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1.0 Introduction 

The Waste Isoladon Pilot Plant (WIPP) is a U.S. Depanment of Energy (DOE) research and 
development projea to demonstrate the safe disposal of waste materials contaminated with 

transuranic (TRU) radionudides &om defense &grams. From 1986 duough 1989. the W P  
Radiological Baseline Program (REP) was dedicated to characterizing the radiological 
environment in the vicinity of WIPP prior to the stan of wane handling operations. n e  

prropiarional dau collected during the RBP. along with operational data collected at control 
locations, will serve as a basis for evaluating the resulu of thc WlPP Operational 

Eavimmentd Monitoring Rogram (OEMP). 'Ibis report prcsena statistical summaries of 

the RBP data bass  in a form that will facilitate their w m the OEMP. 

1.1 W l P P ~ D . r c r l p U o n  
The WIPP Site is m a remote loution in New Mexico. approximately 
40 kilometers epn roadwrn of CIIlst#d New Mexico. Tbh rrrr called Los MedPnos ("the 

duncs"), is r fiat, sandy plain on thc westun edge of thc llPno Es*rdo. The site is 
U n d t Z i n i n a r i t h t h i c k W o f P ~  Kdimcnm rad evrporitcs. The halitcdotninatcd 
Salado Fomution, which is lpprmimuely 600 m a a s  thick at the WIPP Site, will be the 
medium for isolpine thc was& mataid. 
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(Leprolomo cognnrrr), and sandbur (Cenchrus inserzus), are important elements in the 

vegetanon a d  aid in stabilizing the soil. 

Due to the sandy narure of the soil and the undulating surface created by rhe coppice dunes, 
surface runoff is minimal, and effective precipitation is hgh. The soils arc underlain 

(rypically at a depth of about 2 men) by a welldeveioped Pleistocene-aged caliche (the 
Mescalem caliche), which impedes the percolation of wata and leaves if available to 
evapopanspirrrion. 

Wildlife in the area shows influence from both the Gnu Plains and the Chhuahuan desert. 
High densities of breeding birds of prey, especially Swainson's hawk ( B w  minsoni), 

H;rrris's hawks (Parobuteo unicincnu), and great homed owls (Bubo virginianw), have been 

recorded in che Los Medams (Bcdnm and Hayden, 1988). Thsc popllPioDs arc SUppORCd 

by a smail-mammal prey-base of coaontait nbbit (Sylvihgus sp.), graand sqoiml  
(Spmnophilus sp.), aad nocmmrl rodam, chiefly Ord's kangaroo m (Dip4days ordii). 

Gamc animals in the arm include scried quail (CaUipcph squornruo). mrr&m bobwhite 

(Cdinus virginianw), and mule deer (Odocoileus m). 

T h e P e c o s R i v a n ~ 2 2 k i l o m e t e r s ~ 0 ~ t h w c s o f d r ~ S i r c ~ ~ D e s n s t  
point. ' I h e P c c c w h ~ n a r h t ~ ~ ~ ~ l t h t h r o c l g h t b e c i r y o f ~  Sevaalot&r 

. . . .  
r n w c p b e s  in smchsan New Maico, includiag Anesir and Loving, border its w*n 

b& l b  riva k Psed primarily for irrigation .nd mueaba (6dhg rad W g )  
.- ~ a d  floodconaol md diversion dams along ia collrse, thc largest of which is Brantley 

Dam (wnstmcted during the course of the RBP), McMiUan Dam (rcplsced by B & ~ Y  and 
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now breached), Avalon Dam, and Red Bluff Dam (immediately south of the New Mexico- 

Texas border). 

An imponant went in the radiological history of the WIPP area is Project Gnome (see 

Mercer et al., 1989). In 1%1, the U.S. Atomic Energy Commkion detonated a 3-kiloton 
nuclear device in the Salado Fornation approximately 12 kilometers southwest of the present 

WIPP Site. This test, which was pan of the Plowshares Project, and subsequent experiments 

:;I radionudide mobdity resulted in radioactive surface and groundwater contamination in chat 
area Decontamination efforts have since meed the surface radioactivity to approximately 
background levels (DOE, 1981; EG&G, 1988). although local groundwater radioactivity is 

still elevated (AEC. 1973). 

1.2 W P  Prwject Oescdptlon 
The FYlPPrrposiroyis ~ m k # L a t a i m l o f 6 5 5 m e m s  below thepundslrrfw in the 

Salado Fornudon. The rcpwitory is vccsscd through four sh.fn: the W e  Handling Shaft, 
which is covered at the surface by rhe W r m  Haadkg Building, the Salt Handling S M .  
through which mined salt is h g h t  to the Nzfve for placemen! and storage on a stockpile; 

the Air Intake ShrfS which provides a s a p p l a n d  soulce of d a c e  air to vendlate the 

repository; and thc Mmst Shaft. through which outgoing air is conducted and. if necessary, 

diverted though pPrriculPte air (HEPA) 6ltas contained m the Exhaust Fitter 

Building. 
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1.3 Envlmnmentri Monitorfng Programs 
The god of thc WIPP anrirolrmental monitoring propams is to verify that the wasre handling 

operations are not contamindng tfie surrounding accessible environment. The design of the 

momtoring programs follows tfie two-phase approach described by Green (1979). In this 
approach, the existing (unimpacted) environment is c h a r a c t d  in a baseline study (the 

RBP). During the time of potential impact, an environmental monitoring program (the 

OEMP) is dirrcoed at detecting the impact, should it occur. ?he baseline dam provide the 

standards agaim which the changes arc dnected Nm-WIPP-dated chsnges in 

environmental prtrametus during rhe opCMollpl paid will be acummd for through the use 
of connol sites. 

The designs of the RBP and OEMP are dcsaibd ia &tail m Mercer a d. (1989). The RBP 
is divided into five subpgnms. as foUows: 

The . ambia~  ndirtion buelkw, which carsism of tbrce elemam (envkorrmd dosimetry, 
aerial gamma my, a d  high-prrssurc ionkuh chamber WC] gamma d k i o n  

n m u n r r i u r i o n m h a c .  'IbcHPICdPrmplacmedincheAamulSitt 
E n v i m m d  Mabrhg Repona (Bw n al., 1987; Ryun, 1988 d 1989; DOE, 1990). 
D c s Q l p i o m u f r b c a k R B P ~ r r r p r r w m e d m Q r r s p a i v e  sum- secrions 

of chis q m n  (* 3.0 7.0). 

1.4 REP Data Cdkcblon and QurIlty A#- 
AUdau.summuiudmrbisrrporramfmmsrm*ofmvkomnemrlmcdi.collmedin 
accordance with the WIPP EnvkCmmd Roadarrs M & d ,  m - 3 .  s ~ r n p k  p r r ~ p r a d o ~  

.- such as prcmvation. weighing, dying, ashing, a d  ptdueins, WM conduned eitfvr in the 
field or at the WIPP Sample hpamaon Labonuoy, lo RqPirCd Chain~fCI1SlOdy 

. . documenration was mamtamed for all samples. 



Sample analysis was conuacred to the Waltz Mill laboratory of the Wesinghouse Advanced 

Energy Systems Division (WAESD). Laboratory quality conml was maintained through 

routine calibration of insfilments. routine yield determinations for radiochemical procedures, 

kcquent source and background counts, reagent purity checks, routine duplicate analyses, and 

participation in inter-laboratory cross-checks (Rynn, 1989). The minimum detection limits 
(MDL) presented in this repon an from Flynn (1989). with units converted to match the data 

analyses. 

Analytical rcsuls that are less than the MDL (including negative d t s )  are nponed by the 
laboratory and have been included in these analyses as reponed. Due to analydcal methods, 
some radionudides an commonly rrponed as being less than a maximum value. When such 

maximum values represent a mail proportion of h e  data set, or when they an themselves 

random in behavior, slldstical analyses may be performed on them (Gilbert, 1987). In this 
repon, dam sea with mom than 10 percent "less than" values were not satisically analyzed 
unlessthemaximawutfoDIldtosirn~araadomproass. 



2.0 Methods 

The purpose of this analysis is to &rive probability models of the analytical mulu of the 

RBP that can be used for the fume evaluation of similru data derived from the OEMP. This 
putpose is distinct from p d g  a radiological charactetiration of the environment at and 

about the WIPP Site. The distinction between these rwo sampling objectives, i.e.. descriptive 

sampling versus sampling for modeling (EkmYdt and Gilbert. 1980), must be clearly 

undemood The reader is cautioned that B E S U ~ ~ ~ ~ O I I S  about the underlying prrcision and 

accuncy of the data aad about thc styistical methodology wd to analyze the data 

are not based on the goal of tinding the most acc~rue single approximation of each parameter 
(e.g., the mean or a confihncc nnge for tbe man)  u would be the wc for a descriptive 

study. Rather, they arc b a d  on the god of tiading prdctive probrbiliry models for 

evaluating each individual daupoi as it is gennted during the O W .  

Sratistiul SlPlyseS in this rcpon Wac @oimd psine LOW@ 1-2-3@ Version 2.1 Md 
stat-' V&OB 2.6. '~h rn~1~~101ogy five steps: 

The indivkhul RBP data basa w a c  compiled from labomtory dru reports onto 
Lonu 1-2-3 sprrdrhem. Wbae Pppmprintc. the dam were scaled to minimize 
the use of lPge @oartive or acgltive) exponam. The Loms 1-2-3 spreadsheets 
were imporad into Suyprphia 5 e  formu 

The bn bu#  were evaluPtQ both subjectively (bwd on observable panems 
or site knowledge) md s s i d d l y ,  for hanogaranu subgmp. The data were 
mrtifiedinrccoldPvrwi&tbesee~rhutiDpr. 

Summary mt&a ware calElllPted for each sublpoup. 

Cdricll v h  ware ucimacd for eaeh subgroup for four probability levels. 
0.80.0.90, 0.95. rad 0.99. 

'Lotus and 1-2-3 uc regkcred mdcmarks of the Lotus Development Corporation. Statgraphics 
is a registered &ark of the Statistical Graphics Corporarim. 



2.1 PmbrbIIity Mod./ 
In iu simplest form, the probabilistic model that describes each REP parameter is: 

whem xij is the measured value of the paameter X at location i and at time j, E(X) is the 

expccred value of the parameter, and rij is an element of the random variable R. with mean 
zem. Bah the value of E(X) and the shape of the probability disfaibution of R arc 
daumined by number of factoff related to sampling. For tbe parposcs of discussion, these 

arc dirssified into two groups. environmental factoa and procedunl factorn. 

The envimnmmnl factors coasia of tbree bmic elan- regional expcted value of the 
paramaa u it exism ia th cmirolnnent (not its measured value), thc spaad variabdity of h e  

prtomaa ova th region, and thc tanpod variability of tfie parameter ov& a Epeclficd time. 
This may be wrirocn: 

.- 



Each factor may k seen as conaibuting rwo quanuties to the final measurement of xij -a 
conswt, or bias r+amy, and a random quantity with mean m. nus, assuming that these 

factors arc dependent, the total effect of the procedural factors is: 

p = 2 (b, + cJ 

where p is the total error associated with the n procedural factors. q is the bi contributed by 

the i* factor, and ei is the random conaibotion of the i* factor. lhis may be rewriuen: 

or, 

A 

where 

and 



&me pamculau samples provides an example where a b o w n  change in anaiyrical 

instrumentation resulted in a si@cant change in bias and rcqulred special consideration in 

the evaluation of the data (see Section 3.2). 

The random element of the procedural factors, ep, is independent of bias and will remain even 

if bias is completely eliminated or corrected for. As a sum of random variables with mean 

zero, ep is also a random variable with mean zero. If a l l  ei's are independent, the variance of 

ep will be the sum of their variances; however, the probabiliry dismbution of ep wdl be a 

convolution of the probabiliry disaibutions of the ei's and thus is not readily predictable. 

although the Cennal Limit Theorem dictates that ep wall converge on a normal distribution as 
n increases (Mood a al., 1974): 

The meanued value of tfu parameter is coaiposed of the acrual value of thc parammr in the 

cnviroment (or the sampled awimmmul medium) at the time and location of sample 

collection pius rhc total effect (precision and biu)  of sampling and meaSUTrment on that 
value, or. 

In thir mod& p u .rwad to k d e p a d a c  of sample locrtioa md rime. In the following 

d y s e s . ~ . p d g r o ~ i n w p P r M e p r m o f U X ) m d r i p r r s p c i i v c l y .  Thc 
e m p h 8 s i a o f d m d m ~ i a t h i r r r p o r r i r t b c ~  . . of E(X) Prd rii through the 

probobilisdcrra~mcntof~'* A s c l i r o s s s d i a t b c f o l l ~ S C F t f O P d P P ~ ~  
b e c r ~ u s c d t o ~ c c a m n f o r ~ & ~ o f s ~ d t ~  ComlPioodysisisluedu,quPmrfy 

p n c i s i O n m ~ s l r n p l a d ~ c o l m r s o f g n w r r l p h d k u P n i v i r i e S i n  
*plrdElrluesrnplcs 



In the probability moQl described above, the random name of rij is dependent on location i 

and time j being randomly selected &om their mpcCrive domains, which are continuous. In 
reality, this is not the c w .  Sampling locations are fixed and stmegically sited to maximize 
the probabdiy of detecting radionuclide releases from the WIPP facility. Funher, sampling 

t ima an usually at (approximately) regular intervals. Thus, si may in fact be considered a 

discrcte random variable, with the domain of i being limited to the set of sample locations, 

and tij and rij are definable as f d e  mixrures mtterinpon et al.. 1985). The resulting 
complexity in the probability model is meliorated by 4 poszeriori smdfication of the data 

into approximately homogeneous spatial and temporal pups (Gilbat. 1987; Ekmandt and 

Thomas. 1991). 

The dau within each individual daa base w m  cipssificd on spttrPl or temporal crivrip 

spclfic to that data set T h e  axe descrikd scpvmcly m the subsequent sections. 

Dqxnding on tbe disaibaticm of sampling l o c a b s .  the objective of the spatial classi6cation 

is to either idenafy nonovafrpping gcolprphic azca (e.g., Los Medaaos. Na& Draw, and tbe 

Pecos Riva valley) that exhibit dhinct probrbitity cfirnctensncs . . 
for the parameter in 

question or to analyze the data for varying geogrrphic de. The surface water data base is 

an example of the f m u  case. The airbomc panidate  dara base and soil dyl base arc 

examples of the lylcr. 

In addition to spaaal clanifiurion wxodng to surface location, the soil yd groundwater 

data bases were also sua t igxqhdy  divided. The ttiiee depths &om which soil samples 

were collecred were and@ for di&rraccs m muas. 'Ibe gnnmdwater samples collected 

from three geologic saau were also d y z d  for Werrnca m m a .  

Differences b e e n  meam of the dm g m q s  were dyzcd  using one-way d y s i s 4 f -  
- variance (ANOVA) or, for more than ow dvsificaiion factor, multifytor ANOVA 

(MANOVA). Differcncu in means w a c  considered siwcant at the 0.05 probability level. 

Where differences were founi, Tukey's Honestly Significant Di&rrnce (HSD) multiple range 



tea was used to identlfy homogeneous groups at the 95 percent confidence level. This is an 

4 posteriori test with experimenrwise ~ i ~ c a n c e  (Stul and Tonic, 1960). Prior to 

performance of ANOVA or MANOVA, the data were inspmed for normality through normal 

probability plots. Where the data were found to be right-skewed, they w e n  log-transformed 

to improve symmetry. Based on the results of these analyses, stmti5cd data sets were either 

combined into homogeneous groups or modeled independently. 

2.3 Smmrry Statistics 
Four staristics are calculated for most data bases. The sample mean and standard deviation 

arc calculated using the maximum Uelihood estimators. The standard amr is estimated as 
the standard deviation divided by the square root of the sample size and is, by deliriaon, the 

maximum likelihood esrimator of the standard deviation of thc mean. The coefficient of 

variarion is the ratio of the standard deviation and the mean. 

Tk roef6ficm of vpriuion provides a way of assessing the mag&& of variability within 

the dntP set with r u p m  to in man (Sokd and Roblf, 1981). Collyasly, it is also way of 

a s s w s i q t h e a e u n a s o f t h c m e a n t o z a o & ~ t o t h e ~ d e n a a ~ n  . . . A high 
coefficiern of vsription value (e.g., grcmz thrn 3.0) indicates that the mean is small relative 

to in variability. Me+mrrmmrs of in envkcamd media typically exhibit high 
toe* of vPrirrioa (Ruder a d  Pahe, 1980). 



,- Data wee initially evaluated for normality or lognormality by the use of normal probabkty 

plots of the raw d l o g - d o n n e d  data (Gdkir, 1987). If a reasonable fit to a straight line 

was observed on this plot. the model was tested using the maximum likelihood estimates of 

the mean and standard deviation as model parametus. The KolmogorovSmirnov goodness- 

of-fit t e a  on the Statgraphics softwm package was used to test the null hypothe& that the 

model fits the data. Statgraphics calculates the D statistic and returns its sigrrrficance level 

basad on the sample sire. A signrficance of 0.05 or less was used as the criterion for 

rejecting the null hypothesis and proceeding to the next model. In some cases, no model was 

found to producc an acceptable D value. In rhesc cases, the data model is presented as the 

normal disaibution with the mean and standard deviation as parametus. 

When the data were observed to be right-skewed, but a good fit to che two-parameter 

lognormal was not found, or more imponant, some of the data war  less than or equal to zero 

and therefore invalid for log-tcansformptiolz a scalar constant, t, was added to the data points 

and the logn& distribution was retested. ihe resulting model is a tinu-parameter 

lognormal diseibprioa The application of this family of dhributions to environmental 

- monitoring data is discussed in detail by Gdbut (1987). ?be value of the constam was 

estimated by an itcraxive process by which the Kolmogarov-Smimov D statistic was 

minimized. 

Data sets wilh high proportions of l e s s  than" values were not modeled. In rare cases, neither 

the nonnal nor the lognormal disrributiom were found to satisfy the K o l n ~ g ~ ~ ~ v S r i ~ i m o ~  

goodntsJ-of-fit test. 0th disaibutiolls were also t c d  (gauma, Weiball, beta), but in no 

case was this succcssfnl. In thes cases, a close visual fit of the normal or lognormal 

disaibuuon is p l e d  

2.5 Crltlul V.kr# 
A critical value, 5, is Q appu limit of the quamile of the random variable X. Based on 

the probabdiq d i d h h l  model daermined for each RBP data set, four critical values were 
determined: p = 0.80,0.90. 0.95, md 0.99. In the cases what no model was determined, the 

critical values w m  dammined fmm the o h  sutiscics of tbe data set. These are 

rcponed with "less than" symbols when more than 10 percan of the dara are as 

king less than a maximum value. 



3.0 Alrborne Particulate Samples 

3.1 Gross Beta Actlvlty 
Weekly sampla of airborne paniculates were counted for gross beta radioactivity. Duplicate 
counts wen performed on 191 filters to assess m r  resulting from coming techtuque. Total 
error resulting from sample collection, handling, and analysis was assessed through the 

collection of replicate samples. i.e.. samples collected at the same location over the same time 

priod but by different samplers. Eighty-thm replicate samples were collected at the h e P  
East location by two side-by-side samplas on the same base. Twany-two replicate samples 

were collected at the WIPF' Nonhwest location with the second sampler elevated 
approxim.tely 1.5 m e M  above the primary sampler. 

Correlation d y s i s  on rhe duplicare c o w  indicioed a high de(pec of precision in cbe gross 

ku cwms (3 = 93.7 prran). 7Ee toul sample precision. ss itylicnrrA by the comlption of 

~~1afromtheWIPPEaalocrtiOn.wrsDnlyslightlylessthstbotofthe 
duplicate counts (3 = 93.2 percent). Tlu cozfeWoa kcwecn tbc p d e l  samplws at WIPP 
Nodmest. where the scumd sampla was elevated above thc fim. wpr funher reduced 
(3 = 823 pmcem). A t - t u ~  on the log-armsfom of the WIPP Nonhwest data indicated no 

di&rraceinthemerm~9SpQQrncoafidarc. 

Thcmeaddr~18rtdoofkrrrt ivinyiacltrrwqPCll l j .UyWithyerr.fromtkloar 
in 1986 of 8.1 1 1 ~ ' ~  Beupads  p a  millllitrr to a bigb m 1989 of 1.0 x 10" Becqrvrrls pr 
~ . w i t h t h t A N O V A ~ d . n i f i m d i S a m a a u i u i n g ~ m e ~ u a t %  
prcrm confidarcc Hollma, Tukq's HSD molcipic mnge pst rboand 1986 and 1987 
f o m D e d a b o m o g ~ l ~ 1 0 1 ~ , w i & ~ ~ 8 8 d  1989kirysipihmly m h t h t i t  
rrspenivepreviooryepr I I b e + r c s r r t r s ~ t h c h y p a b a b t h p t b o ~ l ~  

-1srddcs- 
. . y s i g r t i & c s h i f t i n ~ k a a a i v i t y .  



- Prior to satistical amalysis, the large data base (1506 data points) was straufied into two 

geographical groups to avcn biasing the analyses by the greater concenuation of sampling 

locaaons near the W P  fachy. Due to a right-skew of the data. the data were a h  log- 

aansfonncd before analyses that assume normally distributed data were performed. 

The first sampler group, the Regional Transem, comim of the four off-sie sampler 

l ocaaoda r l sbad ,  Smith Ranch, MiUs Ranch, and Eunice. These locations comprise a 

west-east cross-section of s o u ~ m  New Mexico with rcpresu,tation of h e  Pecos River 

valley, Nash Draw, Los Medanos, and the Uano Esrscodo, zspcrively. The group also 

consists of two urban locations and two nual residences. 

The second sampler group, the WIPP Site, collsins of the four WIPP IocPriom-WIPP East, 
WIPP South. W P  Nonhwest, and W P  Far F i  The l~rrer sampler was i d c d  io week 

38 of 1986 to eventually replace the WIPP Northwest sampler, which was located too dose to 

rhe air intake shaft for downwind morritoring thc opnriaul period. Th WIPP 
Northwest sampler was mwcd after w d  50 of 1988. AU samplen ia the WIPP Site group 

arcwidriaonekilometeroftheWIPPfriliy. 
.- 

A MANOVA was applied to each of the amsfolmaf data sea, with loation and q u m r  as , 

rhe lndcpndcm f n a .  Where sienificPn diffacnces wac found between groups (with p 

leis than or equal to 0.05), Tukq's HSD muhple rtngc test was used to idarafy 

homogeneous pups. 



-, 

Tables 3-1 through 3-3 present the results of rhe statisrical characterization oi h e  six 

temporal/spatial groups identified withrn the gross beta activity d m  base. AU except one 

group (fourth qumer of the Regional Transect) were fined to the lognomal distribution. The 

exception was fitted to the normal distribution. For a l l  lhrrt temporal groups. rhe mean of 
the WIPP group is approximately 6 percent less than that of the Regional ~ r k e c r .  The 

coefficients of variarion are mall and relatively uniform across all groups. indicating good 

control of random error in this data base. 

32 Gross A$ha Aetlvfty 
Weekly airborn particulate samples w m  counted for gross alpha radioactivity. As with the 

gross beta counts, dupliuoc counts on individual samples and replicate counts on samples 

collected in parallel wae pafoxme- to quantify m o r  resulting h m  spmple collection. 
handling, and d y s k .  An imponsn aspect of the &tical  analysis of the gross alpha data 

b ~ r e i s r c f i p y e m t h c ~ o f r h e c o u n t ~ a t ~ w r t o f  1989dmreducedthc 
~ n o l l m o f s h i c l ~ - p n b ~ y , i m p r o w d t h c ~ m M d a c c u n c y o f ~ d a t a  

'Ihc 1989 data are W o r e  d y z e d  sepamdy. 

- 
Comlmion analysis of thc 141 duplhte lposs dpha couas performed prior to 1989 and h e  

52 dupliutc coma  paformed d n h g  1989 showed a large improveman in precision, with 

huesiug from 27.3 to 83.7 pescen~ Conclrtion between @ate samples a h  improved, 

with 2 irrrruing dran 428 prior to 1989 (n = 36) to 78.3 paceat in 1989 (n = 49). The sa 
of prnlLl samplers u tbc WET Nonhanst lociuion @rr-1989) sheared v a y  poor comlrrion 

for p s  alpha (2 = 23.7 pacmr. n = 25). 



Table 3-1 

Gross Beta Activity in Air Samples: 
Summary Statistics 

Quarter Group n Mean s.9. s C.V. 

1 REGION 206 0.97 +I- 0.02 0.29 0.30 
1 WlPP 1 50 0.91 +I- 0.02 0.27 0.30 

2 8 3  REGION 399 0.82 +I- 0.01 0.22 0.27 
2 8 3  WIPP 291 o n  +I- 0.01 0.25 0.33 

4 REGION 198 1.21 +I- 0.02 0.34 0.28 
4 WlPP 1 47 1.15 +I- 0.03 0.38 0.33 

Abbreviations: 
n - Sample size 
s.e. - Standard error 
s - Standard deviation 
C.V. - Coefficient of variation 

Units are in Becquerels per milliliter x 10" 



Table 3-2 

Cross Beta Activity in Air Samples: 
Probability Distribution Functions 

K-S 
Quarter Group TYPe Mean s Signif. 

1 REGION LOGNORM. 0.97 0.28 0.28 
1 WlPP LOGNORM. 0.91 0.27 0.06 

2 8 3  REGION LOGNORM. 0.82 0.22 0.10 
2 8 3  WlPP LOGNORM. 0.77 0.23 0.1 8 

4 REGION NORMAL 1.21 0.34 1 .OO 
4 WlPP LOGNORM. 1.1 5 0.38 1 .OO 

Abbreviations: 
s - Standard deviation 
K-S Signif.- Kolmogorov-Smirnov significance level 

Units are in Becquerels per milliliter x 100 



Gross Beta Activity in Air Samplex 
Critical Values 

Probability 

Quarter Group 0.80 0.90 0.95 0.99 

1 REGION 1.18 1.34 1.48 1.80 
1 WlPP 1.11 1.26 1.40 1.71 

2 8 3  REGION 0.99 1.11 1.22 1.46 
2 8 3  WlPP 0.94 1.07 1.19 1.46 

4 REGION 1 S O  1.64 1 .77 2.00 
4 WIPP 1.43 1.65 1.85 2.31 

Units are in Becquerels per milliliter x 10" 



Tables 3 4  through 3-6 present the results of the natisrical characterization of the six 

temporal/spadal groups of the 1989 gross alpha data. An interesting pattern of dismbution 

models emerge from these results. The maximum and minimum quanen (fmt and third 

quanen, respectively) showed symrnemcal dismbutions about LIX mean and were fitted to the 

normal dismbution for both the Regional Transect and the WIPP Site. The combined second 

and fourth quarter data werc right-skewed and fit the lognormal dismbution. perhaps 

reflecting an intermediate dimibution betwan the two exdmes. 

As with the gross kta activity, the 1989 gross alpha means of the W P  Site are consistently 

about 10 percem less than the Regional Tmmcct. Caffxitno of variation have a wider 

range and are rypicatly larger than those of the gross beta dau, indicating less precision in the 

analyses. 

. 
An atlcmpt war made to ~IIXI a linur  orm mat ion fuaction to apply to h e  pre-1989 dam in 
order to bnng it to a level comparable to the 1989 data. The pre-1989 data were matified - 
gcographiully and temporally to match thc subdivisions of the 1989 data base. It was noted 

thP the third qwata again had the lowest grws alpha rrivit)r and that the third quaner WTPP 
Site data w u  also normally dhibutd  Asspming that the data group with the lowest mean 

activity and the snaUat geogPphic range will k most comparable between years and 

thaefore reflm the di&noca d t i n g  from analyfical metbods most accurately, a 
transformation fiuxxioa wrr derived to give the pre-1989 third qarncr WIPP dun the same 
mean and nmdprd dcvi.tion rr the 1989 third qurm WIPP dru 

The rcsuiting oanrforrmriaa fnaaion is 

x + 0.03 (3.1) 
Y =  022 

where x is the prc-1989 drarm ad y k thc aasformed damm. 

Tables 3-7 through 3-9 present the d 8  of the ardsriul analysis of thc uansfomed data. -. , 
The MANOVA and Tukcy's multiple range t&t verify the fu third data set set kiUg 

si@camly less thsn the other qumas at 95 percent coatidcace but failed to find a 



1989 Cross Alpha Activity in Air Samples: 
Summary Statistics 

Quarter Group n Mean s.e. s C.V. 

1 REGION 50 0.82 +I- 0.04 0.27 0.33 
1 WlPP 38 0.75 +I- 0.04 0.25 0.33 

2 & 4  REGION 102 0.54 +I- 0.01 0.14 0.26 
2 & 4  WlPP 75 0.49 +I- 0.02 0.14 0.28 

3 REGION 50 0.44 +I- 0.02 0.13 0.30 
3 WlPP 38 0.38 +I- 0.02 0.14 0.37 

Abbreviations: 
n - Sample size 
s.e. - Standard error 
s - Standard deviation 
c.v. - Coefficient of variation 

Units are in Becquerels per milliliter x 10" 



Table 3-5 

1- Gross Alpha Activity in Air SPmples: 
Probability Distribution Functions 

K-S 
Quarter Group TyPe Mean . s Signif. 

1 REGION NORMAL 0.82 0.27 0.50 
1 WlPP NORMAL 0.75 0.25 0.37 

2 8 4 REGION LOGNORM. 0.54 0.14 1 .OO 
2 8 4  WlPP LOGNORM. 0.49 0.15 0.41 

3 REGION NORMAL 0.44 0.13 0.14 
3 WlPP NORMAL 0.37 0.14 1 .OO 

Abbreviations: 
s - Standard deviation 
K-S Signif.- Kolmogorov-Smirnov significance level 

Units aN in Becquerels per milliliter x 10' 



Table 3-6 

1989 Gross Alpha Activity in Air Samples: 
Critical Values 

Probability 

Quarter Group 0.80 0.90 0.95 0.99 

1 REGION 1.05 1.17 1.26 1.45 
1 WlPP 0.96 1.07 1.16 1.33 

2&4 REGION 0.65 0.72 0.80 0.95 
2&4 WIPP 0.60 0.69 0.77 0.94 

3 REGION 0.55 0.61 0.65 0.74 
3 WlPP 0.49 0.55 0.60 0.70 

Units are in Becquerels per milliliter x lo4 



Table 3-7 

Pn-1989 Gross Alpha Activity in Air Samples: 
Summary Statistics 

Quarter Group n Mean s.e. s C.V. 

1 REGION 156 0.42 +/- 0.01 0.1 5 0.36 
1 WlPP 138 0.41 +I- 0.01 0.15 0.36 

2 & 4  REGION 312 0.45 +I- 0.01 0.1 7 0.38 
2 & 4  WlPP 283 0.42 +I- 0.01 0.17 0.40 

3 REGION 153 0.40 +/- 0.02 0.23 0.58 
3 WlPP 1 45 0.37 +I- 0.01 0.1 4 0.38 

Original data have been linearly transformed by the function: 
y = (X + 0.03)/0.22 

Abbreviations: 
n - Sample size 
s.e. - Standard error 
s - Standard deviation 
C.V. - Coefficient of variation 

Units are in Becquerels per milliliter x 104 



Table 3-8 

Re-1989 Gross Alpha Activity in Ai r  Samples: 
Probability Distribution Functions 

Quarter Group Type 
K-S 

Mean s Signif. 

1 REGION NORMAL 0.42 0.15 1 .OO 
1 WlPP LOGNORM. 0.41 0.16 1 .OO 

2 8 4  REGION LOGNORM. 0.46 0.17 0.37 
2 8 4 WlPP LOGNORM. 0.43 0.17 0.37 

3 REGION LOGNORM. 0.40 0.18 0.54 
3 WlPP NORMAL 0.36 0.14 0.40 

Original data have been linearly transformed by the function: 
y = (x + 0.03)/0.22 

Abbreviations: 
s - Standard deviation 
K-S Signif.. Kolmogorw-Smirnw significance level 

Units are in Becquerels per milliliter x 1 O4 



Table 3-9 

Pre-1989 Gross Alpha Activity in Air Samples: 
Critical Values 

Probability 

Quarter Group 0.80 0.90 0.95 0.99 

1 REGION 0.55 0.61 0.67 o n  
1 WlPP 0.52 0.62 0.71 0.92 

2 8 4  REGION 0.58 0.68 0.78 0.99 
2&4 WlPP 0.55 0.65 0.75 0.97 

3 REGION 0.52 0.63 0.74 0.99 
3 WlPP 0.48 0.54 0.59 0.68 

- 
Original data have been linearly transformed by the function: 

y = (x + 0.03)/0.22 

Units are in Becquerels per milliliter x lo4 
-" 



difference between the other three quarters. Again, the means of the WIPP Site are about 

6 percent less those of the Regional Transect. The coefficients of variation are greater rhan 

those of the 1989 data 

3.3 Quarterly Radlonucllde Analysls 
Weekly samples of airborne particulates from each sampler location were cornposited over 

each quarter and analyzed for specific radionuclides. Statistical analysis of these data 
consisted of a normal probability ploning to determine symmerry and normality (or 

lognormality) of the data sets, ANOVA to determine homogeneity of the data across sampler 
locarions and quanen, and statistical distribution fining. 

The latter analysis was not performed on five radionuclides (60~o ,  13'cs, 2 2 6 ~ a ,  ='~a, and 

U%), since morr than 10 percent of these data sets arr mporud as king less than a 
maximum value. Although this type of data is an unavoidable consequence of the analytical 

method for these radionuclides and unformnately precludes the idmtification of the underlying 

probabdity distribution function through parametric techniques, maximum critical percentiles 

were estimated directly froxu the cumulative distribution of th raw data 

NO radionudides were found to differ s i ~ 1 c a n t l y  (95 percent confidence level) between 
sampler locations. Only % was found to differ b e e n  quarters. The data for this 

radionuclide were divided between two temporal groups, accordingly (quarters 1 and 4; 

qu- 2 and 3). This grouping reflects the temporal paacm found in the gross beta activity. 

Tables 3-10 duough 3-12 presaa the resuits of the sratistical analyses performed on these 

data Because thc MDL for the qMM1y composited samples arr determined in Bequercls 

(Bq)/compo&e sample, they arc xm directly comparable to the mean radionuclide 

concmaatiom, which arc expressed in BqhL of air. A minimum detectable average &IDA) 

was thenfore dcnl8ted from eaefi MDL, which exprrsses the minimum avaage 

concerncation (in Bq/mL) that would have to be maintained ova  the emire quarter to obtain 

the MDL on the qurrtcrfy sample. The MDA calculation is based on the assumptions of a 

quartex equaling a 91-day sampling period and an average sampling rate of 2 cubic feet per 

minute. This gives a total of 262.080 cubic feet of air sampled per composite. or 7.42 x 10' 

millilitca per composiu sample. Therefore, the MDA, in BqimL, is thc MDL multiplied by - the inverse of 7.42 x 19 mUcomposite sample. 



Table 3-10 - 
Quarterly Airborne Particulate Samples: 

Summary Statistics 

Radio- 
nuclide Group MDA n Mean s . ~ .  s c.v 

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
Q1 84 
Q283 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 

Abbreviations: 
MDA - Minimum Detectable Average n - Sample size 
s - Standard deviation s.e. - Standard error 
C.V. - Coeffiaent of variation NIA - Not Applicable 
Q1&4 - Quarters 1 and 4 Q2&3 - Quarters 2 and 3 

Units are in Becquerels per milliliter x 10." 



Table 3-1 1 

Quarterly Airborne Particulate Samples: 
Probability Distribution Functions 

Radio- ParamAter 
nuclide Group Type Mean s t 

'8e 
'OK 
"Co 
"Sr 
'J7cs 
'"Pb 
21aPo 
%a 
P'Ra 
=Th 
Z% 

K-S 
Signif. 

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
Q184 
Q283 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 

LOGNORM. 
NORMAL 
NIA 
NORMAL 
NI A 
LOGNORM. 
LOGNORM. 
NIA 
NI A 
NIA 
LOGNORM. 
NORMAL 
LOGNORM. 
NORMAL 
LOGNORM. 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
LOGNORM. 
NORMAL 

Abbreviations: 
s - Standard Deviation 
t - Scalar Constant (&Parameter Lognormal) 
K-S Signif. - Kolmogomv-Sinirnov significance level 
NIA - Not Applicable 
Q184 - Quanen 1 and 4 Q283 - Quarters 2 and 3 

.- 

Units are in Becquerels per milliliter x 10"' 



Table 3-12 

Quarterly Airborne Particulate Samples: 
Critical Values 

Pmh&lltv . . 
Radio- 
nuclide Group 0.80 0.90 0.95 0.99 

'Be 
"'K 
=co 
O0Sr 
'='Cs 
21°Pb 
2 ' 0 P ~  
2%a 
-a 
=rh 
ZJOTh 

Z = r l l  
=u 
=u 
=u 
2Yu 
'"NP 
2Ypu 
z3m40p U 
"'Pu 
'''Am 
'"Cm 

ALL 
A U  
ALL 
ALL 
ALL 
ALL 
A U  
ALL 
A U  
A U  
(2184 
Q2&3 
A U  
A U  
ALL 
A U  
A U  
ALL 
A U  
A U  
A U  
A U  
A U  

Abbreviations: 
01 &4 - Quarters 1 and 4 
Q2&3 - Quarters 2 and 3 

Units are in Becquerels per milliliter x 10'' 



4.0 Soil Samples 

Sod samples were collected and analyzed h m  a total of 37 locaxions within an SO-kdorneter 

radius of the W P  facdiry. At each location. samples from three depths were collected, 
although not all depths were analyzed from every location. The rhrn depths arc denoted as 
surface (0 to 2 centimeten), intermediate (2 to 5 centimeters), and deep (5 to 10 centimeters). 
Two sampling times are represented in the data bas+-December 1985 and July 1987. These 

were considered replicate samples h each location and we= not distinguished in the 

statistical analysis. 7he samples were analyzed for 19 radionuclides 

Due to the wide geographic scope of the soil sampling program, the data base was divided 
into three g e o m h i c  groups, each representing a different regional scale. The WIPP Site 

group, which has the smallest scale (covering the smallest area), consists of the eight 
locations at the caldinal compass duecruxu . . h the center of the WtPP facility along the 
Secured h a  Boundary fence. All sampling locodons in this group are within 1 kilometa of 

- the Waste Handling Building and ExhPrrn Shaft. 

The next group in inacaJing scale is the Fie-Mik Ring, which consists of 16 locations 

forming a ring with a radius of spprmimately 5 miles (8 kilometers) and centered at the 

WIPP faclljr. The sampling IocPtioar are at the 16 princrppl compass directions around the 

ring. All arc within rhe Los Mednaw region and represent an area of approximately 

200 square lcilomcun. 

Ilhe third group, the Outer Sites. cauiso of 13 locodons, rrprescnting a v&ty of habitats. 

s o i l t y p c s . M d l a n d u ~ c s i n ~ N e a r M a i c o . ~ A n c s i . a n d L o v i n g m t h e w e ~ t  
to Hobbs and Jal on the erst and incldbq thC Gnome Site, a potash min, and an oil 

proQcdon uu 'Ibc aIm of cowry of lpprmimately 10,000 square kilomaas. 

The data for erh plrpnem wm graphically cbccked for normal and l opomal  disnibution 
using a normat probability p l a  When tbc 1- w8a iadicated, the data w a e  l o g - a ~ u h e d  

prior to analysis. ANOVA, with a 95 pcms cmfideocc limit, was used to test each 

parameter for homogeneity W geogrrphic groups and between dcphs. Only those 

- sampling lowions with all Uxcc depthr rrprrscmcd in the data basc we= used for the httcr. 

%re di&mces war. fount, Tukcy's multiple mp test WP, used to ldenofy homogeneoUS 
p u p s  at 95 prcm coa idme.  



- 
%. :MU. 2 3 5 ~ ,  md 2 3 8 ~  exlubited s i ~ ~ c a n t  lfferences between all three geographc 

groups. wNe I3'cs, 2 2 6 ~ a .  23%. and 2% ehbi ted differences between the Outer Sires 
h e  ober nvo groups, which were indisunguishable. NO s i ~ i c a n t  ckfferences were 

found between depths. 

data base was subdivided according to the result of the ANOVAs. Each of the 

subsequent dara sets wa9 tested and fit to a probability dismbution model. The results are 

presented in Tables 4-1 through 4-3. 6 0 ~ o  and = ' ~ a  were not fitted to probabdity models, 

because more than 10 percent of che data were reported as being less than a maximum value. 

Data fits to either the normal or lognormal dismbutions were generally good. t Z 1 ~ m ,  '%. 
232Th. and 2 3 5 ~  were fitted to three-parameter lognormal dismbutions. 

2 3 3 ~ ,  2 3 7 ~ p ,  and all isotopes of plutonium exhibited poor fits to all models tested. These 

dam sets generally shared a panern of king symmcuicai about zero, with a hqh eequency of 

dam poinu near zero, but with a datively wide spread of data poims on either side. In these 

cases, the criacal values were derived h the normal disrribution, with parmeters equal to 

the maximum-likelihood estimato~ of rhe mean and standard deviation calculated from the - 
data. 



Table 4-1 

Soil Samples: Summary Statistis 

Radio- 
nuclide Group MDL n Mean s.e. s C.V. 

0 
R 
W 

ALL 

ALL 

0 w 
0 

WW 

A U  

0 
WW 

0 
WW 

ALL 

A U  

0 
R 
W 

0 
R 
W 

0 
R 
W 

ALL 



Table 4-1 

(Continued) 

Radio- 
nuclide Group MDL n Mean s.8. s C.V. 

2 " ~ u  ALL 15 145 -0.1 +I- 0.1 1.1 1 1  .OO 
z~cnropu ALL 7.4 145 0.20 +I- 0.06 0.73 3.65 

2 4 1 ~ u  ALL 370 145 160 +I- 50 560 3.50 

24 '~rn  ALL 3.7 58 1.7 +I- 0.3 2.0 1.18 

'"Cm ALL 3.7 58 0.21 +/- 0.1 1 0.83 3.95 

Abbreviations: 
Groups: 0 - Outer Sites; R - Five-mile Ring; W - WIPP Site 
MDL - Minimum Detection Limit 
n - Sample size 
s.e. - Standard error 
s - Standard deviation 
C.V. - Coefficient of variation 
NIA - Not Applicable 

Units are in Becquerels per gram x lo4 



Table 4-2 

Soil Samples: Robability Distribution Functions 

Radio- PnrnmntAr K-S 
nuclide Group Type Mean s t Signif. 

'OK LOGNORM. 
LOGNORM. 
NORMAL 

N/A ALL 

ALL NORMAL 

LOGNORM. 
LOGNORM. 

LOGNORM. 
LOGNORM. 

ALL 

LOGNORM. 
LOGNORM. 

LOGNORM. 
LOGNORM. 

ALL 

ALL 

LOGNORM. 

NORMAL 

LOGNORM. 
LOGNORM. 
NORMAL 

LOGNORM. 
LOGNORM. 
NORMAL 

LOGNORM. 
LOGNORM. 
LOGNORM. 

ALL NORMAL 



Table 4-2 

(Continued) 

Radio- - K-S 
nuclide Group Type Mean s t Signif. 

Z m P ~  ALL NORMAL -0.1 1.1 --- 0.00 
23(n40pu ALL NORMAL 0.20 0.73 --- 0.01 

Z 4 1 P ~  A U  NORMAL 160 560 --- 0.00 

2 4 1 ~ m  A U  LOGNORM. 6.7 2.1 5.0 0.32 

'"Cm ALL NORMAL 0.21 0.83 --- 0.35 

Abbreviations: 
s - Standard Deviation 

W - WlPP Site 

Units are in Becquerels per gram x lo4 



Table 4-3 

Soil Samples: Critical Values 

P r n w v  . . 
Radio- 
nuclide Group MDL 0.80 0.90 0.95 0.99 

%o ALL 3.7 < 3.3 c 3.7 < 4.4 c 5.2 

"Sr ALL 74 0.7 1 .O 1.3 1.9 

0 w 
ALL 

0 w 
0 w 

ALL 

ALL 

0 
R 
W 

0 
R 
W 

0 
R 
W 

ALL 



Table 4-3 

(Continued) 

Ptnhah~l~tv . . 
Radio- 
nuclide Group MDL 0.80 0.90 0.95 0.99 

238Pu ALL 15 0.8 1.3 1.7 2.4 
23rnuJpu ALL 7.4 0.8 1.1 1.4 1.9 

z 4 1 P ~  ALL 370 600 900 1100 1500 

'''Am ALL 3.7 3.3 4.5 5.6 8.0 

2UCm ALL 3.7 0.9 1.2 1.5 2.1 

Abbreviations: 
Groups: 0 - Outer Sites; R - Five-mile Ring; W - WlPP Site 
MDL - Minimum Detection Limit 

Units are in Becquerels per gram x lo4 



5.0 Water Samples 

Both surface-waur and groundwater samples wen collected during the RBP. These samples 

were analyzed for 18 radionuclides. including nitium ( 3 ~ ) .  The resulting data from the 
suface-water and groundwater sampling programs were analyzed independently. 

5.1 Surtace Water Samples 
Samples of nuface water were collected from 12 locarions o v a  the course of the RBP. A 
total of five sampling rounds w m  performed. The separate rounds are considacd replicate 

samples for the statistical analyses. Not all locations were sampled during each round, giving 
a maximum sample sue of 44 data points for each parameter. 

Sampling locations were dividcd into three groups for an initial analysis of geognphic 

variabiry. Stock tanks rrprrscntcd thc largest group, with five locstions, and they arr tbe 
locuions closest to the WIPP faciliry. Stock tanks in this aru am typically man-made 
eanhen catchment basins wirh no surfPce outflow, except by rare w d o w  events. Three of - 
the tank samples ue wirhin he Los Malmos area and w am in Narh Draw, to the west. 

Also included in this group is a single sample of WIPP inOuea water and a single sample of 

watcr from the WIPP primary westewva mammt lagoon. 

The Pecos River represents the next major surface wata  group. Four sampling locations were 

used along the Pecos, kom a wrrbem (upriver) poim near the town of Anesia, New Mexico, 

to a southem (down-riva) p o d  near thc town of Malaga, New Mexico. The Pecos River 

locations were sampled four tima duriag the RBP. 

The third group, c a l l e d ~ G n ~ & &  lasal, rrpresems w l t e r h m  asa ies  of playalaLes 
at the lowa(sombwsrcm)dofNuhh .  'IhcsclnLesamfcdbybothsurfu~flowand 
springs. Thc una in rhc+ lrLcs is highly saline. often at or near SIlmntion lwd for sodium 
chloride and ortn srla Thc stdimam of Laguna GrPde & la Sal, the largest of the lakes. 
arc rich enough in crystPlliac sodium d o r i d e  that hey  arc c o m m d y  mined. 



locafim on the south shore of Laguna Grandc was twice excluded from the composite sample 

due to drylng of dm pan of the lake. 

ANOVA was perfozmed on each data base to identify ~ i g ~ c a n t  differences beween these 

groups (at 95 percent confidence). As a rrsult of these analyses. "'K data from iaguna 

Gnnde de la Sal were separaed from the other locations, and all four isotopes of uranium 
were segregated among the three geographic groups prim to statistical analysis. 

Summary natisrics for the surface water data base are presented in Table 5-1. The means for 

most radionuclides at below their respective detecdon limit. Due to its saline n m ,  the 

concmaation of *qc is si@cantly higher in Laguna Grande than the freshwater sites. 

Laguna Grande aiso has the highest con~pations of uranium (all four radioisotopes). The 
cOllcQmatiOas of uranium arc consistanly higher in the Pecos River than the sock tmks near 
the WIPP Site. 

Tabk 5-2 presents the results of probabiliry disnibution modeling of the various data bases. 

'Ibesc resalts gawrnlly show r good fit for rhe normal ad lognarmal disuibutions. 'Ihm- - 
parxmerer lognoxmal distribotions were used for seven isotopes. @CO and 13'cs were not 

modeled. due to the Ivge ptopordon of data reponed as less than a maximum value. 
Table 5-3 pxesam uitical values for each parrmaer based on the probability model or. ~n#e-- 
cases of @co aad 13'cs, the actual data. 

5 2  OrwndmhrSmnpkr 
Dunng thc RBP, swnplcr of gmdwaer  were collected from 37 wells, mcluding 23 water 

monitoring wells in the Culcbn unit of the Rustler Formation, 4 in thc Magenta unit of the 

Rustla. ad 10 privdy owned wells. Replicate sampling of these wells range from one to 

fourindepcrdeo!srmpler. 



Table 5-1 

Surface Water Samples: Summary Statistia 

Radio- 
nuclide Group MDL n Mean s . ~ .  s C.V. 

'H ALL 

"K TANKSIPECOS 
LGS 
ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 
TANKS 

LGS 
PECOS 

TANKS 
LGS 

PECOS 

TANKS 
LGS 

PECOS 

TANKS 
LGS 

PECOS 

A U  

ALL 

ALL 

ALL 

Abbrev~at~ons: 
MDL - Minimum Detection Limit n - Sample size 
S.e. - Standard error s - Standard devlation 
C.V. - Coelticiem of variation LGS - Laguna Grande de la %I 
NIA - Not Applicable 

- Un~ts are In Becquerels per gram x lo4 



Table 5-2 

Surface Water Samples: Probability Distribution Functions 

Radio- P-r K-S 
nuclide Group Type Mean s t Signif. 

'H ALL NORMAL 

"K TANKSIPECOS LOGNORM. 
LGS NORMAL 

"Co 

'%r 

I3'Cs 

*%a 

%a 
*=Th 

- r h  

'I2Th 

'=U 

234" 

29J 

'MU 

2 3 7 ~ p  

-Pu 
230.ZrOpu 

24'Pu 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 
TANKS 

LGS 
PECOS 

TANKS 
LGS 

PECOS 

TANKS 
LGS 

PECOS 

TANKS 
LGS 

PECOS 

ALL 

A U  

ALL 

A U  

N/A 

LOGNORM. 

NIA 

LOGNORM. 

NORMAL 

LOGNORM. 

LOGNORM. 

LOGNORM. 

NORMAL 
LOGNORM. 
NORMAL 

LOGNORM. 
LOGNORM. 
LOGNORM. 

NORMAL 
LOGNORM. 
LOGNORM. 

LOGNORM. 
LOGNORM. 
NORMAL 

LOGNORM. 

NORMAL 

NORMAL 

NORMAL 

NIA NIA 

0.91 0.65 

NI A N/ A 

4.5 5.0 

8.4 3.9 

2.5 4.0 

0.57 0.10 

0.24 0.10 

NIA 

1 .oo 

NIA 

1 .oo 
0.21 

0.44 

1 .oo 
0.50 

Abbreviations: 
s - Standard Deviation t : Scalar Constant (3-Parameter Lognormal) 
K-S Signif. - Kolmogonv-Smirnov significance level 
LGS - Laguna Grande de la Sal N/A - Not Applicable 

Units are in Becquerels per gram x lo4 



Table 5-3 

Surface Water Samples: Critical Values 

Pr&&Jttv . . 
Radio- 
nuclide Group MDL 0.80 0.90 0.95 0.99 

3H ALL 

'OK TANKSIPECOS 
LGS 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

TANKS 
LGS 

PECOS 

TANKS 
LGS 

PECOS 

TANKS 
LGS 

PECOS 

TANKS 
LGS 

PECOS 

ALL 

ALL 

ALL 

ALL 

Abbreviations: 
MDL - Minimum Detection Limit 
LGS - Laguna Grande de la Sal 
NIA - Not Applicable 

Units are in Becquerels per gram x lo4 



increase forms a continuous gradient across the landscape, criteria for sutxbvision of the data - 
base were selected to optimize statistical and spatial uniformity w i h  each group whde 

mainraining large and comparable sample sizes. 

The Culebra wells were divided into two groups based on whether the mean concentration of 
U 6 ~ a  is greater or less than 1.66 x Becquercls per gram, or three times the MDL. The 
low group, it. ,  those having means less than this value, contains ten Culebra wells (4 wells 

west of the W P  Site boundary plus H-2A and H-9). as well as a l l  Magenta wells and 

private wells. The high p u p ,  i.e., those w e b  having means patu than three times the 

MDL, contains 12 Culebra we&, all of which arc east of the western boundary of the WLPP 

Site. 

Table 5-4 prrsents the summary sutisticj for each radionuclide and subsequent well group. 

Table 5-5 pnsena thc malts of probability disaibution modeling of h s e  data bases. 
Table 5 6  presents thc hcd values d t i n g  h m  these models. %, 6 0 ~ o ,  13'cs, -~a, 
and % allhdmorcthau 1 0 m o f  theirdatarsponedas being less than.,amaximum 

value; however, for %, %a, a d  % probability models wete found thy provided a 

good fit to the data with t h e  maximum values Iefr in thc data base. For 60C0 and 13'cs, 

probabiliry modeling wrs uumum& due to the nonrandom nature of the maximum values. 

Of the remaining data bues & have !qmmd MDL, only and 2 M ~  have group 

means exceeding the MDL. Model fiuiug results arc gmcnlly good using thc normal or the 

two- or three-parmnercr l 0 ~ r l  diraiburiea 



Table 5-4 

Groundwater samples: Summary Statistics 

Radio- 
nuclide Group MDL n Mean s.e. S C.V. 

'H 

'OK 

"co 

OOSr 

13'Cs 

"%a 

"%a 

=Th 

""rh 

,- 2PTh 

2UU 

2UU 

2UU 

'*U 

2 " ~ p  

~=PU 
23W24dpu 

241Pu 

ALL 56 

M/P --- 
C --- 

ALL 3.0 

ALL 7.4 

ALL 1.9 

LOW 5.6 
HIGH 5.6 

ALL --- 
ALL 3.7 

ALL 0.37 

ALL 0.37 

ALL 0.37 

ALL 0.37 

ALL --- 
ALL 0.37 

ALL 0.37 

ALL 0.1 1 

ALL 0.74 

ALL 37 

Abbreviations: 
MDL - Minimum Detection Limit n - Sample size 
s.e. - Standard error s - Standard deviation 
C.V. - Coefficient of variation M/P - Magenta Formation and Private Wells 
C - Culebra Formation N/A - Not Applicable 

Units are in Becquerels per gram x 1 O4 



Table 5-5 

Groundwater Samples: Probability Distribution Functions 

Radio- 
nuclide Group Type 

' H ALL NORMAL 

M/P NIA 
C NIA 

"CO ALL NIA 

"Sr ALL NORMAL 

13'Cs ALL NI A 

LOW 
HIGH 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

LOGNORM. 
LOGNORM. 

NORMAL 

LOGNORM. 

NORMAL 

NORMAL 

LOGNORM. 

LOGNORM. 

LOGNORM. 

LOGNORM. 

NORMAL 

LOGNORM. 

NORMAL 

NORMAL 

PaLamefer 
Mean s t 

-38 33 --- 

K-S 
Signif. 

NIA 

Abbreviations: 
s - Standard Deviation 
t - w a r  Constant (3-Parameter Lognormal) 
K-S SI nif. - Kolmogorov-Smirnov significance level 
NIA - Jot A cable 
M/P - Magen T" a Formation and Private Wells 
C - Culebra Formation 

Units are in Becquerels per gram x 1 O4 

*L'~~PYWPFYIPR-~~M 5-8 



Table 5-6 

Groundwater Samples: Critical Values 

Radio- v 
nuclide Group MDL 0.80 0.90 0.95 0.99 

3H 

aK 

"Co 

POSr 

'"Cs 

-a 

=%a 

=?h 

2% 

n+rh 

"u 
% 
2"U 

9 J  

='Np 

2='P~ 

"-Pu 

241 PU 

ALL 

MIP 
C 

ALL 

ALL 

ALL 

LOW 
HIGH 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

Abbreviations: 
MDL - Minimum Detection Limit - 

NIA - Not ' 

W - Ma$%%%&tion and Private Wells 
C - Cule ra Formation 

Units are in Becquerels per gram x 10" 



6.0 Bottom Sediment Samples 

The analysis of bonom sediments is a crucial component to the W P  environmental 

monitoring programs. A rccmt study of the ecological distribution of radionuclides in a 

contaminated reservoir at the Savannah River Site ( m c k e r  et al.. 1990) found neariy 

99 percent of long-lived radionuclides (%r. ' 3 7 ~ s ,  and uansuranics) rcm-g in the system 

were in the bonom sediments. 

For the WIPP RBP, bottom sediments were collected kom six locations-HiU Tank. Indian 

Tad. Noye Tank, Laguna Grande de la Sal, and two sites along the Pecos River in 

conjuncdon with surface-water sampling. These samples were analyzed for 17 radionuclides. 

As wirh the surface-watu samples, samples collected at different times from the same 

location are considered replicate samples for that location. 

The data w m  stratified into thrre geog@uc groups-stock tanks, the Pecos River, and 

Laguna Gnnde & la Sd. The lanu is separated because of the atypical nature of the 

sediments; however, this location is rrprrsentcd in the data base with oniy three replicate 
-, 

samples. 

Analysis of variance was used to dccamine whether s igdcant  differences exist between 

these groups (at 95 percent confidence). Where none was found, the data were combined. 

Because of the s n d  sample size for Lagnna Gnnde & la Sd, it was not analyzed 

independently but rather combined with the p u p  to which it had closest affinities. Thus, for 

4q( and I3'cs kguna Grpndc & la Sd w a ~  combined with the sock tanks and for %a 
m ~ a  and % it was combid wilfi the Paos Riva data. 

Summary sprictia for this drrr base arc prrsemed in Table 61.  In all five of the cases 

where wuc f d  h e e n  location groups, the stock tanks had highcr 
conceneadonr of tht mdhdide, possibly indicating an accumulation effect h t n  the c l o d  

nature of the tanks. h g m a  Grsndc & la Sal sediments wen fouud to contain si&cantly 

higher concenuatim of % than the stock tnks and the Pecos River, which werc 

indininguishable. Ln rhk case, the data w e  analyzed with Laguna Grande included and then 

r e a ~ z e d  with it ucludcd. 



Table 6-1 

Bottom Sediment Samples: Summary Statistics 

Radio- 
nuclide Group LGS MDL n Mean s . ~ .  s C . V .  

"K TANKS 
PECOS 

*Co ALL 

"Sr ALL 

137Cs TANKS 
PECOS 

%a TANKS 
PECOS 

%a TANKS 
PECOS 

TANKS 
PECOS 

ALL 

ALL 

ALL 

ALL 
ALL 

A U  

ALL 

ALL 

ALL 

ALL 

ALL 

Abbreviations: 
LGS - Laguna Grande de la Sai, data included (+) or excluded (-) 
MDL - Minimum Detection Limit 
n - Sample size 
s.e. - Standard error 
s - Standard deviation 
C.V. - Coefficient of variation 
N/A - Not Applicable 

.- 
I 

Units are in Becquerels per gram x 1 0'3 



Fits to the normal or lognormal probability dsmbutions were generally very high (Table 6 - 2 )  

In four cases e, 230~h, 232Th, and 233~), the bee-parameter lognormal disaibution was 
used with good results. '?3r exhibits rhe poorest fit; however. these data arr well below the 

MDL and tend to be clustered about zero. Critical values for all sedknent data sets are 
presented in Table 6-3. 



Table 6-2 

Bottom Sediment Samples: Probability Distribution Functions 

Radio- - K-S 
nuclide Group LGS Type Mean .S 1 Signif. 

'OK TANKS + 
PECOS - NORMAL 

LOGNORM. 

@CO ALL + 
"Sr ALL + NORMAL 

13'Cs TANKS - 
PECOS + 

=Ra TANKS - 
PECOS + 

NORMAL 
NORMAL 

'"Ra TANKS - 
PECOS + 

=Vh TANKS - 
PECOS + 

NORMAL 
NORMAL 

23"Th ALL + 
, -. 232rh ALL + 

2 3 3 ~  ALL + 

LOGNORM. 

LOGNORM. 

LOGNORM. 

'%u ALL + 
ALL 

235" ALL + 
238U ALL + 
237Np ALL + 
'=Pu ALL + 
23w"'Pu ALL + 

NORMAL 

LOGNORM. 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

Abbreviations: 

Units are in Becquerels per gram x loa 



Table 6.3 

Bottom Sediment Samples: Critical Values 

P W t t v  . . 
Radio- 
nuclide Group LGS MDL 0.80 0.90 0.95 0.99 

"Co 

DOSr 

'"Cs 

TANKS + --- - .-- 800 900 1000 1200 
PECOS 240 290 340 500 

ALL + 3.7 < 3.3 < 3.4 < 4.6 e 5.9 

TANKS 3.7 23 26 29 35 
PECOS + 3.7 1.7 2.3 3.0 5.0 

TANKS - 7.4 37 39 43 
35 25 PECOS + 7.4 22 27 3 1 

TANKS - --- < 44 c 4 8  e 48 c 48 
PECOS + -- < 12 c24 c24 e24 

TANKS . 3.7 35 38 40 43 
PECOS + 3.7 13 15 16 19 

ALL + 3.7 3 5 7 16 

ALL + 3.7 4 6 8 14 

ALL + 3.7 30 60 110 
ALL 3.7 20 40 22 23 26 

ALL + ..- 1.8 2.2 2.6 3.2 

A U  + 3.7 23 29 35 50 

ALL + 3.7 0.18 0.30 0.40 0.58 

ALL + 15 1 .I 1.6 2.1 2.9 

ALL + 7.4 0.9 1.2 1.4 1.9 

Abbreviations: 
LGS - Laguna Grande de la Sal, data included (+) or excluded (-) 
MDL - Minimum Detection Limit 

Units are in Becquerels per gram x 10" 



7.0 Biotic Tissue Samples 

Tissue samples wen collected from five components of the biological environment- 

vegetation, quail, rabbit, catfish, and domestic cattle. Because of the small sample sizes in 

this subpropam, no astempt was made to funher subdivide the samples, nor was probability 

dismbufion fitting attempted. 

Vegetation samples included above-gound tissues of native vegetation, with species 

TcpnsMncd in appxbately the same pmponions (in biomass) as they occur at rhe sampling 

site. Thc samples w m  ashed prior to analysis. Three sites wen sampled mice during the 

RBP. Summary satistics for 14 radionuciidcs ye pnsaned in Table 7-1. ' ~ e  and @CO wen 

the only vegetation parametas with values reported as kmg less than a maximum. 

Rabbit, quail, and caxtish tissue samples have been analyzed for 17 radionuclidcs. Initially. 

rhe samples were ashcd prior to analysis. This procedure was lata changed to medy drying 

the samples. Summary statistics for errh data set are presented in Table 7-1. 

, Both muscle and bone wuc sampled and analyzed h m  two locally grown beef 

caale. Dried tissuc sampks have been analyzed for 17 rpdionudides. ?he results arc 

summariLed in Table 7-1. Th means of the bone samp1es slightly exceeded the MDL for 

'% and U2Th. Because thue an only two dam poims for each radionuclide in these data 

sets, staadard deviation, staadard error, and c m  of variasion were not calculated for the 

beef samples. 



Table 7-1 

Biotic Tissue Samples: Summary Statistics 

Radio- 
nuclide Sample Type MDL n Mean s.e. s C.V. 

'Be VEGETATION (ASH) --- 5 < 2000 NIA NIA NI A 

VEGETATION (ASH) 

VEGETATION (ASH) 

400 
NIA 
NIA 
NIA 
NIA 
N/A 
N/A 
NI A 
NIA 

NI A 
NIA 
NI A 
NIA 
NIA 
N/ A 
NIA 
NIA 
NIA 

900 
NIA 
NIA 
NIA 
NIA 
NIA 
NI A 
NIA 
NIA 

NI A 
NIA 
NI A 
NI A 
N/A 
N/ A 
NIA 
WA 
N/ A 

0.28 
Nl A 
NIA 
NI A 
NIA 
NIA 
NIA 
Nl A 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

N ~ A  NIA 

VEGETATION (ASH) 7.4 6 
RABBIT ASH 7.4 1 
B 7.4 2 

5kli t [ D R ~  
7.4 1 
7.4 2 

FlSH ASH 
FISH I D R ~  

7.4 1 
7.4 2 

BEEF MU CLE) 7.4 2 
BEEF [BONE) 7.4 2 

10 +I- 3 
2.1 NI A 
2.2 NIA 
7.4 NIA 
2.6 NIA 
10 N/A 

1.2 NI A 
3.1 NIA 
1 .8 NIA 

0.60 
NIA 



Table 7-1 

(Continued) 

Radio- 
nuclide Sample Type MDL n Mean s.8. s C.V. 

VEGETATION (ASH) 
RABBIT ASH 
RABBIT [mYJ 
QUAIL ASH 
QUAIL IDRd 
FlSH ASH 
FlSH e R 4  
BEEF MU CLE) 
BEEF {BONE) 

8 
N/ A 
NI A 
N/A 
NIA 
NI A 
NI A 
N/A 
NIA 

VEGETATION (ASH) 
RABBIT ASH 
RABBIT [ D R ~  
QUAIL ASH 
QUAIL Im4 
FlSH ASH 
FISH [ D R ~  
BEEF MU CLE) 
BEEF [BONE) 

12 
NI A 
N/A 
NIA 
N/A 
NI A 
NIA 
NIA 
N/A 

30 
NI A 
N/A 
NIA 
NIA 
NI A 
Nl A 
N/A 
NIA 

0.45 
NIA 
NIA 
NIA 
N/A 
N/ A 
NI A 
NIA 
NIA 

pbTh VEGETATION (ASH) 15 6 27 +I- 4 10 0.39 
RABBIT ASH 
RABBIT [ D R ~  

15 1 9.3 NIA N/A N/A 
15 2 1.3 NIA NIA NIA 

QUAIL ASH 
WAIL  [ D R ~  

15 1 17 NIA N/A NIA 
15 2 6.8 Nl A NI A NIA 

FlSH ASH 
FISH [ D R ~  

15 1 9.3 N/A N/A NI A 
15 2 6.0 NIA NIA NIA 

BEEF MU CLE) 15 2 2.8 NI A NIA N/A 
BEEF [BONE) 15 2 6.8 NIA NIA NI A 

NI A 
NIA 
NIA 
NIA 
N/A 
N/A 
NIA 
NIA 

NIA 
NIA 
NIA 
NI A 
NIA 
NIA 
NIA 
NIA 

NIA 
N/A 
NIA 
N/ A 
NI A 
NI A 
NIA 
NIA 

NIA 
NIA 
N/A 
NIA 
N/ A 
NI A 
N/A 
NIA 

NI A 
N/A 
N/A 
NIA 
NI A 
NIA 
N/A 
NIA 

NI A 
N/A 
NIA 
NIA 
N/A 
NI A 
NIA 
N/A 



Table 7-1 

(Continued) 

Radio- 
nuclide Sample Type MDL n Mean s . ~ .  s C.V. 

VEGETATION (ASH) 
RABBIT ASH 
RABBIT [ D R ~  
QUAIL ASH 
QUAIL I D R ~  
FlSH ASH 
FISH [ D R d  
BEEF MU CLE) 
BEEF [BONE) 

0.04 
NIA 
NI A 
NIA 
NIA 
NIA 
NIA 
N/ A 
NIA 

VEGETATION (ASH) 3.7 
RABBIT ASH 
RABBIT [ D R ~  

3.7 
3.7 

QUAIL ASH 
QUAIL \ D R ~  

3.7 
3.7 

FISH ASH) 3.7 
FISH [ D R ~  3.7 
BEEF MU CLE) 3.7 
BEEF [BONE) 3.7 

VEGETATION (ASH) 
RABBIT ASH 
RABBIT [ D R ~  
QUAIL ASH 
QUAIL I D R ~  
FlSH ASH 
FISH [ D R ~  
BEEF MU CLE) 
BEEF [BONE) 

0.02 
NI A 
NIA 
NIA 
NI A 
NIA 
NI A 
NI A 
N/A 

0.09 +I- 0.08 
0.41 N/A 

-0.11 NIA 
0.48 N/A 

0.026 NIA 
0.00 NIA 
0.54 NI A 
0.21 NIA 
0.22 N/A 

0.04 
NI A 
NI A 
NIA 
NIA 
NI A 
N/ A 
NIA 
NIA 

N/ A 
NIA 
NI A 
NIA 
N/ A 
NIA 

0.63 
NIA 
N/A 
NI A 
NI A 
NI A 
NIA 
N/A 
NIA 

2 3 e ~  VEGETATION (ASH) 3.7 6 0.69 +/- 0.21 0.51 0.74 
RABBIT ASH 3.7 1 0.00 NI A NIA NIA 
RABBIT [ D R ~  3.7 2 1.7 NIA NIA NIA 
QUAIL ASH 3.7 1 0.00 N/A N/A NIA 
QUAIL 3.7 2 0.35 NIA NI A NIA 

3.7 1 5.6 NIA Nl A NIA 
3.7 2 1.2 NI A NIA NI A 
3.7 2 0.56 NIA NIA NIA 
3.7 2 0.19 NIA N/A NIA 



Table 7- 1 

(Continued) 

Radio- 
nuclide Sample Type MDL n Mean s . ~ .  s C.V. 

RABBIT ASH 
RABBIT [DRY1 
QUAIL ASH 
QUAIL I D R ~  
FlSH ASH 
FISH I D R ~  
BEEF MU CLE 
BEEF [BONE) 

NIA 
NI A 
NIA 
NI A 
NIA 
NIA 
NIA 
NI A 

N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
N/ A 
NIA 
NIA 
NIA 

'"Pu VEGETATION (ASH) 
RABBIT RABBITJDR~ ASH 

QUAIL ( RY) 
FISH ASH 
FISH [OR,! 
BEEF MU CLE) 
BEEF [BONE) 

UMU)P~ VEGETATION (ASH) 7.4 
RABBIT ASH 7.4 
R A ~ T J D R ~  7.4 
QUAIL ( RY) 7.4 
FISH ASH 
FISH [ D R ~  7.4 7.4 
BEEF MU CLE) 7.4 
BEEF [BONE) 7.4 

VEGETATION (ASH) 370 
RABBIT ASH 370 
R A B B I T ~ R I ~  QUAIL ( RY) 370 

370 
FISH ASH 370 
FlSH ID& 370 
BEEF MU LE) 370 
BEEF [BONE) 370 

0.7 
NIA 
NI A 
NIA 
N/A 
NI A 
NIA 
Nl A 

0.37 +I- 0.15 
0.63 NIA 
-0.20 NIA 
0.35 NIA 
-0.56 N/A 
0.13 NI A 

-0.059 NIA 
0.1 1 NIA 

1.8 
N/ A 
NIA 
NIA 
NIA 
NI A 
Nl A 
Nl A 

0.36 
NIA 
N/A 
NI A 
NI A 
NI A 
NJA 
NIA 

300 
Nl  A 
NIA 
N/ A 
NIA 
N/A 
NIA 
NIA 

-.- 
N/A 
NIA 
NIA 
NI A 
Nl A 
N/ A 
NIA 

0.81 
NIA 
NIA 
NIA 
NI A 
NIA 
N/A 
NI A 

Abbreviations: 
MDL - Minimum Detection Limit 
n - Sample size 
s.e. - Standard error 
s - Standard deviation 
C.V. - Coefficient of variation 
NJA - Not Applicable 

ASH and DRY ~ndicates whether the analysis was performed on ashed tissue Or 
dried tissue, respectively. 

Beef muscle and bone samples are analyzed as dried tissue. 

.- Units are in Becquerels per gram of ash or dried tissue x lo4 



8.0 Summary 

The WIPP RBP was designed to provide preoperational measurements of radioactivity in 

environmental samples that will serve as a basis for evaluating similar data collected during 
the WlPP operationzl period in order for the safe performance of the facility to be 

determined. Ihe RBP data analyzed in this report cover the period from 1985 bough 1989 

These data include radionuclide concenmrions in airborne particulates, soil, surface water, 

groundwater, seqiments, and six types of biotic tissue samples. 

Gross beta and alpha activities were also measured in weekly airborne panicdate samples. 

The Chemobyl accident resulted in signrficanf incrrases in gross beta counts on these samples 

for a three-week period, &though no long-term effect was detected. The Chernobyl accident 
did not a c t  the alpha counts. Gross beta activity, lposs alpha activity, and 230~h all 

differed si&cantly with season (+a). In general, radioactivity on these samples was 

higher over a regional nanscct than at the WIPP Site itself. 

Soil samples we= collected at three depths. No differences between depth were found. The - 
data were suati!ied to represmt three xgionaI scales about the WIPP Site. Isotopes of 

uranium, thorium, radium, cesium, and potassium were all found to vary with regional scale, 

with the mean concentrations inaeasmg with area covered. Transuranics were below the 

detection limits. 

In surface waters. Lagma Grandc de la Sal exhibited relatively high concentrations of %, 
'%, and 2 3 8 ~ .  The Pccos River had d*ectable levels of % and 2 3 8 ~ ,  although the 
sediments in stock tanks were higher in *OR, %a, 22%& and than rhc Pecos 

River sediments. 226R. w, fouud to form an east-west padiem in c o n c e d o n  in 

groundwater samples collected &nu the Culebra dolomite unit. 

Most radimnciides w a e  below the detection limits in biotic tissues. Vegetation samples 

showed detectable levels of ' ~ e ,  *OR. 13'cs, %a, and U 1 ~ ~ .  The latter, 

however. exhibits wide ranges in measured values d h g  from low precision in its 

measurement on tissue samples. Animal tissues showed detectable levels of %. Beef bone 

samples exhibited detectable levels of uOTh and 23%. Catfish exhibited '% in ashed 
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The normal and two- or three-parameter iognormal dismbutions were found to provide good 

models for most data bases. Critical values at the 0.80, 0.90, 0.95, and 0.99 probability levels 
w e n  estimated for each daa base. These values arc appropriate for establishing waming and 
action levels for control c h  during the opemionat environmental monitoring program. 
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