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ABSTRACT

This report describes a nonparametric statistical methodology for the design and analysis of final
status decommissioning surveys in support of the proposed rulemaking on decommissioning.
The techniques described are alternatives to the existing parametric statistical methodology
contained in the U.S. Nuclear Regulatory Commission (NRC) draft report NUREG/CR-5849,
entitled, "Manual for Conducting Radiological Surveys in Support of License Termination."
Proposed nonparametric statistical methods for testing compliance with decommissioning criteria
are provided for radionuclides which occur in natural background and for those that do not occur
in natural background. The tests considered applicable are the Wilcoxon Signed Ranks Test,
Sign Test, and Quantile Test for the analysis of a single data set, and the Wilcoxon Rank Sum
Test and a Quantils Test for comparing two indepen.ent data sets. An Elevated Measurement
Comparison is also described to deal with any unusually high observations that might occur.
This report contains information on the Data Quality Objectives process as it relates to the
planning and analysis of final site surveys. The proposed process includes methods for
determining the number of samples needed to obtain statistically valid comparisons with decom-
missioning criteria and the methods for conducting the statistical tests with the resulting sample

data.
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FOREWORD

The NRC is amending its regulations to establish residual radioactivity criteria for decommissioning of
licensed nuclear facilities. As part of this initiative, the NRC stafY is evaluating the application of
nonparametric statistical methods as an alternative to the parametric statistical approach described in the U.S.
Nuclear Regulatory Commission (NRC) drafi report NUREG/CR-5849, entitled, "Manual for Conducting
Radiological Surveys in Support of License Termination.” The nonparametric statistical approach described
in this report is expected to be simpler and more cost-effective for the design and analysis of final status
decommissioning surveys when radiological criteria for decommissioning approach background radiation
levels. This report also shows the advantages of using the Data Quality Objectives process as it relates to the
planning and analysis of final site surveys. The application of the proposed DQO process includes methods
for determining the number of samples needed to obtain statistically valid comparisons with
decommissioning criteria and the methods for conducting the statistical tests with the resulting sample data.

This draft report introduces new concepts that are being considered for determining compliance with
proposed radiological criteria for decommissioning. The results, approaches and/or methods described herein
are provided for information only.

Written comments shouid be addressed to: Chief, Rules Review and Directives Branch, Division of Freedom
of Information and Publications Service, Office of Administratici, U.S. Nuclear Regulatory Commission,
Washington, DC 20555-0001. Hand deliver comments to: 11545 Rockville Pike, Rockville, Maryland,
between 7:15 axr. and 4:30 p.m. on Federal workdays.

Comments may be submitted clectronicaliy, in either ASCII text or WordPerfect format, by calling the NRC
MPWM@WCdWMWMWWM
1-800-880-6091 (see Federal Register Vol 58, No.132, July 13, 1993). The bulletin board may be accessed
mhgapa:mdmmﬂa.anwdmundnwﬁmmuﬂyavnﬂabkmmkﬁmwﬁwmpdm.
Communication software parameters should be set as follows: parity to none, data bits to 8, and stop bits to |
(N,8,1). Use ANSI or VT-100 terminal emulation. Background documents on the rulemaking are elso
available for downloading and viewing on the bulletin board. For more information call Ms. Christine Daily,
U.S. Nuclear Regulatory Commission, Washington, DC 20555-0001, phone (301) 415-6026, FAX (301)
415-5385.

Comments are sought specifically on the application of nonparametric statistics and the Data Quality
Objectives process. Comments on this draft report will be most useful if received 60 days from its
publication, but comments received afier that time will also be considered.

5 Ll

John E. Glenn, Chief

Health Effects Branch

Division of Regulatory Applications
Office of Nuclear Regulatory Research

August 1995 xil NUREG-1505



1 INTRODUCTION
1.1 Overview of NRC Site Decommissioning

At sites and facilities licensed by the Nuclear Regulatory Commission (NRC), the formal
decommissioning process begins when a licensee decides to terminate licensed activitics. The
majority of licenses terminated each year by NRC involve little or no site remediation, and
therefore, present no complex decommissioning problems from residual radioactivity. However,
license termination at a small number of sites is far more complex because contamination may be
lptudimovnrimuureuwiminﬁwfacilityandmoundingueubythemovemxtcfmntahll
and equipment, by activation, and by the dispersion of air, water, or other fluids through or along
piping, equipment, walls, floors, and drains. Removal of contamination is expected at nuclear
power plants, non-power (research and test) reactors, fuel fabrication plants, uranium
hexafluoride production plants, and independent spent fuel storage installations. A small number
of universities, medical institutions, radioactive source manufacturers, and companies that use
radioisotopes for industrial purposes may also contain radioactive contamination that requires
remediation.

NRC regulations in 10 CFR 30.36, 40.42, 50.82, 70.38, and 72.54 require licensees to remove
their facilities safely from service and reduce residual radioactivity to a level that permits release
of the property for unrestricted use and termination of the license. As part of the
decommissioning process, licensees are required to demonstrate thai residual radioactivity in
facilities and environmental media has teen reduced to acceptable levels. Typically, licensees
demonstrate compliance with radiological criteria for decommissioning by conducting final status
surveys of the site or facility and reporting the survey results to NRC for evaluation. Where
appropriate, the NRC staff conducts confirmatory surveys to verify that lands and structures have
been adequately remediated.

Existing radiological criteria that are used by NRC to evaluate compliance with decommissioning
requirements are a patchwork of applicable regulations, guidance, and practices that were
developed independently over a number of years. These criteria are usually well above
background radiation levels, which results in most NRC sites being reieased at predicted dose
levels that are small fractions of the public dose limit given in 10 CFR Part 20.

Currently, NRC is amending the regulations in 10 CFR Pari 20 to include explicit radiological
criteria for decommissioning. On August 22, 1994, proposed radiological criteria were published
in the Federal Register which specify that radioactivity from licensed operations be reduced to a
level as low as reasonably achievable (ALARA) below the level that would result in a 15-mrem-
per-year dose to the average individual in the critical group.

To implement this criterion, final status surveys and verification surveys must be capable of
detecting very low levels of residual radioactivity in the presence of background at a variety of
NRC-licensed facilities and sites. An essential componeni of such surveys is a statistical
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Introduction

methodology that is appropriate for radiological data at or near background levels. This document
presents such a methodology.

1.2 Need for This Report

At present, the NRC staff uses guidance for conducting confirmatory radiological surveys that is
contained in draft report NUREG/CR-5849, entitled, “Manual for Conducting Radiological
Surveys in Support of License Termination.” The statistical approach contained in the draft
report NUREG/CR-5849 is based on the Student’s s-test, which is a parametric statistical test that
requires survey data to fit either a normal or log-normal distribution. Past survey experience has
shown that radiological data at or near background may not meet this assumption.

Thus, an alternative statistical approach is being considered for conducting radiological surveys at
or near background. The nonparametric statistical techniques described in this draft report do not
require the data to be normally or log-normally distributed and are, therefore, expected to be
more appropriate for determining the number of samples required for radiological surveys and
analyzing data collected at or near background levels. These tests perform almost as well as
parametric tests even when the data are normally distributed, and handle “non-detects” in a better
way.

1.3 Objective of This Report

The objective of this draft report is to describe a proposed nonparametric statistical methodology
that the NRC staff is evaluating for demonstrating compliance with the proposed radiological
criteria for decommissioning. This draft report also describes the Data Quality Objectives (DQO)
process as it relates to the planning and analysis of final site surveys. The alternative statistical
approach described in this report is expected to be a resource-efficient solution for the design and
analysis of final status decommissioning surveys when radiological criteria for decommissioning
approach background levels. The proposed process includes methods for determining the number
of samples needed to obtain statistically valid comparisons with decommissioning criteria and the
methods for conducting the statistical tests with the resulting sample data. An additional objective
is to enumerate open issues that require resolution in proposed future research related to the
further development of a comprehensive statistical and survey methodology.

This report builds upon information ontained in previously published documents (see Section 8).
In preparing this draft report, it is a;sumed that readers possess a basic understanding of statistics
and radiological survey procedures, and that implementation of the basic statistical methodology

described in this document will be accompanied by sound professional judgment according to the

principles of the Data Quality Objectives (EPA QA/G-4) and Data Quality Assessment (EPA
QA/G-9) processes.

1.4 Structure of This Report

This report is divided into nine sections, each building on information contained in the previous
section(s), and three appendices. This first section is an introduction, and Section 2 is an
overview of the statistical concepts used in this report. Section 3 contains a discussion of the
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Data Quality Objectives process and how it pertains to planning final status surveys. Section 4 is
an overview of the particular survey instruments and methods that can be used in implementing
surveys in support of decommissioning,

A detailed explanation of the statistical methods to be used in evaluating a site relative to the
proposed decommissioning criteria is contained in Sections 5 and 6. Section 5 addresses tests to
be used when the radionuclide in question also appears as part of background, or when non-
radionuclide-specific measurements, such as total alpha, beta, or gamma count rates or total
exposure rate, are made. Section 6 addresses tests to be used when the radionuclide in question
does not appear as part of background and radionuclide-specific measurements are made.

Section 7 summarizes key information from previous sections and contains recommendations for
implementing NRC requirements on the residual radiological criterion for decommissioning.

Section 8 pravides a bibliography of related reference literature from a variety of sources and
Section 9 contains a glossary of terms.

Appendix A contains the statistical tables needed to perform the analyses described in this report,
Appendix B contains a checklist for conducting final status surveys, and Appendix C contains
tables of area factors that can be used to conduct the elevated measurement comparison described

in this report.
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2 OVERVIEW OF THE STATISTICAL APPROACH

2.1 Introduction

It is recognized that demonstrating that residual concentrations of radioactivity at a site are at
very low levels in the presence of background is a complex task involving sophisticated sampling,
measurement, and statistical analysis techniques. The difficulty of the task can vary substantially
depending on a number of factors, including the radionuclides in question, the background level
for those and other radionuclides at the site, and the temporal and spatial variations in background
at or near the site. The nonprrametric statistical approach described in this report requires that
sufficient radiological data must be collected to characterize both the residual radioactivity at the
site and the background radioactivity levels in the vicinity of the site. The number of measure-
ments required to accomplish this task will be determined on a site-specific basis and will depend
upon the nature of the facility, its size, the selection of the statistical tests used, and certain
statistical parameter values that influence how compliance with radiological criteria is determined.

2.1.1 Radionuclides Occurring as Part of Background

For radionuclides that occur as part of background, it is necessary to establish what the
background activity concentrations are in the vicinity of the site. This will entail conducting
radiological surveys in one or more reference areas to produce sufficient data to determine the

radiological characteristics of background.

Criteria for selecting reference areas are discussed in Section 2.3.6. It is reccommended that the
survey methodology used to characterize background is consistent with the survey methodology
used to define radiological conditions at the site, so that site areas and reference areas can be
evaluated with the same statistical approach. The selection of the background reference area and
the measurement locations within it should also meet strict criteria to minimize biases in the
comparison. For example, the same sampling procedure, measurement techniques, and
instrumentation should be used at both the remediated area and the reference area.

Following evaluation of the reference area, the site survey is designed to support a comparison of
the concentration distribution of the radionuclide(s) at the site to the background concentration
distribution for that radionuclide(s) in a reference area. Using the nonparametric statistical
techniques cesciibed in Section 5, the distributions of background and residual radioactivity
levels would then be compared to determine whether the difference between the two distributions
is distinguishable. If the concentration distributions meet NRC requirements at acceptable error
rates, then the site is acceptable for either unrestricted release or restricted release. The
unrestricted release criteria, as defined in proposed 10 CFR 20.1404, is that residual radioactivity
that is distinguishable from background radiation results in a total effective dose equivalent
(TEDE) to the average member of the critical group that does not exceed 15 mrem per year and
that residual radioactivity has been reduced to levels that are as low as reasonably achievable
(ALARA). The corresponding dose limits for restricted release are 100 mrem per year and

ALARA, as defined in proposed 10 CFR 20.1405.
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Statistical Approach

2.1.2 Radionuclides Not Occurring as Part of Background

A different approach is applied at sites where licensed materials do not occur in background. In
such cases, the site survey should be designed so that the dose resulting from a given
concentration of the particuiar radionuclide can be compared to the specific dose limits of 10 CFR
20.1404. The radionuclide concentrations corresponding to those limits can be calculated by
applying the default scenarios in NUREG/CR-5512 Volume 1 and determining the concentration
of residual radioactivity that would result in a dose to the average member of the critical group of
15 mrem per year. These default calculations have been performed and the results are shown in
Tables B-1 and B-2 in Appendix B of NUREG-1500. The nonparametric statistical tests that may
be used to compare the concentration of residual radioactivity to a specific limit are described in
Section 6.

2.1.3 Radionuclide-Specific Measurements

The discussion in Section 2.1.2 assumes that radionuclide-specific survey methods are used. If
other survey methods are used, such as gross activity or exposure rate measurements, then the
individual contributions due to background ard any residual radioactivity will not be separately
identifiable. For example, if Co-60 were the radionuclide of concern, and a survey of total
exposure rate was made with an ionization chamber, the contribution to the ionization by Co-60
gamma-rays will not differ in character from the ionization due to gamma-rays from natural
radionuclides. If present, the Co-60 would be detectable only as an increase in exposure rate
compared to a suitable reference area. Thus, the analysis would have to proceed as if the
contamination occurred as part of background using the tecliniques of Section 5.

Depending on the level of residual activity that it is necessary to detect, many more measurements
may be required if gross activity or exposure rate measurements are used than if radionuclide-
specific measurements are made. At very low levels, it may be difficult or impossibie to
distinguish the Co-60 contribution unless radionuclide-specific methods are used.

2.2 Nonparametric Statistics

The basic distinction between parametric and nonparametric statistical techniques is that
parametric techniques use specific assumptions about the probability distributions of the
radiological data. For parametric statistical techniques, the most common assumption is that the
data fit a normal distribution. Additional data and statistical tests would generally be necessary in
order to show that this assumption is justified (EPA QA/G-9). Nonparametric techniques
(sometimes referred to as distribution-free statistical methods) can be used without regard to the
underlying distribution. Thus, nonparametric techniques are appropriate in situations when the

probability distribution of the data is either unknown or is some continuous distribution other than
the normal distribution.

For survey measurements at or near background, there may be some measurement data which are
at or below instrumental detection limits. Such data are not easily treated using parametric

methods. Nonparametric techniques are often a better approach to making inferences from such
data.
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Statistical Approach

That a statistical approach is nonparametric or distribution free does not imply that it is free of any
and all assumptions about the data distribution. Most nonparametric procedures require that
measured values be independent and identically distributed. The requisite assumptions for the
statistical tests discussed in this report should be carefully checked using the methods of Data
Quality Assessment (EPA QA/G-9) before they are applied. Some of these methods are discussed
in Section 4.

Many nonparametric techniques are based on ranking the measurement data. The data are
ordered from smallest to largest, and assigned the numbers (ranks) 1, 2, 3,... accordingly. The
analyses are then perforrned on the ranks rather than on the original measuremer: values. The
advantage of this approa h is that the probability that one measurement is larger than another can
be computed exacuy by combinatorial (enumeration and counting) methods without reference to a
specific probability distribution. Parametric methods rely on assumptions about the data
distribution to infer ho w large the difference between two measurements is expected to be. These
methods are better only if the assumptions are true. If the assumptions are not true, the
nonparametric methods described in this report will generally produce the correct decision more
often than the parametric ones. The proposed nonparametric tests perform nearly as well as the
corresponding parametric tests, even when the conditions necessary for applying the parametric
tests are fulfilled. Thus, it is possible to apply nonparametric methods in all cases. The relative
insensitivity to departures from underlying assumptions of certain statistical methods is called
“robustness.” This report primarily considers robust nonparametric procedures based on

measurement data ranking.

There are many nonparametric techniques that can be used for determining whether residual
radioactivity is distinguishable from background. Any one test may perform better or worse than
others, depending on the hypotheses to be tested, i.e., the decision that is to be made and the
alternative. For example, the Wilcoxon Rank Sum (WRS) test performs well when the decision is
whether or not a degree of contamination remains throughout the entire decommissioning site. In
comparison, the Quantile test performs well at uncovering smaller areas with somewhat higher
contamination concentrations. Thus, in a given area, for a given total excess radioactivity, the
WRS test will be better if the excess radioactivity is spread uniformly across the site and the
Quantile test will be better when this excess radioactivity is concentrated in a few areas within the
site, assuming an adequate number of samples are taken.

Because of the tradeoffs among nonparametric techniques, the NRC staff recommends that two
tests and an elevated measurement comparison be conducted for each survey unit. The Wilcoxon
Rank Sum (or Wilcoxon Signed Ranks) test is selected for its ability to detect uniform failure of
remediation activities throughout a survey unit. The Quantile test is chosen to detect when
remediation activities have failed in only a ‘ew areas within a survey unit. The additional
comparison is recommended to determine if there are any individual measurements that exceci a
predetermined upper limit. This comparison acts as a “fail-safe” to ensure that any unusually high
measurement is investigated further to determine the cause. A brief description of each of these
tests is given below. More detailed information on the use of these tests is given in

Sections S and 6.
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Statistical Approach
2.2.1 Wilcoxon Rank Sum and Signed Ranks Tests

The Wilcoxon Rank Sum (WRS) test and Wilcoxon Signed Ranks (WSR) test are used to detect
a uniform shift in the median of a distribution of measurements. The WRS test is a two-sample
test that compares the median of a set of measurements in a survey unit to that of a set of
measurements in a reference area. The WSR test is a one-sample test that compares the median of
a set of measurements in a survey unit to a fixed value, namely the derived concentration limit for
a specific radionuclide.

The WRS test, also known as the Mann-Whitney test (Conover), is performed by first listing the
combined set of site and reference area measurements in increasing numerical order from sinallest
to largest. The next step is to replace the measurements by their ranks, i.e., their position number
in the ordered list. Thus, the ranks are simply integer values from 1 through N, where N is the
total number of combined measurements. The rank 1 is assigned to the smallest value, 2 to the
second smallest observation, etc. Then, the sum of the ranks of the survey site measurements is
computed. Because the sum of the combined ranks is a fixed constant equal to N(N+1)/2, the
sum of the reference area measurement ranks is equal to N(N+1)/2 minus the sum of the ranks of
the survey site measurements.

If the distribution of radioactivity for the site and background are the same, then any given rank is
equally likely to belong to either a reference area measurement or a survey unit measurement.
Thus, there is no reason to believe that the average of the survey unit ranks will differ greatly
from the average of the reference area ranks. If the site is clean, the probability that the average
of the site ranks will be larger than the average of the background ranks is 50 percent by random
chance. However, the larger the average of the site ranks, the smaller the probability that it is by
chance, and the greater the evidence that the site is contaminated. If the average of the site ranks
exceeds a calculated critical value, one can decide that the evidence shows that the site is not
clean and does not meet the applicable decommissioning criteria.

The WSR test is perforiued by first subtracting the derived concentration limit from each
observation. The magnitudes of the resulting differences are then listed in increasing numerical
order, without regard to sign (positive or negative). Then the ranks of the positive differences are
summed. Large v-'.es of this sum are evidence that the median of the survey unit measurements
exceeds the derived concentration guideline.

2.2.2 Quantile Tests

As with the WRS test, the two-sample Quantile test (EPA 230-R-94-004; Johnson et al.) is
performed by first listing the combined site and background measurements from smallest to
largest. However, only the largest m=asurements in the list are examined. The number of
measurements that will be considered in the Quantile test is denoted by “r.” A count is made of
the number of measurements among the largest » measurements that are from the site being
surveyed for residual radioactivity. This number is denoted by “k.” If there is no contamination,
measurements from the background site and from the survey site might be expected to appear
among the r largest measurements roughly in proportion to the number of measurements made at
each of the sites. If patchy residual contamination exists, then the » largest measurements of the
combined data sets (reference area and survey unit) are more likely to come from the survey unit.
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Statistical Approach

Suppose there are m background measurements and n survey site measurements, then k should be
about r times n/(m+n). If the number of measurements from the survey site among the largest 7 is
too much larger than this, then there is evidence that the survey unit has not been successfully
decontaminated. Gilbert and Simpson have shown that the Quantile test is useful for determining
whether any patchy residual contamination exists on the survey site.

Further information on the application of the two-sample Quantile test is given in Section 5.

For the one-sample version of the Quantile test, the number of survey unit measurements
exceeding a fixed value is found. The fixed value is a specified percentile for the distribution of
survey unit measurements. If the number of measurements exceeding this value is too large, there
is evidence that the survey unit has not been adequately decontaminated.

Further information on the application of the one-sample Quantile test is given in Section 6.

2.2.3 Elevated Measurement Comparison

An elevated measurement comparison is performed by comparing each measurement from the
survey unit to an upper limit residual radioactivity concentration investigation level for each
radionuclide of concern. A measurement that equals or exceeds this level is an indication that a
survey unit may contain residual radioactivity greater than 15 mrem over background levels. If a
measurement exceeds the investigation level, additional investigation is required to determine if
the decommissioning criteria have been met, regardless of the results of the Wilcoxon test and the
Quantile test. A measurement that exceeds the elevated residual radioactivity concentration
investigation level is considered an elevated measurement.

The elevated measurement comparison is sometimes called a “hot spot test.” The latter term may
be misleading because it is not a formal statistical test, but a simple comparison of measured

values against a limit. Also, there is not a commonly accepted definition of what constitutes a Aot
spot in either area or magnitude of residual radioactivity, yet this term may imply some degree of

radiological hazard.

There are several levels of residual radioactivity concentration heterogeneity that may occur in a
survey unit:

Uniform Residual Radioactivity - Since residual radioactivity levels are characterized by a
distribution around a mean, even in areas of relatively uniform residual radioactivity some
measurements will necessarily exceed the mean. These random fluctuations are of no concern
provided the mean residual radioactivity level satisfies the Wilcoxon tests for meeting the

decommissioning criteria.

Moderately Non-Uniform Residual Radioactivity - Moderate departures from uniformity in
residual radioactivity concentrations may exist {ollowing remediation. One portion of a
measurement area may have virtually no residual radioactivity, while another portion does
contain some residual radioactivity. There may be several portions of one type or another in an
area, resulting in a patchy contamination pattern. The existence of such a residual radioactivity
pattern does not necessarily imply that remediation has been unsuccessful. The Quantile tests are
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Statistical Approach

designed to detect this type of residual radioactivity if it would result in the decommissioning dose
criteria being exceeded.

Non-Uniform Residual Radioactivity - n this draft report, the term “area of elevated residual
radioactivity” is used to describe a limited area of residual activity that may cause the
decommissioning dose criteria to be exceeded. It is only these areas that might be considered hot
spots. For planning purposes, the potential extent of an “area of elevated residual radioactivity” is
based on the distance between sampling points in the survey sampling gric (see Section 5). An
upper limit value is calculated so that even if all the residual radioactivity in a survey unit were
located in this single area between sampling points, the dose criterion for decommissioning would
still be met. Following a final survey, individual elevated measurements are flagged by an
investigation level in order to assure that the upper limit value is not exceeded..

It should be noted that a single large measurement may occur by chance and, in some cases, both
the Wilcoxon and Quantile tests may indicate that there is not sufficient evidence that
decommissioning criteria have not been met. Such large measurements must be scrutinized since
they may indicate very localized areas of residual contamination. The elevated measurement
comparison uses an investigation level as a method designed to flag these high measurements for
further study. When a measurement is flagged using this method, it should first be determined
that it is not due to sampling or analysis error. Such a determination may include resampling the
area at which the measurement was originally taken and, if the elevated measurement is
confirmed, it would be necessary to review the history of the site and its remediation to see if
other such elevated areas may exist. If the elevated measurement is confirmed, then the extent of
the area of elevated residual radioactivity and the average concentration within it must be
determined in order to evaluate the resulting dose. On the basis of this information, further
remediation may be required, followed by an additional survey to ensure compliance with
decommissioning criteria. Further information on the elevated measurement comparison and the
method for determining investigation levels is discussed in Section 5.

2.3 Terminology and Statistical Concepts

This section discusses the main terms and statistical concepts thai are used throughout this report.
Further discussion of these concepts is provided in subsequent sections and additional statistical
terms are defined in Section 5 of this report.

2.3.1 Data Quality Objectives

An essential consideration in designing survey plans for site decommissioning is that the
radiological data that are collected and analyzed are sufficient and of adequate quality for
decision-making purposes. It is imperative that the type and quality of radiological data that will
be needed to support license termination be considered early in the decommissioning process.

Before commencement of survey work, it is essential that a survey plan be developed that is based
on the data needed for decision making and the level of quality needed to support the decision.
Such a plan should specify what samples need to be obtained, how and where they will be
collected and analyzed, what quality assurance procedures will be used, the method of comparing
site areas to reference areas, and what level of decision errors will be considered acceptable.
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These decisions become paramount for determining compliance with very low decommissioning
criteria because the analytical and statistical requirements are more complex and extensive than
for existing radiological criteria for decommissioning. Further information on the DQO process is
in Section 3.

2.3.2 Affected Area

Affected areas are areas that have potential radioactive contamination (based on plant operating
history) or known radioactive contamination (based on past or preliminary radiological
surveillance). This would normally include areas in which radioactive materials were used and
stored, in which records indicate spills or other unusual occurrences that could have resulted in
spread of contamination, and in which radioactive materials were buried. Areas immediately
surrounding or adjacent to locations in which radioactive materials were used or stored, spilled, or
buried are included in this classification because of the potential for inadvertent spread of
contamination. The use of this term in this report is consistent with the draft report NUREG/CR-

5849

Affected areas are further divided into (1) those that are considered to have a potential for
containing small areas of elevated residual activity in excess of guideline levels and (2) those in
which such areas of elevated activity would not be anticipated. An area that has the potential for
such a spotty residual radioactivity pattern is referred to as (1) Affected/Non-Uniform - affected
areas with potential for non-uniform residual radioactivity or as (2) Affected/Uniform -
aflected areas with little or no potential for non-uniform residual radioactivity. Any area
that has been remediated is designated affected/non-uniform. In general, all areas are treated as
affected/non-uniform until substantial bases are provided to reclassify them to either affected/
uniform, unaffected areas, or areas that have no potential for residual contamination (non-

impacted areas).
2.3.3 UnafYected Areas

Unaffected areas are those areas that are not expected to contain any residual radioactivity,
based on & knowledge of site history and previous survey information. The criteria used for this
segregation need not be as strict as those used in the final status survey, but if there is any reason
to believe that there is contamination in an area, it should be designated affected. It should be
recognized that as the decommissioning process progresses, an area’s classification may require
changing, based on accumulated survey data. However, if this reclassification becomes necessary
during the final status survey, substantial revisions of the final status survey plan may be required.
Thus, if there is any doubt, it is probably more cost effective in the long run to designate an area

as affected.
2.3.4 Background Radiation

According to proposed 10 CFR 20.1003, background radiation means radiation from cosmic
sources, naturally occurring radioactive material, including radon (except as a decay product of
source or special nuclear material), and global fallout as it exists in the environment from the
testing of nuclear explosive devices or from nuclear accidents like Chernoby! which contribute to
background radiation and are not under the control of the licensee. Background radiation does
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not include radiation from source, byproduct, or special nuclear materials regulated by the
Commission.

2.3.5 Indistinguishable From Background

According to proposed 10 CFR 20.1003, the term indistinguishable from background has been
used to describe & level of residual radioactivity which cannot be distinguished from the
background radiation present at a facility, using existing survey methods. Amounts of material
that are predicted to result in a dose less than 3 mrem per year are, by the provisions of 10 CFR
20.1404, acceptable for meeting the reduced documentation requirements for demonstrating
ALARA.

To apply the dose criteria of the proposed rule, the concentrations of individual radionuclides
comprising the residual radioactivity at a site are compared to the concentrations of those same
radionuclides present in local background areas that have been matched to the site in terms of
geological, chemical, and biological attributes, but which have not been affected by site
operations. This comparison establishes a site-specific criterion for individual radionuclides that is
dependent on the local variability of background. The distribution of residual radioactivity tha* is
measured in affected areas on site is compared to the distribution of background radionuclides
measured in reference areas. Compliance depends on the distributions being statistically
indistinguishable at the concentration level corresponding to the dose criterion of 15 mrem per
year above background. The implementation of this criterion will vary depending on the
background level for all radionuclides at the site, the temporal and spatial variations in
background at the site, and the radionuclides under investigation.

2.3.6 Reference Area

A reference area (or background area) is a geographicai area from which representative samples
of background will be selected for comparison with samples collected in specific survey units at
the remediated site. The reference area should have similar physical, chemical, radiological, and
biological characteristics to the site area being remediated, but should not have been contaminated
by site activities. The reference area is where background would be measured and defined for the
purpose of decommissioning. The distribution of background radiation and radioactivity in the
reference area should be the same as that which would be expected on the site if that site had
never been contaminated. It may be necessary to select more than one reference area for a
specific site, if the site includes so much physical, chemical, radiological, or biological variability
that it cannot be represented by a single reference background area.

2.3.7 Survey Unit

A survey unit (or cleanup unit) is an area of specified size and shape at a site for which a separate
decision will be made as to whether decontamination has been sufficient for decommissioning.
Following remediation, the site will be segregated into areas that are affected/noa-uniform,
affected/uniform, or unaffected The affected areas of the remediated site will be divided, when
necessary, into survey units. For radionuclides that occur as part of background, statistical tests
are applied to compare each survey unit with an appropriately chosen, site-specific reference area.
Reference areas will be chosen on the basis of their similarity to given survey units in all respects
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other than having been contaminated. For radionuclides that do not occur as part of background,
the comparison is made directly to a radionuclide concentration or dose limit that has been

established for the site.

To facilitate survey design and assure that the number of survey data points for a specific site is
relatively uniformly distributed among areas of similar contamination potential, the site is divided
into survey units which have common history or other common characteristics or are naturally
distinguishable from other portions of the site. Such survey units may combine contiguous rooms
or land areas having the same contamination potential. A single survey unit cannot contain both
affected and unaffected areas, nor may it consist of affected areas of differing potential for
containing elevated measurement areas. Indoor survey unts that are affected/non-uniform will
generally consist of a single room.

The size of a survey unit is based on its contamination potential, as shown in Table 2.1,
The unaffected areas of a licensed facility may consist of a single survey unit of unlimited size.

Table 2.1 Typical Survey Unit Sizes for Affected Areas

Survey Unit Sizes (m?)

Affected Area Outdoor Indoor
Typical | Typical Typical Typical

Maximum | Minimum | Maximum | Minimum
Non-Uniform 2000 100 100 10
Uniform 2000-10000 100 10

2.3.8 Null and Alternative Hypotheses

The decisions necessary to determine compliance with the criteria for license termination are
formulated into precise statistical statements called hypotheses. The truth of these hypotheses can
be tested with the survey data. The state that is presumed to exist in reality is expressed as the
null hypothesis (denoted by H,). For a given null hypothesis, there may be specified many
alternative hypotheses (denoted as H,), which are express'ons of what is believed to be the
possible states of reality if the null hypothesis is not true.

For the purposes of this report, the important decision is whether or not : site meets the
applicable decommissioning criteria. This decision will be supported by th= individual decisions
on whether each survey unit meets the applicable decommissioning critieria. in this report, the
null hypothesis, H,,, is that the survey unit meets the applicable decommissioning criteria. The
reasons for this choice are discussed in Section 3.6.
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The alternative hypothesis is that the survey unit does not meet the applicable decommissioning
criteria. This means that there is evidence in the data that the survey unit does not meet the
criteria outlined in Section 2.3.5. The specific alternative hypothesis is constructed by choosing
that dose distinguishable from background which is important to detect.

The precise formulation of null and alternative statistical hypotheses is discussed further in the
following sections.

2.3.9 Decision Errors

Errors can be made when making site remediation decisions. The use of statistical methods
allows for controlling the probability of making decision errors. When designing a statistical test,
acceptable error rates for incorrectly determining that a site meets or does not meet the applicable
decommissioning criteria must be specified. In determining these error rates, consideration should
be given to the number of sample data points that are necessary to achieve them Lower error
rates (or greater levels of confidence and statistical power of the test) require more

measurements. More information on the specification of error rates is given in Section 3.6.

2.3.9.1 TypelErrors

There are two types of decision errors that can be made when performing the statistical tests
described in this draft report. The first type of decision error, called a Type I error, occurs when
the null hypothesis is rejected when it is actually true. A Type | error is sometimes called a “false
positive.” This error would occur if it were concluded from survey data that the survey unit had
not been successfully remediated when 1t actually had been. The probability of a Type I error is
usually denoted by @. The Type I error rate is often referred to as the significance level or size of
the test.

2.3.9.2 Type Il Errors

The second type of decision error, called a Type Il error, occurs when the null hypothesis is not
rejected when it is actually false. A Type II error is sometimes called a “false negative.” This
error would occur if it were concluded from survey data that the survey unit had been successfully
decgnmninated when it actually had not been The probebility of a Type II error is usually denoted
by .

The Type Il error rate of a test can only be calculated once the hypothetical distribution of survey
data under the alternative hypothesis has been completely specified. For the Wilcoxon Rank Sum
test, the distribution of the survey data under the alternative hypothesis consists of the
background distribution of the radioactivity plus a constant added amount of radioactivity that
corresponds to a dose of 15 mrem per year. For the Quantile test, the distribution under the
alternative hypothesis is a mixture of the background distribution over most of the survey unit
combined with a residual radioactivity distribution over a smaller area sufficient to deliver 15
mrem per year. Because of the different alternatives specified, the WRS test is better able to
detect the presence of uniform residual radioactivity, while the Quantile test is better able to
detect patchy contamination.
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Statistical Approacn
2.3.9.3 Confidence Interval

Previous guidance (NUREG/CR-5849) used the concept of a confidence interval for determining
compliance with decommissioning criteria. The hypothesis tests described in this report provide
equivalent results. However, the hypothesis testing framework is more flexible because both Type
I and Type I error rates can be controlled. In constructing a confidence interval, only one of these

errors is controlled.

A hypothesis test is always based on the value of a test statistic, i.e., some function of the
observed data. For any test, a confidence interval for the true value of the parameter being
estimated by the test statistic can be constructed from all of the values of the test statistic that
would not result in a rejection of the null hypothesis. If the Type I error rate of the test is a, the
probability that the value of the parameter specified in the null hypothesis of the test lies in the
confidence interval is 1-a. In that case the confidence level of the confidence interval is 1-a. For
this reason, |-« is sometimes mistakenly referred to as the confidence level of the test.

Conversely, a confidence interval may be used to construct a hypothesis test. For example, in
NUREG/CR-5849 (Section 8, “Interpretation of Survey Results”), a 95-percent confidence
interval for the mean of (assumed) normally-distributed survey measurements is constructed using
tabulated values of Student's 7 statistic. The upper end point of this interval is compared to
guideline value. This procedure is equivalent to conducting a one-sided Student's #-test with

o=0.05.

2.3.9.4 Power

The power of a statistical test is defined as the probability of rejecting the null hypotheses when it
is false. It is numerically equal to 1-f, where  is the Type II error rate. More simply, it is the
ability of the test to detect when a survey unit does not meet the decommissioning criteria.
Therefore, it is desirable for a test to have high power. The power of the statistical tests
described in this report will tend to increase as the amount of residual radioactivity in a survey
unit increases. The concepts discussed above are summarized in Table 2.2.

Table 2.2 Summary of Types of Decision Errors

True Condition

Decision Based on Standard Achieved Standard Not Achieved
Sample Data

Standard Achieved Correct Decision Type Il Error
(Probability = 1-a) (Probability = f3)

Standard Not Achieved Type I Error Correct Decision
Probability =
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2.3.9.5 Example: Detection Limits

The following example illustrates the use of the concepts discussed above as currently used in the
determination of detection limits for radioactivity measurements. This calculation, which is
generally familiar to radiation protection professionals, also involves hypothesis testing (HPSR/
EPA 520/1-80-012; NUREG/CR-4007; Currie 1968). In this situation, there is a measurement
error, often taken to be the Poisson counting error, 0, equal to the square root of the number of
counts. There is & background counting rate, and any additional radioactivity in a sample must be
distinguishable above that. Generally it is assumed that the number of counts is sufficiently large
50 that a normal appproximation to the Poisson distribution of counts is appropriate.

o awN

10 For this calculation,

11 Null Hypothesis
12 H, The sample contains no radioactivity above background.

13
14  H, The sample contains added radioactivity at or above the detection limit.

15 The count obtained from the sample measurement is the test statistic, and it has a different

16  probability distribution under the null and alternative hypothesis (see Figure 2.1). If a sample that
17 contains no radioactivity above background is declared to contain radioactivity above the

18  detection limit, a Type I error is made. Conversely, if a sample that contains radioactivity above
19 the limit is declared to contain no radioactivity above background, a Type II error is made.

20  The Type I error rate, &, depends on the variability of background, i.e, it is controlled by

21 requiring that the net counts exceed a certain muitiple of the measurement standard deviation.
22 Under the null hypothesis, namely when there is no radioactivity above background, the n °
23  counts have mean 0 =B - B.

24 The standard deviation is

o,_,-m-\/02+oi-ﬁo (2-1)

25 where B is the background count, and 0 = /B is its standard deviation. The normal distribution is

26  used to approximate the Poisson distribution of the background counts. This determines the
27  criical level

Lc=2,.,0y 2. ,Vi0 (2-2)

28 Z,_isthe l-a percentile of a standard normal distribution, e.g. if @ = 0.05, then Z,, = 1.645.

29  Note that the distribution of background counts (lefthand curve in Figure 2.1) is used for this
30  calculation.
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Critical detection level
Detection limit

Probability of Type I error
Probability of Type II error
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LI O B

B B+l B:lo

Figure 2.1 Type I and Type Il Errors in the Determination of a Detection Limit

The Type Il error rate, B, depends on the variability of the added radioactivity and is controlled by
requiring that the total counts exceed a certain number of standard deviations above the critical
level.

Ly =Lc+ Z .y %, *Z.4 V2 o+ Z.g 9%, *Z.q V2 o+ Z g JLpH(LoIZ,.) (2-3)

The distribution of counts under the alternative hypothesis (right hand curve in Figure 2.1) is used
to derive Equation 2-3. If the Type Il error is set the same as the Type I error, then
Z, o= Z, 4=k Then solving Equation 2-3 for ,, the count detection limit is found to be

Ly=k?+2k\20=k¥+21L, (2-4)
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The power 1 - b, is the probability that the measurement will indicate the presence of additional
radioactivity in the sample, when the sample actually contains additional activity in the amount
necessary to produce an average of L, counts above background during the measurement.

The statistical procedures described in this report have many similarities to the detection limit
calculation:

(1) Null Hypothesis
H, The sample contains no radioactivity above background becomes
H, The site contains no residual radioactivity above the decommisioning criteria (i.e, the
site meets the decommissioning criteria).

(2) Alternative Hypothesis
H, The sample contains added radioactivity above the detection limit becomes
H, The site contains residual radioactivity above the decommisioning criteria (i.e., the site
does not meet the decommissioning criteria).

(3) The Type 1 error rate (false positives) is computed using the distribution of counts under the
null hypothesis. Similarly, the Type I error rates for the tests described in this report will be
calculated using the distribution of the test statistic under the null hypothesis.

(4) The Type I error rate (false negatives) is computed using the distribution of counts under the
alternative hypothesis. Similarly, the Type II error rates for ne tests described in this report
will be calculated using the distribution of the test statistic under the alternative hypothesis.
This also gives the power of the tests.

(5) The variability of the count obtained from the sample, 0, plays a crucial role in determining
the value of the ¢etection limit. Similarly, the vanability of the radioactivity measurements in
the reference areas and survey units play a crucial role in how weli the tests described in this
report will perform.

(6) The detection limit can usually be made lower by counting for a longer time, thereby reducing
the relative measurement error, at additional cost. Similarly, the ability of the tests described in
this report to distinguish smaller amounts of residual radioactivity from background more
accurately can be improved by taking a greater number of samples, at additional cost.

(7) Usually, a detection limit is calculated given the Type I and Type II error rates and the
background variability. However, if a certain detection limit is pre-specified instead, the
procedure above shows how to relate it to the Type I and Type II errors, and the
measurement variability. Similarly, the procedures of this report will show the interrelationship
of the decommisioning criteria (dose above background) the Type I and Type Il errors, and
the measurement variability.

The Data Quality Objectives (DQO) process described in Section 3 provides a general method for
designing surveys so that accurate remediation decisions can be made cost effectively. Sections 5
and 6 describe the mathematical relationships between the error rates, residual radioactivity levels,
measurement variability, and the number of samples required for the statistical tests.
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3 DATA QUALITY OBJECTIVES FOR FINAL STATUS SURVEYS

3.1 Introduction

The Data Quality Objectives (DQO) process is a series of planning steps based on the scientific
method that is designed to ensure that the type, quantity, and quality of environmental data used
in decision making are appropriate for the intended application (EPA QA/G-4). DQOs are
qualitative and quantitative statements that

. clarify the study objective

. define the most appropriate data to collect

. determine the most appropriate conditions for collecting the data and

. pecify acceptable levels of decision errors that will be used as the basis for establishing the
quantity and quality of data needed to support the decision.

The DQO process comprises the following steps:

(1)  State the problem, i.e., the objective of the sampling effort.

(2) Identify the decision, i.e., the decision to be made that requires new data

(3) Identify inputs to the decision, i e, the reasons the new radiological data are needed and
how they will be used to support the decision.

(4) Define the study boundaries, i.e., the spatial and temporal aspects of the environmental
media that the radiological data represent.

(5) Develop a decision rule, i.e., an “if ..then” statement that defines the conditions for choice
among alternative actions.

(6) Specify limits on decision errors.

(7)  Optimize the design for obtaining data, i.e., the most time- and resource-effective sampling
and analysis plan.

All of the these items should be addressed when planning a sampling program to test for the
attainment of decommissioning criteria. For most NRC licensees, the objective of the
decommissioning process is to remove their facilities safely from service and reduce residual
radioactivity to a level that permits release of the property for unrestricted use and termination of
the license. The data that will be needed to suppcit this objective will demonstrate that any
residual radioactivity remaining on the site results in a dose that does not exceed 15 mrem per
year above background. It is important to specify the type and quality of radiological data that
will be needed for final status surveys early in the decommissioning process. This process entails
early specification of sample collection and analysis procedures, the method of comparing site
areas to reference areas, the null and alternative hypotheses, Type I and Type II error rates,
quality assurance procedures, and other parameters.

In the following sections, each of the seven steps in the DQO process is discussed as it pertains to
the decommissioning process in general, and the planning, design, and performance of the final
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Data Quality Objectives

status survey in particular. Recommendations for measurement methods for radiological surveys
in support of decommissioning are developed in a companion report (NUREG-1506.)

3.2 Stating the Problem

The initial step in the decommissioning process is a preliminary assessment of the radiological
status of the site. This assessment consists of identifying potential residual radioactive materials,
establishing the applicable release criteria, or, if default criteria apply (cf. NUREG-1500),
determining the general locations and extent of residual radioactivity, and estimating the levels of
residual radioactivity. Information from this assessment is the basis for the licensee’s
decommissioning plan and the design for subsequent radiological surveys. In the following
sections, the specific requirements of a final status survey will be addressed.

The product of this step in the DQO process should be a fairly complete description of the
decommissioning problem and should include a summary of historical data, a site conceptual map,
identification of the critical group, and an estimation of the resources that will be used for
radiological surveys. The information gathered to this point may also be used to support a
decision on whether or not to attempt to have the site released for unrestricted versus restricted
release. Information from scoping surveys (see below) and the results of preliminary dose
assessments should also be used to develop a description of the radiological conditions of the site
or for decision-making purposes. The following sections describe some of the activities involved
in the first step of the DQO process.

3.2.1 Gather General Site Information

Use should be maade of ali data that may be available, provided there is evidence of reliability, i.e.,
that the data quality “can be documented, evaluated and believed” (Taylor). Sources of
information may include license operating records, documentation supporting license amendment
applications, interviews with employees and others who may be familiar with past operations,
radionuclides used or produced on site, radionuclides that could be site contaminants, site
environmental data/reports, incidents or unusual occurrence reports, locations of likely residual
activity, and past and present results of radiological modeling. It may be useful to summarize this
information in an overview report.

3.2.2 Develop a Conceptual Site Model

A site diagram should be developed locating where contamination exists, type of radionuclides in
the affected areas, concentrations of radionuclides in the affected areas, potentially contaminated
media and migration pathways, and locations of potential reference (background) areas.

3.2.3 Use of Dose Assessment Models

Licensees should consider the entire applicable source term and all credible dose pathways for
determining compliance with decommissioning criteria. Actual site survey measurements are
preferred over modeling for determining the amount and concentration of residual radioactivity
remaining at the site. To calculate the total effective dose equivalent (TEDE) from the source
term for an average member of the critical group, licensees should determine the appropriate

NUREG-1505 3-2 August 1995




| N

O30 s W

11
12
13
14

15

16
17
18
19
20
21

22

23
24

25

26
27
28
29
30
31
32
33
34

35
36
37
38

Data Quality Objectives

modeling approach for their site based on information contained in NUREG-1500 and
NUREG/CR-5512, Volume 1.

For many sites, the first-level modeling (or “screening”) described in NUREG-1500 may be
applicable, in which case the default residual radioactivity concentrations listed in Tables B-1 and
B-2 in Appendix B of NUREG-1500 can be used, provided that the modeling assumptions are
appropriate for their site. A second, more complex, screening level may be applicable when the
site being analyzed does not meet the requirements of the first level of screening. The third
analysis level described in NUREG-1500 is site-specific modeling. Thus, it is useful to have prior
knowledge of site characteristics to select the applicable dose assessment model.

Upon selection of the applicable modeling approach, a residual radioactivity limit is determined
for the site. A compariscn is then made between the residual radioactivity limit and the site

survey measurements of residual radioactivity concentrations using the nonparametric statistical
methodology described in this draft report or the parametric statistical methodology in the draft

report NUREG/CR-5849.
3.2.4 Specify the Available Resources

Time and budgetary considerations ior the decommissioning process should anticipate the number
of samples that may be required for the final status survey, and the types of equipment and
analyses that will be used. Such information should contain estimates of sample counting times
and the time required for the receipt of analytical results and for preparation of reports. Some of
the actions appropriate to consider in this activity are discussed in the draft report NUREG/CR-

5849

3.2.5 Example

As an example of the type of information to be gathered at this point in the DQO process,
consider the description in Appendix D of the draft report NUREG/CR-5489, excerpted below.

3.2.5.1 Background Informatio«

The Reference Uranium Fuel Fabrication Plant (RFF) in Yorktown, Pennsylvania was built
between 1960 and 1964 and was operated from 1964 until mid 1985 by the General Nuclear
Corporation. Operating under NRC license, the plant converted natural and enriched uranium
hexafluoride (UF,) to uranium oxide (UQ,), formed the UO, into pellets, and incorporated pellets
into fuel rods and bundles. Auxiliary facilities were used to recover uranium from scrap and
waste materials. Two processes were used for the UF, to UO, conversion. The primary method
involved the hydrolysis of UF, to ammonium diuranate (ADU), which was then reduced and
calcined to produce dry UO, powder; the secondary process was the conversion of UF,to U, O,in
a flame conversion reactor, followed by reduction to UO, powder in a reduction-calciner.

In 1985 the plant was shut down and nuclear materials were removed and shipped to Department
of Energy facilities in Idaho Falls, Idaho. The plant remained in the shutdown state until 1986,
when decommissioning efforts were initiated. Process equipment, fixtures, piping, etc., were
removed and disposed of as radioactive waste. Buildings and adjacent grounds were
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characterized and those areas exceeding NRC guidelines for license termination were
decontaminated, these efforts were completed in late 1990. This document describes the plan for
conducting the final status survey of the site. Supporting information is presented in the Site
Decommissioning Plan, prepared and submitted to the NRC in May 1986, and in the
Characterization Survey Report, submitted in February 1988,

3.2.5.2 Site Description

The Reference Uranium Fuel Fabrication Plant is located on a total land «_¢a of approximately
470 hectares (1,160 acres), a moderate size stream (Wandering River) runs through one corner of
the site (Figure 3.1). Actual plant processing facilities were on a much smaller, restricted, fenced-
in area of approximately 30,000 m? (3 hectares). The plant area occupies a low bluff that forms a
bank of the river, and several flat alluvial terraces are the main topographical features of the
property. These terraces lie at average elevations of 280 to 284 meters above sea level and slope
away from the river at grades of 2 to 3 percent. The river was used for disposal of acceptable
liquid effluents from the onsite liquid waste systems.

The major structures in the formerly restricted processing area are the main building (with
interconnected chemical/metal laboratory and uranium scrap recovery and powder warehouse
rooms), an incinerator building, a maintenance building, and a filter house. Auxiliary facilities,
which are located outside the fenced area, include & boiler house, a fluoride and nitrate waste
treatment plant and associated lagoons, liquid chemical waste treatment lagoons, a sewage
treatment plant and sanitary lagoon, and concrete uranium storage pads. The auxiliary facilities
were used to recover uranium from scrap and waste materials and to recover valuable chemicals
from gaseous and liquid wastes. A map of the site is shown in Figure 3.1,

During the plant’s 21 years of operation, an estimated total of 0.2 Ci of radioactivity was released
into the atmosphere and subsequently deposited on the site. The property also contained one
small, shallow, land burial area for low-level radioactive waste. This area was operated in
accordance with 10 CFR 20.304 between 1966 and 1970, receiving an estimated total activity of
0.3 Ci of uranium.

On the basis of what is known about site operations, the significant radiological contaminant is
expected to be uranium on storage pads.

3.3 Identify the Decision

A number of decisions will have to be made during the decommissioning process. The general
decision flow for decommissioning for unrestricted release is described in NUREG-1500. In this
draft report, the flow chart illustrating the process is shown in Figure 3.2 and Figure 3.3.

The objective of the decommissioning process, as discussed in the proposed rule, is to remove a
facility or site safely from service and reduce residual radioactivity to a level that permits either
(1) release of the property for unrestricted use and termination of the license or (2) release of the
properiy under restricted conditions and termination of the license. For the examples given in this
report, the performance objective for the final status survey is to demonstrate that the dose due to
residual contamination is less than 15 mrem per year distinguishable from background. This is
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accomplished by demonstrating that the concentrations of residual radioactivity are so distributed
that the resulting dose will not exceed 15 mrem per year to the average member of the critical

group.

This draft report is applicable for determining whether the decommissioning was successful in
meeting the applicable decommissioning criteria. The flow chart for this process is shown in
Figure 3 4. The essential decision is whether the decommissioning criteria have been met. The
decision will be based on statistical tests of radiological data collected in a survey designed for
this purpose. Procedures for the design of the final status survey and for the statistical analysis of
the results are the primary focus of this report.

3.4 Identify Inputs to the Decision

Although the final status survey is performed near the end of the decommissioninz process, it may
be possible to produce a more efficient survey design if the requirements of this survey are
identified early in the decommissioning planning. By knowing in advance the type, quantity, and
quality of data that are needed in the final status survey, information obtained from earlier
decommissioning surveys may be used to support the final status survey.

For example, an estimate of the expected variability of the data is needed to determine tne size of
the sample that is necessary to meet the established error rates. For the final status survey, this
estimate can be based on information obtained during earlier steps in the decommissioning
process. In particular, data from scoping, characterization, and remediation control surveys might
be used to estimate the expected mean and standard deviation of background radionuclides in one
or more reference areas. Information on the expected variability of radionuclide concentrations
that may remain in the affected areas will also be valuable in planning final status surveys. If these
data are not available, a separate scoping survey may be required. In the absence of any data,
expert opinion and best judgment would have to be used to estimate the expected variance or
coefficient of vai. ‘ion (the mean divided by the standard deviation) of the data

As discussed previously in Section 3.2.3 of this report, knowledge of the appropriate dose

assessment models and applicable residual radioactivity limits are essential for planning the final
status survey.

3.4.1 Collection of Survey Data

Surveys performed earlier in the decommissioning process may provide valuable information for
designing the final status survey. Decommissioning surveys will typically require the collection of
two types of radiological data: (1) direct (in sitw) field measurements using portable instruments
and (2) sample analyses using fixed laboratory equipment or systems. The techniques used may
be radionuclide specitic or for total (gross) radioactivity. The selection and proper use of
appropriate instruments and techniques will be critical factors in assuring that the survey
accurately determines the radiological status of the site (see NUREG-1507). Surveys should be
conducted in accordance with documented plans and procedures. Recommendations for

appropriate instruments and procedures to be used in final status surveys are discussed in Section
4 of this report.
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The different types of surveys that may be performed during the decommissioning process are
scoping, site characterization, remediation control, and final status surveys. More information on
these surveys is given in Section 4.

3.4.2 Dose Estimates

The criteria in 10 CFR Part 20, Subpart E would be difficult and expensive to verify with
environmental samples alone. The low concentration levels, extended time periods for analysis,
and multiple pathways of concern make model calculations the most defensible and cost-effective
approach.

The NRC has developed models to provide generic dose conversion factors for residual
radioactivity that can be applied within a hierarchy of modeling approaches. The models provide
a mechanism for translating the residual radioactivity at a site into dose using the site-specific
source term and varying levels of related site information. The modeling description and
calculational methodology are described in NUREG/CR-5512, Volume 1, and are endorsed in
NUREG-1500 as an acceptable methodology.

3.4.2.1 Initial Compliance Screening

For those sites at which (1) only sealed sources were used (and there is no history of leaking
sources) and (2) the licensee can show that no radioactive material has been buried at the site, and
there has been no seepage of radioactive material into the soil or groundwater (e g, from settling
ponds or tailings piles or spills of radioactive material), the licensee may perform a simple survey
and provide supporting documentation regarding possession history and results of leak tests as a
basis for demonstrating compliance with the regulations. This survey would consist of an
unaffected a