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Dele: December 18, 1998 
Refer :o: EM/ER:98476 

Mr. Benito Garcia 

P,O. Box 261 10 
Santa Fc, NM 87502 

NMED-HRMB 

SUBJECT: REACH REPORT FOR PUEBLO CANYON 

Dear Mr. Garcia: 

Enclosed are three copies of an interim reach report that descrlYes investlgallms 
of sediment contamination in Pueblo Canyon. Companion repofis on investigations in 

' Upper and Lower Los Alamos Canyon should be ready for distribution in the near future. 
These reports were prepared for the Oepartment of Energy, Los Alamos Area Office to 
meet N98 Performance Measures, and include preliminary evaluations of 1) potential 
present-day human health risk associated with contaminated sediments; 2) potential 
ecological risk: and 3) relevant transport processes that redistribute sediments and 
associated contaminants. One goal of these reports is to identify data gaps that may 
require additional data collection before completion of Environmental Restoration 
Project investigations in these canyons. We welcome comments from the New Mexico 
Environment Department (NMED) on our approach, our preliminary conclusions, and 
our recommendations for additional data collection. Such input would help assure that 
we are addressing significant concerns of NMED as we continue investigations in Los 
Alamos Canyon and Pueblo Canyon and as we proceed with characterization activities 
in other canyons. 

If you have any questions, please contact Dave Mclnroy at (S05) 667-0819 or 
Joe Mose at (505) 567-5808. 

Sincerely, Si merely, 

T7g 
Julie A. Canepa, Program Manager 
LANUER Project DOWLAAO 

Theodore J. Taylor, Program Manager 

JCTTT/D Wg t 

Enclosure: Reach Report for Pueblo Canyon (3 copies) 

An Equal Opponunlty Emuloysr/Opsmled by the Univontry of Cellfomis 
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Dear Ted: '3 

SUBJECT: REACHES REPORT 1 OF 3, EVALUATION OF SEDIM€NT 
CONTAMINATtON IN PUEBLO CANYON (REACHES P-I, P-2, 9 

? 
r l  

' 
P-3, AND P-4 TO FULFILL PM FOR FUNCTIONAL AREA A.4 

'5 

\; Enclosed aro two copios of the rcport entitled, Evaluation of Sediment Contamination 
in Pueblo Canyon (Reaches P-1, P-2, P-3, and P-4). This report represents ovaluation 
of four roaches located in the geographic region of Puablo Canyon. A total of nine 
reaches will be discussed in thrm separate roports. This report is complete and 
submitted to Department of Energy-Los Alcmos Area Office (DOE-tAAO) in 
satisfaction of Appendix F Performance Measures approved by D O E - W O  
April 3, 1998 and revised May 14, 1998. 

This report partially fulfills requiramonts for Functional Area A.4, Canyons Work 
Performed in FY98 (Enclosure 1). This report was developed in accordance with all 
Environmontaf Restoration procedures and pertinent report outline guidanco 
(Rsferenee: EM/ER:98-269). 

Tho performance measure statcis that credit for completion of canyons sampllng will be 
obtained when the final roaches ropons are submitted to and accepted by DOE-LAAO, 
Please document DOE'S acceptance and approval of this reaches repofl within ten 
working days of receipt of this document. If you have any questions or comments, 
pleaso contact Allyn Pratt 667'4308, 

Sincerely, 

J U I ~ $  A, Canepa, Prbgram Manager 
Environmental Restoration Project 

JC1DBIse 
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EXECUTIVE SUMMARY 

This intorim ropon prasonts tho results of investigations on contaminatod sedlmonts In Puablo Canyon 
and rccommondatlons concomlng potentlal additional assessments, sampllng and analysis, and 
romedial actions. The objoctivos of this work include deflning tho naturo and oxtent of contarninants 
within the sedimonts of Pueblo Canyon, evaluating potontial human health and ecological risk relatod to 
these contaminants, and evaluatlng tho procossos that rodlstributo these contaminants and the futuro 
consoquencos of this rodistribution, The risk assessments pr0son:od in this repoff are preliminary and 
are intended to identify If thore is a need for immedlato remedial action or additional data collection. 
More comprehensiva risk assessments will be pV3Sonted in futuro roports on PuQblo and Lbs Alamos 
Canyons that wlll incorporate tho results of ongoing groundwcltor investlgations and additional sediment 
investigations. 

Pueblo Canyon has rocoived contaminants from multlplo potontlnl rcloase sltes (PRSs) within the  
watershod. The most significant contaminant Sourco was former Tochnical Aroa (TA) 4 5 ,  whera 
radioactive atfluent was dlschargod betweon 1944 and 1964 into Acld Canyon, it small tributary to 
Pueblo Canyon. Other PRSs that may have contributod contaminants to Pueblo Canyon are Ixotsd in 
TA.0, TA-31 and TA-73, and cantamlnants may also havo originated from rosldontlal and commorcial 
areas in tho Los AIamos townsite. 

Tho technical approacn followed in thls invostigatlon foeusod on detailed ovaluatlon of contamination 
within four SoCtlons of Pueblo Canyon, called 'reacnos." Thoso reachos wore solected (1) to oncompass 
the rango of potential risk related to contaminatod sediments along tho full length of tho canyon 
downstream from the PRSs and (2) to allow losting and rofinomont of a conceptual model dwcribing tho 
dlstribution and transpon of contaminants, Phasod flold investigations lncludod dotailad geomorphic 
mapping and charactorizatlon of post-1 942 sodlmonts, those sodlments potentially conttrlning 
contaminants rosultlng from Laboratory oporations. An evaluation of data cotlactad durlng oach phhso 
was used to revlse the conceptual modol, ldontlfy key uncomintles, and focus subscquent data 
colloction. 

The most significant chomical of pOtQntial Concern (COPC) in the sodimonts of Pueblo Canyon with 
rogard to potential human health risk is plutonium-239,240, Plutonium-239,240 and otner COPCs havo 
beon distributed by floods along tho full longth of Pueblo Canyon downstroam from Acld Canyon, a 
distanco 0: more than 10 km, and havo been dlSpe6od latorally away from tho stream channel for 
distances varying from less than 5 m to groatsr than 100 rn, Concontrations of plutonium in sodlmants 
transported by floods wore highost during tho perlod of off luent roIoaSos, and concentrations dropped 
rapidly attor reloasos stopped. Concentrations have beon stable or havo decllnod since 1965, indicating 
that concenmtlons will no! increnw in tho future. Plutonium concentrations are highor In rotatively fine- 
grained sediment doposits of a givon age than in associated coarse=grainod sodimont deposits: 
therolore, potentiat risk is highor In those amas where fine-grained sediments havo bCQn dopositod. 
Becauso of these partlcle-sizo offocts and timeadopendent changes in contaminatlan, plutonium.239,240 
concentrations are highest in flno=grainod sodimonts that were depositod botwoon 1942 and 1965. The 
highest concentrations have beon found close to Acid Canyon, but finemgrained sediments with rolatlvely 
high plutonium concentratlon have PIS0 been found many kilometers downstream in the eastorn parl of 
Puoblo Canyon. 

The inventory of plutonium-239,240 in Pueblo Canyon sodiments shows geographic patterns that oro 
panly different from thoso relatod to plutonium COnCOntrallon. Potential remedial actions that are 
dasignod to reduce either tho total plutonium invontory or tho pan of tho plutonium inventory most 
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susceptlble to romobllirntlon In floods would therefom target dltf wont aroos than potential remodlal 
actions doslgned to roduce risk at a slto. Specifically, tho largest pan of the total plutonlum inventory is 
within the eastarn part of Pueblo Canyon in axceptionally largo deposlts of coarseqralnod sodjmont 
where plutonlum concentratlons arc lowor than In adjocont flne=gI'aInbd sodlmant 

Othor COPCs Identiilod in tho SQdhentS o! Puoblo Canyon includo 5 radionuclldes, 8 inorganic 
chemicals, and 29 organic chomlcals. Plutonium-239,240 is moasured at concontntlons up to 7000 
tlmes tho background valuo. All othor COPCs aro found at mucn lower concantratlons rotntlvo to 
background or detectlon limlts. The concontrations of amoricium=24fI plufonium=238, and perhaps 
tritium aro posltivoly COrrOlatQd wlth plutonium~239,240 concontntions, indlcatlng collocation of those 
COPCs and similar histories of roloaso and transport. Howover, the concentntions of tho romelning 
COPCs do not display the same collocatlon with plu:onlum-239,240, and thelr sourcos and distributions 
ore mora poorly doflnod. Colloction of addltlonnl dam on some of theso COPCs moy 50 mquirod to 
completo futuro human hoalth and ocologlcol risk assossmonts. 

The levois of contaminatlon In Pueblo Canyon SOdlmontS do not prosont a slgnllicant human health risk 
under thQ condltlons of prosontday land uso, lncludlng scenarios for trail usors, rosoureo users, and 
constructlon workers, Thus, no immodlrrte remodirrl action Is required wlth rogard to potontinl human 
health risk, In ocldltion, bucauso concentntions of contaminants In sediments carded by floods 810 not 
Increasing over time and prosent levals of cmtamination havo not been shown to either couso an 
unaccoptnble risk In downstroam areas or excood rogulotory standards. no IrnmodiatO romedial QCtlOn is 
roquirod in the context ot futuro romoblllzatlon of contomlnatod sodimonts, Thus, possible dWlSiOnS to 
lmplomont any rQmedlal action In Pueblo Canyan should be mede In tna ContQXT of futuro aSSOSSmQntS 
and/or futuro policy dlrectlvos. 
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Secrion f .O /nrroducrion 

1.0 INTAODUCnON 

1.1 Purpose 

This interim reporf describes sediment investlgatlons conducted in Pueblo Canyon (Figure 1 .l-l) in 1996, 
1997, and 1998 by personnol from the Canyons Focus Aroo (formerly Field Unit 4) os part of tho Los 
Alamos Notlonal Laboratory ("the Lnboratory") Environmental Rostoratlon (EA) Project. Invettigirtions 
were focused on lour reaches of the canyon following the technical stratogy describod in tho TasklSite 
Work Plan lor Operable Unit 1049: 10s Alamos Canyon and Pueblo Canyon (The work plan") (LANL 1995, 
50290; IANL 1997,5!3421) and modifled by tho Core Documonf for Canyons Investigations (?he cor0 
documont") (IANL 1997, 55622; IANL 1998,57666), Data collected from these reachos ore usod to 
deflne tho naturo and oxtont of contamlna:lon withln young alluvial sodlments (post.1942 sodiments), to 
revlse a conceptual model for contaminant distribution and transport, to parform scroening dssosamants 
for potontlal human and ecologlcal risk, and to determine If thero is P neod for lmmadlate remodial action 
or additional data collectlon. In a futuro report thoso data will bo cornbinod with oddltional data on 
sodimon!, groundwater, and surfaco wator In Los Alamos Canyon and Puoblo Conyon to suppon n 
canyons-wlde aosossment, whlch will InvOlvO n mor0 comprohensivo assessment of human and ecologlcal 
risk related to prosont=day lavols 0 1  contaminatlon nnd tho effects of futuro transport of contamlnants. 

7.2 Regulatory Context 

Regulatory roqulremonts governlng tho ER Projcct canyons investigations are dlscussed in Saction 1.4 of 
the core documont (IANL 1997,55622), In partlcular those investlgatlons address roqultemcnts of 
Modulo Vlll of tho Laboratory's Hazardous Waste Facltlty Pormlt (rho HSWA Module? (EPA 1990, 1585) 
under the Resourco Conservation and Recovery Act (RCRA), including addrosslng "tho existence of 
contamlnation and the potential for rnovomont or transport to or withln Canyon watorshods," In additlon to 
federal and state regulatlons, Department of Energy (DOE) Order 5400,5, "Radiation Proroction Of The 
Public And The Environment," provides guidance on resldual radloactlvlty a: DOE facllltios. 

1.3 Background 

1.3.1 Goography, Geology, and Hydrolo~y 

Pueblo Canyon heads on the flanks of the Slorra do 10s Valles on Santa Fe National Forost land. It extends 
across land ownod by Los Alamos County and crossos tho northoost comer of tho Laboratory to Its 
confluence wlth Los Alamos Canyon. Pueblo Canyon htls a drainage a rm of 21,f km' and a basin length of 
approximately 16 km, Geologic unlts exposod within tho Pueblo Canyon watershed include Pllocone and 
Mlocone dacites of the Tschicoma Formation, Pliocone conglomeratos of t h e  Puyc Formation, Quaternary 
ignimbritos of the Otowi and Tshirege Members of tho Bandolier Tuff, and Quatornary pumice beds and 
volcaniclastlc sodlments of the Cero Tolodo Interval (Griggs 1964,8795; Smith ot al. 1970, 9752)- 

Stream flow In Pueblo Canyon has Included both ephcrneral runoff from rain storms and snowmolt rind 
oxtonefed discharges of treatod etfluent from throe ditforont wastowater troatment plants. Tho 
wostommost plant was the Puoblo Canyon Wastowater Troatmorit Plant ( W W P )  upstroom of Acid 
Canyon, whlch opsratod from 1951 until 1997, Tho Control W P  was IOcntOd farther onst on tho south 
rlm of Pueblo Canyon and operated from 1947 until 1966, Tho Bayo Canyon V M P ,  locatod betwoen 
lowor Pueblo Canyon and Bay0 Canyon, began operating In 1963 and Is the activo sowago troatmont 
plant for the  tawn of Los Alamos, producing frequent flow in lowor Puoblo Canyon. Although storm runoff 
provides the largest stream flows and tho highest potontial for oroslon ond sodlment transpoR In Pueblo 
Canyon, the etf luont disehargo has provldod longer pQrlOdS of lowQr flow that may have been particularly 
ctf ectlve at maintaining high water tables and allowing denser vegetatlon to become established and also 
providing more opportunlty for subsurface transpon of contaminants. 
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Section f .O Inrrodrr ction 

1.3.2 Laboratory Hlstory and Oporatims 

Several formor Laboratory sites withln tho Pueblo Canyon watershed have or may have contributod 
contamlnants to the maln channol of Pueblo Canyon, includlng soma of the original Manhattan Project 
faclllties wlthin tho curront Los Alamos townslto that date back to 1943. Trotrtod and untroalod rodioactivo 
llquld waste derived from many soparate facilkios was discharged from formor Technical Area F A )  -45 
Into Acld Canyon, a small tributary to Pueblo Canyon (Figure 1,1-1), constltuting tho prlncipal source of 
contaminatlon In thO watershod. Liquid roloasos from soptic tank outtolls and from municlpal wastowater 
troatment plants constltuto addltlonal potential sources of laboratory-dtrrivod contaminants !or tho muln 
channol: surfaco runoff from COntamlnPtQd sitos also may have contributod some Contaminnnts. Brlei 
Summarles of pertinent Information on key SlteS in :he Pueblo Canyon watershod aro prosontod bolow. 

Tho prlnclpal source of contamination In Puoblo Canyon was TA-45 (Flguro 1,1-1), slte of the flrst 
radioactive llquid waste treatment facitlty at the Laborntory (Potontial Releaso Site [PRS] 45=001) (MNL 
1981,6059; LANL 1992,7668). Eli luent from TA-45 released Into Acid Canyon Included UntrQatOd liquld 
waste from 1944 to 1951 and treated llquld wasto from 1951 to 1964. Radionuclldos dotectod above 
background values d0WnstrQam from tho outfalls (PRSs 1.002 and 45.004) In sediment SomplM 
collected during ER Projoct invostlgatlons lncludo amerlclum.24l; coslum-137; plutonium-238; plutonium- 
239,240; strontium-90: uranium-234: uranium-235: and uranium-238, Amorlcium-241: cosium-137: and 
piutonium-239,240 locally excoauad ecreenlng action levels (SALs) (LANL 1996, 54468). In addltlon load, 
mercury, and sllvor woro dotectod above background valuos but bolow SALs (LANL 1995,48856), 
Demolltion of structuros at TA-45 and oxcavatlon of contaminated solls occurrod in 1966 before the land 
was roloased to Los Alamos County In 1967: addltional romodlatlon occurred In 1982, 

kddltlonal relansos Into Acld Canyon occurred from the outfall of a soptlc tank that was installod in the 
1940s (PRS 0=030[g]). Plutonlum~239,240 and polychlorhatod biphonyls (PCBs) abovo SALS woro found 
below tho outtall during ER Projoct Investigations (LANL 1995, 51983). 

Puoblo Canyon may also have recelvod contamlnants from oparations at formar TA.31 and TA.73 noar 
tho Los Alamos Alrport, although thls is not c0mln. TA-31 was known as the aast rocoiving yard, and 
PCBS Pt levels abovo SALS were found at the mouth 01 a formor soptlc tank outfall pipe (PRS 31-001) 
(MNL 199S,5?050). Operatlons at TA.73 included lnclneratlng classlfled dOCUtTIQntS and disposing of 
VBrloUs types of waste; stoam-cleanlng gatbago cans, trucks, and dumpsters; operatlng a llrndllll and 
burning munlclpal and laboratory was:o: disposing of waste 011; stotlng high exploslvos (HE): operating a 
surface disposal faclllty; and operatlng an asphalt batch plant (LANL 1992,7667). Outfalls, drainlines, and 
soptlc s)'stoms were associatod wlth P numbar of formor oporatlonn at TA-73, An ash pilo from the iormor 
inclnerator (PRS 73-002) contalns several analytos abovo SALs (antimony, berlum, cadmium, copper, 
lead, sllver, thallium, and PCBs) ( U N L  1997,56606), and surface runoff from thls sit0 may provido an 
additional source of contaminants for Puoblo Canyon. 

Etfluent from the throo municipal wastewator troatmont plants in tho watorshod could potentially provide 
Laboratory-derivod contaminants to PuoSlo Canyon, although con!amlnants from theso plants could also 
have non=labarafory sourcos. In particular, sludge from the Puoblo Canyon W P  upstroam of Acid 
Canyon (PRS 0*018[a]) contalns a series of analytes abovo background values (barium, chromium, 
copper, load, rnorcurj, nickel, solenlum, silver, thalllum, vanadium, zinc, and uranlurn-235), although 
none Of these aro 8bOVe S A L  (LANL 1997,56614). 
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1.4 Current Land Use 

Puoblo Conyon downstream from Acid Canyon lncludos land ownod by Los Almos County and the DOE, 
all of whlch Is open to tho publlc, Presont land use Includes various rocreatlono1 actkltios such as hiking 
and bicycle ridlng, There Is gocd trall access Into Pueblo Canyon near Acid Canyon from nearby 
resldontial arms in Los Alamos, and trnlls and dirt muds continue down the length of the canyon (Kron 
1993,58665), Sowor llnes from the Los Alomos townslto am buried benoath the nnmw canyon floor tor4 
km downstroam from Acid Canyon. The lowor canyon is usod as a dlschurge sfte for matod effluent trom 
tho Bay0 Canvon W P .  In the Los Alomos County comprehenslvo plan, the countyswnod purr of 
Pueblo Canyon, whlch lncludos tho confluenco wlth Acid Canyon, hat boen designated as *scenic o w n  
space* sinco 1964 (Los Alamos Planning Commlsslon 1964 5687% The part of Pueblo Canyon on DOE 
land (TA-74). oxtonding upstroom lrom the conlluenco wlth Loa Alamos Canyon, Is presontly being 
conslderod for potontlal land transfor to olther Los Alamos County or Sari lldefonso Puoblo (DOE 1998, 
58671 1. 

7.5 Previous Sedlmsnl lnvbstigatlons 

Contaminants associated wlth sediments In Pueblo Canyon have beon lnvestlgotod In many studlos slnco 
the Initial contaminant releosos from TA45. The flrst sodlment snmpllng, in 1946, indlwtad the prosonco 
of plutonium along the full longth Of Pueblo Canyon downstroam from Acid Canyon, dbeumentlng mpld 
transport dong a Ulstanco of 11 km from tho sourco.(Kingsley 1947,4186), Subsequont work has 
included ropeatod sedlment samollng a: a sories of stations us part of the Laboratory Envlmnrnantal 
Survoillanco Program slnce 1970 (o.g,, Environmontol Surveillanco and Complianco Programs 1997, 
56684) and more lntensivo studlos in the 1970s. Work in fhe 1970s Included studies by the Laboratory 
Environmental Sclonces Group (e& Hnkonson and Bostick W75,296?8: Nyhan et at, 1976, 11747; 
Nyhan et a1,1982,7164) and lnvostlgatlons under the formerly Utlllzod Sltes Romdlal Action Program 
(FIJSRAP) ( I A N 1  1981, 6059). Moro rocontly, exlstlng data on plutonlum In sodlmonts wore comblnod 
wlth geomorphic mapplng of Puoblo Canyon to provlde an lmprovod estlmnto of the Inventory of 
plutonlum In tho canyon (Graf 1995,48851: Gmt 1996,55537). Somo of thls earllerwork Is summarized 
In tho work plan (LANL 1995,50290) and formed the basis for G prollmlnary concaptuol modo1 of 
contnmlnon: dlstributlon and transport and for deslgn of a tochnlcal approach for the prosont 
lnvostlgatlons, as summadrod in the next section. 

1.6 Prellmlnary Cancoptual Model and Technlcel Approach 

Avnllable unta on contomlnants In Pucblo Canyon sodlments prlor to thls lnvostlgatlon Indicated that 
plutonlum~239,240 discharged Into Acld Canyon from TA-45 Is the primary contaminant of concorn, 
although soma other Mdionucltdos and metals have also beon reportod above background values. 
Becauso of Its goachomlml charactorlstles, nearly all the plutonlum was adsorbed onto sodlment 
partlcles, and subsoquent trnnspoft of plutonlum has boon largoly contmllod by sodlmont transport 
processos. Other contamlnants released lrom TA45 are expactod to bahnvo similarly and to bo 
collocated wlth the plutonium. Theso contamlnan!s havo boon dlsporsod by floods dong tho 10-km 
soctlon of Pueblo Canyon downstream from Acld Canyon slnce lnltlal dovalopment of the Laboratory in 
1943, Contaminant concentntions in post-1942 sodlments vary graatly, rolntod to factors such as the 
distance from the soureo, sedlment particlo slzo, and the age of the doposlt. Plutonium concontratlons aro 
oxpectcd to be gonerdly higher In sedlment deposits Closor to tho sourcc and in finer=grolnod ssdiments 
than In downstream doposits or In coarserguinod sodiments, In addltlon, plutonium concontratiom o m  
expoctod to ba highest In sedlment deposlts that are relatlvaly closo to tho ago of tho peak contaminant 
roleasos and lower In younger sediments. The groatust ponlon of the total plutonium Invantory In Puoblo 
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Canyon Is believed to occur in the lowor sovoral kilometers of the canyon Where largo amounts of 
sediment havo been doposited by floods since 1943 (LANL 1981 , 6059: MNL 1995,50290; Gmf 1996, 
55537). 

Tho tachnical approach adopted In thls invostlgation includes detailed geomorphic mapping and nodirnont 
sampling In a sories of roachos selectod at koy locations in tho canyon, following the "representativo 
roach" concopt prosonted by Graf (1994, 55536), This work was focused on detorminlng the natura and 
extent of contaminatfon, evaluating risk, and tosting components of the prellminary conceptual modal in a 
phased approach, Geomorphic mapping and sodiment sampling concontratec' on idontitying and 
characterizing post-1 942 sodiments, thoso sodiments younger than tho initial contamlnant reloasas. An 
ovaluation of data collocteo In each phase was usod to rovlse the concoptual model, idontlfy koy 
uncomintlos, and focus subsequent data collection. Investigation goals Include evaluating presont and 
future potontial risk, ovoluating sediment transport processos and luturc contaminant redistribution, and 
providing data nocossary to mako decisions about possiblo romodlal actlon alternatlves, 

1.7 Deviations from the Work Plan 

While conducting the sodimant invostlgatlons in Pueblo Canyon, tho Canyons Focus Area technical toam 
mado some modifications to tho proposed work deseribcd in Section 7.2 of tho work plan ( U N L  1995, 
50290), These devlations are briefly discussed below. 

Bocauso of considerable gQOm0r;lhlC complexity idontifiod in Puoblo Canyon after fleld work was initiated, 
geomorphic mapping and sedlmont sampllng were conductod in soveral additional aroa5 not specifled In 
tho work plan, which incroased the total area of Investigatlon. Tho areas not proposod In the work plan, 
which woro designated as subreaches, consist of tho following aroas, Reach Po2 East is an area where 
conslderablo widoning of the activo channel occurs downstroam from a tributary drainage ("Kwnge 
Canyon"); tho original roach P-2 was rodesignatad P o 2  West. Reach P.3 West Is an area extonding 
lmmediatoly upstream from tho Bay0 Canyon M P  outtnll and which was easier to Investigate than 
downstroam arms wlth a high wator table: the origlnnl reach P-3 was redesignated P-3 East, Reach P 4  
West Is an arm where abandoned post-1 942 channel units attain their groatost width in Pueblc Canyon 
and whore largo sediment deposits wero producod In tho 1950s to 1960s; tho origlnal reuch P-4 was 
redosignatod P 4  Eust. 

Radiological field sunreys conducted In reaches P-1 and P 4  in 1996 rQVQaled that the concentrations of 
ndlonuclide contaminants woro generally too low to allow definition of the exton: of contaminated 
sodiments uslng field lnstrumonts, Tho only oxception was In P-1 whoro plutonium concenttations in 
some placos wore high onough to allow dotoction of associated alpha rodiatlon, Becauso of theso 
flndlngs, no radiological suwoys woro COnduCtOd in rotlchos P-2 and P-3, and samplo site soloction thoro 
was basod ontlroly on geomorphic criteria instead of relying on f1Qld radiological data as was proposed in 
the work plan. Analytical data on samples ccllected from P-2 ana P-3 in 1997 conflrmod that plutonium 
activities were too low to allow offoctive use of radiological fiold Instruments in theso roaches. 

The crltoria for solocting specific sampling intervals for iimited-suito antllysos and the number of such 
analyses In oaeh reach wore modiflod from thoso proposod In tho work plan !mod on tho rosults of tho 
full-suito analysos. In panlcular, tho full-suite analyses indicatod that radionuclidos and morals identified 
above background values were collocated with plutonium in both upstroam and downstroam raachos, and 
the technical team decidod to locus limited-suite samplos on tostlng the validlty of this apparent 
collocatlon. Tho numbor of stlmplos in each unlt in onch roach was docidod to bo lass impomnt tor tho 
purposeo of statistlcal ovaluation than the total number of samples in the canyon as long as there was 
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good spatial covorage and tho samples analyzed for the llmlted suite Included the full rnnge of sediment 
ogos, panlclo slro charactoristics, and plutonium concontmtlon. Consoquontly, although tho work plan 
spoclfled colloctlng at least 12 limltQd*SUh3 samples in each reach, only 8 each woro collected in P-2 and 
P-3, Somple sltes wore selened to Include both conrsegnined channol facies sediment and fine-gmined 
overbank facies sodlmont from geomorphic units wlth a nnge of agos. In cddltion, tho spoclic sample 
Intervals that yielded the hlghest plutonium concontntlons In oach roach during the lnltlal sampling ovents 
woro rosampled for limltod=sulte analyses In subsequent sampllng ovents, 

4 

Sample proparatlon deviated from that specifiod in the work plan by tho decision to slevo each sample to 
removo all gmvol and organlc mattor largor than 2 mm beforo anolysls, f h e  work plan had speciflad 
removal by hand of large stones and organic and other debris, but the technlcal team declded lntor that 
thls procoss would not provido enough conslstoncy In samplo proparatlon. 

1.8 Unlt Convontlons 

fhls report usos primarily motrlc unlts of moosure, although.Engllsh units are usod for contours on 
topographic mops, In roferonce to olovatlons derived from topographic maps, and for New Mexlco Stat0 
Plane coordinnros 8s shown on solno maps, Engllsh unlts aro also usod {or radioactivity (curies [CI] 
Instead of becquerols [Bq]). Swlos wlth both metric and English unlts of dlstance aro shown on maps. 
Converslons from mottic to English unlts are presantod In Appendlx A-2.0, 

1.9 Report Organlzatlon 

Soctlon 2 of thls roport prosonts rosults of tho flold lnvestlgations of sodlmonts In tho Pueblo Canyon 
roaches. Sectlon 2.1 introducos oach roach and i2i major geographic chmctcrlstics, Section 2.2 
descrlbes tho methods of Invostlgatlon In the reachos, lncludlng geomorphic mapping, physlcnl 
choroaerlzation of young sodlments, radlologlcal fleld moasurements, and sodlment sGmpllng actkrlties. 
Sectlon 2.3 presonts rosults of these fleld lnvostlgatlons in oach reach, including physical ond radlologlcnl 
chomcteristlcs of tho geomorphlc unlts and koy aspects of tho post.1942 geomorphlc history. 

Soctlon 3 of thls report presonts analytlml results from sodimont samples collected In the Pueblo Canyon 
roaches. Section 3.1 Is il data rovlew thut evaluates which radionuclides and organic and Inorgantc 
chemicals should be retalned as chemicals of potentlal concern (COPCs). Section 3.2 ovaluatos each 
COPC In the context of likely sources wlthln the Puebio Canyon watershed and posslblo collocation wlth 
othor COPCs. Sectlon 3,3 presonts a datnlled ovnluatlon of plutonium data from sedlment somplos 
collocted In oach reach, focusod on plutonium~239,240, which was saloctod as a koy contamlnnnt In thls 
lnvestlgation. lncludod in Section 3.3 aro discussions of variations In plutonium concontration among tho 
dlfforent goornorphlc unlts In each rcach, tho rotations of plutonlum concontration to the ago and panicle 
slre chamctodstlcs of the sedlment doposlts, tho amount (Inventory) of plutonlum containod wlthln the 
dlHorant unlts, and the potentlal tor ramoblltratlon of plutonium contninod wlthln the dlHoront unlts, 

Soctlon 4 of this roport prosonts D conceptual model deccrlbtng contnmlnotlon In tho sodimonts of Pueblo 
Canyon, which has boon rovlsed and roflned from the prollmlnnry concaptual model proscnted In the 
work plan basod on tho results of thk Invsstlg3tlon, Soction 4.1 dlscusses tho presont naturo ond oxtcnt 
of contamination In Pueblo Canyon sodiments, Soctlon 4.2 dlscussos controls on contnmlnant 
dlstributlon, lncludlng the et! ects of panlclo site varlaffons on plutonlum concontratlon and tomponl and 
spatlol trends In plutonium concontrotion. Sectlon 4.3 dlscussos the loto and transport of contaminants In 
tho sedlmcnts of Puoblo Canyon, lncludlng procossos that havo redlstrlbuted contaminants sinco the 
lnitlal roleasos and future remobillratlon and transnot? of theso contamlnants. 
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Section 1.0 Inrroducrion 

Section 5 of this roporl prosents prollminary assossments of potentlat human and ocologlcnl risk rolntod 
to contaminants contatnod within the sediments of Puoblo Cenyon. Seetion 5.1 proscnts tho humon 
honlth rlsk nssassmont, Soction 5.2 presonts tho ocologiml screoning nssossmont. 

Section 6 of this report summaritos koy concluslons of this investigation, highlights key rernainlng 
uncenaintlos, and providos rocommendations concerning posslblo nddltionul assossmonts, data 
colloctlon, nndlor romodial nction. 

Section 7 presonts roforancos Cltod In thls ropoR. 

Appondlx A presonts n list of acronyms usdd in this roport, motrlc to English convoniono, and motrlc 
profixes, 

Appondlx B prosonts suRplomontal information on tho charnctarlratlon of goomorphic unlts In tho Puoblo 
Canyon machos. Appendix E-1 .O prasents dondrochronoloGlcnl analysos (tree-ring dating). Appendix 
B2,O prosonts data on tho thicknoss of post-I942 Ilno=grrrlnod ovorbnnk faclos sodiment In !ho dlfforont 
geomorphic unlts. Appondlx B-3.0 prosonts data on pnrtlclo slze choradarlstlcs and organic matter 
contont In tho aedlrnont snmplos. Appondlx 8-4.0 prosonts bulk density moasuromenrs. Appsndlx U&O 
prosonts radldlaglcnl flald moasuromante In roachos P-1 ancl P-4, tncludlng dlscusvlon 01 rnstrumont 
callbration and use, Appondlx B.6.0 presents the chronology of sedlrnont sampling ovonts In tho Pueblo 
Canyon machos and tho prlmnry goals of oach snmpling event. 

Appondix C presents the results of quality nssurnnce (OA) and quality control (OC) Gctivltlas psnainlng to 
tho Pueblo Canyon sediment samplos. Appondlx C-1 ,O sumrnarlzos the UNQC actlvltles, Appondix C=2,0 
addresses lnorganlc chamlcal analyses. Appondix C=3,0 addrosfms rndlochomlcal analyses. Appendix 
C-4.0 addressos organlc chemical analyses. Appendix C-5.0 prosents data qualiflers for the samphs. 

Appendix 0 presents analytlcol suites and results of SQdlmOnt analyses In this lnvostlgation, Appendix 0- 
1.0 prosonts target onalytes and dotQctiOn limits, Appondlx D-2,0 presents sample request numbers and 
analytical sultas for each sampla. Appendix D-3.0 presents summaries of analytical rosults. Appendlx D- 
4.0 presents analytlcal rosults for COPCs. 

Appendix E presents supplomental stntistlcill analyses of tho analytlcel results of this lnvestipatlon. 
Appendix E-1 .O presents statistlcol evoluatlons of the lnorgnnic ehomical data. Appendix €2.0 prosonts 
statistlcal ovaluatlons of the radionuelldo data, Appondix E-3.0 ovaluatos tho posslblo collocation of 
COPCs. Appendlx E 4 0  prosents an anelysis of plutonium-239,240 flold Q A  samples and resampled 
lay ors. 

Appendix F-1 .O presonts the ocologlcal scoping checklist for the Pueblo Canyon roaches. 

1.10 Acknawledgmcnts 

Tho authors of this roporl hod tho following rosponslSllitlos. Raneau wns rosponsiblo lor documentlng tho 
fiold lnvestlgntlons and lntorproting tho analytical rasults In the context of the liold settlng and was olso 
tho principal investigator for sodlmont charac:orizatlon durlng tho flold work. Rytl was rosponsiblo for data 
review, statlstlcal onalysOs, and ocologlcal screening and was also the lead for statlstlcal analysis durlng 
all phasos of tho flold investigation. Tardiff was rosponslblo for tho human hoalth rlsk assessmont 
lncludod in this roport. Llnn was rosponsiblo for the data valldatlon activltlos Included in this report. 
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In rrodu crion Section 1.0 

In oddltlorr to the authors of this repon, numomus Indrviduds contributed to this Inuestlgatlon, 

Paul Drakos, Danny Katzrnan, Erlc McDonald, and Brad Wllcox contrlbutod to tho goornorphic 
chamcterlzatlon octlvitlss. Wllcox contributod to development of the original technlcai strategy in the work 
plan ond to lnltlal phases of tho field Investlgatlon. MeDonold contributod to lnltinl phases 01 the flald 
investlgatlons; helped devdop fisld cdtorlo for recognizing buriod solls and tho thicknoss of pos:=l942 
sodlmenr deposits; performed bulk donslty mensunrnonts: and was the lead for perticlo 3120 analysls and 
davalopmunt of a sedlmont background data sot Dmkos and Katzman contrlbutod to tho socond your of 
tho field Invastlgatlons, and Orakos was tho lead for dondrochronologlcal analyses. 

linnon Wahl lead the radloiogical field screonlnp actlvitles and pmvlded summaries a! thoso actlvltles, 
Gross gamma rndlntlon walkovor survop wore porfomed by the Envlronmental Rostoradon Group 
(ERG) (Davo Huntor, Oanlo Rochn, and John Taylor) and Chomrod (Mlko Blalr, Chuck Flynn, rrnd Brott 
Lawroncc), and flxod=point radiologlcal mensuromsnts worn perlormod by ERG and by ERM undor tho 
dlroctlon of Wahl. Floria Caporusclo load lnltlol planning for the radiologlcal scroonlng actlvltlos. 

Johnnyo Lowls wns tho lend for risk assossmant durlng the field Invostlgations. Ralph Porona contributed 
to risk asso8srnent actlvltles during both the flald lnvastlgatlona und ruport proparatlon. Alison Domos 
wan tho lead lor Inltlal development of tho risk ~5~0ssmant approach In the work plan, 

Jon Blossom, Marcla Jonos, and Matt Rlca provided geOgmFhlC lnformatlon system (GIS) suppon. Jonny 
Harris was the  load for sedlrnont somplng. Debo Daymon was the !told team manager, Data 
management support was provldod by Fellcia Agullnr, Candl Chronlngor,aand Robert Trujillo. Kon Mullon 
provided envlronmental sunrolllanco data Maurocn Oakes sowed os odltor for this report: Christy 
Flhming was the graphic artist, and Pam, Maostas was tho composltor. Assistance In this investlgatlon 
wos also provlded by tho following Individuals, Including holp with flold work, data analysis, and report 
preparatlon: Larry Bakor, Andy Cmwder,' Clint Daymon, Dova Funk, Rose Gallawsly, John Haycs, Mlko 
Henke, Lorrie Houston, And1 Kron, Jarod Lyman, Mary Mullon, Trung Nguyon, Marly Polfor, Stophanle 
Prart, Camello Romero, Cellna Solazar, Jlm Santo, Cathy Smith, Darrlll Stafford, Jon Wnitorscheid, and 
Ray Wright. 

Revlow comments on this roport were providad by Kelly Black Dave Bmxton, Kathy Campbell, Paul 
Dmkos, Tori George, Diana Hollis, Mark Hooren, Danny Krrlzman, Bonnie Koch, Daw Mclnroy, Joe 
Moso, Oanlel Malmon, Bront Newman, Ralph Pemna, John Smith, and Linnon Wahl. 

Finally, Will Grof provided onrly technical lnsplntlon for port of tho approach to geornorphlc 
characterization usod in this Invostlgotlon; Dove Broxton provided guldonce os tho technlcol toom leador 
throughout work plan propamtion, fleld work, and report preparatlon; and Allyn Pntt suppofted all phosos 
of thls lnvestlgatlon as lendor of Flold Unit 4 and the Canyons Focus Ama 
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Secrion 2.0 Field Irivcsti8urion.s 

2.0 FIELD INVESTIGATIONS 

21 lnttoductlon to Rcachcs 

The Initial locations of tho Pueblo Canyon roaches wero soloctod to address a varioty of goals, including 
identitying variatlons in contaminant concontratlon. contaminant Invontoy, and risk along tho longth of 
Pueblo Canyon and Improving tho undorstnnding 01 tfanSpOfl processes (UNL 1995,50290). Each roach 
was intondod to be long QnOUgh to capturo local variations In contarnlnant concontrations rolntod to 
variations In the age, thlcknoss, and panlcio size of young (post-1 942) sadlrnont deposits but short 
QnOugh that the otfects of downstream dilution of contaminants wore minimized. Durlng fieid work, the 
geographic bounUnrlos of tho roachos woro finalized, including !he oddltion of subraachcs to bottor delino 
goographic voriatlons in contominmion, The locatlon of rho reaches within tho Pueblo Canyon wcltorshod 
is shown in Figuro 1.1-1, and topogrophlc maps of the indlvidual roaches, showing slmplifiec geomorphlc 
maps, or0 shown In Flguros 2,l-1 to 2.14. Tho general nomenclatura fortho geomorphic units shown on 
tho maps is discussed In SOctlOn 2.2.1.1, and tho SpQCiflC UnltS in 03ch roach are aiscusscd in Saction 
2.3, Goographic choracterlstica of those roaches &ro briofly summarlzed bolow, 

Roach P=l Includes tho confluoncs of Acid Canyon and Pueblo Canyon: It is the aroo whore contaminant 
eoncentratlons wore oxpected to be highost becauso of tho proximity to TA-45, which is the primary 
SOUrCo Of Contaminants in tho watershed. Walnut Cnnyon, P major tributary that drains pnR 01 the Los 
Alamos townslte, also joins Puobio Canyon in this retlch. The canyon floor hore Is rolativoly steep, 
narrow, and rocky. Tho stream Is Inclsod Into the Tshirogo Momber of the Bandotior Tuff nom Acid 
Canyon, into Tschicoma Formation dacito west of Walnut Canyon, and Into the Otowl Membor of the 
Bandellor Tuff fanher east, P=l Wast is a short subroacn upstroom of Acid Canyon, and P-1 East is D 

rolatlvaly long subreach that exronds downstream from tho confluoncs. 

Ranch P-2 is an aroa downsmnm of P-1 whero tho channol becomes less stoop and the canyon floor 
begins to broauen in :ho Otowl Member of tho Bandolior Tuff , onhancing the opportunity for sadiment 
deposltlon. t h i s  is also tho wosternmost a rm In Pueblo Canyon whore Stroam tomcos that may bo 
suitable for rosldontlal developmont occur above tho actlvo Iloodplaln. A tributary canyon batweon North 
M Q S ~  and Kwagc, Mosa, rotanad to as Kwogo Canyon In this roport, onters Pueblo Canyon in this rench 
and Is associated wlth a major lncroase In channol width. The change in channel characterlstics 
downstream from Kwngo Canyon suggoste that this canyon Is 8 slgnlticant sodimant source. Po2 Wost is 
tho narrower aron upstream from Kwage Canyon, wbich Includes tho site of tost wells TW-2 nnd TW-U, 
and P-2 Em: is the broader a m  downstream from Kwage Canyon, Po2 East includos the part of Pueblo 
Canyon wlth tho iowost stroam gradient. 

Reach P.3 includes the area 01 tho Bay0 Canyon Wastawator Troatmont Plant ( W P ) ,  and :he stroam 
channel hero becomes slightly StcePHr than upstroam as it bogine lncislng into conglometatos of the Puyo 
Formatlon. The canyon floor Is falrly brood through thls m a ,  P-3 Wosr is upstrmm from the W P  
outfalt ancl Includes Hamllton Bend. P.3 East is downstroam from the outlall and has continuous surlace 
flow and a high water tablo during most of the yoar. 

Roach P4, which Includes the lowost part of Pueblo Canyon, Is a goomorphically complex area Whore 
tho channel olevation has varlad groatly since 1942 because of the doposltion of largo amounts of 
sediment and subsoquent channel incision (Reneau and McDonald 1996,55538: Roneou 01 nl, 1996, 
576d2). Pd Wost includos large sedlment deposits from tfie oarly post4942 period and has G doeply 
lncisod channel. P-4 East has large sodimont doposlts from later in the post4 942 period, which have also 
been incised. P 4  Eost also has an oxcoptionally broad post4942 Iloodplaln, largor than in any ot%r part 
of Pueblo Canyon. Tho channol is sfeoper in P 4  than Immadiatoly upstroam, and the channel is lncisod 
into the Puyo Formatlon. 
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Figure 2.1-2. Topographic map of reach P-2 showing generalized goomorphk units. 
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Fitld In  vcsrixa tiom Section 2.0 

22 Msthoda of tnvertlgotlon 

221 Gwmorphlc Mapplng 

meld Investigations In oach reach began by preparing a pmllmInafy geomorphlc map that focused on 
Identlfylng young (post-1 942), potentlally contaminstea sedlment deposlts and subdlvldlng theso deposlts 
Into geomorphic units with different age, sedlmentological CharaCtenstlcs, andor radiologlull 
characteristics. These gtrsmorphlc units detlneate the horlzontal oxtent of contamination In each reach 
ond also provide grouplng of areas with slmllar physical andlor radlologlcal chamcterlstlcs. Whero 
uncertaintles existed In idontlfylng the limits of poteritlally contaminated sedlments, boundaries wero 
drawn conservatlvely SUCh that the area potentlalty Impacted by post-1 942 floods was ovorostlmatod 
rather than underestimated. 

The scale and methods of mapping varied dopendent on the chorncterlstlu of the rooch. In broad, o w n  
areas to the east (partlcularly reaches P 4  and Po3 East), rnnpplng at a scale of 1:1200 usod hlgh- 
rosolutlon 1991 onhophotographs, which allowed relotlvely proclse maZplng of boundarles between 
geomorphic units. The approximato aQes of many sedlment doposits In these areas could dso be 
dotemlned by oxomlning sequential aerlal photographs that date back to 1935; these photographs In turn 
allowed reflnement of the boundaries between unlts of dltferent age. In the narrow canyon floor to tho 
west (partlcularly P-l), troe cover obscumd the canyon floor, and the smaller slre of geomophlc units 
required mappinp at a larger scale. Mapplng in P-1 was at a scale of 1200 and Involved taping dlstances 
along the channel from known referenco polnts and frequently measuring unlt width. Mapplng In P.2 and 
P.3 West used a comblnation of these mathods, Boundarles between geornorphlc units wore typically 
defined on the basis of topographic breaks, vegetation changos, and/or changes In surtsco sediments, 
although In some nroav boundarles are more approxlmote. 

Geomorphic mapping was Iterative, and the maps were revised after each phase of investlgation in ooch 
reach. For example, In P-1 field ndlological measuroments and laboratory analykai data were used to 
define a relathrely small a rm wlth elevated plutonlum concenmtlons, whlch was brokon out as a sepsrato 
geomorphlc unit (unlt ab) .  In addltlon, geodetlc sunreylng of sample loctrtlons that followed each 
sampllng event often led to map revlslons so :hat the SuWdyed sample locations were wlthln tho 
appropriate geomorphic unit. Reflnlng of the conceptual modal during the lnvestlgatlons also resulted In 
reexamlnation of prevlous map assignments and eddttlonal nwlslons to thQ maps. 

221.1 Geomorphic Unlt Nomenclature 

The nomenclature used for geomorphlc units 13 conslstent among reaches and subreoches where 
possible, although complete conolstency w a  not posslblo. The tollowlng general conventlon was used for 
naming units. 

The deslgnatlon "c* refers to post-1942 channel unlts, which am areas occupied by the main stream 
channel or exparlenclng slgnlfiant deposltion of coarse-gmlnod channel sedlments sometime In the post- 
1942 period. "el" Is the prcsontly active channel, 'c2" is the youngest recognlzed abandoned channel unlt 
In oach reach, and so on. Letter modiliers (e,g., "c2a") aro fuRher subdlvlsions, with h" belng youngest. 
Available data dld not allow each named unlt to be the same age In every reach. For example, the "c2' unit 
In P-4 delineates areas occupied by the channel during the 1980s bur abandoned beforo 1991, os r h  own 
by examination of sequontlal aarial photographs, Howevor, such preclse age constnint was not possible in 
most reaches, and "c2" In other roaches includes a longer and more poorly defined perlod of time, 

The doslgnatlon Y1" refers to floodplain areas that were or may have been Inundated by overbank 
floodwaters dnco 1942, but that were not occupied by the mriln stroam channel. Y1" indlcotes areas that 
ware probabty inundated by floods during this perlod, as shown by geomorphlc evidence ancllor analytical 
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data. Y2" Indicates areas that wore possibly subjected to minor inundation but where the evldonco is 
inconctusivo; if they woro Inundated, the thickn8ss of post-1 942 sedlment would bo small. The 
doslgnatlon Yla" In usod In Pd Wes: to lndlcate D floodplaln aroa whoro plutonium Is abovo background, 
but which is domlnatec! by sodimcn: from a tributary dralnage, such tha: the average plutonium 
concentrotlon is rolatively low. 

Other designatlonv on the geomorphic maps delinoate various areas that have not beon directly Impacted 
by post-1 942 floods downstrcam of potontlal contaminant sourcos. Following standard geologic 
nomcncla!uro, "9. lndicotos deposlts from the Quotornary PQriOd, "Qal' rofors to actlvo channel alluvium 
In tributary drainages. "Qc" rofors to colluvlum. "Or rotors to pro-1943 stream terroces that hava not beon 
inundotad by post4 942 floods. "Uf' refers to fans from tributary drainages, Somotimes bedrock geologic 
units arc also shown on theso maps. 

2.2,2 Physlcsl Charoctcrlzation of Young Sedlmcnts 

Physical chnractorlzatlon of the geomorphic unlts lncludod measuroments of the thlcknoss of post-1 942 
sediments, genornl fleld descriptions of parllcle site, and laboratory partlcle slzo onalysls for samples 
submitted for standard chamical and/or radlalogical analyses, Bulk donsity WJS RISO mbasurod on a subset 
of Dampie In!owvols for us0 In calculatlng contnmlnant lnvontorios, The dQtermlnatlOn of unit thicknetsov 
used n varlety of approaches, including identlfylng tho depth of burlol of troos: recognlzlng buned soil 
horizons; and searching for tho prosenco of 'exotic" matorial that Indicates a post.7 942 age (e.g., quamito 
ClaSs, coal, or varlous man=mado matorialsf. Plutonium analyses WOrO also USQd nt some silos to directly 
determine the rhlcknoss ot contaminated SodlmQnt and provldo supportlng evldance for the mlerrod 
thickness of post.1942 sedlmont, although in some arcmi plutonlum may oxtond Into pm1943 sodlrnant 
bocouse of vertlcnl trandocirtlon, partlcularly below octlva channels. Soiectcd trees woro cored for 
dendrochronologic analysis (troa=rlng dating) to help confirm tho thickness at post-? 942 Sodhbnt and to 
provido improved nga astlmotos for spoclflc sodlmont deposits (soe Stokos and Smiley 1968, 57644, lor a 
discussion of trso=ring dating methods). Additional detalls of tho mothods and rosults of !he physical 
chancterlzatlon of posbl942 sodlmont in thQ Pueblo Canyon roaches aro presonted in Appendlx 8. 

An important distinction within the post.1942 sedlmonts involvas general partlclo si20 variations because 
contorninant concentratlons tend to bo hlgher In finer=grainod sodimenis of a given age. Field 
measuromonts focusod on diff eronflcltlng "ovorbank facies" and "channel !odes" sodlments, which nro 
slmilar to tho "top stratum' and "bottom stralum" of Brakenridge (1988,57640). As usod In this ropon, 
"ovorbank facies' relors to sodiment gonerally transporlod as nuspondod load during floods, which are 
commonly doposited on floodplains from water that ov~rtops stream banks, and 'channol lodes' rofots to 
sediment generally transported as bed load and dUpOSitQd along tho main stream channel. Overbank 
taclos sodiment has typlcal median partlcle siro of sllt to flne sand, nnd channel fades sedlment has 
typical medlan ~tlrtlcle slze of coarse or vory Coarso sand; modlum sands could bo nsslgned to either 
facies, depondlng on tho stratigraphic COntOxt. Thoso fOClOS a n  not rQStflCtOd to speclfic goomorphic 
units; ovcrbank faclos sedlment typlcnlly forms upper layers on floodplains and abandoned chonnol units 
and can alSO be found as thin tayors along actlvc ChannQIs, and channol facies sadlmont can be 
doposited on floodplains during large floods and associated wlth chonnel oggradatlon. It should also bo 
stressed that those distinctions are somowhat arbitrary, with gradations commonly occurring. 
Navartheless, thQy form an important basis for dlfferentlatlng sodimont deposits of similar age that may 
have much differont lovols of contaminatlon. 

2.2.3 Radlotoglccl Flold Moasurcmonts 

The lnltial goomorphic mapping In roaches Pol and P-4 was followod by us0 of a serios of field 
instruments to dofino dlff orences in alpha, bota, and gamma radlatlon botwoon the geomorphic units and 
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to focus subsequont sampling, Extcnslve low=resolution gross gamma mdlatlon walkover surveys were 
followed by hlghor rosolutlon Ylxed=polnt' alphn, beta, and gamma radiatlon mensuremonts at solmed 
field locations: a subsot of these flxed=polnt locations was selected for in siru gamma spectroscopy 
measurements. Thoso measummants war0 made during a pilot study phaso of lnvestlgatlon when tho 
utility of dltforont field mothods was bolng evaluated, Because of the relntlvoly low concontntlons of 
mdlological contamlnnnts in those reaches, mast methods wore not found to be usoful in delineatlng 
contamination In Pueblo Canyon sedlments, wlth the exception of fixed-point alpha meosurements in P-1. 
Boause of thls, only tho flxod=potnt alpha measurements aro discussod In the body ot thls ropon, 
although methods and rosults from all the field Instrumants ore pmsentod In Appendlx B=5,0 

2 2 4  

Sedlmont sampling In thls lnvostigatlon followed a phased approach that lncludod a comblnatlon of 
sampling for Vult-sultc," "llmltcd~sulte,' and 'key contaminant" analyses. Prellmlnary ovaluatlon of data 
after each sampllng phaso was pertormod to help identify uncortalntles and to focus subsoquont sample 
collection and analysis. The primary goals and othor lnformetlon about each sampling event are 
summarized In Appbndix 84.0 

Sedlniant Sampllng and Prellrnlnary Data Evaluation 

Full-sulte analyses wore obtained on samplos trOm Pal and P.0 amr the field radlologi~l surveys, with 
the Goal of ldentlfylng all anolytos that were present above background values end dotermlnlng the 
prlmaty risk drivors. The speclflc sample sltas and amplo dopths Included htorvnls wlth tho hlghost flold 
rndlologlcal moasuremonts In aacn reach (1s well (1s lntorvnls with relatlvoly low ndlatlon. The snmplo 
sltas also Included roprcsentative tmegralned and coarse.gralned sodlment deposits from the mnge of 
geomorphic units. The full=sulto analysos'lncluded a series of Inorganic chemicals, organlc chemnlcals, 
and radlonuclldea and are llsted In Soctlon 3.1 and Appendlx C. 

Subsoquont sampling phases in all reaches wero primarily for a slngle koy contamlnant, plutonlum, 
bocouso plutonlum-239,240 (unrosolvod Isotopes) was shown by prior sodiment lnvastlqotions (LAN1 
1981,6059: Furenbaugh ot 01, lSS4,58672) and by the lull-suite analyses to be the main risk driver: data 
on plutonlurr,=238 w0ro also obtalned during these analysos. (For brovlty, 'plutonlum' In thls sealon wlll 
be used synonymously wltti plutonium~239,240 bemuse of the rolativoly low levels of plutonium=238 In 
Puoblo Conyon sedlmonts,) Spoclflc sample sltes In oach sampling ovont wero soimsd to d u c o  
uncertalnties In the horizontal and vortlcol extont of contamlnatlon, the avoroge and mngo of plutonium 
concentratlons In each unlt, the invantory of plutonlum, and controls on Its dlstributlon (o.g., otfects of 
sediment age und sediment panlcte slzo). 

To m m t  etiactlvoly reduce the uncertainty In total plutonlum,invontory In anch reach, a stratified random 
sample alloatlon process was applied (using alculatlons based on oqua!ion 5.10 in Gllbert 1987, 
561?9). To evaluate uncertolnty In this sample 8IIDCatlon procoss, Montc Carlo cnlculatlons wore 
porformed using the Crystal 6alI version 4 add-In to Mlcmsatt Excel softwarn, Those calculations usod 
ovallabla data on the area, thlcknoss, and plutonium concontmtlon in each geomorphic unit and sodiment 
facios to help determine the number of samplus to be collocted from each unlt and each faclos. For 
exampla, a unit with 3 relatively largo volume of post4 942 sedimont, high plutonium concontmtlon, 
andlor high vadablllty in plutonlum concentration would be aSSlgnt3d mom samples than o. similar unit with 
small volume, low concentmtlons, andlor low varlablllty in plutonium concontntlon. 

In all renchos H series of samples wero also collected for limited-sulte analyses, wlth this llmltbd sulto 
including annlytev moasurod above background values in the full=sulte analyses. Tho llmited sulto 
InClUdQd motals, polyehlorinatod biphenyls (PCBs) and pesticldos, and select radlonuclides and Is 
discussed In Soctlon 3,0, A prtmaty goal of these Ilmltod-sulte analyses was to evaluato to what degrco 
concontmtlons of plutonium woro corrolatod wlth conconmtions of the other analytes and heneo to what 
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degroo thoy are collocated within tho same sediment deposlts. Sample colloctton for Ilmited=sulte 
analysos Included samplo intervals that had yielded the highest plutonlurn concontratlon within each 
reach as woll as Intervals wilh more reprosentative plutonium concentratlon and includlng tho nnge of 
geomorphic units and sedlmont faclos that had boon Idontilied. 

2.3 Results 

2.3.1 Roach P=l 

2.3.1.1 Physlcal Characterlstlcs 

Reach P-1 It In a part of Puobto Canyon wlth a rolatlvely steep, narrow, rocky canyon floor. The area that 
has boen lmpactod by post=l942 floods avorages approxlrnately 13 m In wldth, Including most 0: the 
canyon floor. Tho areal distribution of tho goamorphic unlts is shown on Flguros 2.1-1, 2.3-1, and 2.3-2, 
and topographic relatlons ore Illustratod In the cross soctlons of Figure 2,393. Physical characteristics of 
the geomorphic unlts in P-1 8ro summarlzod In Table 2-34, Data on particle slzo and unlt thlckness are 
prosented in Tablo 83-1, Table 834, and Figure B2.1. 

The active channel, c l ,  avoragos 2 to 3 m In wldth and has a bed composed of gravel and coarsb sand, 
The active channel is usually bordored by abandonod post-1 942 channol unlts (c2, c2b) that average 
approximatoly 0.8 to 0.9 m above the channel and are capped by an avarage of approximately 0.6 to 0,9 
m of relntivoly flno-grained overbank SQdiments domlnated by fino sand. IJnlt c2b, of llmlrad areal extant, 
Is indlstlngulshable from typical c2 unlts except It has SubSurfaCQ layers wlth the highest fleld alpha 
radlcltion measuroments and :he hlghost plutonlum concentrntlons in this reach. Tho undlsturbed c2 unlts 
aro typically 2 to 3 m In eomblned wldth, although part of the original extont of c2 and c2b may bs burled 
beneath fill assoclated wlth construction of a dirt road and emplaccmant of sowor llnas, 

Actlvo floodplalns ( f l )  in P-1 Dro typically 4 to 5 m wide, 0.9 to 1.7 m abovo the active channel, and 
capped by 0 to 0,4 m of overbank sodlmonts. Large arem of floodplains havo probably beon disturbed by 
tho road and sewer Ilne. Boulders are common In this roach, cantributlng to large spatlel varlatlons In the 
thickness of overbank facies sodlment and off octlng oroslon and deposltlon during floods. 

2.3.1.2 Radlologlcal Characterlstlcs 

Field measuremonts of gross gamma and beta radlntlon In reach P-1 lndicatod that levols of gamma= and 
botasmltting radionuclidos, such 11s coslum-137 and strontium-90, were not hlgn enough to allow 
contarnlnatod areas to be dlstlngulshed from background radiation using fleld instruments, Therofore, these 
measuromonts were not used In !ho geomorphic mnpplng or to holp soloct most sample sltes, although tho 
slto of the hlghost fixed-point gamma radlatlon was solected for full=sulto nnalysos, A summery of the gross 
gamma and beta radiatlon moasurements and mops showlng moasurcmont lociltlons are presonted In 
Appondlx B-5.0. In contrast, flxod-point field rnensuroments of alpha radiation Indicated that levels of alpho- 
emlttlng radlonuclldos such as plutonlum-239,240 wQrO locally hlgh enough to allow Idontlflccltlon of the 
areas of highost plutonlum concontratlon; theso messuroments aro dlscussod in more detall in this sectlon, 
Supplemental lnformatlon on field nlpho radlation measurements is lncludod In Appendix B=5,0, 

Alpha radlatlon cloarly nbovo local background valuos was measurod In tho c l ,  c2, c2b, and t l  
geomorphic units In P-1 East betwoen Acid Canyon and Walnut Canyon. However, oxcopt for tho c2b 
unlt, most moasurements woro within background ranges of opproxlmatoly 3 to 15 counts per minuto 
(cpm) measured upstroam of Acld CEinyon (Figure 2.3-4). The c2b unit was dcslgnnted as that port of the 
c2 unit where rolatlvoly hlgh alpha radlatlon measuromonts were conslstontly monsured from subsurface 
layors. No mensuremonts abovo background values woro obtalned downstroam of Walnut Canyon, 
suggastlng lower plutonium concentrations In that part of P-1 East, 
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Figure 2.3-2. Geomorphic map of east half of reach P-1 within P-1 East showing sample locations. 
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TABLE 2.3-1 

GEOMORPHIC MAPPING UNITS IN REACH P-1 
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Secrion 2.0 Field Iri ve.stixurions 

In sodiment layers displaying alpha radiation ab5VQ background vaiuas, field measurements commonly 
varied greatly, lndicatlng slgnlfican: hetorogenolry In the distribution of plutonium and also the presonco 
of discrete paniclee of plutonium. Tho highest alpha monsuroment of 485 cpm was made at the surtaco 
of 8 c2 unit a short dlstanco downstroam of Acid Canyon (tixod-point site PI-20, samplo location 
PU=O018), and the prosonco of a discrote microscoplc particle of plutonium was Indicated by the 
observatlon that the count ;ate dropped rapldly to background values as tho instrument was moved 
approxlmatoly 10 em laterally. Simllarly, the hlahsst alpha moasurt?mont withln the c1 unlt, 30 cpm 
(fixed-point site P1-24, sample location PU*OO19), soomod to record a discreto panlcle 01 plutonium on 
the surface of the active stream channel as tho count rate agaln dropped rapldly When the instrumont 
was moved laterally. 

Tho variability in alpha radlation was also explored by obtaining 2 to 6 moasuraments of sediment tram 
somo surface and subsurfaco layers attor sproadlng sediment on il plo tin 10 obtain smooth surfacos. 
Those multiple measuraments includod remeasuremen: of the same spot on a smoothod surface, 
remeasuremant of the same aliquot after it had been mixed in tho plo tin, and measuromant at scdimont 
from an odjacont location in the same layer. These moasuroments suggested that the largest source 01 
variabllity was local hetCrogQnelty in tho distrlbution of plutonium, particularly In layers wlth the highest 
lovols of plutonium. For example, the subsurfnco layor wlth :he hlghost alpha radiation measuromonts 
(70 cm deop at flxod-polnt site P1-73, sample location PU=O020) ylelaed 105 and 185 cpm from the first 
propared surtace, 220 and 283 cpm atter mixing tho same allquot, and 64 and 65 cpm from a separate 
aliquot of sedimont from an adjacent spot (Figure 2.3-5). Tho aliquot that had ylaldod the 105 to 283 cpm 
moasurements was srivod lor laboratory analysis, provldinQ the highost plutonium=239,240 concentration 
from Pueblo Canyon (502 pCVg, sample 04PU-9G=0128), although lotor collection of an additional sample 
from this same depth apgroxlmntely 10 to 20 cm away yielded il much lowor value (25 pCUg, sample 
04 P U-96.0 1 45)- 

2.3.1.3 Gcomorphlc Hlstory 

Goomophie procosses within roach P-1 since 1942 have lncludod tho lateral migrntlon of the naive 
channel within a rotatively narrow a m ,  reprosentod by thQ width of the c1 and c2 units, and the 
occasional ovortopping o! higher pre-1943 surfacos during floods. Some vortical changes In the elevation 
of the stream bed have occunod locally, resulting In young (post-1942) overbank fncios sodimants in 
some placos oceurrlng bolow the elevation of the prosont channel and channol gravots In some placos 
occurring higher, but those vertlcal changes seem to be rolatlvoty mlnor. Tho nbundant boulders have 
likely restricted tho ablllty of tho stroam to Incise during floods, and on avorago tho stream bed has 
probably been within 0,5 m of Its present elevation slnco 1942. 

Most of tho post-1942 overbank facies SedlmQnt and nsoociated contaminants present within P-1 aro 
storad wlthin the c2 Units relatively C~OSO to the actlve ChannQl. Theso sitos are ponicularly suscoptiblo to 
remobilization by lateral bank eroslon during floods, an6 the average residence tlme for sodlmant at those 
sitos is probably loss than 50 years. This conclusion Is basod on the limited distribution of overbank 
sodlment wlth tho hlghest plutonium concentrations, rapresentod by the c2b unit, which probably dotos to 
the early post=l94d period when plutonium releases wero highost. In most placas overbank sediment of 
this ago has opparcntly beon romabllizod by subsoquont tloods, such that only fairly smnll pockuts 
romaln. In contrast, tho smallor volumo of ovobonk sodlmont storad on the 11 units has average 
rcsidonce times of gronler than 50 yonrs and is less susceptlbio to romobiliration by bank erosion during 
floods. Those areas are most likoly to be subjected to occasional overtopping during largo floods, 
resulting In the deposition of additional fine-grained sodiment. 
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sccti0?12.0 Field Invcstipzrions 

23.2 Reach P.2 

23.21 Phyalcal Characterlstlcs 

Reach P-2 Is in a part of Pueblo Canyon whore tho canyon floor is broadonlng and flattening nnd whero 
stream terraces commonly occur above tho level of the active floodplain. A major geomO'ixlic change 
occurs at the confluenco with Kwage Canyon (at the west edge of P-2 East) where the actlvo channel 
bocomes much wldor and rolief across tho historic channol unlts decreases, Tho arm that has been 
lmpactbd by post-1942 floods avorages approximately 24 m In wldth in P-2 West and 38 m in P-2 East, 
resulting In wldor disporslon of contaminants In P-2 than In P-1. Tha aroal dlstr1bu:lon of the geomorphic 
units is shown on Flguros 2,1-2,2.3-6, and 2.3-7, and topographic relatlons are lllustratod In the cross 
soctions cf Flguros 2,3-8 and 2.3.9. Physical characteristics of the geomorphic unlts in P.2 are 
summarized in Table 2.3-2. Data on paRlcle size and unit thickness are presantod in Tables 83-2 and 
83-6 and Figures 82-2 and 82.3. 

The active channol, c1 , avoragos 2 to 3 m in width in P-2 West and hns a bed composed o! gravel and 
coarse sand, It averages 6 to 7 m in wldth In P-2 East whero the bed is dominated by coarse sand. Tho 
active channel is usually bordered by abandoned post4942 channel unlts (clb, c2, c3) that are capped 
by 0.1 to 0.8 m of rolatlvely fino-grained overbank sedlmonts dominated by flne or very flne sand and that 
vary In wldlh and height borwoon P-2 Wost and P-2 East (Table 2.3.2). The abandonod channal unlts 
avorago approximatoly 10 rn in comblned wldth In P.2 West and 15 m In P-2 East, and they are typlcally 
lowor in P.2 East. In pnrtlcular, tho most widespread abandoned channel unlt In each subreach, c2, 
avoragos 0.8 m in height in P-2 West but only 0,3 m In holght in P.2 East, In P-2 West a sewer llne has 
boon burlod within tho pos?-1942 geomorphic unlts, and large pans of the active and abandoned 
channels have beon dlsturbed by activities ossocioted wlth Its Instollallon, Stratigraphy observed in hand- 
dug holes within the c2 unlt In P-2 East, supported by laboratory analysos, Indicates that it is undarlain by 
at least 1 .S m of post-1942 sediment. A 1998 drill hole below tho active channel In P-2 East (sample 
location PU-0174) oncounterod tutf at a depth of 2.1 m, suggestlng a maximum thlekness for post-1942 
SQdlmontS In this subreach. 

Actlve floodplains (11) avomge approximately 10 m in widtt', In P-2 West, avorage approximatoly 1,2 m 
above the activo channel, and arc capped by an avorago of 0,2 to 0,3 m of relatively fine-grained 
overbank sedlmonts. Active flooCplains In P-2 East are widor but are closer to tho channel nnd ha?* 
thinner doposlts of post-1942 overbmk sedimonts; In P-2 East tho 11 units avorago npproxlmately 17 m In 
width, are approxlmately 0.7 m abovo the actlve channol, and aro capped by nn avorage of approxlrnately 
0,l to 0.15 m of ovorbank sodimonts, 

23.22 Geomorphlc Hlstory 

Goomorphlc procossos that control the distribution of contamlnants wlthln roach P.2 Wost are probably 
similar to those occurring in P-1, These processes have inciudod tho latoral mlgrntion of :he active 
channel within a rolatlvely narrow am&, represented by tho width ol tho post-1 942 channel units, and tho 
occaslonal ovortopplng of hlghor pro4 943 surlacos during floods, Significant vertical changos in tho 
channel bed may also have occurred, but these cannot be dollned becauso of the axtenslvo dlsturbanco 
of the canyon floor assoclated with the sewer line. Net aggradation of the stroam bed may have occurrod, 
as soon downstreum in P.2 Enst, but slgnlficant lnclslon may also have occurrod during f loou~ in August 
1991 that causoe damago to the sewer line (Los Alamos Monltor 1991, SSSSS), 
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Figure 2.3-6. Geomorphlc map of reach P-2 West showlng sample locations. 



" E  
"E 

Ri 
8 1  ip 

i 
0-0 

+ ?  
9 
4 



r 
. .  

n 

8 

Y 

I I I I 0 

c 
YI 

I: t 

2 

Y) 

0 

September 7998 2-20 Puebb Canyon Reach Report 



Section 2.0 Field lnvrstigotions 

1 
I 

I - 

_I lii 

3: 
# 

I I I I I 
N c 0 r hl 

I I 



c 
3 
X 

I 
I 

Pi L u 

d 
+I 

O 8  0 ' 0  
I .  

n 
P 
D - 

n c * - P N II I 
? 
3 

N 
3 

3 
5 

3 

I f 

2.22 I Pueblo Canyon Roach Repon 



Section 2 0  Fie Id In  vcs*t iga ;ions 

Geomorphic procossos within P-2 E391 since 1942 havo apparently includod oxtensive aggradation of tho 
canyon floor, such that the presont elovatlon of the Stroam bed Is 1.5 rn or moru nbovo Its elevation 
oarller in the post-1942 poriod. Tho relativoly low hoights of tho c2 ond 11 surfaces, comparod with most 
other subroachos, or0 consistent wlth an aggrsldlng systom. Howovor, tree-ring dating indlcotos that at 
ano location (PU=0136) tho elovatlon 01 tho present channel Is simllaf to tho channel location at or bOfbrO 
1952 (treo PUB-001 , Table 81-l), suggestlng that both channel Incision and subsequent aggradation may 
have occurred slnco 1952. In addltlon, malor latorel shiftlng 01 :he ehannol has also occurrod, with 
meilndors boing cut otf by the channel in one or more floods bowoen 1981 and 1991 such that largo 
areas of abandoned channel aro removed tens o! moters from the prosent channel (Figuro 2.3-10). This 
process has probably boon most off ectlvo during poriods of channol aggradatlon when floods aro able to 
ovoffop higher surtacos and occupy new tocatione. Lateral orosion of banks of up to 15 m has also 
occurrod in Po2 East durlng the 37=yoar perlod from 1954 10 1991, tor cl maximum ovorngo rato of 
0.4 d y r ,  

Tho prlmary storago sites for post.1942 ovorbank facies sedimon! and assoclatod contaminants sooms to 
vary betwoon P-2 West and P-2 East. In Po2 Wost, roughly 50% of the fino-gralnod overbank facios 
sodlrnon! occurs with abandoned channal units rotatively closo to tho active channel and hence aro 
relatlvely susceptlblo to ramoblllzatlon during floods: 50% occurs within more stable floodplain sottings 
whoro the averago rosidonco tlme for sedlmont oxceods 50 years, In contrast, in P-2 East, approximately 
75% ot the post-1 942 overbank ssdimant rosidas In abandonod channel units and opproxlmatoly 25% In 
floodplain unlts: much of tho sedlmon! in abandoned channel units is currontly IsolatGd from the sctivo 
channol. 

Data on plutonium concon:ratlons within P-2, which aro presented in Section 3,3.3, suggest that relntlvoly 
M e  sediment from the oarty post4942 period is prosont withln this roach, Small pockats of such 
sodimont aro probably proscnt within the c2 unit and possibly the c3 unlt in P-2 Wost (a.g., sample 
location PU=0130), but all samplos in P-2 East hwo rolotlvoly low plutonium concontmtlons, 

233 Rcoch P-3 

2.3.3.1 Physical Charnctaristlcs 

Roach P-3 is In a part of Puoblo Canyon whero tho canyon lloor lo broad and whore straam !OWBCOS aro 
common abovo ths levol of tho octlvo flOOdplaln but whoro tho channel beglns stocpening slightly os It 
encounters the Puyo Formotion, Treated otfluont from the Bay0 Canyon WWTP enters the chonnel 
between P-3 West and P-3 East, craatlng a hlgh wator tablo and relntlvoly dense grassy vegetation in tho 
canyon floor that provlde onhanced traps for scdlmont. Tho area thOt has boon ImpactGd by post.1942 
floods and atlectod by the dispersion of contamlnants avoragos opproximatoly 25 m In wldth In Po3 Wost 
and lncroasos to approximatoly 52 m in wldth in P-3 East. The areal distrlbution of the geomorphic unlts is 
shown on Flgures 2.1.3, 2.3-11 , and 2.3-12, and topographic relalions or0 Illustratod in the cross sections 
01 Figuros 2.3-13 and 2.3-14. Physlcal characteristics of tho gQOmOrphiC units In P-3 are summarizod in 
Tabla 2.34. Data on partlclo sizo and unit thlcknoss aro presontod In Tablos 83.3 and 83-7 and figures 
824 and 82.5, 
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FIgum 23-12. Gsomorphlc map of reach P-3 East showing sample locations. 
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TABLE 2.3-3 

GEOMORPHIC MAPPING UNITS IN REACH P-3 

Estirna!ed 
Avenge 
TFJckness 
(4 Sub-each 

P-3 Wed 2888 5.7 

-L_ 

6.8 

0.a f 0.07 F i  sand {?) 

Channel 2.0 Coarse sard 

3471 0 29 f 0.25 very Ti0 s u d  C2 0.15 

c3 0.4 

--. 

C4 0.5 

II  0.3 

f2 1.1 

cl 0 

c2 0.45 
L_- - 

-- -____ 
c3 0.8 

-. 
C J  0.9 

Channet 1.9 Chase sand 

Veiy fine sand 3.7 0 28 f 0.15 

Chamel 1.0 Coarse sard 

Overbank 0.22 f 0.m F i  sand 0.7 

7.6 

ChdMd Coarse sand 1 .o 
0.20 f 0.21 Verg fino sand - Loam Acti..~ fkdplah 

S M j  loam (7) 

Grave* loamy sand Active ChanreI 
S3&f barn 

Gravelly sand 

Sjn3.l h r n  
Gravelly sand 

S&j loam 

PotectiaWy acliie fwhh 

Typical abandoned ped-1942 chawil - 

OkJer abarrdoned post-1912 chamel 

I U b s l  abaridoned post- 1942 cham1 

-I 

-- 

4310 8.5 qo.05 Fme sand (?) 

P-3 €as1 1618 3.4 C h m i  2.0 Coarse sand 

13215 24.5 Overbark 0.49 i 0.2 Very fme sand 
Cham1 1.5 Coarse sand 

4% 0.8 0.08 

C h a d  1.5 Coarse s x d  
1 9 M  3.7 0vert.arJc 0.50 f 0.18 F I  sand 

Charre1 3.0 Coarse sand GraieEy loamy sand I 
19.5 0.09 f 0.07 Very fine sard 

6 2  _- Fne sand 



Field In vcsr iga tions Sccrion 2.0 

The active channel, c l ,  avorages 5 to 6 m In width In P.3 Wost wlth P bed composod of coarse a n d  and 
some gravel, bordorod by obandoned channel units fc2, c3, c4) that avorago approxlrnataty 11 m in 
cornblned width, The d, c3, and c4 units are relatively low, averaging nppmxlmatcly 0.1 to 0.5 m above 
the channel, and aro capped by an average of 0.2 10 0.3 m of fine-grained overbank sedimbnts. Unit 
chnractoristlcs chnngo drJmoticRtly downstroam of tho WWTP outfall, and tho presont channel in P-3 
East (cl) is typlc~llly Incised approxlrnately 0.45 rn below a broad moist grassy surface (&)b otton 
Including two or more braided channels. The e2 surface In P.3 East averages approxlmotoly 25 m in 
width and has Intarstntlfled coarso sediments and finer-gmlned sediments, Includlng an avorage of at 
loast O S  m of flne-grained overbank facies sedimont. Lnrge floods, including one in August 1991, spread 
over virtually thls entire surface daposlting n comblnatlon of coarse and flna sediment layers. In the aast 
part of P.3 East tho c2 unlt Is bordorod by higher abandoned channel units (c3, c4) that probably date to 
the 1950s or earlier. In both Po3 West and P-3 East, the c3 ond c4 unlts are difforentiated in part by the 
higher plutonium concentrations in the c3 channol deposits. I 

Three drlll holm in P-3 provide data on tho thickness of alluvium below the channel unlts, A 1998 dnll 
hole In P-3 Wost encountered the Puyo Formatlon at a depth of 2.05 m balow tho actlve channel (ample 
location PU=0173), lndletltlng n slmllar total olluvlol thlcknoss hero os in P-2 Enst. Anothor 1998 drill holo 
In P.3 East also encounterod tho Puye Fomatlon at a depth of 215 m below the c2 surtnco (samplo 
locatlon PU-0172). Farther omt, olluvial well PAO-7 (samplo lccatlon PU-0123) encountorod the Puye 
Formatlon at un opproxlmcito dopth of 4.1 m below o c4 sudace. suggesting lourlly thlckor alluvium and 
perhaps a thickening of sodlmont to tho ea t .  

Active floodplains (fl) in reach P-3 are relatively low cornparod with othur reachas, averaging only 
npproxlmately 0.3 rn abovo the activo channel. The fl units avorago approximotoly 8 m in width In P.3 
Wost and ore cappad by on average of ;rppmxlma:ely 0.2 m 01 retatlvdy fine-gminsd ovorbnnk 
sedlmants. Activo floodplnlns In P-3 East are widor, averaging approxlrnately 20 m In width, but have an 
average of only approximately 0.1 rn of past-1942 overbank sodlment. It is notaSlo that the fl unlt in P.3 
east is otten lower than tho c2 unlt, such that overtopping of tho 11 units in floods occurs reodlly at presont 
(Including during an August 1991 flood), In fact part of tho fl unlt Is prosenHy travorsed by an actlvo 
chnnnol carrying troated olfluent, ’These chsmcterlsticslenhance the opportunity for both wldo disporsion 
and deposltlon of socflmonfs and assoclatod contaminants in P-3 East cornparod with othor machos and 
reduce tho potential tor romobllltatlon under short time scales. 

23.32 Geomorphlc HIstory 

Geomorphic procotsos wlthln P-3 West since 1942 havo appamntly beon slrnllar to those In P.2 East, 
Including oggmdatlon of tho conyon floor such that the prosont elovatlon at tho Stram bed is probably 1.5 
to 2 m above Its elevation eoriler In tho post91942 period. Assoclntod wlth thls oggmdntlon, broad areas 
of floodplain In the eastern part of thls subreach have beon rccently overtoppod by floodwaters (lncludlng 
In August 1991), and most a! the overbank sodlment on thsse tloodplnlns may bo mlntivoly young (lost 10 
to 20 yonrs), In the wostsm part 01 this SubrQach. the channel bed olovatlon In tho early post-1942 period 
(below the c3 and cd surfctcss) was similar to that at presen!, suggesting that In the last 50 yoars the 
chonnel bod here first Incised 1.5 to 2 m and subsequently aggmdod II similar amount. During tho poriods 
of Incision the channol would havo been more effoc!ive at tmnspoRing sediment and assoclatbd 
contaminants provlded lrom upstream than durlng tho period al aggradation. Mojor lateral shifting 01 the 
channol has also occurrod in the westom part of thls subroach nt Hamilton Bend, with a moandor 
migrating approximately 40 to 60 m into pro-1943 nlluvlum and colluvium in multiplo Iloods Petwoen 19% 
and 1991 (Figure 2.34 5). This bank erosion moy locally be an importnnt source of t leon” sodlment that 
dllutes the concentratlon of plutonium carried by the stream. 
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Field Investigations Sccrion 2.0 

Geomorphic processes within P-3 East since 19d2fmrry havo in port beon similarto thoso In P-3 Wost. 
including both lnclslon and subsequant aggradation of the canyon !loot, although ma pmsent 
morphology is dominated by recent aggradatlon, In 1954 tho amn occupied by bare channel surfacas 
was relatively wide in tho east par: of P-3 East but had narrowed considerably by 1965, probably 
assoclated wlth channel lnclslon (Figure 2.3-16). In contrast, the chnnnel area In the western port of P-3 
East broadened between 19% rind 1965, probablyawociatad wlth oggmdatlon. The large floodplaln 
area north of the main channol was flooded in August 1991, associatod wlth aggradadon 01 the c2 
surfaces. The relatively thln and patchy overbank sedlment on this floodplaln suggests that tho 1 991 
flood may haVQ been tho first slnco 1942 to Qvenop this sudactr, In addltion, a side channel fatrying 
treated effluent currently flows through this fl surface, but Is not visible on the 1991 photognphs, also 
lndlcnting recent nlslng of the stream bed elevation assoclated wlth dopositlon of lorgo amounts of 
sodlment. No older c3 or c4 chennol units have beon rocognlzod In the wostom part of this subronch, 
but thay occur to the east and Indicate P channel elevation at or before 1954 somewhat higher than ot 
presont. 

Tho largest storago sites for overbcnk faclos sediment nnd associatod ContGmInants In both P-3 West 
and P-3 East are tho c2 channol units, with the total volume of stored overbank sediment bdng much 
higher in the eastom subreach.Thls storage of overbank sediment Is probably in pwt rolatad to tha 
aggradation and assoclated broadening of the area Inundated by floods, decrdaslng the depth and 
consoquently the velodty of floodwaters. Tnpplng of overbank sediment Is also llkely onhanced by tho 
thick grassy vegetation that occurs near the channel in P-3 mt, Slgnllicant remoblllzatlon of this stored 
sbdlmant would have IO lnvolvo a shltt from oggradatlon to indslon, as has occurred downs:mam In reach 
P4, although It is not certain over what tlme frame such a shlk would occur. 

Examhation of hlstorlc aerfal photographs and data on plutonium concentrations within P.3, which om 
presentod in Soction 3.3.4, suggest that sedimont from the early post-1962 porlod is present withln the 
c3 and c4 unlts in both P.3 Wdst and P.3 Enst. These sedlmcnts are largely located awny from tho 
actlvo channel In sltes not subject to romobillratlon In most floods, Most of tho post4942 sodlment 
stored within thls reach Is apparently relatively young and contains mlatlvaly tow concentmtions of 
plutonium, 

23.4 ReachP4 

2.3.4.1 Physical Chsractsrlstlcs 

Reach P d  is In the lowest part of Pueblo Canyon above state road NM 502 and Ure confluence with Los 
Alamos Canyon. The canyon floor Is broad and stroam temcos are common above the level of the post- 
1942 floodplaln. The channel is somewhat steeper than In reach P.3, lnclsed Into tho Puye Formation, 
and olluvlum pinches out east of P 4  East and 120 m upstream of NM 502 where basalt Is exposod in the 
stroam bed. Treated etfluent from the Bay0 Canyon W\mP flows through tho length of P 4  creating D 
high wa!er table and relntlvely denso grassy vegetation dong the channel. 
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Figure 23-16. Channel changes in reach P-3 East as determlned from historical aerial photographs showing overlays of the channel 
location In different years. 



Field Invesrirotions Sccrion 2.0 

The most dlstlnctlve featuro of roach P.4 at present Is an Incised channel that Is 1 to 3 m below the uppvr 
SUrfaCt?S O l  pOSt*7942 Chont78) U n k ,  reCOrdhg substnntinl hdYj0n rbaf fOllOwOd a perlod 01 oggmdatlon 
along the channel. Outing the perlod of aggndatlon, floodwaters spread over an exceptionally brmd pert 
of the canyon floor, and the aroa that hns boen Impacted by post91942 floods and subject to the dispersion 
of contnmlnants averages approxlmately 95 rn In wldth In P-4 West arid approximntoly 105 m in P d  East. 
The deepest lnclslon occurs In the wostem part of P 4  West, and the depth of lnclslon gmdunlly decwasos 
along the length of P-4, At the west end of P-4 West Is P ma)or knlckpoint In tho chmnel where the incislng 
stream encountered rolatively resistant materlal within the Puye Formation: a knlckpoint is a placo where 
the stream channel becomes slgniflcantly steeper, and the stream channel Is only shallowly Incised 
upstream from the Pd knickpolnt. The areal dlstrlbutlon of tho geomorphic unlts is shown on Figures 214, 
2.3-17, and 23-1 8, and topographlc relatlons are illustratod in tho cross soctlons of Flguros 2.3-1 9 and 
23.20. Physical CharGct0dStlC.S of the geomorphk units In P 4  are summarlrod In Toblo 2.34, Data on 
panicle slzo and unit thickness are presented In Tables 634and 63-8 and FIguros 82.6 and B3-7. 

The active channel (cl) and adjacent sand bars (c1 b) that were probably deposited during 1991 floods, 
as shown by an oxominatlon of oerlal photographs, avemge appraxlmately 7 m wlde In P 4  West and 24 
m wide In P-4 East. A sorles of young abandoned channel unlts ( e a ,  c2b, c2c) occur nbovo :he c l  units 
and below higher abandoned channel unlts, comprlslng surfaces that wero actlvo during tho 1980s but 
were abandoned by 1991, These unlts average approximately 12 m ln,combinod wldth in P 4  Wast and 2 
m In P-4 East. and are largely underlain by cuafse Rond and gruvol wlth minor flnegmlned overbank 
sedlment. The next abandoned channel unlt, c3, Is only a narrow Inset unlt In P-A We5t but avemgos 
approximately 22 m wide In P 4  East whero It includes amas at coarso sand both near the prosont 
channel and spread broadly over adjacont floodplains: It was locally ncthre until at leas: 1981 but was 
completeiy abandoned by 1986, Oldar abandoned channel units In P-4 Wost (VU, c4b, CS, 6) avorage 
Pipproxlmotely 40 m In comblnad wldth and are dominantly underlaln by coarso sand and somo gravel, 
although they pro nlso locally capped by flnergralned overbank deposlts, The cd units rapresent chnnnol 
amas thot wore active In tho 19605, and the c5 unlt ropmsents II large a n d  doposlt from tho 1050s. The 
e6 unlt represents an area occupled by the channel in 1935 but abandoned boforo 1954 where plutonium 
Is generally pmsont above background values In the chennol racios sedlment, Much of the c6 unlt may 
actually consist of channols abandoned before tho flrst relemes of plutonium Into Acid Canyon, but age 
control Is nor preclsa enough to determlne thls. The thkknesses of the post-1942 sediment boneath the 
hlgher abandoned channel units Is dlff lcult to detemlne, but it probably rangos from less than 1 m to 
gteatcr than 2 m based on sedimentologic evidence and plutonlum analyses, 

The major post-1 942 Iloodplalns, 11, average nppmxfrnately 25 m In wldth In P-4 West end approxlmatoly 
56 m In width In P-4 East, but they are presently Isolated from the netlwo channel by the recent Incision, 
They are capped by an avenge af agproxlmately 0.05 m of mlatlvely fine-gninod overbank fades 
sedlment In P 4  West and approxlmatoly 0.1 m In P 4  East, although thoso doposh reach up to 0.45 m 
thlck In P.4 East. In P 4  Enst the fl unlt Is sirnllar In olevation to the c3 unlt; and c3 sand lobes axtend 
onto the 11 surface In many areas, An addltlonal post-1942 fleodplaln unlt In P 4  Wost, flo, averages 11 
m In wldth but Is dominated by flne-grained sedlment derived from tributary dmlnages off the south 
cnnyon wall; It has pfutonlum fovbls only slightly above Sackground vtlluos, 

23.4.2 Radlologlcal Charncterlstlcs 

Field measuroments of gross alpha, beta and gamma ndlatlon in roach P 4  Indlmted thot levels of all 
mdlonuclldos were not high enough to allow contamlnated amas to be distinguished fmm background 
radlatlon; thorofore, these measurements woro not used In the geomorphlc mapplng or to help soloc: 
sample sites. A summary 01 the fleld rodlation measurements and mops showing rneasuroment locations 
are presanted in Appendlx B=S.O, 
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2.3.4.3 Goomorphlc Hlstory 

Major channel changes have occurred in roach P a 4  since 1935 and havo resulted in great spatial 
variability in the distributlon and characteristics of the geomorphic units (Figures 2.3.21 and 2.322). 
Bocause contamlnant eoncentratlons in both channol and ovorbank sedlments havo varlod through this 
t h o  porlod, contaminant concentrations havo significant spatlal varlablllty dopendent on the ago and 
panlcle size distribution of tho sediments in each geomo~hic unit. 

Sinco 1935, the channol along P-4 first aggraded through dopositlon of bodload sediments that were 
dominated by coarse sand (raislng tho olevation of tho stream bod) and thon inclsod, The timing of 
maximum aggradatlon and subsequent inclsion varlod from wost to oast, occurring prcgrossively later to 
ths east. Maximum aggradatlon at the west end of P-4 occurrod In tho 1950s, wlth inclsion having begun 
by 1960, Maximum aggradation and the beginning of subsequent inclslon in the oas: pan of P.4 occurred 
betwoen 1981 and 1986. Becauso of thoso spatial and tomporal ChtlngoS, tho thlckost and most 
oxtanslve channel deposlts In tho w8st pan of P-4 date to tho 1960s and earlior and hove relatlvaly high 
IovaIs at plutonium, In contrast, at least thQ upper pan of the most widosproad unlt In the onst pan of P d  
was probably doposited in the late 1970s and tho oarly 1980s and has lower levels of plutonium, although 
oldor sedlmonts are probably buried at depth. Tho aggradatlon rosulred In tho deposltlon of oxceptionnlly 
largo volumes of coarse sand and associatod gravols In P-4, much largor than in roaches to the west. 

Tho age of historic overbank doposlts probably also varios from wost to east in P 4 ,  rosulting in variations 
In contamlnant lovels in sediments with similar ponlcle sizo characteristics. Tho most widespread 
deposition of ovarbank sediments llkoly occurred contemporaneous with maximum nggradatlon, dating to 
tho 1960s and OnrilQr to tho wost and to tho 1970s and oarly 1980s to the oast, Exceptionally broad aroas 
of P-4 East roceivod ovorbank floodwators in tho 1970s, and most of tho flno-grained overbonk sodiment 
on the 11 unit In this area was probably deposited during this period, Aftor Incislon bogan in eoch pnn of 
P-4, tho occurroncc and extant of ovorbank flooding would havo boon restricted. Tho 11 units are 
prosently too high above the active chnnnol to be Inundated during typical floods, and the abandoned 
channel units Instoad constltuto :he presently active floodplaln in P.4, 

Tho most Important geomorphic processes occurrlng In roach P-4 at prosont are lateral erosion of banks 
and some channel lnclslon. This erosion probably constltutos a major source for tho sediment that is 
transportod out of Puoblo Canyon and Into Los AlRmos Canyon. Eroding banks Include a combination of 
abandoned post-1 935 channel units that largely contrlbuto coarse sand with above background valuos of 
plutonium to the channol; 11 unlts, which contributo mostly pro-1943 sodiment to tho channol, along with 
lesser amounts of post.1942 overbank sedlmont; and proal 943 material, Erosion of the 11 units and pre- 
1943 sadimonts would tend to diluto tho Dlutonlum in todimont carrlod durlng floods beCBu50 only n small 
pan of tho holght of thoso orodlrig bonks 10 In post-1942 sodiment. incislon of tho channol bed also 
appears to still occur during floods, although this lnclslon may be largely into pro-1943 sodiment, which 
would also lead to the dilutlon of plutonium and the loumring of plutonium concontratlons. 

Bank erosion rntos wlthln P d  aro grontest at tho outslde of meandor bands, and examination of historic 
aorlal photographs Indlcatos that up to 35 to 40 m of lateral erosion Into floodplalns and colluvial slopos 
has occurred in P-4 West slnco 7954 (Figuro 2.321), providlng maxlmum avorngo bank erosion rntos of 
approximately 1 ,O m/yr, This lateral channel migration occurrod durlng poriods of both aggradation and 
subsequont dogradation and has helpod isolate largo areas of contamlnatod c48, c4b, and c5 doposlta, 
such that thoso areas are not presently suscoptiblo to rornobillzntlon. Progrossivo bank erosion at ono 
locatlon in P 4  WOSt that occurrod contomporaneous with channol aggradation also rosultod in divoslon 
of tho actlvo channel into n low pan of tho Prior floodplaln sombtime aftor 1965 (Flguro 2.3-21), nn wont 
that resulted in lsolatlon of lorgo arQaS of C48 and cab and roducod the potential for romobillzation of 
contaminated sodirnent in these aroas. 
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Figure 2.3-21, Channel changes In reach P-4 West 08 determlnsd from hlstorlc acrlol photographs 
showlng overlays of tho channel location In dttfcrent ycors. 
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Figure 2.3-22. Channel changes In reach P 4  €ast as determined from hlstorical aerial photographs showing overlays of the channel 
location In different years. 



~~ 

Racent channel chnngos In P-4 East have also been etloctlve at Isolating much of tho post-1942 
sedimont from tho octivo channcl, Bstwoen If35 and 1981 a bmldod chnnnal was prosont through the 
floodplalns In the east half of thls subroach, but thG nonhom brnnch was abnndonod befort, 1986 whon 
malor channel lnclslon occurred, isolatlng*large areas of c3 channel surfncos (Figure 23-22). Similorty, 
most of the area of f1 Is north of and Isolated from the active channel. 
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Section 3,O Analytical Rcsrrlt,u and Dutu Review 

Annlytlcal Sulla 

i POSflCidOS UtC! PCEs 
1 svoco 
1 Inorganic chamicnlo nAL) 

3.0 ANALYTICAL RESULTS AND DATA REVIEW 

P e l  I P.2 1 P.3 I P.4 Tolsl 

7 6 1 8  9 30 

7 l O I 0  Q 16 
15 8 '10 1 11 44 

3,; Dam Rovlow 

I Boron, tltanlum, nnd total uranium 1 7  0 0 i 10 

Sediment samples collected in the  Puoblo Canyon reaches Included samples for full-suite, llmitod-suite, 
and koy contaminant analyses. Tho samplos wero colloctoci following tho technical approach prosented in 
Chapter 5 of the work plan (UNL 1995, SOZSO),  Snmples woro collectod to roprasant spcciflc 
geomorphic unlts and sedlmonf faclos within oach reach. The variability within and among theso 
geomorphic units and sedlmont facies is a kay variable to assess and will be considcroci in Socrions 3.2 
and 3,3. The numbor of samples varles among dassos of analytos: the number of samples analyzed for 
organic chemicals, inorganic chemlcals, and rndlonuclidos is presontod in Table 3.1 -1. Fullmlte analysos 
wore obtained for 16 samples in reaches P-1 and P4. Tho full-suite annlytes lncludod isotopic plutonium, 
polych1orina:ed biphonyls (PCBs) and pesticides, inorganic chomlcals that arO on the targot analyto llst 
(TAL), gamma-spectroscopy rsrdionuclldos (including americium-241 and coslum-l37), semivolatilo 
organic compounds (SVOCs), omericlum44l by alpha spectroscopy, tritium, IrJotopIc uranium, isotopic 
thorium, strontlum.90, gross nlphdbota radiation, and gross gamma mdlatlon. Volatile organic chemicals 
nro oxcludod from tho full suite tlnalyses bomuso theso chemlcals are not oxpucted to porsist in sudace 
and nearmrfaca sodimonts downstream from releaso Sitos, The follOwlng anaiytes were included in 
Ilmitod-suite analysos: (1) PCBo and pestlcidos lot 30 samples and (2) Inorganic chemicals that are on 
the TAL and gamma-spectroscopy radlonuclidas (includlng amorlcium4241 and coslum-137) for do 
samplos. Isotopic plutonium was chosen as a key contaminant in this lnvostlgation because the mavimum 
plutonlum-239,240 concentrotion measurod approximatoly 7000 times the background valuo, and this 
radionuclide was shown by preliminary assessments to bo the primary contributor to human health nsk; 
isotoplc plutonlum was analyzed in 288 samples. 

17 

NUMBER OF SAMPLES ANALYZED BY SUITE 

Totnl cyanldo and uronium 1 7 1 0  0 
Amorlclu~-241 (by alpha cpoctroscopy) 7 0 0 

- 
Reach J 

Q I 16 
1 1  G 

Ttitlum I 7  O I O l 9 1 1 6  

lsofoplc thorium 1 7 1 0 1  0 1 9 1 1 6  

lsotoplc plutonium / a  79 Ga 1 82 I 289 

Isotopic urnnlum ! 7 1 O ! O i  0 1 16 
Strontlum-90 ! 7 I O  1 0  I d j 16 

The objrtctive of this data review Is to dotarmino which analytes should be rotalned for furthor assessment 
or ellminatod boforo human health and ocological risk calculations. Consldorations in thoso assossments 
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Sc.criorr3.0 

include tho magnltude of contaminant concentratlons relatlve to background values (or dotoctlon limits for 
orgonlc chemlcals), tho corrolatlon botwoen contaminant concontmtlons both botweon reachos and within 
reaches, and potontial quollty control (QC) problems wlth the laboratory analyses. 

3.1.1 lnorganfc Chemlcal Cornparlson wlth Background 

Inorganic chemicals woto analsod In M sediment samplos collected trom all four Pueblo Canyon 
reaches. meso analyses wore compamd wlth the sadlmsnt bockground values that om prosentod in 
"Inorganlc and Rrtdlonuclldo Background Data far Soils, Canyons Sodlments, and Bondoller Tutf at 
UNC (Rytl et at. 1998,58093). 

As.dotal!od in Appendix C, most of tho QC problems assoclnted with this data set warn caused by high or 
low rocovorios In the matrlx splke samplas, Matrix splke samples aro used to assess tho qunlity of the 
sample digostlon, extraction, snd analysis procoduros. A low recovory suggests that them was either 
lncompleto recovery of ;In onolyte In those procodutes or sample heterogeneity. A hlgh rocovory lndlwtos 
althor samplo heterogonoity or II matrix inradoronco. Ono of the reasons for the repeated ditficulties In the 
rocovorlas Is tho hotorogenoous nature of many sedlment samples, Also, for several of tho analytos the@ 
aro Intorferences In tho lnductlvoly coupled plasma (ICP) technlque, which can also cause probloms with 
the roportcd rocovorios, Specific data qualifications due to matrlx spike rocovery probloms wore notod for 
seven Inorganic chemicnls In a subsot of the samplas (alumlnum, antimony, arsonic, lead, manganaso, 
selonium, and tltanlum), Exceptlonally low matrix splke remvorios wore noted for nntlmony lor some 
samples, and the remalnlng six inorganlc chemlcals had mom mlnor devlotions from the oxpectod splke 
value, The low antimony matrlx spike sample results caused antimony data from one sample roquest to 
be rejectod (seo Appendix C). Roquest number 1938 had nlno antlmony sample msults, which WOrO all 
"R' quallfied and will not be usod in this report, 

Appendix C also shows other mlnor QC problems associatod wlth dotecthg blnnk contiimlnatlon, finc'lng 
somo laboratory dupllcate measuromonts out of tho 235% control window and obsorvlng dlHoroncos 
betweon ICP serlol dilutions out of tho 10% control window. f h o  laboratory duplicote probloms can be 
attributed to the hetorogoneous nature of tho sodlment samplos. Blank contnmlnetlon Is on lndlcator of 
possible hlgh bias In tho laboratory measuramont procotls and could lead to Incometty ldentlfylng 
chemlcals us COPCs, However, these probloms aro not conslderod to bo serious m d  should not offoct 
the ldentlllcntlon of COPCs. 

Tho analytlcnl methods lor the InorSonlc chomlcals ore compomble to those use5 to generate the 
Laboratory background data, wlth the excaptlon of antimony. Some of the Puoblo Canyon antlmony data 
wore gonerated by lnductlvoly coupled plasma omlssion spoctroscopy (ICPES), which rosults In o. 
dotoctlon llmlt above what Is ryplenlly found In background solls. Becouso tho Pueblo Canyon antimony 
dnta wore generated by ICPES, the entlmony dotoctlon hits  for those scirnplos am olevatod obovo the 
background valuo (EV). 

Because the Laboratory background dntn contoln values !or both "uranium' and Yotnl uranium,' the 
uranium samplo propamtlon and analysis methods must bo revlewod to Identity the appropriate uranium 
background data. Uranium was analyzod by lnductlvely couoled plasma mass spectroscopy (ICPMS), 
which Is comparable to the analytical methods usod to generate tho uranium and total uranium 
background data. These samples wore prepared using both a total samplo dlgest and by Environmental 
Protoction Agency (EPA) method 3056A. Tho samplos proparod by D total digost wore comporud with tho 
total uranlum sodlment background data, and somplos proparad with EPA method 3050A were compared 
wlth tho uranlum sediment background data. 
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Section 3,U Analvtical Results and Dura Review 

01 27 inorganlc chemicals, 26 were dotoctod In at least one Pueblo Canyon sodlment sample. Antlmony 
wits not detectod in any sample. The detoction llmlt for most antlmony samplo rosults exceeded the 
background valuo. DotQctlon limits for SomO of the cadmium, morcury, selenium, and sllver nnalysos also 
0XCQod the background value. Tablos 3.1-2,3.7-3, 3.16, and 31.5 present tho coneontratlon range and 
frequency of results above the background value for the 26 detected lnorganlc chemicals and the ono 
nondotoctod Inorganic chomical. 

Sodlum was the only inorganic chomical meGsurod above the dotectlon llmlt but wlthin tho background 
range, Sodlum wlll not be retalned !or fuRher assossmont In thls ropon bocauso It Is not groator than 
sedlment background concentratJons, 

The samplo results for a numbar of Inorganic chomlcals are Influenced by two notablo samples collectod 
In roach P-4. The first sample (04W.96-0026) was collocted from a channol facles scdlment layer rich In 
black magnetlto sands, which had provided a field alpha radiatlon mensuremont that was relatively high 
for P d  East. The sample has detected concentrattons of Iron, manganese, tholllum, titanium, and zinc 
above background values. Back magnetlte=rich sands are naturallysccurrlng sodlments producea by 
f luvl~l sofling and concentratlon of high-density minorals that am havo elovatod concentrations of several 
metals lncludlng Iron, rnonganose, and zlnc (Renoau et al, 1998, 62050; McDonald ot 81. 1996, 55532), 
Bocause ConceMrutIons of Inorganic chemicals In this sample nro consistent wlth those found In naturally- 
occurrlng black sands, inorganlc results !or the black magnottte=rlch sand sample are no: used to Identlry 
chemicals e! potential concern (COPCs), The second sample (04PU=96*0030) was collected from an lron- 
and alumlnum=rich ovorbank lacles sodlment layor In Pd Wost. Tho sampld has concontratlons of 
aluminum, arsonic, barium, borylllum, calclum, ehromlum, cobalt, copper. Iron, lead, mognosium, nlckol, 
potasslum, vanndlum, and ZInc abovo background valuas. AS doscribed In 'Inorganlc and Radlonuclldo 
Background Data for Soils, Canyons Sedlrn~nts, and Bandolior Tuft at LANt" (Aytl at al. 1998, 58093), 
iron= and alumlnum.rlch deposits fond to havo high concontrations of other lnorganlc chemicals, nnd 
concontratlons In sample 04PU-96-0030 am consistent wlth relatlonshlps prosant In background samples. 
Plots showing those relotlonshlps are provided in Appendlx E, Thus, the rosults for Inorganic ChemlCals In 
sample 04PU-96=0030 nro consldored to be wlthin tho natural background coneontratlon mnge lor an 
Iron= and alumlnum~rich sodiment deposit. Thls samplo Is from a locatlon whero much of tho finegrained 
sediment was probably dettvud from erotlon of old solts on the south slde o! Pueblo Canyon, assodated 
with the fla unlt (rrarnplo locatlon PU-0037, Flguro 2.3-17, and tho unusually hlgh iron and nluminum 
ConCOntratlOns are bellovod to have bean lnherlted from the original soils. 

Statistlcal and graphical data ovaluntlon apprcaches were applled to the lnorgnnlc chemical data, which 
Included consldoratlon of samples 04PU46-0026 and 04PU-96.0030 as ropresontatlve a! natural 
background materlal for tho reasons dlscussed abovo. This ovaluotion lad to the ollmination a! tho 
followlng 17 Inorganic chemicals that wore not slgnifierrntly difforsnt from background !ram further 
assessment: aluminum, arsonic, barium, beryllium, boron, calclurn, chromium, cyanido, Iron, magnesium, 
manganese, nlckol, potasslum, thallium, titanium, urnnlum, and vanndlum. Three a! thoso analytes 
(arsenic, manganese, and tltanlum) had QC problems associntod wnh miltrlx spiko samples, Tho samolos 
with low matrix spike recovOriOS do not appoor Io dlffor from the oxpoffod background valuos or major 
element ratlos (see Appendix E). Thus, QC problem dld not laad to incorrectly eliminafing thoso 
inorganlc chemlcals as COPCs, The statlstical analysos and grophs tho! support this w3luatlon aro 
provldod In Appendix E, 
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Analvtical Resulr?; arid Data Rcriicw Sccriun 3.0 

Number of Number Contmtrarlon Maximum Background Frequency of 
Samples Range Value Octect~ above 

Analyts I Analyzed 1 0 ,~k Is  I (rngncg)' 1 1 (m@g) Bsckground Valueb - 
Alumlnum I 15 1 15 I 2040108850 I 8850 1 15400 I OJ15 
Antlmon y 75 I 0 I (0.72l:o (4.91 I NOP 0,83 I 8 0La>8V 
Arsonic i 15 1 o I 0,98top,fl I 27 3*98 I 018 
Bdrlum 1 15 I 15 361094.6 I W.4 I 127 1 Of15 
Beryllium 15 1 15 0.19 taO.Q3 I 0.93 1 1.31 I OH5 

Cadmium 15 I 15 [0.09] to 0.92 I 0.92 1 O A  1 5/10 

Chromlum, total I 15 15 I 2 8 t O l Z O  

Cobolt I 15 1 15 1 1.3t049 4.9 1 4.73 I 1115 
h P Q W  I 15 I 15 I 2710 1g.g 19,g I 11.2 ! d 1 5  
Cyanldo, total ? 2 1 [0.15] 10 O d 5  0,*5 1 0.723 1 012 

Boron 7 1  5 p.21 to 6.2 6 2  4.1 I 1/5 

Ca!clum I 75 15 598 10 4740 4740 I 4420 I 1/15 

I 12.9 I 10.5 I 2115 

Iron 15 15 I 65AOlo11600 [ 11600 I 13800 1 w15 
Lood I 15 I IS j 8 .5 ton ,3  i z . 3  I 19,7 1 13/15 

Morcury I 15 1 14 [0,02]to0,65 I 0.65 1 0.1 Qf14 I 

Magnoslum 15 i s  1 mst~iiao 1 1180 1 am I W15 
Mangunoso 15 1 15 I 202t053 1 520 543 1 0115 

Nlckol 15 1 15 1 to 6.2 6,2 1 9,38 I 0115 
Potassium I 15 1s 370 to 1700 1700 I 2680 I W15 

0.3 3 / 3 1  Solanlum 15 3 0.3 10 [l.?] I 12/120bBv 
1 I 38 

Sodium I 15 15 36.6 to 7at1 W15 
thnlllum 15 0 [0.4]10 [0.5Pl I NO 1 0.73 wo 
fltnnlum I 7  ? I 22410388 I 368 039 an 
Urunlum 7 ? 1 0,26t03.1 1 3.1 i 2.22 I 2l7 
Uranium, total I 7 7 ! 2,1 to6.5 I 6.5 I 6.99 I o n  

! 
Slkror I 15 8 (0.iJto 1.7 1 1.7 1 

I 786 I 1470 
b 

Vanadlum i 15 I 15 I m 0  1?,4 I 17.4 I 18.7 1 0115 

ImJsAs! 
FREQUENCY OF DETECT€D INORGANIC CHEMICALS IN REACH P-1 

Zlnc 15 1 15 1 27.6 to 113 I 113 60,2 1 7/15 

a. Values In aqunro brncrtets IndICate nondstscled results. 
8 Value Is lho mtlo of the number of d s l e c t ~ ~  values oxCoeQlng the beckgmund valub to the numbor of annlysea 
c ND I) no1 dstrCtrd 

(1. DL I Uotoalon llmlt 

1 0, 8V rn tJaCkglaUnU value 

1 
I 
1 
I 
I 

I 
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Potasslum 
Solonturn 

Sllvor 
Sodlum 

Seaion 3,O Analyicul Rcsulrs and Datu Review 

8 6 238 to 1270 1270 2090 I 018 

8 0 111 to /1,21 
8 3 [lo01 to 356 356 1470 WJ 

Oa3 ! Z l b B "  
0.88 

ND 1 9 0  D b B V  
I B 7 0.5 to 0.98 

Thelllum 8 
Vanadlurn 8 
Zlnc I 8 

Pueblo Canyon Reech Report 

Q 111 to 11.21 ND 0.73 8l8 D&BV 
8 5,5tO 11.7 11.7 18.7 010 
B 27.7 to 54.1 54.1 60.2 1018 
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Analvtkol Residt.c and Bara Rcvkw Section 3.0 

zl33.ma 
FREOUENCY OF DETECTED INORGANIC CHEMICALS IN REACH P-3 

Nurnbarof Number ConmtnUon Maxlmurn 8ackground Fnpuencyor 
Samples of Rango Detect 1 Value I Detects above 

Anblyte Analyred Detects hplk9Y mm) Imgntu) Background Valueb 

Alumlnum 10 10 ~1000to3766 1 3760 ! 1 S O O  I WlO 
Antlmony 10 0 I[0.5] to 10,6P] I ND' I 0.a )OK1 
Arsenic l o  5 I [ l J t O  1.7 I 1.7 I 398 I or5 
Oatlum l o  10 116.3to528 I 528 1 127 ! W l O  

5 I 0.81 1 1.31 1015 Beryllium 10 [os) to 0.81 

Calcium 10 I 70 1327to1250 I 7 2 ! 3  1 4420 1011 
C a U m i u m 10 1 0 [O,s] to[0,69] 1 ND 0.4 I 1 W10 D L 9 B V  
- _ _  I I 

Chromlum, total 10 I 10 1.1 !O 3.7 . 3.7 I 10.5 1 0110 
Cobalt 10 I 8 rii to 2s 2.5 I 4.73 lo18 

1 I , .  . -. .~ 

QPWr I 10 10 2tO20,S 20,s 1 112 1 1/10 

Iron 10 10 3170ta7S70 7570 I 13800 10110 
Load 10 10 3,?to142 74.2 1 19.7 10110 
Mag n e s I u m 10 10 22Otof81 I 781 I 2370 1 Of10 
Manganese 10 10 156 to 24? 247 543 I of10 

Nlekot ?Q 5 Plt04 I a t  8 3  I 0/5 
Potasalum 10 10 272 to 959 858 I , 2690 10110 

MOEUr) 10 0 I [O.l]t0[0.14] } ND 0.1 1 8/10 D b B V  

3 (0,5] to 0.69 I la I Selenlum 

~ ~ 

Slhror 10 0 [l] lO[l.O] NO 1 18/10 DbBV 

Thatllun 10 o [ii t0ri.41 ND I o n  I 1011 0 DbBV 

J 
~ 

W l u m  I 10 1 [loo] to 147 347 1470 I w 1 0  

Vanndlum I 10 10 3 4  to g I 19.7 0110 
anc 10 t o  15.8 to 39.3 I 39.3 I 602 011 0 

a, Valuos In aqunn brockau IndlcatO nondstoctod mwka 
e Value Is the ratlo at tho numbar 01 d e l ~ a d  voluei oxcsodlng tho bnckprwnd value to the number of anslyuos. 
C. ND I MI delsctsd 

d. DL L dstocnon llrnlt 

, 

Q. DV I baCkGfOund vnluo 
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Section 3.0 Analytical Rcsulrs und Datu Review 

FREQUENCY OF DETECTED INORGANIC CHEMICALS IN REACH P 4  

I 
E 
I 
1 
I 
I 
R 
I 
I 
I 
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Numkro! Number Concsnlmtlon Maxlmurn Background Frequency of 
Range Detect Value Detects above 

(meclrel' (mencg) I (inence) BXckQtOUnd ValUCb 
Samples 

1330 to 18400 1 MOO I 15400 I 1/11 
4ntlrnonf (1) I 2 0 I [0,5] to [43 ]  NDd 1 0.83 ! lrirDL%BV' 
4rtonlc I 1 1 1 3  I 0.779 to 5.1 5.1 I 3.98 t1/3 
3arlum 11 I 11 1 14.9 to 163 163 127 j 1111 
3orylllum I 11 I 11 10.16 to 1,7 1.7 1 1.31 I 1/11 

:admlum I 11 I 3 1I0.21 to0.52 I 052 1 0-4 1313, 

O' j Analyte Analyzed Dotscts 
Slumlnum 11 11 

> 

kron 10 I 0 I (1,2]t0[5,5] ! ND I 4.1 I 2110 D b B V  

I I 1/8 D b E V  
. .  

I 
:olcium I 11 11 !412t04610 I 4610 1 4420 I 1/11 
:hromlum, total I 11 ! 11 12.88 to 14,5 I 745 1 10.5 I 1/11 
2obalt I 11 11 0,85 to 5,E 5.6 ! 4.73 I 1/11 
:oppor i 11 11 1 1 to 12.8 I 12.8 I 11,2 11/11 

ron I 11 11 l4d4Oto36600 I 36600 I 13800 I a11 
Zyanldo. total I 9 6 1 IO.lS] to 1 1 0.723 I l l8  

I I I 15400~ I I I 
I , .- --  1 

.ood 11 I 11 I S.6to30.5 30.5 I 18.7 12/11 
Magneslum I 11 I 11 I31R to 3050 I 3050 I 2370 I l l 7 1  
Mangonose 11 i ii 115710 1030 I 1030 543 1 1/11 

I I I 4840 I I 

Vlckol I 11 1 11 ]2,3t011 I 11 9.38 11/17 
'otll~lum I 11 11 ~462fo3740 3740 I 2690 1 1/11 
Solonlum 11 0 I [0.2j to 10.5) ND 1 0.3 I 1/11 D b B V  

Sodlum 11 10 I 88.8 to 14-40 1440 I 1470 at10 

1 

9lhror I 1 1 1 6  I [0.1] to 1 1 1 I O/G 

6-7 0.73 111 1 rhaiiium 11 

rltanlum 
NOg . f / l O  D b B V  

1840 
3480 I 438 I ltfO 

I 'O Oa7 
0.454 to 1860 

, . - -  
Jranlum D D 1 033 to 1.7 1.7 2.22 I OlD 
Jronlum, total 1 10 8 I (2.21 to 5.8 5-9 6.99 \010 
Wanodlum I 11 I 11 i 5.1 to23,8 i 23.8 i 18,7 i mi 1 I 20,3O I 
tlnc 11 11 24.3 10 222 222 G0,2 311 1 

a. Valuoa In squaro brnckol Incllcale nondotected results, 

b Vsluo 1s the ratlo 0 1  tho numbor 0 1  detected values excoodlng tho bnckground vnluo to tho numbor 01 niialyBos, 

66.9' 

c. Nlne somple results trom requost number 1038 wero roleclod rind nro not prosontod In this tablo, 

d. ND not dotMcted 

o, DL n dolocllon llmlt 
1, l3V background value 

I g. Mnxlmurn value for fhls anefyto hnor excluding the black mepnollle aonds (snmple WPU-964026) 



Analvrical Results und Dora Review Sccrion 3.0 

One lnorganlc chemical, antimony, was not detected In any sample, but several samples had detoctlon 
llmlts above the background valuo, Antimony Is retalned ns 0 COPC sololy becnuse of the olevntod 
detoctlon llmlts for those samples. Antimony also had serfous QC problems, which n o d  to be consldered 
during she assessments. The QC problems did not load to the ollmlnotlon of antlmony as a COPC, thus 
no more discusslon of antlmony Is wamnted in thls data revlow ssctlon, 

Seven other lnorganlc chomials were shown to be elevated nbove background values by a statistien1 
and graphical background comparison and ore rotnlned as COPCs, Tho statlstlcal analysos and graphs 
that support this ovclluation pro provldod In AppQndlx E, These Inorganics included ccrdmlurn, copper, 
load, mercury, solenium, silver, and zinc. Them were minor Qc: pmbloms (small dltlorencoo from 
expected valuos lor matrix spike rocovery, laboratory dupllcate results, or ICP serial dllutlons, see 
Appendix C for dotulls) ussociatod with Ieod, but these probloms &ro not vlewod to be slgniflcant and or0 
not oxpected to Impact data ravlew, Thore worn also minor QC problems of u similar nnturo associated 
with selenlum. It Is nlso Important to recognlzo that all of the aDpurantly elevated solenlum results am 
derivod from two of tho flve analytlcnl labomtorlos used for lnorganlc themleal analyses, and potontlol 
problems are recognized wlth selenlum analyses from these labomtorlos, One sample roquest from reach 
P-1 wlth elovated selenlum rosults was analyzod at tho Rust Geotech onalytlcG1 Iabomtory. However, 
theso samplos w m  also submlttod under a soporate snmple roqusst to the QST Envlronmental 
analytical laboratory lor organlc chernlal analyses. QST Environrnentnl mistakenly ran tho m p i e s  for 
lnorganlc ehamical cnolysos, and tho QST Envlronmental selenium rosults wero all nondetects (ot values 
less tnan tho background value), Four other !ample roguests wlth elavoled selenlum twsults, lncludlng all 
the Inorganic chornical analysos lor ~OaChOS P-2 and Pa, warn analyred at tho Paragon Analytlcs, Inc. 
nnalytlcai laboratory. The lowest value reportod by Pangon Analytiw, Inc was approximotely two tlmes 
the background value. Therefore, tho selenlum sample results should bo lnterprotod carefully in tams of 
both variatlon in detection limits and potsntlal intertabomtory dltfemnces in spociflc sample pmpantlon or 
analytlcol mothods. Howover, bocause there Is no speclflc infomution to document analytical lobontory 
bias, selenlum Is retalned os a COPC, 

In summary, tho Inorganic chemical dntn rovlew yielded dght QnalyteS to bo cnrrled fowPrd as COPCS 
(see Table 3.16). A complete presentntlon of the sample results for theso elght inorganic COPCs Is 
provided In Appendlx 0-4.0. These analytes are Inferred to potentlally record reloasos from one or mor0 
sltes In tho Pueblo Canyon watershod. Tho concenatlons ot tho chemlcals ollmlnated us COPCs wore 
well wlthln the background concontration mngo, except for tho two P-4. samples discussod provlously, 
and are justiflably excluded from further assessment. 

3.15 Radlonucllde Comparison wlth BackgroundFallaut Radionuclide Concentratlons 

A total of 299 sumples ware nnalyzod lor radlonuclldes In the four Pueblo Canyon reaches, and the 
nnelytiGal sultes for th&W samplos are presented in Tablo 3.1-1, Those anolysos wore compared wlth the 
sodlmont background valuos :hat oro prosented In 'Inorganic and Radlonucllde Background Data for 
Salls, Canyons Sediments, nnd BandellerTuft at LANL" (Ryti at at. 1998,58693). The anatytlcnl methods 
used for the Pueblo Cnnyon ndlonucllde analyses are comparable to those used wlth tha Laboratoy 
background data, 

Tho detected ndlonuclldes includo isotopes associated wlth worldwide tallout, for thQSB rndionuclidos 
(trltlum, strontlum-90, cesium-1 37, plutonlum-238, and plutonlum-239,240) only sample results collcctod 
from tho 0 to 15em (0 to 64n.) dopth lntorvnl are typlcnlly cornparod with rogionnl lovols lor worldwldo 
fallout In $011 samples. Howovar, post4 942 sedlment deposlts contolnlng fallout-derlvod ndlonuclldes 
cnn be much thicker than 15 cm, and all sediment samplo rosults In this investlgatlon, rogardloss of 
collectlon depth, are com?arod wlth the sedlmont background valuo. 
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Section 3.0 Analytical Resulrs and Dura Review 

Aluminum 

l2mlsLM 
RESULTS OF INORGANtC DATA REVIEW 

Ellrninnlod a9 a COPC 1 Slalistical and graphical mothods as prusonlod In Appendix E. 

Barium 
Boryliium 

~ ~ - ~~ I Antimony I Aotninod as a COPC-( OoloCfion flmlrs In ronchoo Pipand P4 oxcoodod th; bnckground vnluo, 1 

.~ ~~ 

€liminal& 03 P COPC Stlrtlsttcnl ond gmphlcnl mothods as prosontod In Appondlx E. 
Ellminnlod as a COPC I Slalislicai and graphical mOlhodS as prosonlod in Appendlx E, 

Calcium I Ellmlnalod as a COPC I Stnllsllcal nnd grapnicnl mothods a3 prosonlad In Appandlx E. 
Chromlum. totat I Ellminatod iu a COPC I Statistical and QraPhical mothods as arosontod in AaPendx E. 
Cobalt 

Coppor 

Eflminatad as n COPC 1 Slalirtlcnl and graphicPl methods as prooonlod in Appondlx E, 
Roteinod as a COPC I Dofactod voiuov in fO8ChOS P-f, P-2 and P-3, 

Load 

Magnoslum 

1 Rotainod as a COPC Doloctod valuos nbovo tho background v ~ l u o  In roachos P.1, P-2, and 1 P-4 and doloctlon limlts abovo tho bockoround valuo in roach P-3, 

Rotnlnod as o COPC 1 Doloclod valuos abcvo lho background valuo in rOaChe8 P.1 and P-2. 

ElImlnntOd UG a COPC I Sto1istlcal and gruphlcal m e ~ h o d ~  OB prosoniod in Appondlr E. 

Nickol 

Pofassium 

1 Ellmlnotod 09 a COPC 1 S~Pllsllcai and QraphiCal mslhoda 81 prosonlod In Appandlx E. 
I Ellmlnalod ns A COPC I Stntistlcai and aramlcol mothods os Droaontod In A ~ ~ e n d l x  E. 

Solonium 

Slhror 

Sadlum 

Roralnod ns n COPC 

Rotnlnod as 0, COPC 

DolocMd vnluos obovo tho background valuo In roacnea Pol, Pa2 and 
P-3 nnd dotoction l imb  obovo tho bockground value in rsncn P4, 

Dolaclod v~luos abovo the background valuo in rooch P-1 and dotoction I IImltS abovo the background vnluo In ronchea P.2, P.3, and P4. 

Elimlnatm ns a COPC NO valuos oxcooded tho background v ~ I u O ,  

- - ~ p~ ~ 
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Eliminatod as o COPC 

I Ellmlnatod 05 a COPC Vanndlum 

z)nc I Rotalnod as a COPC 

Sl~llsllcal and grapniwl mothods as prosonlod In Appendix E, 

Stntlstlcol and Qrnphbl  mothods ti5 prosonid in A ~ ~ O M I I X  E. 
DOtoctod valuus nbovo tho background VnlUO In roach P.1, 

h 



Analvticaf Results and Data Review Secrion 3.0 

As described In Appendix C, detection status was determlned by either quantltntlon limits agreed upon in 
contracts with tho analytical laboratories, minimum detectable actlvitlos determinod by tho analytical 
laboratorios, or tho 3 sigma total pmpoguted uncenalnty (TPU), Detoction status was used GS the 
preliminary data evaluatlon stop for lsotoplc umnlum Dy alpha spectroscopy, isotopic thorium by alpha 
spectroscopy, amorklum-241 by alpha spectroscopy, and strontlum=90 by beta scintlllatlon. Gamma 
spectroscopy yields 43 radionuclides, which requires an additlonai evaluation of tho detocted 
ndlonuclidos to detarmlno whlch gamma-spectroscopy results should be carried forward tot  background 
comparisons. 

fho Initial list of detoctod radlonuclldos from gamma spectroscopy inciudo adlnlum-228. amoncium441 , 
blsmuth=211 , blsmuth-212, bismuth414, cadmlum-109, cerium-1 39, cesiurn-137, ouropium-152, 
lanthanum-140, lead-212,lead-214, monganose44,'potasslum-40, protactlnium=231, mdlum-224, 
radium-226, thallium=208, and thorium-234 ($eo Appendlx 0-3.0 for summary of tho numbot of Samples 
and nnge ot dotected and nondetocted concontmtlons lot a i  ndlonuclldos). Thoso detected gamma- 
spectroscopy mdlonuclldes fall into flvo categories, 

The first category includes radlonuclldas that am ddughtars of naturallysccumng thorium and 
umnlum isotopes (those includo actlniurn& [half~llfa I 6.2 houm], blsmuthQ11 [half4fe I 2.1 
mlnutes], blsmuth-212 [half-life a 7 mlnute9], bismuth414 [half=ll!e = 20 mlnutes], lead.212 [half* 
life 10.6 hours], lead-214 [half4fe = 2t mlnutes], protactlnlum-231 fhalf-life I 33,000 yoam], 
ndlurn424 [half4!e = 3.7 days], mdium-226 [half4lfe I 1,600 years], thalllum-208 [hnlf=l!fo a 3.1 
minutes], and thorlum-234 [holfgllfe I 24 drlys]). Theso thorium and umnlum daughters lire 
typlcally shon4wd radiological decay products, and thoir abundance can be predlctod from tho 
general condltlon known as secular oqulllbrlum (Rytl oral, 1998,56093). Most of tho radlologlcal 
dose conversion factors used in risk nssossments of tho pnront mdlonuclldes account lor tho 
expected octivlty of tho daughter mdlonuclides, Thus, thoso detectod thorium and uranium 
doughtors am of no funher Intanst !or this report. 

The second category Includes potasslum40, which Is a naturallysccurrlng Isotope that Is 
abundant In the Earth's crust and 1s not known to bo osoclutod wlth bbomtory roloases. Thus, 
potastlum-40 will not rocolve any further evaluation in this report. 

"he third catogory lncludos nuclear reactor activation or fission products with half-lives of loss 
.than one year, which Includes manganese-54 (hall4fe I 312 days). Becauso of tho short half4fe 
and low detected concentrations of thls mdlonucllde (seo Appondlx D4.0 lot concentration 
range), manganeso-54 Is oxtluded from funher evaluation. 

The fourth caregofy includes cadmium=709 (hott4lfe I 462 days), which is used on analytical 
laboratory control standard And does not wnmt further evoluatlon In thls report. 

The last group consists of plutonlum chemistry of nuclear mattor actlvcitlon or tlsslon products 
wlth half-lives of gfe0tQrthm one yoat, which includes amoriclum=241 (half-lire P 430 years), 
cesium-137 (hall-llle P 30 years), and ouroplum-152 (holf4ifo PI 13.5 years) for tho Puoblo Canyon 
gnmmo~spectroscopy data. Beauso there Is no process knowlodge to associate ouroplum=lS2 
wlth roleases into Pueblo Canyon, It Is excluded from Wbor darn evaluoljon. Americium-241 and 
ceslum-137 will bo carrled forward to tho background comparlson bocause provlous 
investigations have ldentltled these mdlonuclldes GS bolng released Into Puoblo Canyon, 
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Section 3.0 

Number Number 
O! 

Analytical Resu1r.v und Datu Review 

Consanlmllon Background Vahd Frequency of Rlccts 
Range Falloul Vslus above Bsckground 

Thus, cesium-137 and nmericium-241 are tho only gamma=spectroscopy radionuclides carried forward to 
the background comparison. Soventeen Other detbcted gamma-opoctroscopy radionuclides were 
ollminatod for the reasons prosented abovo. 

Analyts 1 A n t i t s i  1 Detecta , (Pc~gl ’  
Amorlclum-241 7 6 I (0,016] to 10,671 
Arnorlclum.2alb I 15 9 1 [0,012] to 11.48 

Coslum.137 15 9 1 (0,001] to 1.53 
~~utonium-238 1 M 1 49 I [-O,OW to207a 

As discussed in Appendix C, most of the QC probloms associatod with the radionuclida analyses are 
considerod to bo minor and do not atfect the identlllca!ion of COPCs. For example, some measures of 
laboratory measurement bias wore outsido of Control windows tor a small numbar of sampios. Tracer 
rocoverles for americiumP4l In two samples and tho matrix spiko sample rosults for uranium435 for cno 
request were Outslde 01 tho acceptable control window. Laboratory precision for the rndlonuctiao nnalyses 
was withln control standards oxcept for a singlo laboratory duplicate analysis for uranium=234 Tho ovorall 
quality and comparabllity of tho radionuclide data are also evident through the detailed statisticRl analyses 
in Appendix E. For examplo, Appondix E shows the strong correlation of tho results for rodionucllcles In 
the uranlum and thorlum decay chains, which is consistent wlth the hypothesls of socuiar cuuilibrium (Ryti 
et at, 1998,58093), 

(PCuQ) VsludFnlloul Value 

0,04 60f 6 
0 LC g o t 9  
0*0 1 or 9 
0,006 I 490r49 

Elevon radionuclides wore dotocted In the sedimant sampios. Tablos 3.1-7, 3,1=8,3,1-9, and 3,1-10 
prosent th6 ConconIralion rango and froquoncy of results above the background valuo for these 
radlonuclidos. 

~~~ 

Plutoniurn-23g,240C( 64- 1 64 I 0.039 to 502.01 0,068 I 610164 

Strontium40 I 7 I 3 I [O.36]to 1.4 I 1,04 I 1013 

Thorlum-228 1 7  7 1 0.74 to 1.71 I 2.28 1 0017 

1 Thonum-232 7 7 1 0.76 to 1.55 I 2.33 I S o l 7  
Trltlum 7 I 7 1 0.021 to 1.21 0,093 1 2017 
11 ronlum-230 7 1 7 10&4 to2,4 I 2SQ 001 7 
Uranlum*238 1 7 I 7 10,69 t o 2 2  2.29 i O O f 7  

I P .  Values In squnro IImckek lnelcaie nondnloclod rosulls, 
b By Qammo speclroscopy 
c. DL I ~ampl~tapeclllc deloctlon Ilmll (890 Apoonelx 3, tablo 03.2 for nondolacl conctrntratlon ranpo) 
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Anolvrical Results and Dora Review Secrian 3.0 

xeial%M 
FREOUENCY OF DETECTED RADIONUCLIDES IN REACH P-2 

~~ 

Number Number ConcmtraUon Beckground Valud Frequency of Dctbcu 
of of Range Fallout Value above Backpmnd 

Anslylo Analyses Dslsclr (PCW ViludFalloul Value 

Arnoriclum.24l 8 1 [.0.115] to 1.199 I 0l.w I 1 01 1 
Coslum~137 8 1 3  [0.0751) 10 0.5012 1 0,9 0 Of 3 
Plufonlum-238 79 t 21 I (4,014] to 0.231 I 0,006 I 21 01 21 
PIutonlurn~239,240 79 77 I [O.OOl] 10 73.4 I 0.068 I 76 of 77 
a. Values In squnro brnckels lndlcnlo nondslectsd f e s u b  

8 Dy gamma spaclmxow 
c. DL .I samplsspsclflc dolecllon llmlt (see Appendlx 0, Tabla D3.2 for nondeteet ConcsnWnUon rango) 

FREQUENCY OF DETECTED RADIONUCLIDES IN REACH P.3 

CoKrnlratlon Brckground Valud Frequency of Detects 
Fallout Value above Background 

Anrlyls WQI ValudFallout Valur 

Amo~clum~241 10 I 1 [4.069) 10 [0.972] I DC I 1 ot 1 
Goslum-137 10 t 4 [O] to 0.68 0.D I O O f 4  

PluionIum43El 1 6 4  1 7 I [=0.0052]t00.136 1 0.006 ? o f f  
Plufonlum~23D,240 1 64 64 1 [0,0055] to 44.9 0.068 59 Of M 
a. Value8 In aqwrs brnekrta lndlcale nonbrlbctsd nsults. 
b By oamma apramscouy 
c. DL - mmplespecrllc Oelectbn llrnlt (sea Appmdlx 0, Table 03.5 tot nonUrllKt toncentmt1on ranga) . 

IBBLE33=1p 
FREQUENCY OF DETECTED RADIONUCLIDES IN REACH P 4  

Number Number Conesnlratlon Beekcround Valud Fre~umcy of Ostecta 
k n g e  Fsllout Value rbove Bsckgrwnd 

Analyts 1 A ~ $ $ u s  1 Ps;kb 1 @CUP)' ( P W  ValudFillout Value 
I 
Amortctum-241 I 10 1 9 I O,Qo?tOO.92 0.04 D ai 9 
Amerlclum~241 11 11 I 0.1 1 to 2077 DLa 71 of 11 
cesium-137 11 I 5 1 [Q.12071 fo 0.89 0.9 1 .  Oot5 
Plutonium-238 82 22 I [4.0lO2]toO,62 I 0.006 I 22of22 
PlutonlumG39,240 82 I 81 j I0.024) to 170,s 0,068 I 780f81 
'lhorlum228 9 9 0.79 to 200 2.28 0 Of D 
~ O ~ I U ~ P S O  D l  9 o.eto2.03 2.29 0 Of B 
Thorium432 a i  D 0.78 to 201  I 2.33 0 of 9 
Trltium 
Uranlum-224 9 9 I 0.83 10 1.9 2.59 I 0 of 9 
Uranium-238 I Q j 9 1o.nto2 I 2 2 9  I 0 of 9 , 
a. Vnluas In quato bmckels lndlurle nondetsctau nsunk 
b By gamma spectmscopy 
c. DL- sompleaOecftlc Uotactlon llmll (see AppanUh 0, TaMe DX! tor nondrlact conmntrntlwI mnpo) 
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Section 3.0 Analyricol Rcsults and Dura Review 

Analyts Rasult 

Amorlclum~241 Rotnlnod ab o COPC 

In summaly, the radionucltde data rovlow yielded six analytes to be carried forward 8s COPCs (see Table 
3.1-11). A complete ptesentatlon of the sample rOSutts for these COPCs Is provldod in Seaion 3.3 or 
Appendlx 040. Both background valuos and knowledge of tho radionuclide r o l ~ n ~ o s  Into Pueblo Conyon 
wero used to oliminats radlonuclldos as COPCs. 

Ratlonols 
Valuos wore dotonnlnod to bo abovo background In ranchos P-1, 
P-2, P.3, and P-4, 

RESULTS OF RADIONUCLIDE DATA REVIEW 

Plutonium238 Rolninod as a COPC 

Strontlum=BO 
fhodumZZ8 
Thorlum230 

1 Rotnlnod ns a COPC 
I Ellrnlnntod as a COPC 
1 Eilmlnatcd os J COPC 

Plutonlum-239,240 Rotolnod ns n COPC 
- ~-~ 

Vnluos woro dotormlned to bo abova background In reach P-1. 
Statlstlcal and graphicol mothods AS prosontod In Appondix E. 
Statlstlcal and graphical rnothOds os prosonlod In Appondlx E. 

-Valuoa woro d~tormlnck to bo 0t)ovo background In roach P.1. 

Valuos woro dotormlnod 10 bo abovo bockground In roacnos P-1, 
P-2, P-3, and P-4, 
Valuos woro dotormined to bo nbovo backOround in roacnos P.1, 
P.2 P.3. nnd Pd. 

tritium 

Uranium234 

~~ - - 

Rotnlnod as a COPC Valuoo wuro doforminod to 60 abovo background In roach P e l ,  nnU- 
trltlum was not In the nnolytlcal suifo for roachos P.2 and P-3, 

Ellmlnafod a3 a COPC I Statlotical and orachlcal mothads as orosentod In Amoncilx E. 
~- -1 

~ ~ - -  ~~ ~~ ~- 

binlum-238 1 Ellrnlnatod as a COPC 1 Stallstical and graphlcal mothods as prosontod In Appendlx E. 

3.1.3 Evaluatlon ol Otganlc Chemlcals 

Thlrty sodimont samples wero analyzed for PCBs and pestlctdes. Slxtoen sodiment samples wore 
analyzed for SVOCs, Twenty=nlno organlc chemicals wore Uetocted in those samples, 

As presented in Appendlx C, QC problems associated with the organlc analyses are llmited to B select 
number at analytes cnd samples. The only slgnlflcant QC problems regarding COPC ldontlllctltlon relates 
to the nondetoction status of one SVOC (n-nltroso.dl=n.prepylamine) and two pestlcldes ( M H C  ana 
endrin). A focusod data validation suggests that these chemicnls wore not detQCled; thus, thoy will not be 
retained tor data assessrnont. 

As noted In Appendlx C, many of the reported detected SVOCs or0 loss than the ostlrnated quantitation 
llmlt (EQL). Tho greator sonsltivlty of the analytlcal method (lower detoctlen limltj for some samples 
reflocts ditforoncos In potential intorteroncos from the matrix or abS@nCQ of other organic chemlmls. All 
organic chemicals that wore detectod in at least one sample are retained for further assessmont, 
regardless of whether such reported dotocions are less than the EQL. 

Tables 3.1-12,3,1-13,3.1-14, and 3.1-15 prosent the concentration range and frequency of detects for 
these analyles. A complete presentatlon of the sample rosults for the orgnnic COPCs can be found in 
Appendlx 0. 
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Analyrkal Resulrs and Dura Review Sccrion 3.0 

Number Number Range of 
of of EQL Conmtntlons 

Anrlyts Analyses Dslsta (mgntg) ( m d W  

Aroclor-1254 7 1 7  0.033 [0,0134] to 02% 
Amlor-1 260 7 9 4  0.033 [0.0134] to 0.1 17 
Aldrin ? 3 0.033 [O.OOOSrl to 0.0021 1 

FREQUENCY OF DETECTED ORGANIC CHEMICALS IN REACH P-1 

Mulmum Frequency 
Detect Of 

O h 3 8  II; 
O.tl? I G' 
0,0021 1 I 3C 

(mplkg) Dct@cta 

&BHC 7 1 1  0,033 I [0,0006;1 to 0,00197 I 0.00197 1 1R 
a 4  hlordano 7 4 0,0165 [o.OOOG7] tOO.OaP97 I 0,00497 I 4n 
yChlardano 7 1 0,0165 [0.00067l t00.00211 1 0.00211 1 1/7 
r 

4,4'=DDT ~ 1 7 I 3 1 0.033 [0.00067ltto0,M1599 1 0.00599 1 3 0  
Acenaphthono 7 1 3  I 0.33 0,055 to [0,34] 1 0.17 1 W 

Antnrseeno 7 1 5  1 0.33 0,039 10 10.34] I 0.3 I Srr 
Aconnphlhylono ? 7 1 0.33 [0.33] 10 [0.66] 1 0,so I 1t7 

7 

Benz(a)enthracono I 7 1 5  

1 7 1 6  ~ 
I Benzo(a)PYreno 

,. .__. _. .thono 7 1-c 
0.33 I Q.03 lo 1 1 I W  

0.33 ( 0.07 to 25 I 2 5  l w  
0.33 1 0.052 to 1.7 1.7 I 6R 

~~ ~ 

Bunzo(p, h,i)perylono 7 4 1 0 3  0,076 to 0,86 1 O.8B I 48' 
Bonro(k)tluornntheno 7 1 5 1 0.33 0,OSg tOO.95 1 0.95 l w  

r 

Benzoic acid I ? 6 1 0.33 I0.042to f3.3) 0.75 I 617 
1 1 0.33 I [0.074] t o 2 8  28 I 1 i7  

Carbarole 7 4 0.33 0.052 10 [0.34] I 0.18 an 
Chrysono ? 6 0.33 0.056 to 1.2 12 6? 
D1=nsctylphtholato 7 1 0.33 [0.33) to 0.66 NOb I If? 

v 1 

Sttptember 1998 

1 Dlknz(a,h)onthracono 1 7 2 1 0.33 
I Dlbentoturan 7 3 1 0.33 

3-14 

0,069 to [0.66) 1 098  I 2/7 

0.064 to[0.341 1 0.097 I 3i7 

Pueblo Canyon Reach Repor: 

-~ ~ ~ 

Fluorant heno 7 

Ruorono 7 
t Mono( 1,23=cd)pyrone ? 

Naphthalone 7 
Phenonthrono 7 

Pyrone 7 

2-Mathylnaphthalono I 7 

6 1 0.33 10.083 10 1,Q I 1.9 w? 
e 1 O S  0.046 to[O.S] I 0.18 407 

4 I 0.33 0.086 to o m  0.80 47 
2 1 0.33 0.035 to 10,661 0.074 2f? 
4 1 0.33 0,035!0(0,34] 0.2 I o n  
6 0.33 1 0,064 to 1.2 1 1.2 l @ 7  
6 033 1 0.08 to 2.2 1 2 2  1s 

--- 



8 
I 
a 

Section 3.0 Anal.stical Resulrs ond Dura Review 

wmm 
FREQUENCY OF DETECTED ORGANIC CHEMICALS IN REACH P-2 

't 
Number Number Ranga o! Maxlmum Fiquency 

01 01 EOL Conccntratlonr Detect Of 
Ansiyte Analyses Detects (mencel (manes)' (wM1 h t a t t s  

Aroclor4260 6 2 0.033 [0,035] to 0.055 

'Valuea In muore brockels Indlcnto nondolsctad fOBUlb, 

I A B J m a  
FREQUENCY OF DETECTED ORGANIC CHEMICALS IN REACH P O  

RI F3.1._15 

FREQUENCY OF DETECTED ORGANIC CHEMICALS IN REACH P 4  

I Number Number Range o! Maximum Frequency 
Of EQL Concnntrallons Dalsct of 

Acenaphlhono D 1 I 0.33 0.219 tO[O2!d4] I 0,218 I ID 
Analyta I Analyrsr I Ds$r 1 ( rn f lo )  (mvM). ( m o p )  OCtbtfr 

Anlhracont, g l 1  1 033 1 fC.329110 0.369 I 0.3E9 I 119 

Bonz(~)nnIhracono 9 2 I 0,33 I 0.035 to 0,609 1 0,609 1 219 

Bonzo(8)pyrone 8 I 1 1 033 I [0,329] to 0.675 0,675 I 119 
Bo nzo( b)f luornnthono 0 2 0.33 0.05 to 0.81 0,91 1 219 
Benzo(p,h,l)perylono 9 1 7  0.33 [0,329] 10 0.673 0.473 1 119 

I Bonro(k)fluornnlhono 1 9 1 1 0,s 0.114 10 (O,W] O,fl4 f 1/Q 
Chwone 9 I 2 I 02.3 0.03d to 0,6 0.6 I 2'9 

Dlbonrofuron I D  1 0,s 0.18 10 {0,344] 0.18 1 t/9 

, 
DI~n.0crjlphlhnlato I B  1 0 3  o m 4  IO [O,W] 0,ow 1 1tB 

fluornnthono I 9  3 0 3  0.056 10 1.277 1 1.277 319 
Fluorono I O  1 1  l O . 3 3  0,294 to I03441 i 0.284 lls 

Indono(l,2,3.Cd)pyrono 1 9 1 1 0.33 1 (0.329)to 0.455 I 0.455 119 

2 4 0  thy lnep hrhalono 9 1 0 x 1  I 0.167t0 f0.3441 1 0.167 I 119 
Nnphthalono I 9  1 0 3  1 [0.329] to 0.374 I 0.374 1 119 

1 Phonanlhrono 1 9 1 1  0,33 [0,329] to 1.505 I 1.505 ' 1/9 

Pyrono l e  3 1 0,33 0,051 to 1.055 1 1,055 1 3/9 
'Values In squaro bmckots lndlcato nondolodod results, 

In summery, 29 organic chemicals wort3 rtttained as COPCs because tnay woro posltivoly detoctod in ot 
loast one sarnplo, at prosented in Table 3,1-16. 

~~ 
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RESULTS OF ORGANIC DATA REVIEW 

Aroclor-1260 
Aldrln 
68HC 
aChtordano 
rChlordRno 
4,4'=ODT 
Aconaphthens 

AconaDhthvlono 

1 Rotalnod as a COPC I Oetectod In roochos P-1, P-2, and P.3. 
I Rotalnod as a COPC 1 betoctod In mCh P-1 samcdos onlv. 
1 Rotainad as P COPC j Qetmod In roach P-7 sarnplaa on&, 
1 Aotoinod as a COPC I Oetacrod In roach P-I mrnolos onty. 
I Aotainbd as a COPC Dotmod In r08ch P-1 jnmDles only, 
I Rotalnod as a COPC Detected In roach P-1 samplos only, 
Rotalnod M a COPC Oetmod In roachoa P-1 and P.4 &ut nat lncludod In tho 

onelytlml sulle for roaches P-2 and Pd. 
1 Rotnlnod (w a COPC DotBC1ed In roach P-7 but not lncludod In tho Pnalvtlcal sulto 

I 

k 

I 

I 
~ 

Anatyls 7 Rsault 

1- , - _ _  1 tor ronches P.2 and Pa. 
Rotalnod 85 a COPC Dotactod In machos P-1 and P-4 but not Imludod In tho 

nnelytlwl sulte tor rotlchos Pa2 and Pa. 
Rotalnod aa n COPC Detectad In m(IChos Pal and P-A but not lmludod In tho 1 anelytrcol nullo lor tobehot) P.2 and Pa. 
Rotalnod 09 a COPC Ootectod in roach05 Pal and P 4  but not lncludod In tho 1 analytical sulle lor roochoa P-2 and P-3. 
Rotalnod aa a COPC Dotmod In roachoa Pal and P 4  but rrOElncludbd In tho I anslytlwl suit0 tor roaches P.2 and Pa. I RQtPlnOU os a COPC Detectad In roachov P-1 anU P d  but not lncludod In tho 

onalytlcol sulte lor roachos P-2 and Pa, 
Rotalnod as D COPC Detoclod In machos P-1 and P 4  but not lncludod In tho 

amlytlcnl bulte for roachos P.2 3nd Pa. 
Rotalnod 08 e COPC Dotwed In reach Pal but not Included In tho ilnalytlcal sulto 

lor roach08 P-2 and Pa. 
Rotatnod as a COPC OetcCtod In roach P a l  but not lncludod In tho PnatytlcPI sulto 

for roaMoo P-2 and P-3. 
Rotatnod as u COPC Dotwod In roach P-1 but not lncludod In tho analytrenl 8uIto 

for machos Pa2 P-3, ond P.4. 
Rolelned ns a COPC Detectod In reachos P-l and P.0 but not lncluciod In tho 

Rotalnad as a COPC I DetecrOd In reaches Pal ana P-4 but not lncludod In tho 

I Anthrncono 

Bonz(n)enthracono 

Bonzo(a)pyrono 

Bonzo(b)!luornntheno 

Bonro(g, h,i)porylano 

8onzo(k)fluoranthono 

Bonrdk acrd 

' Bld(2=cthylhoxyl)~hthal~to 

Carbo:olo 

Chrysono 

Dl+ectylphthnlate 

2 

t rnalytlcpl aultO for roachoa P.2 and P.3. 

Rstlonala I 

. 
Dlbonz(a,h)anthrncono 

Dlbonzot uran 

Flwranthono 

fluorono 

I anslytleal sulto for reecho8 P a 2  and Pa. 
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Section 3.0 Analvricul Resitlrs und Datu Rcviov 

3.2 Nature ond Sourcos of Contamhation 

Contamination in Puoblo Canyon sodlments was investigated using a combination of full-suite, limltod- 
suite, and key contaminant analyses; statistical analyses of \he analytlcal data; and detailod geomorphic 
mapping and physical charocterlzntlon of post-1 942 sediments. In this soction wa discuss tho naturo. 
charactoristics, and probubla sourcos of cantamlnants that wero identlftod as COPCs In Section 3-1, 
Including evidOncO for the possible collocation of contaminants. These COPCs Include 6 radlonuclides, 8 
inorganic chemicals, and 29 orgaclc chemicals, ldontltying the sources 01 contaminants is an important 
pan of tho conceptual modo1 that doscribes thoir distrlbutlon, and ovidonco ponalning to the sourcos of 
oach COPC Is discussod In this section. Availoblo data lndlcate that tho source for most or a11 of the 
COPCs is upstream of the confluonce of Acld Canyon and Puoblo Canyon, either within tho Acid Canyon 
watorshed or within the maln Pueblo Canyon watorshad, The ralation of ooch COPC to plutonium- 
239,240 is givon panlcular attention because of the us0 of plutonium-239,240 as a key contaminant In 
this lnvostigation, Additional details on all the COPCs are prosontod in Appendix E, and a Uofaitod 
dlscusslon of plutonlum=239,240 Is prosontod in Saction 3.3. 

Sovaral graphical methods are used In this section to visually prosont variations in the COPCs within 
roaches and botwoen roachos. For all COPCs, summary flguras are prosontod that show the normailzed 
maximum voluo of COPCs rolative to background values (or, in tho case of organlc chemlcals, the EQL): 
valuos bolow 1 .O on those figuros indicata rasults bolow tho background valuos. To highlight tho pnnurn 
of COPCs botwoon roachos, tho chomicals aro orderod within each group (organic chomicnls, inorganlc 
chemlcals, and radionuclides) from hlghost to lowest for roach P-1. Thus, the nonsl lrod values for P-1 
follow a decreasing trond by chernlcal. Whom values for othor roachos also follow R decreasing trond, a 
posltivo correlation in maximum valuos botwoen roachos Is suggosted, Ncto that tho "maximum" results 
for Soma COPCs aro actually for samples with COnCOntrationS roponod as below dotoction limits, but thoy 
are consldored hero to posslbly ropresent Uatocts to provido ConservRtivQ estlmatos of potontial levols of 
contomlnotion. Othor summary figures show only values roponod os above dotoction limits bocnuso 
those results may mor0 accurately ponray the truo lovsls of contamination. 

OthOr graphlcal mothods usod to prosent data on COPCs in the Puoblo Canyon sodlment amoles 
Include plots of analyto Concentratton vorsus distance downsttoom from Acid Canyon for reprosentatlve 
COPCs. For Some Inorganic and organic COPCs, theso plots distinguish rasults reported as move and 
below dotection limits to allow boner interpretation of tho data and uncoRaintles associcrted with high 
dotectlon limits for some onalytes, Finally, a scatter plot matrix lo shown for tho rQdiOnUClldt3 COPCs, 
which Indlcatos strong correlations botweon concontrntlons of somo radlonuclldes, In turn indicating 
collocation of thoso C O P 0  within tho sodimonts, 

3.2.1 Inorganic COPCs 

Eight inorganlc chomicals wore identiflod as COPCs in Sectlon 3,l: ontlmony, cadmium. copper, load, 
mercury, solonlum, sllvor, and zinc. Tho nature, distribution, and posslblo sources for each Inorganic 
COPC were evaluated using statistical analyses, which are presanfod in more dotail in Appendix E, in 
combination with examlnation of the spocific geographic and geomorphic sottlng of tho samplos in which 
thaso anolytos wore detoctod above background valuos. 
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Flgure 3,24 shows maximum results for the inorganic COP& normalized by bockground values, The 
uppor plot Is basad on okher the maxlmum valuo for an analyte, whore it Is 8 detoctod sample rosult, or 
the dotoction llmlt for other analytos. The lowor plot usos only dotccted sample resutts, As dlscussod in 
Soctlon 3.1, the block sand sample from P 4  East (OdPU=969026) was excludod from thls data sot 
because this sample has a high but natunllysccurring concontration of zinc (md of other inorganic 
chomicals not ldentlflod as COPCs). The mwlmum normtillzed valuo Is less than suven (for mercury in 
raoch P-l), Indicating the rolativoly low ccncontratlons of tho30 chomlcals. Flvb Inorganic COPCs 
(morcuty, lead, cadmlum, zinc, and silver) show 0 slmllor trond in maximum concontmtions, with the 
highost concontratlons occurrlng in reach P=l samples and smaller dltforoncos from background values 
exlstlng In the other reaches (Flguro 3.2.1). Plots of all results tor moreury and lead vorsus dlstanco from 
Acid Canyon, prosontod in Flguro 3.2.2, also show that the highost concontmtlons and the highost 
percontitgo of samplo results above tho background values occur in P=l. Theso msults suggost that the 
primary source for the50 contaminants In tho Pueblo Canyon watorshod Is upstroam of the confluonco 
with Acid Canyon, olthor wlthln tho Acld Canyon bash of tho upper Pueblo Canyon bash  

Threo of tho inorgmnlc COPCs (antimony, coppor, and solenium) display potrerns of maximum vnlues in 
Flguro 3.2-1 that are loss regular than for tho other Inorganic COPCs, Antimony was not detected in any 
sample and Is lncludod as a COPC solely because at dotoction limits obovo tho background valuo In tho 
full=suito sampling avents in roachos P-1 and P4. In contrast analysas from Iimlted=sulto sGmpllng 
events In all roachos had dotoctlon limlts below the background valuo and provldo evidonco that antlmony 
Is not prosent above the background valuo In Puoblo Canyon sediments. Tho highest detected sample 
rosults for tho othor two lnorgonlc COPCs, copper and solonium, woro obtainod in P-2 Wost, which 
lndlcatus tho possibility ol addltlonal sources ot contaminants downstroam from Acid Canyon. HowovQr, 
Interpretation of the solenlum rosults aro confounded by olovatod dotadion llmlts and an overall low 
dotoctlon froquancy, as dlscussod lotor In thls soctlon. 

Most of the lnorganlc COPCs (cadmlum, copper, lead, mercury, sltvor, and zinc) woro dotectrtd at lovols 
abovO background valuos In sodlmont samples from reach P=l West, upstroam from Acid Canyon, and 
thus indlcalo relooses from sitos other than Tochnlcal Aroa (TA) -45. Thoso includo a sample 
(04PU-97=0082, with results supponed by quality assurance [QA] duplicute 04PU=9?-0083) that has the 
hlghost rosult for silver (1 .? mflg), tho second hlghost rosult tor rnorcury (0.49 mgkg), and tho thlrd 
hlghest rosult for zlnc (95.8 mglkg). Most of these nndytes, with tho exception of Eadmlum. woro also 
detocted at levols above background valuos In sludge at the Puoblo Canyon Wostowatot Treatment Plant 
(WWTP) (PRS 0=018[a]) (LANL 199?,56614), suggesting thot thls may be a souno for some of tho 
Inorganic contaminants in Puoblo Canyon sediments. Howevar, P-1 Wost Is also dawnstroam from 
devoloped area5 In the Lo5 Alnmos townslte, ond some of theso Inorganic COPCs may also be dertvod 
from othor sourcos. 

Three of tho lnorganlc COPCs (load, selonlum, and rlnc) worn detocted at lovols above background 
valuos In sedlmont samples from Acid Canyon durlng thls invostigatlon, and two othors (mercury and 
sllver, along with load) wero detectod at lovols above bockground values during provious lnvestigntions in 
Acid Canyon (LANL 1995,48856). Thus. some of the Inorganic COPCs in Puoblo Canyon sodlmants 
wow probably derived from TA45 andor othor 80urcc)s In thQ Acid Conyon dmlnsgo bash and COPCs 
In sodiments downstream from Add Canyon probably huvo multiplo sources, 
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Flgurs 3.2-la. Maximum inorganic chemical results (o? either detected or nondeteaed valuoa) 
normallzed by background values. 
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Flgure 3.24r. Plot of the conctntratlon of mercury versus distance downstream from 
Add Canyon. 
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Figure 3.2-2b. Plot of the concentration of lead versus dktence downstream from Add Canyon. 
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Statlstlcal analyses presonted in Appondlx E do'not show clear corrolatlons of any of the Inorganic 
COPCs with plutonium~239,240: thus, the extensive data set on plutonlum~239,240 in Pueblo Canyon 
sediments cannot be used to reliably sstlmote concentrations of the inorganic COPCs, th is lack of 
consistent collocation may be the result Of vadable mixing of contomlnants that ham different soufcos 
and dltferant release histories, including the effects of troatment processes that vadod through time, 
combined wlth anolytkal uncartrrlniios associatud wlth the low concentmtlons of the inorganic COPCS. 
However, close examination of tho nnatyticol results Indlatos thot them nay bo panial colioca!ion of the 
inorganic COPCs wlth plutonium=239,240 downstream of Acid Canyon, For example, all the detected 
inorganic COPCs oxcept selenium aro present at above background vnlues In the somplo with tho 
hlshost plutonium-239,240 vnluo (sample 04PU-964728, c2b unit of reach P-1 h t ) ,  Including the 
hlghest cadmium value (0.92 m@g), suggestlng that all of theso chomleals ware being released trom 
TA-45 or other sources contomporaneously with ths peak mloases of plutonlum. 

The lwo lnorganlc COPCs that have thelr highest msults In reach P o 2  Wast. coppor and selenlum, may 
Indicate addltlonal contaminant sources downstmarn from Acid Canyon. Potontbl sourcos owt of Acld 
Canyon Include TA.31, TA-73, and the Central WWTP, as dlscussod In Section 7.32, &s wollo5 soupcOS 
In tho Los AIomos townsite not roiated to hboratay Operations. Howover, results for both of thoso 
COPCs are problomatlc. me maximum rosutt for copper (31.5 mqlkg, sample 04PU.97-0212) is tho only 
copper result in P.2 West abovo tho background value of 1 7 2  mgkg (Figure 3.2=2), which llmits the 
practlcal slgnlflcenco of this result, Also, as discussad earlior, coppar apparently has eddltlonal sources 
upstroam from roach P-1 West, 

Selenium was detected at levels above the background value of 0.3 m@g in sevdn o f  tho eight results 
from P-2 West, lncluding the threo hlghest results in the reach samples (0.85 :o 0.98 mg/kg In samplos 
04PU=974209,04PU=9~-0210, and O4PU-9xi21 l), whlch could suggost widespread distdbutlon of low 
levels of selenium, However, os noted In Section 3.7.1, It Is Importent to rocognke thnt all ol the 
apparently elevated selenlum results are derived from two of the five analytical lnboratoriss used for 
lnorgnnlc analyses, and potentlal problems are recognked with solenium analyses from theso 
laboratories, Therefore, tha selonium sample results should ba Interprotad czirafully in terms of both 
varlatlon In derectlon llmlts and potontlal interlaboretory dlfferencos in specific sample propafation or 
analytical mathods. The rosults are no: conclusive that them wem selenium rolenses downstream of 
reach P-1 and upstroam of reach P-2 In the Pueblo Canyon wters2ed. 

3122 ,Radlonucllde COPCa 

Six radlonuclldes were ldentlfiod 05 COPCs In Smlon 3.1: amencium441: cesium-13t; plutonium238; 
pIutonlum-239,240: strontlum=90: and trltlum, All these radionuclides havo been rePOItsb abovo 
background values by somo prlor lnvestigotlons at TA45 and downstream from TA.05 (UNL 1981 e 

6059: LANL 1996, W68), although roported tdtlum levels are not grootly dlfferent from bnckground 
values. Therefore, the charactedstics of the radionuclide COPCs wlthln Pueblo Canyon wdiments am 
largely consistent wlth discharges from TAk5 into Add Canyon, as discussed below. Howover, 
pfutonIum=239,240 has also been reponed below a septic tank outtnll fanher wes: In Acld Canyon (PRS 
O~OBOfg]) ( U N L  1995,51983), and It Is possible that some of the plutonium in Pueblo Canyon WGS 
derived from this sourco. 

The normallzed plot for the radionuclides, Figure 3.2-3, is based on the rQpOrted values for each 
radionuclide (resu1:a wore not censored by the minimum detoctnblo activity value where both 0 samplo 
result and the minimum delectable activity wero reported), Tho gamma-spectroscopy results wore used 
for americium=241 to obtain a larger and more representative snmple set and lhus the alpha- 
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spectroscopy results wore not usod for this radionuclido. The normallrod plot shows that plutonium- 
239,240 oxceods the background value by nearly four ordors of magnltudo in resch P.1, This observation 
supports tho seloctlon 01 plutonium-239,240 os tho key contaminant for tho Pueblo Canyon roaches. Tho 
normalized plot shows a strlking common trend in maxlmum vnlues roponed for throe radionuclidos wlth 
largo oxcoodancos of background (plutonlum=239,240: plutonlum-238; and amsricium441). Tritium also 
exhlblts a slmllar pattern, but Interprotation of the tritium data 1s limited by the lack of trltlum data for 
roachos P.2 and P-3. Cesium-137 and strontium=90 were dotocted at villuos slightly abovo background In 
roach Pel but wero loss than the background values in tho other roaches (although no strontium.90 
analyses were obtained from P-2 or P-3). All radionuclido COPCs appear to be derived from tho Acid 
Canyon basin, which Is expected based on knowlodgo of contaminant releases from TA45 into Acid 
Canyon during oarly taboratory oporations, 
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Flguro 3.2.3. Maxlmum radlonucllde results normallrod by background valuos 

The possiblo collocation of rndionuclldo COPCs was evoluatod in parr using the scatter plot matrlx of 
Figure 3.24. To facilitate intorpretation of tho correlation botweon radionuclides, the satler plot mntrlx 
snows the palred sample rosults, and the etlipso shown on each scanor plot onclosos 95% of the data. 
Cases whore tho ellipse approaches a line suggests a hlghly slgnlflcant ~tatlstlcal correlation. Appendix E 
provides addltlonnl informatlon on the Statistical corrolntlon of radlonuclido COPCs, Most ot tho 
radionuclide COPCs dlsplay good posltivo cotrolatlons wlth onch other, which Is consistent wlth those 
radionuclides sharing similar historles of roloase and subsequent transport and which allows 
concentrations of those COPCs to bo estimated in sedlments where only the concentratlon of plutonium- 
239,240 has boen evnluated, Ratlos of COllOCatQd radlonuclidos ara astlmated by wlculatlng sverngas 
from speclfic samples that agreod with llnear regressions tnrough all tho data. On avorage in Pueblo 
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Canyon, omorlcium441 is prosont at concontmtlons appmxlmatoly 26% of tho plutoniun-Z39,2G 
concontration, an6 plutonium-238 is presont at approxlmntoly 0.5%. Tritium is present at 0.290 cf tne 
plutonlum-239,240 concontration in tho sampia with the hlghest levols of both radionuclides, although 
thoro are too few tritium analysos to ovnluate the rellablllty of this ratio. In addition, the apparent 
corrobtlon of trltlum to omorlclumQ41; plutonlum=238; &nd plutonium-239,240 is controllod by G slngto 
tritlum result above me background value from the same sample that yieldod the highest concentmtlons 
of theso other radionuelidos (1.208 pCVg In sample OdPU=96-0128, c2b unlt of roach P-1 East), 
Thoroforo, identiflcotlon of tritium 9s a COPC and Its posslblo CollOClltlon with other mdionuclldes may not 
be rollable, 
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Two radionuclidos that woro identified as COPCs in Soction 3-1 , cesium=l37 and strontium-90, do no: 
display good correlation with the Other radionuclldo COP& (Figure 3.24). The inclusion of cesium-1 37 as 
a COPC was primorlly bosoc! on a singlo rosult obovo tho background vnluo (1.53 pCVg in sample 
04PU-96-0129, f1 unlt of roach P-1 East). All othor ceslum=:37 results are below the background value 
(Figure 3.26). Because of the lack of correlatlon with the other radionuclides known to be derived from 
TA45 and because of the low coslum=137 concentrations In the othor samploa, the Identification of 
cesium-137 8s a COPC may not be raliablo, Strontium-90 has a single rosutt abOvQ the background value, 
which Is also in tho came sample as the elovated cesium-137 rosult (1.4 pCVg in sample 04PU=96=0129), 
In contrast to cesium-I 37, the strontium-90 analyses apparontly display a statlstlcal dlstributlon shltt 
rolative to background data (Flgure €2-5) that Indicate ruloases from TA-45, The lack of correlation 
betwoon strontium-90 and plutonlum~239,240 may Se duo to althor dlff orantla1 transporl of these two 
radionuclidos (with strontlum=90 belng more soluble) or dlfforont rolaase histories such that the poalc 
strontium=90 retoases may not hava aeon contemporanoous with the pGok plutonium~239,240 releases, 

3.2.3 Organic COPCs 

Twenty.nine organic chemicals wore dotoctod at low IovelS in tho Pucblo Canyon sodlment sarnplos and 
therefore Idontilied as COPCs, as discussed In SectlOn 3.1. Analysos for Sovcn of thoso organic COPCs, 
including PCBs and postlcidos, woro abtalnod In all four teaChQS, and analyses for the remaining 22 
semivolatlle organlc COPCs wore obtained only in the full=suito anolyses in roaches P-1 and P-4. Tho 
SVOCs or0 mostly wlthln two chemical groups, olther polycycllc aromatic hydrocarbons (PAHs) or 
plastlclzors. Low levels 01 all theso specific cnemlcal groups (PCBs, postlcidos, PAHs, and plasticlzers) 
aro commonly found to be associated with areas roceivlng runotf from light industrial sottlngs at the 
Laboratory and urban settings In tho Los Alamos townsite, wheroas significant reloases 01 such 
chomicals from tho Laboratory should bo recognitablo by largo excoodances 01 the dQtectiOn llrnit in 
sample results. Therefore, the relativoly low levels found in tho Puoblo Canyon sodiment samples may 
represent only small releascs findlor dlspersed sources, 

In tho normalized plots for organic chemlcals In Flguro 3.2-6, tho maximum result Is. used whether it Is a 
detect or nondotect result, and most of the maximum values for roach P- l  are dotects. Figure 3.2=6a 
presents thQ normollrod plot for PCBs and pesticides, and Flgure 3,2=6b prossnts thQ normdlzod plot for 
SVOCs. The highest ratio 01 an organic chemical concentration to Its detoc!ion limlt Is lass than 10 (for 
bki[2=ethylhoxyl]phthalate in reach P=l), and nono of the organic COPCs maasured much above the 
detection limlt in roach P-4. Phananthrone Is tho only organlc chemlcal that has a Pueblo Canyon 
maximum sample rosult in roach P-4, althougli the hlghost datectod rosults for othor analyfes wero 
roponed in P-4 namptos associatod with unusually low dotactlon limits, All other organlc chemlcals have 
tho highest Pceblo Canyon sample result from roach P-1, although intorpretatlon of the organic data is 
somewhat llmitod by tho lack 01 SVOC data from reaches P-2 and P-3. Howover, because tho 
concentrations of SVOCs aro similar betwoon roaches P-1 and P4 ,  the lack of SVOC data from P-2 and 
Pa3 should not lead to greatly undcrestlmntlng maximum SVOC concentrations. Thls potontinl bias in tho 
maximum SVOC concentratlons wlll be evoluatod In context of tho scroening=lovol human health and 
ecological risk calcula:ions presentod In Sectlon 5. 
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Flguru 3.2=6a, Maximum PCB and pertlclds chemlcal results normallzed by EQLs. 

Flgure 3.2-6b. Maximum SVOC chemical results normalized by EQLs. 

Of the saven organic COPCs In the PCB-pesticide suite, 811 except one, the PCB Aroclor-12G0, were 
detocted only In reach P-1, Indicating that thero are no major sourcos of PCBs or posticldes In the lower 
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Analyrical Rcsulrs ond Data Review Section 3.0 

Of the w e n  organic COPCs in tho PCB-pestlclde sulto, all sxcopt ono, the PC8 Amlor-1260, wero 
detected only in reach P-1 , indicathg that them are no mn)or sourcbs ai PCBs or postlcidos in the lower 
portions of the Pueblo Canyon watershed (Including PRSs at TA-31 and TA-73). Plots of sample rosulrs 
versus dlstance from Add Canyon urn shown in.Figura 3.2-7 tor represuntattvo analytes in thls suito. 
Aroclor4260 was detected In reaches P-1 West, P-1 East, P-2 West, and P-3 West, and the highest 
valuo was obtdnod from the sample wlth the hlghost plutonlum-239,240 In Pueblo Canyon (0.7 17 mghg 
In mmple 04PU=96-0128 In the c2b unlt of P-1 East).. This same sample also had tho anly detoctod value 
forthe PCB Amlor-1254 (0,238 m@g), although no otheronalyMs In this sulte wore dotocted in thls 
sample. Both the Iroquency of dotocted PCBs and'the roportod concentratlons are higher In P-1 than in 
either P-2 or P-3, suggesttng that the primary source for sese c0n:nminnnts In the Pueblo Canyon 
sedlments Is elthur wlthln Acid Canyon or within the Pueblo Canyon bash upstream from Acid Canyon. 
Five of these sevm organic COPCs were also dQtected in sludge at the Pueblo Canyon WWTP (PRS 
0418[a]) (IANL 199?,56614), suggesting that this PRS may constitute one source for these organlc 
COPCs, PC8s haw also been reponed a: the outlall of a septic tnnk in the Add Canyon basin (PRS 
OSSO[o]) (IANL 1(395,57983), suggesting thot thorn may be multiple sources for those contaminants, 
Because lhoso are= drain parts of the Los Alamos.townstte, I: is posslblo that some of those organic 
contamlnnnts had othor sources unrelated to hboratory operations. 

Fortho 22 organic COPCs that wero onalyzod only in samplos from roaches P-1 and P-4 (all PAHs or 
plostlclrers In !he SVOC mtegory), the frequency of detects was higher In P-1 for all annlytes except ono, 

cart~sxole, no analyses aro avall3ble from P-4). The highor frepuoncy of detocts in P-1 than In P 4  may 
suggost a primary sourco for this sulte of organlc COPCs In the upwr  Pueblo canyon watorshod, os Is 
also inlorred for tho PCB=pesticide sulte. However, othor chamctorlstics of tho data set suggost that them 
are multiple sourcos for tho SVOCs in the watershed, Speclfkally, maximum dotoad valuos wore 
obtained In P-1 for 14 of tho SVOCs and In P 4  for 8 of the SVOCs, an obsewatlon that is conslstont with 
the existence of multlpie sources. Also, concentratlons are slmllar between tho two reaches, whleh 
suggests that slmllnr concontmtlons mayoxlst In P-2 and P-3. Theso obsohratlons suggos: that tho PAHs 
and plasticlzm may have beon dorlvod from nonpolnt somas In the Puoblo Canyon wntorshed, such as 
the numemus roadways and parking areas In commercial and residential orom In the Los Alamos 
townsite. Varlous matorfals such as charcoal and coal :hat have been observod within Pueblo Canyon 
sedlments might also contrlbuto to somo 01 the low-levot SVOC dotects. 

dl.n+aylphthotato, which WE18 dotectod Only in one amplb  in P 4  (note that lor one Of those nnalyles, 

, I  

Notably, all but throe of the maximum detected values for these semlvolntlla orgnnlc COPCs Occur In two 
samples, one in P-1 East and the other In P-4 West. The P-1 East sample (04PU-96-0127) Is a surtoce 
sample from relatively fino-grained overbank facles sediments In tho c2b unlt and has the maximum 
detected value for 12 of these organlc COPCs. The fact that 04PU-96.0127 is P surface sample suggests 
R relatlvely young oge for these sediments, and the fact that the sample she is close :o the Los Alomos 
County sowof line and tho associated dlrt road suggests that the contaminants could be related to these 
potmiel source m a s ,  The P.3 West samplo (04PU-96.0032) Is a surface sampld from channel facies 
sediments in the c5 unlt and has the maximum detected valua tor $oven of the organic COPCs, although 
the reponed value for four of theso COPCs Is less than the detection llmit for other samples in tho Same 
batch, and two others 8ro close to the detoctlon Ilmit. Chamcteristlcs of this sample she are very 
dissimilar to the P-l Enst sample site In that it Is coarse=grained and rolativoly old (kliQVed to data to the 
early 1950s). Also, tho sample sito Is not closo to any rood and it is unlikely to have beon oliected by 
recent sutieco oetlvlties. 
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Analytical Results and Datu Review Section 3.0 

In summary, a series of organlc COPCs have boen detected at relatively low levels In the sedlmonts of 
Pueblo Canyon, but their sources and dlstrlbutlons ore only partlally understood. The goomorphlc and 
geographic context of those somples suggests that them may be multiple sourees, prlmndly upsmom of 
roach P-t East but also possibly including sites aast of P-1 East Available data also suggost that the 
tlmes of contaminant release may very among analytes from early In the post-1942 perlod untll lairty 
recently. Concantrntions of these organic COPCs do not correlato with concentrations of 
ptutonlum=239,240, as discussed in Appendix E; thus, the extensive dab set on plutonlum-239,240 in 
Pueblo Canyon sediments cannot be usod to nllably estimate concentrations of tho Inorganic COPCs. It 
Is also lmponant IO note that many of the detocts ore vory close to detection limlts, which tlmlts tho 
lnterpretotlon of theso data, However, the preponderance, of nondetect values at the typical detoctlon 
llmlts seeims conslsfent wlth small quantities of orgnnlc chemicals bolng transported Into sediments from 
point and nonpolnt contaminant sources, I 

3.3 Key Cantamlnant AnalySQS 

Plutonlum=239,240 (often refomd to slmply as 'plutonium" In this sectlon) was selected as d key 
contamlnnnt for all Pueblo Canyon roaches boeause sediment sompllng and analysis by other programs 
before thls Investigation ( U N L  1981,6059; Foranbeugh 01 at, 1994,58672), supportod by the full-suite 
analyses of this Investlgation, Indicate that plutonlum.239,2~0 constitutes the most signlflcant COPC in 
Pueblo Canyon. In addltlon, tho full-sulte analyses indicate that plutonlum-239,240 Is gonerally collocated 
wlth othor radlonuclldo COPCs, which allows concontrntions and lnvontorlas of such analytes to ba 
estlmated besed on plutonium concentrations. Thus; most samples were tlnalyred only for lsotoplc 
plutonium (plutonium-238 and piutonium=239,240 (unresolved isotopes]) to allow costsHoctivo ovaluatlon 
of the dlstrlbutlon of contamlnants and testlng compenonts of the canceptunl model. . 

In this toctlon the plutonlum data for each reach are presented, and tho dlscusslon,ls focused on 
exemlnlng tho variations In plutonium-239,240 concantration among geomorphic unth and sedlmontary 
facles In each reoch and the effects of particle sire varlatlons and sedlment age on levels of plutonlum. In 
addltlon, theso data am combined wlth dam on the areas, thlcknesses, and denslty of post4942 
sediments In the gsomorphlc units to calculate appmxlmato plutonium inventories by unit and by reach. In 
Section 4 thaso data are used to refine the conceptual model for plutonlum transport and dlsrribution In 
Pueblo Canyon, and In Soction 5 the plutonlum data and data on tho other COP& are used to propam 
prellmlnary assessments of human and ecological Ask 

3.3.1 Geomorphlc and Statlstlcal Evaluatlon of Plutonlum Data 

Plutonium concentrations within the sodlmonts of Pueblo Canyon vary by sovoml orders of magnltudo, 
and this variublllty Is affected by the age of tho sediment relntlve to the tlme of contaminant mlemes, tho 
physlcal processes of sedlment transport. the mlxing of sedlment from a variety of bources, and other 
factors. The goomorphlc and statlstlcal evaluatlon ol'this complex data set Is a crltlcal part of this 
Investlgation that Is essentlaf for evnluatlng varlatlons In risk within P moch and betwoen machos, 
understanding the offects of future :ransport, and doveloping remodlntlon stratogies, if roqulred. Aspects 
of the geomorphlc end statlstkal ovaluation of tho plutonlum data that pertnin to subsequent discussions 
o? each reoch aro prosontod below. 
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3.3.1.1 Binning of Plutonlum Data 

Tho plutonlum-239,240 data colloctod in thls invostlgation wore examined to detormlno what grouping of 
samples in oach reach was optimat for the comblned purposos of dofinlng goomorphlc varlatlons In 
plutonium concuntration and statistically doscrlblng tho varlabillty In plutonlurn concontration, These 
grouped or "blnned' data aro used in tho goomorphic assessments and human health risk assessments 
in thls rapon and theroforo tho spoclflc blnnlng procoss Is an important part of the data evaluation. Tho 
variablllty in contominant concentrations wlmln these blns wore also used in the sample allocation 
process dlscussod in Soctlon 2.2.4, and can be used In future uncortainty analyscs as proposed In the 
core document (IANL 1997,55622: LANL 1998,57666). Tho binning procoss Is discussed hore to 
document the specific rationale used In this invostlgatlon. 

The plutonium data in each subreach were first exarnlned attor being grouped or "blnned" by lndlvldual 
geomorphic units and sodlment facios, and whoro approprlato theso subsets of data wore comblned into 
largor blns to Increase sample slze and allow better statlstical evaluation, In some cases additional 
subdivisions wlthin a geomorphic unlt wOro defined, particularly whore plutonium concentratlons were 
highest (o.g., subdlvldlng a burlod stratigraphic Interval with higher plutonlum from near surface 
sedlments wlth lowor plutonium). Channel facies and overbank facias samples woro kopt In separate bins 
In all reaches because mtutlmum and avorago plutonium concontratlons woro always highor in the finer= 
gralnod ovorbank sedlments than in related coarser-gralnod channel sediments. Samples within the same 
sediment facies In dlffcront units woro kept in separate bins If the varlatlons in plutonium concontration 
provided lnformatlon on time-dependent trends In a roach (o,g., where c l  SOdlmQnt In active channots has 
less plutonium than toxtunlly similar c2 sediment in older, abandoned channel unlts), but those subsots 
wero combinod where no such trends were apparont In tho data. 

3,3.1.2 Evaluatlon of Effocts of Sedlmont Ago and Partlcla Slto 

Posslble temporal trends In plutonium concontrotion in a reach wore evaluated by cxamlning tho 
plutonium data In torms of dlfforent ages of associated geomorphic unlts, Constraints on absolute or 
rolatlve sediment age were provided by examination of historical awlal photographs, isotoplc ntlos in 
sediments, spatial rolatlons botween goomorphlc unlts, andor vertical stra!igraphic relations (deeper 
sedlments belng older). Because plutonium tQndS :o occur In higher concentrations In flner-grainod 
SedlmQntS of a given age, It Is nocossary to comparo samples wlth simllar partido slze charactoristlcs to 
determino I! dlfferencos or simllarities In plutonium concentration bohveen samples allow insight into 
tlme-dopondent tronds. For each reach, all somples woro cornparod on scattor plots showing the 
relation of plutonium-239,240 concontratlon to various partido slze paramotors (e& psrcont sllt and 
clay, median particle slze), helplng to identlty sedlment packages that sharo simllor rolatlons betwoen 
plutonium conconlratlon and panlclo slzo. Scatter plots comporlng plutonlurn data and organic matter 
contont were also examined becauso plutonlurn has a geochemical aff lnlty for organic manor (an., 
Langmulr 199?,56037), and it was expected that plutonium concentration mlght bo correlatod wlth 
organic matter content. Howovor, those plots aro not prosontod In this report bccnuso they wow not 
useful In undarstanding plutonium variablllty, Tho poor correlation botwoon plutonlurn and organlc 
matter in thls data sot is Inferred to bo caused by much of tho organic mattor orlglnating from post- 
deposltionat soli development, obscurlng any posslble correlatlons that might have existed In the 
original flood UQposits, although the plutonium might also be largoly sssoclatod with mineral surfacos. 
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3.3.1.3 Plutontum Inventory 

Tho approximato plutonlum=239,240 invontory within each geomophic unlt and oach stratigraphic 
subdivision of geomorphic units was calculatod using the dab on avorage plutonlum concontmtlons 
(pCVg), tho estimated area (m’) and avorage thickness (m) of each sediment package, sodlment density 
(grcm’), and average gravel content (weight YO). Area and thickness data are summarized in Soction 2, 
sediment density measuroments aro discussed in Appendix B4,0, and gravol data are presentod in 
Appendix 6-3.0. In these ~lculat lons It Is assumed that the voluma of each unit occupled by gmvol 
contains no radionuclldo COPCs bemuse of the rolatlons seen botweon particle slze and radionuclide 
concentmtlon In Pueblo Canyon sedimont samplos (Sections 3,3.2.2,3.3,3.2,3.3.42, and 3.3.5.2). The 
total plutonium Inventory In each reach Is normallzed by reach longth, os monsured along the stream 
channel on FIMAD topographic maps, to focfllmto comporison of the amount of plutonlum in roaches of 
varying lengths and extropolotion between reaches (units of mCllkm). It should bo stressod that thero slro 
uncortaintles associated with each variable used in these lnvontory calculatlons, and the rosults of 011 
such calculations are inherently apprcxlmate. Howavor, n prlmary purpose of thesa calculations Is to 
show the relative dlstrlbutlon of plutonium betweon difforont geomorphlc units and dlff erent parts of 
Pueblo Canyon, to be used tor tho possible dosign of remedial actions, and assumptions made in these 
cGiculations woro appllod conslstontly betweon reaches, Themfore, the goneml pattern of variations in 
plutonium Inventory within Puobla Canyon Is conslderod to bo rellablo although the procision of theso 
estlmates has not been estimated, 

3.3.1.4 Potentlnl RamoblllxDtlo 7 

Estimatos of the percentage of the t o ~ d  plutonium invontory most suscoptible to ramoblllzation in ooch 
roach are mode bused on proximity to ;be octlvo channel and tho geomorphic history of channel changes 
as discussod in Section 2. meS0 ostimoLl-s assume a time sa l e  of about 50 yoars and geomorphic 
processes similar to thoso documontod to h w e  occurred during tho last 55 years (post-1942) and involve 
juduments as to the avorage residonce time 01 mdlmant in tho diff orent units, WhWO the avorage 
sedlment residence time in o, particular goomorpt,ic senlng is judged 10 be grontvrthan 50 yoars, most o! 
the sediment Is assumed to be not susceptlblo to 14emobillzatlon, nnd addttional sediment deposition may 
instead be the most important geomorphic proctls 3 (s.g., most of the 11 unlts), All active ChQnnel sediment 
Is assumed to be susceptible to remobllkatlon dcrlng the next50 yoars. Abandoned channoi units that 
occur adjacent to the active channel and that record gradual channel migration, such as the c2 unit in P-1 
East, are also assumed to be suscoptible to rornoblllmtion. Howover, somo amps of abandoned post- 
1942 channels :hat have been isolatod from the ictlvo channel by major I&temI migration, such as most 
ot the c5 unit in P 4  West, or by abrupt changes in channel location, such os much of the c2 unlt In P.2 
East, ore not considered to be os susceptlble to remoblllzntion during the next 50 yoors, Most areas O? 
floodplain ara assumed to be stablo for :he next 50 years, based partly on tho common presence of treos 
greatot than 100 years old, although channel mlgrntion may msult in rolativoiy small amounts of 
remobillzntlon of sodlmont on the floodplains. 

3.3.1.5 Plutonium 2391238 Ratlos 

Ratlos of plutonium-239,240 to plutonium-238 (plutonlum 239/238 ratios) wero calculated from tho 
avorage values In onch bin In each reach and aro presented In tnblos in thls soction. Thess ratios are 
typlenlly 100 to 300 downstream from Acid Canyon and Indicate the dominance of plulonium4339,240 in 
Pueblo Canyon. These mtlos aro also important In evaluating the plutonium data In machos L A 4  and 
LA4 downstream from tho contluonco of Pueblo and Los Alamos Canyons to distinguish tne rola:lvs 
contribution of these two canyons, and thsy wlll be discussed funhor in a separrrto report on those 
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Secriun 3.0 Analstica! Results and Data Review 

roaches. Note that all of theso ratlos are approxlmate, in part because of the rolatlvely poor precision of 
tho plutonlum=238 analyses associated with Its being reponed at quantltios loss than tho detoctlon limit in 
many samples. HOWOVQr, the calculation of plutonlum 2391236 ratios using the averago plutonium 
concentratlon within many samples should be mor0 reliable than ratlos calculntod from Individual samples 
because measurement uncerlalntles will be averaged out. In sddltlon, sediment wlth the highest 
plutonium concontratlons probably provide tho most accurate ostlmate of plutonium 239/238 rntios in tho 
initial roleases bocause sedlmsnt with low concentrations may include relatively high percentages of 
fallout-derived plutonlum. 

3.3.1.6 Evaluation of Plutonlum Varlabillty In Collocated Samples 

Another Important consideration in tho assessment of those data Is tho comparablllty of collocatod 
sample results. Thoro were two rypes of collowtod sarnplos. First are field splits of the sDme sample 
material, which are called QA duplicate analyses. QA duplicates were collected In a random manner and 
Included a variety of geomorphic settings, SQCOnd ara stratlgraphic sections that were resampled 
because of high vdues afier the M a l  sampling round or other reasons, which are called resamples. The 
collection of resamples tests the repeatabillty of tho highest sample results. Because of the imponance of 
plutonium=239,240, Appendix E 4 0  shows the roletionship between 10 palrs of Qk dupllcato results and 
6 pala of resample results, Tho QA duplicates show less varlablllty than the resamples, 8nd tho 
resamples also show a slgnlficant negatlva blas (second samplo resul! tends to be much less than the 
first result), although the number of resampled layers lo small and thoro Is no rbason to oxpoct layers to 
have systematically lower plutonium concentratlons In later sampllng events. For tho set of paired 
samples representing the groatost dltfer8nCe betwoen the origlnal nnalysls and tho subsoquent analysis 
(samples 04PU-96=0129 and 04PU-96-0145), the original sampio represented pnrt of a sediment layer 
that provldod hlghor fiold alpha radiation rneasuroments than an adjacont part of this layer, as discussed 
In Section 2 . 3 ~  ,2. The ditf0renCQ between onalytlcal results in those samples Is thereforb consistont wlth 
the fleld moasuroments. In summary, this evaluatlon of collocated samples suggoots that thero IS 
slgnlficant varioblllty in plutonlum-238,240 concentration In sedimont loyors wlth tho highost values, 
incroaing tho uncortalnty In averago concentntlonn In thoso layors, The apparent nagntlvo bios in the 
resamples also may suggost that the orlglnal sample rasults, which are the ones used In data 
assessment, roprosont consewatlvo worst=case estlmatas of plutonium concentration. 

3.3.2 Reach P-I 

3.3.2.1 Plutonlum Concbntratlons 

All samples from the c l ,  c2, c2b, and fl unlts in P-1 East, downstroam from Acid Canyon, contain 
plutonlum-239,240 concentratlons above those measured In P 4  West upstream from Acid Canyon 
(0,043=0.075 pCUg) (Table 3,3-l ), indicatlng rapid mixing of sodlment dorlvod from Acld Canyon wlth 
sedimont carried by floods from upstream parts of Pueblo Canyon. 
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Section 3.0 Analvfical Resulr.s and Duru Review 

Plutonium-239,240 conc~ntrations within reach P-1 are highest in a subsurface Interval within tho 
geographically small c2b geomorphic unit in P-1 East, bolow a dopth ol 40 em, and all annlysos grootor 
than 40 pCVg woro obtninod from this Interval (Figuros 23.3 and 3.3-1). Monsurod plutonium 
concontration varios groatly within this interval, ranging from 20 to 502 pCi/g In 10 samples, with an 
averago of 143 pCilg and a rnudiun 01 90 pCVg (Tablo 3.3-2), In comparison, toxturnlly similar sodlmenls 
within tho wldospread c2 unit and in tho uppor 40 cm of tho c2b unlt havo a maximum of 39 pCVg, an 
average of 18 pCVg, and a modian of 16 pC9g plutonlum In 25 samples. Overaank sedimonts on the 
actlvo floodplains, 1 7 ,  havo plutonium concontratlons that ovorlop wlth concontratlons in the c2 unit, 
although tho avorage concOntratlon in the fl unit (10 pCVg) Is loss than in !ho c2 unlt, Thoso difforcncos 
botwoon the c2 unlt and the 11 unit may indlcnto dlfforencos in sedlmant sourcos. Sg%iflcolly, it Is 
possible that tho larger floods that overtopped the 11 surfaces had a larger percentago of sediment 
dorived from upstroam of Add Canyon than tho typical floods that doposltod the c2 sodiment, causing 
resultant deposlts on the fl surfaces to have lowor levols of plutonlum, 

Channel facias samplos from iho c l ,  c2, and c2b units downstram from Acid Canyon hnve measured 
plutonium-239,240 concentratlon ranglng from 2 to 44 pCUg, consistently lowor than aSSOCiatOd overbank 
fades samplos (Table 3,301)~ The medlan valuos !or oach unit arb similar, 5 1  to 6.4 pCi/g, but maximum 
and average voluos increoso from the cl to the c2 and c2b units (Tablo 3.3-2), consistent with highor 
concentratlon~ of plutonlum occurring in older sediment dOpOSitS. 

Because roach P-1 East Includes the confluenco wlth a major trlbutnry to Puoblo Canyon, Walnut Canyon 
(Figuro 2.1-1), tho plutonium data wore cornparod botwcen sltos upstroam and downstreom from the 
confluence to Ovaluato whother sedlmont contributed by Walnut Canyon may hava rosuttod In signlflcant 
dilutlon of plutonium Concentrations, No dltferenco in plutonium concontratlons In tho c1 or c2 chonnol 
focios sediment Is apparont upstroam and downstroam of Walnut Canyon. HowGvQr, the Q overbank 
sodlmont and rolatad c2b wdlmont (0 to 0.4 m interval) average about 25% higher upstroam from Walnut 
Canyon, and all samplos with plutonlum-239,240 oxcoodlng 20 pCVg ware cotloctod upstroam from 
Walnut Canyon. Thus, this comparlson indicirtos tnat some dllutlon may occur at Walnut Canyon, 
although confidence in this InterpretatJon is limltod by tho short sampllng m a  (200 m in length) and tho 
relatlvaly small number of samplas (nlno samplos) downstream from Walnut Canyon, In addltlon, thero Is 
considerable overlap in plutonium C0nCOnttn:lOns In tho c2 averbank sodlmont betwoon thoso two nreas 
(Figuro 33-2). For the purposes o! this report, It Is assumed that dllutlon by sedlmont from Walnut 
Canyon Is minimal, and data from all of P-1 East am combined for calculating avenges In this sealon 
and lor extrapolating bohvoon P-1 and P-2 in Section 4. 

One sample coilocted from a largo 12 surfaCo immodiately d0wns:roam from the confluence of Acid 
Canyon and Puoblo Canyon yleldcd 0.21 5 pCilg plutonlum-239,240 (sample 04PU=97-0107), a VQIUQ 
hlgher than samples from P-1 West and higher than background valuos but lowor than any othar samplo 
In P-1 East, Although this analysis could indicale inundation of this surface by a largo post.1942 flood 
carfylng sedimont with small concentrations of plutonium, 8 more llkoly interpreratlon may be local 
dlspersion by wind or animals of small amounts of plutonium from the adjncont c2 unlt. 
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Stratigraphic lnterprotrrtlon Samplos 

Figure 3.3-1, Depth variations In plutonium-239,240 concentratlon at sample sltas In the c2b unit 
In reach P-1 East. 
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Section 3.0 Andlyrical Results and Data Review 

SUMhlARY OF BINNED PLUTONIUM ANALYSES IN REACH P-1 

P*239iZJB 
Gbomorphlc Unll Msdlan M d a n  I 

and Summary Pu-238 Pu-239,240 Parllcle Size Partlclo Slzs sol1 
Wlmant Facies 1 Slstlsllc I fPCUa) I ~ J C Y O )  I Clnsa’ 1 (mml I Taxlure” I fall0 

P-l West (Upstream of Add Canyon) 

E2 ovorbank I avoroao I 0,004 I 0.058 I fs I 0,366 I SI i 15 I 
1 

I Dld, dov. 1 0.004 0,016 I I I * I 
maximum I 0.008 0,075 I I I ! 
mlnlmum I 0,000 I 0,043 i I I 
modinn I 0.004 I 0.057 i I I I I 

~~~~ 

t 

Add Canyon 

channol and avorapo 1 0,035 1 Q,5 I m6 6.358 I Is 1 275 
ovorbank sld, dov, 1 0.031 I 6.3 i I I 

maxlmum I 0.059 13.7 1 I 
minimum I 0,000 2.3 I I 

modlan 1 0.045 12.6 I I I 
n 1 3  I 3  

Sld, dov. I 0,017 1 1,7 I I 
maxlmurn 0,029 I 6,3 1 I 

I 

P-1 East (Downstream of Add Canyon) 
el channol nvorngo 1 0.016 I 4,7 I vcs I 1,015 OS 29 5 

mlnlmum 1 -0.007 I 2.4 I I I I 
modlan I 0,021 I 5.1 I I I I 

~ . ~~ 

n 1 4  I 4  
c2 ovorbnnk and avoraQo I Ob12 I 17,6 I f0 0.206 1 SI 151 
c2b ( 0 4 4  m) 3td. dw. 1 0.13 I 7.8 I - . . . - . . ._ I ovorbank I I I 

rnaxlmum 1 0.69 1 39,O 
mlnlmum 0.03 6.9 1 I 
modlan o m  18,O I 1 
n 2s 25 

c2 channol avorago 0,046 8.1 cs c.002 gs 177 
otd. dov. I 0,037 5 2  I 

maxlmum 0.099 15,s 
0,015 4.1 I mlnlmum 

modian 0.035 I 6.4 
n 4 I 4  I I 

~~ 

a, vcs a very coamo sand, u coome Wnd, ms m mectlum mnd, Is = llno snnd 
b. 51 = Sandy loom, Is = loamy mnd, s = sand, g I 520% grnval 
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SUMMARY OF BINNED PLUTONIUM ANALYSES IN REACH P-l 

~ ~~ ~~ 

c2b channol avoroOo 1 0.074 18.3 ~ I M1 I 0.817 1 QS 1 246 I 
std. dov, 1 0.066 I 22.3 I I 

I 

I maxlmum I 0.150 I 411.0 I 
mlnimum I 0.03 I 
modlnn 0,039 6.0 I I I 

i n  3 3 I I 

-I 

11 ovorbank ovorapo 0,Wt 10,O I (8 i 0.210 SI I 252 
(P-1 East) 3td. dov, 0.057 128 I I I 

mwlmum 0.147 1 32.7 t 
mlnlmum =0.01? 0.5 I 
modlnn 0,014 3.7 I I 
n 7 7 ! I 

12 ovorbank ovorago -0.017 0,215 I ms I 0.365 01s I N A c  
n 1 I 1  I I I 

~ ~ ~ ~~ 

n. c3 w mne eand, ms - medium sand, ta I fine Mnd 

6, 31 I candy loam, Is I loamy sand, 8 = nand, Q - 220% Onvd 

c, N,A. a not nvallablo 

1 
1 
I 
I 
I 
I 
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Location ID8 PU-0018, PU-0104, P13-0705, and PU-0107 (upstream from Walnut Canyon) 
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PU-239,240 (PCUg) Stratigraphic lntorprotntlon 
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P~-239,240 (PCVg) Stmtlgraphic Intorprotation Samples 

Figure 3.34. Depth varlatlons In plutonh~rn439~240 concentration In overbank fades sadirnont 
at sample sites in the e2 unit In reach P-1 East 
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Analvtkal Results und Data Review Section 3.0 

33.22 Age and Pertlcla Slzs Relations 

Age control for samplod sediment deposlts Is rolntlvdy lmpreclso in mac!'~ P-1 us compared wlth some 
downstream reaches, and as a result temporal trends In plutonium concentration 3113 onty pottloliy definod 
In reach P.7. The highest concentrations of plutonIum=239,240, In unit a b ,  are from the lower part of the 
ovorbank sodlments that bury the base of CI tree dntod at approximatoly 7923 AD (PU6-023, Tablo 81.1, 
Figure 2,3-3), suggostfng that these sodlments mny date to oarly In tho postal942 period and perhops be 
conternpomnedus with the time of p a k  releasos from TA45. Abovo the layers wlth ma hlghust plutonlum 
concontmtlons In unit a b ,  concentmtlcns decrease wlth height (Flgure 3,3-1), lndlcrrtlng a decroaso ovor 
time, PIutonium concentmtlons at most c2 sample lWtIOn3 show no obvlous trands wlth depth, although 
the hlghesr concentmtlons were obtained from rulatlvely doep m p l o s  (Rgure 3.3-2). 

Data on tempoml tronds In tho supply of plutonlum to P-l pro provided from samples collectod from the 
envlronmantal survslllanco sampllng Nation at Add Wok that extend back to 1970, which an presumod 
to reprosent active channol samples (Figure 3,3=3)..Although thero 1s considerable scottor in thew data, a 
doctease In plutonlum concontrotlons is hdh ted ,  wlth overago COnCBntrOtIOns decreasing from 14.5 
pCVg In the 1970s to 10.1 pCUg In tho 1980s and 6.5.pCUg In the 1990s. Thus, thoso dotn suggost that 
the concentratlon of plutonium in sedlmonts tmnsportod from Acid Canyon Into Puoblo Canyon has boon 
docreasing durlng thls time poriod. 

Scatter plots of plutonlum concontratlono v m u s  particlo slzo IR P=l East indlcato that plutonlum 
concontmtlon genorally lnctensos with decreasing panlcle sks, although much varlablihy exists in thoso 
mlatienships (Flguro 83-1). At IeRst part of this vadablllty is undoubtodly duo to vadntlons in sedlmont nee 
and sodlment soureo. Tho deoper c2b ovorbank sodlmonts have hlgher levols of plutonium than other 
samples wlth simihr panlcle sko chamcterlstlcs, and the vwlablllty wlthin theso oldor sediments may In 
part record changes in Offluent rolonses during the time porlod ropresontod by these sodlments, The fl 
samples also show high vnrinbillty, wlth plutonlum concentmtlons often much loss than other sanplos 
wlth almllar sllt and clay COntOnt whlch Id lnfsmrd to result fmm a larger part of tho sadlmont In the fl 
daposlb being dorlved from 3ourcos upstream trOm Add Canyon. Varioblllty In plutonlum concentmtion In 
cl nnd c2 sodlment samples wlth slrnllar panlclo ske charncteristies may lncorpornte Q combination of 
theso factors, although gonoral trends am still opporent wlthln these data 

33.23 Plutonlurn fnvsntory 

A total of approxlmately 82 mWkm of plutonium=239,240 Is estlmatod be stored wlthln reach P-1 East 
Most of the plutonium inventory, 82%, Is estimatee to be contnlnod within relatlvoly flnld-gmined overbank 
facias sedlmont, and only approximatoly 18% wlthln tho coarsetqmlned channel foclos sodlmont (Table 
3.34). Only approximately 5% of the plutonium Is estimated to resldo in the active channel. Tho largest 
portion of the totill plutonlum InVOntOfy occurs wlthln overbank sedlmont of the widespread c2 Unit, and 
lesser amounts wlthln tho aroally restricted c2b unltand the largo 11 unlt, The c2 unit is estlmatod to 
contnln npproxlmately 52% of the total plutonium In P-1 East. Avorogo thlcknessos and volumes of all 
posM942 sedlment doposlts In P-1 East may tond to bo ovorostimutod in thls lnvontory because of the 
common latge boulders that were not subtmctod from the area of onch unlt, rosultlng In a posslble 
ovorestlrnato of stored plutonium, In Ltddltlon, the astlmoted oreta of the fl unit may be too large b W w Q  
It was moppod consorvotively to avoid underestimation 01 the extent 01 contaminotlon,,abo potsntinlly 
resulting in an ovorestimote of plutonium inventory. 

~ 
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Flgure 3.3-3. Relation of plutoniurn-239,240 concentration to age from adiva channel sediment 
samples collected in lower Add Canyon. 
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Section 3.0 Anafwicol h!mdts and Datu Rcvicw 

An addltJonal major uncortdnty in P-1 East is thQ amount of plutonium olthor burlod by nfliflclol fill 
assoclated with omplacemont of tho sewer line or possibly contained wlthin flll materlal. A conservativo 
ovorestlmate of the aroa whore 1111 may bury e2 and c2b units is lncludod on tho geomorphic mep, and the 
potential plutonlum invontory In these areas Is calculated by assumlng the same average piutonlum 
concentratlons as In the exposed c2 and c2b unlts but thicknesses only half that used for the c2 ond c2b 
unlts (Table 3.34). Thoso conservative calculatlancJ indicato that up to approximatuly 30% of me 
plutonium in P-1 East could be buried by fill, although tho actual parcentage may be much loss. 

3.3.3 Reach P-2 

3,3,3.1 Plutonlum Concontratlons 

Almost all samplos from the c1 , c1 b, c2, c3, and f l  units in reach P-2 contain plutonlum=239,240 above 
background vnluos (Table 3.34). Tho only exceptions aro two samples from 11 unlts In P-2 East, one at 
tho surface and one from tho subsurface (samples WPU-97.0155 and 04PU~97-0240), that appoor to 
roeord background lovols and proal 943 sedimont deposlts. 

Plutonium=239,240 concentrations withln reach P-2 are highest in ovorbank sedlmonts In the c2 and 11 
unlts In P-2 Wast, and three samples hero yielded concontratlons of 40 to 73 pCVg; all other analysos In 
P.2 aro less than 25 pCllg. Two of the P-2 West samples with the hlghost plutonlum concontration are 
from adjacent subsurfaco layers In the c2 unit at sampla locatlon PU-0130 (figures 2.3-8 and 3,34), and 
the thlrd Is from a surtacs layor in tho 11 unit at sample location PU=0161, Statlstlcal parameters for 
plutonium eoncontration (maximum, minimum, mean, and modlan) are very similar bowween the c2 and 11 
overbank sediments in P-2 West, and all ovomank sodiments in this subroach are consldored to bo part 
at on0 sodimentological, radlologlcal, and statistical popula:lon. The overbank sodlments rang0 from 1 to 
73 pCUg plutonlum-239,240, with a mean of I 1  pCVg and 8 median of 5 pCUg ("able 3.395). The 
sedlmont with tho highest plutonium concentrations apparontly reprosont Isolated pockots of rblatlvely old 
post-1942 sodlment that cannot be distinguished In the fiold from Other c2 0: f l  sadiment and Pro thus not 
broken out in separate mapping unlts, Overbank sodlment from most c2 locatlons have less than 10 pCVg 
plutonlum, and cancontrntions appear to increase slightly wlth depth (Figuro 33-4). Channel facies 
sodiment havo lowor levels ot plutonium than overbank facios sodiment, wlth means (and mealuns) of 1.2 
(1,6) pCUg for c1 and c1 b samples and 3.8 (3.4) pCVg for c2 samples (Table 3,3-5). 

Plutonium concentrations are much lower in P-2 East than In P-2 Wost, which supports the hypothesis 
based on fleld observatlons that Kwage Canyon Is a major sediment source (Soction 2.1). Geomorphic 
and radlologlcal ovidenco indicate that Kwago Canyon provldos relaiivoly largo volumos 01 sodiment with 
background levels of plutonium, which Is rnixod wlth sodlment derived from fanhor west In Pueblo 
Canyon, thus slgniflcantly roducing plutonium concontratlons. The maximum VGIUO of plutonium-239,240 
in P.2 East, 8, t  pCUg, Is from an overbonk sodlmont sample In the rolatlvoly old c3 unlt (Figure 2.3-9), 
loss than the moan for overbank sodlments in P-2 Wost, and tho moan valuo for the c3 unit Is 5.3 pCVg 
(Toblo 3.3.5). Overbank sedlments In tho more widespread c l  b, c2, and fl wits of P-2 East have a 
maximum of 7,l pCVg plutonlum-239,240, a mean of 2.2 pCi/g, and a modlan ot 1.3 pCi/g. Plutonium 
coneontrations In the c l  b and c2 overbank facies sodiment appear to incronso slightly with depth, 
although concentratlons aro still rolatlvely low at a dopth of 1.5 m (Figuro 3,3-5), Plutonium 
concentrations In coarse-grained channol sodiment In the c l ,  c2, and e3 units In P-2 East are uniformly 
low as compared with upstroam roachos, wlth a maximum of 1.1 pCV$ a m0an of 0.4 pCi/g, nnd a 
modian of 0.3 pCUg (Table 3,395) and show no chonga with dopths down to 1.6 m (Figuro 3.3-6). 
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T A B L E 3 - 4 n w  
REACH P-2 PLUTONiUM ANALYSES 

Lim'td-suite sampte c2 
C 2  

c2 PU-0 162 

I t  

I t  

PU-0 125 

PG-0126 

I 
45-12 1233 Overbank I 1 (IJPU97-0132 
CbS 0-13 Overbark I 1 04PU97-0137 
5-10.5 13-27 Ore&& 1 1 WPU97-Ol38 

PU-0 128 
O.@2l (u )  I 4.36 I Is I k 

10.5-16 I 2 7 4 0  I Overbari 1 1 I MPU97-0139 

0.053 I 11.1 I Is I sl PU-0131 

PU-0133 
O.O17(U)-I 536 
0.M8 I 19.1 PU-0159 I 1  
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IBBL€.&Wwn!~nuec!l 
REACH P-2 PLUTONIUM ANALYSES 

P-2 East (Donnsbcam from Keapc Canpn)  - - -  
1 WFU-97.0174 O.O24(U)' 5.59 Cs- I -____- - Pu-oizo 33.5~3.5 8!i-?i0 1 mstark .- c2 

~ . ~ I . - . ~ .  _______-- (&!La 
c2 PU-0140 52-585 132-143 VderbarJr 2 oIPU97-0239 0.072 692 . VfS 9d 
c2 PU-0164 7-12 18-31 channel 2 WPU-97-0233 -0.003IU) 0.128 ts S 

21.5-30.5 55-77 C b - &  2 04PU97-023J 4.004t(v) 0.131 cs 5 

38-48 97-122 CXWWI 2 WPU97-0335 -0.0075(u) 0.1 ts S 

c3 PU-0136 0-3 os Overbank 1 WPU-974156 O.ooS(u) 5-71 csl 51 

Us) 43-5-52 110-132 (h.erbaPk 1 WPU-974175 O.Q46(V) 4-49 

3-6 &15 Overbank I t 04W-974157 -O.O08(V) 0.362 bfs 

6-9 15-23 Overbank 1 WPU-974158 0.032 7.t 1 ms 
9-14 23-36 Overbank 2 MPU-97-0236 o.ma(u) 8.07 rnS 

15-30.5 38ir2 Chknel 2 IUPU-974237 -O.OOl(U) 0.576 cs 

3-10 %25 Overbank 1 WPU-97.0155 
Overtzank 1 WPU-97-0166 
O V C I t a n k  t I WPU-974167 I O.CQ-i(W) 

_ _ _ _ _ _ ~ _ _ _ _  

fl w-0135 Q3 0-8 Ovehank 1 WPlJ-97-015l O.OlS(V) 0.713 (fs) 



I 

Analytical Results and Data Review Secrion 3.0 

Flgure 3.3.4. Qepth vsrtstfons in plutonlum239,240 concentratlon at sample sttss In the c2 unit 
In roach P=Z Wsst. 
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CsomorphlcUntt Sumnury I Pu43 Pu259240 ' M h n  Partltb Medlan Parlkls bl l  pu23M3d 

c i ,  c ia  cnannoi 
I 

I 
n I 3  1 3  I I I 

c2 channol 

ClD, C2,fl 
ovorbunk 

n i 4  1 4  
ovorage 1 0.00~ i 11,208 I IS 0,120 81 i 252 
sto.aev. i 0,053 I 15.121 I I 
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! 
maulan ! 0.027 I 5.360 

I 
I 
I 

ci,cttt,c2,c3 i avornuo j -0,002 I 0,377 
cnannol sld,dOV. I 0,004 1 0.341 

maxlmurn 0,002 1 1,110 
minlmum I .o.ooa I 0.100 

CS I 0,087 / B  i N.A. 
i 
I 

! 
rnsdrun i -0.002 I 0,282 I I I I 

n 1 8  I 6  I I 

- maximum I 0,010 I 0,076 1 I 
minlmum I 0,008 I 0,040 I i I 
modlan 1 0,008 I 0.058 i I I I 

2 I 1  n 1 2 1  I [ 
Qbo overage I 0.000 i 0.002 NA. I N.A. 1 NA, I NA. 

sia. aev, I 0.001 I 0,001 I I I 
maximum I 0.001 I 0.002 I 
minimum I -0,001 I 0.001 1 I I 
median 1 0.000 I 0.002 I 
n 1 2  I 2  I I 1 
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Location IDS PU-0137, PU-0138, and PU-0140 

i I I 
Smplos 

Figure 3.305. Depth varlatlons In plutonlutn-239,240 concentmtfon In c l  b and c2 overbank 
faclss ssdlmsnt semplos in reach P-2 East 
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Figure 3.36. Depth varlatlons in plutonlum=239,240 concentnition In cl, clb, and c2 channel 
facies sedlment samples and tuff samples in reach P-2 East. 
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Section 3,O Analytical Results and Duru Kltview 

Despite the statistical difforences seen between plutonium coneontrations in overbank sodiment in P-2 
West and P-2 Enst, other evidence Suggosts that many of the c2 ovbrbnnk samples from these two 
subreachas may reprosent deposltt from the same floods without slpnlficant dllutlon by sediment from 
Kwago Canyon. This intarprotatlon is based on the slmllarity In both tho depth trends and the plutonium 
concentratlons between many c2 overbank facles sediment samples in these subroachos (Figures 3.3-4 
and 3.3-5), Theso conlllctlng lntnrpretatlons mey be explained by dlfferences In the rolativa supply of 
sodlmont from Kwage Canyon and upper Pueblo Canyon in different flood events, Speclfically, if Kwage 
Canyon is not flooding at tho Same timo as Pueblo Canyon, resultant sodlment doposits upstream and 
downstroam from the confluence may hovo similar concentrations of plutonlum. In contrast, I f  both 
canyons are flooding then :he sediment supplied from Kwago Canyon WIII result in dllutlon of plutonium. 

Two samples of tuff from a dopth of 2.1 to 2.5 m Immediately below the alluvium at a drlll hole through the 
c: unlt In P.2 East (sample loc8:ion PU-017'4, Figure 3.3-6) woro submittod for plutonium malysos to 
determine If significant amounts of plutonium had been trnnsponod vortically from the alluvium into tho 
substrate. The nnalysos indicated that plutonium is below tho dotoction limlt In thoso samples (samples 
04PU-98-0025 and 04PU-98.0026, Table 3.34) and that the vortical extent of plutonium is limited to tho 
full thickness of tho alluvium horo, 

3.3.3.2 Ago and Particle Slto Relations 

Most of tho post-1942 sediments In both P.2 WOst and P-2 East are lnierrod to dato from the mrd 1960s 
or lator based on troo=ring dntlng, aQrlal photograph Interpratatlon, and comparison with sediments in P-4 
wlth berter ago control (Section 3.3.5.2). and hence to postdato tho last eff Iuent roleases from TA-45, For 
example, troe-ring datlng indlcatos that ovorbank sedlmonts postdate 1963 at one 17 sample location In 
P-2 Wost (PU.0125, trees PUB=005 and PUB-006, Tablo B'I.1) where plutonium concontratlont arb 
typical !or thls subroach, and that no sodlment was deposlted at thls location between 1937 and 1963. 
Similarly, overbank sodlments at o 11 sample locntlon In P-2 East (PU-0139, troc PUB-002, Table B1-l), 
with typical plutonlurn concantratlons, postdate 1962. Much of the sampled c2 sediments In P-2 Wost are 
also Inferred to pOStdatQ emplacemont of tho sewor llno In tho early 1960s (Figure 2.3-8). Slight 
docreasos In plutonium concentratlon during tho timo ropresented by most of tho c2 ovorbank sedimonts 
In both subroaches aro Indicated by the increases In plutonium wlth dopth In Figures 3 ,34  and 3.3-5, 

Local areas containing oarly post.1942 sediments In P-2 East pro indicotod by examination of aerl8I 
photographs and by treo-ring datlng: thoso aro the aroas where the highest plutonlum concon:ratlons are 
found in reach P 4  (Socrlon 3,3.5,2), bur plutonium Concentrations In thoso moas In P.2 Enst Pro 
relatively low. Samplod c3 channel sands at location PU.0136 wore deposltod botweon 1042 and 1952, 
based on examination of aerial photographs (Figure 2,3=10), treoaring dating (tree PU6-001, Table 81.1 , 
Figure 2.3-9), and tho presence of plutonium abovo the background valuo, yet plutonium is present only 
at a concentration of 0.576 pCVg (sample 04PU-97.0136). This low concontration coulcl indicate either 
deposition vary early in tho post.1942 perlad, whan Only Small amoun: of plutonium had beon transpaned 
downstroam from Acid Canyon, or tho dominance of sodiment from Kwage Canyon in this deposit, 

Additional data on potontlal varlntlons in plutonium concentratlon with ago in P-2 ara provided by samples 
collectod from tho environmontal survolllance sampllng station Puoblo 2 (orlglnally callod "Puoblo at 
'fw 27 in P.2 West that QxtQnd back to 1970, presumed to roprosent activo channel samples (Figure 
3.3=7), No trend over time Is apparent wlthin this period, and Instead those data show largo amounts 0 1  
variability. Tho avorage of these data, 2.1 pCilg, is similar to the average of the channel faclos sediment 
from tho c1 and c2 units In this investlgatlon, 2.7 pCi/g. 
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Figure 3.3-7. Relation of plutonium-239,240 concentratlon to age from uctive channel sdlmcnt 
samples collected In reach P-2 West. 
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Sccrion 3.0 Analytical Results and Datu Review 

Scanor plots showing pafliCl0 si20 and plutonium data trom P-2 sodimant somplas Indicate genornl tronds 
of increasing levels of plutonium wlth docroaslng parrlcle ske and also help group samples into ditteront 
age packages (Figure 63-2), Tho sample with tho highest plutonium concontration In P-2 and an adjecont 
layer, from suSsurface c2 ovorbank samples In P-2 West (location PU=Ot30), have oxcoptionally high 
plutonium lovols relative to OthOr samples with similar particla slzo chnractorlstlcs and pro Interred to 
rocord isolated pockots of sediment from tho early post4942 pertod. Notably, tho somple with the second 
highest plutonium concontration in P.2 Wost (47 pCl/g in 11 at locatlon PU-0161) is a surface sample that 
has the hlghost content of clay-sizod particles (12,596) and silt plus clay content (67%) in this subteach, 
suggesting that the relatively hlgh plutonium lovol results from doposition of on axccptionally flne-grained 
layer and not trom tho presence of rolatlvoly old (pre-1962) sediment at this locatlon, 

An examination of plutonium and partlcla sire data for reach P-2 East (Figuro B3-2), poRicularly Unto on 
the porcontago of claysized paniclos, indicates thot most 01 tho c3 ovorbank samplos (lowtion PU-0136) 
aro closely rolatod lo the deepest e2 ovorbank samples from locatlon PU-0140 (85 to 149 ern deep). 
Theso samples contain tho highsst levols of plutonlum In P B  East, although the levols are rolatively low 
(4 0 pCVg). Tho slmllarjfy In these c2 and e3 samplos suggosts that they oro closoly related In ago 
clespito having a height dlff crenco of 1 to 1,s m relative to tho present channel, and :hot thoy span th9 
time during which the channel Incised 1.5 to 2 m from tho c3 surlaco to tho bnso ot tho c2 unit (Figuro 
2.3*9), 

3.3.3.3 Plutonium Inventory 

Tho amount and geornorphlc dlstributlon of thQ plutonium-239,2~0 lnvontory varies bofween P-2 West 
and P-2 East, associated with the changes In slzos Pnd thicknossos of geomorphic units and assoclntod 
plutonium levols downstream of Kwago Canyon. 

P-2 West is similar to P=l Eest In having most ot tho ostlmotod plutonlum invantory, ?6%, contalnod 
wlthin rolatlvoly line-grained ovorbank facias sodlmont (Table 3.36). Slmilar percontages aro estimntod 
to occur within OVOd28nk sediments of tho c2 unit closo to tho nctlve channel, 31%, and the 11 unlt fnnhor 
from the channel, 36%, Howovor, the estlmotod area nnd associated Inventory In the tl unit may be too 
large because It was mapped consarvotlvoly to nvold undorostlmeting the extont ol contamination. The 
most important unlt for storago of plutonium in P-2 West is tho c2 unit, contalnlng an esrlmatcd 48% of 
the total inventory. Approxlmatoly 10% of tho plutonium is ostimated to teslde in tho actlve channel, c l  , 
and In the closely assoclatod c1 b unlt, The total ostimated plutonium lnvontory in P-2 West, 
approximately79 mCi/km, is very slmllor to that in P-1 East. 

P-2 East has n much larger ostlmatod volume of post4 942 sediment than P.2 'Nest, bu! b m u s e  of tho 
much lower plutonium concantrations the total plu:onlum inventory is less (Table 3,3-6), ostimated at 37 
mCVkm. Thls constltutos tho lowest amount of plutonium in Pueblo Canyon downstroam tmm Acid 
Canyon, although it is only sllghtly less than that estlmatod to be storod in P.3 Wost (Soctlon 3.3.4.3). 
Tho largost percentago of the plutonlum in P-2 East, 57%, Is ostlmoted to bo storod within overbank 
sediments, although tho chennel faclos sodlmont is moro imponont In P-2 East than in upstrsam machos, 
7116 most impomnt storage sites for plutonium in P-2 East or0 the c2 overbonk sedlments, estimatod ot 
38% of the total, the c2 channel sodimonts, 26%, the c7 chonnol sodlments, 15%, and the 11 overbank 
sodlments, 12%, 
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Section 3.0 Analvtical Rcsulrs and D u o  Review 

3.3.4.1 Plutonium Conccntratlons 

Almost all samples from tho c l  , c2, c3, c4, and f1 unlts in reach P.3 contain plutonium=239,240 above 
background values (Tablo 3,3-7). The only exceptions are ono samplo colloctod at dopth from the c4 unit 
in P-3 East (2.74 to 2.9 rn UeOp at woll PAO-1, SOmplO location PU-0123) and two subsurface sumplos 
from tho 11 unit in P-3 East (sample location PU-0169) that aro below tho background value and appear 
to record pro-1943 sodiment deposlls. In addition, anulyses at or very near background values wore 
obtainod from 12 unlts in both P-3 Wost and P-3 East (sample locatlons PU=0143 and PU.0152), The 
plutonium Concontrations in corralatlvo unlts In P-3 Wost and P.3 East aro gonorally vcry similnr (Table 
3.3-7), indicating similar sodirnont agos and little dilution between tho subronchus: thus, mmplos from 
thOSB two subroaches aro combinod for purposas of calculattng summary statistics In this roport. 

Plutonium-239,240 concontratlons wlthin reach P.3 are highest in an ovorbank sodlmont samplo from the 
top of tho e4 unit in P-3 Wost, 45 PCUg at samplo location PU-0141 (Figure 23-13), although the noxt 
highest analysis is only 12 pCV& from a subsurfaco ovorbank sediment samplo at an adlacent c3 samplo 
sit0 (sample locatlon PU-0142), All analyses oxcooding 5 6  pCVg In P-3 wore obtainod from relatlvely 
fine-grained overbank sediments irom the e3 and c4 units In both subroaches, and all the overbank 
sodimont sarnplos from thoso units aro combinod, yiolding an nvorago of 8.7 pCVg and a median of 5.8 
pC& (tablo 3.3-8). 

Plutonium concentratlons aro vsty similar batween overbank sediment samples from the c2 and ft units, 
conslstent with thoir CIOSO spatlal relation in P-3 and the slmllar agos of the bulk of tho sediment in theso 
units. One sediment samplo from thQ top of the 12 unit in P-3 East (sample locatlon PU.0152) also 
appears to rocord a thin sadimont layer of the same ago, The avorage and modian plutonium 
concentrations from the c2 and 11 ovorbank sodimonts nro rolatlvely low as compnrud with ovorbank 
sodlments In other rQaChQS, only 1,s and 12 pcvg, respectlveiy (Table 3.34). 

Plutonium concontratlons in the COarSO-grainQd channel facias sedimont in P-3 are genomlly less than in 
associated overbank sodimffnt, with the highost analysts of 4.2 pCUg obtained from the c3 unlt. Averages 
and modlons from tho e3 channol facies samplos, 3.1 and 3.5 pCVg, aro also much higher than In tho 
othar channel unit8 (Tablo 3.3-8). Plutonium concentratlons are slmilar In the c l  and c2 channel 
sediments In P-3, wlth averagos and medians for tho comblned data sot of 0,9 and 0.6 pCUg. 
Concontrations In the older c4 channel sediments aro lowor, with averagos and medians 01 0.6 and 0.3 
pCVg. Much of the plutonlum in the c4 channel sediments may represent plutonlum that was nssoclntod 
with orgclnlc collolds and/or clay partlcies and was translocotod vortlcatly and horizontally into pre-1943 
sediment, as indlcated In Figure 3 3 8 ,  This interpretalion is In part based on ovldence Irom reach Pd 
(Sectlon 3.3.5,1), where plutonium abovo the background value was consistently found in doep chsnnol 
sedlrnents that prodat0 1943, 

AnalySQS from both channel tacies and ovorbank facies sedlmont samples from deep sections in the cl 
and c2 units in P-3 (1.35 to 2.15 m deep) have not revenlod the prosenco of subsurface layors with 
plutonlum concontratlons that are olevatod relative to near surface samples (Figuros 3.3=9,3,3-10, and 
3.3-1 1). In contrast to tho rO3UltS from P.4 (Section 3,3,5), whoro thero lo slgniflcnnt vortica) varhbilily in 
plutonium concantratlon In thlck channel units, there is thus no basis for vertically subdividing the thick 
P-3 units. 
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Figure 3.3-9. Depth variations In plutonlum2S9,240 concsntratlon at sample sites In the cf unit 
In reach P.3 West. 

Flguru 3.3-1 0. Depth varlatlons In plutoniurn239,240 concsntratlon at sample a..es In the c2 unit 
In reach P-3 West. 
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Section 3.0 Anulytical Results and Data Acvvicw 
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Figure 3,341. Depth variations In plutonium-239,240 coneentratlon at sample sites in the e?. unit 
in teach P-3 East. 
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Anofyr;co! Rlrsults und Dora Review Section 3.0 

One sample of Puyo Fomotlon sedlmen: from CI depth of 215 to 2.25 m lmmediotely bolow the alluvium 
at a drill hole through the c2 unlt In P-3 Enst (samplo locatlon PUdl72, Flguro 33-11) was submlttod for 
plutonlum analysis to deterrnlne It slgnlficant amounts of plutonlum hod boon :ranspanod vertlcolly from 
the alluvium Into tho substrate. Plutonlum WGS reponed above the detection llmit but bulow the 
background value (0,015 pCVg plutonium-239,240, sample 04PU=98-0010), which lndkates that llnle 
transport of plutonlum Into the substrato has occurred here, 

3.3.42 Age and Partkls Slze Relatlons 

Temporal trends In plutonlum concentmtlon ore poorly doflned in roach P-3, and it appears that channel 
facles sedlmont from tho porlod when plutonium concontratlons were highest (represented by tho c4b and 
CS units In P-4 West, dlscussod In Sectlon 3.3.5) aro not present In P.3 or am present only in small 
volumes that cannot be dlstlngulshed In the fiold and worn not somplod In this Investlgatlon, The highest 
plutonlum ConCentmtlOnS In channel leclas sedlmentln P.3 wore obtnlned from the c3 unlt. In are;1s 
where tho stieam channel was rrpparontly located In 7954 (Figunts 2.3-?S and 23-16), but the mlntrvdy 
low plutonium concentrations as compared wlth samples In P-4 Wost suggest that these sedimonts am 
older than 1954 and are from the very early post4942 period, No consistont trends wlth dopth that could 
lndlcate temporal trends Pro apparont In samples from tho el  nnd c2 units in P-3 (nguros 3.3-9,3.3-10, 
and 3.3-1 1). Tree-ring dating near c2 sample locatlon PU=0167 In P-3 WOS: (treos PUB413, PUB-015, 
Table B1-1) Indicate that the upper sand and gravel layer postdates 1987 and was probably deposited 
during the August 1991 floods, and much of the upper c1 and c2 deposits In P.3 may similarly dote to 
1991. Trewing datlng In an adjacent c3 unlt In P-3 East (troes PUB-012, PUB-014, Tablo B1-1) indicares 
that tho overbank sedlments at that location postdate 1965 and that tho underlying channal deposits 
predate 1956. 

Data from two envlronmentnl survelllonce sampllng stations provlde additional data on potontial var!atlOnS 
In plutonium concentmtlon wlth age In Pueblo Canyon: a station at Hamilton Bond Spring In P-3 Wost and 
station Pueblo 3, located lmmedlately east of P.3 East (Flgura 3.3-12). The data from Hamilton Bond 
Spring, extending bock to 1978, average 0.5 pCUg and are mostly less than 1 pCVg. Theso data am 
generally slmllar to the pluronlum dau from channel facles sedlmont from tho cl and 3 units in P-3, 
although tho data trom thls Investigation average sllghtty higher, 0.9 pCUg. The data from Pueblo 31 
oxtendlng back to 1979, are very hard to Interpret. Plutonium concentrations QS hlgh as 1 5 5  pCVg have 
been reported from Pueblo 3, higher than from any othor station downstream from Acid Canyon, but half 
of the analyses ore below the background value of 0.068 pCVg. Thls statlon Is in grassy anta wlth a 
hlgh water table downstroam from tho Bayo Canyon M P  outfall, and tho channel Is unllko that at any 
other sampling station, lacklng a COQ~SO sandy bed at present (1997 and 1998). 'Ms, tho nature of the 
samples collected here Is unclear, and the data from Puoblo 3 are not considered useful for this 
Investlgatlon, 

Relatlons between paniclo site characteristics ond plutonium concentration are vory poorly dafinod in P.3 
relativs to other reachos (Figure 83-3). These poor relationshlps may be duo in par: to tho samples 
spanning a nnge In age and being affoctod by tlrne-dependent vari~tlons In plutonium, combinod wlth the 
rolatlvety low concentrations of plutonium In thls reach (wlth few samples exceeding 10 pCVg). Mlxlng of 
variable amounts of sedlment derived from Kwage Canyon that contain background levols of plutonium 
wlth sedlment from upstream ports of Pueblo Cenyon.may also contrlbuts 10 tho poor rolations botwcon 
plutonium eoncenlratlon of particle slzo in reach P-3. 
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station Pueblo 3 east of reach P.3 East 
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Analydcal Results and Da:a Rcvitw Section 3.0 

3.Z4.3 Plutonium fnventory 

Most of the ostimated plutonlum=239,2CO Inventory'ln reach P.3 is contained with channel facies 
sodiment, 64% In P-3 West and 54% In P-3 East (Table 3.3=9), contrasting wlth upstream machos where 
most of tho plutonium is estlmated to reside In overbank facies sedimont, The most Important gcomorphic 
unlt In P-3 West In terms of total estfmated storage of plutonium Is tho c3 unit, containing un estimotod 
40% of the plutonlum In that subroach. In P.3 East tho most Important unit Is tho c2 unlt, with on 
estimated 67% of the total Invontory. Totat plutonium In P.3 West, Rppmxlmatoly 43 rnCVkm, is somewhat 
less than that In P-3 Eust, npproxlmataly~73 mCVkm, associated wlth the smaller volumo of post4943 
sodlment In tho formor. In both subreaches, most of the plutonium is stored In slfes potontially oubjoct to 
remoblllzation If a period of major channel incision occurred. 

3.3.5 ReachP4 

3.3.5.1 Plutonium Concentrations 

Almost all samples !turn tho ehannol and floodplaln units In raach P.4 contain plutonlum4!39,24l abOVQ 
background values (Table 3,3-10). Severnl samples Imm floodplain units contain plutonium within 
background ranges or slightly nbovo background values but have low concontmtlons relative to othor 
floodplnln samples In P.4, suggesting that there hove been only minor addltlons of plutonium-bearing 
sodlmont to thaso sampled layors. ma plutonlum Cancentmtlons wlthin and between units in P-4 West 
and P-4 East are generally conslstent wlth panicle sire varlatlons and lnferrod age; thus, samples from 
these Wo subroaches aro corrblned for purposes of calculatlng summoly statlsflcs In this roport. 

Plutonlum-239,240 concentratlons within tench P-4 are highest In a flnogmined overbank facies samplo 
from within the c6 unlt In P d  West, 170.5 pCUg at simplo l m t l o n  PU9093, whlch Is hlghar than any 
othor sample collected downstream of P-1 (Table 3,3-10: Flgure 3.3-13). Resampling of this layer yioldbd 
a lowor concentmtlon of 628 pCVg, whlch confirms relattvely high plutonlum concentrations within this 
lnyer but also Indicates slgnlflcnnt varlabillty wlthln specific sample loyors (see also Appandlx E). The 
sampled layor with tne second hlghost plutonlum in 94 is located naorby wlthln overbank faclos sadimant 
In the same c6 unlt, with 38 and 18 pCUg In two sampling evonts (sample locotion PU-0045), also 
provldlng an indication of the degree of local variability (Figure 3,3-13), The average plutonlum 
concentmtlon in averbank facies of the c6 unlt and related c5 samples Is 37.8 pWg, and the modlon Is 
11.3 PCVg (Table 3.3-1 1). 

' 

Overbank facles oedlment samples from other geomorphlc unlts In Pd havo lowor concontmtions of 
plutonium, and most samples from cl , c3, c4, c5, ond 11 unlts are consldered to roprooent sodlment of 
simllar age and are grouped together. Ovarbank facias samples from those unlts hove an average of 6.0 
pCVg plutonium 239,240, a madlan of 5.5 pCVg, and a maximum cf 78.7 pCUg (Table 3.34 1). The 
widespread ! la unit in P 4  Wost has plutonium nbovo background levels but low rolmlvs to othor 
overbank samples because of tho prepondemnco of sedlment derlvbd from tributury drainages from the 
south side of Pueblo Canyon, wlth a moxlmum of 0,6 pCUg and an avorage af 6.4 pCilg. 
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TABLE 3-3-14 

REACH P-4 PLUTONIUM ANALYSES 
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REACH P-4 PLUTONIUM ANALYSES 

I 

0.479 
OSf6 W+l 1@-15.5 25-40 C h ~ 4  5 OJPU-974271 -0.0102 (U)' 

15.5-22 4 M 6  chjml 5 OWU-97-@272 O.W(U) 
22-295 56-75 C h d  5 apu-97-0273 O.O03(u )  

PU-#33 0-2.5 (Hi Overbank 1 OJPU-96-0031 0.01 
P u m  M 0-13 Overbank 3 04PU-97kO10 O.Oa[u) 
PUaE=€i 0-3 0-8 Overbank 3 04PU-97-0013 0 0  

0-3 0-8 OvetbarJr 3 04PLI-97-0014 0 . 0 8 0  
F 1 1  18-28 mehank- 3 [ WPU-97-0015 0.120 

0.05 1 cs S 

3.416 fs is 
4.92 VfS sl 
5.45 fs SI 

6.37 !&4 tIA O A d L ! l 9  
- 5.48 vfs. SI 

0.5 csi I 
I 0.55 wf 

0.1 (u) csi s3 

Fasuite samgki 

- 

.- 

fla 
Ila 

cl 0.53 
3.fB 

0.539 
2. I 
1.494 

I 

cl 
clb 
c l b  
c3 
c3 1.056 

0.93 -- 
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Figure 3.3-13. Depth varlatlons In plutonIum239,240 concentration at sample sites In the c6 unit 
In reach P-4 West. 

September 7 998 3.74 Pueblo Cs~yun Reach Report * 



Section 3.0 Analytical Results and Dutm Rcview 

~~ ~ 

Gwmorphlc Unlt Median 

(PWI (mml 
and Pu-239,ZpO Partlels Sits 

SUMMARY OF BlNN ED PLUTONIUM ANALYSES IN REACH P 4  

Median i 

Clans' Textureu ratio 
Partlcla Slra soil I PW2391238 

younp Channel nvorago I 0.031 I 1,317 I 0.637 I cs 
1 

S : 43 
doposlts 
(c1, clb, c3, can, 
and fl) 

sld. dov. I 0.037 I 0.892 I I I 
0.720 1 3.100 I j ! 

mintmum I O.OOO I 0,120 I I 
modlan I 0.020 I 1,128 I ! ! 
n I 14 i 14 I I I 

' maxlmurn I 

oldor channal nvorhga 0.067 I 6.941) I 0.619 I cs 

- 

Pueblo Canyon Roach Repon 

8 I 104 

September 7998 

doposlts 
(cpb*c5*and 

stu. UBV. I 0,054 1 4.322 I 1 I 
' maximum I 0.170 I 16,000 1 I I I 

youngovarbank 

modlon I 0.020 I 0,855 I 1 I 
n I 16 1 16 I I I 
nvorago I 0.075 I 5.993 0.062 I csl ! I  80 

tla ovorbank 

- 
n 1 7  I 7  I I ! 
avorago 1 0,033 0.383 I 0,943 I a1 I I I 12 
Btd, dev. 1 0.050 0.247 1 I 
maxlmum I 0.100 0.550 I I 
mlnimum 1 0,000 0.100 1 
modlon I 0.000 0.500 I I I I 

- ._ - 
J 

mnxlmum 1 0.035 I 0.250 I I 

minlmum I 0.002 I 0.024 I I 



Atra/ytica/ Rcsiclrs and Dura Review Section 3.0 

Plutonium concentrations in the coarso=gralnod channel facies sedimont in P 4  are gononlly loss than in 
assoclated ovorbank sedimont, with tho highest analysls of 16 pCVg obtained from the c5 untt in Pd West 
(samplo location PU=OO46) from an area closo to tho c6 locations wlth up to 170 pCVg, AI1 channol facies 
samples excoeding 3.2 pCVg woro collectod from the c5 and c4b units In P-4 Wost and ci subsurfoco 
layer In the e3 unlt in P 4  East that Is Inferred to reprosont sediment of slmllor oge (Table 3.3-10). Sovonl 
subsurfaco samplos from the cdb and c5 unlts om lntorproted to reprosont sediment equivalent In ago to 
the oldorc6 unit (Flguros 3.3-14 and 3-3-15), and theso samples aro groupod wlth the c6 chnnnol facies 
sedimont. Averages and medians from thls subset of tho P d  channel facies samples oro 6.9 and 5.1 
pCVg (Tabla 3 3 1  1). 

Plutonium concentntlons or0 rolativoly low in the younger channol fecios m p l o s  from roach P-4 (cl, c31 
and c4a chnnnol loclas snmplos, and in D single t l  channel fades sample closely relntod to t90 c3 unlt In 
P 4  East). Avorages and medians for thls comblnod data set are 1.3 and l.? pCVg (Table 3.3-1 1). Note 
that sevoral subsudaco samplos from the c3 and C48 units Ore intorpreted to ropresent SodlmQnt 
equlvalont In nge to tho oldor e6 unit (Flguros 3,346 and 3,3-17), and theso samples are grouped with 
tho c6 channol facles sodlment, 

Samplos from the channel focles of tho e6 unlt in P.4 and somc subsudnce samplos lrom c3, c&, cob, 
and e5 that havo similar plutonium concontratlons and lnforted age probably mpresent a combination of 
oarly past-1942 sodimont ond pram1 943 sodlmont. Flaid observntlons and annlytlcnl data indicate that 
pral943 sediment In many deposits near the post-1 942 channel contain plutonium above the 
background value (Figures 3,344 to 3,3-l?), and tho most likoly source of t7ls plutonium is the v e r M  
translocation of particles, such os clay, whlch havo adsorbod plutonium. Bocauso thore is no rolinblo way 
to dlstlngulsh thoso pro4 953 and post-1942 sodimonts and bocouso for purposos of calculating 
olutonlum 1nven:orles and evaluatlng potontial Ask the age ot tho sudlmont is not importan!, theso 
samples nro cornblned into one bln. Avorages and medlnns for thls comblnod data set aro 1.3 and 0.9 
pcvg (Tablo 3.3-? l), similar to concontmtlons In the youngorchannol facleo sodlmontt, 

3.3.5.2 Age and Particle Slze Relatlonn 

Cloar age tronds aro apparent In tho plutonlum dntn from roach P.4. Wl!hln the channel tachs mdlmont, 
tho hlghest plutonlum concontmtions or0 found In yamplos from the c5 unl! In on &roo. that wus along or 
near tho maln chonnol In 1954, but which was abandoned by 1960 (Flguro 2.3.21j. It Is notnblo !hat the 
wettest August slnce 1942 occumd In 1952, and It Is possible that the dlstlnctlvo c5 sand deposlts WOM 

produced In one or more floods In 1952. Slmllar plutonlum concontratlons are found in the uppor 
sedlmonts of the c4b unlt In areas occuplod by tho mdn channol aftor 1954 bur abandoned by 1965. 
Sedlmonts from units dating from 1965 to present (c&, c3, clb, and c1) ylold lowerconcontrntions of 
plutonium, and no trtlnds om apparent durlng the lnst 30 yoars. 

Figure 33-18 shows data on channel fades sodlment from P-4 whose PQQ Is fairly well constrained from 
an examination of historical aorlal photographs, along with dntn from actlvo channel samples datlng back 
to 1970 oStalned from other projncls In P d  (e.g., LANL 1981,6059) or from tho anvlronmental 
survolllnnce sample station at stat0 road NM 502 oast of P4. Flguro 3.3-18 shows that tho poak 
plutonium concontrntlons In ranch P 4  woro probobly attained wlthin 10 yoats of the Initial teloasos from 
TA45 and that concontrations dropped rapidly attw effluont mlonsos coasod in 1964, 
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Location IDS PU-0049 and PU-0088 (plus PU-0047 and PU-0087) 

I 

Pu*239,240 (PCVg) Stral~graphlc lntbrprotntlon Samplos 

03.w~ PUEBLO wrw FIW npT I rn 

Figure 3,315. Depth variatlons in plutonlum-239,240 coneentretlon at sample sltsr In the c4b unlt 
In reach P J  West. 
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In reach P-4 East. 
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Figure 3.3-18. Relation of phtonlum-239,240 conccntratlon to age from channel facies sediment 
samples collected in reach P-4 and from the environmental surveillance statlon 
in Pueblo Canyon at state road NM 502. 
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sediment silmplas in P-4 show tho same genom1 increases in plutonium concentrotlon with docromes in 
particle slzo that are soon in P-l €as: and P.2 West (Flgum B3.4). These relntlonships hold for both the 
relatively old sediments (c4b and c5 channel facies S9dimQnt and rotated c6 ovotimnk faclos sedlmont) 
and for tho youngar bodmanta (cl, c3, and c4a channel I0ci05 and fl overbank focios), 

3.3.5.3 Plutonium lnvontory 

Reach P.4 has the largest estimntod inventory of plutonium=239,240 In any of tho Pueblo CGnyon 
reaches, associated wlth a comblnotlon of oxceptlonally large volumos of post-1942 sediment and higher 
plutonium concentrations than in the closest upstranm r?mCheS (Pa and P-2 East)..Total estlmatod 
plutonium In P 4  West, 305 mCVkm, Is tapproxlmetoly twlco that In P S  East, 149 mCVkm, because of the 
large volumos of sodlment dating trom the mld-1940s to tho mld496Os. Most or tho ostimotod 
plutonlum-239,240 lnvsntory In reach P 4  is assoclatod with channol facias sodiment, 69% In P S  West 
and 70% in P-4 East (Table 3.3-12), mora thnn in my upstroom reach. Most of the plutonlum estlmatod to 
be stored In P 4  West is dlvided betwoen c6 (26%), c5 (23%), c4n (=Yo), and c4b (20%). In P-4 East the 
most important unlt is c3, with an ostlmatod 61% of the total Invcntoy. In both subreaches loss than 25% 
of the plutonium Is stored in sltos considerod to be potentlally subjoct to romoblliration, with most 
plutonium resldlng In areas presontly removed from the active channel. 

Uncenalntios in tho estimatos of plutonium lnventoryln reach P 4  aro bslioved to be relatively high as 
compared with othor Pueblo Canyon reachos. These uncenolnties aro in part roletad to the dltiiculty In 
determining the overage thickness 01 plutonium-bearing sodlment benoath the extensive channel units 
and In part to the vonlcol variations in plutonlum c0ncen:ntion related to age variations within thQm 
deposlts. Trnnslocatlon of plutonium assoclatod with organic colloids and/or cloy particles by subsurfaco 
wotor may be widespread (Section 3.3.5.7). rosulting In obovo-background lovols of plutonium In largo 
volumes of pre-1943 channel sediment, The high vorlobll~ty In plutonium concontratlon among samples 
collectod from the oldost channel and overbank deposlts also contributes to uncertainties in total 
plutonium Inventory, 
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Secrion 4.0 Revised Conceprual Model 

4.0 REVISED CONCEPTUAL MODEL 

A key pan of tho tochnical approach for the evaluation of contaminatlon in Puoblo Canyon sediments, 
as presented in Chaptor 5 01 the work plan (LANL 199550290), involved the colloction of data to tost 
hypotheses concemlng tho naturo, distrlbution, and transpon of contaminants associatod with 
sediment. These hypotheses comprise components of 3 prollminary conceptual moclol and were 
devoloped based on rosults of prior investlgations in Puoblo Canyon and elsowhero, as dlscussed in 
Sectlon 4.2 of the work plan, Bocause of the significant length of canyon floor atfectod by tho transport 
and deposition of contamlnatod sodiments and becauso of tho comploxity of sodlmont transport 
procossos that havo boon operating sinco 1942, the validntlon and rolinomont of this conceptual model 
is nocossary to pertorm a defonsible quantltatlvo ovaluatlan of risk In the samplod reaches, to 
qualitativoly ovaluate risk in intervoning unsampled areas, and to evaluate the future redistribution of 
contaminants and associatod impacts. 

This soctlon presents tho current conceptual modol of contaminatlon in Pueblo Canyon sedlments, 
which hns been rovised and rofinod from tho prollminary concoptual modo1 PrQSOntod in Sectlan 4.2 of 
tho work plan (MNL 1995, 50290) based on tho results of the invustigatlons in renches P-1, P.2, P4, 
and P 4  as discussod In Sectlolls 2 and 3 of this report. This concoptual modol lnctudos discussions of 
the general nature and extent of contamination within tho sedlmonts, controlllng factors for presont-day 
contaminant d1s:ribution and variations in contaminant levels, goomorphlc processes that rodistrlbute 
those contaminants, and inferences about tho fate and futuro transport of these contaminants. 

4.1 Naturc and Extont 01 Contamlnatlon 

4.1.1 Analytos nbovo Background Valuos 

A series of analfles are proscnt within the sediments in Pueblo Canyon at levels above background 
values and ore consldorod to bo chomlcals of potential concorn (COPCs), as dlscussed In Saction 3,2 
and summarlzad in Tablo 4.1 -1. Tho most slgnlficnnt contaminants 810 radionuclidos thnt m n  be 
assoclatod with roleoses from former Tecnnicol Aroa (TA) -45 into Acid Canyon. Amorlcium=241: 
coslum-137; plutonlum~238: plutonium-239,240; strontlum=90, and trltlum wero oll Idontlfled as COPCs 
in this invostigatlon. Uranium-234, uronium-235, and uranium-238 h8vO also beon rt3pOned abovo 
background valuos In Acid Canyon in prior jnvostlgatlons (LANL 1081, 6059: MNt 1996, 54.468). but 
thoso analytos were not detected above background values In this Investigatlon: thoir low levots are 
inforred to record a comblnatlon of the llmited size of the lnltlal relooses and dllutlon with other sodimant 
In Acid and Puoblo Canyons. 
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TABLE 4.1-1 !con th!Jesi) 

SUMMARY OF PUEBLO CANYON COPCs 

Oigznic C k d c a l s  {mgtg) 

Arcnaphthcne 0.33 
Acemphlhykne 0.33 
Anthracene 033 
Eenz(a)anlhacens 0.33 
BeruHa)pyrene 0.33 
Benzqb)f!wraiiWne 0.33 

0.33 
Benro(k)tkJoranlhene 0.33 
Benzoic acid 033 

-- 
0.033 _- 4.4*-DOT 

- Bemdg.h,VFWne .- 

Bis(Z-eth~?heqT,@dha!a?e 0.33 
Carbazole --I 0.33 
Cluysene 0.33 ------I a- mh?d7lhara!e 0.33 

0.00593 
0.219 (0.3441 
0.44 
0.359 

1 .o 
1.7 
2.5 

0 . S  
0.95 
- 

0.75 [3 3) 
2.8 
0. t 8 10.34] 

1.2 
0.m i0.661 

0.18 (0.3aJ 
0 28 f0.661 

1.9 

0.293 (0.34) 

0.88 
0. t 67 10.661 
0.374 
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Revised Conceptual Model SclCTiQn 4.0 

Amerlcium~241 and plutonium.238 ore gonorally woll ComlPted wlth plutonium-239,240 in Pueblo 
Canyon sedlment samplos, indlcatlng that they am collocated and hence share similar hlstories of relonse 
and subsequont transport, However, both nmericium.241 and plutonlum~238 occur at relatively low 
concontmtlons compared wlth plutonium=239,240 (avoraging approximutely 2.6% and 0.5% of tho 
plutonium=239,240 valuos, respectlvoly). A comlatlon of trltlum with plutonium-239,240 may also oxist, 
bur this apparont corrolation Is controlled by collocation of tho highost hitlum valuo and the highest 
plutonlum=239,240 valuo and may not bo roliablo. Cesium-137 and strontlum-9C wem both found abovo 
background values in a singlo samplo from fln6gralned f l  sediments in P-1 wlth relatlvoly low 
concontrations of plutonicm=239,240, Thoso radionuclides may be correlated wlth aoch other but &re not 
carrelstod with plutonlum=239,240 and tho OthOr radionuclide COPCs. Tho lnck of corrolation of 
cesium-1 37 with plutonlum4!39,240 and Its low concentrations In Pueblo Conyon sodimants suggests 
that total mloases of caslum-137 from T A G  were small and that cosium-737 In Pueblo Canyon Is 
domlnantly darivod from worldwida fallout. n o  low levels of cesium-1 37 in Pueblo Canyon sedlments, os 
reprosanted by a small but statlstlwlty signillcant concentration shltt, and the lack of correlation of coslurn 
and plutonium Ore conslstont wlth rosults of provious lnvastigoticns (Nyhan at al, 1982, tl64), 
StrontIum.90 in roach P-1 displays H statlstlcal shift from background that Is loss than SO% of the 
background value (or ldss than 0.5 pCVg). This small but statistically significant shift indicates 
rocognirable roleases from TA-45, although total releases were opparontly small. 

Inorganic chemlcals Idontitied as COPCs In this investigation includo antimony, codmlum, coppor, load, 
morcury, selonlum, silver, and zinc (TQblo 4.14). Most cfotoctad concentndons of those metals BTO less 
than background values, indlcatlng that contominont reloases were rolatlvely small. Five of the inorganlc 
COPCs (codmlum, load, morcury, silvor, and zinc) sppoar to hovo primary sourcos In tho uppor Puoblo 
Canyon watershed and to hava thdlr highest conconmtkms In roach Pol. Relatkro to bnckground v~luos, 
the most slgniflcant inorganic COPCs are mercury and lead, at roughly sown timot and lour times 
background valuos, rospoctivoly. Theso metals am apparently not collocatod wlth plutonlurn~239,240 and 
may have boon dorived from a vrrrloty of sources in Acld Canyon and uppor PUQblO Canyon, including the 
Pueblo Canyon Wastewator Troatment Plant (\rwvTP), TA.45, and porttops non=Laboratory S O U ~ Q S  in 
the Los Alomos townslte, 

The orlgln and dlstributlon of tho othor inorganic COPCs In Puoblo Canyon sediments (antimony, coppor, 
and selenium) are not certoln. Antimony was rotalned us a COPC sololy because detection limits for 
some samples aro abovo background values, but tho lack of any dotoctod antimony rosults suggests that 
antimony WGS not rolonsod Into Pueblo Canyon. Copper has n fow results nbovo tho background valuo, 
but no pattern Is discemiblo in Its physlcal distribution; the copper In Pueblo Canyon sodlmonts may be 
derivod from a variety of sourcos. Selonium has 8 sodas ol detected sample results and nondotoct valuos 
abovo the background vaiuo, but those are all closo to tho background valuo, and the soionlum rasulb 
may not represent actual contamlnont releases, 

Twonty-nine organic chemicals were Idontilled as COPCs In this Investigation (hblQ 4,1-1), as discussed 
in Section 3, but roported concentratlons for all those analysbs aro relntlvaly low, and their origin and 
distribution in Pueblo Canyon sedlments are uncertain, Tho frequoncy of dotocts is highest In reach P-1, 
and most of the maximum c'otccted sample results for theso inorganic COPCs woro obtained from P-I, 
SUggeStlng sourcos in the upper watershed; howover, those analyros Qro otten not co l lwtod with 
r~dlonuclldo or inorganic COPCs, suggesting dltlcrent sOUrcQs for the different sul:es of COPCs. Tnoro 
moy bo partlal collocn!lan of Some subsets of tho inorganic COPCs becnuso the mavlmum detocted 
vnluos tor 11 of thoso COPCs were obtained from on0 sediment sample from P-1 East, and the maximum 
detected valuos for 8 of those COPCs were obtained from one sediment sample from P 4  West. 
Howevor, the data set for the inorganlc COPCs is small, llmiting confldence in m y  inferencos about thelr 
distribution. 



Secrion 4.0 Revised Conceptual Model 

4.1.2 Harlzotrtot and Vertical Extent 

Tho horizontal an8 vonlcal axtont of contaminated soclments in Pueblo Canyon havo been defined lnrgoly 
through goornorphlc mapping, which ldcntitlod the probable distribution of post-1 942 sediment; analfllcnl 
results from sediment samples wore used to confirm and rellno the mapping during tho phasod field 
investigations. Plutonium-239,240 and othor contaminants havo boon distributed by floods along the full 
length of Pueblo Canyon downstream from Acid Conyon, o Stroam dlstanco oi more tkan 10 km, and have 
been distrlbutod laterally from several meters to moro than 100 m away Irom tho prosont stream channol. 
The latornl dlstrlbution varies conslderably depending on tho local morphology of tho wnyon floor, and tlle 
width of the arm affected by post-1942 floods generally incrooses downstream (Flguros 4.1-1 and 4.1=2), 
Tho area inundated by post-1942 floods and containing sedimont with plutonium=239,240 above the 
background valuo of 0,068 pCUg avomgot approxirnatoly 12 m wide in roach P-l,22 to 52 m wide in 
roaches P-2 and P-3, and 95 to 100 m wide in reach Pd. The combined width of all channel units in a 
roach is typically greater that the width of floodplain units, although both show similar increases betwoen 
P-1 and P 4  (Figuro 4.1-1). 

Tho vorticol8xtent of contaminatlon In Puoblo Canyon sedlmonts ranges irom depths of less than 5 cm to 
at toast 4 m. The thinnest layors of contamlnnted sodimant occur on floodplains that wore probably only 
briefly Inundatod by one or more floods sinco 19-42. In contrust, Ureas of active and abandoned post=l942 
channels aro commonly underlaln by 1 m or more of sediment containing plutonium=239,240 abovo 
background values. The plutonlum In thOSQ channol unlts is probably dominatod by plutonium Rdsorbed 
to sodimont partlcleo and doposltod by pos:=l942 floods, thus baing restricted to post.1942 sedimont, but 
also Includes plutonium that has translocated Into deeper sodimants, Evidonco for vortical translocation of 
plutonium is provldod by tho prosenco of plutonium abovo background values in probable pro.1943 
sodiment as discussod In Section 3,3, Including sediment 01 a depth of 4 m in core from afluvial woll 
PAO-1 In reach P.3 East (Flgure 3.3=8), Samples from four deep sections through abandoned channel 
units In reach P-4 also conflrmod :he prosenco of plutonium to depths grea:cr than 2 m (Figures 3,3=13 to 
3.347). Tho procosses con!rolling the translocation of this plutonium arb not fully understood but may 
include plutonium adsorbed to claysirod panicles andlor organic collolds and trnnsponed by alluvlal 
groundwater originating from wastewater troatment plants within the Puoblo Canyon watorshed. 
Howover, most of tho plutonium and the highest concontrations in evory geamorphlc unit occur within tho 
uppor 0.5 to 1.5 m of the surface in sedlmont doposited by post-1942 floods. 

4.2 Variations In Contamlnotlon 

Tho prosent distribution of plutonium and othor COPCs and variations In contnmlnant concentntion in 
Pueblo Canyon sediments are largoly controlled by sodimont transport procossos that have beon 
operating during the past 55 yoars. Thus sediment transport procossos also affect spatlal vnriatlons In 
any presont or futuro risk that m a y  be associatod with those contarninants. Kay components of the 
proliminary concoptual modo1 that have been confirmod by this invostlgation lncludo the occurrence of the 
highest concontratlons of plutonium In areas closost to the source (reach P-1 East), in relntlvely flne- 
grained sediment deposits, and In rolatlvely old sodlmonts (pro.1965). This Investigation also confirmed 
previous concluslons that the largest part of tho total plutonium inventory In Puoblo Canyon occurs in the 
oastorn pan of the canyon (reach P4). Howevor, some results of this investigatlon foveal mor6 
complexity in tho distribution of plutonium than was proposod In prior invostigatlons, including the 
occuronce of relatively high concontratlons of plutonium in some scdlrnont layors In the eastom canyon 
many kilometors from tho source and relatively low concentrations in some upstroftm areas. Variatrons In 
contaminant concentration as pertains to ovnluating risk and understandlng important transport processos 
aro discussed In tho following sedans. 
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Figure 4.1-1. Varlatlons in the width of p o s t - l W  channel and floodplain gaomorphlc unlts in the 
Pueblo Canyon roaches. 
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Figure 4.1-2, Schematic map of Pueblo Canyon showing variations in the width of canyon floor fnundated by post-1942 lloods and 
spatial variations In the area occupled by earfy post-1942 sediment deposits. 
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4 2 1  Relatlons to Particle Size Variations 

Varlatlons in particle slze characteristics beween sediment deposits of similar age have a major inlluenco 
on vortlcal and horizontal variations In plutonium concentrations In Pueblo Canyon and also have 
ImpoRont Implications for evaluating risk In every reach, the maximum and avenge plutonium 
concentratlons are higher in the relatively flnegralned overbank faclos sedlment deposi:s than In 
associated coarse-grained channel facies sediment deposits, RS discussod in Soctlon 3.3. The higher 
plutonium concentrations in ovurbank facies sediment are also apparent in volume-weightod avorages 
that combine data from all units in each reech (Table 4.2-1, Figure 4.2-1). Within sediments of slmilar ago 
in each reach, trends of increasing plutonium concentration with lnctoasing percentages of clapsirod 
panicles andlor slit and clay particles are also evldent (Section 3.3 and Flgures 53-1 to BM),  which 
explains some of the variation In plutonium concentration within sodlments In P reach. The poorest 
rolations between plutonium concentration and particle size are present In the roaches with tho lowest 
concentrations of plutonium (reaches P-2 East and P-3: Figures 83.2 and B3-3), which may In part be 
due to the mixing of variable amounts of uncontaminated sediment supplied from Kwagc Canyon with 
contaminsted sediment orlglnatlng from upstream reaches in Pueblo Canyon. However, In reoches whero 
plutonium concentratlons are relntlvely high, particle ske trends In plutonlum concontratlon oro more 
apparent (roaches P-1 East, P.2 West, and P.4: Figures 83-7; 83-2, and 834), Including both rolatlvoly 
old and relativoly young subsets of the samples. Thus the results of this lnvestlgotlon are consistont with 
previous lnvostigations that shawed :he influence of particle slze varintions on contaminant 
concentratlons (o,g,, Nyhan et 01. 1976, 11747) and suppoR the colioctlon of data on ponlcle si:e 
dlotrlbu:ion in sediment samples to understand the basis for varlatlons In contamination. Importantly, 
plutonlum concentrations In the respirable Irrlction (c 10 micron sire fraction, includlng fine silt and cloy= 
sized panicles) wlll be hlgher than those measurod In a bulk sediment sample whero less than 204b of the 
material is within this size mngo, The smoilerslze fractions will also be more likely to adhere to skin and 
potentially be ingested. 

4.2.2 AgeTrrnds 

Clear rdetlons between plutonium concentration and sediment age are present In Pueblo Canyon, and 
the largest variations in contaminant concontratlon in each reach a n  be attributed to voriations in the age 
of tho sampled sediment deposits. The stiongost relations between sediment age and plutonium 
concentration wero obtained In reach Pd, In port becauso of the excdlont age control for a series of 
pximomhlc unlts that was provided by oxarnlnstlon of historic clerlal photographs. In reach P-d the 
channel facles nedrment wlth the hlghest plutonium concentretion is dated to tho porlod betwoen 1942 
and 1965, partlculerly a largo sand deposlt (6 unit In P 4  West) that pmbably dates to the oarty 1950s 
(Flgure 3.3-18). Notably, the highest plutonium concentntion measured east of P=? East was from G fine- 
grained overbank facles sodlment layer In P-4 West thot may a150 dato to this same time period based on 
Its closo proxlmlty to tho location of the main channel In the 1950s. In addition, combined data from this 
lnvestlgation and prior invostigatlons domonstrate that'plutoniurn concontratlons in active channel sands 
of reach P 4  have been relntivoly low for the past 30 10 35 yoars (Figure 3,348). and similar or lower 
ConccJntmtions can be expoctod to oxlst in the futuro. 

.. 
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Figure 4.2-1. Estimated average plutonIurn=239,240 coneentratlon in Pueblo Canyon sediments. 
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Rolatlons between plutonlum concontmtlon Qnd sediment age are not as well deflned In the other roaches 
In Pueblo Canyon relatlve to P4, In part related to less preclso 090 constraints on geomorphic units. 
Howover, data from P-1, P-2, and P-3 art) also conslstent wlth tho highest concontratlons of plutonium 
occurring relatlvely early In the post-1942 perlod and concantrotions belng stablo or declining during tho 
past few decades. For axample, the highest pluronlum concentratlons found In Pueblo Canyon occur in a 
subsurface layor In Pol East that is inferrod to bo contempomneous with otlluont releaos from former 
TA45 and wlth tho pre-1965 sand deposlk In P-4 West (Figure 3.3-1). Slmllarly, the hlghest plutonium 
concentration found In reach P 4  Is from a subsurface layer In the c2 unit of P-2 West that may date to 
thls perlod, whereas most other c2 sedlment In P-2 West has much lower concontratlons of plutonlum 
and probably postdato the sower line that was emplaced In tho eorly 1960s (Figures 25.8 and 3,34). The 
highest plutonlum concantration In reach Pa, from an ovorbank scdlment sample from tho surlace of the 
c4 unit In P.3 West nearthe location of the mnin channel In 1954 (Figuro 23-14), Is also inforrod to date 
from the early post-1942 period. Posslble trends of decreasln&: plutonium conconmtlon over tlme In the 
c2 ovorbank sedlmonts o! reach P-2 aro suggtlstod by venlcal chongos In plutonium concontration, wlth 
noar surface sarnpios having the lowest concentrotions (FlQurac 3.34 and 3.395). Decreasing 
concentmtlons In overbank focies sedlment over the  are also suggcstod by dlttemnces botwaen 
sarnplos from P-4 that are probably dominoted by sedlmont deposited during tho 1970s and samplos 
from reach P.3 that aro probably dominated by youngetsodlments from the 1960s and 19903 (on 
averago of opproximatoly 6,O pCUg In P-4 and 1.5 pCVg in P.3). Dota from acthre channel sedlments at 
the onvlronmontal surveillance sampling station at Acld Weir olao suggest P docmasing trond of 
plutonium concentration over tima sinco 1970 (Figure 3.3-3),whereas data from othor survelllnnce 
statlons In reaches P-2 West and P-3 suggest rolattvsly low levels belng mnlntolned during tho past 20 
yoars In actlve channel sedlments (Figures 3.3-7 and 3.3912). 

a23 Spatial Trends 

Two koy spatlal tronds In contamlnotlon of Pueblo i n y o n  sediments are part of the prellmlnaly 
concaptual model from the work plan (LANL 1995,50290) basod on the results of prlor lnvestlgations 
(e& UNL 1981,6059: Graf 1995,48851; Gmf 1996,55537). Fitst, plutonlum concentrations tend to 
decrease downstream from tho source at former T A 4  and second, plutonium icventory Incmases 
downstream from Acld Canyon and is highest In tho bastem part o! Puoblo Canyon. Although thls 
Investlgatlon hns In parr conflrmed both of these spatlal tronds, tho data presontod in this roport also 
show that these trends aro highly lrregularcnd are strongly Influenced by the tlme-dependent trends that 
were dlscussed in Section 4.2.2 and by variallons In tho tlmlng of sedlrnent depositlon and incision 
between reachos, 

4.2.3.1 

Estimated goographlc vnrintlons In average plutonlum concentration In channel facles and ovorbank 
facies sedlment In the Pueblo Canyon reaches am shown In Figuro 4.2-1. Tneso avornge concentmtions 
are derlved from the average values prosented in 'fable5 3,3-3,3.3-6,3.3-9, and 3,3012 and (IM wolghtod 
by the ostlmated volume of sedlrnsnt In each geomorphlc unit. Thls flgure shows R downstream decmaso 
In average plutonlum concentration In oach facies botwoen reaches P-1 and P.3 but on lncmnso in reach 
P-4. Tho same general pattom Is men in plots of all dntn collected from Pueblo Canyon In thls 
lnvestlgatlon (Figuro 4.2-2). The apparently anomalous Increase In plutonium concentration In reach P d  
can be explained by the occurrence of exceptionally targo deposits of sediment dallng to the early post. 
1342 porlod In this part of Pueblo Canyon,'contrasting wlth other reaches whero much smallor 
percontages of the total sediment volume are re$resented by thls timo porlod, as shown schematically In 
Figure 4.1-2. Thus, although plutonium concentrations In sediment of a given age can be expected to 
decrease downstream, mwlmum and avorage concentratlons do not always show such a trend because 
of complex depositlonnl historles. 
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Figure 42-2  Plutonium concsntrat~ons in Pueblo Canyon sediment samples. 
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Revised Concepriral Model Section 4.0 

It Is also notable that data from both this investigation ond prior lnvostlgntions show D slight increase in 
the plutonlum concantration in post4965 channel facies sodlment botween reaches P-3 and Pd, 
although concentrations tend to decrease downstream from Acid Canyon to P.3 (Flgure 4.2-3). This 
Increase in the lowest part of Pueblo Canyon is believed to result from the extensive incision occumng in 
P 4  during the last sevorai decodes, GS shown schematlcally In Flgure 424,  which has rbsuited in 
remobilkadon of older post-1 942 sediment with higher concentrations of plutonium than occur at tho 
surfaco In Pa. The lowost plutonium concentrations In actlve channel sodimonts at prosent occur In 
reach P.2 East (Figure 4.24), which may result from a rolativoly large parrot these sedlments bolng 
derived from Kwage Canyon. 

423.2 Spatlal Trends In Pfutonlum Inventory 

The results of this investigatlon support previous studios ( U N L  1981,6059; Gnf 1995,48851; Gnf 
1996,55537) by showing that the largest part of thelpiutonlum Inventory in Pueblo Canyon occurs in the 
easternmost part of the canyon. including reach P 4  (Flgure 42.5). This hlgh inventory is related to the 
presence of both n much largervolume of post.1942 sediment in P 4  as compored wlth other machos 
(Flguro 4.26) and to relatively high plutonium concenmtions assoclnted wiUi large percentagos of early 
post-1942 sediment, particularly In P 4  Wost (Figure 4.24). The net offect of floods since 1942 has beon 
to transport a large percentage of the plutonium many kilometers from the sourco and to preferentially 
deposlt It in lower Puoblo Canyon, where4 has been stored fordecades. Most of the plutonium in 
downstream reoehes (P4) is contained within the large volumes of rolattvely conrse-gmlnsd sediment 
depoults, whereas most of the plutonium in upstream reaches (P-1 East, P.2 Wost) is contained within 
relatlvoly flne-gmined deposlts (Flguro 4.25). 

One revision to the prellmlnary conceptual model concerns the percentago of pluto~lum stored withln 
sediments relatively close to the source. Based on data on plutonium concentmtions from prior 
lnvestlgfitlons and geomorphlc mapplng, Gmf (Graf 1995,48851: Gmf 1996,5553) hod ostlmotod that 
only approxlmately 6% of the total plutonium in Pueblo Canyon was stored west of Test \Velts 2 and 2A or 
wost of reach P-2 West. In contmst. the results of this Investigation (Table 4.2-1) suggest that 
approximately 25% of the plutonium Is storad here. The higher percentage In thls Investigation Is due 
largely to higher estimates of average plutonium concentratlon In tho overbank facies sedlmenb of 
reaches P-1 East and P-2 West in this investigation (20,6 and 11 2 pWg, respectively: Table 4.24) than 
in previous ovarbank analyses used by Gmf (averages of 3.5 and 6.4 pCVg for these p ~ r t s  of Pueblo 
Canyon). 

4.3 Fate and Transport of Contaminanb 

The primary COPC in Pueblo Canyon sedlments, plutonium-239, has a holf=llfe 0524,000 years and will 
not oxparlance significant decneses In concentration bocausd of rodloacfhre docay ovor t h o  scales that 
are relevant lor evaluating risk, Under notural conditlons, futuro changes in contaminmt levels from thoso 
documented In this Investigation wlll thus be the result of procosscs that transport or. mix sediment, 
involving both sediment containing vorlable levels of contamination and sediment that Is presently 
uncontamlnated, Tne foliowlng sections dlscua important transport procases occurrlng In Pueblo 
Canyon and the llkoly offects of those processes on futuro lewis of contamination. 
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Figure 45-5. Variations in estimated inventory at plutonium-239,240 in post-1942 channel tacles 
and ovarbank facies sediment in Pueblo Canyon. 
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Section 4.0 Rcvircrd Conceptid Model 

4.3.7 Orlglnal Effluent Releasos and Resultant Contamlnant Dlstrlbution 

Plutonium and other contaminants In tho Pueblo Canyon watorshod woro orlginally supplied largely by 
effluent roleasos from TA-45 into Acid Canyon, fhls radioactive otfluent flowod down tho main chonnel ol 
Acld Canyon Into Pueblo Canyon and lnflltratod into thG StroRm beds In both canyons. Becauso of tho 
nature of Laboratory oporatlons, the radlonuclidos may have bQOn largoly in solution in tho original 
off luent, but bacauso of their geochemical characteristics they would have tendod :o adsorb onto 
sedimont parllclos or organlc colloids (oms,, Langmuir 1997,56037), Plutonium associated with organic 
coliolds would havo the groatest mobility, but becauso of the low organic matter content typical for 
SQdhOntS In tho stream bods It is expected that only €I small percentago of the plutonium becamo bound 
to organlc collolds, (Nota that TA-45 oflluont roloasos ovorlapped wl!h rolonsos from the Pueblo Canyon 
WVVTP from 1951 to 1964 and the lartsr may have increased the nutriont levels and organic matter 
content in the activo channol rolative to pre=lnboratory condltlons.) Tho romalnder of the plutonium 
profarontlnlly adsorbed to the flnor=grained sodlmonts bocauso of tholr groater sut?!aco area and, in the 
case of day minerals, their hlgh catlon oxchange capoclty. However, tho data obtained in this 
lnvestigatlon and in prevlous lnvostigatlons indlcote that largo porcentages of the plutonlum in Pueblo 
Canyon are ossociatod with relatively coarso-grained SQdlmonts, conslstont wlth the fact that the stream 
beds are dominatod by coarse sand and gravel. The oxact association of the radlonuclides and specllic 
panlcle sire tractions has not boen daterminod, and much of the plutonium In coarse-grained sodrments 
could be associated wlth elthor the line lractlon ol those deposlts or mor0 geochomially favorable 
coatlngs on lho coarse fraction such a5 cloy or Iron oxldes. Regardloss of tho speclflc geochemical 
location Of the mdionuclluos, tho otlluont roleasOD Incrementally bullt up invontorios within the nctivc 
chonnal sodimonts, whlch wore very susceptlblo to remoblllzatlon durlng floods, 

4.3.2 Etfccts 01 Floods 

Floods constltuto the primary transporr procoss for sodlment and clssociatod contaminants In Pueblo 
Canyon, and thG combinod otfocts of numerous floods durlng the past 55 yoats haw largely controlled 
tho horlsontal and veRlcal extent of contamlnafed sodimonts and varlatlons in contaminant concontration. 
IndlrsCly, floods havo thoroforc sttongty affacted any human and ocologicnl rlsk that may be ossociatod 
wlth contamlna!ed sedimonts. Importantly, the prosont varlations In plutonlum concentratlon in Puablo 
Canyon sodlmonts, comblned wlth documentation of channel changes since 1942, provide a geomorphic 
record of the past otfects of floods and a moan5 to forecast llkoly future changos In contaminatlon. 

Floods transport sodlmont from upstroam to downstroam ports of A watershed and In the process both 
rodlstribute mass nnd ChanQQ the concentrirtlons of contaminants in rosultant sedimont deposits, The 
SOdlmQnt transponod In each flood Is derivod from a varioty of Sources that includo the bod and banks of 
tho main stroam channol and trlbutary drainage basins, the latter includlng major trlbutarias such as Acid 
and Kwage Canyons as wall as tllls and other small channels on canyon walls. 

Much of the plutonium transponod by floods durlng the time of The orlglnal off luont raloases may have 
boen derivod from scour of the adivo Stream bod in both Acld and Puablo Canyons, although the 
plutonlum would have bocomo deplatod from this sourco following tormlnation of tho atfluant reloases and 
other sodlmont storage sites such as abandoned channels, and floodplains would have become 
progrosslvely more Important as sources for plutonium. Contaminants In abandoned channels and 
floodplains wlll be mostly romoblllzod by latoral bank orodon. Thus tho location and rates of bonk oroslon 
wlll navo D major influonce on contaminant concentrations, and ConcontratlonB could vary significantly 
bohhloen floods. Preforentlal oroslon of post-1942 doposlts In P flood would rosult In higner plutonlum 
concentrations than preferentlal Oroslon of pre4 943 deposlts. In cddltkn, the relattvo amounts of 
sedlrnenl supplied by bank eroslon vorsus that suppllod from tributary Urninagas in Individual floods will 
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atfoct plutonlum coneontmtions, For axample, at present Kwnge Canyon RPPQWS to bo a major sediment 
sourco In the Puoblo Canyon watershod, and plutonlum conct?ntratIons are relativoly low In machos P-2 
East and P-3 lmmodlntoly downstroam. Since the tennlnatlon 01 otfluont roloasos from TAPS in 1964 the 
net off o b  of the mixlng of sodlment trom D varioty of sources has been !o reduco contaminant 
concentrations trnnsponod by floods from mose before 1965 (Section 4,22), and future decreaos in 
contaminant concentntton can bu oxpocted, 

Sediments aro somd during floods, and contaminants associafed wlth difforont slze classos ol sedimont 
will bo transported dltfarent distances and dopositod In diflonnt locations. Coarse sand grnlns am lorgoly 
trnnsportod by mlllng or saltation (bouncing) along the stroam bed and wlll tend to be transported 
rolatlvely short distancos In each flood and to be deposltod on the stroam bed, although lorgo floods can 
also tompomdly suspend coarso sand grains and deposit them In ovorbonk deposits nofir the stream 
chnnnol. Tho finest particles (1.0.. clay. and silt-shed particles) nro oaslly susponded in floods and can be 
tmnsponod tho longest dlstancos In Indlvlduot floods. Silt and clay paRlclos carrlud In suspension can be 
deposlted In tho actlvo channel by wa:or that Infiltrates the stroam bed, deposltod on adjacent surfaces 
Inundated by overbank floodwaters, or carried dlroctly into downstroam dmlnagos such as Los Ainmos 
Canyon or the Ala Gmndo, Plutonium concantmtions In sodlment dopositad by lndlvlduol floods may 
genorally be highest In thoso locations whero silt and cloy percentages are tho hlghost, although It is also 
possible thot sodlments with abundant silt= and ciapslzed portlcles wlll have mlatlvoly low concentmtlons 
of plutonlum It theso pnrtlcles are mostly derivod from noncontaminated drntnagos (a$, Kwage Canyon), 

Averago sediment resldenco times, or the avarage tho  betwoon floods that remobllko speclflc sedlmont 
particles, will vary among sdimont doposited In dlflerent goomorphlc locntlons, Rosldenco tlmos for 
sodlment In actlvb channels wlll be relatlvely short, and sodlmont In thoso areas can be rnoblllred oaslly 
In floods. In Contrast, rasldence tlmes for sodlment deposited on floodpl~lns a n  oxceod 100 yoas, bnsod 
on the age of troes growing on those surfcces, Sodimont in many of tho abandoned channol unLt along 
the uctlve ChannQl of PJOblO Canyon haw ostlrnated rosldenco tlmes of 30 to 50 yoors or less, bosod on 
plutonlum concentrations and geomorphic and sodlrnentologlc choracteristlcs. However, sodlment in 
abandoned channol units In sroas atfoctod by major channel changos probably have rosldenco times that 
oxceed 50 yoars (such as the e5 unit in P.4 West that probably dotes to the onrly 1950s). 

Slgnlflcant changes In the 6levtMlon of the sttoam bed along most ol Pueblo Canyon have octurrvd 
during floods sinco 1942 and have had a major Influonco on the dlstrlbutkn of plutonlum, At ditlorent 
tlmas, dtfferont ronchos have o l h w  oggraded (raising ol the stroam bed by sediment doposltlon) or 
degrnded (lowering of the stmam bed by chnnnel Inclslon), Tho lorgost part af tho prosent plutonlum 
inventory occulg In P-U Wost (flguro 4.2=5), an area that was aggrodlng during the tlmo of the origlnal 
eflluont folanses, resulting in rolatlvely large volumos 01 aatiy post-1942 sedlmont. At prosent, nnch P.4 
Is incising but roachos P-2 East and P 4  am Gggmdlng (Flguro 4.24), and most of tha sodlrnent In P-2 
East and P.3 is relatively young and possosses lowor mncentmtlons of plutonium than the older P S  
doposlts. This complox behavior of the stroam channel Is bolloved to bo due to large fluctuatlons In tho 
rata thot sodlmont Is suppllod to the maln Puablo Canyon channol (Rsnoau et ai, 1996,57642), a procoss 
that has boen documented in other semiarid watorsheds (Gsnnanoskl and Harvoy 1993,50670). The 
sourea for sodlmont thnt muy havo driven the oarly posb1942 oggrndotlonal period In P 4  Is not known, 
but the most ImpoRclnt sediment sourco at pmsbnl appears to bo withln Kwogo Canyon (In partlcular a 
stoep eroding colluvial slop0 located 0.6 km upstroam from tho confluenco wlth Pueblo Canyon). 
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4.3.3 Efiects of Bloturbatlon 

A variety of fauna, panicularty burrowing mammals, can bo vory offectivo at mixing soils and thus locnlly 
changing concentrations of contamlnants, Such biologlcal mixing procossos are collQctively known QS 
bloturbatlon, a tom that also includos mixing by plants, including disruption caused by toppling trees. 

Evidence of burrowing mammals is wldespread within areas of post-1 942 sodimmt In Pueblo Canyon, 
and related sodimont mixing affocts contaminant levels over n range of time frames and spatial scalos. 
Bloturbation can locally lncrenso contaminant IOVQ~S in solls by transponlng sediment that is contaminated 
into subsurtaco layors or onto surfacos that aro uncontomlnatod or that contain contaminants at lowor 
levols. Howovor, bioturbatlon wlll also locally dQCrQaSQ contaminant levols by mixing uncontaminatcd 
soils, such as those prasont in pre-1943 doposlts, into post4 942 plutonlum=bcarlng sodlment aoposlts. In 
genoral, the net effoc: over time 15 probably to reduce the vertical stratlflcatlon in contamination that 
rosulted from original dapositlon of sodimont loyors with varylng plutonium levels, producing mor0 
homogeneous Contaminant concentratlons In sodlmonts, Whore bloturbatlon Is restrictod to the dopth of 
post-1942 sedlment packages, resulting avorage contomlnant levels for such sodlment packagot should 
be Slmllar to thoso ostlmatod In SoGtlon 3. Altomatively, whom bioturbation extonds to groator depths, tho 
enoct of such mixing wlH bo to reduco averago plutonium concentrations whilo Increasing tho volumo of 
plutonium-bearing solls, 

An additional offea of bioturbation Is to bring frosh looso matorial to tho surloce. Such looso matorlal is 
more suscoptlblo to rsdlstributlon by rainsplash, wind, or abovcground mimals than adjacent areas that 
may bo well vogetatod or othorwlso reslstant to erosion. Thus bioturbation contrlbutos to other transport 
pathways and oxposuro pathways, Ralnsplash of this looso moterlnl CELUSOS only voy  local redistribution, 
but It Is lmponant In tho Conroxt of transterring contaminatod material Onto plant surtacos whore it con be 
Ingested. Wlnd and animals can potontlally transport cantamlnated matorlal onto uncontaminated 
goomorphic unlts, and of these procosses wind is llkoly more signlficant. 

43.4 transport by Wlnd 

Wind has llkely provlded a mechanlsrn for at loast local rodlstributlon of contamlnants within Puoblo 
Canyon, in addition to Its rob In oxposuro pathways includod in the rlsk assossmonts in Section 5.1, Wlnd 
transport may help accoun: tor tho obsewntlon that samples collected from geomorphic surfaces that 
have probably not been dlrectly Inundated by post4 942 floods often havo concantrations ot piutonlum 
somawhat above background valuos although well below those found within noarby post-1 942 sedimonts. 
Rocently doposltod, unvogetated, fine-grained overbank sediment may provlde an imponant source for 
wind-transponod sediment wlth contaminant levels abovo background, as has baen documentad in other 
roglons (e,g,, Lechler et al. 1997,58475). Arms dlsturbed by burrowing mammals may proviaa an 
additional sourco, as dlscussod In Soctlon 4,3,3, Howovar, It Is important to noto that eollan sediment 
derivod from post.1942 depotlts wIII also be mlxed wl:h matorinl eroded from uncontarninoted areas, 
rosultlng In dilution. Sources of eolian sodlrnenr during or between wind storms may bo oxtrsmely 
variablo, and no attompt has bQen made to avnluate the relntlvo contrlbutlons of c0ntnmino:ed and 
uncontamlnated amas in provldlng eollan sediment in Puoblo Canyon. 

4.3.5 Transpon by Alluvial Ciroundwator 

Alluvial groundwater, probably largely derlveC from eff luont releases in the Puoblo Canyon watershed, 
has causod at least paRlal rodistributlon of plutonium within post-1 942 sodtmdnts and into pre-1943 
sedlmont Ueposits (Sectlon 4.1.2). Thls transport may Include a camblnatlon of plutonium essociatod wlth 
organic collolds, which could be transported relatlvely easily within alluvial groundwater systems, and 
plutonium adsorbed onto clay particles. Plutonium concentratlons in the deep sediment bodies that 

. 
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rosulted from such subsurface transport are relatively low as cornparod wlth near-surfoco deposits, In 
addition, linle transport of plutonium from the alluvium into underlyins substratas is indicntod by somplos 
ot two locations In reachos P-2 East and P-3 East (Figures 3,341 end 3,347). Subourtaco transport is 
expected to be most nctlve downstream from treatment plants, which provide large volumes of wator and 
produce pcrsistont alluvlal groundwater bodlos, such as has occurrod downstream from tho Bay0 Canyon 
W P  since 1963 (roaches P-3 East and P-4). Efltuont roleases from T A G  (1944 to 1964), the Puoblo 
Canyon WWTP (1951 to 1991), and tho Central W P  (7,967 lo 1966) probably wusod similar 
subsurface transport In roach P-1 and downstream reochos. Anomer offoct of discharges from the 
troatmont plants would hnvo been to Increase nutrient lands along the activo stroam channols, and nonca 
potentlally lncreaso concentratlons of organic collolds that could ald transport of plutonium and other 
COPCs, although the lmportanco of such transport In Puoblo Canyon Is unknown. 

4.3.6 Future Rernoblllzatlon and Transport of Contamlnants 

A general evaluation ot tho off octs of futuro rernobillratlon and transport of contamlnatod sodlment by 
natural processes can be made based on the results of thls invostlgntion, panicularly using data on 
important transport processes and resultant changes In plutonium concentration and dtsttibution oinco 
1002, as discussed In provious soctlons. A time frame of crpproxlmatoly 50 yoars is choson for thls 
evaluation becauso avclllable data are bost suited for undofstandlng sodlmen! transport prucassos in 
Puoblo Canyon ovor this tomporal scale, 

Future floods will continuo to rodlstdbute plutonium within Puoblo Canyon and to transport somo of this 
plutonium into Los Alamos Canyon. This redistribution will reduce tho plutonlum invontory in some 
roaches and perhaps lncroase tho invontory In some downstream areas. Tho plutonium most suscoptlblo 
to romobillzatlon Is that part of the total invontory stored wlthln tho prosentty active chmnol (el) and in 
goomorphic unlts adjacent to the octlve channel, such &s tho c2 units, In these areas sedlment rasidenco 
times are generally less than 55 yoars, and romobillzatlon is llkoly during tho noxt 50 years. Howovor, 
largo nroas of abandoned ehannols and floodplnlns are removed from tho anivo channel, and avorago 
sedlmont rosldenco times In many of thoso arons probably exceed 50 years, 

Preliminary evaluations of the wsceptlblllty of post-1942 sediment deposits In thO Puoblo Canyon roaches 
to rernoblllzatlon (Tablos 3.3-3,3.3-6,3.3=9, and 3,342) suggest that roughly 60% of the plutonium could 
remaln In Its prosent location for 50 yeas or mor0 (Tbbla 4.24, Flguro 4.3-1). In addition, some undefined 
part of the plutonlum that Is rernoblllzed wlll be rodeposited In stablo geomorphic settings in downstreom 
reaches and remnln wlthln Pueblo Canyon during this porlod. Therofore, it is oxpocted that loss than 40% 
of tho plutonium presently In Pueblo Canyon will be transported Into Los Alarnos Canyon during the next 
50 years. Importantly, less than 20% of the large plutonium Inventory In reach P S  closo to the Lnboratory 
boundary is conslderod suscoptiblo to remoblllzntlon during the next 50 yoars (Figure 4.3-1). 

Although !hero aro many poorly doiinod unceenintios cs:;oclalod wlth these invontoty calculations, the 
estlmntos of the percentago suscoptlble to romobillzatior are lntendod to be consorvatbe and to 
ovorostlrnato the amount of contaminated sodlment that i ~ l l l  bo romobllirsd, For examplo, the abavo 
ostimatas assume that a period of Channel Incision slmlleir to that presently occurrlng in roach P-4 will 
occur In the upstream roaches that are prosently aggrading (P-2 East and P-3), complotoly remoblllzing 
sediment below the surfaces of the c7 and c2 units In these reachos, However, It Is also possible that 
these roaches wlll continue aggrading or romaln unincised, reducing the transport through these roachos, 
or that a period o! lncislon would involvo only part of the Units along tho active channel end that the rest 
would romaln stablo lor long periods, similar to tho cS unit In P-0 West thot hos bmn largely stable since 
me early 1950s. In audltlon, ma)or Channel changos could occur that dlvort tho channel away from tho 
primary post4942 sedlmont doposlts and Into floodplain se:tlngs with only thln layers or p o s t a ~ !  
sediment, 
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Figure 4.34. Variations in the total cstimeted plutonium-239,240 inventory and the fractlon of 
the inventow consldtrtd to be susceptible t o  rcmobiltzation during the  next 50 
yeen in Pueblo Canyon. 
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The plutonlum In Pueblo Canyon most susceptible to tmnsporr Into Los Alamos Canyon Is lecatod In 
reach P 4  and between P 4  and State road NM 502 M d  occurs wlthin the c1 unit and othor post-1942 
sediment deposlts close to the actlvo channel. The sllght increase In plutonium concentration In young 
channel facies sedlment that occurs between P.3 West and P-4 (Flgure 42.3) Is probably :he rosult of 
such remobillretion of plutonium fmrn the bed and banks, and tho mlatlvely low variation In plutonium 
concentmtlon in the channel sodlments of P 4  during the past 30 years (Figure 3.3-18) suggests that 
current plutonium contentratlons In the nctlvo stroam channel may be malntnlned for deadas. 

A likely worstaso scenario for the remoblllzotlon of plutonium In Puoblo Canyon sedlments and thelr 
transport Into Los Alomos Canyon might involve one or mom extromo hlgh-magnltudo floods that causo 
widospread bonk erosion In reaches such as P-1 and P.2 West and triggera period of channel lnclslon in 
reachas that are currently aggrctdlng (P-Z East and Pa}. Although relatively llttle plutonium Is storad 
within P-2 East and P-3, creation of an incised channel would probably allow mom effective transport of 
sediment derived from upstream reaches than at present beaauso runon would be confined botwbon 
hlgher banks and would bo deoper. Under these eondlllono slgnlflcant redishlbutlon of plutonium might 
occurquick!y. Such high-magnitude floods would Ilktly uluso substantial erosion of pro-1943 sodlments 
that contaln vlnunily no plutonium as well as provide additlonal clocrn rsdlmant from Kwago Canyon and 
othor trlbutary drainages, helping to dlluto the plutonium supplied from upstroam machos, although the 
amount of dilution is dltflcult to prodiet. 
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Section 5.0 Sire Assessments 

5.0 SITE ASSESSMENTS 

5.1 Preliminary Human Health RIsk Assossrnent 

5.1.1 Scope and Objectives 

Thc purpose of thls section Is to evaluato tho data on contaminants In Pueblo Canyon sodlmonts relative 
to potential human health effocts, The omphasls of thls analysls Is to dotormlne whether a site 
management doclsion to mltlgste potentlal human hoalth r i sk  is warranted at presant. This analysls usos 
present=day contaminant concentratlons and roosonablo present-day exposuro scenarios and does not 
~SSOSS tho posslble eff acts of futuro contaminant rodlstributlon or potentlal futuro land uses, 

"he assesomen1 in thls lntorim ropoR is foeusod on risks rosultlng from dlroct oxposuros to contaminants 
In sodlments vla ingostion, lnhalatlon and dermal contact, and Indirect oxposuras through convumlng 
foodstuffs that have grown on contaminated sediments or meat from onimals tha! have consumed plants 
In thoso areas. Data are not prosontiy avnllnble to porlorm assessments that Include water pathways, but 
water pathways will bo includod In mor0 comprehonsivo rlsk assossmonts in one or more futuro roports 
on Pueblo Canyon. 

5.1.2 Cornparlion wlth Care Document Rlsk Approach 

Chuptor 6 of tho Core Document lor Canyons InwesfjgNions ("the Cor0 documont~ ( I A N 1  1997,55622) 
proposes risk asmsments that Include sodlmonts, surface wator, groundwater, and air paniculatos. 
These mcdia waro proposod to be evaluated in nine oxposure scenarios over throe land uses. The 
continued Lobomtory land us6 Includes a construalon workor scennrlo and 8n on=sito workcr xonorlo. 
The recreational land use has both a !rail user sconarlo and a camper nconarlo. f h e  American lndlan 
land us0 conslsts of sconarios for resldontial USO, ranching, hun!lng, tradltlonal usos, and use of tho Rio 
Gmndb and Cochitl Lake. 

The assassment in this report uses sconarios for a ttall user, a resource user (lncorporatlng aspects of a 
ranchlng or hunrlng sconarlo), and a constructlon worker. These scanarlos aro conslderod to be Inclusive 
of roallstic prosont=dny potcntlal oxposuro nalvlties In Pueblo Canyon, The bnsls of primary and 
secondary exposures nro the COnCentrPtIonS of contomlnants in sediments. Tho other scenario6 proposod 
In rho Cor0 document are not currently active In Pueblo Canyon and wlll not be ovaluated In the thls 
lntorlm roport. 

Development of an Amerlcan lndlan Innd us0 scenario Is proposod In thb cor0 document. The lntont of that 
land use sconario Is to uniquely deflno tho parameters of oxposure pathways that rofloct the actlvltios of 
the local American Indian pvpulatlons. Howovor, the Amorican lndlan sconarlo Is not suff iclently davalopod 
to bo applied In this report. An approximatlon of tho Amorican tndlan scenario could be ochiovod by 
comblnlng a resldentlal scenatlo wlth tho resource usor sconarlo, although o rosidentlal scenario is not 
included In thls report becauso It is not a roasonable prosant-day scenario for Pueblo Canyon. 

Each of tho oxposuro sconnrlos evaluated in this report is applied ovor tho entire m a  of each roach. This 
means that an avorage contaminant concontrntlon Is calculatod for each roach and is usod for tho 
potentlal rlsk estlmate as descrlbed in Soctlon 5,1,4 and Porona ot ai, (1 998, 62049). The method of 
averaging is addressod In Sectlon 51.6, This method is In Contrast to tho approach proposod in tho coro 
docurnont, which lnvolvos uslng ditforont size oxposuro areas for dlfforent scenarlos. Tho trail use, 
rosourco 1.190, and constructlon anlvity would likely occur along 0 whole roach. Theroforo, It Is roosonablo 
to uso tho wholo reach overages as a means lor estlmatino oxposure. Scalo Issues relatod to the other 
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sconarlos In the core document will be addressed when those scanorlos aro ovoluatod In futuro 
assessments, 

Human heolfh rlsks for this report are ostlmoted by componng the maximum values, and for key 
radionuclides the overage voluos, for each of the chemicals of potanliol concern (COPCs) with 
preliminary remodlatlon goal (PRG) values, The PRGs are genentod by using the paramotes sssoclatod 
with aach of the sconarlas, ~5 described fn Sdctlon 5,1,4, and compu!ing the contaminant mncentntion 
that would result In a throshold rlsk. Thls is consistent with the Envlronmontnl Pro:uction Agency (EPA) 
manual Risk Assessment Guidance lor Supedund: Volume I-Hurnon Hoalfh Evrrluafion Manual (Part 3, 
Develupmenr ofRIskmbased Preliminary Rernedlarlon Goals) (RAGS) (EPA 199'1,58234). For oxamplo, 
the €PA has provlded guldanco that 15 mremlyr Is 8 protectlvo dose ilmlt lor radlonuclldes (EPA 1997, 
SSSQS). This is mare consamative than :he dose llmlt of 25 rnremlyr proposed by the Nuclear Regulatory 
Cornrnlssion for unrestricted use of a sito (10 CFR 20) and the Ilmlt of 100 mtcrnlyr In Depamont of 
Energy (DOE) Order %00,5, "Radiation Protection of the Public and tho Environment' 

An oxample a! tho uso o! PRGs in this repoR follows. Glvsn the doscription of the tnll usor scenario In 
Sectlon 5,1,4, tho concentrntlon of plulonium-239 in the sadlments that results in an oxposure Of 15 
rnterdyr is 440 pCVg, which constitutes the PRG, The measured mnxlmum value for piutonlumQ39,240 
in Pueblo Canyon is 500 pCUg. Thoroforo, the PRG is 88% of tho moasurod maximum value. Basad upon 
this lnltlal screenlng assessmdnt using maxlmum sample resub, pIutonium-239,240 Is Investigated 
funhor In Sactlon 5,1,6 using ovemgo values for all geomorphic units In each roach. (Nota that toxldty 
volues lor plutonlum=239 Pro used for the plutoniurr,-239,240 data obtained In this Investigation becuuso 
hlgh preclslon analyses have Indicated that only low'percuntages of plutcniumQ40 ore prosent in 
sadlments at the Labantory [Gallaher et ai, 1997, 59165].) 

The PRG concontmtlons lor chamlcal carclnogens OM basod on a potontiel fisk of lo4. Tho 
noneorclnagen PRGs are based on a hazard quotlent (HQ) of 1. The maximum contomlnant values or0 
compared wlth the PRGs to datemlne which cmtamlnants are llkely rid: drlvcrs. Tho contominant 
averages are used for estlmotlng sxposures supporting docisions regordlng risk manogomont or rlsk 
mltlgotlon for the kay radianucltdo COPCY. The concentmtlon uvornges am often rutorencad to sedtrnont 
pckages, which are comblnatlons of geomorphic units and sedlment taclds presentad In Tablos 3.3.2, 
3.3-5, and 3.3-8. 

Approaching rlsk characterlration In thls manner supports site mnnsgomont docialons Rbout presont-day 
potontlol rlsks and the posslblo neod for ramediatlon 01 sodimants, Thls Is P de!ormlnlstlc approach that 
uses the contamlnant concontmtlon data to make indlvldual contaminant ~ss6ssments, Where 
contaminants are collocated, the porcent PRGs can be summod to sstlmnto tho integrated potontial 
oxposures. Pertormlng stochastic uncortainty and sensltlvity anolysos 13 duforred to later roports when 
suff lcient d m  are avallsblo to evaluato tho surface water and groundwator oxposuro pathways, 

5 . U  Selection of COPCs 

Sectlon 3.1 provldes an malysis of tho contaminant chta from Pueblo Canyon sediment snmplos and a 
salection of the COPCs that warrant tuRher considotatlon in slte management doclsions. Thoro am 6 
radlanuclidos, 8 Inorganic chemicals, and 29 organic chemicals recommondad for further ovoluation 
(Table 5.1-1). A primary focus of the lnvosfigntion In Pueblo Canyon was to determino tho concontmtlons 
and distribution of plutonium~239,240, whlch was selected os a key contnminant based on the rosults of 
prevlaus Investigations and the full-suite analyses conducted In this invostlgatlon. Addltional contnminant 
analyses wore abtained to assess the presenco of additlonol COPCs and to evaluato posstblo collowtlon 
ot other contaminants wlth plutonlum. 
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P W b l O  TrallUuer I RwourmUw I Conim~tlohWorkn 
PUG I PRG I PRG COPC Mhxlmurn Vslusb 

Orpnlc chsmkrls 

PUE8LO CANYON MAXIMUM CONTAMINANT VALUES AND EXPOSURE SCENARIO P R W  

0.07 I 
Bonro(b)fluoronthene I 2.5 I 1 ,t I 147 I fL7 

Bonzo(k)fluorunthone I 0.95 I 17.00 I 17 I 97 

I Bonro( g,h,l)perylone I 0.80 ! N.A? I N.A. N.A. 

Benrolc AelU ! 0.75 I 1500000 1 15oowo I 370000 
Bls(2~olhylherjl)phthalalo i 2.8 ! 00 I 90 500 
Gamaazale I 0,18 03 I 03 I 350 
Chfy30nR I 1.2 I 170 170 I 070 

Dlbenrla,h)anthracane I 0.28 0,17 I 0,17 0.97 

Fluoranthono I 1 .DO I 22000 1 22000 4000 
Fluorono I 0.28 I 22000 I 22000 I 4000 

I 

Dl~wocoetylphln~lOlO I 0.094 11 000 I 11000 2000 

Dibonrofuran i 0.18 2200 I 2200 400 
- ~ ~ -  ~~ 

Indono( 1.2,3-ed)pyrone 0,OA I 1.7 I 1.7 I 9.7 
2~Melnylneph lhelene I 0.17 I 2200 I 2200 400 
Nophlholena I 0.37 I 2200 2200 I 400 
Phenanlnrene I 1 .s I 1 BOO0 18000 I 3000 

r Pyrene I 2 2  I 18000 I 10000 I 3000 

Antimony 1 ND.(4.0]' 880,OO 4El I n 
Caumlum 032 2200 I 8.6 ! 1 RO 

l Capwr I 32 I a7ow I 250 I ?700 

lnorpinlc Chemluln 

I Lead 
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n I 400 400 I 400 
Morcury , 0.65 I 680 0.22 I n 

Ptuionrum.23a I 2.1 I 480 170 I 2t5 



A scrooning assessment of the other COPCs using mwimum vniues and PRGs Is prosontod In Figure 
5.1-1, The lines of equality in theso plots sopamto tho plot roglons into two areas. Points that plot to tho 
right of the lines of aqualily are maximum COPC Values that aro loss than their PRGs. Points that plot to tho 
left of the lines of equality oxceed PRGs and are evaluated further. In addition to plutonlum-239-240, the 
COPCs, that exceed thoir PRGs are benzo(a)pyrene, bonzo( b)fluormthene, and dibcnt(a,h)anthncone for 
the trail user scenario; mercury, benro(a)pyrsne, benzo(b)fluoranthc:no, and dlbenz(a+h)anthracono for the 
rosource user scenarlo; and benzo(a)pyrono for the constructlon wsrkar scenario. PiutonIum-239,240 is tho 
only COPC that OXCeGdS its PRG for tho construction workor scsnario. Plutonlurn=239,240 is a pervasive 
contaminant in Pueblo Canyon and will bo assessod further in Soctlons 5.1.6 through 5.1.6, The remaining 
COPCs or0 dlseussod below. 

Polycycllc aromatic hydrocarbons (PAHs) Ore commonly founci in association with petroleum products 
and are duo to incomploto Combustion of organic 3ubstunco:i. PAHs lor which EPA has publlshod toxicity 
values are gonorolly classifled for carcinogonlc potential as either class 82 (posslblo human carcinogon) 
or class D (Inadoquato data to dGtormine cnrclnogenlciry), The EPA cancer classific~tion for 
benzo(a)pyrone Is class 82. The €PA cancor clnssificotion for bonro(g,h,i)perylono Is class 0, Other 
common PAHs that sham a class 0 carclnogonlclty ciasslflatlon Include acenaphthono, nnthracono, 
fluorantheno, fluorone, naphthalene, and pyrone. 

Throo PAHs were detocted at concontratlons abovo PRGs: bonro(a)pyreno, benzo(b)fluonntheno, and 
dlbenz(o,h)ontfimcono, AH threo compounds am class B2 (possible humon areinogans). Sixteen 
snmplos were collocted for PAHs: w o n  In reach P-Tand nine in roach P.0. Fivo samplo rosults for 
benro(o)pyrone axcooded the tmll user and resource usor PRGs. Ono sample result exceodod the 
construction workor PRG. One samplo rosult exceoded tho fmli user and resourco user PRGs for onch o! 
bento(b)fluoranthone and dlben~(a,h)anthmcano. Data for naithor of theso lattor compounds oxcevdod 
their constructlon workar PRGs, 

PAHs havo vory low solubilities in water on6 have strong affinltios for surfaces. Consoquontly, PAHs are 
bound to sediment particles. Tho sediments with PAHs oxceeding PRGs rango In nge from tho 1950s to 
the 1990s. suggostlng that the sourco of PAHs In the sodiments ts not mlntod to a single discroto roloaso. 
Common nonindustrial sourcos of PAHs Include combustion products from wood and potroleum, asphalt, 
and tar. 

Avallablo data suggest that benzo(a)pyreno, benro(b)fluoranthene, and dlbenz(a,h)anthracono uru not 
pewnsivo contaminants In Pueblo Canyon. A single sample VOIUO for bonZO(Q)pytene exceoded trnll and 
resource usor PRGs In reach P-4. Six values oxceodod PRGs In roach Pal. Possible sources of PAHs in 
P-1 Include roof, parking lot, and road runOH and wood fires in the noarby rosldentlal oroas: industrial 
sources of PAHs in Pueblo Canyon originating from the Laboratory have nor boon identlfiod. Themforo, 
these contomlnnnts nro dropped as COPCs for the assessment In this report. This Issue is addressod 
further In tho conctuslons of this report. 

Bonto(g,h,i)porylene was detected in 5 of 76 sarnplas. EPA has not publishod toxicity data for this 
compound. Tho bonzo(g,h,l)pefylone dotoctlons a11 occurrod with benzo(a)pyrono; the maximum value lor 
benzo(g,h,l)peryluno was lowor than the benzo(o)pyrene maximum valuo. 

EPA has published noncancer Oral toxicity voiues (roferonco doses) for aconaphthene, nnthracono, 
fluoranthono, fluorone, nophthalone, and pyrone. Theso referonce dose voluos am generdly ossocletod 
with on oilownblo chomlcal Intokt3 that Is orders of mognltude lorgor than that !or potent PAH carcinogens 
such as benzo(a)pyrane nnd dlbsnz(a,h)nnthmcene, when those ore ovnluated at a target risk lwe i  of 
ono excoss cancer per mltilon. For examplo, camparo tho soil PRGs lor thoso PAHs prosonted in 
Table 5.1-1. 
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Figure 5.1-1. Comparisons of maximum values wlth PRGs by scenario, 
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. Although EPA has not prrbllshed a chemic~l~speclflc toxicity value for benzo(g,h,i)peryleno, the 
slgnlliconco of this PAH rolotivo to tho othor PAHs wlth whlch It is ossoclated in tho envlronmcnt (In 
particular, benrofa]pyrono) a n  ba lntorted from the comporison of soll crlterla, Gvoluatlon of co- 
occurrence, and comparison ot sample values. The human hoalth Impacts associated wlth exposure to 
PAHs In the environment can be assessed wlth reasonable certainty In the absence of spociflc 
Information on benro(g,h,l)petylene, Soil criteria assoclated wlth the PAHs tor whlch EPA has publlshed 
slope factor nndor unlt risk values am likely to be protective for concomltmt exposuro to PAHs for which 
toxicity values haw not been derivod. rhorefom, bonto(g,h,l)perylene is droppod as a COPC for the 
aseossment In this report, whlch Is conslstent with the dlscusslon for benro(o)pyrono. 

Mercury la cloarly elevated in roach P-1. All 7 5 samples had detectable concontrutlons ot morcury, 01 
which 17 wore above the background value of 0.1 mghg, lnsuff lcienr data am avallablo on the vodntions 
In mercury concentration between geomorphic unlts to perfom tho lovol of assessment applied to 
plut0nJ~m-239,240, allhough dnta may bo suff iciont to ostlmate avorngo concontrntlons for some units. 
Additional assessments to ovalunte the potential risk posed by mercury will be necessary in Puoblo 
Cctnyon, and addltlonsl sampllng and nndysls may be necessary to support thoso assossments. 

The resource user PRG for mercury ut 0.k mgkg Is two orders of magnitude bolow tho construction 
workerscanarlo PRG and throa orders of'magnltude below the tmll user scenado PRG, The contmlllng 
pathway for the resaurce usor scenario involves mercury transferred from sediments to fodder and trom 
foddor to meat. Meat from grazing anlmals Is one of the resources ovaluatod in the resourco user 
scenario, As described below, tho scenarlo assumes that :he animals will range and gnro  100% of the 
tlmo on the contaminated sodimants. Subsequent reports should evaluate the rangeland roquird to 
support typical moat animals rdatlvo to tho mereuy-contnminated sudace am8 of much P-1, This 
Informotton can then be used to GSSOSS the need forrisk mitigation rolatlve to this pathway. 

5.1.4 Exposure Assessment 

The following exposure sconarlos are developed using standard €PA default poramoter values, when 
avaiiabie, These valuos a10 conslstont wlth the parameters for reosonablo maximum exposure 
assessments, Where EPA default parameters are not avalloble, professional Judgement has been used In 
solectlng conservative values from other publlcallons or setting slte-specific assumptions. Soil hgastlon 
rates are taken from RAGS (EPA 1991,58234). Th6,averaglng time of 30 years for the trnil user and 
resource user and tho constructlon work year of 250 days are also taken Trom RAGS. Soil inhalation and 
adult intake mtes for fruit, vegetables, and meat are taken from the Evposure Focrors Handbook (EFH) 
(€PA 1990,58694). The proportion of moat (75%) for the resource usor is taken from EFH. The tmll use 
and rosource use exposuro frequoncies and durations (75 days per year, one hour per day), the 
proportion of frults and vcgetables from a reach (IO%), the avorngo construction time of one ysar, and 
the slght=hourwork day are based on profosslonnl judgement 

5.1,4.1 Trall User Scenerlo 

Tho tmll usor is deflned os an adult who USQS a gtvsn reach f 5  days per year during 0 30-year poriod, 
Each visit to the reach hns a duration of o m  hour. During bach hlko, the Individual Ingests 700 mg of soll 
and inhales 0.25 mg of soil as susponded dust. Thls scenario,ls consorvntivo In that it assumes all soif 
takon into the body orlglnates within geomorphic units that have beon Inundated by post-1942 floods and 
thus contain contaminants abovo background values, although large areas of the canyon floor in aech 
reach are actually uncontamlnnted. 

~ ~ 
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5.1.4.2 Aosource User Scenario 

The resource user scenario cmploys the same tomporal parameters as for the trail user and adds the 
consumption of frults, vegotables, and moat. The paramotors used for adult consumption of fruits, 
vegetables, and meat are 51 kg/yr, 73 kglyr, and 36.5 kg/yr, respectively (EFH), The resource usors are 
assumed to obtain 10% of their frults and VogetablQS (5.1 kglyr and 7.3 kgyr) and 75% of their mear (27 
kglyr) from the roach. These consumptlon ratos aro intograted over 30 years, which is consistont with the 
activity component of tho pathway. Tho frults and vegetables are assumed to grow in sodimonts that hnvo 
the average concentratlons of contamlnants, and t h ~  animals that provide meat are assumed to nnga 
and groze exclusively on contaminated sodlments; thoref ore, theso assumptlons provide consewstive 
estimatos of risk. 

5.1.4.3 Constructlon Workcr Seonatlo 

Tho constructlon workor sconario assumes a 250-day work year wlth olght-hour days. Tho duration of the 
scenario is one year, and all actlvitles aro assumed to occur wh in  geomorphic unlts that contain 
contaminants abOVQ background valuos, Tho lndlvldual Is assumed to lngoit soil at a rate Of 480 mgfdsy 
and to Inhale sol1 as alrborne dust nt a rate of 2 mgldny. Possible constructlon activities in Pueblo Canyon 
under presontday land use condltions include tho constructlon or mointonance of roads and :ho 
oxcavation of trenches tor sowor llnos or othor purposos. Those actlvitlos would llkoty Involve 
uncontamlnatod pons of the canyon floor as woll as contaminoted m a s  and would llkely havo actual 
durations of loss than one yoac therotore, this assessment providos consowative estlmates of risk. 

5.1.5 Toxlclty Assossmant 

Tho doso conversion factors used in this assessment for plutonlum=239,240 ilssumd the valuos !or 
plutonium-239 In the Manual for Implomenring Residual Radioactlvo Matorla1 Guidolines Using RESRAD, 
Vorsion 50 (Vu ot ai, 1993,58C95). These dosa convorslon factors or0 roforencod to the DOE 
publicatlons Exloma/ Dose-Rore Conversion Facfors loor Calculation of Dose to rhe Public (DOE 1988, 
58691) and lnfomol Doso Conwersbn Focfors for Calculafion of Dose to the Public (DOE 1985,58692). 
The doso conversion factor for plutonlum=239 Is applled to the plutonium-239,240 results because 
available data indicate that plutonlum=239 Is much more abundant than plutonium440 In sodiments at the 
Laboratory (Gallahor et 01. 1997,59165), 

5.1.6 Dose Charactorlzatlon 

Dose charactorlration in this report Is prosonted in tho form of the ratio of the averago concentration for 
the reach or sodiment package to the concontratlon thGt would rosult in a doso of 15 mrodyr for each of 
the land use scenarios, Tho dosa criterion of 15 mrem/yr follows that rocommendod by EPA in the 
memorandum Establishment ol Cleanup Levels for C€RCU Sires with Radioactive Contminotion (EPA 
1997, 58693), DOE also has dOsQ-baSQd standards for contaminated sitos (100 mrem/yr: DOE Ordm 
5400.5, 'Radiation Protoctlon of the Public and tho Envlronmont.'), and thosa standards apply tor as long 
as DOE malntalns ndmlnistratlvo control of the slte, Whon DOE transfors land, the EPA stondnrds gain 
primacy. The €PA standard of 15 mram/yr Is used in this report because pan of the canyon is owned by 
Los Alamos County and other pans aro belng considerod for potcntial land transfor (DOE 1998, 58671). 
In addition, them is unrostrictod accass to the part of Pueblo Canyon currontly owned by DOE. Tho 
scenario-speclfic PRGs for plutonium~239,240 that roaul: In an exposure of 15 mromlyr are 440 pCUg for 
the trail usor, 150 pCi/g for tho reSourcO user, and 24 pCl/g for tho construclon workor, Noto that DOE 
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Order 5400.5 also pmvldos critorla for ovoluathg 'hot spots,' although the sampllng denslty for data 
collected In this Invostigation is not sufflcient to dofh3 such hot spots os discussod in DOE Order 5400.5, 

Two wolghtod avomges oro calculated for ench roach. Ona Is un area-weighted avorage that uses 
prosontday ostlmates of avenge contaminant concentmtlons In the uppermost sedimont packages In 
each peomorphlc unlt, as prosented In Section 3,3, and unit areas, as presented In Soctlon 2.3, Tho othor 
Is a volume-welghtod ovarage that uses vertically weighted concentntlon estlmotes whom sediment 
pockagos ore suporimposod, using estimnted avomge thicknesses of each package as presonted In 
Sectlon 32, and thon computos a volume-wolghtod avomgo concentntlon to roprosent the roach, In the 
armwaightad avorage all human activity Is nssumod to be, rosttictod to tho oroa contalnlng contamlnatoc! 
sedlmonts, In tho volume-weighted avomge all human octivity Is assumed to be restricted to the dopths 
where contamlnatlon Is above background values, wlth no mlxlng wlth underlying uncontaminatod 
mntorlols. "Ius, both avoragos provide consonratlvo estimates of risk. 

Thoso two ostlmates uro necessary to support the dose nssessment for tho three sconarics, "he prosent- 
day tmil usor Is oxposed to tho aroa=welghtod ovorage. Tho prosentday rosoum u50r consumos fruits, 
vogotables, and meat onlmals that g m o  on plants growing In the contaminated sedlmonts theroby 
getting a socondary oxposuro to the volumaweightod ostlmato of the contaminant concontmtlons, Tho 
construction workor dlgglng through tho sediments would also bo oxposod to the volume-woightod 
concentntlon. An nddltlonal consldoratlon for tho trnli usor Is that bumwlng onlmal actfvlty eventually 
rosults In the vortical ovoraglng of contnmlriant concontmtlons, as dlscussod In Soctlon 43.3. Thore Is 
abundant burrowing onlrnal actlvlty in Puoblo Canyon, suggestlng that tho tmll user will be potentlnlly 
exposed to tne volume-wolghtod concontmtlons sornetlmo In the future. 

5.1.7 Oose Asseasmont Rosults 

Tho doso assossrnont results for oach roach om presentod In Toblos 5,1-2 through 5.1-8, Each tablo 
conslsts of four parts. The flrst part Is a schematle cross sactlon showing the relativo locntlons of ooch 
sodlment package in relatlon to tho actlvo channel (el) and the ground surtnce. The idantlflor 'ch' rofers 
to channel fncles sodlment packages, and tho ldontlfler 'ob" r o f m  to ovehank facles sedlmont 
packagos. The second part Is 4 tablo that shows the area- and depth-uvonged plutonium concentrations 
for each of tho geomorphlc unlts In the roach. Tho third part Is a tablo showing the dose mtios across the 
oxposure seonarios using overago concontrntions In upper sodlment layers and vertltnl cvoragos 
through all contaminated sodlment Iayors. Veda1 overages PITI necessary for the volume concontntlon 
ostlmates nt locatlons In tho cross section where sodlment packages are superimposod, Tablo 5,t=2 
Part 1 shows a stack of 3 c2b packagos. A volumswelghtod average of tho throe concontmtlons Is 
onterod In Table 5,1-2 for c2b under the hoodlng YeRlCal-WOightQd Average." That value is also usod in 
Part 3 of the tnble for computlng tho PRG mtlos in the row labolod " a b  agg.' Tho row In Pun 3 labolod 
'c2b' uses the plutonium concentrntlon for tho uppermost sedimont package at the c2b location only. 
The surface aggregate In Part 4 conslsts of on omamwolghtod overago of all tho surface packagos, For 
Table 5.1.2, theso packages a m  'cl ch,' "c2 03,"'&b ob,' and 71 ob." Tho volumo aggrogate In part 4 
of Table 5.1-2 usus a volumo-welghtttd contaminant ovonge based on 011 seven sodlmont packages In 
the cross soctlon, 
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DOSE CALCULATION RESULTS FOR REACH P-1 EAST 
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Part 1. Schematic Cross Soction 
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[ d b c h  I 
ch = chnnnol Iaclos 
ob m ovorbank faclos 

C1 

Port 2. Plutonlum Concdntratlons 
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Part 3. Potential Plutonium Exposures Relatlvo to 15 mremlyr by Scenario and Package 
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Sire Asses.rments Section 5.0 

:TABLE_s,13 
DOSE CALCULATION ABULTS FOR REACH P-2 WEST 

Unlt Uppsr Sdl inmt ( W g )  Vd&Wdghlsd A m 0 0  (PCUO) 
C l  1 2 2  1 2 2  
c1 b 112 I 2 1 2  
c2 1121 I 5.90 
c3 I 1  2 1  I 6.10 
11 1121 L I 11.21 
12 1191 I 1121 

I 

Part 1. Schamatlc Cross Section 
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Part 3. Potential Plutonlum Exposums Relative to 75 rnrsmlyt by Scsnerio and Package 
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M I 0.03 I 0.07 t 0.47 
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Volume aggrogata 
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c1 I 0,30 

Section 5.0 Sitc Assessments 
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IA&EsJA 
DOSE CALCULATION RESULTS FOR REACH PQ EAST 
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Part 1. Schematic Cross Section 
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Part 2. Plutonium Concentrations 

Pert 3. Potentlal Plutonlum Exposures Relative to 15 rnromlyr by Sccnarlc and Packago 

Part 4. Potential Plutonium Exposures Rolatlve to 15 mromlyr by Scanario 
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I Sire Assessments 

Part 1. Schcmatlc Cross Section I 
DOSE CALCULATlON RESULTS,FOR REACH P 3  WEST 
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Part 2. Plutonium Concentrations 
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I 1 

Unll Uppar Wlrnent (pCVp) Vcnlcal~WalQhhd A m g o  (pCUp) 
e1 0.8B 0.89 
c2 1.50 1 8 0 8  

c4 8,65 1,6Q 
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Section 5.0 
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TAB.=- 
DOSE CALCULATION RESULTS FOR REACH P-3 EAST 
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DOSE CALCULATION RESULTS FOR REACH P-4 W E Z  
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Sire Asse$mcrtr,r Section 5,O 

The koy Information on potentlol human health rlsktrom plutonium-239,240 in oach reach is presented in 
the fourth part of the dose assossment tables, where n value exceeding 1.0 would indicate G potentlul 
dose sxceedlng 15 mremlyr and thus exceedlng the EPA dose limit. The highest values foroach sconario 
aro found In roach P-1 East (Toble 5,7=2), although none of these values approach 1.0, Tho mwimum 
value tor the trail usor sconarlo is 0.04, or only 4% of 15 mrerdyr, and the maximum value for a rosource 
user Is 0,09. The hlghest potentlal risk from plutonlum=239,240 In the sodlments of Pueblo Canyon Is 
associatod wlth the constructlon workor sconarlo, although tho maximum valuo of 0,55 is still below tho 
level that would indicnte n potentlally unacceptable risk. In addltlon, bocauso ol tho conservatlve 
assumptions built Into thls Sconorlo, tho nctunl rlsk to Q constructlon worker would likely bo even less, In 
summary, these calculotlons indlcnto that tho levels of plutonium In tho sedlmonts of Puablo Canyon are 
not high enough to constltuto an unacceptable human hoolth risk undor conditlons of prosontdey land 
use. Thus, thoro Is no noed for immodlate remedial actions from the stnndpolnt of human honlth, 

The dose ratios prosontod In tho third part of tho'dose asmssment tables lndlcnts the estimated dose thot 
would exist If all exposuro undor each scenario occurred solely wlthln single geomorphlc units. Because 
octlvltlos would actually occur In some comblnatlon o! units, slnsld package nssossmonts claarly provide 
unrealistlc estlmatos of risk, although they Pro valuable In lndlcatlng tho rellitivo tmportanco of the 
different unlts. For example, doso ratios In only two unlh, the c2b agg unlr In P-1 East and tho c6 unlt In 
P 4  West, exceed 1 .O undor tho constructlon workerscenado. Thus, those arms and other areas wlth 
similar plutonium concontratlons In unsampled reoches would bo logleol targots for mrnedlal action H It 
was decidod that tho presont concentmtlons of plutonium presented unacceptable risk to constructlon 
workers. Tho information In tho second part of onch table shows the weighted concbntntions that ore 
associated with the PRG mtlos In pan thrao, 

5.7.8 Uncenalnty Analyslr 

The conclusions of the COPC evaluatlon ond the preliminary human hoalth risk analysis aro that thero Is 
no ImmQdlRtO nood for remedlatlon In Puablo Canyon besod on the plu:onlum=239,240 data and that 
addltlonol data collectlon tor morcury may bo necessary to conduct additional assessmonts. An 
nmossment of range requlramonts for meat onlmals relativo to the contamlnntod area of reach P-1 may 
also be nocessary. Sourcos of uncortalnty In these conclusions Include using tho analyzed roaches to 
represent all of Puoblo Canyon downstream from contamlnant sources, rollanco on plutonlum=239,240 to 
roprosont tho contamlnant signature for Pueblo Canyon, and area and volume ostlmates for the sodlment 
package J. 

Tho prlmory soulco of uncertainly about the concluslon thGt thorn Is no need for immediate remodlal 
action with regard to plutoniurn-239,240 Is whether the m a s  wlth highest plutonium concontmtions havo 
been Idontlilod In Pueblo Canyon. Wlthln the sampled reaches, whlch ropresont 3555 of tho total length of 
Puablo Canyon downstream from Acid Canyon, It Is considered unllkoly that plutonlum Concentmtlons In 
any R r m  Eroatly oxcead thoso moasurea at sample 8ltOS. In addltlon, If hlghar levels or plutordum oxlst In 
samplod reaches, tho area and volumes of such sedimont would be small ond unllkoly to slgniflcantty 
affoct avOmgo concentntlons for tho reach, Lnrger uncortolntlas exist concorning the unsamplod 
reaches. It Is posslblo that plutonlum concentmtlons In flne-gmlned sodlrnent deposits In unsamplod 
roaches dating to the perlod of off luent releases from Tochnlcal Aroa (TA) 4 could clxcood thoso 
meosurecl In thls invcstlgation, particularly In the am& between reaches P-1 East and P-2 West. However, 
It Is unllkeiy that the area or volume of such deposits would be sutfldcnt to muso exceedancos of the 
PRGs, 

Additional sources of uncertolnty Includo the dose convorslon fucors lor mdlonuclldas, slope fnctors tor 
carcinogens, roforonca concentrations for noncatchogens, and exposure tactom and uptake ratios for 
plant and anlmals. These lanor sourcos of uncenainty will bo addressed In future repom when nll 
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pathways, including surfaco wator and groundwater, are addrossod, For this roport, values for these 
parameters woro usod that aro conservative and thereforo protoctivo of human health. 

Uncenaintlos concerning the us0 of plutonium-239,240 analyses to identity sites containing othor COPCs 
aro consldored minor becauso of tho pemaslvo occurronco of plutonlum aSove background valuos in all 
young sedlmont deposits in Pueblo Canyon. Howovor, becauso of the lack of Cloar collocation botwOQn 
plutonlum=239,240 and tho Inorganic and organic COPCs, and the relatively small data sot for these 
COPCs, the maximum and average concentrations for tho inorganic and organic COPCs may not be woll 
constrained. Excludlng plutonium, mercury may present tho highost potential human health risk in Puabio 
Canyon, although all mercury rQSultS in roachos P.2, P-3, and P-4 are bolow PRGs. Additional sampling 
and analysis may bo rOqUlrQd to provide lmprovod sstimotos of average mercury concentratlon in roach 
P-1 for use in risk Bssossments 

Additlonal unconainty In this analysis ponains to tho area- and VOlume-wQightOd estlmatcs of plutonium 
concontratlon. This uncortainty has not bom qunntltatlvoly evaluatod but, because of the conservative 
biases discussod hero, Is consldorod to be small onough to support tho conclusion that PRGs would not 
be eXC0Odod. Tho aroaewoightod avoragos are bellevod to be more accurate than the volume-woightod 
avoragos because sampling tonded to bo biased toward uppor sedlmont layers and because tho surfaco 
orons of geomorphic units aro usually well deflnod. Uncortaintlos In tho dopth estimates for the packages 
aro more difficult to ascoRain. 0op:hs wore blasod to hlghor values to avold underestlmating contaminant 
Inventories, and volume-weighted averages may tQnd to bo wolghtod too hoavlly toward the thickost 
units. Howevor, volume-woightod plutonium concentrations in geomorphlc units with thin layers of 
contaminatod codiment would tond to be ovorestimatob bocauso of tho assumption that there WBS no 
mixlng with deoper uncontaminated sodimont. In summary, tho assumptions usod In these calculations 
should rosult In il sufficiently conservatlvo estimato of rlsk, indicating that thoro Is no need for lmmedloto 
romodlal actlon with regard to potontlal human health risk. 

5.2 Ecological Screening Assossment 

There are two phasos of tho ocologicnl screoning nssossmont ns presontod In Kolly ot nl. (1998, 57916) 
and followod In this report: tho scoping ovaluatlon and tho scroonlng evaluation, The scoping avRluation 
includes (1) tho data assessment stop, which ldentlfles tho list of COPCs for the roachas; (2) the problem 
formulation stop tor thQ specitic reachos under invostigation; and (3) tho bioaccumulatlon evaluotion step, 
whlch avaluates tho levol of concern for persistent bloaccumulation andior biomagnltlcntion from 
contamlnants In tho roaches. Tho basis for Puoblo Canyon=specific problem formulation is found in tho 
scoping checkllst In Appendix F, The scoping checklist Is a useful tool for organlxing existing ecologicnl 
Intormatlon and focusing the slto vislt on tho information noodsd to dovolop the sito concoptuol model 
(SCM). The scoping checklist also provides the basls for ovaluating tho adequacy of the data for 
ocologlcal risk scroonlng. 

Tho screonlng evaluatlon InClUdQS the calculation of Has and hazard lndlces (I l ls) for all COPCs and all 
approprinto scrooning rocoptors. The HQ can be thought of as the ratlo of tho celculatod exposuro doso 
to the receptor (based on contaminant iovels in the reach) to a dose that has beon determined to bo 
acceptable (basod on toxlclty studles for the rocaptor), An HI Is o sum of HQ5, across contaminants with 
like effects, for a given scroenlng roceptor. An HO or HI groator than 1 is consldored an indicator of 
potontlal adverse impacts, and tho cnemlcal constituents rosulting in an HQ or HI groater than 1 nro 
identlfled QS contaminants of potential ecological concern (COPECs), HQ calculatlons rnqulre toxiclty, 
bioconcentratlon, and bioaccumulation information for all chemicals for all roccptors, This ropon wlll not 
Include a quantltative screonlng ovaluatlon becauso tho roquirod toxlcity, bioeoncentmtion, and 
bloaccumulotion information aro not available for aquatic rocoptors. To provide somo information for a 
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qualltatlvo uncortainty analysis, muximum COPC concentrations were compared with the ecological 
scrooning levols for the most sonsttlvo torrestrial rocoptors. 

An uncecalnty analysis follows the COPEC Identificatlon, which describes the key sources of uncerdlnty 
In the scroening assessment. The uncertainty analysis con result in addlng chemical constltuents to or 
removing them from the list of COPECs. This report contains a qualitative uncortalnty analysis to holp 
undorstand potential data gaps associatod with evaluating ecological risk. 

The last part of the scroonlng ossessmont is to interpmt scroonlng results in :he context of o risk 
managemant decision, In genorol, possible doclslons include a rocommondatlon of the appropriato 
corroettvo action, In toms of ocologiml concerns. Posslblo recommondotions lncludo ocoioglcirl no 
furthQr action (NFA), voluntnry corroctlve action (VCA), oxpedlted cloanup (EC), voluntary cometivo 
moasuro (VCM), and corrodlvo moasures study (CMS), any of which will be lncorponted into on 
Intograted risk mcrnngemont docision to includo human haalth risk evaluations, groundwater and sudileo 
wator Issues, and other appllcclblo regulations. In thls report, the intarpratation sectlon wlll be usod to 
rocomrnonl the type of addltlonal data for the Pueblo Canyon machos that ara neodod lor otological risk 
characterlmtlon. 

5.2.7 Scophg 

5.2.1.1 Data Assessment 

The approach taken to chancrertzo the scdlmonts In Pueblo Conyon was dosigncd to pmvldo intormatlon 
on the naturo and Oxtent of contamination. By using infomotfon on known contamlnant sourcos and 
Inborntory analytical data, the COPC fist for Pueblo Canyon sediments was ostnbllshed In SoctiOn 3.1, 
Tho COPCs haw boen establlshod basGd on statistlwl and graphical analysis of tho dnta at a reach 
levo!, 

521.2 Problem Formuletlon 

The purpose of tho scraoning~levol ocologlal rlsk problem formulation for tho canyons is to provido 
Inlormatlon to (1) delcrmino If ecologlcal rocoptom can be affocted by a mloaso: (2) dotomino how the 
sodimonts should be oggrogated spotlnlly for screonlng and establish tho functlonuVoparotlonaI 
boundaries of the assessment; and (3) gather Information to develop the SCM (o.g,, what aro tho 
contaminant sources, dominant transport pathways and oxposuro routos, and potentlal rocoptors). 

Torrestrlal ecologlcal recoptors nro abundant throughout Pueblo Canyon, whero the dominant plants 
include ponderosa pine, fir, shrub oak, chamlsa, forbs, and grassos. Many amas havo ovidence of 
burtOWlng mammals, which ropresents both n potentially exposed animal population and o. mechanism !or 
contaminant redlstrlbutlon. Llmltad arms havo aquatic communitlos, and those areas Include the actlvo 
chnnnoi ponlon of roach P=l and tho active channef downgndlent of tho Bay0 Canyon Wastownter 
Treatmant Plant (WWTP) (roaches P-3 East and P-4). The surfoco wator in roach P-7 likely originates 
from 3 combination of natural sources (a seep loatod noar!he Acid Canyon confluenco) and runotf from 
rosidoncos. In tho rocent past, physical disturbance assoclatcrd wlth installatlon and malntonanco of the 
retidontlol sower line has atfected the type and dlstdbutioniof plants and onlmals, This sewer line is 
locatod In or near the actlve canyon floor from reach P-1 downstream past P.2 Wost to Kwago Canyon 
and on the lower anyon wall from P.2 East to P-3 Woot. Tho primary impact of thls dlStUt3nnCQ was to 
rodistribute or bury some of the contaminatod sadlment pacbgos. The dlsturSed areas worn olso notod 
to hove early succosslonal plant species (gmssos ond forbs). 
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Throatened and endangered (T6E) speclos are potontlal receptors for contaminant releases in Pueblo 
Canyon sedlmants. Specifically, tho Mexlcan spotted owl and the porogrlnrs falcon may most or forage in 
Pueblo Canyon (Koch 1998, 59716). Thus, the kostral screening roceptor with an at1 flesh diet wlll serve 
os a surrogato for these avlan TBE rocoptors In tho scroonlng calculations, 

SQdhIent data wore collectod on a reach basis, and wlthin foaChQS samplos were collocted trom a variety 
of goomorphic units and sodlment facles, Tho reaches were selected to reflect the nnge in contaminant 
concentra:lons prosent wlthin Pueblo Canyon sediments and to roprosent wost=to-east geographic 
variations In tho size of contaminated geomorphic units. 

Hlstorical Contaminant roleases that affected the sodlments in PuGblO Canyon could have occurred trcm D 
sorlos of potenthl releaso Ditos (PASS) In the Pueblo Canyon watorshed, as summarized in Section 1.3- 
2; that infonatlon wlll not be repeated horo. The most signillcant contaminant source In the watershed 
was the rndiooctivo liquid waste trontment plant at formar TA-45, and other PRSs are present at TA-G, 
TA-31 , and TA-73* 

For the Pueblo Canyon investigatlon, tho primary impacted media nro (1) surface soil in tho canyon 
floodplain; (2) sodiment in the actlvo ChannQl and adjacent obnndoned channol sudacas (c1 and c2 
geomorphic unlts); and (3) surfaco water derived from soops, sgrings, storm wator runoff, or potmittod 
munlcipal waste wa:er dlschargos. In addition, the shallow alluvlal groundwater in parts of Pueblo Canyon 
may carry colloldal and dissolvod contaminants, 

The most lmponant transport mechanism for contaminants in channol and floodplain units is lateral and 
vertical oroslon of historical sediment deposits by surfaco wator runoff, particularly in floods. 
Uncontaminatod sutfaco water could bQCOm6 contamlnatod by suapenslon or dissolutlon of contaminated 
soil or sodlmont. Anothor important roloaso mochanism is the susponslon of dry partlculatos by oollan 
processes, which makos air u socondnry contamlnatod modia. If the shallow alluvlal groundwator is 
contaminatod, contaminants could becomo avallablo to ocological receptors in springs and mops. 

The ecological SCM is presented graphically in Flgure 5.2-1. Tho SCM Identifies which exposuro 
pathways reprosent major, mlnot, unlikoly, or no pathway to ocological rocoptors. Exposure pathways to 
tortostrial receptors can occur through air (Inhalation or deposltion of partlculntes): surfaco sol1 (root 
uptoke and ralnsplash on plants, food wob transport to plants and anlrnnls, incldontal lngostion of soil, 
dona1 contact wlth c0n:amlnated soil, and external radiation); and sutfaco wator or activo channel 
SQdhOntS (root uptake and rainsplctsh on plants,' food web transport to animals, incidental ingestion of 
water and sodlmont, dormal contact with contamlnatod wator or sodiment, and external radiation from 
sedirnont), The major SOll-rQlated exposuro pathways aro QXpectod to be food web transport and 
Incidental ingostion of conramlnated toll. Completlon of the extomal gamma radiation pathway for soil or 
sedlmontlsurface wator is oxpectod to 50 unlikely in Pueblo Canyon beCnUSQ of tho observatlon of a 
slnglo strong gamma-emitting rndionucllde (cosium-137) only matglnally above the background value (In 
roach P-1). Tho major sedimonVsurfaco wator -related oxposure pathways aro oxpectad 10 be food wob 
transport and incidental ingostion of contaminated soil because of the prasonco of aquatic organisms in 
reaches P-1 and P-4. Howevorl the impoflance of the waterhediment pathways are questionable 
becauso of the limited extont of actlve channol sedimen!s and surfaco wator along tho ontire length of 
Pueblo Canyon. Expo;ure to vapors Is not a complete pathway because of tho lack of volatile 
contaminants, Exposuro to alrbom particulates is oxpoctod to bo a minor pathway becnuso of the limited 
amount of contamination on the ground surface, Lastly, the remaining pathways that are related to 
oxposure to surfaco soil (root uptakelrainsplash and dermal contact) and surfaco watorlsediment (dormal 
contact) aro oxpectee! to be minor bocauso of tho limitod amount of contamination expressod at the 
ground surfaco coupled with tho low oSsorption potontial of tho prlmary contaminnnt (plutonium) through 
skln or roots. 
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Typlcally all complete exposure pathways should be at least qualltativaly OvDluntQd in tho screening 
evoluatlon. Howovor, bocauso of tho lock of scrooning values for aquatic rocoptors, tho screening 
evaluation presontod bolow will evaluate only soll-rolated oxposuro pathways to torrestriol roceptors 
foxclusive of dermal exposuro and inhalation ol  particulatas). 

svocs 

52.1.3 Bloaccumulotor Evaluatlon 

Aconnphthono', acorinphtkylons, anfhraebno', bonr(o)onthracono', benZO(a)pyrOnO', 
bonzo(b)lluorant~ono', bomo(g,n,l)porylono', bonzo(k)lluorrnth~na', bcnroic ocld. bia(2- 

dibonroturnn, lluoranthono', lIuornnlhonV, iluorono', lnUono(l,2,3-~d)pyron~', 
2gmathylnnphth~lono, naphthalono, phonanfhrono', pyrono' 

~ t h y l h o ~ l ) p h t h ~ l ~ f ~ ' ,  CafiGoh, thryaonOel dl=nsctylphth;llato', dlbonr(a,h~unthracono', 

Sevoral analytos dotoctod above background values in tho Pueblo Canyon reoches or0 potontial 
bioaccumulotors (sco Tabio 5,2-1), Howevor, most of those COPCs are moesured at valuos only 
marginally abovo doteaion limits or background values, Thus, it is unlikoty that  significant 
bloaccumulatlon will occur for most of theso chomicals. To bonar Addtoss tho Impnet o! the potontial 
bioaccumulattng Chemicals and other COPCs on eccloglcal recoptors, a screening-levo1 ocologiwl risk 
ilssossmont is approprioto. The oigniflcanco ol biooccumulation will be an lmportant topic in the 
unccrtalnty analysls of this scroening4evol risk assessment 

5.2.2 Screanlng Evuluatlon 

The formal, quantltatlwo screening evaluation will bo made otter ecological screening lovols (ESL5) aro 
developed !or Laboratory aquatic roceptors. The aquatic roceptor scroening evaluation also requires 
surlaco water sample data, which is not currently available for Puoblo Canyon, Howevor, to holp support 
an awaluation of tho adoqutlcy of the existing data for futuro canyon-wide ecological risk osr;essmonts, 
tho relafive hazard pcsod by COPCs to tcrrostrial ocological rocoptors wns assossed. This onalysis will 
help Identity whlch COPECs roprosont potontlal tortostrial ocological risk drlvers. Thus, these COPECs 
may require additlonal data colloctlon to address only ocologlcal rlsk uncertoin!ios. 

~ ~~ 
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Table 5,22 provides tho rnaxlmum detectod sample result (oxcopt for antimony, whlch was nover 
detocted and for which the mnxlrnurn detection llmlt Is provlded) for oach Puoblo Canyon COPC and the 
corresponding minimum torrestrial ESL This same Information Is presented gmphically in Figure 5.2-2. 
whoro the x-axis plots the mmlmum value lor oach COPC in Pueblo a n y o n  and the ysxls plots the 
minlmum torrestrial ESL', Tho y-axis represents a conscrvatlvo estimate of tho exposure point 
concentrations for ecologlcal rocoptors, and the future crtnyonmwido assossments will use mor0 rballstlc 
estimates of exposuro, Symbols that plot abovo the dashod line (the line of equallty or y P x) reprosont 
chemlcals (COPECs) that pose potentlal ocologlGal risk (or HQ > 7). Thoso analytes will bo considerod 
COPECs for the qualltativo unconalnty analysis and lnterpretatlon soctions bolow, h i s  COPEC list is 
conslderod only prolirnlnory because nquatic roceptors and pathways have nor been evrrluotod. Thus, 
other COPECs will llkoly be Identitiad In tho canyon-wlde ecologicnl nssessment at sediment and sutlnco 
watorcOntamlntItlon In tho Pueblo Canyon watorshed. The nlne COPECs that the highest potential risk to 
terrestrlal ecological roceptors, llstod in order of HQ, aro mercury; plutonlum-239,2~0: bis(2- 
othylhexy1)phthalate: antimony; zlnc: dlchloro dlphenyl trichlomethane (DOT): Aroclo~t25j ;  load; and 
selanlurn, The qualitatlve uncertainty mnalysls and Intorprotation soctlons of tho screening-love1 otological 
risk assossrnent will focus on theso nino COPECs, 

Bocauso of the polentlai T&E speclos oxposuro to thoso COPCs, It Is important to noto those COPCs 
where the surrogate ecologlcal recoptor (kestrel wlth n flosh dlet) has the lowost ESL Bis(2- 
ethylhexy1)phthalata is the only COPC where the kestrel has the lowest soil ESL (Tablo 5.2*2), 

522.1 Uncertalnty Analysls 

Thls qualltntlva uncertainty anolysls will conslder tho nine COPECs idontilied in the qualllativo scroenlng 
evoiuatlon soctlon. These COPECR lncludo one radlonuclldo, Ilvo Inorganic chemlcals, and throo organic 
chomicds, Seven of theso chemicals are also considered potontially perslstent bioaccumulators. Each of 
thoso COPECs is brlofly discussed bolow. 

Plutonlum=239,240. Bewuso of tho oxtonslve dlscusslon of plutonium=239,240 In tho human hoalth rizk 
evaluation and tho lorgo database for thls COPEC, addltlonal discussion of tho uncertalnty rolatlve to 
ocologlcnl r6cop:ots Is not nsoded, Thus, It Is assumod thnt uncenalntlos nssoclatod with mgard to 
plutonlum-239,240 for ovaluntlng ecological Ask nro acceptablo. 

Antlmony. Slgnlllcnnt data quality lssuas atfoct tho data ussosmont of thls COPEC, as dlscussod in 
Soctlons 3.1 and 3.2. The data rejoctod for reach P 4  aro not expoctod to Impact this assessment, as two 
valid antimony sample results remoln for roach P4. Thoso twb P 4  samples am conslstunt with the nngo 
of nondatoct sample rosults obtalned for the Other machos, No antimony detocts wore obsorved in tho 
Pueblo Canyon sedlmont samples, and it is rotained lor data msossmont onty becrruso of elevotod 
detection limits that wort! higher than tho background valuo, Howevor, detoctlon Ilmlts wero elevated in 
only 17 of 4ci inorganic chomlc31 analyses from the Pueblo Canyon sodlments, This evldonco indlentas 
that antimony is probably not eiovatod above tho beckground valuo and should not bo conslderod further 
in data assessrnont. 

' Tho rntlo of tho pmls to tho ~ 4 x 1 s  valuo is oquivalent to tho Ha dlscussod abovo, dnd all supponlng Inlomation for 
tho dorivatlon of torroslrlol ESb Is postpond until tho comploto ocaloglcnl risk woamont can bo done that covom 
bath lorrostrlal and aquatlc tocoptom. Roadon can rovlow the bask modols to c.alculato lorrostrial EStS In Kolly 01 al, 
(lDB8,57916, Choptor 4). 

Scptomber 7 998 5.22 Pueblo Canyon Reach Report 



1 
Phononthrono I 1.505 d.a Mouao 
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Am~rlclum-241 1 1,48 47 Robin 

I 
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Plutonium-238 2.078 31 Robin 
Pluton~um=239,240 502.01 I 33 I Robin 

TrRlum 1.21 I 41,000 I Mouso 

I 

Strontlum*QO I 1.4 I 150 Robin 
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Flguro 5.2-2 Prellmlnory comptwlson of the mlatlve hazard posed by Pueblo Canyon COPCJ to 
terrestrlal ecological receptors. 

Lead. Lead was measutod ut up to thrf3Q tlme3 background value In rmch P-1; It was also elevated in 
reach P-2 and possibly reach P-3, Tho Chemical lorn of lead Is important to the bioavaiiability and toxicity 
of load In the environment. Uncertainty in bioovallabllity of load could be address& through Iltemture 
searches of exlsting data sourc~s or new data collection. 

Mercury. Mercury was clarrrly monsurod abovo the background valuo In Pueblo Canyon sediments 
(especially in reach P-I) and warnnts a toxicity-based evaluation. Recall that roach P.1 also has aquatic 
rocoptors: therefom, potontinl effects on aquatic receptors OM especially relevant In reach P-1. The 
Importonco of mercury as a rlsk to elther aquatic or terrestrial ocologlccll mcoptors depends on whether It 
exists as organic mercury or olomental mercury, Organic mercury is readily absorbod by animals, and It is 
more potent toxicologically In thls form. Uncortalnty could be reducod through lurthor sedlment analysos 
to determine the form of mercury prosont. Surfaco water samples should bo colloctod to dotomino the 
amount of total morcury, and consldomtlon should bo given to detormlnlng If organic mercury is prosent In 
Puoblo Conyon surfoce water. 

Sclenlum. Somo data quallty issues affect selonlum, paniculnrly In rolatlon to detection Itml’s. As 
dlscussod in Sectlons 3,l and 3.2 and Appendix E, thoro Is only weak evidence thatselonlum Is above 
the background vnluo, whlch suggosts that uncertnlntles ussoclotod wlth calculating the mpresontutlvo 
concontrntion for axpasure to solonium should bo acceptable. 
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Zlnc. Zlnc is clearly olovated abovo tho background value, especially in reach P-1, lnformatlon on the 
toxicity and bioaccumulation of specific chamlcai forms of zinc comprise the largost source uncertntnty for 
this COPEC. This uncertainty could be addressed through litorature searches of existing data sources, 

Aroclor=l254. This COPEC was ciotected in only n sinslo samplo at approximately flvo tlmos the typical 
detection limit; the rnodlan and moan values for kroclor-1254 are nondetocts. Tho rolotod chomicnl. 
Aroclor-1260, was also detocted in the Puoblo Canyon roaches at lowor concontrations. Bocauso of the 
apparently llmitod distribution of dotectablo aroclors (also known as polychlorinated biphenyls [PCBs]) in 
the Pueblo Canyon sediments, it would bo ditficult to sample sediments with standard laboratory 
analytical mothods to boner characterize PCB concentrations. Unconainty In PCB bioaccumulation could 
be addrossed through literatura searches o! existing data sources, 

8ls(2.othylhexyl)phtholoto, This plasticlzor was detoctod in a single sample collocted upstream at Acid 
Canyon In P-1 Wost. The dotoctad result was 10 timos the typical detection limlt. Because this COPEC 
was not associated with the main contaminant source term in Acid Canyon, It could be rolatod to 
numerous nonpolnt sourcos in tho uppor Puoblo Canyon watorshod. As notod in Section 3,2, no 
semivolntlle organlc chomlcol analyses, and therefore no bls(2-ethylhexyl)phthalato sample rosults, aro 
nvailablo for reaches P-2 and P.3, Thls data gap causes somo uncertainty in the maximum value far this 
COPEC, In addltlon, the most sensitive receptor for this COPEC was the kestrel, which is a surrogate for 
T&E species, However, additional nedimont samplos for this COPEC do not saom warrantod beceuso of 
its infroquent dotoction In sediments (1 of 16 samplos) and lack of on idontlfied Laboratory-related source 
for this chemical. 

DOT, DDT was dotected in 3 of 30 samples collocted in Pueblo Canyon. Tho concon!ration in tno dotocts 
is roughly twlco the typical detoctlon limit tor DDT. Although DDT hns known ccologlcal ettocts (ospecinlly 
for birds) and is a potentially porsistont bioaccumulator, uncortainty In calculatlng the rcprosontatlvo 
concontrotlon for exposure to DDT would not be reduCQd through additional sodiment data colloctlon 
bocauso of the infrequent detoction of this COPEC. The potential lor DDT bioaccumulation could bo 
addressod through lltaraturo searchos of oxisting data sources. 

5.2.2.2 lntorprotatlon 

Several COPECs have boon identlfiod In PuoSlo Canyon SQdimOntS, and further assessments of 
ecologlcal rlsk will bo porformod. Howover, tho lack of obvious contaminant-rolatod ocological lmpocts in 
Pueblo Canyon suggests that there IS no nood for lmmodlato remodial action with regard to ecologlcal 
risk. 

Most of the unconaintlos In potential ecological rlsk could be addressed through literature searches of 
oxlstlng data sourcos to estimato bioaccumulation of mercury, PCBs, and DDT in the Pueblo Canyon 
food web, The form of mercury present In Pueblo Canyon sediments is Important to @valuating mercury 
toxlclty and could be detorminod through collection of a limitod number of additional sediment somplos. 

Another obvious data gap in Puoblo Canyon Is surfaco water In roaches P-1 , Po3 West, and P4, Water 
quality In roachcs P-3 West and P.P are impacted by permitted roloasos from tho Bnyo Canyon W P .  
Surface water data aro neoded to devolop a comprohonsivo ocological risk assessment of Pueblo 
Canyon. 
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Section 6 0  Conclusions and Recomrnmdations 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

This section summnritcs conclusions from this invostlgation, highllghts key remaining uncenatnties 
related to contamhated sediments in Puoblo Canyon, and provides rQCOmmOndRtlOnS concerning 
possible additional assessments, data co11octlon, ond romodlal action. Tho human health and ecological 
scrooning assossmen:s presented In this repon aro prolimlnary and aro lntondod to idontify any need for 
Immediate remadial action or uddltional data collealon from the standpoint of pomtlal rlsk. Those 
prollmlnary assossments consldor only prosent-day land use sconnrios and tho potential risk presented 
by contaminated sediments. Mora comprohonsive risk ossossmonts wlll be presented In one or more 
future toporto On Puoblo and Los Alarnos Canyons tha! wlll Incorporate, the results of ongolng 
groundwater invosrigatlons and nddktonal sediment investigations and that may cansidor other land use 
scenarios. 

6.1 Naturo and Sourcos of Contaminants 

The prlmary ChQmlCalS of potontlal concern (COPCs) In the sedlments of Puobio Canyon are 
radlonuclldos that were dischargod from formdr Technical Area (TA) 4 5  into Acid Canyon, The most 
signlficant radlonuclido in forms of potential human health risk /s ptutonium~239,240. Radlonuclrues that 
clearly have the same source and ate collocntod wlth plutonlum~239,240 Include americium-247, 
plutonlum-238, and possibly :rltlum: tho potential risks associated with thoso olhor riidlonuclldes nro 
minor relative to plulonium-239,240. Cesium0737 and strontium=90 are also known to have been 
released from "A45  and wuro doteCteU above background valuos in a single semple. Because of a 
stotistical similarity to background data, the prlmnly source tor coslurn-137 In Puoblo Canyon sedimonts 
Is inforrod 10 be worldwldo fallout Qnd nat Laboratory operatlons. In contrast. tho strontlum-90 data 
indicato a stntistlcal dlflersnce from background and therotoro suggest actual reloases from TA-45. 

A series of inorganic COPCs have been ldentlfied in tho sediments of Puoblo Canyon that aro not clearly 
collocated wlth plutonlum-239,240 and that appoar to have been darivod from multlplo sources. although 
the rolative contributions from dinerent sources haVQ not been dofinod. The most significant inorganic 
COPC with regard to potential human health or ecological risk is mercury. Mercury has its highest 
concentrations In roach P-1, and data from thls lnvostlgatlon and previous invottlgotlons indicate 
sourcos both In the Acicl Canyon basin and tn tho Puoblo Canyon basin upstream from Acid Canyon. 
RO~OCISQ 6110s may include TA45 and tho Pueblo Canyon Wastowater Troatment Plant ( W P ) ,  but no 
sediment samples have boon colleaed upstroom from either of thoso sltes; thorefore, the possibillty of 
othar sources cannot be ruled out. Addltlonal sampling and analysls would be required if It is necessary 
to determine tho sourco of the morculy with more conalnty in the contmt of evaluating risk and potential 
remedial octlons, 

Several Inorganic COPCs (cadmium, lead, silvor, and zinc) have thelr highest concontrations in roach 
Pal  and have physical dlstrlbutlons that aro slmllar to mercury. These contamlnonts may also have 
multiplo sources within the upper Pueblo Canyon watorshed. Another Inorganic COPC, copper, may 
have boon teloased from the same sltes, but the maxlmum value for copper was obtainad downstronm 
In reach P.2 West, suggesting an odditlonal source downstream of Acid Canyon as well. Additional 
sampling and onolysls would bo requlred If it is nocossary to dotormino tho source of these Contaminants 
with more cenainty. 

The remalning inorganic COPCs, antlmony and soloniurn, have signillcant d m  quallty Issues that limlt 
understanding of the potontlnl signlficance of those chemlculs In Puoblo Canyon sodlmonts. It is posslblc 
that one or both am presont only at background lavels. Addltional sampllng and analysis would bo 
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raquirod if it 15 necessary to dotonine if these chomicals ore prosent above background values and, It 
so, to detormlno their sources. 

Twanty.nlne orgslnlc COPCs havo been measured at low concontratlons In the sedlrnents of Puoblo 
Canyon and appear to haw beon derived from multlf2lo sourcos, although none of the sourcos for these 
organic COPCs have beon cloarly Identlfled, Theso chomicals Include polychlorinatod blphonyls (PCBs), 
pestlcldes, plastlclrors, and polycyclic aromatic hydrocarbons (PAHs). Sources of theso chemicals could 
potantlally Include both formor Laboratory sltos and urban D ~ D S  of the 10s Alamos townsite (e.g,, 
parking lot and roadway runon 8s a sourco of PAHs). For many ot thoso COPCs naturally occurring 
mo:orlals such as charcoal coff Id also haw potentlally pruvided msults abovo detection limits. Addltlonal 
sampling and analysis would bo required H It Is necosvmy to detennlno sources of tho OrganlC COPCS 
wlth more cenalnty, 

6 3  Present Olsttlbutlon of Contamlnanta 

Plutonlum=239,240 and other contnmlnonts within Pueblo Canyon hwe  becn widely distributed by floods 
durlng the past 55 years, Sedlrnont wlth plutonlum concenrm?~ons above background values is preson? 
along tho lull IOngth of Puoblo Canyon downsttoem from Acld Canyon, o distance of more than 10 km. 
The part of the canyon floor containing plutonium nbovo the bockground value ranges in wldth from loss 
than IO m to greator :hnn 700 m. Tho horizontal and vertical o m n t  of contnminnted sodlments aro well 
deflned In the reaches solmtod for geomorphlc rnapplng and sumpling and, If regulred, estimates of the 
extent or con:nminatod sediments In unsomplod ranches could be made basad solely on goomorphic 
mapping. 

Concentratlons of plutonlum-239,240 in post-1942 sodlrnont doposlts show subsrantlnl varloblllty both 
within roaches and botweon roaches, hovlng a mnge of more than two orders ol magnitude wlthln some 
roachas. The hlghbst concontmtlons of plutonlum-239,240 and ussociatod mdlonuclldes occur In tine- 
gmlned sedlmonts that wero probably dePosltod concurrently wlth or soon attor the peak conraminant 
releases from TA45, and hlgh variabillty In plutonlum concon!mtlon also seems to exist wlthln those 
doposits. Thoso rolatlvoly old post-1942 sediments are found In geographlcolly srnoll aroas that cannot 
bo rellably idontilied using geomorphlc mapplng alone (e,g,, the c2b unlt In reach P-1 East and the c6 
unlr In P-4 West). Howover, If thoso ISolPtad pockets of sediment ore chosen PS targets for ramedlal 
action to reduce potentlal risk, It would be posslble to ldontity them in u n m p l e d  reaches uslng field 
moasuromonts of alpha ndlation in combination with goomorphic mapping. 

Conconttatlons of most other radionuclides releasod from TA.45, spociflcally omoriciurn44l, 
plutonium=238, and posslbly tritium, are posltivoly correlated wlth the concentrations of 
plutonlum-239,240, indlcating that theso COPCs are CollOCtlted with pluton~um-239,240. Therafom, the 
areas of hlghost concontratlons of thoso rndionuclldos cfin be prcdlctod basod on information on 
concentrations of plutonium-239,240 using elthar analyticat doto or field mdlotlon measurements, 
Strontium80 Is also apparently elevated abovo bockground lovels because of releases from TA-45, but 
It Is not collocated wlth plutonIum=239,240; therefore, the areas wlth tho highest concentntlons of 
stmntlum=90 cannot be predlcted based on tho plutonlum data. 

tnorganlc and organic COPCs in Puoblo Conyon are probably contained wltnin the same sediment 
deposits PS the plutonium~239,240, but concentratlons of the inorganic and organic COPCs or0 not 
clearly corrolutod with plutonium concentrations In post-1942 sodlrnents, Beauso of thelr appnrenr lnck 
of collocotion wlth the primary rndlonuciide contaminants, It Is no: posslblo at prosent to systomatially 
Identity thoso sites where concentratlons at lnorganlc and organlc COPCs am highest. Thoroforo, I1 risk 
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assessments identity that spocific inorganic or organic COPCs roquire remedial actions, additional 
sedlment sampllng and analysis would be required to dovelop a dofonsiblo conceptual model tnat would 
doscribe the extent of contaminated sedlment requirlng remediation, 

6,3 Potential Human Health Risk 

Tho preliminary human health risk assessmont PrQSentod in Section 5 1  QvalUatQd the radiation doso 
that Could be receivod by trail users, resource usars, and construction workors in Puoblo Canyon undor 
prossnr-day conditions of contamination and land uso. Only the dose contributed by plutonium.239,240 
in sedlmonts was ovaluatod in this report bocauso o screenlng asscssment indlcatod that this COPC 
was the dominant contrlbutcr to potontial human health risk in Pueblo Canyon, The assessment 
indlated :hat nowhoro in tho Pueblo Canyon mches  dlb consorvatlvo ostimatos of dose axcood the 
preliminary remediation goal (PRG) of 15 mrom/yr proposed by tho Environmental Protaction Agency, 
Theraforo, tho results of this lnvestlgotion indicate no irnmedlate risk to human health bocnuso of the 
levels of contaminatlon in Pueblo Canyon sodiments and no need for lmmedlatf3 romodlal action in the 
contox? of human hoolth risk 

Tho other COPCs that were identlfiod in tho human hoalth scroonlng assessment as having maximum 
values exceedlng PRGs are tho PAHs bento(a)pyreno for all exposum sconarios; benzo(b)fluorantheno 
and dlbenz(a,h)anthracene for both the trail usor and the resource usor scenarios; and morcury only for 
the resource usor scenario, The PAHs may warrant additional sampling and onalysls to determine if they 
nro derivod from Laboratory pofentlal rolease sites (PRSs) or from olsewnero in the t o o  Alemos 
townslto, and possibly to better define thoir distribution nnd concentrations, For mercury, the pathway 
associatad with the oxcoedmces of the resourco usor PRG Is uptako from sediments to plants and thon 
from plants to meat. This sconario is conservative bocauso tho animals providing meat are assumed to 
range and grazo exclusively on the contaminated sodimonts, This assumption neods to be ovaluated by 
comparing the areal extont of mercury contamination in roach P-1 , whore tho highost values occur, with 
the range roqulroments for typical grazing animals in this a m .  

Tho human health risk assessment prosentod in this roport evaluated only the risk duo to contaminants 
in sodimonts, and addltlonal risk assessments will be required that incorporato surface water nndlar 
groundwater oxposuro pathways. Data on w m r  quallty are currontly baing callacted from Puoblo 
Canyon by tho Envlronmentnl Rostoration Projoc: for use In theso futuro assessments, Addltional risk 
assessments may also be roquired to evaluate ditl erant land us0 and exposura scenarlos, such as 
residentlal sconarlos, if it is decidod that such ossossmentn aro approprinte, 

6.4 Potontlal Ecological Risk 

Potontlal ecological risk Is poorly defined in Pueblo Canyon bQGiUSQ of the limited scopo of the 
ecological scroonlng assessment that was possible in the Conton of this report. Bowuse the Laborntory 
has not compiled Information on the toxlclty of Pueblo Conyon contaminants of potontinl ocologicnl 
concern (COPECs) to aquatic receptors or on tho concontration of COPECs In surface water, tho 
assessment prasentod in Soction 5.2 evaluatad only the potontlal rlsk to torrostrial receptors from 
c0ntamlnan:s contained wlthin tho sediments. In addltlon, this protiminary ass(3ssment used only 
maximum valuos obtained for ooch COPC wlthin Pueblo Canyon and mndo no attompt to estimate 
avorage COncOntratlOnS or to evaluate risk on a roach basls or n watershod basls, Oespito these 
limltatlons, this assossment indicates that soveral contaminants present wlthin the sedlmonts of Pueblo 
Canyon pose poten:ial ecological risk to torrostrial receptors and thus will require additional assessment; 

Pueblo Canyon Roach Ropotl 6.3 Setprombor 1998 



Conclusions and Recornmendarions Section 6.0 

this assessmont also identifies some spoclfic data needs. Howovor, tho lack of obvious contaminant- 
roiated ocologlcnl Impacts In Puoblo Canyon suggests that thoro is no need for lmmedfnta remodla! 
action with regard to ecologlcal risk, 

The screening assessment pertomed In this invostlgatlon ldontlfied mercu:ury as presenting the highest 
potentlal ecologlcal risk within tho sedlments of Pueblo Canyon. Available data indicate that mercury 
was releasod from multiplo sitos In the upper pan of tho Pueblo Canyon watershed and has its hlghost 
concentratlons in roach P-?, although it has also boen detectod abovo bockground values In 
downstream roaches, At least two slgniflcant uncertalnrios exist concemlng the potontiGI ecological risk 
posed by mercury In Pueblo Canyon, Flrst, the speclfic chomlcal forrri of the mercury is unknown, and 
the prollminary ecological risk colcuiotlons assumed that all tho mercury Is prosant In Its most !oxlc form 
(mothy1 mercury). A mor0 realistic ecologlcal tlssessmont of tho rlsk posod by morcuy could bonsfit 
from data on Its actual chomical form andor the actual biological uptake. A relatively simple first stop in 
porfoming a more reallstic assossmont would bo to detofmino tho mercury valence statos and 
compounds prosont within sodiment samples in roach P-1, whoro mercury concontm:lons aro highest. A 
second uncenainty concoms tho geogmphlc dlstrlbution of tho mercury. Bocauss monury Is not cloarly 
CollOcQtod wlth plutonium-239,240, ovallablo data am lnsuff lclent to develop a conceptual model 
describlng tho distribution of morcury In enough dctall to us0 In deslgning and implemen:lng remodla1 
octlons, I f  these are roqulrod, Theroforo, If lurthot astessmonts indicato that mercury poses a slgniflcant 
ecologlcal risk In Puoblo Canyon, additional sampling would be required to doflna tho dlstributlon of 
mercury and proposo romedinl actions. 

Plutanium-239,240 was ldentlfled as tho COPEC with the second hlghost potentiol ocologleol risk In tho 
sodimonts of Pueblo Canyon, Geographic varlatlons In plutonlum concontmtlon are woll ostabllshed In 
Pueblo Conyon, and avollable data are adequnto in this regard to perform additlonol assessments and to 
propose remedial actions, if roqulred, The largost uncertainty concorns tho actual uptake of plutonlum 
into the food web, and :hh uncominty could be reduced through application of Labomtory=speclfic biota 
uptake studies or now investlgatlons of plutonlum In rrnlmnl tlssue. 

The romalning COPECs that wero ldontlfled as potential ocologlcal risk drivers In this invostlgatlon In 
port share thQ same uncettolnties associated with mercury (uncertain chomicol form, biological uptake, 
and geognphlc dlstrlbution), although lor somo there am nddltional quostions as to whether they worn 
roleasad from Laboratory operations. Data on those COPCs In sedlmonts and/or nnlmel tissues could be 
obtainod concurrontty wlth further lnvostlgatlons of menury If roquirod for futuro mlogical rlsk 
ossassmont. 

6.5 Future Remobllltatlon and Transport of Contamlnetod Sedlments 

Floods constltuto tho prlmory transport mochanlsm for contamlnants In Pueblo Canyon and, undor 
natural conditions, floods will continue to redlstrlbute those contaminants. Future offects of floods an be 
estimated basod on the geomorphic record of the effects of floods that havo occurred durlng the post 55 
yonrs. Each flood redlstributes part of tho contamlncint lnvontory wltnln the watershed and also mlxes 
contaminated sedlment with uncontamlnatod sodlment dorlved from various  ark of the wntarshod. This 
mlxlng of sodlmont from different sources has raducod tho concontmtion of plutonium transponod by 
floods over the. Plutonlum concentrations In sediment tmnspo(ted durlng floods warn hlghost dunng the 
period of actlve reloasos of ndloactlve effluent from TA-45, boforc 1965, and concsntmtlons droppod 
rapidly afier off luont releases stopped. Plutonlum concentrations havo been stnblo or havo decllnd 
slnce that tima; tharofora, concontratlons can be oxpectod to remain stablo or to decllno during the noxt 
saveral docados. Thus, remedial actlons to reduce plutonlum concentrations in sediment transported 

~~~ ~ 
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during floods will bo necessary only I f  It is dotorminod that prQSC!ntd€iy concontrations pose a significant 
human health or ecological rlsk or ore otherwlso unaccoptable. 

Most of tho plutonium contained within sodiments in Puoblo Canyon is located in geomorphic units that 
are presently isolated from the active channel and that are not ConsiderQd to be susceptible to 
remobillzation by vertlcal ehannol Incision or latoral bank erosion during the next 50 years, CIS discussod 
In Section 4.3,6. In addltion, part of tho plutonium that is romobilizad will be redopositod in rolativoly 
stable geomorphic settings downstroam within Pueblo Canyon and thus will not reach Los Alamos 
Canyon or the Rio Grande over these t h o  scales. In tho short term (noxt ten years), the plutonium most 
SuscoptiSlo to transpor: off Laboratory PrOpofPj is beliovod to be confainod withln sodlment deposlta in 
reach P 4  in lowor Pusblo Canyon, which Is an area that Is oxPeriencing relatlvoly extensive erosion at 
prosent, although less than 20% of the plutonium in P 4  is considorod SUSCQptlblQ to romabilltation. No 
immediate romedial8ction in roach P 4  is considerod necessary becauso risk-based decisions and 
regulatory standards are batod on concentratlons of contaminants and not mass (Inventory) and 
bocauso tho preliminary risk assossmont rosults Indicate that curront concontrations do not pose 
unacceptsblo risks, 

If It Is detormined that concentrations of plutonium or tho totnl amount of plutonium in sediments leaving 
Puoblo Canyon am unaccoptable, remedlal actions would Ideally be based on a modol that doscribos 
the rudistribution of sediment within and transport of sedimont out of Pueblo Canyon, Such a model 
should allow an evaluatlon of the effects of various remedial actions over a variety of tlmo scales and be 
tallored for thQ parameter of Interest ( t ~ ,  concentration or mass), For oxample, If tho dosired goal is to 
reduce plutonium concentrations In sediment at the confluonco with Los Alamos Canyon, remedial 
actions in one part of tho canyon might be Indicated, but if the goal is to reduco the total ~ D S S  of 
plutonium Ioovlng Pueblo Canyon ovor some time frame, dlfieront remadial actions might be warranted, 

Currontly It Is no: possible to quantitatively predlct (1) the rate that plutonium and other Contaminants will 
bo transported out of Pueblo Canyon and into Los Alamos Conyon, (2) contaminant cancentrations 
wlthln sodiments carriod by futuro floods (oxcopt in tho short t o n ) ,  or {3) tho offocts of possiblo romodlel 
acdons, although qualltatlve prodlctlons can bo made. Quantltotlve prodlctlons would roqutre a 
defonslble modol that can Incorporato tho remobllltatlon of contaminated sedlment from a variety of 
goomorphic units, which have variable sediment rosidonco timos; tho mixing of sedimont from both 
contamlnated and uncontamlnatod sources: and the redlstributlon of this sedimont by tloods with varying 
recurtonce intervals. Because of the probabllistlc nature of floods, a probablllstlc sediment transpor: 
modo1 would be most appropriate, Theroforo, If it is foresoon tha: romedlal actions may be warranted in 
the futuro to reduco eithor the concentratlons or mass of plutonium leaving Puoblo Canyon, dovalopment 
of a probablllstic sodtmont transpon model tailored to the conditions In PuoSlo Canyon should be 
pursued. 

6.6 Summary of Recornrnondatlans 

Tho assessments of potential human health and ecological risk prosentod in this report indtcnto tnat 
levels of contamination in tho sodirnents of Pueblo Canyon do not require imnedlate remedial actions 
with rogard to prosont-day risk. Simllnrly, thQ geomorphic nssossmonts indicato that tho conconlrntions 
of contomlnants In sodlmonts carrled by floods hnvo bean stnblo or havo decllncc for decades, and tho 
rodlstributlon of contaminated sodiments will no: result in futuro increasoo in contaminant conccintrations 
in downslroam areas. Therefore, no romedlal actions aro proposed at this timo, although romedial 
actions may be warrantad in the future following additional assossrnents, 
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Addltlonal rlsk nssossments will be required beyond what was posslble In the context of this report, 
Including both human health and ocologlcal risk, and some additional sompllng and analysis wlll be 
requlrud to support thsso ossossmonts, In particular, watur qualiv data will bo required for both human 
health and ecotogical risk assassmentc, and contlnuod collection of sufficient data to porfom risk 
assessmsnts is considerod a priority, In addition, more analyses from sediment samples rncy be 
roquirod to complete these risk assessments. Goals of additional sampling may include dotormining tho 
speclllc chemical Iom and sources of !ho mercury, and also dotormining the most slgnlfiwnt soureo !or 
the mercury, Addltlonnl goals of further sampling may include determining the source and distribution of 
PAHs. If It Is decided that additional sediment sampllng is roqulred outside of tho sampled reochos (o.g,, 
closer to tho Pueblo Canyon W W P ) ,  then oddklonal goomorphlc mltpplng in those areas will also be 
requlrod, 

Ooclsion polnts concerning tho transport of contamlnants from Pueblo Canyon Into Los Alamos Canyon 
and toward the Rlo Gnndo are not yot dellnec!; thus, it Is uncemln if remedial actlons may be required 
to roduco olther the concontralions of contaminants in sediments carried by floods or the total mass 
(lnvontory) of contaminnnts transported downstream avor various time tnmes. Theroloro, decislons 
concoming the posslblo nood tor romodlal action In thls context will depend on the deVQlOpmt3nt o! 
specific decision crfton'n, However, If It Is larosean that romodlal octlons may be roqulred in tho future to 
addross off-slte transport, devolopment of a dolenslble sodlmont transport model should bo pursued that 
would allow bettat ldentllicntion of spoclfic sltes whore romedlal actions would be most eff octivo, 
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Appendix A Acronyms and Unit Conversions 

APPENOlX A LIST OF ACRONYMS AND UNIT CONVERSIONS 

A-1.0 LIST OF ACRONYMS 

ASTM 

BKG 

CMS 

COPC 

COPEC 

CPm 

CRDL 

CVAA 

DDT 

DOE 

EC 

EDL 

EFH 
€PA 

EQL 

ER 
ESL 

FIMAD 

FUSRAP 

GFAA 

GIS 

G PC 
GPS 
HE 
HI 
HQ 
HSWA 

ICP 

ICPES 

ICPMS 

IDL 

American Society for testing and Matorlols 

background data 

corroctlve measuros study 

ChQmlCal of potontlal concorn 

contaminant a! pofontlal ecological concern 

counts per minuto 

contract requlrod detection llmlt 

cold vapor atomic absorption 

dlchloro dlphenyl trlchloroethane 

Department of Energy 

oxoedlfod clsanup 

OstimGtQd detoctlon llmlt 

Exposure Factors Handbook 

Envlronmontal Protection Agency 
estimated qutlntitatlon llmlt 

Envkonmontnl Rostoratlon 

ocologleal scroonlng lovol 

Fnclllty for Information Managoment, Analysis, and Display 

Fomorly Utllked Sltos Romedlal Action Program 

graphito !umaco atomic absorption 

geographic Infonation systom 

gel permentlon chromatography 

gallons par second 

hlghsxplosivo(s) 

hazard lndax 

harnrd quotlont 

Hazardous and Solid Wasta Amondmonts 

lnductlvoly coupled plasma 

lnductlvoly couplod plasma cmlsslon spectroscopy 

inductively coupled plasma mass spectrometry 

instrument dotoction llmtt 
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J 

J* 

J* 

LCS 

MOA 

MF 

NA 

w 
N.A. 

ND 
N FA 

NFG 

NR 

NTU 

PAH 

PCB 

PESTPCB 
PRG 
PRS 
Qa 
oc 
R 

RAGS 

RCRA 

RN 
RPD 

SAL 

SCM 

SOP 
sow 

L 

Tho analyto was positively ldantlfled, and tho assoclatod numerical valuo Is estlmatod 
to bo mor0 uncanaln than would nonGlly bo expoctod for that analysis. 

Tho analyte wns posltlvely Identlfied, and tho tQpOnQd vnluo Is an sstimato and llkely 
blasod hlgh, 

The analyto was posltlvaly identliled, and the reponed value Is an cstlmato and llkcly 
biosod low, 
laboratory control ample 

mlnlmum detocrnble aetivlty 

rnolsturo fraction 

not analyzed 

not opplicablo 

not amllable 
nor dotoctod 

no lunher octbn 

nntlonal tunctlonal guidellnss 

not requestcd 

nephelometrlc turbldlty unlt 

polycyclic nromatlc hydrocarbon 

polychlorinated blphanyl 

postlcide and pOlyChlorlnQtod biphenyl 

prellmlnary romedlatlon goal 

potonrial reloaso sit0 

qunllty a* Jsurance 

quality control 

Tho sample results arts rofoctod because of serious doflcienclos In tho oblllty to anoly33 
tho somplo and moot tho qunllty control critorin: prosencs or nbsonco cannot bo 
vcrlllod. 

Risk Assessment Guldanco lor Superlund 

Resoureo Consorvation nnd Recovmy Act 

roquest number 

mlatlvo percent dllforonce 

scroaning action level 

stto concoptual modo1 

standard opemtfng procadure 

stotoment of work 

September 7998 A 4  Pueb/o Canyon Reach Repott 



I 
1 
I 
I 
I 
I 
1 
1 
1 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 

"? 
' : r  

''7 

- 4  

h. 

.I.. 
Appendix A AcronFms and Unir Conversions 

svoc 
TA 

TAL 

TCMX 

T&E 

TPU 
U 

UJ 

USGS 
USRADS 

VCA 

VCM 

WRS 

WWTP 

somlvolatlle organic compound 

Technical A r m  

targct analyte list 

tetmchloro-m=xylene 

threatened and ondangered 

total propagatod uncortalnty 

the  analylo was analyzed for but not dotoaed. Rf?pOftQd value is the samplo-speclfic 
estlmated quantitatlon limit or dotoctlon Ilrnlt. 

The analyte was analyzod for but not detected, Reported valuo is an ostlmatc at the 
sarnple6pocific quantltation llrnlt of detoctlon limit. 

Unlted Statos Geological S u ~ o y  

Ultrasonic Ranging and Data System 

voluntary corroctive actlon 

voluntary corroctive measure 

Wllcoxon Rank System 

wastwatcr troatment plant 
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bY I To Obtrln US Cusrornay Unlt 
O.G22 I rnllos (ml) 

I 

molors (m) I 3.281 toot cn, 

Mulllply SI (Motrlc) Unlt 
kllomotors (km) u kllomotors (km) foot (n) 

Am20 M E T R E  TO ENGLISH CONVERSONS AND METRIC PREFIXES 

contlmotors (em) 

METRIC TO ENGLISH CONVERSIONS 

0,394 I lnchoo (In.) 
mllllmolors (mm) I 0.0394 
mlcromotors or microns (pm) I 0.0000394 

molors (m) I 38.37 I InChOS (In.) I 
contlmotors (cm) I 0.03281 I foot (n) 

lnchos (In.) 
lnchos (In,) 

squaro kllometom (km3 
squnre motom (m?) 
cublc motors (ma) 
kllogrnms (kg) 

grams (01 

METRIC PREFIXES 

ware rnllos (mi') 0,3861 I 
10.764 I wunro root (fl 
35.31 1 cublc !bot (ff) 
22W6 I pounds (Ib) 

0,0353 I ouncos (or) 

Term Powwof 10 

mllll- 

Symbol 

10" 

mogo- 
k l b  

m 

1 0' I M 
103 k 

I 

dNl- I 10" d 

.. 

I 

I mlcro- I la* 

I 
B 

I 
b l C b  I 1d"t 
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Appendix B Cltoractcri:arion o f  Gcomornliic Units 

APPENDIX B CHARACTERlZATlON OF GEOMORPHIC UNITS 

Thls appendix presents supplemental information on tho characteristics of the goomorphic units in tho 
Pueblo Canyon reachos. 

B-1.0 DENDROCHRONOLOGICAL ANALYSES 

Troes wero cored in oach of tho Pueblo Canyon roaches for dondrochronological nncllyses (rrae-ring 
dating) to provide age constraints for geomorphic unlts and for specitic sedlment doposits. Sedlmonts 
burying :roes of known age aro constrained to be younger than !he t r m ,  and sodlments beneath the 
base 01 trees aru constrained to be older. In Somo cosos, nearby treos of difforont age con provide more 
proclso detarmlnation of t9e ages of sodlment doposits. For example, two adjacent trees of dittorent age 
can be buriod by dlfferont thicknessos of sedlmont recording avoriclblo number of floods since the 
gomination of oach troo and approximate ages for such floods, Or dlffOrQnt ago troes can be buriod by 
tho same thickness of sodimant racordlng !he absence of doposition during speclfic tlme periods. In one 
case (troe PUB927, roach P-3 East), the caiondar ysar of D specific Itcod was ostlmatod by the date of a 
major growth response racorded In the tree rings following panial toppling of this troo, which rQSUlt@d in a 
bond In the treo trunk. 

Coros were colloctod from 29 lndivldual Plnus pandoroso trees using CI 5-mm=dlometer incrornont boror 
(Tabio 61-1), Each tree was assigned a unique throo4otter throe=numbcr identifier foliowing the 
convontlon used by tho Laboratory of Troo-Ring Rosearch at the Unlvorslty of Arlzona, with the  
designatlon 'PUB' choson to indlcato troes corod in Puoblo Canyon. Thaso troe5 are locatod at or near 
sodlment sample sitos, and data on the troe dlameter and the thickness of sedlment burying each tree 
wefo rrjcordod, To best constrain the germlnatlon ago of euch tree, the trms wero corod PS closo to the 
ground as was fQaSlbl0, and an anernpt wns made to Cor0 through the pith or core os close 11s possiblo to 
the plth for each tree. Bark was included at the outside edge of tne cor0 wherovor possible to confim tho 
comploteness of tho troo-ring rocord. A minimurn of two Coros woro colloctod from onch tree, typlcaily at 
right angles to one anothor, to provldo chocks on the accuracy of tho trowing Uating. After cores wero 
oxfractod from the Increment boror, an ostimated ago of oach ire0 was obtained 5y visual inspection of 
the core, eithor with the naked oyo or using a 10% hand lens, to guide funher field work. Cores woro then 
placed in papor soda straws, Iabelod. and allowed to dry for a minimum of lour days before final samplo 
preparation, 

After drying, properly arionted cores wore mountod in grooved, wooden strlps approximalely 9.5 by 14,3 
rnm In Cross ooction uslng tho mothodology descrlbod In Stokos and Smiley (1368, 5 7 W )  and Phtpps 
(1985,584?7), Mountod coros wore allowod to dry P minimum of ono day beforo suhcing. Coros woro 
surfaced by firs? treating tho Cor0 with P 50% glycerin and wator solution, hontlng, and then slicing the 
Core with o heavy duty carpot blade. Cores wor0 than sanded with progrossivoiy finorgrit sandpaper, 
typically progressing from 220 through 1000 grit paper, with two intonodlote stages, As &I flnal step, 
coros woro wipod wlth isopropyl alcohol and buffad uslng suede leather. 
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DENDROCHRONOLOGICAL ANALYSES FROM PUEBLO CANYON TREE CORES' 
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Attor proparation, coros were oxamlned under n binocular microscope. When poslble, cores were cross- 
dated using methods descrlbed in Glock (193'1, S8476): Stokes and Smiley (796% 57644): and Phlpps 
(1985, SWn] to provido an absolute date for the Innermost ring In il givon specimen. Cotos were cross- 
dared against low1 records of tho growth msponse of troes to cllmatic voriotions ns conralned within tho 
Sandellor National Monument master chronology and the Bandelier-Frijolito watershed piAon pine mastor 
chronology, Approximately 52% of samples oxhlbltad a good correlatlon with tho master chronologies for 
this area, whereas approxlmntely 28% of samples did not comlate wlth the master chronologies (Tablo 
81-1). The remaining 20% of the coros oxhlblted a fait comliitlon wlth tho Bandoliar Natlonal Monument 
masrer chronology. When tho plth was encountered in a COM and tho COM flt the master chronology, tho 
absoluto age of the pith at the height the trao was cored could be determined wlth a high lovol 01 
confidence. If the plth was not oncountered, the oga of the plth was ostlmated using ono of three plo?s ot 
concontric circles with spacings of 0,25,0.5, and 1 mm, The number of misslng rings betwoen the 
innermost ring visible in a given core and the pith was estimated by motchlng the arc of P clrelo of 
npproprloto scalo to tho arc of the lnnar ring and countlng the number 01 circles betweon tho inner ring 
and an imaginary pith at the center of tho series of clrclos. 

Uncertaintles In cross dating aro duo to a vndoty of factors, includlng an obundanco 01 false rings In tho 
relatively young trees targelsd tor this study: tho location of troos on canyon floors where onvironmontnl 
stresses ora IQsSenOd ana cllrnutic vorlations may not be at evldent as In t r eds  growing in harsher 
settlngs (s,g., on hillsides with thin solls): coring of trees whose growth Is suppressod by nearby larger 
trees: and the fact that not all trees in a givon Prop wlll fit a mmtor chronology. A false rlng superficlally 
Bppears as a separate ring but Is In fact contalnod wlthln an annual growth increment (Phlpps 1985, 
58477); young trees, such as those used forthis study, oxhlblt a rolatlvo abundnnco of falsa n'ngs. Treos 
growing along anyon floors aro more llkoly to have 8 continuous spring and summer molsturo supply 
than are troos growing on hillslopos, whlch could lead to P complacent ring sorles. flowevor, it is apparent 
from the treos collucted In this study that, In gonoral, moisture does not occur in sutficlent quantity or 
duration along the Puoblo Canyon drainage to produco an abundance at camplacont treos. Treos 
growlng In donse stands (la., supprossod troes) ore problomotlc bocouso "It h a s  boon found that 
cOmpotltlOn among closoly growing treos may rnodlfy or change tho rlng pattern from that of a 'normal 
procipltatlon pattorn'" (Stokos and Smlley 1968,57644, p. 31). Desplto those problems, It Is apparont that 
many of the tmes growing In Pueblo Canyon and othercanyons on the Pajatto Ptotoou am suitable for 
cross dntlng and thus provide accurato tree-ring dating. 

8-2.0 THICKNESS OF POST-1942 SEDIMENT DEPOS17S 

The thickness of post=l942 sediment was measured In each of the Pueblo Canyon reaches to calculate 
the volume of sediment in the different geomorphic units and tho associated plutonium~239,240 invantoty, 
Thlcknoss meRsuroments wore focused on the mlottvely flnegnined ovorbank lodes sodimant because 
of the higher lovels of piutonlum In these SQdhents than in the cosrrsor-gmined channel Iocios sedlmont 
and their resultant importance in estlmatlng plutonlum lnvontoy and in evoluatlng potontiai dsk. In 
addition, tho thicknoss of post4942 ovorbank lncles sediment can bo dotormined with greater confldenco 
thn.? the thlckness of assoclatod channel facias sedlment becausa al the general absence of clear 
stmtigrnphic markers in the latter and the dit! lcutty In confidently detarmlnlng tho contact with underlying 
pro-1943 sedimant. Thickness measurements for onch of the Pueblo Canyon mochea or0 prosonled in 
Figures 82.1 through 82-7. 
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' 53.0 PARnCLE SJZE AND ORGANIC M A m R '  DATA 

Each foyer thot was samplad for analysis of potentlal cdnturnin&nts wus also sampled for analysts of 
panicle size dlstrlbution to evaluate possible relations between contaminant levels and size 
characteristics, Samples coiiectod in 1996 were analyzed by the laboratories of Rust Geotech (full-sullo 
samples) or Roy F. Weston, Inc. (remaining samples) in accordance with the American Society for 
Tostlng and Mnterlnls (ASTM) mothod D 422-63, which is tailored to engineoring applications. Samplos 
coftected in 1997 Qnd 7998 were onelyted by the Soil Characterization and Quaternmy Pedology 
Laboratory of the Desert Resenrch Institute, following procedures recommended by the United States 
Goologlcal Survey (USGS) for geologlwl applications (Janlkky 1986,57674). One primary difference 
betwoon theso methods Is In the way percentages of slk and clay sko fractions are datemlned, wlth the 
ASTM procedure using an approximote hydrometer method and the USCS procedure using o, mom 
preclso pipette method. An addltional difference Is in the methods used for dispersing the samples befoto 
analysis, wlth the USGS recommending a gentle disperslng procedure that Is loss likely to physically 
abrade friable gnvel (such as tuff fragments) than the ASTM procedure. Atter thQ results of the 1996 
sampling indicated that data on sllt and clay percentages could be very Imponant in understanding 
varlntions in contaminant lovels. the Canyons Focus Area technlcal t e r n  decided to analyze subsoquent 
samples using the more procise USGS procedure. I 

Data on organic rnattor content wero also obtained on most of the samples collected for ondysls of 
potentlal cantamination to ovaluate potantial relations between contaminant concentratlons and organic 
matter. Analyses used a loss-on4gnklon method In whlch, after drying at low temperature to tumovo 
water, the porcentuge of somplo lost by combustion atter heating at 400% for four hours was alculatod. 

Oata on particle slzo distribution and organic manor content for tho Pueblo Canyon sedlmbnt somplbs are 
shown In Tables 83-1 through 634. Summaries of the paniclo ske and organic manor data for each 
geornorphlc uiiit ara shown In Tables 83.5 through 83-8. PercentaQes of sand, sllt and clay sire fractions 
are calculated from the 4 mm size tractlon. For the Q mm size fradlon, the median panicle size e l m ,  
the modlan particle slze, and the soil texture are shown to fecllltato comparlson of me partlcle slrb 
characteristics of the different samples and the dinerent geornorphlc units, Beauso particle size 
distributions am traditionally shown on semflogRrithmic plats, the medinn particle size Is calculated in 
these tables by extmpolatlng beween boundarles of oi:e classes using a logarlthrnlc transformation. 
Calculation o! soil texture follows standard procedures used by soil scientists (e,g., Nyhan et &I, 7978, 

I 5702, p. 19). percentages of gravel in these tables are lower than In me actual samplod layer for many 
samples because only gravel that would flt Into the sample bottles was collectod (4 cm). Avenge gravel 
percentages Sor the coano channel facles deposits am thus routlnoly underostlmated, although gravel 
percentages for overbank facies deposits are generally accurata. 

The relations of pluionlum=239,240 concontration to various particle dzo panmeters and organic matter 
content for each reach were exnmlnd using a mles of scatter plots. Paeiclo sire parameters chosen 
were the modlan ponicle sire and the percent finerthan each break between sir0 classes (o.g., porcent 
clay [<2 micron slte fraction] ond percent clay plus fine slit [e15 micron sbe fmdion]). On each of tho 
scatter plots, dltforent symbols were usod to diatlnguish samples from tho different geomorphic units and 
dlfferent sediment facies to vlsu~lly examine whlcn subsets of tho samples wlthln each reach shur~sd 
simllnr relations of paRlclo ske to plutonium concentradon. The most useful plots wero found to be of 
plutonium against median panicle size, petcent clay, and percent silt plus clay (4.0625 mm or ~62.5 
microns), and those ore presented in Figures 83-1 through 834. For reaches where dlscreto populations 
could be Identified thot had dlfferont plutonlum concentrations for P givon particle ske, comspondlng to 
oldstand younger subsets of post-1942 sediment, theso subsets aro shown on dlfferent plots. 
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TABLE 83-3 

REACH P-3 PARTICLE SIZE AND ORGANlC MAITER DATA' 

sasyb 
D 

04LA-97U2233 
WLA-97-0231 
WlA.97-0232 
(UM-97WJI  
W U - 9 7 M 3 5  
QSW-974176 
04PU-97-017T 
WF'U-974173 
oJW-971)173 
QIW9741w) 
OiPU-974183 

mPV-97m7 

vwy corrsr 
Crarrl sand 
(>2m) (Z-lrm) 
(*l%) (d%) 
34.4 47.1 
40.2 45 0 
67.1 27.1 
47.7 7.5 
4 8  5 31.1 
13 6 7.2 
3.4 2.7 

11.2 15.3 
28.1 51.7 

- -. 
-___I- 

11.7 
4.5 

8.1 
10.6 
10.8 10.7 
30.4 43 3 

31.0 35 8 
4 4  

4 5  
.___ 

Coarse W r m  Fhe Y r q  Fine 
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(d %I (ut %I (fi =I W'i) 
(1-45mz) (OSa2Sm) { O I M 1 2 5 m m ]  (012MMKch71) 

8.1 2 8  1 5  
2.1 

2 0 0  I . 5.1 
10 3 15 4 16 1 12 5 
23 5 13 0 9 2  6 2  
15 3 16 7 11 5 12 8 
3 8  10 5 ?a o ?2 9 

17.1 12.4 12 a 12 2 

366 13 7 4 3  1 9  

- 

339 7 6  I 1 7  0 6  

42 6 21 8 I 5 2  1 1 7  
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15 2 - 12 3 I 13 4 11.4 
18 6 

14 2 12.0 8 9  100 
352 1 2 9  3 5  1 4  
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2 3  
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i i . 5  
10.7 
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25 6 -- 
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TaeLE 83-3 &mrnMl 
REACH P-3 PARTICLE SIZE AND ORGANIC MATTER DATA' 

-- 

G r m l  
w ml 
(4 
12.3 
86 
10 2 
583 
10 2 
10.1 
535 
47.7 
tu' 
I27 
7.9 
9.4 
9 0  
9 5  
3.4 
1.7 
5 3  
4 9  

cbvv 
5yd 

(145 m) w 
36 

42 0 
11.7 
232 
5 0  

103 
2 7 1  
356 
115 - 
40.4 
42 2 
75 

b d k m  
snd 

( O M  25 mu) 

25 
17.9 
I 7.4 
I6 3 
75 
15.0 

w SI 

aw 
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(rt 
4 0  
0.7 
26 
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2.4 
2 2  
09  
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1 .o 
33 
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2a 0 
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2.7 
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4 4  12 3 46 0 
49 16 22 
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1 1 9  160 37.0 
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58 21 3. 1 
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4 2  12 1.1 
36 I.1 13 
17.7 18 3 27.0 
18 0 16 9 26 5 
I4 2 12 7 19 9 
98 5 9  92 
8 3  10 7 31.6 
166 - 227 37 2 
4 0  1.1 09 
3 6  19 3 3  

2 4  4 1  
65 5 1  9 4  
37 2. I 2.1 
57 36 5 5  
8 6  65 78 
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7.7 

3 7  
342 
60 
62 

~ 112 -- 
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6.4 
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3.4 
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8 2  1 1 4 3  2. I 
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1.9 
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1 3  
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o a  

12  
2a 7 45 6 175 ~- 

20.3 
13.9 
16.0 
15.3 
52.6 
58.3 
4 1 3  

41.0 
36.9 
28 6 
42.5 

41.4 
303 
24.1 

30 3.4 
83 06 
36 

- 
32.5 
22 0 
23.4 12.6 
21 0 153 
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04Pu-97M 1T 
04PU-97a12 
WW-97-0013 
MPU 97- IS 
04W-37-00 16 
04Pu-9743 I7 
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w~u-97-00ia 
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37 2 9 7  22  09 1 6  
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4 2 5  223 57 1 8  23 
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15 1 I4 8 10 4 IO 7 24 5 
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O 8  51 8 7. I 17 0 7  
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06 cs ~ O W 9  
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-..-.- 
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TABLE34lmntlnued) 
REACH P-4 PARTICLE SlZE AND ORGANIC MATTER DATA 

Ysycwse 
sad 

(2- 1 m) 
(ut SI 
31.8 
7.0 
1.9 

1 .o 
1.1 

35.7 

~- 

16 3 38 I 18 4 7  

I 173 333 
I 2 5 2  368 
I 26 7 4I7 

13 5 47 7 
-- 

. 1 8  
I 0 7  44 8 

-- l o  

15 4 57.1 
4 9  43 3 

15  1 7  
37 0 19 1 

0 5  0 6  

---I_ 

. --- 

.-- 

< 

t 
I 

a 
't 
4 
t 
5 

C 
C 
C 

9.9 I 83 
1.3 1 36 11.7 

O 8  1.3 f 3:: -- 
10.1 
7.9 

41.0 1 13.1 5 0  
1.7 I 2.7 I 3 3  1 4 3  

aw-97-0033  I .o 0.4 I 0 2  I 0 8  I 16 
10.0 

1: j :: 
10 8 

43 3 35 9 9.1 20  - - 

01pU-97-oodO 
GWU-97W1 18.3 
0 1 W - 9 7 m 2  20.1 
[uFu-97-0013 300 

33 2 
1.7 

13 7 
2 2  
1.6 

01FYJ-97-0054 43.4 32 3 7.8 2.0 
42.4 352 105 
2.1 4 1  4 0  
30 4 7  4 9  104 385 

41 2 7.9 6 5  4 0  5 6  
16  203 4s a 22 8 6.1 

48 5 366 7 8  1 5  0 9  
t 7  41 2 33 2 10 0 2 3  

332 37.9 11.1 2.7 12 16  
1.1 46 2 37-3 9 7  2 2  0 6  

7.4 92 13 6 16 4 15 9 23 9 

___ 

.--- 

-- . -  

- I-. 

- -  

__- 

1 6- 
27.4 
19 3 
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10 4 

6 5  I 1.3 w w - 9 7 m  
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9 8  7. 1 9L) 6 4  4 7  4 3  

18 i a  i a  18 18 re 
4 2 6  4 1 9  27 6 13 4 4 0  2 5  
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23 23 23 
._I_-.- 

4 6  3 6  30 
1 3  10 1 4  
4 4 4 

200 8 0  7.1 
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TABLEU 
REACH P-3 PARTICLE SiZE AND ORGANIC MAITER SUMMARY 

veqcovle w UrGUp 
sud snd srd 

0-1 m) (1-0s mm) (0-25 m] 
(4%) (MY t*r\) 
35 1 297 I20 
7 9  9 5  4 6  
4 4 4 
63 8 2  9 8  
4 4  6.4 9 8  
4 4 4 

37 5 35 5 13 7 
10 5 5.4 5 4  
4 4 I 
7 3  tO.l 11 8 
45  4 8  3 6  
7 7 7 

33 a 31.7 I29 
8 8  3.3 32 
5 5 5 
8 5  16 8 16.1 
32  83 4 7  
5 5 

33 5 236 133 
83 8 9  33 
8 a E 

5 -- 

cllr 
(e2 pi) 
(4 XI 

5 2  
2.8 
4 
73 
2.1 
4 
2.8 
15 
4 
7.4 
1.7 
7 
3.1 
0.9 
S 

5 6  
5 
4.5 
2.5 
8 
7.4 
3.4 

10 
73 
I 
1 .8 
1 .o 
2 

-_ 

a o 

C l  

c2 12.8 

I 
0 9  - %E -- 

13 0 
6 3  67 

4 
21.6 
18 6 
I 
8 6  
33 
7 
403 
14.4 
5 

16 6 
21.4 

4 
3 4  
21 2 
8 
6 6  
3.1 

59 
I 
98 
2.7 
2 

- 

- 

-- 

- 

10 

- 

- 

5.5 
n I 4 

1.1 
08 

a 2.4 y 
2.1 35 

4z- 2.9 Yls 

0 9  
4 4 

I5 8 c3 0.4 
2.6 6.4 

7 
4 6  
2.1 

7 
2.3 
0.9 
5 
6.1 
1.6 
5 

-- 

c3 
12 2 6  
5 5 

11.1 22.3 
3. I 10 7 
5 5 

2.6 30 
8 8 

16 2 296 
53  9 2  

10 10 
81.9 19 6 
1 1 
1.5 1 8  

3 9  4 8  -- 

5 
tt 11 2 

3 0  
5 

C4 6.6 
33 
E 

3.5 
t -9 
8 
9.8 II 4 8  7 5  10 7 

2 9  5 5  5 5  
IO IO $0  
18 15.7 15 6 
I 1 1 

35 B 33.4 1 4 3  
2 2  4 .O 0 9  
2 2 2 

14.1 
5 6  

10 
I4  6 
1 
4 0  
0 5  
2 

5 2  - 
10 

1.1 I 

E& -- lo  I 
6 5  
1 

a 1 5  
0.1 
2 1 



TABLE 83-4 

REACH P-4 PARTICLE SIZE AND ORGANIC hTAiTER SUMMARY 
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REACH P-d PARTICLE SIZE SUMMARY 
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7 7 
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id Y (* %I 
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7 7 
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7 7 
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13 13 
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7 

-t-t- 
c6 
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i t  
4 5  

~~ 
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Figure 83.2 Scatter plots showing rotations of plutonlum439,240 coneentratlon to median 
partlcle slzs and silt and clay contant In reach PQ. 
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1 Ceofnn;phlc Sbdlmsnt I 9;:; Bulk Denslty 1 Gravel 

Ovorbnnk I 2-10 OB7 0.5 LA-1 West I LA-0141 I C37 (117) 
LA.1 Wdst I LA-0141 c37 (fl?) OVOrbAnk I 11-17 I 1.03 1 0.5 
LA91 WOst I LA-0141 c37 (117) OVOh8nk I 3-2 1.02 1 1.4 

Facies Wm') t ( ~ 1 % )  Subnsch I LO-%'on : 

LA-1 Wost I lA.0143 c3 Ovorbank I 6 1 5  0,90 I 3.7 
LA91 WOSt I LA90143 1 C 3  Ovorbonk I 3 3 4 2  i,oa 1 0.9 
LA-1 West I LA-0143 1 c3 I Ovolbonk I 53-62 1.11 1 1.0 
LA.1 East I LA90157 I 11 I Ovorbank 1 1-9 I 1,09 1 1.1 

1 11 I Ovorbnnk I 21-29 1.17 i 1,7 LA.1 Enst I LA-0157 

u.1 Enst I L A * O I ~ ~  I 11 I Ovorbonk 1 11-20 0.92 1 1.0 
LA-1 Enst I LA.0158 11 1 Ovolbank I 35-46 0.93 I 2.0 
LA-1 East I LA-0159 C l  I Channol 1-1 1 1,68 I 63.2 
L4-1 East I LA-0160 11 I Ovorbank 5-1 4 0.03 I 03 
LA=: East 1 LA.OlG2 c3 I Channol 7-1 0 1.57 \ 70,l 

~~ 

IA2Enst  I LA.0090 c l  1 Chnnnol 0-8 I os92 I 3.7 
LA-2 East LA.0022 I c2 I Ovorbank I 0-8 1 0,79 9,6 
LA-2 East LA-0022 I c2 1 Ovorbrrnk I 22-30 i om i 1.5 
LA-2 Enst L A - O C 2 2  I ~2 I Ovorbank I 4 1 4 7  I 0,87 j 7.5 
LA92 East LA.0022 I c2 I Channol 5 0 4 3  1,62 I 56.2 
LA-2 East LA90023 I ~l 1 Channol 0-6 1.67 I 19,l 
U.2 East lA4106 I eZ I Ovorbank 1-10 0,70 I 5.3 
lA2EaSt  I LA.0106 I c2 I Ovorbank 21-30 1.16 I 11.8 
LA.2 East LA.0106 I e2 I Ovorbank 4 0 4 7  1.27 j 1,9 
LA.2 East LA-0106 I c2 I Chonnol 56-65 1,28 i 23.7 
P.2 wost P U - O I ~ ~  I 11 I Ovorbank 2-1 1 1.03 1 26.0 

33-40 0 , n  I 5.8 P.2 wost PU-0128 I 11 I Ovorbonk 
P.2 wost PU-0128 I I1 I Ovorbank 4 1 4 8  0.81 I 163 

P.2 Wogt PU=O128 I I1 I Ovorbonk 1 14-21 0.96 1 7.8 
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i 

B 4 0  BULK DENSITY MEASUREMENTS 

8ulk density was mensurod on 65 sodimen: layers from 27 sltos in 5 roaches In Los Alamas Canyon and 
Pueblo Canyon to OllOW imprOVQd estimates of contaminant lnvontorios (Tablo 84-1). Layers selocted for 
theso mcnsuromcnts included both channel lacles and ovarbank fades sediment ond n range of 
geomorphic units and depths, biasing moasurements toward overbank facies sodimont bocauso at their 
greater impannnco for Conterninant inventorios. Most rnoasuromonts were mado by a "wator bnggia" 
mothod deSlgnQd for loose soil (McDonald 1994,57641) in which a shallow (5 to 15 em deep) hole was 
carofully oxcavated, and tho sodlmant was colloctod In a bag for subseauont dotormination of dry wolght 
and gravol contsnt. Tho volume of tho hole was msasurod by lining the holo with P thln plastic bag and 
recording tho volumo at wator requirod to fill tho holo, A fow m~~suromonts wcro modo by the standard 
paraffin clod method (Q& Singer 1986,57643) whero thc sodlment layor possessed sutflcient cohosion. 

MLUU 
BULK DENSITY MEASUREMENTS FROM LOS ALAMOS CANYON AND PUEBLO CANYON 
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BULK DENSITY MEASUREMENTS FROM LOS ALAMOS CANYON AND PUEBLO CANYON 

-- . - 
h a t i o n  I ptwrn;;hlc Ssd1rnent- Depth Bulkbcnrlty 1 E; 

Subrssch I ID facies (cm) W m ?  

P.2 WOSt PU-0129 Clb i Ovo&nnk I 26-36 i 1.38 16,D 
P.2 Wost PU-0129 c l b  Chnnnol 1 51-60 1.52 293 

P.2 WON 1 PU-0130 c2 Ovomank I 24-32 1.12 I 380 
P-Z Wost PU-0130 I c2 Ovoaank I 35-40 1.30 I 9.0 

P-2WOst I PU4129 1 c l b  I Chcnnol 1 1-11 1.M 52.6 

* 
P-2 Wost PU-0130 c2 Ovorbank I 2-11 1 0.92 I 4.9 

P.2 wost PU-Of30 I c2 Overbank I 4 2 4 7  I 1.22 1 11.7 
p.2 wost I PU4130 c2 Channol I 52-62 I 1.62 I 51.5 

P-2East I PU4138 I c lb  I Channal 1 4444 I 1.15 I 2 2  
Po2 E a t  I PU-0138 Clb Ovamank I 2-10 I 0.74 14.3 

P=2East 1 PU-0739 1 f l  Overbank 1-1 1 0.98 I 21 
P-2Eilst PU-0139 I 11 Ovorbonk l?-2!j O h 9 0  I 7.3 
P.2 East I PU-0139 11 Ovorbank 28-45 OJ5 1 22.5 
P-2 East I PU4140 c2 Ovamonk I 2-12 i 1.00 i 7.5 
P-2 East PU-0140 c2 Ovorbonk I 2 W 5  I 1.07 I 25,O 
P.2 East PU-0140 a Ovorbank j MI i 0.81 19.4 
P-2 East PU4140 I e2 Channol I 60-70 1.10 3 ~ 3  
P-2 Enst PU4140 I c2 I Ovorbank I 87-95 , 0.85 24.5 
P.3 Wost PU9146 i ~i Channal I 1-10 1.72 1 1.6 
P-3 Wost Pu-0135 1 c2 Ovomank I 12-21 o s 7  10.9 
Po3 West PU-0145 1 CZ Ovomank 1 42-51 1 1.13 3.2 
P-3 Wost PU-0145 I c2 Ovorbank I 7j-82 I 1.12 I 6.3 
Ph3Wost I PU-0145 I c2 Ovorbank I 105-114 I 1.54 I 27.5 

- 
* 

P-4 East 
P-4 Enst 

PU-0033 c3 Channol I 24-33 I 1.78 ~ 6.8 [ 
PU-0033 Q Channol 1 3547 I 1,s 226 
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I 
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I 
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Channol I 5- 1.81 6,6 
Channol ' 1 74-84 1.71 258 
Channol I 87-107 1.25 I 58.0 1 
Channol I 135-150 1.58 15.0 
dvorbank I 1-9 I 123 7.0 
Ovorbank 1 5-13 I 1,03 I 10.1 
Ovorbank i- i w e  1,13 I Gb9 
Ovomnk I 1-10 1.28 I 3.2 

P.4East I PU4100 1 !1 1 Ovarbank I 3-10 1.20 i 2.9 



Apprndix B Clia rucrcri:urion of Geomorphic Units 

Tho bulk densify data woro exomlned to detormlno I! density varled betwoen channel lacios and overbank 
lacies sediment or betwuen Los Alamos Canyon and Puablo Canyon, and if density varled with dopth or 
gravel content. The biggest influonco on density In this data sa? is the distlnction betwoen channel facies 
and overbank facios sediment, wlth avernge denslties of 1.47 i 0.25 gkm5 and 1,OJ 2 0,18 g/cmJ for 
theso two facies, rospectlvoly. The low donsity of the ovorbank facies sediment is probably due to n 
comblnatlon of its young age and shollow dopth, which minimizss tho opportunity far compaction, and tho 
high mot contont and active bioturballon in these sonings, which lncroasos tho voluma of pore spaces, 

No cloar dltl Orences are se0n betwoon the Las Alamos Canyon and Puoblo Canyon data: therofore, 
measuroments from these two canyons are combined lor us0 in this Investigation. No systematic voriatlon 
in denslty with depth is soen lor olthor channal fecles or ovcrbank facies sediment. Similarly, no 
systomatlc varlation in density with percent gravol is seen lor ovcrbank facles sedimont, although avorage 
donsity seems to increaso with gravel content in tho channol facias sedimont, Avorago denslty for 
channol facies stlmplos with ~ 5 %  gravel is 1.23 10.26 g./cmJ, whoroas avorage donsily lot channel facies 
samplos wlth ~ 5 %  gravvdl Is 1.57 t 0.16 gkm'. B0c0us0 lnvontory calculation$ in thls lnvasltgntion are 
basod on analyses from :he 4 mm sizo frnctlon of sodlmont snmplos, tho donsity of thc samplas with 
<5% gravol is considered mom appropriato lor use In thls roport, 

B-5.C RADIOLOGICAL FIELD MEASUREMENTS 

E5.1 lnstrumont Cellbratlon and Use 

&5.1,1 Gross Gammn Radiation Walkover Survay 

The gross gamma radiation wnlkovor survoy in roach P 4  was conduaod by the Environmentnl 
Rostoratlon Group (ERG) In Albuquorquo uslng Ludlum Model 04.10 detvCtorS (247, by 24-1. sodium 
lodido [Nal] sclntillation probos) wlth Ludlum Modbl 2221 scaleflratemotors (slngle channol analyrors), 
Tho gross gamma radiatlon wnlkovor survoy In roach P-1 %'a5 conducted by CHEMRAD (Oak Ridgo, 
Tonnossov) using Ludlum Model 4.4-2 Qotoctors (1-in. by 14n. Nal probas) wlth Ludlum Moue1 12 
scalat/ratometers (singlo channal analyzers), Boforo and atter onch day's uso, each instrument's 
rosponso was checkad by collocting a 1  amin moosuremont of a cesium-13t sourco of known octlvlty and 
comparlng it with tho accoplablo range (ovarago 2 20%). At tho same tlmo, fivo l=mln Instrument 
callbratlon moasufernents wore collocted at a local field sitc; tho avorago of those readings was 
compared with an accoptablo rango (averagc 2 3 sigma), Tho calibratlon moosuromonts wero taken each 
day at the samo place In an nron that was not likoly to have been radioactivoty contaminated by 
Laboratory actlvitles. During those moasuroments, sourco~to~dctoctor goometry was kopt as consistont as 
possible. Scaierlratometer battery voltago, operatlng high voltagc, throshold sottlng, and window 
conliguratlon vmrb also checkud twico dally. 

The surveys wore conducted by walking slowly wlth the probe face hold approxlmaloly 7 tt from the 
ground surfaca, In P-4, gamma radlatlon measuroments (counts per minute [cpm]) wora colloctad evory 2 
soconus and corroJatod to location as dotermined by a gloSal posilioning system (GPS), Accurate and 
continuous GPS moasuromonts roquirod that sovoral sotollitos be vislblo :o tho instruments, and 
measurements wor3 slowed down considorably In areas of largo ponderosa pine troos, As a result, tl 
GPS was not used in reach P-1 whoro tree covor was greater than In P.4, Instead, gamma radiation 
measuroments in reach P-1 (collocted evory 1 second) wore locatod with the  ultrasonic ranging and dnta 
systam (USRADS), which rQlies on a lo=! triangulation network of receivers that record ultrasonic signals 
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emitted from the location of the Nal probe, The USRADS method Is slower than the GPS mothod In open 
aroas but allows measurements under tme cover. 

6-5.1.2 Flxad=PoInt Alpha, Beta, and Gamma Radlatlon Survays 

Alpha, bota, and gamma radiation worn measured at fixed lmt lons in teaches P-1 and P.4 using 

0 lor nlphn rudiatlon, a Ludlum Modal 43-1 detector (rlnc sulfldo scintillation probe) with a Ludlum 
Model 2221 sePler/mtematec 

* for bota ndlatlon, a Ludlurn Model 44-116 detoctot (plastic scintillatlon probe) wlth a Ludlum 
Model 2221 scalorlmtemetor: and 

for gamma mdhtion, & Ludlum Model 44-10 dotoctor enensod in a lead- and copperlined, 
polyothylono shiold wlth Q Ludlum Model 2221 scalor/ratemetor. 

Boforo and aRer each day's uso, oach instrumont's rosponso was checkod by collocting n lmin 
mmsuremmt of D thorlum-232 source (tor alpha radlotlon respanso) and a cvsium-l3? source (for botii 
and gamma radiation responso) of known activity and compared wlth tho acceptable mnge (ovongo 2 
20%). At the somo time, each instrument was used 10 colloct tlvo 'I-min instrument callbmtion 
monsuromonts at a local field slts, &s discussod for tho gross gamma walkovbr survey, Scalor/rntemator 
&attory voltago, operating hlgh voltago, threshold satting, and window conflguntlon worn also chockod 
Wico dally, 

For the first day's measurements of alpha and bota mdintion In reach P.4 (P4 East), plnstlc wnp was 
usod ovor the detoctors' faces to protoct them from dust accumulation and subsopuont contamination by 
ndon daughters. The plastic wrap had no effbct on tho cfficlency of tho beta ndlation detector but 
roducac' the eff lciency of the alpha fadlotion detector from approximately 35% to la%. Whon the plastic 
wrap ww replaced, no systomatic change In counts was notod, so It wa$ nssumtx! that thore had been 
no bulidup of radon daughtors on tho plastlc wrap overtime. Far me alpha rndlntlon dstector, the use a! 
plastic wrap was dlscontlnued after one day, rosuldng In systernatlc dlfforoncos between the first ( P 4  
East) and second (P.4 West! day's madlngs. Plastic wrnp WGS used on the bota ndlatlon detector 
throughout tho surveys and has no oflect on elflciency. Alpha maosursmonts In P-1 tollowod tho 
procodure of the socond day of tho P 4  suruoy, 

Thc moasuroment locations wore choson to include all geomorphic units ldentlfied in P 4  East, P-4 Wost, 
and P=l,  and spociflc sitos of roiatlvely high gross gommo mdlatlon as Identified in the gamma walkover 
surveys. In addltlon, measurements of dlfforent strntlgraphic layers exposod in stroum banks were made 
at selected locatlons to evaluate possible depth varintlons, Tho initial surveys in P 4  wore conductod by 
ploclng tho probe face on tbe sol1 surface (horizontal for surfnco measuromenB, vonlcal for depth 
measurements) and collactlng 5mln timed moosurements (counts per 5 min). A modlflcatlon was mode in 
P=l for the alpha meosuroments by Spf0Rding sediment from solected layers 1 tG 3 cm deep on pie tins to 
provide il smoother surfaco; this modification prevented the Mylar poiyestor film on tho Instrument 
detactor from brooking and improved the punllty of the rneasuromonts. In addltlon, to panrally evaluate 
the varlatlons in alpha radlntion within oach layer, alpha moasuroments In P-1 for many layers involved 
repoated mensuromonts of the same location on the ple tin with two dllfaront Instruments and repeatod 
measurements of tho same motorial otter mixing. Boeouso alpha radiation is blockod by thin layors of 
sediment, the mlxlng ollowed n paftlal evoluntlon of potontlnl variability due to hotorogoneous distribution 
of plutonium within the sediment. In contrast, the repeat moasuremmts of spoclfic locatlons allowGd a 
partial evaluation of statistical uncortainties associated wlth tho low count rates for alpha rndlatlon 
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(usuolly c30 cpm for alpha radlatlon as compared with 3300 cpm for beta radiation and S O C O  cpm for 
gamma radiation). 

6-5.1.3 In Slfu Gamma Spcctroscopy Survcy 

Gamma radiation was measurod at selectod lixedmpoint locatlons using an EG&G Ortec Nomad Plus 
portable spoctroscopy systorn cornprislng a Model CMX-30210-P-S PopTop high-purlty germanium 
detoctor and Maestro II gamma spectroscopy sothvilro. This system allows in situ qunntllication of 
specific radioisotopes whoro concentrations aro suff iciently high. Meosuromont locations were chosen to 
include both sites representative of widespread geomorphic units and potontlal alcvatod radiation as 
measured with tho flxod.point instrumonts. Tho survoy was conducted by placing the dotoetor, mounted 
on a tripod, 1 m lrom tho ground surface ond collecting a 15-min tlmed moirsutoment. This arrongoment 
dotocted gamma radlntion from an aroa of >300 m2 (>lo m radius), with >SO% of tho signal received from 
within 3C m2(-3 m radlus). In most C L I S O S ,  bocauso of tho sifo of geomorphic unlts, tho moasuromonts 
snrnplod multiple unlts. 

The gamma spectroscopy sottwaro collects a gamma radlation spoctrum by rocording the number of 
ionitlng ovonts that occur In aach onorgy intorual, The ovonts surrounding a given enorgy interval 
constltuto a photopeak. The sottware performs a photopeak search and identifies tho radionuclido that 
produceci oach photopeak by comparing the photopoak energy with a predetermined library of onergtcs 01 
gamma-eminlng rndionuclidos ( E G G  O m  library), The hoight of the  photopeak is praportionnl to tho 
concontration of the corrospondlng rodionuclido. Tho sothvnro quantlfios the radionuclido (pCVg) by 
applying a conversion fador to the numbor of events recorded at oach photopeak, On0 source of 
potential error In these calculations Is tho incorrect assignment of photopenks when tho poaks from 
dltleront radionuclides are slmitar, roqulrlng checklng by :ha usor baforo the data can bo nccoptod, Boloro 
and aftor oach day's usa, the Ins:rumont's callbration was chcckod by collectlng II 15-min monsurament 
of a radium source and a ceslum-137 sourco o l  known acllvity. At the same timo, tho instrument was 
used to collect a 15-min measurement of locol background mdlntion, as discussed for the gross gamma 
radiation walkovor survoys. 

B-5.21 ROnCh P-1 

8-5.27,l Gross Gamma Radlatlan Walkover Survcy 

Gross gamma rodiatlon data were abtalned from 17,613 points in reach P-1 using 'I-socond count times 
and the USRAOS location system, Locattons of the measurement points aro shown on Figuros 85.1 and 
85-2, and the raw data ara archlved in the Facility for Information Manogoment, Analysis, and Display 
(FIMAD). No aroas ol gamma radlation that w m  clearly abovo background values ~vor5 laentitrod in this 
survoy, and the mean gamma radlatlon in this survoy (3539 cpm) was loss than that measured at tho 
callbration sit0 (3867 cpm), Some of tho highest gamma measurements word from points trmongst 
boulders, and it was apparonr in the field that theso relattvoly high rmdings word on artifact of the source= 
to-detoctor goornotry and 'obine" from tho boulders. Tho highost gammo rnoasuroments in the m a  mar  
Acid Canyon wore obtainod from areas of fill along the north odgo a! tho survey and probably reflect local 
vnriations in background radlatlon as is discussod lurthor In t h s  conlext of P-4 rosults. 
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Cltaracrerkariun of Geomorphic Units Appr'ndiy 5 

8-5.2.1 2 Flxod-Polnt Alpha, Beta, and Comma Radiatlon Surveys 

Fixod-point alpha, beta, anU gamma radiation data wore obtainod from f5 locations In roach P-7 (Figures 
65-3 and 65-4) and are shown in Table 85-1, Local bockground values for radlation in the young 
sodiments of Pueblo Canyon are considerod to bo reprosonted by the moasuromonts made in P-1 Wsst, 
upstroam from Acid Conyon, Alpha radiation abovc local background valuos of approxlrnately 3 to 15 cpm 
was detoctod at sovoral locations in tho c l  , c2, c2b, and 11 geomorphic units in P-1 East. Tho alpha 
radiation results were usod in part to doflnc the c2b goomorphlc unit and also to soloct sample locotions: 
thQSa results aro discussed in Sectlon 2. No arms ot systematlcally elevntod batn ar gamma radiation 
were ldentiflod in this survoy as compared with local background values tor beto radlatlon of 
approximatoly 360 to 480 cpm and local background values for gamma radiotlan of approximately 6200 to 
7300 cpm. The sit0 of the highest fixed-point gamma radlation measuroment, within the c l  unit in Acld 
Canyon, WAS solectod for fuli=suite analyses (fixed-point slte P1-11 , samplo location PU=OOl7), but 
analytical data Indicated that coslum-137 and other gamma-emltting radlonuclldes woro within 
background values horo, 

84.2.1.3 In Sltu tammo Spectroscopy Survey 

Six In situ gamma spoctroscopy measuremonts woro made in P=l West, P-1 East, ond Acid Cnnyon, in 
part to test tho utlliry of :his Instrument in providing rapid estirnatos of tho amount of gamma-omitting 
radionuclldos prosont within the sodimcnt, Two analytos wore identitied In tne gammn spoctroscopy 
analyses that ore potontinl contaminants In Pueblo Canyon: nmorlcium-241 and cesium=l37. The cosium- 
137 w3s reponed at lovols within the local backgrouna rango of 50.9 pCl/g, and the only roponod detect 
for amoricium-241, 0,0005 pCVg, is also within tho local buckground rango of S0,04 pCUg (Tablo 85.2). 
The ostimatod cosium-137 levels by gamma spectroscopy are slmilnr to those roported by fixad annlytlcol 
IaSorutorlos, but the fiold instrument was unablo to dotoct amerlcium-241 at lovols up to 0.02 pCllg, 
indicating that It is not reliable for nmoricium~241 ot thoso low levols, 

8.5.2.2 Roach P 4  

8-5.22.1 Gross Gamrno Rodintlon Walkover Survey 

Gross gamma radlation data wore obtalnod from 27,541 points In reach P 4  uslng 26econd count times 
and wore located uslng a GPS. Locations of the measuromont points arc shown on Figures BS-5 and 
85-6, and the row data aro archived In FIMAD, No areas of gamma radlatlon in excoss of background 
values woro Identified In this survoy, and slight difforencos bmOQn goomorphlc units could be attributed 
to background vnrlations. For oxamplo, tho highest gross gamma values occurred in nroas where clasts 
from tho Guajo Pumice Bed had beon dopositod, including tho baso of slopcs along the north margin of 
the floodplain, High gamma values In the Guaje Pumice Bed were confirmod wlth field measuromonts at 
OutcrOQs of the pumice. The lowost gross gamma v~llues typlcally occurrod In channol units that were 
dominated by c0nrs.e sand, and intermodlate gross gamma values typically occurrod In finergrninod 
IloodPl&iin units, 
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Appendis B Cha ra ct cri:a tion of Gcom o rph ic Vn its 

Geomorphic 1 h;; 
Unlt 

3 2 E u 8 8 5 - 5  
FIXED-POINT RADIATION MEASUREMENTS FROM REACH P-l 

I Gamma 
Alpha 

RPdlatlon (cpm) Rsdlrtlocl (cpm) Radlallon (cpm) 
Flxcd*Polni 

P1-2 el I 0 

I P1-4 

9.8 I 399,6 I 6190.6 

E P1.10 
I P1.11 

60 11.6 I 
f 0  3 I 

P1-12 

p1-16 

I I- P1.21 

I 

2::lD 1 Submaeh 
I P-1 Wost 
1 P-1 Wost 

PU4016 1 P-1 WOSt 

I P-1 Was1 
1 P=l Viost 
I Pel Wust 
I AcldCnnvon 
I AcidCanyon 
1 AcldCanyon 

PU-OllQ I Acld Canyon -~ ~, 

PU.0017 I Acid Canyon 
I AcidCanyon 
I AcidCnnyon 
I AcldCanvon 

I P-1 East 
1 P=l East 

PU-0019 P-1 East 

PU*OIoP P-1 East 
I P-1 East 

c2 1 0 1 8.4 1 406.6 I 6GJ3.2 
Cl o } 10.8 1 431.2 I 686%8 
e 2 1 0  9 

C 2 l O  124 1 396.4 1 6841.6 

c2 0 I i6,6 I 354.5 I 7028 I 
c1 I 0 I 11 I 3842 I 6415 
C l  I 0 I 1ZG I 420.4 

I 6536 
146 

P 
0 48d.6 
a I 12 I I 

I 

29,6 1 355.2 I 6224.4 
0 24.8 1 
0 I 11.6 I 341.2 i 50888 

c1 0 
I 

i 
1 
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Charucfcrizution of Geomorphic Unia 

tsomorphlc 1 Chqg Alpha Bels Camma 
Unit Radlatlon (cpm) Ridiallon (epm) Rnditlon (cprn) 
c2b 0 14 379.8 I 6678,B 

0 16,4 I 

10 I 8 I 

- 
0 p 

20 11 

30 15.2 
40 16,4 
50 16.4 I 
50 21.6 

1 60 1 01,6 
r 

Appendix B 

1 P a l  East I c2 

1 P-1 East e2 
I P-1 East Cl 

I P-1 EPBl c2 

1 P-1 East c1 
PU-0116 1 Pal East I 11 

j p.1 East I c2 

P1-32 G' 

100 1 23,2 I 

110 j  IO,^ I 
100 I 16,6 I 

0 I 10,6 377 I 6948,2 

0 I 11 387.6 1 7538,6 
0 13,6 367 1 6701.2 

0 I 15,4 363,6 63848 
0 1 11,2 353,t 65958 

o \  0 41 1.4 7440 

0 11,4 3768 ms,a Pl-34 
P1.35 
PI-36 

- 

E 
P1.42 

I p14 
P 1 4  

FIXED-POINT RADIATlON MEASUREMENTS FROM REACH F-1 

Ssmpla 
Locallon ID 

PU-0025 P=l East 

I I i 

I I I 
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Appendix B Clturucteri:urim of Geomorphic U n h  

~ Srnpts 
Locatlon ID 

- 
FIXED-POINT RAOlATlON MEASUREMENTS FROM REACH P-1 

BOh Gamrns 

0 g.4 1 476.6 I XW.8 
(cm) 

Gwmorphk Dlpth 
AdlrUon A'ph' (tpm) I Rdkrtlon (em) Rdlrllon (cprn) Subrsach Unlt 

0 11.4 I p-l I ! - 
P146 0 I P-1 Wost 1 Q 

Pl-47 

Pl-48 

10.2 1 397 I 69522 

P149 

I I 
P=l Wost . cl  

P-1 Wost c2 

- 
P1-51 

0 10.2 I 

0 5.6 I I 
o i 11.2 I 4088 

0 ?,4 I 3826 1 6G47.2 1 

1 6746 
0 12 I 

P1-52 

I 6715.6 c1 0 3.0 378.8 

Pl-53 

I p'l wOst I 

P1-55 

P1-56 

' 0  7.4 I 

P1.57 

I I 

P=f wost c2 0 I 5 2  I 375.8 I 7113.2 

0 I 15,8 365.2 6476.4 
0 10.4 

0 17 

18,6 I 361,s 1 6601.6 
pml East I 
P-l East c2 , o  

0 16 1 I 
0 I 162 

PI -58 

P1.59 

1 

P1-60 

Pal East 

P-1 Ellst 

I 

40 124 I 
' GO 11.2 

80 '12 
c1 0 6.2 1 397.8 6599 

0 122 I 
, c 2  ' 0  ?.a I 36t.6 6836.8 

0 14.0 
0 9.6 i 3.87 6467.2 
0 10.2 I 
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Charuc1cri:ation of Geomorphic Unirs Annmdk 6 

Gsornorphlc Depth Alpha Bob Gamma 
Unlt jcm) Rsdiallon (cprn) Rsdlatlon (cpm) Rldlallon (cpm) 

Flxed*Polnt 
Slts 

12.2 P1-61 4154 I 6970.6 

- 
P1.62 

- 
P1-63 

j 20 

60 
40 

- 
Pl-64 

9,e I I 
10,6 I 
11,4 i 

- 
P1-65 

1 ' ;  
I 

P1-66 

0 11.6 I 

0 10 ! 
0 8.2 3784 i 7052.2 

0 I 10,8 364-4 I 6312.2 

- 
Pl-67 

e1 Pol Enst 

P1.66 

I 

0 10,4 
50 14,8 3724 I 71822 
50 18.8 I 

0 I 0.8 I I 
o i 10,2 1 3526 1 656A,4 

0 10 I 37k6 i 6671.8 
0 1 13,4 I 

P1-69 

P-1 East 

P1-70 

C l  0 1 OA 334.6 1 65-41 
0 12,4 

IL_ 

Pl-71 

Pol Enst I e2 

- 
P1-72 

a 14.2 341.6 I 6960.8 

P1 .f3 

P a t  East c2 0 
0 
30 

t 55 

TABLEIBS-'I?cdl 
FIXED-POINT RADIATION MEASUREMENTS FROM REACH P-1 

154 I 361.6 i 6285.4 
20.2 j 
15,4 I 
18.2 1 

Ssmpls 
Loecrtlon ID 

i P-1 East 

PU-0111 

0 13 I 201.8 I 6864 
0 18,2 I 

10 I 12,4 I 

PU=O113 

PU-0114 

20 14 

PU4020 

I 

I - .- I I 

Pal East I c2 I 0 I 15.6 I 381.8 I 6689.6 

, . -.- I 

P-1 East c2 0 124 36%4 
0 13.4 
0 20.0 353 1 6602.2 I 0 16.4 I 

SaptemOer 1998 844 Pueblo Conyon Ronch Ropon 



I A E u A E u B 6 - 1 ~  
FIXED-POINT RADIATION MEASUREMENTS FROM REACH P-1 

Ceamorphk Depth Alpha Beth 
Unlt (em) Rbdlrllon (epm) Rulbtlon (cpm) 

P b f 4  

- 
P1.75 

h m m a  
Rdlrlon (cpm) 

I 

70 . I 105.4 I I 
: 70 185,Z I I 

70 282.8 I 

70 63.8 
I 
I 

70 1 220 I 

70 65 I I 
80 f 33.6 I 
go 23 I 

20 15,8 
40 I i a  1 I 

0 I 28.0 I 
I 

0 28.6 I I 
0 I 17.4 1 I 

I 10 1 9.6 I I I 

, $0 19,8 I I 
' 50 10.2 

4 

1 ?O I 11.4 1 

I4wmEE2 
IN S1W GAMMA SPECTROSCOPY MEASUREMENTS IN REACH P-1 

WlbPolnt Slte I Sample LocBUO~IO S u b w h  GeofnwphlcUnlt I CM37(pcVP) 1 Arrk41 (pug) 
I 

Pt=S I PI= west ' e 2  0.231 1 NO* 

PI-10 PU-0110 Acld Canyon I1  

Pl-20 pu=ooie P-1 Emt c2 0.635 [0.347 N3 [O.az]' 

P1.22 1 P-1 EUt c2 0,344 0.0005 

P1-24 PUdOlQ I Pa1 Emt cl 0.206 [OJ~P ND [0.2P 
P1-27 I P-1 E a t  cz 0.21 5 ND 

t 0,405 I0.556y ND [0.433]' 

a. NO not d0tsct.d 

I b, Value in brnckata rrom rixad labornlory anatysis tormmpariwn with ttia gamma sprctrowouy anatyda 
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Cliuructcri:urion of Geomorphic Units Apprndi.\l R 

P4-2 j ! P4East I 11 

8-5.2.2.2 Fixed-Point Alpha, Beta, and Gamma Radlatlon Survey 

0 I 6.2 1 590 I 604-4 

A total of 83 fixed=point measuremonts of alpha, be:a, and gamma radiation wore made at 77 sitos in 
roach P d  (Table 85.3, Figuro 85.7, and Figure 85-8). No arms of beta or gamma radiation abovo local 
bnckground values woro Identifled in thls survoy. These measurements exhlbited some Oiffareneos 
betwoon gQOm0tahiC subunits, although much or 811 ot this variability may bo nnributable to slight 
background variations as discussod for thQ grass gnmma walkovor suway data, Bota radiation rangod 
!rom 500 to 790 cprn, and gamma radiotion ranged from 4600 to ? 1,000 cpm. Tho highest beta and 
gamma radiatlon rneasuromonts w@rO obtainod from an outcrop of the Guajo Pumico Bad (fixod-point site 
P4.28). Four sltos in P-4 West yielded GlphG r&diatlon measuromonts at 15 to 30 cpm, which exceoded 
the background in Pel lVost upslroom of Acld Canyon, Two 0 1  these skos woro soloctod for tull-sulte 
analySt3s (flxed=polnt sitos P4-49 and PS-70, sample locotlons PU-0037 and PU-0040), both ot wnich 
consistad of fino-grained overbonk facies sediment. In addition, one of tho thrba sites in P 4  East that 
oxcooded 10 cpm was solectod for full-sulte anolysos (flxod-point slte P4-18, sample location PU-0033), 
which consisted of a coarse magnotito-rich black sand lnyor bOIow a e3 S J ~ ~ C Q .  All of thoso P-4 samples 
solectod basod on alpha radiation yleldod rolativoly low lovols of plufoniurn-239,240 (1 to 11 pcllg), and 
the flald alpha measuroments in P-4 are bellovod to show only nntuml background variatlons. 

I P44 
Pb5 
PO-6 

PU.0053 I P-4 East 1 e3 24 I 5.8 662 1 6960 
I P4East 1 c3 I 68 1 10 1 G44 6838 
I P-4 Enat I c3 88 I 7 644 t 0875 

P4*7 t ~4 Eaot I c3 112 I 4.6 

P4-9 I I P4East 1 e3 38 I e 
P C ~  i j P-~EPsI  I c3 0 4.8 

571 I 6485 
549 I 5538 
616 I 7011 
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P4-12 1 1 P-4 Eust I e3 80 j E I 603 i 7332 
L 

P4.13 1 I P4 EASI I c3 I 30 1 6 I 517 I 5505 
P e l 4  I i P4East  1 e3 I 95 1 4 510 I 5 4 2  
P4-15 I 1 P-4 East I c3 i 115 i 5 1 569 I 5050 
PO-is j I P4East I c3 I 0 I 11.8 I 582 f 5697 
pi-17 I PU-0033 j ~ . a ~ a t t  I c3 i 30 10,8 1 548 I !XU6 - 
PP-18 I PU-0034 I P-4 East I c l b  I 0 4.8 I 530 I so02 
~4.19 i I P4East I c3 0 1  5 I 543 I 5087 
~ 4 . 2 0  i 1 P 4  East I c3 o 1 3.4 I  DO I 5agi 

P4.22 I I P-i East i 12 0 1  5.6 I 565 5D05 
P4.21 I P4Ennt 1 11 0 1  7.4 1 64B 0514 



Appendix B Cltaructcri:atiori of Geomorphic Units 

p4.23-- 1 I P4East I !2 

- 
FIXED-POINT RADIATION MEASUREMENTS IN REACH P 4  

0 I 6,2 1 576 I 5610 

P4-25 I PU445p 1 W E P S ?  1 K? 1 0 1 6,6 
P4.26 I 1 P4EaJt I 11 0 1  7 
P42? I I P4East I 11 0 1  5 3  
P4-28 1 1 P4East 1 Guajo 0 I 5.6 

P4.31 0 1 8.4 I 564 I 5883 

567 I 5802 
591 I 6477 
U31 I Z 8 3  
790 I 109% 

I 
1 

P445 1 I P4Weat c5 0 
P4.46 I 1 P-lWOSt c5 0 
P I 4 7  1 I P4Wost ffa I 0 

5314 

551 8 
' 13.2 \ 632 6548 

14.0 1 590 
22.2 I 610 

PP.59 I PU4049 I P4Wost I c4b I 0 1 e 501 I 5671 

~~ ~ 

P4-50 1 PU.0038 1 P4Wost  1 11 0 12 1 633 1 6199- 

Pes1 I P 4 W o s t  1 I1 1 0  142  I 639 6269 
P152  PU-0047 P 4 W o s t  1 d b  I 0 14.8 626 1 6121 
P453 PU-0048 P-AWost I CQ 

P4-55 I P4Wost I c2a 1 0 I 13,6 I Sf5 1 5588 

I 0 7,6 557 I 5107 
P4-54 P 4 W o s t  1 e2b 0 11.4 ! 61 6 I 6083 

b 
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P4-62 1 P 4 w O S f  1 C4D 1 0 
P4-63 1 PdWOSt I d a  I 0 
P4-&z 1 I P 4  Wost 11 i o  
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13-4 624 1 6T70 
13,4 I 559 I 5199 

9,6 j 572 I 0120 

JABLEB58.Lcontln.ucdl 
FIXED-POINT RADIATION MEASUREMENTS IN REACH P-4 

P445 I I PJWost c l b  0 1  7.1 47s I 5101 

I ~4 .73  i t ~ - 4 w o s t  i c l b  I o i 12.2 I 5w I 5735 1 

P4.70 I PU*OWO I P-dwost I ~6 I 0 1 18.6 1 565 1 6432 
P4.71 I P4Wost  I c2c I 0 I 14 517 1 5552 
~ 6 7 2  j I ~ ~ 0 5 t  1 c ~ b  I o 1 5.8 I 529 I 5482 
P4-72 t 1 P-dWost 1 clb  I 0 1 B.8 I 510 5392 

1 

I PA73 I 1 P4WOSt I Clb 1 0 1 11,8 
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569 i 5900 I 

B-50 

P4.74 I 1 P d W o s t  1 c lb  1 0 1 6,g I 51 1 I 5487 
P1674 I 1 P-4 Wost 1 c lb  0 j 7.6 1 501 I 5505 

i ~4.75 I PU*OOB8 I P-PWON I w 0 1  10,4 539 I 5584 ’ P4-76 I 0 1 1 1 P 4  Wost 1 fl 15.6 1 606 WlB 
P h i 7  I I P4Wost  I a n  0 1  11 I 526 5052 
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Geomorphic unlts 
c l a a n d c l b  
&a, ab, nnd c2c 
c3 
C 4 n  

cPb 
c5 
e6 
f l  

Flxed=point 
ma&suroment 
slte 

41 Location ID I 

0 100 200 300 400n 

0 40. eo 120 m 

i I I 
I I 

Flgure 85.7. Map of roach P 4  West showing flxsd-polnt mdlstlon meesummant sites. 
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t r-'-I 12 

Fixed-poht measurement site 
13 LocafionID 
8 Well 

Figure B5-8. Map of reach P-4 East showing fixed-point radiation measurement sites. 
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Cirarucreri:ation of Geomorphic Units 

_ _ _ _ ~  

P4.18 

P4-19 

84,223 In Sltu Gamma Spectroscopy Survey 

~ 

PU4034 P4East I clb I 4.145 [O.OSl’ 
PU.0035 P 4  East e3 I o.oP4.a [O.O?lb 

Ten in sku gamma spectroscopy measurements were made In P 4  East and P 4  Wost., in pnn to test tho 
utility of this Instrument in provldlng npid estimates of the amount of gamma-emlttlng radionuclides 
present within the sediment. The only analyte identlfled In the gammo spectroscopy analyses that is a 
potential contamlnant In Pueblo Canyon is cesium-137, whlch was reported at lovels within the local 
beckground range of 50,9 pCVg (Table 854). A comparison of theso in &tu moasuroments Qnd flxed 
laboratory analyses at seven of the sites indicated a positlve corrolation (r I 0.766, p I O.W5), although 
this correlntlon is not particularly strong. Thus, the in SiNgmma sp0ctroscopy instrument provided 
roasonoble estimates of the levels of ccslum-137, even at values at or near bockgmund. 

P4-46 PdWeEt 1 es 1 0.w 

P4-49 PU9037 P.5 West c5 I 0.464 I0 .57 
P4-50 PU-0038 P4WOSt 1 11 I 0.158 [0.08]” 

P4-.54 P 4  Wea! c2b 0.115 

P4-70 PU4040 P 4  West f1 0.633 [0.89]. 
- 

‘vulus In brackots from nxbd labomlory anatysls tormparlmn wlth the gamms siwctmw?opy analyuIs 
P 

IN SITU GAMMA SPECTROSCOPY MEASUREMENTS IN REACH P 4  a 

’ 8-6.0 SEDIMENT SAMPLING EVENTS ,‘ I 

Sodlment sampling In this lnvostlgation followed a phtlsod approach, whlch focused on sequentially 
FOdUCing uncertolnties about tho nature and extent of eontaminatlon in ooch nach and on tostlng 
components of the conceptual model, The chronology o! sampllng wonts In Pueblo Canyon and tho 
primary goals of each sampling event 8ro summarized In Table 86-1. 
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Appendix C Resrdts of QM@C Activirics 

APPENDIX C RESULTS OF QUALlrY ASSURANCOQUALITY CONTROL ACTIVITlf3 

C-7.0 SUMMARY OF QUALITY ASSURANCUQUALITY CONTROL ACTIVITIES 

Tho Pueblo Canyon data set consists of analytlcal results from sediment samples collected from reaches 
P=:, P.2, P-3, and P-4, as doscrlbed in tho body 01 this roport. Most of the data sot for Puoblo Canyon is 
composed ot throo analytical sultos: isotopic plutonium (plutonium-238 and plutonium-239,240); inorganic 
chomicals; and gamma-emitting radionuclidos. Selocted samples were also analyzed for Semivolatlle 
organic compounds (SVOCs), organochlorine pesticides, and polychlorinated biphenyls (PCEs), Tho 
summary of the analytical suites and mothod doscriptions are included in Sections C-2.0, C-3.0, and 
c4.0, 

A total of tivo difforent oti*site fixed laboratories porf0rmQd tho analyses for Samples collocted from 
Pueblo Canyon. Quality assurance (OA), quollty control (QC), and data validation procoduros wore 
Implomonted in aceordanco with the requiromonts of the TasWSlto Work Plan tor OporaSle Unif 7049: Los 
Alamas Canyon and Pueblo Conyon (IANL 1995,50290), tho Quality Assurance Projocf Plan 
Requirements for Sampling and Analysis ( U N L  1996, 54609), and tho Laboratory Environmenet 
Restoration (ER) Project analytical sotvices statement of work (SOW) lor contract laboratories (LANL 
1995,49738). 

The results of the ONQC activities wore usod to estimato accuracy, bias, and precislon of the analytical 
moasuroments. QC samples including laboratory blank samplos, surrogates, matrix spikes, and 
laboratory control samples (LCSs) wore used to ossoss occuracy anc! bias. Duplicate OC samples wore 
used to determina precision. Tho type and froquoncy of QC analyses are described in the ER Projoct 
analytlctll servlces SOW (LANL 1995,49738). Other 3C factors such as samplo prosorvation and holding 
times were also assessed. Tho roquiroments for samplo preservation and holding times are given in the 
ER Projoct standard oporating procedure LANL=ER-SOP-l.02, RQV, 0, 'Sample Con:ainers and 
Presarva:ion." Evaluating those QC indicators allows ostimatos to bo made of the accuracy, bias, and 
precision of the analytlcal suites. 

Tho results for individual samplos woro quallfiod, as nocessary, using thQ ER Project data validatlon 
process by assessing tho QC paramatm listod abovo, The ER Project data vnlldation procoss adheros 
fo the USEPA Contract Laborotoly Program Nations/ Functional Guldelinos !or lnergnnic Darn Review 
(NFG)(EPA 1994,48639) for data valldation and incorporatos Laboratory-spocific reason codes for 
qualifylng data. Data packagos rocoived from oach nnalytical laboratory wore roViQWOd with rospoct to the 
NFG and Labora:ory quality procedures for data validatlon. Data vnlidatlon rosults, includtng samplo IDS 
and thoir assoclatod aualiflers, are locotod In Section C-5.0. 

A focused data validatlon was also performed for most of the data packages (also rderred to as xquest 
numbors [RN]), including thoso llstod in the following sections, The focused vnlldation fOllOWQd tho Sam0 
procedure discussed above and includod B more detailed roviow of the raw data results goneratod by tho 
analytical laboratories. In some casos, manual calculations wore performed or roviewed to confirm QC 
results. 

In general, the data appear to bo of occcptablo quallty, and all the da?a, Including tho qualified data, are 
usablo for evaluatlon and interprotlvo putposos, Some of tho quallfiod data should bo considered 
estimatod (J-qualified). None of the data woro rejected. Ouorall, the entire data set rneots the standards 
set for use in this ropon. Discussions of data usability aro addressod in Section 3.1, and dofini!ions of tho 
qualltiers used in tho analyses aro PrQSentQd in Section C=5,0, 
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Results of QWQC Acrivitics Appendix C 

P1 

Gl.1 Samples Collected 

A total of 293 field snmplos were submlned for analysis at off-slto fixod laboratories, Tho number of 
samples collectod and analpod from each roach Is summarlzed in Table Cl-1. The total number of 
samples Includes 11 flold dupllcato samplos. 

NUMBER OF SAMPLES COLLECTED BY REACH AND ANALYTICAL SUITE 

1 P-2 p . 3 I p . 4  TOM 
Anal ytlcal 

Sulte 
I 

Postrcldos and PCBs ? 
svocs ? 

Amoriclum.241 (by alpho spectroscopy) 1 7 
Gross alpnmob rodlatlon 7 

lnorgonlc chomicnla I 75 

Gross Qnmmo rndlotlon 7 

I 

6 1 8 1 9 1  30 
0 1  0 1  9 1  16 
8 I 10 I 11 M 

0 1  0 1 l O I  17 
0 0 1  9 16 
0 0 I 9 1  16 

Gammn spoctrobcopy rodtonucltdos 
Trltlum 
Isotopic plulonlum 
Isotoplc thorlum 

Summorles of the anolytlcol mothods and sultes am provided In tho followlng soctlons for inorganic 
c h o m h l ,  ndiochemleol, and organic chernlcol onalysos. The cmtmct required detoctlon limlt (CRDL) or 
quantlratlon llmlt for each of the analytes Is provided In Appondlx 0-1.0. 

15 8 1 10 1 11 44 
7 I O I O I ~  16 

64 79 I w I a2 289 
7 0 1  0 9 !  16 - 

E 2 0  INORGANIC CHEMICAL ANALYSES 

C2.1 Genernl 

lsolopk uranlum 7 
Strontium40 7 
Fleld dupliatos 1 

A total of 44 surface and subsurfaco sedlrnent samples woro collected in Pueblo Canyon for inorganlc 
chomlcal analyses. The total Includes 15 samples from reach P-1, 8 samples from reach P-2,10 samples 
from reach P-3, and 17 samples from reach P-4. These samples wore analyzed by on0 or mor0 of the 
followlng Environmental Protection Agency (€PA) SW-846 mothods: Mothod 601 OA (lnductlvoly couplod 
plasma emission spectroscopy [ICPESJ), Method 6020 (lnduetivoly coupled plasma mass spectrometry 
[ICPMS]), Mothod 70MI-sarlos (gmphlto lumilco otomlc absorption [GFAA]), and Mothod 7471 (cold 
vapor ntomlc absorption [CVAA]) (€PA 1987,57589). Tho methods pro summarized In Table C2-1, The 
EPA SW-846 analyses wore performed at off=slto fixed labomtories. Holding times were mot for all 
inorganic chemical analyses cxcept tho cyclnldo analyses for RN 1933 (whlch excooded the holdlng tlme 
by two days). Howovor, this holdlng time exceedance did not at!oCt data usability. 

0 1  0 D I  16 
0 1 0  e l  16 

4 1  3 3 11 
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Amendh c Results of QMQC Activities 

Analytlcal Mothod 
€PA Mothod 6010 
(30 50A) 

ANALYTICAL METHODS FOR INORGANIC CHEMICAL ANALYSES 

Analytlcal Dsrerlpllon Analytlul Sulls 

lnductlvoly couplod plasma amlsslon 
spectroscopy (ICPES) 

Alumlnum, antimony, arsonic, barium, 
beryllium, boron, cadmlum, calclum, 
chromlum, cobnlt, coppor, Iron, load, 
magnesium, manganeao, 
molybdonum, nlckol, potasslum, 
solonium, siwor, aodlum, thalllum, 
titanium, vanadlum, and rlnc 

€PA SW.846 Mothod 6020 
(3050A) I spoctromaty (ICPMS) 
EPA Mothod 200,8 

EPA SW-646 Mothod 
7OOO~sorlos 
€PA SW446 Mothod 7471 

Inducibely coupled plnsma ma39 

lnductkroly coupled plusmo muss 
Gpoctromotty (ICPMS) flow lnioalon analvcls 
Graphtto furnaco atomic a&sorptlon (GFAA) 

Cold vapor atomic absorptlon (CVAA) 

Contrac! required dOtQCtlOn llmlts (CRDLS) for lnorganlc chomlcals am provlded in Table 01-1 in Appondix 
D. All Uetectlon llmlts wore below background values except lor soloctod arscnlc, antimony, mercury, 
selonlum, and thalllum analyses using ICPES, Most of the analyses for orsenlc, antimony, solenlum, and 
thalllum were performod using the GFAA mathod and ylelded dotectlon limlts below background values, 
Mercury was also analyzed uslng tho CVAA method to attoln dotoctlon limits botow 0.1 mgkg. 

Urnnlum (oxtroctnblo) 

Toto1 uronlum 

Aroenlc, load, solonium, and thalllum 

Morcury 

Results for Individual sediment samples wlthln a somplo delivery group were evaluated and qunllfled 
using thG ER Projoct valldntion process, which I5 based on tho critorla In the NFG (EPA 1994,48639). 
Quallfiers for lndlvldunl mmplos can be found in Soctlon C=5.0, 

C-22 Dlscusalon of lnorganlc Quallty AssuraneelCluallty Control Samples 

LCSs, blank, laboratory dupllmto samples, sorlal dilutions, and matrix spike snmplos wore analyzed to 
assoss accuracy and precision for lnorganlc chemlwl annlysos, Each of theso sample typos Is defined In 
Appendix A. 

C-2.21 Laboratory Control Samples 

The LCS servos as a monltor of the ovorall performanca of ooch stop durlng tho analysls, Including 
samplo proparation. The analytical results for the field samples were qualified according to NFG If the 
lndivldual LCSs indlcatod an unacceptable blas In the rneasuroment of Individual analytos. The nverage 
recoverlos and the one-sigma standard error Indicate accoptable LCS recovorlas botwoen 80 and 120% 
for all samples, with no apparont bias lor any trace motals analytos. 

62.22 Blanks 

Preparatlon and calibratlon blanks are used as a measurement of blas Rnd potontlal cross contamlnation. 
The blank results for inorganic chemical analyses wera wlthin acceptable limlts lor all of tho analyses. 
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Rcsuhs of QMQC Activities Appendix C 

62.2.3 Matrlx Spike8 

Accuracy for Inorganic chemical analyses In all reaches was also assessod using matrlx spike samples, A 
matrix splke sample Is designed to provide lnformatlon about tho effect of each sample matrix on tho 
sample preparation procedures and moosurement methodology, The average recovery and one-sigma 
standard error lndlcatod acceptable racovedos between 75 and 125% for all splked samples wlth the 
following exceptions. 

RN 1938 - Splke msults wore below recovery Ilmk for ontlmony (O%), solenium (66Y4, and 
tltanlum (68%). Zero recovodes wem noted far antlmony. Sample results for theso analytes 
associated wlth thls RN wore qualltled (IS R, UJ, and J-, rospoctlvaly. 

RNs 3983R, 3985R, and 39aaR -Spike nsults wore outside the acceptable recovery range for 
dumlnum, antlmony (67 to 69%), and iron. Antimony data wera quallfied 09 UJ. &mplo 
concentratlons for the remelnlng constltuents were greater than four times the splko 
concentmtlons. Ttiese data worn, not qunllfiod boscd on these crltedn. 

RN 3985R - t h e  aplko analysls was porlohed on G sampla from o. dlfforont roquost number. 
Results for all analytes measured under the Inductively coupled plasma (ICP) method wore 
Aquollfled for lack of sufflclent inlomation, Thls quallflwtlon was dotormlned to have no 
signiflcant impact on data usrrblllty. 

RN 2252 - Spiko results wore ouwlde the recovery range lor antlrnony and tltanlum, Antimony 
doto were qualified LLS UJ. Sample concentrations for tltanium were greater then lour tlmes the 
splke concentratlon. Tltanlum data were not quallfled. 

AN 2185 - Splkc results were outslde the recovory range for nrsenlc, load, nnd manganese, 
Arsenic data for one sample wns Jqunllfied as based on the post dlgestlon splke results. All 
results tor lecid and manganose wero quallfied as J or J+. 

RN 3284R -Spike results wero outside the recovery range for antlmony (72%). Anthony data 
woro quallfled as UJ, . .  

RN 3157R - Splka results were outside the ecceptablo recovory range lor load (154.%).-The 
matrlx splke for mercury was anatyzed on a sample that was not assocl8ted with thls request 
number. 

The quallfled results for the samples and onalytes from the RNs llstod above aro reponed in Section 
C-5.0, 

G2.2.4 Dupllcatss 

Analyzing laboratory duplicate samples assessed preclslon of Inorganic chemlcal analyses performed at 
off -site fixed laborcltorles, Tho results for labor&oy duplicate samples were reponed as part of the data 
set for the four roaches, The average relativo percont difforonce (RPD) belween the samples and the 
laboratory dupllcote snmplo exceeded 35% for the followlng samples. 

RN 2185 - 35% RPD was exceeded for alumlnum. Sample results wore Jquallflod. 

RN 2252 - 35% RPD was exceeded for alumlnum, chromium, iron, mnd zinc; Sample results 
were Jqualifled, 
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Appendix C 

RadlonucllUc(s) 

Results of Q#QCAcrivirics 

AnrlytlCal Tsehnlqw 

02.2.5 lnductlvcly Couplod Plnsrnn (ICP) Sotlal Dllutlons 

Tho scrlal dllutlon samples dt3tWminQ whether physical or choinical matrlx inrorferencas were oncountarcd during 
ansly.:. It the sampls concontratlon is sufficiently high (>50 timos the instnrmont detection Ilmit) thon tho serial 
dllu;.dn onalysls should agree wlthin 10% o! tho inltial sample result. The percent ditforonco belweon tho lnltral 
sample rosults and tho sarial dilutions excoedod 10% for the following samples. 

load unnlysos undor those roquest numbers wore Jquallllod, 
R N s  3983R and 3985R - Porcont difforenco was oXCeedQd lor load (13.3%), Sample rocsuits tor 

RN 3284R - Percent dlHeronce was exceeded !or sodium and magnesium (24.5 and lt.7'%). 
Sample rosults for these analytos were J-quallflod. 

The qualified rosults for :he sarnplos and anslytes from th8 RNs listed abovo arc roponod in Section 
C.5.0. 

C4.0 RAOlOCHEMlCAL ANALYSES 

C4.1 Gonoral 

A total of 299 surtoco and subsurfaco sodimont samplos wero collscted in the Pueblo Canyon reaches for 
radiochomical analyses, including 3 total of 64,82,?1 , and 82 samples for roachas P-1, P-2, P4,  and 
P.4, rotpoctlvoly. Tho sarnplos were analyzed by on0 or more 01 the methods llstod in Tablo C3-1, 

Tho rosuhs !or tho gamma spoctroscopy analyses wcro roviowod with rospoct to their uncertainty values 
and paront docay sorlos. Each sample analylo rosult was comparod wlth Its corrospondlng total 
propagatod uncenainty (TPU). II  the gamma spoctroscopy result was not grotrtet than three times tho 
TPU, It was quatlfled 8s not detectod. Each onnlyto In ooch of the thorium-232, urnnlum=238, and 
uranium=235 decoy sorios was ravlewod basod on tho actlviry of the parant [Le., thorium=232, uranium- 
238, one uranium-235) assumlng secular equilibrium. It was concluded that most 01 the gammR 
spectroscopy analytes wore wlthin expocted background ranges based on this review. These rosul!s aro 
discussed in rnoro dotnil in Soction 3,1. 

ZBBLu3A 
ANALYTICAL METHODS FOR RADIOCHEMICAL ANALYSES 

Trltlurn 1 Llquld sctntlllntion countlnp 
StrontIurn4JO I Gas proporilonal countlno 

Amorlcium-241 ] Alpha spectroscopy ond gnmma spoctroscopy 
Grow dDhP ! Gas DroDcrtlonaI countina 

1 Gross boto 1 Gas proponlonal countlng i 

~~ 
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Tritium mutts may be expros3ed in unlts of pCYg of dry sol1 of pCVml of soil molsture, The analytical 
rosults In unlts of pCVml woro multiplied by tho molsturd fmctlon (MF) of tne sample and dhridod by the 
proctuct of tho rnolsturo danslty [~(rw) x 1 - MR, For most aomplas, Including all the samples anulymd tor 
this roport, tw Is sot equal to 1 @mi. 

E3.1.1 Detection L imb 

The detoctlon status for radlochemlcnl onolyses wns dotomlned by comparing the sample rooult with tho 
rnlnimum datecablo actlvlty (MOA) tor all samples and analytes unloss otherwise notad. CROLs for 
rodlochamials aro provided In Tabla 01.2 In Appondlx D, Devlatlons from tho CRDL aro notod wnero 
applicoblo for n snmple. All MDAs for radiochemical anolyses wcro q u a l  to or less than the CRDL wlth 
the following sxcoptlons, - RN 2829 -Three sarnplos for Isotopic plutonlum hod MOAS slightly above the CRDL 01 0.1 pCUg 

bocause of matrlx Intederances, The MOAS mnged from 0.1 1 to 0.13 pCVg. 

RN 3156R -Most of tho samples under this RN had MOAS up to two times groator thon 0.1 pCUg 
lor plutonium=238 and plutonlum=239,240 analyses. Mnny of the plutonlum-238 rosults wero 
quollflod as nondetects (Uguallfled) basod on elevntod MDAs. 

RN 1 938 - Gross alpha msults for PII sornplos lndlcaro MDAs greater than tho CRDL (1 .O pCUg). 
At1 gross alpha results were Jqunllfied. 

0 RN 1938 -thmo 01 tho tritlum result9 associated wlth this RN had MOAS roportod above tho 
CROL of 0.300 pCVml. Theso results worn quallfled as ostlmotad wlth a potontiat hlgh bios 
(J+ qunllfldd). 

w RN 2252 - Soveral of the M u m  results ossoclatod wlth thls RN had MOAS roponod above the 
CROL 04 300 pCLn becauso of low samplb volumes. Some contmlnatldn was also noted In tho 
praparntlon blank, Those rowits ware quallfled os ootlmatod with a potbntlol hlgh bliis 
(J+ qusllflod). Tho data should be cansiderod uablo with G potential tor hlgh bias. 

The qualltied results for the samples ond nnalytos from tho RNs listed abova am reponed In Section 
C-5,0, 

Numerous sample rosults wore quailtied as not dotocted based on :he reponed MDA lor the sample, All 
requast numbors had one or more samples qualitled as not detected basod on tho MOA, The s ~ K I P I G ~  
and tholr assacletod snalytos are llstod In the taSles In Section 5.0. 

63.2 Dlscusslon 01 Radlochernlcal Quallty AssurancslOuallty Control Samples 

Proclslon and bins of rodlochomlwl analyaos performed at Qtf=aite flxed labantodes wero assessed using 
matrfx spiko samples, LCSs, method blanks, dupllcatss, and ttPcors. 

The ER Projoct onalyticnl solvlces SOW ( IANL 1995,49738) spoclfios that splko sample rvcovorios 
should bo withln 2 2S% of the conllled value, All splkommplos had acceptoblo rocoverles wlth tho 
followlng oxceptlons. 

RN 2185 - Spike sample for unnlum-235 was below the acceptable recovery nnse: howevor, 
tho nplko concontrotion constltuted less than 2% of tho total octlvity of tho spiked samplo. 
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Tho anoly?ical rosults for all rornaining individual spiko samplos woro within tne f 25% rocovory control 
limit. 

LCSs were analyzed to assoss accuracy for radionuclido analyses, The LCSs sowe ns a monitor of the 
Overall pertormanco of oach stop Curlng the analysis, including tho sarnplo proparation, The ER Project 
analytical servicos SOW (LANL 1995,49738) specifies that LCS rocovarios should be within t 25% ot tho 
certltiod vlrluo, The analytical rosults ior individual LCSs woro all within tho t 25% rocovorj control limit. 

Method blanks om also usod to assess bios, Tho ER Project analytical sorvicos SOW (LANL 1995, 
49738) spocillos that the mothod blank concontrolion should not axcoad :ho CRDL. All mothod blanks 
met theso critoria with the following excaptions. 

RN 2832 -Tho method blank for batch number 9701092 roponod tho plutonlum-239,240 rosult at 
1.3 pCUg, which is groater than the CRDL of 0.1 pCVg. All plutonium-239,240 results roponed lor 
this batch woro qualified as ostimntud valuos wlth a pdtontial high bias (J.c). ’ 

RN 3156R -The malhod blank for batch number 9705103 reportod the plutonium-238 result at 
0.1 1 pCi/g, whlch is slightly groater than the CRDL of 0.1 pCVg. Results for plutoniurn.238 
analysls for samples 04PU-97-0039 and 04PU-97-0040 wore quallficd as ostimated with a 
po:entlal hlgh bias (J+), 

laboratory duplicate samplo analysos wore ovaluated to dotormlno precision In the analyses. Results trro 
evaluatod basod on a three-sigma agreoment, All results reponed for thO laboratory duplicate sarnplo 
woro within three sigma of tho origlnal sample rosult wlth the following oxcoption. 

m RN 1932 = Tho laboratory dupllcato sarnplo was outslde :he throo-sigma agreement for uranium- 
234 Rosults for this Isotope wero qualiflod as not dotocted based on tho results of the lnltial 
callbration blank. Laboratory duplicoto sample analyses for isotopos othor than tho gamrno scan 
and isotopic uranium woro nor provided for this roquost number, D~spito not hoving all QC 
informatlon, thoso data wore considerod usable, 

Radionuclido tracors and cnrrlors or0 used to track tho courso (accuracy and bias) of the analylcal 
mensuroment, Tracors arb usod lor alpha spectroscopy annlysos. Tracors aro doslgned to provido 
informatlon about tha efloct of oach sample matrix on the samplo proparotion proeodures and 
moasuromenl mothodology. Tho ER Project analytlcal sewices SOW (LANL 1995,49738) specifies that 
the required tracor recoveries !or alpha emlttors should be botwoen 30 and 170%. Carrier recoverlos 
should be botwoan 40 and 110%. Carders are used for strontium=90 nnalysos. Sample results are 
adjusted lor tracef/carrior rocoveribs ns raqulrod by standard protocol. All tracor and carrier recovorles 
are all within these guidelines with the followlng oxcoptions. 

0 RN 3156 -Tho tracer rocovory for amcriclum-241 analysis was reported at 24%, The value lor 
samplo number 04PU-97-0005 was quallfiod as estirnatod, 

RN 1938 -The tracar recovory for omericlum-241 was reportocl at approximately 30% tor smplo 
numbor 04PU-96.0026 and was qualitiod as not dotoctad basod on tho MOA roporlod for tho 
sample. 



G4.0 ORGANIC CHEMICAL ANALYSES 

A total of 30 surfnco nnd subsurfoco snmplos woro colloctod and analyzed tor SVOCs and/or postlcldos 
and PCBs (PESTPCBs) at otf-sit0 fixod laboratories. Tho summaries for thoso annlyses aro prosontod In 
tho sectlons below. All extraction and nnnlysls procedures, QC procedurcs, and acceptance critorin wcro 
followed as requlrod in tho ER Project m~lytical servlcos SOW (LANL 1995,49738). 

G4.1 Semlvolatite Organlc Chomlcal Anafysla 

AMII~SOS for SVOCS w m  pertOrnQd on 16 samples at on-stto fixed Inbomtorios. Analyses wore 
pQrfOrmed uslng EPA SW.846 Method 3540 t~ extract wmplos and EPA SW-846 Mothod 8270 for SVOC 
analyses. Tho SVOC annlyto list Including tho corrospondlng Q5tlmntQd quontlt3;lon llmlts (EOLs) or6 
provided In Appendix D and tho mothods nro listed in Tablo C4-1. All holding times for sxtmdion and 
analyses wera met for tho SVOC analyses. 

ITA8LEC4-_I. 
ANALYTICAL METHODS FOR ORGANIC CHEMICAL ANALYSES 

Anrlytlcal Method' Anrlytlul Descrlptlon Analytltal Suite 

€PA SW-846 Mothod 8270 (3540) SVOCS I So0 Tablo Dl-3 In Appondix D 

'Sample prepamtlon mothads are llstoa In pranthesoa. 

Accurucy of SVOC analysos performed at ofl-sito flxed labonforles was determinod uslng intomol 
standards and surrogate recoveries. The recovories for all surrogates and nnnlyoes of lntomal standards 
were wlthln EPA guidellnos wlth the followin$ excoptlons. 

* RN 1937 -Tho surrogate rocovery :or 2lluoroblphenyl was 1329%. Tho accoptoble mngo is 30 
to 115% tor this compound. No spacial data quallflcatlon was raquirod. 

RN 2184 -Tho recovery for the surrogato terphenyldl4 oxceoded 137% for ono somplo: 
howover, no dats qualificatlon was requlrod basod on thls result becauso of tho sa:ls:aaory 
rocovaries of the remaining surrogates, The lntornal standard for perylonodl2 wps out of control 
with 0 low standntd area for sample 04PU=96=0112. Seven compounds analyzed for In this 
sample ware quallfled becauso of tho low standard m a  as estimated (Jquollfied) I! positive 
results woro observod and no: defected and estimated (UJqua1llie.d) il the compound was not 
detected. 

Matrix spike analyses for SVOCs mot the requirod criteria for all samplos with tho following oxcepflon. 

AN 2184 - Splko results axceedod tho nccaptablo roeovory rango for n=nitros~l=n=propylamine: 
howaver, thls compound was not datocted in any of tho Eissoclatod samplos. Therefom, no data 
quolllicatlan was nacessilty fat this compound. 

For the olf=slte fixed iobcmtory analysos, Sevon SVOCs hnvo soil xroening action levels (SALS) that am 
less than tho EQL (0,330 mgkg): m-benzidine (SAL Is 0.0019 mgikg), benro(a)pyrcne (SA!. is 0,061 
rnglkg), bls(2.chloroethyl)other (SAL Is 0.043 mgkg), dlbenz(o,h)mhmcono (SAL I8 0,061 mgkg), 
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hexaehlorobenrono (SAL Is 0.260 rng/kg), n~nllroso~di~n~propyi~mino (SAL is 0,063 mglkg), nnd 
n=nltrosodlmethylamino (SAL Is 0,0087 mgkg), For tnoso compounds, there Is no standard, readily 
availablo method that can achieve EOLs as low as the soil SAL (several parts per billion), All other EOLs 
woro bolow the SALS, 

In additlon, It should be notad that tho EQL Is typically 5 to 10 timos the actual mathod dotectlon limlt 
(MDL); thoroforo, target analytes can be detected below the nominal EQL 

64.2 Organochlorlno Postlcldas and Polychlorlnnted Blphonyl Chomlcal Annlysle 

AnalySQS for PESTPCBs wore porformed on 30 samplos at otf=sile fixod loboratorios. Anolysos wort3 
perlsrmed using tho EPA SW-846 Mothod 3540 to extract samples and EPA SW4346 Method 8081 lor 
PESTPCB nnalysls, All holding times lor oxtractlon and onnlysos wore mot lor tho PESTPCB analysos. 
All othor QC critoria wero met for the PESTPCB analyses with tho following oxceptions, 

0 RN 1937 - Most of the analyses for the surrogate tetrachloro-m=xylene (TCMX) wore outside th8 
requlred rotention tlme range ol 0,05 minutos. All the lnvestlgatlve ancliysas lor the nino samples 
analyzod under this request numbor wore quallfled as not detected, Tho chromatographic peaks 
woro not oxamlned manually. 

0 RN 3943R -Two annlylos, ondrin and &BHC, wero outside thv accoptanco crlterla !or continuing 
callbration on both columns, Theso compounds wore not Uotocted in any of tho samples. ‘Thoro 
were no othor OC lndlcators that failed accoptance criteria. Data results lndlcatod that all data 
from thls roquas! numbor aro usoablo. 

C 5 , O  DATA VALIDATION 

Tho following tables prosont tho data qualifiors appllod to Q O C ~  analyto for a givon snmplo. Tho data 
qualifiers are dotlned in Tabla C5-1. Tablos C5-2 through C5.5 list tho qualifiors tor Pueblo Canyon 
roaches P-1 , P.2, P-3, and P-4. 

lxEuxw. 
EXPLANATlON OF DATA QUAtlFlERS USED IN THE DATA VALIDATION PROCEDURE 

auaiiticr 1 Explsnatlon 

Tho analyto was analyzod lor but not dctoctod. Aoportod valuo Is tho samplo-spoctfrc ostlrnntod 
quantltatlon llmit or dotoctlon limit, 
Tho annlyto was posiltvoly idontlllod, and tho nsooclatod numorlcal VIIIUO Is OStl~RtOd to bo mor0 
uncortdn than would normally bo oxpoctod for that analysis, 

u !  

~ ~~ ~~ 1- J* 1 Tho anolylo wos Posltlvoly Idontlllod, end tho roP0nod valuo I5 an aslirnnto and llkoly blasod h l g h T )  
-.-~- ~ ~~ ~~ ~ 

J- 1 Tho nnalyla was posltlvoly IdOntlflOd, and thcroponod vnluols an Ostlmato and ltkcly biasod low. 
Tho onolylo wns analyrod for but not doloctud, Roponod valuo is an ostlmato of tho sample- 
opoclflc quantltatlon llmlt or dOtOCtlOn Ilmlt. 

Tho wmplo rocultt nro rojoctod bocouoo of corious doitclonclos In tho ability to nnalyzo tho 
silmplo and moot qunllty control criloria: prosonco or absonco cannot bo vorlflod. 

uJ I 1 
R 
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M W  
DATA QUALIFIERS FOR PUEBlO CANYON REACH P-1 

SmOk 
IO hMs(@) 

WPU44-0123 Af3anlc. aolenlurn 
4127 
9128 
-0129 

1 

a0126 

04PU-013-0123 I Antlmony 
*Ol?J 
4125 
*or26 
412t 
90128 
,0129 

04PU*Q?*0076 
4077 
4079 
4080 

9082 
9083 
4084 

*0124 :IN 
9125 
4120 
9127 
4120 
=0129 

.ooai 

04PU~Qs9123 Alumlnum, cnromlum, Iron, 

SlIver, boron, hsryllrrrm, 
cadmlurn, cobalt, nlckel 

I 

I 

MPU-964127 Cyonldo, sliver. boron. 
codmiurn, coball 

MPU-86.0128 Boron, cpamlum, cobdl 

WPU*989129 Cyanloo, sllvor, boron, 
codmlum, coball, nlcLol I 

y 
u M~Lllli 

UJ lMelals 

J Metals 

no dupllcnle nsult lor arumlnum, 
a m l u m ,  Iron and dnc were wtdde 
control Ilmlls. Slrmple reiulls wro 
quallflM and esllmalod (J). 

The rssulta should bo rogarcka 8s 
osnrnatrd (J) b e c a u ~  rnm an~ty~w 
worn dolectod below the MDL but above 
me Instrurnml dblwon llmlt 
The resub should be regardad LIB 
sstlmalod (J) betaurn these snolytos 
wem detscl.d below the MDL but nboue 
me Instwmmnl d.lectlon Ilmll, 

me ruuuim a m l o  bu mgamsd ns 
esnmnled (J) becm~se these anatytos 
wbm deleeld below the MDL but above 
tho lnstrumnnt cletmon Ilmtt. 
Tho tOsUlb shwld be regamed &I 
ssUmated (J) bcauw ihsm analyles 
wro  dotacled b l o w  the MDL bul abwo 
ma lnstmmsnl Qelmlon limll. 

mo rosults should bo mgardod 8s 
bstlmatud (J) bmauae mese analytos 
M r o  aeioelu! &&ow tha MDL bul above 
Ihr lnstrurnont dolaction llmlt 

- 
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dmendix c 

~. 

J 

Results of QAQC Activities 

Me'mls 

TABLECS-2- 

I 

J t Metals 

DATA QUALIFERS FOR PUEBLO CANYON REACH P-1 

me reaults Bhbuld k rspnrdsd as 
eatimnlod (J) then. W18tyl06 
were Uetocled b l o w  tho MDL but abavs 
tna In8tnrment detoctlon Ilmll, 

SImpb 
ID 

MPU~B7.0070 
.OW? 
00079 

4081 
9082 
*oom 
~0084 

-0080 

-0083 
MPU-€174079 

4081 .oom 
*0083 

33Pu474077 

IMPU-Q~-OO~U 

wPUwo?~oo8i 

34PU.074076 
4077 
*OO?D 
4080 
*ooe1 
4QE2 

I I 
73s resulb should R rmgofdod ma 
osllmiloa (J) b m u m  there nmlylrs 
wore doloclod balow the MOL but above 
Ihr Instrument dst.etlon tlmll. 

mimatad (J) mruw moas anrtytas 
worn aatsclsd wow me MDL but atrcvo 
lnr Instrument dotectton IimJt. 

oatlrnatod (J) b m U M  them rnarylai 
were detectd bslow me MOL but a k v o  
the Inbtmmsnl Qetmlon Ilmlt. 

astlmatd (J) bocauw theM rnarytes 
wore drtecld below tho MOL bul above 
the lnotrumant dstmlon Ilmlt, 

J Molal8 The results should ba fegnrdrd a5 
! jMM1I 

Sllver 

Bsrlum, eolclum 

Mercury, vanadium J Mstnts t n o  results rhould k r . g a M . d  na 

Amenlc, vonadlum J Molal: ma I O D U I I ~  snwia 01 wrmw an 

Mapnuslum, sWlum 

WPU.079084 I Anbnlc. vanaalum. tmIIIum. 

Borylllum, caamlum, cobalt, 
nlckel, paWsslum 

J 1 M~lola I ma rs8uio s n w  M rwrdod na 

WPU-9641Oe 
4 1  OB 
*0170 
*01tl 
-0112 
-0113 
4114 

Tho results for magnrdum am aodJUm 

DBCBUI~ the percent dlfl~ranco for the 
s ~ l l  ICP wdal dllution waa 17.7% nnd 
24,5# when a 10% VaJue Ir rsguired. 

8hOUld bo regar(led II8 adtlmdtsd (J) 

colaurn, cobalt, coppe< 
nlcksl, p0bsslum 

Alumlnum 

OOPU.D&0108 Mangnneee, load 
*0100 
9110 
-01 11 
*0112 
-01'13 
91 14 

04PU4W-0108 Coaolt, nickel, sodlum 
*0109 I 
-01 10 
-0111 
90112 
-0114 

J+ Metals The raeuIt8 should be rsgamw os 
osurnate~ and b h w  high (J+) tor 
drlOCl8 aecpuw tho reoult lmm tho 
melrlx spike 6itmpJa exceodsd tho u p p r  
rocovary Ilmll, 

the result8 8nwla br mgamecl a8 
astimated (J) btccsum meaa annlyles 
were delmed bslow the MOL ht obovo 
tho insrrument datsctlon I!mlt. 
I J Met1118 

esumatad (J) bocoura mew rnatytos 
were dataclod k l o w  Ma MDL but above 
Ihe Instrument asllcllan Ilmlt. 
The dupllcalo rsault tor alumlnum warn 
oulalds control tlrnlts. Silrnp(e rrciults 
wore qualitlea and oatlmntd (J), 
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DATA OUALiFlERS FOR PUEBLO CANYON REACH P-1 

sampr 1 AMI@ 

wPu.I)6~0111 Pyono, J Somivolatllo 
bonzo(b)nuoron!hono, organic 
fluoranthono, cnryscno, compounds 

04PU-96.0112 Bonzo(a)pyrono, J Semlvolatllo 

benzo(a)pyrono, benrolc acid, 
phenanlnrono 

bOn2O(b)WlOnO, organlc 
bonto(g,n,l)pyrono, comwunus 
ulbenz(a,h)anlnracono, 
L)enzO(k)pyreno, 
di~ncctylphthalato, 
InUeno(l1,3.cU)pvrono 

ID I Ann)yls(r) suns 

I I 

WPU~86.0113 I Anthracene, dlbonroturnn, I J I Somlvolatllo 
banZO(g,h,l)poIylonO, orwnlc 
Indono('l2,3.cd)~rone, cornwunos 
dlbont(n.h)anthraceno, 
nconpphthene, tluorono, 
camazolo, naphthalene, 

1 2.rnethylnnphlhnlono 
04PU-B0*0114 Bonzolc DCLd J Semlvolotilo 

organlc 
cornpaunch 

o4pu.ee-oiiz Anlhrhcono, dlbon:oturon, J Somrvolntlle 
aconsphthyleno, bonzolc orgflnlc 
acid, Iluorone, atdazolo, compounds 
naphtkaione 

04PU.OS.0108 Plulaniurn-23d U 
-01 t 1 

I I  
wPU-o&o108 Amoncium~24'l, cortum+u, 

cohlt.57, cobalt40, spectroscopy 
ourol)lurn-l92,8odlurnG.2, 
noptunlum-237, 

04PU*U6~0109 terium-ldd, c e ~ a n - ~ ,  
91 11 coball-00, europium-1 52, 

lcdlns429. eodlum4!2, 
noplunlum-237, 
ruthenium-108 

04PU4S.0110 Cerlum.144, coonlb57, U Gamma 
cot1blt40, ruroplum~l52, spectroscopy 
scdlurn.22, neplunlum437, 
ruthenlurn- 106 

Tho rosulls tihould be togafled a3 
esllmated (J) bewuoo thoso anatyloa 
were dotocted below the MOL but abovo 
the Instrument dolecllon llmll. 

The rosults should be rognraded n8 
oallrnnled (J) bocnuse at Ihe low 
stanunrd aroa, 

Tho resulls should bo rooaaed as 
nondalacted bnd ontlmolQd (UJ) 
because Iho arm count lor the rnlomrl 
standard was JOY. 01 the area count lor 
tho conllnulng callbratlon, welch 
lncroasos tho polonllnt for lnlso nogallvo 
resulln, 
Tho reaulls ohoulU Da regnrded RO 
ostlmalect (J) bseause thoso nnalytos 
woro aoteeted below tho MOL but above 
thv lnslrurnent daloctlon Ilmrl. 

Tho raaulla should be regarUNl ~ I I  
eallmalod (J) bacaure thess anrlylos 
woro delactod bnlow the MOL t u 1  nbovo 
the lnslrumsnl8elodlon Iimlt, 

ostlmntoci (J) becaum maes nnatytos 
woro doleclad b l o w  Ins MOL bul above 
the lnalfument dstsctlon Ijmlt. 

Tho rOsUllR should b0 ? O g U d d  10 

rno7iZiGhwid tmigamea as 
nondelmod (U) boause thedo analyles 
were no1 dotecled nbws Iho repofled 
MOA. 
f h a  results 8noula tm rrgamsd nr (U) 
becnuse lhesv annwos wore not 
delectmd above tno raponsa MOA, 

The results should DO regamw no 
ttOnd6leclOa (u) booc~uao msae unalytoa 
wero not dslrciod nbove the ropotlod 
MOA. 

Tho roiulla should bo rngardsd I s  
nondotoaod (U) baenuse avsa nnolylos 
were not dslocled abovo tho rapoffed 
MDA. 

~~~ ~ 
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DATA QUALIFIERS FOR PUEBLO CANYON RmCH P-1 
~~ 

Ww! Ssmple 

2185 04PUg069112 AmerlclumQ41, Cerium-144, U 
NO, ID Arum4 awinkr 

ebball*57, caballb0, 
europium-152, Jwlum*P, 
neptunlum.23:, 
rulhonlum-108 

cobt11lB0, auroplum~lS2, 
eodlum-22, noptunlum-237, 

2185 04PU46-0113 Corium-144, co~l t~S?, U 

ruthnnlurn.166 

(sxcopt omo~clum~24tl 
cosIum~l37, pctasJlum40, 
1e1e4t12, ieae-m, 

(except aCUnlum-228, 
poIasJlum.40, blsmuth4ll 
lead-212) 

2252 04PU~B84127 Gamma sw€!roacopy sulk 
(oxespt actlnlum-228, 
arnsrldum~241, Dl8mutl+21lI 
arsmutnm, coslum-1 3t, 
potnsslum4, he-214. 
malllum408. IeaeQl?) 

1 U 

lXltop1c 
plutonlum 

3amma 
rpectroscow 

September 1998 C-7 4 Puebk Canyon Reach Ropoc 



Appendix C Results of QMQC Activities 

jlronllurn-90 

- 
Rwwat 

Tho rorurls should be rogarded os 
nOndOtocled (u) muse mose nnnlyloa 
woro no1 dolntlod eKwa Ihe mponod 
MBA. 

No. 
2252 
- 

wtoplc 
rranlum 

rritium 

sotople 
htonlurn 

SImpk 
ID 

MPU-9&0129 

The rusuIt8 shoula t)e rsgorded ab 
nWndotoeted (U) becauoe tnls anowe 
was no1 dalctcied above t?tl foponed 
MDA, 

The roaults 9hwld bo rogardod a8 (J+) I 
potenllol hlpn blas bocauso of tho low 
sample volumos and contnmlnrrllon 
notod in me blank. 

Tno rasults nhoulu be regnrdod as 
ostlrnPlcU (J) bmuse tho Qupllcnte 
rosull was not wl:hln lhrea lime8 the 
unconDlnly reporled for :he anmple. 

MPU-96-0123 
*0124 
-0125 
-0127 

MPU-R6*0123 
-0124 
-0125 
-0126 
-0127 
.aim 
.012Y 

M PU*964123 
4124 
-0125 
-0126 
=0127 
4128 
9129 

)4PU-96.0139 
-0141 

* O W  
.0144 
9145 
-0146 
-0149 
mol so 
9 1  51 
4 1  52 
4180 
-0161 
4 1  04 
41 65 

J 4 P U - W 7 5 3  
4 1  54 
*0155 
-01 56 
91 57 
-0158 
-01 59 
4162 
-01 63 

40142 

JIABLECS.2(contlnm 
DATA QUALIFIERS FOR PUEBLO CANYON REACH P-7 

jamma spectroscopy sullo 
oxcept nctlnlum-228, 
:oslum437, potosswmdo, 
OOU~214 lau0.212) 

;trontlum*90 

Jranlum435 

rrtuum 

Wronlum.239240 

U 

U 

J* 

J 

J+ 
ilutonlum blas (J+) beenuso 01 an elevotsd 

melncd blank, whlch wan prater than 
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Results of QMQC Activirics 

Plulonlum~Pe 

Apprndir C 

u 

SwnW 
IO 

WPU-B(K1149 
9130 
4152 
4157 
9158 
9159 
4160 
4161 
414 
4 l W  
4 1  65 
4160 

DSPU.864138 

WPU*979081 
4082 
6083 
9084 
9003 
908.1 
9095 
6098 
*0105 
9108 
91 07 
4 1  09 

w~u-e74a7tj 

MPU.97-0077 

)4PU*D7907@ 

14PU~Q70080 

4PU*Q?9081 

- 
Plulonlum.238 

Ialswmlw 
DATA QUAllFlERS FOR PUEBLO CANYON REACH P-1 

U 

I 
I 

I 

lwloplc 
plutonlum 
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Results of QMQC Activirirs I .  Appendix C 

JielBLEC.S-1- 
DATA QUALIFIERS FOR PUEBLO CANYON REACH P*l 

coboll~60, sodlum4!2, 
Nlhenlum*100, 
europium-752, 
nopluolum.237, 
amsrlclum.2a1, cosium~l37, 
16dina.120 

Pueblo Canyon Reach Rcport c-If September 7998 
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Appendix C Resulrs of QMQC Activities 

rnm- 
DATA WALlFlERS FOR PUEBLO CANYON REACH P-2 

hfC;pb 
ID 

34PU47*0209 
-0210 

MPU.97*0222 

MPU~D7*0215 
-0210 
-0217 
-0218 
a0210 
m 2 0  
-0221 
4223 
-023 1 
-0232 
-0P3 
*Om 
4235 
4236 
-0237 
-0238 
4240 

34PU-8&0023 
9024  
4029 
4U26 

-0026 

Sartum-140, Msrnuth.Z’I2, csrlum-139, 
:esium-t34, aodlum-22. 
mmlum409, c0b&tt47~ cobalt40, 
sumpurn~ls2, morcuryZ03, 
promtllnlum4!31, prototlinlurn.233, 
pro!octlnlum~234ml selonlumt5, 
Iln-113, urnnl~m235~ yttrturn-88, 
lood~211, radlum*223, rnflorc219, 
rulhenium~100, strontlurn-H5, 
Ihonum-227, thoflum-234, zlnc43, 
bnnlHlo!lon radiation 
Amanelurn-241. blsrnuthQl1, 
:orlum~144,lanlhonum-160, 
iepfunrum~237, mdlum22a, 
mdlum*226 

U 

- 
U 

- 
U 

- 
U 

- 

501oplc 
Wonlurn 

~soloplc 
ilulonlurn 

WIOPIC 
Wonlum 

me rosutrs skouid be ragamod 
is nonaolocted (u) ~OCBUIU 
h e m  onolylea were not 
feloclod o3ovo the fopanad 
dDA. 
mo rotluits m u l a  be regnrclscl 
is nondeleded (U) beMu80 Ihe 
osull is loss inan throe tlrnos 
he roponw onesipma 
rncertalnlv. 
m a  tosuits S ~ W M  r e p m u  
in nondstecld (U) bseauso 
hose annlylas wero not 
Jstocled o w e  tho roponea 
ADA. 

h e  rusulls shoula be regarded 
18 nondslsctsd (U) bacau9e 
hose analytrs wefa m01 
jetnctod abow tho ropaned 
4DA. 

mo rawlib shwia be rogardrd 
io nondetrctecl (U) tncnuss me 
‘esult Is lesr man three tlmss 
ha rwonod ona~lgrna 
rmanalnw. 
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Results of QMQC Activities Appendix c 

'ztsLUsh(eontlnuad1 
DATA QUALIFIERS FOR PUEBLO CANYON REACH P-2 

- 
3 W R  

1 

3 W R  

raUlum-23, m&n~219, 
rulhenlurn~lO6,6elsnlum=75, tlrclt3, 
8trnntlum-i35,1honurnQ27. yRtlum.88, 
aumplurn=ls!, umnlum-235, 
onnihllatlon rndlutlon 
Arnerlclum~241, blsmuttF212, U 
cadmUn-109, eobalt-57, 
lanthanum-140, sodlum22, 
pmtact1nlum=231 , worlum-234, dncds 

B1mulh=211. blamUltb212, U 
cerlum=144, cobtl40, cobrll-57, 
cedum-134, eumplum-1 52. 
mercufy-203, sobrum22. 
protacthWn-233, prolactlnlum.23rm, 
lead-21 1, raolum.223, nsplunlu-7, 
rndlumC24, raclon.219, 
rutttenlum=fM, ~elonlurn~75, tlb.113, 
slmnkmB5, thotium227, zlnC43, 
annlhllrllon rndlauon 
Amoaurna41 , barlum-14, U 
cndmlum~109, conurn-130, 
lanmanum=ln0, manganos~34, 
pfalactlnlum-231 , marlum-234, 
ynnurna 
AmrWum~241, barlum~l40, U 
blmuMQ1 t , blsmulMl1, 
terlum130, corlumr* cOWlt60, 
malum-134, oumprum?S!, 
mermry.203, sodlumz2, 
pm!actlnlum433, Ianthnnuml4.5, 
radon-510, rumsnlurn-10dU~i13, 
mnnumds, tMrlumC!?, 
urortumQ34, ynrlumgB, zhc4!3 
bdmlom-109, c0ball-!S7~ cssrum137, 
manoanme-54, nrptunlumc!37. 
~mIsctlnlumQ31, ~rotKllnlurn.234ml 
rad41 1, radum-223, rndlum4Zl, 
Jmlurn-fS, umnlum435, 
rnnlhllatrm rndhUon 

9mSflClU~41 , MMUW11, U 
,IsmufnclZ conumd38, cdum144, 
Dumium-109, coball47, coslumi34, 
wroplum*l SI mnrcury.?03, 
Icdlum42, manganeee44, 
WunJum.Xl?, pm14ttlnlum431, 
rrotactlnium.133, protectInluma&n, 
oab?ll , radlum4!23, mdlurn4?24, 
nd0n.219, Nthrnlum*l MI. 
ulonlum-75, Iln.113, strontlurn-es, 
WrlumG!?, tnorlurn.234, 
imnlurn-233, ynnum.88 

I thaw analylea wem nof 

MDh. 

oamma I h e  nsults should be mamod 

Gamma 

3amma 
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Appendix C 

__ ~ ~ _ _  ~ 

OualHler 
U 

Slmpb 
ID 

1 annlhllnllon rndlntion 

I a E ! !  
DATA QUALIFIERS FOR PUEBLO CANYON REACH Pa2 

~ ~ 

A ~ ) y l t i  
sunti 

Gamma 
spoctroscopy 

394513 oJPU47-0212 

I 
I 

3945R OdPU-D%0212 

Cenum-l3B, cenum-144, cob~lt-57, 
cesium-134, europlum~lS2, 
mercury.203,5OdlUm~22, 
lonlnanum-140, protoctmlum~231, 
prutncllnlum*233, proltlctinlum*234rn, 
ndlum*?23, mdlurn~224, ndon210, 
rulhonium.100, solonlum~75, t l h i  13, 
stfontlurn~85,thOrlum.227, 
thorlum.234, yltrtum.88, annlhllnllon 
rndiallon 
Bnrlum.140, bismUtfl*?1’1, 
blsmuth~212, cadmium-1 09, cobott.60, 
ceslum.137, manpanoss54, 
noptunlum.237, load.211, 
urnnlum-235, zIncd35 

U tammn 
spociroscopy 

Unmma 
spoctroscopy 

OaPU.97.0213 

I 

Blsmulh4!11, Innlhanum-140, 
radium.220. uranlum~235 

394517 04PU.07*0214 

apoctroscapy YJC 

EllsrnuthQl 1 , blsmuth-212, 
corium-144, coslum437, 
manganese-54, noptunlum~237, 
lend-21 1, radlumC26, radonQ19. 

I coslum-13, ouroplum~152, 
! morcury.203, soatum*22, 

i 
Innthanum~l40, aedlum42, 
prolactlnlum.231, pralactinlum.?33, 
protactlnlum~23rim, radium-223. 
selonlumd5, th-113, stronlium~85, 
thorlum.227, thorlum-234, 
uranium~235. flrcumss. rlno65 

i 
I 

U 

COWlmSntr 

The rosults should be rqamed 
88 nondelected (U) maus6 CIo 
rosult Is less tnnn thttro tlmos 
lho roportod Ono-siQmn 
uncertalntv. 

Gornmo 
spoclroscopy 

me rosulls should b r tqarded 
ns nondolectod (U) ~~ecpustt 
thoso annlylos woro not 
deloclc+d aWv0 the romltod 
MOA, 

me results should tx rogardoa 
3% nondotectoa (U) because the 
aault IS leas than lhroo llrnss 
:he reponed on8-slgma 
inceRalnty. 
Iho rosults should be rognraed 
3s nonuelected (U) bocauso 
:heso annlytefi woro not 
mectoa m o w  tns roporlod 
UDA. 

Iho resulrs should tx rogaraoa 
19 nOnUelocted (U) hcnuse tho 
‘08ull Is 1088 than lhroe tlmoi 
:ha reponed onoqma 
Jnconalnty. 
The results shwld ba rugnrdud 
18 nondeloctou (U) ~WIUBR the 
’esult Is loss than threo llmoS 
:ho roportod onsalgmn 
JncoRalnty 
me rosults should ba regaraod 
PS nondelecied (U) bacauso 
lhoao nnalylas wnm not 
Jetectod amvo tho reportod 
MOA, 
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Results of QAfQC Activiries Appendk C 

JIABtEC54 
OATA QUALIFERS FOR PUEBLO CANYON REACH P-3 

Sunpk 
ID 

04PU997.0244 
4245 
4246 
4247 

4249 
4250 
9251 

WPU.97*02G6 
4267 

WPU-974266 
4267 

4248 

00U47-0230 
9231 
4232 
4234 

DdPU*D741 tz 
-0179 
9180 
9181 
4182 

4184 
4185 
4106 
9107 
90108 
-0109 
4190 
4181 
-0102 
4193 
4 1  04 
-01 05 
-0190 
41 08 
4200 
9201 
-0202 
4203 
-0206 
420f  

I4PU*87Q245 

4ia3 

.om 

Antlrnony 

Plutonium-238 

Plut onlurn.238 

UJ 

- 
J 

- 
U 

U 

I "  11ulonlurn-238 

MOW18 

solopic 
ilulonlum 

wtoprc 
,lutonlum 

Lotoplc 
lulonlurn 

he reiults SnwlU be mgnrrle0 
is nondelectod (U) boCau5e 
neie anarylos W O ~ O  not 
lotmcled above ma rrpbnod 
10A 
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Appendix C Rcsirlrs of QMQC Acrivirics 

ruropiurn~l12. mercuy.203, 
Ianlhrnum-laO, manganoaeM, 
sodlum.22, neptunlurn.237, 
pmtactlnlum~231, pro1ncllnlum~233, 
pro1actlnlum.234m, Ioaa~211, 
rodium.223, rodlum224, radob219, 
rulhonlum.106, salenlurn-73, Ilrc113, 
atronUum.eS, lhorrurn-Z2?, 
lhonum434, flnum.as, z I ~ 6 5 ,  
nnnlhtlallon rndiellon 
Radlurn-228 

J X ! L L C !  
DATA QUALIFIERS FOR PUEBLO CANYON REACH P-3 

U lGnmmn 
I spectroscopy 

Slmpb 
ID 

WPU47-0244 Am~fitlumQ41, boflufn440, 
Slsmulh-2ll,blsmulh.P12, 
crrlum-139, cenum~14.4, cobnll47, 

ouropium.152, morcuty~203, 
lanlhanum440, mimgane1)6.54, 
sodlum4!2, noplunrum~237, 
~rotacWilurn~231, proIactinlum*233, 
prolaCllnlum-234m, IuadQll, 
radlum-223, radon-219, 
ntthonlurn406, selenlum=15, tlrcl'13, 
stmnUum~85,lhOnUrn-227, 
lhorlum*234, yttrlum-8E,ZIn~85 

COball*BO, CtWIUm*l~, COElUfW137, 

Ameficlum~241, Dnnum*w, 

conum~l39, corlum444, cobnlr.57. 
coDall-60, ceelum*l34, ceslum137, 
europlum.142, rnorcury~203, 
mmgane~tt.54, sodlum.22, 
noplunlum~237, prolnctinlum~231, 
prolacflnlum.233, protaetlnlum~2Nm. 
lend41 1, radium-223, raUow218, 
selonlum~7S,lln-113. elronllurnd~5, 
thonum~227,lhorlum-234. 
uronlum*235, mrlurn-88, rlnoa5, 

blsmulh-211, blsmulh*212, 

7 

U Gamma 
spRetroscoDy 

I nnnlhllntlon ridlallon I I 
04PU-07.0248 I Cedmlurn.l09,lanthanurn~l40, I U IGnmmn 

nrthonlum-1 OG spoetroscopy 

I 

COmmar 

The roaulls should ba r6(inrcioC 
as nondelectbd (U) bscouss tnct 
result I3 IOM than lhrw times 
the reponed one=slgma 
uncsmlnw. 
me renutti shouid bo rogama 
as nondtttm%d (u) beenuse 
tnoso nnnlyloa wore not 
dolected abovo the repnod 
MOA, 

Tho rOSullS should bo ragamod 
BC mnueioctod (U) bocausn the 
rosult Is laxi lhnn lhreo llmos 
the rownod onedlgma 
 uncertain^. 

Pueblo Canyon Reach Report C-23 
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Rcsirlrs of QMQC Acrivities Appcndk C 

TABLELCS-4_tcontlaucdl 
DATA OUALlFlERS FOR PUEBLO CANYON REACH P-3 

Badurn-140, trrsmuul.L311, 
blsmum412, corlum-144, tobalt-57, 
coballlo, c0alun*134. aumplumls2, 
mo~ryQO3,l~nlt\nnumld(l, 
mangenew-54, rodlum42, 
plotuctlnlum~233, loabtl l ,  
radon-219, rumenlum~l06, 
~~nlum-?S,Iin-l13, slrontlum43, 
Ihoflum42t, thorlum~234, 
uranlum-235, yrmurn.88, rlno85, 
ennlhllation radlallan 

W FU-Q7=0240 Amelreium24 1, eamlum4 OD, 
corlum.l3Dl neplunium~237. 
protactlnlum-257, pro!acllnlum<34m, 
mdlum423 

14PU47w0250 Carlum-139, cefIum*lM, Coslum13dl 
eumplum=lSZ, mercury.203, I 

lanthanum-140, mfinganes0.54, 
neptunlumQ37,I~a6211. rndlum-223. 
moon-21 0, selenlum-75, tlrcl13, 
atronllum-85, thoriuma27, I UrOnUm*?34, flllUmbll, Zlno65, 

- 
U 

U 

I 

U 

- 
U 

U 

- 
U 

I 

I 

apmma 

I annlhllatlon radlatlon 

September 7998 C-24 Pueblo Canyon Reo& Report 



I 
I 

L m p k  
No, ID AM1Ylb(l) 

Rsqusl' 

3W5R 04PU47.0250 Amorlclum~241, Donum.140, U 
eisrnuinm2, Cndmlum-109, coball~57, 
cObM*BO, sodlum-22, 
proleCtlnlum~231, proloctlnlum~233, 
protactirrlum-Z34m, rrraium224, 
rulhonium-100, uranium-235 

I.- KaQl 
DATA QUALIFIERS FOR PUEBLO CANYON REACH P-3 

AnaMs 
SUIW 

Gommo 
spmr0,copy 

1945R 04PU47.0251 Amerlclum~241, ~nrlum~l40, 
t~lsmurh-211. corlum-130, cerlum*14d, 
CODOIIO, cobaliqeo, cesiuml%, 
europium4 52, morcuy.203, 
tonlhanum-140, eodlum~22, 
protactlnlum-233, prolnctlnlum-234m, 
leaU~Zl1, radlum-223, rnUo~210, 
rulhenium-106, selonlum~75,!1~113, 
5tronllurn~65, morrurn4~??, ynnum418, 
rlncd5, annlhl~ollon rodlailon 

r107R 04Pu-08-0008 Plutonium-238 
*0009 
=0010 
-001 6 
-0017 
-0018 
-0030 
-0031 

3084R 04PU474200 Plutonlum~230,240 

39MR 04PU437~0252 PlulonIum.23B 
4253 
* o m  
*0250 
-0257 
*0258 
-0259 
4260 
*0201 
-02G2 
4263 
* o m  
4269 
-0260 
4268 

I spoctroscopy 

I I 
I 

1 css1um.l37, mangnnosdi4, 

I 

nopfunlurn437, prol~ctlnrum-23 1, 
thOrlUrn.234 

I I 

U Gemma 
apect roscopy 

u Isotopic 
plutonlurn 

u lsotopic 
plutbnlum 

u lsOtOPlC 
ututonium 

CoCnmrMI 

The f O ! ~ l t S  Should bs twarbw 
os nondoloclod (U) Decnuso tho 
rosull Is loan than lhroo llmos 
the rownod onesipma 
UncortainFj. 

ma resu~ta shouiu IXI regoma 
as nondolactod (u) bocauoo tho 
rosuI1 Is loss lhan three tlmos 
mo ropona onwlgma 
unconalnty. 
The rraulls sIloulc! be roghrdw 
n8 nonmodd (U) bacauso 
theso onalyloa wern no1 
dolocled beow tho repoftod 
MDA, 

- 

Tho ~OSUIla should k rrgorded 
I s  nondalectod (U) bmause 
thoso lrna~ytaa woro not 
datscw a w e  me reported 
MDA. 

me roaulta shwld ba ropnrdW 
on nondotsctbd (U) bocauos 
Mase anatylaa were ml 
~01Scf.d amve the reporleu 
MOA. 
The results ahould Do roqnrdod 

. .. 

I 
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Results ofQA/QC Activities 

3904A 

Appendix C 

WPU-979206 

I m a E u ! !  
DATA QUALIFIERS FOR PUEBLO CANYON REACH P-3 

kuly\l(d 
Bnflum=140, blsmutf*Zll, U 
blmuth*2lZ, cerlum=l39, eodum.144, 
c o ~ l t ~ 6 0 ,  ceolurn-'134, sufOOlUmlS1. 
moreury.203,lanlhanum-140, 
oodlum*P, noptunlum437, 
pmtoctlnlum431, pfOtnQlnlum*.W, 
pmtnCtlnlumQ34m, lead-21 1, 
radlurnGz3, rutnenlumlO6, 
aolonlum~75, Iln-113, amntlum-85, 
morlurna27. morlurn-234, ytMum.88, 
zlnc.65 
Act)nlum*PB, dmunclum441 , U 
cohlt47,  mnnOanom44, 
fadlUm-226, rndon.219, urnnlum235, 
annlhllntlon ?ndlntlOlr 

caUmlum-108, cobalt40, 
lanthanum-1 40, pmtnOlnlum-234m 

Barlum-140, b~srnum-212. csnurn-l3Q, 
cenum-ldd, eowlt-57. crslum134, 
cssum437, wmplumls2, 
mercu~y.203, manguneseS4, 
sodrurn42, nrplunlumC37, 
prolaalnlum~231 , protncllnlum-233, 
IradQli, radlum~223, m m " 2 0 ,  
maon-21 8, rulhenlurn~100, 
selonlum~?S, tln-113, strontlurnd35, 
thorluma!~, morlum-m, 
uranium-235, ynfium.88, dnMd 
nnnlhlhtlan radrauon 

- 
U 

Gnmma 
upectmscopy 

Sep:emb%r 1998 C-26 



mJmw2 
DATA OUALlFlERS FOR PUEBLO CANYON REACH P-4 

SImpb 
ID 

WPU.06-0025 

31PU.BE.0028 

WPU*O0*0027 
-0028 

34PU*96.0029 
*0031 
a0032 
a 0 0 3 3  

MPU*Q6-#25 
4026 
-0027 

-0029 
-0030 
4 0 3  1 
9032 
*ow 

wPu.o&Dozs 
9028 
4027 
4028 
*0029 
*0030 
-0031 
-0032 
9033 

MPU-964030 

m a  

Amsnlc 

hnonic, thnlllum, uranium 

monk, lnalllum 

nlanrum 

Solenium 

3 o m  lhalllum 

ANMO 

MOlnII i analye rsptded In no tho nonctnleC1.d blnnh, (u) 

b m u s e  lha oarnpte results aro 
groalor lhon lna EDL but losa 
than nvo Urnes tho 
concontmlron of the relath3 

The shmple tosulls should be , rogardod as nondotectod (U) 
becauso tho sample fosult8 aro 
groater thnn the EDL &ut leas 
than flve tlmes me 
concentratlon 01 tho rel81W 
analylo In the 6lank. 

regnrOod as nondstoCtod (U) 
bocauso the Gzrmplo rosults aro 
Droolor than lne EDL bul lesi 
tnDn llve llmes lno 
concontrallon of tho rcrlnlod 
anntyle in the bmk.  
The rerulte should ba regarded 
as eetirnatsd 6nd tllassd low 
(J-) ior delacta becauae lha 
rosult from tho mnlrlx ip140 
sornplo WM trolow the lowar 

me mmpla resulli should be 
ropardod as nondetectad (U) 
bemuso the sarnprr resulls nre 
proator than the EDL but leva 
than tlve tlrnos the 
conconlratlon of me retnled 

I WOlPlS 

Motnla 

Ilmll. 

&3 nondelectad and ostlmated 
(UJ) becnune tho splko was 
outsldo of spsCltl*d control 
Ilmlts, 

Moulls Tho sample roaults should bo 
regnrdd ob nonciotbcled (U) 
becPuas lhn ampla results are 
grouter than !ne EDL but loss 
than llvo times lho 
m11con1mtJon of !he relatod 
analyto In me t m k .  

Puoblo Conyon Reach Roport G27 September 1998 



- 
DATA aUALlFiERS FOR PUEBLO CANYON REACH P4. 

i J  Batturn, b@Um, cobalt, cOpprf,2 
pataaalum, magnudum, sodium 

I J  I3aAum, Dorylllum, caldum, copalL 
copper, magnoslum, nlckel 

Mtllalri 

. ' .  I 
Motnls swor, berytllurn, entclum, cobalt, J 

copper, magnesium, nlcksl , 

Cyonlde (tobl), dlver, urdrnlum, J 
CObUtr 

Zyanldo (total), sllver, endmlw 

04PU*069028 

04PU.864020 

34PU~906030 

Metals 

Motala 

Sllver, brylkrn, malt, nlCkel , ~ , 1 J 

ayanlds (total), bsryillum, maall, 
w v r .  mapnodurn, malum, n b e l ,  

Mews 

MS~JIB 

---x-+T Qdmlum, cobalt, sbdlum. HOlalS 

I 
I 
I 
I 

1 dotals Antlmony UJ 

and o8tlmat.d (UJ) bbcnuw the 
splke wm ouWdr of rpalfled 
control llmns. 

C.28 



B 
t 
1 
I 
1 
I 
I 
I 
I 
1 
I 
I 
1 
1 
I 
1 
I 
C 
1 

Appendix C Results of QMQC Activities 

TTABLELC- 
DATA QUALIFIERS FOR PUEBLO CANYON REACH P 4  

SIrnDk 
ID 

04PU*D6.002S 
90026 
4027 
-0028 
-002D 
-0030 
90031 
4032 
*0033 

04Pu-86*0029 

04PU-96*0030 

obPU*OO*OO3 1 

04PU*W*W3? 

ob~u.oe.00~5 
*0026 
-0027 
.0028 
-0020 
*0030 
*0031 
4032 
*0033 

04PU46-002U 

91s(2~thylhexyl)p~tnslPlol u Semtvolatlla the rwults should be rcrgaroeo I 
dl-n-bufylphthnloto organic 18 nondleetsd (U) bocnure tho 

compounds mmplo WM less than In. EaL 
and tom than nvo times the 
coneentrailon 01 tho analyte in 
the blank. which Indmtss Ihe 
drtecled reeull was 
lndlstlnpulnhabls from blank 
contamlnntion. 

Pyronel fluoranthsne, chryssne, J Somlvolatlle The rbsults should ba ropardsd 
ben2(n)Pn:hraCOnO organic ns oatlmalsd (J) bxauw those 

compounds analylea were delocted below 
tho MDL buf abovn me 
Instrument dutectlon Ilrnlt. 

Pyrone. banto(tt)lIuornnfhena, J semtvotatlle me reoutto shourd im regarded 
fluoranthono orpanlc 01 esllmalsd (J) m u s e  lhoso 

compounds analyles wore cinleetsd below 
the MDL but a w e  me 
lnntrumrnt datoclton Ilrnll. 

DI*nsclylDhthalato J semlvolatss ma results s r w w  w regarara 
n8 estlrnalad (J) bscauso those 

the MDL but above Me 
lnotrumsnt detrCtlon Ilrnll. 

DlDenroluran, bonto(k)fluornntnene, J Serntvo!allle The nsulis ~hould b. regarded 
as OstlrnatMI (J) bacauss those 

tho MDL Put abovo tho 

nconnphthone, fluorono, 
2methylnagnlhnlono 

organlc 
compounda anatytm wuro dvtaclw batow 

compounds analytes were doteCtsd below 
I orpank I 
I 
Oms8 alpha 
rsdlallon 

amin alpha miatton 

~mericiurn.z41 U Alpha 
apoctroseopy 

I lnstnrmont eeioction llrnit, 
me resuit6 anwid t~ ragareed 
na ostlrnated (J) bacuuso 011 
reoults lnalated MDAa graator 

I than tho CRDL. 

rno ronuita shwiu be rsgardod 
cta nanaotmml (U) becauso tho 

l trncor rocovory was 
I noomdrnntolv 30% flnd the 

I I I I raiults were iess than thr EQL. 
011PU*06*0027 1 Tritlum I Jc lfritlurn I me results shwid be rrMwaod 

-002a 
4020 

a8 hlph blas (J+) because 
olovnfod MOA8 woro Oreator 
tnnn tho CRDL. 

lhoso analyloe wow not 
dotoctect Above the repaned 

1 MbA. 
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DATA OUALlFlERS FOR PUEBLO CANYON REACH P-4 

!QM 

fl 
9 0 2 1  

plulonlum 

u Iwlopk 
plutonlum 

September 7998 G30 Pueblo Canyon Reo& Report 
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Appendix C Rcsulrs of QMQC Activities 

SPrnpb 
ID 

WPU-88.0025 
*0026 
-0027 
40211 
-0020 
-0030 
-003 1 
9032 
-0033 

04PU*D792CO 

04PU*U7*02Yl 
4272 
4273 

=0240 
04PU47*0120 

*0121 
4122 
,0124 

l3BLEs- 
DATA W A t l F l E R S  FOR PUEBLO CANYON REACH P-4 

Aww@l 
Uranium-235 

Ba riurn -1 40, blsm ua*2 I 1 , 
caemlum~l00, cerlum.144, coball-57, 
cObalt-80, coalurn-134, coslum137, 
oumpium-r ~ 2 ,  morcury.~03, 
lanthanum4 40, rnanganssa44, 
eOdlum.22, noptunlum437, 
protnctlnlurn~Z3tI omlsdlnlum-233, 
protactlnlum-Z34rn, ls~a-211. 
mUlum~223, rabon.210, 
ruthonlum.106, selonlum~75, tlrcll3, 
slronlIum*85, lhorlum427, 
thonumw234. umnlumP5, yttrium-08, 
Zinc-e5 
Blarnulh~Pl?, caflum-138, rndlum-221, 
annlhllallon rndlallon 

Plutonlum.238 

U 

- 
U 

- 
U 

J 

- 
J 

U 

U 

Gamma 
spoetrobcouy 

l5OlO~rC 
plulonlurn 

lwtoplc 
Dlutonlum 

lwtoplc 
pfutonlurn 

IsQlOPlC 
plutonlum 

IsOtaplC 
plulonlum 

me rosutm snow ba ropareeci 
AS nondotaclsd (u) bvcPuse 
these onetyles were not 
dalactsd abova tho roponbd 
MDA. 

G31 Soptember 7998 Pueblo Canyon Reoch Reporl 
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Appendix C Resirlrs of Q#QC Acfivifics 

s&E&u&U-m 
DATA OUALlFlERS FOR PUEBLO CANYON REACH P-4 

Smpb 
ID 

MPU*07-0005 
*OW0 
* O W  
*0000 
-0009 
*0010 
no01 1 
-0012 
no013 
901 4 
-0018 
.0017 
-001 8 
a001 0 
-0020 
so021 
9022 
-0025 
*0028 
-0027 
00028 
-0029 
4030 
-0031 
4032 
.0034 
-0035 
*0036 
90037 
*0042 
-0043 
-0046 
*DodB 
4047 
-0048 
m 4 0  
4050 

MPU479005 

MPU*D7*0035 

Lflum~140, cenum-138, Corium-144, 
:oball-57, cobalt40, cosluml34, 
w~plum-152, rnecury.203, 
odlno=l29, sodlum22, 
ieptunlum-237. protactlnium4!3lI 
mlacilnlum.233, prolnctlnlum-Z34m, 
ead-210,1oo~.211, rodlum-~23, 
86on419, futhonlum=lO€I, 
iolonlum~Y5slrontlum~R5, tln.113, 
horium~234, urenlum*235, flrlum-88, 
clncd5 
hrnericlurn-24l , blsnulh*212, 
admlum-108, mongc1nostt.54, 
aUlum4226 

J 

- 

AMM@ 
Sulta 

loloplc 
ilutonlurn 

Sammn 
lpoclroecopy 

3nmma 
rpsclroscopy 

C o m m  
~~ ~ 

me roiulla should be regnrded 
18 noncletectoe (U) bocnuso 
noao anelyloa wero not 
lotm(tU awvo the repanod 
40.4 

The rosulm should be regardod 
a5 osllrnatsd (J) bmuw those 
nnnlyloa wore above tho MDA 
but loss then the EOL 
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Appendix D 
Analytical Suites and Results 



1 
I 
I 
I 
I 
It 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 

EPA Snmpb A ~ l y U m l  EDL' @ o h )  EDL (WQ) 
pnprmlon w Technlqw 1 l c p E ~ ~ c P M ~  i QFm.rorhrr 

Alumlnum I 3050A I ICPES 40 I 
Antlmon y 3050A I ICPES 12 
Amenlc I 7060/3050A I GFAAllCPES I NR' ! 2 
BliflLIm I 305OA I ICPES I 40 I 
Befyllum I 3050A I ICPfS I 1 ! 
Cadmium I 3050A ! ICPES I 1 I 

L Calclum I 3050A ! ICPES I lo00 I 
, -  

Appendix I) Anulytiwl Suires and Results 

CoDPef I 3050A 

I ton I 3050A 
Load I 7421/3050A 

Cyanldn I 901 2 

APPENDIX 0 ANALYTICAL SUITES AND RESULTS 

ICPES 5 I 
Colonrnrlflc N/A' ! 0.05 
ICPES I 20 
GFAMCPES I 0,B 1 0.2 

D-1.0 TARGET ANALYTES AND DETECTION LIMITS 

Uranlum I 30JOA I ICPMS 
Vanadlum ! 3050A I ICPES 

Tables D1-1 through D1-4 lncludo the maximum requlrod detoction limlts or quantltntlon limits in 
accordance with the Environmental Rbstoration PrOJOct analytical s~rvlcos Statm3nt of work for Contrnct 
laboratories (IANL 1995,49738) and the Quollty Assurance Projecf Plon Roqu/remmfs for Somphg and 
Analysis (IANL 1996,54609). In most cases, the limits tor tns analytes were signlfiantly lowor thnn the 
detectlon or quantltotlon limits roponod in these tables. The sample-specific detoctlon or quantitation 
llmlts for each analylo nre necesslblo In the Faclllry lor Information Managoment, Analysts, and Dlsploy 
(FIMAD) databaso. In odditlon, summary tables presonted throughout thls roport also includo thoso llmlts 
ns approprlate. 

0.5 I 
10 I 

Pueblo Canyon Reach Repon 
.. . 

D-1 



ImLus! 
TARGET ANALYTES AND MAXIMUM REQUIRED OUANTlTATlON LIMITS 

FOR RADlOCHEMlCAL ANALYSES 

J 

.~ ~ 

WlrnsnVSoll EPA 
Pmpamllon Method Anslyllcal 

Technlquc' 
EOL 1 

Anilyts (PCW (It applkabls) 
Grow olphdbottr I 10,O 1 1 Cas-proportlono1 

Goa-proporrlonnl Strontium-90b 2.0 

Amariclum?4l on1 Alpha SpoctrOsCa~y 

Plutonlum=238;=239,250 I 0,1 I I Alpha swctmscoay 

w 

t w 

Sdp tembor 7 998 0.2 Pueblo Canyon Reach Repor: 

~ r a n / u m = ~ ~  -235, - ; ~ 8  t 0.1 
Tritlum I 300pCVL 
Gammasmlrtlng Imtopos' Am-241: 1 

CO-137: 1 
Pb.210: 2 
Rn-226: 1 
Thad: 1 

Total and oxtractablo uranlum I 0,s mgkg 

I Alpha 8pec~oscopy and ICPMS-FIA 

UqUld sclntlllotlon 

Gamma opoctrostopy 

€PA SW446 200.013050 ICPMS 

Ana/yW/ 7mnlguss. &fa Managsmml. and QwUry Assurance (LANL 1093,517D3). 
0. It may bo prs8umW lnnl slrgnUum49 la not Dmsent. 
c, ICPMS I Inaudlvsly COUDIW olaamn maw swclromrly 
13. FIA I nnmo lonkollon analysls 
e, Esumrlrd quanlllnllon llmlts (EQLs) nro not ap*clflo(l for Ma olner 41 gamma.emlttmg lr~topoa Klmmonly PnalyZsb: t h y  

are delsnnlnad an a caao=rp.cltlc hds, 



I a u J a A  
TARGET ANALYTES AND MAXIMUM REQUIRED QUANTITATION LIMITS FOR SVOC ANALYSES' 

2.Chlorop honoi 
dChlorophonyl phonylothor 
Chrysono 

Targal SedimentlSoil €OLD Target SsdlmanVSali EQLb 1 
Analyts (msnra) Analyto (mgrkgl t 

Aconaphthono 330 4,6~Olnltr~2~mothylphonol 1600 

Aconaphlhylono I 330 2,4-Dlnltrotoluono 330 
Anlllno I 660 I 2,6.Dlnilrotoiuona I 330 

1 

330 1 4-Nitroaniline 660 
330 Nltrobonzono 330 
330 2-NltrcphQnol I 330 

Dlbonzofuran I 330 
1.2~Dichloroben20no I 330 
1 ,SDlchlorobon%ono i 330 
1,4-Dlrhloroboruano I 330 

N~Nltrosodimothylomino 330 
N-Nltrosodiphonylamlno 330 
N+"rosadi=n*propylomlno 330 
2,2'swbls(l ChlorowoPanol 330 

2,4-Dkhlorophonol 330 
OlothylphthalPlo I 330 
Dimethyl pnthalato I 330 

~~ ~ ~~ 

All anabsos wofo done by EPA centrad loborntoy progrorn MolhOd OLM02,O or the equlvnlool EPA M m o d  u70, fhvss 
methocls aro based on solvent extrncllon, conconlrallon, and gaa chromatographylmasa apocttromalry Qetscrlon rnd 
quantlotlon, 

b, EnUrneted qudntllnuon llmlls (EOLa) for VI0 Sediment samploc &re Based on no gel permuallon chromatogriphy (OPC) 
cisanup Dolnp perlormad, t h e  liBomto11es' GPC oquipmenl eslonnlnea the eamplespeelllc EQL bassd on tne volume 01 
oxtncl tho GPC equlpmenl usos, Howwnr, me labornlollos are requoaiea, II possIBlo, IO ropon sampieapecifk EQUI of 
no mor0 than hvlca the valuo Ilstod In the lable. 

~~ ~ 

Phonanthrono 330 
Phonol 330 
Pyrone 330 

Pueblo Conyon Reech Repori D-3 Septffmbor 7998 

2,4-0lmethylp honol 330 I 1,2,4;TrlchIorobon~one 
2,4-Dinimphonol 1600 I 2,4,5=TrlchlorophonoI 

330 
1600 

01-n-buwtphtholato 330 1 2,4,6=Trlchloro~hanoI I 330 



Analyicual Suires and Resulrs Appendir D 

Anolyls 

Aldrln 

IlwERkl 
TARGET ANALYTES AND MAXIMUM REOUIRED OUANl7'TATlON LIMITS 

FOR PES'flClDUPCB ANALYSES. 

SedlmentrlSollsb 
EQL boncol 

1.65 

PBHC 

&BHC 

1-65 

1.65 

yChlordano 

4,4'=DD 0 
4,4'-DDE 

a. All annlyaaa warn oone by EPA contract lobontory program MIlhod oLMo1.8 or tho oqulvalent WA MOM 8081. maso 
metWs am bbadQ on solvent oxlrnctlon, concontmlbn, and gaa chromalogmuhy/doctron cnphrm Oslsctbn and 
quantltalton. 

b. EsHrnslDd quanntallon llrnlta (EQb) for Itro asdlmant ssmples am baard on no got wmralion Chrvmatogmphy (6PC) 
clwnup bolng wrbrmng, Tho laboratories' OPC oqulpmrnl dctsrmlnrs tho ssmplwapeclllc EOL bawd on the volume 01 
extract the OPC equlpmrnt u8a. Mowsver, Me labomtones am raquoslrd, It poNtJs, 10 rnportsunpl~~.specnrt EQL of 
no mom than twice tno value llated In tho tnblr, 

1.65 

3 3  
3 3  
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Amtor-1221 

Aalot'-l232 
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33 



D-20 ANALYTE SUITES AND REQUEST NUMBERS 

Table 02-1 prosants tho nnalyto sultos and roquest nurnbors for each sample collocted from Puoblo 
Canyon during this invostigation, Each request numbor includos a batch of samples sent to a spocific on- 
slto analytical laboratory for a spocliic suite of analyses, and the roquost numbers can be used to track 
tho orlglnol data packages from tho off =SI10 analytical laboratories, Tablo D2-1 also presents additional 
Information on each samplo includlng tho reach or subroach, locatlon ID, goomorphic unit, and sodiment 
facies o! tho samplos. In the "sample typa" column, 'sampio" rofors to tho first samplo collectod from a 
specific sample layor, 'QA duplicate" raters to quality assurance duplicates collocted in the field a: the 
samo tlme, and 'rosamplod" rofors to a sompla collectod from a spocific layor at a later date, For sampla 
layors where two or rnoro analysos are available for specific analytes, only tho first analysis was used to 
identlty it an analylo roprosonts a chemlcal of potontisl concern (COPC) or to calculate avorage 
concontratlons within a unlt, Tablo 02-2 prooents the nndyticcll laboratory that annlymd each rAquest 
number, 

For tho full-suit0 sampling wont in reach P-1, a shipping error rosultod In all thoso samplos having two 
dtnoront sample ID numbers and analyses from Two dltforent laboratories, The samples wore Intended to 
bo analyzed for radionuclides and inorganic chomicals by Rust Gaotech and for organlc chemicals by 
QST Environmental, but the samples wore mlstakonly son1 to the OST Environmental analytical 
laboratory for all analysos. Aftor thls mistako was realized, the samples were rosubmlned to Rust 
Geotoch wlth P dlHorGnt sories of samplo ID numbers. In thls ropoR sample ID numbers WPU=SG-0108 
through WPU-96.0114 are usod for the organlc chemical analysos, and 04PU=96=0123 through 
04PU-96=0129 are used for the romaining analyses. Tho analytical data that wore roceived for inorgnnlc 
chemicals and radionuclides for sample ID numbers 04PU-96.0108 thraugh 04PU=96-0114 wore not 
evaluiitad In the data revlew in Sealan 3.1, although thoso 'oxtra" sample results wore examined in some 
cnses to help evnluato QA issuos, 
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E 02-1 - 
PUEBLO CANYON SAMPLES, ANALYTE SUITES, AND REQUEST NUMBERS - 

r 
iJ 

P-3E 

P-3€ 
P-3E 
P-5E 
P-3€ 
P-2 w 
P-2 w 
P-2 w 
P-2 w 
P-2 w 
P-2 w 
P-2 w 
P-2 w 
P-2 w 
P-2 w 
P-2 w 
P-2 Y i  
P-2 w 
P-2 w 
P-2 w 
P-i€ 
P - E  

P-2E 
P-2E 
?-E 
P-2€ 
P-if  
P-2€ 
P-2f 

E-%- 

-- 

- 

- 

- 
- 

. .  

. .  

ocPu-974m3 P-2 
o(pU-97m3l P-2 
GFU-970233 P-2 
DiW-970236 P-2 
OCFU-970237 P-2 
owu-97053a P-2 3 oGU-97m3 P-2 
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Appendix D A nu ly t ica 1 Sir ires and Rcsu 1 ts 

2832 I Thormo Nuloch 
3156R I Thormo Nutoch 

QST Env1ronrn~ntaI0 31 S7R 
3284R Pnragon Annlytcs, Inc? 
32833 QST Envlronrnontol 
W70R Thormo Nutoch 
3584R I Paragon Annlytlcs, Inc. 

I 

” 

I 

w!Lu= 
PUEBLO CANYON REQUEST NUMBERS AND ANALYTICAL LABORATORIES 

3782R 
3802R 
3943R 

O S t  Envlronmontal 
QST Envlronmontal 
Parapon Analytlm, Inc. 

i---- 3844R 
3945R 
3983R 
3984R 
3985R 
3900R 

Paragon Analytlcs, Inc. 
Pwegon Analytlcs, Inc. 
Pnragon Annlytlcs, Inc. 
Pnragon Anolytlcs, Inc, 
Pnrapon Annlytlcs, Inc. 
Parnoon Analyilco. Inc. 
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W . 0  SUMMARY OF PUEBLO CANYON ANALYSES 

Tables D3-7 through b3-3 prosont summaries of the lnorganlc chemical, radlonucllde, and organlc 
chemical analysos for samples from tho Pueblo Canyon reaches. Those tables show tho number of 
samples, detectlon frequoncy, and concentrntlon nngo for each annlyta, 

SUMMARY OF INORGANIC CHEMICAL ANALYSES FROM PUEBLO CANYON REACHES 

Analyts Total 
Name Count 

~~ - 
Aluminum 1 4 4  M { 081 118400 
Antimony 44 1 44 I 0.5 J A9 0 i NIA 1 MA 
Arsonic ! M I 2 2  1 3.? 22 [ 0.m 5.1 
Barium M 0 NIA N/A 44 I 14.9 163 
Boryllium I @  I Q 0.5 0.57 I 35 1 0.16 1 .? 
Boron 17 I 12 12 5.5 5 1 1.4 6.2 
Codmlum 4 I 27 0.00 0.69 1 17 I 0.17 0.92 
Calclurn 4.4 I 0 WA - NIA M 1327 I 4740 -. . . 

1 , I I 

Chrornlum, totel 1 M 0 N/A WA 1 00 1 1.1 14.5 

Cobalt " 1 2  1 1.1 1 42 I 0.85 I 5.6 
Coppor 44 0 WA NIA 1 44 1 I 31.5 

1 cvclnus. total 16 I 6 I 0.15 0.15 I 8 023 I 1 - r  

Iron 44 0 WA NIA I 44 1 3170 36600 
Lood 4.4 0 NIA MA I M I 3,7 z . 3  

I 1 

Mflgnoslum 44 0 N/A NIA 44 P O  3050 
Manganese M 0 N/A MA I M 103 1030 

Nickel 44 8 2 2 8  36 1 11 

Potossfum l a  0 WA NIA I 44 238 I 3740 

Mercury 1 4 4  24 I 0.02 0.14 I 20 0.02 0.65 

Solonlurn 1 4 4  31 0.2 1 1.1 13 0.3 I 0.98 
Sllvar I a ! 3 0  0.1 I 1.4 j 14 0.11 I 1.7 
Sodium 44 15 100 I 138 29 38.6 I 1440 

Tltanlum 1 17 0 tVA 17 1 0,454 I 1840 
Uranium 1 1 6 1  0 MA. 1 N/A 16 ' 0.26 I 3.1 
Uronlurn, total 17 1 22 I 22 16 21 6.5 
Vanadium d 4  0 I M A  I NIA 44 I 3.4 I 23.8 1 

." 
I I t anc 44 I 0 '  1 .WA I WA d4 1 15.8 I 222 1 

I I "/A I not appllabis 

' September 7998 0-1 8 
~ ~~ 
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I 
1 

Teth 1 Analyrs 
Cod0 Name 

SUMMARY OF RADIONUCLIDE ANALYSES FROM PUEBLO CANYON REACHES 

I Nondatbctr I Detects 

Tolal Mln M U  Mln Max 
Count I Count tpcvgl I (pcvg) I Count I (pcbg) I (Kvn) 

CROSSAB 1 Gross alpha radiatlon 

GSCAN I Adlnium.228 
GROSSAB I Gross beta radlatlon 

I CSCAN I ~rotactin1urn.2~1 I 36 I 36 1 -0,1329 1 0.2461 I 0 1 N/A I N/A 

16 i 0 1 0  I O  1 16 120.21 1 165217 

36 1 A I  0.41 I 1.029 1 32 I 0.692 1 2.18 

1 6 1  0 1 0  I O  1 16 115.23 1 42.64 

GSCAN Protactlnlum234M 36 1 36 I 47,100 1 25.100 0 N/A I NIA 
GSCAN Radium223 36 1 36 1 -2.187 I 1,74 0 NIA I NIA 
GSCAN AoUl~mQ24 36 1 24 I -4.845 I 3*05 I 12 0.545 I 11.08 

GSCAN I Amoflciurn-241 1 44 1 22 1 =0.115 1.291 

IGSCAN 1 Barluml40 I 36 j 36 j =2 .w 0,826 
1 GSCAN I Annthllatlon raelatlon 1 36 I 34 I -0,1008 0.293 

I -  35 I 26 I 039 I--A.567 I 9 I 2.639 I 5.203 I 

2 2 1  0.11 I 1 1 . a  
2 I 0,Ol I 0.2s 

N I c  1 MA I WA 
GSCAN I Blamuth4ll I 36 1 28 1 0 I 1.22 I e l  0.268 I 3,29 
GSCAN I f3ismuth~212 I 38 1 35 I -1.32 I 4.55 1 1 1 1.12 I 1.72 

GSCAN i Blsmuth-214 1 36 I 8 I 0'23 1 031  28 1 0 3  I 2,053 

GSCAN 1 Corlum=139 1 36 I 36 I -0,0708 I 0.13 1 N/A I NIA I NIA I 

GSCAN 1 C o w m 4 3  I 36 1 36 I =0,0796 I 0.15 I NIA 1 NIA I NIA 

GSCAN I Cobalt47 1 M 1 44 1 -0,0564 I 0.09 I M A  NIA 1 MA 

GSCAN I Europlum-152 I dp I a I =0.276 1 0,58 i I 0.267 I 0.267 

GSCAN Lnntnanum-140 I 36 j 36 1 46.2 44.441 I 0 N/A N/A 
GSCAN , Loctd.210 1 17 1 17 1,08 2.43 0 WA I NIA 
GSCAN I Loae.211 1 36 36 91.003 3.05 0 NIA 1 N/A 
GSCAN 1 L 0 ~ l - 2 1 2  1 3 6 1  0 WA NIA 36 0.6038 2.67 

r 

.. 
GSCAN I Codmlum409 I 36 I 32 I = o . m  i 3.751 I 4 I 1 . m  I 6,8s 

1 

GSCAN 1 Corfum=W 1 A4 I 44 1 -2,48 1 1.26 I N/A ] NIA 1 NIA I 

GSCAN 1 Cotl~m*137 1 M 1 18 I -0.1207 I 0.37 1 20 0.07 i 1 . s  

GSCAN I Cobdlt.60 1 44 1 44 I -0,03 1 0.17 1 N/A NIA I NIA 

GSCAN Iodlno=l29 I 21 1 21 I -0.11 I 0.277 i NIA NIA I N/A 

Pueblo Canyon Reach Ropo ft 

GSCAN I Lood.214 36 1 4 I 0,24 , 0,35 32 0,4lQ1 2.152 
GSCAN ! Mangonoso-54 36 I 3 1 -0,035 1 0.2 2 0,0651 0.1 1 

GSCAN 1 Noptunium-237 l a  44 -0,967 I 1.559 i o I MA NIA 

, GSCAN I ~rotoct1n1urn.231 I 36 I 35 , .ob& I 4.75 i 1 I 251~ i 2.591 

--- 
GSCAN 1 MarcuryQO3 I 36 35 =0.1205 1 0.12 0 1 MA NIA 

GSCAN I Potasslum40 I 4  1 4,93 I 4,93 1 43 I 19292 I 31.37 

D-19 

, 

Sepfomber 1998 

GSCAN 1 Ruthontum~106 I 4.4 I M I -0.387 I 1.17 j o 1 NIA NIA 
GSCAN I Solonrum-75 i 36 1 36 I -0.0989 I 0.28 0 I N/A NIA 
GSCAN 1 Sodlum-22 I M 1 44 -0.1284 I 0,1318 0 1 N/A NIA 

I 

"/A = nor oppllcnbis 
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_ -  ~- I 

i N/A I NIA I 16 I 0,76 I 2.01 
4 

607" I Thorlum.232 I 16 I 0 
ISOU 1 UrnnlumG34 I 16 I 0 1  NIA 1 NIA 16 I 064 2 4  

ISOU Uranlum=235 I 16 I 16 I 0.W I 0.06 0 N/A N/A 

sRm Stronllum40 1 16 1 13 I 4.2 I o m  3 o m  I 1.4 

ISOU U ranlum-238 I I S !  0 1  M A !  WA 16 0,69 I 2.2 
-'. 

"/A I not n~pllcnbls 

SUMMARY OF RADIONUCLIDE ANALYSES FROM PUEBLO CANYON REACHES 
JI 

Nondslech I DdRtS 1 Anrlvte ToUl 

I 

ISOPU PIutonlum43Q,240 I 28D 1 3 ' 0.001 I 0.1 I 286 0.0055 I 502.01 
ISOTH Thorlum.228 1 16 1 0 PUA N/A 1 16 0.74 1 2.w 
ISOTH I Thorlum-230 I l G I  0 FUA I MA I i e  i 0.66 I 203 

S8pt9mbW 1998 D-20 Pueblo Canyon Reach R o p e  
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I 
1 

Nondstectr 

7ch Total Mln M U  
Code Anslyto Count Count (mglkg) (mghp) 

Anulytical Suites and Results ',, Apgendix D 

Detecta 

Min Max 
Count ( m o p )  (mehg) 

I 

PESTPCB I Aldrln i 30 

~. ~ 

Pueblo Canyon Reach Report 

27 1 o.00067 i 0,0023 3 1 o.00171 I o.oozii ' 
I 

D.21 Saptembor 7998 

' ~ 

PESTPCB A d o f - 1 2 4 8  1 -30 1 30 10.013.: I 0,046 I 0 1 WA 1 N/A 
r 

PESTPCB I Aroclor-1254 I 30 20 1 0.0134 I 0,046 1 I 0.238 O * a a  
PESTPCB I Aroclor-1260 I 30 23 i o.oist ' 0.046 I 7 0,0265 o , i i f  
PESTPCB I a=BHC 1 30 30 I 0,00067 0,0023 I 0 I NIA 1 N/A 

PESTPCB bBHC 30 I 30 1 0.0006f 0,0023 I 0 1 N/A I NIA 

PESTPCD &BHC 30 I 29 I 0.00067 0.0023 1 1 I 0,00107 1 0.00187 

PESTPCB ( rBHC I 30 I 30 1 0,00067 I 0,0023 0 I N/A 1 NIA 

PESTPCB I Chlordan0 (lochnicbl grbdo) I t  7 0,00335 1 0,00243 0 I N I A  j NIA 
PESTPCB 1 a.(;hlOrdano I 30 26 0,0006f 0,0023 4 1 0,00125 1 0.00497 

PESTPCB Dleldrln 30 I 30 I 0,00067 0.0046 0 WA M A  
PESTPCB 14,4'-DDf 30 1 27 I 0.00067 0.0046 1 3 I 0.00409 I 0.00593 

PEVPCB Endosullan I 30 30 1 0.00067 I 0,0023 0 1 N/A NIA 

PESTPCB I Endrin 30 30 0,0006f I 0.0046 0 NJA N/A 
PESTPCB I Endnn bldohydo 30 30 I 0,00067 1 0.OMC 0 MA M A  

PESPCB I Endrln kotone 1 23 23 1 0.0029 OaW6 0 N/A N/A 
PESTPCB 1 HOptnChlOr I 30 30 1 0,00067 0,0023 I 0 1 N/A NIA 

PESTPCB I Hoptachlor opaxldo 1 30 30 1 0.00067 o,oozi I o ( NIA N/A 

PESTPCB (Toxrrphoncr(tochn)calQroao) 1 30 I 30 0.067 1 0.23 I 0 I N/A 1 NIA 

SEMI I Aconaph:hylano 16 15 0.328 I 0,66 I 1 O M  0.44 
SEMI I Aniline I '6 16 I 0.328 1 0.66 l o  WA NIA 

SEMI 1 Azobonrono 16 16 1 0.328 0,68 1 0 1  N/A M A  

PESTPCB I Endosulfan I1 30 30 0.00067 1 0.0045 0 1 NIA 1 N/A 
PESTPCB I Endosulfan sulleto 30 30 0,00667 1 0.0046 0 NIA NIA 

h 

PESTPCB I 4,4'*MefhOXyChlOf 1 30 1 30 I 0,00067 0,023 I 0 I N/A NIA 

SEMI I Accrnhphrhono 16 12 0.17 10.340 1 4 0,055 I 0,219 

SEMI 1 Anthncono 1 t 6  i o  I 0.329 0.344 1 6 j 0.038 0,368 

- _. ~~ 

I SEMI I Bonr(o)anthracono 16 I 9 I 0,329 0 , W  7 I O403 1 1 



I 

Tech 
Code Analytc 

SEMI Bonzo(a)pyrone 

- 
SUMMARY OFORGANIC CHEMICAL ANALYSES FROM PUEBLO CANYON REACHES 

1 
Nonblbcts I Ostecta 

I I Mar 
TOM 
Count aunt  I (:;pi I (:gg) 1 mnt (mfig) (rnfig) 

16 9 I 0.329 I 0 . W  1 7 1 0,052 1 7.7 
SEMI I 6on=o(b)lluornnlhono 1 18 
SEMI Bonro(g,h,l)perylono I I 6  
SEMI Oonzo(k)fluorantnono i 16 

Sapternbet- 7998 

8 I 0,329 I 0,344 8 0.05 I 2 5  
11 0.329 f 0.344 5 1 0,076 I 0,86 
i o  0,329 j 0.w 6 I 0,059 I 0.05 

I 

SEMI 
SEMI 
SEMI 
SEMI 

Eanzok ncid 113 1 10 I 0.m5 I 3,3 I 8 I 0 . W  1 0.75 
Bonxyl alcohol 16 1 16 I 0.28 I 2 6  1 0 1 NIA' I tVA 
Bl6(2.chlotoethorcy)mathane 16 i 16 I 0,328 OA6 I o I NIA i NIA 
Bis(2.ehlon~ttryl)olher 16 76 I 0.328 0.66 1 0 I NIA I N A  

1 



I 

* 
Nondetects Detects 

* 

Tech Total Mln M U  Mln M U  

SEMI H oxac hlorobonzono I 16 16 0.328 O.GO 0 1  NIA' I N/A 

SEMI Hoxachlorocycloponladleno 16 I 16 0,328 0,66 0 N/A 1 N/A 

SEMI 1 Indono(l,2,3-~d)pyrono 16 I 11 0,329 0,344 5 I 0,086 0,88 
SEMI I liophorano 16 1 16 I 0.328 0-66 0 N/A N/A 

I SEMI I 2~Mothvln~phtholono I 16 I 13 I 0,329 0,60 i 3 0,038 I 0.167 

Code Anatyts Count Count (mflg) (man) Count j (mflu) I (mgrkg) . 

SEMI Hoxnchlorobutadlono I 16 I 16 0,328 0,66 0 1  WA 1 N/A 

SEMI I Hoxnchlorbathanu 16 I 16 0,328 o m  0 NIA NIA 

I 

Appendix D 

SEMI P~NItroanlllne 1 16 1 16 0,795 3,2 0 N/A I N/A 
SEMI 3.Nltroanlllno 1 16 I 16 0,795 3,2 0 NIA I N/A 
SEMI 4-Nltroanllino 1 16 1 16 0,6 1,2 0 !VA I NIA 

.. 

Analyticuf Suires and Rrsulrs 

SEMI NgNltroaoal~n~propylam~no 
SEMI N.Nltrosodlmothylnmino 

SEMI NwNltrosodlphonylnmlna 
SEMI 2,2'~0~bls(l~chloropropano) 
SEMI Pontachlorophonol 

.. 

I 

16 I 16 0.328 0.66 0 1 N/A 1 N/A 
16 1 16 0.328 0.G6 0 I N/A 1 N/A 
16 I 16 0,326 0,6G 0 NIA NIA 
16 I 18 0.328 0.06 0 NIA N/A 
10 1 t G  0.785 3.2 0 NIA NIA 

1 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 

I , I I SZMI 1 Naphthalano I 16 I 11 I 0,329 1 0,344 1 5 I 0,035 1 0,374 1 

I SEMI 1 Phonol I 16 1 16 1 0.328 I 0.66 1 
7 0.329 I 0,344 I 9 0,051 I 2.2 

16 16 0,328 I 0.66 0 N/A [ NIA 
--_.- 

16 16 0,795 I 3.2 I 0 N/A I WA 
SEMl 2,4,6-'Trlchlorophono~ 16 16 1 0,328 I 0.66 1 0 NIA I N/A 
TOC Carbon, total orpanlc 7 O I N / A l  NIA I 7 2150 1 WOO 

"/A = Mf Ppplktblo 

I 
1 Pueblo Cnnyon Reach Repcrt 0.23 

~ ~~ 
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ANALYnCAL RESULTS FOR INORGANIC COPCs IN PUEBLO CANYON' 

I 1 I 

-E 0.- 

s P ti 
7 

P-3 W 1 O % G - E 4 8  
P-3 VI 04%-97-0249 

0 63 33 3 PU4142 
pVQI42 27.1 

28 6 PU-0142 
PU0142 
W 0 1 4 4  

15 a 
208 
31.4 04w-970247 

arm-97-44 I___ am-974245 

P-3 V I  
P-3 V I  
P-3 w 
P-3 w 
P-i w 
P 4 W  

-- 

PUG144 
pVQl57 24 

0 €5 41.1 (v) 

*I NI 
221 
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Appendix E Sta I isticu 1 A nu I p s  

APPENDIX E STATISTICAL ANALYSES 

5 7  .O STATISTICAL EVALUATIONS OF INORGANIC CHEMICAL DATA 

Tho objective of this section is to  prosent detaliod statistlcal and graphical anolysas that campars 
inorganlc sodimont data from tho Pueblo Canyon reaehos with hboratory background sediment data 
Theso onalyses are usod to dotermine whethor tho roach data Show ovldonco of contamlnant releases 
through a systomatlc lncroaso in Concontratlon of one or mor0 analytos over Concentratlons observed In 
ths background data. 

E-7.1 Methods 

Throo types of analysos wero ueod to evaluate the concOntrationc of lnorganlc chemicals In the reach 
samplos os compared with background data, The first type of nnnlysos are graphical comparisons at 
roach and background sarnplo results. Socond, the rosults of iormal statlstlcal testing aro presonlod. 
Third, relationships of inorganic chomicals to  concentration of aluminum ara gmphlcally prosenfed. Each 
of these mothods is discussed below in more detail. 

E-1.1.1 Comparisons of tnorganlc Chemlcal Data by Rccich 

7'hese comparlsons us0 graphical displays callod 'box plots," which show the actual VGIUQS for each 
inorganlc chomical. The onds of each box represont the "InterquaRIIo" rango of tho data distribution, 
which Is speciflod by tho 25th porcenale and 75th percentlle of the data dlstrlbution, Tho horizontal llne 
within oach box is the mecllan (50th percontllo) of the data distrlbutlon, The horlzontal Imo bolow ench box 
reprosonts tho loth percontilo, and the horizontal llne above each box roprosonts the 90th porconfile. 
Thus, oach box lndlcutos concontratlon v ~ l u o s  for tho central halt 01 tho data, and concentration shitts 
con be roadlly assessed by comparing fhb boxos. If most of the dnra ilra roprasonted by B alngle 
concentration value (usually tho detection limit), tho box Is reduced to D slnglo llno, Tho horizontal Ino 
drawn across all :he da:a groups ropresents the overall mean of all dotn (both roach and backgrcund 
date). 

To the right of each box plot is ano!her statistical graphlc 01 tho same data, This plot Is known os a 
'normal quantile" plot that facilltatas the intorprotatlon of the statlstlcal distrlbutlon of the data, For 
example, I f  tho data orlglnate from 8 normal statistlcol dlstributlon, then tho data (plotted as one of five 
symbols) wlll fall on a Ilno. Tho normal quantile plot prosents wo typos of Information for each data group. 
A llno Is presented for each data group that is wlculetod Dosod on tho obsorved mean and standard 
doviation of tho data. Also tho actual sample rosults nro glotted on tho normal qunntllo scala, and llne 
segments conneef ench rosult. 

In these statlstical plots 8 dltloront symbol Is used for the laboratory results for each roach nnd for the 
background data (BKG), and tho symbols nra used conslstontly in all statistlwl plots in this saction. 
Background data Elre ropromtod by n Illlod square, ranch P-1 doto by a plus symbol, reflch P-2 data by 
an SC," math P-3 data by a hollow squaro, and roach P-4 dnta by a dlamond, 

E-1.1.2 St~tlatlcel Testlng 

Because :he data for thoso Inorgenic chemicals do not appoar to typlCillly satisfy conditions of stotistical 
normallty, nonparomotric stntistlwl tests are proforred for background comparlsons. The Gehan tcst was 

Pueblo Canyon Roach Ruport E-1 Septsmbdr 7998 



used for statistical testing. The purpose of this test Is to detect whether tho roach data show evidence of a 
releaso of any onolyto through n systomntic increaso in concentmtion over that obsorvod in tho 
background data. Tho Gohon lost pools slle and background data into one aggrogato set and dotorminos 
whether the average rank of slto data is greator thm that of the background data The Gehnn lest is most 
sensltivo to detoctlng cases where most of the reach dam am greater than the avengo or mcdlon value 
obsorvod in the background data. More dlscusslon of those tosts is contoinod in Rytl ot 01, (1996,53953). 

Tho metrics usod to determine It a statlsticolly significant dltfarance betwoen reach data and Sit0 data 
oxlsts aro the calculated significance levels (p-values) for the tosts, A low p-value (noar roro) indicates 
that roach data are groator thnn background data, wherons G pvalue of t indlcotes no dinoronco 
benhrocn roach data and background data, If a p-vaiuo Is less than some small probability (0,05), then 
thero is soma mason to skspect that tho reach statistic91 distrlbutlon may be olovalod abovo the 
background dlatribution: ofhewise, no dltforence is indicated. 

E=7.1.3 lntcrslemmt Correlatlons 

One way to evaiuato tho nppllcablllry of Laboratory-wids background sediment data to roach sediment 
data is to evnluate th6 data through intorelomont correlatlons, Typialty, them ore signlflwn: COt'rtrlatiOnS 
batween major elements (dumlnum, iron, and pa!asslurn) and tmco olements (arsonic, berylllum. copper, 
nickal, vanadium, and zlnc), The corralotlons art3 presented and the goochemicnl brtsls IS discussod In 
Nuturul Buckground Geochemistry ond Statistid Analysis of Selecfod Soil Profiles, Sediments, nnd 
Bandolier Tuft Los Alumas, New Mexico (Longmiro et at. 1995,52227). For most inorganic chemlcnls, 
theso strong correlatlons result in n canslstent ratio of tmcO to major elamonls. A slgnlllcRntly blavatod 
ratio or a given trace elemont to a major elomont a n  bo used to Indimto & rdease of that tmc8 olemont 
Scottor plots of tmce olemonts to major olomona am ono way to visually dfsplay tha ntlos lor 
background and reach data, Scattor plots 01 all lnorganlc chemlcnls vomus alumlnum am prosenrod os u 
gmphlcal assessment at tho slmllarlry betwoan tho reach data and the Labomtory=wids sediment 
background data. These plots show llvo groups of data: the Lnbarntofy sediment background value, 
reach P-1 , roach P-2, reach Pa, m d  roach P.4, Aluminum was selectod os the major olomonr lor theso 
plots for Wo reasons. First, knowledge of Labomtory reloasos (soe Section 1.3,2) hwo not ImfAlcatod 
alumlnum as o. possfblo Laborntoy contaminant. Second, the resutts of stotlstltal testing of tho Puoblo 
Canyon reach data also suggest no ovldenee tor aluminum concontmtions to be shlttod abovo 
background vnluos (so0 Section €=1.2.1). 

The rosults of the statlstlcai analyses aro presonted lor each InoQcmIc chamlcal, which includos 
discussion of sttltistlcal tosts that compare all roach data with sedlmant background deto. 

E-12.1 Aluminum 

Results of the statlstlcnl tostlng cable €1-1) suggast thero 1110 no dineroncas botwean the reach data 
and sodlment background dah. A ravlew of the data plottod by roach (Flguro €7.1) contlrms theso 
ro$uIts. Thus, alumlnum is not retained as a chemical of polentiat concom (COPC). 
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TAW 

SUMMARY OF THE P-VALUES FROM THE GEI4AN STATISTICAL TESTING' 

A n a l m  I P*l P.2 i P-3 P-4 

Ai i rn lnurn 1 0,692 I 0,997 I >0.999 1 0.832 

An I lmony I N/Ab N/A NIA N/A 

Anonlc ! 0.886 0,017 I 0.882 0,820 
Barlum 0.293 I 0,868 I 0,989 0.760 
Borjlllum 0.604 I 0,661 0,670 I 0.645 

~~ ~~ ~~ 

Boron I 0.201 N,Aa NA, 0,858 

Cadmium I NIA NIA NIA NIA I . 
Calclum I 0,470 I 0,848 I 0.990 I 0,088 
Chromlum, total I 0.001 0,992 I >0.999 ! 0,591 
C a m  0,883 0,583 0.961 0.472 

1 Coppor 0.026 0.003 <0.001 0,415 

I Cyonido, total 0,968 N.A, N,A. 0.300 
Iron I 0,168 0,979 r0.999 0.m 
Load 4,001 I 0.005 0,404 0,138 

Magnoslum I 0,836 I 0,973 I 0,998 0.745 

Manganoso 0.085 0.648 I 0.995 0,355 

I Morcurv WA I N/A I NIA I MA 

1 Nlckol 1 om 8 I 0,997 I >0.999 i 0.835 
I Poinmium I 0,602 I o.gg7 1 >o,ggs I 0.588 

I Solonium I NIA I NIA I NIA I M A  

Slhror N/A NIA M A  M A  

W l u m  1 6.097 0.B90 I M.989 0,460 
Thulllum I NIA I NIA I NIA NIA 

I tltnnlum 0.1 66 N.A, N.A. 0.775 

I Uranium I 0,121 I N,A. I N.A, I O A l ?  

I Uranlum. totot I 0.267 I N.A. I N.A. I 0.369 

I Vanadlum I 0.273 I 0.966 I .0.99Q I 0.369 
~~~ ~- 

0,976 -1- 0,024 

a. BoMod voluo$ lndlcnie that r o m  Barnpte results nro 8lgnlllcnntly Qreator than background Vnlues, 
b, MA a not nppllcublo (stailstla1 iosis aro not dppropnelo because of tho hlgh lroquoncy 01 nondetoned valuos 
c, NA. m not avellablo (no data lor W s  nnolyro In thle roach) 
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Figure El-1. Box plot for alumlnum. 

E-1.22 Antlrnony 

There are no antimony dQtoctS in m y  reach, thus statlstlcal testing Is nor appropriate, Rocall thnt nine 
antlmony sample results for reach P-4 were rejected (see Appendix C), Tho statistical plots show the 
range of the nondotocted values by reach (Figuro €1-211) and tho correlation of the nondotoctod volues to 
aluminum (Flguto E1-2b), Bocsuse some detection limits ore greotor than the antlmony background 
value, antimony Is fotained os P COPC. Thoro 01% some samples, wlthln each roach, with dotoctlon llmlts 
loss than the background value. Thus, it Is qulto llkely that no antimony has beon releasod Into Pueblo 
Canyon sedlmen 1s. 

E-1.2.23 Arsenic 

Rosults of the stzl!lstlcal testing Fable €1-1) suggest thero are no dlfforancos betwoen tho reach data 
and sediment background data. A review of !ho d m  plotted by reach (Figum El&) and vorsus 
nlumlnum (Figure E l  -3b) conflrms these results. Thus, arsonic Is not rctnlned us o COPC. 

E-1.2.4 Barium 

Rosults of the statlstlcal tasting (Table €1-1) suggest there are no d l t k ~ n c e s  bdhvoon the reach dotn 
and sodiment background data, A rovlew of the data plottod by reach (Figuro € 1 4 )  and vdrsus 
alumlnum (Figuro E1-4b) confirms those results. thus, barium Is nor retained os Q COPC. 

September 7996 
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1 

I Normal Quontila 

Flgure El-2a. Box plot for antimony. 
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Flgure E f 4 b .  Scatter plot lor antlrnony versus aluminum, 
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Eiguro El-3a. Box plot for arsenlc. 
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Figure Et4a. Box plot for barlurn. 
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E-12.5 Beyll lum 

Results of the statistical testlng ('hble El-1) suggest there are no dlflemnces botween the rerrch data 
and sedlment background data. A toview'ol the datn plotted by reach (Figure El-%) confirm, these 
results, It Is noted that the roach P.2 and P-3 beryllium values aro slightly graatet than would be expectad 
for tho amount of aluminurn present in these samples (Figure E1=5b), This result for roaches P-2 and P-3 
is most likely due to the sllghtly higher beryllium 'detoctlon llmitfor theso mmplas, which were analyrod by 
tho Pnragon Analytlcs, tnc. tlnaiytlwl laboratory. These dlttomncos 8:o not vlewed to be slgmlficent. thus 
boryllium Is not retolnod DS 11 COPC. 

E426 Boron 

Boron WLW analpod for in samples coltmed from machos P-I and P 4  Resul~ of the stntlstlwl tosting 
(Table El-1) suggest there are no dltiorences between those reach data and sodlment background data 
A rovlew ot tho data plotted by reach (Flguro €1413) and versus alumlnum (flguro €1-6b) conflrms those 
rOSUltS, Thus, boron 1s not r8tdn8d PS 0 COPC. 

E-12.7 Cadmium 

Cadmium was not usually detocted in the reach or background !nmples, thus stGt(stic01 testlng Is not 
appropriate, The statlstlcnl plots show the mngo of detected and nondatecied values by rooch (Flguro 
EWa) and tho correlation of the nondoteded values to aluminum (Rguro EtJb), It is lmportnnt to 
rocognlte that the opparentty olevated sampla results In machos P-2 and P-3 nta all nondatmed values 
obtained from the Paragon Anetytics, Inc. analytical laboratory. 8scous0 some detsctod sampto results 
and detoctlon llmlts are grooter thon the cadmium background valuo of 0,4 mgkg, cndmium Is ratained a$ 
a COPC. 

E-12.8 Calcium 

Rosults of the statlstlcnl testlng (Tablo El-1) suggestthem pro  no dlfferenceo botwoon the reach data 
and sediment background data. A ravlaw of tho data plortod by nach (Rgum E1-W ond vofsus 
olumlnum (Figure El-8b) contlms :heso results, Thus, calcium Is not mtoined DS a COPC. 

E 4 2 9  Chromlum, Total 

Results of the sta!lsticnl testlng (Table E M )  suggest them are no dlnarences botween the rooeh data 
ond sediment background data. A review of tho data pioaad by reach (Ffgura EWo) and versus 
aluminum (Flgure €1-9b) baslcnlly conflrms those results, but Rgure E1-9b also shows throe potentially 
elevated chromium sample results (two values Irorn reach P-1 and LI single valua ??om teach P4). 
However, bemuse of the omall mognltude of theso potontlal background exceodances, chromium will not 
bo rotalned 8s a COPC. 

E-l.2.tO Cobalt 

Rdsults of the statlstlcal testlng (Tubla €1-1) suggest there Q ~ O  no dlHoroncos betwoen the reach data 
and sediment background dotn, A rovlew of the drrtp plorrod by mnch (Flguro El-lOn) and vorsus 
aluminum (Flguro El-lob) confirms these results. Thus, cobatt is not rotalnod as a COPC. 
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Figure €1-5a. B o x  plot for beryllium. 
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Figure El-Sb. Scatter plot lor beryltlum versus alumlnum. 
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Figure Elba. Box plot for boron. 
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Figure El-fa, Box plot for cadmium. 

5 
I 

. .  .. 
l l  

0 
Aluminum (mg/kg) 

Ftgure Et-7b. Scatter plot for cadmium versus aluminum. 

PueSlo Conyon Reach Reporr €01 1 
~ 

Seplernbor 7 998 



Statistical Anolvscs Appendk E 

- 
4000 5ooo5 - 

.o 1 

- 
IL 

L 
A - 2000 I 

.( 

c 
c 

8 

30001 ; 
T 

1000- 4 
e . 
I 

- 
0 I 1 I .  1 I I I I I 1 
Mi P-1 P-2 P-3 P-4 . 3  - 2  - 1  0 1 2 3 

RO€iefi Normal Quantllo 

Flgure El-8a. Box plot for calclum. 

4000 

2 3000 
Y 8 

1 E 8 2000 
d 
10001 

1 

c 

I 

t . 
c L,. 

- 
L 

+ -  

a 

. 

" I  ' I '  1 1 '  

0 5000 10000 15000;. 20( 
Aluminum (mglkg) ~ . 

Figure El-Bb. Scatter plot lor calcium versui aluminum. 

September 7998 E-1 2 Pueblo Canyon Reach Report 



1 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
.1 

Appendix E Stotisrica! Analyes 

Figure El-9e. Box plot for chromium. 
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Appendix E statistical Anuly.ses 

E4.2.11 Coppor 

Rosults of the statlstlcal tostlng (Tablo El- I )  suggest thoro are signlflcant diffQronces between somo 
roach data (P-1, P.2, and P-3) and background data. A review of the data plottod by roach (Flgure 
E l - l la )  and versus aluminum (Figure El-1 1 b) confirms theso results but also shows that the overall 
magnitude of most background oxcoediinces arb small. Coppor 1s ratoined as a COPC because of 
olovatod sample results In roaches P-I, P.2, and P-3. 

515.12 Cyanldc, Total 

Cyanlde was analyzed for In samples collected from reaches P-1 and P 4 ,  Rasults of the statlotial tostlng 
(Table E l - I )  suggest thoro are no dltferoncos betwoen these roach data and sedlmant background data. 
A revlow of tho data plotted by roach (Figuro €1-120) and versus aluminum (Flguro El-12b) conflrms 
these results. Thus, cyanldo Is not retained as a COPC. 

E-1.2.13 Iron 

Results of the stotlstlcat testlng (Tablo €1-1) suggost thore aro no dlfleronces between the reach data 
and sodimont background data. A rovlew of the data plotted by reach (Flgure El-13a) and vonus 
alumlnum (Figure E1 -13b) conllrms these results. Tho sample collected from tho black magnotlte-rich 
sand (04PU-96.0026) Is also clearly ovldont as the highest roach P 4  iron result. Iron is not retained as a 
COPC, 

Resulr of tho statistical testlng (Table E M )  suggest there are signlflcant dltferoncos between some 
roach data (P-1 and P.2) and background data. A rovlew of tho data plotted by reach (Figure El-143) and 
vorsus aluminum (Figure E144b) confirms theso results by showing that some samples In roaches P-1, 
P-2, and P 4  may haw elevated leod concontratlons (given the amount of alumrnum present). Lead is 
rQtalnQd as a COPC becouso of elevated sample results in roaches P-1 , P-2, and P4. 

E-12.75 Magneslurn 

Rosults of the statlstlcal testlng (Tablo €1-1) suggost thoro are no dlfferonces betwoon the reach d m  
and sodlment background data. A revlew of the data plotted by rooch (Figure El-lSa) and vorsus 
aluminum (FlgUrQ E?-15b) confirms these results, Thus, magnesium Is not retained as a COPC, 

E-1 2 1 6  Manganese 

Rosults of the stntistlcal testing (Table El-1) suggest them are no dltlerQnC0S botwoen the reach data 
and sediment background bata. A revlew of the data plottod by reach (figuro El-16a) and versus 
aluminum (Flguro E1 46b) confirms these rosults. The sample colloctod from tho black magnetlterlch 
sane (WPU-96=0026) Is also clearly ovldent as the highest reach P 4  manganoso result. Manganese Is 
not retained as P COPC, 
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Flgure Et-lla. Box plot for copper. I 
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E-12.17 Mercury 

Mercury was not usually detocted In tho roach or background samplos, thus statlstlal tosting is not 
appropriato. The statistlcal plots show the range of detectod and nondotectod values by reoch (Figurn 
El-17a) and the correlatlon of tho nondetected values to aluminum (Figure El=lfb), It Is Important to 
recognize that most of the npparontly olovated sample rosulb In reachos P-2 and P.3 are nondetoctod 
valtlos obtained from the Paragon Anolytics, Inc. annlytlcnl laboratory. Howovor, the mlotlvoly high valuos 

, in Pal were detects; thus, theso data suggost releases of mercury upstream of Pal: Becouso some 
detected sample results and dotedon llmits are greater than the mercury background valuo of 0.1 mg/kg, 
mercury 1s rotolned as &I COPC, 

E-1218 Nlckel 

Rssults of :he statistical tosting (Tablo El.1) suggosrthcro om no dlffersnces betwoon tho roach data 
and sedlment background data. A review of the data plotted by reach (Aguro E1-18a) and vorsus 
aluminum (Figure E148b) confirms theso results, Thus, nickel 15 not retained 8s Q COPC, 

E-7.2.19 Potasalum 

Rosults of the statistlcol tasting rob lo  Et-I) suggest there am no diffcrencos betwoon tho reach data 
and Sadlment background data. A revlew of tne dattvplotted by reach (Rguro El-79a) and versus 
aluminum (Flguro E7=19b) confirms theso results, Thus, potmslum Is not rotalned cis a CQPC. 

E-1.2.20 Selenium 

Solonlum was not usually dotocted in the reach or background snmplos, thus ststistical tosting Is not 
appropriate, The statistical plots show tho range of detected and nondotoctod valuos by roach (Flguro 
El-20a) and the correlatlon 01 the nondetectod values to aluminum (Figure El40b):It Is important to 
rocognlzo that mony of tho oppcrrently olevated sampl~ results In machos P=l , P.2, and P-3 am 
nondotoctod valuos obtained from tho Paragon Anolytlcs, Inc. analytical labomtoy. f3ocouse some 
dotocted Sample rosults and detoctlon llmits are greeter than the selonium background value of 0.3 
mg/kg, solenium Is r0:nined as n COPC, 

E 7 2 2 7  Silver 

Silver was not usually delocteC In the roach or background samplou, thus s:atlstlcal testing is not 
approprlate, The statls:ical plots show the range of datectod and nondc+tect@d values by roach (figum 
El-21a) and tho corrolatlon of tho nondetected values 10 olumlnum (Figuro E1.21 b). It is Important to 
recognizo that the apparently olevatod samplo results In roaches P-2 and P.3 am all nondotected voluos 
obtalnod from the Paragon Annlytlcs, Inc. analytical laboratory. Howovor, thu rolativoly hlgh values In Po1 
wero detects; thus, these dab suggost roleases of slfvor upstream 01 P-7, Bocauso some dotectsd 
sample results and dotoctlon llmlts aro greetor than tho silver background valuo 01 7.0 m@g, silvor Is 
retalnfid as a COPC. 

E4222 Sodlum 

Results of tho statlstlcal testing (Tablo El-1) suggost there nro no ditforoncos bctweon tho roach dnta 
and sodlmont background data. A revlow of !he data plotted by reach (Flguro E1-22a) and versus 
alurnlnurn (Figure E142b) conflrms theso results. Thus, sodlum is not retained as o, COPC. 
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Amcndk E Sratisricnf Analycs 

E-12.23 Thalllum 

Thalllum was detected only in a slnglo samplo (04PU=96=0026), whlch was the mmplo COll0Ctod trom the 
black mngnetlte-rich sand, The detection llmlts in reach P-1 wore less than the thalllum background v n l u ~  
of 0.73 rngkg. Doteaion llmlts in other roaches were within the typical fango of detoctbd and nondotsctbd 
thallium samplo rosults for solls or sedlments (Figures El-23a and El-23b), The wolght of evidsnce 
suggests that thallium was not detected above sodiment background value, thus thallium Is not retained 
as a COPC, 

E-1 2.24 Titanium 

Titanium was analyzed !or in samples collectod from roachos P-1 and P4. RQSU~~S of the statistical 
testing (Tablo El-1) suggest there are no differences belwoen these roach data and sediment 
background data. A revlow of the data plotted by reach (Figuro E1=24a) and versus aluminum (Figuro 
E1=24b) confirms thoso results, The samplo collected trom the black magnctitwich sand (04PU.96-0026) 
is also clearly Ovident RS the highest roach P 4  titanium result, Thus, titanlum Is not retained &s a COPC. 

E1.2.25 Uranlum 

Uranium was analyzed for by two Pnalytlcal methods in samples collectod from r68ChQS P-1 and F-4. One 
method produced an estlmato of the *total uranium* in tho samplo, and tho olhor prOdUCOU an ostlmate of 
tho 'leachabls uranlum" (whlch will be reforred to as "uranium'). Each type of uranium has a relevan! 
sediment background data set for cornparlson. Results of the statistical tosting (Tablo El-1) suggest them 
are no diffotoncos botweon uranium data and sediment background data. Uranium data plotted by reach 
(Figure El =25a) and volsus aluminum (Flgure E1=25b) basically confirms thoso results, although Flguros 
El-25a and El-25b show two potantially elevated values ot uronlum lrom reach P-l. Results of the 
statistical testlng (Table El-1) suggest there are no dltferencos between total urnnium data and sedlrnent 
background data. Total uranium data ~lottod by roach (Flguro €1.25~) and vorsus olumlnum (Figure 
E1=25d) conflrm thQS0 results. The woight of evidonco from the total uranlum snmplo results and tho 
Isotopic uranium snalyses (see Appendlx E Sectlon 2.0) suggests that uranium is not olovated abovo 
background lovels, thus uranium is nor retalned as a COPC. 

E 4  2.26 Vanadrum 

Results of the statistical testlng (Tablo €1-1) suggest thare aro no dlfieronces between the reach data 
and sodlment background data. A roview of the data ploaod by roach (Figure E1-26~1) and versus 
aluminum (Figure El-26b) conflrms theso rosults, Thus, vanadium is not fQtalned 9s a COPC. 

E-1.2.27 Zlnc 

Results of tho statlstlcal tostlng (Table E1.1) suggost there aro slgniflcont dlfforencos betweon some 
roach data (P=l and P-4) and background data, A rovlew of tho data plottod by reach (Flguro €1-270) and 
vorsus aluminum (Flgure E1=27b) conllrms theso results and also shows that some samples In raoch P-2 
and P-4 may have elevated zinc eoncontrations given the amount of aluminum aresent. The snmplo 
collocted from tho black magnotlte4ch sand (04PU-964026) I5 also clearly ovident as tho hlghest reach 
P 4  zinc result. Zinc is retained as n COPC because of elovatod sample results in reaches P-1, P.2, and 
P4.  
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Statistical Analy.fes Appendix E 

E-20 STATISTICAL EVALUATIONS OF RADIONUCLIDE DATA 

The objective of this section is to present graphical analyses that comparo ndlonucllck data from Pueblo 
Canyon sediment samples wlth tabontory background sediment data, These anolyses ore used :o 
determine whether the rench data show evidence ot contaminant releasos through a systenotlc increase 
In concentratlon of one or more analytes over concentrations observod In the background data. Formal 
statistical analyses were also used to help determine whlch raoronuclldes should be retained 8s COPCs. 

E4.1 Methods 

Two types of graphleal analyses and stntlstlcal distribution shift tests were used to evaluate the 
concentratlons of radionuclides In sediment samples collected lrom the Pueblo Canyon ronches; the 
samples were cornparod wlth concentrations In background sodlment samples. Each method is briefly 
dlscussod below. 

E-27.7 Comparisons of Radlonucllde Vata by Reach 

This comparlson uses graphical displays called 'box plots," which show the actual valuss for each 
radionuclide. The ends of each box represent the "lntequartlle" range of the data dlstrlbution, which Is 
spoclfied by thQ 25th porcantlla and 75th percentlle ot the data distribution. The horizontal llno within each 
box Is the modlan (50th percontlle) of the data dlstributlon. Tho horizontal line below each box represents 
the 10th percentile. and the horkontal tlno above each box represents the 90th percentlle, Thus, oach 
box Indicates concentrntlon values for th@central half of the data, and concentrntion shim ccln be rePdlly 
assossed by comparing the boxes. If mOSt of the data we representod by a single concentration valuo 
(usually the dotectlon limit), the box Is reduced to a single line. the horizontal line drawn across all the 
data groups ropresonts the Overi3lt mean of all dab (both reach and background data), 

To the rlght ot each box plot Is anothor statlstlcal gnphlc of themme data Thls plot Is known as a 
'normal qunntile" plot that facilltates tho Inte~retatlon of the statlstlcal dlstdbutlon of the dam. For 
example, if tho data orlglnato from a normal statlstlcal dlstributlon, then the datQ (plotted as one of live 
symbols) will fall on a line, The normal quantlle plot prosents two types of Information for each data group. 
A line Is presented for each data group that Is calculated based on the observed mean and standard 
deviation of the data. Also the actuol sample resuks  re plotted on the normal quantlle scale, and line 
segments connect each rosult. 

* ,  

\ 

In th0SQ statistical plots a different symbol Is used for!he laboratory rosults for oach reach and for the 
background dntn (BKG), and the symbols a m  used conslstsntly in all statistical plots In this section, 
Background data are represented by a fllled square, reach P-1 data by ti plus symbol, roach P.2 dam by 
on "x," roach P-3 data by a hollow square, and reach P 4  data by a diamond. The symbols are also 
dlsplayad In dlff eront shados of gmy. 

E-21.2 Statlatlcal Tcstlng 

Becnuso tho data for these ndlonuclldos do not aapeor to typlcnlly ~tIsty,statlstlchl.ossumptlons of 
normality, nonpnrnmotrfc statlstical tosts are preferred !of background comparisons., The Gohan or tho 
Wilcoxon Rank Sum (WRS) tests wero used for StatlStkal testing. The purpose of theso tasts Is to detect 
whether tho rench data show evidence of contaminant releases through a systomatic lncreose In 
concentration over that observed In me background sedlmont da!a. The Gahnn and WRS tests pool 
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Appcndix E Statisticul Analyscs 

reach and background data into one aggregate Sot and dotemino whether the average rank of reach 
data is greater than that of the background data. The Gehnn and WRS tosts a m  most sensitive ta 
dotectlng cases WherQ most of tho reach data or0 grentcr than tho avorage or median vnluo obsorved in 
the background data. The Gehan test dltten from the WRS tost by using a statlstlcally robust method to 
rank nondetocted sample results. Whoro them are no nondetoctod samplo rbsults, tho Gehon test 
provides the samo rasult as thb WRS tost. Additional discussions of these tests ore presentod in RFi ot 
ai. (1 996,53953). 

The mettics used to determine if a statistically signlflcrtnt difference betweon roach data and site data 
oxists aro tho CnlculatQd slgnlficance levels (p-values) for the tosts, A low p=value (noor zero) indicntos 
that roach data are groater than background data, WhOreilS a p-value of 1 indicates no dlfforence 
betwoon reach data and background data. If a pvaluo is less than some small probability (0.05), than 
thero is some roason to suspecl that slto distribution may be elovoted above tho background distribution: 
OtheWiSO, no dlfforence Is Indicatod. 

E.2.1.3 Radlonuclldo Corrclotlons 

The stotIstlc~I graphic used to show corrolations betwoon radlonuclidos Is tho "scanor plot matrix," which 
shows the lnterrolatlonshlps among a sorlos of radlonuclldes. To !iicllitato lnterprotatlon of the correlation 
betweQn radlonuclldes, tho scattor plot matrix shows the palrad sample rosults, and the ellipse shown on 
each scanw plot onclosos 95% of the data, Cosos whore the ellipso approachos 0 line suggest a highly 
signillcant statlstical corrclation. Positivo corrolations In radionuclido activlty aro expoctcd for two main 
reasons, First, thoro may be a physlcal rotatlonehip between the radlonuclldes, as in tho Ingrowth from 
tho docay of a parent rndionucllde to daughtor radionuclides. Second, the radlonuclldes may be 
associated with a common reloaso history and therefor0 be collocatod. The fato and transport 
mochanlsms would havo to bo slmilar to observe collocatlon of mdlonuclldos, The scattor plot matrix 
shows tho rolatlonship among 11 rcldlonuclldas (including amorlcium~241 moasured by both alpha 
spectroscopy and gamma spectroscopy), 

To support tho grophlcal onnlysls provldod by tho scattor plot matrix, a nonpanmotrlc correlatlon wa5 
calculated, Tho Spearman rank corrolatlon analysis provides a nonporametrlc correlation cootficiont and 
an associated rnoasuro of statistical slgnlflcance (or pvalue). Tho Spearman rank corrolation coefficient 
can potentially range betwoon =1 and + l a  A rank correlation cootllclent of zero suggests no corrolation 
between the two measurornents. A rank correlatlon COQff lciont of +I suggosts a pertoct positive rank 
rolatlonship betwoon the measuromonts, A rank corrolation coetlicient of *1 suggests a p e r k t  negativo 
rank relatlonshlp betwoon the measuromonts. 

The wnk corrolation Is computed by using the ordor, a i  rank villuo, at tho samplo results far two 
variables. Tho pvalue indlcates the statistical significance of tho result, The practical slgnlficance and 
importance of the vorlaus correlatlons dm also discussod below. 

€4.2 Results 

E4.2-1 Amcrlclurn-24l 

AmoriciumQ47 was detormined through two analytical methods: alpha spectroscopy and gamma 
spectroscopy, Alpha spectroscopy has lowor dotectlon limits and higher proclslon than gamma 
spectroscopy. Fewer samplos wero analpod by olpho spoctroscopy, and no samples were submked for 
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alpha spectroscopy annlysls from roaches P-2 and P-3 (Figure ==lo) boause the concentrations 01 
~merlclum=241 providod by the tull-sulto analysos lndlcatod that tho lower dotection Ilmlt was not 
roquirod. Amoriclum-2dl by alpha spectroscopy can be statistically cornpored wlth btrckground data by 
the some mothod. Rosults ot tho stntlstical tasting (Table E2-1) suggost them am slgniflmnt dltloronces 
behuoan both reoches with ralovant data (Pal and Pd) and background data, and !xkrnplo results from 
both mothods showed elevated values in all reaches (Flgure =-la and €2-1 b). Thus, amoriciumQd1 is 
rotalnad as a COPC. 

522.2 Coslum-137 

Ceslum-137 has soma olovatod snmplo rosults in roaches P-1 and P.4 (Flgure E2-2) but Oxhiblts only 
smoll ditferences from background values. Results of the stotlstical tostlng (Tablo €2.1) sungost them aro 
signlflcont dlfforoncos behvoen one reach (P-1) and backgmund vnluos. Beauso of these elevoled 
sample rosults and Its detection In the Technical Area ("A) 4 5  source dnto, ceslum-137 is rotainod as a 
COPC. 

E-2.24 Plutonlum-238 

Thoro oro elevated vclluos of plutonlum=238 in all four rQsCh05 (Flguro €2.3). Resutts of the strrtlstlwl 
tosting (Table E2-1) indlcato there aro slgnlflcant dlffomnccs among all machos and bockground vclluos, 
rhus plutonium~238 Is retained 35 P COPC. 

E-224 Plutoniurn-239,240 

Them aro elovatod values ot pIutonlum~239,240 In all four roaches (Flguro E 2 4  Rosults of tho stntlstlwl 
testlng (iablo €2-1) lndlcnto thero ilro slgnlflcnnt dlfforencos among all reachov and background values, 
thus plutonium-239,2d0 Is rotninod as n COPC. 

E-2.2-5 Stronti urn-90 

Strontlurn=90 concentrations wore determined only in samples colloctod from machos P=l and P.0. There 
are no elevated sample rosults for this radlonuclldo (Flguro €2=5), and results of tho statlstlcol testing 
(Table €2-1) sugsest that reach P-1 strontium-90 rssults arc greotor thnn background. Thus, strontlum~90 
Is retnlned as o COPC. 

E-2.2-6 Tho r I u m-228 

Thorium-228 concontratlons were dotermined only In samples colloctod from rmches P-1 and PS, There 
am no elevated sample rosults !or this radlonuclldo (Flguro E296), and rosults of tho statistleol testing 
(Tnblo €2.1) suggost thoro aro no dltforoncos among tho ranchos and sedlmant bockground valuos. 
Thus, thorlum=228 Is nor rotninod ns a COPC, 

E-2.W Thorlum-230 

thorium=230 concontmtlons wdro determlnod only In samples collected from rooc'ios P-1 and P-4, There 
are no olovntod samplo rosults for :his rndlonuclldo (Flguro E2-7), and rosults of tho statistical tosting 
(Table E2-1) suggost thero or0 no dlfforoncos among the roachos and sedlment background valuas, 
Thus, thorium-230 Is not reralnod as o COPC. 
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ftgute E2-la, Box plot for americlum=241 by alpha spectroscopy. 

c 

Reach Normal Quantlla 

Figure E2-1 b. Box plot for smerlclum=241 by gamma spectroscopy, 
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SUMMARY OF P-VALUES FROM G E H A W R S  STATISTICAL TESTS' 
I 

RwchR3 1 RaachP4 
-I ~ 

101 I NAa I NA. I 0.055 
Caslum*l3P Q.007 , -0.143 t 0.088 0.178 
trflum I 0.002 N A  I NA. I 0.817 
Plutonium.238 I 4.001 0,001 0.005 d o 0 1  

ThorlUfll-228 0.929 N A  N A  0.185 
Thorlumz30 0.933 NA, NAA. 0.W 

Umnlum.23J 0,481 N A  I N A  I 0.24 

Ptutonlum~239,240 4.001 d.001 I 4.001 I d.007 

Thorlum232 0.881 N A  N A  0.300 

I U n n l u m . 2 3 $ - -  I ~ 0.231 I NA, I N A  1 0.272 1 

I 

Radlonuclldr Rwcn R1 I ReachlV I 

I I 1 o.aoi' 1 NA. NA. 0.291 I 

~ 
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. - 

I I I I I I 1 I I 
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Flgure €24. Box plot for coslum-l37. 

0 
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Roach N o n ~ l  Quontllo 

Rgure €24. Box plot for plutonlurn-238. 
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Flgum €2-5. Box plot for strontlum-90. 
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Figure E2-6. Box plot for thorlum4.28. 
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Flgure €2.7. Box plot for thorlurn-230. 
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Sraristicai Analyses Appmdir  E 

E-22.8 Thorlum-232 

Thorlum=232 concontratlons wore dotormined only In mmplos colloctod from machos P.1 and P.4, Thoro 
om no elevated sample results for this radionuclide (figure Ed), ond results of the statlstlcnl tostlng 
(Table E2-1) suggest there are no dltteroncos among the ranches and sediment background valuos. 
Thus, thorium-232 Is not rotalnod as li COPC. 

E-2.2-9 Trltium 

Trlllum was detormlnod In samples collected from teaches P-1 and Pd. Results at the stntlstlcol tasting 
(Tab13 €2-1) suggost thoro uro sl$niflant dlfforenctrs between one roach (P-1) and bockground values, 
v;hlch lit aff ectod by ono olovotod sample result In macn P-1 (Flgun E7.9). Because this hlgh tritium 
rosulr ~ l s o  suggosts collocation wlth plutonlum4239,240, tritium Is retnlnec; lis a COPC, 

E-2.2-1 0 U ra n I um-234 

Umniurn=234 concentrntlons were dotormined only In 6amples collected from reanchas P-l and P.4, Them 
are no alevoted samplo rosults for thls radlonucllde (Figure R-lO), and results of tho statlstlcal tostlng 
(Table €2-1) suggest there aro no differences among the reaches and sodiment background values. 
Thus, urnnlum-234 Is not rctnlned as G COPC, 

E-22-11 Uranlum-238 

Uranlum-238 concentmtlons woro detomlned only In samples colloctod from reoches P-1 and Pa. Thore 
ore no elevated sample rosults for thls radlonucllde (Flgure E2-1 l), and results of me statlbtlcal tostlng 
(Table €2-1) suggest there arb no dlffemncos among tho machos ond sodlment background values. 
Thus, uranium-238 is not retained PS u. COPC. , 

E-22-72 Radlonucllde Cormlatlons 

The scatter plot matrix (Flguro E2.12) and the Spearman mnk correlation analysls (Tablo E2.2 with the 
highly slgnlficant correlatlon coeff lcients presented In bold type) shows three groups of radlonuclldes. 'The 
first group (ceslum-137 and strontium-90) exhlblts no slgniflcant correlations wlth any other radionuclldo 
(Figure €2-12 and Table E2-2). Tho second group (amerlclum=241, tritlum, plutoniurn238, and plutonium- 
239,240) exhiblt positive correlatkns wl!h ooch other (Flgure E2-12 and Table E2-2). The relatlonshlp 01 
trttium to Isotopic plutonium and cmericium-241 Is d h e n  by a slngle sample result In reach P-1. Tho 
correlation of the amerlclum and plutonium 1sotopes.k expected given the known characterlstlcs of the 
TA-45 source releases, However, the Inclusion of trltlum In this group was not expected based on T A G  
process knowledge and previous lnvestlgatlons (LANL 1996,54468) and the greater mobllity of trltlurn in 
the onvironment compared with amerlclum and plutonium Isotopes. Exclusion of tritium from the llmitod- 
suite analyses was on ovorsight and results in D dnta gap for reaches P.2 and P.3,' but the collocntion of 
trltlum and plutonlum-239,240 that Is suggestod by Figure E2-12 would allow ootimatlng tritium 
concentratlons In theso roaches. The thlrd group of radlonuclldet on the scanor plot matrix 918 all 
naturally occurring isotopos In the unnlum and thorium decay chains (thorium-228, thodum430, thorium- 
232, umnium=234, and unnium=238). Tho posltive correlation of these Isotopes is exgectod based on tho 
concept of secular oqulllbriurn and the observed posltiva correlotlon between uranium and thorium 
obsenred In soils and Bondelier Tuff (seo dlscussion in lnogank snd Rsdonuclide Background De& for 
Soils, Canyons SedimQnts, and Bantie/ier,Tutf at Los Alamos Nationnl Labdfi9tQfy [Ryti ot nl, 199e, 

' 

580931). 
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Figure E2.8. Box plot for thorlum=232 
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Flgurc E2-9. Box plot lor trltlum. 
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Flgure E2-10. Box plot far uranlum.234. 
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Figure €2-11. Box plot for uranlum~238. 
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Appendix E Sfcti$tical Arialgscs 

1 
Figuro E242 Scatter plot matrix for radlonuctldes. 

PUeblO Canyon Roach Repon E47 Sopternber 7998 



T R E E  €2-2 

SPEARMAN RANK CORRELATION VALUES (ABOVE DIAGOHAL) 
AND NUMBER OF SAMPLES FOR RADIONUCLIDE PAIR WISE COMPARISONS’ 

m232 
u-2u 
U-m 
Sr-90 

Cr-137 I 32 I 44 I 

31 16 40 Ti9 43 40 40 40  0.834 0.848 

31 16 40 39 40 40 40 40 40 0.- 

.31 16 40 39 40 40‘ 40 40 40 40 

31 16 40 33 40 40 40 40 40 40 40 

0.273 0.451 0.493 4.010 

0.204 0.352 0.125 0.1 14 
39 0.752 0.072 0.037 0.039 

39 312 -0.OJs -0.091 4.081 0.1 19 

0.08s 

0.467 

0.216 

0.392 
0.275 

0.181 

5t-90 

0.251 

0.958 

0.178 

0.251 

-- 

0.290 

0.416 

-0.096 
-0.w 
-0.025 

0.095 

0.269 

. -  

- .  

. .  



A p p n d k  E St o tis r ica I A n a lys r s 

E=3,0 COLLOCATION OF COPCS 

The collocation, or correlation of concentrations, betwoen COPCs was evaluated through o series ol 
figures, Becauso plutonium-239,240 was selected as the key contaminant in PUQblO Canyon, tho 
concentration of other COPCs are ovaluatod agalnst plutonium-239,240. 

E-3.1 Methods 

To ovalunto tho collocatlon of COPCs, scanor plots wu:o dovelopod tor oach COPC versus plutonium- 
239,240, In thesc scatter plots tho logarithm of the plUtOniUm-239,240 data (log[Pu-239,240]) aro 
displayed as the x=axIs valuos. The values on tho x-axis aro log-transformed so that the reader can bottar 
determlne If tho COPC concuntratlanc displayed on tho y-axis exhibit corrolation ovor the ontire rango of 
plutonium~239,240 concentratlan. Those plots contain two types of symbols: the opon squcrros presant 
nondetected sample results, and the closed squaros roprosent dotected sample results, For radionuclides 
and inorganic COPCs tho plots also show background results. Plutonium-239,240 values loss than 
log(Pu-239,240) of =1 rOprQSOnt backgrounc! values on the scatter plots, irnd almost no Pueblo Canyon 
roach sodiment samples are less than log(Pu.239,240) of =1 I Collocation is suggssted by observing an 
increasing trend in tho COPC concontratlon values for increasing values of plutoniurn-239,240 (ospocially 
for log[Pu-239,240] > -1). A lack of collocation is suggested by ObSQNlng eleva!od COPC valuos 
nssoclarod wlth low plutoniurn-239,240 values (or -7 < log[Pu-239,240] c +.I). 

Figures E3-1 through E3-5 show tho rQlaIlOn5hipS of plutonium=239,240 with tho other radionuclides 
identified as COPCs. Thoso plots smphasizo the same results as wors discussod in roforenca to ttlo 
scaner plot matrix (Sec!ion 2.0 of Appendix E and Figure E2=t2). Plutonium.239,240 in the reach data 
exhibits positivo corrolattons with at1 other radionuclides oxcopt cesium-137, which suggests that 
americium-241 , plutonlum-238, and tritlum aro collocatod with tho plutonium 239,240 and thus sharo 
similar historlos of rolease and transport, In contrast, the lack of cortol;Mion bQtwCQn cosium-137 and 
plutonium-239,240 suggosts that most of the coslum-137 in the Pueblo Canyon sodlmonts is dorived from 
fallout. As montionsd above, a single high trltlum rosult accounts for the apparent correlation betwoon 
tritlum and plutonium-239,240, and this relationship is considered loss roliablo than the corrolation of 
americium-241 and plutonlum-238 with plutonlum 239,240. 

Figures E3-6 through E3-13 show the relalionships of plutonium-239,240 with tho inorganic COPCs. 
Rocall that open squares shown on some of :hese plats ropresent nondetected values, None 0: the 
inorganic COPCs exhibit significant trQndS with plu:onlum-239,240. Much oi tho apparent lack of 
corrolation is due to observing high concentrations 01 cadmium, lead, morcury, and silver in samples 
collectod from subreoch P-1 West (those samples had low concentrations ai plutonium). Downstream 01 
reach P-1, concentrations of most inorganic chemicals ditler littlo from background values, which also 
tends to llmit the posslbllity of observing or recognizing collocation. The Importance of tho apparent lack 
of collocation 01 plutonium~239,240 with Inorganic COPCs will be considerod in the context of the human 
health and ecological assessments of theso data. 
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Figure €3-1 a. Scatter plot tor americium~241 (alpha spectroscopy) versus iog(Pu-239,240). 
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Figuto €3-1 b, Scatter plot for amerclum~241 (gamma spectroscopy) versus log(Pu-239,240). 
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Flgure E3-2. Scatter plot for cesium-137 versus log(Pu-239,240), 
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Figure E 3 4  Scatter plot for plutonlum-238 versus log(Pu-239,240), 
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Figure B-4. Scatter plot tor strontium-90 wmu8 log(Pu439,240). 
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flgure E3.5. Scatter plot for trltium versus log(Pu-239,240). 
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Figure €3-6. Scatter plot lor antimony versus log(Pu=239,240). 
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Figure E3-7. Scstler plot lor cadmium versus log(Pu=239,240). 
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Flgum €3-8. Scatter plot for copper versus log(Pu-239$40). 
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Flgum E 3 4  Scatter plot for lead vonus log(Pu-xJ9S40). 
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Figure E3-10. Scatter plot for mercury versus log(Pu-239,240). 
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Figure E3-11. Scatter plot for selenium versus log(Pu=239,240), 
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Figure E3-12. Scatter plot lor sllver versus log(Pu-239240). 
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Flgure €343. Scatter plot lor zinc versus Iog(Pu=239,240). 
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Figures E344 through E342 show the relationships of plutonlum=239,240 with the organic COPCs. 
R e d  that opon squares shown on these plots represent nondetected values. Few of the organic 
chomicals oxhibit posltlvc carrolations wlth plutonIum-239,240. The relatronshipc of the two dotocted 
polychlorlnnred biphenyls (PCBs) (Aroclor=f254 ond Aroclor-1260) wlth plutonium=239,240 nro provided 
In Figuros E3.14 and €3-1s. The apparent posltive cotrelatlon of Aroclor-1254 with plutonium-239,240 Is 
basod on only a single Aroclor-1254 dotocl (this is the same sample wlth the QlOVatOd vnlue of tritium), 
There uro mor0 detects of Aroclor-1260, but at vn lu~s  intominglod wlth nondotocts. The relationships of 
the six detected posticides with plutoniurn-239,240 are provided in Figuros €3-16 to E3-21. Only 4,4'-DOT 
and ashlordane detects aro significantly greoter than maximum nondetected value, and tho dotects for 
those chomicals do not axhlbit strong collocation with plutonlum=239,240. The relatlonships of the 21 
dotected somlvolatllo chemicals (mostly polycyclic aromatlc hydrocarbons [PAHs]) with 
plutonlum-239,240 aro provided in Figuros E342 to €342. None of these ChOmiCalS are dotected with 
sutticlont frequoncy or concentration relative to detoctlon llmits to provide much meanlngful information on 
possible collocation, In summary, tho inlrequont detection of argonlc chemicals suggests that this 
chemical group is not a significant component of the COPCs ObSefvOe in the Pueblo Canyon sediments. 
Tho organic COPCs are not cloarly collocntod with plutonium-239,240, whlch wlll bo considered in the 
context of tho human haalth and ocologicol assessmonts of theso date. 
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Flgura €3-14. Scattar plot for Aroelo~l254 versus log(Pu-239,200). 
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Figure €3-1 5, Scatter plot for Arocio~-1260 versus iog(Purn239,240), 
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Figure €3-16. Scattot plot for aldrin versus log(Pu=239,240), 
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Figure EM?. Scatter plot for 6-BHC versus Iog(Pu-239,240). 
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I Figure €3-18. Scatter plot for a-chlordrne versus log(Pu-239,230). 
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Flgum €3-1 9. Scatter plot lot  y=chlordan* vemua log(Pu439,240). 

Septamhr 7998 E40 ' Pueblo Canyon Reach Report 

I 
I 



Appenndk E Sluristical Analyscs 

0,006' e 

I 

0,005' 

3 0,004- 
I 

c 

Y F 1 

0,003- 
4 
+. - 

0,002- P 

c 

0,001 - 

. 

I * *  
I I I I I  ' 1 ' 1 1 I '  

*. 
I .  

I 
xu I n MI 

-3 - 2  - 1  0 1 2 3 
log( Pu-239,240) 

Figure €3-20. Scattor plot for 4,4'-DDT versus log(Pu-239,240). 
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Flguro €3-21. Scatter plot lor acenaphthene versus tog(Pu*239,240). 
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Flgure E3-22 Scutter plot for aeensphthylene vsmus log(Pu=239,240). 

Figure E3-23. Scatter plot for anthracene versus log(Pu-239,240). 1 
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Flgure €3-24. Scatter plat for benz(a)anthracene versus log(Pu439.240). 

1 o i g k Y l l ;  '=.La 
log(Pu=239,240) 

Figure €3.25. Scatter plot for benzo(a)pyrene versus log(Pu-239,240), 

Pueblo Canyon Reach Roport E-63 
~~ 

Sep f ember 1998 



2.5- 
I 

c 

F 2,o- 
Q, k I 
W 

1.5- . 
3 ?,a- m 

@ . 8 

. nmwn L n 

0.0' I I I '  I 1  I " I '  I I 

. 
- 3  - 2  - 1  0 1 2 3  

log( PU-239,240) 

, ,  I .  

I 
I 
I 
I 
1 
I 
1 

c 0.7 

p 0.6 

0,4 
c 9 0.3 
3 0.2 

. 

. 

= 3  - 2  * 1  0 1 2 3  
log( Pu=239,240) 

Figure E3-27. Scatter plot for benzo(g,h,l)perylene versus log(Pu-239540), 
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Staristical Analysts Appendix E 
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Flgure €3.30. Scatter plot for bls(2ethylhsxyt)phthrlate venus Iog(Pu.239,240). 
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Flgum E3-31. Scatter plot for carbazole versus log(Pu-239340). 
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Appendix E Srarisrical Analyses 
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Figure E 3 4 2  Scofter plot for chrysene versus log(Pu=239,240). 
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Figure E3.33. Scatter plot lot di-nsctylphthalate versus tog(Pu439,240). 
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Flgum E3-35. Scatter plot lor dlbsmofutm versus log(Pu-239.240). 
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Figure €347. Scatter plot for fluorene ve:sus log(Pu-239,240). 
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Figure E3-38. Scatter plot lor indsno(l,Z,3-cd)pymno versus 
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Flgure €3-39. Scatter plot for 2-methylnaphthalene versu8 log(Pu-239340). . 
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Figure €341, Scatter plot for phenanthrene versus Iog(Pu439,240). 
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Simple Rnt Sun* Anult Second Sample Rsrult 
rvpr ID I (WP) I (WP) RPD' 

OA duplicate WPU4I74082 0.046 I 0,039 -1 2% 
QA duplicate OJPU*B7=0 126 232 I 21.9 4% 

aA dupllcnte oPPU=079134 ao I 490 7 %  
CIA dupllcafa WPU-974170 . 0,488 I 0.582 15% 
QA dupllcato m~um=oai 0225 0.251 8% 
QA dupllmte OOPU47=0244 0.354 0,337 4X 
Q A  dupllcato OPPU-97*0fQl 0,502 I 0.525 -5% 
OA duplhto I W P U & 7 = 0 c  442 6.58 28% 
QA dupli~lo I WPU*07-0028 3647 3.92 10% 
a A  dupllcalo WPU-Q7=OO t 3 5.45 0.37 I 11% 
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Resample wPU-864127 78.102 I 15 I -13% 
Rommplo WPU-Qf3-012fR 18.1 02 I 23 I 33% -4 

Rooamplo WPU-88-0128 50201 25 -128% 
Rosample WPU47=0033 1705 I 62.8 -65% 
Roslrrnplo WPU*96=0231 3?.9 I 18.47 4% 
ROMITIP~O 1 WPU*!37*0046 182 I 0,6 4% 
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Figure E342 Scatter plot for pyrone Venus log(Pu-239,240). 
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Appendix E Staristical Analyses 
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Flguro E4-I. Evaluation of QA dupllcato samples and resamples for pluton~um-230,240. 
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Appmdis F Ecolo,qical Scoping Checklist 

APPENDIX F ECOLOGICAL SCOPING CHECKLIST 

F-1.0 PART A-SCOPINC MEETING DOCUMENTATION 

~~ 

Sit0 ID 

Nature 01 PRS releases 

(Indicate nlt that apply) 

- ~ 

Lint 01 Prlmary Impncted 
Madlo 
(Indicate all that apply) 

FlMAD vagatatlon clnss 

(Indicate all thnt opply) 

lo T&E Hrbltat Present? 

llrt speclam It appllcable 

Provlde llot and dercrlptlon 
of Nelghborlngl 
Contlguoud 
Upgrndlent PRSa 

(canslder need to aggregate 
PAS lor acreenlng) 

AP 4.5 Pan B Informatlon 

Run-ofl scoro (out of 46) 

Termlnsl polnt of surtace 
water transport 

~ ~~ 

Other Scoplng Mwtlng 
Notes 

Puoblo Canyon roachos 

SOlld - YOS 

SO0 the TasWSito Work Plan for Opefablo Unit 7049: LOS A h O S  C ~ f f y O n  and 
Pueblo Canyon (IANL 1995,50290) (o.p., Tocnnlcal Aroo F A ]  45,  TA-73, and tho 
wmowator troatmont plants p~WrPs]) 
Liquid =Ye$ 
So0 tno 7asWSito Work Plan for Operablo Unlt 7049: Los Alrrmos C ~ n y o n  and 
Puoblo Canyon (LANL 1985,50290) (o.Q., TAd5, TA-73, and the W P s )  
Garooun - No 

Other. exPlaln 

Surtace BOD - Hlphor floodplains and abandonod channols 

Surface water/mdlmant - Yos 
Sub8ufffiC0 - NO 

Groundwater - Alluvlal 

Other, explaln 

Wstar - No 

Bare CroundNnvegetated - No 

Sprucdlrlaspsnlmlxtsd conlter = Yo0 

Ponderosa pine - Yo5 

Pinon Junlpsrljunlper savannnh - Yo5 

Grasrlandlshrubland - No 

Developed - No 

YO5 

Cora area 01 onvlronmontal lnlcrost for tho SpOltOd owl and/or purognno talcon Is 
prosont along tho ontlro longth at the canyon. 

Tho followlng koy pqtontlel rolonso 6110s (PRSs) nro sourco8 for Puoblo Canyon: 

Puoblo W P  

" A 4 5  and Acid Canyon 

TA-73 ash dobris 8ron 
TA-73 fandflll and drainagos 

Thls soctlcn dooa not apply bocauso tho slto Is not n PRS. 

Tho lnlluonco 01 W P s  ( e a i o  ond historic) on contamiimt distribution llnd 
rocoptors soom6 to bo a koy Issuo. 
Thoro is P nood to ldontllv 80dlmont9 whoro tho nauntlc pathway 18 comuleto, 
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F20 PART &-SITE VISIT DOCUMENTATlON 

Eitimats cover 

F2.1 ReachP-1 

3c vegetated - romainder 

Slte ID Roach P=l 

Oats of Slte Vlrlt 
SltoVlslt Conducted by R, Aytl, M. Tardlf?, S, Rnnoau 

Field notes on the FlMAD 
vsgelatlon clsia 

Field noten on T&E Hobltnt, 
It appllcable 

Are ecoioglcal maptorn 
present at the PRS? 

(ysdndunceflaln) 

3c wetland .I appraxlmatoly 10% 

3c rtructuma/asphalt.stc, - nono 

An oak lhlckol 13 a promlnont tontun In tho Iloodplaln. 

Yos 
Thls alto 1s (I known hlghquallty habltat for tho spanod owl and the pemgrlne 
falcon. 
Yos 
Torrostrlnl and aquatle recopton am prosont, but IX, flsh am ovidont. Walor Is 
ophomoral In thia roach, but typically tho roach Is wot most at tho yoar, 

r 

Surface watrrtranspofi I Thla settion d w s  nor apply bacausa tho alto Is not a PRS. 

meld norm on the 
termlnsl palm ot surface 
water transport (If 
anallcable\ I 

Provlde explanallon 

Physical Di8tUrbanCe 
(provide llst ot maJor types 
01 dlsturbsnce8) 

Tho sowor llno lnstnllod In tho ht0 lg8Oa Is an obvlouo physJcal dl5tUf&anCO. 

. 

Are them m y  otl.slte 
tmnrpon prthmyr? 
(ysdnduncsrtal n) 

Provide explanallon 

~- 

Surface water Is tho&vloua trniiport pathway. Surtacb wntor was obsorvvd frOm 
the eaatern oxtont of tho roach down to aamplo location PU-0106, 

Ecoloalcal Etlscts Infumstion: 

I 
I 

I 
I 
1 
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Amcndix F Ecolog ica 1 Scoping Clt ccklisr 

No Receptorhfo Pathways: 
It there are no receptors and no otlslte transport pathways the remainder of the chcckllst should not be 
completed, Stop hem and provlda any addltlonal explanatlon/)ustlflcatlon for proposlng an ocologlcal No 
FuHher Actlon recommendallon (If needed). 

This soctlon doos no1 apply, 

D8fo Adequacy: 
Do exlstlng data provlde 
lntormatlon on the nature, 
rate and extent o? 
contamlnatlon7 

(yednoluncenaln) 

Provide explanatlon 

(conslder If the maxlmum 
value wan captured by 
exlstlng sample data) 

Do exlstlng data lor the  PRS 
address potantlal pathways 
of alto contamhation? 

(yedno/uncsrtaln) 

Provide explanation 

(conilder If othor allss 
could be Impacting thls 
PRS) 

I 
Addltlonal FMd Notes: 

Yes, lor sodlmonts. 

Flold scroonlng and ~OOmOtphOlOOy woro usod to soloct samptlng lbeptlons. 

Surlaco wntor quollty and concontratlons ot contamlnants woro not dlracfty 
moaaurod In olthor dlssolvod or suspendod phnsos, This Inlormatlon Is not noadod 
lor tho roach roports, but It should bo addressod In tho Puoblo Canyon Intogintad 
Sodimont m a  wntor roport. 

Provide addltlonal field notes on the slte satllng and potantlsl ecologlcal receptors. 

Tronsltlon to a dry stroam oad 11 ovldont wlthln tho roach. 

Much evldonco of omall lossorlal mammals Is prosont 

tho ovorbonk sodlrnonts aro likoly to contlnuo to bo mlxod through blolurballon. 

1 I 
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I F22 Reacher P.2 West and East 1 

Sfta ID 
Date at Slts Vlslt I4c26/90 

1 Reoches P.2 West and East 

1 Slts Vlslt Conducted by 

Receptor In formarlon: 
Estimate cover 

1 R. ~ y t i ,  M. tarditt, s. Aeneou J 

% vagetared m mostly vogotolod, excopt the acthro chnnnol sedlmonts 

Y!  wetland m none 

% atruttutsdarphalt, ott. - nono 
Pondorom plno is tho dominant vogotation. neld notes on the nMAO 

vegetntlon clam. 

Field notes on T i €  Habltat, 
if appllcsbls 

Am ecologlcal rscsplon Yos 
prersnt at the PRS? 

(yednduncertaln) 

Provlds sxplanatlon 

Yo8 

Thls slto 13 o known hlghguollty habitat for the spoffod owl and tho perogrlno 
tnlcon, 

Tomostrial recopton ore prosont 

Wotor Is hlghty aphameral In thls reoch. 

Bumwlng mammela are common throughout the math m o p 1  In !ho actlvo 
channol sodlmenta 

Confamlnsnt TranspH Informsflon: 
[ ~ u ~ i i c o  water transport 

FleM note8 on the 
terminal polnt of suttace 
water transport (It 

Thls sactlon doba not appty bocaube tho slto b not a PRS, ' 1 

pDDhbl8)  

Am there any off-dte 
tranmport pdhwaym? 

(yedndunnrtaln) 

Provide sxplanatlon 

Surloco water la the obvlous tmnaport pathway, but It Is also hlghly aphumoml. 

I 

Eco~oglcsr m c r s  In formstlon: 
Phyalcal Di8turbance 
(provlua l l it  of major typea 
of dlrturbmcer) 

Am there obvlour No 
scologlcal sttectr? 
(yednduncertaln) 

Tho sower line lnstnllod In tho lote l Q 8 0 ~  Is an ebvlous physlcol dlsturbanco, whlch 
Impacted tho actlvo stream chnnnol In pam of thb moch. 

. Provlds exDlanmtlon 



I 
I 
I 

I 

1 
I 

a 

Appendix F Ecnlo~icul ScopinK Clrccklist 

Uo RoceptorAVo Pnfhwnys: 
If there fire no raceptors and no otlslte transport pathways the rsmalnder of the checklist rhould not bo 
completed. Stop hem and provlde any addltlonal explrrnatlonlfurtlllcatlon for propoalng an ecoioglcrl No 
Further Actlon recornmendatlon (If nwdad), 

Thh ooction do00 not apply 
-l 

Do exlotlng data provlde 
lnforrnntlon en the natura, 
rate and extent of 
contnmlnation? 

(yednoluncartain) 

Provide explsnntlon 
(connlder If tho maxlmum 
value waa captured by 
oxlstlng sample data) 

Do exlstlng data for the PRS 
address potentlal pathways 
of clto contamlnatlon? 

(yeslnolu ncsrtal n) 
Provlde oxplanatlon 

(conslder If other sltee 
could be Impacting thls 
PRS) 

Yos, for oodimonts. 

Fiold scroonlng and Ooomorphology woro usod to salocl dampling Iocntions, 

Surlaco wator qunllty and eoncontrations of contaminants wore not dlroctly 
moooured In olthor dlnsolvod or suspondod phasos, Howovor, sudaco wntor I$ 
hlghly ophomornl nnd is not pnnlcularly rolovant on an oxposuro modrum In thla 
roach. This Information is not neoded for tho roach roports, but It should bo 
addroxsod in tho Puablo Canyon lntogrotod aodlment and watbr roporl 

4ddltlonel Field Nofes: 
Provlde addltlonnl fleld notes on the alto settlng and polentlal ecologlcal receptors. 

Roach Po2 Enst shows n largo dltforonco from P-2 Wost, Much sodlmont was dapo3llod in Po2 Wolrl during thn 
past 50 y a m .  
Much ovldonco o! small fossorial mammnl6 Is prosont. 

Tho ovorbank sodimenls aro llkoly 10 continuo to bo mixed through bloturbntion, 
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F4.3 Roaches P.3 Wait and Enit 

Dnte of SIts Vlrlt 

Slte Vlrlt Conducted by 

Slte ID 1 Roacho8 P-3 Woat and East 

mom 
R, Rytl, M, Tardtff , S, Reneau 

Eitlrnats cover 

Flsid notes on the FlMAD 
vegetation claim 

flsld notea on 7&E Habltst, 
It appllcsbts 

Are ecologlcal racspton 
prevent at the PAS? 
(yednduncartaln) 
Provlde explanatlon 

L 

74 vegetated I rornalnder, oxcopt actko chaclnol 
% wetland - yos in reach P.3 East from tho Bay0 ww1p, 

X rtructumdmrphalt. etc. I nono 
Pondorosa prno Is tho dominant vapetotlon. 

Yes 
Thla d t o  Ir o. known hiDhgUBllty hnbltat for the ~potibd awl and tho pomgrino 
falcon, 

Yes 
Torroatrl~l and aquatk moptors or0 prosont, but no llah nm wldont WatOr In 
roach P.3 Eost Is prlmarlly depondent on roIeo9os from the Bay0 WWTP, which is 
usod 10 wator tho Los Alamos County gott course and ball fields durlnQ the 
summsr. 

Contamhen t Transport Information: 
~ u r ~ s c e  water transporl I T ~ I S  section does not apply tacause tho slto is not a PRS, 

flsld notes on the 
tsnnlnal point of rurlace 
witor transport (if 
appllcable) 

Am there any oW=slte 
tnnrpon pathway.? 

(yednoluncertnin) 
Provlde explsnatlon 

4 ,  

Surlaco wa!er la the obvloua tranapon pathway, OJpoclally r o l o w a  from tho by0 
WWTP In roach P.3 East. 

Physlcal Dlaturbancs 

(provide list of msJor types 
of dirturbsneos) 
Are thefa obvlou8 NO 
ecologlcnl stleetr? 

(yednoluncemln) 
Provlde explanatlon 

Physical disturbmco Is mlnlmal, axcopt for the dlrt rood mat crosses Ovor tho 
curront channel, 

I 
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Appendix F Ecoiogiccl Scuping Ciiccklist 

No ReceptorNo Pethwsys: 
It there are no rsceptorr and no oflrlts transport pathway8 the remainder ot the checkllot ahould not be 
completed. Stop here and provldo any addlllonal explanatlon//u8tlflcatlon for proporlng an ecological No 
Further Actlon racommendation (If needed). 

Thlo sodon doos not apply, 
i 

Data Adequecy: 
Do exlstlng data provlde 
Information on the nature, 
rate and extent of 
contarnlnatlon? 

(yednoluncerlaln) 

Provlde exp Isnation 

(consider It the maxlmum 
value was cnptvrod by 
exlrtlng sample datn) 

Do s x l s t l n ~  data for the PRS 
addross potonthl pathways 
or r i te  contarnlnatlon? 

(ycdno/uncemln) 

Provlde sxplanntlon 

(conelder If other sltes 
could be Impacting thla 
PRS) 

Addlllonal Fldd Notes: 

Yoo, for sodlmonts. 

Flold scroanlng and poomorpholoOy Woro usod to soloct sampllng lCCatlOn& 

Surlaco wator qunllty and ConContratlonJ of contamlnnnts wore not dlraclly 
maasurod in althor dlssolvod or suspondod phases. Thls Information Is not neodsd 
for tho reach ropom, but it should be Mdros6sod In tho Puobto Conyon Intagrated 
bodlmont and wntor roport. 

Provlde addltlonal tleld notes on the alto ssttlng ond polentlal ecologlcal raceptom. 

Roach P-3 East, also known 88 tho swamp, haa obvlous malor Impacts from tho Boy0 WWTP on tho rypd and 
obundnnco of varloue oCOlOpiCal rocoptors. 

Roach P-3 Woe! is lairly dry during mod! 01 tho yoar and le 8lmller in appooranco to roach P-2 Enst. 

Much ovldonco of omall lossorinl mammals Is prosont. 
Tho ovorbnnK eodlmonta are llkaly to contlnue 10 bo mlxod thrOUOh bloturbetlon, 
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F-24 Reaches P-4 West and East ' 

I Slte IO I Roachos P-4 Wost and East 

Estimate cover 

field notes on the FIMAO 
wgatatlon clair 

I Slte Vlrlt Conducted by 1 R. Ryll, M. Tardltt, S, Renoau I 

X vegetnlrd - romelndsr 
K wtlsnd I approxlrnatoly 10% 

X atructumdamphrlt. etc. none 
The sltv Is an open, bmd, cnnycn floor soalng with many shrubs and 8otno 
pondoroso plna. 

Reemtor Infomarlon: 

Am bcologlcal m e p l o n  
pmnnt  at the PRS? 
(yednduncsrtrln) 
Provide omlsnatlon 

talean. 

Yon 
Tomstrial and aquatk m p t o r s  am prosont but no fleh aru wldont. Wotnr Is 
dopendant on reloasbs from tho Bay0 W P ,  but typically tho slto is wot most of 
tho yoar. 

Surface water tmnrport 

Reld noter on the 
tsmlnnl polnt of rurtace 
wrtrrtranrport (If 
app tlca blc) 

Thio aoctlon doos not opply because tho alto Is not a PRS, I 

Am tham any OW-rltr 
tnnrport pathwmym? 

(ydnduncartaln) 
Provldo explanatlon 

September 1998 F=8 Pueblo Canyon Re8ch Report 

Surfaco water Is the obvloua trnnspwt pathwny, Surface water wan obaorvod along 
the ontlro oxlent el the reach. 

Phydcal Dlsturbancs 

(provlds tist of mlor types 
ot dlrturbancet) 
Am there obvlour 

(ysdnduncrrtaln) 
Provlde rxplanatlon 

OCOlOg~Ca~8ff&8? 

Mlnor 

NO 

I 



Appendix F Ecolo&d Scopinl: Checklist 

r 
Provldo addltlonal fleld notes on the slte matting and potential etologlurl receptors. 

Much ovidonco of ~fnall fossorlol mammals la prosonl. 

Tho ovorbnnk bndlmanta and abondoned channols Pro likely to continuo to bu mixad through bbturbntlon. 

No ReceptorAVo Pathways: 
I? there are no receptors and no offslte trannport pathw&ys the ramafnder ot the checkllst should not be 
completed. Stop horn rnd provlde any addltlonat explanatlon/)ustlflcatlon for proporlng an ecological No 
Further Action racommendatlon (If needed), 

Thlo section do09 not apply, 

?eta Adequocy: 
Do exlstlng data provldo 
lnformatlon on the nature, 
rats and oxtent of 
contamlnatlon? 

(yednoh neem I n) 

Provlde axplsnatlon 

(consider It the maxlrnum 
value waa captured by 
exlsting aempie data) 

Do exlrtlng data for the PRS 
address potential pathways 
of slte contamlnatlon? 

(ysdnoluncemln) 

Provide axplsnatlon 

(conalder If other slles 
could be lmpactlng thlr 
PRS) 

Yo$, for sodlrnonts. 

Fiold scrooning nnd gOOmOrphOlOQy woro usod to soloct wmpling Icc~llons, 

Surlaco Wator quality and concontralions 01 conlominants woro not directly 
moosurod In olthor dlssolvod or suspondod phDSOS. This lnlormotlon IS not naodod 
for tho roach ropons, but It should bo oOdressod in tho Puoblo Canyon intogralod 
sodlmont and wator ropon. 
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Ecolo,qical Scopiq  CIi cckl ist Appendk F 

F3.0 PART +ECOLOGICAL PATHWAYS CONCEPTUAL EXPOSURE MODEL 

Provide answers to Questions A to Q and use thir Information to complete the Ecological 
Pathways Conceptual Exposure Model (Figure F3-1). 

Ouestion A: 

Could soil contamlntlnts reach receptors vta vapors? 

Volatlllty of the hazardous subrtance (voiatlle chrmla is  generally have Henry's Law 
constant >lo4 am-melmol and molecular welght QOO @mol). . .  

Answer (ysslnduncertaln) No 

Provide explanation: 

No volatile organic compounds are axpocted in these octlve geomorphic settlngs. 

Ouestion 8: 

Could the soil contaminants ldentlfled above reach receptor8 through fugitive dunt carded In air? 
Sol1 contamination would have to be on the actual sudaco of the soil to become available 
for dust. 

In tho case of dust sxpooums to burrowing anlmals, the contrminetlon would have to 
occur In the depth interval where there burtows occur. 

0 

Answer (yes)nduncertaln) Yes 

Provide explanatton: 

Them Is much burrowlng mammal octlvlty In somo reaches, 
Dust Is on obvious oxposure pathway, 

Questlon C 

can contaminated soil be transported to aquatlc i c o ~ o g ~ c a ~  communltles (use AP AS r u ~ t l  scorn 
and tcrmlnal polnt of auriaca wntw runoti to help answer thlr question)? 

If the AP 4.5 runsff score. equal to zero, this suggest3 that eroslon at PRS Is not a 
transport pathway. r note that the runotf scot0 Ir not the entire emalon potential scorn, 
rather It la a subtotal of thls acorn with a maxlrnum value of 46 polnb) 

If erosion Is a transport pathway, evaluate the termlnsl polnt to 866 If aquatic receptors 
could be attscted. 

Answer (yeslnduncarlaln) "0s 

~ 
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Amend& F Ecological Scoping Checklist 

Provlde explanatfon: 

This site has no AP 4.5 score, but sedlment transport is an obvious pathway, 

Question D: 

Is contaminated groundwater potentially avallable to blologlcal receptors through sacps or 
springs? 

0 

Known or suspocted presence of contaminants In groundwater, 

The potential for contaminants to migrate via groundwater and discharge Into habitats 
andor surface waters. 

contact'wlth groundwater present wlthln the root zone (-1 m depth). 

t o  the SUIhCQ. 

e Contaminants may be taken up by terrestrial and rooted aquatic plants whose roots aro In 

Terrestrial wlldllfe roceptors generally wlll not contact groundwater unless it Is discharged 

Answer (yednoluncertatn) UncoCaln 

Provlde explanatlon: 

Alluvial groundvrater may be contaminated, but It is not pan of the reach reports. Also, thG Curront and 
former W P s  are sxpoctQd to hnvo major impacts on the surlace water and alluvial flow ragimes. 

Qucstlon E: 

Is inflltratlonlpercoiation from contaminated subsudace meterlal s viable transport pathway? 
* Suspected eblllty of contarnlnents to mlgrate to groundwater. 

The potential tor contarninants to mlgrate vie groundwater and discharge into habltat8 
andlor surlace waters. 

contact with groundwater present within the root zone (-1 m depth). 

Terrestrial wlldllfe receptors generally will not contact groundwater unless It Is dlscharged 
to tho surfaco. 
Also consider the Importance of mess wastlng as a potential release mochanlsm for 
subsurface material. 

e Contamlnants may be taken up by terrestrial and rooted aquatic plants whoso root3 are in 

0 

Answer (yes'noluncertaln) Uncertain 

Provlde explanatlon: 

This pathway cannot be formally evoluatad in the sediment reach reports, but it s0amo likely to bo G major 
transport pathway. Surface water Is a direct exposure medium, 

Pueblo Canyon RQach Rap017 F-1 I S@p,pfember 7998 
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Ecoluxicul Scoping Checklist Appendk F 

Question F: 

Could eirborne contamlnants interact wlth receptors through resplration of vapors? 
Contaminants must be prosent as volatile8 in the rlr. 

0 

c 

Consider the importance of Inhalation of vapors lo r  burrowing anlmals. 

Folia: uptake of organic vapors Is typically not B signlflcant pathwayc 

Provide quantlflcatlon of pathway (Onno pathway, lnuniikety pathway, 2~rmtnor pathway, 3nmalot 
pathway) 

0mo pathway 

Provldo explanation: 

No vointilc organlc compounds aro prosent 

Questlon G: 

Could alrbome contaminants lnleract wlth p lena through dspasitlon of particulates or wlth 
anlmals through inhalation of fugltlve dust? 9 

Contaminant8 must be presenins partlcullrtes in  the air o r  a8 dust l o r  this pathway to be 
viable, 

€wposurs vla Inhalation of fugltlve dust Is partkularly appllcable to ground-dwelllng 
species that would be exposed to dust dlrturbsd by their foraging or burrowing actlvltles 
or by wind movement. S I  

Provide quantllicntlon of pathway (Onno pathway, lnunilkefy pathway, Znmlnor pathway, 3amajor 
pathway) 

Pmminor pathway 

Provfde explanation: 

The amount of dust would depend on seasonal and spatial aridity, Certainly the dly reaches may havo 
more dust, bur the hlghest contnrnlnent concentmtlons are typically beneath the ground sudoce. 

Question H: 

Could contaminants Interact wlth plants through mot uptake or raln sptash from surflclal solls? 

Contaminants In bulk soil may partltion into soil solution, maklng them available to roots. 
e Exposure of terrestrial plants to contarninants present In partlculetss deposited on lcal 

and rtem surfaces by raln striking contamlnated solls (1.0.) rain splash), 

I 
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Appendix F Eco logicui Scoping CIi cckl ist 

Provlde quantlflcatlon of pathway (Omno pathway, lmunllksly pathway, 2rmlnor pathway, 3~ma jo r  
pathway) 

2~mlnor  pathway 

Provlde explanatlon: 

Ralnsplash seams like n viable pathway, but most of the contominotion Is benenth the ground surtlrco. 

Question I: 

Could contarninants Interact with receptors through food web transport from 8urflclal soils? 

The chemlcals may blcraccumulate In anlmals (see list of bloaccumulatlng chemlcals 

Animals may Ingest contarnlnated prey. 

prascnted In Table F3-1). 
m 

Provide quantlflcation of pathway (Onno pathway, lnunllkely pathway, Pmmlnor pathway, 3emajor 
pn t h w a y ) 

3mrnajor pathway 

Provide explanatlon: 

Some potential Sioaccumulators am prosent, whlch rilisoi the lrnportnnco of this pathway. 

Question J: 

Could contaminants Interact wlth recoptors VIP Incidental lngestlon of surllclal soils? 
Incidental lngestlon of contamlnatod sol1 could occur while anlmals grub lor food resldent 
In the soll, fwd on plant matter covered wlth contaminated sol: or while grooming 
themoelves clean of soll. 

Provlde quantlflcation of pathway (O=no pathway, l=unllkely pathway, 2 m l n o t  pathway, 3amaJor 
pathway) 

3nmajor pathway 

Provide explanatlon: 

This pathway could be minor or major. Tho maln factor Is the depth of contamlnation, whlch Is mostly 
beneath the ground surfaco. 

Pueblo Canyon Reach Reporf F-t 3 September 7998 



EcoiqicaI Scoping Chcckiisr Appendix F 

Queatlon K 

Could contamlnants Interact wlth rsceptora through dermal contact with surllclal rolls? 
Signlflcant exposum vla dermal contact would generally be Ilmited to organlt 
contamlnantr whlch are llpophlllc and can cross epldsrmal barrier& 

Pmvldo quantlflcatlon of pathway (Omno pathway, lmunlikaly pathway, &minor pathway, Bmmalor 
p8thWay) 

*minor pathway 

Provide explanation: 

This pothway Is minor. Upophllic chemicals (poiycycllc tlromatlc hydrocarbons [PAHs] and polychlodnatod 
biphenyls [PCBs]) were dotected Infrequently and at low concentrations. 

QUe8tion k 

Could contaminants Interact wlth plsnb or anlmalr through external Imdlstion': 

External Irradiation effects am most relevant forg imma emlttlng mdlonuclider, 
Burial of contamlnatlon severely attenuator mdlologlcol expoaura. 

Provide quantlficatlon of pathway (Omno pathway, lmunllkily pathway, %minor pathway, 3amajor 
pathway) 

1 =unlikely pathway 

Provide explanation: 

Amorlcium=P41 Is a weak gcmmo.omlttor, and cesium-t37 Is not notably present above background 
value. 

Could contaminants Interact wlth plants throughdlrect uptake from water and sedlment or 
rsdlmsnt rain splash? 

Contamlnsnts may be taken-up by terre8triaI plantr whose roots are In contact wlth 
surlaca watem. 

0 Terrestrial plants may be exposed to partlculster deposited on leaf and stem surfaces by 
nln strlklng contamlnated sedtmentt (Ill)., raln 8plaSh). In an area that Is only psrlodlcally 
inundated wlth water, 
Contaminsnts In rediment may partltlon Into sol1 solutlon, maklng them avallable to roots. 0 

Aquatic plants are In direct contact wlth water. 

' September 7998 F-14 , PuebjolCanyon Rea& Report 



Appendix F Ecol qpical Scopin,q Check/ isr 

Provide quantification of pathway (O=no pathway, kunllkely pathway, Znmlnor pathway, 3umajor 
pathway) 

3rmajor pathway 

Provide explanation: 

The slgnilicanca of tho pathway may bo limited by the spatial extent of sudnco water In Pueblo Canyon, 

Quastlon N: 

Could contamlnants lnternct wlth receptors through food web transport from water and 8edlmont7 
Tho chemicals may bloaccumulats in animals (see list of bloaccumulatlng chomlcals 
presented In Table F3-1) 
Animals may ingast contamlnatcd prey. 

Provldo quantltlcotlon of pathway (Onno pathway, 1-unllkely pathway, Pmmlnor pathway, %major 
pathway) 

3-mojo: pathway 

Provide oxplanation: 

Tho slgnificance of tho pathway may be llmltod by tho spntlal oxtant of surfaco wiltor in Pueblo Cnnyon. 

auestlon 0: 

Could contomlnants Interact wlth receptors vla IncidentPl Ingestion of water and mdtmant'? 

0 It sedimonts are present In an area that Is only periodically inundated wlth water, 
terrestrlal receptors may incidentally ingest sadlrnents. 
Terrestrial receptors may ingest water-borne contamlnants It contaminated surfsce waters 
are usad as a drlnklng wntet source. 

Aquatlc receptors may regularly or incldentaliy lngeat sedlment while foraging, 

* 

0 

Provide quantlficatlon of pathway (Onno pathway, launllkely pathway, 2amlnor pathway, 3rmnjor 
pathway) 

3amajor pathway 

Provlde explanation: 

The significance of tho pathwoy may be llmlted by tho spatlal oxtent of surface watar in Pueblo Canyon. 

Puablo Canyon Roach Reporl F-? 5 September 7998 



'Ecological Scopirtg Clrccktisr Appendix F 

Questlon P: . 
Could contamlnants interact wlth receptors through dermal contact wlth water and aedlment? - If sedlments am present in an area that Is only petlodicaily Inundated wlth water, 

temrtr la l  apsclss may be drrmally exposed during dry period& 

Ternstrial organlsms may be dormally exposed to'watwborne contamlnants 111 a result of 
wading or awlmmlng in  contamlnated waters. 

Aquatlc receptors may be dlmctly expoaed to uedlments or may be exposed thraugh 
osmotic exchange, respiratlon, or ventllatlon of sd lment  pore waters. 

Aquatlc mcspton may be OXpO8Od through osmotlc exchange, mSplratlOn, or ventilation 
of surface watsra. 

. ' 

0 

Provlde quantlflcatlon of pathway (Omno pathway, tiunlllcoly pathway, 2amlnor pathway, 3mrnojor 
pathway) 

2-mlnor pathway 

Provtde sxplanatlon: 

The signiflwnce of the pathway may be !imltod by the spatial oxtent of surface water in Puoblo Canyon, 

Ousrtlon a: 

Could contamlnantr interact wlth plants or anlmrlr through external Irradtatton? 

External lrradlatlon eflectn om most n lavrnt  for gamms emlttlng mdlonuclldes. 

Burlal of contamlnatlon severely clttenuatar tadlologlcal exposure. 

The wrtst  column acta to abmrb ndlrtlon, thus mxtrmal Ifradlatlon 18 typlcalty more 
Important for redlment dwslllng organlrma 

1 

Provlde quantiflcatlon of pathway (Olno pathway, tmunilkety pathway, 2nmlmr pathway, 3rmaJor 
pathway) 

l=unlikely pathway 

Provlde sxplanatlon: 

Amorlclum-241 Is a woak gommasmltter, and cesium-137 Is not notably prosant above background 
value. In addition, surfoee wator and aquatic sediments am of limitod spatial oxtent in Puoblo Canyon. 

September 1998 6 1  6 Pueblo Conyon Ruech Report 
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1,4-Dlchlorobonzono 

BIOACCUMULATING CHEMICALS 

All araclors 

~~ 

Xy ino (mixod Isomom) 

Ssmivolalh Organlc Compound8 

Aconaphthono 

~ ~ ~~ ~ 

Chkrdano 

Chlorscone (Kopono) 

DDT and motabolltov 

Bonr(a)ant hracono 

Banzo(a)pyrono 

I Fluoranthono 

~ - .  ~~ ~~ ~ 

Endow lla n 

Endrln 

Bunzo(b)fluoronthono I Heptochlor 

Bonro(p, h,l)poryleno Undnno 

Bonro(k)fluoronl heno Methoxychlor 

Bls(2sthylhexyl)p hthuloto Toox;lphono 

Butyl bonzyl p htnalat o 

Chrysono Alumlnum 

Inagmlc Churnleala 

Pontochlorop honol 

2 

~~~ 

Plutonium-238: -239,240 

Pyrono 

Ponloc hloronitrobonrono 

AmorlciumQ41 

cosiurn-137 

Pueblo Conyon Reoch Reporr F-17 Septambar 7998 

Dlbonofuran 

23,7,8=Totrachlor~lbonzo(p)dloxln 

2,3,7,~Totrachlo~lbomo(p)iur~n 

Strontlurn.00 

Thorlum-228, =230, -232 
Uranlum.234, -235, =238 
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Appendix F Ecological Scoping CItccklist 

Slgnalurss and certlficatlons: 

Checklis: complotod by (provldo mmo, organlzntlon and phone number) 

Name (prlntod): R a n w  Ryti 
Name (slgnaturo): @!?!/&!A /+Ai % 

Organlation: Neptuna and Cornpony, Inc. 

Phone number: I5051 662=0?07. OH, 12 

Date completed: June 28,1998 

Verification by a member of ER Projoc! Ecological Risk Task Team (provide namo, orgnniza!ion and 
phono number) 

Name (signature): 

Organlzatlon: Ne 
/ /  

Phone numbor: (505) 662-0730, oxt. 12 
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