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BASELINE DATA FOR FALLOUT RADIONUCLIDES AT LANL

Katherine Campbell, EES-5, Los Alamos National Laboratory

1.0 INTRODUCTION

The Environmental Restoration (ER) Project guidance document Application of LANL
Background Data to ER Project Decision Making, Part II: Radionuc!ides 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 sets is provided in Appendix B. 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 compate 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 10 the 1963 Atmosphenc Test Ban
Treaty. These fallout isotopes include those listed in Table 1. in addition to uranium The ESP
has sampled extensively for these isolopes in soil, sediment, water and biota on and around the
Laboratory. Other radionuclides from atmospheric tesling have much shoner hall-lives and are no
longer present at detectable levels (i.e., above the minimum detectable activity or MDA) in the

environment. This anthropogenic background would atfect surficial media on the Pajarito Ptateau
even if the Laboratory were not here.

Uranium is also present on the Pajarito plateau as a constituent of its rocks and solls, i.e., as pant of
the natural background that would exist even f humans did not  Uranium is not discussed in this

Table 1. Fallout Radionuclides

Isotope Half-fife' MDA’
Tritium (3H) 12 33 years 05 pCinL
Strontium-90 (90Sr) 28 78 years 1 pCrg
Cesium-137 (137Cs) 3007 years 0.06 pCiq
Plutonium-238 (238py) 87 7 years 0.002 pCi/qg
{ Plutonium-239/240 (?39+240py,) 24110 years 0.002 pCirg
' Americium-241 (¢3'Am) 432 2 years 0.002 pCig

Halt-lives trom the National Nuclear Data Center, hup Zwww nnde bal.gov nnde/nudat:
** MDAs from LANL Method documentation, see Appendix A for discussion
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paper, but the guidance document mentioned above presents background UTLs for boih total
and isotopic uranium.

Baseline activity levels for the fallout radionuclides in surficial materials include both contributions
from natural and anthropogenic background, as defined above, and from Laboratory-wide

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 pafterns, elevation, and precipftation In the case of the Pajarito Plateau,
these factors would tend to lead 1o higher activities of faliout isotopes on the mesa lops where the
Laboratory is focated compared to the surrounding lower, dryer areas, even in the absence of any
contribution from Laboratory operations. It is factors such as these that make #t difficult to separate
the contribution of Laboratory operations from the world-wide effects of almospheric testing and
other global anthropogenic sources

In addition, activity of fallout radionuclides decreases rapidly with soil depth in undisturbed soils,
including those sampled by the ESP However, many of the sites 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 o fallout from atmosphenc lesting of the shorter-lived isotopes (those
with half-lives of 30 years or less) has decreased measurably since the end of atmospheric testing
in the early 1960s. Weathering (wind. water erosion. and leaching) may also lead to decreased
measured activity at many sites. Other world-wide anthropogenic sources such as satellite reentry
could lead to a slight increase in the environmental aclivity of some Isotopes over time  Temporal
patterns associated with activilies 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 activity. especrally for the shorter-lived
isotopes.

All of these factors must be considered in proposing baseline data sets for comparnisen with PRS-
specific data collected by the ER Project. Specificalty

* Dbecause of temporal trends (which in fact are observed not onlv for the shorter-lived
isotopes but even for some long-lived 1sotopes. as discussed in Section 4), only recent
data are included in the baseline data sets, with which ER data coliected in the 19905 will
be compared, and

* because of spatal trends_ a baselne data set that 1s based on ESE stations icated near
the penimeter of the Laboratory may not adequalely reflect conditions prevaiimg in the
center of the Laboml-ny. Thus 1ssue 1s further discussed in Section 3 3 and i the
appropriate subsections of Sechor 4
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* because of trends with depth, prior disturbance at a sampling location must be evaluated
when comparing site data 1o baseline data presented in this report. In general, it is not
appropriate 10 compare results for subsurface sampiles 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 tor 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 tive miles from the boundary. Another six Perimeter stations lie up to 2.5 miles from the
Laboratory boundary. Finally, ten On-Site stations 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 repont. the three ESP cateqories are modified as shown in the first column of Table 2 The
categories used herein are

Remote (6 stations)  «  Regional stations that are more than 15 miles from the
Laboratory

Marginal (8 stations)

Ali of the Perimeter stations except the one at TA-8

* The Otowi Regional station

* Two ESP On-Site stations (Test Well DT-9 and TA-33) located
in the southeastern pan of the Laboratory

Central (9 stations) * The remaining eight ESP On-Site stations
* The TA-8 Perimeter station.

These alternative groupings better reflect the levels of activity found at the ESP stations for
radonuclides with significant spatial trends. The proposed basehne data sets are composed of
subsets of data collected since 1990 at Marginal and Remote stations

Some stations are potentially affected by their proximity to operational sources Most of these are
Central stations, such as TA-21 (potentially aftacted by historical stack emissions from TA-21) and
TA-50 (potentially affected by the liquid radioactive waste treatment faciity at TA-50) Among the
Marginal stations that are candidates for inciusion in baseline data sets the TA-33 station has

been affected by the tntium facility that operated at TA-33 until 1491 All TA-33 dala 1s eliminated
from the: baselne dati set for tntium (see Saction 4 1)

Baseine Data tur | a ot 3 February & 1998
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Table 2. Environmental Surveillance Soil Sampling Stations

Category(l) and [Esp category(?) and Location

name name

R Bemalliio R_ Bernallilo

R Cochiti R Cochiti

R Embudo R Embudo

R Jemez R Jemez

R Rio Chama R 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.R. 501
andSR. 30

M Rendija Canyon |P Sportsman Club Near the Sportsman Ciub in Rendija
Canyon

M TA-33 O  Near TA-33 ?cross S.R. 4 from the entrance to

A-33.

M TA49 P Near TA-49 Along S.R. 4, about 500 feet SE of
the entrance to TA-49

M TestWellDT-9 O  Near Test Well DT-9 About half way between TA-49 and
Ancho Canyon sites

M Tsankawi P Tsankaw/PM-1 At entrance to Tsankawi on SR 4

M White Rock P White Rock (east) Near curve of SR. 4 approaching
White Rock from the north

C R-Site Road O R-Site Road East/ North side of Potrillo Canyon across

R-Site Road from Phermex

C TA-8 P__ Near TA-8(GT Sile) Along S.R. 501 directly west of TA-8

C TA-11 O TA-16 (S-Site)/ TA-11 Mesa-top at S-Stte, two miles east of
S.R. 501 and 1/2 mile north of
SR. 4.

C TA-21 O TA-21 (DP Site) North of DP Road, about 200 feet
NW of the gate into TA-21.

C TA-36 O Potnilio Drive/ TA-36 Mesa-top site along the road into
TA 36. about 2000 feet east of
gate

C TA-50 O TA-50 North of TA-50.

C TA-53 O Westof TA 53 About 350 feet east of East Jemez
turnoff along TA-53 access road.

C TA-54 O Eastof TA-54 Al east end of TA-54

C__ Two Mile Mesa O Two-Mile Mesa South of old TA-6 complex

(") O On-site (within Laboratory boundary)
P: Perimeter (less than 3 miles from Laboratory boundary)
R Regional (more than 3 miles from Laboratory boundary)

@ ¢ Central (not more than 0 1 mile vutside boundary, excluding southeastern part of
Laboratory)
M Marginal (southeastern part of Laboratory and up to 5 miles from boundary)
H' Remote (more than 15 tniles, from the Laboratory)
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3.0 ISSUES AND CAVEATS

3.1 Data Comparability

Whenever two data sets are to be compared, the first issue that arises is always the problem of
data comparability, including the comparability of both sampling methods and analytical
procedures used in generating the data in the two sets.

The ESP data are intended 1o represent levels of activity in soils that can be ascribed to

atmospheric deposition from sources such as fallout and stack emissions. Soil sumples are

composites of five 0-2" grab samples collected at the corners and center of a 32 fool square at a

given sampling station. (See Chapter 6 of 1995 Environmental Surveillance Program repont.) 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 h
do provide befter 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 0-6" sample. particularly for the

less mobile isotopes. However, neither of these elfects 1s likely to be large compared to the

overall vanability within the baseline data sets

The ESP generally uses the most sensitive analytical methods available for its work. For many of
the fallout radionuclides, background levels are near the lower mit of detection by these
methods. The methods used are documented in by Gautier (195) and are briefly described in
Appendix A. For some analytes, a substantial fractwn 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 1o 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 time, and counting geometry In some
cases the MDAs for ER samples may exceed background activity levels and/or the MDAs

associated with ESP samples. In addition, differences in method. including sample dissolution

method, extraction method, and instrumentation. can lead to relative biases between the results
tor the same sample | ;

Tty e

3.2 Statistical Issues

Once a baseline dala set is selected, there remain a number of Statistical issues to be addressed
before calculating summary statistics. The first and most signific ant 1s the use of these data as i
they constituted a simple random sample from the baseline population, consisting of sample
locations that have not been impacted by a specific LANL relcase  (This definition of the
“baseline population” excludes, for example, locations within a PRS or immediately downwind
from a known release point, but locations within the range of influence of some of the mare
widespread stack releases are included.) The ESP samples from Marginal and Remote stations
are not a true random sample of this population  Rather they tepresent repeated sampling at a
handtul of stations in a handful years In theory. observations from one station in different years
should not be considered independent observations  In practe.o. evidencs: of “station Cflects,®
not found within the proposed baseline data sets. and this evidi nee of lick of correlation within
stations provides at least partial justfication for treating the ob-ctvinons e independent

}
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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

Normal or lognormal probability plots of the selected baselne 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 valyes (1 e.. samples for which the results actually reported are
Zero or negative) are indicated by a square, while measured positive values are indicated by a "4+".

A few individual observations appear 1o be high outliers relative to the remainder of the data. The
eflect of these observations on the estimates of baseline 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 outliers are explicitly mentioned in the text and tables of
Section 4.

One of the statistics calculated is the (.95, 95) UTL for the baseline distribution. 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 (tewer than about 40 observations), the UTL may exceed the
unknown 95th percentile by 25% or more, while for larger data sets it should be a better
approximation to this percentile. By definition, the 95th percentile of a distribution is exceed by
5% of the observations from that distribution. As a result. some observations in the local
background data sets can be expected to exceed the UTLs but they are nevertheless 1o be
retained (e.g.. when these data sets are used in other statistical compansons) unless they appear
to be outliers based on other criteria.

3.3 Spatial Trends

Differences between Central, Marginal and Remote stations are evaluated using nonparametric
tests such as the Wilcoxon two-sample tests. Thesc tests suggest statistically significant spatial
trends as a function of distance from the central Laboratory for tntium. 2381y, ang 234240, |y,
particular, for these 1sotopes the Central siles as a group are significantly elevated relatve 1o the
Marginal and Remote stes on wihich the basehine data sets are based

Haselne Data tor Fatye I forosany b 1998
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Table 3. Statistical Comparison of Individual Central Stations .
to Baseline Data*

{
Isotope 3M 90g, 37cs | 238p 239+?40pu 24%A m
Number of years 4 3 4 4 4 2
R-Site Road waqu(?) w u(1)
TA-8 w wqu(1) u(1) qu(1) wqu(1)
TA-11 wq w u(1)
TA-21 wqu(1) u(1) wu(1) wu(1)
TA-36 u(1)
TA-50 wu(1) wqu(1) wqu(2) wqu(?2)
TA-53 wqu(1) u{1) wqu(1)
TA-54 u(1) u(1) wqu(1) wqu(1)
Two Mile Mesa wqu(2) w w w w u(1)

*w = Significantly different from baseline (P<0.1) by the Wilcoxon test (nonparametric

test for shift of entire station distribution relative to baseline)

q = Significantly different from baseline (P<0 1) by the quantile test (nonparamelric
test for shift of upper quartile of station distribution relative to baselne)
u(n) = nobservations exceed the (.95, 95) UTL calculated from the baseline data This

is neither a nonparametric nor a statistical test, but it 1s a commonly reported
statistic.

In addition to these general spatial trends, several of the Central stations mndwvidually "fail” one or
more statistical tests when compared with the selected baseline data. The results of these tests
for the Central stations are summarized in Table 3. (See Ryt et al, 1996, 1298 for a description
of the Wilcoxon and quantile tests whose results are tabled in Table 3 }

While the Central stations are less likely than Marginal stations 1o be representative of general
Laboratory effects and more likely to be influenced by localized sources. the above calculations
do suggest that comparison of centrally located ER sites with the baseline data rmught result in the
conclusion that a release has occurred at this site when in fact 1t has merely been affected by a
non-ER release. Fortunately, the three isotopes with clear spatial frends (3H, 238py and
€39+240py) have quite high threshholds below which they do not contribute signiticantly to nsk
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 positives” 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 corrective action at an ER PRS

4.0 BASELINE DATA SETS

4.1 Tritium

Tritium (3H) in soill moisture has been measured at all 23 stations since the early 1980s. However,
the measurements in some years--specitically, 1985, 1988, and 1994--dipped across the entire
set of stations. for unexplained reasons (see Figure 1) Exciuding these years, trntium activity in
soil moisture appears to have been rising n all groups of stations n the late 1970, and early
1980s. and to have decayed since that ime more raprdly than voould be predicted by s half-kfe: of
12 3 years. In particular, observations have decreased markedly since 1990 The reconumended
baseline data for tntium are subsets of the data collected in 17491 19921993 a1 1995 All of

the data for these tour years are presented in Appendc A (Tabide A1 and Figure 4 1)
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Figure 1. Temporal and Spatial Trends for 3H,
exluding TA-33
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have been decreasing, but they are stil significantly higher than observations from other Marginal
and Remote stations.” Therefore data from TA-33 are excluded from the baseline data set and
from all statistical tests and calculations reported here.

Figure 2 reveals two observations in the most recent time period that appear as outiers:

9.5 pC/ml. at TA-54 in 1993 (a Central station) and 4 pCiVml. at Test Well DT-9 in 1392 (a Marginal
station). The DT-9 observation i1s exluded from the baseline data set for tritium, both for the
purposes of computing estimates of the parameters of the baseline distribution (Table 4) and
when this data set is used in other statistical tests. {The TA-54 observation 1s not a canddate for
the baseline data set. as it comes tfrom a Central station )

In summary, the Proposed baseline data set for tritium consists of 51 observations from thirteen
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 summanzes the parameters of the baseline distnbution as
estimated from these data Figure 3is a lognormal plot of these data on which the fitted lognormai
distnbution is represented by the sold straight line and the (.95. 95) UTL value by a horizontal
dashed line. One observation (0 9 pCilL at North Mesa in 1991) exceeds the UTL.

Tritum data are reported to the hearest 0.1 pCvmL. while reported measurement errors are on the
orderof 0.210 04 pCvmL  The MDA IS conservatively estimated as high as 05 pCumt {Appendix
A). Thus most of the reported observations are Statistically indis.guishable from zero {in fact 30%
ot them are reported as less than or equal to zero), and only the upper tail of the distribution nses
above the level of measurement error We should be concerned primanly with the t »f the.
estimated distnbution o the upper Lal, which appears from Figuie 310 be adequate
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Figure 2. Temporal and Spatial Trends for 3H,
excluding the years 1985, 1988 and 1994
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atistically tughly s:ignificant

(P<.001). Table 3 suggests that this difference is due primarily 1o observations from the: Two Mile

Mesa and R-Site Road stations in the west-central part of the Laboratory  Therclore 15 possible
that the baseline data set. which 1s based on Marginal and Renwte data, may not be complet
representative for ER sites the west-central part of LANL. although the effects of this on ER

ely,

decisions should be negligible, as discussed in Section 3 3

Table 4. Baseline Statistics for 3H

Years

1991, 1992, 1993, 1995

Stations

Marginal and Remote
exciuding TA-33

Excluded outliers

Tool Well DT-9 1092

Number of observations used

51

Mean

11859 pCyimil.

Standard deviation

0 TR pCiinl

Coeflicient of vanance

102

Smallest positive value

01 pCvink

Median

11 pCvml.

Maximum

09 pCemb

(95,.95) UTL

1 Toh pCvml

Number of obiservations above the UTi

1

Baselhne Data tor F aliout
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Figure 3. Lognormal Plot of Baseline Data for 34
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Within the baseline data set, there are no statistically significant differences among stations or
between the Marginal and Remote stations, and the difference among years is only marginally
significant (P-0 09). As explained in Section 3.2, this provides some justification for treating
these data as an independent and dentically distributed sample from the baseline distribution for
the purposes of the statistical calculations summanzed in Table 4. although strictly speaking they
do not form such a sampie.

4.2 Strontium-90

and Figure A 2

Overall, a decrease in activity comparable to that expecled based on a half-lite of 29 1 years is
observed between the earlier measurements and those made in the 1990s (Figure 4).

Differences between Central, Marginal and Remote stations that were highly significant in the
1970s and 1980s are statistically insignificant in the 1990s No ndividual observations appear to
be outliers,

The recommendad bascline data et for 9Sr consists of the most recent three years of data trom
the 14 Remote and Marginal stations, Statisticns tuased on this data set are presented in Table 5.
Figure 5 1 i log-nemmal probability plot of these 32 obuenvit s None exceed the (.95, 95)
UTL .
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Figure 4. Temporal and Spatial Trends for 905
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Figure 5. Lognormal Plot of Baseline Data for 90S¢
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Table 5. Basaline Statistics for 90g,

Years 1992, 1994, 1995
Stations Central/Marginal
Number of observations 42
Mean 0.36 pCi/g
Standard deviation 0.30 pCi/q
Coefticient of variance 0.83
Smallest positive value 0.1 pCi/g
Median 0.3 pCi/g
Maximum 1.1 pCig
95,.95) UTL 1.31 pCi/g
Number of observations above the UTL 0
Strontium-90 data are feported to the nearest 0.1 pCi/g and the reported measurement error is
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Figure 6. Temporal and Spatial Trends for 137Cs,
excluding station TA-8 and year 1992
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The recommended baseline data set consists of data from all Marginal and Remote stations for the
years 1990-1995, excluding 1992. a tolal ol 56 observations. Statistics based on this data set are
summarized in Table-5 All of the data for these five years are presented in Appendix A
(Table A-3)

One observation in the basehine data set, from the Cochiti Regional station in 1991, exc.eeds the
{.95..95) UTL, but it1s well in line with a lognormal distribution fit to the middle of the data
(Figure 7), that is, it does not appear to be an outher relative to the bulk of the data.

Table 6. Baseline Statistics tor 137Cs

Years 1990-1991, 1993-1995
Stations Marginal and Remote
Number of observatiung 56

Mean 042 pCig
Standard deviation 041 pCig
Coefficient of vanance 0 99

Smallest positive ohservation 003 pCig

Median 03 pCvg
Maximum

17 pCry

(95, 95) UTL

165 pCuy

Number of ohaervations, above the U7

1
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Figure 7. Lognormal Plot of Baseline Data for 137¢ ¢ )
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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 pCifg, while for other years (bolh before and

at least in pan, a result of rounding down to 0.1 PCvg There are no significant differences
between the Remote. Marginal and Central subsels of data Individually, observations from the
TA-8 and Two Mile Mesa stations are significantly elevated relative to the baseline data set (see

4.4 Plutonium-23g

Plutonium-238 (238py) has been sampled consistently af the 23 locations in Table 2 since the mid
1980s, except for the year 1990 when no 238py results were feported at the Perimeter stations

A significant increase with time is observed in all categories of samphng stations starting in the late
1980s (See Figure 8) In addition, statistically sigrificant differences among the categories
appear in this tirne frame
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Figure 8. Temporal and Spatial Trends for 238p "

0¥ _—
lba
00%4
-~
_g' —~— -
L M T T =
—~—
: loa N ool H
0 0051 : ; : —_— :
G 00w

583 A2

"36) Qemote

Jentra

Ceet Mg

' Uamslg
PIVRSI S

[ §
(f
coonmse [
won e [
{
[ .
(-

"4l 381 et [
2458

T ke R8T Maryta
wir %
WS leta.

S Tt e

AL

Two extreme outhers, values greater than 1 pCrg reported al TA 540 1980 and 1n 1985, have been
elimmnated from this plot.

The recommended baseline data set for 238Py consists of the data from the Marginal 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). Statistics based on this data set
are presented in Table 6. One observation in the baseline 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 fitted distribution (the solid line), and so 1t is not considered an outhier and is nol
eliminated from the baseline data se!

Table 7. Baseline Statistics for 238py

Years 1992-1995
Stations Marginal/Remote
Number of observations 56
Mean 0.0054 pCyq
Standard deviation 0.0060 pCvqg
Coefficient of variance 1.1
Minirmurn positive value 0 001 pCrg
Median 0.004 pCuqg
Maximum 0.037 pCiq
(95. 95) UTL 0.023 nCiyg
Nurnber of observations above the UTL 1
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Figure 9. Lognormal Plot of Baseline Data for 238py

+
un /
. . R A
.
mean 0 0h4
sd 0060
0on uit 00238
g <0001
o
(& 0 004
MDA
N 00% e
o] Q (=]
YT T B et T I i B It g T T
001 00% 01 02 G4 ¢ e 04 095 099

The ditference between the Central and MarginalRemote stations 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 nine Cenltral stations exceeds the UTL, and two
stations (at TA-50 and TA-54) are significantly different from the baseline by other stalistical tests.
Therefore it is possible that the baseline data set based on Marginal and Remote data may not be
reépresentative for ER sites the central part of the Laboratory, but the effects of this on ER
decisions should be negligible, as discussed in Section 3 3

Within the baseline data set there are no statistically significant dHerents among stations or years
or between Marginal and Remote stations

4.5 Plutonium-239/240

Plutonium-239/240 (2 39+4240py) has been sampled consistently at 1he 23 locations in Table 2
since the mid 1980s, except for the year 1990 when no 239+24.py; resinis were reported at the
Penmeter stations In the earler pan of this period higher levels wire measured near the
Laboratory than at Remote stations More recently the ditferenc.es have been less pronounced
but they remain statistically signiticant in the most recent time penod {1992-1995), see Figure 10
The changes between this most recent hme penod and the preceding time period (1988-1991)
are also statistically significant for Central and for Marginal station s,
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Figure 10. Temporal and Spatial Trends for 239+240p
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The recommended baseline data sets for 239+240py, consist of subsets of the data from the

Marginal and Remote stations drom the most recent four years of sampling (1992-1995)

All of

the data for these four years are presented in Appendix A (Table A-5 and Figure A S) Statistics

based on this data set are presented in Table 7. One observation in 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 remainder of the baseline data. so it is not

considered an outlier.

Plutonium-239/240 results are reported to the nearest 0 001 pCig  Reported measurement

errors are typically 0.001 or 0 002 pCvg and the eslimated MDA 1s 0.002 pCvg (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

Years 1992-1995
Stations Marginal/Remote
Number of observations { 56

Mean 0.015 pCig
Standard deviation 0 013 pCi/q
Coefhicient of variance 0 84

Smallest positive observation

Q 001 pCrqg

Median

0012 nCuy

Maxiimum

0 055 pCr'y

(95, 95) UTL ‘

0 054 pCrqg

Number of obaervalions above the UTL

1
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Figure 11. Lognormal pPiot of Baseline Data for 239+240p
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The difference between the Central and Marginal/Remote stations Is statistically highly significant
(P< 001). Table 3 suggests that this difference is due primarily to data from the TA-50 and TA-53

In addition to the significant elevation of the Central stations, there 15 a statistically significant
difference between Marginal and Remote stations (P<0.05) for 233+240py, i the most recent tirme
period. A (.95,.95) UTL based on the Remote data only is slighly smaller (0.044 pCvqg), 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 pCiq), greater than the largest Marginal observation. | n
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 sites near or within the Laboratory
boundaries this number may be shghtly low

4.6 Americium-241

Americium-241 (241Am) was neasured infrequently prior to the 1990s  Recently it has been
measured in 1992, 1994 and 1985 at most of the 23 stations listed 1 Table 2. No observations
were reported from the R-Site Road or North Mesa stations in 1985 The1992 measurements are
significantly higher than results reported in 1994 and 1995 Probably a different analytical
technique (gamma spectroscopy) was used in 1992, reported measurement errors are also farge
compared to more recent years, Consequently, only data from 1994 and 1995 are considered far
the baseline data set Dala for these two years are presented in Table A-6 and Fiqure 4 6 of
Appendix A
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Table 9. Baseline Statistics for 241Am

Years 1994, 1995
Stations Marginal/Remote
Number of observations 27
Mean 0 0064 pCvg
Standard deviation 0.0031 pCvg
Coefticient of vanance 049
Minimum positive value 0 001 pCi/g
Median 0 007 pCi/g
Maximum 0.013 pCvqy
(.95,.95) UTL 00133 pCvq
Number of observations above the UTL 0

The recommended baseline data set for 47 Am consists of the mast recent two years of dita from
the Marginal and Remote stations o total of 27 observations  Statistics based on thes datia set are
presented in Table 9 Uniike basehine data for the other 1Isotopes, these data are very nearly
normally distributed. so the statistics in Table 9 werce calculated unng normal assumptions,

Figure 121s a normal probabulity plot of the baselne: data The UTL 1 not excecded by any
observation in the basehne data ne

Amenciurn-241 results are reported fo the: nearest O 001 pOCEG Wit i reported mse,urement
error of 0.001pCvg The estimated MDA 15 0 002 pCuy (Appendix A) Most of the abservation in
the baseline data sets are thus above the level of measurement error, although quantizateon
offects are visible in the lower 1ail of the data i Figure: 12

Figure 12. Normal Plot ot Baseline Data for 24'Am
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In this time period, differences among Central, Marginal and Remote stations are statistically
insignificant, although two high observations from TA-50 suggest that this station may be affected
by the facilities at TA-50. There are no statistically signdicant difterences between slations or
years in the baseline data set
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Appendix A. Environmental Survelilance 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 counting 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 pCil.. Thus virtually all of the data in the
baseline data set (Table 1.1 and Figure 1.1) are within the range of measurement "noise”

Strontium-90 (3°Sr) 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-30 (90Y)
ingrowth period of at least two weeks. Yitrium-90, the daughter product of 99Sr decay, is beta-
counted in the final dried filtrate for 200 minutes ER160 reports a detection limit of 1 pCig in
soils, although recent improvements to the procedure will reduce this to about 0.5 pCi/g. The
"one-sigma" error commonly reported with ESP measurements 15 on the orderiof 0.2 to

0.3pCig. Thus about 85% of the data in the baseline data set (Table 1.2, Figure 1 2) are within »
the two standard deviations of zero.

Cesium-137 (137Cs) is measured using gamma-ray spectrometry (LANL Method ER130) Soil
samples are dnied and milled, and a 100 g ahquot 1s counted  One estimate ofithe detection limit
for 137Cs is 0.06 pCi/g. However, the associated "one-sigma” errors reported with ESP

measurements are typically 0.05to 0.1 pCi/g About two-thirds of the data in the background
data set are above the detection lunit

Plutonium-238 (238Pu) and Plutonium-239/240 (238/240py) are measured by radiochernistry and
alpha spectrometry (LANL Method ER160) Amencium:241 (?4*Am) can also bo obtaned by this
method if the appropriate tracer is added. or by the similar LANL Method ER110 which includes an
additional solvent extraction step  Ten-gram samples arc ashed and plutorum is isolated by ion
exchanqge and electrodeposited on stainless steel planchets to be counted by alpha
spectroscopy  The average MDA of 0002 pCrqg, and the "one-sigma” errors reported with ESP
measurements are typically 0 001 to 0 003 pCrvg  Thus about halt of the 298Py and 24 Am data
and most of the 239 290DG data i the background data set are above nove fevels,
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Table A-1.

Tritium {pCin)

+ + s

1991 1992 1993 199§
Bernaliillo -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
R-Site Road 0.8 0.6 1.2 0.4
Rendija Canyon 0.1 0.5 0.4 0.2
Rio Chama 0.2 0.4 0.2 0.1
Santa Cruz ~-0.2 0.3 -0.1 0.4
TA-11 0.3 0.5 0.4 0.3
TA-21 1.4 0. 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
Test Well DT-g -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 station
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Table A-2. Strontium-90 (pCi/g)

1992 1994 1995
Bernalillo 0.2 0.8 0.1
Cochiti 0.2 0.4 0.3
Embudo 0.3 0.4 0.1
Jemez 0.3 0.4 0.3
North Mesa 0.3 0.2 0.2
Otowi 0.0 0.7 0.5
R-Ste Road 0.2 0.7 1.3
Rendija Canyon 0.3 0.3 0.8
Rio Chama 0.0 0.5 0.1
Santa Cruz 0.1 0.2 0.4
TA-11 03 0% 11
TA-21 01 03 0.1
TA-33 0.2 1.1 0.2
TA.36 02 Q< N3
TA-49 2 [ a3
TA 50 G 1 [ 8
TA 53 2 4 0.2
TA 54 G2 e ny
TA-8 4 1 05
Test Well DT-9 0.0 0.8 0.2
Tsankawi 0.4 0.7 0.4
Two Mile Mesa 93 e )
White Rock 0.2 0.1 0.4
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Table A-3.

Cesium-137 (pCilg)

1991 1993 1994 1995
Bernalillo 0.3 0.1 0.03 0.24
Cochiti 1.7 0.1 0.22 0.10
Embudo 0.8 0.6 0.38 0.45
Jemez 0.2 0.1 0.33 0.50
North Mesa 0.3 0.1 0.07 0.32
Otowi 0.5 0.1 0.17 0.51
R-Stte Road 0.5 0.4 0.31 0.57,
Rendija Canyon 0.3 0.2 0.26 0.62¢
Rio Chama 0.2 0.7 0.19 0.25
Santa Cruz 1.1 0.1 0.31 0.46
TA-1 0.2 3.1 0.15 0.46
TA-21 1.9 0.1 0.01 0.18
i TA-33 0.3 0.1 0.61 0.00
' TA-36 0.3 0.2 0.20 0.30
TA-49 1.0 1.0 0.42 0.41
TA 50 0.1 0.2 0.08 0.62
TA-53 0.3 0.2 0.05 0.33
TA-54 02 2.0 0.10 0.10
TA-8 1.2 2.1 075 1.21
Test Wel| DT.9 0.3 1.0 0.94 0.32
Tsankawj 0.7 0.1 0.10 0.13
Two Mile Mesa 0.2 0.7 0.90 0.47
White Rock 0.7 0.0 0.21 0.30
Figure A 3. Cesium-137 by Station
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Table A-4. Plutanium-238 (pCi/g)

1992 1993 1994 19985
Bernalillo 0.002 0.003 0.006 0.0119
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
North Mesa 0.016 0.015 0.005 0.018
Otowi 0.055 0.024 0.009 0.019
R-Site Road 0.009 0.015 0016 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 0007 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 0062 0032 0.3%1
TA-52 0 061 2030 0019 0039
TA-54 0.034 2 243 0 005 0 024
TA-8 0022 1+ N68 0 000 0.045
Test Weli OT-9 0.032 0.031 0.031 0.014
Tsankawi 0.011 0.025 0.006 0.006
Two Mile Mesa 0017 0024 0 039 0021
White Rock 0.014 0.002 0.011 0.012

Figure A4 Plutonium-238 by Station
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Table A.5.

Plutonium-239/240 {pCi/g)

1992 1963 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
North Mesa 0.016 0.015 0.0058 0.018
Otowi 0.055 0.024 0.009 0.019
R-Site Road 0.009 0.015 0.016 0.025
Rendija Canyon 0.012 0.006 0.018 0.040
Rio Chama 0.008 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 0046 0.009 G.009 0.013
TA-49 0.008 0.033 0.02¢0 0.024
TA-50 0.023 0.062 C 032 0.351
TA.53 0.061 0.030 0019 0.030
TA-54 0.034 2.248 0 605 0.024
TA-8 0.022 0.068 G 000 0.04¢
Test Well DT.9 0.032 0.031 0.031 0.014
Tsankawi 0.011 0.025 0.006 0.006
Two Mile Mesa 0.017 0024 0039 0.021
White Rock 0.014 0.002 0.011 0.012
Figure A5, 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-Ste 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 53 0.002 0 008
TA-54 0.004 0 006
TA-8 0.010 0016
Test Well DT-9 0.013 0.008
Tsankawi 0.002 0.004
Two Mile Mesa 0.018 0.007
White Rock 0.003 0.006
Figure A.6. Americium-241 by Station
Lentrin Margnal
+
.
+ +
+
. +
¢ + M 1 * 4+
* . +
4 -
h7

Hamoto

Fobruary &

L1998

L




APPENDIX B. STATISTICAL METHODS

This appendix discusses :he statistical methods used in Section 4, where local backgroung data
sets are proposed and summarized.

Distributional Assumptions

When data from a lognormai distribution are plotted in this way, they should falf approximately
along a straight fine. Thus the lognormality of the local background distributions can pe assessed
informally by inspection of these plots.

Some problems are visible in some of these plots  for €xample, quantization effects are very
obvious for some of the radionuclides because many of them are being Mmeasured near the limits
of the analytical methods used. Tritium, for example, is reported to the nearest 0.1 pCi/mL, and
more than half of the observations are below 0.5 pPCimL. The estimated Measurement errors
reported by Fresquez et a|. (1996) are typically 0.2 - 0 4 PCVmL, so there is certainly no point in
repoiting results 1o more than one signiticant digit, but the result, of course, is hot a continuoyg
lognormai distribution,

Even when the Measured values are generally within the range of the analytical methogd used,
Some problems are often observed in the lower tails. For €xample, the lognormay probability piot
for '37Cs in Section 4.3 (Figure 7) shows that the observations below 0.05 pCi/g are smailer
than would be éxpectled if they came from the same lognormay distribution as the rest of the data

much larger. The resyly would be a serious distortion of what the data are teling us about the local
background. Robust estimation Methods, describeq below, were useqd to minimize sych
problems.

sensitive to the choice of the detection it Methods for determmmg Stalistically defensible
detection limits exist, but no sych detection hmys have been provided with the Egp data

Treatment of Zeros and Negative Values
Appendix A shows that there are cero and even nNegalive reported observalions for maost of the

radonuchdes Negative values are sometimes reporied because the reduction of the raw data
requires that an instrumenta| background value be subtracted |f the 1Salope beng Measured s

Baselne D.a for Failogs B Febeary ¢ 1998
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present only at levels that are eftectively below the nstrumental detection hmit tor the analytical

method being used. this subtraction can result in a negative result  The instrumental detection

limit is generally much lower than the true methaod detection level at which resufts can be retiable
quantiied. As a result, even many of the reported positive results are statistically

indistinguishable from zero. as indicated by reponted errors (usually "two-sigma” errors) that are
larger than the reported result

Zero and negative values do not need to be modilied d the data are being used directly in two-
sample tests comparing background and site distabutions  However, for the statistical calculations
reponted in Section 4, many of which are based on the assumption of lognormality, they must be
replaced by positive values For these data. the choice of 0 5 imes the minumum reported
positive value is generally satisfactory (For data that are "censored” at a detection level, the use
of 0.5 limes the detection level 1s frequently recommended. but radionuchde data are not
censored. and consistently calculated method datection levels or MDAs are not reported for the
ESP data) Because mbust estimation methods that munmize the effect of data in the tails of the
distribution are being used. this choice actually has httle eftect on parameter estimates s effects
are primarily visible in the appearance of plots such as the lognormal probability plats i Section 4
and the point plots in Appendix A - Inboth cases values which have bheen substituted are
displayed using a different symbol 5o that ther presence s enmadiately obvious

Parameter Estimation

The estimates of the means and vanances of the de wiat backgraund distnbutesna it aee repx ned
n Section 4 are computed using the equatinae, for mumnum vanatee ublnised (MYL) cotimaton
for lognormal populations described by Dilbert (1987 Becbon 13 11 The VU echimate of the

mean pi of a lognommally distnbuted random vanabibe X v, eliated 19 the estimates of the mean v

and the vanance t?’ of the tandomn vanatile Y oy X iaheete: Tinny” denotes the natutal lo-janttan
1 e.. toganthins to the binse €) by

o e 3
:

2‘)

where nis the sample aze and oty e o finchon RCTRPYRTHE RTRTI I I B RN THRT) IR M A

The MVU estunate of the vatianee: v e by

. X oo o .
G emptthy s LR
ro!
The sample mean ared vare e o} the gt bt ate Loy v or s aned e B 1y daed

(32) However theoe cisdomary cntinales ane it Crt eyt ottt i, Lo npe of

the problems i the b Laedes o o et gt e sbwed b s Thieerssdoaree oo e titniaion
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where the choice of the weighting funciion ¢ Is described below When the scale barameter ¢ i
also unknown, as js the case in all applications i Section 4, then Eq (B 3) must he solved
snmunaneous!y with :

2
ZH{(L”\) B (B.4)

where the correct choice for B depends M B (See Huber's *Proposal 2°. Huber 1981 ) This
system of two €quations mysgy usually be solyed n(:-rauvely

One common chorce for O(1) 1s the “Huby estiunglor

iy = oy abs(t}-¢

ic sgn(t) absttjs¢

where ¢ s 4 “luning constang chosen 1o OPIMIZE tadngtfs between minimizing the eftects of
outhers and Ophmizing the Perormance of the estimitor n the norma| case. I ez then the
algorthm described by Egs. (S-3, 4) Produses the usual legst SQuares eslimates of and 1,
which of course are the mogt etlicient unbisecg estmators for the Normal case but gy, extremely,
sensitive o deviations n normality The i 1) K

o 2
Gs(t) - ] .‘g’ce t?) if absity
I\ 0 if absity o
Thus. the Huber estimator dowrrn'r.wth:, outhers, and e isquare e€stimalor entirely 1gnoros, data
that are exlreme outliers. The version of ., algorahe usexd in Section 4 first performs twre)
nerations with the Huber tunction ) Mollowey by toin Herations with the bisquare function
(Calculationg were performeg using the fun. 1, robloc i Splus'v 4 statistical computer
package ) Extremne outhers, inc!udmg A guod many i the Iower tail of the distribution that wouleg
have influenced the estimate of ¢ and the:  an 9N UTL, Hpwards as noted above, were thys

Upper tolerance limits

Upper tolerance kg (UTLs) are Catlulatgn g Gatey th frametne metho described in
Section 11 3 of Gilben (1987) For 1. lesegen N bt viatahlog considerod i,
Section 4. the UTLs take the form

UTLip.t o, vxp{U'K;'” )

whare K 5 10 a labled faciar thaat deegirng, |, e g, W2 ths quantle, being ARUN Y
# R

R ¥ 4
() aaned the lnevel of conhdenc, desied |, 1y "oy, ez 1y . K e e Zp “nere Z,
> the tonpt Percentle of the S0t gy, Setnbute wopag g, ey k! v Ly v
a4 o
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