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1.0 INTRODUCTION

This report documents the range of radionuclide background activity that occurs in soils and
sediments on the Hanford Site and in associated environments. The characterization of
background activity in soil and groundwater is an important component 1 environmental
restoration activities, as it can be used to identify contamination, establish cleanup goals, evaluate
restor. on alternatives, and assess risk and cleanup levels. Back; >und conditions are also useful
for establishing pre-operational conditions for new and existing facilities. The sitewide approach
has been determined as a technically viable and cost-effective met »d for evaluating background
conditions at the Hanford Site, as opposed to establishing background concentrations at each
individu: waste unit.

Radionuclides in soil occur as two general types: natural and ant] >pogenic (see definitions in
Section 1.2). These radionuclides are deposited in different positions in the soil column and by
different processes, so they must be considered separately when formulating a conceptual model.
Conceptual model descriptions for soil radionuclide background at the Hanford Site are outlined
in Section 2.0, as well as the data quality objectives that were used in this study.

The data used to evaluate radionuclide background activities in soil were obtained from two
sources: (1) sampling and analysis of surface soil associated with monitoring activities, and (2)
samples collected and measured specifically for the purpose of establishing the range of natural
background activities in the vadose zone. Both types of data are described in greater detail in
Section 3.0. The results of the data evaluations are presented in Section 4.0, and interpretation of
these results and discussion of the use of sitewide radionuclide background are discussed in
Section 5.0.

Many of the tenets upon which this report is based have been thoroughly discussed in previous
documents describing other aspects of background at the Hanford Site. These other documents
are cited, where relevant, and should be consulted where more detailed information is desired.

1.1 \ J Lo JRCLS

Radioactivity from natural sources is found everywhere. The dominant source of naturally
occurring radioactivity is from the decay of the primordial potassium, uranium, and thorium
isotopes and their daughter products, which occur in all rocks and soils. These sources, which
include radon, account for approximately 77% (230 mrem/yr) of the average natural background
radiation in the United States (300 mrem/yr; NCRP 1987). Exposure to cosmic rays accounts for
about 10% (30 mrem/yr) of the average natural background radiation. The remaining 13% (40
mrem/yr) of the average dose is received from internal sources, which are radionuclides naturally
present in tissues and bones in the body.

The background concentration and distribution of radionuclides in soils at the Hanford Site is
governed by two primary factors. The first factor relates to the abi dance of naturally occurring
isotopes in the soil and their physical and chemical characteristics. Modifications by human
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activities also may influence the concentration and distributions of these radionuclides (e.g., radon
concentrations in enclosed spaces). The second factor is the abundance of radionuclides in the
atmosphere. The predominant source of radioisotopes in the atmosphere is global fallout from
aboveground nuclear tests and severe nuclear accidents. Some radionuclides are naturally
produced in the atmosphere by cosmic radiation. The concentration and distribution of fallout
and cosmogenic radionuclides in soil are influenced primarily by the circulation of the earth's air
masses and concomitant rainfall.

These two different types and occurrences of radionuclides require different considerations and
treatments for use as background. A discussion of the conceptual models for determination of
radiological background is presented in Section 2.0.

1.2 DEFINITIONS

Some of the terms and concepts used in this report have specific meanings in the context of
environmental regulations or may not be familiar to the casual reader. Several of these key terms
are defined and discussed below.

. Activity is a measure of the transformation rate of a radionuclide in disintegrations per unit
time. Typical units of measure are the Becquerel (1 disintegration/sec) and the Curie
(3.7x10"° disintegrations/sec or 2.2x10"* disintegrations/min).

. Anthropogenic radionuclides are radioactive isotopes that are produced or dramatically
concentrated by human activities. These radionuclides include all of the anthropogenic
radionuclides produced in fission and fusion reactions, as well as naturally occurring
radionuclides that have been concentrated « ring the manufacture of nuclear reactor fuel.
Most of the anthropogenic radionuclides important for characterizing background have
been produced by aboveground nuclear explosions and nuclear accidents and were
¢ sequently deposited as global fallout by precipitation of atmosph  : particles.

. Background radiation refers to the radiation found everywhere in the environment from
natural and anthropogenic sources. When applied to environmental cleanup, it refers to
the activity of radionuclides in the vicinity of a waste site or potential waste site which
are unrelated to releases from that site.

. I™-se is a value for estimating the total risk of potential health effects from radiation
exposure. It is more precisely termed as effective dose equivalent. Calculations of dose
are based on a pathway-specific amount and type of radiation that is adsorbed by body
tissue from both internal and external sources. The unit of measure is the rem or Sievert
(100 rem).

. *"-turally occurring radionuclides occur as a result of natural deposition and accumulation
in the soil. Concentrations of these radionuclides are largely dependent on sedimentary,
pedogenic, and fluvial processes, but modification of the natural concentrations may e
affected by the activities of man.
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. Soil, in the context of environmental regulations, refers to inorganic and/or organic
material that exists on the earth's surface above bedrock, excluding the atmosphere and
bodies of water. The terms “soil” and “sediment” are used interchangeably in this report
and refer to unconsolidated materials deposited on the surface of the earth.

. Vadose zone is the unsaturated portion of the soil or rock substrate, above the water
table.

2.0 DATA QUALITY OBJECTIVES

This section summarizes the objectives, purposes, and applications of background data and
discusses how these data are expected to be used. This aspect of the evaluation focuses on (1)
the type of data necessary to evaluate background and (2) the adequacy of these d: 1 for their
intended uses in terms of the representativeness of the samples ar  or data, as well as the
completeness, comparability, and quality(e.g., accuracy, precision) of the data types. Conceptual
models for evaluating sitewide radionuclide background are presented and discussed to aid in
determining the proper rpes of data to use.

2.1 DATA TYPES AND USES

Information about background levels is used in environmental activities where it is necessary to
define contamination and establish cleanup or performance levels. At the . inford Site, these
activities include site characterization for compliance with the Resource Conservation and
Recovery Act (RCRA), the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), and other applicable regulations.

Data on background radiation are also used to evaluate the feasibility of corrective measures,
treatment, and development of treatment technologies. All of these uses invariably involve the
assessment of risk to human health and/or the environment; these assessments are also used in risk
management and other cleanup decisions. Risk assessment applications of radiological data
include evaluation of potential increased incidence of cancer deaths resulting from external and/or
internal radiation dose.

Radiological dose and risk can generally be assessed in two ways: ) by exposure to individual
radionuclides and (2) by exposure to the total measurable radiation present. Measurement of the
radionuclide activity is most commonly performed in a fixed laboratory but can also be made with
field instruments using high-efficiency, energy-discriminating sensors (e.g., high-purity germanium
detectors). Total dose is routinely determined in the field with hand-held instruments and
thermoluminescent dosimeters (TLDs). To date, the regulatory agencies have not reached a
decision or concurred on the types(s) of radiological soil background data needed or the specific
manner in which the data are to be used.

(98]
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This study evaluates background activities of individual radionuclides that are most often used to
calculate dose (most of the existing data is in the form of specific radionuclide activities)
(DOE/RL 1995a). There is no accepted suite of radionuclides that are routinely analyzed to
evaluate anthropogenic background levels. However, only a limited number of isotopes
contribute significantly to risk (EPA 1989), and these have been determined for the Hanford Site
(DOE/RL 1994). This list of isotopes includes common and ubiquitous natural radionuclides
(e.g., *K), anthropogenic radionuclides (e.g., *’Cs), and some radionuclides associated with past
processes on the Hanford Site. A group of 15 radionuclides (with Z°Pu and **°Pu counted as one
analyte) has been chosen by the U.S. Department of Energy (DOE) and the regulators as
important for background characterization. These are shown in Table 2-1.

The use of field data for measuring dose and risk in remediation has not been adequately
addressed in environmental guidance. This data may be useful when expedient, qualitative
assessments of risk are required. Background data from TLDs are useful for qualitative and semi-
quantitative surveillance and monitoring, but because they are largely independent of radiation
energy these data are not comparable to dose equivalent calculations based on isotopic activities.
These data cannot, therefore, be effectively used in risk assessment applications that require
isotope activities to calculate effective dose equivalents. These applications include computer
models for calculating dose and risk contributions from various pathways and procedures as
described in Hanford Site Risk Assessment Methodology (DOE/RL 1995b).

2.2 CONCEPTUAL MODELS

The background conceptual models presented here provide a basis for understanding the
processes and factors that contr¢ and influence the distribution of background radiation in the
environment. These models focus on the types, sources, spatial distribution, and relative
abundances that occur in soil at the Hanford Site.

The conceptual model for radionuclide background concentrations in soil can cril lin
terms of contributions from naturally occurring and anthropogenic radionuclides. It is important
to characterize anthropogenic radionuclide levels (i.e., global fallout not associated with a waste
site) in order to allow site-derived contamination to be distinguished from anthropogenic
background.

The process by which these radionuclides are deposited in the vadose zone, either as constituents
in the soil or as airfall, must be considered by the conceptual model. Radionuclide concentrations
in the soil are influenced by a variety of factors and are discussed in detail in the following section.
Airfall deposition includes global fallout from anthropogenic and natural sources. .adionuclides
that occur naturally in the atmosphere are produced by cosmic rays either by neutron activation
(e.g., ¥Na) or from spallation processes (e.g., "*I). The abundance of radionuclides in the
atmosphere is a function of latitude, time, and climatic conditions (Hardy et al. 1968).
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Table 2-1. Suggested Radionuclides for the Evaluation « Sitewide Soil Background.

Radionuclide Symbol Half ife
Potassium-40 YK 1.28 x 10° yr
Cobalt-60 %Co 5.3 yr
Strontium-90 *Sr 29.1 yr
Cesium-134 ¥Cs 2.06 yr
Cesium-137 ¥1Cs 30.2 yr
Europium-152 2By 13.5 yr
Radium-226 2Ra 1600 yr
Thorium-232 ZTh 14x1 "yr
Uranium-234 b} 2.4x10°yr
Uranium-235 By 7 x 10% yr
Uranium-238 el 0] 4.5x 10° yr
Plutonium-238 2py 87.7 yr
Plutonium-239;.pined p 2.4x 10%yr
Plutonium-240 24°Pj 6537 yr
Americium-241 X Am 433 yr
Gross beta gross-p NA

Radionuclides in bold are naturally-occurring; others are anthropogenic.
NA = Not Applicable
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2.2.1 Natural ackground

The naturally occurring radionuclides in Hanford Site soils are associated primarily with basaltic
and quartzofeldspathic components, which are the predominant end member compositions in the
vadose zone (DOE/RL 1995¢). These components are ubiquitous in soils of the Pasco Basin and
vary in proportion both laterally and vertically. The dominant natural radionuclides found in these
sediments are *°K, **Th, and **U and their progeny. These naturally occurring radionuclides may
also be concentrated by man. For example, *°K activities would be expected to be higher around
agricultural areas where potassium is applied to crops. Both *2Th and **U are naturally
occurring isotopes that were used in Hanford Site operations, so these and their daughters have
the potential of being concentrated above natural background around the Hanford Site.

It has been demonstrated (DOE/RL 1995c¢) that the natural range of soil compositions can be
described as a single population because the soils share a common source and depositional
process. The naturally occurring radionuclides should behave in a manner similar to the naturally
occurring nonradioactive components in the sc  forming a single population for the Hanford Site.
The main exception to this conceptual model is **Rn (radon), which is a gas produced naturally
by the decay of ***Ra. This gas accumulates, migrates upward in the soil column, and can collect
in poorly ventilated buildings. Radon is the greatest single contributor to radiation dose (about
67 % of the average dose in the United States [NCRP 1987]) from naturally occurring radioactive
materials.

The most significant sources of naturally occurring radionuclides are deposited and distributed
within the soil column. Some activation and spallation products are produced naturally in the
upper atmosphere by interactions with cosmic radiation and fall to the earth’s surface either with
precipitation or as dry particles. The primary cosmogenic radionuclide products formed in the
atmosphere are *H, 'Be, *C, and *Na (NCRP 1987). None of these radionuclides contribute
significantly to background dose.

2.2.2 Anthropogenic Background

Exposure to radiation has been influenced during the past century by human practices involving
the manufacture and use of radioactive materials. The average adult in the United States absorbs
approximately 65 mrem/yr from man-made sources, the largest contribution coming from the
medical and dental use of x-rays and gamma rays. Exposure to background radiation in the soil
has also increased, mainly from global fallout produced by nuclear weapons testing. With the
cessation of most atmospheric testing following adoption of the 1963 Nuclear Test Ban Treaty,
most anthropogenic radionuclides decayed away within a few years to levels below detection. The
long-lived radionuclides (i.e., half-lives greater than 1 year) that remain from weapons fallout are
globally ubiquitous and are referred to here as anthropogenic background.

The conceptual model for anthropogenic radionuclide background differs from that for naturally
occurring radionuclides because the sources of anthropogenic isotopes are external, rather than
indigenous, to the soil. As a consequence, the species, abundances, distribution in the
environment, and geochemical behavior of the anthropogenic radionuclides differ significantly
from those of the naturally occurring radionuclides.
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Deposition of radionuclides as fallout from the atmosphere is geographically distributed by
precipitation and regional wind patterns. These distribution patterns, both vertical and lateral, are
not clearly understoc  and empirical information is lacking for many of the radionuclides of
concern. The geographic distribution of radionuclides is largely controlled by the amount of
rainfall a region receives, although “dry precipitation” also occurs on a limited scale by direct
deposition from winds. Because of the light rainfall around Hanford, the geographic variability in
fallout levels around this region are expected to be relatively small.

Establishing background levels for the anthropogenic radionuclides requires modification of the
conceptual model used for nonradioactive and naturally occurring radioactive isotopes, as the
isotopes were deposited by different processes. Atmospheric radionuclide deposition from global
fallout is generally concentrated in the top few centimeters of un sturbed soil. Distribution of the
activity of radionuclides from fallout as a function of soil depth has been measured on the Hanford
Site and at several other sites, including sites where atmospheric testing has been conducted. A
discussion of these studies can be found in DOE/RL (19%4a).

Vertical distribution of *’Sr, *’Cs, and ****°Pu in soil on and away from the Hanford Site has been
measured by Price (1991). Results indicate that over 95% of the **’Cs and ***°Pu reside in the
top 5 cm of the soil. The *°Sr depth profile differs significantly from the other two isotopes as it
gradually decreases in abundance to :pths of almost 20 cm, and e interval from 2.5 to S cm is
likely to contain the highest activities. These are the only known data evaluating anthropogenic
radionuclide activity with depth on the Hanford Site; all other monitoring data have been collected
from the upper 2.5 cm.

Several factors may contribute to the tendency for fallout-derived radionuclides in this semi-arid
region to be restricted to upper parts of the soils where they were deposited. The general lack of
transport mechanisms, such as direct recharge from meteoric water, to mobilize the radionuclides
downward from the surface soils is one factor. Highly soluble chloride, for example, is restricted
to the upper few meters of the soil column in this region due to climatic effects alone. Most
radionuclides, however, are expected to be restricted to the uppermost portion of the soil column
because they are strongly adsorbed onto the surfaces of soil materials (i.e., have partition
coefficients greater than 20 [Ames and Serne 1991]). Isotopes of the more mobile elements (e.g.,
iodine and thenii , can be expected to be more extensively mobilized, but only in areas where
the potential for mobilization and transport exists.

2.3 DATA QUALITY OBJEC1 VES AND OTHER ISSUES

The type and quality of data used to characterize background are essential considerations in the
conceptual models. The different sources for natural and anthropogenic radionuclides make it
necessary to collect and treat the two data types differently. As mentioned previously, naturally
occurring radioisotopes should be distributed in a manner similar to nonradioactive analytes,
which means that the lateral and vertical heterogeneity of the vadose zone at the Hanford Site
must be represented. Details of and justification for this approach are included in Hanford Site
Background: Part 1, Soil Background for Nonradioactive Analytes (DOE/RL 1995¢).
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The collection, analysis, and/or use of soil for evaluating radionuclide background have been
guided by the following considerations.

. Data collected to establish the distribution of natural radionuclide background in soil
should come from samples that adequately represent the different soil (sediment) types of
the area.

. Data used for background must be from sampling locations that are free from potential

contributions from the Hanford Site.

. Background data should have detection limits that are low enough to adequately quantify
the analyte with respect to risk-based levels, but these limits should not be set so low that
unusual and costly analytical techniques must be employed to meet the limits.

All data used to characterize background should conform to precision, accuracy,
representativeness, comparability, and completeness parameters detailed by the U.S.
Environmental Protection Agency (EPA 1987). Precision, accuracy, and representativeness are
parameters concerned mostly with laboratory analysis where a common measurement method also
must be employed, as concentrations can be measured in terms of activity (usually measured in
picocuries/gram, pCi/g), or dose rate (typically reported as millirems/year).

24 SUMMARY

The conceptual model for radionuclide background concentrations in soil can be described in
terms of contributions from naturally occurring and anthropogenic radionuclides. The
characterization of anthropogenic radionuclide levels is important in order to distinguish
site-derived contamination from anthropogenic radionuclides that were deposited by global
fallout.

The conceptual model must be different for natural and anthropogenic radionuclides because they
were deposited by two different mechanisms, at different times, and generally have different
geochemical characteristics. Naturally occurring radionuclides in the soil should behave
identically to nonradioactive analytes, so the conceptual model formulated and confirmed for the
latter (DOE/RL 1995¢) should hold for both. Anthropogenic radionuclides are deposited
exclusively on the surface, and have limited distribution through the top portions of the vadose
zone. Anthropogenic radionuclide measurements to define background activities should,
therefore, focus on surface samples (DOE/RL 1995a).

The type of data used for characterizing background should correspond to the data used in site
remediation activities. If field instruments are used for in situ measurements of ar  vity and/or
dose, then a means of comparing waste site data to sitewide background data must be made if
background is used to assess remediation effectiveness.
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3.0 DESCRIPTION OF DAT

The data described and evaluated in this report are of two general types: (1) data from soils
collected from the top 2.5 cm of the soil column (surface samples), and (2) data from soils
typically collected below the upper 30 cm of the soil column (vadose zone samples). These two
types of samples were collected for different purposes and will be discussed separately, although
both sample types are suitable for evaluating different aspects of sitewide background. The
surface samples are appropriate to determine anthropogenic radionuclide background, and the
vadose zone samples are suitable for evaluating natural background activities, as discussed in
Section 2.0. A more detailed description of the sampling and an: ssis of these two types of
samples follows.

3.1 SURFACE SAMPLES

The surface samples used to evaluate radionuclide background d: 1 compiled and evaluated in this
report were collected by the Pacific Northwest National Laboratc y (formerly Pacific Northwest
Laboratory, PNL) and Washington State Department of Health (DOH) radiation surveillance
programs in southeastern Washington. All surface samples were collected from the upper 2.5 cm
of soil and consisted of a composite of five round plugs, 10 cm in diameter. The samples were
prepared and analyzed by different laboratories, as described in documents from PNL (1992) and
DOH (1991).

Soil radionuclide data from PNNL and DOH provide the largest well-documented, quantitative
data sets available to evaluate background conditions for surface samples at the Hanford Site
(DOE/RL 1995a). Collectively, these two sources provide data on the activities of 25
radionuclides and four other parameters (gross alpha, gross beta, total uranium, and total
thorium). These measurements were made on soils collected from over 70 localities within the
region. The data used in this report were collected from 1985 to 1992 and are presented and
discussed in greater detail in Hanford Site Background: Evaluation of Existing Soil Radionuclide
Data (DOE/RL 1995a). The surface sampling locations for the s« background data evaluated in
this report are shown in Figures 3-1 and 3-2.

The only data evaluated in this repc .~ were those from sampling locations considered by DOH and
PNNL to be uncontaminated by Hanford operations (DOE/RL 1995a). This data set consists of
149 samples from 39 localities and provides data for 15 radionuclides of concern.

The radionuclides typically measured include the naturally occurring isotopes that contribute
significar v to total dose (e.g., **K), and anthropogenic radionuclides that are ubiqi ous in global
fallout (e.g., *’Cs) or that could be a contaminant from a monitored facility (e.g., plutonium
isotopes). Of the hundreds of radionuclides that could be considered for characterizing
background, only a few are of concern when their half-lives, abundances, and threat to human
health are evaluated. Perkins and Jenquin (1994) surveyed the types and amounts of
radionuclides produced at Hanford and recommended 26 radionuclides for consideration in
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Figure 3-2. Sampling Sites for Washington State Department of Health
(after DOH 1991). Numbers in parentheses correspond to site numbers in
Appendix A ~f DOE/PT 0S-S5 /MNT/RT, 19953),

//

Washington |

.f"f”\,v)

(/ Moses Lake

®
\ (29)
Ynknma“l
g, 14
( Sunnvmde. ) cmlnsl‘e“
22, 41) -( )
a
Priesg Rapids 4 D
am
& TY)e
K Y F c
[IB,C  100-N Fire Station E) X
¢V} P
_ _ Old Hanfordé\ %,
bt Yakima Barricade Townsite (19 \ % -N-
|99 200 Areas E
. Wye
Barricade

Hanford Site “---.. @ Army Loop “

Boundary \ RN

0 4 8 kilometers Kennewick

11



DOE/RL-96-12
Draft A

characterizing background. This list was refined through discussions between the EPA,
Washington State Department of Ecology, DOH, and DOE/RL (see Table 2-1).

3.2 VADOSE:i I SAMPLES

The subsurface samples analyzed for natural ba:  ground radioactivity were collected during a
previous study that characterized nonradionuclide background at the Hanford Site (DOE/RL
1995¢). Samples from that study were archived at the Hanford Geotechnical Sample Library, at
the 2101-M Building in the 200 East Area. A subset of 45 samples from the 105 nonradionuclide
background systematic random samples (the background reference sample set) were chosen for
analysis using a ranked set sampling procedure. In evaluating the samples for nonradionuclide
background, it was shown that basalt dominates the composition of most analytes, so basalt
content would be a valid parameter for ranking the samples. Lacking data on modal basalt
content for each of the 105 random samples, a factor analysis was performed to correlate specific
analyte abundances with samples of known basalt content. The analytes iron (Fe) and cobalt (Co)
were found to have strong correlations with basalt content, so the samples were rai  ed according
to the sum of the standardized variables, Z, where:

XFe XCO
Z((Fe-(—)+((Co-(—))
oFe OCO

After ranking, every third sample was chosen for analysis, which resulted in a total of 44 samples.
The sample with the largest standardized variable (Z) was then included to bracket the highest and
lowest samples in the ranked data (the lowest Z sample was selected in the first 44 samples
chosen). Added to these 45 systemic random samples were three ecosystem judgment samples
taken from the surface, one sample of Ringold Formation c« ected from outcrop on the east side
of the Columbia River, and one basalt sample used as an internal standard. A total of 50 samples
were submitted for analysis of naturally occurring radionuclides. ..iesi | glo 1s are
presented in Figure 3-3.

12
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4.0 EVALUA ION(C PP

Evaluation of the surface and vadose zone data considers the quality of the data, the extent to
which the data set can be considered a single population, and the identification of any unusual
samples that should be suspended from consideration for statistical calculations. Statistical
descriptions of the data sets are also presented in this section, along with doses associated with
background activities of the naturally occurring radionuclides.

A thorough description of the surface data has been rovided in Hanford Site Background:
Evaluation of Existing Soil Radionuclide Data (DOE/RL 1995a). The vadose zone data are
discussed below and tabulated in Appendix A. Also included is a discussion of the extent to
which the surface and vadose zone data may be considered together, as part of a single population
for naturally occurring radionuclides.

4.1 DATA QUALITY

The vadose zone samples were analyzed by Quanterra, Inc., located in Richland, Washington.

The naturally occurring radionuclides listed in Table 2-1 were analyzed. The target detection
limits were 1.0 pCi/g for “K and 0.1 pCi/g for the other five radionuclides (**Ra, »*?Th, Z*U,
35U, and ***U). Thorium and uranium were analyzed using alpha spectroscopy, and “K was
analyzed using gamma spectroscopy. Samples were counted from 120 to 500 minutes to meet the
target detection limits; the analytical values are tabulated in Appendix A.

Total errors were calculated by the laboratory, and include the counting error and other
laboratory errors (e.g., weighing errors, dilution errors). Analysis precision and accuracy were
evaluated using a minimum of one laboratory control sample, one method blank, and one

duplic e per sample batch. The quality control data are contained in Appendix B. All of the data
above the detection limit passed the quality cont te.  Ar 1alysis was: above
detection if the analyzed value was greater than its associated total error. Using this method, only
the data for * o contained samples that were below detection (mean detection limit for #°U is
0.055 pCi/g). Of the 50 samples analyzed for 2*°U, only 18 were above their associated errors
(36%).

Another measure of data quality is data comparability. All of the vadose zone data are considered
comparable from an analytical perspective, because they were analyzed in the same laboratory
under identical quality control and quality assurance procedures.

The Hanford sitewide soil background data set has been evaluated with respect to its
completeness and representativeness (DOE/RL 1995c¢) and was determined satisfactory. The
samples for evaluating naturally occurring radionuclides were chosen from the background data
set by a process designed to produce a representative subsample of the larger population (see
Section 3.2).
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Another approach for evaluating overall data quality is comparing the activities of the parent
natural radionuclides to their progeny (when the data are avai Hle). If secular equilibrium for
appropriate portions of the decay chain is assumed, as would be expected for background
samples, parent-progeny activities should be approximately eq 1l and their distributions should be
similar. Parent-progeny activities comparisons were made for the thorium and uranium decay
chains for the vadose zone samples. Both ?*Th and ***Th are compared on the probability plot on
Figure 4-1 (Section 4.2.1 contains a description of the parameters presented in e probability
plots). The intermediate member of this decay chain, **Ra, was not plotted because it was not a
requested analyte and the reported value was not considered reliable by the laboratory. Both 2*U
and *U are plotted in Figure 4-2. The parent and progeny distributions are very similar in each
series, with a difference of approximately 5% between the geometric means of the activities within
each series.

4.2 DATA DISTRIBUTION AND STATISTICS

1e data distribution was evaluated for each of the naturally occurring radionuclides to compute
the appropriate statistics. Use of these parameters and other statistical methods that may be
applied to the sitewide background data are discussed in Section 5.0.

4.2.1 stribution of the Data

Background data are a range of values that can be represented by one or more statistical
distributions. Data showing a good fit to a distribution can be regarded as representing a single
population, thus satisfying one of the data quality objectives for consideration of a sitewide
background population (WHC 1991). The distribution analyses reported here are intended to test
the hypothesis that the data are of a single population.

All of the background data were used to fit the Weibull and lognormal distributions to the
naturally occurring rac Hsnuclides *K, ?*Ra, #*Th, **U, and **U. None of these analytes had
values less than the detection limit or outliers that could be considered anomalies. The data set
for *Ucor  :d of only 36% of the data above detection, and also contained three data points
that werece 1 Itobeoutl = Cumulative distribution plots for all of the na ally occurring
vadose zone a1 ytes are shown in Figures 4-3 through 4-8. Included on these figures are the
central ter ncies of the data, shown as the geometric mean on the lognormal plots and eta on the
Weibull plots. The Weibull distribution uses a t-shift (shown in the upper left of the figure),
which must be added to the value given for eta to define the centi tendency. Also included on
the figures is the best-fit parameter (r*) and the number of samples (n) comprising the data set.

Both the lognormal and Weibull distributions provide very good fits to the data, wi  most having
an r* greater than 0.95. These results are similar to those obtained for nonradionuclides from the
sitewide bac jround data set (DOE/F  1995c¢), of which these radionuclide samples are a subset.
The resu  indicate that each radionuclide in the vadose zone can be considered a 1gle
population which represents the soils at the Hanford Site (Figures 4-3 through 4-8).
Radionuclides from the surface samples, obtained from the Pasco Basin and other :asin

15
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Figure 4-5. ognormal (top) and Weibull (bottom) DiStribution of ®*Th
From the Vadose Zone Samples.
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southeast Washington, show a similarly good fit (DOE/RL 1995a). This evidence indicates that
the sitewi : background conceptual model is valid for radionuclide constituents in the vadose
zone.

4.2.2 Statistics

Summary statistics for lognormal and Weibull distributions are presented in Tables 4-1 and 4-2.
These statistics include the best-fit parameter and various percentiles of the data. A comparison
of the lognormal and Weibull percentiles indicate an average relative percent difference of less
than 5% for :two statistical techniques. The statistical parameters for 2*U, which sed all of
the data including the three outliers, varied the greatest between the lognormal and Weibull
percentiles.

4.3 DOSE AND RISK ESTIMATES

Dose and risk associated with the vadose zone data for naturally occurring radionuclides have
been estimated using the RESRAD dose modeling program (ANL 1993a), Version 5.61. The
calculation of dose and risk from radionuclide data requires assumptions concerning exposure
pathways, potential bic »gical damage (i.e., quality factors), and other aspects of exposure for
each radionuclide. The doses presented here are based on a residential scenario that includes
external exposure; inhalation of fugitive dust; inhalation of radon; ingestion of plants, meat, and
milk produced on typical Hanford soil; and ingestion of the soil itse ~ The parameters used in
RESRAD are contained Table 4-3. The RESRAD dose modeling results are presented here
only as an estimate of background dose for a specific scenario, using parameters whic cannot be
generalized to . waste sites.

The arithm: ¢ means, standard deviations, and upper 95th percent confidence limit of the 95th
percentiles gnormal) for each of the naturally occurring radionuc les were calculated and used
to compute doses. These values are presented in Table 4-4. The a rage total dose for
background soils using the residential scenario is 95.0 mrem/yr, with a standard deviation of 28.2
mrem/yr. As a possible upper bound for dose associated with background, values for the 95th
upper con :nce limit on the 95th percentile yield a dose of 172 mrem/yr.

Total risk calculated by k._SRAD for the average activity of background radionuclides is
1.5E-03, with a standard deviation of 4.4E-04, as presented in Table 4-5. Total risk for the upper
95th percent confidence limit of the 95th percentile is 2.7E-03.

The radionu: de that contributes the greatest percentage to average dose (48%) is **Ra and the
daughters produced from it. Most of this dose 1s from the radon pathway, which is a summation
of the **Ra daughters ***Rn, *'*Po, *"*Pb, and *"*Bi. The average background dose for “*Ra and
its daughters is 45.5£16.4 mrem/yr. The radionuclides **K and ***Th and its progeny also
contribute substantially to dose in this residential scenario (28% and 23%, respectively). The
ground (external exposure), plant, meat, and milk pathways for *°K sum to 27.0+5.6 mrem/yr for
average background activities. Substantial contributions from *2Th and its daughters are from the
ground, inhalation, and plant pathways, with a background of 22.0+£6.0 mrem/yr.
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Table 6. Results of the Nonparametric Wilcoxon Rank SumTest, Comparing the
Vadose Zone and Surface Samples for Naturally Occ -ring Radionuclides.
Number of Samples | Mean Activity
( Radionuclide Surface | Vadose Surface | Vadose Z-score* | Comparable?
K-40 140 49 15.4 13.1 4.38__ NO ]
Ra-226 76 49 0.69 0.56 4.39 NO
Th-232 17 49 0.73 0.94 2.76 NO
U-234 43 49 0.65 0.79 3.07 NO
U-238 43 49 0.67 0.76 2.01 J

* Z-score is compared with the one-tailed cumulative normal distribution, which 1s 1.645 for a confidence level of

29

95%. The null hypothesis, Ho: the two data sets have the same mean, is rejected if the Z-score > 1.645.
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Dose and sk estimates were computed using the RESRAD dose modeling computer code. A
residential exposure scenario (excluding ingestion of groundwater and ingestion of fish) was
used and resulted in an average background dose of 95+28 mrem/yr. The corresponding risk
computed by RESRAD is 1.5E-03+4.4E-04. The greatest contributor to dose and risk from
background radionuclides is from the radon pathway.

The conci  :ual model for radionuclide background identifies the vadose zone samples as those
most appropriate for defining naturally occurring radionuclide background at the . inford Site.
Comparisons of the vadose zone and surface samples show a significant difference between the
two types of data, which supports the conceptual model.

5.0 SUMMARY AND CONCLUSIONS

The conceptual model for evaluating radionuclide background distinguishes between the
anthropogenic radionuclides deposited on the surface and the naturally occurring radionu: des
occurring in the soil. Anthropogenic radionuclides are primarily deposited by global fallout, and
their activities have been measured annually by PNNL and DOH. These measurement were
performed on surface soils collected from the anford Site and from other locations in the
Columbia Basin. A previous report evaluated these data to determine anthropogenic background
for the Hanford Site and nearby environments with similar depositional characteristics (DOE/RL
1995a). A summary of the results of that study are included in Section 5.1.

This report evaluates background activity for naturally occurring radionuclides in soil collected
from the Hanford Site vadose zone. To accomplish this, a subset was chosen from a suite of
samples that were collected to determine nonradionuclide background, and the subset was
analyzed for naturally occurring radionuclides. This sample set has been shown to be
representative of vadose zone compositions for the Hanford Site (DOE/RL 1995c¢). Section 5.2
summarizes the results of this subset.

5.1 ANTHROPOGENIC RADIONUCLIDES

Background activity for anthropogenic radionuclides was evaluated from surface samples
collected from 39 locations throughout the region. The soil sampling locations provide lateral
coverage within the region and describe a single population for each analyte (DOE/l . 1995a).
These data are therefore consistent with the sitewide approach for defining the distribution of
anthropogenic background components and appear to be appropriate for use as sitewide
background.

Fifteen radionuclides from the surface samples have been evaluated (DOE/RL 1995a). Of these
radionuclides, only the anthropogenic radionuclides (*°Sr, **’Cs, and ****°Pu) had data of
adequate quality (greater than 50% above detection) to yield reliable estimates of background.
These¢ 1 be ' :quate to define anthropogenic background, as only '*’Cs and **Sr
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Table 5-1. Selected Values for the S :wide Background Data Set. Percentiles are based on the Weibull Distribution. Activities
are in pCi/g, doses are in mrem/yr.
. . I 50th 90th 9( . 95th 95th. Background | Background | Background
Analyte Minimum {Maximum . ., | percentile ., |percentile] Dose From Dose From Dose From
[_1 |3ercentlle percentile UCL percentile UCL Average 95th UCL | Std. deviation
K-40 9.29 19.7 _ 12.84 16.64 18.14 17.91 20.01 27.0 41.3 5.6
Sr-90 0.00661 0.366 0.0636 0.167 0.205 0.207 0.262 0.49] 1.60 0.42
Cs-137 -0.00156 1.64 i8 0.323 0.919 1.07 1.16 1.37 1.45 4.76 1.17
Ra-226+D 0.298 1.16 2 0.53 0.815 0.947 0.92 1.11 45.5 90.1 16.4
Th-232+D 0.468 1.58 0 0.909 1.315 1.5 1.4591 1.72 22.08 40.0§ 6.04
U-234 0.399 1.51 i3 0.762 1.098 1.25 1.21 1.44 0.1 0.34 0.05
U-235* 0.00462 0.386 31 0.0327 0.109 0.161 0.15 0.252 0.045 0.22 0.059
U-238 0.354 1.21 6 0.733 1.059 1.2 1.175] 1.39 0.26 0.47 0.073
Pu-239/240{ -0.0"<"[  0.0331 '8 0.0073 0.021 0.025 0.02 0.033 0.014 0.049 0.012
Totals: 96.91 179 29.8

* Uranium-235 statistics were computed using ¢

UCL = Upper Confidence Limit

samples: 17 above and 30 below detection limits. Two data were suspended owing to negative values.
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Table A-1. Sample Locations and HEIS N nbers.

Old ™™™ New HEIS “ # Depth (ft) | Old HEIS New HEIS Site # Depth (ft)
B01414 BOC2W8 1 1 | BO1465 BOC2Y3 10 7
B01429 BOC2X4 2 10 | B01468 B0C2Y4 10 1
B01433 BOC2X5 2 1 | BO14F1 BOC388 11 I
BO1B71 BOC396 3 23 | B01418 BOC2W9 12 17
BO1B78 BOC397 3 2 | B01419 BOC2X0 12 14
BO1B79 BOC372 3 14 | B01420 BOC2X1 12 11
B01458 BOC2YO 4 4 | BO01422 BOC2X2 12 5
BO14F6 BOC389 5 10 | B01425 BOC2X3 12

B014Gl BOC390 5 4 | B01451 BOC2X9 13 2
B014G2 BOC391 5 1 | B01443  BOC2X6 14 6
B01470 BOC2YS 6 47 | B01447 BOC2X7 14 21
B01473 BOC2Y6 6 37 ] B01448 BOC2X8 14 24
B01480 BOC2Y7 6 37 | BO14KO  BO0C392 15 10
B01482 BOC378 6 34 | BO14K4  BOC393 15 34
B01484 BOC379 6 28 | BO14K5 BOC394 15 39
B01487 BOC380 6 19 l BO14K7  BOC395 15 80
B01489 BOC381 6 13 | BOC2WS5 BOC2WS 15 115
B01490 BOC382 6 10 | BOC2W6 BOC2W6 15 120
B01491 BOC383 6 7 | BOC2W7 BOC2W7 15 190
BO14C2 BOC385 7 20 | B06137  BOC374 E-1 0
B014C3 BOC386 7 17 | BOC2wW4 BOC2W4 E-2 0
B014C8 BOC387 7 8 | B06141 BOC375 E-4 0
B01494 B0OC384 9 10 | B06146 BOC376 E-% 0
B01462 BOC2Y1 10 13 | BOICN1 BOC373 BASALT 0
B01463 BOC2Y2 10 10 | B06153 BOC377 RINGOLD 0

APP A-1




































































