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Thll report 1ummaltua 1he background data COllected tor toll&, canyon sediments, and Bandelier 
Tut In tht .... of Lot AlamO& National LaDoratory (t.ANL). TheY data .-. used In the Resource 
OonMMitlon and Rtlco~•IY Act (RCRA) correcave action proceu to diatlngulah between 
corUmlnaled a"td uncontaminated mtala and to ntllbliah deenup teve1e tor eltesscheduled for 
remeclatlon. 'llte complete badcground dale.,. ~in gtapl'\1 in Appendix A. Summary llll\lldol. lncluc:llng the upper toleranc:e llmll (UTL) for each anaJvtt, are provided In the body of 
lhll report. UTL.a, which represent ~ upp.r rang. of the background concentratlona, can be 
used u ~d valuel. Dt1ctlptl0t11 or hOw background oompartaona are made tor Inorganic 
chemloM and radlonucuctel In rhe RCRA oorrectiVe action proceu are avaHable In AppiJcatlon ot 
LAN1. Blll:lqJtrJund Der. tJ EA ProjeCt Oeclalon_,..ldng, Part J: lntJrg8nlcs In SONs, Sedlmftnts, 
end TuW~ at II. 1M, ER ID 53953) and Part II: RldonuclldN In Soilll, Sedlm.,t •• and Tuff 
(Environrnlnlal Aeltondlon ProjeCt DecisiOn Suppo" Council and Earth Scle~ CourlQII1997. 
ER ID Sl188). 
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1.0 INTRODUCTION 

Los Alamos National Laboratory (LA~IL or ·the Lat:oratory'') has been :n operation tor over 55 
years. To determine the impact ot Laboratory operat1oll8 on s11rtace water, groundwater, soil, 

sediment. and bedrock, it is necessary to underEtand the backgro".Ard chemistry of the area's 

geological and hydrological media. The Resource Conservation and Recovery Act (RCRA) 

coiTeCtiVe action process developed by me U. S Environmental Protection Agency (EPA) 

requires that accurate natural bact<ground le\'els be developed (reference). These background 

levels 1118 the basis for the statlstlcal analysis used to &..~pport 11$k management decls.ons in the 

Laboratory's Environmental Restoration (ER) ProJect. Accurate natural Dackground levels are 

necessary to (1) distinguish between contaminated and uncontaminated media, (2) establish 

cleanup levels for alt .. ached\Jied for remediation, (3) develop sampling and remediation 

etrategills, and (4) understand the process&& controblng c:ortammar.t transpon. 

During the past five years, the Laboratory has conducted extensive analyaes of solla, sediments, 

and Bandelier Tuff to determine the natural bacKground levels ot a var1ety of Inorganic chemicals 

and radlonuclldes. These background data are summanzed :n thi6 report Details on the 

background comparlaon process tor Inorganic cher"licals and radlonuclldes are provided In 

Appl/oiJtJon of LANL Background Datu to ER ProJect Declslon·Making, Part 1: lnorgsnics m Soils. 
Ssdlm~~nts, and Tufl (Rytl et at. 1996, ER 10 53953) and Pan If: Radtanuc/lde$ Jn Soils, 

Seditrutn,., and Tuff(ER Pro!ect DeciSion S~opport Council and Earth Science Counctl1997, ER 

10 68188). 

Thle report summariZes the results from several studies that address the nature and varlabllhy of 

bac:kgroLI'\d levels for a var1oty of soil profiles, sediment types. and Identified geological 

eubdlvlslone of the Bandelier Tuff. Backgrouna levels ror soil& are addressed In NstursJ 
Bllt;lcground Geochemiltty snd Ststisticaf Analysis of Selected Soil Profiles (Longmire et at. 1995, 

ER 10 52221), ~tuta/Bsclcground Geochemistry, Geomorpholopy, and Pec:Jogenssl8 of Sel«:ted 

Soil PtrJfllfiJsndS.nde!'-r Tuff(Longmlre at al. 1996, ER 10 55115), and Baseline Data tor 

Fallout RadlonucHaes •t LANL (Campbell 1998. ER 10 57858). Thla report summartzes1hese 

etudles,lnciUdlng (1) &amiJie locations ana descriptions; (2) the analyttcal methods uaed to 

determine background enalyte distributions; (3} the relationship among trace-element background 

Ieveli, soli chemistry, and the degree o1ao:l development (PedOgeneals); and (4) statistical 
aummartea of the background data. T'1e backgroun<:t geochemistry of canyon sedlmente Is 

presented In Geochemistry of Background Sediment Samples ar Technical Ares 39 (Reneau et 

at. 1995, EA 10 52227) and Natur111 Background Geochf!lmistry of Sedfmt~nts (McDonald er al. 
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1997, ER 10 55532). This report summarizes tnese studies. inclt.:drng (1) sampling locations, {2) 
analytical methods, (3) differences in background levels among various canyons, and (4) 
dfffenmc:ea in background levels among vartous geomorphic units and aample grain sizes. L.astly, 
the background analyte che~Y~istry tor the Banaelier Tuff is presented In Natural Bsclcgrouna 
Geocheml5tly of fM Bandetisr r,..,, and OrtJer Rock Units (Broxton et al. 1995, ER 10 52227) and 
Natural BIK:Icground GBOChemiStry of the BBJJdeti•r Tuff at MDA P (Broxton at at. 1996. ER 10 
54948). Thle report aummanzes these studies. incl1.1dlng (1) sample locations, (2) sample 
collection and analytical methods, and (31 stat•atical data summaries 

To tacmtata review ot thrs document, Tabje 1 .0·1 summarlZ&s how the background studies 
deecribed above ealabllshed the backgrouno values tor inorganic chemicals and naturally· 
occurring radionuclldes that are de&cribed in th•s report. Table 1 .o-1 a!so shows how fallout 
concentrations of radiOnuclidea were established. 

CMiafMI GrOIIII 

tnorvanc chemk:all 

Nakually-0Ccu11ng 
radonuc:tldes 

Fallout I'ICIIonUCIIc2e 

TABLE Ul-1 
SUMMARY OF SOURCES UHD 

TO ESTABUSH BACKGROUND AND FALLOUT VALUES 

loll Seltftllfll Tllft 

Olrectly mt188U"ed In Dtrecay meuurtld ~ Olracny muaured In AMP'e• COlleCted from sa~ cuneca.d trom ftve semplee collect.d from several 1011 prollltaln canyons In Los Alamos aev.,al tutf profllea In 
unconta11'11neted locallona County (except anllmony uncontamlnatecllocatlona lr In La. Alamcs County and thaiUum, tor WhldiiOII L.ol Alamoa County (except (exoeptlllver. for ~loh rhe datA .,.. used .. eun-ogale mercury, for wteh the 
detection firm Ia U89d aa 1*.. ~round) detectiOn limit Ia uHd as biiCkground» background) 

Not meuured; aedtment Ouecily maaaurad In USed total elemental 
dar. ere ueed aa aunogaw aarr.plta coneeted from abundance (maea) at background tnree canyona In Loe thorium and uranklm to 

Alarnoe County eatlmate the ae1lvlty of 
Isotopes 

uaed Laboratory Oiredly mea&ured In Not measured; fallout 
Envlr011mentaJ Surveillance samplas coltect.d from radlonuclk:IN are not 
data tor 1G~2 llvougl'l t995 three ca "1YYM In LDa ex~edlnaubsurtace 

Alamoo County aample:s and detection 
limit& are used u 
backgroUnd 
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2.0 Statlltlcal Date Treatment 

Several data preparation steps are ncteded oefore statistical celcu:a~ionr. can be performed. First. 

the data must be inspected tor suspect vatues tl'at are exceptionally hi!Jh or low relative to the 

rest of the data. Second, the data must t•e evaluated to ceterrnine whether the background data 

for each medium. or medium sub.mit, are denved •rom a si,gle ~opwatlon. This can be 

demonattated by tittlng the baCKground data to a sta11dard st.eti6tical distnbU1ion (e.g., normal, 

square-root normal. or logno~al}. Apper.diK A shOws ~he fir o1 tile background data to a normal 

statistloal distribution. For further ir.formatton on data transformations used for statistical 

distributiOn analysis, refer to An Analysis of Transformatio!"'s (8cx and Coli. t 964, ER ID 57572) or 

Appendix C otlntrodvction to Variance EstJmaflon (Woaer 1985. ER 10 57673). 

For inorganic chemicals and some rad:onuc:.des, sorr.e data were reported as nondetected 

values. Nondetected values were typteelly 1eported as 'esr. than ('<")the method detection limit 

for that dlemical. Vetues that were repcrted as r.ondaracted by the laboratory were replaced by 

one-naif of tt'le detection limit vahJe to calculate summacy statistlce. This replacement method is 

recommended by EFA when the frequency of nondetected valu~s tS relatiVely low (EPA 1992. ER 

10 54947). 

Tho upper tolerance limit (UTL) is a atmple measure of the upper end of the background 

dlatribution. UTl values for :he background data are calculated In one of tour waye basea on the 

atatlatical distribution of the aata. These fo:Jr calculations are described below. 

For analytes that are normally distributed without any data transformation, UTL values are 

calculated using Eq. 2.0-1. The k-lactor is dependent on the number of bBckground &a.'?IDI~s wtlh 

k·factorvalueslncreaslng as sample aae decreases (Gilbert 1987. ER ID 56179; EPA 1989, ER 

1064946). 

(Eq. 2.0.1) 

For analytee that are normally distributed after a scuare root transformation, the mean and 

standard deviation of the sauare-root transformed data are used In Eq. 2.0-2: 

tffLo.95.09, = (mean+ standard deviation X ku•W' 1, 9, r (Eq. 2.0.2) 

The l1Tl. values fer lognormally distributed elements are estimated by a first-order Montg Carlo 

simulation process (Longmire et al. 1995, ER ID 52227; Lorgmlre et al. 1996, ER 10 551 15). This 

simulation process uaea the lt>gnorrnel dtatnbut.on functiOn in the S..ptua atatistlcal prog•&f'lmlng 
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language. Inputs to this iunctton arf' the lo~normal mean (E) and the t~normalstandard 

deviation (V). Definitions of E and V, as well as methods fo1 calculatl'lg these statistics, can be 

found on page 164 of Statistical Methods for Environmental Pollution Monitoring (GIIber. 1987, 

ER 10 66179). 

For enatytea where a stat:stlcal distribution could not be estimated, e nonparametric approacn 

wa& used to calculate UTL values (see Eq. 11.12 on page 141 ol Gilbe:11987, ER 10 56179). 

The nonparametrlc Ull calculat•on Is based o~ an order statiStic of the analyte. The oraer 

ltatlatle of the UTL Ia calculated from Eq. 2.0-3. Typ1cally. the resun of EQ. 2.0·3 is e noninteger 

order statistic value, which means that the estimated UTL value will be linearty Interpolated 

between the appropriate nearaat·integer order statistics. 

R.ank{UTL) = 0.95 X (n + 1) + 0.4~7 >c nJ~ (Eq. 2.o-3) 

The UTL can be used as a backgrouno value, and analy!es tor whteh all po~ential re<ease site 

(PflS) sample values are less than the UTL can be eliminated from further assessment. In cases 

where a IJTL cannot be calculated, either the detection limit cr maximum reported value Is used 

u a background value. 

3.0 SOtL BACKGROUND 

In thla report, the tenTI •soir refers to 'Tietertal overlying Intact bedrock that haa been subject to 

soli-forming processes auch aa tha addition of organic matter. the vertiCal translOCation of clay

eized particles, or the development of feme oxyhydroxidefl. Thus, aoils are the typical surllclal 

material on mesa tops and hlllalopes, and are widespread In canyon bottoma At &ltes where 

potentially contaminated surface material represents tmPCJ:1ed fill or a combination of soli and tm, 

8011 ia conltdered to be the most appropriate background corroarlson material. 

3.1 Inorganic chemicals 

tnlormatlon on the concentrations ot 26 'norgantc cherniCill& retevan1 ro lhtl Laboratory's ER 

Project are presented for a variety of soils and geomorpl'l.c settings across the PaJ&rito Plateau In 

two studies: Natur•l8f1Ckground Geoch•miStry ana StstJ.sticat AnalysiS of Selected Soli Profi~s 

(Longmire et al. 1995, ER 10 !52227) and Natural Bsckgm1J11d Geochemistry, Geomorphology. 

and PedogflnHi# of Selected So·l Profile$ and 8andeli6r Tuff(Longmire et al. 1006, ER ID 

68116). Theae studies lnciL.Ide analysis of 175 &>Oil samples for backgrou"'d-elemental 

concentrations using two types of sample digestion tacnnlquea as doscrlbed in Sectlo'l 3.1.2. 
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3.1.1 Semple Looatlona 

Twenty-one soli profiles diStributed across me Pajarito Plateau were described In the fielo and 

were sampled for chemical analySt\3 (see Fig. 3. H and Table 3.1·1 ). Tt:ese samples proviOe 

information about the varied so;ts and geomorphiC se!tings that occur on the Pajatito Plate&.~, 

allowing tor an evaluation ot the variability In soil charactenstiCs and chemistry within several cf 

the aollaeriea previously described by Nyhan et al. (1978, ER 10 5702). Most sampled ao:l& wefe 

toalected from mesa tops. Other geomorphic settil'1gs sampled nci\Jde hil'6lopes and canyor. 

boftoml (Table 3.1-1 ). 

Solis were deacribed using standard terminology and technrques (&ee Soil COnservation Survey 

1981. ER 10 XXXXX). Tto.e depthS of 1he Individual sol! horiZons sampled vaned among soils, but 

all 8011& w.rw continuously sampled from the sur1ace to the base cf the profl!e (depths varied from 

26 to 394 em). 

6 

ll.I007 

• 
•-. 

,) 


