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In addition to the threshold values, the report also contains a
description of sampling activities, justification of sampling site locations,
and a description of the data evaluation process. This description of the
methodology and approach in establishing soil background threshold valves is
included to allow the regulators to furnish comments on the approach before
finalizing the remainder of the evaluation. Results of data analysis should
be considered tentative until all analyses are completed.
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e Additional regulatory requirements that apply to a cleanup action
because of the type of action and/or the location of the site.

These requirements are specified in applicable federal and state laws and
generally ‘e established following selection of a specific cleanup action.’

Conceptual model. A symbolic representation of the essential
characteristics of a physical system. The representation can be in language,
image, or mathematical form.

Contaminant. Any hazardous substance that does not occur naturally or
occurs at greater than natural background levels.'

Data quality objectives. ..iese are qualitative and quantitative
statements that specify the quality of the data required to su; ort agency
(EPA) decisions during remedial response activities. For exampie, depending
on the project phase, sufficient data may have to be collected to characterize
the site, evaluate remedial alternatives, determine design criteria, or
monitor site conditions and/or remedial action effectiveness
(EPA/540/g-7/003) .3

End member. (a) One of the two or more simple compounds of whic an
isomorphous (solid solution) series is composed. For example, the end members
of the plagioclase feldspar series are albite (NaAlSiz0z) and anorthite
(CaAl1,Si,05). (b) One of the two extremes of a series, e.g., types of
sedimentary rock or fossils.

Eolian. (a) Pertaining to the wind; especially said of such deposits as
loess and dune sand, of sedimentary structures such as wind formed ripple
marks, or of erosion and deposition accomplished by the wind. (b) Said of the
active phase of a dune cycle, marked by diminished vegetal control and
increa: | ne growth.

Felds; *. A group of silicate minerals that make up about 60 percent of
the outer 15 km of the Earth's crust; the minerals are silicates of_aluminum
with the metals potassium, sodium, and calcium, and rarely, barium.2

Fluvial. (a) Of or pertaining to a river or rivers. (b) Existing,
growing, or living in or about a stream or river. (c) Produced by the action
of a stream or river.

Groundwater. Water in a saturated zone or stratum beneath the surface of
land or below a surface water'.

Leachate. The liquid resulting from the partial acid digestion and
dissolution of a sample. The material resulting from the acid digestion
sample preparation method identified by regulatory protocol (e.g., Method 3050
in EPA's SW-846 guidance).

Local background. Same as area background.

920428.1730 X
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Soil. A mixture of organic and inorganic solids and biota that exists on
the Earth's surface above bedrock.

TSD facility. Treatment, storage, and/or disposal facility. A RCRA
designation for a facility that handles hazardous waste.

iconfined aquifer. An aquifer having a water table; an aquifer
containing unconfined groundwater.*

Unit background. Same as area background, applied to a waste management
unit.

Vadose zone. Zone of aeration. A subsurface zone containing water under
pressure less than that of the atmosphere, including water held by
capillarity; and containing air or gases generally under atmospheric pressure.
This zone is limited above by the land surface and below by the surface of the
'zone of saturation', i.e., the water table. (abridged)4

aste management unit. A location on the Hanford Site where waste has or
may have been placed, either planned or unplanned, as identified in the
Tri-Party Agreement.

' Model Toxics Control Act Cleanup Regulations, as amended,
WAC Chapter 173-340.
2 Basalt Waste Isolation Project Glossary, SD-BWI-PMP-005, Rockwell
Hanford Operations, Richland, Washington.
EPA documentation as referenced in each definition.
4 Bates, R.L., 1990, "Glossary of Geology", J.A. Jackson, ed., American
Geological Institute, Falls Church, Virginia.
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This approach has lead to inconsistencies in identifying contamination and in
the evaluation of restoration and baseline risk levels. Consequently, this
approach yields different definitions of contamination and different
assessments of remediation goals and risk for each WMU, even those WMUs that
are adjacent or superimposed.

An alternative approach is to develop a single Hanford Site background
for all the sediments in the vadose zone with the same basic characteristics,
and a single background for groundwater in the unconfined aquifer. This
approach is based on the premise that all the WMUs share a common sequence of
vadose zone sediments and a single unconfined aquifer. In this approach, the
range of natural compositions within these media is used to establish the
Hanford Site background for soil.

To properly characterize the background levels on a local or regional
level, the soil must be representative of the area. Regulatory protocols also
require that background samples be unimpacted by activities in the WMU
(EPA 1986). The validity of the Site-wide approach to background
characterization is based on the fact that all the WMUs share a common
sequence of vadose zone sediments. In this approach, the range of natural
compositions within the vadose zone is used to establish the Hanford Site
background for soil. Evaluation of the geochemistry of the soils will lead to
a single background value for each constituent of concern.

The following objectives directed the gathering of data:

1. Demonstrate the validity of the Site-wide background concepts as
described in Characterization and Use of Soil and Groundwater
Background for the Hanford Site (WHC 1991a)

2. Determine the soil background threshold values, based on tolerance
intervals as s| :ified in Model Toxics Control Act (MTCA) Cleanup
Regulation (WAC 173-340)

3. Determine that the data quality objectives specified as part of the
Site-wide Background Soil Sampling Plan (WHC 1991b) were achieved.

Threshold values for six representative inorganic analytes (aluminum,
calcium, iron, copper, lead, and sodium) were determined based on the complete
analysis of the data described in this report. The soil compositions
represent the variability of soil types in the Hanford formation and younger
soils. The compositions of these soils with respect to these six analytes
represent a single statistical population for each of the constituents with
the exception of sodium. This is consistent with the variability in the
natural repositories of sodium in the soils (e.g., minerals) and its
geochemical behavior.

920430.0842 1-2
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that exceeds the local background threshold levels in one area, but that is
within the range of the site-wide natural background, would be interpreted as
contaminated using a WMU-based background approach. However, for the purposes
of environmental restoration, it is impractical to define background, and
consequently conf nination and baseline risk levels, differently from one
place to another tor a common medium. Characterization of background has the
added benefit of providing a scientific basis to justify as unnecessary the
expenditure of resources on remediation efforts of the natural environment.

OWOONNANAUIP»WN =

10 Representative characterization of the natural range of soil background
11 compositions for the purposes of environmental restoration is best obtained
12 using a Hanford Site-wide approach rather than a WMU-based approach.

13 Site-wide background is intended for use as one of the most appropriate

14 criterion for distinguishing contamination that practically can be considered
15 for corrective at ion. The main benefits of a site-wide approach to the

16 characterization of background for soil include the following:

18 * Single representative background as opposed to multiple backgrounds
19 e Single definition of contamination
. 20 e Single assessment of baseline risk for each element
21 e Greater efficiency in environmental restoration activities.
- 22
.23
24 1.3 BACKGROUND C( ’EPTUAL IDEL
25
26 Conceptual models are integral components of the recommended process for

- 27 identifying the objectives and quality of data collection efforts (EPA 1987b).
28 For the purpose of background characterization, the development of conceptual
~ 29 models is useful because the models provide the scientific and technical basis
30 for what soil background compositions represent, and what the cor ositional
31 populations are or are expected to be. Conceptual models describe the media
: 32 in the context of the environment which the media was formed and presently
33 exists. These models are based on information regarding composition, factors
~ 34 that affect composition, and the processes responsible for the lateral,
35 vertical, and temporal variation in composition. In addition, factors that
36 potentially can affect the composition of the media at any point throughout
37 the sampling or analysis process are identified. The conceptual models are
38 revised until an adequate description of the system is obtained. The adequacy
39 of the model is based on factual content and peer review. The model is
40 revised further as new data are obtained and evaluated to improve the
41 description of the natural systems.

43 The conceptual model that guided the work presented here was fully

44 developed in the document Characterization and Use of Soil and Groundwater

45 Background for the Hanford Site (WHC 1991a). The entire vadose zone of the

46 Hanford Site can be represented as a range of compositions that can be defined
47 by two end member compositions. The natural range of compositions should fall
48 between these two end member compositions, with the excc tion of

49 volumetrically minor constituents. This conceptual mode! is based on

50 geologic, hydrologic, and geochemical principles. ita types (parameters)
51 include the following:
52

920428. 1752 1-4









DOE/RL-92-24

04/30/92
1 CONTENTS
2
3
4 2.0 MEDIA DESCRIPTION . . . . . . . . . . v v v v e s e e e e e . 2-1
5
6 2.1 GENERAL GEOLOGY . . . . . . . . . . v v v v v e e e e e e 2-1
7
8 2.2 SUMMARY . . . . L e e e e e e e e e e e 2-5
9
10
11 FIGURE
12
13
14 2-1. Hanford Site . . . . . . . . . . . . . e F2-1
15 2-2. Generalized Geologic Cross Section through the Hanford Site F2-2
16

920428. 1801 2-1



DOE/RL-92-24
04/30/92

This page intentionally left blank.

o,
Vo,

920428. 1801 2-11






WOONOOT W —

DOE/RL-92-24
04/30/92

River during these periods of cataclysmic flooding are referred to as the
Hanford formation.

The Hanford formation consists of a sequence of unconsolidated
sedimentary deposits ranging in particle size from boulder gravel to clay.
The proportions of particle sizes vary vertically and laterally throughout the
formation, and primarily reflect the local energy regimes of the flood waters
at various places and times within the episodes of cataclysmic flooding
(Tallman et al. 1979, pp. 39-49; Routson and Fecht 1979, pp. 20-21;
Bjornstad 1984, 1985; Waitt 1987). The finer grained sediments were deposited
under conditions of slow-moving or ¢ ick water at channel margins, and in the
distal areas of flooding. The coarser, denser, and hydraulically less-mobile
gravel and basaltic sand were deposited primarily under conditions of faster
flow within the primary flood channels. A succession of alternating and
discontinuous layers of very high-energy, coarse-grained gravel deposits to
low-energy silt deposits are found throughout the Hanford formation. These
high-energy and low-energy flow conditions are responsible for the distinct
lateral and vertical distribution of different sized sediments.

Although the silt, sand, and gravel deposits in the Hanford formation
have a common origin, the deposits appear strikingly different in outcrop.
The finer grained components in all these sediments consist of differing
proportions of quartz and feldspar-rich sediment and basaltic-rich sediment.
The quartz-feldspar-rich silt and sand is the dominant fine-grained
constituent of the slack water deposits, and the basaltic sand is the dominant
fine-to medium-grained component in the higher energy sediments. Thus, the
primary difference in composition between the smaller particles is in the
proportion of basaltic sand and quartz-feldspar-rich sand. It is evident from
field investigations that there is a substantial gradation from dominantly
quartz-feldspar to primarily basaltic sand within the finer-grained portions
of these flood deposits.

Although there is no formalized stratigraphy for the | iford forr :.ion, a
preliminary working model has been developed. Four subdivisions have been
recognized based on isotopic age dating (Mullineaux 1986; Srana-Wojcicki
et al. 1987), and on the basis of paleomagnetics. Secondary structures such
as clastic dikes, volcanic ash beds, soil layers, and caliche horizons also
are found within the Hanford formation.

Along the Hanford reach of the Columbia River, the composition of the
most recent fluvial deposits might or might not be expected to be consistent
with the composition of sediments of the Hanford formation. The source
regions of these most recent sediments might be considerably different rom
those of the cataclysmic flood deposits. As will be discussed later, these
younger Col 1bia River sediments appear to be nearly indistinguishable from
the array ot Hanford Site sediments, even though these sediments have been
modified by the effects of weathering and were deposited under different flow
conditions.

The eolian deposits that locally veneer the Hanford formation are
windblown deposits derived largely from erosion and winnowing of the
unconsolidated Hanford formation (DOE 1988). These deposits are manifested as

920428. 1801 2-2
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because these sediments have been most impacted by the release of waste from
Hanford Site operations.

The sediments within the vadose zone are very heterogeneous with respect
to their chemical composition and grain size. The bulk composition of the
finer grained fraction of these sediments are expected to have compositions
that reflect the variable proportions of these constituents. Therefore,
mineralogy and grain size of the se iments will be major factors in the
reported composition of the sediments. The compositions of these sediments
therefore should be representable by a mixing line or a curve between
quartz-feldspar and basaltic component compositions. The compositions of
these samples also should constitute a single statistical distribution for
each constituent.

The eolian sediments are the products of two or more episodes of
remobilization and eolian fractionation from the Hanford formation and its
counterparts in adjacent areas. Consequently, the composition of the eolian
cover on the Hanford Site should be chemically indistinguishable from the
composition of the Hanford formation.

The materials that comprise the secondary structures within the Hanford
formation inadvertently could be included in a vadose zone soil background
and/or WMU sample. Such samples might appear as compositional and statistical
outliers. By recognizing that minor though possibly distinct members of the
vadose zone exist, the technical basis for evaluating these outliers is
improved.

Weathering processes, both physical and chemical, contribute to the
breakdown of the sediments in the vadose zone. The importance of chemical
weathering in the characterization of soil background depends on the extent to
which the composition of the material in the vadose zone is influenced by this
process (Leopold et al. 1964, pp. 4 16). Chemical weathering primarily
involves reactions between water, air, and rock material. These reactions
include hydrolysis, oxidation, and/or the precipitation of calcium carbonate
and salts (Fairbridge 1972). The effects of chemical weathering on soil
composition are most important only under certain conditions such as in wet
climates or in roc 5 or soils that have reacted with water for sufficiently
long periods. Weathering and soil formation in semiarid zones, however,
generally is more mechanical than chemical or organic (Fairbridge 1972).

The Hanford Site is a semiarid region that receives about 6 to 8 inches
(15 to 20 centimeters) of rainfall annually, most of which returns to the
atmosphere by evapotranspiration. Soil moisture profiles (Last et al. 1976;
Jones 1978) show that soil moisture generally is less than about 5 percent
throughout most of the vadose zone, and that moisture is significantly less in
the upper 10 to 20 feet (3 to 6 meters) during the summer months.
Consequently, there is only a sparse development of soils over most of the
Hanford Site, and these soils support plant growth (DOE 1988) that is largely
restricted to the upper few inches of the vadose zone.

The influences of chemical weathering and attendant organic processes on
the chemistry of the semiarid soils in the Pasco Basin are expected to be

920428.2015 2-4






920428.1801

This page intentionally left blank.

2-6

DOE/RL-92-24
04/30/92









WOONOYOTE WM =

16 3-1.

22 3-1.

920428.1813

3.1

3.2

Map

DOE/RL-92-24
04/30/92

CONTENTS

3.0 DATA SOURCES . . . . . v v v s e e e e e e e e e e e e e e e e 3-1

SITE-WIDE BACKGROUND PLAN SAMPLES . . . . . . . . . . . .. .. 3-1

3.1.1 Inorganic Analytes . . . . . . . . . . . . . ... ... 3-1

3.1.2 Organic Analytes . . . . . . . . . . . v v v v v v o .. 3-2

OTHER SITE CHARACTERIZATION SAMPLES . . . . . . . . . . . . .. 3-3
FIGURE

of Hanfor Site Showing Locations of Sampling Sites. . . . . . F3-1

ABLE

Target Analytes and Procedures . . . . . . . . . . . . .« . . .. T3-1



920428.1813

This page intentionally left blank.

DOE/RL-92-24
04/30/92






WO~ O W =

DOE/RL-92-24
04/30/92

proportional to the vertical height of the exposure sampled, the distance
between the sample points remaining constant. The field geologist chose the
general section of the exposure most representative for sampling. The field
team leader then randomly selected an initial sample location from the
eligible surface.

Judgment sample locations were based solely on the professional judgment
of the field geologist. These samples included selected end members,
potential outliers, and samples representative of typical Tocal lithology.
These samples were taken to ensure completeness of the sample suite.

Field sampling began in September 1991 and ended in November 1991. All
field work, shipping, and documentation was performed according to routine
procedures found in or referenced by the Environmental Investigations and Site
Characterization Manual (WHC 1988b). Appendix B provides a more detailed
narrative of the sampling effort.

As a matter of policy, a laboratory radiological survey is required of
all environmental media before shipment offsite or for analysis at certain
onsite laboratory facilities. As a result of this policy, aliquots of all
soil background samples received a laboratory radioactivity analysis. ATl
aliquots were found to be below applicable administrative limits for release
from all radiological controls.

Samples were submitted to two separate offsite commercial laboratories
for chemical analyses. Analytes and referenced procedures are shown in
Table 3-1.

Grain size (sieve) analyses and some carbonate analyses of certain
samples were performed by the Hanford Site Geotechnical Engineering
Laboratory. Other grain size/bulk composition studies were performed at
Washington State University in support of this project. A sun iry of results
from that study is contained in Chapter 4.0.

3.1.2 Organic Analytes

Sampling for organic components required a different approach than for
inorganics. Many organic compounds do not occur naturally, so their presence
would indicate that contamination is present.

Alternatively, non-waste sources of certain organic compounds can be very
significant factors at any particular future site or sam ing situation.
Exposed slopes, chosen for accessibility as discussed above, were expected to
have Tow concentrations of naturally-occurring organic compounds. It was
recognized that the soil's resident biological commun / strongly influences
the inventory of natural organic compounds present.

A botanist/soil scientist identified candidate sample locations within
each main ecosystem where waste operations exist on the Hanford Site. Each of
the following four ecosystem classifications has different vegetation
assemblages that can be associated with naturally occurring organic compounds:

920430.0827 3-2
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Soil samples were collected between the surface and a depth of 30 feet
(9.1 meters) as drilling was performed. Saturated conditions were encountered
at this level. The samples were stored and transferred to offsite
laboratories under chain-of-custody protocols. Analyses performed included
the following:

e Metals Aluminum, antimony, barium, beryllium, cadmium,
calcium, chromium, cobalt, copper, iron, magnesium,
manganese, molybdenum, nickel, potassium, silicon,
silver, sodium, titanium, vanadium, and zinc - EPA
method 3050/6010

Arsenic, lead, selenium, thallium, tin, and mercury
- EPA methods 7060, 7421, 7740, 7841, 7870, and
7471, respectively

e Anions Fluoride, chloride, nitrate, nitrite, sulfate and
total phosphate) - EPA 340.2 for fluoride, SM-424
for total phosphate, and EPA 300.0 all others

e Ammonia EPA 350.3

e Total organic
carbon (T0C) TP-186203.

Yakima Barricade Samples--These samples originated from a PNL borehole,
located near the Yakima Barricade on the Hanford Facility. The purpose of the
borehole was to study natural 'deep' soil microbes. Field work was performed
in the fall of 1990. Geological observations and x-ray fluorescence analyses
were performed in conjunction with the PNL study.

The samples collected 1d su. . tted for analysis in suppt . F th
project were selected from the archived materials, and submitted for chemical
analysis in the fall of 1991. The analyte Tist was essentially the same as
for those collected per the Sampling Plan, referred to previously, with the
addition of lithium and the omission of carbonate. Lithium was requested
because a lithium compound was added periodically to the borehole during the
microbiology study. This element served as an excellent indicator of cross
contamination of the selected geologic samples because of its Tow natural
concentrations. It was decided that carbonate analysis was unnecessary for
these samples. Samples were submitted to the same Taboratories used in the
Site-wide effort.

920428.2018 3-4
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analysis. The analysis and interpretation of these samples will be reported
under separate cover,

The laboratory blanks were intended to provide an indication of detection
limits in the presence of matrix effects. Inquiries at the primary laboratory
indicated that the laboratory routinely uses a pure silica sand as a solid
matrix blank for their internal quality control program. The laboratory was
requested to analyze and report on a silica sand sample with each batch
submitted to the laboratory. The primary laboratory performed these analysis
and reported the results as requested as regular samples. Unfortunately the
reporting format contains an automatic filter that prevents less than
detection 1imit data from being reported. Therefore, most of the data that
came back was identified as less than values rather than actual measurements
that could have been used to verify the claims for detection 1imit. This
renders the blank data only suitable for identifying the gross presence of
laboratory contamination or other nonstatistical applications.

4.2 SUITABII TY OF DATA

The systematic random data set has been designed to meet all the Hanford
Site requirements. The data set was generated with the same sampling and
measurement methods as will be required of WMU-based investigation and
remediation sampling. The raw data are presented in tabular form in
Appendix C.

The background thresholds developed here will provide an initial level of
screening for contaminants of concern. Constituents that do not exceed
threshold levels by statistically significant amounts can be dropped from
further consideration in the investigation and remediation processes. These
values also will provide a lTower bound on proposed risk-based cleanup levels.

4.3 DATA QU .ITY REVIEW

This section describes the various data quality parameters that were
reviewed to ensure the laboratory analyses were usable. These parameters
include detection limits, precision, accuracy, representativeness
comparability, and completeness (PARCC).

3.1 Detectic Limits

Detection 1imits for most analytes have been determined on the basis of
reagent blanks prepared concurrentlv with the inductively coupled plasma (ICP)
analytical batches at the primary 1. oratory. Separate attempts to obtain
analysis of a pure silica sand (vendor internal quality control standard)
failed to yield usable data. The data from the reagent blanks include all
measurement errors except for interlaboratory bias and soil matrix
interference effects. The true detection 1imit will be higher than that
reported on the basis of the reagent blanks because of soil matrix
interference effects [the exception will be those analytes (e.g., lead)
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increased quality control reporting requirements and reagent quality, which is
needed due to importance of background in remediation decisions. Thus, SW-846
based data can be compared to CLP based background thresholds.

The second point of comparability is based on the spatial coverage of the
Hanford Site by the sampling locations. The ensemble of sampling locations
covers the Hanford Site both horizontally and vertically through the
stratigraphic section (Figure 4-1). It is not expected that any current or
future WMU can be located in a portion of the Hanford formation that is not
represented in the background data set.

The completeness of the data set is synonymous with coverage of the
population to be sampled. The data set includes not only the surface
exposures described in Appendix B, but also samples collected from the deep
microbiological borehole drilled by PNL. Figure 4-1 is an idealized
stratigraphy of the Hanford Site. Chapter 3.0, Figure 3-1 is a map showing
the location of the sampling sites. These sites cover the range of sediment
deposition environments at the Hanford Site, from the high energy main channel
deposits (Sites 1, 3, 13, 14) to the low energy, slack water deposits
(Sites 2, 4, 5, 11, 12). Sites such as 6, 7, 8, 9, and the PNL borehole
cover the transition from high energy to low energy environments. These sites
also cover the Hanford Site spatially from east to west and north to south.
Background sampling sites have been identified as to their respective position
in the sequence. The vertical coverage of the stratigraphy is nearly
complete. The only vadose zone lithology not sampled is Flood 3 as described
previously.

4.3.3 Correlation

A primary assumption of classical statistics is that the data are
independent and identically distributed, e.g., that the data are not
autocorrelated. .uis assumption is not always valid when dealing with
geologic data. A primary tool for determining the presence of spatial
correlations is the variogram. Variograms for selected representative
analytes will be provided after completion of the evaluation of all inorganic
constituents.

4.4 OUTLIERS

The statistical analysis of the random sample data has revealed the
presence of statistical outliers in the data. These outliers might be due to
laboratory measurement error or, more likely, to nuggets of subordinate
minerals or 1ithologies. The use of CLP methods and validation protocols
reduces the likelihood of an analytical error going undetected. Table 4-1
Tists the outlier data and probable causes, while Figures 4-3 and 4-4 show the
associated interelement correlations.

The calcium outliers are due to a caliche (CaCO;) layer interct :ed in
the PNL borehole and to a calcium-rich plagioclase (or possibly clay mineral)
in the Ringold Coulee site (Site 14). The sodium outliers are all associated
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with the Rattlesnake Springs site (Site 12), established by Rickard (1964) as
a high alkaline soil. Correlations with high chlorine and sulfate

(Figure 4-4) data at the same sample locations readily establishes these
samples as deposits high in salt.

4.5 THRESHOLDS

The statistical methods used to determine the background threshold levels
have been described in the characterization document (WHC 1991a). It is hased
on computing the upper 95 percent confidence interval of the 95th percer ile
of the distribution of systematic random data as required by the Model loxics
Control Act [WAC 173-340-708(11d)]. The details of the analysis are presented
in Appendix D. Table 4-2 presents a summary of the analytical results,
including the background threshold values for: aluminum, calcium, copper,
iron, lead, and sodium. The presence and level of matrix interference effects
are developed directly from the statistical plots. The remaining number of
analytes will be evaluated and included at a later date.

The geochemical methods used apply primarily to the identification of
subordinate end members and the possible mineral sources of outlier data. The
use of interelement correlations and stoichiometric relationships are used to
identify specific minerals that can be the source of outlier data.

A11 the analytes produced exceptionally good fits to single
distributions, with the exception of sodium. Sodium is an ubiquitous ( ement,
appearing in a number of repositories and environments. Specifically
identified candidates for the Hanford Site are salts (NaCl, NaS04),
plagioclase, sodic feldspar, and basaltic glass. The factor analysis of both
bulk XRF data and random sample leachate data (Appendix D) also indicates that
sodium is associated with multiple factors (sources). The final analysis of
sodium (Appendix D, Figure 40) demonstrates that sodium can e represented as
a bivariate distribution.

4.6 JUDGMENT SAMPLES/SUBORDINATE END MEMBERS

Information in this section will be provided after completion of the
evaluation of all inorganic constituents. This section will provide a
comparison of the judgment sample data set against the threshold values. This
comparison will be made to determine if lithologic criteria used to select the
judgment samples represent subordinate end members - at are significantly
different from the random sample data set or previously identified subordinate
end members.

4.7 MODEL VALIDATION

Information in this section will be provided after completion of the
evaluation of all inorganic constituents. This section will provide a review
of the data in terms of the conceptual model (WHC 1991a). This review will
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identify those characteristics of the data that support the model along with
revisions to the model required by the data.

4.8 SAMPLE STRATIFICATION

The sample sites were chosen on the basis of representativeness of the
geologic section, access, extent of exposure, and the expectation that the
sites were free of contamination from Hanford Site activities. This latter
assumption can be verified by stratifying the random sample data set according
to proximity to Hanford Site activities, e.g., 200 Areas. A simple
observational test can be made by referring to the scattergram plots in
Figure 4-2. Of particular interest is lead, as several of the sampling sites
are located near vehicular routes, and the presence of lead in surface soils
near highly travelled roads has been established in the literature. Sites 1,
6, 7, 8, 10, and 13 are located near roads. These sites do not stand out as
being different from the other sites, with the possible exception of Site 10,
which is elevated in a number of analytes associated with basaltic minerals.
Appendix D includes a more detailed analysis for lead as well as chromium.

4.9 GRAIN SIZE ANALYSIS

An investigation of the effect of grain size on CLP analyses is being
conducted in conjunction with this study. Because CLP analysis is only a
partial dissolution of soil constituents, the effects of grain size, which is
proportional to surface area, need to be considered. Preliminary results on a
chemically homogeneous sample indicate that smaller grain sizes do yield
systematically higher concentrations in CLP analyses. In addition, natural
soils and sediment samples taken from the Hanford Site can be markedly
inhomogeneous with respect to grain size; a sample biased toward a particular
size fraction might not be completely representative of the medium being
samp 1. The final results of th- study will | published yara:
document.

4.10 X-RAY FLUORESCENCE CALIBRATION

Because of the nature of CLP extraction and analysis, concentrations of
some analytes reported by this method might be less than the total present in
the sample. More refractory mineral phases in the sample might fail to
dissolve in the CLP digestion procedure, and thus, their elemental
constituents would go unreported. A separate study is being conducted to
attempt to quantify this effect, and results will be published as a separate
document. Preliminary results suggest that many variables contribute to the
efficiency of extraction, most notably grain size and mineral species present.
Concentrations of most analytes in a CLP analysis are less than present in a
whole rock analysis, as measured by XRF techniques.
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4.11 ORGANIC BACKGROUND

Analysis of organic samples measured in the field and at an onsite
laboratory (separate methods) indicates that no detectable organics were found
in any of the inorganic sampling sites or in any of the specifically chosen
organic sampling sites. For more details of the analysis methodology, refer
to Appendix B.

4.12 INTERPRETATIONS

Information in this section will be provided after completion of the
evaluation of all inorganic constituents. This section will identify
significant features of the data analyzed with respect to - e geology,
statistical re ationships, and application of the data to Hanford Site
activities.
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5.0 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

It is indicated from the results obtained to date that the site-wide
approach to the characterization and use of soil background in environmental
restoration activities at the Hanford Site is viable and is technically
preferable to the unit-based approach to characterization. These conclusions
are provisional, however, because only the validated data from six inorganic
metals have been completely evaluated in all aspects of data quality and
interpretation. However, it is indicated from preliminary evaluation of other
inorganic constituents that the data set is valid. Complete analysis and
evaluation of all data collectively are required to draw conclusions and make
recommendations that are technically def 1sible.

5.1 CONCEPTUAL MODEL

The results of current efforts corroborate the conceptual model
(WHC 1991a) which suggested that the soils within the vadose zone on the
Hanford Site were related in origin and physical compositions, and therefore
should be related in chemical composition as well. This model was tested
through a systematic sampling and analysis effort designed specifically for
the purpose of characterizing the naturally occurring composition of soil at
the Hanford Site. This effort was initiated and carried out utilizing the
data quality objectives guidelines (EPA 1987b) to ensure that the data
collected were representative and of appropriate quality for their intended
purpose, i.e., corroboration of the conceptual model and charac' ‘ization of
the soil composition to establish natural background thresholds and comparison
criteria. Additional refinement of the conceptual model regarding the
dependency of soil composition on grain size, repository, and chemical
behavior will provide additional insight into the interpretation of soil
compositional data. These refinements will be incorporated into the
conceptual model when all the data have been analyzed and evaluated.

-2 SITE-W!  BACKG JI

Threshold values for six representative inorganic analytes (aluminum,
calcium, iron copper, lead, and sodium) were determined based on the complete
analysis of - e data and their quality. These soil compositions represent the
range of lateral and vertical variability of soil types in the Hanford
formation and younger soils. The compositions of these soils with respect to

nese six analytes represent a single statistical population for each of the
constituents with the exception of sodium, which is consistent with the
variability in the natural repositories of sodium in - e soils (e.qg.,
minerals) and its geochemical behavior. Background threshold concentrations
represent the levels that should not be exceeded 95 percent of the time with a
confidence of 95 percent.
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5.3 RECOMMENDATIONS

Information in this section will be provided after completion of the
evaluation of all inorganic constituents. This section will include the final
results of the data evaluation and analysis in terms of the use of Hanford
Site soil background threshold valves.
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1.0 INTRODUCTION

Provic | herein is information on e criteria used to select - e soil
sampling sites in the context of the Hanford Site-wide soil background project
objectives and the conceptual model. This information is supplemental to that
provided in the Characterization and Use of Soil and Groundwater Background
for the Hanford Site (WHC 1991a) and the Site-wide Background Soil Sampling
Plan (WHC 1¢ .b). This information focuses both on the general and
10 site-spec fic geologic characteristics of the sam ing sites, which served as
11 the basis for their selection.

WOWOO~NO U W=

13 Section 2.0 addresses questions regarding the selection of specific

14 sampling sites. This section includes discussions on sampling activity

15 objectives, Site-wide soil background sampling sites, composit jnal integrity
16 of 'surface' samp 2s, generalized stratigraphy, and the chronology of the

" 17 Hanford fo ation.

19 Section 3. cont: 1s photographs and a brief geological summary of each

.. 20 of the 14 soil sampling sites. 1e accompanying text addresses specific

21 factors considered 1 selection of the sampling sites.
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Laboratory Program (CLP)] are not the composition of the total (i.e., bu )
soils/sediments. Analyses obtained by these methods only measure the
compositions of acid leachates of the finer grained size fraction of the soil.
Therefore, it is necessary to consider what material constitutes the finer
grained material in these sediments, and how this material is distributed
throughout the vadose zone. To answer this, a conceptual model was developed
to explain what the vadose zone is, its geologic characteristics, and how the
it was formed {C 1991a). This model is based on geologic data, and provides
a basis for understanding lateral and vertical distribution of the finer
grained constituents in the soil, the compositions of the constituents, and
the nature and type of variability to be expected in vadose zone soil samples.
The end result of this study will be a better understanding of - e origin of
the vadose zone.

2.2 CONCEPTUAL EL

In the conceptual model referred to previously, the physical
characteristics of the Hanford Site vadose zone are described as nsisting
primarily of the Hanford formation sedimer s. These sediments are composed of
alternating and intercalated layers and lenses of grave 5, sands, and silt.
The sediments of the Hanford formation were deposited in conjunction with
cataclysmic flooding events during the Pleistocene between 16,000 and
12,000 years ago. The physical characteristics of these sediments appear to
be highly variable when examined in outcrop. However, the compositions of the
sediments and their lateral and vertical distribution across the Hanford Site
are very systematic.

The systematic nature of the compositions stems from the size and spatial
distribution of the coarse- and fine-grained material in the sediments, which
reflect the way the materials were deposited by the Ice Age flood waters. The
coarser :diments (i.e., gravels) occur in places that represent ancient
high-energy (fast flowing) regimes (e.g., flood channel deposits). The finer
grained sediments were deposited in areas of lower energy (e.g., channel
margins, bars) and throu iout the area in the late stages of flor ing. The
finer grained material in these sediments consists of two main components: a
relatively dense basaltic sand component and a relatively low-density
quartz/feldspar component. The basal ic sand component is prevalent in the
higher-energy sediments, and the quartz/feldspar component is dominant in the
low-energy sediments.

The vertical sequences and lateral variations roughout most of the
Hanford formation soils/sediments actually are mixtures of these two main
sediment types that were deposited in response to the changing nature of their
depositional environment. Vertical variations in these sediments exist
because the energy environment of deposition changed within each flood event
(e.g., as flood waters were dammed and eventually drained away). A range of
grain sizes and matrix materials were deposited simultaneously over areas
extending from the main channels to the relatively cal channel margins.

Finer grained materials were commonly superimposed over these areas during the
low-energy slack-water stages at the end of individual flooding events.
Shifts in the position of flood channels and bars from flood to flood were

$20428.1854 2-2
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Many of the vadose zone exposures are excavation sites, also referred to
as borrow pits, that have served as quarries of clean sand and gravel for
building material use on the Hanford Site. The borrow pits, quarries, and
areas excavated in conjunction with new construction (e.g., the Fast Flux Test
Facility) constitute a majority of the sampling sites. The remaining sampling
sites are locations of enportunity hat are natural outcrop exposures (e.qg.,
river bank and stream g1 ly exposures, road cuts), and those that exist
because of vadose zone excavations for construction purposes (e.g., Grout
Treatment Facility). A1l of these sampling sites also have undergone
screening for cultural resource impacts and environmental protection,
including radioactivity surveys in conjunction with the excavation permits.
Thus, the excavation and outcrop locations are preferred sampling sites for
the following reasons:

e These locations et all or most of the selection criteria

e These locations represent 'windows' into the upper vadose zone on and
off the Hanford Site

e Thicknesses of up to 30 meters (about 100 feet) of the vadose zone
both onsite and offsite are exposed at these excavation sites

e The upper few meters of the vadose zone are general y the soils of
concern for most environme .al restoration, permitting, and closure
activities.

One advantage of the 'surface' sampling strategy is that - ;e 'windows'
into the v. ")se zone are available and reliable sources of information on
geologic relationships of the vadose zone. Sampling at - ‘:se sites of
opportunity also is more cost effective and yields more overall information
than other types of vadose zone sampling because the sites require no new
drilling or <(cavation. Data obtained from samples in these exposures are
superior to other types of vadose zone samples because the chemical
composition of soil samples can be combined with geologic r« ationships that
are directly observable (e.g., soil type, stratigraphic relationsh s, etc.),
an also because the sample type and integrity are known. Based on the
present understanding of the vadose zone, these sampling sites are interpreted
as exposing representative samples of the ithologic types expected to occur
in the subsurface of the Har )rd Site. Brief geological descriptions of the
individual soil sampling sites are provided in Section 3.0.

This surface sampling effort was supplemented with samples from two
boreholes that traverse the entire thickness of the vadose zone. Splits of
about 35 vadose zone soil samples from a deep borehole near the Yakima
Barricade and about 12 samples from an offsite borehole on Savage Island was
submitted for analysis as part of this effort. These sai les were collected
by Pacific Northwest | )joratory (PNL) in conjunction with ¢ er projects.
Supporting information on bulk chemistry, mineral types, wel!l logs, etc.,
generated by PNL in conjunction with these projects also was provided.
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3.0 SITE-WIDE SAMPLING SITE DESCRIPTIONS

1. Port of Benton O0ff-loading Ramp
(Tocated south of 300 Area

adjacent to the Columbia River) . . . . . . . ..

2. Excavation Exposures Upgrade
from the Washington Public Power
Supply System Solid Waste Pit . . . . . . .. ..
Hanford Site Gravel Pit No. 9 . . . . . . . . ..
Alluvial Overbank Flood Deposits
Adjacent to the Columbia River
(south of the old Hanford
townsite) . . . . . . . ..o .00 .00l
5. Hanford Site Gravel Pit No. 21

(Tocated in the 100 Area of the

Hanford Site) . . . . . . . . . . . .. ... ..
6. Vadose Zone Exposed in Grout

Treatment Facility Vault Pit

(Tocated in the 200 East Area) . . . . . . . . ..
7. 218-E8-12B Trench 94 (located in

the northeast corner of the

200 East Area) . . . . . . Lo oL 000l
8. Grav Pit West of the 200 East

Area (located just outside of

the 200 Area fence . . . . . . . . . . . . .. ..
9. 01d Batch Plant Sand and Gravel

Quarry (for cement) . . . . . . . . . .. ...
10. Exposure of Lower Hanford

formation Sediments (located

just east of Highway 25 on the

Vernita grade near mile

marker 41) . . . . . . . oo oo o0 Lo e
11. Cold G :k Slack-Water Facies of

the Hantord formation on the

Flank of Rattlesnake Mountain

(" :ated in the vicinity of Cold

Creek, west of Highway 240 on

the Arid Lands Ecology Reserve) . . . . . . . ..
12. Dry Creek Alluvial Deposits in

Dry Creek Canyon Area (located

west of Highway 240 on the Arid

Lands Ecology Reserve) . . . . . . . . . . . . ..
13. Offsite Gravel Quarry Exposures

of the Hanford formation . . . . . . . . . . . ..
14. Offsite Exposure of Hanford

formation Deposits (located at

the mouth of Ringold Coulee,

1st side of the Columbia River
across from the dune fields on
e Hanford Site) . . . . . . . . .. .. ...

o w

3-1


































































1.0

WWOONOYUTP WN

36 2.0

51 1.

920429.1036

DOE/RL-92-24

04/30/92

| 'ENDIX B

col TS
INTRODUCTION . . . . . v v e e e e e e e e e e e e e e e e e e e e 1-1
1.1 INORGANIC SAMPLING . . . . . . . . v « v v v v v v v v v v v 1-1
1.1.1  Site #1 . . . . ..o e e e e e e e e 1-2
1.1.2  Site #2 . . . . . e e e e e e e e e e e e e e e e 1-2
1.1.3  Site #3 . . . . . . oo e e e e e e e 1-3
1.1.4  Site #4 . . . . . . . o e e e e e e e e e e 1-4
1.1.5 Site #5 . . . . . . . o oo e e e e e e e 1-4
1.1.6 Site #6 . . . . . . . . .o e e e e e e e e e e 1-5
1.1.7  Site #7 . . . . . . o o e e e e e e e e e e 1-5
1.8 Site #8 . . . L L L L e e e e e e e e e 1-5
1.1.9  Site #9 . . . . . . e e e e e e e e e e e 1-6
1.1.10 Site #10 . . . . . . . . . .o e e e e e 1-6
1.1.11 Site #11 . . . . . . . o o o oo e e e e e e e 1-7
1.1.12 Site #12 . . . . . . o o e e e e e e e e e e e e 1-7
1.1.13 Site #13 . . . . . . o e e e e e e e e e e e e e -8
1.1.14 Site #14 . . . . . . . . . .o e e e e e e e e -8
1.2 SURFACE SOIL ORGANIC SAMPLING . . . . . . . . .« .« « « o o o . 1-9
1.2.1  Site #1 . . . . . L o e e e e e e e e e e e e 1-10
1.2.2  Site #2 . . . . . o e e e e e e e e e e e e e e e e 1-10
1.2.3  Site #3 . . . . . . e e e e e e e e e e e e e e 1-11
1.2.4 Site #4 . . . . . . .. . oL e e e e e e e 1-11
1.2.5 Site #5 . . . . . o o o e e e e e e e e e e e 1-12
1.2.6  Site #6 . . . . . . . . o e e e e e e e e e e e e e 1-12
1.2.7  Site T . L e e e e e e e e e e e e e e e 1-12
1.2.8 Site #8 . . . . . . . . . oL e e e e 1-13
1.2.9  Site #9 . . . . L . e e e e e e e e e e 1-13
VAPOR HEADSPACE MEASUREMENTS . . . . . . . . « « « « v ¢ o v v v . 2-1
Tl OMETHOD . . . v o v e e e e e e e e e e e e e e e e e e e e e 2-1
2.2 IMPLI NTATION . . . . . & & v v v i vt e e e e e e e e e 2-2
2.3 SUMMARY OF RESULTS . . . . & . & o v v v b b v e v v e e e e 2-3
2.4 CONCLUSION . . . . . & ¢ v e e e v e e v v e e e e e 2-4

FIGURE

Sampling Site Locations . . . . . . . . . . . ..o oo F-1

APP B-ii



Dt 'RL-92-24

04/30/92
1 TABLES
3
4 1. Headspace Screening Sample Key . . . . . . . . . . v v v v v v v .. -1
5 2. Equi ibrit  Hi Ispace Method - Field Data Sheets . . . . . . . . . . T-2

920429.0940 APP B-iii



920429.0939

This page intentionally left blank.

APP B-iv

DOE/RL-92-24
04/30/92










































™

Y

920428.1925

This page intentionally left blank.

DOE/RL-92-24
}/30/92












WO~ O WA —

DOE, _-92-24

04/30/92
given an equal Tikelihood of two events, is 0.094. This means that, « :he
average, this result wi 1d happen only 9.4 times out of 100 given no t ird or

downward trend. This comparison makes use of only the first and last
observations of the six batches.

The ambient measurement associated with sample B06140 exceeded the Plan
cr 2ria of 1 part per million. A short time before this measurement, ambient
air was drawn through an respirator filter and a reading made. The filter was
designed to remove organic vapors. ..ie result suggests the system might have
been biased slightly high. The reported observation (0.6 part per million) is
close to the demonstrated capabilities of the measurement system.
Nevertheless, sealed samples that were opened only very briefly before
analysis did not reflect any elevated concentration.

Sample comparisons between batches cannot reliably be made because all
sample observations are well below the normal 'noise' between batches. For
instance, the fact that all February 27, 1992 observations are 0.0 and almost
all March 9, 1992 observations are 0.3 does not allow one to conclude that
there are real differences in the headspace concentrations of the two sets of
samples. Both numbers are below levels that can be reliably assessed for
interbatch comparisons. Sub-LOD measurements might largely reflect transitory
measurement conditions. Soil headspace concentration comparisons between
batches must consider the limitations of the measurement system. Otherwise,
nonrandom errors easily can confound interbatch comparisons.

2.4 CONCLUSION

Concentrations of detectable compounds in the sample headspace were so
low as to be unquantifiable by this method. A1l samples were consistent in
this respect. The method is capable of detecting Tow parts per million
concentrations of volatile compounds. These results support the premise that
the soil at each site is uncontaminated by volatile dangerous waste.
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Screening Sample Key. (sheet 3 of 3)

“ Sample ID I

Nata | Origin "

B064G2 3/17/92 Inorganis Site #4 (Bottom)

B064G3 3/17/92 Inorganic Site #5 (Bottom) I

B064G4 3/17/92 Tnarnaanic Site #5 (Top) "

B064G5 3/17/92 Inorganic Site #4 (Bottom--Field
duplicate of B064G2)

B064G6 17702 | Tmavnanic Site #4 (Top)

| 80"+~ | airminn . Cmee wa eme s |

T-1.3
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1.0 STATISTICAL ANALYSIS

This section describes the statistical analyses performed on the data
froT the soil sampling activities. The following objectives directed these
analyses:

1. Demonstrate the validity of the Site-wide background concepts as
described in Characterization and Use of Soil and Groundwater
Background for the Hanford Site (WHC 1991a)

2. Determine the soil background threshold values, based on tolerance
intervals as specified in the Model Toxics Control Act Cleanup
Regulation (WAC 173-340)

3. Determine if the DQOs specified as part of Sitewide Soil Background
Sampling Plan (WHC 1991b) were achieved.

1.1 DATA ANALYSIS M._.H0ODS

Data analyses were performed to support these objectives. The individual
analyses are described in the following paragraphs.

1.1.1 Data Validation

On receipt, the data packages were reviewed for conformance to the
requirements of contract laboratory program (CLP) analyses. These checks
included reviews of chain-of-custody records, instrument calibration, internal
control standards, blanks analyses, matrix spikes, duplicate analyses, serial
dilutions, and holding times. These checks ensured that the measurement
process was consistent and within the specified control Timits.

1.1 Data Transcription/Verification

After the data packages were validated, the data were transcribed into
computer spreadsheets. For verification of data input, a | ntout of the
spreadsheet was checked against the original hardcopy (received from the
laboratory) by a second party. Corrections similarly were input and verified.
These steps ensured that the validated data received from the vendor were
correctly transferred to the data analysis software.

1.1.3 Detection Limit Analysis

Reagent blank analyses, performed concurrently with the soil analyses,
were used to determine the minimum 1imit of detection (LOD) and the limit of
quantitation (LOQ). The LOD is defined as tI lowest concentration level that
can be determined to be statistically different from a blank. The LOQ is the
level above which quantitative results might be obtained with a specified

920428.2005 1-1
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degree of confidence (ACS 1983). The results of the blank analyses contain
all measurement error effects, including a limited amount of matrix
interference effects. Matrix interferences from the actual soil samples are
not included. For this reason, the LOD and LOQ values are considered
minimums. Estimates of the matrix interference effects will be made as part
of the analysis described in the following sections. This analysis provides a
basis for determining if the required detection limits were achieved and
screens out data dominated by noise in the measurement process.

1.1.4 Factor Analysis

The factor analysis provides both verification of the conceptual model
developed in the Characterization and Use of Soil and Groundwater Background
for the Hanford Site (WHC 1991a) and determination of representative analytes
for further statistical analysis in support of the DQOs. Factor analysis is a
statistical method used for attempting to reveal patterns within a set of
multivariate observations. For example, strong correlations between FeO,
Ti0,, Mg0, and several other analytes can be related to the basalt component
present in the soil sample, which is high in these compounds. Using this
data, the analyses can be grouped into statistically significant associations
and interpreted within the context of the vadose zone conceptual model.

1.1.5 Variogram Analysis

A variogram is a graphical tool for displaying the correlation structure
of a spatially distributed variable. The classical statistics method, on
which the tolerance interval determination is based, assumes that the data are
independent and identically distributed. The variogram analysis determines
the range over which this assumption is valid. Sampling at intervals that are
less than the correlation range can introduce bias into the tolerance interval
statistics. Constructing a variogram for selected, representative analytes
demonstrates that the sampling intervals and locations have been appropriately
determined. This analysis supports both the conceptual model and the DQOs
with regard to representativeness of the sampling locations.

1.1.6 Analysis of Field Split Samples

Field split samples were routed to a separate laboratory for independent
analysis. Field split samples provide a quality check on the performance of
the primary laboratory. These results serve to reveal any consistent
laboratory bias in the data.

Because soil split samples, unlike water split samples, cannot be
considered identical, individual sample comparisons are difficult to evaluate.
Variation in the percentage mixture of end members, especially for the minor
and trace analytes, can cause variations in the results that are significantly
larger than the accuracy of the measurement process. Therefore, the split
samples are considered as a group and analyzed for similarity of
distributions.

920428. 2005 1-2
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1.1.7 Distribution and Outlier Analysis

The analysis for the best fit distribution is based on Weibull and
Lognormal forms. The Characterization and Use of Soil and Groundwater
Background for the Hanford Site (WHC 1991a) describes the Weibull distribution
and demonstrates that much of the data to be analyzed can be fitted with the
Weibull distribution. The option to use a lTognormal distribution is retai d
for completeness of analysis.

Suspect outliers will be determined based on the data points ying
outside double-sided confidence intervals of the distribution of the data.
Rejection or removal of the outliers depends on a review of the data in the
context of the conceptual moc and the quality assurance and quality control
records for the data in question. Interelement correlations can determine if
the data are related to a subordinate end member.

1.1.8 Threshold Analysis/Tolerance Interval

The background threshold is the statistical upper bound of the naturally
occurring concentrations. This background threshold is defined by the MTCA
[WAC-173-340-708(11d)] as the upper 95/95 tolerance interval. The tolerance
interval will be determined based on a single-sided upper 95 percent
confidence interval for the 95th percentile of the distribution of the
randomly sampled data.

1.1.9 Subordinate End Member Analysis

Collection of judgment samples was included in the sampling strategy.
Judgment samples are defined as those determined by the field geologist as
having significant stratigraphic or lithologic characteristics, but not
included in the random sampling activities. Collection of these samples was
based solely on the professional judgment of the field geologist; criteria for
judgn 1t sample collection included sele¢ ° | end member sai ;, potential
outlier samples, and samples that repre:s typical local 11thology. Thes
samples could include subordinate end members such as caliche, ash beds, and
paleosols.

The analysis of these data is done by comparing the data to the tolerance
interval. Data that significantly exceed the tolerance interval will be
further analyzed to determine if the data represent subordinate end members
that must be considered separately from the randomly sampled data.

920428.2005 1-3
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2.0 DATA ANALYSIS

The soil data were analyzed according to the previously described
analytical methods. Background threshold values for six analytes (aluminum,
calcium, copper, iron, lead, and sodium) were determined and are presented in
the following sections.

2.1 DATA DESCRIPTION

AR | I ] 17 1 at 14 arf. » sites d
2 borenoles. Because ur difticulties 1n establishing validation of the data
at one borehole (Savage Island) these data have not been included in the
random data set. ~ :se data will be treated as judgment samples. In
addition, inorganic analyses were performed on samples taken from a series of
sites chosen specifically to provide preliminary information about organics
background in soil. Sample site locations and descriptions are included in
Appendix B.

Both systematic random and judgment samples were collected at all the
inorganic sites (WHC 1991b). Additional sample types included field splits
(for analysis at a separate independent laboratory), and samples taken
specifically to examine the effects of grain size on analytical results. The
results of the grain size analysis will be reported under separate cover.
Only select results are included in this report.

2.2 VALIDATION RESULTS

A summary of the data reporting statistics for the systematic random,
judgment, and preparation blank samples is presented in Table 1. A total of
5,765 analyses were requested. A total of 5,405 results passed the validation
criteria giving an overall success rate of 94 percent. Lithium shows an
acceptance rate of greater than 100 percent because 57 additional, not
requested, results were returned.

The laboratories were inconsistent in reporting molybdenum, 1lithium,
alkalinity, and silicon. Additionally, antimony, selenium, titanium, and
zirconium suffered from high rejection rates. The rejection basis for these
analytes appears to be due to percent spike recovery failures. In addition,
one batch, consisting of one preparation blank and three split samples, was
rejected because of laboratory contamination.

2.3 DETECTION LIMITS

Evaluation of the accuracy and precision of analyses reported by a
laboratory is important in all efforts invelving chemical data, especially
when the samples contain lTow concentrations of analytes. In these cases, the
quality of the data should be evaluated with respect to the detection limit
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for each analyte; the detection 1imit should serve as a filter for identifying
those data that do not meet the specified criteria for quality assurance.

The detection Timit can be determined any number of ways. The CLP
analyses report two different detection Timits: instrument detection Timit
(IDL) and contract required detection Timit (CRDL). The IDL typically is
determined quarterly by the laboratory, using procedures set up by the
instrument manufacturer designed to establish the lowest detectable
concentration of an analyte under ideal conditions (e.g., pure single-element
samples, no matrix, multiple replicates). The IDL is rarely, if ever,
recognized as a practical detection 1imit for dissolved soil samples. A more
conservative detection 1imit usually is specified in the contract between the
laboratory and individual customers; this is referred to as the CRDL.

The most representative method of quantifying a detection limit is to
measure the variation in the background signal near or on the spectral line
for each analyte. Ideally, these measurements should approach as closely as
possible the conditions under which the actual samples are being analyzed.
This would have the advantage of building in and thus negating biases produced
by unique matrix effects. In practice, this approach is unreasonable owing to
nearly ubiquitous schedule constraints and lack of suitable samples for use as
matrix blanks. The standard process for establishing detection limits based
on spectral background is to use a preparation blank, which is an aliquot of
analyte-free solution that has been subjected to the same processes as an
unknown sample (i.e., digestion with acid, dilution with deionized water).
These blanks are used to determine detection 1imits as well as the existence
and magnitude of any laboratory contamination problems. There are several
different definitions for detection limits other than those described
previously. Some are qualitative and others are based on the standard
deviation of sequential analyses (usually three) of a preparation blank. A
few of these detections 1limits and their definitions are as follows:

LOD: 1imit of detection--the concentration that produces a signal
approximately three times the standard deviation above the mean of
blank analyses (APHA 1989)

IDL: instrumental detection limit--a concentration that produces a
signal greater than five times the signal/noise ratio of the
instrument; approximately 1.6 times the standard deviation of the
preparation blank analyses (APHA 1989).

MDL: method detection limit--a signal level with a 99 percent
probability that it is different from the blank; approximately
3.14 times the standard deviation of the preparation blank
analyses (APHA 1989).

LOQ: 1imit of quantitation--the concentration that produces a signal
sufficiently greater than the blank that it can be detected within
specified limits by laboratories during routine analysis;
typically 10 times the standard deviation of the preparation blank
analyses (APHA 1989).
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The LOQ is used as a minimum value to which a high degree of certainty
can be attached. According to the American Chemical Society Committee on
Environmental Improvement: "...quantitative interpretation, decision-making,
and regulatory actions should be 1 ted to data at or above the limit of
quantitation." (ACS 1983).

The LOD and LOQ were determined from the results of reagent blanks
included in the batch analysis. A total of 27 measurements were included in
the calculations (9 blanks times 3 replicates analysis). The calculations are
shown in Table 2 and summarized in Table 3.

The CRDL is a specified number based on deionized (DI) water blanks. The
detection limits requested for this study were determit ba:  on expected
ranges of data. These requested detection 1imits were estimated with little
information concerning overall ranges of data and effects of the matrix on the
reagents used. The reported detection limits varied by batch. The largest
value claimed is reported in the maximum claimed detection limit column
(Appendix C). The last two columns of Table 3 summarize information from
Table 2. The CRDL values show no apparent relevance for soil samples, but are
reported as required by protocol. The LODs achieved represent the combined
effect of all measurement errors as obtained from preparation blanks. The
effects of the matrix for particular soil samples will be estimated during the
statistical analysis of the systematic random data. No relationship is seen
between either the requested or the maximum claimed detection 1limit and the
LOD (Figure 1).

2.4 FACTOR ANALYSIS

Factor analysis is a statistic method for determining related groups of
variables. Factor analysis expresses a large number of variables as a
function of a much smaller set of reduced variables. For the purposes of this
study, grouping the analytes allows for the selection of analytes that are
representative of each of statistical group. These analytes have been
subjected to a more complete statistical analysis than t| rest of the data
set.

Factor analysis was performed on two sets of data. The first set used
compositional data produced by XRF techniques. These analyses were performed
as part of the grain size study. The samples consisted of Hanford formation
sediments and crushed Columbia River Basalts [(CRB), Umtanum flow]. The
second set of data was the CLP analysis of the systematic r 1dom samples. The
XRF data included control samples and were used as both a control and as an
aid in interprc ing the CLP leachate data. Tables 4A through 41 describe the
results of the XRF data set factor analysis. Tables 5A through 5I describe
the results of the factor analysis of the systematic random data set.

The factoring procedure used for both data sets was the principle
components method. The number of factors determined was based on the greater
of either the number of factors required to account for 75 percent of the
matrix varianc or the rank order of the eigenvalue at the inflection point of
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the root curve. The number of factors determined for the XRF and CLP leachate
data was 5 and 6, respectively.

The measure of variable sampling addresses the adequacy of homogeneity of
the factors (i.e., that the data are drawn from the same statistical
universe). Arguments have been made (Kaiser 1970) that for the assumption of
homogeneity to hold, the total measure of sampling adequacy should be greater
than 0.5. For the XRF and CLP Teachate data, this measure was 0.8 and 0.81,
respectively. Therefore, the data are considered suitable for factor
analysis.

The Bartlett Test of Sphericity is a multivariate analog of the Chi-
square test for non-zero correlations. Both the XRF and CLP leachate data
show significant values for the Chi-square statistic, indicating that the
interelement correlations are significantly different from zero. Level of
significance is 1E-4.

The communality summary indicates the total proportion of the variance of
each variable that can be predicted by the factors. The lowest predictive
ability is achieved for Na, Nb, and La for the XRF data and Ba, Pb, Zn, and F
for the CLP leachate data. For these elements less than 70 percent of the
variance can be accounted for by the factor analysis.

The proportion of variance contributions identifies the relative
contributions of each of the factors to the total variance of the data set.
For the XRF data, the first factor contributes 50 percent of the total
variance. This indicates a single dominant factor in the analysis, not
unusual in light of the presence of the CRB control samples in the data set.
For the CLP leachate analysis, the first factor accounts for 38 percent, while
the second factor accounts for 28 percent of the total variance. This
indicates that there are two major contributing factors to the variance of the
CLP leachate data.

The solutions for the XRF data show the loadings of the various analytes
onto each of the factors. The factors are represented graphically in
Figures 2 and 3. The factor analysis of the CLP leachate data is represented
in Figures 4 and 5. Tables 4G and 5G describe the oblique factor correlations
and the variable complexity for the XRF and CLP Teachate data set,
respectively. The variable complexity table indicates how many factors are
required to account for the variance of each analyte. The most simple
structure is for each analyte to be represented by only one factor. This is
the case for those analytes forming the basaltic end member. The remainder of
the analytes are represented by approximately two factors, with the exception
of sodium and potassium. Both potassium and sodium readily form a wide
variety of minerals. In addition, sodium is readily dissolved and forms
evaporites [sodium chloride (NaCl) and sodium sulfate (NaSO,)], which is not
expected to correlate well with factors attributable to mineralogy,
deposition, or measurement processes.

Based on the described factor analysis, aluminum, iron, calcium, and
sodium have been selected as representative of the first four factors of the
CLP leachate data set. Additionally, lead and copper will be included to
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represent the sulfides group and potential contaminants of interest. These
elements will have further statistical testing performed in st jort of the
conceptual model verification.

2.5 VARIOGRAMS

Variograms for selected representative analytes will be provided after
completion of the evaluation of all inorganic constituents.

2.6 ANALYSIS OF SPLITS

The results of the analysis of the sample splits are shown in Table 6.
The estimates of laboratory bias shown are based on comparing the distribution
of data reported by each laboratory (Maxwell S-Cubed Division and Datachem
Laboratories). Failure of the distributions to overlap (e.g., for the best
fit regression line from each laboratory to fall within the confidence bounds
of the other Taboratory's data results) is taken as evidence of a laboratory
bias in the measurement of the analyte. Table 6 is based on the distribution
plots shown in Figures 14 through 19.

No statistically significant bias is found between laboratories for
aluminum, iron, calcium, and copper. Bias is present for lead and marginally
for sodium. The decision to accept a bias for sodium is based on the results
of the distribution fit.

2.7 DISTRIBUTION FITS

The parameters of the best fit distributions are shown in Table 6.
Before fitting the distributions to the lead and sodium data sets, the
DataChem data were corrected for the apparent bias determined previously. The
following discusses the distribution fit for each analyte.

[*"'MINUM--The distribution fit fi ' n.. straightfc ard with

outliers encount ‘'ed. The data values are sufficiently large that scatter at
the low end of the distribution does not effect the regression process. The
variable complexity of aluminum (Tables 4-I and 5-I) for both the XRF and CLP
leachate analysis is Tow, confirming that a single distribution should suffice
to describe the data. The regression fit correlation coefficient (Table 7) is
greater than the critical value. Cumulative distribution function (CDF) plots
for aluminum are shown in Figures 20 and 21. The threshold for aluminum is
15,100 parts per million (Table 7).

CALCIUM--Scatter at the Tow end of the distribution is evident. A truncation
value of 5,600 parts per million was determined on the basis of the initial
distribution plot (Figure 22). Scatter at the low end is likely the result of
several contributing factors of which matrix interference effects are expected
to be a major contributor.
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The distribution fit for calcium shows three potential outliers
(Figure 22B) at the top of the double-sided distribution. Scattergrams of
alkalinity and iron against calcium (Figures 23 and 24) show that the two
largest data points are also the two highest alkalinity measurements and also
are deficient in iron (e.g., basaltic minerals). The sample does however show
elevated amounts of sodium indicating the possibility of a Ca-rich plagioclase
mineral in the sample. A1l three samples met all quality assurance and
quality control checks in the analysis, e.g. blanks, spike recoveries,
calibrations, etc. were all within control Timits. A1l three data points will
be removed from the distribution as representing subordinate end members
(2 calcium carbonate and 1 unknown), but will be retained as nugget data.

The single-sided confidence interval plot is shown in Figure 25. The
value of the regression fit correlation coefficient is 0.998, which is greater
than the critical value (0.975) for the number of samples retained. The
threshold value is 22,000 parts per million (Table 7).

COPPER--The initial data plot is shown in Figure 26. The bend in the middle
of the distribution indicates that the value of t, is too small. The
constraints on reducing t  are the low end va]ues which are expected to be
inaccurate because of matrix effects, as d1scussed previously. Analysis of
copper data (WHC 1991a) indicated that an effective LOQ of about 13 parts per
million was achievable for copper. This value was used as the truncation
value. The resulting p]ot is shown in Figure 27. The improvement in the
quality of the regression fit is obvious (r = .997 > r_ = .970). A double-
sided confidence interval is applied in Figure 28. There are no outlier data.
The threshold value based on the single-sided confidence interval is 32.2
parts per million (Figure 29 and Table 7).

IRON--The initial iron plot, with double-sided confidence interva], is shown
in F1gure 30; t, is zero. Attempting to apply the t-shift to the iron data
results in a negat1ve t-shift, which is not being allowed for in environmental
concentration data (WHC 1991a) There are no obvious matrix effects at the
low end of the distribution. There are no outliers. The S-shape of the data
about the regression line commonly occurs as result of a range limit in the
data set. This is illustrated in Figures 31 and 32.

Figure 31 is a random sample of normal data with the same mean and
standard deviation as the iron data. The tails of the distribution show a
clean fit. Figure 32 is a random uniform distribution based on the range of
the iron data. The S-shaped curve is obvious. Comparing these two figures
with Figure 30, it is obvious that Figure 30 represents an intermediate
situation. This is a natural result of a mixing model, which behaves
approximately as a uniform distribution. This interpretation is consistent
with the conceptual model of the Hanford formation developed previously
(WHC 1991a). The distribution fit shown in Figure 30 is a reasonable
approximation; the correlation coefficient is acceptab]e (r = .991 >
r. = .976). The threshold value, based on Figure 33 is 38,200 parts per
million (Table 7).

LEAD--The initial plot for lead is shown in Figure 34. There is visible low
end scatter present. The analytical method used was graphite furnace atomic
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absorbance (GF/AA). However, the only reported | ank data (LOD / LOQ,

Ti es 2 and 3) were from inductively coupled plasma (ICP) analyses, . |
therefore the blank analyses are not applicable to the data. The effective
LOD based on the plot was estimated at 3.3 parts per millic ., Figure !
reflects this limitation. The degree of fit is considerably improved. The
data were corrected further for the identified bias between laboratories
(1.7 parts per million adc | to the data from the secondary laboratory-
DataChem Laboratories) and double-sided confidence intervals applied
(Figure 36). No data are beyond the confidence interval. Figure 37 is the
single-sided confidence interval. Background threshold value for Tlead is
15.4 parts per million (Table 7).

SODIUM--The initial plot for sodium is shown in Figure 38. There are three
potential outliers, and low end scatter in the data. There is also bias in
the split sample data as discussed previously. Two of the data points
represent a split pair. All three data points are from Sai e Site 12,
Rattlesnake Springs, a known high alkali soil (Rickard 1964). The samples
will be removed from the data set and retained as subordinate end member
samples.

With the bias removed and the data set truncated at 190 parts | -
million, the result is presented in Figure 39. The bend in the CDF 1s the
result of multiple distributions for sodium. The factor analysis described
previously shows that sodium is ubiquitous, occurring in a number of different
repositories: alkali feldspar, glass, salt, and plagioclase. Therefore,
multiple distributions are a reasonable result. The data set was duplicated
and further truncated at the breakpoint between the distributions. Data above
the breakpoint were suspended for the Tow range distr- (tion. The rest t is
presented in Figure 40. The regression fit correlation coefficient is greater
than the critical value (0.968 > 0.942). The threshold value for the high
range CDF is 167 parts per million.
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Figure 8. Variograms for selected representative analytes
will be provided after completion of the evaluation of all
inorganic constituents.
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SAMP{  DATA REPORTING STATISTICS

ANALYTE RANDOM  JUDGEMENT  BLi 5  TOTAL RE ESTED  DELTA REJECTED ACCEPTABLE % ACCEPT.

Al 119 31 14 164 164 0 1 163 99.4
Sb 119 31 14 164 164 0 82 82 50.0
As 119 31 14 164 164 0 4 160 97.6
Ba 119 31 14 164 164 0 1 163 99.4
Be 119 31 14 164 164 0 4 160 97.6
cd 119 31 14 164 164 0 4 160 97.6
Ca 119 31 14 164 164 0 1 163 99.4
Cr 119 31 14 164 164 0 1 163 29 .4
Co 119 31 14 164 164 0 3 161 98.2
Cu 19 31 14 164 164 0 1 163 99.4
Fe 119 31 14 lo4 164 0 1 163 99.4
Pb 119 31 14 164 164 0 1 163 99.4
Mg 119 31 14 164 164 0 1 163 99.4
Mn 119 31 14 164 164 0 1 163 99.4
Hg 119 31 13 163 164 1 3 160 97.6
N1 119 31 14 164 164 0 1 163 99.4
K 119 31 14 164 164 0 4 160 97.6
Se 119 31 14 164 164 0 31 133 81.1
Ag 119 31 14 164 164 0 4 160 97.6
N2 119 31 14 164 164 0 4 160 97.6
1 119 31 14 164 164 0 3 161 98.2
v 119 31 14 164 164 0 1 163 99.4
Zn 119 31 14 164 164 0 1 163 99.4
Mo 70 26 10 106 164 58 4 102 62.2
Li 68 7 7 82 25 -57 0 82 328.0
Ti 116 31 14 161 164 3 4] 120 73.2
r 116 31 14 161 164 3 39 122 74 .4
NH3 119 31 13 163 164 1 0 163 99.4
Alk. 106 29 10 145 164 19 0 145 88.4
Si 101 29 9 139 164 25 0 139 84.8
F 118 31 13 162 164 2 0 162 98.8
Cl 118 31 13 162 164 2 0 162 98.8
NO2 119 31 13 163 164 1 0 163 99.4
NO3 119 31 3 163 164 1 0 163 99.4
0-P04 119 31 3 163 164 1 0 163 99.4
S04 119 31 13 163 164 1 0 163 99.

‘T @lqe}
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POOLED DATA FOR IDENTIFIED BLANKS
SITE WIDE SOIL SAMPLING

EDMC #:
SAMPLE:

X00196
PBS1014-1

lg in 100m1=100X

DATE:

A
5

Ba
Rao

1
i
b}
I}

re

K

Mg

Mn

Mo

LUEN
SD
i
n
Fe
Ca
Al

Lt

Ti

run 1
0.007
-0.
-0.

[N =] OO0 O

-0

012
015
0
0

.519

0

.008

0

.007
.012
427
.002

0

.004
.174
-0.
.016
-0.
.031
.093
-0.
.043

002
072

013

DILUTION

LAB #:

-0
-0

0.

0
-0
-0
-0
-0

0

0

0

0
0
-0
-0
0
-0
-0
0

10/25/91 TIME:
run 2

.005
.011
041
0

0
.521
.00]
.003
.00]
.009
.011
1.47
.039
.001
0
.094
.003
.007
.08]
.001
.065
.014
.039

0.
0.

-0.
-0.
0.

0
-0
0
-0
0
-0
0

100 EC
2628 SAmel F:

13:52:45
run 3
-0.
-0.
-0.
-0.

011
025
034
001
0
528
001
0
001
004
013
-0.4
0.01
0
.004
.212
.002
.004
.062
0.07
0.06
.009
.043

#: X00196

PBS1014-2

100m1=100X

10/25/91
run 1

-0.003
0.008
0.066
-0.001
0
0.634
-0.001
0.002
0.002
-0.002
0.022
0.139
0.039
0
-0.009
-0.132
0.003
-0.02
-0.018
-0.075
0.092
-0.008
0.053

DILUTION

LAB #:

TIME:
run 2
-0.003
0.033
-0.024
0
0
0.637
0

0.003
0.001
-0.002
0.026
0.739
0.03

0
-0.003
0.276
0.004
0.001
0.084
0.022
-0.02
-0.006
0.052

et

100 EDMC #: X00196
2628

13:52:45

run 3

-0.

0.
-0.
-0.

| 1 1

OO0 OO0OOOOOOOO0OO0O 00O

001
014
034
001

0

.624
.001
.001

0

.002
.025
.821
.034
.00]1
.002
.044
.006
.029
.007
.037
.049
.009
.054

SAMPLE: PBS101

Nt
-~

4-3

1g in 100m1=100X

DATE:
run 1

10/25/91

0.002

-0.

COOO0OOOOOO [ R oo )]

009

.007

0
0

.264
.002
.005
.002
.009
.007
.914
.001

0

.003
.137
.003
.001
.113
.031
.017
.012
.028

DILUTION:
LAB #:

TIME:
run 2

-0.
-0.
0.07

0.

-0.
-0.
-0.

0.01

006
033

0
0
262
0
002
002
002

-1.11

-0.

0.
-0.
.012
.005

0
0

-0.
0.
0.

.064

-0.

0
0

001
001
001

019
093
087

008

.031

13:5
run 3
-0
0
-0

-0.
0.

100
2628

2:45

.005
.018
.015

0

0
.271
.00]1
.005

0
.001
.006
.364
.018

0
.004
362
008

-0.04

0
-0
0
-0
0

.033
.018
.051
.014
.031

EDMC #:
SAMPLE:
1g in 10
DATE:

"Syue|g patjLiuap] 4oy ejeQ pajood ‘'z 3|qe)

(¢ 40 T 393ys)
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9¢21°52%026

¢'¢-1

X0020
PBSO1
Oml=1
01/3
run 1
-0
-0
-0

0
-0
0

-0.
0.
0.

-0.
0.

-0.
-0.

-0.
-0.

0

0.
-0.

0

0.

-0

0.

4
07-1
00X

1/92

.004
.059
.013
0

0
.126
0
.005
0
.003
0.01
108
003
001
006
086
0
026
078
0.03
003
004
.004
002
006
.098
076
.024
004

DILUTION
LAB #:

run 2
-0.007
-0.023

0.028
0
0
0.125
0

-0.005
0.003
-0.003
0.0]1
-0.217
-0.019
0.001
-0.008
0.13
-0.006
-0.047
0.019
-0.125
-0.058
-0.006
0.004
0.002
-0.003
0.103
0.087
-0.014
0.002

100 EDMC #: XQon2n4a

2751 SAMPLE: PB
1g in 100m

run 3
-0.004
-0.014
-0.016

0
0
0.131
0.001

-0.003

0.003

0

0.01
-0.077
0.014
0.002
~0.007
-0.072
0.002
-0.046
-0.02
-0.032
-0.031
0.002
0.003
0.005
-0.005
0.098
0.035
-0.069
0.003

DATE:

0
run i

0.
-0.
0.

Y
.204

1
OCOOCOOCOOOC

2
2

0

N3

3

.unq
o
.ol

nno

Luna

.004
Q22

DILUT)
LAB #:

run

0.
-0.
0.

0.
0.
-0.
.001
.004
0.
-0.
-0.

-0.
.329

-0
0

0

-0.
-0.
-0.
-0.

-0.

2
002
011
002
0
0
198
001
001

014
381
002

0
006

001
027
163
082

0
005

0.005
0.005
0.015
0.
0
0
0

124

.042
.053
.001

run

-0.

0.
-0.

0.
-0.
-0.

0.

0.

0.
-0.

[

100 EDMC #: X00204
2751 SAMPLE: PBS0107-2

3
005
0
051
001
0
195
001
003
003
001
013
198

-0.0]

0
-0

0.
0.
0.
-0.

-0
-0

-0.

OO0 OOCOO

.001
.002
162
004
001
047
.057
.099
004
.006
.002
.019
124
.007
.018
.001

1g in 100ml1=1
DATE: 01/3
run 1

0
-0

0.

]
o o

COO0OCOOOOOOO OO0 OOCOO

00X
1/92

0
.002
.064
001

0
.204

0
.003
.003
.003
.018
.321
.002
.001
.002
.217
.007
0.02
.004
.014
.06]1
.005
.007
.003
.014
.129
.064
.022
.001

DILUTION

LAB #:

run

0.
-0.

0

-0

OO0 OOoOOO

2
002
011

.002

0
0

.198
.001
-0.
-0.
.004
.04
-0.
-0.

-0.
.329
.00]
-0.
-0.
-0.

.005
.005
.005
.015
.124
.042
.053
.001

001
001

1
vu2
0
006

027
163
082

0

100 EDMC #: X00196

2751

run 3

-0
0

-0.

0.
-0.
-0.

0.

0.
-0.

.005
0

.05]1
001

0
195
001
003
003
.001
013
198

-0.01

0.
-0.
0.

0

0.
-0.
-0.
-0.
-0.

COoOOCOOOO

001
002
162
.004
001
047
057
099
004
.006
.002
.019
.124
.007
.018
.001

SAMPLE: PBS1014-]
1g in 100m1=100X
DATE: 10/25/91
run 1

-0.007

0.049

0.04

0.001

0
0.217
0
0.004
0

0.003
0.027
0.365
0.049
-0.001
-0.001
0.04
0.004
0.005
-0.025
-0.014
0.108
0.003
0.028
1.03
1.17
0.323

DILUTION
LAB#:

TIME:
run 2
-0.005
0.044
0.02
0.001
0
.211
.001
)2
)1
.007
.021
.646
.066
0
.013
.071
N
.0¢o
.055
.002
.148
.001

1

OCOO0OOOCOOO

e ]
OCOOCOOOOOO

"S)ue|g paLjLiuap] Joj eleq pajood ‘Z 3|qe]
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€¢-1

MC #: X00196
SAMPLE: PBS1014-2
in 100m1=100X

10/25/91
run 1

-0.008
0.037
-0.044
0.001
0

0.52

0

.001
.00]
.001
.027
.295
.084
.001
.005
.155
.003
0.01
.036
.013
.052

0
.046
.002
.024
.507
.068
.084
.006
.001

1 |
OO

OO0 O0COO0OO0C COO I OO0OO0COOCOO

DILUTION

LAB#:

TIME:
run 2

-0.003
-0.01
0.04
0.001
0
0.502
-0.001
~0.004
0.001
0.002
0.025
~-0.31
0.049
0
.005
.027
.004
.046
.027
.013
.015
.003
.042
.001
.024
0.5]
-0.036
0.037
-0.005
-0.001

] 1
oo

OCOOCO0OO0OO0OOO0OO

OO0 OO0OO0OOCOO !l OO

1

Li
Ti

o [aXoYal

O OO0 O o©

mean

.16335
.00362
.00016

0
.29502
0

.00066
0
.10410
0

.01225
.00045

.08291
.00266

.00004
0
.02683

0.209

.25066

0.511

wv

COCOO0OO0OO0COOOOOOOOOOOO0O0O OO0

.00334
.52559
.03885
.00079

.17663
.00086
.00285
.00164
.00399
.30780
.55936
.03648
.00070
.00439
.15912
.00314
.01949
.06872
.04823
.07243
.00511
.01827
.41217

.50008
.51237

o

LOD

144,

175.
.81

204

09

LoQ

433.

525.
563.

16
48

“syue|g PalLsLiuapl 4oj eleq Palood ‘7 3|qel

(¢ 30 g 383Ys)
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L

LOD / LOQ SUMMARY TABLE

ANALYTE CONTRACT
REQUIRED
DETECTION

Al
Sb
As
Ba
Be
cd
Ca
Cr
Co
Cu
Fe
Pb
Mg
Mn
H
N
K
Se
Ag
Na
T1
v
In
Mo
Li
Ti
Ir
NH3
Alk.
Si
F
C1
NO?2
NO3
0-P04
S04

LIMIT

ppm

QOO OOOUVOOUIOOOUIOOOOOUITOOOODOO

.2000
.0600
.0100
.2000
.0050
.0050
.0000
.0100
.0500
.0250
.1000
.0030
.0000
.0150
.0002
.0400
.0000
.0050
.0100
.0000
.0100
.0500
.0200

.3000
.0100
.1000

Table 3.

REQUESTED
DETECTION

LIMIT

ppm

40
12

2

40

1

1
1000
2

10
50
20
0.6
1000
3
0.2
8
1000
1

2
1000
2

10

4
0.5

PO R bt bt bt s

LOD/LOQ Summary Table.

MAXIMUM
CLAIMED
DETECTION

LIMIT

ppm

o bt
o 4 — 00
e . .
O bt (oD bt ot

o
+ OO
[o3]

Y Lo o o e
NN — = = NI — TN TITNONN—= T NN O = — DWW

(=)
QO ON = bt bt ot ot @
(22 =

(Vo]
L 00 =t
[F8] .

(5, ] o
. o

(=)
< N

* ANIONS NOT INCLUDED IN LOD, LOQ ANALYSIS

920425.1243

ACHIEVED

LIMIT

OF

DETECTION

ppm

174
21
12

.26

.26

83
.56
.86
1.2
103
5.9
12.2
0.26

1.21
168
14.5
1

56
22
1.5
8.2
1.3
175
205
145

OO ©o o

DOE/RL-92-24

ACHIEVED

LIMIT
OF

QUANTITATION

ppm

542
69
39

0.82

0.86
206
1.72
2.9
4
318
19.5
38
0.75

3.4
559
48
3.4
167
72.4
5.1
21
4.4
525
563
433

04/30/92



920425.1338

DOE/RL-92-24
04/30/92

Table 4A. XRF Data Factor Analysis--Summary Information.

Summary

Information

Factor Procedure

Principal Component Analysis

Extraction Rule

Method Default

Transformation Method

Orthotran/Varimax

Number of Factors

5

T-4A




920425.1340

Table 4B.

Si02
Ti02
A1203
FeO

MnO

MgO

Ca0
Na20
K20
P205
Nicke!
Chrome
Scandium
Vanadium
Barium
Rubidium

Bartlett Test of Sphericity- DF: 377

Measures

of

.84

.85

.53

.85

.9

.83

.85

67

.78

.85

.86

.88

93

.88

74

77

Strontium
Zirconium
Yttrium
Niobium
Galtium
Copper
Zinc

Lead
Lanthanum
Cerium
Thorium

Variable Sampling Adequacy
Total matrix sampling adequacy: .8

DOE/RL-92-24

.76

79

.69

.81

.42

.63

.81

.78

.78

.88

Chi Square: 2816.66

T-48

P: 1.000E-4

04/30/92

XRF Data Factor Analysis--Variable Sampling Adequacy.



ey

SioZ
Ti02
AI203
FeO

MnO

MgO

Ca0
Na20
K20
P205
Nickel
Chrome
Scandium
Vanadium
Barium
Rubidium

920425.1326

DOE/RL-92-24
04/30/92

XRF Data Factor Analysis--Communality Summary.

Communality Summary

Table 4C.

SMC Final Estimate
1 .96

1 .99

.96 7

' 97

.99 93

99 91

.99 .92

99 .67

1 .9

.99 .95

.99 .94

.97 .86

.97 93

1 .98

94 .82

- 94 [

T-4C

Strontium
Zirconium
Yttrium
Niobium
Gallium
Copper
Zinc

Lead
Lanthanum
Cerium

Thorium

SMC Final Estimate
.92 .88
.95 .9
.96 .87
.9 69
.82 75
.98 .89
aq an
91 88
.78 .66
.95 91
.96 91




DOE/RL-92-24
04/30/92

Table 4D. XRF Data Factor Analysis--Proportionate Variance Contributions.

Proportionate Variance Contributions

Orthogonal Oblique
Direct Direct Joint Total
) Factor 1 |.49 49 4.165€-3 |5
Factor 2 19 .18 -4.221E-4 |18
PN Factor 3 A2 12 1.847E-3 A2
Factor 4 14 14 4.971E-4 14
Factor 5 6.59E-2 6.36E-2 2.757E-5 |6.36E-2

920425.1326 T-4D
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Si02
TiO2
Al203
FeO
MnO

gOo
Ca0
Na20
K20
P205
Nickel
Chrome
Scandium
Vanadium
Barium
Rubidium
Strontium
Zirconium
Yttrium
Niobium
Gallium
Copper
Zinc
Lead
Lanthanum
Cerium
Thorium

CORRELATION MATRIX
BULK ANALYSIS - XRF
HANFORD VADOSE ZONE + CRB (UMTANUM) CONTROL SAMPLES

Sio2
TiO2
1 Al203

-0.856 1 FeO
0.055 -0.343 1 MnO
-0.876 0.977  -0.347 1 MgO
-0.88 0.947  -0.307 0.981 1
-0.899 0.901 -0.189 0.924 0.921 1
-0.946 0.87 -0.204 0.862 0.834 0.884

-0.312 0.623 -0.152 0.556 0.455 0.362
0.628 -0.834 0.406 -0.779 -0.721 -0.758
-0.836 0.954  -0.273 0.934 0.805 0.823
0.637 -0.889 0.575 -0.858 -0.792 -0.673
0.457 -0.724 0.527 -0.702 -0.628 -0.447
-0.835 0.954  -0.344 0.961 0.934 0.917

-0.852 0.988  -0.3¢ 0.97 0.941 0.914
-6.2E-3 -0.382 0.2¢ -0.323 -0.287 -0.23
0.531 -0.85 0.47 -0.791 -0.718 -0.674

-0.423 0.173 0.194 0.217 0.202 0.381
0.139 -0.298 0.183 -0.238 -0.238 -0.137
-0.669 0.658 0.082 0.644 0.61 0.617
-0.025 -0.26 0.497 -0.273 -0.201 -0.069
-0.695 0.627 0.1¢ 0.656 0.678 0.622
-0.233 -2.7E-4 0.069 0.112 0.164 0.115
-0.712 0.524  -0.032 0.612 0.647 0.562

0.034 -0.345 0.24 -0.239 -0.205 -0.218
0.165 -0.403 0.285 -0.356 -0.366 -0.262
0.391 -0.569 0.2€ -0.529 -0.504 -0.375

0.452 -0.698 0.449 -0.66 -0.613 -0.491

0.425
-0.769
0.831
-0.73
-0.56
0.841
0.885
-0.05
-0.671
0.471
-0.208
0.595
-0.146
0.598
0.122
0.58
-0.193
-0.214
-0.468
-0.591

Na20

-0.673
0.616
-0.749
-0.799
0.541
0.607
-0.496
-0.829
0.053
-0.434
0.343
-0.598
0.326
-0.239
0.085
-0.533
-0.426
-0.609
-0.743

K20

-0.724
0.791
0.645

-0.762

-0.846

0.28
0.943

-0.296
0.229

-0.425
0.366

-0.299

-0.025

-0.318
0.439
0.371
0.488
0.737

P205

-0.851
-0.721
0.907
0.934
-0.412
-0.775
0.119
-0.267
0.71
-0.282
0.656
0.041
0.584
-0.234
-0.404
-0.553
-0.649

Nickel

0.927
-0.827
-0.891
0.427
0.891
-0.101
0.443
-0.432
0.551
-0.463
0.13
-0.345
0.459
0.47
0.691
0.822

"Iy °1qel
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AR Aaf §

Scandium
Vanadium
Barium
Rubidium
Strontium
Zirconium
Yttrium
Niobium
Gallium
Copper
Zinc

Lead
Lanthanu
Cerium
Thorium

CORRELATION MATRIX
BULK ANALYSIS - XRF

HANFORD VADOSE ZONE + CRB (U\

Chrome

1
-0.655
-0.729
0.368
0.799
-0.058
0.526
-0.263
0.697
-0.423
0.095
-0.291
0.434
0.483
0.747
0.8486

Scandium

1
0.946
-0.397
-0.78
0.159
-0.211
0.666
-0.242
0.611
-7.1E-3
0.503
-0.311
-0.39
-0.481
-0.605

Vanadium

-0.367
-0.853
0.245
-0.363
0.582
-0.318
0.625
-1.7E-3
0.513
-0.37
-0.433
-0.616
-0.73

¢
———

ANUM) CONTROL SAMPLES
Barium
Rubidium
1 Strontium
0.5 1 Zirconium
375 -0.112 1
291 0.354 -0.113 1
-0.22 -0.42 -0.07 0.33
378 0.537 -0.011 0.455
-0.203 -0.336 0.227 -0.295
595 0.124 0.28 0.295
324 -0.228 0.283 0.042
516 0.549 0.077 0.557
0.4 0.48 0.072 0.641
314 0.609 -0.234 0.842
315 0.829 -0.192 0.667

Yttrium

0.159
0.498
0.077
0.481
0.074
0.109
0.049
-0.115

¥

Niobium

-0.131
0.103
0.022
0.413
0.383
0.564
0.635

Gallium

0.061
0.483
-0.178
-0.207
-0.396
-0.35

Copper

0.785
0.711
0.089
0.147
0.037

Zinc

0.489
-0.123
-0.197
-0.278

"Iy 3Lqel
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£ 3v-1

lLead
Lanthanum
Cerium
Thorium

CORRELATION MATRIX
BULK ANALYSIS - XRF

HANFORD VADOSE ZONE + CRE

Lead
Lanthanum

1
0.395 1
0.48 0.661
0.494 0.624

Cerium

0.867

MTANUM) CONTROL SAMPLES

Thorium

-

“Iv @iqel

*XLJ}el UOL]B|3JA0)--SLSAlReUY 401084 BlReQd {YX

(¢ 40 ¢ 3188ys)

¥2-26-T14/300

26/0¢/40



DOE/RL-92-24
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Table 4F. XRF Data Factor Analysis--Orthogonal Solution.

Orthogonal Transformation Solution-Varimax

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Si02 -.93 11 -18 -.23
TiO2 .93 -.23 -.24
AI203 -.17 A1 .81 16
FeO .94 -.21 -.23
MnO .92 -.22 -.14
MgO .93 .2
Ca0 .88 -.13 -12 .35
Na20 .45 -.42 -.35 -.4
K20 -7 13 A7 .52 -.29
P205 .92 -.26 -.18 -12
Nickel -.71 .39 14 .52
Chrome -.51 .54 .55
Scandium .93 -.16 -.21
Vanadium .9 -.29 -.26
Barium -.27 .24 .65 16 .49
Rubidium -.67 .28 .28 .58
Strontium .21 -.11 A7 AR .89
Zirconium .92 .2 -1
Yttrium .83 .34 -.25 ‘
Niobium .53 1 .64
Gallium .7 -.36 .35
Copper A a1 .92 13
Zinc .61 A7

d -1 a f1 2
Lanthanum -y A 18 .2
Cerium -.32 .85 r .22 -.14
Thorium -.45 .66 .49 -.15

* BLANK ENTRIES < 0.1

920425. 1348 T-4F
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Table 4G. XRF Data Factor Analysis--Oblique Solution.

Oblique Solution Reference Structure-Orthotran/Varimax

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Si02 -.81 -.15 -.2 -17
TiO2 71
Al203 16 .74 .14
FeO 72 T
MnO .73 12
Mgo l_._?_q a2 16
Ca0 69 .3
Na20 .18 -.2 -.27 -.24
K20 -.42 -.15 15 .41 -.29
P205 72 -.16
Nickel -.38 13 .34 a
Chrome -.15 .31 .37 ]
Scandium .74
Vanadium .66
Barium -.2 A .56 .45
Rubidium -.35 21 .42
Strontium A1 .85
Zirconium .22 .82 a1 -.14
Yttrium .89 .41 .14 -27
Niobium 31 .35 .52
Gallium .65 -.31 .49 -11
Copper .89 -1
Zinc .5 -1 .76
Lead b I .75 -.11
Lanthanum __ LIRS ! .23
Cerium .09 -1
Thorium ] .43 .31 -.12
zr, ¥
Nb

* BLANK ENTRIES < 0.1

920425. 1348 T-4G
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Table 4H.

Factor 1
Factor 2
Factor 3
Factor 4
Factor 5

DOE/RL-92-24

04/30/92

XRF Data Factor Analysis--Primary Intercorrelations.

Primary Intercorrelations-Orthotran/Varimax
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
1
-.55 !
-A .29 1
-.56 .57 .23 1
17 -.15 14 -1.53€-2 |1
T-4H
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Si02
Ti02
Al203
FeO

MnO

MgO

Cao
Na20
K20
P205
Nickel
Chrome
Scandium
Vanadium
Barium
Rubidium

DOE/RL-92-24

04/30/92
Table 4I. XRF Data Factor Analysis--Variable Complexity.
Variable Complexity-Orthotran/Varimax

Orthogonal  Oblique Orthogonal  Oblique
1.25 1.23 Strontium 1.25 1.1
1.28 1.03 Zirconium 1.13 1.24
1.1 117 Yttrium 1.55 1.64
1.23 1.03 Niobium 2 2.49
1.19 106 Gallium 2.02 2.46
.1 1.11 Copper 1.1 1.07
1.41 1.27 Zinc 1.94 2.02
3.87 3.83 ] Lead 1.69 1.27
2.49 3.02 Lanthanum 1.41 1.18
1.27 1.1 Cerium 1.51 1.03
2.56 2.29 Thorium 2.83 1.96
3.05 2.37 Average 1.79 1.66
1.18 1.03

1.41 1.06

2.71 2.43

2.75 2.34

T-41
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Table 5A. Leachate Data Factor Analysis--Summary Information.

Summary Information

Factor Procedure Principal Component Analysis
Extraction Rule Method Default
Transformation Method Orthotran/Varimax

Number of Factors 6

Note: 18 cases deleted with missing values.
101 case retained.

920425.1355 T-5A
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Table 5B.

Measures

ALUMINUM
ARSENIC
BARIUM
BERYLLIUM
CALCIUM
CHROMIUM
COLBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
NICKEL
POTASSIUM
SODIUM
VANADIUM

Bartlett . _st of Sphericity- DF: 252

of Variable

.833

775

R7R
.886

463

.7R8

.793

929

.821

.881

93

.877

792

.813

514

.781

ZINC
ALKALINITY
SILICON
FLUORINE
CHLORINE
S04

Sampling Adequacy
Total matrix sampling adequacy: .811

919

.575

1489

747

715

.823

Chi Square: 2424.709

T-5B

DOE/RL-92-24
04/30/92

Leachate Data Factor Analysis--Variable Sampling Adequacy.

P: 1.0000E-4
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DOE/RL-92-24
04/30/92

Leachate Data Factor Analysis--Communality Summary.

Communality Summary

Table 5C.
SMr Final Estimate
ALUMINUM [ 057 924
ARSENIC 754 776
BARIUM 661 563
BERYLLIUM  [.927 911
CALCIUM 612 881
cHrROMIUM  |.934 859
COLBALT Qg8 951
COPPER (737 722
IRON a72 967
LEAD 1R 685
MAGNESIUM .82 802
MANGANESE |.737 706
NICKEL 901 788
POTASSIUM  [.864 787
SODIUM 729 827
VANADIUM  |.928 Y

T-5C

ZINC
ALKALINITY
SILICON
FLUORINE
CHLORINE
S04

SMC Final Estimate
636 [ Reg

.588 .B32

21 ARQ

560 553 |
.69¢2 735

.64 .82




Table 5D.

Factor 1
Factor 2
Factor 3
Factor 4
Factor 5
Factor 6

DOE /RL-92-24
04/30/92

Leachate Data Factor Analysis--Proportionate
Variance Contributions.

Proportionate Variance Contributions

Orthogonal Oblique
Direct Direct Joint Total
34 321 -1.521€E-3 {.319
.28 .31 -2.713€-3 307
.097 A0 -6.1530E-5§.101
an 109 -6.876E-3 [|.1n?
11 .106 1.941e-3 |.108
.06 .062 6.3880E-5 |.062
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ALUMINUM
ARSENIC
BARIUM
BERYLLIUM
CALCIUM
CHROMIUM
COLBALT
COPPER
RON

LEAD
MAGNESIUM
MANGANESE
NICKEL
POTASSIUM
SODIUM
VANADIUM
INC
ALKALINITY
SILICON
FLUORINE
CHLORINE
S04

CORRELATION MATRIX
LEACHATE ANALYSIS
HANFORD VADOSE ZONE RANDX
ALUMINUM
ARSENIC
1 BA
0.629 1
0.626 0.295 1
0.571 0.346 0.647
0.092 0.108 0.05
0.799 0.514 0.312
0.192 0.09 0.407
0.738 0.429 493
0.209 0.095 0.416
0.634 0.679 0.36
0.823 0.641 0.48
0.454 0.252 0.575
0.775 0.478 0.374
0.816 0.551 0.521
0.203 0.138 2
-0.107 -0.14 0.213
0.338 0.242 0.433
0.148 0.232 0.082
-0.032 -0.109 -0.056
0.477 0.277 197
0.421 0.574 0.3
0.525 0.163 0.4

SAMPLES

BERYLLIUM

0.034
0.129
0.816
0.607
0.842
0.313
0.546
0.657
0.297
0.372
0.154
0.609
0.713
0.023
-6.6E-3
0.427
0.224
0.452

CALCIUM

0.048
-0.139
0.104
-0.165
-0.053
0.089
-0.174
0.021
-0.055
0.011
-0.134
-0.065
0.663
-0.074
0.042
0.05
0.056

CHROMIUM

-0.176
0.555
-0.171
0.52
0.644
0.138
0.893
0.6
0.05
-0.4
0.084
0.101
-0.018
0.363
0.293
0.293

COLBALT

0.34
0.969
0.072
0.309
0.698
0.063
0.071

0.13
0.884
0.684

-0.108
0.053
0.226
0.094
0.221

0.338
0.486
0.682
0.36
0.671
0.474
0.126
0.037
0.414
0.066
0.058
0.53
0.3
0.547

0.063
0.286
0.663
0.03
0.059
0.088
0.882
0.716
-0.168
0.047
0.244
0.062
0.217

0.556
0.255
0.507
0.629
0.136
-0.169
0.221
0.087
0.041
0.301
0.403
0.278

MAGNESIUM

0.497
0.713
0.708
0.345
2.8E-3
0.361
0.244
0.01
0.439
0.48
0.467

"36 @|qel
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MANGANESE
NICKEL
POTASSIUM
SODIUM
VANADIUM
ZNC
ALKALINITY
SILICON
FLUORINE
CHLORINE
S04

CORRELATION MATRIX

LEACHATE ANALYSIS
HANFORD VADOSE ZONE RANDOM SAMPLES

MANGANESE

0.266
0.415
0.249
0.528
0.422
3.6E-4
-0.103
0. 4
0.306
0.274

NICKEL

0.541
0.101
-0.208
0.229
0.076
0.017
0.358
0.264
0.378

POTASSIUM

0.439
-0.182
0.198
0 72
-0.0¢
0.305
0.518
0.461

SODIUM

1
0.143
0.026
0.247

-0.057
0.111
0.574
0.471

s

~

VANADIUM

0.541
-0.15
-0.021
0.048
-0.052
0.048

e o

ZINC

-0.081
5.0E-4
0.216
0.095
0.208

ALKALINITY

-0.057
0.018
0.194
0.078

SILICON

-1.4E-3
-0.073
-0.053

FLUORINE

1
0.378
0.503

CHLORINE

1
0.343

1

"39 9|qe]
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DOE/RL-92-24
04/30/92

Table 5G. Leachate Data Factor Analysis--Oblique Solution.
Oblique Solution Reference Structure-Orthotran/Varimax

Factor 1 Factor 2 Factor 3 Factnr 4 Fartnr § Factor 6
ALUMINUM 713 241
ARSENIC 775 162 72 - 318 )
BARIUM 273 .37 .166 1. 232
BERYLLIUM a1 .759 175
CALCIUM 926 -151 105
CHROMIUM .792 -.349 -.15 .222
COLBALT -179 .94
COPPER 433 .168 -137 .45
IRON -179 L9488 -1
LEAD .748 ) 145 -.157 A317
MAGNESIUM .618 A2 123 156 143
MANGANESE .148 .627 -.141 .198 -.193
NICKEL .705 -.143 -.175 .278
POTASSIUM .626 373 -.145
SODIUM - 108 847 |17
VANADIUM -.444 915 -.076
ZINC d17 713 -.178
ALKALINITY 124 -.109 .853 .158 -
SILICON .925
FLUORINE 126 .582 .145
CHLORINE 321 702 '
S04 .298 721

. -5G
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Table 5H.

Factor 1
Factor 2
Factor 3
Factor 4
Factor 5
Factor 6

DOE/RL-92-24

04/30/92

Leachate Data Factor Analysis--Primary Intercorrelations.
Primary Intercorrelations-Orthotran/Varimax
Factor 1 Factor 2 Factor 3 Fact~ 4 Factor 5 Factor 6
1 |
.355 1
.021 .03 1
.204 182 147 1
372 274 .037 .163 1
-.039 -.038 -.057 -.081 -.024
T-5H
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Table 5I. Leachate Data Factor Analysis--Variable Complexity.

Variable Complexity-Orthotran/Varimax

Orthogonal Oblique Orthogonal  Oblique
ALUMINUM 1.396 1.248 ZINC 1.308% 1.182
ARSENIC 1.403 1.486 ALKALINITY 1.22 1.188
BARIUM 381 3N SILICON 1.024 1.011
BERYLLIUM 1.651 1.181 FLUORINE 1.794 1.239-
CALCIUM 1.073 1.112 CHLORINE 1.673 f1.507
CHROMIUM 1.476 1.6 R S04 1.801 1.339
COLBALT 1.041 1.099 Average 1.546 1.459
COPPER 2.442 2.595
IRON 1.05 1.109
LEAD 1.198 1.219
MAGNESIUM 1.618 1.369
MANGANESE  2.004 1.625
NICKEL 1432 1.49¢2
POTASSIUM  |1.784 1.757
SODIUM 1.157 1.13
VANADIUM 1.196 1.508

920425.1402 T-51
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ESTIMATE OF LAB BIAS
95% DOUBLE SIDED CONFIDENCE LIMITS
ON ETA
ANALYTE SCUBED  UPPERLOWER DATACI M  UPPERLOWER  NUMEER BIAS
95% CONF ENCE 95% CONFIDENC ~ OF SPUTS
ETA BOUNDS ETA BOUNDS S-3/ DC
ppm ppm ppm ppm ppm
Aluminum 9874 11815 10814 13197 17 / 17 *
7983 8542
Calcium 11013 13923 10604 13192 17 / 17 *
8342 8185
Copper 17.4 20.1 18.5 21.5 17 / 17 *
14.7 15.5
Iron 24989 27641 26959 31047 17 1 17 *
22174 22805
Lead 7.9 9.8 6.1 8.1 17 /17 1.7
6.2 4.4
Sodium 360 431 423 494 17 /14 65 +
291 350

* BIAS NOT STATISTICALLY ¢ JIFICANT
+ DECISIONFORBIAS IS 1AF  IAL

"9 9|1qe]
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ANALYTE  TRUNCATION
VALUE*
ppm
ALUMINUM 0
CALCIUM 5600
OOPPER 13
RON 0
LEAD 3.3
SODIUM # 190
380

* Based on scatter of data at low end of distribution

to

ppm

3763

4646

12.4

10996

2.99

122
122

-

e

WEIB! L DISTRIBUTION PARAMETERS

ETA

7
ppm

4987

5869

3

15385

3.5

211
181

** Number of samples above truncation value + 1
# Multiple distributions identified in the data set

BETA

1.61

1.22

0.695

2.31

1.05

1.86
0.855

N**

107

84

119

76
28

CRMCALR

0.976

0.975

0.970

0.976

0.974

0.969
0.942

“ e
™y

R

0.991

0.998

0.997

0.991

0.997

0.998
0.968

THRESHOLD
VALUE

ppm

15100

22000

32.2

38200

15.4

974

542

206

318

N/A

167

"L 3qel
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