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INTRCDUCTION

The purpose of this technical paper Is to provide guidance lo Los Alamos Natlonal Laboratery
(LANL/the Laboratery) Envirenmental Restoration (ER) Project personnel on the ER Project's
approach to conducting backgreund comparisons,

The background comparison approach consists of two steps. The first step Is the assembly of a
defensible set of background data, The Laboratory-wide set of background analytical data from
samples of soils, sediment and tuff is summarized in “Inorganic and Radionuclide Background
Data for Seils, Canyon Sediments and Bandelier Tuff at Los Alamos National Laboratory.” (Ryti
ot.al. 1998, 56093). This document prosenis a simple decision logic o select geologically
defensible subsets of these data, All ER Project reports that ovaluate differences from
background will justify the use of Laboratory-wide background concentration data or present the
rationale for using site-specific background concentration data. The second step is the selection
of the statistical method(s) used to compare site data with background data, Two statistical
methods are presented. The first comparos the site congentration data with a background value
(BV), a statistic (or detection Iimit) representing the largest concantration representative of natural
background concentrations, The second is a group of methods designed to detect a distributional
shift between sile data and background data. Although guidelines for the application of thase
methods are presented in this document, each ER Project report that Includes background
comparisons will briefly describe the statistical analysis method ¢chosen and justify its application
to the data in question, Background comparisons should support revisions to the comceptual site
model. In particular, background comparisons provide the basis for understanding the nature of
inorganic contamination. Other analyses are als¢ reguired to develop an understanding of
contamination oxtent,

The organization of this paper Includes the following general sections: (1) the summary of
regulations and guldance governing statistical comparisons 10 background, (2) the selection of
background data for (a) inorganics, and (b) radionuclides, {3) the recommendation of matheds for
background comparisons,

1. SUMMARY OF REGULATIONS AND GUIDANCE GOVERNING STATISTICAL
COMPARISONS TO BACKGROUND

The EPA guidance documents supporting the Comprehensive Environmental Response
Compensation and Liability Act (CERCLA) and Resource Conservation and Recovery Act (RCRA)
programs provide specific information on how to design background studies and how to
statistically cornpare site data with background data.

The CERCLA document, Guidance for Data Usability in Risk Assessment (Part A) (EPA 1992, ER
ID 54947), recommends collecting background data prior to collecting site data, If the comparison
of background data with site-derived data for a given constituent does not show a differance
statistically, that constituent is eliminate¢ from further evaluation. The CERCLA guidance also
suggests that the number of background samples collected from a site be based on the “minimum
detectable difference” procedure (EPA 1989, ER ID 54947), Data analysts unfamiliar with this
approach should contact the statistical specialisls within the ER Project's Data Analysis and
Assessment Team.

Background comparisons for groundwater monitoring data are addressed in the RCRA documant,
The RF! Guidance (EPA 1989, ER ID 08794), Methods for comparing data derived from
upgradlent wells with data from downgradient wolls are presented in the RCRA groundwater
statistical analysis document (EPA 1989, ER 1D 54946), These statistical methods are codified In
40 CFR Part 264, Statistical Methods for Evaluating Ground-Water Monitoring from Hazardous
Waste Facllities: Finat Rule Foderal Reglster Tues. Qct, 11, 1988,
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Statistical methods used for background comparisons of groundwater c¢an be applied to
backgreund comparisons for data fram other media as stated in tho preface of the RCRA
groundwater statistical analysis document (EPA 1988, ER 1D 54846):

“This scenaric can be applied to other non-RCRA situations Invoiving the same
spatial relationships and the same null hypothesis. The explicit null hypothesis for
testing contrasts betwueen maans, or where appropriote between medians, is that the
means between groups (here menltoring wells) are equal {i.e., no releaso has been
detacted), or that the group means are below a prespecified action level {e.g., the
ground-water protection standard), Statistical methods that can be used to evaluate
these conditions are described in Section 5.2 (Analysis of Variance), 5.3 (Tolerance
Intervals), and 5.4 (Prediction Intervals).”

The RCRA groundwater monitoring guidance states that the specific approach proposed by the
owner/operator should be submitted to EPA for approval, especially where methods other than
those presented in the guidance are used, Statistical methods presented bolow are consistent
with those found in the analysis of variance and tolerance interval sections of the RCRA
groundwater statistical analysis documnent (EPA 1989, ER 1D 54946),

2, Selection of Background Data Sets
(a) Solection of Background Data for Inorganics

Selection of the appropriate Laberatory background data set(s) for making statistical background
comparisons is essential for potential release site (PRS) decision-making. PRS decisions are
ultimately based on samples collected from a number of primary goomorphic units, including
mesa top, hill or canyon slope, and canyon bottoms, In addition there are subdivisions within the
primary geomerphic units, For example, the geomorphic unit designated as canyen siopes is a
mixture of mesa top soils and Bandeller Tuff. Although not inclusive of all Laboratory geomorphic
units, existing Laboratory-wide background data Include samples of mesa top solls, Bandelier
Tuff, and canyen sediments, The purpose of this section is to guide the selection of appropriote
subsets of those background data,

To support RCRA facllity Invastigation (RF!) data review or other data analyses; background data
are often selected after site characterization samples have been collected, However, background
data gelection should also be considered in planning for sampling, The planming team should
considor what guality of background data is needed to meet their specific sampling objectives,
Members of the Data Analysis and Assessment (chemistry, statistics) and Physical Modeling and
Characterization (pedology, geology, geochemistry, geomorphology, and stratigraphy) Teams
should be consuited to provide guidance on the selection and uses of background data.

veat: Comparability of Analvtical Methods

The sample preparation and analytical methods used for ali LANL background sample analyses
are listed In Inorganic and Radionuclide Background Data for Soils, Canyon Sediments, and
Bandelior Tuff at LANL (Ryti et.al, 1858, ER ID 58083). Selection of comparable methods for site
samples should be made before sample collection and analysis. Consultation with a trained
chemist is recommended for determination of appropriate analytical methods. In the event that
different methods wore chosen for the site samples, delermine if the methods are comparable to
those used ior LANL background samples. The conclusions regarding comparability are
documented In RCRA facility investigation (RF)) data review and other ER Project reports,

Be aware that there are two distinct data sets for some analytes (potassium, thorium, and
uranium) from LANL background. Samples that underwent complete sample dissolution or
analysis are identifiad as "otal", For example, there are separate soil background data sets for the
analytes identlified as "Uranium® and "Total-Uranium”® in the LANL Background document (Rytl
etal. 1998, ER (D 58093). These background data sols can be identified by tho
BKGD_DATA_SET_REF codes of 'U_SOIL' or 'U_TOTAL_SOIL' in the FIMAD table
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BKGD_DATA_SET_INFO. Tha typical ER Project sample preparotion by SW846 Method 3050A
was used on the samples identified as "Uranium®, Sample preparation by hydrofluoric acid
digestion to digest the silicates in the soll media was used on the samples Identified as “Total-
Uranium.” Choice of the appropriate background data set depends on the preparation method
used for the site data, For example, there are separate tuff background cata sets for “Potassium”
and "Potassium-TOTAL". The analytical method of ICPES was used on samples identified as
“Potassium”, “Potassium-TOTAL" concentrations were determined by instrumental neutron
activation analysis (INAA). Choice of the appropriate background data set depends on the
analytical method used for the site data.

Caveat: Comparability of Analyvtical Detection Limits

In addition to analytical metheds, it Is important to request analytical detection limits for site
analyses that will produce results which are comparable to those obtained for tha LANL
background data sot(s), especially for analytes which are rarely detected (e.g.: antimony, thallium,
mercury). Nondetected chemicals that are reported at detection limits above background values
are problematic for this reason, All site results (concentrations of dete¢ted chemicals and
detection limits of nondetected chemicals) are compared to background values. Additionally,
evaluation of differences between PRS and background concentrations is more straightforward
when detection limits are comparabla,

Caveat: All Background Tuff Samples wer llacted from Unweather

If a tuff sample from a PRS is identified as weathered, a geologlst or geochemist should be
consulted to verify that the woeathered tuff sample from the PRS is comparable to the
unweathered tuff from LANL background. In some cases, it may be more appropriate 1o compare
the PRS samples from weathered tuff to soll or canyon sediment bagkground data depending on
the sample locatlons and characteristics,

Decision Process: The process for selecting the most appropriate Laboratory background data
set is summarlzed in Figure 1. The selection of background data sets is based on the sampling
media groups usod in the LANL Background document (Ryti et.al, 1998, 58093). In addition to the
declsion points shown in Figure 1 and discussed below, it is essential that comparable sample
preparation and analytical mathods be used for background and PRS samples and that detection
limits are adequate, as ¢iscussed above.

The LANL background data sets described below are available to data analysts in FIMAD table
BKGD_DATA_SET_INFO.

Decision 1. Wero Pajarite Plateau solls’ andlor {geological) filt matorial sampled at the
potential release site (PRS)?

“No" Decision, If Pajarito Plateau soils and/or fill material were not sampled, move on to decislon
2, which pertains to Bandeller Tuff.

"Yes" Decision. Any soil samples, including identified seoil horlzons (A, B, C) and/or (geological)
fill material, are compared to the combined set of Laboratory-wide background soif samplus from
all soll horizens, referred o as the soil background data,

The term "soil* refers to material overlying intact bedrock that has been subject to seil-forming
procasses such as the addition of organic matter, the vertical translocation ¢f clay-sized particles,
or the development of ferric oxyhydroxides. Thus, solls are the typical surficial material on mesa
tops and hillslopes, and are widespread in canyon bottoms. Soils acress the Laberatory are highly
variable spatially and in comploxity due to variation in ages of soil parent material, Most PRSs on
mesa tops consist of @ mixiure of native solls and (goeological) fill material, The amount of fil
material can vary (0 to 100%). Geological fill material refers to fiil derived from geological media.

! Because most Laboratory PRSs are locatod on tha Pajarito Plateau, Pajorito soil samplos form the bulk of the soil
samplas included in the Laboratory-wide background soil database, One excaplion Is Fenton Mill, which Is located in
the Jemoz Mtis,
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Fill typically conslists of disturbed seils with crushed Bandelier Tuff, but other rock types also may
be presont. Soll consists of layers or horlzons of minaral and/or organic matter of variable

EK;

thicknass that parallel the land surface and differ from their parent matarial in morpholegical, "
physical, chemical, and mineralogical properties and in biological characteristics. Soil horizons are 7
identifled by a2 master horizon designation for the soil samples in the LANL background data, Loy
These horlzons are indicaled for cata analytes in the field MEDIA_GROUP of the FIMAD table 3
BKGD_DATA_SET_REF, &

#

o

Decislon 2, Was Bandolior Tuff sampled?

"No" Decision, If the Bandoller Tuff was not sampled, move on to decision 4 that addresses
Laboratory background canyon sediment data,

"Yes" Decislon. For the purpose of statlistical background comparisons, the stratigraphic units
have been combined into more general groups as listed in Decision 3.

Bandeiler Tuff (Tshirege Member) rock units and additional stratigrapnic units can be identified in
the field by mapping and/or by evaluating ¢ore samples. Data from the individual stratigraphic
units are summarized in the ER Project background report Natural Background Geochemistry and
Statistical Analysis of Selected Soil Profiles, Sediments, and Bandelier Tuff, Los Alamos, Now
Mexico {Longmire et al, 1995, ER ID 52227). The stratigraphic units for the tuff background
samples are indicated for data analyles in the fiels MEDIA_GROUP of the FIMAD table
BKGD_DATA_SET_REF, Be aware that all tuff background samples were collected from
unweathered stratigraphic sections,

Continue 1o Decision 3 for determination of the appropriate data set for the specific rock units,

Decision 3.
Was Qbt 2, Qbt 3, and/or Qbt 4 sampled?

*Yes" Decision, Units Qbt 2, Qbt 3, and Qbt 4 are the upper Bandeliar Tuff cooling units or
glassy tuffs which underlie all masa top PRSs. If site tuff samples were taken from Qbt 2, Qbt 3
and/or Qbt 4, compare site samples to combined set of all Laboralery-wide background samples
from units Qbt 2, Qbt 3, and Qbt 4,

Was Qbt 1v sampled?

"Yas" Decision, Cooling Unit 1v of Bandelier Tuff should only ba encountered in deep drilling
investigations. If site tuff samplas ware taken from unit Qbt 1v, compare to the full set of unit Qbt
1v samples from LANL background.

Was Qbt 1g, Qet, and/or Qbo sampled?

"Yes” Decislon, Qbt 1g (Bandelier Tuff cogling unit 1g), Qect (Cerro Toledo), and Qbo (Otow|
member of Bandelier tuff) are the {ower Bandeller Tuff caoling units or non-glassy tutfs. These
units should only be encountered in deep drilling investigations, If site tuff samples were token
from Qbt 1g, Qet, and/or Qbo, compare site samples to combined set of all Laboratory-wide
background samples from units Qbt 1g, Qct, and Qbo,

Decision 4. Were canyon sediments sampled and can Laboratory sodiment data be
usod?

"Yes" Docislon. If canyon sediments were sampled at the PRS and the Laboratory sediment
data can be used, compare the PRS data to the set of canyon sediment data from LANL
background.
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At present, the canyen sediment data and BVs are baing reviewed by the NMED Surface Water
Quality Bureau. Contact the ER Project Office to check approval status prior to use of datn,

The LANL background data set includes samples.of canyon sediments from Ancho Canyon, Indio
Canyon (Longmire et al, 1985, ER ID 52227), Los Alamos Canyon, Guaje Canyon and Pueblo

Canyon (Rytl et.al, 1998, ER ID 58093).

T e CHNOFLGN « BTobo

“No" Decision. A *no” decision indicates that none of the exisling subsets of Laboratory-wide

background data (soil, Bandeller Tuff, and caryon sediments) are obviously applicable, Qther

background data options should be considered, including evaluation of data through lntere!emant
, correlatlons or generating site-specific (local) background.,

Statistical Mothods for

Background Comparisons Soptombar 30,1098




ey
< ¥




213

RN &

(K12

"j . G‘-S}U

]
Ui NLA
se im ot et

Ot orb ckgro ndcbaoti mo| @
1) g nem o bt | bckoroun , d
2)} st yuboofflsu seboflt

L Nuwid o

;sal dn .t
bty dop, &
c)s dmp dnant t

Y s ‘ Ys

Useal Gb 2, t Use all Qb vt Use il Qb 19t

Qb 3and Qb 4 backproun ¢ th Qc a d 0o
backgmoun d ¢ backgroun 4 &

Figure 1. Flow chart for selecting inorganic background data sets.

interelement correlations

One way to justify the use of Laboratory-wide background data Is to evaluate tha data through
interelement correlotions, Typically, there are significant correlations between major elements
(aluminum, iron, and potassium) and trace elements (arsenic, berylllum, copper, nickel,
vanadium, and zinc). The correlations aro presented and the geochemical basis is detailed In
Natural Background Geochemistry and Statfstical Analysis of Selected Soil Profiles, Sediments,
and Bandofler Tuff, Los Alamos, New Mexico (Lengmire et al 1995, ER ID §2227). For most
inorganic chemicals, these strong correlations result in a consistent ratio of trace to mojor
elements, A significantly elevated ratio of a given trace to a major element can be used 10
document a release of that trace elemant. Bivariate plots of trace elemonts to major alements are
one way to visually display the ratios for background and PRS data. Any points ¢istant from the
cluster of points exhibiting strong correlation should be examined as possible indicators of
contamination, An example data display is presented In Figure 2. This plot shows the bivariate
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relationship betwsen berylllum and iron for Technical Area 10 surface samples and Laboratory-

wide soil background data.

x = LLANL soil background data
* TA-10 surface samples

2.0~
1.5
Beryllium

concentration 1.0
(mg/kg) .
0.5

0.0-
0

1 ] L I 1 ' 1 ‘ i l o
5000 10000 15000 20000 25000
Iron concentration (mg/xg)

Figure 2. BIVARIATE PLOT OF BERYLLIUM AND IRON (NITRIC ACID FRACTION)
FROM THE LABORATORY SOIL BACKGROUND DATA AND TA-10 SURFACE
SAMPLES, CORRELATION COEFFICIENT IS 0.916 FOR 174 BACKGROUND

SAMPLES.
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Another example is the strong correlation between concentrations of tharium and uranium in the
Bandeller Tuff, presented in Figure 3. The bivariate plot shows that each rock unit has similar
ratios of thorlum to uranium (the uranium concentration Is roughly 30% of the thorium
concentration),

11
10—
9~
8~

Uranium
concentration

(mg/kg)

Qbt 1g
Qbt v

Qbt2
Qbt 3
Qbt 4

| T l
15 20 25 30 335

Thorium concentration (mg/kg)

Figure3. BIVARIATE PLOT OF URANIUM AND THORIUM (WHOLE ROCK
ANALYS|S) FROM BANDELIER TUFF SAMPLES IDENTIFIED BY
BANDELIER TUFF UNIT. CORRELATION COEFFICIENT 1S 0.933
FOR 44 SAMPLES,

Generating appropriate subsets of background data can be performed cost-effectively by using
Interelement correlations to statistically subsample Laboratory-wide data to create a conditional
set of site-specific background data. At a minimurmn, this statistical subsampling roguires that the
concantration of one or more of the major inorganic elements (aluminum, iren, or potassium) can
be shown, through archival information, to have never been released at & PRS, and that other
Inorganics are highly correlated to at least one major element, The concentration range and
statistical distribution of the major element resuits at a PRS are used to subsample the expected
concentration of a trace element in the Laboratory-wide background data, For example, If a PRS
had uniform concontration of iron between 5000 and 10000 mg/kg, the expected range of
beryllium concentrations would be predicted to be detween 0.3 and 1.1 mg/kg. PRS beryllium
concentrations greater than 1.1 mg/kg would be outside the range of a siatistically-based
subsample of the Laboratory-wide data, This approach utliizing conditioning on covariates ia more
completely discussed in Campbell (1994, ER ID 54949). Data analysts unfamiliar with this
statistical subsampling approach should contact the Data Analysis and Assessment Team for
more information,
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Background Comparisons Septamber 30,1908




o A it -

S

¥




Site-spesific backaround data

If site-specific background data are needed, statistical guidance can be used to help determine an
appropriate number of background samples. One such approach, the minimum detectable
difference procedure (EPA 1989, ER |D 54945), is mentiened in the Summary of Regulations and
Guidance Governing Statistical Comparisons to Background section of this paper, This procedure
requires three types of input: 1) the difference between the mean concentration of site data and
background data that is desired to be detected (0.g., 50% of the background mean); 2) the
desired probability of detecting that difference (e.g.. 20%); and 3) the expected variability In the
concentration data (usually expressed as the reiative variability or coefficiant of variation, e.g.,
100% is typical). Given these inputs, 20 samples per background media are typically considered
adequate for making background comparisons. The New Mexico Environment Dapartment
{NMED) position paper on the use of tolerance intorvals to estimate background concentrations
requires coliection of at least elght bagkground samples per media. In addition, NMED approva! of
the background datd set, calculation methods and the background (or baseline) values must be
obtained prlor to thelr use in (site-specific) background comparisons (NMED 1998, ER 1D 59376).
In light of the tima and effort required to obtaln NMED approval, collection and usae of site-specific
background data is generally discouraged. Before collecting site-specific background data, the
potential usa of the existing Laboratory data should be fully explored. If baseline samples aro
collected, it is critical that consistent sample digestion and analytical methods are usaed for the
baseline data ond the PRS data,

Analysis of Laboratory soil background data indicates that naturally occurring lovels of inorganic
chemicals will vary as a function of cortain soil properties (e.g., ¢lay and iron content, see
Longmire et al., 1995 ER 1D 52227). PRS sample information on particle size, organic carbon and
pH may support the understancing of fate and tronsport. Recording appropriate key sail
information during sample collection is casily achievable by following a simple checklist that your
Physical Modeling and Characterization Team representative ¢can provide,

The Data Analysis and Assessment and Physical Modeling and Characterization Teams can
provide further guldance and technical support for sampling and analysis plan development and to
support sampling teams in the fieid.

{b) Selecting Background Data for Radionuclides

The following are three ways in which the consideration of radionuclide background is different
from that of inorganics. First, the spatlal distribution and concentration of radionuclides is derived
from natural background sources (primordial and cosmogenic), globally elevated concentrations
from atomic weapons test fallout, regionally elevated radloactivity from past Laboratory
operations, and PRS-specific releases of radionuclides, Both natural radionuclide sources and
fallout-related activity are considered o represent background radioactivity. Locally elevated
values from Laboratory operations represent baseline radioactivity, Comparing PRS radionuclide
concentrations lo background or baseline concentrations would identify a PRS-specific reloase,
Second, the standard practice for reporting radiological analyses is to report all results in the
analysis library regardiess of the analytical detection limit. Third, the Department of Energy (DOE)
regulatory guidance (DOE 1990, ER ID 54216.5; DOE 1993, ER ID 22361) for establishing
cleanup levels for radionuclides is based on a dose above background,

The following are potential uses for radionuclide background data in three different degisions
making situations. The first and most common use of a background data set is to determine
whether a ralease from a specific PRS has occurred. This is the process followed in data review
to support risk management decisions in the ER Project. The statistical methods used in the
decision are described in the following section. A second use of background data is to detarmine
the portion of dose attributable to background. This evaluation may involve a correction (such as
subtracting the mean radioactivity of the background data from the mean radioactivity of the site
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data) or a comparison (such as comparing the dose resulting from site radioactivity with dose
resulting from background radicactivity), Each of these methods ¢an lead to different
recommendations for future actions at a site. Regulatory guidance for determining radionuclide
dose limits Is provided in DOE documents (DOE 1993, ER 1D 22361). A third use of radionuglide
background data is for making certain types of waste classification decisions. In particular, low-
level radicactive waste is defined as material containing added radioactivity from DOE operations.
Added radioactivity would take Into consideration natural background levels of radionuclides.
Readers interested in more information on radioactive waste ¢lassification decisions are reforred
to Radioactive Waste Management Procedure for ER Project Field Operations SOP 1,11 (LANL,
ER 1D §5939.23),

This technical paper provides the decision logic for selecting background data sets for
radionug¢lides. Making comparisons to radlonuclide backgreund provides the ER Project with a
mechanism for determining if a release has occurred, for deriving cleanup levels, and for
evaluating the attainment of cleanup goals, Existing radionuclide background data include tha
Laboratory's annual Environmental Surveillance Repeorts (Campbell 1998, ER 1D 57585), Isotopic
activities estimated from total element abundance measured in rock samples (Longmire et al.
1995, ER ID 52227), and background samples of canyon sediments (McDonald et.al, 1997, ER 1D
55532.1). All sets of radionuclide background data are summarized in the LANL Background
document (Rytl et.al, 1998, ER 1D 58093).

neoral considerations

Certain radionuclides in the PRS-specific data set are extraneous and should be eliminated before
an appropriate background data set can be selec¢ted for comparison, These radionuclides include
analytical laboratory quality control indicaters and radionuclides for which all reportec activities are
less than minimum detectable activity,

Radiological data packages returned by analytical laboratories typically contain indicators
designatec to ensure the quality control and quality assurance of the data package. These
indicators do not represent suspected site contaminants, and thus warrant ne further assessment
relative 10 background,

The measured activity of the radionuclide must be greater than the minimum detectable activity
for the sample. Radionuclides for which all reported activities are less than the minimum
detoctable activity do not warrant further evaluation as potential site contaminants. Freguently, the
counting time and the prosence of other radionuclides can cause an estimated result for a
radionuclide to be less than the sample and radionuclide-speacific minimum detectable activity.
Thus, the caunting time should be reviawed 10 make sure that the detectable quantity was not
arbltrarily inflated due to inadequate counting time. In addition, the spectral quantification windows
should be reviewed for possible radionuclide interference,

Selection of an appropriate background data set Is based on the type of media from which a
sample was coliected and whether the sample was collected from the surface or the subsurface.
Naturally oceurring radionuclides are distributed at different concentrations in various soll and rock
matrices. Thus, as for inorganic chemieals, the type of media from which a sampie is collected
(tuff versus all other solid media) is an important factor in determining an appropriate background
data set. Background concertrations of radionuclides resulting from fallout are typically associated
with surface or near-surface depths, Thus, soil background data for radionuclides resulting from
faliout apply to samples coliected from the surface (or the near surface) only,

aveat m ility of Analyvtical Mathods
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The sampie preparation ond analytical methods used for alf LANL background data sets are listed
in Inorganic and Radionuclide Background Data for Soils, Canyon Sediments, and Bandelier Tuff
at LANL (Rytl et.al, 1998, ER ID 58093}, it is Important to identify appropriate analytical methods
before sample collection and analysis, This issue s an aven graater pitfall for radlonuclide
analyses than for inorganic analyses, because radiochermnical analysos are not as standardized as
inorganic analyses. For example, americium-241 may be analyzed by either gamma spectroscopy
or alpha spectrometry with multiple optiens for sample proparation, counting geometries, and
counting times possible for each analytical method, Consultation with a radiochemist is
recommended for determination of appropriate analytical methods for comparabillty with methods
used in background sample analyses, In the event that different metheds were chosen for the site
data, determine If the mothods are directly comparable to those used for LANL background cata.
These conclusions regarding comparability are documented In ER Project reports. Analytical
methods for radium, thorlum and uranium isotopes also warrant careful review to ensure
comparability with the relevant sat of background data, For example, the background activity of
Jranium isotopes in tuff samples was estimated from lotal elemental concentrations of uranium,
using the conversion formulas listed in the LANL background document (Ryti et.al. 1998, ER 1D
58093}, Tho resultant ostimated background radioactivity of uranium-235 is iess than the typical
minirnum detoctable activity for this isotope when it has been analyzed by gamma spectroscopy.

vaat: f Radioactivity Estimated from Total Abundan

There are several data proparation Issues relating to estimation of naturally eccurring radionuclice
activity from total abundances. These issues Inglude: 1) constants used in the calculations
(isotopic abundance, specific activity), 2) secular equillbriure - or how far down the decay chain
can radicactivity be estimated (disruption of secular equilibrium at radon daughters or the special
case of depleted uranium), 3) guidance for assembling radionuclide data sets (converting totals to
isotopic, mixed data sets with some lotals and some Isotopic).

Recommendation; The detalls regarding conversion of totals to isotopic as applied to LANL tuff
background data aro given in the LANL Background document (Ryti ot.al,1998, ER 1D 58093), it is
recommended that the same procedure be followad for site data to maintain comparability,

Decision process. The process for eliminating extraneous PRS data and for selecting the most
appropriate sot of radionuclide background data Is summarized in Figure 4. The selection of
background data sets reflects the sampling media categories used in the LANL 8ackground
document (Rytl et.al. 1998, 58093), Before using the decision process shown in Figure 4 {(and
discussed helow), it is essential that the sample collection, preparation and analytical mathods
used for PRS samples are comparable to those used for the background samples.

Decision 1. Is the radionuclide a radiological indicator?

“No" Decision. The data for the remaining radionuclides warrant further assessment, Proceed to
decision 2,

“Yeos" Decision, Remove theseo radionuclides from consideration,

Radiological Indicators are used for quality control and quallty assurance avaluation of analytical
laboratory data packages., Thus it Is not appropriate lo compare radiological indicators to
background, dose- or risk-based health protection standards. Radiologicat indicators used for QC
evaluations by the ER Project in¢lude: annihilation radiation, cadmium-109, cerium-139, mercury»
203, potassium-40, protactinlums231, protactinium«234m, tin-113, strontium-85, and yttrium-85, It
should be noted that if potassium=40 is not included as a radlionuctide indicator (l.¢., was identified
for investigation at the PRS), it shouid be treated in the same manner as naturally occurring
radionuclides (l.e., it must be compared to background values), f site data was analyzed using
gamma spectrescopy, professional judgement should be used for evaluation of some of the
radionuclides included in the standard roported analyses, including radionuclides considered as

Statistical Mothods for
Background Comparisons 11 Septomber 30,1998




A ey B S e AT

. B A L e E r I TS R

[ S T T




*not reliably measured” by gamma spectroscopy and some radionuclides with half-lives less than
365 days. Consult a radlochemist for information about the radionuclides reported in the gamma
spectroscopy suito,

Declision 2. Is the activity of the radionuclide greater than the minimum dotoctable
activity?

“Yes" Docision, The radionuclide reguires further avaluation based on the aclivity reported by the
analylical laboratory. Proceed to decision 3,

"No" Decision. None of the resulls reported for the radlonuclide are greater than the minimum
detectable activity value. In most cases, this indicates that an insignificant quantity of the
racionuclide is present in the PRS-specific data and no further assessment of the radionuclide Is
necessary, Howaver, before eliminating the radionuclide, the analytical data report should be
reviewed to ensure that inadequate counting time and Interferences did not lead to erroneous
elimination of the radionuclide.

In cases for which the analytical laboratory doas not report a minimum detectable activity for the
sample, but does report an analytical uncertainty estimate, a value of three-times the analytical
uncertainty may be used as an estimate of the sample-specific minimum detectable activity, Using
the minimum detectable activity as a data screening tool is valid only when the data package from
the analytical laboratory meets the general guidelines available in the Statement of Work for
radiochemical analyses (LANL 1995, ER ID 49738). Using different criteria for determining
whether a ragionuclide has datection status may compromise the comparabillty of the data sets.
Note that dato analysts should not assume that the uncertainty vaiue reported in FIMAD matches
the analytical uncertainty as reported in the analytical data package. The uncertainty from the
analytical data package is the value needad for the calculation,

Input from a radlochemist is racommended for determination of detection status.
Decision 3. Is the radionuclide associatod with fallout?

"Yos" Decision. Radionuglides resulting from faliout are expected to be associated with surface
or near surface samples only. At the Laboratory, radionuciides resulting from fallout Include
tritium, ¢esium-137, americium-241, plutonium-238, plutonium-239/240, and  strentium-90,
Proceed to decision 4,

"No" Decision. Proceed to decision § for evaluation of other ¢lasses of radionuclides.
Doclslon 4, Was the sample collected from the surface?

Because radionuclides resulting from fallout are assoclated with atmospheric deposition, the
background activity of this class of radienuclide Is lmited to surface samples at relatively
undisturbed sites, In this context, surface samples are defined as Intervals starting at a 0 inch
depth and extending no deeper than 6 inches.

“Yos" Docision Compare surface soll PRS data to the background data associated with
Laboratory operations and global fallout, These data are summarized in Campbell (1998, 57585)
and LANL (Rytl et.al, 1998, ER ID 58093), This fallout background data set is appropriate for all
surface samples taken from soil media or geological till material, If canyon sediments (any depth)
were sampled at the PRS, the canyon sediments background data is the appropriate choica, If
fallout radionuclides were detected in surface (or any depth) twff samples, identity them as
COPCs and carry them forward to a dose- or risk-based assessmant, Fallout radionuclides were
not analyzod in tuff samples, The BVs listed in the LANL bagkground document (Ryti et.al, 1998,
ER 1D 58093) are nominal detection imits and should not be used to determino if observed
activities exceed background,

At present, the NMED Surface Water Quality Burcau is reviewing the ¢anyon sediment data,
Contact the ER Project Office 10 check approval status prior 10 use of canyon sadiment data,
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"No" Decislon. Once this polnt is reached, it Is likely that the radionuglide exceeds background
and the radlonuclide should be carried forward to a dose- or risk-based assessment. Note: that
the depth restriction doas not strictly apply to canyon sediment data, ‘

IH:vo Radionulide will
radionuchido a ragkological not b"’ ‘r"";”‘g*""“
indicator (a)? v
2 Radonuciide will
Is the activity of the | not be avaluated
radionuciide > minimum detoctable funther

activity (b)?

Yos

4
3 No Radionuciide
Is the rationuclide associaied sample o\;lliz;mfmm - .
v fellout (c)? surlocn (d)? background (a).
Comparo 0 appropriate
fsample madia group
of Faliout background data (f).
g Compare to
8 Yea pa
Was
I8 the radionuchdo appropriste rock unit
the sample collected
naturbliyoccumng? group of LANL
- background data (h).

Compare (o canyon
Rﬁwfc sadiment data from LANL
background background (g).

Radiologlcal indlcators includo annihilation radlation, potassium=40, cadmium«109, corlum-138, marcury-
203, tin~113 and strontium-85, Othars from gamma spac suito?
The minimum detoctable activity valuo should be reviewed to ensure that adoquate counting time and

intorforoncos did not cause Inappropriate alimination of radionuclidos,

Fallout radionuclides Include tritlum, coslum=137, americium-241, plutonium-238, plutonium-239/240, and
strontium-90,

Surface samples are deflnad as intervals staring at 0 inch depth and extonding no dooper than 6 inches.
Conclusion doos nat apply to PRS sediment samples.

Surface solt samples aro compared to Fallout backgreund data from Environmental Survolllance Program.
Sediment samples aro compared to canyon sodiment data for these analytes, Tuff samples should be
evaluatod on the basis of dotoction status alone for Fallout radionuclides. There are no background
samples for tuff. BVs listed for tuff samples represent typleal minimum deloctable activity invels for these
radionuclides and should not be used to determine If obsarved activities excesd background.

The sediment background data set for naturally eccurring radionuclides Is the bockground data set for use
with sediment data and with all soll data (see discucsion of decision point 6),
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(n) Forthe purposo of background comparisons, tho stratigraphic units have beon combined into more goneral

categories, Comparo sito wif samplos to background samploes in tho calegory that includes the sita
somple's stratigraphic unit, The calogorios are (1) Qbt 2, Qbt 3, and Qbt 4, (2) Qbt 1v, (3) Qbt 1g, Qet,
Qbo. Use the combined sot of all background samples from the glven category (for more information, seo
discussion of decision point 8, “Yes" degision).

Figure 4, Flow chart for selecting radionuciide background data sets.

Decislon 5. Is the radionuclide naturally occurring?

"Yeos" Decision. In the context of selecling racdionuclide background sets, naturally occurring
radionuclides are limited to uranium, uranium decay-chain daughters, thorium, and thorium decay-
chain daughters, Proceed to decision 6 for further evaluation of naturally eccurring radionuclides.

"Ne" Decision. Once this point is reached, it is likely that the radionuclide exceeds background,
and the radienuclide should be carrled forward to a dose- or risk-based assessment,

Decislon 6, Was the sample collected from tutf?

"Yes" Dacision. Compare PRS data to radlonuclide background data associated with the
geologic unit. For the purpose of background comparisons, the stratigraphic units have been
combined into more general categories, The categeorios are (1) Qbt 2, Qbt 3, and Qbt 4, (2) Qbt
1v, (3) Qbt 1g, Qet, Qbo. If site tuff samples were taken from Qbt 2, Qbt 3 and/or Qbt 4, compare
site samples to combined sot of alt Laboratory-wido background samples from units Qbt 2, Qbt 3,
and Qbt 4. If site tuff samples were taken from unit Qbt 1v, compare to the full set of unit Qbt 1v
samples from LANL background. . If site tuff sompies were taken from Qbt 1g, Qet, and/or Qbo,
compare site samples to combined set of all Laboratory-wide background samples from units Qbt
10, Qet, and Qbo.

The source of these tuff background data is total abundance measured In rock samples
(Longmiro et al, 1995, 1266). The total abundance Is converted to Isotopic activity through isotopic
abundance of uranium isotopes and the specific activity of these isotopes. Thus, the geologic unit
radlionuclide background data reprosent a surrogale data set for radioactivity of naturally occurring
isotopes.

When PRS data are compared to background data by geologic unit, special attention should be
paid to the analytical methods usad for both the PRS data and the estimaled background data.
For example, the estimated background radloactivity of uranium-235 is lass than the typical
minimum detectable activity for this isotope whon it has been anailyzed by gamma spectroscopy.

Although there are potential problems in applying these estimated background values to naturally
occurring radionuclides, the geologic unit background data are based on the natural variation of
uranium and thorium present in various tuff cooling units, Thus, these data will assist in correctly
interprating results from boreholes that intersect multiple tuff cooling units.

“No" Declsion, For solid media other than tuff (soil, geclogical fill materials and sediments),
compare PRS data to background data associated with canyon sediment. Because abundances
of naturally-occurring uranium, thorium and their daughters are expected to be similar in
sediment, soil, and fill material, the background data coliected for naturally-occurring radionuclides
in canyon sediment (McDonald et al, 1897, ER ID 55532) are viewed to represant a conservative
background data set for comparing all these media. The use of the canyon sediment data as a
surrogate for soil and filt is considered preferable to using estimated isotopic activities from total
uranium and thorium analyses for mesa top soil background sampling locations.

If canyon sediment was sampled and the Laboratory sediment data can be used, the sediment
data are the appropriate choice, At this time, NMED Surfoce Water Quality Bureau is reviewing
the canyon sediment background data, Contact the ER Project Office o check ppproval stalus
prior 10 use of BVs or Fallout Values for evaluating sedimeant samplas from a PRS.
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Sther Background Data

If none of the existing subsets of Laboratory-wide background data (soil, Bandelier Tuff, and
canyon sediments) are obviously applicable, other background data options may be considered,
including: evaluation of data through interelamant correlations, or generating site-specific (local)
background, The recommendations and requirements for these options are discussed in the
inorganics section above. In addition, to determine the adequacy of site-specific background for
decision-making, the analytical sulte used should be examined to Insure that all potential
radlonuclide contaminants have been inciuded. The number of sampiaes taken should be
evaluated to Insure that site-specific background conditions have been adequately reprosentoed
(EPA 1989, ER ID 54947; NMED 1998 (draft), ER 1D 59376).

3. RECOMMENDED STATISTICAL METHODS FOR BACKGROUND COMPARISONS

Because background comparisons are used to make decisions throughout the RCRA progess,
from site screening to corrective measures implementation, data analysts must use statistical
methods that can be applled to a broad range of decisions, This guidance definas two methods
for background comparisons, which meet the requirements for RCRA decislon makirzg.2 In the
first method, the Hot Measurement comparison, site concentration data are compared with a
statistic that is an estimate of the largest concentration that could be considered representative of
the set of background concentrations. In the second method, the distributional shift test, the mean
(mean rank, quantile) of site data Is compared with the mean (mean rank, quantile) of background
data to determine whether the former is statistically greater than the latter. These tests help
demaonstrate whethor a release has occurred at a PRS and help define what risk consequence the
release may have, Figure 5 illustrates the differences betwoen site data and background data
detected by the two methods.

2 The mathods are among those discussod in the RCRA groundwater monitoring guidance document,
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() Slte data are within range of background: no distributional shift or hot moeasurements (l.e., no valuo is
groator than the UTL).

(b) Sito data fall hot measuroment compatison: ono of eloven arsanic conconlmuons axceeds the UTL of
8.17 mg/kg. The site data doos not fall the distribution shift tost,

(c) Slto dota show a distributional shift: the Wilcoxon rank sum test shows sito data tend to be groatur than
background data, This diffsronce was not dotected by the hot measurement test,

(d) Sito data show both a distributional shift and a fallure of the hot moasurement comparison: ton of thirtys
twa arsonic concantrations excood the UTL of 8.17 mg/kg and the site data tond 1o be groater than the
background data,

Figure 5. BOX PLOT COMPARISONS OF EXAMPLE SITE DATA WITH
LABORATORY BACKGROUND DATA,

The decision to be supported by the background comparison determines which test is
appropriate. The hot measurement test, or comparison to background values (BVs), is required
for all analytes evaluated in a data review that supports risk management declsions in the
Laboratory's ER Project. Additional statistical tests (distritional shift tests) are racommended for
use In conjunction with the Hot Measurement test. Use of the Hot Measurement tast alone may
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lead the data analyst to different conclusions about which analytes to retain as contaminants of
potential concern (COPCs), In the examples presented In Figure 5(b) and 5(¢), the two tests
would lead to different conclusions, In Figure 5(¢), the hot measurement test does not detect the
shift in site concentrations above background that may be indicative of a release, In Figure 5(b),
there is one hot measurement (one silte concentration larger than the BV) but the distribution shift
tast indicates that the site concentrations are not statlstically (shifted) larger than background,
After noting that all site measurements are within the range of background, it would seem
appropriate to conclude that site concentrations are not elevated. Before dismissing an analyte
with a hot measurement, the magnitude and location of the large concentration would bHe
considered In terms of tha site operational history. When extensive data are collected to support a
risk assessment or corrective action and a shift in the distribution could lead to further action at
lhe site, the distributional shift test is more appropriate. The rationale for selecting a statistical
method that differs from those presented in this guidance will be clearly indicated In the ER
Project report that summarizes the background comparison,

Bacause the salection of a particular statistical method depends on the statistical distributions of
site and background data, data analysts are encouraged to prepare graphical data displays o
communicate the results of data comparisons, Box plots, in which background and site data can
be compared side-by-side, are most useful, The box plots in Figure § show actual values (as filled
square dots) for each data group (Laboratory background and example PRS data). The ends of
gach box represent the “inter-quartile™ range, which is specified by the 25th and 75th percentiles
of the data distribution, The line within the box represents the median (50th percentile) of the data
distribution. Thus the box Indicates concentration values for the central half of the data,
Concentration shifts can be assessed by comparing the relative positions of the boxes. If the
boxes do not overlap each other's median peositions, the distribution shift test will most likely
detect a statistical difference. If the majority of the data are represented by a single concentration
vaiue {usually the detection limit), the box Is reducec to a single line. In addition to box plots, data
analysts should also consider using histograms and probability plets te provide tangible avidence
of similarities or differences between site and background data,

Tho level of effort spent to evaluate potential differences between PRS and background data
should be related to the site-specific information available, For example, If historical information
indicates that beryllium was released at a firing site, the potontial differonces betwean beryllium
concentration data from firing site activities and Laboratory-wide or site-specific background data
should be carofully evaluated to detarmine the lovels of anthropogenic beryllium added to the
environment. In all cases, data comparisons will be documented in the appropriate ER Project
report.

Hot Measurement Comparison

The Mot Measurement comparison uses a throshold value that represents high natural
background concentrations, This threshold value is known as the background value (BV), and
there eoxists a probabillty that a nalural background measurement will exceed the hot
measurement threshold, Using a threshold statistically related to higher background
concentrations reduces the frequency of false positive results. The ¢onfidence limit on a percontile
of the distribution, termed the tolerance limit, is such a value and Is one of the background
comparison methods recommended by EPA (1989, ER 1D 54946). The ER Project has sele¢ted
the 95th percantlla for ¢aleulating the UTL (upper tolarance limit) based on the general guidance
in the RCRA groundwater document, EPA recommends calculating an upper 95% confidence limit
for the target percentile (EPA 1989, ER ID 54946), The details regarding caiculations of the BVs
for LANL background data are given in the LANL Background document (Ryti at.al, 1998, 58093).
For the analytes that were rarely detected in background samples, the BV Is the dotection limit
specified in the analytical sorvices statement of work for the analysis methed used on the LANL
background data,

The hot measurement comparison Is made between the maximum detected site sample (or
detection limit of a nondetectad chomical, if that Is the maximum result) and the background value
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(UTL or detection limit), Exceeding the UTL as a background value is not definitive evidence that
a release has occurred at a PRS. Assuming the PRS is at background and the statistical model is
correct, there is a 5% probabllity that the 95th percentile will be exceeded by each sample
collected from the PRS. Furthermore, a typical inorganic chemical suite requires comparison of 23
analytes with background. If the concentrations of the 23 inorganic analytes vary independently,
the 5% probability that each PRS sample axceeds the 95th percentile increases lo a 69%
probability that at least one of the 23 ninety-fifth percentiles will be exceeded in a single sample.
Additionally, given that the probability values for these multiple comparisons have not been
adjusted, the overall confidonce level for 23 analytes will be substantially less than §5%. In
addition to the strictly probabllity-based discussion presented above, the possibility of excoeding a
UTL due to an unusual, but naturally occurring, seoil matrix is a further consideration,
Consequently, the results of a hot measurement comparison must be carefully evaluated.

Distributional Shift Tosts

Instead of comparing to a single value ropresenting background (a BV), distributional shift tests
compare the site data to the distribution of background concentrations. A distributional shift test is
used {o delermine whether site data are systematically greater than background data, Several
types of distributional shift tests are available, and these tests are presented in two groups below.
The preferred statistical method In each group Is indicated where there are multiple options.

For detecting an overall distribution shift between all PRS data and the appropriate subset of
Laboratory-wide background data, the following statistical tests can be used:

* The Student t-test is a parametric, two-sample test that determines whether the
mean concentration of site data Is statistically greater than the mean concentration
of background data (Gilbert 1987, ER ID 55619). Data analysts should Le gware
that tha t-test performs well for some deviations from normality but ingcreased power
may be obtainable through nonparametric methods, A nice discussion regarding the
robustness limitations of the t-tost are found in Miller (1986, ER 1D 59375, p. 40-44),
Normality can be visually assessed using normal qg-plols or probit plots. Formal
tests for normality may be performed first, such as the Shapiro-Wilk W test or the
Kolmogorov-Smirnov test (ref Gllbert 1987, 55619, p. 158). In general, the t-test is
not recommended because It assumes that the data being compared are normally
distributed and environmaental data are rarely fit by a normal distribution.

* The Willcoxon rank sum test (same as the Mann.Whitney LU-test) is the
nonparametric eguivalent to the t-test (Gitbert 1987, ER 1D 55619; Gilbert and
Simpson 1992, ER ID 54952). The Wilcoxon test poels site and background data
into one aggregate set and datermines whether the average rank of site data is
greator than that of the background data. The Wileoxon test is recommended when
nondetects are relatively infrequent (<10%) and all have the same datection limit,
The nondetects are treated as tied at a value less than the smallest detected
concantration,

» The Gehan test uses a modifled ranking of the sample results to accommodate
nondetected chemicals and then applies the Wilcoxen rank sum test. it is
recommended when non-detects are relatively frequent (>10% and <50%). It
handles multiple detection limits in a statistically robust manner (Gehan 1965, ER
ID 64950; Millard and Deverel 1988, ER 1D 54953), Further explanation including an
example comparing the Wilgoxon and Gehan ranking procedures is provided in
Appendix A, The test Is not recommanded if there are more than 50% non-detects
in either of the two data sets. It Is Identical to the Wilcoxon rank-sum test when
applled to results containing no non-detects. The Gehan test Is tha preferred test
because of its applicability to 2 majority of environmental data sets,

* There are other variations of the rank sum test adapted to two sample problems
with multiple nondetect limits. Among those studied by Millard and Devere! (1988,
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ER 1D 54953), they recommended two methods on the basis of performance in
Mante Carlo simulations for various sample sizes and censoring mechanisms
under an assumed lognormal distribution, The normal scores (Van der Waerden)
test is the locaily most powerful rank test for data that are normally or lognormally
distributed, The Peto-Prentice test is anather variation of the Wilcoxon rank-sum
test that performed as well as the normal scores test using an asymptetic varlanco
estimate. It is Identical to the Wilcoxon rank-sum test when applied 10 results
containing no nen-datects.

For detecting distribution shifts between the upper range of PRS dala and the appropriate subset
of Laboratory-wide background data, the following statistical tests can be used:

= The Quantile test (Gilbert and Simpson 1992, ER 1D 54952), which comparaes &
selected upper quantile of background data with that of PRS data, is capable of
detecting a statistical difference when only a small number of PRS concentrations
are elavated, The Quantiie test is the most useful distributionat shift test for PRSs at
which samples from o release represent a small fraction of the overall data
collected. For example, to detect contamination from historical spills at unknown
locations, an RF! work plan may call for samples to be collected from a grid, Most
sample results show no contamination, but those in or near spill locations show
elevated concentrations. The Quantile test Is applied af a prespecified quantile or
threshold, usually the 80th percentile. It can be used when the frequency of non-
detocts Is approximately the same a3 the quantile belng tested. For example, in a
case having 75% non-detects in the combined background and PRS data set,
application of a quantile tost comparing 80th parcentiles would be appropriate. If the
relative proportion of the two populations being tested is different in the top 20% of
the data than in the remainder of the data, then there Is reason to believe that the
distributions are partlally shifted due to a subset of the sile, However, this implies
that this tast cannot be performed if more than 80% (or the throshold percentage)
of the combined data are nondetected values. The threshold percentage can be
adjusted to accommeodate the detection rate of the analyte, or to look for differences
further into the tolls of the distributions. It is more powerful than the Wilcoxon (or
Gehan) test for datecting a difference when only 2 small percentage of the PRS
concantrations are elavated.

The slippage test is based on the maximum observed concentration In the
background data set and the number ("n") of site concantrations that exceed the
maximum concentration in the background set (Gilbert and Simpson 1990, ER 1D
55612, pages 5-8). The rasult (p-value) of the slippage test Is the probability that "n”
site samples exceed the maximum background congentration by chance alone, The
test takes into account the numbers of samplos in sach data set {the number of
samples from the site and the number of samples from background) and
detormines the probability of "n” exceedences If the two data sets ¢ame from
identical distributions, This test Is similar {0 the hot maasurement test in that it is
evaluating the forgest measurements, It s more useful than the BV comparison
because it is based on a statistical hypothesis test and not simply a statistic of a
distribution. However, it is not applied if there are no sile results larger than the
maximum [n the background distribution,

The ability to use the distributional shift tests Is dependent on the number of samples avallable for
comparison, in general, at least 10 sample concentrations for comparison with background data
are needed to provide adequate confidence for detecting a shift. Frequently, during Phase | of an
RFl, inadequate numbers of sampies are collected to warrant o distributional shift comparison.,
When planning In advance of sample collection, a better estimate of speclfic sample sizo
requirement follows from specifying data quality objectives (DQOs) and calculating samples sizes
based on the DQOs,
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For those analytes which are rarely detected in LANL background (e.g.: mercury, antimony, and
thalliurn in soil samples), an increase In the detection rate at the site may be evidence of a
release, The following test Is recommended,

* Tho Chi-square Goodness of Fit Test ¢can be used to eheck for differences between
proportions from data sets that fall inlo given categories. When proportions from
dota sets are categorized on the basis of two attributes, this is also referred to as a
test for independence of attributes, For example, it can bo used to test whether the
attribute of dotection [proportion of detected chemicais out of analyses pertormed)
is the same from the sito data set and the background data set [attribute of
belonging to “site” or “background" data sets]. |f these proportions are not
statistically significantly different, then the detection rate attribute is “independent” of
the categorization into “background vs. site” sets. (Box, Hunter and Hunter, ER ID
56653, pages 149-150) The test on detection rates as staled is most appropriate
when the two data sets were analyzed using similar methods and had similar
detection limits,

To infer a significant result In a single distributional shift test, a 95% confidence loval is
recommended. Given that multiple comparisons will be performed with the distributional shift test,
the same stalistical Interpretation issues cited above for the hot measurement test are also
relevant.

In addition, when more than one test is performed on the same set of data there is an increasod
nossibility of abserving a p-value of less than 0.05 by random chance alone. If a p-value Is much
less than C.05 there is some roason 10 suspect that there is a gdifference between the distributions,
If the p-value Iis much greater than 0,05, no difference is Indicaled, If the p-value is close to 0,05,
then further cvaluation is usually indicated. in particular, the nominal significance lavel for multiple
or simultaneous tests can be adjusted using a method attributed to Bonferroni {(Keppel 1982, ER
ID 56652, pages 145-150), The procedure is to conclude that there is a difference between tho
data set distributions when applying n tests If any of the n tests results in a p-value less than
p0.05/n. Assuming independaence betwoen the outcomes (p-values) for the set of tests being
applled to the data, this is a conservative procedure that preserves the overall or simultaneous
error rate at the deslred nominal level of 0.05, Judgement should be applied as the tost results
may be corralated, with the degree of correlation depending on the data set distributions and the
tosts, For example, there is greater correlation betwean the quantile test and stippage test than
between the quantile test and Gehan test [reference Kathy Campbell's simulations published in
the Rocky Flats document], In general, division by two would not be too much of an adjustment
for the set of common disiribution shift tests (Gehan and quantlle, with or without the slippage
test). It is always appropriate to simply plot the data distributions and use the test results to back
up what is observed in the plots., The carresponding adjustment for application of tests to multiple
analytes for each samp'e Is more complicated. It would Involve correlation analyses of the
analytical results and/or multivariate methods, No adjustment is recommended for use in ER
Project reports, but the information is pertinent for interpretation of results,

In addition to test rasults described above, the data should be plotted spatially and evaluated
relative to the conceptual site model. Specific aspects of the conceptual model that warrant a
statistical assessment include the coliogation or correlation of ¢encentrations of contaminants.
Another imporiant step in revising the concepltual sita model is evaluating geochemical or geclogic
patterns in the data, For exampla, evaluate concentrations as o function of distance down a
borehole using informatlon regarding documented fractures or position relative to a suspected
source term, such as the dopth at which an angled borehole extends below a materlals disposal
unit,
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APPENDIX A

The following is taken from Palachek et.al, 1993, ER 1D XXXXX
Explanation of Scores Methodoloqgy;

In a standard Wilcoxon application, two samples which are to be compared are combined into a
single sample and the observations are then ranked as a single sample, The ranks resulting from
one of the two samples are thon summaed {0 see If they generally were larger or smaller than
would be expected If the samples were taken from the same distribution. If $@, the null hypothesis
of no differance in the two underlying distributions would be rejected in favor of an alternative
hypothesis of one distribution being shifted with respect to the cther,

As a simple example consider the following where onassided test of whether the sample 2 values
corme from a distribution of larger values is of interest:

Sample1: 1 4 5 7 12 15

Sample2: 4 8 17 18

The combined sample is then: 1 4 4 5 T 8 12 15 17 18
with respectiva ranks: 1 25 25 4 5 6 7 8 9 10

The sum of the ranks for the second sample is therefore 2.5 + 6 +9 +10 = 27.5 ( note that tied
values roceive average ranks ). This rank sum of 27.5 Is compared to values expected under the
null hypothesis of equal distributions to determine if the sum is sufficiently large to be deamed
statistically significant,

The Mann-Whitney/Wilcoxon approach can be applied to censored dato only if the censoring
values are smaller than all detects. in this case all nondetacts would be treated as tied.

The situation gets more complicated when multiple detection fimits ( censoring values ) are
present in the two samples, Not all values ¢an then be ranked with respect to each other, For
example, It is unknown whether a nondetect with a detection limit of 10.0 is greater or less than a
detect at 5.0, so thelr relative ranks cannot be detormined. Simllarly, the ranking of two
nondetects with different detection limits cannet be determined.

One simple approach for detormining a ranking of such data that has been suggested in statistical
literature Is to treat overy measurement thot is less than the largest nondetect as a tied value
whether it Is a detect or a nondetect. This clearly has the shortcoming of not using ail the
information that is available. For example, with nondetects at 5.0 and 10.0 and detect at 7.5, it is
known that the 7.5 valued detect is clearly greater than the nondetect ot 5,0. This information
would be ignored in this approach,

An improvament s given in Millard and Deverel (1988, ER 1D 54953). The scores approach
proposed in this report is developed in that paper, While saveral variations are discussed, thay
generally behave comparably, The “Gehan”® variation is proposed for use in this report largely
since lts derivation Is the simplest to understand,

To see haw the scores approach works, consider another example. The notation "<12"
rapresents a nondetect at the detection limit of 12 and therefore a value less than 12.0.

Sample 1: 1 <4 5 7 <12 15
Sample2: 2 <4 8 17 24
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This gives the combined sample as 1 2 <4 <4 5 7 8§ <12 15 17
(initial rank; disregarding detectionstatus) 1 2 3 4 5 6 7 8 9 10

Although the scores approach is not specifically defined In terms of ranking, it can most easily be
explained In terms of the ranks it equivalently ends up generating, Again, it is analogous to the
Mann-Whitney/Wilcoxon approach and equivalent to it in the prosence of no nondetacts. The
ranking for the scores mathod oceur as follows, They are most oaslily assigned from largest to
smallest:

The values 17 ang 15 get ranks 10 and 9 respectively as they are know to be the two largest
values, even with the presence of nendetects,

The <12 value is taken to be tied with all seven valuas below It and thus receives as its rank the
average of the ranks 1 to 8 which is 4.5,

The value 8 is clearly greater than the six values below it and clearly less than the values 15 and
17. tis treated as a tie with the value <12 and therefore receives the average of the ranks 7 and
8 which is 7.5,

The value 7 is clearly greater than the five valuas below it and clearly less than the values 8, 15,
and 17. Itls treated as a tie with the value <12 and therofore receives the average of the ranks 6
and 7 which Is 6.5 (i.e.: the rank of the value 7 can't be less than 8, and it can't be greater than 7 if
it is tied with one other value, a nondetect with a detection limit above it)

The value 5 is clearly greater than the four values below it and clearly less than the values 7, 8,
15, and 17. ltis treated as a tie with the value <12 and therefore receives the avarage of the
ranks 5 and 6 which is 5.5.

The two values <4 are clearly less that the values 5, 7, 8, 15, and 17 and are treated as tied with
each other as well as with the values 1, 2, and <12, Thoy therefore receive the average of the
ranks 1, 2, 3, 4, and 5 which Is 3.5,

The value 2 is clearly greater than the value 1 and clearly less than the values 5, 7, 8, 15, and 17.
It is treated as a tie with the values <4, <4, and <12 and therefore receives the average of the
ranks 2, 3, 4, and 5 which Is 3.5.

The value 1 is treated as tied with the values <4, <4, and <12 and therofore recelves the average
of the ranks of the ranks 1, 2, 3, and 4 which is 2.5,

In summary the following ranking results:
Sample valueas 1 2 <4 <4 5 7 8 <12 15 17
Ranks 25 35 3 3 55 65 75 45 9 10

Note that with no tles or nondetects In this example, the sum of the resulting ranks 1,2, ..., 10
would be 55, The sum of the “scores” ranks in the example is also 55, This is always a property
of this scores ranking schemn,

Tho test statistic, as in the Wilcoxon/ Mann<Whitney approach, can be considered as the sum of
the ranks of the sample values from one of the samples, f the sample used Is the site sample,
then large values of this statlstic would Indicate that the site Is genarating samples that are large
relative 10 the background samples, and the assoclated analyte would be classified as a COC.,

Distributional properties for the statistic can be ebtained through the usual approach used for rank
mathods. This considars all permutatiens of the resulting rankings since all such permutations
are equally likely under the null hypothesis of no difference in the underlying site and background
populations. If the statistic takes on a value in tho upper five percent of the resulting values, it
would be taken as statistical evidence that the analyte is elevated in the site relative to
background and Is therefore considered a COC. Note that this would provide the standard 0.05
Type | arror probability.
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