 

TPU 

USGS 

kllcmotora (km) 
metan (m) . 

target analyta llst 

total propagatod uncetrolnty 

US Gt3ological Survey 

3213 1 I loot (ttl 
3.281 I foot (rr) 

Mctrlc to English Convoralons 

- 
mctora (m) 

conlimotom (cn) 
mllllmoton (mm) 
micrometors or mlcrons (pm) 

cpuaro kllamotam (km3 
hoctaros (ha) 
Guuaro motam (m3 
cubic metan (mJ) 
kllo(lram8 (kg) 

contlmatora (cm) 

I 

o r m i  la) 

Multlply SI (Mctrlc) Unlt I bY I To Obtnln US Customary Unlt 
kllornotars [km) I 0,622 I milos (ml) 

- ~ ~ 

39.37 lnchos (In.) 
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0,0394 lnchos (in.) 
0,0000394 1 lnchoe (In,) 
0.3061 . aquaro milos (ml') 
2.5 I ocro8 

0.03281 mi (n) 

10.764 I squnro feet (W 
35.31 I cublc foot (tP) 
2.2046 I pounda Ob) I 
0,0353 I OUnCOB (oz) 

mlcrogroms por prom ( W g )  1 ports per million (ppm) 

lltols (L) I 0,26 I gnllona (gal,) . 

mllllOrams pot Mor (mdt) 1 parts pot mllllon (ppm) 

a 

r 

degrsas Cdlsluo (F) I W5.* 32 doQreoa Fahronholl (*n 

mllllorornn pot kllogram (mg.kQ) 1 I pert3 pot mllllon (ppm) I 
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Appendix B 



This appendix presents suppiement;ll information about the ct.aractcris!ics of the gcornorphic units in 
reach CDB-4, the goals of each sampling event, and the Sconiorphic Cantcxt of the scdimen! samples. 
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5-1.0 THICKNESS OF POST-I942 SEDIMENT DEPOSITS 

~ ~~~ ~ ~ 

I - 1  - 13 
- ~ -  

Nonh 1 0 I 13 - South I 7 I 23 I 30 I 

The thickncss of post.1942 sediment in reach CDB.4 was measured in order to calculate the  volume of 
sediment in the different geomorphic units and to guide sample altocation, Thickness measurements were 
focused on the rclativcly fine-grained facies because these sediments 318 more likely to contoin higher 
levels of contaminants than the coarser-grainec! sediment facies (e,g., Reneau et al. 1998, 59159). In 
addition, the  thickness of post-1942 fine facies sediments can be determined with greater confidence than 
the thickness of associated coarse facies sedimcnts because of t he  general obscncc of clear 
stra:igraphic markers in the latter and the difficulty in confidcn!ly determining the contact with underlying 
pre.1943 sediment. Thicmcss mcasurcments for reach C38.4 are prcscntcd in fables B-1.0-1 through 
B*1,04, 
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Flnc Foclcs (Em) Coarsc Faclcs (cm) (em) Icm) 

Tablo B-I -0-3 
Thlcknoss Measuromcnts for Roach CDt34, c2 Unit 

F 1 L 

, I 
I I 

25Nc North I 27 l 

50N Southd 1 a7 (I 477 

50N South I 14 

1 OON South I 0 2)' I 27 

36 
21 7 - 
30 

-~ -~ 

325 1 NORh 52 
400 1 North 13 

North 46 .c 66 
30 - - I 

I 700 Nom 1 40 61 109 ! 
I 600 South 48 I 66 I r- 

I 

71 0 South 1 30 23 01 - I 

750 I Nonh 29 33 62 I 

775 1 North 1 12 I 

725 South 38 42 I 80 89 I I 

37 40 - 

125N 
125N 

12QN 

ER2000*0477 

Nonh 0 18 I - I 18 

South D 0 I 9 - 
* 

North 0 

October 2000 

w 

75FN" 1 - 
Avoregc 1 - 

7 
13,9 I 25.1 

Channel Flnc Faclcs (cm) Come F ~ c l o s  (cm) (cm) (em) 



.. . 

Tnblc 84.0-3 (contlnuod) 

Chonncl Dlstoncc 1 Sldc of filckncss of d Thlcknoss of 9 Dcpth to Burlca Soil Depth to Bedrock 
(m) Channol flnc Foclcs (em) Coorsc Facies (cm) (cm) (cm) 

82 825 3 I North 21 61 - 
50NC North 8 I 25 33 - 
80N South 19 9 I - 34 

5Q 22 3? - 150N I ’ ’ South 
155N . 1 I North 23 I f - I 30 I 

1 I I I -- _ _  - I avorogo’ I 30 n - 
” - = not apDlkaMo or not OVallablO. 

a N - dlslnnea along mrjdr nortmm ctwnnol tmici, 
7 rntlkatos that me prRsoncs of n burlod wl1 ai this locallon Is uncemln. 

fnblo B-1.04 
, ”  Thlcknoss Moasurcrnonts for Roach CDB4, f l  Unlt 1 Channol Dlstancc 1, Side of I Thlcknoss at f1 1 Thlcknass of fl I Oopth to Burled 

(ml Channel Flne Foelcs (cm) Coorrro Faclos (cm) Soil (cm) 
~~ - 

South 1 16 I 0 - 16 
30 0 1 30 
34 0 34 

North 
South 

I - 
L 

170 South 45 0 415 56 
200 Nonh 23 .13 -1 36 
200 North 51 0 - I 51 
225 * South 61 0 1 
275 1 South 26 25 - - 51 

375 ’ sourn  22 0 I 22 22 

61 d 

. 325 South 30 0 c 30 

375 North 26 0 - 1 

475 South 30 0 I 30 
492 North 45 0 e 45 

I 24 45N’ % . North 24 Q - 
50N South 31 0 - 31 
125N South 34 0 - 3A 
116N ‘ South 213 0 20 

---- 
.. 

avoraga - 33 2 - - 
- - not a p p ~ ~ ~ o  or not available. 
N ulutancs along molor wthem ctmnnal emu. 

a FN rdlslnnce along Y far northern channel bald. 

1 



802.0 PARTICLE-SIZE, ORGANIC MATTER, AND pH DATA 

Each layer that w3s sampled for analysis of potential contminan:s was also samplcd for analysis of 
particle-six distribution to evaluate possible relations between contaminant levels and size 
characteristics. All s3rnPlcs were analy~cd by the Soil Characteri~ation and Ousternary Pedology 
Laboratory of thc Desert Research Institu!c, following procedures rccommcnded by thc Unltcd States 
Geological Suwcy (USGS) for geotogical applications (Jar ikky 1986, 57674). To evaluate potential 
corrclattons between contaminant Ccncentmtions and organic matter, data on organic maflcr content 
were obtoincd for some of the samples. for orgonic matt@+ analyses, 3 losssn-ignition method was used. 
In this method, after 3 Sample is dried at 3 low temperatun! to rcmov'! water, the percentage of sample 
lost by combustion after heating it to 400'C for four hours ,s calculated. To provide addltienal data on 
geochemical chnractcristics of rcach C O B 4  scdimcn!, pH d3t3 were obtained for some of the samples. 

TaSlc 8-2,0=1 shows data on particle-size distribution, orgmic matter content, 3nd pH for rcach C D B 4  
zedimen: samples. Table 8.2.0-2 Summarizes these data lor each geomorphic unit and sediment facies. 
Perccntagcs of sand, silt, and clsy size fractions were al(:uIated from the <2-mm sixc fraction, for the 
~2-rnm size fraction, the median particle-size class and th,c median panicle size are shown in order to 
facilitate comparison of the Particle-six characteristics of Ihe diffcrent samplcs and the different 
geomorphic units. Because particle-sire distributions arc traditionally shown on semilogotithmic plots, the 
median partlclc sbe was calculated !or these ttrblcs by cxtrapolatlng bctwecn boundaries of s i x  classcs 
using a logarithmic translorm3tion. Pcrccntages of gravel in these tables may be lower than in the actual 
sampled layer becousc only grclvcl th3t would fit into the r.amplc bottles was collected (4 cm). Average 
gravcl perccntogcs for the coarse facies sediment moy thu3 be undcrcstlmoted, although gravel 
percentages for fine facies deposits are generally accurat c. 
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Tabb 6-2.0-1 
Reach COB4 Partlcf~Slre, Organlc Maller, and pH Data 

i 
I 

I a - 
8.4 7 

CACB-93- 

I I 1 

126 41.Q 1 7-0 6 7  
18.4 24.6 5 3  49 
295 38.6 5 5  5 2  
23.7 sari 5.9 8.7 
- 

6.6 I .9 

1 3  
-- ~~ 

14.8 

13.0 

152 
I- 

1 4 2  

5.3 
8.5 

C A C B - S W B  I 0.6 0.8 

? .a 

8.8 

2 1  

27 
- 8.5 

7-4 
_. 

103 CACE3-994004 0.9 

CACBWC005 36 
5.9 

113 15.9 17-8 1 17.4 1 :.f f 6.9 

232 30.7 7.7 

I .6 

15 
0.5 

- 
-- 

8.0 

7 8  
- 16 6 

13.7 5.9 

50.3 
4.5 

4B 
305 

7 2  

45.1 

402  

8-9 

8 2  

5.8 

0.076 

1 .Go4 2 4  

7.0 CACfl-93-0008 I 2 4  1 9  

0 5  

0.6 

- 
- 
T 

0.01 6 

CACB-99-10 cAc0-93- E 3 . 5  

26.9 

152 

83 

25.1 

1.5 

1 9  

20.7 
4 2  

9.6 

15.9 

2. I 
4.9 

0.789 

0.672 
12.2 

7.0 

IO5 
8.3 

1 2 3  

13.8 

0533 4.6 

82 10.7 

7 3  14.1 

3.0 4.6 

csi 
csi 

0.W6 
ODQ1S 8 -6 

4.8 

1113 

' 5.7 

129 

0.6 15 

OB77 
0.050 

0.034 

20.1 1 29.3 62 1 8.1 

CACS93-0018 I 3.4 4.6 
65 

3 2  10.0 155  At+ 6.0 11.4 

1 2 9  C A C & d 1  I 5 5  
4.9 I+ 106 

3.7 

1 2  

183 I 36.6 1 10.3 I 16.8 csi 
csi 

4 9  
102 5.6 ] 11.0 - 



Tabto 8-2.0-1 (continued) 

1 

CAGB-99-0024 I 7-6 

-CACB-93-W27 1 IO: 
CACB-93#23 

CACB-994029 2.0 

6.3 I 123 f 14.6 

I 

'1-5x 9.0 

22.3 
49.3 

-I_ 

19.4 

13.2 

22.8 
23.3 

\.fS 

fs 

bfS 

csi 





8-3.0 SEDIMENT SAMPLING EVENTS 

Sampllng 
Evcnt 

1 

Sediment sampling in this invcstigaiion followed a phased mproach, which focused on sequentially 
reducing uncerlainties about pokntial contamination in reach C D B 4  Tablc 8-3,O-7 shows the 
chronology of scdimcnt sampling events in reach COB4 and the primaly goals of each sampling event. 

Tablc 8-3,O-1 
Summary of Sodimont Sampling tfvonts in Roach C O B 4  

~ ~~ 
~~ ~. -_ 

Number of 
Samples 

Sompllng O m s  Collected Typc of Anolysos and Prlrnary Gotlls 
5/17/99 10 Full-s~~lla nnnlysos: dolormino 11 any anolytoe ora 

prcsonl abova Laboratory~wido bnckground voluas 
and dtrlormino any posslble risk drlvors: Oxmint3 
gcnorirl voriollons in posslblo contamlnnnls bofwoon 

Channel Modlan 
Locatlon 3' Sample ID 

Daplh (cm) Sedlmant Feclos Slzc Pertlcle- Clam 

35-66 Fine 

Notes 
CB40003 1 CACB-99*0001 South I 3-6 Flnc cslb 

Layor rosomplod for 
trltium 

C8-00003 CACB-99*0031 0 

CB*OOOO4 CACB*B9*0002 75 Nonh i 11 1 0-33 Fino I vfsd 
CB*OOOOP CACB-89.0032 75 Noah 11 0-33 Fino 1 - i;;;;rosamplod lor 

12-28 F l n ~  - Lnyer rosnmplod lor 
C0-00005 CACB*99=0003 1 206 1 NOnh t i  1 12-28 Flno I 

VIS 1 
I trltiurn 

C6*00005 CACB-89-0033 
h 

' CB-00008 I CACB*BB*000a 325 South 11 1 0-18 Flno 

CB40006 CACB-WO034 325 South 11 0-18 Fino 

CB-00007 CACB*QQ*OOll 80" South c2 t = l O ) - o  Fino 
.. i ts' I Juno 1980 flood lnyor 

84.0 GEOMORPHIC CONTEXT OF SEDIMENT SAMPLES 

Table B-40-1 presents information about the geomorphic context of each sediment sample, including the 
geomorphic unlt, sample depth, sediment facies, and median particle-site cl~so.  Samples are ordered by 
Lowtion t0 and by sample deplh, 
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CB-00010 
C840010 

trttlum 
WO Coano cs 

I 
' C l  

I 
CACB~G94010 800 - 
CACB4Q9WO 800 li C l  -0 Coorso - Laycrrorrarnpiudror 

. I I  trltlum 

C8-10000 CAC8*Q04013 129N I NOrlh clb 17-30 Flne Cal 

CB=lOOOI .CAC6494014 525 1 South c2 0-25 Fine Csl 

CB-10002 CACB=999015 492 I NOnh I1 2 8 4 5  Flno eSl 

Ce-10003 CACB-904010 260 I c1 0-10 collno I ca 
CB=lOaW CACB*09-401? 725 ' Middio f l  6-23 I Flna I vfa 

c8-10005 CAC&88*0024 160 F h O  I Vf8 bnckgraund 
I aodlment sample 

Qal 

Qal 0-11 Flno 1 cd Localbeck~round 
bedlment aarnple 

1 Qal 0-15 Fino vfs Local background 
aodlrnant sample 

I Qal 0-15 I Flne - Flold duplicate mmple 

OaVdt 0-12 Flno vfo Loco1 background 
sodlment sample 

CB-f 0000 CACD.094026 lOON - Fine vfs Local background 
I sbdlment sample 

fa Local background CB-10010 CACB*099021 620 - QaVQc 0-8 Nno 
aodlment sample 

Qc 0-13 Uno Is Local bockgmund 
scdimonl aample 

On1 , 0-12 flno csl L m l  background 
sodlmant mmpls 

- I  I *  
co.10006 cAcs.wooia 215 I - 

$ 1  2x CB*lQOQ7 cACB9QgQOlO 

CB*lOOO? CACEg9403d I 275 
CB-10000 CAGE-894020 

I 

I - 

l -  

---- a'b 1 0 4  

I .  

CS-10011 CAC0494027 . 750 

CB-10012 CACB=984022 840 - 



I I I I I I 1 sodlmont snmplo 1 1 h;: I 1; / L _ 1  backpround 1 CB-10015 CACB-QB-0029 I 460 1 - 1 On1 
codlmont snmplo 
Local background I -  sodlrnont aampla 

CB*10016 CACB*QBd025 1 365 
l 

0 rn point 11) Doh culverl 01 NM S I m  R o ~ d  d; dlolimcot Increnee UDBlrOIIffi to npprorimntsly 030 rn el a n  Ildafonso Puablo 
boundary, 
CSI a c o m e  a ~ t .  - rn not o p p ~ ~ c o b ~ o .  
' VIS very fino etinct. 
" N I dielance along molar notlhom Channel bfola. 

' ta fine sand, 
g vca vory caulso sand, 
h cs I eonria eane, 

OctoberPOOO 
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Appendix C 
Results of Quality Assurutzce/Qxuliry Control Activities 



c-I ,a SUMMARY OF OUALITY ASSL~RANCUOUALITY CONTROL ACTIVITIES 

Inorganic Chomicolc 

r 

Thls appendix consists oi an osscssmunt of the quallty ai analytical results obtained from sadimont 
samplos collcctod in 1999 irom loach CD6.4. Table C-1.0-1 prmenls the analytical suites !or all the 
samplos collectad during this invostlgatlon. 

Torgo1 analylo list (TAL) molols 

Morcury 
Cy n nlg o 
Uranlum 

Table C-1.0-1 
Analytlcol Sultcs 

Chornlcal Calegory 
Radionuclidos 

Amoriclurn~Pdl 

Ousllty assurance (OA), quulity control (QC), and dntn volldatien procedures wero irnplomontod In 
accordenco with tho requiremonts of tho "Quellty Assurance Projoct Plan Roqulrcments for Sampling and 
Analysis" (LANL 1996,54609), and tho Laboratory Envlronmonlal Restoration (ER) Projoct analytical 
son~lces statement of work (SOW) for contract laborntorles (LANL 1995,49738). Tho results of the 
OROC octlvlties were usod to ostlrnate accuracy, bias, and prercislon of tho annlytlcal rnaosuremonts, QC 
saniplos used to ossoss accuracy and bias lncludod mothod bllanks, blank splkos, matrlx splkas, 
Intcderenco check snmplos, and loboratory control samples. Inlornal stondards, axtornal standards, 
surrogates, and tracers were olso usod to ~ B S O S S  accuracy. Mrdrix splko dupllcatos and laboratory control 
sample duplicatcs are used to ossoss procislon. Tho type and lroquoncy of OC onalyeos aro dascrlbod In 
tho ER Project anolytlcal sorvicos SOW (IANL 1995,49738). Clthor OC fodors, such as sample 
proserva:lon and holdlng fimos, woro also ossassed. The requiromonls for sampla prosorvation and 
holding tlrnes aro givon In an EA Projoct standard oporotinQ proccdure (SOP): EFI=SOP-1,02, Rov, 0, 
"Samplo Conlalnors and Prosorvatlon.* 

C-1.1 Bnsollnc Data Volldatlon 

Sample results were qualified uslng tho ER Project bascllne de.tn validation qualifiors. The ER Project's 
baSQllnf3 data valldn!ion procoss crdhores to two guldclnca documonts wrlttan by tno EPA: "USEPA 
Contract Laboratory Program Natlonal Functlonol Guidelines for Inorganic Dota Review" (EPA 1994, 
4863o) and "USEPA Contract Lnborotory Progrnm National Functionnt Guldallnos far Orgonlc Data 
R~vlew" (€PA 1999, 66649). Trio voliderion proccss also incorporotcs Loboralory=speclflc ronson codes 
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white Rock. fiioch figport 

forjqudlfylng d& Data packogod recolvod'frorn tho analytlc~l loboratory were rovlewed wlth rospect to, 
tho NFG .as  well.^^ Laboro!ory <uplI!yproceduros for data vclldotion, Dnto vnlldation results, Including 

. FINS, samplo'ldQntlflCnt~On num!;ars; and tholr'ossoclatod qunllilo~, ate prosonfed In section GS.0. 

61.2 Focusud.Datn Volldatlbn " ' .  

' A  focused'doij~v~lldation was also perlormod for 011 tho data pnckogos. Tho focusodwlldatlon followod 
the iamd procadura dlscussad~abova and includad a mom detnllod'revlaw of tho raw data rosults 
genotaied by tho onnlyticol.labomtof$. Deto'valldotlon rosults for tho focused ,vulldetion,'lncludlng RNs, 
tampla. identlflc~tidn .numbors,:ond.tholr nsscclotod quolllle~,~uto proscntod In sectlon G5.0. Quallilers 
.assigned by tho,lobomtory asnot dotocted (U) bocsuso tho resul:s wore &hat loss than Instrument. 
detection~limlt'(lD1) (tor inorgbnlc chemlcals), or less thnn thQ method detuctlon Ilmlt (MDL) (for organic 
.chornlcals),'nro: not mentIOnQd In thls appandlx. 

For mdlonuclidas,. thoso samplos quntllled by the laboratory asnot dctectod (U) bemuse the results' were 
'either less than'thu ,rnlnimurn dQtQCU4bh concantration (MDC) ,or loss than the minimum detacttable 
,~aivlry (MDA) without furthor quolllicotlon (R9e orR9b), are'also not montloned In thls appendlx. 
Rndloriuclidti rosults quallfled 8s not dotacted (U) wlth an oddltlonal quallflcatlont (R9b)'wem'oxnmlned to 
see If tho'msult was groator than three tlmos tha total propagotad uncortalnty (TPU). If tho rosult was loss 

A11 data, lncludlngfho. qunllfisd dam, nfo usablo'for ovoluotlon ond lntbrpratlvo purpases. The e n t h  data 
set maots thQ:statIdardS oat. for us0 in thls report, with no oxceptloos. ' 

61.3 Sample8 Colfectod' : ' . 

A summary of the'samplas collectod In roach COB4 fornndysos Is prosentWin Table C-1.3-1. 
'Summotlor; ol,ihc analytlcrrl mothods for Inorganic chemicals; radlonuclldas, and organic onalytbs m3 
provided in the fallo$ilng sectlons. The controcbrequlrod dotoction llmlt (CRDL) for ooch analyte listed is 

. . . .  . '.. > , 

, .  

, .  . .  , 

. . .  . .  , . ' I I  .' . .  
. , .  , .. 8.. 

, . .  . ., , 

. . . . . .  . . .  . ,  
. , . I  . . .  

. . . .  , ', . .  ' , '  

th8n throe't1mos:the TPU, It I5:montlonod'in . .  Table G5.04, ' ' , I  . . . . . .  
. I  

. .  . . . .  

. .  I '  

. . . .  8 , .  
. .  

/ .  

provldad in AppendlxD-1.0. Thoso lirnlts are also datoltod In.tho ER Project analytlcel servlcos SOW 
(LANL 1905,49738). 

. .  
Table C-7.3-1 

RcquostNo: 1 CollcctionDale ' Somplo ID i ' Anslytlwl Sulta' ' I Laboratory 1 

. .  

. .  : ' Summary of Roach COB4 Samples 
. .  

. . .  . .  , .  

r 

1 
l7=MapQ9 CAC8=984QO'l TAL Motola ond CynnMa Paragon 

CACS-QMQK! 
CAC8404003 
CACB-aaoow 
CACD-QO4005 
CACQ-QQ-OOM 
CACB-809007 
CACB~Q9*0008 
CACB=994009 

, CAC8-QQ-0010 



V W a  Rock Reach RODOR 

CACB*99-0001 Urnnium 
CAC64B-0002 
CACB-9%*0003 
CACB-Q8*0004 
CACB-D94005 
CACB-99.0006 
CACB-994007 
CACB-99-0008 
CACB*BD*0008 
CAC8494010 
CACB-994011 I TAL Molal:$ 

Tablo C-1.3=1 (contlnurtd) 

Hutfman 

Paragon 

15601 

5587 

1 If.lJL!y.gQ 5601 

CACB.99-0012 
CACB4D-0013 
CACB-DQ4014 
CACB4Q4015 
CACB*B9-0016 
CACB-DB-0017 
CAC 0.9 8-00 1 8 
CACB-QO-0019 
CACB*99-0020 
CAC B.Q@=0021 
CACB-89-0022 
CACB438=0023 
CACB.98=0024 
CACB-984025 
CACQ-994026 
CkCB*OD.0027 
CACB-99-0028 
CACB49*0029 
CACB.99-0030 

If.lJ.py.98 

CACB*9@*0002 
CAC0:99*0003 
CACB*99-0004 
CACB*D9-0005 
CACB.094006 
CACB-99-0007 
CACB*98-0008 
CACB.98-000D 
CACE*Q8-0010 

Paragon 
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Table C-7.3-1 (continued) 

Acqucal No. ' I Collcctlon Date Snmplc ID 1 Anolytlcnl Sulto Lnbotatory 

~~ 

5599 ' >  . 

ai e 

, .  
I ' .  , 

Z~-NOV=DQ 

Gammo.arnlttlng rodlonuclldos 
Amerlclum~24l 
tsaloplc thorlum 
Isotopic uranlurn 
lsotoplc plutonlum 
Strontlum-80 

Parngon 

IGO~O~IC pluronlum/trlllum Paragon 

C-2.0 tNORGANlC CHEMICAL hlEtnODS 

Thirty sarnplos W Q ~  analpod lor tnrgot nnnlflo llst (TAL) motnls. Ten sarnplos wow onalyzod forqmide 
and urunium, me annlyticnl mothoes for this data sot are shown in Tabto C-2.0=1. The nnalytlcR1 
labamtorios that analyzad tho sarnplos aro shown In fnblo C-1.34, Tho quollllors for tho inorganic 
chemlcul nnalytes nra pravldod in sactlon C=5.tI Holding tlmos were met tor all inorganic chumleal 
digestions and analyses. 



EPA SW-846 Mothod 60108 1 lnduclrvoly couplod plasma amisdon 
~podloscopy (ICPES) 

Table C-20.1 
Anolytlcol Methods lor lnorganlc Cht!mlcal Analysos 

Alumlnum, antimony, nmonic, barlum, 
&orylllum, celclum, cadmlum, cobalt, 
chromlum, coppor, Iron, lond, mapnoslum, 
mangonoto, nickal, POIRS~IU~,  solonlum, 
sodium, sifvor, thnlllUm, vnnadlurn ond 
zinc. (TAL molala) 

EPA SW446 Mothod GO20 

€PA SW.84G Mothod 7471A 

02.1 lnorganlc Ouollty AssurnncclOuallty Control Somplss 

Laboratory control sGmplos (LCSs), method blanks, matrlx splke SmpleS, and interference check 
sampios wore onalyzod to Dsscss accuracy, prc'clslon, ond potonllol blos 1ar Inorgone chemlcol analyses, 
Each oi :heso ONOC samplo types Is dcflned in the ER Project nnalytical sorvlces SOW (LANL 1995, 
49738) and doscrlbod brlolly In Iho socfions bolow. 

lnductlvoly COuplOd PlPGmO m060 
opodroccouy (ICPMS) 
Cold vdpor olomlc absorption (CVAA) Morcury (TAL motnl) 

The LCS survcs BS D monifor of lhe overnll podormonco of each stop durlng tho snalysls, lncludinp 
sample dlgostlon, Tho nnalyticnl results lor the mmplos woro quolifled according to NFG (EPA 1994, 
d8639) If the indlvlduol LCS recovery Indicntod an unocccptabk blos in tho measurament ai indlvidunl 
onnlytos. Tho LCS rocovorios should fall within the control limlts of 80% to t20%, 

Tablo C.2,l-1 summarhos tho SUmploS anatyzad for inorganic chomials. 

Tabla C-21-1 
Summary 01 Samples Anolytcd lor Inorganic Chomlcals 

Colloctlon Data TAL rmttts 

5601 May 1989 

6217 Novombor 1 QB9 I 20 

Proporatlon blanks GrO used os a moasuroment of bias and polontlal cross contaminntlon. All torgot 
onalytos should be below tho CRDL in the proparation blank. 

Accuracy for inorgonlc chomlcol onnlysos Is alSO assessod using m o t h  splko samplos. A malrlx splka 
sampio Is deslgnod to provldo inlormetion Rbout tho effect of cach somple matrix on tho sample 
proparalion procedures and analytlcol tcchniquo. Tho spiko samplo recovcrles should be wlthin the 
accopranco rango of 75% to 725%. 
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1 

Bnckgtound Valuo Number at Number of % Nondatecb 
' Analyta (mnncg) Samples Detects A bovo BV 

Sclonlum 0.3 17 13 1 

I Anolvtlcel Mothod I Anol~tlwl DcscrlPtlon I Tarnst Commund Uat I 
€PA SWgsS Melhod 3540-Evtractlon 
€PA SW446 Mblhod 82fO-Analyat8 
€PA SW-WS Method 3JPb-&trrrctlon 
EPA W.846 Mothad 8081&nalysls 
EPA SW-848 Mothad 3540-Extradlon 

SVOCa 

Postlcldoa 

PCBa 

ER Project onalytlcal l~~rvlcoa SOW ( U N L  
1 D05,49?38). Also In Appandlx D of !hi5 topon. 
ER Project analytlcol sorvlees SOW ( U N L  
1995,49738). Also In Appendlx D of thli report. 

ER Plojoct annlytlcal aervicoe SOW (UNL 
EPA SW=8r16 MOthOd 8082dnalyjl8 , lDQ5,49738). Also In App~ndlx 0 ot thin np~rl, 



Wblra Rock Ronch Roporl 

Rcqucst No. 1 Collection Onlc 
5597 1 m y  1 ~ e 9  

I Total 

Table C-3,0.2 surnmarizcs tho samples ani3lytOd for organic chomicals, 

PcsllcldcslPCEs 

C-3,1 Ouallty Assuranccldunllly Control Samplos for Orgaiilc Chcmlcol Anotysis 

LCSs, method blanks, matrix spike samples, internal standards, and surrogates woro QnaiyZCd 10 assass 
the accuracy, proelslon, onc potential bias 01 tho orgonlc chomicol analyses, Each of those QNQC 
sample typos Is dcfinod in thc ER Project snolytical scrvicos SOW (LANL 1995,49730) and doscrlbad 
briefly in the sections bolow, 

The LCS sorvos as a monitor 01 tho ovornll portormanco 01 each stop during tho onalysls, Including 
sample axtractlon. Tho analytical rcsults for tho somplcs wcro quallflod according 10 NFG I f  thc  incllvidual 
LCS rocovory indlcnlod an unaccoploblo bias in tho maasuromenl of individual onnlyles. Tho LCS 
recovorios should fail within the laboratory. and method-specitlod control IlmltS, 

Method blanks nro usod 10 moilsuro bias and potonttal cross-coilnminollon, Tho blmk results lor organic 
chomlcal anolysos were within acceptable limits lor all the analysos, All fargot onalylds should bo balow 
tho contract-roquirod quantllotlon llmits (CRQLs) in tho mothod blank. 

Accuracy, proclslon, and potential bias oi organic chcmical annlysas 8ro also assosmd uvlng mhtrlx 
splkc (MS) and matrix spike dupiicato (MSD) samplos. MSlMSCl samples 8re dosigned to provide 
information about the ctlect ol each sample matrix on the sompk extraction procedures and ancilytlcal 
techniquo. The MSMSD recovorios should iall within tho laboratory. and molhod-spoclfiod control Ilmlts. 

C-3.2 SVOC Analysts 

Ten samples wero annlyzed tor SVOCs, using EPA SW-846 Ms?thod 3540 for axtraction and EPA 
SW.846 Molhod 82708 lor analysis. Thc analytical laboratories that pQrlOrmt3d the analyses aro listed in 
Tablo C-131,  The SVOC targol analyto list, including tho roquirod ostlmatod quanlltalion limits (EOLs), is 
provided in Appendix D. For SVOCS, thc oxtraction holding lime is 14 days, and the analysis of the 
axtract must occur withln 40 days, Holding llmes for axtraction and analysis wore met for all samplos. Tho 
quallflors tho1 wore appllod io those somplos, due to Jntotnal standard and sirrrogato recovories, are 
prosonlod in soctlon C-5.0 of this appendix. 

C-3.3 Pcstlcldc and PCB Chemical An8lySls 

Ton samplob wero oncllyrod for organochlorina pesllcidas and PCBs. Somplc extrnction was 
oceompllshQd uslng €PA SW.846 Mothod 3540. Snmpto anol!rsis lor poslieldes ond PCBs was parlormod 
using EPA SW.846 Mothods 8087 and 8082, rospadivofy. Tho annlytlcel loboralorles !hat podormod tho 
analyses arc listed In Table C-1,3-1. The pestleidelPC8 torgot analyto Ilst, includlng the requlred EQLs, is 
provided In Appendix 0. For posticldcs and PCBs, !he extraction holdlnR tlmo is 14 days, and the analysls 
01 the  cxtroct must occur wlrhin 40 days Holding timas for oxtrodion and onalyols woro met lor all 

ER2000-0477 C.7 Octobor 2000 
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'samplos.'Th~~quallflors thot.woro appllcd to these somplos, duo to broakdawn crltarla and surrogate 
rocovorios,.Pra.proscntod In soctlon C-5.0 of thls appendix, 

' 

C-4.0 RADIO~UCLIDE ANALYSES 

Samplos wora 'unjlyzod for radlonuclldos by tho methods listed in Table 64.0-1. TwonG=three somplcs 
wore 'onolyzcd for lsotbplc plutonium. Ton samplos wore analyrod for gammosmittlng radlonuclldes, 
lsotoplc uraclum, lsotoplc thorlum, umoriciumQ41 , and strontlum40. Sovontoon samplos wem onalymd 
for tritium; mbximum nllownbla roporting limits,. os deflned in tha ER Project analytlcal sewlcas SOW, 
for rndionuclldas o m  provided In Appendix 0. 

. .  . .  
I ,  . .  . . ,  . , 

~. . , .  . .  
.. . , , .  " ,  I, . .  

. .  , . .  

. I  

, ,  Radlonuclldcs Analytlcal Tcchnlquo 
I .  

I 

Gamma-omittlng , Gamma ~psctroampy 
rodlonuelldes ' '  ' 

Stmntlum~BO Pmportlonol counting, 

.. , ' Isotopic plutonium ' ' Chornlcal saparatlonlalpha speetmscooy 
Isotopic thorium, . Chumlcal soparatlon/olpha apoctroscopy 

' . : , ' Isotoplc urnnlum ChcmiEal scparatlonlalpha spectroscopy 

' ' Amsrklum*241 ' Chomicel aoparatlon/nlpha opactroecopy 
Ttltlum . ' Llquld sclntlllatlon 

4 . .  . .  

Raquast . Isotopic laotoplc Strontlum laotoplc Amorlclum 
NO, CollectJon Data Plutonlum Umnlum 90 Thorlum 241 

559PR , May lgQ9 70 , 10 10 ' 10 10 

G a m m  
Ernlttfng 

Tritium Radlanuctldsr 
I 10 

Accurocy, proclsion, ond patenllul bins at ndlonucllde crnalysos perlormod at off-silo fixed lobarntorles 
worn sssosstld using matrix splko somplos, LCSs, mothod blanks, dupliatas, and tracers, 



The ER Project analytical servicos SOW (LANL 1995,49738) spccllios that spike somplo rocovarlos 
should be within f 25% 01 the conlfied value. All spiko sample recoveries mot thls acceptance criloris. 

Ouallfier 1 Explanat'on 
U ' Tho onalyIc was tlnalyzod for, bul not dalociod. Ropolo(J valuo IF, lho snmplo-specltlc osllmalod 

LCSs woro analyzed to asscos accuracy lor radionuclide anolysw. The LCS S O N O S  as a monitor of the 
overall pcdormonco of each slop during tho analysis, including the rodionuclldc soparallon proparotion. 
The ER Projoct analytical sowices SOW (IANL 1995,49738) sFocifies lhal  LCS recoveries should bo 
within f 25% 01 thc cortllied value. The analytical rcsults for individual LCSs woro all wltnin the f 25% 
recovery control limit, 

J I Tho roporlod VnlUO GhOuld bo rQQNdod a6 osllmalod. 

JI 1 Tho roporled valuo should bo rogardod a6 osilmalod iind biaood hlgh, 
7 

Mothod blanks ato alto usod to nssoss bios. Tho ER Projoct anolytlcal sorvicos SOW (L4NL 1995, 
49738) spocllios that tho mothod blonk concenlrallon should no! oxcood tho roqulrod EQL. All rnolhod 
blanks mot thoso crltcria. 

UJ 

C-5.0 DATA VALIDATION 

Tho nnalyto wns nnalyrod for, but not dclcclod, Ropcrtod valuo Is an OSlirnnto of tho sample- 
spacltlc quanlitnlion llmfl or dotocllon limit. 

Data quolifiors arc dcfinod in Table C-5.0-1, The remaining tnbl+ss ptcscnt the data qualiliers applied to 
each anelyto, as appropriato, for a givon sample. Tablo C&04 (Inorganic chomical data quality), 
Table C-5.04 (organic chemical doto quollty), and Tablo C-504 (rodlonudido data quallry) summarizo 
the quallflers for this data set. 

Tho samplo rosults war0 rujocfod bocouco 0 1  Gorious doticloncios in tho nblllty lo anolyze tho 
samplo and rnoet quollty COnlrOl crllorla; prosancd or absonco cnnnol bo varlflod. 

R 

d 

1 J- 1 Tho roponod voluo should bo rognrdod ns ostlmnlod Mid binsod low, 

C-5.1 lnorganlc Data Rcvlcw 

For FiN 5598, Paragon analyzed 10 samples lor TAL molals and cyonido, Cyanldo was analyzed by EPA 
SW-846 Mclhod 9012, colorimolric tllralion. Mercury was annlytod by EPA SW.846 Mothod 7471A, 
CVAA. The other TAL metals were analyzed by EPA SW-846 Mothod GOIOB, ICPES, 

Tho holding tirnos lor theso sarnplcs wcro mot. Tho proparallon blank rosults woro below 
dotectlon llmlls for DII analytos. Tho recoveries lor tho LCSs mot acccptanco crltarin of 80% to 
720%, with tho oxceptlon of iron. The rosults for this iinalyie should bo regardod as estimated 
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, .  

While Rock RoachReport 
, .  . .  

. .  . , .  

, ' ' and blasod hlgh (J+) bocause tho nssoclatod LCS mcavorj WQS hlgh (148%). All lnltlol ond 
contlnulng'cotlbration vorilicatlons wcrQ withln occcptanca criteria. The intorlomnco:chock sample 
mot accoptanco crltarla. The matrix spike roco&los all,mat occeptonco crltorla (75% to 125%). 

. Tho s~mplo=spec~flc'snnlyto~ that wore quollllod as astlmnted (J) bacauso the results woro less 
than tho practical quantltatlon Ifmlt but granter than tha IDLam also shown in Table c-5,0=2, 

, 

, .  . .  
. ,  , . .  ; ,  .. 

. .  . . .  . .  , Toblc'C-5,002 I ' 

. .  
, .  . .  . .  

b ,  
. .  I , Dnta Ouollty Evnluatlon tor Inorganlc Sample Analyses 

Bolylllum 
Cobalt 
Nlekol 
Solonlum 
Sodlum 
Antlmony 
Oorylllurn 
Cobalt 
Sodlum 
Thalllum 
Borylllum 
Cobatt 
Solonlum 
Sodium 
Thnlllum 

I .  ' ' 

Tho roaulto for thoso anolytos should be wgardod 
au 0~11matod (J) bocauoa tho roaulta wero loss than 
tho proetlcal quantltntlon llmlt but obovo the IDL 

Tho rooults for thoso onalytes should bo rogardod 
as sstlmatod (J) bocnuae tho rosulta war0 loas thnn 
the proetlal quanlltatlon llmlt but obovo tho IDL 

The r@ault$ tor theso anolytoa ahould be mgardod 
PO oatlmated (J) bacauso tho rotults worn less than 
tho practkal quantltatlon llmlt but above tho IDL 

' I  

Antlmony 
Botylllum 
Cobatt 
Solonlum 
Sodium 

, Sample 
ID 

Tho roeulta lor thoso andytoa should bo toparded 
as ostlmntod (J) Oocnuso the nrsults weto 10s thnn 
the practlcal quantltotion llmlt but abovo the IDL 

CACB.999001 
. I .  

CAC6.99-0002 

Antlmony 
brylllum 
Cobatt . 
Nlckol 
Sodium ' 

CACD-099003 

CACD-Q840W 

Tho rooulta tor thoso enalytos should bo rogardod 
as oatlmatod (J) bocnuso tho rosults were less than 
tho practkal quantltatlon llmlt but abovo tho IDL 

. . . ,  ' .  . 
. .  I '  . . .  ' . .  . .  

Antlmony 
AmonlC 
Btrrlum 
Borylllum 
Co Id urn 
Cobolt 
Coppor 
Mag noolurn 
Nlckol 
Polasslum 
Solonlum 
Sodium 
Vanadium 

Tho reblulta for the80 analytes should bo roparded 
a8 ostlmatod (J)  bocouse tho rosuRs war0 le68 than 
tho practlcal quanthrlon llmlt but abovo tho IDL 



VJhito Rack Roach Ronan 

’ 5598R CB*OOOOB 

Toblo C-5.012 (continuI5d) 

CACB*D9*0008 

r 

5598R 1 CB*OOOlO CACB*D9=0010 

5598R [ CB-00003 
CBOO004 
CB-00005 
CB40006 
CB40607 
CB*OOOO8 
CB-00008 
CB-00009 
CB40009 
CB*OOOlO 

I I 

CACB*9g4001 
CACB.99*0002 
CACB*99*0003 
CAC9*99-0004 
CACB*O0*0005 
CACD*Q9-0006 
CACB*DB*0007 
CACB-994008 
CACB-WOO08 
CACB4J94010 

ER2OOO*oP 77 

Analvlc 
Anllmony 
Borylllum 
Cobalt 
Sodlum 
Arsonic 
Barium 
Boryllium 
Colclum 
Cobalt 
Copper 
Mag noslum 
Nickol 
Potasslum 
Sodlum 

Arsonic 
Boryltlum 
Cnlclum 
Cobnlt 
Mognosium 
Nlckol 
Potasalum 
Solonium 
W l u m  
Vonadlum 

V&I n8dlU 

Iron 

Bo&lllum 
Sodlum 

Solanlurn 
Sodium 

c.11 

Explanotlon 
Tho r l m l t c  for thoso analylea should bo rognrdod 
ns oellmotod (J) bccnuso tho result$ worn loss thbn 
tho ptoetlcot qunnlltatlon Itmlt but bbOv0 lho IDL 

Tho rcsu116 lor tholo anolytou nhould tta rogatdou 
n t  osllmatad (J) bocsuso tha rocultb war0 1086 than 
tho pl’nctieal quanlltntlon llmlt but abovo tho IDL 

- 

- 

- 
Tho tcsults tor lh0so analytos should bo roQnrdod 
ns o!;tlmalod (J) bocnuso tho robults woro loss than 
tho crocticnl quonritotion limit but abovo tho IDL 

~ ~~ ~. 

Tho rosulls tor thls analyla should bo rogardod a3 
ostlrnotod ond blnsod hlgh (Jc) bocauso tho 
asstrclatod LCS racovory was high, 

Tha rosulls tor thoso anelytos should bo rogardod 
DS mtlrnntcd (J) bocnuso tho80 onalytos woro 
d0ts)ttbd below tha roponlng llmlt but abovo tho 
IDL. 
Thrt rneultc for thoso onalylos should bo rogorded 
os ostlmoted (J) bocnusa Ihoto onolylos war0 
dotoetod bolew tho roponlng llmit but obovo tho 
IDL 

- 

I 

OCf066r 20 00 



, .  . .  

CB-10012 
C8-10009 
CB-to013 
C8-10015 
CB*lOOO7 

, .  

. .  

CACB-gQ4022 
ac8*QWO2Q 
CACB4M028 
cAcB~00-0029 
CACB-90~0030 

. .  
Table C-5.0.2 (contlnuod) 

___ 

CB-1 OOlG 

CB-00007 
C8-00007 
CO-10000 
CB-lOOOt 
CB-10002 
CB-10003 
C8-10064 
CB-1 OOOG 
C8-1000t 

* CB-10008 
C8-00010 
CB*lOOlP 
C13-10014 

CO-10016 

C0-1 0017 
CB-10013 
CB-10015 
CB-lOOOZ 

c m  ooos 

CB-1 OOOQ 

tm?R 

CACB*Q94025 

CACB*QO-OOll 
CAC8*889012 
CACB-QW013 
CACB=Q99014 
CAC84WOtS 
CAC8409016 
CACB-096017 
CACB4990 18 
CACD~D99019 
cAc8~99-0020 
CACQ-QO902t 
CACB*999022 
CAC8-994023 

CACB409025 

CAC6-999027 
CACO-89.0028 
CAC6-9040ZG 
CACB~9~4030 

c~c~m-0024  

CAC84XMO26 

G217R 

621;rR 

t ... , 4 

62l?A 

6217R 

. .  

Analvta 
Sadlum 

Morcury 
Sllvor 
Sodlum 

Sodlum , ' 
l'holllum 

Morculy 
Sodlum 

Load 

Exrplanatlon I 
Tho raaults for thltl analyto shouM ba ra~ardod na 
astlmnfad (J) baCnUeQ fhls onslyla wo1 dofoctod 
below tho rapORlng Llrnlt butobova tho IDL 

Tho roaulls lor thaw analytoa ahould be regardod 
nd astlmafod (J) becauso thana annlylea wore 
dotoctcd below the WpORlng llmlt but above tho 
I D L  , 

Tho rosutts tor thooo onolytos should ba rogardod 
nu ostlmalad (J) because these analytos worn 
doloctad bdlbw tho roponlng llmlt bur abova tho 
I D L  
Tho roaultj lor theso onalytou BhOUM bo ngnrdod 
os oatlrnatod (J) bccau50 thsao anelytea worn, 
dotocibd bolow tho mponlng limlt but nbove :he 
IDL 
me rosuns for thln analyti? Phould be rogarded a8 
a8tlrnatod and blrrsod low (J-) bocauao the 
nsoclatod matrlX aplko mwory was low. 

c-12 ER2OW#77 
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Whfrc Rock Reach liopon ,., -lo 
-_I c 

r Rcqucst Location Sample 
No, 1 ID 1 ID 

: 6217R I CB-00007 CACB-95.0011 
CB*OOOO7 CACB.gS=OO 12 

I 

CB*lOOOO CACB-99-0013 
I CB*'IOOOl CACB.99-0014 

C0.10002 CAC0*99-00t5 
C6*10003 CACB-95-0016 
CB-10004 CACB.894017 
C6.10006 CACB.DU*0018 
CB-t 0007 CACB*QD-007 9 

1 CB.10008 CACB.99-0020 
i CB.00010 CACB.99-0021 

~ ; CB-10014 CACB.99-0023 
i 1 CB*10005 CACB*99*0024 

i CD10016 CACB-98.0025 

I CQ.10009 CACB-99-0026 

i CB*10013 CACB*99-0028 ! 

CB.10015 CACB*99-0028 I 

I CB-10007 CACB-99-0030 

i 1 
i 
I 

i 

i 

I 

I I CB-10012 CACB45-0022 

I 

, ; C6-10017 CACB.99-0027' 

8 

1 
I 

I S I  

a. -1 Analytc Explonation 
Aluminum ! Tho rosulls tor this onalylo should bo rogardod OS 

j csltrnnled ond biosod low (J-) bocouso tno 
I 

'4, 
~s5ocintud LCS rocovory w m  low. I,.! i 

I 
j 
I 

i i 

I 
I i 

ERZU00-0477 C-13 Oclobcr 2000 

I 62t7R j CB-10002 
! 1 C8*10006 

I CB*10014 I 

CACB-9bOOl5 1 Antimony 
CAC6.99*0018 

Ttio rosulls lor fhis nnnlyta should bo rogtrrdcd os -1 
! ' c!.timalcd nnd binscel low (J-) bucouso the 

CACB49*0023 1 

I 

! C217A 1 CB-00007 I CACB.Q9*0011 i Antimony 

I ' CB4OUO7 1 CACO*90.0012 

CB*l0003 CACB*D9*0016 
CB*10004 CACU*90*0017 I I CB-10007 CACB49-0019 
CB.10008 CACB*98-0020 
CQ~OOOI 0 CACB.D9=0021 
CB-10012 CACB.99.0022 
CB-10005 CACB*9D-O024 I CR-10016 CACB-89-0025 

I CB.10000 CACB-99-0013 1 CB-10001 CACE*Q9-0014 j 

I 

i 

! 

c 

Tho toporting Ilmits !or thls onolylo should bo 

bl?cnuso tho nssociotod moirtx splko rocovory WPG 
icw, 

tC g m e d  OG cslirnnfod nnd bl060d IOW (UJ*) 

j 
I 
I 

CB.1 OOOQ 
I 1 CB-10013 
i CACU*QD-0026 

CACB-99*0028 



Whlro Rbek Roach Ropart 

Rcqucst 1 Loeotlon Semplo Anolytlcnl 
No. ID ID Sultc Anolyto 1 Explmntlon 

5537 CB=OOOO9 CAC0g99-0000 SVOCs All tnrgol mu roponlng llmits for thoao onalytoe should 
CB90010 CACB-999010 annlytas bo fogorded os oetlmnted (UJ) becauso tho 

associolod Intorno1 stOnd&rd rocoverios did 
nat pass accoptnnco crltorlu. 

1 

Table C-5.0-3 
Data Quollty Evsluntlon for Organic Sample Anolyscs 

lsotoplc 
plutonlurn 

Tho ro6uIl tor thls analyto should bo 
rogmlod as not dotoctod (U) 
bacauso tho rosult won lose rhan 

Plut onlurn*238 

Ta blc C-5.04 
Dotn Qunlity Evaluatlon for Rodionuclldo Samplo Anatysca 

Plutonlum~239,ZJO 

Coulum-137 

Urnnlum-235 

Rcqucst 
NO, 

5589 
- 

- 
5599 

The fosult for thla analylo should be 
rogardod as not dotocted (U) 
bcccauae tho mault WOE loss than 
thrao llmoa the l d g m  TPU. 

Tho roJult3 for thla antllyto should 
bo ragnrdod 05 not dotoctod (U) 
bocnuso Iho roaults woro Inas than 
lhroo tho8 the 1-alQms TPU. 
Tho rasults lor this analyto ohould 
bo ragordod aa not Uoloctod (U) 
bocouao the roaulta wore 1038 than 
throo tlmos tho 14arnn V U .  

55QO 

- 
5999 

- 
5599 

CB40003 
CB=OOOO9 
CB*OdOlO 

5509 

- 

CACU-QS4001 
CACO-994009 
C~CB*g9dO10 

I 
CO-00006 I CACB.09-0004 

Gamma. 
amlttlng 
rodlonuCUdaa 

1 

CB-OOOW I CACB49-0002 

Uronlum.235 Tho roaulfs tor thla analyto should 
bo togotded a8 not dolectad (U) 

1 because at apwtrnt Intarterenco. 

Ocrobor 2000 

I thmo tlmos rho ldgma TPU. 
laol~ple I Pluronlurn~?JD,?40 I Tho rusult lor thle anolyto ahould be 
plutonlurn rogardad as not doloctod (U) 

becnuso tho raault wos lssa than 
thq MDC, 

lsotoplc 
plutcnlum 

. ~ 

Gamma- 
omlttlng 
rodionuclldos 

Gomma- 
omlning 
rndlonuclldat 



'Table C-5.04 (cantlnucd) 

1 5589 I CB.0000t 

55Qg ' CB*00004 
CB-00008 

} 5589 1 CB.00009 

I 
I 
I 

5599 ' CB.00005 

CACB.99-0004 

CACB*D&0002 
CACB-90-0007 

CACB-80-0008 

CACB-D9*0003 

ornlttlng 
rodionuclldos 

I I 

Amor id urn- 
24 1 

Gamma- 

rodionuclldos 
omlnlng 

Arno r id u m.24 1 

Coslurn-137 
Cob3ll-60 

5599 CB-00003 
CB40004 
CB.00006 
CB*00007 
CB-00008 
CB-00008 
CB*OOOOQ 
CB-00009 
CB-00010 

CACB49.000'1 
CACB*QQ-0002 
CACB-99.0004 
CACB4D*O005 
CACB~88*0006 
CACS-00-0007 
CACB*D9.0008 
CACB-98.0009 
CACQ-98-0010 

! 
I 

Isotopic Pluloniurn-239,240 
plutonlurn 

3 

Slrontlum-DO 

Explanatlon 
Tho rcsull tor lh18 OnalytO should bo 
rogorded 08 not dotoctod (U) 
bocouso tho rosull was 1066 lhnn 
throo tlmos tho l d g m o  TPU, 
Tho rosults lor this anolylo should 
bo rogardod as n0l dolocloU (U) 
bocnuoc the rosulls wore loss thon 
throo tlrnos lha 1-slgrno TPU, 
Tho rosul16 tor thooa analytos 
should bo rogttrdod as not dotocrod 

lhan throo tlmas tho 1-slgmo TPU, 
Tho rcsult for thlt onalyto should bo 
rogardod OG no1 doloclod (U) 
bocauso tho rosull wns Iosa than 
lhroo llrnoa tho 1-slgrna TPU. 

(U) bachusa tho rOGuIfE W a f 0  1056 

Slrontlum~DO Tho rosults lor this onalylo should 
bo rognrdod as nOl dolodad (U) 
bocouso lho results wOro loss lhan 
lho MDC. 

6218 

I 

Tho rom~lts lor thls analylo should ~ 

bo rogardod as no1 doloclod (U) 

lhroo llrnob lho l-sigrna TPU. 
bOCnu60 tho rOBUtt6 woro 1086 than 

CB-10004 } CACB*98*0017 
CB-10008 CACB494020 
C0.10012 CACO-09-0022 

For RN 5601, Huffman analyzod 10 snrnplos for uranium by €PA SW-846 Mclhod 6020, ICPMS, The 
rosults arO reponed os 100% uranlum-238. 

0 Tho holding timos for those samplos were mot, The preparation blank rcsulls woro below 
delection limits for all anolytos. Thc rccovcries for the LCS met occoptanco crilerla of 80% l o  
120%. All Inillal and continuing callbrution vcrlficritlons warc within Rcceptonco critcrla. Tno motrlx 
spike recoveries all mot occcplanco critoria (75?h to 125%). 

For RN 6217, Pnrogon analyzed 20 somplos for TAL metals. Mercury wns onalyzod by EPA SW-846 
McthOel7471 A, CVAA. The other TAL inotals wora analyzed by EPA SW-846 Method 601 OB, ICPES, 

Tho holdlng timos for these simples woro mat. Tho proparotion black rOsullS wore below 
dclecflon llmlts for all analytos, The recovories for tho LCS mot acccptanco crilerla of 80% to 
f20%, wllh the oxcoption of alumlnum. The rcsults for  thls analyto should be regardod as 
osljmatod and biasod low (J-) becnuso lho ass0t:iu:Qd LCS recovary WDS low. All inltlal and 
conllnulng eallbrotlon voriflcalions were wlthin acccptanco crllorlu. The Inlorferenco chock sarnplo 
mot acccplance criteria. The matrlx spiko rocovr!rius all met acceptance criteria (75% to 125%), 
with the cxccptfon of antimony and lead. Tho rewl ls lor those onolytos are regarded as ostlmelod 



I .  . . .  
. I  

. . . .  
. . a  

. .  , , 

. . . . . .  : .  , 
. .  

. ( . '  , 
,> 3' . . . . .  
. . .  

1.. , 

I .  

.. 
. .  

W h h  Rock Roach R d p M  

. . .  
. .  

' . . "  

and bldfsod low (J-1, because tha assoclatod matfix spiko rocovorlos wore low. The not-dotQcted 
'ontlmony results arc! quallllad os ostlmatsd nnd bhsod low (UJ-) bocausc the matrix spike 
rctccvory was low, Tho rosblts '9re thorcfore qunllllcd as shown In Tablo C-5.0=2, The sampla- ' 

' ' specIlic.eriQtytos.that wero qunllflod a i  estfmoted [J) bocauso the results were less than.the Ilmlt, 
'but grootsr thnn the 101. am also shown In Table C-5.0.2 ' 

. I  

. 

. .  , 
, I  

. ' I  \ 
, , . '  . 

' C-5.2 OrgonicDotn Rcvlcw .: . , .  
I .  

For RN 5597; Pnragon analpod 10 samples for SVOCs and postlcldoslPCBs. SVOCs wore annlyzsd by 
EPA'SW=846 Mothod 8270:pesticldas and PCBs weto onalytod by EPA SW.846 Mothods 8081 and 
8082, rospoctlvoly. - " ,, . , ' ' . .  

, .  

" .  For SVOC.bnrrlysos,tho mothod blank was bolow tho roportlng llmlts lorall targot anolytea. The 
' . initio1 ond.continulng callbration vatillratlens pnssed acceptance criteria, with the excoptlon 01 the 

eontlnulng callbrntlon standard that was usod for quallficatlon end quontlflmtlon ol'CAC8-9% 
' 1 'I 0009 &nd CACB=999010. Tho lntamal standard woos were lass than 50% from tho provlous 

contlnulng collbratlon.stnnd3rd. The reporting llmlts !or both of thosa samplas Q H ~  quallliad as 
. , ' '  . estimated (uj), AS shown in Table C=5,0-3. Tho batch quellty control somplos (LCS'ancVor matrix 

'.. : .. 5plk0 somplos) rocovcrles mot accoptance crltaria. Tha'lnternal standard and surrogate 
tocovorlos met acceptonce crltcrla, Thwoxtraction and anolysls holdlng tlmas were met, 

.I . .  - ' For p~~tlcldoslPCBs,.lho mothid blank was balow the ropottlng llmlts for all targot analytes, The 
lnitlal ond.continulng cnllbrutlon vQriflcatlons PUSSQd accoptanco ,crllsrln, with the exceptlOn of tho 

' . . closing standard for 4,4>DDT. Tho percent dlfferonco was low on both columnsforthls nnclyle. ' 

' Thoro wore no'tnrgat analytos qualillod o r  quantlflod h lh is  data set, theretom no quollfiors wero 
' ' applled,.Tha surrogato recovorlas a11 pusacd occoptance crltoria. The retontian ttmo window 

criterin'ond brookdown crlterla war0 wlthln tho spaclflod ranges, The batch quallty contra1 
' samplos (LCS andlor MS/MSD) rocovorldt mot accoptanco crltorla; Tho extraction and analysis 

. ,  

' 

. . .  . .  , I  , 4 ' .  . I  

. I  . .  
. I  

' 

' , .  

' ,  ' I .  I ' holdlng times woto mot. . ' . .  

4 .  

C-5.3 , Radlonuclldo Data Rovtow 

Tho radlanuclido$ that were quallllod as not dcteaad (U) becousa tho rosult was loss than the MDCor 
bocauso the'result was,loss thnn thmo tlmos the 1-slgmo TPU am summorltad In Table G5.0-4, These 
mdlonuclldos'aro not ropanted In tho text bolow, 

': Fir RN'5599, Paragon onolyxed 10 samples for isotopic plulonium, lsotoplc urnnlum, isotoplc thorium 
and'amoriciumd41~ by chamlcdl'soparatlon followed by alpha spoctroscopy. Thef samplos wem also 
analyzed for'strontlum-90 (by proportional counting) and for gammadmlrtlng r8dlonuclldos (by gomrna 

. I  I . .  . . . .  . I  

. '  . . t ,  

, . .  

. .  spectroscopy)*. ' 

, '  
C "  For lsotoplc urnnlum, tho samples were analyzod uslng PA1 SOP714R4, The mathod blank 

results,wom.below tho MDCa. Tho tracor ylolds and LCS rocovorios sH mot nccaptance crltwla 
No matrix spike somplo onalysla wns portormod for this RN. 

For lsotoplc thorium, the samplos wuro analyzed uslng PA1 SOP714R4. Tho mothod blank rosults 

matrix splko sarnplo jnelysls was porlormed for thls RN. ' 

' .  

' ' wore balow tho MDCs. Tha.trocer ylalds and LCS tucovorlas all mot occoptnnca crlterla. No 
' ' 

. .  
( .  . 

': ' C-16 ERzOdO4Jzt 
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- For isotopic plu:onium, tho samples werc analyzed using PA1 SOP71GR4. The method blnnk 
results were below the MDCs. The tracor yiclds oqd LCS rocovcries all mot occoptnncc critoria. 
No matrix spike sample unalysis was perlormod fv this RN. 

e For amcricium-2d1, thc samplcs wcrc onaly;rc?d Lsing PA1 SOP7ldRd.  The mcthod blank rcsults 
were bciow the MDCs, The tracer yields and LC$ reccvories all mot nccoptance criteria, No 
matrix spikc samplc analysis was porlormod for this RN, 

For strontium.90, the snrnplos wcrc onnlyted USillQ PA1 SOP724R5, The mathod blank results 
were bolow thc MDCs, Tho LCS and mntrix spikc rocovcric~ mot acccptnnco crifaria. 

for gamma-omitting rodionuclidos, the samples worc onnlyzod by PA1 SOP713R4. Tho mcthod 
blank results wow below the MDCs, The LCS recoveries all mot occoptonco criteria, 

For RN 6218, 73 SWnplCS were analyzed by Paragon for isolopic plutonium. The mothod was chcmienl 
soparation iollowcd by alpha spcctrascopy~ The samples were also onoiy2ed for tritium by liquid 
sclntlllallon. 

For iooloplc plutonium, the samples were onalytcd using PA1 SOP714R4. The mothod blank 
results wcrc below the MDCs. The tracor yiolds crnd LCS recoveries all mat occeptance criteria. 
No matrix spike samplo unalysis was porformed on thls RN. 

for tritium, the samples w o w  analyzed using PAt SOP70dR5. The mclhod blank rosults were 
bulow tho MDCs, The LCS and matrix spike recclverios mot acceptance criteria. 

c-17 Ocrobcr 2000 vy 
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,'"<I D-1.0 TARGET ANALYTES AND DETECTION LIMITS . ,  
'I I 

.*I 

*:i 

+: i 

4 

This scction summari2es !hc target analytcs and dctcclion lirni:s tor all onolyses conducted during this 

jnorgonic chemicals, in accordance with the ER Project anal)'tical scrvices s1a:cment of work (SOW) for 
contract lab~ra tor ic~  (LANL 1995,49738) and lho Quality Assurance Project Plan ( U N L  1996,54609). In 

CRDLs. Tablos D-1.002 through D-1 .O-4 list lho analytical sullos and EOLs lor radionuclides and organic 
chemicals. The sample-specific reponing limit tor each anolyc that is rcporlcd as not detcctod (U) is 
available in section D4,O of Ihls appendix. The Laboratory's FlMAD dalabase also contains the  sample- 
spccilic repcning limits lor oach analyto. 

investigation, Table D-1 , O m 1  lis% the analytical suite and the c:ontracl-rsquired detection limits (CRDLs) for 

1. I many cases, a IaSoratoy's regortin9 limits for thc targot analflcs wcrc significantly lower than tho 
I +  , ?  

Arsonic 1 7060/3050A 

D-1,1 lnorganlc Chcmlcol Analyses 

Table D.1.0.1 shows largut anolytcs for inorgonic chcmicnl onolyscs and associafed detection limlts, 
which am CADLs, Somo 01 tho CRDLs listed in Tablc 1 ,O-1 l i re not adaquato to me01 Loboratory 
background lovols. For lhcse analylos, thc contracI laborelot ics wore contactod and, whenever possible, 
rcponing limits and analytical lcchnlquos (use of axial vicw IlZPES inslcad 01 rodial view ICPES) were 
changed to meet the  Laboratory background values, 

Table D-l.O='I 
Laboratory CRDLs for Inorganic Chcmlcal Analytcs 

ICPES 

1 EPASarnule 1 Ana'ytlcsl 1 

Borylllum I 3050A 1 ICPES I 1 

Codmlum 1 3050A I C P E S  I 1 

Calcium 1 3050A I ICPES 1 1000 

CRDLE 

Cabnlt I 3050A I ICPES 10 
I _ _  . _ _  

Coppar 1 3050A ICPES 

Cyenldo i 801 2 

tron t 305QA IC PES 
b 

1 Lona 

Ocrobor 2000 
--5F 

7421/3050A 1 

rdonganoso I 3050A I ICPES I 3 1 



I--- €PA Samplo Amlytlcal CRDLs 
Analytc Prcparotlon Mcthod Tcchnlque . 

Silver 3050A ICPES 2 
* ~ 

Sodlurn 30SOA 
Thnlum 1 7EMli3050A 

ICPES 1000 
ICPES i 2 - 

-~ 

IKnadiurn I 3050A 

I Zinc 3050A 

D-1.2 Radionuclldc Analyses 

tCPES 10 
tCPES 4 

i 

Thc EOLs for radlonuclldcs Rro summarlred In Table 0-1.0-2, Tho Laborntory methods for thoso onalyles 
oro contitinod In "Wonlth and Envlronmentnl Chamistry: Analytleal Techniquos, Data Monogament, and 
Quality Assuranco" (LAN1 1993,31?93). 

I 

Anolyta AnalytlcPl7echnlqua EQLs (PCU9) 
Arnorlclum241 Alphn GpeCirOaCOPy 0.1 

rAmofkluW241 1 Gamma SPoCttoJCOPY t.0 
Cosluml37 Gamma 8poctroncoPy 1.0 
Cobalt 4 0  Gamma ~poctroacoDy 0.5 
Ptulonlum.238 I Alpha ~pacttoscopy 0.1 

PIulonlurn~230, -240 1 Alpha spoctloeCoPY 1 0. f 
! Stronlium*OO Proportional countlng 

% 

Thorium-228 Alphn npoc!roacopy 0.1 

Thorium430 Alpha spoctto8COPy 0.1 

Alpha 8p0CtrOaCOPy 0.1 

trillurn Llquld yelntlllatlon 300 (PCW 
Uranium-234 Alpha opoctmsccPy 0.1 

Uranlum-235 Alpha JpectroscoPy 0.1 
Uronlum-238 Alpho saoctroscoPy 0.1 

b 

D-t.3 Organlc Chemical Analyscs 

Table D-1.04 summnrkos tho SVOC target onnlytos and tho nssoclatod EQLs. Samplo& worn analyzed 
uslng oither €PA SW.846 Mothod 8270 or Contract Labomtory Mothod OLM04.2. thoso methods use 
solvont axtrixtlon. The samplo oxtrocts am anolytod using gns chmrnatography/moss spectroscopy, 

Tabla 0-1.0-4 summarlzos tho pastfcldalPCB analytes and tho associated EQLs, SRmples WQM analyzed 
uslng elthor EPA SW-846 Mothod 8081/8082 or Contract hbcratory Program Mothod OLM04.2. Those 
molhods USQ solvant oxtractlon, The ssmplo oxtmcts aro analfled using gas chromatography. 
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4~Chlorobnillno 

ER200044 77 

660 

I Acoiophthano 1 330 J 
/Aconi~phthylono 1 330 I 

Anllrno G60 I 
Anthroconc 330 I 

1 Azobonxmo 

i Bonz(a~nnthrncono ! 330 1 

I 

L 

t 

2,P-Dichlotop honol 

I Bcnzolc oeld I 1650 1 
I Bonzolbllluornnthono ! 330 i 

( 

330 

1 Bonzo(klfluornnth0no 1 330 I 

[4~Chtoro.3~mcthylphonol 1 660 1 
PgChloronnphfholono ! 330 
2~Chlorouhonol j 330 
~. ~ 

44hlorophonyl phonylathor 330 
Chwsono I 330 

Oibont(n,n)onthracono 

1,2~Di~hlorobonzono 330 

D.3 Octobor 2000 

L Y  



Tnblc D-1.04 (contlnuod) 

Hoxachlorobuxono 330 1 
Woxochlorobutodlono 330 

HoxachloroCyclopentoelono 330 
Hoxnchloroothano 330 

Indono(l,2,3.cd)pyrono 330 
Ieophorono 330 

2-Mothylnupht halona 330 

6 

I 

2-Nllrophanoi 
4-Nltrouh~nol 

330 
1650 

2,2'9xybla(l.Chloropropano) 
Ponlmhlorophonol 
Phrrnanlhrono 

330 
1650 

330 

1.2.4-Tr Ich lor0 bonzono 
Z,4,S-irJchlorop honol 
2,4,6-Trlchlorou howl 



Table 0-1.0.4 
EOLs for Postlcldct nnd PCBS 

Endosullnn I I  I 3.3 
Endosulton sulfoto 1 3.3 I 
Endrln I 3 3  i 
Endrin kctone 1 3 3  
Endrin aldohydo 3.3 

Hoptachlar I 1 .f 
H o p m i o r  apoxiao i 1.7 

r I M 01 horychlor I I ?  
'Tonnphono 170 

Aroclor-I016 
Aroclor-1221 

Atoclor-1242 33 

Aroclor=lZU8 I 33 
Arbelof-12% ! 33 I 

I Aroclor*1260 I 33 

0-2.0 ANALYE SUITES AND RNS 

Table D.2.04 prcsents the analytical sultcs and RNs for 69th sedirncnt sample (including local 
background samples ) collcctod in rcclch CDB-4. f h c  APJ idcntdlos a botch of samples lhat hove boen 
sent to a spociflc off-slto onnlyticni Inborntoy for CI speclfic sulto of onolyscs. RN5 can bo used to track 
tho original dntn packages lrom tho elf-sltc onalyticnl laboratories, Tnblo D.2,O-1 also prasonls some lield 
information (e& location ID and sample colloction depth). Toble 0-2.0.2 prcscnts tho onolytlcal 
laboratory that nnolyzod oach requost number, 

Ocfobor 2000 
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Table 0-2.0.1 
Reach COB4 Sediment SarnpTes, Analylical Suites, and R?ls ? 7- - 

-I----- 

3 1  7 M  
~ 1 7 m  
Y t 7rm 

x 
62lm 
6217A 
6217R 
E21m 

6217i3 
btlm 
6217R 

62 I 7fl 
6217f3 

6217R 
62 I7t3 
E217A 
6zim 
621m 

tlh 
tlh 
?iA 

~~ -+- 

-- 
pa IU I ;: Ilh 

ru 

tu 
HA 

ru' 
tu tu ra 

tlA 

IIA 
r u  

11mw 
1 In391 

::: 
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Table D-2.0-2 
Rcach CDB-4 RNs,  Annlytlcal Sultcs, and Annlytlcal Loboratorios 

RN 

5597 

1 
Number of Snmplca I Anntytlcnl Sultc Laboratory 

IO ssdlmanl snmplos I SVOCB* Purogon Analytlcsb 

I Analytlcal 

5588 

5599 

5GO1 

I PoutlcldodPCBac 

1 Cyanlde' 
10 ssdlmsnt mmplos TAL molnlsd Paragon Analytlcs 

10 sodlmont somplos Gamma-dmittlnq rndlonuclidos' Paragon Annlyllcs 
Amorlclum-Pdtd,, 
laotoplc thorlum 
~sotop~c uranium' 
~eolop~c pluto:lum' 
Strontlum-80 

10 scdlmant aomplos total uronlum' Huflmanm 
6217 I 20 sodlmont samples TAL motulo 
6218 20 sodlmont samples laoloplc plulonlum (13 snmplos) 

Trltlum" (17 mmploa) 

Paragon AnalyUcs (tonnsrly ATI) Is IDcntod In fort COlllna, ColoroUo, 

PaSiiciemcm an~ilyxtd by EPA SW~MO MOUIOU uotwooa. 
b. 

a 53 rnulnls from lha EPA Ccnirncl Lohrotoy PkgrIIm llsL 
' CyanMs waa analyzed by EPA SW.046 Mslhod 0072. ' AmerIclum-?41 , caDall-60, ceelurn.136, coalum~l37, outoplum-19, sodlurn.??, rulhonlum-106, 

and umnlurrr23J analyzMI by Omma aprctmseopy. 
Q Amariclumt41 onatyzd by chumlcol eapamtDn/atpha opaclroscooy. 

Thorium lwrapee anntyrod by chomlcal asparatlonlalpha spoclmaeopy. ' Urnnlvm iaotopoa anulyzsd by chomlcal sopamtbrWaIphn spsctrosco~y, 

Plufonlum Isotope& nnatyzod by chimleal aopdratlonlalpha spdclraacopy. 

Stmnilum-00 analyzed ty proporttonal counting. 
I Tolal urnnlum anaIyzy2.d by ICPMS. 

Hunmon Is lacaled In Qaldon, Colombo. rn 

" Trlttum anatpod by llquld sclntlltotlan. 

Paragon Analytlcs 
Paragon Analytlcs 

0-3.0 SUMMARY OF REACH COB4 ANALYSES 

Toblos 0-3.0-1 through 04.0-3 prasont summnrlos of tho lnorgonlc chomlcal, radlonucllde, and organlc 
chomlcol anatyscs for sedlment somplcs (Inciudlng local background samplas ) trom reach CDB4. These 
tables show tho numbor of snmples, dotaction frequancy, and concontmtion mngs for each onolyte. 



Whim Rock Land Tronstor Parco/ Rcoch R C P O ~  

Nlclrol 1 3 0 1  0 

30 1 5 
Poinsslum I 30 I 0 F 

Ta blc 0-3.0-1 
Summary of lnorganlc Chcmleal Annlyscs in Rcnch COB4 

n/u ! nla 30 2.3 12 

n/o I n/n 30 367 1500 
0.1 1 0,35 25 Q,18 1,2 

3 

30 I 28 1 0,024 0,029 1 1 1 035 1 0,35 I Slkor 
Sodium 30 o 1 n/a i IVO 1 30 1 30 i 124 

ER2000-04 7 



- I Octects 
-~ ~ 

NondctccEa 
Total Mln. Max. Mln. Man 

Analytc Count Count (pCllg) (pcllg) Count (pCVg) (pCUg) 
Radidnuclldeo An;rty:ed by Gamma Spectroscopy 

Amorlclum~241 10 10 -0.60 1 0.16 0 nlo nla 

Codurn-137 10 6 0.632 On14 4 1 024 0.73 
Cobtilt-BO I io I i o  -0.OGt 0.002 0 I n/a I nln 
Europium152 YO 10 -0.17 0.26 0 1 nla 1 do 
Rulhcnlum-106 10 10 -0.42 Ob32 I 0 n/a 1 do 

Caslum-134 10 10 .0,035 I 0,057 0 nln nla 

---- 
Soalum.22 10 IO i =O.OM 0,067 I o nla I do 

- I Amcncium241 Anoiy:ed by Chomial SeparutlonlAlphu Spec~rosco~y I 
P Amorlciu~=241 I 10 I 5 1 0,0086 1 0.0774 I 5 I 0.0128 I 0.0229 I 

rurinlum.234 - -  - -- I 1 I J 

Umnlum-233 1 10 ' 2 1 0,0180 0,023' 1 8 0,044 I 0.083 
Uranium438 10 0 I n/e n/a 1 10 0.373 1.26 

/sotoak Pluronlurn Analvtod bv Chomlurl S o ~ a r ~ t f o d A b t ~  Suotfroscopv 
~ 1~ ~~ ~- ~ -. 

Plutonium~238 23 23 =O.OZD 0,Oft 0 nla da 
Plutonium-239 23 18 *0.0011 0.033 7 0,020 0.076 

lsoropk 7'hon'um Analy=od by Chomlcal Soparofion/Alpha S p d c t ~ ~ s c o p v  

Thorium220 , . ' '10 0 W U  n/a 10 0,613 1 1.7 
Thorium230 10 0 n/a ' n/a 10 0,41 1 1.38 

thorium-232 ' 10 0 nla n/a 10 0.539 \ 1 .? 

Slrontlurn-90 1 10 I 10 1 0.03 1 0.74 0 I n/a I nla 

----- 
Sfronfium*QO Anaty:y=cPcl by Pmportlonol Counflnng 

dn I not app4lcabls, 



Nondclccts 

, -  1 ArocIor-12Y I 10 I 10 I -  00% -1 0,039 I- 0 I nla I nla 
I Aroclor=l260 I 10 I 10 i 0,034 I 0,039 I 0 1 n/a I nlo 

1 
Dciccts I 

B-BHC 1 10 1 10 I 0.0017 I 0.002 1 0 1 d a  n/a 
&UHC I 10 I 10 I 0.0017 I 0,002 I 0 1 n/a I Wa 

Mln. thlx. 
Analyte Count (mglkg) (mglkg) Count 

Mln. fI!PX, 

(mgkg) 1 (mglkg) 

1 a-Chlordeno 1 10 1 I O  0,0017 j 0,002 I u 1 n/o I n / O  

I Endosulfnn II t 10 1 10 I 0,0034 I 0.0639 I 0 1 nla 
; Enuosullan sulralo i 10 I 10 1 0,0034 1 0,0038 I 0 1 Wa 

n/a 
nlo 

P 

Endrln i 10 I 10 1 0.0024 1 0.0030 1 0 1 nla 1 d e  

Endrh aMchydo I 10 I 10 0.00'id I 0.0038 1 0 nla I do I 
Endrln kotono 10 70 0,0024 0,0039 o / n / a I ~ ~ a '  
Haptachlor l o  I 10 O . O O 1 f  0.002 0 n/a n/a 
Hcplachlor opoxido I 10 I 10 I 0,0017 0.002 0 n/o nla 
4,4'*Mot hoxyChlOr 1 10 1 10 1 0.017 0.02 0 I n/a n/a 
Somrvolatllo Orgenic Compounds Annlyxod by €PA Mbfhod 8270 

Aconaphtnano I 10 I 10 I 034 1 0.39 1 O I d L I R I  nla 

I 

~ ~. ~. - - ~  

Aconaphthylono I 10 1 10 I 0.34 1 039 0 I n/o 1 Ma 
Anlllno I 10 10 I 0.68 1 0,78 o I nln I n/a 
Anfhrocono I 10 10 1 0.34 1 083Q i 0 i nla I nJn 

1 I Azobanrono 10 10 0.68 0,78 I 0 I t n/a 
Bonztdlno 10 1 10 0 .a 039 1 0 nla nlo \ 
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Tablo 0-3.0-3 (continued) 

Analytu 
ScmiwlutilD Orgdnic Compounds Ancllyad by €PA Method 82% fmttinuod) 
Ban:o(a)pyrono 10 10 0 3  039 0 nla nlo 

v 

8onto(b)!luoran thono 10 10 0.35 0.39 0 nla rJa 
~Bomo(p.h,l)paryIane 10 10 0.W f 0.38 0 nla nlU 

I Bomo(k)lluoranthano 10 1 10 0,s 1 0,39 0 dU da 1 Bamolcacld I IO I 10 I 1.7 t 2.0 I o I nln I n/a ) 
I Danryl nlcohol I 10 10 c,oe I o,a 0 I n/a nlU 

10 I O  0,s 0,38 0 I da n/a EEE%zE= 10 I 10 0.3 I 0,39 o I n/a nla 

~ 8 ~ r ~ 0 m o p ~ ~ y t ~ v h o n y l ~ ~ ~ o r  1 10 10 0,s 0.39 0 nla 
1 ButylbClrEyl ptlthalote 10 10 0.34 0.39 0 nla r\la 

CanKlxolo 70 10 0.34 0,38 0 drr nla 
J-ChIOr0.3-mothylp hem1 10 10 0,68 0.?8 0 d0 nla 
4-Chlarannlllno 70 10 0.68 0.78 ' 0  nlU n/a 

10 0.9 1 0-39 0 nla nln 

I VI 0.30 0.39 a da nla 
PgChlomphanyCphonyt orhor 1 t o  70 0.34 0.39 0 da nta 

10 
2~Chlmn~phlhalano 
P.Chlorophono1 

Chrvaana . I 10 I 10 0,s 0-38 0 dn nla 

' 

Dlbenzo I ura n 10 10 I 0.3 0.38 0 da nla 
1.3-Dkhloro~*nxma 10 10 1 0.3 0,3Q 0 nla nla 

i 4 - 
3,3'=DlChlOf0bo~ldfnO 10 10 I 0.88 0.78 0 nla da 
2,4-Dlchlorophonol 10 10 0.W 0,39 0 nla nla 

Dlothylphfhalato 10 10 0.34 0.39 0 nla da 
Dlrncthyl phtholnto 10 10 I 0 ,s  0,39 0 1 nla da 
2,44lmo!hylphonol 10 10 I 02-4 0,39 0 nla nla 
01-ndutyl phlholato 10 10 1 0.34 0.38 1 0 d a  da 
4,8.Dlnltrp2~methylphonol 10 10 ' I,? 2.0 1 0 1 do nla 
24-0inllmp hanol 10 10 1 .? 2,o 0 { d a  dQ 
?,4-Olnltmtoluone 10 10 0.34 0.38 t 0 nla nla 
2,6-Dlnltmtoluono ' 10 1 10 0.36 j 0,38 1 0 - d a  1 nla 
Ol-nsctyl phthdato 10 10 0,s 1 0.39 0 da I do 
F luornnrhano 10 10 0,s 1 0.39 0 nla nla 

HaXOChlOrobfI~QnO 10 i a  1 0.34 1 0.39 0 nln nla 
H a m  hlorobutadicno 1 0 .  10 1 0,s 1 039 0 n/a rrlo 

nuorono 10 10 0.3s 1 0.39 0 da n'a 

0-12 
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Toblc D-3-04 (contlnucd) 

I Nondctccts I 1 tolal 1 ldn, 4 Idox, 
Anolyte Counl Counl (mglkg) (rnglkg) 

Dctceta I 
I Mln, Max. 

Count I (mglkg) 1 (mglkg) 
Somivolntilc Organic Campounus Analyzod by €PA Mothod 8270 (c0n:inuodl 

1-10 0 3 -  1 0.30 1 0 I wo I Wa 
2,4,5-TrichlorophonoI I i o  i 1.7 1 2.0 1 o 1 PI/D 1 d a  

10 034 1 039 I 0 I n/a I ~a 

* nla not nppllcable, 

I 3Nitroanllino 1 10 1 10 1 1.7 ! 2.0 
4.Nltroanllino I 10 ! 10 I 0,6E 1 0.78 

Nltrobontono I 10 1 10 I 0 , s  I 0,39 

D4,O ANALYTICAL RESULTS FOR REACH C D B 4  D'ETECTED INORGANIC CHEMICALS AND 
RADlONUCLlOES 

0 1 n/n I NO 
0 nla 1 n/a 
0 n/a I n/n 

Tnblas D4O-1 and 04.02 prcsont oiinlylical rcsults tot do:cctcd inorganic chcmicals and radionuclides 
lor rcsch CD64 sodlmont samplos, 

2-Nltrophonol I IO j IO 1 OS I 0,39 0 

I 4=Nltrophonol ! 10 1 10 I 1.7 1 2,O I 0 

1 N.Nltrosodimathylamln0 1 IO I IO i O,M I 0,39 I o 

N~NltrOaOdlphO~yl~mlnO [ 10 I 10 I 0.34 1 0,39 1 0 

Pontachloraphonol I 10 I 10 1.7 I 2.0 I 0 

> 

N~Nltroso.dr-n.propylamlno 1 10 1 10 ! 0,s I 0,39 1 0 

2,2'~0xybls(l~chloropr0pono) I 1 o 1 10 1 0.34 1 0.38 I 0 

ER200044 77 

n/a I nla 
n/a nla 
nlo n/a 
nla nla 

n/a I n/4 
nlo n/a 
rrln n/a 

D-13 

Phanonthruno I 10 1 10 0 3 1  0.39 1 o i we nln 

Ocroaor 2000 

Phonol i 10 1 t o  I 0 3 1  0.39 
Pyrono i 10 I 10 1 0.31 I 038 
Pyrldlno I 10 I 10 I 0.35 1 0,30 

Toxmhono lfochnlcal uradc) 1 10 1 10 1 0.34 1 0,30 

O I n l a }  n/n j 
a n/o I d a  I 
0 n/o I n/a 
O I n i A ]  nlo 
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V Table 0-4.0.2 8 Analytlcai ResuHs for Detected Radlonuclides In Sediment in Reach CDB-4 
? 
L . .  cesiuq- 

137 
M m -  M u m  Uranfurn- Uran%m- Uranlurn 
230 232 234 235 2 3  
1 .oa 1.40 1.078 0.067 0.933 
1 2 3  152 0.994 0.059 0-956 
1 3  1.47 1.240 0.W 1-262 

i 26 1.70 0893 0.m 1 1.162 

120 
--. 1.17 1-43 0.942 om9 0 - 9  

1.57 1.077 0.0 72 1.101 
OA&6 0.eo 1 O W  0.019 (v) 0.424 
1.13 1.47 0.897 0 W5 0.99 1 

0.407 0533 0.324 0.023 (U) 0 373 

--. 

0.73 I 0.809 0.602 0 014 0.657 

HA tIh NA HA tJh 

tM HA H A  NA tih 

tlA i l A  Hh I l A  Ilh 

H A  tu4 ?Ih H A  I i X  

I iA - t fA t lA  ?IA CIA 

-. - 

HA Nh HA tlA rJ4 
I IA Hh N A  HA HA 

0.14 (v)l . 
0.07 0 

0.73 

0.42 

0.0085 (v) - 
0.0141 

I 0.Ons * 
0.32 
024 

o-ora* 0.m1 iv, E 0.G (u) 

0.03 0 
o m  0 

t M  
. HA 

0.14 (U) 

-- 

0.0130 

o.or2(l4 
0.0319 CACB-93-W IO 

C A C S r n l  f c-7 
9 
m CAC EW-(i012 

C & l r n t  

o.oio2 
0.005 (W) CACR93-GG 13 H A  

C A C 8 - M  14 tiA 0.0114 . IiA 

CACE93#15 
I 

HA 
CIA 

CIA o.mm f tJA 

' t4A 
NA 

I 1A 
tlA 

HA 0.0079 0) 
om25 0 
0.01220 c 0 . w  0 I IA  

HA 
HA 

ru 
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E-1 .O STATISTICAL EVALUATIONS OF INORGANIC CHEMICAL DATA 

The objective of this section is to prcsont dclailec stotisticol and graphical analyscs thnt compnro 
inorganic ChCrniCol dola from rcach CDQ-4 with Loboralory-wide nnd local scdimont background data. 
Laboratorpwide sediment background data are prosenled in "Inorganic and Radionuclido Background 
Data for Soils, Canyon Sediments, and Bandclior Tuff nt tos  Alomos Notional Loborotory" (Rytl ot 01, 
1998, 59730). Local sediment background samples were collected lot analysis 01 incrganic chemicals 
and isotopic pluloniurn to provide inlormotion nbout thc likely sourcc of Somu sample rcsults which were 
Clcvatea whon compared with the Laboratory-wide sudimcnt background dOla sot, It was hypothoslzcd 
that sediments in roach COB4 could hove bocn influencod by loco1 percnt matorial (including basalts ond 
local soils) that diflcrcd gcochcmicnlly lrom the Lnboralory-widc sediment bfichground samples thnt had 
been C0ll1?CtQd in other areas, Rcsults from the analysis of the local scdiment background samples arc 
presented in Appendix D. Nore that the phrasc background voluos relcrs to eslimstcs of the upper limit of 
LabOfJlOfy-widC Sackground levels, as prcscn:cU in Ryti et al. (1998, 59730). Thesc analyses were used 
to ljctermine if the reach data show cvidcncc 01 contaminant rclcases through 3 systematic increase in 
the concentration of one or more analytes to lcvels grcater than the concentrations observed in either the 
LabOr3tOry.wtdt? background data or low1 background 631o. (Now The figures for this section have been 
placed at the end of the section,) 

E4. l  Data Analysls Mothods 

Two types of data analyses were used to evaluate the concenttotions of inorganic Chcmlais in the rcoch 
sample data as compared with backgrouna data. In the first type, a graphical comparison is made 
between reach sarnPlc data and background samplc data. In thc second type, the results of formal 
s!atistical testing arc Prcsentod. Each of these methods is discussed below in mere detail, 

E-1.1.1 Comparisons of inorganic Chomlcal Daw 

Thesc comparisons usc graphical displays collcd box plots, which show the actual values for caeh 
inorganic chcmical (Figures E-I .2-1 through Ebl.2-25), Thc cnas of each box rcprcscnt tho 'intcrquartile" 
range o! the d3tD distribution, which is specified by the 25th pcrccntile and 75th pcrccntile of the data 
distribution, The horimntal linc above each box reprcscnts the 90th percentile, and the linc beneath the 
box rcprcsents the 10th percentile of the sample rcsults. The horizontal linc within cnch tmx is the mcclian 
(the 50th perccntile) of the data distribution (if the number of samples Is four or fcwcr, the horkontol line 
is not disploycd), Thus, each box lndiwtes conccntr~tion valucs for thc ccntral half of the data, and 
conccntration shifts Cjn be readily asscssed by comparing the borcs, I f  most of the data arc rcpruscntcd 
by a single conccntration value (usually the dc:cction limit), thc box is rcduccd to 0 single line. These 
plots also contain a hori2on:al line m u s s  the entire plot which rcprescnts thc Overall overage 
conccntration of all data groups, 

In thcsc stotisticol plots, anc symbol IS used !or tnc OnalylicOl loborntory results for the potentially 
conlaninstcd scdimcnt samplcs from reach COO4 (CPBd), another is used for the Labor~tory-wide 
sedimcnl background data (BKG), and another is used for local sediment background samples (local), 
Thc symbols 3rc used consistcntly in a11 statistical plaa in this section, Loboratoiy-wide background data 
afc rcprcscnkd by 3 square; rcoch CDB4 daw, by a plus symbol; ana local background data, by an x .  
Also note that nondctected sample rcsulls arc plottcd os the dctcc!ion limit value, 
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E-1.7.2 StatLticat Tostlng 

6ec;rusc the d m  for these inorganic chcmiwls do not typically sotlsfy condltlons of statistical normsllty, 
nonparametric statistical tests are prckrrcd for background comporisons, Thus, the nonpanmctric 
Gchen test WJS uscd lor ttatlstlwl testing. The purposc of this test was to detect If the reach data show 
evidence of 8 rulcosc Of any anolyte through a systcmotlc Increasc in that anolyta's Concentration, 
rclativa to conccntr3tlons observed In the background data, The Gchan test pools site and bockground 
data into one oggrcgatc sct and datcrmlncs whether the avcrrgc rank of sltc data 1s greater than that of 
the background data. Thc Gchm test is motu scnsltlvc to detecting cases where mast of tha reach dote 
arc greater than thc overage or median value observed In the background dam. The Gchan tbst Is a 
vsriatlon on the Wilcoxon rank sum test which handlog nondctectcd sample results in a statlstrcally valid 
manner, More discussion of this test is contalned in Ryti at at, (1996, SSSSS), 

Tha metria uscd to determine if il statistlwlly slgnlficant diffcrcncc between reach data ond background 
data exists 3rc thc c a l c u l ~ t ~  signlficoncc? levels (pvrrlucs) for the tests. The nsults of these tests 8ro 
shown In Toblc E-1.2-1. A low p-vsluc (near 0) indicates that rcoch data are graater than background 
data: a pvolua approaching 1 indicates no difforencc betwccn raoch data and background data. If o p- 
value is loss than some smolt proboblllty (0.05), then! 1s some rcoJon to suspect that thQ rmch stotlstlcol 
dlrtri5ution may be clcvoted above the background dlstrlbutlon; othcnvlse, no diiiarcncc Is indiwted, 

The results of the statistiwl snolysos arc presented lor coch inorganic chcmlal and include o discussion 
of ststistlcnl !as& that compare aamplc results from each CD84 with Laboratory-wide and local 
scdimcnt background dsa ,  As will bc dlucus~cd for each individual inorgonic chemical, none of the 
onalyfos that ora $reciter than 1obOrstory.wlda sedimcnt background lovcl~ are also greater than locol 
sediment background levels. 

Thcso inorganic chcmiwls can bc dlvldcd Into nvc groups that dcplct different trends between the reach 
and background conccntr3tions. Nearly all of these inorgonlc chcmimls fall Into two CatCgOrIeS: (I) 
analytea with no dlfferenca among the reach concentrations, bborotory.wide background concentrations, 
and lwl background concentntlons (olumlnum, antimony, admium, mercury, dlvar, thalflum, uranium, 
and zinc): and (2) anolytcs whose rcoch conccntntions arc intenncdlntc bchvcon the local background 
3nd &boratory.wlde bockground data, with Iwl background data baing highest (borlum, colclum, cobolt, 
coppcr, Iron, msgnealum, mengonasc, nlckcl, sclonlum, and vtlnodlum), Four Inorganic chcmicals 
(orscoiq Seryllium, chromium, and Icod) axhibit a trcnd in which reach duto am similar to Lobcntory-wldc 
bockground Icvcls, but local background concentrations are grcotar thPn other dnto groups, For 
pot~sslum, both reach and local background concentrations we lass than Labomtorpwlda background 
IcvcIs. Lastly, sodlum concontrcitlons In Lobors\oy=widc background aamplaa are gnatcr thon In rcoch 
samples, which arc grcatcr than loa1 bockground sample rcsults. 
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Aluminum I 0,439 I 0.599 
I 

Anllmony I NbR I NO 

Table E n 1  -2-1 
Summary of thc P-VaIubs from thc Gchan Storistical Tcstlng 

Arsonic 0.337 I 0,051 

Uarium I 0.006 

I I 

0.861 

b 

Cobalt 4.001 

i%nlllum -1 ND I ;: 1 
I Uronlurn, total 0,398 

Vanadium 0,009 0,875 
Zlnc 0,784 0.762 

Nolc: BoWcd values indlcatc !hot resc3 sample ieiul!s or0 slgnlhantly greater than 

a 

'- - no1 eppllcoblc (stelisllcAl louts are no1 approprieta ~OMUIC of \he hlQh 

Lobarolory*widc sedlmvnt background values, 
ND no bockground dala. 

frequancy cl nondotoded veluvs), 

0,762 

E-1.2.1 Alumlnum 

,ynnldo, total 

Stotistlcal tasting rcsults (Table E-1,2-1) suggcst that rcoch data arc not grontcr than the Laborotoywido 
or local sediment background data, A roview of tho box plot (Figuro Em1 .%l) shows that aluminum 
conccntrnllons ore similar among tho reach CDB-4(CD8-4), Lnboratory-wide background (EKG), ond 
locol background (local) data groups, Thus, alumlnum is not retalned as P COPC. 

I I ND 

E-1.2.2 Antlmony 

Antimony was dotoctad In loss than half 01 the roach CDB4 sedimont samplcs: thus, statistical tcstlng is 
not appropriato. The box plot shows thc range of tho nondotcctod nnd dctocted values for reach CDB4 

~~ .~ ~ 

Mognosium I 0,062 

Mercury 

Manganoso 0.030 

ER2000-0477 

O,QG3 
0,700 
1 

E 4  

Nlckol 
Potassium 

Solonlum 
Sllvor 

0,143 ! 0,9n 
O,Q18 I 0,847 - I - - L 



, .  ' . . '  . . . I .  . . ,  ' ' and bnckground'(Figuro E-l,2*2). N& that the Laboraloty=wide sedlrnont background data (BKG group) 
prosonted in Figure E-T.2-2 wore anolyzcd by inductivoly coupled plasma emlsslon'spectroscopy 

. (ICPES), which has dQtcCtlOn llmlts nbovo the soil background voluc, Tho sol1 background voluo of 0,83 
mg/kg tor'antlmony iswad as SI surrogate scdiment buckground vnlua (Rytl at d..l998,5973O)..Beccuso 
no vn1uos.of ilnilmony aro grontorthan this background vnluo, ontlmony Is not retalned us a COPC. 

E-7.2.3 ,Akonlc 

' .  Stetlstlwl testing results (Table E-1.2-1) suggest that rcach CD8.P' arsenic sample results do not e x c d  
the l;aboratoty.wldc~sedimen!. background data. A review of the box plot (Figure E-1'.2-3) confirms these 
results and &IO shows that arsenic conccntrations from fha local scdlmant background samples om 
slightly greater 'than either tho reach CDB4 ar Labaratorj-wido background results (compare lower 
quartile ond'meximum concentrations on Figure E-1.2-3). Thus, or,enic is not retained as 8 COPC. The 
reason that l o a f  background cancontrotions of'arscnic are somowhilt greater than reach or bbontoly- 
wldc.background~levc1~ Is unknown, although the dlfferencc h o t  statlstl~tly significant. 

I .  

, .  

, .  

. I  1 . .  . . >  5 

. .  . .  

E-I 2.4 Sarlum 
. , '  , . . "  . 

Although only a sing1c"barium sample result'is marginally grcotorthon the Laboratory-wide sediment 
background valuo (130 mg/kg versus 121 mglkg), statistical testing results (Table E-1.2-1) suggest.that' 
thereach CDB-4 concentrations cxcaed the bboratory.wide sediment bockground conccntmtions. A 
revlew of the dota'compsring rcoch'CDB-4 wlth the background data scts (Figure E-1.24) conflrms this 
result Tho box'plotalsd shows that rcoch CDB4 bariurnconcontritlons 3fc intermcdioto bctwccn 
Laboratory-wide and local scdlmcnt background concentrations, The somewhat alebated barlum 
conccntrotlonu measured in'rooch CDB-4 3rc thought to be derived from local port!nt.matcrial and to not 
represent relcoscs from Loboratory opcmtionb. Thus,. barium Is not retained os a COPC for risk 
assbssmcnt a lcu la tions. 

I 

' 

I . '  

I I  . 
, .  

' ' ' E-13.5 :8orylll"m 
, , 

' . . .  . ,  

Statistical testing results (Table E-12-1) suggest that reach CDB4 beryllium sample rasults are not 
grcator than thc,Laboratory.wida sediment background data. A review of the bo% plot (Figure E-1.2-5) 
confirms thcsc results, and s h o k  that beryllium concantratlons from the local scdlmant background 
samples arc slightly greator than either thc reach CD6-4 or Laboratory-wide sedlmont background 
results, Thus, beryllium is not rctoincd as 8 COPC. 

E-13.6. . .  Cadmium 

Cadmium was not detcctcd'ln the rcech samples or in the sediment bockground samples, thus statistlwl 
testing is not &praprfbte. Tho box plot show3 the mngc of nondctoctcd valucs for Each CDB4 and 
sediment background (Figure E-1.24). None of the dctsctlon limlts are graotcr then the Labontoywide 
scdlmcnt background wluc, Thus, wdmium Is not retained as a COPC, 

E-12.7 Calcium ' ' 

One calcium s3m'plc result lo greater than the Laboratory-wide scdlmont background value (5620 mglkg 
versus 4420 mglkg).. Ststlatical testins rcsutte (Tabla E-13-1) suggest that the reach CDB4sernplc 
results for wlclum om' not signifl~ntly.graatar than !ha Loboratafpwido sediment background data. A 
rcvlw90f the box plot (Figure E-1.37) confirms thasc results and shows that calcium concantntlona from 

, 

. 
, .  , I~ 

\ .  , 

. .  . .  

, .  

. .  . .  * ,  . 
: .. 

I 



the reach samples arc intcrmccliatc bcween the low1 and Laborstory-wide SCdimcnt background rcsults, 
Thus, calcium is not retained a t  a COPC. 

€4.2.8 Total Chromium 

Statistical testing results (Table E-l,2-1) suggcst that the reach data arc not grcatcr than thc Laboratory= 
wide or local sediment background data. A review of the box plot (Figure E-1,2=8) shows that total 
chromium concentrations from the local sediment background samples arc slightly greater than either the 
reach C O B 4  or Laboratory-wide sediment background resulls (compare lower quartjlc values on Figure 
E4.2=8), Thus, to:al chromium is no! retained as a COPC. The reason that low1 background 
concentrations of total chromium are somcwhot grcotcr than the rcach ti Laboratmy-wide background 
conccntrotions is unknown, although it is worth notlng that thc diflcrcncc it not stotlstiwlly signiftcllnt 3nd 
is also small (approximately 3 mg/kg). 

E-1.2.9 Cobalt 

TWFIV~ cobalt sample resultcs 3rc grcaler than the Lobora!ory-wide sediment background value. Stotistical 
testing rcsuits (Table E-1.2-7) 3lso suggcst Inat the reach COB4 6310 arc grcatcr than the Laboratory- 
wide sediment background data. t i  review of the box plot (Figure E=1,2-9) confirms this result. The box 
plot also shows that cobalt conccntrations from the local sediment background samples are somewhat 
lower than reach CDB-4 results, Thus, reach cobalt concentrations arc intermediate between Laboratory- 
wide ond local background Cola. However, statistical tcsting shows that reach CDB-4 cobalt 
conccntrolrons arc not grmter than locol background concentrations. The somewhat elevated cobalt 
concentrations measured in reach CDB-4 ore thought to bc dcrivcd from low1 parent material and to not 
represent rclcascs from Laboratory opcratlons. Thus, cobalt is not rclaincd as a COPC for risk 
assessment calculations. 

E=1,2,10 Coppor 

Although no coppcr 6orn~le results are greater than the Laborstoy-wide sediment background value, 
statistical testing results (Table E-1.2-1) suggest that the reach C O B 4  data are grcotcr than the 
Laboratory sedimcnt background data. A review o! the box plot (Figure E-1 -2-10) confirms thls result, The 
box plot also shows that reach C O B 4  copper concentrations are intermediatc between Laboratory-wide 
and local background concenlralions, The somewhat elevated copper concentrations measured in reach 
COB4 arc thought IO be derived from local parent material and to not represent rclcases from Laborstoy 
operations. Thus, copper is not retained as a COPC for risk assessment colculatlons, 

E=1,2,11 Total Cyanldo 

Statistical tcsting it not appropriate because mere are no detected reach CDBA toral cyanide sample 
results. None of thc total cyanide detection limits are greater than the Laboratory-wide sediment 
background value, as shown in the box plot (Figure E-1,2-71). (Note that no total cyanidc analyses were 
requested for the local sediment background samplcs.) Thus, total cyanide is not rcloined as a COPC. 

E-1.2.12 Iron 

Two iron sample results are gres:er :han the Laboratory-wide sediment background value, and statistical 
testing results (Table E-1.2-1) suggcst that the reach CDB4 data are greater than the Labaratory-wlde 
sediment background data. A review of the box plot (Figure E-1,2=12) confirms this result, The box plot 
atso shows that iron concentrations from the local sediment background samples are greater than reach 

ER2000.04 77 E-5 Octcbor 2000kl 



CDB4 rcsultj. Stzitlstlcal testlng also shows that rcach CD84 Iron concentrations art inlcrmcdlotc 
between Laborotorybwide and local sediment bnckground concentrations. The somewhat clcvoted Iron 
concentrations measured in roach COB4 ore thought to bc derived from loco1 parent matcrlal and to not 
represent rclaascs from Laboratory operations. Thus, iron is not rctalnad os o COPC for risk as~cssmcnt 
wlcutatlons. . 

Statistleal testlng results (Table 51.24) suggest that the reach CDB-4 iced mnccntntions arc not 
greater than tho LobarotQfy-wide scdlmcnl background dab, A rcvicw of tnc box plot (Flgure E-13-13) 
confirms thls and 3lSO shows that lead concentrotlans from the locpl sudlmcnt bockground samples are 
sllghtly grantor than either the reach CD84 or Lsborstoty-wldc sediment background conccntratlons 
(compora the interquortilc ranges on Figure E4.2-13). Thus, lead is not tetalncd as G COPC, The reason 
that lml background conccntrations of lend ore somewhat greater than reach or Laboratorywlde 
background conccntratlons Is unknown, although the difference Is not ~tatlstlmlly signlflwnt 

E4.2.14 Magnoslum 

One magncsium sample result is marginally greater than the Leborotory-wide sediment background value 
(2400 mglig vcrjus 2370 rnglkg). St3tIstlcal testing results (Table E-1.24) suggest that the reach COB4 
magnesium mmplc results arc not slgnllicantly greater than Ihc Laboratory-wide sediment bockground 
dcrta. A review of the box plot (Flgure E-1.2.14) conflrms theso results and also shows that magnesium 
concentrations from the rcsch samples are intermcdlatc between the low1 sediment background and 
Laboratory=wlde sediment background rcsults, Thus, magneslum Is not retained 5s o COPC, 

E4 2.1 5 Mangonuso I 
Although no manganese tomple results axceed the Labomtoywide scdimcnt background vdua, 
stotlstical testlng rcsults (Table E-7.2-1) suggest that the reach CCB-4 data arc elevated rclotlva to the 
Laboratory-wlde sadimant background data A review of the box plot (Flgurc E-1.245) COnBns this 
result, Tho box plot olso shows that manganese conccntratlons from the local sediment background 
samples are'grcatcr than the reach COB4 results, Thus, reach COB4 manganese concentrations are 
intcrmcdlatc bcbcan Laboratory-wide and local sediment background concentrations, The somewhat 
elevated rnangoncsc canccntntlons measured In ranch COB4 art3 thought to be derlved from local 
parent motcrisl (solls Qr bedrock) ond to nat represent rclcosca from Lobomlory operations. n u s ,  
manganese lo not rctalncd us o COPC for rlsk assessment calculotlons. 

Mercury was not usuolly dctcctcd In the reach or background samplcs, thus statlstlcal testing la no: 
appropriate. Thc box plot shows the range of detected and nondetectcd volucs for reach C084 ond 
background samples (Figure E-l.2g1G). The two detected sample results from the low1 scdlmont 
background samples arc Icss than tho Leboratoty-wide sediment backgmund voluc. None of tho 
detcetion limits cxcoad the background value. Thus, mercury Is not ratalned as 3 COPC, 
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Statistic31 tcsting results (Table E-1.2.1) sugges: that the reach CDB-4 nickel sample results ate not 
significantly greater than the Laboratory-wide scdimcnt background data. A review Of the box plot 
(Figure E-1.2-17) confirms these results anr! also shows that nickel conccntration~ from the reach 
samples are intermediate between the local sediment background and the Loboratory=wiUc sediment 
background results. Thus, nickel is not rctiiincd as a COPC. 

Statistical tcstlng results (Toblc E-1.2-1) suggest that the reach potassium data are not greater than the 
Laboratofyawide or lowl sediment beckground data, A review of the box plo! (Figure E-1.2.18) shows that 
reach CDB-4 potassium concentrotlons ore less than Laborstorywide and local sediment background 
6513 groups (compare lower quartilcs on Figure Eel ,2-18). Thus, potassium is not retained as a COPC. 
The reason that reach background conccntrotlons of po:assium are somewhat less than Laboratory-wide 
or loci11 background levcls is unknown, although It Is worth noting that the difference 1s not stotlstiwlly 
significant. 

E-?.2.19 Sotonlum 

Selenium was no: usunlly dctectcd in the Laboratory-wlde sediment background samples, thus stalistlwl 
tcstlng is not appropriotc. Elcven detected selenium sample results from rcach CDB-I are grcotar than 
thc Laboratory=widt? scdlmcnt background voluo, end one ncndctccted semplc from roach CD8-4 is 
greater than the background value. A review of thc box plot (Figure E=1,2-19) confirms this rcault. The 
box plot also shows that sclcnlum Concentrations from the lowl sediment background samples arc 
greater than rcach CDB-P results (Figure E4.2-19). The elevated sclenlum conccntrations mcasurcd In 
reach CDB-4 are thought to be derived from lowl parent material and to not represent releases from 
Lsborarory opcratlons, Thus, selenium is not rctaincd as a COPC for risk assessment calculations, 

E-1,2.20 Silver 

Sllvbr was not usually dctactcd in the reach or background samples, thus statlsticol testing is not 
appropriate. The box plot shows the range of detcacd and nondeleclcd values for reach C O B 4  and 
background somplcs (Figure E-1.2-20). The one detected sample result for the local sediment 
background samples is less than the Laboratory-wlde sediment background value, None 01 the dCtFCtlOn 
limits or detected sample results arc greater than the Laboratorywide scdlment background voluo, Thus, 
silver is not retained as a COPC. 

€4.2.21 Sodlurn 

Results of the statistical testing (Table €4.2-1) suggest that the reach sodium sample results are not 
significantly greater than :hc Laboratory-wide sediment background data. A review of the box plot 
(Figure E=1.2-21) confirms these results and also shows that Lciborato~y=widc sediment background 
concentrations of sodium arc greater than either the reach C O B 4  or local sediment background results. 
Thus, sodium is not rctalncd as a COPC, The reason !hat reach and local sediment background 
concentrations of sodium ere less than Laboratory-wide sediment background concentra!ions 1s not 
known, 
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E-1.2.22 Thalllum 

Go thilllum simple results Irom rabch COB4 are greater than the Laboratory-wlda sediment 
bockground,valuc,, The box plot 5hows the thallium Loborotory-wide scdlmant background somple rcsults, 
the raaultsfrom reach C O B 4  and thc lo&l sedlment background wmplc3 (Figure E-1.2-22). Note thor 
the bbarotorywldc Wlmcnt bockground dah (BKGgroup) for tholllum were anotyzctd by ICPES, which 
produces biased results grcatcr.thon thc sail bockground vdue, Thus, camporlsonsof'nach doto with 
Labcntory4du sediment background. results ore not approprlda, 

Thallium was infequcntly dotoctcd;ln'rcach CDB4 and loa1 scdlmant background samples, whlch 
rneano that stotlstlcal tcsflng la not apprOprlolc for these dnta'gmups. Thallium was detected In two rOQch 
COBS wmplaft and In two loa \  acdlmunt background samples.,fho two defected sample reaulta from 

' reach CD84.wara bath greater than the background voluc. The highost datcctad tholllum result 
(lil mghg) is fmm.tha.samplc wlth the hlghaat iron concentraflon (21,200'mglkg); which suggcstJ I 
common sourcu for'both metals, Bouusa elcvstcd Iron concantrotlons in ranch CDB-4 are hypothtsked 
to bo dcrlved from local parunt motoriol, It is suspectad that clevatod thallium results in reach CDB4 arc 
also derived from local parent m~fcrlal and do not represent releases from.Laboratory opcrntlona. Thus, 
tholllum Is not rctainad os a,COPC for risk ~ s b o s s m ~ ~ i  colculotions. 
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E-3.223 4 n t a i  unnium j 
Staristlwl tasting rasutb (Tabla E-72-1) suggcst h a t  the roach total uranium somplb results arc not 
greater than the LaborotoIy-wldo sediment bockground data. A rcvlw of thc'box plot (Figure E-1.2-23) 
confirms thcsa,rasults, (Noto that no total uronlum srnalyaas wore raquaatcd fortha local sadlmant 
background samples.) Thus, toto1 uranium Is not mtalnod 88 0 COPC. 

E-92.24 . Vonadlum' 

Six wanndlum~simplo 'rosults a; grantor than tho Laboratory-wldb sadiment background valuo, and 
stptlstlcal tostlng results Fable E-1291) suggest that tho roach data arQ grootor than the Laboratorpwlde 
sadlrncnt bockgmund data. A revlaw ot tho bo% plot (Flgum E-1.2~24) contlms thh w8ult'The box plot 
also shows that vnnadlum concontrntlons from tho much samplos or0 intormodlate botweon the,lacal and 
1aborotory-wldo.sadlmont background rosults (Flguro E-1.2.24). Stutlstlcnl'tosling ulso show that ranch 
vanadium concentratlona or0 not grantor thnn Ioc~l sodimant background concdntratlons (Table E-1..2-7). 
Tho aomawhot alevated vnnndlum conc~ntrritions moasurod in roach CD64.nro thought to be dedvod 
from I ~ l ~ p e r a n t  moterlol und to not raprosont roleosos from Laborelory opemtlons. Tbus,.vanadlum Is 
not ratalnod as nCOPC for risk assassmont colculatlona ', 

~. 

E-12.25 Zinc 

Statlstlcul tasting rosulla (Tublo E-12-1) suggcst that tho roach data arc! nor grooterthan the Laboratory. 
wldo or low\ aedlment bsckQround doh. A revlew of tho bQaxplot (Flgura €4.2-25) show that zlnc 
concontrntlons nm slmllar among roach, Laborntorpwldo sodlrnont background, and locnl sedlmont 
background data groups;mus, zinc Is not rotalned as ti COPC. 



14000 i 

-L- 

O 
COB4 Loca I 

1 2ooo I -+ ~ ' ; 

BKG 
1 

I 

Oota group 
-cII I 

Flguro E-1,2=1, Box plct far aluminum 

t -  ; g  
Y 

i $  

i 4  

I 
I 
4 

! 
I 

1 
I 

I 

I 

I 

I 

Data group 

Flguro E-7.24L 80x plot for antimany 

43 
Ocrobor 2000 



, .  

, I . ' . .  

I .  

.. I 

II 

. .  
, .  , '  , 

' Ftgura E4.2=3. Box plot for arsonic 

* 
I 

160 I I I  

7- '401 120 

CL 
. Q )  3 W 

*2 m 

100 

00 

60 

40 

i 

I 

.I , . ' / I  . 
I 
I - 
i 
I 

BKG CD8.d Locol 1 
i I I 

2ol : 
0 

I 
I b t a  group 
i 

FIgum E-%Z-4, Box plot for bsrium 

E-t0 ' 



CORRECTION 

START, 



White Rock Larid Transtor Parcol Rooch Gopan 

r e. I 

'4000 12000 i ; 

10000 
I 

I c ui 8000 

6000 

i * I  

u--- ~ I I 

8KG CDB-4 Loce I 

Data group 

FlOurc E-1,2-1. Box plot for aluminum 

1 
I 

5 1  --- 

3 

'i 1 i 

0 '  I I 

B KG CDB-4 L O M l  

Data group 

Flguro E4.2-2. Box plot for entlmony 

ER20004477 October 2000 
43 

E 4  



, .  

. . . .  

. .  

Whit0 RoGk Land ?rm?for Pmat Raach Rep& . 
1 

' I  , '  

t '  

Flgum E-7.24. Box plot foranonlc 

160 I , 

I , .  I 

c. 

Y $ 
E 

' rn  
*g 

. 1  

'. . 
' I ,  

. .  

'Flguro'E-l2!&'!. Box' plot for berlum ' 

' 

. .  
' , .  

. . .  
. ,  . , * I . .  . . .  

. , .  
. .  . .  

I * ,  . 
. . '  . .. 

, .  



CORRECTION 

END 



Whifo Rock Lond Translor Parco/ Rondi Ropon 

n 
c1) .r 
Y ? 
E 

b m 

1.2 - I :  I 

I 
j -.- 

r 
0.8 4 

I I . I  I I 

I '  
; 1 1  - 

* 
I 

--c 

0.2 i- I I  

i 

0.0 ' 
I I I 

BKC CDBO Local I 

Data gnup I 

CLI- -7-p 

Figuro E-1.24. Box plot for borylllum 

-- -.. 

' 020 

0.1 5 

1 
I 

Oao5 1 
1 

I 

- I 
I aoo I I I ;  

BKG ccB4 Local 

Figuro E-1.2-6. Box plot for cadmium 

E R200044 77 Em1 I 



. .  , 

' , . .  , 

I I 

- 1 
, I f  I * 

- 
c 

h - 
h 

m 

I 

1 .  
I '  
j 

BKG CDB4 Locnl 

I 

Flgun, E-1.24. Box plot fortotid chmmlum 

" .  
. .  

, . . I .  

E-12 



M’hlle Rock L m d  lranstcr Pmol  Roach Rdmtf 

9 1  
- 
. L 

7 
-j 

I I * ’  ! ’ ]  I 

I- 
-c- I 

f -1- 
4‘ 

4- 

BKG cDB4 Local 

Data grarp 
L 

FiQuro €4.299. Box plot for cobalt 

11 4 
-I e 

9 
8 

3 

il 

I . 
1 1  -- I 

o !  I I 

BKG cw4 Low1 

Data grwp 

! 

I 

< 

i 
I 
I 

! 
I 

i 

! 

I 

I : 
I 

c 

Figuro E-1.240. Box plot for eoppor 

ER20004477 E.13 



I 

I 
I BKG CD84 Local 

i I ,  

I 

Data graup . .  
L 

FiOuto E-1.2-11, Box plot for total cysnldo 

Flgure E-1.2-12 Box plot for Iron 



I 
20 7 

15 

10 

5 

i 1 

L - 
I 

-.- 

--- 
I I 

BKG CDB-4 local 

Dam group 

Flguro E-1.2=13, Box plot for load 

1 2500 

b 
-c 

! 

2000 I 

500 

000 

500 

-I rn - 
! I  

1 m  I 

v -  1 -  

BKG COB4 Local 

Data group 

I 

~~~ . 

Figuro E4.244. Box plot for magnoslum 

ERZOOO*04?7 E.15 October 2000 



. .  

i 
l ' I .  ' 

- * .  e 

I 
i 

/ .  
I 
I 

I 
i 
1 1 '  % A + -  100 

4, .I 8 
I 

I 
I 

. .  
. ' O  i I 

BKG cow Loci 

O m  glow I 

Figuro E-1.2-45. Box plot for manganoso 

j 

i I 
I 

I 

1 
i 

I 
! 

I I 

! 

I 
I 

I 
i 
I 

' I  

r 0,07 

1 
I 

0.01 j _ r  - 
0.00 

BKG COB4 Lool 

Dot0 goup 

- 0  

Flguro E-1.246. Box plot for mcrcury 



W h k  Rock Land Translor Pateol Roach Ropon 

L 

13 I 1 

l2 i 
I' 1 
10 7 

I I .  I 

-I- 
t 

d 

I i 
3 3  . _L_ I '  -- I 

I i  
1 '  I I I !  

! BKG CDB4 Local 

Data grarp 

Flguro E-1.2-17, Box plot for nickol 

1 

CL 

2000 i 2500 i F4l I ! 

500 4 -.- 
+ 

I t 

COW Local 

0 i '  
BKG 

I 

Data gaup 

I I 

I 
I 
I ; 
! 
I 

I 

I 
I 

I 

i 
I 

FiOurc E-1.248. Box plot for potasalum 

Oclober 2000 



. . . . . . . .  " . . . . .  . .  . .  . . . . . . . . . .  . . . . .  . ,  , , ,  , . * . * '  
. . . . . . . . . . .  . . . . . . .  . ,  ' , . .  , . . :  . I 

. . . . .  , . I .  
b . )  

. . . .  
, . .  , ,,' ' ,  . '  . .  . .  

. . . .  , . . * < .  . .  

0,40 

. 0.35 % -  

. , 0.36 - 
' '0,25 - 
n 
01 

t .  
5 0,20 T 
5 '0.75 - 
3 '  . 
Y 

. 0.10 - 

v 
' 1.3 I 

. .  

. .  L .  

a '  

. - 
' ' " - 

W - 

I .  I 

- 
. " 

_1 
- 0.2 

0.1 I I 
I 

'BKC 

, 
. I  

'CDW 

Data group 

i 

I 
I 

Loa1 f 

. Flguro E-l,2-19.'. Box plot for aolonlum 

0.00 ' I I 
I 9 .  

I ,  6 KG ' CDB4 Local 
I 

Data group 

1 I 

i 
i 
I 

I 
I 
I 
I 

t 

I 
I 

I 

I 
I 
I 
I 

I 



Whit@ Rock Lnnd Translor Purcol Roach Rcport 

2ooo i 

1500 

c 
0)  

I & 
!3J 1000 E 
Y 

Go 
500 

3 

BKG Local 

Data grwp 

Figuro E4.2-21. Box plot for sodium 

3,5 I i '  

2.5 _I , rn 

I * /  
1 . :  
I 

I 
-3 

; . r  

I 

BKG COB4 Local I 

\ 
Data grcup 

Flguro E4,2=22. Box plot forthalllum 

Ocfobar 2000 ,, 



.I. I 

I 
* .  
i 
I 

! 
! :  

- 

c 

2*o ;T i 
i 

I 

I 
I 

I 
I 

I 
I 
I 

i 

. '  . BKG . CDB4 . .  Local I 
: I  

i Doh gratp 

FIgum,'E=l.2-23, Box plot for total uranium 

! 

20 

.15 

10 

* 

I :  ' I  

0 . '  I I I 
1 

. .  
'. ' I '. BKG . , CDB4 L O ~ l  

. .  
, , '  . .  

, '  , .. . Deb group 

ER20009dr7 

Figuro E=1.2*24, Box plot for vanadium 



Whirc Rock Land Translor Parco1 Roach R@pon 

c 

E 
ii 
E 
Y 

60 
I I 

I 
-9- 

I 
50 

I I 

- 'J I - ! -  

- 
- 

10 2ol BKG y, CDB4 Local 

Data group 

Flguro E=1,2-25. Box plot for zinc 



E-2.0 STATISTICAL EVALUATIONS OF RADIONUCLIDE DATA 

Tho objsctlve of thls soctlon Is to prasant dotolled stotlstlcol and gruphlcnl onnlyses that compare 
8 radionuelldo dsto'frorn reach COB4 wlth Lnboratary.wide and local sodlmont bockground data, 
Leborntoty-wida sodirnent background dato are prosontad In "lnorgonlc and Rodlonuclide Background 
Data for Soils, CnnyonSedJmontu, and Bondolitrr Tuff nt Los Alnmos Nntlonal Labomlory" (Aytf et al. 
1998,59730). As uspd In thlh sectlon, 3ackgroundlncludos radlonuclldes that dm dorlved from 
otmosphorlc 10llout in addltlon to naturally occurring radionuclldoa Local backQround somplos W Q ~  

collectad for isotoplc plutonium to provide nddltlonnl Information on lnllouf concuntmtlons in thls o m .  
SamplQ rasults for the IOCOl bockground samplas am proscntad in Appondix 0. 

Theso snalysca wem used to dotarmlne If tho roach data show ovldonce of contaminant relaasrs through 
A systamattc lncraoso in tho concantrutlon of ans or mora onalytoo to louals greater then the 
mncontratlons obvorvad In tho background dntn. (Nota: Tho figures for thla soctlon havo baen placed nt 
tho end of tho $aC!lOn.) 

E-2.1 Data Analysla Mathoda ' 

Two types of dolo matyscs were used to evaluate the conccnfratkns o f  rodionucfldcs In tho reach 
sample dato as comporcd wlth background data. In the flrst $'pa, P grophicrl comparison la modo 
bctwean reach sample doti and background sompla clota, In the socond type, the results of fomol 
stotistlcol'tcstlng ore prcscntad. Euch of these methods 1s dlscussed below In more dctoll, 

' ' E-2.1 .l Compnrlsons of Radlonuclldo Data 
' I  . 

Thsss comperlsons use grophlcnl displays called box plots, whlch show theactual vnluos tor ooch 
mdlonucllde (Flgurus €92.2.1 through E-2.24). Tho ends ot ooch box roprosent tho ~ntotquartlla' range 
of tho dnta dlstrlbutlon, whlch is speclfiod by tho 25th porcentllo and 75th porcentlla of tho datu 
distrlbutlon,.Tho horlzontal Ilnc wlthln edch box Is thc modlan (the 50th porcontllo) ot.the d m  distrlbution 
'(If tho numbar of snmplos Is four oitawer, the horkontal llne Is not dlsplayod), Thus, 'ooch box lndlcates 
concontrolon vtllues lor tho contra1 hall of the dat0,'ond concontmtlon shlfts con be rendlly ossossed by 
comparing the boxeo, If most of tho dotn are reprosontad by a'single concentmtlon'voluo (usually the 

. detection limit), tho box i6 roduced to P single Ilne,'Thesa plots also doplct t~ lino gotng across the antiro 
plot that rapmsonfs tho evoroll ovorago concontration of all data group& 

In thoso stdtlstlcal plots;one aymbol'ls uaod lor tho onalytlcnl laboratory msults lor tho potenttally 
contomlnbtad sobimont somples from reach CDB4 (CD84), another18 usodlor tho Loborntopwide 

. scdimsnt buckground data (BKG), and.yat another Is used for the Iocnl'sadlrnent background samples 
(local), (Note that loml'sodlrnont background datn wore'only ob:ained for plutonlum-239, m240.) The 
symbols'k&:usdd conslsfantly In all stntlstlcsl plots In this soctlon. Loborotory.~lda'bnckground data o n  
roprosbntid.by II square: reach CDB4 data, by & plus symbol:,and lml background dato, by an x. Also 
nota thht nondetectod samplo rosults Ore plottod as tho dafactlon.Ilmlt ,. . vnlue. 

' 

. I 

. ,  : ' . , . *  

. ,  . . .  
. .  ' , ; . I  I " . "  ..  7 %  . ,  

. t  

, . .  , . I .  . 
E-2.1.2 " Statistical . .  ~ e s t ~ n g  4 ,  . .  

. .  ' .. 
, ' .  ' B m u s a  the dotn'forlhaso 'rodlonuclldes do notappoor to typically satisfy condltlons of statlstlcal 

' :' nomhllty,' nonparomotrk stotlstlcnl tonts'aro prefarrcd for bockground cornpodsons. Tha Wllcoxon rank 
sum tost was u&d forstatlstlcal tOS!hQ. The purpoao,of thls test Is to datect whothorthemech data show 
.avidonce of o. raldasdot any analytci through 0 systematic lncraoso In concentrotton grooterthsn that 

. ' .  obaotvod In the background data. "hc Wllcoxon rank summst pools slte and bnckground'data into one 

. ' 

, 

' 

, .  . . .  , 
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Arnanclurn-24 1 I 0,006 

1: 1 
1; t sggrogtltc sot ond detcrmincs whether the averagc rank 01 silo data is grcntor than that 01 ;he 

buckground dala, The Wilcoxon rank sum test is most scnsitivc 10 dctec:lng cases where most 01 the 

discussion 01 this tCSt 1s conloined in Ryti et al, (1996, 53953). 

.', I 

-1 

I). . -  reach data arc greater than thc nvcrago or median valuc obscwcd in tho background data, Mor0 
4: 1 

* 
4 

I 
I Cotlum.137 I 0.477 

Thc mctrlcs used to determino I1 n statlsticillly stgnificnn! diffcrcnco bctwccn reach data and background ."', 
data cxlsts are tho calculntcd signiliccrnco IevcIs (pvaluos) for tho lcsts, ond thc rosults ol those tcsls are 
Shown In Table E-2.2-1. A low p-volue (now 0) indicates that roach Cain aro greater than background 
data; a p-valuo approaching 1 indicntcs no difference bctwcon rcilch Uoto ana background Uota, If a p- 
value is less than somc small probability (0,05), there is some rcason to suspect that the reach statistical 
distribution may be clevaled obovu thc background dis:ribution: othcnvise, no diflerencc is indicated, 

J. I' 

! Thorlum230 

The results of lhc sraticticnl analyses are prcsenlcd lor each radionuclide and includo o discussion of 
stntisticnl tcsts that comparc sompic rcsults lrom roach COB4 with Laboratorymwidc and local sediment 
background data. 

0.989 

ToblC E-2.2-1 
Summary of the P=Volucs 

from thc Wllcoxon Rank Sum Slollsllcol Testing 

Uranium.234 I rO.998 

Urnnlurn*238 I 0.987 
Uronlum-235 I r0,EJm 

52.2.1 Amcrlcium44l 

Statistical tosting rcsults (Table E-2.2.1) suggos: thut tho roach data urc not greater than the Laboratory. 
wide scdimon! background data. A rcview of !ho box plot (Figure E-2.2.1) conlirms theso rcsults. Thus, 
arnoriclum-241 is not rotalned 11s o COPC, 

52.2.2 Cesl u m-137 

Statlsrial tcsting rcsults (Tablo E-2.2-1) suggest thot tho roach data aro not grcator than tho Loborntoty- 
wid0 background dotn. A revlow Of the box plot (Figuro E~2~2-2) shows thot ceslum=137 ccncontratlons in 
tho rotrch ond LaSorntory.wido background data groups ore simllar. Thus, cosium-137 is no1 rolnlnod 8s s 
COPC. 
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E-2.2.3 Ptutonium-239, -240 

Statistical tosting rcsults (Table E-2.2-1) suggcst that tho ronch data are not greator than eithor tho 
Lnboratory.wlde or local sodlmont background data, A rovlow of tho box plot (Figuro €92.24) shows that 
the intorquartlle plutoniunr-239, -240 Concontratlons are slmilar among thc roach, tho Laboratory-wide 
background, ond the IOcOl background datn groups. Whon intorprotlng the box plot for plutonlum=239, 
-240. it is imponanr to considor the numbor of somplos in each group. For oxomplo, thore are only $wen 
local background samples, whlch moans thot tho uppcr wnd lowot quonllos of the loctil background 
distrlbutlon orb most llkely to be understated or overstotad wlth such Q small number o! samples. It is also 
significant that most Of tho romh COB4 and local background somple results art? nondotocts, so Figure 
E-2.2.3 primarily compares nondotectod sample rasults !or those data groups. Thus, plutonlum=239, -240 
Is not retolned ns a COPC, basod on tho nbsonce of slgnlflwntdlttorencu betwoen rQGCh data and 
beckground data and on its Infraquant detection (only 7 dotocts out of 23 toto1 samplos), 

E-2.24 Thorl u m.228 

Statisticnl testing rcsults (Table E-2.2-1) suggest that the reach datn are not grootor than the Laboratory- 
wide bnckground dota. A rovicw of tho box plot (Figuro E-2,24) shows that thorlum-228 conccntrations In 
tho ranch and Loborotafy-wide background data groups arc slmllur. Thus, thorlum-228 Is not retalnod us 
COPC. 

€ 4 2 5  Thoriurn-230 

Stotistlcai tasting results (Toblc E-22-1) suggost that tho roach d m  tito not graater than the Laboratory- 
wlda bockground data. A rovlow Of tho box plot (Figure E.2.2-5) shows that thorium~230 concontratlons in 
tho reach und tho Loboratoywlde bockground data groups am slmllar, Thus, thorlum-230 Is not retolncd 
as il COPC. 

E-22.6 Thorlum-232 

Statistical tasting rosulls (Tablo E-2.2-1) suggost that tho rooch data nro not groater thnn tho Laboratory. 
wide bnCkQrOUnd dota. A rcvlow of tho box plot (Figure €4.2-6) shows tho! thorlum-232 concantrations In 
tho roach and tho Laboratory-wid0 buckground data groups am similar. thua, thorlum=232 is not ratalned 
os &I COPC. 

E-2.2.7 Uranium-234 

Statlsticol testing rosuRs (Tublo Ee2.2-1) suggest that tho roach data JrQ not groator than the Loboratoy 
wid0 background data. A raview of tha box plot (Figure 52.2-7) shows that uranIum=234 concentmtlons 
in tho ranch nnd tho Labortrtafy-widc bockground dnta groups or0 slrnllnr. Thus, umniumh234 Is not 
rotalnod as a COPC. 

Stotlstical tasting rDSultS (fabio E-2.2-1) suggost that tho reach data ore not groater thnn the Laboratory. 
wid0 bnckground dmto. A revlaw of tho box plot (Figure E-2.2-8) shows that uranlum-235 concontratlons 
In tho roach and the Loborotory=wido bockground doto groups aro similar. Thus. umnlum435 Is not 
rotolnsd as a COPC. 



€92.2.9 U rri nlu rn-238 

Statisticol tcsring rcsults (Tablo E-2.201) suggost lhat the reach data Ore nor grcatar than the Laboratory- 
wide background data. A revicw ol the box plot (Figure E-2,2-9) shows that uranium-238 concontrations 
in the reach and tho Laboratory-wido background data groups aro similar. Thus. uranlum-238 is not 
rolalnod os D COPC. 
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Figure E-2.24. Box plot for nrncrlclum=241 
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Figure E.2.203. Box plot for plutonium=239, -240 
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Figure E-2.2-4. Box plot lor thorlum-228 
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Figurc E-2.2-f, Box plot lor uranium434 

I 

0.16 1 
0.12 

A 

I 0,lO 
c 

! 
I 

0,02 -I 
I 

I 0,OO - 1 .  

5 KG CDB-4 

Data group 
I 

~~ ~- 

Figure E-2.2-8, Box plot lor uronlum=235 

E R2000*0477 5 2 9  oefobor 2000 

23 



. .  
I .  

.. . 

I . .  , . . .  

. . .  I 

I 

I .  1 I  
I 

t . ' . '  .L ' I i  

' .  . 

I 
BKG cG04 

i 

I 
I .  

! 

Doto grcup j I '  
I .  I 

Figure €92.2.9. Box plot for utonlum~238 



ER Uocumcnt Signirture Form HrtidAVritr ACCW Pcnon Milking Entry i% PPC/f20?01nRvinc, Livn (Ctcnicd on 
911 l2000) 

. . .  Canyons I - . . . . . . . . . 

Diite Find Comdetc Dntc Sent to DOE 

Distribution TO: 

Distribution FROM: 



li Ka c znm /j lerat: 

Ii /I 1 ,- I II 
. .  .A II 

EA2000-06;3 s1.3mlttal  i ee tc r  t o  DOE, dated 10/25/OOL 

Reviewer Signatures: (By sigring, the tcviewcr indicatcs that hdshc rcvicwcd and approves the 
document.) 

anager = Julie A, Cancpa 

1 DOEnAAO P r o p  Manager 

, 

'Docu mcnt Cam lop Sum ber E R20W0477 



. 


	068739.pdf
	INTRODUCTION
	Legislativo and Regulatory Context
	Background
	Laboratory History and Operations
	1 3.TA-4
	1.3,2.2TA-46
	1,3,2.3 TA.51
	7 A2.4TA-54

	Land USO
	Previous Sediment Invcstlgntlons
	OrganIza?Ion
	Acknowlcdgments
	FIELD INVESTIGATIONS
	Introduction to Roach CDB4
	Methods ol lnvcsligatlon
	2.2.1 Geomorphic Mapplng

	2 3 Rcsulfs
	Physical Choroctcristlcs
	2.3.2 Gaomorphlc Hlstory


	ANALYTICAL RESULTS AND DATA REVIEW
	Data Review
	Comparison of lnorganlc Chamicnl Dnto with Sodlmont Bockground Dato
	Concontrations lor Sod;mcnts

	Evaluation oi Organic Chomicnls In Sodlments
	Natura anU Sourcos of Potential Contomination In Sedlmcnts

	REVISED CONCEPTUAL MODEL
	Anolylos Above Loborntory-Widc Background Lcvola
	4.2 ScdlmCnt Sources
	Potantlol Future Contamination

	SITE ASSESSMENTS D"
	E-1.2.13 Lead E.6
	E-1.2.15 Manganese
	E-7.2.16 Mercury
	E-1 27 9 Sc lcnium

	E-1.2.21 Sodium
	Analysis Methods
	Comparisons of Radionuclide Data

	E.2
	E-2.2 RcsuI
	Cesium-137
	Thorium.230
	Thorium-232



	Chonncl Dloinnm I Sldc of I Thlckncss of et ] Thlckncss o? el I Dcpth 10 Burlcd Sol1 I Dcpth to Bodrock
	575 - 15 I 0 I -
	650 -I
	n5I-
	-I
	125N North 0 18 -
	125N South 0 / I -
	NOt'th I 19 20 -
	0 -


	I 625 I south t
	mb
	South
	South
	Anllrno G60
	Anllrno
	Anthroconc
	Bcnzolc oeld
	Bonzo(klfluornnth0no






