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BASELINE DATA FOR FALLOUT RADIONUCLIDES AT LANL 

Katherine Campbell, EES-5. Los Alamos Naltonal Laboratory 

1 . 0 INTRODUCTION 

The Environmental Restoration (ER) Project guidance document Applicatton of LANL 
Background Data to ER Project Decision Making, Part II. Radionuc!tdes in Soils, Sediments and Tuff (LANL ER Decision Support Council and Earth Science Council. 1997) includes background upper tolerance limits (UTLs) for six fallout radionuclides. These UTLs are based on data collected by the Environmental Surveillance Program (ESP) of the Los Alamos National Laboratory's (hereafter referred to as the Laboratory or LANL). The purpose of this supporting paper is to provide a detailed discussion of the ESP data and of the criteria by which subsets of these data were selected as appropriate baseline data sets for use by the ER Project. Appendix A includes tables of the selected subsets. The statistical details of the calculation of the UTLs and of other summary statistics bases on these data se~s is provided in Appendix A. These data sets can also be used for other statistical comparisons with site data: see Ryti et al. (1996) for a discussion of two-sample statistical tests that may be used to compare site data with background or baseline 
data. 

2.0 ENVIRONMENTAL SURVEILLANCE DATA 

2. 1 Background vs. Baseline Data 

A number of relatively long-lived radionuchdes are present at low but measurable levels of activity in soils world-wide as a result of atmospheric testing prior to the 1963 Atmospheric Test Ban 
Treaty. These fallout isotopes include those listed in Table 1, 1n addition to uranium The ESP has sampled extensively for these isotopes in so1l, sediment, water and biota on and around the Laboratory. Other radionuchdes from atmospheric testing have much shorter half-lives and <Jre no longer present at detectable levels (i.e., above the minimum detectable activity or MDA) in the 
environment. This ID"~Jhr9pogenjc backgrQ.Ylld would affect surficial media on the PaJarito Plateau 
even if the Laboratory were not here 

Uranium is also present on the Pajarito plateau as a consh1uen1 of 1ts rocks and so1l5. i.e .. as part of the natural backgroung that would exist even If humans r:hrJ not Uranium is not d1scusscd in this 

Table 1. Fallout Radionuclides 

Isotope Half-life· MDA •• 
Tritium (3H) 1 2 3:~ ye<HS 0.5 pCt'rnL 
Strontiurn-90 (90Sr) 28 78 years 1 pCL'g 
Cesium-137 ct37Cs) 30 07 YNHS 0 06 pCilg 
Plutonium-238 (23Bf>u) 87 7 ye;us 0 00?. pCilq 
Plutonium-239/240 e39+240pu) ;>4 1 1 0 years O.OOil pCitq 
Americium-241 (241 Arn) 43? ;:> ~·e<m, 0.00(1 pCIII] . 
Half-lives from the Nat1onal Nuclear Data Centm, htlp :;www nmJc.bnl.gov nndc/nudill' 

• • MDA~; from LANL Me1hod dor.umm11a11o11. sr:c Appr·nd'x A for 1k;cuss1nn 
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p<sper, but the guidance document mentioned above presents background UTLs for boih total and isotopic uranium. 

Operational sources of the radionuclides listed in Table 1 also exist at LANL. In pai11Cular, there are some stacks on Laboratory property that may have released small quantities of radionuclides to the atmosphere. While not associated with the Potential Release Site (PRS) being investigated by the ER Project, these releases may lead to slight increases in activity in surface soils at distances of hundreds or thousands of feet from the sources. including soils at ER PASs. 
Baseline activity levels for the fallout radionuclides in surficial materials include both contributions from natural and anthropogenic background, as defmed above, and from Laboratory-wide operational releases. These are the levels to which it is appropriate to compare data from ER sites on or near the laboratory. It may be difficuh or impossible to determine what fraction of this baseline activity is due to general laboratory operations, but this particular piece of information is not needed in order to develop a defensible baseline data set for use by the ER ProJect. 
2 . 2 Spatial and temporal variability 

The distributions of the fallout ISotopes exhibit both spatial and temporal trends. (See Fresquez et al., 1996, and the references therein.) Spatially. activity patterns are controlled by a number of factors, including wind patterns. elevat1on. and precipitation In the case of the Pajanto Plateau. these factors would tend to lead to higher activities of fallout isotopes on the mesa lops where the laboratory is located compared to the surrounding lower, dryer areas, even in the absence of any contribution from laboratory operations. II is factors such as these that make it difficult to separate the contribution of laboratory operations from the world·wide effects of atmospheric testing and other global anthropogenic sources 

In addition, activity of fallout radionuclides decreases rap1dly with soil depth in undisturbed soils. including those sampled by the ESP However. many of the s1tes being investigated by the ER Project are disturbed or back-filled. which may result in the redistribution of fallout radionuclides to greater depths 

Temporally, activity due to fallout from atmospheric testing of the shorter-lived isotopes (those with half·lives of 30 years or less) has decreased medsurably since the end of atmospheric testing in the ear1y 1960s. Weathering (Wind. water erosion. and leaching) may also lead to decreased measured activity at many sites. Other world·w1de anthropogenic sources such as satellite reentry could lead to a slight increase in the environmental activity of some 1sotopes over time Temporal patterns associated with activities at the laboratory depend on the level of operations and the sophistication of engineering controls Overall trends in both of these areas would be expected to lead in the direction of decreasing levels of measured activ11y. especrally for the shorter-lived isotopes 

All of these factors must be considered in propos1ng baseline data sets for cornparrson with PRS· specific data collected by the EA ProJect Specifically 

• because of temporal trends (whrch in fact arc observed not onlv for the shorter-lived isotopes but even for some long-lived rsotopcs. as dtscussed irl Section 4). nnly recent data are rncluded 111 lhe basnhne data sets. wrth wh1ch EH data collected m th11 1990s will be compared. and 

• because of spatraltrends. a basehrte data 5<'1 thatrs ba~,nd un ESP stat1on~. k•c:.tled near the perrmelt•r of the lnhoratmy may not ad•.!qli<Jiely reflect condlth,ns pn~v;11im•J rtlthe center of the Lahorat•lry Thts rssue 1s fur1hN drsr.usf>('rJ 1n Sect1o11 :1 3 nn•J ~~.tile appropriato subseclron•; of s .. ~clrorr 4 

£l,l5Phrw Oat, I fl,r ~ .rlloql 
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• because of trends with depth, prior disturbance at a sampling location must be evaluated when comparing srte data to baseline data presented in this report. In general, it is not appropriate to compare resuhs for subsurface samples to the baseline data. 

2 . 3 ESP Sampling Locations 

The Environmental Surveillance Program of the Laboratory has collected data on the activity of the isotopes listed in Table 1, as well as total uranium and gross alpha, beta and gamma activity. in surface soils within the Laboratory and surrounding areas since 1974. These data are published in the Laboratory's annual Environmental Surveillance reports. The data for soil samples through 1994 have also been summarized by Fresquez et al. ( 1995) and are presented in full in Appendix A of Fresquez et al. (1996). 1995 data are presented in the Environmental Surveillance Program report for 1995. Discussions of temporal and spatial trends in these data is provided in Section 4. with a view to selecting appropriate subsets of the historical ESP data that are appropriate for use as baseline data for ER Project sites 

Twenty-three soil sampling stations. listed in Table 2. have been sampled by the ESP almost annually since 1978. Seven of these stations are classified by the ESP as Regional stations. i.e .. probably too far from the Laboratory to be affected by Laboratory operations. Six of the Regional stations are more than 15 miles from the Laboratory boundary, while the seventh, Otowi, is less than five miles from the boundary. Another six Perimeter stations he up to 2.5 miles from the Laboratory boundary. Finally. ten On-Site staltons are located within the Laboratory boundary. Coordinates for these 23 stations (plus others that have not been sampled since the early 1980s) are supplied on Figure 1 of Fresquez et al. (1995) 

In this report. the three ESP categories are modified as shown Ill the f1rst column of Table 2 The categoues used here1n are 

Remote (6 5tat1ons) • Regional station& that are more than 15 miles from the 
Laboratory 

Marg1n;~l (8 stat1ons) • All of the Perimeter stations except the one at TA-8 
• The Otow1 Regional station 
• Two ESP On-S1te stations (Test Well DT-9 and TA-33) located 

m the southeastern part of the Laboratory 

Central (9 ~tat1ons) • The remain1ng eight ESP On-Site stat1ons 
• The TA-8 Perimeter station. 

These atternat1ve groupings better reflect the levels of activity found at the ESP stat1ons for rad1onuclides with 51gmficant &pahaltrends The proposed baseline data sets are compo-.ed of subsets of dat<l r:oller.ted since 1990 at Marginal and Remote stations 

Some stal1ons ;1re potcmt1ally <llfe<:ted by their prox1m1ty to operat1onal sources Most of these are Central stations. such as TA-21 (potentially aff1~cted by hi·;torical stack emiss1ons from TA·21) and TA-50 (potentially affected by the liquid radioactive waste treatment facility at TA-50) Among the Marginal stalu.>ns that are C<H¥Jidah~!. for mciusion 111 l><'lsehne data set~ •. the TA·33 station has been affected by tho tnllum fa<;~hty that oper;lted at TA 33unt•l1~l91 All TA-33 d<Jia 1s f!hminated from thr: b.t<;•:hnr~ d.tla ~.r•t f.,r lntium (!;t't' S•:CII•)Il ·1 1) 
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Tabl@ 2. Environmental Surveillance Soil Sampling Stations 
Category(1) and ESP category(2) and Location name name 
R Bemallilo A Bemallilo 
R Cochiti R Cochiti 
R Embudo A Embudo 
R Jemez R Jemez 
R Rio Chama A Rio Chama 
R Santa Cruz R Santa Cruz M North Mesa p North Mesa North of Broadview, near the horse 

stables M Otowi R Otowi West of the intersection of S.A. 501 and SR. 30 M Rendija Canyon p Sportsman Club Near the Sportsman Club in Rendija Canyon M TA·33 0 Near TA·33 Across S.R. 4 from the entrance to TA-33. M TA·49 p Near TA-49 Along S.R. 4, about 500 feet SE of 
the entrance to TA-49 M Test Well OT·9 0 Near Test Well DT-9 About half way between T A·49 and Ancho Canyon sites M Tsankawi p TsankawvPM·1 At entrance to Tsankawi on S.R. 4 M White Rock p White Rock (east) Near curve of S.R. 4 approaching White Rock from the north c R·Site Road 0 R·S1te Road EasV North side of Potrillo Canyon across A·Site Road from Phermex c TA·B p Near TA·B (GT Site) Alonq S.A. 501 directly west of TA-8 c TA·11 0 TA-16 (S·Site)/ TA-11 Mesa-lop at S·Site, two miles east of S.A. 501 and 1/2 mile north of 

S.R. 4. c TA·21 0 TA·21 (OP Site) North of DP Road, about 200 feet 
NW of the gate into T A·21. c TA·36 0 Potnllo Drivel T A·36 Mesa-top site along the road into 
TA 36. about 2000 feet east of 
gate c TA·SO 0 TA-50 North of TA·SO. c TA-53 0 West of TA-53 About 350 feel east of East Jernez 
turnoff along TA-53 access road. c TA·54 0 East of TA-54 At east end of T A-54 c Two Mile Mesa 0 Two-M1Ie Mesa South of old TA-6 complex 

( 1) 0 On·s11e (within Laboratory boundary) P: Perimeter (less than 3 miles from Laboratory boundary) R Regional (more than 3 rmles from Laboratory boundary} 

(2) C Central (not more than 0 t mile !lutside boundary. exdud•ng southeastern part of Laboratory) 
M Marginal (southeastern part of lnboratory and up to 5 tn1les from lK)lmdaryl n Remote (more than 1 S rml••5 frnmthe lat>orat.)ry) 

B.lsf•hnc Data for f .:~llout 
Hadtonuclodcs at I ANI 
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3.0 ISSUES AND CAVEATS 

3. 1 Data Comparability 

Whenever two data sets are to be compared, the first 1ssue that arises is always the problem of 
data comparability, including the compar:ability of both sampling methods and analytical 
proceaures used in generating the data in the two sets 

The ESP data are intended to represent levels of activity in so1ls that can be ascribed to 
atmospheric deposition from sources such as fallout and stack emissions Soil S<Jmples are 
COflllOSites of five 0-2" grab samples collected at the corners and center of a 32 foot square at a 
given sampling station. (See Chapter 6 of 1995 Environmental Surveillance Program report.) ER 
surface samples, by contrast, are typically 0-6" grab samples. The fact that the ESP samples are 
composites will tend to reduce their variability compared to ER grab samples. but such composites 
do provide beHer estimates of the average activity at each sampling station. To the extent that 
what is being measured at either an ESP site or an ER site IS atmospheric deposition. the fact that 
the ESP samples represent only the top two inches of soil may lead to ESP results being biased 
slightly upward relative what would be expected in a deeper ER G-6" sample. particularly lor the 
Jess mobile isotopes. However, neither of these effects IS likely to be large compared to the 
overall variability within the baseline data sets 

The ESP generally use~ the most sensitive analytical methods available for its work. For many of 
the fallout radionuclides. background levels are near the lower l•m1t of detect1on by lhr.se 
methods. The methods used are documented in by Gaut1er ( 1995) and are brtefly described tn 
Appendix A. For some analytes, a substantial fracti.1n of the baseline data are below the minimum 
detectable activities (MDAs) for the analytical method employed. although data are reported as 
measured even below these levels 

ER samples that are submitted to an offsite analytical laboratory may be handled Similarly to ESP 
samples. However, alternative methods do exist (in particular. gamma spectroscopy for 241Am) 
which might result in higher detection levels. Even when two samples are analyzed by the same 
general method. sensiiivity is a function of a number of parameters that may vary among 
laboratories, including standard aliquot size. counting lime, and counting geometry In some 
cases the MDAs for ER samples may exceed background acl1v1ty levels and/or the MDAs 
associated with ESP samples. In addition. differences in method. including sample dissolution 
methoo. extraction method. and instrumentation. can lead to rt~lat1ve biases betwef!rl the results 
for the same sample 

3. 2 Statistical Issues 

Once a baseline data set is selected. there rerna1n a nurnher of ~,tahstu:<.al1ssues to be addres~cd 
before calculating summary statistics. The ftrst and rnost s1gmfK ant 1s the usr: of ttu:se data a~, rl 
they constituted a simple random sample from the basehne populaltor1. consrsttng of sample 
locations !hal have not been impacted by a speetftt .. LANL rel1:as•~ (Tius dnfrntlton of the 
"baseline population" excludes, for example. locations w1thm a PHS or nnmf:dlalely downw1nd 
from a known release point, but locations within thP. range of Influence of some of the rnore 
w1de~read stack releases are included.) The ESP samples frrJrn Marginal and nemote stations 
are not a true random sample of this populahon Hat her thPy H!presfmt repe<"lted s;.~rnphng HI a 
handful of stahons tn a handful years In !heory observation~. from one si<JII•m tn rllfferent Y£!rtrs 
should not be con51dered Independent observalto11s In prw llu•. <•v1deno: of "~.tal1nn cffpr;t~. · ,., 
not found withtn the proposed baschne dnta Sf'h. and llw> I!VIdo "' P oll:tr:k rof cnm,tlh•u' W1ll1111 
station<; prov1des r~t least partr;lllliShficiltlon lor lrt!almq !hf' n!J·.r·rv;riii'IIIS w. o•vlnp<:lull'lll 

Basehne Data for Fallout 
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Evidence of "year effects" is much more common, and is discussed for the affected asotopes in Section 4. These limitations of the the ESP data for the purpose of generating a representative baseline data set should be kept in mind. The ER guidance document mentioned in Section 1 recommends the collection of additional basehne data to address this problem as well as some of the data comparability issues discussed in Section 3.1. 

For most of the radionuclides evaluated (all except 241Am). the selected baseline data appear to be approximately lognormally distributed. Some of the data depart from lognonnality in the lower tails, but this can be ascribed to the fact that data in these tails is being reported near or below the lower limits of the analytical methods used. For lognonnally distributed radionuclides. means, standard deviations. and upper tolerance limits are estimated using lognonnal assumptions. These calculations are described in Appendix 2. 

The use of logarithms requires substituting positive numbers for zeros and negative values in the data set. (Negative values are sometimes reported because the reduction of the raw data requires subtraction of an instrumental background count.) Some statistical calculations are extremely sensitive to how this substitution is done. A value of 0.5 times the smallest reported positive oPservation is used for the calculahons presented rn this report To further reduce 1he sensitivity of the estimated parameters descnbing the baseline distributions to this choace, robust moment est1mators are used. as described an Appendix 2 

Normal or lognormal probability plots of the selected baseline data sets are presented for each radionuclide in the following text. Plots of the raw data by station are presented in Appendix 1. In the logarithmic plots, substituted values (1 c . samples for which the results actually reported are zero or negative) are indicated by a square. while mf'.asured pos1tive values are indicated by a"+". 
A few individual observations appear to be high out11ers relative to the remarnder of the data. The effect of these observations on the estimates of baselrne parameters such as the mean and the UTL would be limited because robust estimators are used, but they are excluded from the baseline data set In particular, they should not be used when two-sample tests are used to compare site and baseline data. These out hers are exphcrtly mentioned in the text and tables of Section 4. 

One of the statistics calculated is the ( 95, 95) UTL for the baseline distribut1on. which is a 95% upper confidence bound for the true 95th percentile of the baseline population. The calculation of the UTL is based on the robust estimates of mean and standard deviation. as described in Appendix 2. For small data sets (fewer than about 40 observations). the UTL may exceed the unknown 95th percenltle by 25% or more. while for larger data sets at should be a beller approximation to this percentile. By definition, the 95th percentile of a dislnbution is exceed by 5% of the observations from that distribution As a result. some observalrons rn the local background data sels can be expected to exceed the UTLs. but they are nevertheless to be retained (e.g., when these data sets are u~cd rn othr·r statrstrc;tl cornparrsons) unless they appear to be outliers based on other criteria. 

3. 3 Spatial Trends 

Differences between Central. Margrnal and Remote !;latrons are evaluated usrng nonpararnetric tests such as the Wrlcoxon two-sample tests. These tests ~lll]9est ~tatrstrc:.tlly srgnrfrcmtt spatial trends as a function of distance from the central Laboratory for trrtiurn. 231lp,, and 23C:.•240Pu. In par1rcular. for these 1sotopes tlte Central srles as a group ar(! srqruf1cantly ck-vated ref.1trve lo the Margrnal and nernole s.tns 011 wluch the baseline dat;~ sc•ls are basPd 

B.JSt'l•nt: D.tl.l l<l' r ;tl; ,.,: ... 
'·: ·~.vy 1
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Table 3. Statistical Comparison of Individual Central Stations 
to Baseline Data• 

Isotope JH 90sr 137cs 238p u 239+240p u 241fAm 
Number of vears 4 3 4 4 4 2 
R-Site Road WQU(2) w u(l) 
TA-8 w WQU(1) u(1) ou(i) wau(f) 
TA-11 WQ w uc1Y 
TA-21 wqu{l} u{1) wu(1) wu(l) 
TA-36 uof 
TA-50 wu{1) wau-{f) waUC2l waul2l 
TA-53 wqu(1} u(l) WQtJ(lf 
TA-54 u(1) U(l) wau(l) wau(1) 
Two Mile Mesa wqu(2) w w w w u(ff '. w = S1gniftcantly different from baseline (P<O.l) by the Wtlcoxon test (nonparametnc test for shift of entire station distribution relative to baseline) 
q Significantly different from baseline (P<O 1) by the quantile test (nonparametnc test for shift of upper quartile of station distributton relative to basehne) 
u(n) = 11 observations exceed the (.95, 95) UTL calculated from the baseline data Th1s is neither a nonparametric nor a statr&tical lest. but rt ts a commonly reported 

statistic. 

In addition to these general spatial trends, several of the Central staltons mdtvidu<tlly "fatl" one or more statistical tests when compared with the selected baseline data The results of these tests lor the Central stations are summarized in Table 3. (See Rylt et al. 1996. 1298. frJr a descnpllon of the Wilcoxon and quantile tests whose results are tabled in Table 3) 

While the Central stations are less likely than Marginal stations to be representative of general Laboratory effects and more hkely to be influenced by localized sources. the above calc:ulattons do suggest that comparison of centrally located ER sites with the baseline data rn•ght result in the conclusion that a release has occurred at this site when in fact rt has merely been alfected by a 
non-E A release. Fortunately, the three isotopes with clear spatial trends (3H, 238pu and 
239+240Pu) have quite high threshholds below which they do not contnbute sigml1cantly to w,k In all three cases, the screening action levels (SALs) used by the ER Project are far above any levels found in the ESP data. Thus the relatively small "false posittves" that might result from using a baseline data set that is not entirely appropriate for the central part of the Laboratory should never, by itself. lead to unwarranted correcltve act1on <~I an En Pns 

4.0 BASELINE DATA SETS 

4.1 Tritium 

Trtttum (3H) in sotl moisture has bem1 measured at all2:3 :;taltOIIS smce tlw early 1980s. However. the measurements 1n some years··speciftcally, 1985, 1988, and EJ'J4·-d1J.lped ar:.r•">S~ the ent1rc set of stations. for unexplained reasons (see Figure 1) Excludtn!J these yr.ars. trll111m activ1ty tn soil mo1sture appears to have been rising tn all groups of stat•'>''" 111 the late 1 !J7rx, and f!arly 1980s. and to havf! decayed ~.mce that lime more raptdly than v.-ould be pwdtctP.') by 1ts half·l:lr: of 12.3 years In parttcular, ob~ervattons have decr1~ased rnark(:•J!y ~.uwe 1 ~'JO ll·•· rt:conlnt!.:nd•:d l>asehnc data for tntium am ~.ub~;ets of lllf: data r.ollf!cl(:d rn 1 '!'~ 1 l'n;>. 1 ~J~J:3 ill! J 1(YI~• All0l the data for the5e lour year~ are pte~;(:nlt!d 111 Apr •f•ndtx A (T;tl ,J,: A·1 artd Ft'JIHI! f, 1) 

Ba&ehn(~ Data lor Fallout 
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Figure 1. Temporal and Spatial Trends for 3H, exluding TA-33 
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Throughout the years. measurements frorn the station near TA-33 have been consi!>lenlly high, a resuh of the proximity of this stat1on to the tritium facility at TA·33 that operated until1990 (Figure 2). Since the TA·33 tritium facility has been shut down. measurements at th1s station have been decreasing, but they are still significantly higher than observations from other Marginal and Remote stations. Therefore data from T A·33 are excluded from the baseline data set and from all statistical tests and calculations reported here. 

Figure 2 reveals two observations 1n the most recent lime period th~t appear as out,ms: 9.5 pCilml at TA·54 in 1993 (a Central station) and 4 pCilml at Test Well DT -9 in 1992 (a Marginal station). The DT-9 observation IS exluded from the basehne data set for tritium. both for the purposes of computing estimates of the parameters of the basehne distribution (Table 4) and when this data set is used in other statistical tests. (The TA·54 observation is not a candtdate for the baseline data set. as 11 comes from a Central stahon ) 

In summary, the proposed baseline data set for tnhurn cons1sts of 51 observations from lh•rteen Remote and Marginal stations (excluding TA-33 and one outlier from Test Well DT-9), for the years 1991. 1992. 1993 and 1995 Table 4 surnmanzes the parameters of the basehne dtstnbullon as estimated from these data F1gure 3 is a lognormal plot of these data on which the ft!IPd lognormal d1stnbution is represented by the sohd straight hne and the (.95. 95) UTL value by a honzonfal dashed line. One observation (0 9 pCill. at North Mesa in 1991) exceeds the UTL 
Trit•um dc:1ta are reported to lhf? nenmsl 0 1 pCIIml. while reported measurement ermrr. are on the order of 0.2 to 0 4 pCIIml The MDA •s conservatively esfirnale11 as h•gh as 0 5 pCt•rnl 1Arpend1x A) Thus most of the reported observations are stallsfically ind•~·IJUIShahle from zero (tn fact 30°o of them are reported as less than or (!qual to 1ero). and only the upper tml of tllP. dts!n!JulhJn n~es above the level of measurr>rm~nt error We should lm concerm•rJ pnrnanly Wtlh Ill(!''' "Jf thr· f!S!imated dtslnbufion fo II te uppm t.ul. wlw:h appears from Ftgurr! 3 !o be adequ,tlr! 
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Figure 2. Temporal and Spatial Trends for 3H, 
excluding the years 1985, 1988 and 1994 
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The difference between the Central and Marg1n:tliHt~lnolf1 ~.tallun~ 1::. 5tat1:>llcally lughly :,•gnrhcant 
(P<.001 ). Table 3 suggests that th1s d1ffercncc rs due prrmanly to observations from thf: Two M1le Mesa and A-Site Road stations in the west-central part of the Lilhoratory Thordorc 1t1s possrblc 
that the baseline data set. which IS based on Margrnal and f~cn10te data. may nc.•t he cornpletdy. representative for ER s1tes the west-central part of LANL. altllrJIJqh the P.!ft!cls (,f this or, Ell 
decisions should bEl negligrble. as d1scusscd rn SPr.hon 3 :3 

Table 4. Baseline Statistics for 3H 

Years 
Stations 

Excluded ou1hers 
Number of observations used 
Mean --Standard dcvmtion 
CoeHrcient of variance 
Smallest positive vnlue 
Median 
MalCimum 
(95,.95) UTL 
Numhor of obscrvillrons ah<>vt• ttw UTI 

Ha~P.hne D.11a lor I· alluut 
RaO!onuc!irJP.~ at l.ANL. 

"I 

1991 1992, 1993 1995 
Marginal and Remote 

excluding TA-33 
lt!~,t Wr!IIIJT-~ 1!H.I? 

51 

----· •' 1 w, pCr!rnL --
'' 1 t\'J pCr/ml -----1 02 

Cl 1 pCr!ml --,·, 1 pCr/rnL 
·--

0 'I pCifml -----
'·' 7•·i• pCIIml 

1 

I •·! · . ,··y ~. ~ '1 P' 

\ .... 



OS 

-' 
.E 
<.3 
0. 

0 1· 

Figure 3. lognormal Plot of Baseline Data for 3H 
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With1n the baseline data set. there arc no stat1shcally s1gruflcant d1fterences among stations or between the Marginal and Remote stations. and the difference among years is only marginally significant (P-O 09). As explained in Scct1on 3.2. t111s prov1des some JUShficalion tor treating these data as an independent and 1denlically distributed sample from the baseline distribution for the purpose:. of the statistical calculations summan;ed m Table 4. although strictly speaking they do not form l>Uch a sample. 

4.2 Strontium-90 

Strontium-90 (9°Sr) waf. mea:;ured several t1rnes mthe lat~ 1970s and early 1980s. but recently it has been included only in the 1992. 1994 and 1995 surveys. where it was measured at all 23 stations listed in Table 2. Data for these three years are presented in Appendix A 1n Table A-2 and Figure A 2 

Overall. a decrease in actiVIty comparable to that C)(Jl<.:•cted based on a haH·hfe of 29 1 years IS observed between the earlier measurements and those made 111 the 1990s (Figure 4). 
DiHerences between Central, Marg1nal and Remote stations that were highly signifiCant in the 1970s and 1980s iH(! statistically msigruf~eant1n thP 1990s No llld1V1dual observations appear to he outlier~. 

Thn mcomrnondt!d ba~;eline data sr!l for 911Sr con~.~~•t·, of tla~ rnr)sf recent three years of data from the 14 n(!lllc1h• and Mar9ifl<tl station~. Sl.ltl~;tw•, t•.l· ••.. •d Oil !Ill~. d.J!.J ~;l!t i.Ht! presented in Table 5. Flt}llrP !i 1'. :1 lcHJ·IlnrJJJ:II prol>ahillly plnl <Jf lht>!,l~ -1:• nb:.t~IViltJ<tW, Noll!! r-xceed the (.95, 95) UTL 

B<l:;ef>rlt! O.t'.J f." f ,,·: •Ill 
1!-Hl•oiHI<:I•·J.-· . .o' i N~i. 

,, 
h•tJIU.:try 5. 1998 
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Figure 4. Temporal and Spatial Trends for 90s r 
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Figure 5. lognormal Plot of Baseline Data for 90s r 
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Table 5. Basaline Statistics for 90s r 
Years 

1992 1994L 1995 Stations 
Central/Marginal Number of observations 

42 Mean 
0.36J~Cilg Standard deviation 
0.30 pCilg Coefficient of variance 

0.83 Smallest positive value 
0.1 pCilg Median 
0.3 pCi/g Maximum 
1.1 pCilg ( 95 .95)UTL 

1.31 pCIIg Number of observations above the UTL 0 
Strontium·90 data are reported to the nearest 0.1 pCiJg and the reported measurement error is 
typically 0.2 pCifg. The MDA is conservatively estimated as high as 1 pCilg (AppendiX A). Thus 
most of the reported observations are statistically indisgwshable from zero although only a handful are reported as less than or equal to zero. and only the upper tail of the distribution rises 
above the level of measurement error. We should be concemed pnmarily with the fit ollhe estimated distribution to the upper tail. which appears from Ftgure 5 to be adequate 
Analysis of va11ance of the baseline data by year and regton shows no s1gntftcant differences between Central, Marginal and Remote stations in the 1990s, but there ts a highly significant year 
effect (P<O 01) The intcrquart1le ranges lor the three years am 10.1. 0.3) lor 1992, (0.3, 0.7) for 
1994, and (0.2. 0 4) for 1995, win fact the data for 1992 and 1994 hardly overlap. The presence 
of this unexplained effect suggests that measurement of 9°Sr may be significantly affected by 
environmental factors such as humidity during tht:; periods when samples were collected. 
The stations w1th the htghest flleasured activities in the 1990s are located in the western part of 
the Laboratory-TA·8. TA-11, :t.Srte Road and Two Mile Mesa Individually these stations are found to be significantly dt!ferent from background by the Wilcoxon rank-sum test (see Table 3). 
Therefore it is posstl>le that the baseline data set, based on Marginal and Remote data, may not be 
completely representative for ER sites thA west-central part of LANL The cfft.'Cis of this on ER dectsions should be small. although the SAL for 90Sr (4.4 pC1/g) ts closer to the background levels than for the three tsolopi!S dic;cussed in Snc:lton :1 :l fnr which tllP. ~patial trend~ arc mow widespread ' 

4.3 Cesium-137 

Cestum-137 {131Cs) has t>er•n :;ampled at the 231ocattons tn T<~blc 7 sinw the mid 1~80s, except 
for the year 1990 when no 1J 7cs results were reported at the Perimeter stations The general 
trend since the early 1980s 1s cons1stent With the 30·year hall·hfe. except for an unexplained but 
stgntf1c.ant dip 1n alrno~t illl rf'port('(J H'Stllts in t99? 

Oifferences between Central Marg1n<~l and l~errlOte stattoll~ that were sigruftcant in the early 
1980~• arc no longer stallallcally Slgntftcant tn the data collected !..lllce 1990 The high£>sl mP.asurcments are rPcordt~d at stat1011S on the western stdt> of llw Laboratory In r>artu:ular. obsf'rvr.ttons frorn TA·H '"'-' 1.onsistently tugh, although not ht9lwr titan isolated observations from 
sevcr;3l other srat1on~ and ot-..sr!rvattons frorn TA·R. as well as those from the anomalous year 
199~. are excluded frn111 Ft•.Jlllf~ fi (Tim TA·B rneasurerncr\ts aw shown Ft~)ltrl! A 3111 
Apprmdtx A hn\Vf!VI'r ) 

[i.l~f"~lnf~ n .• t.. fqr ,. .!r ~~~· 
I!.Jdr.,nudrdw, .r! I A~J/ 1.' 



Figure 6. Temporal and Spatial Trends for 1J7cs, 
excluding station TA-8 and year 1992 
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The recommended baseline data snt constst~; of data from all Marginal and Remote stattr>ns lor the 
years 1990·1995, excluding 19!.12. a total of ':>G ok.mvattons. Statistics based on llus data set are 
summan1ed in Tahle·5 All of the data for the5e l1ve years are presented in AppendiX A 
(Table A-3) 

One observation in the basehne data set. from the Coclutt Reg1onal station in 1991. exceeds the 
(.95 .. 95) UTL. but tt ts well in lmc with a lognormal d1stnbution f1t to the middle of the data 
(Figure 7); that is, 11 docs not appmn to br: <•11 outher relat1ve to the hulk of the data 

Table 6. Baseline Statistics for 137c s 

Years 1990-1991, 1993-1995 
Stations Marginal and Remote 
Number of ouservahun~, 56 
Mean 0 42 pCilg 
Standard dcvtation o 41 Q.Cil_g_ 
Coefftc:tent of vmtarlr.e 0 t)q 

Smallest fXJsitlve oh~>~!rv;tlloll r, en pCv'g 
Mcdinn ---·--·-------·--·-- 1)3[~ -· Maxtrnurn 1 7 pCti!J --l %. 951 UTL. 1 6~, pCilu 
Number of obc,prvdtt.,ll', .tt ~ w• • th·~ U II 1 ·-
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Figure 7. lognormal Plot of Baseline Data for 13 7 C s ) 
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Observations in the lower tail of the data set are not frt by the est11nated lognormal distribution.\ 
wh1ch is represented in Figure 7 by a solid line. Although act1vit1es as small as 0.01 pCvg are · 
reported, the measurement errors are typically on the order of 0.03 to 0.1 pCilg and the estimated MDA is 0.06 pCilg (Appendix A), so the data in the lower tail are not reliable. However. 
these data have been downweighted by the robust estimation procedure wh1ch is described i~ 
AppendiX B. and the resulting estimate appears to be a reasonable representation for the bulk of 
the data. 

Analysis of variance of the baseline data by year and region shows a marginally significant "year 
effect• (P<0.1). which appears to be due to some low observations in 1993. The data for 1991 
through 1993 are reported to the nearest tenth of a pCi/g, wh1le for other years (both before and 
after) they are reported to the nearest hundredth The anomalous resul1s for 1993 appear to be. 
at least in part. a result of rounding down to 0.1 pCilg There are no significant differences 
between the Remote. Marginal and Central subsets of data Individually. observations from the 
TA·B and Two Mile Mesa stations are significantly elevated relalrve to the baseline data set (see 
Table 3) 

4. 4 Plutonium-238 

Plutonlum·238 (238Pu) has been sampled consistently CJI the 231ocatlons 1n Table 2 s1nce the mid 
1 980s. except for the year 1990 when no :?38pu results were reported at th<· Perimeter sf a frons 
A sr!Jnificant 1n.~rease wrth tirne 1s ob:;crved 1n cJII categor~es ol sampling statrons start1ng 10 the late 
1880s (See F1gure R) In addition. statistically signlfrc<mt drHerenccs among the categones 
appear 111 th1SI1rne frame 

H •.•. · i,n,~ l ), tf. • t~ ~' f ~~: . r 
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Figure B. Temporal and Spatial Trends for 2J8pu • 
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Two extreme outhers. values greater than 1 pC~·g reportr,d at r A. ~4 111 l'lRO and,., 19BS. h•.•v·~ been 
elimrnated from th•s plot. 

The recommended baseline data set for 23Bpu consists of the data from the Margmal and Remote 
stations from the most recent four years of sampling (1992·1995) All of the data for these four 
years are presented in Appendix A (Table A-4 and Figure A 4). Statisllcs based on this data set 
are presented in Table 6. One observation in the IJasehne data set (0 37 pCi/g at the Rendija 
Canyon Perimeter station in 1995) exceeds the UTL In Figure 9. this observations appears not 
far off the fined distribution (the solid line). and so 11 is not constdP.red an outher and is not 
eliminated from the baseline data set 

Table 7. Baseline Statistics for 238p u 

Years 
Stations 
Number of observations 
Mean 
Standard deviation 
Coefficient of variance 
Minimum positive value 
Median 
Mctximum 
( 95. 95} UTL 
Nurnhl!r of oh~>0rvitiiOI1S aiKIVf~ tiH• u n. 

Basel•ne Data lor I <tllo-u! 
Rad•onuchd•~s at l. ANI 

,,, 

1992-1995 
Mar_ginai/Remote 

56 
0.0054 pCtf!J 
0.0060 pCIIg 

1 . 11 
0 001 r,JCt'g 
0.004J>Ctlg 
0.037 pC1.q 
0 0?3 pC• ~I 
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Figure 9. lognormal Plot of Baseline Data for 2J8p u 
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Plutonium-238 results are reported to the nearest 0 001 pCI!g wrth reported measurement errors 
of 0.001 or 0.002 pCilg and the estimated MDA at 0.002 pCIIg (Appendix A) The majority of the 
observations in the baseline data sets are thus above the level of measurement error. although 
quantization effects are apparent in the lower tail of the data 1n F1gure 9. 
The difference between the Central and Marg11mVRemote &lat1ons 1s statistically highly significant 
(P< 001). Table 3 suggests that this difference is quite Widespread across the central Laboratory. 
One observation out of four from seven of the n1ne Central stat1ons exceeds the UTL. and two 
stations (at TA-50 and TA-54) are significantly different from the baseline by other statistical tests. 
Therefore it is possible that the baseline data set based on Margmal and Remote data may not be 
representative for ER sites the central part of the laboratory. hut the eHects of this on ER 
decisions should be negligible, as discussed in Sect1on 3 3 
Within the baseline data set there are no statistically s1gnrf1cant d-flerents among stat1ons or years 
or between Marg1nal and Remote stations 

4. 5 Plutonium-239/240 

Plutonium-2391240 (239+240Pu) has been sampled cons1slenlly at the 23 lor.ations rn Table 2 
s1nce the mid 1980s. except for the year 1990 when no ?39+24·-Pu results were repor1ed at the 
Penrneter stations In the earl1er par1 of this period h1gher levers ~·.ere rnea!>ured near the 
Laboratory than aT Remote stat1ons More recently the d1fferen':•?S have bef'm le~s pronounced 
but they remain staTistically srgnificant in the most recent 11me pcnod ( 199?·1995). see F1gure 10 
The changes between thrs most tf'Cent lime pNiod and the pre.-f:drng t1me period (1988·1991) 
are al5o slatislic<tlly sigmf1cant for Central <tnd for Mmqu1al ~latrorr', 

Ba<>Pirne 0.11.1 fw ~ al'n:rl 
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Figure 10. Temporal and Spatial Trends for 239+240p u 
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The recommended baseline data sets for 239+240Pu consist of subsets ot the data from the 
Marginal and Remote stations drom the most recent four years of samphng ( 199:?-1995) All of 
the data for these four years are presented in Appendix A (Table A-5 and Figure A 5) Statist1cs 
based on th1s data set are presented in Table 7. One observallon m the baseline data set 
(0.55 pCi!g at the Otowi Remote/Marginal station) exceeds the UTL In Figure 11, this 
observation appears to be well in line with the rema1nder of the basehne data. so it ~~not 
considered an outlier. 

Plutonium-239/240 results are reportt.>d to the nearest 0 001 pCitg Heportcd measurement 
errors are typically 0.001 or 0 002 pCIIg and the estimated MDA 1s 0.002 pCIIg (Appendix A) 
Most of the observations in both baseline data sets are well above the level of measurement error 

Table 8. Baseline Statistics for 239+240p u 

Years 
Stations 
Number of observations 
Mean 
Stancimci deviation 
Coeff1c1ent of variance 
Srnalle~t p(>~,rtrvc ohst~rviltron 

Med1an 
Mmornurn 
( 95, 95) UTL 
Numbm 11! oh··.l'rvatr.,n•. allt>VP 11H~ UTI. 

B;J',ehru~ ().ll.o r, , 1 .,::., ,. 
HadJOnurhdf.•', "' i ~~~•· 

l 

1992-1995 
MarqinaiiRemote 

5fJ 
0.015 t>C1iQ 
0 013 PCI/rt 

0 84 
0 001 nCr'fl 
0 012 pC1/Cl 
0 W>5 pCr.'q 
0 0:)4 pCI''l 
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Figure 11. lognormal Plot of Baseline Data for 239+240p u 
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The difference between the Central and MarginaVRcmote stations 1s statistically highly significant 
(P< 001). Table 3 suggests that this difference is due primarily to data from theTA-50 and TA-53 
stations in the north-central part of the Laboratory. but three ott-er Central stations also have one 
observation out of four above the baseline UTL. Therefore it is possible that the baseline data set 
based on Marginal and Remote data may not be representative for ER sites the central part of the 
Laboratory. but the effects of this on ER dt-!<:isions should be negh91blc. as discusscrl in Section 3.3. 

In addition to the significant elevation of the Central stallons. there 1s a :;,taiiStlcally significant difference between Marginal and Remote stations (P<0.05) for 239i240Pu in the most recent t1rne 
period. A (.95,.95) UTL based on the Remote data only is slightly smaller (0.044 pCilg), a figure 
which is still exceeded by only the 1992 Otowi measurement A (.95 .. 95) UTL based on the 
Marginal data only is slightly larger (0 062 pCifg), greater than the largest Marginal observation. In 
the interests of consistency with the other sections of this paper. the UTL based on the combined 
Marginal and Remote stations has been selected. but for srtes near or withm the L<Jboratory 
boundaries this number may be shghtly low 

4.6 Americium-241 

Amcricium-?41 (24 'Am) was rneasur~!d Infrequently pnor to the 1990!:. Hecently 11 ha'> tJeen 
measured in 1992. 1994 and 1995 at most oft he 23 stat1ons listed Ill Table 2. No observallons 
were reported from the R-S11e Hoad or North Mesa stat1ons in 1995 The1992 rtlf1asurements are 
significantly higher than results reported m 1994 and 1995 Probably a d•ffmrmt anal~·ttc:al 
technique (gamma spectro!>Copy) wa::. usc~d Ill 1992. reported mt~asurerncnl emm; aw iil5o large 
compared to more recent yearf, Conscqtwntly. only data from 1994 and 19~J5 arf) COII!,idered '"' 
the baseline data set Data lor lht!Sf! two ynars am prt!Sfmted m Tallie A-6 :mr:l Frqure .A 6 of 
AppendiX A 
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Table 9. Baseline Statistics for 241A m 

Years 1994, 1995 
Stations Marginal/Remote 
Number of observations 'l.7 
Mean 0 0064 pCII_g 
Standard deviation 0.0031 pCIIg 
Coefficient of vanance 0 49 
Minimum posilive value 0 001 pC1/g 
Median o 007 pCi/g 
Maximum 0 013 pC1/~] 
(95 95) UTL o 0133 pCIIg 
Number of observ<Jtlons abOVf! the UTL 0 

The recommend«~ baseline data set lor ~ 41 Am con~1~,ts of the rrvJst H:cent two year~, of date~ lr()rn 
the Margtnat and Hen10te statums u total of 27 obst·rvalton-; S!att!--.IK:~ l>;1sed onll11', dat;~ ~'''' ;m: 
presented m Table 9 Unhkc basehrm data lor the other ~~·,topt:s. tht::..e data are vt~r.; m·arly 
normally d1stnbuted. so the stat1~,11c~; rn Table~~ Wt:r(: •:.Jicul;llt:d u· •. n'J fi(Jrrnal w.sumpltor ... 
F1gure 12 rs a normal probabrl•ty plot of tlu~ ll<l· .• t}hlll., •l<ltil ThH UTL 1:. t1ntexu:t.!<k·•J lly iiiiY 
observatl(•ll Ul the lm~l!hllP. data !.r:t 

Arnenciurn-241 results are reported to th•: n•:;trt.·~-,1 11 oot p•.:r'q ,..,,: 1 ,, rr ·port•·d 111• ,;,·,ur•:rn•:r •1 
error of 0 001pCv'g The estrrT'k1h.:d MOA 1~ 0 00::' pCI.'~] (AJ•pen·J," A) Mo!:.t of the r.ol>!.t~rvat•• •II!• 111 

the baschne data sets are thus ai.Jove th•~ levr:l of rrH~<t~WI!rn•:rll r~rr•H. altl1ouqh qi,,H,tlliltrr." 
eHects am v1sihlc Ill tht! lower tart of tlw d;lta 111 Fl!}ll'': 1/ 

Figure 12. Normal Plot of Baselrne Data tor 241Am 
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In thrs f;me period. differences among Central. Margtnal and Remote stations are statrstically 
rnsignifrcant. although two high observations from TA-50 suggest that this station may be affected 
by the facil~ies at TA-50. There are no statisticall~· significant differences between stations or 
years in the baseline data set. 
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Appendix A. Environmental Surveillance Data 

This appendix contains the data reported by the LANL Environmental Surveillance 
Program for the isotopes and years used to construct local background data sets. The data 

used in the baseline data sets are shown in bold type in Tables A-1 through A-6, while 

data from the Central stations and other data not used in the baseline set are shown in 

plain type. Complete data, except for 1995, can be found in the report by Fresquez et al. 

( 1996). The 1995 data are available in the most recent Environmental Surveillance 

Program report (1996). 

Analytical Methods 

The methods used are documented by Gautier (1995). The LANL method numbers given below 
are from that document. 

Tritium (3H) is measured by a distillation and liquid scintillation counhng procedure (LANL Method 
ER210). Tritiated water is distilled from the soil sample. An aliquot of 5 ml is pipetted into a 
polyethylene liquid-scintillation vial to which a luminescent scintillation cocktail is added. The 
decay of 3H is observed by liquid scintillation. typically for a 60·minute count period. The MDA of 
0.5 pCi/mL given in ER210 represents the "three-sigma" limit for background, and is exceeded 
by only one observation in the baseline data set. If the method detection limit were calculated by 
the more standard method of Currie (1968), its value would be closer to 0.75 pCi/L, close to the 
UTL reported in Section 4. The standard deviation ("one sigma") of the counting error 
associated with individual measurements is typically 0.3 pCill. Thus virtually all of the data 1n the 
baseline data set (Table 1.1 and Figure 1.1) are within the range of measurement "noise" 

Strontium-~ (90Sr) is measured by gas flow proportional beta counting (LANL Method ER190). 

Soil samples (typically a 2.0 g aliquot) are extracted twice, allowing an intervening Yttrium-90 (90y) 
ingrowth period of at least two weeks. Yllrium-90, the daughter product of 90Sr decay. is beta· 
counted in the final dried filtrate for 200 minutes ER160 reports a detection lirrlit of 1 pCilg in 
soils. al1hough recent improvements to the procedure will reduce this to about;o.5 pCi/g. The 
"one-sigma" error c:.ommonly reported with ESP measurements 15 on the order,of 0.2 to 
0.3 pCi/g. Thus about 85% of the data in the baseline data set (Table 1 :7.. F1gLre 1 2) are within 

the two standard dev1ations of zero.. t . 
Cesium:ill (137Cs) 1s measured us1ng gamma-ray spectrometry (lANL Meth~ ER130) Sotl 
samples are dned and milled. and a 100 g aliquot IS counted One est1111ate olithe detection limit 
lor 1 37Cs is 0.06 pCi/g. However. the associated "one-s1gma" errors reported1 with ESP 
measurements are typically 0.05 to 0 1 pCilg About two-third~ of the data in the background 
data set are above the detect1on limit j 

Plutonjum-23_!) (238Pu) and Pluto_nium-239/24Q (23B!240pu) are measured by fadaochermstry and 

alpha spectrometry (LANL Method ER160) ~rmmcaurrt.f41 e4 : Am) can ai~J~c obta1ned by this 
method 1f the appropriate tracer is added. or by the similar LANL Method ER110 which includes an 
add1llonal solvent extraction step T cn-gmm samples at<: a•,hf>d and plutoruurn i~. i5olated by ion 
exchanqc and elnctrodepos1ted on stainless steel planchets to be counted by alpha 
spectroscopy The avera!JI! MDA of 0 002 pCtlrJ, and llw "or1f!·~.1q1na" errors reported w1th ESP 
rnr.asurernP.nts are typacally 0 001 to 0 00:3 pCifg Thuf, aiK>ut half of the ?:!Bpu u11d <'·11 Arn data 

and mo~t of the ?.J.i·; 40Pu data 111 tho hack•Jr•nmd d.tl;t ~.l!t '"" 'lb<>v•· ll'll:·l! 1! .. "-J,, 

(l,,-;••'·1"! Data lor I illloul 
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Table A-1. Tritium (pCi/l) 

1991 1992 1993 1995 Bernalillo -0.1 0.2 0.0 0.2 Cochiti 0.1 -0.1 0.2 0.2 Embudo -0.2 0.0 -0.2 0.2 Jemez -0.1 0.2 -1.6 0.3 North Mesa 0.9 0.3 0.3 0.2 Otowi 0.5 0.1 0.0 0.1 A-Site Road 0.8 0.6 1.2 0.4 Rendiia Can von 0.1 0.5 0.4 0.2 Rio Chama 0.2 0.4 0.2 0.1 Santa Cruz -0.2 0.3 -o. 1 0.4 TA·11 0.3 0.5 0.4 0.3 TA·21 1.4 0.4 0.5 0.2 TA·33 2.0 0.9 1.1 0.1 TA-36 0.3 0.2 ·0.2 0.3 TA-49 ·0.1 0.2 0.0 0.2 TA-50 1.2 0.5 0.1 0.2 TA-53 1.2 0.4 0.4 0.5 TA-54 0.2 0.2 9.5 0.0 TA·8 0.2 0.5 ·0.2 ·0.1 Teat Well OT-9 -0.3 4.0 0.2 0.2 Tsankawi 0.1 0.2 ·0. 1 0.1 Two Mile Mesa 0.8 1 .1 0.7 0.3 White Rock 0.1 0.1 ·0. 1 0.1 

Figure A.1. Tritium by Slaloon 
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Table A-2. Strontium-90 (pCilg) 

,_, 
') 
a 

• 

• 

Bernalillo 
Cochiti 
Embudo 
Jemez 
North Mesa 
Otowi 
R·Srte Road 
Rendiia Canyon 
Rio Chama 
Santa Cruz 
TA·l 1 
TA·21 
TA-33 
TA-36 
TA-49 
TA !>0 
TAS! 
TA 54 
TA·B 
Test Well DT-9 
Tsankawi 
l wo Mole Mes.1 
White Rock 

f'igure A.2 

f ,,,,,_,; 

• 

•I :· 

!l I' ,;:;"•' ') t' It ': I,·,: 

! { t ;: 1' ' ' : ·I• · · t' , f\';. 

1992 1994 1995 
0.2 0.8 0.1 
0.2 0.4 0.3 
0.3 0.4 0.1 
0.3 0.4 0.3 
0.3 0.2 0.2 
0.0 0.7 0.5 
0.2 0.7 1 .3 
0.3 0.3 0.8 
0.0 0.5 0.1 
0.1 0.2 0.4 
03 05 , 1 

0 1 03 0., 
0.2 1 . 1 0.2 
0 2 0~ 1) 3 
fJ '2 c < •) 3 
() 1 c: :, CiS 
;: ? (· ~ 0.:7. 
C•? r, ;> r·! 5 
(· 4 1 ~ ll5 
0.0 0.8 0.2 
0.4 0.7 0.4 
!J 3 tj ~J :, f> 

0.2 0., 0.4 

Strontturn-90 by !::.1:1110n 
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Table A·3. Cesium-137 (pCi/g) 

Bernalillo 
Cochiti 
Embudo 
Jemez 
North Mesa 
Otowi 
A-Site Road 
Rendija Canyon 
Rio Chama 
Santa Cruz 
TA·11 
TA·21 
TA-33 
TA-36 
TA·49 
TA 50 
TA·53 
TA-54 
TA-8 
Test Well OT·9 
Tsankawi 
Two M•le Me5a 
White Rock 

Figure 
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1991 1993 1994 0.3 0.1 0.03 1.7 0.1 0.22 0.8 0.6 0.38 0.2 0.1 0.33 0.3 0.1 0.07 0.5 0.1 0.17 0.5 0.4 0.31 0.3 0.2 0.26 0.2 0.7 0.19 1.1 0.1 0.31 0.2 3.1 0.15 1.9 0.1 O.Dl 0.3 0.1 0.61 0.3 0.2 0.20 1.0 1.0 0.42 0.1 0.2 0.08 0.3 0.2 0.05 02 2.0 0.10 1 2 2.1 0 75 0.3 1.0 0.94 0.7 0.1 0.10 0.2 0.7 0.90 0.7 0.0 0.21 

Ccsium-137 by Stalion 
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1995 
0.24 
0.10 
0.45 
0.50 
0.32 
.0.51 
0.57. 

0.62. 
0.25 
0.46 
0.46 
0.18 

0.00 
0.30 
0.41 
0.62 
0.33 
0.10 
1.21 
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Table A-4. Plutonium-238 (pCi/g) 

Bernalillo 
Cochiti 
Embudo 
Jemez 
North Mesa 
Otowi 
A-Site Road 
Rendija Canyon 
Rio Chama 
Santa Cruz 
TA-11 
TA-21 
TA-33 
TA-36 
1 A-49 
TA-50 
TA-53 
TA-54 
TA-8 
Test Well OT-9 
Tsankawi 
Two Mile Mesa 
White Rock 

Figure 
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+ 
+ 

+ 
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1992 1993 1994 
0.002 0.003 0.006 
0.004 0.010 0.009 
0.021 0.018 0.023 
0.007 0.006 0.013 
0.016 0.015 0.005 
0.055 0.024 0.009 

0.009 0.015 0 016 
0.012 0.006 0.018 
0.005 0.027 0.008 
0.008 0.004 0.010 

0.005 0.022 0 007 
0.013 0.030 0.009 

0.011 0.001 0.022 
0.046 !') 009 0.009 

0.008 0.033 0.020 
0.023 ~ 062 0 032 
0 061 ') 030 0 019 
0.034 124!\ 0 005 
0 O;;>;' '1 068 0 000 

0.032 0.031 0.031 
0.011 0 .02!> 0.006 

0 017 I) C•::4 Ci 039 
0.014 0 002 0.011 

A.4 Plutonium-238 by Station 
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1995 
0.011 
0.007 
0.018 
0.012 
0.018 
0.019 

0.025 
0.040 
0.006 
0.021 

0.024 
0.071 

0.014 
0.013 

0.024 
0.351 
0 030 
0 024 
0.045 

0.014 
0.006 

0 021 
0.012 
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Table A·S. Plutonium-239/240 (pCi/g) 

1992 1993 1994 1995 
Bernalillo 0.002 0.003 0.006 0.011 
Cochiti 0.004 0.010 0.009 0.007 
Embudo 0.021 0.018 0.023 0.018 
Jemez 0.007 0.006 0.013 0.012 
Nor1h Mesa 0.016 0.015 0.005 0.018 
Otowi 0.055 0.024 0.009 0.019 
A-Site Road 0.009 0.015 0.016 0.025 
Rendija Canyon 0.012 0.006 0.018 0.040 
Rio Chama 0.005 0.027 0.008 0.006 
Santa Cruz 0.008 0.004 0.010 0.021 
TA-11 

0.005 0.022 0.007 0.024 
TA·21 0.013 0.030 0.009 0.071 
TA·33 0.011 0.001 0.022 0.014 
TA-36 0 046 0.009 0.009 0.013 
TA·49 0.008 0.033 0.020 0.024 
TA·50 0 023 0.062 0 03?. 0.351 
TA·53 

0.061 0030 0 019 0.030 
TA·54 

0 034 2 248 0 005 0.0<'4 
TA·8 

0.022 0.068 0 000 0.04S 
Test Well OT·9 0.032 0.031 0.031 0.014 
Tsankawi 0.011 0.025 0.006 0.006 
Two M•le Mesa 0.017 0 024 0 039 0 021 
White Rock 0.014 0.002 0.011 0.012 

Figure A.S. Plutonium-239 by Station 
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Table A-6. Americium-241 (pCi/g) 

1994 1995 
Bernalillo 0.001 0.008 

Cochiti 0.004 0.002 
Embudo 0.008 0.010 

Jemez 0.006 0.005 

North Mesa 0.003 
Otowi 0.008 0.007 
R·Site Road 0.008 
Rendija Canyon 0.005 0.007 
Rio Chama 0.006 0.008 

Santa Cruz 0.003 0.009 
TA·11 0.001 0.008 
TA-21 0.001 0.010 
TA·33 0.011 0.007 

TA·36 0.005 0.007 
TA-49 0.008 0.010 
TA-50 0.016 0.034 

TA !>J 0.002 0 008 
TA-54 0.004 0 006 
TA-8 0.010 0 016 

Test Well 01·9 0.013 0.008 

Tsankawi 0.002 0.004 
Two Mole Mesa 0.018 0.007 
White Rock 0.003 0.006 

Figure A.6. Americium-241 by Station 
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APPENDIX B. STATISTICAL METHODS This appendix discusses ·;he statistical methods used in Section 4, where local background data 

sets are proposed and su•nmarized. 
Distributional Ass umptlons 
All parametric statistical calculations (i.e., calculations of means, standard deviations. coefficients 

of variability, and (.95,.95) UTLs) reported in Section 4 are based on the assumption that the 

populations from which the local background data sets are drawn are lognonnally distributed. A 

random variable X is said to be lognonnally distributed if the random variable Y=log(X) is normally 

distributed. The lognormal distribution. supported on the positive real numbers (that is, 

Pr{~O}=O if X is a lognormally distributed random variable) and skewed to the right. is frequently 

found to describe concentration data quite well 
Section 4 includes lognormal probability plots for each of the selected local background data sets. 

When data from a lognormal distribution are plotted in this way, they should fall approximately 

along a straight line. Thus the lognormality of the local background distributions can be assessed 

informally by inspection of these plots 
Some problems are visible in some of these plots For example, quantization effects are very 

obvious for some of the radionuclides because many of them are being measured near the limits 

of the analytical methods used. Tritium, tor example. is reported to the nearest 0.1 pCi/mL. and 

more than half of the observations are below 0.5 pCilmL. The estimated measurement errors 

reported by Fresquez et al. (1996} are typically 0.2 · 0.4 pCilmL, so there is certainly no point in 

reporting results to more than one significant digit, but the result, of course. is not a continuous 

lognormal distribution. 

Even when the measured values are generally within the range of the analyt1cal method used. 

some problems are often observed in the lower tails. For example, the lognormal probability plot 

for 137Cs in Section 4.3 (Figure 7) shows that the observations below 0.05 pCi/g are smailer 

than would be expected if they carne from the same lognormal distribution as the rest of the data 

As noted in Section 4.3, one possible reason for th1s is that these data are not reliable, since the 

standard deviation of the measurement errors is at least 0.03 pCilg. This part of the data is not fit 

by the estimated lognormal distribution represented by the dashed line in Figure 7, which 

however provides a reC\sonable approximation to the bulk of the data. It these observations had 

been allowed to influence the estimate, then the estimate of the mean would have been slightly 

smaller, but the estimate of the standard deviation and hence the ( 95. 95) UTL would have been 

much larger. The result would be a serious distortton of what the data are telhng us about the local 

background. Robust estimation methods. described below. were used to mrnimtze such 

problems. 

Another possibility would be to define a more reasonable practical detection limit (on the order of 

0.03 pCvg for 137Cs. for example) and treat all measurements reported below this tim•t as non 

detects. This approach would give s1milar resuhs, but estimates derived in this way are quite 

sensitive to the choice of the detcchon hmtl Methods for deterrnmrng sta!lsllcally defnnsible 

deteclton limits exist. but no such detection lumts have been prov1ded with the ESP data Treatment of Zeros and Negative Values 
App('nd1x A shows that tlwre am .-mo and evnn ncgaltve reported oll~.ervatior\s for m<,::;l of the 

rad1onuchdcs Negn!lve wtiUi'~ arc smnetirncs reportP.d (>(•cause the reducll')fl of !he raw data 

requ~rcs th<~t an :nslrwnental b;tckground value be subtracted lithe rs ... llopo bernq me.15ured is B.1sehne o .. lla lor f diiO\Il H;tdtonuddl's :tl I ANI n , 



present only at levels that are eHcctiVely hci(JW thr? tn!.trumental detection hmit lor the analytical 

method bemg used. th1s subtraction can rer,ult "' a negahvc result The instrumental detection 

limit is generally much lower than the true Hll?thod dt~l!~ct•oulevet at whtch results cm1 be rehahle 

quant~ied. As a result. even many of the reported postttve wsults me statislically 

Indistinguishable from zero. as tndK::Cltl~d by reported errorr, (w;ually "two·stgrna· enors) that .ue 

larger than the reported result 

Zero and negative values do not need to he rnodthed rt the data arc bcrng used d11ectly in two·· 

sample tests comparing background and s1te dl!>tnbuttons However. lor the statistical calculallons 

reported in Section 4, many of wh1ch are h<1~1~ on the assumptiOn of lognonnality, they must be 

replaced by positive values For these data. the choiCe of 0 5 t1mcs the min1rnurn reported 

positive value IS generally sahsfactory (For data that <Jre "censored" at a detectton level. the usc 

of 0.5 times the detect1on levelts frequently ret:ommended. hut radionuchde data are not 

censored. and constslenlly calculatnd method dt?t<XIIon levels or MDAs are not reported lor the 

ESP data ) Because robw;t er.tullahon rnnthodr, th<Jt llllllim•ze the effect of d<1ta in the tail~ of the 

distribution are being ll'~ed. tim, cho1ce actually Ita~ .. h"le eftf!(;t on paramPter eshm;1te~ It:-. dfPcl~ 

are primarily Vt5tble m the appearanr:e of ploh ~.uch as the lognormal prohab1hty plot~, m Sec-:ttllll 4 

and the polllt plots Ill A~pl!lldlt< A In botlt Cit~.~~·. v;tlur~~ wlw.:h have heen !.llh~lltUtr••J oHI' 

displayed usmq a dtfff'H!Ilt ~.yrnll<>l ~.n tl1al th.-.,r P""~•!nt:P 1<, trnrnr~d•;llnly ohvt< •U'' 

Parameter Estimation 

The esttrn •. ttPs of the tnf~.lll:·, ;,nd v<~ll;n•c:•"• .-.t th·~ : •. ,:;ti tJ.J<.~qr·nand dl:-.tulnat•··;'''• l11dl :tr•' rt~JI··r1P.cl 

111 Sechon4 art! cornpult:d IJ',IIl<J tlu: t•q,ut,,,,,., f, •r tturwn''"' v,n;u''·"' unln;,.,,~·l (M'JIJ) t·:,tun;IIIOII 

lor lognormal population:~ •h::,crllll'd hy 1 ~111,. •rt 11 'iii 11 ~"~' It• .,, 1 ~i I 1 Tho· MVU • ··.tun.'" • ',f tlu · 

mean p of a lo']nonnally d•~tnlaat•~J r.mdom v.m.•!•l•~ X,., r•.·lah.·d ,., llu• w.tnnah•!, c.t '"" nu~.tll v 

and the vanance t? of th•• lilllol•.•ll• v;trt.tllh · Y 1. •'1; )t • '.,._l,..r•: "i• ... f d· ·11• '" ··, II ·•~ lldhH.•I 1, ,. i· Hill"" 

1 e .. loganthrn~. to the! b:~···'·' I') l1y 

II 
•F t) 

wheren•::.the ~.<lmplt· '·II\' ;ttl'l '1' 1,,tl1'·· ;; t,;ru "·'" q,.,,.,. .. , u, •.,. .. '1·"• t"i 1 t ,_,,-,1!l·•·rl. 1'H1;' 1 

The MVU <:!:>t•m.tiP of t!tt· V·'""'" ,, ,,.· •·' :>: •· -;•.-··•, 1,., 

•' r•, 

f ').I lf :, ·~ J I' 1 o I I 1 ~ • i \ i r' 

Thes<Hllph•n;••.:tnar:.J;r,fl•ll~.·-···llit•·l,,,;·l•·ld .• • .... , •. ,_ '~"·'·"····ll••r-. "'•I :· t:•t·l·· tl',1lat1•1 

(l' ;.>) How•~v•.~r tt1f·~··· ( H·.!'•I1L'HV ···~t ,n,,,, ... ·•'' ,,q· .... t!. • ''·1 ~~.: f·:r ""' d.t~ .. :·'·~fl,.,l;, i-•·· .aq·.•···f 

Ill'! prolth~rn!> 11•llw 1·•>'.-1'1 !.ul·, ,,f p,.. ,J,·lfll ,,,,_.,,._ ·I•· .. ''ln·•J ''"•-'' Tlo•·r··f.,r ... 1 r·.t··,· I •··,krt.ttt••ll 

rrwth••d M-·~·.lun.tl•· r. 1. 11.•·•! '" 1 r·••••l· · ,, . .,,_,,, ·. ·! "'-' :· 

An t.A-···.tun;ll•· ,,f,,, "'"·'1 ••·'I ·' :,,,, "'' , ... ' ' ~ j t . . ' t t , •.• ·· pa.d' .• 

\" (J ·, 

~ \.1 ,, ·. ''" l) i~ I t ~ t ! 
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q, I· ··.,,. 1.·1" :' f•'· 



where the cho1ce of the wctghling function <·1 IS descrsbed below When the scale parameter t is 

also unknown, as is the case in all apphcall<)ns in Sechon 4. then Eq (8 3) must he 5-)Jved 

Simultaneously with 

. (( y \' )2 ) '\ (-)' ---· I ~~ • .... l t / J 

where the correct choice for ~i depends on H (~)ec Huber's "Proposal2". Huber 1981 ) This 

system of two equations must usually b<! Y>lverJ 1tera11vcly 
One common cho1ce for (-J(t) 1s the "H11I11!r t!!,ftn~llnr· 

(-ltlll~ ~~ 

<, c sgn(t) 
ab!>(l)· c 
ab5(t)··c 

wht!rt! cIS a "tumng constant" cho<.~n l<'l uphllit/P tro~•J~X>ffs betiVeen mm1mt/mg the cHeer~. of 

outlrers and op11miz1ng the performance of the t·~ttrn .. tor m the normal case. If c""''· then the 

algonthm descrrbcd by Eqs. (5·3, 4) prodw:~s the w.uallea!it squares estimates of v and '. 

whiCh of course are the most eH1cicnt unhtil!if!d f'~lllnal•>rs for the normal case but ar•· extremcl~ 

~•cnsrlrve lo deviallons m norma lily The! "tH~.C111.trf'· 1 If 1) IS 

<-'<>Ill o ) ~ic 2 I ? )2 1f at>:,fiJ· ,. lo If all~.( II •C 

Thu~. the Huber csltrnalor down·wculhb t~llllu~r~ .• md lhr• l11~quare el:>lltnalor Qntirely I'Jitore[, data 

lh<JI are cxlreme outhcrs. The vtm.1or1 "'""·· <ti'Vlllth•nu~Pd 1n Snclton 4 hrst perform~ IWrJ 

11cra1rons wtlh the Huber func11on H loll0w•~d ,,~. fo11r •lf~raltonr. w1th the bisquare function 

(Calculattons were performed ustn•J the hm<. 11011 robloc m Splu~·". a statrst1cal computer 

package ) Extreme outhers. indudrng ;1 ~J•_tod rnany "' ltlf' lower tatl of the distribution that would 

have mfluenced lhe estimate of r and lh1, t 1 ~1. ~l'•l Ull~. upwards as noted above. wen: thus 

tgnored by the fmal estimator 

Upper tolerance limits 

Up1Jcr tolerance l:mrls (UTLs) arc! calt.ul.llf!d 1.: "''l tlu I' ••.mwlrK method d£!!,crtbed rn 

Sccllo11 i 1 3 of G•lb<.:r1 (1987) For !It•· '''!J"' ·'"'til\.,, ,,,,, . .,,,.d van.•~·l,~·:> con•,tdPred H• 

Set:! ton 4. !he UTL!> lake I he lc•rrn 

I I ) I• u, .. 1111111 ,-, •. , r• . · K' Z · ·~~, Z ' tr ; • • '' •• , .. · < 

I'> lilt' liJ(>p~'· JIHU•I\I>h.• of lht.• !>lotrl<l;lfd ~'"'"'·'· •l•·.trtlt\J!t· I) 1•111 r ., frrut•·" K' z .... , ., ; tJ ., : 

l•,l.tl•ll!dlttrp f:!l:, 101lt1 rt}··. ()'1:, 11111 .. : .. '•·•l .. t 1 I•"•••IJ.tr;AI•I'I:rd., A•tfl>tllu • 
ll!IH7) l.'lt•:,H lltft>rpuf.t!IOII HI !l~r·,l.tf•l•· lt.l',l" ··· ....... j ;•,fl. •,. 11··<•"•'~1-·; f•.t !111•J \·.tfW~'.' • l!l" 

di h~tl ~.tiiiJtl·~ :.1/(''• ·l'w.t·l.tl•f,. 
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